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 Abstract: The present study attempted to evaluate the suitable conditions for essential 
oil extraction from the fruit of Triphasia trifolia using hydrodistillation technique. The 
effect of various factors such as material size, solvent to solid ratio, heating temperature 
and distillation time, state of maturation, and fruit preservation on the oil yield was 
investigated. The physicochemical property, chemical composition, and biological properties 
were accessed. The highest yield of essential oil (7.9 mL/kg dry matter) from T. trifolia was 
obtained at optimal conditions such as fine particle size, solid to solvent ratio of 1:5, 
temperature oil bath of 140 °C, and distillation time of 3 h. The state of maturation of the 
fruits significantly affects the essential oil yield and insignificantly influences chemical 
composition based on the gas chromatography-mass spectrometry (GC-MS) analysis. It 
was found that the essential oil yield decreases significantly when ripened fruits are not 
kept in cool conditions before distillation. It implied that ripened fruits should be immediately 
processed or kept in cool storage to maintain the essential oil yield. Our findings will help 
produce high-quality essential oil from T. trifolia at a pilot or industrial scale. 
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■ INTRODUCTION 

Essential oil is a liquid containing volatile 
compounds extracted from leaves, peels, seeds, or other 
parts of plants and is widely used for various purposes [1-
3]. Nowadays, essential oils are known as basic materials 
for food and pharmaceuticals worldwide. Triphasia 
trifolia (T. trifolia) has grown in many countries, 
including Vietnam. Its essential oil (EO) is a great source 
of antioxidants and medicinal properties such as 
vermicide and expectorant for diabetes [4-5]. 

T. trifolia fruit EO contains many medicinal 
compounds reported that immature fruit contains 

cryptoxanthin, α- and β-carotene that disappear on 
ripening [6]. In addition, fully ripe fruit contains 
pigments (e.g., triphasiaxanthin, semi-α-, semi-β- and β-
carotenone). Rastogi et al. [7] reported that heraclenol, 
isomeranzing, and coumarins from T. trifolia have 
antimycobacterial activity against M. kansaii and M. 
avium. It was mentioned that essential oils from T. 
trifolia show comparable antioxidant potential as 
ascorbic acid. This EO has anti-inflammatory and anti-
viral effects [8]. Moreover, at 0.2 μL/cm2, the EO 
displayed repellency against Tribolium castaneum 
within 2-h exposure [9]. 
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Hydrodistillation is the most common method to 
extract EO because of its simplicity in equipment and ease 
of operation [10]. The applicability of hydrodistillation 
can be done from laboratory to pilot scale and beyond to 
production scale, so this method is still being evaluated to 
this day [11-12]. Indeed, this method has been used to 
extract various aromatic plants such as lemongrass [13], 
lavender [14], mandarin [15], and grapefruit peels [16]. 
This method has been used to extract EO from the aerial 
parts of T. trifolia [9]. The results suggested many active 
compounds such as pinene, hexadecanoic acid, sabine, p-
cymene, and D-limonene. Hydrodistillation was also used 
by Zoghbi et al. [17] to extract EO from T. trifolia stem, leaf, 
and fruit. Sabiene, β-pinene and γ-terpinene are considered 
the main components in all essential oils extracted from 
parts of T. trifolia cultivated in the State of Pará, Brazil. 

To our best knowledge, the factors which affect the 
quality and yield of T. trifolia EO are not documented in 
the literature. Unique research related to T. trifolia EO 
from parts such as stem, leaf, and fruit in Brazil was 
reported [17]. However, the authors only analyzed the 
chemical composition, and the parameters related to the 
extraction process have not been mentioned. Therefore, 
this research aims to investigate these factors and evaluate 
the chemical composition of T. trifolia EO in Vietnam. 
Our results can help produce high-quality EO from T. 
trifolia fruits that forms the necessary database for 
extraction processes related to fruit T. trifolia. 

■ EXPERIMENTAL SECTION 

Materials 

T. trifolia (Burm. f.) fruits were harvested in August 
2018 from Ben Tre, Vietnam. A sample of fruits was 
selected, washed, and kept in a plastic bag in a cool room 
(15 °C). Anhydrous sodium sulfate (Na2SO4) was used to 
remove water from essential oils and purchased from 
Sigma Aldrich (US). Deionized water by Milli-Q 
purification system (Millipore) (Massachusetts, USA) was 
used as a solvent in the extraction process. 

Instrumentation 

Equipment used in the study included a distillation 
device with a volume of 1 L glass heat by thermal oil (110–

160 °C). In addition, the unit was connected to a water-
cooled condenser, Clevenger-type apparatus, and 
temperature sensor. The EOs were analyzed on a 
Shimadzu-QP2010 Plus system equipped with an Rtx 
5MS fused capillary column (30 m × 0.25 mm; 0.25 μm 
film thickness). The brightness was determined through 
the Chromacolorimeter (NR60CP model) computer 
scanner. 

Procedure 

Essential oil distillation 
Firstly, 1 kg of fruit in the ripe state was grounded 

into a flask with 600 mL of water and hydrodistilled 
using a Clevenger – type apparatus. The method of using 
thermal oil to transfer heat to the extraction process can 
accurately determine the temperature supplied to the 
system. The hydrodistillation operated at 155 °C until 
the amount of EO obtained was almost unchanged. The 
EO was obtained and dehydrated using anhydrous 
Na2SO4 of 5 g and subjected to GC-MS. The EO yield was 
expressed as mL/kg of the dry matter. 

Determination of color change 
The color change of the sample was determined 

using CIE Lab * color space as previously described by 
Nhi et al. [18]. The brightness was determined through 
the Chromacolorimeter (NR60CP model) computer 
scanner. Results are displayed in a numerical form via L* 
(lightness ranging from 0–100), a* (from green to red) 
and b* value (from blue to yellow). 

Physicochemical properties of essential oils 
The physicochemical properties of EOs, such as 

density, acid value, and saponification value, were 
carried out in the EO of a plant, which is used to 
determine the quality of essential oils extracted from 
plant parts [19]. 

GC-MS 
The EOs were analyzed on a Shimadzu-QP2010 

Plus system equipped with an Rtx 5MS fused capillary 
column. The following conditions were applied: helium 
as carrier gas with 36.5 cm/s of linear velocity, injector 
temperature of 250 °C, oven temperature program of 
60–240 °C at 3 °C/min, electron energy of 70 eV, interface 
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temperature of 250 °C. Results were compared with MS 
library system NIST-98 and literature data [20]. 

■ RESULTS AND DISCUSSION 

Effect of Material Size 

The size of the materials is an important factor that 
affects the yield and quality of EO. In this experiment, T. 
trifolia fruits were grounded by different methods 
resulting in material sizes: fine, coarse, and raw material, 
as shown in Fig. 1. 

As shown in Fig. 2, the material size influenced the 
extraction yield, which controls the mass transfer process. 
The most rapid extraction process was observed as coarse 
size (raw) materials were used. This may be explained by 
the difference in mass transfer capability and the 
possibility that some EO can be adsorbed on the fruit 
flesh. The smaller fruit size leads to a smaller intraparticle 
diffusion resistance due to shorter diffusion paths, thus 
enhancing the extraction rate [21]. However, when the 
particle size is reduced, the possibility that EO can bind to 
the fruit flesh increases, thus lowering the extraction rate. 
The fact that coarse size material is the most appropriate 
material for distillation results from the competition 
between two opposite trends as fruit size decreases. 
Hence, we chose coarse size as the optimized size for EO 
distillation, and this size is used in other experiments. 

Effect of the Amount of Water Added 

The amount of water added is considered an 
important factor in the extraction process. The more 
water was used for extraction, the greater the diffusivity of 
T. trifolia essential oil in the water achieved. If the amount 
of water is too large and the efficiency of EO collection 

increases insignificantly, it is inefficient, time-
consuming, and has other energy costs. Therefore, it is 
necessary to determine the amount of water to be added 
appropriately for the most economical extraction process. 

Various amounts of water were added to the system 
(0–600 mL/kg of fruit). It was observed from Fig. 3 that 
the amount of water added significantly affected the time  

 
Fig 2. Effect of particle size on the EO yield 

 
Fig 3. Effect of the amount of water added to the 
essential oil content 

 
Fig 1. Various sample sizes were used in this experiment; (a) fine size; (b) coarse size; (c) raw material 
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of EO extraction process yet had little effect on the yield 
(Fig. 3). The highest amount of EO was obtained  
(1.4 mL/kg) when no water was added, followed by  
1.2 mL/kg when 200 and 400 mL of water was added. In 
general, the yield of EO tended to decrease with the 
addition of more water, possibly due to the dissolution of 
the polar components in the essential oil. Besides, the 
hydrodistillation extraction process requires a covering of 
water to protect the raw materials exposed to high 
temperatures and limit thermal degradation [22]. 
Therefore, 200 mL of water was kept constant with the 
earlier problems while reducing extraction time by more 
than a third, which resulted in the highest energy costs for 
the extraction process. Based on the obtained results, 200 
mL of water per kg of fruit was taken for the next 
experiment. 

Effect of Oil Bath Temperature 

Oil bath temperature has a significant effect on the 
yield. This factor is important since it affects the solubility, 
mass transfer rate of the solute in the material, and 
cavitation phenomenon. Fig. 4 demonstrates the 
influences of oil bath temperature on the EO yield. The 
amount of EO increased from 100 to 155 °C. At 100 °C, 
the lowest EO was obtained at 0.6 mL/kg. The 
temperature of 125 °C reached 1.2 mL/kg, and at the 
temperature of 140 °C obtained the maximum amount of 
1.3 mL/kg. Indeed, low oil bath temperature would result 
in slight cavitation, thus minimizing the mass transfer. As 
a consequence, the obtained EO is negligible. As oil bath 
temperature increases, the effect of cavitation increases, 
together with the increased solubility of solutes in the 
solvent, leading to the rise in the amount of EO yield [20-

21]. However, the excessive increase in oil bath 
temperature might enhance EO thermal degradation, 
which decreases the amount of obtained EO Besides, the 
short amount of extraction time can ensure the cost of 
the process and limit the oxidation of essential oils. 
Hence, 140 °C was chosen as the optimum temperature 
for hydrodistillation. 

Effect of Fruit Ripening States 

Various ripening stages of the fruits were 
considered. Fig. 5 shows the ripening stages of T. trifolia 
fruits. The fruits are characterized by measuring the 
color of the peels, and the values of L*, a*, and b* are 
shown in Table 1. We also presented the average weight 
of 20 species and the corresponding moisture content. 
The weight of the 20 species increases with the increase 
of the ripening stage. Therefore, the difference between 
the samples can be visually observed, and the Lab color 
value in Table 1 can make sample selection easy. 

 
Fig 4. Variation of EO obtained as a function of time at 
various oil bath temperatures 

 
Fig 5. Image of T. trifolia fruits at different ripening stages. (a) Green stage, (b) Ripening stage, and (c) Fully ripened 
stage 
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Table 1. Color parameters of T. trifolia fruits at different ripening stages 
 L* a* b* Weight of 20 species (g) Humidity (%) 

Green stage 44.77 31.93 23.33 21.3246 83.63 
45.20 30.48 27.06 
46.36 23.66 23.90 
44.99 27.41 23.00 
47.26 20.98 28.55 

Ripening state 39.48 29.17 18.27 24.3590 81.89 
37.44 26.67 12.33 
37.31 29.46 14.53 
37.25 26.49 12.36 
39.28 29.17 15.22 

Ripe stage 31.24 21.29 7.33 36.3997 80.36 
31.66 22.06 7.41 
31.02 21.06 6.60 
32.23 21.49 7.81 
32.24 21.12 7.92 

 
Based on Fig. 6, it can be seen that the amount of EO 

recovered gradually decreased with the maturity of T. 
trifolia fruits. In the samples of green, ripening, ripe fruits, 
the amount of EO obtained was 1.2, 1.3, and 1.5 mL/kg, 
respectively, and green fruit showed the highest value of 
essential oil. On the contrary, samples collected at 
maturities such as ripening and ripe fruits yielded lower 
EO This result is also reported in the study of Sedláková 
et al. [23], choosing the correct ripeness of the raw 
materials brings maximum economic efficiency. 

Effect of Storage Time 

Production of EO requires the storage of materials, 
and hence the condition of storage material plays a critical 
role in affecting EO’s yield. The material was subjected to 
storage after collecting for 1, 2, and 3 days. As observed in 
Fig. 7, EO decreased from 1.2 to 0.8 mL/kg after 3 days of 
storage at 15 °C. It was shown that the EO yield ranked in 
order yield (1 day) > yield (2 days) > yield (3 days). This 
can be explained by the oil reservoir in the peels can be 
degraded and the volatile oil easily when exposed to the 
environment. Indeed, the fresh sample selected for 
evaluation was the best at all times. The same change was 
also found in the study of Zhang et al. [24]; the closest 
storage and harvesting time has a good effect on both the 
yield and quality of the EO. 

 

 
Fig 6. Effect of the ripening stage on the EO yield 

 
Fig 7. Yield of EO obtained at various storage conditions 



Indones. J. Chem., 2022, 22 (4), 887 - 895    

 

Phuoc-Sang Huynh Ngo et al.   
 

892 

Besides, extraction time is also considered an 
important criterion, and it was evaluated in parallel with 
the survey factors. Extraction time depends on many 
factors such as material size, amount of water added, and 
temperature. The longer the extraction time, the higher 
the recovered EO content. However, when the time is 
extended to a certain limit, the amount of EO obtained 
does not increase anymore and may adversely affect 
product quality [25]. On the other hand, the long 
extraction time consumes much energy for the heating 
process. Therefore, it is necessary to determine the 
appropriate extraction time. 

Physicochemical Property and GC-MS Analysis 

The EO sample was obtained at optimal conditions, 
such as green ripening, coarse size, 200 mL of water per 
kg of fresh fruit, and 140 °C, which was used to evaluate 
the physicochemical properties and GC-MS analysis of T. 
trifolia EOs. 

The physicochemical characteristics of T. trifolia 
fruits EO such as density, acid value, and saponification 
value, were measured and presented in Table 2. These 
indexes depend on the extraction method and the freshness 
of the raw materials. With long-preserved raw materials, 
the acid index increases due to oxidation, the esters in EO 
are oxidized, and the ester in the EO is decomposed. The 
amount of free acid in the EO can be known from the acid 
number. A large soap index indicates that EOs have small 
molecular weight acids and vice versa. These results  
 

have not been compared because there are no official 
and published standardized reports on the 
characterization of T. trifolia fruits EO. For that reason, 
it is impossible to compare data on the density, acid value, 
and saponification value evaluated as EOs obtained by 
hydrodistillation in the southern region of Vietnam. 

Eleven components were identified and 
quantitatively evaluated in the hydrodistillation extract 
from T. Trifolia fruits of different ripening states, 
representing more than 95% of the total EO (Table 3). 
Monoterpene hydrocarbons (more than 85%) 
predominated in all EO samples analyzed and reached 
maximum levels at full maturity. Oxygenated terpenoids 
were found to form from 7.166–7.750%, which was 
prominent in the green fruit stage and decreased equally 
in the other two states. Sesquiterpenes represent mainly 
in ripening fruit. The main components of T. trifolia 
fruits EO were found as sabinene (approximately 
52.391–54.835%); D-limonene (5.534–8.342%), and γ-
Terpinene (17.649–18.417%). The most found in the 
green fruit as sabinene (52.391%) and D-Limonene 
(8.342) were found the most. 

Table 2. Physicochemical characteristics of T. trifolia 
fruits EO 

Physicochemical characteristics Results 
Density at 25 °C (g/mL) 0.864–0.868 
Acid value (mg KOH/g) 1.53 
Saponification value (mg KOH/g) 30.70 

Table 3. Chemical composition of the EO from T. trifolia obtained by hydrodistillation 

Composition Retention time 
(min) 

Green 
(%) 

Ripening 
(%) 

Ripened 
(%) 

a-Thujene 5.133 0.424 0.406 0.422 
α-Pinene 5.377 2.371 2.463 2.596 
Sabinene 6.568 52.391 55.372 54.835 
α-Terpinene 7.774 1.992 1.608 1.875 
p-Cymene 8.000 0.480 0.190 0.047 
D-Limonene 8.197 8.342 7.464 5.534 
γ-Terpinene 9.227 17.649 17.396 18.417 
1-p-Menthene 10.210 1.985 1.870 2.029 
Terpinen-4-ol 14.148 7.750 7.166 7.436 
trans-α-Bergamotene 24.575 1.494 1.800 1.582 
(E)-β-Farnesene 25.459 0.567 0.650 0.560 
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This result shows a slight similarity with the results 
reported by dos Santos et al. [26]; the chemical composition 
assessment was performed on both leaves and fruits of T. 
trifolia. The results showed that sabinene content 
accounted for the majority (37.2%), followed by β-pinene 
(23.95%) and γ-terpinene (16.3%) in the EO from the 
fruit, while the component in the leaves was sabinene 
(35.4%), and myrcene (34.1%). EOs of T. trifolia fruit and 
leaves have almost the same main composition and 
moderate antibacterial activity. In Brazil, Zoghbi et al. 
[17] analyzed volatile components of T. trifolia EO from 
plant parts by hydrodistillation extract. The EOs are 
characterized by high content of sabine (leaf: 31.1%, stem: 
21.1%, fruit: 23.9%), and β-pinene (leaf: 40.8%, stem: 
36.2%, fruit: 32.4%). It is worth mentioning that the 
chemical composition of a substance may vary with 
harvest time and geographical location [27]. 

Previously, sabinene exhibited strong to moderate 
antibacterial activity against gram-positive bacteria and 
anti-fungal activity against pathogenic fungi [28]. γ-
Terpinene exhibits good antibacterial activity against many 
gram-negative and gram-positive bacteria [29]. Terpinen-
4-ol has been previously reported to have potent 
antibacterial and anti-inflammatory properties. In 
addition, terpinen-4-ol was developed for the treatment of 
thrush in animals and for tissue healing applications [30]. 

■ CONCLUSION 

This study considered various factors affecting T. 
trifolia EO obtained by hydrodistillation. It was found that 
the coarse size material, water to solid ratio of 200 mL/kg 
fresh fruit, and oil bath temperature at 140 °C were 
optimal values for EO distillation. The T. trifolia fruits 
should be used for distillation after harvesting. T. trifolia 
EO consists of many biologically active compounds such 
as sabinene, D-limonene, γ-terpinene, and terpinen-4-ol. 
Therefore, EOs have great potential to be applied in the 
food, pharmaceutical, and cosmetic fields because of their 
antioxidant properties equivalent to ascorbic acid. 
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 Abstract: In the present work, optimum conditions for hydrocracking of waste palm 
cooking oil (WPCO) over a Ni-NH2/Lapindo mud catalyst were studied to obtain a high 
quantity and quality of biofuel. The utilized catalyst support material was Lapindo mud 
(LM) from Sidoarjo, Indonesia, which was only given physical treatment (i.e., washing, 
drying, grinding, and calcining). Ni/LM was prepared via wet impregnation in three 
different Ni weight loadings: 1, 5, and 10 wt.%, which were denoted as Ni(A)/LM, 
Ni(B)/LM, and Ni(C)/LM, respectively. As a result, the hydrocracking test of WPCO 
under the temperature of 470 °C and a feed/catalyst weight ratio of 50 showed that the 
Ni(A)/LM catalyst produced the highest liquid product reaching 46.65 wt.% among the 
other Ni-based catalysts. The liquid product can be increased drastically to 63.93 wt.% 
under a more optimum temperature at 550 °C. Functionalization of Ni(A)/LM as the best 
catalyst was carried out by grafting method with NH2 groups from 3-APTMS, resulting 
in Ni(A)-NH2/LM. This modification increased the liquid product to 68.17 wt.% under 
hydrocracking conditions using a weight ratio of 75. Moreover, the reusability of Ni(A)-
NH2/LM was found to be effective for three hydrocracking runs, constantly yielding an 
average biofuel of 80 wt.%. 

Keywords: hydrocracking; Lapindo mud; nickel; 3-APTMS; waste palm cooking oil 

 
■ INTRODUCTION 

The Lapindo mud (LM) flow disaster that occurred 
in 2006 in Porong, Sidoarjo, East Java, Indonesia, has not 
shown any improvement until now. One of the efforts to 
increase the use-value of LM is to convert it into a 
functional material. Based on research conducted by 
Kusumastuti et al. [1] stated that the LM consists of 49.24 
wt.% Si, 19.30 wt.% Al, 14.06 wt.% Fe, and several 
elements in low quantities. This indicates that the LM is a 
potential source for the synthesis of silica-based materials. 
Among inorganic structures, silica (SiO2) has been 
intensely studied for potential applications in catalysis, 
biological, biomedicine, etc., due to its abundance and 
simple synthesis method [2]. It is well-known that silica is 
intensively used in industry, indicating that it has low 
toxicity and is safe [3]. Some of the materials that have 
been successfully made using silica include Mobil 

Composition of Matter No. 41 (MCM-41), Santa 
Barbara Amorphous-15 (SBA-15), and mesoporous 
silica (MS). Mesoporous structures are characterized by 
having a large specific surface area and pores with 
diameters between 2 and 50 nm [4]. Mesoporous silica 
gained a raised interest, due to its extensive multi-
functionality, based on its high specific surface area, 
uniform and tunable pore size, high pore volume, and 
facile functionalization [5]. Although mesoporous silica 
has advantages in terms of material characteristics and 
performance, synthesis methods involving many 
materials and complicated procedures limit its 
availability on an industrial scale [6]. Thus, we use the 
LM material directly as a natural catalyst support 
material without additional chemicals through easy 
initial preparation such as washing, drying, grinding, 
and calcining for removing volatile substances, 
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oxidizing a portion of the mass, or rendering them friable. 
This procedure has been done before by Trisunaryanti et 
al. [7], which utilizes beach sand with the main content of 
43.09 wt.% Si, 12.91 wt.% Al, and 31.75 wt.% Fe as catalyst 
carrier materials. Although the material has a low specific 
surface area of 15.6 m2/g, the overall catalyst is capable of 
producing 66.86 wt.% hydrocarbons, which is higher than 
using mesoporous silica as a catalyst carrier of 64.44 wt.%. 
This evidence allows that LM has tremendous potential as 
a catalyst support material as well as beach sand. 

Supported nickel catalysts have attracted significant 
attention for their extensive applications in various 
industrial processes. During biomass conversion, nickel-
based catalysts upgrade the composition of the liquid 
phase. Nickel metal has a relatively low price and a fairly 
high hydrogenation activity. In addition, the use of Ni 
metal as a catalyst can provide a high level of acidity from 
vacant p orbital [8]. This metal can increase catalytic 
activity and selectivity toward deoxygenated products [9]. 
The presence of incompleted orbitals in nickel metal can 
also play a good role in catalytic reactions and can 
homolytically break hydrogen gas in the hydrocracking 
process [1]. Jang et al. [10] have modified mesoporous 
silica with nickel-metal as a catalyst for 
hydrodeoxygenation and studied the effect of pore size 
and structure. The results of this study indicate that a high 
nickel content can reduce the surface area and pore 
volume of the silica support but does not affect the 
mesoporous structure. Paramesti et al. [11] have 
successfully tested the activity and selectivity of the Ni/MS 
catalyst against hydrocracking of waste cooking oil 
(WCO) into hydrocarbon compounds with variations in 
Ni concentration of 4%, 6%, and 8% (w/w). The results 
showed that the catalyst activity of Ni(4)/MS reached 
80.57 wt.% and was more selective towards the formation 
of C5-C12 chain hydrocarbon compounds of 54.22 wt.%. 

The addition of the amine functional groups of 3-
APTMS (3-Aminopropyltrimethoxysilane) to the surface 
of the silica support provides a Lewis base site derived 
from the electrons in the NH2 groups [12]. This allows the 
groups to interact frequently with the acidic function in 
the feed compound, leading to more optimal free fatty 
acid (FFA) adsorption on the catalyst surface [13]. 

Interestingly, performing the reaction using a physical 
mixture of AP-MSN (AminoPropyl-Mesoporous Silica 
Nanoparticles) sorbent and Ni-MSN catalyst led to only 
9 wt.% hydrocarbon yield compared to the 72 wt.% of 
hydrocarbons obtained using the hybrid AP-Ni-MSN as 
a catalyst [14]. The previous study also stated that the 
addition of amine groups to Ni-MS could increase the 
content of hydrocracking waste coconut oil from 47.7 to 
68.8 wt.% and reduce FFA levels from 19.4 to 7.3 wt.%. 
This is due to the synergistic performance of the 
bifunctional adsorbent-catalytic nanoparticle material 
in converting FFA into hydrocarbons [8]. 

Today, the main energy source used in various 
countries is petroleum. Extensive and prolonged 
exploitation causes petroleum reserves to decrease. 
Among various refined petroleum products, gasoline 
and diesel are the fuels that are classified as the most 
widely used in transportation equipment [15]. 
Considering the importance of its use and availability, 
various efforts have been made to find alternative energy 
to replace these fuels. An alternative fuel that is currently 
very promising as a substitute for petroleum is palm oil 
[16]. But unfortunately, palm oil has the property of 
being easily oxidized because it contains fatty acids [17]. 
Direct use of palm oil can cause engine damage because 
the combustion products form deposits on the engine 
injector pipe and excess smoke [18]. In addition, palm 
oil also has a higher viscosity than petroleum [19]. From 
an economic point of view, direct use of palm oil is also 
less profitable because it will interfere with food security. 
Therefore, the conversion of waste palm cooking oil 
(WPCO) into biofuel is necessary so that it can be used 
as fuel without compromising food security. WPCO 
from the food industry and households is quite widely 
available in Indonesia. WPCO is harmful to health if 
reused for cooking because it contains a lot of FFA and 
radicals [20]. In addition, biofuels derived from 
vegetable oil are renewable fuels, easy to process, 
relatively stable in price, do not produce pollutants that 
are harmful to the environment (non-toxic), and are 
easily biodegradable [21]. 

The conversion of WPCO into biofuel is generally 
carried out through the hydrocracking method. This 
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method is a combination of thermal cracking and catalytic 
cracking involving the presence of hydrogen gas and 
catalyst material [22]. Activity, selectivity, stability, and 
product quality are the four keys to measuring the 
performance of hydrocracking catalysts [23]. 
Hydrocracking catalysts usually contain cracking sites 
from the support material such as silica, alumina, or 
zeolite, whereas hydrogenation sites are provided by the 
catalyst metal having d orbitals with unpaired electrons 
such as Pt, Pd, Co, Ni, Mo, etc. [24]. However, in this 
study, we involve the addition of amine groups that 
functions as an adsorption site of FFA in the feed so that 
the catalyst performance will be more optimal. 

In this work, hydrocracking of WPCO will be 
carried out in the presence of a Ni-NH2 catalyst prepared 
in LM as a support material. It is not only done to increase 
catalytic activity in producing hydrocarbon-based fuels 
but also on the use of natural sources to provide 
supporting materials with high availability and 
environmentally friendly. This LM will be used without 
any extraction process using chemicals that are harmful 
to the environment but only involve a simple physical 
process. Nickel metal deposited in the mud will be 
investigated through variations in loading weight where 
the most optimal loading weight in character and 
performance will be selected for functionalization using 
the amine groups of the 3-APTMS compound as 

represented in Fig. 1. The hydrocracking study on 
WPCO will be evaluated further through variations in 
the process temperature, feed/catalyst weight ratio, and 
reusability. Finally, the performance of each catalyst will 
be measured from the produced biofuel and their 
selectivity towards the gasoline and diesel fractions. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used in this study were Lapindo mud 
from Sidoarjo regency, East Java, Indonesia, as a source 
of catalyst support material, NiCl2·6H2O as Ni salt 
precursor (p.a) from Merck & Co, 3-APTMS (3-
Aminopropyltrimethoxysilane, 97%) from Tokyo 
Chemical Industry, N2 and H2 gasses from PT. Samator 
Gas Industry, toluene (99.9%) and methanol (99.9%) 
from Merck & Co, distilled water, and waste palm 
cooking oil (WPCO) as feed in the hydrocracking 
reaction was collected from household waste. 

Instrumentation 

X-Ray Fluorescence spectrometer (XRF, analytical 
MiniPal 4) was used to determine the amount of 
metal/metal oxide in the material, X-Ray Diffractometer 
(XRD, Philips X'Pert MPD) was applied to identify the 
crystallinity of the material, Fourier-Transform Infrared 
Spectrometer   (FT-IR,   Shimadzu   IRPrestige-21)   was  

 
Fig 1. Diagrammatic representation of amine-grafted nickel/Lapindo mud material 
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utilized to analyze the characteristic functional groups in 
the material, Surface Area Analyzer (SAA, Quantachrome 
NOVAtouch 4LX) was used to observe the surface 
morphology of the material, and Transmission Electron 
Microscopy (JEOL JEM-1400 TEM) was utilized to 
characterize the nanostructure morphology of the 
material. 

Procedure 

Preparation of Lapindo mud as catalyst support 
material 

First, Lapindo mud was washed with distilled water, 
then dried in an oven at 100 °C for 2 h. Next, the dried 
Lapindo mud was ground into fine particles until its size 
of 100 mesh. The sieved Lapindo mud was later called LM. 
After that, LM was calcined at a temperature of 500 °C, 
which is then called calcined Lapindo mud (CLM). 

Preparation of Ni/Lapindo mud catalyst with various 
weight loadings of Ni metal 

The nickel deposition process on the LM material 
was carried out by wet impregnation using NiCl2·6H2O as 
a salt precursor. First, 2 g of LM were put into a beaker 
and then suspended in 20 mL of distilled water. After that, 
Ni salt precursor with variations in Ni weight loading of 
1, 5, and 10 wt.% to LM was added into the beaker. The 
mixture was stirred until homogeneous for 24 h at room 
temperature. The solution was directly evaporated and 
dried in an oven at 100 °C for 24 h. Afterward, the solid 
was calcined using N2 gas at a flow rate of 20 mL/min at 
500 °C for 3 h, followed by a reduction process using H2 
gas at the same condition to prepare zero valences of Ni 
metal. The resulting materials were then denoted as 
Ni(A)/LM, Ni(B)/LM, and Ni(C)/LM. Ni/LM catalyst 
with the highest total acidity value will be selected to be 
functionalized with NH2 groups derived from 3-APTMS. 

Functionalization of Ni/Lapindo mud with NH2 groups 
originated from 3-APTMS 

Modification of Ni/LM using 3-APTMS was carried 
out through the grafting method. Ni/LM was put into a 
flask and then injected with 3-APTMS until all surfaces 
became wet, then 20 mL of toluene was added. The 
mixture was refluxed for 6 h at 90 °C. The solids formed  
 

were separated from the solvent by centrifugation at 
2000 rpm for 20 min. The sample was washed with 
methanol and then dried overnight at 80 °C. 

Catalytic activity test through the hydrocracking 
process of waste palm cooking oil 

Hydrocracking was applied by placing 0.1 g of each 
material as the catalyst and 5 g of waste palm cooking oil 
(WPCO) as feed in the column, then flowing hydrogen 
gas with a flow rate of 20 mL/min for 120 min at a 
temperature of 470 °C. The schematic illustration of the 
hydrocracking reactor can be seen in Fig. 2. The 
hydrocracking study was carried out through variations 
in process temperature, feed/catalyst weight ratio, and 
reusability test. The hydrocracking liquid product was 
then weighed to determine the activity of the catalyst. 
Meanwhile, Gas Chromatography-Mass Spectrometry 
(GC-MS, Shimadzu QP2010S) analysis was conducted 
to determine the selectivity of the catalyst to convert the 
feed into hydrocarbon compounds. The percentage 
conversion of hydrocracking products was estimated by 
the following calculations: 

(final flask weight empty  flask weight)Liquid (wt.%) 100%
feed weight


   (1) 

(final catalyst container weight initial catalyst container weight)Coke (wt.%)= 100%
feed weight




 (2) 
(final feed container weight empty container weight)Residue (wt.%)= 100%

feed weight


  (3) 

Gas (wt.%) 100% (Liquid Coke Residue)     (4) 
Based on the GC-MS analysis of the resulted 

hydrocracking liquid product, the selectivity of the 
catalyst was classified into four compound distributions, 
including gasoline (consisting of C5-C12 chain 
hydrocarbon compounds), diesel (consisting of C13-C20 
chain hydrocarbon compounds), alcohol, and other 
oxygenates. The percentage of compound distributions 
in the liquid product can be determined by the following 
calculations: 


 

GC area of  C5 C12 compoundsGasoline (wt.%) Liquid (wt.%)
Total GC area

 (5) 


 
GC area of  C13 C20 compoundsDiesel (wt.%) Liquid (wt.%)

Total GC area
 (6) 

 
GC of  alcohol compoundsAlcohol (wt.%) Liquid (wt.%)

Total GC area
 (7) 

Others (wt.%) Liquid (Gasoline Diesel Alcohol)(wt.%)     (8) 
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Fig 2. Schematic illustration of the hydrocracking reactor 

 
■ RESULTS AND DISCUSSION 

Catalysts Characterization 

This research utilizes the catalyst carrier material in 
the form of mud from Porong, Sidoarjo. The XRF analysis 
results in Table 1 show the differences in the content of 
the main metal oxides between LM and CLM, namely 
silica, alumina, and iron oxides. According to Khoiri et al. 
[25], the silica and alumina contained in the mud can be 
used as catalyst support materials. From Table 1, it can be 
concluded that LM has more potential to be applied as a 
catalyst support material because it has a higher silica and 
alumina content than CLM. In addition, like other 
transition metals, the content of Fe2O3 also plays an 
important role in the hydrocracking process because the 
element Fe has a hydrogenation site as well as a Lewis acid 
site. 

The impregnation of nickel-metal catalyst into the 
support material is carried out using the wet 
impregnation method with variations in the Ni weight 
loading on the LM support material by 1, 5, and 10 wt.%. 
The metal content itself plays an important role in the 
catalyst system because the presence of metal can 
contribute greatly to the Lewis acid site in the catalyst, 
where this active site affects the hydrocracking process. 
Based on the results of XRF analysis on the three catalysts, 
the nickel content of Ni(A)/LM, Ni(B)/LM, and 
Ni(C)/LM was 2.0, 6.9, and 17.5 wt.%, respectively. This 
difference in  metal  loading  may be due to  the  oxidation  

Table 1. XRF analysis results on LM and CLM 
Compound wt.% content in LM wt.% content in CLM 
SiO2 41.16 39.09 
Fe2O3 18.24 19.24 
Al2O3 12.84 12.22 

state of Ni (x value) in the precursor salt Ni(NO3)x·6H2O 
changes with storage time. Meanwhile, the calculation 
follows the x value listed on the packaging label. 

The acidity test of the material was carried out 
using the gravimetric method, which compared the 
weight of the material before and after the adsorption of 
pyridine (C5H5N). This measurement is based on the 
amount of pyridine gas adsorbed by the material. 
Pyridine acts as a Lewis base having a lone pair of 
electrons on the N atom and as a Bronsted base 
accepting a proton to form a pyridinium ion (C5H6N+). 

Based on Table 2, it was found that the acidity of 
the mud decreased from 0.3533 to 0.2002 mmol/g after 
the calcination process. This is because the compounds 
that contribute to the acidity value are Al2O3, SiO2, and 
Fe2O3. Looking back at the XRF results on the CLM, it 
revealed that the acidity value also decreased following 
the content of silica and alumina oxides. Here, because 
of the effect of high temperature on calcination, the iron 
oxide increases due to an increase in crystallinity. A 1% 
increase, on the other hand, indicates that the number 
has not changed considerably. This is the reason for 
choosing LM as a  support material  for the Ni catalyst in  
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Fig 3. Diffractogram of (a) LM, (b) CLM, (c) Ni(A)/LM, (d) Ni(B)/LM, (e) Ni(C)/LM, (f) Ni(A)-NH2/LM 

 
Table 2. Acidity value of the materials 

Material Acidity (mmol/g) 
LM 0.3533 
CLM 0.2002 
Ni(A)/LM 0.4087 
Ni(B)/LM 0.0758 
Ni(C)/LM 0.1517 
Ni(A)-NH2/LM 0.2289 

Notes: acidity test was gravimetrically done to calculate the acid sites 
in the material using pyridine as a base adsorbate 

the wet impregnation process. 
The acidity test on this catalyst aims to see the 

contribution of the presence of nickel-metal that has been 
deposited on the LM material. Nickel metal is a transition 
metal group with an empty 4p electron orbital where this 
orbital acts as a Lewis acid site. Therefore, the presence of 
Lewis acid sites is expected to increase the acidity of the 
catalyst. Based on Table 2, Ni(A)/LM catalyst has the 
highest acidity compared to Ni(B)/LM and Ni(C)/LM 
catalysts. In fact, this is contrary to the theory that acidity 
increases with metal content. However, in another theory, 
the low metal content tends to make the nanoparticles 
evenly distributed on the surface of the supporting 
material. The non-closure of pores by nanoparticles also 
results in more optimal pyridine adsorption so that the 
acidity increases. According to Nugrahaningtya et al. [26], 
the presence of an increasing amount of metal loading 

makes the pores in the carrier material unable to adsorb 
due to steric resistance. In addition, an increase in Ni 
metal can cover the catalyst cavity, causing the Lewis 
acid site to be closed due to agglomeration. The 
agglomeration that occurs makes the acidity of the 
catalyst decrease, as happened in the Ni(B)/LM and 
Ni(C)/LM catalysts. But in this case, the higher acidity of 
catalyst Ni(C)/LM than Ni(B)/LM implies that the 
theory of the amount of metal content is stronger than 
the theory of metal distribution. Based on the acidity 
values of the three catalysts, Ni(A)/LM was chosen as the 
material to be grafted by the NH2 groups of 3-APTMS. 
Meanwhile, after the acidity test was carried out on the 
material, the Ni(A)-NH2/LM catalyst had a lower acidity 
than Ni(A)/LM. This is due to the presence of 
aminopropyl groups, which tend to be base. 

XRD analysis was performed to evaluate the 
crystallinity character of the material. The type of 
compound or element can be seen from the peak that 
appears at the diffraction angle (2θ), while the 
crystallinity level of the catalyst can be seen from the 
peak intensity. The compilation of the diffractogram in 
Fig. 3 shows that all types of materials produce crystal 
peaks in the 2θ region between 20° to 40°. Similar results 
were obtained from other studies conducted by Kefaifi 
et al. [27]. In their research, it was revealed that these 
peaks are characteristic peaks of the element silicon in 
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the form of SiO2 minerals. Meanwhile, the diffractogram 
of this study shows 2θ at 26.59° with an intensity of 100%, 
which is a type of quartz mineral SiO2 with d-spacing 101 
= 3.35 nm based on ICDD data 01-083-0539. In addition, 
the presence of alumina in the form of AlPO4 (aluminum 
phosphate) in XRD spectra is shown at the peak of 2θ = 
26.49°, which has an intensity of 100% with d-spacing 012 
= 3.36 nm based on data on ICDD 01-084-0853. These 
peaks do not appear in the spectra because they are in a 
region similar to silica which allows overlapping. 
However, the presence of alumina compounds has been 
identified in the XRF data as well as silica. 

Based on Fig. 3, it can be seen that after calcination, 
most of the crystalline peaks in LM experienced a decrease 
in intensity, as seen in the CLM, Ni(A)/LM, Ni(B)/LM, 
Ni(C)/LM, and Ni(A)-NH2/LM spectra. In addition, the 
peak at 36.48° of the 110 crystal plane (based on data on 
ICDD 01-083-0539) in the LM disappeared after 
calcination. This is because the calcination process aims 
to form oxide compounds, rearrange the content of 
compounds in the material, and evaporate volatile 
compounds that can affect the structure of the material. 

The presence of nickel-metal character in the 
diffractograms is indicated by crystal peaks that appear at 
2θ of around 43–45° based on JCPDS no. 02-0850. The 
size of the Ni crystallite in the catalyst material can be 
calculated using the Scherrer equation as follows: 

0.9D
cos



 

 

where D is the crystal size in nanoparticles (nm), β is full 
width at half maximum (FWHM, radian), θ is Braggs 
angle (radian), and λ is X-ray wavelength (λ = 1.54 nm for 
Cu Kα radiation). According to the equation, it is 
formulated that FWHM is inversely proportional to the 
crystallite size (D), so larger peaks result in smaller 
crystallite sizes. From the calculation results, the 
crystallite sizes for Ni(A)/LM, Ni(B)/LM, and Ni(C)/LM 
catalysts were 57.17, 18.15, and 33.65 nm, respectively. 
Meanwhile, the Ni(A)-NH2/LM catalyst has a nickel 
crystallite size of 48.04 nm. This value is similar to that of 
the Ni(A)/LM catalyst, which indicates that the NH2 
grafting of 3-APTMS does not affect the crystallinity 
properties of the Ni(A)/LM catalyst. The large crystallite 

size is possible from a combination of smaller 
nanoparticles that agglomerate to form larger 
nanoparticles. Furthermore, although there is a trend, 
agglomeration is not always associated with high metal 
content. Agglomeration causes the nanoparticles to be 
unevenly distributed to the surface of the supporting 
material. 

FTIR characterization aims to determine the 
presence of characteristic functional groups of material. 
Based on the results of the FTIR analysis in Fig. 4, it can 
be seen that there are characters of silica-alumina groups 
in all materials, which confirms the previous XRF and 
XRD results. These groups are represented by the 
symbol T as shown in Table 3. The presence of silica-
alumina groups indicates that LM has the potential to be 
used as a catalyst carrier material. In addition, there is a 
left shift of the absorption peak in the T–O–T 
asymmetric stretching vibration in the CLM. This 
indicates the occurrence of dehydration on the surface 
of the silica-alumina, which makes the water release 
leaving alumina ions and then forming Lewis acid sites 
in the non-framework. Similar results also occurred in 
the study conducted by Dubey et al. [28]; there was a 
shift in the absorption peak from 1065 to 1080 cm–1 in 
MCM-41 before and after calcination. Meanwhile, the 
variation in the weight loading of the Ni on the LM did 
not significantly affect the vibration absorption 
produced.  After the  NH2 grafting  process on Ni(A)/LM  
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Fig 4. FTIR spectra of (a) LM, (b) CLM, (c) Ni(A)/LM, 
(d) Ni(B)/LM, (e) Ni(C)/LM, (f) Ni(A)-NH2/LM 
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was carried out, a new characteristic functional group has 
emerged with low intensity namely –NH2 at 1566 cm–1 
derived from the 3-APTMS compound. This 
modification process was successful because there was a 
decrease in the intensity of the T–OH bending vibration 
due to the interaction between T–OH and 3-APTMS. 
These results are under the research conducted by Li et al. 
[29]. 

The nitrogen adsorption isotherm for the 
synthesized material is presented in Fig. 5. Several 
materials (except Ni(A)-NH2/LM) exhibited a type IV 
isotherm corresponding to the characteristics of the 

mesoporous material, according to the IUPAC 
classification. This graph shows that metal impregnation 
does not damage the mesoporous properties of the 
support material. The process that occurs in this type of 
isotherm starts from adsorption at low pressure (< 0.02) 
for micropore filling, followed by monolayer and 
multilayer adsorption on the surface of the material, 
including mesopores, at medium relative pressure (0.2–
0.5) the phenomenon of capillary condensation occurs 
in the mesopores. At this point, the amount of adsorbed 
gas increases sharply with a small pressure change due 
to the  condensation  of the  molecules  under  the  vapor  

Table 3. Analysis result of FTIR spectra 

Vibration type 
Wavenumber (cm–1) 

LM CLM Ni(A)/LM Ni(B)/LM Ni(C)/LM Ni(A)-NH2/LM 
Bending of T–OH 1635 1635 1635 1635 1627 1635 
Stretching of T–OH 3425 3448 3433 3448 3433 3433 
Asymmetric stretching of T–O–T 1033 1064 1033 1018 1033 1033 
Symmetric stretching of T–O–T 779 725 779 771 779 779 
Bending of T–O–T 470 462 478 470 470 478 
Bending of -NH2 - - - - - 1566 
Stretching of C–H 2924 2924 2924 2924 2924 2931 
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pressure so that the liquid adsorbate fills the primary 
mesoporous. Thereafter, multilayer adsorption and/or 
condensation of liquids in the secondary mesopores occur 
at relatively high pressures (0.5–0.8) and finally at very 
high pressures (< 0.8), corresponding to the filling of 
voids between particles which can be considered as 
porosity [30]. The Ni(A)-NH2/LM material shows a 
different type of isotherm from other materials. This 
material belongs to the type III category where there is no 
identifiable multilayer formation, meaning that there are 
relatively weak adsorbent–adsorbate interactions [31]. 

This typical mesoporous material is represented by 
the presence of a hysteresis loop at the isotherm. The type 
of hysteresis possessed by these materials follows the H3 
pattern as described by IUPAC, where the desorption 
branch tends to be perpendicular to the adsorption 
branch in the closure region at lower relative pressures. In 
the hysteresis loop H3, the pores have a wedge or slit 
geometry, resulting from agglomerates of parallel plates-
shaped particles [32]. The hysteresis loops never close in 
all these materials, even under very low pressure, as 
happened to CLM. This can be attributed to several 
reasons. First, the material is not a rigid structure and may 

deform, induced by adsorption or pore filling. Second, 
the trapped nitrogen cannot be released because of the 
affinity of nitrogen in the material caused by the 
heterogeneous property of the surface [33]; the 
adsorption potential of the pore wall traps the nitrogen 
molecules, which agrees with the observation that 
increasing temperature will deteriorate the hysteresis 
effect [34]. 

The pore distribution of the materials can be seen 
in Fig. 6. All pores in the material belong to the 
mesoporous class, where the diameter is between 2–50 
nm. The pore diameter is taken from the highest point 
on each bar chart, representing the most frequent pore 
diameter based on the BJH desorption method. 
Meanwhile, the material surface area is calculated using 
the BET method. There was a drastic decrease in the 
surface area of LM after calcination from 22 to 2 m2/g. 
This is because the silica and alumina content in LM 
decreases during the heating process [35], which is in 
line with the decrease in acidity value. Another decrease 
also occurred in LM loaded with Ni metal, where the 
surface area decreased following the increasing weight of 
metal loading.  Among Ni catalysts,  the smallest  surface  
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Fig 6. Pore size distribution of (a) LM, (b) CLM, (c) Ni(A)/LM, (d) Ni(B)/LM, (e) Ni(C)/LM, (f) Ni(A)-NH2/LM 
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area is owned by Ni(B)/LM, which is possible due to the 
blockage of the pores of the material, strengthened by the 
lowest acidity value. The presence of 3-APTMS 
modification also contributed to the decrease in the 
surface area of Ni(A)/LM. Overall, the surface area of the 
material obtained is quite small, which is below 25 m2/g. 
In theory, the high metal content and small particle size 
lead to a large surface area. This situation can be achieved 
if the nanoparticles are evenly distributed and do not 
block the pores of the supporting material [36]. The large 
nanoparticle size also contributes to the increase in 
surface area, although not as much as the small 
nanoparticles. However, in this case, we can only measure 
the metal content, but not the degree of distribution and 
pore-clogging. Data analysis of the textural properties of 
the material is presented in Table 4. 

Study of Catalytic Activity and Selectivity 

To evaluate the catalytic activity, all prepared 
catalysts were applied for the hydrocracking process of 
waste palm cooking oil (WPCO) at a temperature of  
470 °C with a feed:catalyst weight ratio of 50. The catalyst 
that generates a liquid product with the highest level of 

hydrocarbons would be considered as the best catalyst 
and will be studied further to find the optimum 
conditions for the hydrocracking process. 

The results of all the hydrocracking that have been 
shown by each catalyst are summarized in Table 5. 
Interestingly, the LM support material in the absence of 
Ni gave an excellent performance with a total liquid 
product of 56.30 wt.%. This provides a new point of view 
that natural material without chemical treatment has 
good catalytic activity, although its surface area is small 
(22.216 m2/g) compared to other supports. Here, the 
calcination process in CLM shows its role in increasing 
the total liquid product up to 66.71 wt.%. As previously 
described, this process has several functions, including 
removing impurities. However, because of its low acidity 
value from the content of silica oxide and alumina as the 
main constituents, this material (31.1 wt.%) resulted in 
the hydrocarbon content being lower than LM 
(55.20 wt.%). Several reasons (high acidity, large surface 
area, and high hydrocarbon product) made LM chosen 
as a support material for Ni catalysts through a wet 
impregnation process. 

Generally, the hydrocracking process consists of two 

Table 4. Textural properties of materials 

Material 
Surface area 

(m2/g) a) 
Most frequent 

pore diameter (nm) b) 
Total pore volume 

(cc/g) c) 
LM 22.216 3.916 0.060 
CLM 2.304 3.908 0.007 
Ni(A)/LM 11.659 3.528 0.062 
Ni(B)/LM 6.155 3.906 0.033 
Ni(C)/LM 13.797 3.906 0.029 
Ni(A)-NH2/LM 5.953 3.225 0.028 

Notes: a) based on BET calculation 
b) based on BJH Desorption 
c) at P/P0 = 0.99 

Table 5. Distribution of hydrocracking products based on the type of catalyst 

Catalyst 
Liquid (wt.%) Gas 

(wt.%) 
Coke 

(wt.%) 
Residue 
(wt.%) Gasoline Diesel Alcohol Others Total 

LM 38.14 12.08 3.03 3.05 56.30 41.06 1.35 1.29 
CLM 23.91 7.19 20.36 15.25 66.71 30.50 0.29 2.50 
Ni(A)/LM  39.89 1.81 1.15 3.80 46.65 47.59 3.73 2.03 
Ni(B)/LM 40.94 0.00 0.38 1.51 42.83 55.58 0.41 1.18 
Ni(C)/LM  18.83 13.26 3.69 4.60 40.38 58.58 0.04 1.00 

Notes: Temperature of 470 °C, feed/catalyst weight ratio of 50 
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reactions, namely hydrogenation and cracking. 
Hydrogenation involving the presence of hydrogen gas 
provides a role for further deoxygenation reactions, 
namely decarbonylation, decarboxylation, and 
hydrodeoxygenation. Both decarbonylation and 
decarboxylation release one C atom in the form of CO and 
CO2, producing a hydrocarbon with one fewer carbon 
atom [2]. Meanwhile, hydrodeoxygenation only releases 
O atoms in the form of H2O through a consecutive 
reduction process so that the hydrocarbon has a carbon 
length identical to the initial oxygenated compound as 
happened with CLM, which produces high alcohol 
products as a result of the final consecutive reduction. 

In this case, all the catalysts used gave selectivity to 
the gasoline product, indicating that the deoxygenation 
reaction occurred to produce heavier hydrocarbons 
before being taken over by the cracking reaction to 
produce lighter hydrocarbons. With the advent of solar 
products, the reaction may stop only on deoxygenation. 
Ochoa-Hernández et al. [37] stated that an increase in 
acidity from Ni would cause the hydrotreatment process 
to run non-selectively towards the production of long-
chain hydrocarbons through hydrodeoxygenation and 
decarboxylation. The addition of Ni makes the active site 
on the catalyst increase so that the catalyst becomes super 
active, which results in secondary cracking. Among the 
three Ni-based catalysts (Fig. 7), the Ni(A)/LM material 
provided the highest level of hydrocarbons (41.7 wt.%). 
This confirms that the acidity value is correlated with the 
hydrocarbon level. The higher diesel product at 
Ni(C)/LM compared to others is possible due to the 

blockage of the pores from agglomeration or deposition 
of the metal nanoparticles, causing a decrease in the 
number of accessible acid sites for the feed molecules. 
This pushes the deoxygenation reaction mechanism 
predominantly to produce heavier hydrocarbons and 
causes the splitting of larger molecules to become 
smaller in the cracking mechanism to be inhibited [38]. 
When compared with all the tested materials, LM 
produced the highest hydrocarbon products even 
without the addition of Ni metal. However, the aim of 
this study was not only to find the best catalyst in 
hydrocracking activity and selectivity but also to study 
the development of catalyst materials, in this case, LM as 
a natural-based catalyst support material without prior 
chemical treatment. 

Despite producing good performance with a total 
liquid product and hydrocarbon content reaching 46.65 
and 41.70 wt.%, the catalytic activity of the WPCO 
hydrocracking process using a Ni(A)/LM catalyst can 
still be improved by selecting the best temperature. This 
variation is carried out and observed to find the best 
conditions. As shown in Table 6, the highest conversion 
was obtained in hydrocracking at a temperature of 550 °C. 
At this temperature, the conversion level of WPCO 
increased to 63.93 wt.% compared to temperatures of 
470 °C (46.65 wt.%) and 500 °C (53.09 wt.%). The increase 
in temperature may provide more energy in the system 
which will promote the adsorption force of the feed on 
the catalyst surface, causing the reaction rate to increase. 
According to Murachman et al. [22], the reaction rate 
constant is a function of temperature. This is because the  

 
Fig 7. Effect of catalyst type on hydrocarbon and non-hydrocarbon 
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Table 6. Distribution of hydrocracking products based on various temperatures 
Temperature 

(°C) 
Liquid (wt.%) Gas 

(wt.%) 
Coke 

(wt.%) 
Residue 
(wt.%) Gasoline Diesel Alcohol Others Total 

470 39.89 1.81 1.15 3.80 46.65 47.59 3.73 2.03 
500 26.01 11.24 6.70 9.14 53.09 41.72 4.57 0.62 
550 30.81 5.27 19.14 8.71 63.93 30.67 4.98 0.42 

Notes: Ni(A)/LM catalyst, feed/catalyst ratio weight of 50 
 
chance of collisions between molecules is getting bigger, 
which makes the average kinetic energy of the molecules 
increase. Not to mention, the optimum temperature also 
reduces feed residue to 0.42 wt.%. 

As the previous results, in this condition, all 
temperatures provide selectivity for gasoline products 
(Fig. 8). Although 550 °C produces lower levels of 
hydrocarbons (36.08 wt.%) than at 500 °C (37.25 wt.%) 
and 470 °C (41.70 wt.%), its activity (amount of liquid 
product) shows the best performance. Moreover, it can be 
seen that this temperature gives a very high alcohol 
content of 19.14 wt.%. If it can be separated, this alcohol 
also provides benefits as a fuel mixture to increase the 
octane number [39]. A high octane number makes fuel 
efficiency increase so that it can cover its low energy 
density (when compared to gasoline or diesel), but the 
maximum content is only 10%. The presence of alcohol as 
a by-product suggests that this reaction mechanism 
follows hydrodeoxygenation which results in a step-by-
step reduction of the carboxyl to aldehyde and ends to the 
alcohol. The decrease in selectivity is possible because the 
adsorption rate is too fast at high temperatures resulting 
in a less optimal reaction for converting oxygenated 
compounds into hydrocarbons. 

In addition to Ni, secondary cracking also occurs 
because the catalyst support used is LM which naturally 
contains high levels of iron oxide. This Fe metal also 
provides Lewis acid sites which cause the catalyst to be 
super active so that the cracking becomes uncontrolled, 
causing the liquid phase produced to turn into a gas 
phase. The high gas product indicates that this process 
favors the production of the lightest hydrocarbon 
molecules due to the cleavage of the C–C or C–H bonds 
in the alkyl triglyceride or FFA chains. 

In addition to the optimum temperature, the 
feed/catalyst weight ratio in hydrocracking also needs to 
be further investigated to obtain the best conditions to 
produce biofuels with high hydrocarbon content. In this 
study, a Ni(A)-NH2/LM catalyst was also involved in 
determining the role of the NH2 groups of the 3-APTMS 
compound on the surface of the LM. Based on Table 7, 
it can be seen that there is an increase in the conversion 
of Ni(A)/LM along with the weight ratio. However, the 
hydrocarbon selectivity decreased to only 4.47 wt.% at a 
ratio of 100. The grafting treatment on Ni(A)-NH2/LM 
provided the Lewis base site from the lone pair of the 
nitrogen atom [40]. This makes the catalyst easier to 
capture and adsorb FFA in the feed, resulting in a higher 

 
Fig 8. Effect of hydrocracking temperature on hydrocarbon and non-hydrocarbon 
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Table 7. Distribution of hydrocracking products based on a feed/catalyst weight ratio 

Catalyst Ratio 
Liquid (wt.%) Gas 

(wt.%) 
Coke 

(wt.%) 
Residue 
(wt.%) Gasoline Diesel Alcohol Others Total 

Ni(A)/LM 
50 30.81 5.27 19.14 8.71 63.93 30.67 4.98 0.42 
75 12.99 18.14 29.77 7.12 68.02 26.36 2.96 2.66 

100 2.10 2.37 65.28 7.81 77.56 17.87 2.60 1.97 

Ni(A)-NH2/LM 
50 26.91 4.31 16.11 17.70 65.03 32.81 1.17 0.99 
75 17.20 16.72 25.44 8.81 68.17 29.08 0.69 2.06 

100 8.03 9.56 28.21 4.04 49.84 48.73 0.94 0.49 
Notes: Temperature of 550 °C 

 
conversion than Ni(A)/LM at the same ratio. Although, in 
fact, at a ratio of 100, there was a decrease in biofuel up to 
49.84 wt.%, possibly because too much feed was used, so 
the amount of catalyst could not accommodate the 
reaction optimally. The higher amount of feed will 
naturally enter the catalyst pores, inhibiting and slowing 
the feed flow, leaving a higher residue level. The presence 
of residue indicates that this process requires a longer 
reaction time. It could also be occurred due to 
polymerization to form heavier and larger molecules, 
which accumulate as residues. Pore filling during 
hydrocracking also results in carbon trapping, increasing 
overall coke deposition. 

The synergistic action between Ni nanoparticles and 
NH2 groups provides good catalyst selectivity toward 
hydrocarbon products. Meanwhile, the results at a ratio of 
50 showed a 4.86% decrease in the hydrocarbon content 
from Ni(A) to Ni(A)-NH2, which was possible under 

these conditions that were unfavorable for the catalyst. 
However, when viewed from the economic side, by using 
more feed oil (the ratio is higher), the catalyst containing 
NH2 has better results. According to Fig. 9, the optimum 
ratio in converting WPCO to hydrocarbons (33.92 wt.%) 
using a Ni(A)-NH2/LM catalyst is 75. The combination 
of NH2 groups, acid sites, and hydrogenation sites causes 
this interaction to weaken the CO or C=O bonds, then 
intensifies the deoxygenation mechanism to produce 
hydrocarbons. 

The use of Ni(A)-NH2/LM catalyst is tested for 
durability after reuse, which is known as the catalyst 
reusability test. The age test was carried out using the 
same catalyst without being replaced and given any 
treatment after use. The reusability of Ni(A)-NH2/LM in 
3 runs of WPCO hydrocracking at 550 °C using a ratio 
of 75 was studied (Table 8). Interestingly, during these 3 
runs,  the catalyst  was shown  to produce  an astonishing  

 
Fig 9. Effect of feed/catalyst weight ratio on hydrocarbon and non-hydrocarbon 
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result with a consistently high conversion level (~80 wt.%). 
The formation of coke is also seen to relatively occur at a 
controlled rate, indicating stability towards coke 
poisoning. 

Despite the total liquid product increases, not all of 
the constituent compounds of this liquid product can be 
used as fuel. Selectivity studies cannot be carried out by 
looking at the percentage of liquid products because the 
trend always increases without showing a significant 
decrease. Therefore, this study will focus on the ability of 
the catalyst to direct the hydrocracking reaction to 
produce hydrocarbon products. Fig. 10 shows that the 

hydrocarbon level decreased drastically with the 
frequent use of the catalyst. This indicates that the active 
sites of catalysts such as NH2 groups and Ni nanoparticles 
have started to decrease in performance due to repeated 
use. However, until the third use, the amount of 
hydrocarbons is still relatively high at 38.36 wt.%. This 
gives the view that this catalyst can still show good 
performance so that it can be used more than 3 times. 

TEM analysis aims to see the morphology, 
structure, and pore regularity. The results of the TEM 
image presented in Fig. 11 imply the catalyst that has 
been  used  in  the  hydrocracking process  experiences a  

Table 8. Distribution of hydrocracking products based on reusability 

Use 
Liquid (wt.%) Gas 

(wt.%) 
Coke 

(wt.%) 
Residue 
(wt.%) Gasoline Diesel Alcohol Others Total 

1 49.28 12.56 5.47 12.15 79.46 20.29 0 0.25 
2 32.63 8.42 8.05 31.17 80.27 19.49 0 0.24 
3 28.73 9.63 23.66 22.31 84.33 15.13 0 0.54 

Notes: Ni(A)-NH2/LM catalyst, Temperature of 550 °C, feed/catalyst ratio weight of 75 

 
Fig 10. Effect of reusability on hydrocarbon and non-hydrocarbon products 

 
Fig 11. TEM images of (a) Ni(A)-NH2/LM (75) before hydrocracking, (b) Ni(A)-NH2/LM (75) after hydrocracking, 
(c) Ni(A)-NH2/LM (100) after hydrocracking 
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darker color change due to the formation of coke 
deposition. The Ni(A)-NH2/LM catalyst with a 
feed/catalyst ratio of 100 (Fig. 11(c)) looks very dark 
compared to Fig. 11(b), which explains that the pores of 
the catalyst have been closed due to the high interaction 
with the feed. This is evident from the coke production 
presented in Table 7 previously. 

■ CONCLUSION 

The hydrocracking study of waste palm cooking oil 
(WPCO) was prepared using natural catalyst support 
materials from Lapindo mud (LM), Sidoarjo, Indonesia, 
without any chemical treatment. This material is proven 
to have a high content of silica, alumina, and iron oxides. 
Even without the calcination process, this material has a 
higher acidity value which makes it effective as a Ni 
carrier. The weight of Ni loading on the LM at 1 wt.% gave 
the highest acidity value compared to 5 and 10 wt.%, 
following the obtained biofuel. This proves that a high 
weight loading does not always give a high catalytic 
activity as well because behavior like an agglomeration of 
the catalyst covering the support pores sometimes occurs 
in this situation. Interestingly, the small specific surface 
area of LM is capable of producing a high biofuel level of 
56.30 wt.% with a hydrocarbon content of 50.22 wt.%. 
Process temperature and the weight ratio of feed/catalyst 
also affect the hydrocracking reaction. High temperatures 
will increase the reaction rate so that the kinetic energy 
between particles is getting bigger, causing more liquid 
products to be generated. Meanwhile, the obtained 
optimum ratio is at 75, where this ratio is increased more, 
the work of the catalyst will be harder, thereby reducing 
the quantity and quality of biofuels. The use of Ni(A)-
NH2/LM catalyst three times without a regeneration 
process was able to maintain the quantity of biofuel at 
around 80 wt.%, whereas the hydrocarbon level showed a 
decrease, but not less than 45% of the liquid product 
(wt.%). This is very reasonable because it is related to the 
formation of coke which leads to the deactivation of the 
catalyst. Overall, these results suggest good catalytic 
performance may offer an alternative pathway for the 
production of more environmentally friendly fuels in the 
future. 
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 Abstract: High blood glucose levels indicate diabetes mellitus. The conventional way 
was carried out to determine glucose levels, but this method just shows the total reducing 
sugar levels. An electrode was developed to analyze glucose in the presence of fructose by 
potentiometry. The optimum graphite paste electrodes-Imprinted based on polyeugenol 
and Ethylene Glycol Dimethacrylate (EGDMA) as crosslinkers, had been used as a glucose 
sensor. Polyeugenol was made by the polymerization reaction with a BF3 catalyst with a 
molecular weight of 6451.338 g/mol. A total of 2135.99 glucose was contacted with 
polyeugenol, and the result was crosslinked with EGDMA and 2,2'-Azobis(2-
methylpropionitrile) (AIBN) initiator, then Molecularly Imprinted Polymer (MIP) was 
generated. The optimization of electrodes showed that the best composition of MIP: 
paraffin: graphite is 20:35:45 with the 19.16 mV/decade Nernstian Factor, which can 
measure samples at the range 10–5–10–1 M with a detection limit of 1.0334 × 10–5 M, a 
response time of 6–15 s, a lifetime (use) of 19 times and has good selectivity on fructose 
sample with Kij less than 1. Measurements using this electrode showed that honey contains 
28.78% of glucose, not much different from the UV-Vis spectrophotometry, which is 
29.68%, and HPLC is 30.42%. 

Keywords: polyeugenol; imprinted; glucose; fructose; selective electrode 

 
■ INTRODUCTION 

Diabetes mellitus is of chronic disease caused by the 
increase in glucose levels, or called hyperglycemia which 
makes the regulation of glucose homeostasis not work 
perfectly [1]. The values of blood glucose in the normal 
body are 60–100 mg/dL (6 × 10–3–1 × 10–3 M), while in 
diabetics, blood glucose levels can increase to > 200 mg/dL 
or equivalent to 2 × 10–2 M. The conventional way was 
carried out to determine glucose levels, but this method 
just shows the form of total reducing sugar levels and 
cannot determine reducing sugar individually [2]. An 
alternative method that can be used to measure glucose 
levels is potentiometry. Potentiometry has two kinds of 
working electrodes there reference electrode and the 

working electrode. In potentiometry, a working electrode 
is used as a sensor to detect the analyzed compound. It 
is important to determine the type of sample because it 
can produce an accurate and selective analytical 
instrument sensor component. In a previous study, the 
synthesis of a polyeugenol-based Imprinted Polymer 
(IP) selective electrode with a Polyethylene glycol 
diglycidyl ether (PEGDE) crosslinker agent as a glucose 
sensor showed good performance as a glucose sensor [3]. 

Selective electrodes are made using eugenol 
derivative compounds because eugenol has a large 
abundance in Indonesia; and is found in almost 80% of 
plants in Indonesia. Eugenol can be used as a starting 
material for the synthesis because of the presence of 
three functional groups attached to it; there are allyl, 
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hydroxy, and methoxy groups; from this allyl group, 
eugenol can be polymerized into polyeugenol [4]. The 
working electrode is based on a molecularly imprinted 
polymer. The functional monomers, templates, initiators, 
solvents, and crosslinker agents will react around the 
template molecules through the polymerization process 
and produce a polymer called polyeugenol [5-6]. 
Compounds of Imprinted from polyeugenol have high 
selectivity because it only identifies the molecule template 
and also has good mechanical strength against organic 
solvents, bases, acids, high pressure, and temperature. 
Therefore, Molecularly Imprinted Polyeugenol (MIP) has 
great potential as a working electrode material for glucose 
sensors [7]. 

In this research, the synthesis of MIP was prepared 
with eugenol, BF3 as a catalyst, EGDMA as a crosslinker, 
glucose as a MIP template, and a graphite electrode that 
had the ability to conduct the current from a sample. An 
electrode was made with various compositions and used 
to analyze glucose with varying concentrations and pH to 
get the optimum working electrode to enhance the 
performance of potentiometric sensors in glucose 
determination, such as Nernst factor, range of 
measurement, coefficient selectivity, response time, lifetime, 
and measurement glucose in the presence of fructose. 

■ EXPERIMENTAL SECTION 

Materials 

Eugenol p.a, BF3(C2H5)2, Chloroform p.a, anhydrous 
Na2SO4, D-Glucose, L-Fructosa Ethylene glycol 
dimethacrylate (EGDMA), AIBN (2,2'-Azobis(2-
methylpropionitrile), Paraffin, graphite, NaOH, Ethanol, 
HCl, KCl, Na2HPO4, NaH2PO4, CH3COOH, CH3COONa, 
Kaliumnatriumtartrat-Tetrahydrat were purchased from 
Merck-Sigma Aldrich (Jakarta, Indonesia), aqua 
demineralization was purchased from Bratachem 
(Semarang, Indonesia), 3,5-Dinitrosalicylic acid was 
purchased from HIMEDIA (Jakarta, Indonesia), and 
Randu Honey from Mabruuk (Semarang, Indonesia). 

Instrumentation 

The  characterizations of  the functional  group were  

carried out using FTIR Shimadzu Prestige 21 (Semarang, 
Indonesia), for the surface morphology MIP, NIP, 
Electrode MIP (EMIP), and Electrode NIP (ENIP) were 
analyzed using SEM Phenom Pro X Desktop with EDX 
(Semarang, Indonesia), and Electrode performance that 
was synthesized before measured with Eutech PC510 
potentiometer and Ag/AgCl reference electrode 
(Semarang, Indonesia). 

Honey glucose levels containing fructose and 
glucose were measured by potentiometry. The result was 
then compared with UV-Vis Spectrophotometry LW-V-
200-RS method using DNS complexing reagent 
(Semarang, Indonesia) and HPLC that consisted of a 
carbohydrate column at ambient temperature, a flow 
rate of 0.769 mL/min, and 80% acetonitrile eluent with a 
refractive index detector (Bogor, Indonesia). 

Procedure 

Polymerization of eugenol 
In a three-necked flask, 5.8 g of eugenol was 

polymerized using BF3-diethyl ether as a catalyst under 
stirring for 16 h. The polymerization then ended by 
adding methanol. The result was dissolved with 
chloroform and neutralized by adding water. Afterward, 
anhydrous Na2SO4 was used to remove the water 
completely and then filtered. The precipitate formed was 
dried, crushed, weighed, and analyzed by FTIR. 

Synthesis of molecularly imprinted polyeugenol 
(MIP) 

The synthesized polyeugenol was contacted with 
glucose by adding 0.5 g of polyeugenol with 10 mL 
glucose solution of 7500 ppm and stirred for 24 h. The 
product is then filtered, dried, and characterized by 
FTIR. A total of 0.222 g of polyeugenol-glucose was then 
crosslinked with 0.4 mL of EGDMA, 1.67 mL of 
chloroform, and 0.48 mL of AIBN as initiator. Then the 
mixture was refluxed at 60–70 °C for 30 min, and the 
results were dried in an oven and sieved with a 100 mesh 
sieve. Polyeugenol-glucose-EGDMA was then eluted 
with ethanol for 24 h. The contact and release of glucose 
were analyzed with a spectrophotometer UV-Vis. MIP is 
then characterized by FTIR and SEM-EDX. 
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Synthesis of non-imprinted polyeugenol (NIP) 
NIP synthesis is done in the same way with MIP but 

without contacted polyeugenol with glucose, then 
characterized by FTIR and SEM-EDX. 

Construct and characterization of electrode 
The electrodes were made by filling the micropipette 

tube with sanded silver wire to connect the electrode to 
the potentiometer; as much as the micropipette was filled 
with melted paraffin, then the remaining tube was filled 
with pasta that forms by mixing the graphite solid paraffin 
and MIP. The filling of pasta in the tube is done by 
pressing to make it completely filled and then rubbed 
using Houtvrij Schrijfpapier (HVS) paper. This process is 
summed up in Fig. 1. The electrode is then used to 
determine the glucose level on the sample. 

■ RESULTS AND DISCUSSION 

Polymerization of Eugenol 

Eugenol polymerization was carried out for 16 h 
through a cationic addition process because the allyl 
group in eugenol underwent an addition reaction. In 
eugenol polymerization, the initiation step uses a 
BF3(C2H5)2 catalyst so that the double in the allyl group of 
eugenol breaks up and produces a carbocation. Then at 
the propagation stage, a polymer chain will be formed, 
while at the termination stage, the polymer chain will end 
through the addition of methanol. 

The resulting polyeugenol formed in a solid gel was 
then dissolved in chloroform and neutralized with aqua 

demineralization to remove the acid from the remaining 
catalyst. After neutral conditions, anhydrous Na2SO4 
was added to bind the water. The result of polyeugenol 
has a reddish-brown with a molecular weight of 
6451.338 g/mol and a yield of 89.9%. Eugenol and 
polyeugenol have been synthesized and analyzed using 
FTIR, and the result can be seen in Fig. 2. 

At wavenumbers 994 cm–1 and 910 cm–1, it appears 
that the polyeugenol has lost a vinyl group more than 
previously in eugenol, where there is a vinyl group. The 
vinyl group has been lost because it has been modified 
and binds to other eugenols to form polyeugenol. This is 
in accordance with the research before[3,8-9], so it can 
be concluded that the polymerization reaction was 
successfully carried out. 

 
Fig 1. Electrode construction 
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Fig 2. FTIR Comparison (a) Polyeugenol and eugenol (b) MIP, NIP, and polyeugenol (PE)-Glucose-EGDMA 
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Synthesis and Characterization of MIP and NIP 

The amount of glucose in contact was analyzed by 
UV-Vis spectrophotometer and was obtained at  
2135.99 ppm. The glucose released was 95.34%. The 
differences in functional groups and peaks that appear in 
NIP and MIP can be seen from the results of the FTIR 
spectra. A comparison of FTIR spectra between MIP, NIP, 
and PE-Glucose-EGDMA is shown in Table 1. 

The presence of a CH group found in 2958 cm–1 PE-
Glucose-EGDMA was not much different from the study 
before, which identified the presence of CH3 vibrations in 
2960 cm–1 EGDMA samples [10]. The MIP and NIP 
absorption were not clearly visible because they overlap 
with OH at 1600 cm–1, which shows the presence of C=O 

aldehyde from glucose [11] which is found in PE-
Glucose-EGDMA but not seen in MIP. It is because 
glucose has been released. The PE-Glucose-EGDMA 
spectra also showed a reduction in the intensity of the 
OH peak compared to the MIP due to the release of 
glucose with ethanol. 

Subsequent analysis using SEM-EDX, which aims 
to see the surface morphology of MIP and NIP (Fig. 3) 
and to see the levels of C and O elements contained in 
MIP and NIP (Table 2). The SEM results in Fig. 3 show 
the surface morphology at 5000× magnification. It can 
be seen that the two samples have different surface 
morphology. The MIP sample has more pores, which is 
thought to be a mold of glucose compounds, while the NIP 

Table 1. FTIR Comparison MIP, NIP, and PE-Glucose-EGDMA 
Wavenumber (cm–1) Functional group NIP MIP PE-Glucose-EGDMAG 

3400–3500 O–H Presence Presence Presence 
2954.5 C–H Not Presence Not Presence Presence 

1715–1730 C=O ester Presence Presence Presence 
1600 C=O stretching, aldehyde Not Presence Not Presence Presence 

1638–1648 C=C stretching Presence Presence Presence 
1450–1465 C–H bending, aromatic Presence Presence Presence 

1100 C–O stretching, ether Presence Presence Presence 

 
Fig 3. SEM result of (a) NIP (b) MIP (c) ENIP (d) EMIP 
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sample has a smoother surface. Both MIP and NIP used 
Image J software to show the amount of pore. The results 
of pore measurements using Image J are shown in Table 3. 

Characterization of Graphite Paste/MIP-Glucose 
Electrodes (EMIP) 

The synthesis of the electrode by mixing various 
compositions (% mass) of MIP, graphite, paraffin, and pH 
variations. Tables 4, 5, and 6 show the optimization 
results, with optimum pH being 7 with a Nernst factor of 
19.16 mV/decade. E5 (EMIP) also shows a linearity value 
of 0.991, which is close to 1. So, E5 is an optimum 
electrode and suitable for analyzing glucose samples. 

The ENIP was prepared with a composition such as 
E5 as control, and measurements were made in 

comparison to the E5 electrode (EMIP) (Table 7). The 
ENIP shows a Nernstian factor of 2.29 mV/decade. The 
result of this low Nernstian factor is that there is no 
 

Table 2. Element mass percentage 

Unsure 
Mass (%) 

MIP NIP EMIP ENIP 
C 71.82 72.72 94.51 96.06 
O 27.76 26.79 4.67 3.87 

Table 3. Pore measurements using Image J 
 MIP NIP EMIP ENIP 

Count 185151 115917 51.91 44.60 
Total area 130394 99909 1434799 1381.25 
Area (%) 28.63 22.14 32.68 31.20 

Table 4. Nernstian factor and measurement range in pH 3 

Electrode 
Composition (wt.%) Nernstian factor 

(mV/decade) 
Measurement 

range (M) 
Linearity 

(r) MIP Paraffin Graphite 
E1 0 35 65 -14.84 10–8–10–3 0.95 
E2 5 35 60 -9.99 10–8–10–3 0.92 
E3 10 35 55 -8.11 10–7–10–3 0.98 
E4 15 35 50 -5.88 10–7–10–1 0.92 
E5 20 35 45 -3.33 10–7–10–2 0.83 
E6 25 35 40 -4.64 10–8–10–2 0.96 

Table 5. Nernstian factor and measurement range in pH 5 

Electrode 
Composition (wt.%) Nernstian factor 

(mV/decade) 
Measurement 

range (M) 
Linearity 

(r) MIP Paraffin Graphite 
E1 0 35 65 -0.24 10–5–10–2 0.87 
E2 5 35 60 -5.67 10–8–10–1 0.72 
E3 10 35 55 1 10–7–10–2 0.75 
E4 15 35 50 -2.57 10–5–10–1 0.93 
E5 20 35 45 -1 10–4–10–1 0.83 
E6 25 35 40 -1.1 10–4–10–2 0.89 

Table 6. Nernstian factor and measurement range in pH 7 

Electrode 
Composition (wt.%) Nernstian factor 

(mV/decade) 
Measurement 

range (M) 
Linearity 

(r) MIP Paraffin Graphite 
E1 0 35 65 0.68 10–5–10–2 0.98 
E2 5 35 60 1.84 10–8–10–1 0.94 
E3 10 35 55 1.28 10–7–10–2 0.89 
E4 15 35 50 6.85 10–8–10–4 0.98 
E5 20 35 45 19.16 10–5–10–1 0.99 
E6 25 35 40 4.51 10–8–10–2 0.96 
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Table 7. Comparison of EMIP and ENIP performance 

Electrode Nernstian factor 
(mV/decade) 

Measurement 
range (M) 

Linearity 
(r) 

EMIP (E5) 19.16 10–5–10–1 0.99 
ENIP 2.29 10–5–10–1 0.88 

imprinted molecule that is compatible with glucose. 
Graphite paste from EMIP and ENIP was analyzed 

using SEM-EDX (Fig. 4). This analysis aims to see the 
surface morphology of MIP and NIP graphite paste which 
is a component of the electrode, and to see the levels of C 
and O (Table 2) elements contained in it. The SEM 
imaging results in Fig. 3 show the surface morphology at 
a magnification of 5000×. 

EMIP and ENIP have a surface morphology that is 
not much different because both EMIP and ENIP have the 
same carbon composition of 45%, while the composition 
of MIP and NIP are 20% each, only the MIP surface has a 
more uneven surface. The results of pore measurements 
using Image J are shown in Table 3. 

The result of the TGA/DTG analysis (Fig. 4) that was 
carried out with a temperature range of 10 to 1200 °C, the 
temperature increase of 10 °C/min, and using nitrogen 
flow rate showed the weight loss of graphite paste MIP 
and NIP. Both of them contained the same composition 
with a mass ratio of graphite:paraffin:MIP/NIP is 45:35:20 
(wt.%) and have significant weight loss begins at 238 °C 
for MIP and 215 °C for NIP. 

Limit of Detection 

The lowest concentration of analyte in the sample 
can be reliably detected with a limit of detection [12]. In 
this study, the limit of detection is determined by the 
intersection between the linear and nonlinear lines of the 
standard curve [13]. The resulting linear line equation is 
y = 19.16x + 251.4 while the non-linear line y = 7.4x2 + 
84.7x + 142.2. The results of the measurement of the 
detection limit on EMIP are shown in Fig. 5. The EMIP 
detection limit is 1.0334 × 10–5 M so that the electrode 
can detect the presence of glucose theoretically up to 
1.0334 × 10–5 M with the Nernst factor measured at 19.16 
mV/decade. EMIP can be used to analyze the glucose 
level in the blood because the normal body has blood 
glucose levels at 60–100 mg/dL (6 × 10–3–1 × 10–3 M), 
while people with diabetes mellitus have glucose levels of 
more than 200 mg/dL or equivalent, with 2 × 10–2 M [2]. 
The comparison of LOD results by our work and some 
previous research is reported in Table 8. 

Response Time 

Determination of the electrode response time is 
carried out to determine the time required for the electrode 
to respond to the analyte in solution. It can be seen 
(Table 9) that the greater concentration will give a faster 
response time. This is in accordance with the research 
[18] because the greater concentration will increase the 
molecular movements from the solution to the electrode. 
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Fig 4. TGA/DTG of (a) MIP and (b) NIP 



Indones. J. Chem., 2022, 22 (4), 913 - 921    

 

Muhammad Cholid Djunaidi et al.   
 

919 

 
Fig 5. Detection limit measurement curve 

Table 8. The comparison of the LOD result by our work and some previous research 
Method The material of the electrode Linear range LOD Ref. 

Amperometry Carbon paste/GOx silica  5 × 10–4–9 × 10–3 M 1.5 × 10–4 M [14] 
Amperometry Carbon paste/selenium 

nanoparticle-mesoporous silica 
composite (MCM-41)  

1 × 10−5–2 × 10−3 M 1 × 10–4 M [15] 

Potentiometry Poly (3-aminophenyl boronic 
acid-co-3-octylthiophene) 

5 × 10–3–5 × 10–2 M 5 × 10–4 M [16] 

Potentiometry Carbon nanotube on gold printed 10–3–10–1 M 1 × 10–4 M [17] 
Potentiometry Carbon paste/IZ  10–4–10–2 M 5.6 × 10–5 M [13] 
Potentiometry Carbon paste/MIP Polyeugenol 

with crosslinker PEGDE 
10–5–10–1 M 8.363 × 10–5 M [3] 

Potentiometry Carbon paste/MIP Polyeugenol 
with crosslinker EGDMA 

10–5–10–1 M 1.0334 × 10–5 M This work 

 
Table 9. Result of response time 

Concentration 
(M) 

Potential 
(mV) 

Response time 
(sec) 

10–5 155.1 15 
10–4 173.2 12 
10–3 198.7 9 
10–2 211 8 
10–1 232 6 

The Lifetime of the Electrode 

Determination of the lifetime of the electrode aims 
to determine the time limit for using the electrode. Based 
on the measurement of the number of electrodes used, the 
Nernst factor results are produced as in Fig. 6. It shows 
that up to 19 times, the electrodes still show good 
performance. The weight of the electrode, after being used 

25 times, was reduced by 0.12 g. Due to its weight loss, 
the amount of substance that functions as a mold was 
reduced, and the Nernstian Factor was also lowered. 

Coefficient Selectivity 

In this study, the potential match method (MPM) 
was used to determine the electrode selectivity for 
glucose analysis [19]. The value of the selectivity 
coefficient (Kij) of the electrodes in a 10–5–10–1 M fructose 
solution was 0.478, 0.266, 0.175, 0.219, 0.107, and 0.087. 
The fructose selectivity test was chosen because it has the 
most similar structure to glucose. From the Kij value, 
fructose does not interfere with potentiometric glucose 
analysis using EMIP because the selectivity coefficient 
value is less than 1. The electrode will be selective for the 
analyte  compared  to  the  interfering  compound  if  the  
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Fig 6. Lifetime electrode graph 

 
value of Kij < 1, otherwise the electrode will be selective for 
the interfering compound analyte if the value of Kij > 1 
and if the value of Kij = 0, it means that the foreign 
compound does not interfere the analyte [20]. 

Measurement of Glucose on Honey Sample 

Determination of glucose levels in honey was carried 
out to determine the ability of the hybrid electrodes to 
analyze glucose in samples containing reducing sugars 
(glucose and fructose). In this measurement, EMIP is used 
to measure the solution of raw honey. The measurement 
results showed that the glucose level in honey was 28.78%. 
Meanwhile, for measurements with UV-Vis 
spectrophotometry, glucose levels were 29.68%, then the 
measurement using HPLC where glucose and fructose are 
separated at retention times of 4.99 and 4.51 min, 
resulting in measurements for glucose of 30.42% and 
fructose of 38.38%. 

■ CONCLUSION 

The optimum composition electrode has a mass 
ratio of 45:35:20 (wt.%) by graphite:paraffin:MIP with an 
optimum pH of analyte is 7. Analysis of the performance 
of the electrode as a glucose sensor produces a Nernst 
factor of 19.16 mV/decade. The measurement range is  
10–5–10–1 M with a detection limit of 1.0334 × 10–5 M, a 
response time of 6–15 s, and a lifetime (use) of 19 times. 
It has good selectivity with a Kij of less than 1. The 
electrode can also measure glucose levels in honey 
samples and give a percentage result of glucose content is 
28.78%, not much different from the measurement results 

on UV-Vis spectrophotometry, which is 29.68%, and 
HPLC, which is 30.42%. Based on this performance, the 
electrode is recommended as an alternative method to 
analyze glucose selectively on a blood sample. 
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 Abstract: Eugenol-based self-healing polymers were synthesized in a very short time of 
94–159 s. Polymerization of eugenol catalyzed by H2SO4-CH3COOH yielded the 
corresponding self-healing polymers in quantitative yields in the range of molecular 
weight (5.18–15.10) × 105 g/mol. The polymer exhibited self-healing behavior at room 
temperature due to hydrogen bonds between the hydroxyl groups of polyeugenol and the 
hydroxyl groups of sulfuric acid. This material can function as a polyelectrolyte and a 
novel self-healing catalyst for biodiesel production. 

Keywords: self-healing polymer; eugenol; catalyst; biodiesel production 

 
■ INTRODUCTION 

Smart polymers are polymers that can only respond 
to small external stimuli. These small external stimuli 
include UV radiation, pH, temperature, magnetic field, 
etc. Self-healing smart polymers are a new class of smart 
materials that can repair themselves in the event of 
damage without the need for detection or repair by any 
kind of manual intervention. The increasing demand for 
fuel oil stocks used in the production of polymers and the 
need for polymer materials with improved performance 
in demanding applications further increases the need for 
durable materials. These challenges enable the synthesis 
of self-healing materials [1-5]. Compared to liquid 
electrolytes, solid electrolytes have higher safety and 
better thermal stability. In particular, the application of 
self-healing materials has led to intensive research on 
electronics, batteries, supercapacitors, solar cells, etc. 
Therefore, the practical demand for polyelectrolytes with 
self-healing properties will lead researchers to develop 
new self-healing materials [6-11]. 

In conjunction with world petroleum exhaustion, 
one improvement of renewable vitro sources is unique to 
selective fuel, especially vegetable oil as biodiesel. 
Biodiesel possess characteristics that matches diesel 
engine. These characteristics include being biodegradable, 
ecologically friendly, renewable, non-toxic and having 
high-thickness, high cetane number, and suitable sulphur 
content. The main disadvantage of commercialization of 

biodiesel is that it requires relatively expensive 
ingredients, i.e. beef oil with high quality and low free 
fatty acids, resulting in high manufacturing costs. One 
way to reduce the cost of biodiesel production is to use 
an inexpensive material with high free fatty acid content, 
for example, waste cooking oil (WCO). The preparation 
of waste cooking oil and methanol biodiesel involves an 
ester exchange reaction with a base catalyst and the 
formation of methyl ester and by-products in glycerol. 
However, the use of edible oils in this transesterification 
reaction resulted in very small transformation of 
biodiesel. This is because edible oil contains free fatty 
acids between 3–40%. Many researchers have developed 
a catalyst for the production of biodiesel made of skilled 
edible oil. One of them is a solid acid catalyst that 
replaces the liquid acid to eliminate corrosive and 
ecological problems [12]. An interesting topic regarding 
solid acid catalysts is green organic synthesis. Soluble 
polymer catalyst is one of the catalysts used for green 
organic synthesis. Some catalysts dissolved between 
them are polymeric based stimulation weakening 
catalysts. For instance, Sun et al. used polymer-based 
stimuli-responsive recyclable catalytic systems for 
organic synthesis [13], while Bergbreiter used soluble 
polymer as a tool in catalysis and also to recover catalysts 
and ligands [14]. However, until now, the use of self-
healing polymer-based catalysts to produce biodiesel 
from waste used cooking oil has never been reported. 
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Indonesia is one of the world's major oil producers. 
In addition, Indonesia accounts for about half of the 
world's clove leaf oil consumption. The level of eugenol, 
also known as 3-(4-hydroxy-3-methoxyphenyl) propene, 
in oil is set at 80–90% by weight [15-18]. Furthermore, 
eugenol has the potential to be an excellent raw material 
for the creation of more valuable chemicals. To increase 
the price of eugenol, a number of tests were carried out. 
Eugenol-based optically active helical polyacetylene 
catalysts as a new smart material have been produced, 
according to a recent breakthrough. The intelligent 
material became motion-responsive, and gave birth to a 
new smart material [19]. 

This paper reports the synthesis, properties and 
function of eugenol-based self-healing polymers. The 
effects of catalyst concentration, reaction time, amount of 
methanol, and reaction temperature on the yield of 
biodiesel are investigated, as well. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used were eugenol (99.99% purity; 
obtained from Happy Green Co.), concentrated sulfuric 
acid, glacial acetic acid, methanol (p.a), ethanol 98%, 
chloroform, ethyl acetate, diethyl ether, n-hexane, 
benzene, anhydrous sodium sulfate (all were obtained 
from Sigma-Aldrich), and distilled water (obtained from 
Organic Laboratory, Palu, Central Sulawesi), WCO were 
collected from author`s university canteen. 

Instrumentation 
1H spectra were recorded in chloroform-d (CDCl3) 

on a JEOL EX-400 spectrometer. IR spectra were 
measured on a Bruker spectrophotometer. The tools used 
in this study were the melting point apparatus, pH meter, 
Ostwald viscometer, multimeter, analytical balance, 
stopwatch, separating funnel, hot plate, magnetic stirrer, 
aluminium foil, filter paper, and laboratory glassware. 

Procedure 

Synthesis of self-healing polymer-based on eugenol 
(SHPBE) 

A 250 mL measuring cup was filled with up to 10 g 
of eugenol. Then, using a magnetic stirrer, 2.5 mL of 

catalyst (H2SO4-CH3COOH; with a CH3COOH 
percentage of 2, 4, 6%) was progressively added to the 
cup while being continually mixed (room temperature). 
The appearance of formed polymer and the release of 
concentrated white smoke indicated polymer formation. 
To stop the polymerization, 1 mL of methanol was 
introduced to the cup. After that, the polymer was 
allowed to settle for 24 h at room temperature before 
being identified. By dissolving SHPBE in ether and 
rinsing the catalyst away from the polymer with water, 
pure polyeugenol can be produced. 

Determination of the molecular weight of SHPBE 
One gram of SHPBE was dissolved in ethanol to 

0.02 g/mL in a 50 mL volumetric flask. The polymer 
concentration was changed to 0.01500, 0.01000, 0.00500, 
0.00250, and 0.00125 g/mL using ethanol dilution. The 
flow time of pure solvent, ethanol, and each 
concentration of polymer solution was measured using 
an Ostwald viscometer to give t0, t1, t2, t3, t4, t5, and t6. 
Using the Poisseuille equation, we get ŋsp/C vs C. By 
projecting the curve to a concentration (C) of zero, we 
get [η]. The Mark-Houwink equation and the right 
parameters for K and a were used to calculate the 
polymer's molecular weight. 

Self-healing properties 
The support catalyst polymer was cut into small 

pieces and separated from the other parts. Then the 
polymer was left at room temperature for 24 h and 
observed for the process of self-healing. 

Determination of ionic conductivity 
Using ethanol as the solvent, the polymer was 

made into a solution with a thickness of 1 cm and a 
diameter of 6 cm for the electrodes. This investigation 
employed a frequency of 1–100 kHz and a voltage of 20 
mV. To test the polymer's impedance, the material was 
clamped between two electrodes linked to the positive 
and negative poles of the LCR meter. Eq. (1) can be used 
to compute ionic conductivity. 

RA i;  1      (1) 

Biodiesel synthesis 
A circular bottom flask with a magnetic stirrer was 

filled with 25 g of waste cooking oil. The catalyst was 
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then added in various concentrations of 1, 2, 3, 4, and 5%, 
and added with methanol at a 1:15 ratio 
(sample:methanol). To see the influence of reflux time on 
the yield of biodiesel produced, the catalyst concentration 
that provides the maximum biodiesel production was 
varied at 1, 2, 3, and 4 h at 60 °C. In the third step, the 
effect of raw material to methanol ratios of 1:11, 1:13, 1:15, 
1:17, and 1:19 was examined (w:w). The experiment on 
the influence of temperature (40, 60, 80, 100, and 120 °C) 
was undertaken at the fourth stage. A Buchner funnel was 
used to filter the products. After that, 30 mL distilled 
water and 120 mL n-hexane were added to the filtrate. The 
mixture was placed in a separating funnel and left for 24 
h to separate into two layers. Esters and n-hexane make 
up the top layer, while distilled water and the catalyst 
make up the bottom layer. Anhydrous Na2SO4 was 
transmitted through the top layer (esters and n-hexane). 
Then, using n-hexane, the esters were separated by 
rotating and measuring the volume. GC-MS was used to 
perform a quantitative analysis of FAME. The results were 
weighed and the biodiesel yield was calculated using Eq. 
(2). 

m actuaclFAME yield 100%
m theoretical

   (2) 

The actual and theoretical masses of FAME in grams are 
denoted by m actual and m theoretical. 

■ RESULTS AND DISCUSSION 

Synthesis of SHPBE 

The synthesis route for SHPBE is shown in Fig. 1. 
Eugenol was quantitatively converted into polymer 
electrolyte. 1H-NMR (Fig. 3) and IR spectroscopy were 
used to identify the polymer electrolyte. The 

polymerization of eugenol using the H2SO4-CH3COOH 
catalyst, which was found to be particularly effective for 
the polymerization of eugenol [12-19], produced 
excellent yields of the appropriate polymer (Table 1). 
According to FTIR analysis, the disappearance of 
absorption at wavenumbers 1637 and 995 cm–1, which is 
indicative of vinyl group absorption, appeared in the IR 
spectrum of eugenol (Fig. 2(a)), but not in the spectrum 
of SHPBE (Fig. 2(b–d)). As a result, it pointed to the 
formation of SHPBE. SHPBE spectra in different 
concentrations of CH3COOH were similar. The broad 
spectrum from –OH at wavenumber 3500 cm–1 suggested 
the establishment of hydrogen bonding in Fig. 2(b–d). 
Furthermore, 1H-NMR research reveals that the vinyl 
group's proton resonance at 5 ppm was not detectable, 
indicating that polymerization had occurred (Fig. 3). 

Self-healing and Motion Responsive Properties 

Fig. 4 shows that the resulting polymer can 
undergo self-healing at room temperature. It was seen 
that the separate parts of the polymer coalesced after 24 h. 

Ionic Conductivity of SHPBE 

This SHPBE has an ionic conductivity of 3.6 × 10–1 
S.cm–1 and a semiconductor conductivity of 100–10–6 
S.cm–1.  This  SHPBE  is  a  semiconductor  polymer  with  

Table 1. Preparation of SHPBE 

Run 
Polymer 

% 
CH3COOH 

Reaction time 
(s) 

Yield 
(%) 

Mw (× 105) 
(g/mol) 

1 2 159 94 5.18 
2 4 129 99 15.10 
3 6 94 98 5.52 
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Fig 1. Schematic synthesis of SHPBE 
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Fig 2. IR of SHPBE 

 
Fig 3. 1H-NMR of SHPBE (Table 1, Run 2) 

 
Fig 4. SHPBE at room temperature 

Table 2. Comparison of the polymer properties with previous work 
Sample  Properties Ionic conductivity (S.cm–1) 
This work 
Xie et al. [2] 
Evans et al. [7] 
Nakamura et al. [20] 

Self-Healing 
Self-Healing 
Self-Healing 
Not Self-Healing 

3.6 × 10-1 
1.1 × 10–4 – 1.78 × 10–4 

3.5 × 10–4 

> 10–1 
 
electrolytic characteristics. It can be utilized as a polymer 
electrolyte for Lithium-ion batteries because its 
conductivity is better than 10–5 S.cm–1 [8]. Table 2 
compares the ionic conductivity achieved in this work to 
the ionic conductivity of the polymer electrolyte that was 
previously investigated. When compared to earlier 
studies, the sample size in this study is quite substantial. 
Membranes created by adding sulfuric acid (H2SO4) to 
cross-linked poly (4-vinyl pyridine) demonstrated ionic 
conductivity larger than 10–1 but no self-healing 
characteristics, according to Nakamura et al. [20]. This 
study's conductivity is the same as the previous one using 
the polymer/H2SO4 system. 

Solubility of SHPBE 

The solubility of this SHPBE was excellent. THF, 
benzene, toluene, CH2Cl2, CHCl3, acetone, DMF, DMSO, 

can totally dissolve SHPBE in common solvents. The 
widespread use of homogeneous catalysts in synthesis, 
interest in green chemistry and sustainability, and the 
capacity to synthesize polymers with tailored specific 
features are all driving causes behind the growing 
interest in soluble polymers as catalysis tools [12]. 

SHPBE for Biodiesel Production from Waste Used 
Cooking Oil 

From Fig. 5, it can be seen that at a catalyst 
concentration of 4%, the highest biodiesel yield was 
56.98%, but the addition of 5% catalyst decreased the 
yield to 55.03%. At present, the reason for this finding is 
not clear. In this treatment, reflux time is carried out, 
which aims to see the highest yield. In Fig. 6, it can be seen 
that the higher the reflux time, the higher the yield of 
biodiesel produced, in which the highest yield was 57.79%. 
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Fig 5. Effect of catalyst amount 

 
Fig 6. Effect of reaction time 

 

 
Fig 7. Effect of methanol amount 

 
Fig 8. Effect of reaction temperature 

 
Fig 9. GC chromatogram of biodiesel using SHPBE 

Table 3. Methyl ester compounds found in WCO 
Peak Retention peak (min) Area (%) Fatty acid methyl ester (FAME) 
1 17.680 4.62 Methyl caprylate 
2 23.913 5.02 Methyl caprate 
3 29.407 38.59 Methyl laurate 
4 34.234 17.40 Methyl myristate 
5 38.616 16.62 Methyl stearate 
6 42.025 3.01 Methyl linoleate 
7 42.138 11.53 Methyl oleate 
8 42.582 3.21 Methyl lignoserate 
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From Fig. 7, it can be seen the higher the oil: methanol 
ratio, the higher the yield of biodiesel. These results are in 
accordance with the research of Chuepeng [10], which 
states that an excessive amount of methanol must be 
added so that the reaction moves towards the product. 
From Fig. 8, it can be seen that the increase in biodiesel 
yield occurred from a temperature of 40 °C, namely 62.13, 
to 64.97% at 60 °C, and there was a significant decrease 
when the temperature was above 60 °C. At present, the 
reason for this finding is not clear. Fig. 9 shows the 
chromatogram of biodiesel, and Table 3 shows that 
methyl ester was found in WCO. 

■ CONCLUSION 

SHPBE with molecular weights ranging from (5.18–
15.10) × 105 g/mol has been successfully synthesized. At 
room temperature, SHPBE has self-healing properties. 
This material also has a 3.6 × 10–1 S.cm–1 ion conductivity 
and is soluble in common organic solvents. The effects of 
operating factors such as catalyst amount, reaction time, 
methanol to WCO weight ratio, and temperature on 
FAME yields were examined and the maximum FAME 
yield obtained was 64.97%. 
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 Abstract: Copper (Cu), nickel (Ni), platinum (Pt), and graphite (G)” have been applied 
to the electrochemical degradation of carbamazepine (CBZ) from its aqueous solution. 
The optimum results were observed with graphite anode as follows: fully complete 
removal of CBZ, 0.0758 min−1 rates constant, and 0.59 Wh/mg consumption energy 
under these conditions: 5 V, 0.5 g NaCl, and a graphite anode. Kinetics was also 
considered in the present study, in which rate constants ranged between 0.0023 and 
0.0886 min−1. It was observed that applied voltage affects consumption energy giving 0.34, 
0.59, and 1.08 Wh/mg using 3, 5, and 7 V, respectively. Field emission scanning electron 
microscope (FESEM) and energy dispersive X-ray spectroscope (EDS) were used to 
characterize the organo-metallic precipitates which were formed using Ni and Cu anodes. 
The main by-product of 10,11-epoxycarbamazepine (EPX-CBZ) was elucidated and 
monitored using liquid chromatography-time of flight/mass spectrometry (LC-ToF/MS). 
Therefore, graphite is a promising electrode in that it performs well compared to other 
electrodes in removal and energy consumption. 

Keywords: electrochemical degradation; carbamazepine; 10,11-epoxycarbamazepine; 
anode materials; graphite anode 

 
■ INTRODUCTION 

Highly utilization of pharmaceuticals and personal 
care products resulted in increasing their presence in 
aquatic samples, then affecting organism life in water [1-
2]. One of these pharmaceuticals is carbamazepine (CBZ) 
which is frequently used in the treatment of trigeminal 
neuralgia and psychiatric diseases [3]. It has been 
recognized as an emerging contaminant because of its 
ecological risk potential and chronic and synergistic effects. 

It was reported that carbamazepine was one of the 
top most utilized pharmaceuticals in Malaysia [4] and 
worldwide, reaching up to 1014 tons per year [5]. 
Carbamazepine has been frequently detected in water 
bodies, which may be attributed to its high degradation 

resistance towards oxidation and biological treatment 
[6-7]. According to previous studies, several treatment 
processes have been applied for the elimination of 
carbamazepine. 

It could be removed by a very basic technique of 
membrane filtration or adsorption. However, these 
methods may not be suitable because of their low 
efficiency and high cost. It could also be not preferred 
because producing secondary pollution means 
carbamazepine is merely transferred to another medium 
and is not destroyed. Nezhadali et al. applied polypyrrole-
chitosan-Fe3O4 magnetic nanocomposite as a magnetic 
nano sorbent to remove carbamazepine. It was removed 
in 94.5% after 25 min of electrolysis treatment [8]. 
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Esquerdo et al. investigated the hybrid treatment 
and sequence of treatment processes, including ozone and 
activated carbon, on the removal of carbamazepine. He 
noticed that using ozone treatment first and then 
activated carbon is better than using activated carbon and 
then ozone to achieve 90% carbamazepine removal [9]. 
Some reports explained that CBZ had not degraded well 
using biological treatment as it takes a long time, and the 
removal efficiency is very low. Moya-Llamas et al. 
combined a sludge blanket reactor with a membrane 
bioreactor to remove carbamazepine from wastewater 
and observed a CBZ percent removal of 49.5% after 193 
days [10]. 

He noticed that an enzymatic membrane bioreactor 
equipped with ultrafiltration or nanofiltration has a good 
advantage for removing CBZ, reaching up to 65%. This 
removal efficiency decreased with increasing initial 
concentration. Furthermore, the hydraulic retention time 
in most biological treatments is long, reaching up to  
6 days [11]. As carbamazepine is highly resistant to 
biological treatment, combined gamma radiation and 
biological treatment were applied for the removal of CBZ 
from wastewater. It was observed the removal of CBZ was 
99%, but total organic carbon (TOC) was 26.5% using 
only gamma radiation, but after combination with 
biological degradation, TOC removal was increased to 
79.3% [12]. 

Based on the findings from the literature, it is 
necessary to look for alternative technology that 
participates in developing cost-effective treatment 
methods. It is very well known that advanced oxidation 
approaches are effective and promising methods to 
oxidize carbamazepine which is attributed to the high 
potential of hydroxyl radical (E° = 2.7 V vs. Standard 
Hydrogen Electrode (SHE)) [13-14]. Hydroxyl radicals 
can react non-selectively with organic pollutants at 
ambient temperature and pressure [15-17]. 
Photocatalysis [18-19], electro-Fenton [20], UV/chlorine 
[21], electrochemical oxidation [22], and other techniques 
[23], have been used as effective options for the 
degradation of CBZ. The electrochemical oxidation 
process is one of the advanced oxidation methods that 
have high efficiency for the degradation of pollutants and 

good environmental compatibility, so it encourages a 
promising technology for the elimination of organic 
pollutants from water bodies [14]. 

In the electrochemical oxidation process, anodic 
oxidation could occur on the anode’s surface and/or at 
the bulk solution, producing a very active oxidizing agent, 
active chlorine “ClO−/HOCl” [24]. Removal of organic 
pollutants such as pharmaceuticals, dyes, pesticides, and 
so on depends strongly on the active chlorine when NaCl 
is present [25]. As reported in previous studies, graphite 
exhibited good results due to its long lifetime at 
specifically applied voltages, not too high, eco-friendly, 
and low evolving oxygen, which means at low current 
achieve high removal with low consumption energy. 
Using graphite is accompanied by releasing a very active 
oxidizing agent, “ClO4

−“ instead of hydroxyl radical. 
However, graphite has been used to remove different 
pharmaceuticals, as reported by Mussa et al. [26]. 

The aim of the present study is: (i) to optimize 
different anode materials for the removal of 
carbamazepine; (ii) to evaluate the electrochemical 
efficiency process for the elimination of carbamazepine, 
(iii) to determine the energy consumption and kinetic 
studies during the electrochemical oxidation process, 
(iv) to identify the 10,11-epoxycarbamazepine (EPX-
CBZ) as the main by-product after electrochemical 
degradation process of CBZ. 

■ EXPERIMENTAL SECTION 

Materials 

Carbamazepine standard compound (CAS no. 
298-46-4) and 10,11-epoxycarbamazepine were provided 
from sigma-Aldrich (USA). The supporting electrolyte 
NaCl with high purity (99%) was bought from Merck 
(Germany). Acetonitrile, methanol, and formic acid 
were purchased from Merck (Germany). Other chemical 
reagents, such as tetrahydrofuran (Cas no. 109-99-9) and 
polyvinyl chloride, were purchased from Sigma Aldrich 
(USA). The stock solution of carbamazepine (1000 mg/L) 
has been prepared as follows: 0.01 g of standard reagent 
was dissolved in 10 mL of methanol and then preserved 
at −18 °C to minimize the degradation of the standard. 
Further dilutions of CBZ standard solutions were 
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provided in de-ionized water (DIW) and were kept at 4 °C. 

Instrumentation 

Analytical methods 
A field emission scanning electron microscope 

(FESEM) instrument (brand: JEOL, model: JSM-7800F) 
was employed to characterize the precipitation after the 
electrochemical oxidation procedure at nickel and copper 
anodes. 

Carbamazepine degradation was analyzed using an 
accurate instrument: LC-TOF/MS from a Dionex 
Ultimate 3000/LC 09115047 (USA). It is equipped with a 
vacuum degasser, a quaternary pump, and an auto-
sampler. All separations were provided on a 
chromatographic column of Gemini 5 m NX 110Å C18 
column (2.1 mm × 250 mm, Phenomenex). 

Carbamazepine degraded solution and its main by-
product (EPX-CBZ) were analyzed in positive ionization 
mode. The binary mobile phase consisted of 0.1% formic 
acid in de-ionized water (DIW) (mobile phase A) and 
acetonitrile in methanol (3:1 v/v) (mobile phase B). The 
flow rate was 0.3 mL/min, and the elution program was 
carried out as follows: starting with 5% B at 0.0 min;  
0–3 min, 60% B; 3–6 min, 97% B; 6–11 min, 97% B; 11–
11.1 min, 5% B; 11.1–16.1 min, 5% B. Injection volume 
was 30 L. 

The structure of carbamazepine and 10,11-
epoxycarbamazepine were elucidated after isolation of 
protonated molecular ions [M+H]+ and [M+Na]+, 
respectively, using ESI-TOF instrument (Bruker/ 
Germany). Furthermore, retention time (tR) was considered 
an extra factor to confirm the identity of the EPX-CBZ by-
product. Optimization of MS was obtained with the 
following settings: MS capillary voltages, 4000 [ESI (+)]; 
drying gas flow rate, 8.0 L/min; drying gas temperature, 
190 °C; and nebulizer pressure, 4.0 bar. All analytes were 
acquired using an independent reference spray via the 
LockSpray interference to ensure accuracy and 
reproducibility. 

Extraction of 10,11-epoxycarbamazepine 
The main by-product (EPX-CBZ) was identified 

after electrochemical degradation of 200 μg/L of CBZ under  
 

the optimum conditions: 0.5 g NaCl and 5 V. Samples 
were subjected to an electrochemical degradation 
process for two hours, then it was monitored after each 
20 min. The samples after that were treated with solid 
phase extraction (SPE) cartridges (Oasis HLB, 3cc) and 
then injected into LC-TOF/MS for further analysis and 
elucidation. Solid-phase extraction can be explained as 
follow: (i) all samples after the degradation process were 
filtered using 0.45 μm (Whatman filter paper); (ii) 
samples were loaded at a flow rate of 3 mL/min on SPE 
cartridges after the preconditioning step with 1 mL of 
methanol and 1 mL of DIW; (iii) drying of cartridges 
under vacuum for 5 min then elution of the intended 
10,11-epoxycarbamazepine in a test tube using 5 mL of 
methanol as the best eluent for this purpose; (iv) gentle 
stream of N2 was used for dryness the extract of EPX-
CBZ then it was reconstituted with 1 mL of methanol-
water (10:90, v/v); (v) finally, the extract was injected 
into LC-TOF/MS for analysis. 

Procedure 

Electrochemical procedure 
The degradation of carbamazepine was provided 

in the laboratory in 50 mL glass beaker, and it was placed 
on a magnetic stirrer then, the solution was subjected to 
the rotation force to ensure all contents were mixed well 
under 500 rpm at normal conditions. The experimental 
setup used for this study is shown in Fig. 1. 

 
Fig 1. The schematic diagram of the real electrochemical 
process 
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Different anode materials have been used, namely: 
copper, nickel, platinum, and graphite. All have been 
applied and tested as anode electrodes, while the cathode 
electrode was fixed platinum in all experiments. The 
distance between anode and cathode was 4.0 cm to reduce 
the ohmic effect. Both electrodes assembly were 
connected to the DC power supply (CPX200 DUAL, 35 V 
10 A PSU). All anode materials are plate sheets except for 
graphite powder. However, making graphite pellet was 
provided in steps, as explained in Fig. 2. 

The influence of the electrochemical oxidation 
process factors such as applied voltage (3–7 V), processing 
time (0–80 min), and NaCl supporting electrolyte amount 
(0.1, 0.3, and 0.5 g) was examined at an initial concentration 
of carbamazepine 5 mg/L. During the electrochemical 
process, the electrode distance was maintained at 4 cm 
throughout the experiments. 

 
Fig 2. Steps of preparation of the graphite-PVC electrode 

The consumption energy of electrochemical 
treatment of carbamazepine was also considered in the 
present study to confirm that the present study is 
preferred in terms of electric energy consumption. 

■ RESULTS AND DISCUSSION 

Effect of Anode Materials 

In the electrochemical oxidation process, the 
anode is the electrode responsible for generating the 
electrons in solution to keep the oxidation-reduction 
process. The performance of the electrochemical 
oxidation process has been influenced by the type of 
anode material, as reported in previous studies [27-28]. 
In this study, four anode materials, namely: platinum 
(Pt), copper (Cu), nickel (Ni) plates, and graphite-PVC 
electrodes, were investigated for CBZ degradation. It is 
very well known that aluminum and iron anodes are 
common anodes used for this purpose, but they were not 
tested because these electrodes are only used for the 
electrocoagulation process, not the electrochemical 
oxidation process in which they produce a large volume 
of sludge, as reported by Nidheesh et al. [29]. 

Fig. 3(a) shows the effect of nature anode material 
on the degradation of carbamazepine at 0.5 g NaCl, 5 V, 
and 5 mg/L initial concentration of carbamazepine, and 
it was observed that graphite and platinum give the best 
percent removal of carbamazepine; contrarily for the 
two material anodes, Cu and Ni. This variation in percent 
removal depends on the mechanism of oxidation on the 
surface of the electrode. Nickel and copper prefer direct 
oxidation (i.e., producing hydroxyl radical as the main 
oxidizing agent) as the oxygen evolution potential is 
higher than Pt and graphite, while Pt and graphite prefer 
the indirect oxidation process, which means depending 
on the chlorine mediator in the solution. However, after 
50 min, the removal was 96 and 93% of Pt and graphite, 
respectively, while it was 80 and 60% of Ni and Cu, 
respectively, under the same conditions of 5 V and 0.5 g 
NaCl. With increasing time, the removal was enhanced 
significantly in which it was complete at Pt, Ni and 
graphite except for copper, and it was 77%. It is well 
known that Pt as anode has good efficiency for removal 
of CBZ, but it is more expensive than graphite anode. 
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Fig 3. Effect of anode materials on (a) the removal of carbamazepine; (b) pseudo-first-order kinetic model; (c) 
consumption energy model during the electrochemical process under these conditions (5 mg/L CBZ; 0.5 g NaCl; 5 V) 
 

In the present study, Ni and Cu electrodes were not 
suitable for the degradation of CBZ as their efficiency was 
insufficient. Both electrodes were corroded completely 
within one cycle of an electrochemical process, in agreement 
with that study reported by Nordin et al. He noticed that 
nickel and copper corroded after 120 and 95 min, 
respectively, after electrochemical degradation of dye [30]. 

Hypochlorite ions, as the main oxidizing agent, play 
an important role in the oxidation of carbamazepine. 
However, an excess concentration of ClO− could not 
change more, so it remains constant through the 

electrochemical reaction. Based on this prospect, most of 
the indirect electrochemical oxidation reactions in the 
presence of chlorine obey the pseudo-first-order kinetics 
model [31-32]. The model could be presented in Eq. (1). 

t
obs t

d[CBZ]
k [CBZ]

dt
   (1) 

where kobs is the observed first-order rate coefficient; 
[CBZ]t is the total concentration of carbamazepine at the 
reaction time of t. After integrating Eq. (1) and 
rearranging it, Eq. (2) could be presented as follow: 

t 0 obsln([CBZ] /[CBZ] ) k t   (2) 
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According to the equation, ln ([CBZ]t/[CBZ]0) was 
plotted versus electro-reaction time to generate a straight 
line, coefficient of determination (r2) ranged between 
0.974 and 0.9958, with a slope of kobs (Fig. 3(b)). 

High-rate constants were observed with Pt and 
graphite of 0.0758 and 0.0513 min−1. In contrast, the 
lowest rate constant was 0.019 min−1 for copper and nickel 
in the presence of 0.5 g NaCl and 5 V. These results may 
be attributed to the efficiency of anode materials in 
producing enough electrons in the solution. 

According to the results reported in Table 1, it was 
observed that the degradation rate values were strongly 
influenced by the electrolytic anode materials. Based on 
the existing literature, nickel and copper are active 
electrodes that can be applied for direct electrochemical 
degradation because they produce hydroxyl radicals for 
the electrochemical degradation of organic pollutants 
[33]. It was found that the nickel electrode is inactive 
during the electrochemical process in the presence of 
supporting electrolytes such as Na2SO4 [34]. Graphite and 
Pt anode materials prefer an indirect electrochemical 
oxidation process, so supporting electrolytes’ existence 
strongly enhances removal efficiency for carbamazepine 
[35]. The energy consumption was investigated and 
calculated according to Eq. (3) [36] during the 
electrochemical oxidation process of carbamazepine at all 
studied anode materials of Ni, Cu, Pt, and graphite. 

V.I. tEC
[reduced mass]





 (3) 

where EC (Wh/mg of carbamazepine) is the energy 
consumption required to degrade carbamazepine under 
certain conditions; V is the applied voltage; I (A) is the 
passed current in an electric cell; t (h) is the electrolysis 
time; Δ[reduced mass] is the reduced amount (mg) of 
carbamazepine. The energy consumption of 
carbamazepine is presented in Fig. 3(c), and it was 
observed that the energy consumption was very high in 
the case of nickel, while it was the lowest regarding 
copper anode. However, the percent removal was very 
low at both anodes. The consumption of energy was 
slightly different at platinum and graphite, and at the 
same time, the removal was also high for both electrodes. 
Consequently, graphite has been chosen for its 
availability and low price. 

Effect of Applied Voltage 

The applied voltage is influential in eliminating 
organic pollutants using the electrochemical treatment 
process. Some reported papers indicated that the 
decomposition of electrode materials, especially anodes 
might be attributed to the high applied voltage or oxygen 
evolution in some occurred reactions [37]. 

Different values of applied voltage have been 
investigated on the degradation of carbamazepine, and 
it was varied at 3, 5, and 7 V under these conditions: 
initial concentration of carbamazepine at 5 mg/L and 
supporting electrolyte amount NaCl of 0.5 g for all 
experiments. The results obtained are shown in Fig. 4(a).  

Table 1. Pseudo-first-order rate constants for carbamazepine at different affecting parameters such as anode materials, 
sodium chloride amount, and applied voltage 

Parameters Quantity No. 
points 

Rate constant 
(min−1) 

Coefficient of 
determination (r2) 

Anode materials Graphite-PVC 7 0.0758 0.9908 
Platinum 8 0.0513 0.9982 
Nickel 8 0.0418 0.9784 
Copper 8 0.019 0.9958 

Sodium chloride (g) 0.1 8 0.0023 0.8565 
0.3 8 0.0274 0.9921 
0.5 7 0.0758 0.9908 

Applied voltage (V) 3 8 0.0199 0.9864 
5 7 0.0758 0.9908 
7 4 0.0886 0.9875 
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Fig 4. Effect of applied voltages on (a) the removal of carbamazepine; (b) pseudo-first-order kinetic model; (c) 
consumption energy model during the electrochemical process under these conditions (5 mg/L CBZ; 0.5 g NaCl; 
graphite as an anode) 
 
It was observed that the removal of carbamazepine was 
80.1% at 3 V after 80 min, while it was completely 
removed at 5 and 7 V after 80 and 50 min, respectively. 
This could be attributed to the high applied voltage 
producing more electrons that play an important role in 
forming active chlorine (Cl2/HOCl) in bulk solution. 
However, high removal efficiency on the degradation of 
carbamazepine and high energy consumption was 
observed. It was noted that the removal rate was 

influenced highly by increasing applied voltage due to 
inducing oxygen evolution [38-39]. 

Electro-Fenton has been applied for the 
degradation of carbamazepine, and it was observed that 
increasing the current from 0.2 to 2 A resulted in 
decreasing the degradation process of carbamazepine 
from 68 to 53%. As the electro-Fenton requires ferrous 
ions, the current can be used for the oxidation-reduction 
process to form H2O2. High applied voltage resulted in 
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more energy consumption and shortened the life of the 
electrode [40]. At the same time, low applied voltage leads 
to slow degradation and waiting a long time to achieve 
some removal of carbamazepine. However, from the 
above findings, 5 V was chosen as the optimum applied 
voltage for further experiments. 

Increasing of applied voltage resulted in producing 
more ClO− which contributes strongly to the acceleration 
of electrochemical removal of carbamazepine. High kobs of 
0.0886 min−1 was observed at 7 V, which is slightly greater 
than kobs at 5 V and eight times greater than kobs at 3 V. 
However, all models fit pseudo-first-order kinetics as the 
coefficient of determination greater than 0.98 value as 
presented in Fig. 4(b) and Table 1. 

Energy consumption steadily increased with time 
during the electrochemical process (Fig. 4(c)). It seems 
that high energy consumption was accompanied by 7 V of 
1.5332 Wh/mg compared to 5 V of 0.9371 Wh/mg. 
However, the lowest consumption of energy was 0.4 
Wh/mg with 3 V, but the percent removal was 80% after 
80 min. It could be concluded that 5 V was the best 
selection for further experiments. 

Effect of Supporting Electrolyte 

In the electrochemical treatment process, the 
amount of supporting electrolyte is very effective when 
the indirect process is dominant. 

As a general rule, keeping a low ohmic drop between 
the electrodes across the electrochemical cell requires 
high conductivity in solution to enhance the 
electrochemical efficiency [41]. NaCl as a supporting 
electrolyte has been chosen to increase the efficiency of 
the electrochemical treatment process for caffeine, 
compared to other electrolytes such as Na2SO4, which lead 
to a low efficient treatment process [36]. This can be 
attributed to increasing the electron transfer resulting in 
high electrical conductivity. The generation of chlorine, 
then the main oxidizing agent of hypochlorite ion OCl− 
could be presented in Eq. (4-7). 

22Cl Cl 2e    (4) 

2 2Cl H O H Cl HOCl      (5) 
HOCl H ClO    (6) 

2 2ClO organic pollutant CO H O Cl      (7) 

Different electrolyte amounts of 0.1, 0.3, and 0.5 g 
NaCl have been applied to the electrochemical 
degradation of carbamazepine using graphite anode and 
5 V (Fig. 5(a)). 

The carbamazepine degradation efficiency 
increased significantly with the 0.3 and 0.5 g NaCl. After 
80 min, the removal was complete, 97.7% of 0.5 and 0.3 g 
NaCl, respectively, while it was 77% of 0.1 g NaCl. 

From Fig. 5(b) and Table 1, it was observed that kobs 
of 0.0758 min−1 was the greatest at 0.5 g NaCl compared 
to 0.1 g and 0.3 g NaCl which was 0.0274 and  
0.0023 min−1, respectively. Gracia-Espinoza et al. 
reported that increasing sodium chloride using Nb/BDD 
as anode increased the rate constant, reaching 0.189 min 
[3]. The highest consumption energy of 2.8798 Wh/mg 
was achieved using 0.1 g NaCl at 5 V and 5 mg/L initial 
concentration of carbamazepine (Fig. 5c). At the same 
time, the percent removal is very low, accompanied by 
0.1 g NaCl. For 0.3 and 0.5 g NaCl, the consumption 
energy was too close to 0.8889 and 0.937 Wh/mg, 
respectively. Finally, 0.5 g NaCl was selected for further 
experiments. 

Characterization of Anode Materials 

As we know, the selection of anode material is not 
only accompanied by the high efficiency of degradation 
for organic pollutants, but also it is related to some 
considerations such as: (i) the anode material must not 
be influenced by corrosion during the electrochemical 
oxidation process; (ii) the anode must be cheap, highly 
conductive, and produce fewer metal ions. However, 
Anglada et al. reported that using metal anodes might 
result in metal ions in the solution; thus, this approach 
needs a separation step to recover the metallic species, as 
explained in Eq. (8-15) [42]. Graphite reaction has not 
been reported here because it does not release ions to the 
solution like Ni and Cu electrodes to form precipitates. 
These precipitates may refer to the formation of 
organometallic compounds in the presence of Ni and Cu 
ions, as represented here: 

0 2Ni Ni 2e    (8) 

22Cl Cl 2e    (9) 

2 2Cl H O OCl H HCl      (10) 
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Fig 5. Effect of sodium chloride amounts on (a) the removal of carbamazepine; (b) pseudo-first-order kinetic model; 
(c) consumption energy model during the electrochemical process under these conditions (5 mg/L CBZ; 5 V; graphite 
as an anode) 
 

2
2 2 ppt 2 2Ni Cl / H O O C Ni[O C] CO H O Cl          (11) 

0 2Cu Cu 2e    (12) 

22Cl Cl 2e    (13) 

2 2Cl H O OCl H HCl      (14) 
2

2 2 ppt 2 2Cu Cl / H O O C Cu[O C] CO H O Cl          (15) 
where (O–C) is the organic compound. 

It is well known that Ni2+ and Cu2+ ions were formed 
in the solution after the electrochemical oxidation process 
of nickel and copper anodes, respectively resulting in the 
generation of organometallic compounds. Graphite and 

platinum electrodes have not been discussed because 
they did not release ions in the solution. Therefore, the 
precipitates have not formed. The precipitates were only 
formed with nickel and copper electrodes and then 
washed in water. After that, they dried at room 
temperature for further characterization using EDX-
FESEM. From Fig. 6, it could be observed that the 
intensities peaks for Ni and Cu (kα: 7.47 and kα: 8.04, 
respectively) are matched with energies listed in the 
energy table for EDX analysis. From EDX spectrum 
results, the elements on the surface of the precipitate 
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were C, O, Cl, Na, Ni, and Cu, using Ni and Cu as anode 
electrodes. Of course, C and O are from organic content, 
while Cl and Na are from the electrolyte salt (NaCl). 
However, Ni and Cu were from material anodes. 
Consequently, graphite-PVC was selected as the best anode 
for further experiments for these considerations: (i) efficient 
conductivity material; (ii) inert to side chemical reactions; 
(iii) available; (iv) no elements released to the solution 
compared to Ni and Cu; (v) high removal efficiency. 

Stability of Graphite Electrode 

Graphite has been selected as the best anode 
material compared to other materials, including Ni, Cu, 
and Pt. However, as we know, graphite is carbonaceous, 
which means it suffers from corrosion when used for a 
long time. Hence, its stability has been tested after ten 
cycles of the electrochemical treatment process using 
SEM. It was clear from Fig. 7, that the morphology of 
graphite before and after electrochemical treatment is 
different. The surface becomes more scraped, and small 
holes are observed during the electrolysis period after 
electrochemical treatment. The electrochemical stability 
experiments were studied under these conditions: 0.5 g 
NaCl, 5 V, 5 mg/L of carbamazepine, and 60 min. The 
percent removal of carbamazepine ranged between 88% 
and 99% after ten cycles indicating that graphite is able to 
overcome all these challenges when used for a long time. 

It could be concluded that CBZ can be easily 
degraded by the graphite even after ten cycles which 
means three hours of the electrochemical oxidation 
process. Graphite-PVC composite exhibited good 
stability and excellent results in terms of electrochemical 
efficiency as it acted as an electron transfer catalyst thanks  
 

to its excellent electrical conductivity [43]. 

EPX-CBZ Identification during the Electrochemical 
Degradation Process 

As discussed previously, the percent removal of 
carbamazepine was more than 99% within 80-min 
electrolysis by applying different anode materials. To 
explore  the degradation  pathway of carbamazepine, the  

 
Fig 6. EDX-FESEM spectrums of (a) nickel and (b) 
copper after the electrochemical oxidation process of 
carbamazepine under these conditions: 5 mg/L CBZ; 5 
V; 0.5 g NaCl 

 
Fig 7. EDX mappings of graphite electrode before (left) and after ten cycles of electrolysis (right) under these 
conditions: 5 mg/L CBZ; 5 V; 0.5 g NaCl 
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formation of minor by-products during the synergetic 
process was detected by LC-TOF/MS analysis, and the 
results are shown in Table 2. 

LC-TOF/MS is usually a crucial instrument in the 
electrochemical treatment process. This instrument was 
commonly used for qualitative and quantitative analysis 
after electrochemical degradation of the target compound. 
Further, it offers a rapid and accurate elucidation of the 
by-product structures in terms of the number of 
unsaturated bonds, number of rings, number of carbon, 
and so on. Due to the complexity of the detailed pathways, 
many intermediates, and the unavailability of standards, 
only the main by-product is illustrated and studied here. 
The determined EPX-CBZ and the proposed degradation 
process scheme of the electrochemical degradation of 
carbamazepine at 0.5 g NaCl, 5 V, and 200 μg/L spiked in 
50 mL were provided. 

To understand the oxidation behavior of 
carbamazepine on graphite and other material anodes, 
experiments were conducted in the presence of a standard 
compound of the main by-product EPX-CBZ. 

It was observed that the intensity of EPX-CBZ is 
large enough using graphite and Pt anodes. In contracts, 
Cu and Ni anodes exhibited low intensity of EPX-CBZ. 
The main base peak was at m/z 275 and 7.621 min, which 
refers to [M+Na]+ at all anode materials. It can be deduced 

that the main by-product 10,11-epoxycarbamazepine 
formed after hydroxylation of the olefinic double bond 
on the central heterocyclic ring of carbamazepine, 
generating an intermediate of carbocation that is 
responsible for forming the main by-product EPX-CBZ 
as shown in Scheme 1. 

After identifying the optimized conditions for the 
formation of by-product EPX-CBZ through 
electrochemical degradation of carbamazepine and 
confirming no interference of EPX-CBZ, this method 
was validated using the external calibration curve 
standards of EPX-CBZ. Excellent linearity was obtained 
over the tested EPX-CBZ concentration ranges (10–
1000 μg/L) of the linear equation “y = 481.5 × −4453”. 
These results confirm the accuracy and reliability of 
using the oxidation products to quantify EPX-CBZ. The 
limit of quantification (LOQ, signal to noise (S/N) > 10) 
for the EPX-CBZ method was determined to be  
0.109 μg/L. 

In the electrochemical degradation process,  
200 μg/L of carbamazepine was spiked in 50 mL of water 
and then electrochemically degraded. After that, every 
10 min, the sample was withdrawn and then extracted 
using Oasis-HLB cartridges as described previously. 
Finally, all samples were injected into LC-TOF/MS for 
further analysis. 

Table 2. Accurate mass measurements of the proposed by-products obtained by LC-TOF/MS after electrochemical of 
carbamazepine under these conditions: 5 V; 0.5 g NaCl; 200 μg/L of CBZ 

Retention time (min) Composition molecular ion m/z ratio Error (ppm) S/N 
7.621* C15H12N2O2, [M+Na]+ 275.0821 1.1 340 
8.216 C15H11ClN2O2, [M+Na]+ 309.0248 3.1 102 
9.112 C15H14N2O, [M+Na]+ 277.0700 1.7 114 

10.485 C15H14N2O3, [M+H]+ 272.1480 0.4 84 
11.012 C15H13ClN2O3, [M+H]+ 306.1082 −2.8 91 

*EPX-CBZ is the main by-product 

 
Scheme 1. proposed formation of 10,11-epoxycarbamazepine after electrochemical degradation of carbamazepine 
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Fig 8. Monitoring 10,11-epoxycarbamazepine after electrochemical degradation of carbamazepine under these 
conditions: 5 volts; 0.5 g NaCl; 200 μg/L of CBZ 
 

From Fig. 8, it could be observed that concentrations 
of EPX-BZ in the aqueous solution of treated 
carbamazepine differed from time to time due to 
appearance/disappearance reactions of EPX-CBZ in the 
solution. The lower EPX-CBZ concentration detected in 
the solution indicated a larger CBZ elimination. The 
varied detected concentrations of EPX-CBZ at different 
electrolysis times ranged from 13 to 142 μg/L. However, 
the highest concentration of EPX-CBZ was 142 μg/L at 20 
min of electrolysis. The highest concentration of EPX-CBZ 
means the high consumption of CBZ at that time. It is 
important to note that at the far time of electrolysis, both 
EPX-CBZ and CBZ were almost eliminated and detected 
at the lowest concentration (below LOQ). 

■ CONCLUSION 

Electrochemical degradation of carbamazepine was 
carried out to optimize the influencing variables such as 
anode materials, applied voltage, and electrolyte amount 
was evaluated. The degradation efficiency of carbamazepine 
was achieved at more than 95% after 80 min electrolysis 
using graphite as anode under the optimal conditions 
with 0.5 g NaCl and 5 V. Copper and nickel as anode 
materials have shown minimum elimination of 
carbamazepine compared with graphite and platinum 
anodes. The supporting electrolyte sodium chloride was 
found to be effective for the elimination of carbamazepine, 
in which increasing of NaCl amount resulting high 
degradation rates from 0.0023 to 0.0758 min−1. An 

increase in applied voltage resulted in increased 
degradation of carbamazepine accompanied by high 
consumption energy ranging from 0.4 to 1.5 Wh/mg. 
LC-TOF/MS analyzed and identified the main by-
product 10,11-epoxycarbamazepine after different 
intervals using all selected anode materials. It was 
observed that the maximum yield was fooled by graphite 
anode compared to other anodes. EPX-CBZ was 
monitored for 80 min then after that, it was completely 
eliminated. The results obtained in this study show that 
electrochemical degradation is an efficient method for 
the degradation of carbamazepine and its main by-
product 10,11-epoxycarbamazepine, in an aqueous 
medium. It could be concluded that graphite is the 
promising anode material electrode compared to 
copper, nickel, and platinum electrodes in terms of 
removal and consumption energy. 
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 Abstract: Scurrula ferruginea (Jack) Danser is a folk medicine to treat several diseases. 
S. ferruginea is the mistletoe that lives by deriving nutrients from the host. Hence, the host 
has a significant effect on the biological activities and bioactive components of S. 
ferruginea. In this study, the leaves of S. ferruginea were macerated by methanol solvent 
to extract the chemical components and fractionated by hexane and ethyl acetate solvent, 
respectively, to separate organic compounds. The biological activity of crude extracts as 
the antioxidant was investigated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) method. The 
result showed that the highest antioxidant activity was obtained from the ethyl acetate 
fraction with the IC50 of 10.88 ± 0.39 μg/mL. Furthermore, the trituration method used 
several solvents to isolate secondary metabolites from the initial crude methanol extract. 
This purification process produced a flavonoid compound of quercitrin. The antioxidant 
activity of quercitrin was also determined by the DPPH method. The result showed that 
this compound has stronger activity than the crude extracts with the IC50 of 
5.95 ± 0.11 μg/mL. This study demonstrated that cacao mistletoe of S. ferruginea may 
have the potential activity to treat the diseases caused by the presence of free radicals. 

Keywords: Scurrula ferruginea leaves; antioxidant; quercitrin 

 
■ INTRODUCTION 

Plants are natural resources that have many benefits 
to human life. For instance, utilization of the part of the 
plant as a herbal medicine has been widely used in society 
since the ancient period. Scurrula ferruginea (Jack) 
Danser, known as “Dedalu Api Merah” in Indonesia, is 
mistletoe, a hemiparasitic plant from Santalales ordo and 
belongs to the family of Loranthaceae. The mistletoes 
have an interesting way to live, in which they grow and 
attach to the host. The mistletoes obtain nutrition by 
absorbing the water and mineral from the host plant and 
live with their photosynthesis [1-2]. 

S. ferruginea is a mistletoe that lives by deriving 
nutrients from the host. Hence the influence of the host 
in specific function as herbal medicine cannot be a 
negligible factor. The host species significantly affect the 
chemical constituents and biological activities of S. 

ferruginea [3-5]. The common host plants of the 
mistletoe of S. ferruginea are Tabebuia pallida and 
Lagerstroemia speciosa [6]. Traditionally, S. ferruginea 
has been used to treat wounds, snakebite, fever, beriberi, 
malaria, and postpartum [7]. Some previous studies 
have scientifically proved that S. ferruginea possesses 
pharmacological activity, such as cytotoxic effect on 
human cell lines of DU145 and U251 [7], human breast 
cancer cell MDA-MB-231 [8], antihypertensive activity 
[9], anti-inflammatory activity with the host of Tecoma 
stans [10], and antimicrobial activity against 
Staphylococcus aureus S261 and Escherichia coli E57 
[11]. 

However, the studies about isolated compounds of 
S. ferruginea are not extensively reported. As far as our 
literature studies, only one exhibited the isolated 
compounds from the S. ferruginea plant: three flavonols, 
such as quercitrin, quercetin, and 4"-O-acetylquercitrin 
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from an unspecified host [12]. Another literature reported 
the chemical constituents of the crude extract based on 
the principal component analysis (PCA) method from 
1H-NMR data resulting in some identified compounds, 
such as quercitrin, 4"-O-acetylquercitrin, catechin, 
alanine, threonine, valine, leucine, isoleucine, histidine, 
formic acid, malic acid, succinic acid, citric acid, fumaric 
acid, acetic acid, gallic acid, chlorogenic acid, and choline 
[5]. 

Therefore, this study aims to isolate the metabolite 
compound from a specified host (cacao) of S. ferruginea 
and evaluate the biological activity as an antioxidant from 
the isolated compound and the crude extract of S. 
ferruginea. 

■ EXPERIMENTAL SECTION 

Materials 

S. ferruginea leaves were obtained from Bayang, 
Pesisir Selatan Regency, West Sumatera, Indonesia. The 
sample was identified at the Herbarium Department of 
Biology, Faculty of Mathematics and Natural Sciences, 
Andalas University, with the official letter-number 
163/K-ID/ANDA/IV/2017. 

Instrumentation 

Instruments used in this study were 
spectrophotometers of UV-1700/Shimadzu, FTIR-
1600/Perkin Elmer, and NMR of JEOL JNM-ECZR 500 
MHz. 

Procedure 

Extraction 
Leaves of S. ferruginea were air-dried and milled. 

The powder of S. ferruginea leaves (1.3 kg) was macerated 
with methanol solvent three times at room temperature 
for 3 × 24 h for each extraction. The material-solvent ratio 
was maintained at approximately 1:2 (w/w) for each 
extraction. The crude methanol extract was concentrated 
by a rotary evaporator, yielding 55.65 g of crude methanol 
extract. After 24 h, a yellow solid was formed on the crude 
methanol extract. The crude methanol extract was re-
dissolved with methanol solvent and fractionated with 
hexane solvent to separate the solid component and 
obtain the hexane extract. The polar fraction was further 

fractionated by ethyl acetate solvent. The rotary 
evaporator concentrated the extracts to evaporate the 
solvent and produced hexane, ethyl acetate, and 
methanol extracts. 

Phytochemical screening 
The extracts of S. ferruginea leaves were evaluated 

quantitatively to identify the chemical constituents in 
the extracts. The procedure was conducted based on the 
standard method of Harborne [13]. 

Purification and characterization 
The isolated compound was purified using the 

trituration method with several solvents, such as hexane 
and ethyl acetate. The purification process produced 
2.77 g of yellow powder from the isolated compound. 
The isolated compound was identified by ultraviolet 
(UV), infrared (IR), and nuclear magnetic resonance 
(NMR) spectra analysis compared to literature. 

Antioxidant activity 
The antioxidant activity was conducted with 2,2-

diphenyl-1-picrylhydrazyl (DPPH) method [14] with 
slight modification. The tested sample was the isolated 
compound and the extract of hexane, ethyl acetate, and 
methanol. Ascorbic acid was used as a positive control. 
The DPPH solution with the concentration of  
0.1 mmol/L was added into the tube containing 2 mL of 
the tested sample in various concentrations. The 
concentrations were varied for each tested sample, such 
as from 1.5625 to 25 μg/mL for the isolated compound, 
methanol, and ethyl acetate extracts, from 12.5 to  
200 μg/mL for hexane extract, and from 0.625 to 10 μg/mL 
for ascorbic acid. The mixture of DPPH and sample was 
allowed to stand for 30 min at room temperature and 
unlighted. The absorbance was measured at the 
wavelength of 517 nm as the function of the DPPH 
solution. The varying of the sample was conducted to 
make the curve inhibition resulting and generate the IC50 
value by the regression equation. The IC50 value means 
the required concentration to inhibit 50% of free 
radicals. The inhibition of free radical DPPH (I%) was 
calculated by the equation as follows: 

blank sample

blank

A A
I% 100%

A


   
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where Ablank is the absorbance of blank contained DPPH 
solution and Asample is the absorbance of the tested sample. 
All of the tests were done in triplicate. 

■ RESULTS AND DISCUSSION 

Extraction 

The fractionation process of the crude methanol 
extract of S. ferruginea leaves with several solvents, such 
as hexane and ethyl acetate, respectively, produced three 
different fractions with specific yields for each fraction 
(Table 1). 

Secondary metabolite compounds generally exist in 
small amounts in plants. The suitable extraction method 
is a crucial factor to extract the organic compound from 
the plant material with a high yield and minimal change 
of the functional properties of the extract. The 
conventional extraction method is commonly performed 
through maceration in which the plant material is soaked 
with the solvent at room temperature to avoid 
degradation or functional group changing of the organic 
compounds. Hence, it is required to select the proper 
solvent based on sample matrix properties or chemical 
compound properties contained in plant material [15-18]. 

In this study, the methanol solvent was used initially 
to maximize the extraction of secondary metabolites from 
S. ferruginea since the methanol has good penetration 
properties to the cell-matrix of the plant. Then, the 
methanol crude extract was separated with hexane and 
ethyl acetate solvents, respectively, to obtain the crude 
fractions of S. ferruginea leave extract. The limitation of 
the yield percentage (Table 1) of the extract was assumed 
due to the less repetition in initial methanol extraction, 
which was only three times of maceration. 

As shown in Table 1, there were three fractions with 
different polarities. Each fraction contained different 
chemical constituents, such as hexane fraction with non-
polar compounds, ethyl acetate fraction with semi-polar 
compounds, and methanol fraction with polar 
compounds. 

The fraction distribution of S. ferruginea leave 
extract is shown in Fig. 1. It revealed that the chemical 
constituents of the extract were dominated by polar 
compounds, in which the methanol fraction had the highest 

Table 1. Fraction weight and yield of S. ferruginea leaves 
extract 

No Extract Weight (g) Yield (% w/w)* 
1 Hexane 12.84 0.99 
2 Ethyl acetate 3.32 0.26 
3 Methanol 36.72 2.82 

*Yield was the percentage value of crude extract weight 
compared to plant material weight 

 
Fig 1. Fraction distribution of S. ferruginea extract 

distribution percentage among the other fractions, with 
a value up to 69.4%. The quantity of the fraction is 
affected by the chemical composition and compound 
types. The chemical compounds of the extract will be 
distributed in the solvent according to their suitable 
polarity properties. Organic compounds with non-polar 
properties, such as terpenoid, steroid, and lipid, are 
dissolved properly in a non-polar solvent, such as 
hexane [19-20]. In contrast, organic compounds with 
polar properties, such as phenolic compounds, are 
highly distributed in the polar solvent [17]. 

Phytochemical Screening 

The phytochemical screening of S. ferruginea 
extract exhibited the presence of secondary metabolite 
compounds such as steroids, flavonoids, and phenols, as 
shown in Table 2. Alkaloids were not detected in all 
extracts of S. ferruginea, whereas steroids were found in 
hexane and methanol extracts. The extracts of ethyl 
acetate and methanol had potential chemical constituents 
such as flavonoids and phenols. The phytochemical 
compound detection would be helpful information for 
future research, especially in pharmacological and 
medicinal topics. For example, steroids have been reported 
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Table 2. Phytochemical screening of S. ferruginea extract 

Chemical constituent Test type 
Extract 

Hexane Ethyl acetate Methanol 
Alkaloids Mayer - - - 
Steroids Liebermann–Burchard + - + 
Flavonoids Shinoda - + + 
Phenols Ferric chloride - + + 

(+) indicated the presence of constituents, and (-) indicated the absence of the constituents 
 
as antifungal, antidiabetic, antibacterial, and anti-
inflammatory [21]. Flavonoids and phenols are also 
known to have highly ranging diverse biological activities, 
such as antioxidant, anti-inflammatory, and anticancer 
[22]. 

Purification and Characterization 

The isolated compound was obtained from the 
initial crude methanol extract as a yellow powder. The 
solid shape of the compound was formed after obtaining 
the concentrated crude methanol extract. This yellow 
solid compound was purified with the simple trituration 
method with a gradient solvent system, such as hexane and 
ethyl acetate solvent, respectively. This method was carried 
out since the compound was already in solid form due to 
the high concentration of the compounds in the extract. 

The purity of the isolated compound was 
determined by thin-layer chromatography (TLC) using 
various eluent ratios (Fig. 2). The mixture of the eluent 
with several ratios produces the solvent's different 
polarity, resulting in variation of the retention factor (Rf) 
value. The results showed a constant single spot on the 
TLC plate for all eluent ratios with the Rf value of 0.13, 
0.31, 0.51, 0.67, and 0.70, respectively (Fig. 2(a-e)). It 
confirmed the purity of the isolated compound without 
the presence of impurities. 

The purified compound was identified using UV, 
IR, and NMR data. All these analyses were combined to 
conclude the structure of the isolated compound. The 
compound was measured by a UV instrument combined 
with shift reagents to investigate the interaction of the 
compound against several shift reagents (Table 3). 

Based on Table 3 shows that the UV spectrum of 
the compound gives two maximum absorption bands. 
Band II (240–280 nm) corresponds to A-ring with the 
benzoyl  system  and  band I  (300–380 nm)  indicates  to  

 
Fig 2. TLC of the isolated compound with various eluent 
ratios; (a) hexane:EtOAc (10:90), (b) EtOAc 100%, (c) 
EtOAc:MeOH (90:10), (d) EtOAc:MeOH (80:20), (e) 
EtOAc:MeOH (70:30) 

Table 3. UV Analysis of Isolated Compound of S. ferruginea 
Solvent/shift reagent Band II (λmax, nm) Band I (λmax, nm) Shift Observed and Interpretation [23] 

MeOH 256 350 Flavonol with 3-OR 
MeOH+NaOH 272 398 

(Additional band, 326) 
Band I (+ 48 nm)  4’-OH 
Additional band between 320-335 nm  7-OH 

MeOH+AlCl3 275 429 Band I (+79 nm)  ortho position of OH at B-ring 
MeOH+AlCl3+HCl 272 401 (Additional band, 346) Band I (+51 nm)  5-OH 
MeOH+NaOAc 266 393 Band II (+10 nm)  7-OH 
MeOH+NaOAc+H3BO3 263 374 Band I (+24 nm)  ortho position of OH at B-ring 
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B-ring with the cinnamoyl system [24]. This spectrum is 
affected significantly by the oxygenation pattern in the 
flavonoid structure. Generally, an increase in the 
oxygenation level will contribute to the shift of the 
absorption bands to the bathochromic system (longer 
wavelength). Shift reagents also give useful information to 
identify the flavonoid structure since each reagent will 
give a specific reaction with certain oxygenation positions 
[23]. Shift reagents used in this UV analysis were NaOH, 
AlCl3, AlCl3/HCl, NaOAc, and NaOAc/H3BO3. The result 
of the interpretation from UV data indicated that the 
isolated compound was a flavonol which had substituent 
“R” at oxygen atom in atom C-3 (C-OR) and hydroxyl 
(OH) substituent at atom carbon of 5, 7, 3’, and 4’ (Fig. 3). 

The predicted structure from UV analysis was 
supported by IR data that confirmed the presence of the 
functional group of hydroxyl (OH, vmax at 3237 cm–1), 
C=C aromatic (vmax at 1465 cm–1), C-O ether/alcohol (vmax 
at 1258 cm–1), and an aliphatic C-H (vmax at 2930 cm–1). 

The 13C-NMR chemical shift of the isolated 
compound (Table 4) indicated the presence of 21 carbon 
atoms consisting of 12 aromatic carbon signals at δ 
95.17–166.87 ppm, 1 carbonyl signal at δ 179.88 ppm, 2 
ether alkene signals at δ 136.48 and 158.72 ppm, and 6 
specific signals for glycoside with 4 signals at δ 72.22–
74.84 ppm, 1 signal of C-1” of O-glycoside at δ  
103.83 ppm, and 1 signal of C-6” of C-methylation at δ 
17.96 ppm. Whereas the chemical shift of 1H-NMR 
(Table 4) exhibited the appearance of 11 proton signals 
consisting of 5 aromatic proton signals at δ 6.19–7.34 ppm,  

 
Fig 3. Predicted structure from UV analysis 

Table 4. NMR chemical shift of isolated compound compared to literature 

No Carbon 
type 

Isolated compound* Literature [27] 
δC (ppm) δH (ppm) (multiplicity, J) HMBC δC (ppm) δH (ppm) (multiplicity, J) 

2 C 158.72 
  

158.73 
 

3 C 136.48 
  

136.08 
 

4 C 179.88 
  

179.46 
 

5 C-OH 163.48 
  

163.08 
 

6 CH 100.32 6.19 (d, J = 1.5 Hz) C-8, C-10, C-5, C-7 100.63 6.19 (d, J = 1.4 Hz) 
7 C-OH 166.87 

  
168.26 

 

8 CH 95.17 6.36 (d, J = 2.5 Hz) C-6, C-10, C-9, C-7 95.32 6.35 (d, J = 1.6 Hz) 
9 C 159.39 

  
159.09 

 

10 C 105.99 
  

105.27 
 

1' C 123.15 
  

123.00 
 

2' CH 117.21 7.34 (d, J = 2.0 Hz) C-1', C-3', C-4', C-2 116.19 7.35 (d, J = 1.8 Hz) 
3' C-OH 146.60 

  
146.52 

 

4' C-OH 149.99 
  

149.97 
 

5' CH 116.67 6.92 (d, J = 8.5 Hz) C-1', C-6', C-3', C-4' 116.42 6.93 (d, J = 8.3 Hz) 
6' CH 122.99 7.32 (dd, J = 2.0 and 8.5 Hz) C-2', C-4', C-2 122.85 7.32 (dd, J = 1.9 and 8.3 Hz) 
1" CH 103.83 5.35 (d, J = 1.5 Hz) C-2", C-3 103.55 5.36 (d, J = 1.2 Hz) 
2" CH 72.22 4.22 (brdd, J = 1.5 and 3.0 Hz) C-4" 72.14 4.25 (d, J = 1.1 Hz) 
3" CH 72.71 3.76 (dd, J = 3.0 and 9.5 Hz) C-4" 72.05 3.78 (dd, J = 3.3 and 3.3 Hz) 
4" CH 73.55 3.35 (d, J = 9.5 Hz) C-6", C-2" 73.30 3.35 (d, J = 2.3 Hz) 
5" CH 74.84 3.44 (m) 

 
71.94 3.43 (d, J = 6.0 Hz) 

6" CH3 17.96 0.95 (d, J = 6.0 Hz) C-3" 17.67 0.96 (d, J = 6.1 Hz)  
*The solvent was CD3OD at 500 MHz for 1H-NMR and 125 MHz for 13C-NMR 
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1 proton signal of H-1” of 3-O-rhamnoside at δ 5.35 ppm, 
1 proton signal of methyl (H-6”) at δ 0.95 ppm, and 4 
proton signals for sugar at δ 3.35–4.22 ppm. 

The coupling constant (J) interpretation showed the 
presence of three signals of aromatic proton in the ABX 
spin system, in which the proton at δ 7.32 ppm (H-6’) had 
the doublet of doublets multiplicity coupled at meta 
position with H-2’ (δ 7.34 ppm) confirmed by the J value 
of 2.0 Hz and at ortho position with H-5’ (δ 6.92 ppm) 
indicated by the J value of 8.5 Hz. This observation 
confirmed the presence of the substituent at C-3’ and C-
4’. An anomeric proton of the isolated compound was at 
δ 5.35 ppm (d, J = 1.5 Hz, H-1”) correlated with carbon 
signal at δ 103.83 ppm in the HSQC spectrum. This 
coupling constant of 1.5 Hz confirmed the α-orientation 
of L-rhamnosyl moiety [25-27]. The constant coupling 
value of methyl proton of H-6” was 6.0 Hz, which this 
coupling constant was an identical value to Zhang et al. 
[26] and Gopi et al. [27]. 

HMBC analysis presented the correlation between 
protons and carbons separated by two or three and 
sometimes up to four bonds in the conjugated system. In 
the HMBC data (Table 4), the anomeric proton (δ 
5.35 ppm, H-1”) of the rhamnose was connected to the 
carbon signal at δ 136.48 ppm (C-3). It revealed that the 
rhamnose was attached at C-3 of the aglycone. 

All spectroscopy data confirmed that the isolated 
compound was assigned as a flavonol of quercetin 3-O-α-
L-rhamnoside, known as quercitrin, with the molecular 
formula of C21H20O11 (Fig. 4). As additional information, 
this study was the first report that successfully isolated a 
quercitrin compound from S. ferruginea with the 
specified host of cacao. The isolated compound of S. 
ferruginea has not been extensively explored. Only three 
isolated compounds have been reported, such as 4"-O-
acetylquercitrin, quercetin, and quercitrin [12]. Although 
quercitrin had been previously isolated from S. ferruginea, 
it was from an unspecified host. Quercitrin was also found 
from Zanthoxylum bungeanum [26], Euphorbia hirta 
[27], Pistacia lentiscus [28], and Euphorbia characias 
subsp. wulfenii [29]. 

Quercitrin  was  assumed  to  be  the  main  chemical  
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Fig 4. Quercitrin structure with key HMBC (HC) 

constituent in S. ferruginea from the cacao host. It was 
related to the amount of this isolated compound in 
which the percentage of the quercitrin was about 5.0% of 
the crude extract. Therefore, the quercitrin compound 
of S. ferruginea from the cacao host was simply isolated 
by the trituration method. 

Antioxidant Activity 

Plants are known to possess many bioactive 
compounds that can act as an antioxidant. Therefore, 
the evaluation of the antioxidant activity of several 
medicinal plants, including crude extract and isolated 
compounds, has attracted the interest of many 
researchers. The radical scavenging activity of the S. 
ferruginea extract and the isolated compound of 
quercitrin (Table 5) was investigated by the DPPH 
method. The principle of this method is based on the 
color-changing due to stabilizing of DPPH radical by the 
presence of an antioxidant agent. 

As shown in Table 5, the extract of S. ferruginea 
leaves revealed intense antioxidant activity, in which the 
ethyl acetate extract had the highest activity with the IC50 
of 10.88 ± 0.39 μg/mL. In contrast, hexane extract had 
the lowest antioxidant activity. This result was correlated 
to the active compound contained in each extract. The 
phytochemical screening of S. ferruginea extract (Table 
2) had revealed that the ethyl acetate and methanol 
extracts were dominated by flavonoid and phenolic 
compounds. These compounds have been known to 
have potential antioxidant activity [30]. 
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Table 5. Antioxidant activity of S. ferruginea extract and 
quercitrin 

No Sample IC50 (μg/mL) ± SD 
1 Hexane extract 102.72 ± 2.06 
2 Ethyl acetate extract 10.88 ± 0.39 
3 Methanol extract 18.36 ± 0.58 
4 Quercitrin  5.95 ± 0.11 
5 Ascorbic acid 2.83 ± 0.11 

The values were presented as average ± standard deviation (n = 3) 

This result was supported by the other works of 
literature that reported the antioxidant activity from the 
unspecified host of S. ferruginea with IC50 27.81 μg/mL 
obtained from methanol extract of stem part [8] and IC50 
higher than 30 μg/mL from acetone extract of the stem, 
leaves, and flower parts [31]. It revealed that S. ferruginea 
leaves extract from the cacao host had the strongest 
antioxidant activity among the others. 

The isolated compound of S. ferruginea leaves, the 
quercitrin, also demonstrated strong antioxidant activity 
with the best IC50 of 5.95 ± 0.11 μg/mL compared to the 
crude extract. Quercitrin compound belongs to a phenolic 
compound that has an aromatic ring. The presence of an 
aromatic ring can stabilize the radical through the 
electron resonance effect in the ring system [32]. 

■ CONCLUSION 

This study exhibited that the leaf extract of S. 
ferruginea growing on the cacao plant has the potential to 
be used as an antioxidant agent. This mistletoe also 
exhibited a high content of quercitrin compound that has 
stronger radical scavenging activity than the crude 
extract. Therefore, the cacao mistletoe of S. ferruginea 
may have the potential activity to treat the diseases caused 
by oxidative stress generated from free radicals. 
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 Abstract: The adsorption kinetic study of methylene blue using nano-crystal cellulose 
made from oil palm trunk was investigated. A sample of 0.08 g of nano-crystal cellulose 
was used to adsorb 300 mL of methylene blue solution, with a varied stirring speed at 
100, 200, and 300 rpm. Meanwhile, the concentration of methylene blue was varied at 
1, 2, and 3 mg/L. The experimental results showed that the range of adsorption rate 
constant was 0.0007–0.0130 m/min. For the thermodynamic study, adsorption 
temperature was varied at 303, 308, 313, and 318 K. The adsorption capacity values for 
such temperatures were 10.3389, 10.3802, 10.3614, and 10.3464 mg/g, respectively. It 
was found that ΔH° value of 0.00742 kJ/mol, ΔS° of 0.7758 kJ/mol K and ΔG° value of 
−242.81 kJ/mol. Based on the curve-fitting using the Henry, Langmuir, and Freundlich 
isotherm models, this adsorption tended to the Langmuir isotherm model, where the 
adsorption formed a monolayer covering the surface of the adsorbent. It was also found 
that the Langmuir affinity constant (KL) value was 4.560 L/mg, and the maximum 
adsorption capacity (qm) was 8.590 mg/g. 

Keywords: nano-crystal cellulose; methylene blue; adsorption; oil palm trunk 

 
■ INTRODUCTION 

The development of revolutionary technology 4.0 is 
the basis of the Indonesian government's thinking 
towards the "Making Indonesia 4.0" road map. One of the 
road maps is to develop several potential industrial sectors 
to develop the potential of Indonesia's industry, one of 
which is the textile industry [1]. 

The textile industry in Indonesia is integrated. Data 
from the central statistics agency shows that textile 
exports during January-August 2021 reached 160.854 
tons, much higher than the same period in 2019 and 2020 
of 152.474 tons and 147.982 tons, respectively. The 
development of the textile industry will be proportional to 
the increase in textile industry waste, especially liquid 
waste. Liquid waste that is difficult to process is textile 
dyes [2]. One of the dyes commonly used in the textile 
industry is methylene blue [3-4]. 

The existence of dye waste in the environment has 
become a significant world issue due to its damaging 
effect on aquatic life and ecosystems [5-6]. Disposal of 
dye waste without a prior degradation process can cause 
a health problem since dyes are toxic (or mutagenic) and 
carcinogenic [7-8]. Interestingly, the adsorption process 
is quite efficient in removing textile dyes from 
wastewater [9-12]. This study used nano-crystal 
cellulose as a biosorbent to adsorb methylene blue. The 
methylene blue is cationic, while nano-crystal cellulose 
is anionic, so there will be an electrostatic force between 
them. In this study, it is expected that nano-crystal 
cellulose has a larger surface area, increasing the 
adsorption sites of methylene blue [13]. 

Several studies have been done regarding the work 
function of nano-crystal cellulose as biosorbent for 
methylene blue, such as nano-crystal cellulose from oil 
palm empty fruit bunch (EFB) [9], from cotton [14], 
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from sawdust [15], poly(acrylic acid)/nano-crystal 
cellulose modification to nanocomposites hydrogel [16], 
and cross-linked nano-crystal cellulose aerogels [17]. This 
study used oil palm trunks as raw materials for making 
the adsorbents. 

Oil palm trunks have a reasonably high cellulose 
content of 40%. In addition to the high cellulose content, 
the availability of oil palm trunks in Indonesia is also 
relatively abundant. Indonesia has an area of 11 million 
hectares of oil palm. Every year 4% of the rehabilitated 
land area will produce oil palm trunk waste of around 100 
million cubic meters. Until nowadays, the use of oil palm 
trunks in Indonesia has been carried out by Jamal Balfas 
at the Research and Development Center for Forestry 
Engineering and Forest Product Management (Balitbang 
Hutan) as plywood and solid wood [18]. The cellulose 
content and the abundant availability of materials are the 
main reasons for choosing materials that allow the success 
of cellulose-based biosorbent products. 

The adsorption process is when one or more gas or 
liquid components are adsorbed on a solid surface [19]. 
The most common adsorption type in nano-crystal 
cellulose is physical and chemical adsorption. The 
adsorption mechanism of methylene blue by nano-crystal 
cellulose covers hydrogen bonding, ion-dipole 
interaction, and electrostatic interaction [13]. The authors 
have carried out previous research on the adsorption of 
nano-crystal cellulose. The authors analyzed the 
differences in NaOH concentrations in the alkaline 
treatment process on the results of the impurity of nano-
crystal cellulose produced [20] and the effect on the 
adsorption of methylene blue, then continued with the 
characterization of samples of nano-crystal cellulose 
made from palm trunks [21]. The study focuses on the 
effect of stirring and the initial concentration of 
methylene blue on the adsorption rate to achieve an 
equilibrium using a fitted kinetics study of Langmuir 
isotherm model, Freundlich isotherm, and distribution 
coefficient. The isotherm study aims to conclude whether 
the adsorption runs physically or chemically based on the 
adsorbent and adsorbate mechanisms. It checks the value 
of the maximum adsorption capacity quantitatively. The 
thermodynamic study aims to determine whether the 

adsorption properties are spontaneous by finding the 
values of ΔH° and ΔS° to get the value of ΔG° of 
methylene blue adsorption using nano-crystal cellulose. 

The study of kinetics and thermodynamics, 
especially on the adsorption mechanism of nano-crystal 
cellulose made from oil palm stems, is still minimally 
studied. The results will be useful for optimizing 
products, operating conditions, and large-scale 
production processes. 

■ FUNDAMENTALS 

This subchapter explains the fundamental theory 
in detail in the proposed model used to describe the 
methylene blue adsorption process using nano-crystal 
cellulose. 

Kinetics and Isotherm Studies 

In methylene blue adsorption using nano-crystal 
cellulose, it can be assumed that the adsorbent granules 
are tiny, leading to fast diffusion of methylene blue from 
the adsorbent surface into the internal adsorbent pore. 
The concentration of methylene blue inside the pore is 
uniform; thus, the proposed mathematical model is as 
follows: 

Mass balance of methylene blue in liquid materials 
Rate of Mass in – Rate of Mass Out = Rate of Mass 
Accumulation 

*
c A A A

d0 k a(C C )m (VC )
dt

    (1) 

*cA
A A

k amdC
(C C )

dt V
    (2) 

Mass balance of methylene blue in solid materials 
Rate of Mass in – Rate of Mass Out = Rate of Mass 
Accumulation 

*
c A A A

dk a(C C )m 0 (m.X )
dt

    (3) 

*A
c A A

dX
k a(C C )

dt
   (4) 

kc is the rate of adsorption constant (m/min), a is the 
notation for the adsorbent specific surface area (m2/g), 
m is the mass of the adsorbent used (g), V is the volume 
of solution (L), CA

* is the adsorbate concentration in the 
liquid at equilibrium (mol/L), CA is the concentration of 



Indones. J. Chem., 2022, 22 (4), 953 - 964    

 

Mega Mustikaningrum et al.   
 

955 

adsorbate in the liquid (mol/L), ୢେఽ
ୢ୲

 is the distribution of 
adsorbate concentration in the liquid (mol/min), and ୢଡ଼ఽ

ୢ୲
 

is the distribution of the adsorbate concentration in the 
adsorbent (mol/min). 

CA
* is a number that cannot be measured, so the 

value of CA
* will be substituted with some basic equilibrium 

equations. Here are some of the equations used. 

Distribution coefficient 
*

A d AX K C   (5) 
CA

* is the adsorbate concentration in the liquid at 
equilibrium (mol/L) and XA is the adsorbate 
concentration adsorbed on the surface of the adsorbent 
pore wall at equilibrium (mol/L), while Kd is the 
adsorption equilibrium constant. 

Isotherm Langmuir 
*
A

A *
A

C
X

C



 

 (6) 

XA is the concentration of adsorbate adsorbed on the 
surface of the adsorbent pore wall at equilibrium (mol/L), 
α is qm (mg/g), β is a constant of the Langmuir equation × 
qm (mg/g), while CA

* is the concentration of adsorbate in 
liquid at equilibrium pressure (mol/L). 

Langmuir modeling describes the monolayer 
adsorption on the adsorbent surface. This model assumes 
that the adsorption rate is the same as the desorption rate 
[22]. This modelling used three assumptions: The 
adsorption energy is constant at all sites due to a 
homogeneous surface. The adsorption occurs at a specific 
(localized) site, the adsorption energy at all sites is the 
same, and each active site accommodates one adsorbate 
molecule only [23]. 

Isotherm Freundlich 
*

A f AX K C   (7) 
Kf is the Freundlich constant related to the adsorption 
capacity (mg/g) (L/mg)-1/n, β is the Freundlich constant 
related to the heterogeneity factor or adsorption intensity, 
CA

* is the concentration of adsorbate in the liquid at 
equilibrium (mol/L) and XA is the concentration of 
adsorbate adsorbed on the surface of the adsorbent pore 
wall at equilibrium (mol/L). Freundlich modelling 

illustrates multilayer adsorption and heterogeneous 
adsorbent surfaces [23]. 

Thermodynamic Study 

This study used the entropy factor and Gibbs free 
energy to determine whether the process occurred 
spontaneously. The parameters of enthalpy (ΔH°), 
Gibbs energy (ΔG°), and entropy (ΔS°) can be found 
using the adsorption kinetics equation tested at different 
temperatures [24]. 

cG RTlnK     (8) 
G H T S        (9) 

c
S HlnK
R RT
   

   (10) 

Kc is the adsorption equilibrium constant, T is the 
operating temperature (K), and R is the gas constant 
(8.314 J/mol K). The value of Kc is obtained from Eq. (11). 

e
c

e

q mK
C V

  (11) 

The value of qe can be formulated by the Eq. (12) 
o e

e
C C

q V
m


  (12) 

■ EXPERIMENTAL SECTION 

This research consists of four steps: preparation of 
nano-crystal cellulose, characterization of nano-crystal 
cellulose products, adsorption tests on methylene blue, 
and studies of kinetics and thermodynamics of the 
adsorption process, which refers to the previous research 
[25]. 

Materials 

Nano-crystal cellulose, with oil palm trunk as raw 
material, has been prepared according to a method 
described in our previous research [20-21]. Briefly, the 
nano-crystal cellulose was synthesized by a sequential 
process of alkaline treatment, bleaching, hydrolysis, and 
sonication. Meanwhile, methylene blue (solid powder, 
Merck) was used as the parent material for the adsorbate 
solution in the adsorption test. 

Instrumentation 

The concentration of methylene blue on the 
adsorption test was measured using the PG Instruments 
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T60 UV-Vis Spectrophotometer at the wavelength 643 nm. 

Procedure 

Adsorption data were collected using a batch test. 
This test consists of two parts, kinetic studies, and 
thermodynamic studies. 

Batch adsorption for kinetics studies 
Firstly, adsorbent (0.08 g of nano-crystal cellulose) 

and methylene blue samples (300 mL of solution at 
concentrations 1, 2, and 3 mg/L) were prepared. The 
adsorbent was then put into an Erlenmeyer with 
methylene blue solution. The Erlenmeyer was stirred 
using a magnetic stirrer (varied at 100, 200, and 300 rpm). 
Every 20 min aliquot sample (5 mL) was taken to measure 
the value of the methylene blue concentration with a UV-
Vis Spectrophotometer. 

Batch adsorption for thermodynamic studies 
For thermodynamic studies, 300 mL of 3 mg/L 

methylene blue solution was used as the liquid sample. A 
sample of nano-crystal cellulose (0.08 g) was used to 
adsorb the methylene blue. The adsorption was 
conducted for 2 h at varying temperatures (303, 308, 313, 
and 318 K). After adsorption, 5 mL of the sample was 
taken to analyze the final concentration of methylene blue 
using a UV-Vis Spectrophotometer. 

■ RESULTS AND DISCUSSION 

Result of Analysis and Characterization of Nano-
Crystal Cellulose Product 

Nano-crystal cellulose product as adsorbent has 
been characterized by several methods. Chesson analysis 
was used to determine its chemical composition. FTIR 
spectra have been conducted and it confirmed the loss and 
appearance of functional groups before and after 
adsorption. Meanwhile, SEM and TEM were carried out 
to analyze the morphology of the nano-crystal that have 
been made. The SEM and TEM results confirmed the shape 
of nano-crystal cellulose resembled needles. In addition, 
the XRD result indicated an increase in the degree of 
crystallization of the product. The BET method was used 
to determine the surface area with the result of the surface 
area is 77.369 m2/g, and SAA confirm the size of the nano-
crystal of cellulose that has been made with the size of the 

product ranging from 1.407 to 98.56 nm. These results 
have been discussed in our previous works [21,25]. 

Effects of Stirring Speed on Adsorption on 
Methylene Blue 

The study adsorption was performed at room 
temperature, pH 9, with 300 mL solution and 0.08 g of 
adsorbent. The stirring variation was 100, 200, and  
300 rpm. The stirring variation was also done at the 
variation of methylene blue of 1, 2, and 3 mg/L. The 
result of the adsorption process can be seen in Fig. 1. 

The stirring can help the spread (mobility) of the 
adsorbent into the solution [26-28]. Thus, the faster the 
stirring, the higher the decolorization percentage in 
methylene blue. Besides, the faster the stirring, the 
smaller the resistance of the adsorbate to the adsorbent. 
Therefore, the faster the stirring, the smaller the final 
concentration [29]. 

Other factors that are dominant in the adsorption 
process are the internal surface area of the adsorbent, the 
distribution of pores, and the addition of active groups 
to the adsorbent [30]. Surface diffusivity is a function of 
surface loading [31]. The pore distribution will be 
proportional to the large surface area of the adsorbent. 
The greater the surface area, the greater the diffusivity of 
a compound and will increase the adsorption capacity. 
Specifically for cellulose nano-crystals, the dominant 
effect of an active group significantly affects the 
adsorption process, especially the addition of anionic 
groups to increase the electrostatic bond that occurs 
with methylene blue. 

As shown in Fig. 1, there was a significant decrease 
in the methylene blue concentration for the first 20 min. 
However, it tends to stagnant from 40 to 120 min, 
indicating a decrease in the effectiveness of the 
adsorption process. A single layer of adsorbate may be 
formed on the adsorbent surface. Once this layer is 
formed, the adsorption rate decreases. This monolayer 
indicated that one active site could only be occupied by 
one molecule [32]. The lower adsorption rate is due to a 
decrease in the number of vacant active sites on the 
adsorbent. It also indicates a reduced availability of 
active sites for further adsorption until it reaches 
equilibrium [33]. The conclusion that a single or double  
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Fig 1. The study of adsorption of methylene blue at various concentrations (a) 1 mg/L, (b) 2 mg/L, and (c) 3 mg/L 

 
layer is formed on the graph produced in the study 
whenever the short adsorption time produces a graphic 
pattern that reads saturated is possible to conclude that 
the layer on the adsorbent is a single layer. In contrast, for 
the double layer it can be concluded during the adsorption 
process experience a saturation point in an extended period. 

Effects of Initial Concentration on the Adsorption 
of Methylene Blue 

Besides the stirring factor, the initial concentration 
of methylene blue also affects the mass transfer of 
methylene blue adsorption to nano-crystal cellulose [34-

35]. Research on the effect of the initial concentration of 
adsorbate on various adsorbents has yielded uniform 
conclusions. Deepak and co-workers in their study on 
the adsorption of methylene blue using activated carbon 
adsorbent from Ficus carica bast mentioned that an 
increase in efficiency of methylene blue removal is 
proportional to the increase in the initial concentration 
of methylene blue [36]. Hence, a higher initial 
concentration gave a higher driving force to resolve the 
solid-liquid mass transfer resistance. Meanwhile, at a 
very low concentration, there will be a vacant active site 
on the surface of the adsorbent that is not occupied by 
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the adsorbate molecule. It can be interpreted as a decrease 
in the adsorption capacity of the system. In addition, if an 
increase of initial concentration exceeds the optimum 
point, the active site on the surface of the adsorbent will 
decrease to slow down the adsorption process. 

The graph of the methylene blue concentration 
variation on the adsorption capacity (mg/g) can be seen 
in Fig. 2. The figure shows the effect of the initial 
concentration of methylene blue with various stirring 
speeds on adsorption capacity. Generally, it can be 
concluded that the greater the initial concentration used, 
the higher the value of the adsorption capacity. This 
situation occurs with stirring speeds of 100, 200, and 300 
rpm. The greater initial concentration gives a significant 

driving force to pass through the mass transfer resistance 
between the liquid (methylene blue) and the solid as 
nano-crystal cellulose [37]. At large concentrations of 
methylene blue, the amount of site nano-crystal cellulose 
may not be sufficient to absorb methylene blue 
molecules, causing a decrease in the percentage of color 
removal in the adsorption process. 

The adsorption mechanism begins when methylene 
blue molecules reach the boundary layer and then diffuse 
to the adsorbent's surface. The molecules further diffuse 
to the interior of the adsorbent. As shown in Fig. 2, the 
phenomenon of methylene blue being adsorbed by the 
surface of the nano-crystal cellulose takes a relatively 
long time. 

 
Fig 2. Adsorption capacity (a) 100 rpm, (b) 200 rpm, and (c) 300 rpm 
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Isotherms and Kinetics Studies 

The kinetics study aims to identify the adsorption 
rate constant (k) value to achieve equilibrium [38]. The 
value of the adsorption rate constant (kc) and the adsorption 
equilibrium constant was obtained using the Henry, 
Langmuir and Freundlich model equation approach. The 
results can be seen in Table 1. In addition, a comparison 
of simulation data of maximum adsorption capacity (qm) 
and the experimental ones was presented in Table 2. 

Table 1 indicates that stirring speed does not affect 
the value of the constant adsorption rate (kc). The kc value 
has no significant differences at 100, 200, and 300 rpm. 
This trend was observed for all three models. 
Furthermore, the proposed models have an SSE (sum 
square of errors) value of approximately 0. The three 
models can be considered suitable for the phenomenon of 
methylene blue adsorption using nano-crystal cellulose. 

Among the three models, The SSE value in the 
Freundlich model is the smallest. However, the qm data 
of the Freundlich model (Table 2) were inconsistent with 
the experimental data. The Henry model's qm data also 
differed significantly from the experimental ones. 
Overall, Table 2 suggested that the fittest model of the 
MB adsorption was the Langmuir model, in which the 
adsorption capacity tends to increase when the initial 
concentration of methylene blue is higher [33,39]. 

The Langmuir isotherm model is an adsorption 
kinetics model commonly used to describe complex 
adsorption mechanisms. This model adequately 
describes the adsorption of methylene blue by nano-
crystal cellulose. The adsorption mechanism relies not 
only on the adsorbent's pores but on the presence of 
hydrogen bonds and Van der Waals interactions that 
occur to achieve stability. In this adsorption mechanism,  

Table 1. Adsorption rate constants (kc) at the stirring speeds of 100, 200, and 300 rpm on varied concentrations of 
methylene blue (1, 2 and 3 mg/L) 

MB 
concentration 

Stirring speed 
(rpm)  

Henry model Langmuir model Freundlich model 
kc Kd SSE kc KL SSE kc Kf SSE 

1 mg/L 100 0.0013 4.4870 0.0040 0.0007 3.056 0.0206 0.0016 11.78 0.0006 
200 0.0019 8.3402 0.0009 0.0930 2.662 0.0419 0.0089 9.265 0.0432 
300 0.0028 7.8611 0.0036 0.0100 2.743 0.0174 0.0028 8.628 0.0036 

2 mg/L 100 0.0012 4.2190 0.0117 0.0012 3.362 0.0139 0.0018 6.668 0.0106 
200 0.0026 6.2668 0.3127 0.0102 1.000 0.5250 0.0013 11.66 0.1444 
300 0.0029 4.9792 0.2157 0.0102 1.000 0.5250 0.0012 13.54 0.039 

3 mg/L 100 0.0021 3.7576 0.0371 0.0009 2.782 0.1122 0.0007 8.122 0.018 
200 0.0015 4.3399 0.1850 0.0014 4.369 0.1791 0.0014 3.585 0.018 
300 0.0026 5.1870 0.2492 0.0130 4.560 0.0231 0.0016 6.446 0.018 

Table 2. Maximum adsorption capacity data (qm) at the stirring speeds of 100, 200, and 300 rpm on varied 
concentrations of methylene blue (1, 2 and 3 mg/L) 

MB 
concentration 

Stirring speed 
(rpm) Henry model Langmuir model Freundlich model Experimental 

data 
1 mg/L 100 1.9163 7.8620 9.4240 7.0254 

200 2.6250 8.3540 7.4120 7.0438 
300 2.6250 8.3990 6.9024 7.0596 

2 mg/L 100 6.3750 5.2130 5.3344 7.3914 
200 6.3750 8.9470 9.3280 7.7127 
300 6.3750 8.8760 10.8320 7.7258 

3 mg/L 100 10.1250 7.6070 6.4976 7.8865 
200 10.1250 5.9100 2.8680 7.9418 
300 10.1250 8.5900 5.1568 8.0155 
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the hydrogen bond is characterized by the presence of 
hydrogen from the nano-crystal cellulose hydroxyl group, 
which binds the nitrogen element of methylene blue. The 
Van der Waals force is characterized by dipole ion 
interactions and electrostatic interactions. 

The Langmuir isotherm model is a suitable model to 
describe the chemical adsorption mechanism. It is 
indicated by the visible adsorption mechanism, namely 
the monolayer [40]. This monolayer surface illustrates 
that the adsorption is carried out by an active site, and one 
active site can be occupied by one molecule only [41]. 

The Langmuir isotherm model for the methylene 
blue adsorption process using nano-crystal cellulose was 

also confirmed in several studies, such as the adsorption 
of methylene blue from nano-crystal cellulose made by 
the TEMPO [42] method. In addition, the model was 
also appropriate for the adsorption of nano-crystal 
cellulose on various organic dyes, such as methylene 
blue, methyl orange, rhodamine B, and crystal violet. 
The adsorption of methylene blue adsorption using 
nano-crystal cellulose-alginate hydrogel on a fixed-bed 
column also followed the model [43]. 

Based on the isotherm study, the layer of nano-
crystal cellulose produced is a monolayer. To maximize 
the removal of methylene blue from a solution by using 
cellulose nano-crystal based on the layer formed, another 

 
Fig 3. Fitting results (a) Henry model, (b) Langmuir model, (c) Freundlich model 
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active group, which is anionic, can help the binding of 
methylene blue (which is cationic). In chemical 
adsorption, the k value on surface interactions tends to be 
low. It indicates that the limiting step in the methylene 
blue adsorption mechanism using nano-crystal cellulose 
does not depend on diffusion but on surface interactions. 
The results of fitting each model to the sample with the 
lowest SSE can be seen in Fig. 3. 

Thermodynamic Study 

The parameters used for thermodynamic studies are 
changes in standard enthalpy (ΔH°), entropy (ΔS°), and 
standard free energy (ΔG°) resulting from the transfer of 
moles of solute from solution to the solid-liquid surface. 
Thermodynamic studies were carried out on 3 mg/L of 
methylene blue with a stirring speed of 300 rpm at a pH 
of 9. 

The thermodynamic study was tested at various 
temperatures to determine the value of Gibbs energy 
produced by the adsorption process, and the results can 
be seen in Table 3. 

The study was conducted at 303, 308, 313, and 318 
K and presented in Table 3. The increased temperature 
from 303 to 308 K indicates an increase in the adsorption 
capacity from 10.3389 mg/g to 10.3802 mg/g. Based on the 
data presented, the temperature increase causes an 
increase in the adsorption capacity due to the swelling of 
the internal structure of the nano-crystal cellulose, which 
allows methylene blue to penetrate further [44]. However, 
when the temperature was increased to 313 and 318 K, 
there was a slight decrease in the adsorption capacity. An 
increase in temperature can reduce the surface area value 
of nano-crystal cellulose [45]. Decreasing the adsorbent 
area reduces the adsorption site for methylene blue. 
According to Tang et al. [46], the greater operating 
temperature of the adsorption test can reduce the pore 
width and decrease the diffusion of methylene blue tested 
on flakes-shaped nano-crystal cellulose. Besides, the 
hydroxyl groups in the cellulose crystal nanostructures 
are bound in hydrogen bonds at higher temperatures due 
to the larger capillary force so that the cellulose crystal 
nano molecules are close to each other. 

The higher the temperature, the lower the final 
absorbed concentration of methylene blue. The lower the 

final adsorbed methylene blue concentration, the higher 
the adsorption capacity (mg/g). It indicates that the 
nature of the adsorption process is endothermic. A 
higher operating temperature causes an increase in the 
adsorption capacity by diffusing the intraparticle of 
methylene blue molecules into the adsorbent pores. 
Based on the Table 3, when the temperature was 
increased to 313 and 318 K, the value of the adsorption 
capacity decreased as a result of the weakening of the 
hydrogen and hydroxyl bonds in nano-crystals cellulose 
due to increased molecular motion. Exothermic 
conditions by increasing the operating temperature in 
this study are quite possible to optimize the adsorption 
process. However, the operating temperature must be 
controlled to avoid the agglomeration of nano-crystal 
cellulose, leading to an increase in nano-crystalline 
cellulose's particle size. The obtained data became the 
basis for creating the graph with ln Kc as the y-axis and 
1/T as the x-axis (see Fig. 4). 

Based on the calculation, the value of ΔH° is 
0.00742 kJ/mol. It confirms that the adsorption process 
is endothermic. The value of ΔS° is 0.7758 kJ/mol K, and 
based on the enthalpy and entropy values, the ΔG° value 
reaches −242.81 kJ/mol.  It  shows  the  feasibility  of  the  

Table 3. Calculation of thermodynamic studies 
Temperature (K) Ce (mg/L) qe (mg/g) Kc 

303 0.311 10.3389 5.541 
308 0.300 10.3802 5.767 
313 0.305 10.3614 5.661 
318 0.309 10.3464 1.724 

 
Fig 4. Graph ln Kc vs 1/T 
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process and the spontaneous process of methylene blue 
adsorption by nano-crystal cellulose [47]. 

Based on the experimental results, an important 
parameter that can maximize the adsorption of methylene 
blue in a solution is to set the agitator rotation at a higher 
rpm, and operate at a temperature of 313 K. Raising the 
temperature above the standard temperature, in this case, 
can help stretch the internal structure of nano-crystal 
cellulose. Conditions can be optimized by increasing the 
surface area of the adsorbent by reducing the size of the 
cellulose nano-crystals produced. The larger the surface 
area of the adsorbent, the more adsorbate can be adsorbed 
on the pore structure, and also attached to the nano-
crystal cellulose bonds, which have more active functional 
groups. 

■ CONCLUSION 

The kinetic study showed that the surface 
interaction was the limiting step in the methylene blue 
adsorption mechanism. Meanwhile, the thermodynamic 
study concluded that the adsorption process was 
spontaneous and endothermic. The appropriate model 
for the adsorption is the Langmuir isotherm model. 
Overall, methylene blue adsorption using nano-crystal 
cellulose followed the chemical adsorption type. 
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 Abstract: The sorption mechanism of hexavalent chromium sorption on eucalyptus 
barks was evaluated as a function of solution pH for different adsorbent dosages, surface 
coverage, and the amount of adsorbent. The chromium retention was evaluated based on 
the distribution coefficient (D), and this retention is attributed to 𝐻𝐶𝑟𝑂ସ

ି species, which is 
predominant between pH 1 and 6.5. The biosorption of Cr(VI) ions onto barks achieved at 
pH 2.0 in the highest sorbet conditions corresponding to [Cr(VI)] = 10–5 mol (V = 100 mL) 
is examined for various surface coverage. The surface complexes formed between 
chromate and eucalyptus barks were found to be > S (HCrO4) and > S (CrO4). 
Logarithmic stability for log K1–1 and the log K10 values of the complexes were measured 
and found to be -5.93 in acidic medium and -0.76 in alkaline medium, respectively. 
Pointed out that the adsorption of Cr(VI) on eucalyptus bark was greater than 90% in all 
cases, Cr(VI) recovery is strongly acidic dependent and shows maximum retention, for 
various sorbent amounts, at pH around 2, and this retention is attributed to 𝐻𝐶𝑟𝑂ସ

ି 
species, which is predominant between pH 1 and 6.5, the morphological surface of 
eucalyptus barks were examined by Scanning Electron Microscope (SEM) connected to a 
micro analyzer EDS. 

Keywords: chromium(VI); eucalyptus barks; surface complexes; adsorption; surface 
charge 

 
■ INTRODUCTION 

Heavy metals (HM) are among the most toxic 
elements introduced into aquatic systems as a result of 
natural or industrial processes. The rising use of HM, 
which are soluble, persistent, and non-biodegradable, is 
associated with environmental pollution through 
effluents. Chromium is significantly introduced into the 
aquatic medium from various industrial activities, 
including alloying, plating, corrosion inhibition, tanning, 
and pigments [1-3]. Trivalent chromium (Cr(III)) and 
hexavalent chromium (Cr(VI)) are the most 
preponderant in soils and aquatic environments [4-5]. 

Generally, Cr(III) is reported to be not harmful, 
insoluble Cr(OH)3 at pH typical of groundwater and 
complexed by organic matter. On the other hand, Cr(VI) 

is more toxic, highly mobile in soil and groundwater, 
persistent, and non-biodegradable. This species prevails 
in the form of chromate (CrOସ

ଶି) and dichromate 
(CrଶO଻

ଶି) can precipitate with divalent cations. 
Hexavalent chromium is ranked among the metals of 
public health concern; hence, it is severely controlled in 
environmental management. Usually, Cr(VI) anion 
species are badly sorbed by the negatively charged soil 
particles and, consequently, can be transferred to the 
aqueous environments [6-8]. Therefore, total chromium 
in drinking water with a maximum contamination level 
of 50 μg/L was taken into account when adjusting Cr(VI) 
discharged into the environment. Consequently, the 
presence of this species in drinking water is regulated 
through the total chromium, whose maximum 
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contaminant Level is 50 μg/L. Cr(VI) recommended 
maximal permissible limit (MPL) in the surface water is 
regulated to 2 mg/L and to 0.1 mg/L in drinking water [9-
13]. Naturally occurring Cr(VI) is found in ground and 
surface waters at values above 50 μg/L [6,14]. To meet 
these environmental standards/regulations, effluents and 
metal-polluted water must be treated prior to discharge 
into freshwater. The elimination of Hexavalent 
chromium ions from wastewater becomes an absolute 
necessity. The conventional methods used for this 
purpose are precipitation, coagulation, electroplating, ion 
exchange, adsorption, liquid-liquid extraction, and ion 
exchange processes. The adsorption route is an efficient 
method for hexavalent chromium removal due to its 
simplicity, availability of various adsorbents, and 
convenience for lower heavy metals contamination [15-
17]. Efficient sorbents such as granular activated carbon 
show low chromium uptake due to their anionic nature 
associated with strong hydration. 

However, the biosorption process appears as a 
potential alternative for detoxification and metal recovery 
from industrial wastewater. This technique achieved by 
different biosorbents has received considerable interest in 
water treatment for the uptake of trace metals, in 
particular, hexavalent chromium. Biosorption has emerged 
as a potential technique and promising alternative to a 
conventional method for environmental clean-up using 
waste biomass. These advantages include availability, 
regeneration, short operation time, and no chemical 
sludge [4,18-21]. One can note that more than one process 
is implicated in the sorption operation, which is performed 
by combining adsorption, ion exchange, and micro 
precipitation process. Thus, complex interactions are 
involved in biosorption, and optimal physicochemical 
parameters are determined using numerical calculations 
combining mathematical and statistical models [15,22]. 
As suggested, understanding the sorption mechanisms 
requires the distribution of functional groups of binding 
sites, depending on time and pH suspensions. In this case, 
global sorptions combining various reactions make the 
overall kinetic model more complicated to evaluate [23]. 
To avoid this dilemma, the sorption phenomenon is 

studied at even time intervals over the process duration 
[24]. 

Biomass materials have strong metal binding 
power due to various surface functional groups, such as 
hydroxyl, alkyl, carbonyl, sulfhydryl, amino, and 
phosphate groups. Bark, as a lingo cellulosic residue, is 
predominantly utilized in thermal energy production 
[24]. For this material, uronic acid units with both 
carbonyl and carboxylic acid functional groups and 
phenolic groups are the active sites involved in metal 
sorption, mainly governed by surface complexation 
[23,25]. Indeed, it is reported that the eucalyptus barks 
exhibit a caves-like, rough, and irregular surface 
morphology with active groups that are mainly 
composed of carboxylic acid (–COOH), followed by 
Hydroxyl (–OH) and amine groups (–NH2). The 
carboxyl and hydroxyl groups are H+ exchangers, while 
the other groups are OH– exchangers [26-28]. 

Mechanisms of Cr(VI) sorption is rather complex 
process, including chemisorption and ion exchange. 
Removal of this metal with various biosorbents is found 
to be dependent on pH solution. As a result, the sorption 
of anion species is controlled mainly by surface exchange 
reactions. Further insertions occurring in the 
unavailability of active sites are considered to be due to 
diffusion into the biomass system. In addition, 
unidentified mechanisms may also be involved in 
biosorption, and which definition is suggested to 
require, firstly, the characterization of the functional 
groups. Generally, the rate of hexavalent chromium 
sorption is strongly pH-dependent and rises with a 
decrease in medium acidity. The optimum pH for 
sorption of Cr(VI) ranges from 1 to 3 [29]. Indeed, the 
biosorption process of Cr(VI) is strongly dependent on 
the suspension acidity and is more dependent on pH. 
Optimal uptake conditions are achieved at pH ranging 
from 1 to 3. From the distribution diagram of 
chromium, acid chromate (HCrOସ

ି) is the prevailing 
species in these optimal sorption conditions. As a result, 
this sorption technique is more convenient for acid 
effluent clean-up [9,18,30-33]. 

Nevertheless, some studies report maximum Cr(VI)  
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biosorption at relatively higher pH ranging from 5.5 to 6.2 
[34-35]. The adsorption mechanisms occurring between 
Cr(VI) anions and biosorbents are due to predominantly 
the electrostatic interactions and exchange of proton ions 
with biosorbent surface [9,36]. Several biomasses are used 
to remove metals from an aqueous solution, including 
bacteria, algae, fungi, olive waste, cassia, and neem barks. 
While various kinetic models are successfully used to fit 
biosorbent sorption, the chemical reaction mechanism is 
nevertheless required for the whole description of this 
process [9,20]. For bark sorbents, extensive studies are 
mainly dealing with the kinetic removals of cationic 
metals whose maximum uptake is rapidly occurring 
within the first 5–10 min. For Cr(VI), this maximum is 
reached at a minimum duration explored of 30 min 
[4,25]. Assessment of the most suitable sorption 
equilibrium model needs optimization of the various 
physicochemical parameters such as initial Cr(VI) 
concentration, adsorbent dose, contact time, and pH. For 
this purpose, mathematical and statistical models are 
developed to evaluate the main influent parameters on 
this process involving complex interactions [37]. 
Comparing these models with mass transfer rate is often 
found to best fit with Freundlich and Langmuir models 
[38]. 

The regeneration of biosorbent is a primordial 
operation for the successful use of biosorption technology. 
Therefore, total metal elution is more required for 
biomass reutilization in biosorption cycles. After seven 
adsorption-desorption cycles, full regeneration is 
achieved with 0.1 M HCl, and Cr(VI) adsorption capacity 
remains similar to the initial value. Thus, the main 
objective of the present study is to investigate the sorption 
mechanism of Cr(VI) sorption on eucalyptus barks using 
column mode. For this purpose, Cr(VI) removal is 
performed to examine the effect of contact time and 
biomass dosage. 

■ EXPERIMENTAL SECTION 

Materials 

All reagents are of analytical grade obtained from 
Sigma Aldrich and used without further purification. 
Stock metal solutions of Cr(VI) (10–4 M) were prepared by 

dissolving suitable amounts of potassium bichromate 
(K2Cr2O7, 99%). Chemicals used were sodium hydroxide 
(NaOH, 99%), nitric acid (HNO3, 99%), hydrochloric 
acid (37%), sodium chloride (NaCl, 99%), phosphatic 
acid solution (H3PO4, 85%), and all chemicals were used 
without further purification. The acidity of this 
suspension is adjusted using a 0.1 M solution of HNO3 
or NaOH for all experiments, we used High quality of 
distilled water. 

Instrumentation 

Morphological surface features were examined by 
applying Jeol JSM-IT100 In TouchScopeTM Scanning 
Electron Microscope (SEM) connected to a 
microanalyzer EDS [39]. Analysis of the dosage of 
chromium(VI) is carried out in the aqueous phases 
before and after adsorption by a (EPA 7196A) UV-
Visible spectrophotometer. 

Procedure 

Preparation of biosorbent 
The eucalyptus barks are washed, air dried, milled, 

and then crushed between 40 and 60 mesh. To avoid 
coloration release, the biosorbent is suspended 
successively in a 2 M caustic solution and 1.4 M 
phosphoric acid for 4 h at 80 °C. The adsorption studies 
are conducted with a fixed-bed process. A given amount 
of adsorbent is placed in a glass column with an internal 
diameter of 8 mm and a length of 40 cm. Fig. 1 shows the 
biosorbent appearance before and after initial 
preparation. 

The effect of pH is investigated in the elute medium 
for biomass suspension of 1.0, 1.5, and 2.0 g/L. The 
acidity of this suspension is adjusted using a 0.1 M 
solution of HNO3 or NaOH. An aliquot of 5.0 mL of the 
supernatants is filtered, and the chromium concentration 
is determined using the 1,5-diphenylcarbazide (EPA 
7196A) spectrophotometry method. The distribution 
coefficient (D), which is the ratio of Cr(VI) concentrations 
in solid and aqueous phases, is evaluated chromium 
retention. One can note that the eluted solution is 
discarded for successive volumes of 10 mL. The 
Adsorption of Cr(VI) ions by the biosorbent, eucalyptus 
barks, is examined according to the pH, the contact time,  
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Fig 1. Raw eucalyptus barks material before and after initial preparation 

 
Fig 2. Surface images and EDX analysis of eucalyptus bark obtained by SEM (a) sample extracted with water only  
(b) eucalyptus bark in the presence of Cr(VI) 
 
the suspension, and the mass of the biosorbent. The effect 
of pH on the partition of Cr(VI) between the solution and 
the solid phase is examined for various contact times 40. 

Adsorption studies are carried out at room 
temperature as a function of pH and adsorbent dosage 
(m). Potassium dichromate solution (1 × 10–4 M) is 
channeled into the column at a flow rate of 5 mL/min, 
corresponding to 5 × 10–7 mol/min of Cr(VI). 

■ RESULTS AND DISCUSSION 

Surface Morphology of Eucalyptus Barks 

The surface morphology of eucalyptus bark samples 
is studied by the scanning electron microscopy (SEM) 
technique. Fig. 2 shows the SEM micrograph and its  
 

energy-dispersive X-ray spectroscopy (EDX) images 
obtained with 1000× magnification and a scale bar of 
20 μm. SEM images of the eucalyptus barks before and 
after Cr(VI) sorption are shown in Fig. 2; a comparison 
of these micrographs before and after Cr(VI) sorption 
shows that the adsorption of Cr(VI) occurs on the 
surface of the eucalyptus barks. 

To examine the morphology of eucalyptus barks, 
SEM was applied, and the image is shown in Fig. 2; it is 
shown that the eucalyptus bark surface is porous and 
composed of (a), (b). 

EDX analysis results of the eucalyptus barks with 
water only and in the presence of chromium(VI). As 
evident in Table 1 and Table 2. 
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Table 1. EDX results of the eucalyptus barks 
Elements symbol Mass% Atom% 

C 
O 
Cl 
K 

51.97 
44.85 

0.97 
2.20 

59.98 
38.86 

0.38 
0.78 

Table 2. EDX results of the eucalyptus barks in the 
presence of chromium(VI) 

Elements symbol Mass% Atom% 
C 56.19 63.21 
O 40.91 34.24 
Cr 2.53 0.79 

Effect of pH on Chromium Adsorption 

The effect of pH on chromium uptake was examined 
for different adsorbent dosages. As can be seen from Fig. 
3 that the logarithmic variations of D decrease with 
increasing equilibrium pH. As found previously, Cr(VI) 
recovery is strongly acidic dependent and shows maximum 
retention, for various sorbent amounts, at pH around 2. 
As a consequence, this retention is attributed to HCrOସ

ି  
 

species that are predominant between pH 1 and 6.5 [40]. 
As shown, log D in the function of pH variations 

are best fitted (R² > 95%) with second-order equations 
that are typical of anionic adsorption behavior, with a 
decreasing distribution coefficient when the pH is 
increased. The decrease in anionic adsorption by 
increasing pH was suggested to be due to competitive  
–OH uptake and electrostatic repulsion [41]. Generally, 
it is assumed that the uptake of the weak acid is optimal 
at a pH value around its dissociation constant or near the 
Point of Zero Charge (PZC) of surface sorbent materials. 
For eucalyptus barks, PZC is found to be equal to 5.5 [42]. 

Therefore, electrostatic attraction of Cr(VI) to 
positively charged adsorbent sites prevails in the acidic 
medium of pH lower than. The variation in the removal 
efficiency with pH is linked, essentially, to hydrogen 
chromate (HCrOସ

ି) species, predominating in an aqueous 
medium of pH lower than pKa2 = 6.5. The value of y ൌ
ஔ୪୭୥ୈ

ஔ୮ୌ
 which ranges between 0.0 and -0.3, means that both 

electrostatic and chemical sorption mechanisms are 
occurring. 

 
Fig 3. Variations of log D in the function of pH were obtained for various volumes of 1.0 × 10−4 M Cr(VI) solutions at 
sorbent m = 1.0, 1.5, and 2.0 g/L. The flow rate is 5 × 10−7 mol/min of Cr(VI), which corresponds to 5 mL/min 
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The reuse of the bisorbent is tested in optimal 
conditions by regenerating the barks in 0.1 M NaOH 
solution. The results obtained show that the recovered 
adsorbent is reusable over more than seven cycles. 
Generally, it is assumed not possible to differentiate 
between these mechanisms [43]. The adsorption is highly 
dependent on the pH of the aqueous suspension; the 
Cr(VI) retention is maximal at low pH values. As a result, 
the eucalyptus barks are more suitable for Cr(VI) removal 
from acidic mediums such as chromium plating effluent, 
tannery effluent, and electroplating effluent, whose pH 
range between 1.0 and 2.2 [44]. Fig. 4 shows log D = f(n) 
obtained for various suspension amounts. 

Experiment results show that the adsorption 
increases with the increasing sorbent mass. The lower 
slope value of about 0.2 of the obtained straight line 
reveals that the sorption of about 20% of Cr(VI) is carried 
out through the chemisorptions process. As shown 
previously, the predominant physical adsorption occurs 
by strong electrostatic interactions and Van Der Waals 
forces between the metal anion and the positively charged 
active sorption sites [46-47]. 

The slopes ஔ୪୭୥ୈ

ஔ୬
 are varying between 5.8 × 10–8 and 

9.3 × 10–8. At a lower “n” (the mol chromium in eluate) 
value, adsorption efficiency increases slightly with 
sorbent amount. As discussed before, the biosorption of 
the oxyanion depends on the surface coverage (biosorbent 
dosage or sorbet/sorbent ratio). Indeed, a more 
pronounced effect of biosorbent dosage is observed at 
higher chromium coverage [45]. 

The biosorption of hexavalent chromium ions onto 
barks was achieved at pH 2.0 in the highest sorbet 
conditions corresponding to n = 10–5 mol (V = 100 mL) is 
examined for various surface coverage. The results are 
shown in Fig. 5. 

Fig. 6 shows the variations of the pH corresponding 
to 50% (pH50%) of chromium adsorption carried out with 
various surface coverage (n/m). 

Obtained results show that the slopes of pH50% in the 
function of ( ୬

୫
) curves are rising with sorbent amounts. At 

given “m” (sorbent amount), pH50% increases with surface 
coverage to reach maximal value (pH50%) max, which 
decreases as ( ୬

୫
)  continue to rise. Indeed, (pH50%)  max of  

 
Fig 4. Variations of log D in the function of n obtained 
at pH = 2.0 for suspension mass of 1.0, 1.5, and 2.0 g/L 
at a flow rate of 5 × 10−7 mol/min of Cr(VI), which 
corresponds to 5 mL/min 

 
Fig 5. Variations of log D in the function of log m 
obtained at pH 2.0 at a flow rate of 5 × 10−7 mol/min of 
Cr(VI), which corresponds to 5 mL/min 

 
Fig 6. Variations of pH50% in the function of (୬

୫
) 

about 4, 5, and 6 are reached at surface coverage of 1.0 × 
10–5, 6.7 × 10–6, and 5.0 × 10–6, respectively. 

Chromium(VI) Adsorption Reactions 

The distribution of chromium between sorbate 
and sorbent phases is expressed as a Cr(VI) biosorption 
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isotherms. These isotherms are often used to define the 
relationship between the mass of the sorbate and the mass 
of the sorbent. Several isotherm models are successfully 
used to analyze data of Cr(VI) biosorption. Nevertheless, 
the adsorption reactions are slightly, or not described. 
Recently, it has been shown that these reactions could be 
quantified from the logarithmic variation of the D, with 
equilibrium pH [48]. 

The variation in the sorption efficiency with the pH 
of the solution is correlated with the protonation and 
deprotonation reactions of both HCrOସ

ି anion and surface 
groups (൐ SOHതതതതതതതതത). 
These reactions can be expressed in Eq. (1) and (2): 
൐ SOHതതതതതതതതത ൅ Hା ↔ ൐ SOHଶ

ା തതതതതതതതതതത;  Kା (1) 
൐ SOHതതതതതതതതത ↔൐ SOିതതതതതതതത ൅ Hା ;      Kି (2) 

Considering that surface complexes are 
monodentate and taking into account that y ൌ

ஔ୪୭୥ୈ

ஔ୮ୌ
 was 

varying between -0.3 and 0, the adsorption reaction of 
hexavalent chromium on barks is expressed in Eq. (3): 
൐ SOHതതതതതതതതത ൅ HCrOସ

ି ↔൐ SOHሺHCrOସሻHି୷
ሺି୷ିଵሻାതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതത

൅ yHା െ 1 ൑ y ൑

0 ; K୷ (3) 
H–1 and H1 designate H+ and OH–, respectively. 

This notation allows to write:  
Hିଵ ൅  Hଵ ↔ HଶO; (4) 
The surface complexation constant can be expressed in 
Eq. (5): 
K୷ ൌ

ൣவୗ୓ୌሺୌେ୰୓ర
షሻୌష౯൧തതതതതതതതതതതതതതതതതതതതതതതതതതതതሾୌశሿ౯

ሾவୗ୓ୌതതതതതതതതതሿሾୌେ୰୓ర
షሿ

; (5) 
To simplify, the surface charge is omitted. 
The distribution coefficient is expressed in Eq. (6): 
D ൌ

ൣவୗ୓ୌሺୌେ୰୓ర
షሻୌష౯൧തതതതതതതതതതതതതതതതതതതതതതതതതതതത

ሾୌେ୰୓ర
షሿ

; (6) 
The used sorbent concentration is considered to be 
ሾ൐ SOHതതതതതതതതതሿ ൌ m (g/L) that it is obtained: 
logD ൌ logK୷ ൅  logm ൅ ypH; (7) 

Surface Complexes 

The slope analysis method of log D = f(pH) 
variations was used to define the nature of the surface 
complex noted as C୷ ≡൐ SOHሺHCrOସሻHି୷

തതതതതതതതതതതതതതതതതതതതതതതതത; Fig. 7 shows 
│y│ ൌ ሾሺ

ஔ୪୭୥ୈ

ஔ୮ୌ
ሻ୫ሿ ൌ fሺpHሻ graphs achieved for various 

sorbent mass and sorbet/sorbent ratio. 
As it is indicated in Fig. 7, chromium ions, sorption 

exhibited differences in shape and surface complexes. 
Slopes different from zero were achieved at low surface 
coverage corresponding to m = 1.0 and 1.5 g/L, while for  

 
Fig 7. Variations of y ൌ ሺ

ஔ୪୭୥ୈ

ஔ୮ୌ
ሻ୫ in the function of pH obtained at various amounts (n(i)) of Cr(VI); n(i) = i × 10−6 mol 
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m = 2.0 g/L. This result was observed for n(i) greater than 
4 × 10–6 mol. The decimal value of H3O+ (y) stoichiometry 
coefficient is due to a partial exchange reaction which is 
combined with physisorption retention [25]. 

Indeed, at pH around 2, no more than 25% of 
chromium uptake is found to be occurring through a 
chemical exchange process. These results agreed with the 
previous study, suggesting that adsorption equilibrium 
associated with eucalyptus barks sorbents was mainly 
controlled by mass transfer and intraparticle diffusion 
processes. The common intersection point observed for a 
low sorbent mass of 1.0 g/L corresponds to the PZC found 
previously and which is 5.5. For this bark concentration, 
the retention mechanism of spontaneous nature 
occurring at pH 5.5 is more convenient for rapid 
chromium adsorption, as found before [42]. 
I taking this result into account, log D can be expressed in 
general as: 
logD ൌ logK୷ ൅ logm ൅ ypH (7) 

It is important to note that at pH 2, similar values of 
about 0.2 are obtained for │ሺ

ஔ୪୭୥ୈ

ஔ୮ୌ
ሻ୫│ and ሺஔ୪୭୥ୈ

ஔ୪୭୥୫
ሻ୮ୌ. This 

would suggest that two sorption processes corresponding 
to y = 0 and -1 may contribute to the overall Cr(VI) 
retention. Therefore, we can conclude that chromium 
adsorption onto eucalyptus barks consists of 
physisorption and chemical adsorption due to the 
prevailing surface complexes described according to the 
following reactions:  
൐ SOHതതതതതതതതത ൅ HCrOସ

ି ↔൐ SCrOସ
ିതതതതതതതതതതതതത ൅ HଶO; y ൌ 0; K଴  (8a) 

൐ SOHതതതതതതതതത ൅ HCrOସ
ି ൅ Hା ↔ ൐ SOHሺHCrOସሻHଵ

തതതതതതതതതതതതതതതതതതതതതതത   ↔ ൐ SሺHCrOସሻതതതതതതതതതതതതതതതത ൅
HଶO;   y ൌ െ1 (9a) 
These equilibria could also be expressed in Eq. (8b): 
൐ 𝐒𝐎𝐇𝟐

ାതതതതതതതതതതത ൅ 𝐇𝐂𝐫𝐎𝟒
ି  ↔ ൐ 𝐒𝐎𝐇𝟐

ା, 𝐇𝐂𝐫𝐎𝟒
ିതതതതതതതതതതതതതതതതതതതതത ; 𝐲 ൌ 𝟎 (8b) 

൐ SOHതതതതതതതതത ൅ HCrOସ
ି ↔൐ SOHଶ

ା, CrOସ
ୀതതതതതതതതതതതതതതതതതതതത 

൐ 𝐒𝐎𝐇തതതതതതതതത ൅ 𝐇𝐂𝐫𝐎𝟒
ି ↔൐ 𝐒ሺ𝐇𝐂𝐫𝐎𝟒ሻതതതതതതതതതതതതതതതത ൅ 𝐎𝐇ି; 𝐲 ൌ െ𝟏; 𝐊ି𝟏 (9b) 

Considering |y| also the fraction 1OH– (Hydroxyl ion) 
exchange reactions, the partition equilibrium is: 
(1-|y|)(൐ 𝐒𝐎𝐇തതതതതതതതത ൅ 𝐇𝐂𝐫𝐎𝟒

ି  ↔ ൐ ሺ𝐒𝐂𝐫𝐎𝟒ሻିതതതതതതതതതതതതതതതത ൅ 𝐇𝟐𝐎 ; 𝐊𝟎ሻ  (10) 
(|y|)(൐ 𝐒𝐎𝐇തതതതതതതതത ൅ 𝐇𝐂𝐫𝐎𝟒

ି  ↔ ൐ 𝑺𝑯𝑪𝒓𝐎𝟒തതതതതതതതതതതതതത  ൅ 𝐎𝐇ି  ;  𝐊ି𝟏ሻ  (11) 
The global adsorption reaction was: 
൐ SOHതതതതതതതതത ൅ HCrOସ

ି ↔ ൐ SOHሺHCrOସሻHି୷
ሺି୷ିଵሻାതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതത

൅ yHା ≡

൐ SሺHି୷CrOସሻ୷ିଵതതതതതതതതതതതതതതതതതതതതതതത െ yOHି ൅ ሺ1 ൅ yሻHଶO ;  y ൌ 0, െ1 ;  K୷ሻ  (12) 
The apparent constants (Ky) is given by Eq. (13) and (14): 

K୷ ൌ K଴
ሺଵି୶ሻKଵ

୶  (13) 
logK୷ ൌ ሺ1 െ xሻlogK଴ ൅ xlogKଵ    (14) 

Equilibrium Constants 

The log (D) in the function of pH variations (Fig. 3) 
could also be shaped (R² > 95%) with straight lines 
showing, for m = 1.0 g/L, slopes ranging from -0.2 to  
-0.06. From the obtained results, it can be shown that the 
plots of log Ky in the function of y shown in Fig. 8 are 
linear in all examined conditions. The effect of pH and 
mass of sorbent on Cr(VI) sorption is described by Eq. 
(7): 
logD ൌ logK୷ ൅ logm ൅ ypH (7) 
The apparent constant (Kap) of the overall equilibrium is 
given in the following equations in Eq. (15) and (16): 
Kୟ୮ ൌ ሺK଴ሻሺଵି|୷|ሻሺKିଵሻ|୷|  (15) 
logKୟ୮ ൌ ሺ1 െ |y|ሻlogK଴ ൅ |y|logKିଵ  (16) 
logKୟ୮ ൌ logK଴ ൅ |y|ሺlogKିଵ െ logK଴ሻ 
logK଴ ൌ െ0.76;  logKିଵ െ logK଴ ൌ െ5.17;  logKିଵ ൌ െ5.93  

Kap value could be obtained experimentally and is 
variable, depending on the pH and the surface charge. 
As a result, the constants K0 and K–1 are the intersect and 
the slope of the linear plots of log Kap in the function of 
y, respectively. For y = -1, which corresponds to OH– 
release, Eq. (17) is obtained: 
logKୟ୮ ൌ logKିଵ  (17) 

The constants K0 and K–1 are respectively obtained 
from the intercept and the gradient of the linear plot of 
log Kap versus ’y’. The logarithmic values are log K0 = 
−0.76 ± 0.13 and log K−1 = −5.93 ± 0.13. 

The changes of log Kap in the function of y have to 
do with the contribution of the electrostatic effect Kcol, 
which is related to surface potential [49]. 

 
Fig 8. Variations of log Kap in the function of y obtained 
at m = 1.0 g/L 
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According to Eq. (18): 
LnK௖௢௟ ൌ െ

│୷│୊ஏబ

ୖ୘
  (18) 

Ψ0 is the surface potential, and R (8.314), T (273 + 20), 
and F (96500) are the gas constant, absolute temperature, 
and Faraday constant, respectively. 

The intrinsic adsorption reaction which was 
predominating in an acidic medium is of electrostatic 
nature (8b). As a consequence, the coulombic effect is 
determined by using the following equation obtained for 
y = −1: 

LnK௖௢௟ ൌ LnK଴ ൌ െ
FΨ଴

RT
→ Ψ଴ ൌ െ

RT
F

LnK଴ ൌ 0.025165x0.76V

ൌ 0.0191V  
Ψ଴ ൌ 19.1mV  (19) 

Weak Van der Waals forces contribute to physical 
adsorption, and its activation energy is not higher than 
the chemical sorption. 
Kୟ୮ ൌ K଴ ሺKୡ୭୪ሻିଵ  (20) 
For x = 1 we obtain: 
Kିଵ ൌ Kଵ଴ ሺKୡ୭୪ሻିଵ → logKିଵ ൌ logK଴ െ LnKୡ୭୪ → LnKୡ୭୪

ൌ logK଴ െ logKିଵ ൌ െ0.76 ൅ 5.93 ൌ 5.17 
Moreover, Cr(VI) removal using modified 

biomaterials such as activated carbon from tamarind 
wood and coconut shell, phosphate-treated sawdust, 
coconut husk, palm pressed fibers, oil palm endocarp, and 
Leucaena leucocephala waste sawdust was documented 
[35]. However, many of these readily available adsorbents 
showed a limit of adsorption capacity and could not be 
reused (Table 3). Therefore, it is always interesting to 
search for new low-cost adsorbents suitable for practical  
 

application in a large-scale operation. 

Response Surface Analysis 

The mathematical models for the chrome, Cr(VI), 
surface complexes with eucalyptus barks were used to 
build response surfaces and determine the process's 
optimal conditions. 3D response surfaces plots for the 
significant interaction. 

Fig. 9 presents the For the chrome, Cr(VI), surface 
complexes with eucalyptus barks, the most significant 
interactions were the m, pH, V, and log (D). Fig. 9(a) 
indicates that the chrome number increased with the 
increase of activation D and m ratio with decreased pH; 
Fig. 9(b) shows that the chrome number increased with 
the increase of the impregnation ratio and decrease of 
activation time when the volume is fixed at 90 mL. The 
most significant interaction for the V 90 mL index was 
log D and activation pH. From Fig. 9(b), it can be observed 
that the chrome index increased with the increase of the 
activation log D and the pH. The maximal chrome index 
response was obtained at the volume of 10 mL. 

For the V 10 mL index, the same significant 
interactions are found in the insertion of chrome, 
including log D and pH. From Fig. 9(c), it can be 
observed that the chrome insertion increased with the 
increase of the m and log D. The maximal chrome 
responses were obtained at a volume of 10 mL. Fig. 9(c) 
shows that the sodium increased with decreased log D 
and decreased pH in case the volume is fixed at 10 mL. 

Table 3. The adsorption capacity of eucalyptus barks to the other published low-cost adsorbents for Cr(VI) removal 

Adsorbent Maximum Cr(VI) 
concentration (mg/L) 

pH Adsorption 
capacity (mg/g) 

Reference 

Eucalyptus barks 200 2 3.940 This study for Cr(VI) 
Mixed waste tea 250 2 94.34 [50] 
Coffee ground 250 2 87.72 [50] 
Peanut shell 100 4 8.31 [51] 
Coconut shell charcoal 25 4 10.38 [51] 
Treated waste newspaper 50 3 59.88 [52] 
Walnut shell 100 2 40.83 [53] 
Fertilizer industry waste 100 4 15.24 [54] 
Rice husk 100 2 13.1 [55] 
Tamarind hull-based 50 2 81 [56] 
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Fig 9. Surface response plots for the chrome, Cr(VI) surface complexes with eucalyptus bark surface response plots 

 
■ CONCLUSION 

Thorough research was done on the adsorption of 
hexavalent chromium Cr(VI) on eucalyptus barks. The 
sorption mechanism was evaluated as a function of 
solution pH for different adsorbent dosages, surface 
coverage, and the amount of adsorbent. The chromium 
retention is evaluated by the distribution coefficient D. It 
is obviously seen from obtained variations at a given 
suspension mass (m) that Cr(VI) adsorption is strongly 
volume-dependent and increases with an increase in n. 
The slopes ஔ୪୭୥ୈ

ஔ୬
 are varying between 5.8 × 10−8 and 9.3 × 

10−8. At a lower n value, adsorption efficiency increases 

slightly with sorbent amount. As discussed before, the 
biosorption of the oxyanion is dependent on the surface 
coverage. The study of log D = f(pH) experimental data, 
the Cr(VI) retention is maximal at low pH values.  As a 
consequence, this retention is attributed to HCrOସ

ି 
species which are predominant between pH 1 and 6.5. 
Therefore, eucalyptus bark exhibited high adsorption 
capacity for Cr(VI). 
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 Abstract: A new series of azetidinone (Z2a-Z2e, Z2g), thiazolidinone and 
selenazolidinone derivatives (Z2B, Z2E, Z2B', Z2E') based on sulfonamide have been 
synthesized and characterized by different instrumental techniques, such as elemental 
analyses, FTIR, multinuclear NMR (1H, 13C) and mass spectrometry. The tested 
compound containing selenium (Z2E') was less toxic than its analogs containing sulfur 
(Z2E) based on the LD50 value determined by Dixon's up and down method. All 
compounds showed antibacterial properties, however, Z2E' was more active against 
Gram-negative bacteria: Escherichia coli and Pseudomonas aeruginosa than Gram-
positive ones: Streptococcus aureus and Bacillus, with the lowest MIC value of 5 mg/mL. 
All compounds showed good antioxidant activity at a lower rate than the standard 
compound BHT (82%). More precisely, Z2b was the main compound that possess strong 
activity as an antioxidant (73%). MTT viability assay showed that all tested compounds 
had cytotoxic effects on MCF-7 cells after 72 h of treatment. Our results revealed that Z2E' 
and Z2E compounds possessed strong activity (IC50 = 24.8 and 90.9 μg/mL, respectively) 
against MCF-7 cells at a higher rate than the standard compound 5-FU (IC50 = 97.47 
μg/mL). Our results indicated that Z2E' had a promising bioactive scaffold of great 
medicinal interest due to their numerous pharmacological and biological activities. 

Keywords: 2-azetidinone; 4-thiazolidinone; 4-selenazolidinone; sulfonamide; 
biochemical activities 

 
■ INTRODUCTION 

Sulfonamides are the first effective 
chemotherapeutic agents used for bacterial disease in 
humans. They are widely used for prophylaxis and 
treatment of bacterial infections although they are 
bacteriostatic rather than bactericidal. Their value lies in 
the ability to slow down or prevent growth in wounds or 
infected organs without appreciable toxicity to normal 
tissues [1]. A large number of sulfonamide derivatives 
have been synthesized, which made it possible to establish 
a correlation between specific structural characteristics 
and the antimicrobial activity of newly synthesized 
molecules. A free aromatic NH2 group in the para 
position, relative to the sulfonamide group, is essential for 
the activity of sulfonamides [2]. The presence of the 
additional substituent in the ortho and meta position of 
the benzene ring reduces the sulfonamide activity. On the 

other hand, the N1-monosubstituted derivatives of 
sulfanilamide produce active compounds. The activity 
degree of such compounds increased by introducing 
heteroaromatic substituents. The introduction of 
various substituents resulted in the products with 
different physicochemical, pharmacokinetic (a degree of 
protein binding, metabolism, excretion), and 
pharmacodynamic properties [3]. Recent studies 
demonstrated that sulfonamides are active to prevent 
cancerous cells [4]. 2-Azetidinones (β-lactams) are 
saturated four-membered ring heterocyclic compounds 
containing three carbon atoms, a nitrogen atom, and a 
carbonyl group [5]. The name ''β-Lactam'' is given to 
cyclic amides because the nitrogen atom is associated 
with the β-carbon atom relative to the carbonyl group. 

2-Azetidinones, a structural unit found in the most 
widely used antibiotics [6], have occupied a basic 



Indones. J. Chem., 2022, 22 (4), 979 - 1001    

 

Zainab Kadhim Al-Khazragie et al.   
 

980 

position in medicinal chemistry for almost a century now. 
The microbe's basic position in medicinal chemistry for 
almost a century now. With the microbes responding to 
the traditional antibiotics through β-lactamases, the need 
for novel antibiotics prevails, making the synthesis of 
newer β-lactams ever more important. In addition to their 
use as antibiotics, 2-azetidinones are increasingly being 
used as synthons for other biologically important 
molecules [7-10]. 2-Azetidinones have been found to act 
as cholesterol acyl transferase inhibitors, thrombin 
inhibitors, human cytomegalovirus protease inhibitors, 
matrix metalloprotease inhibitors, cysteine protease, and 
apoptosis inductors [6]. The biological activity is usually 
associated with the nature of the groups linked to N-1, C-
3, and C-4 of the 2-azetidinone molecules [11]. 2-
Azetidinone derivatives containing β-lactam nucleus have 
a wide range of pharmaceutical activity and have become 
an integral part of the chemotherapeutic arsenal available 
to today's medical practitioners [12]. 

Thiazolidinones (or selenazolidinones) are 
thiazolidine (or selenazolidine) derivatives and have an 
atom of sulfur (or selenium) at position 1, an atom of 
nitrogen at position 3 and a carbonyl group at position 4 
[13-14]. However, thiazolidinone derivatives belong to 
the most frequently studied moieties and its presence in 
penicillin was the first recognition of its occurrence in 
nature [15]. Thiazo- and selenazolidine-4-ones are an 
important class of compounds in organic and medicinal 
chemistry [16-17]. The 4-thiazolidinone or 4-
selenazolidinone ring system is a core structure in various 
synthetic pharmaceutical agents, displaying a broad 
spectrum of biological activities such as antitubercular, 
antibacterial, anti-inflammatory, antioxidant agents, 
antiviral agents, especially as anti-HIV agents, and their 
use as anticancer drugs [13,18-20]. They received 
considerable attention during the last two decades as they 
are gifted with a variety of activities and have a wide range 
of therapeutic properties [16-17]. 

In the present work, we synthesized a new series of 
2-azetidinone, 4-thiazolidinone and 4-selenazolidinone 
derivatives through cycloaddition reaction of imines with 
ketene, thioglycolic acid and 2-selenoglycolic acid, 
respectively. The compounds were studied in vivo acute 

toxicity, antioxidant, antibacterial, and anticancer 
activity. 

■ EXPERIMENTAL SECTION 

Materials 

All the chemicals and solvents used were of 
analytical grade supplied from BDH, Fluka, USP, Merck, 
MOLBASE and Aldrich. 2-Chloroquinoline-3-
carbaldehyde, p-toluenesulphonic acid (PTSA), 2-
amino-4-chlorobenzenesulfonamide, sulfamerazine, 
sulfisoxazole, sulfamethazine, sulfathiazole, 
sulfanilamide, chloroacetylchloride, thioglycolic acid, 
and zinc chloride (ZnCl2) as well as butylated hydroxyl 
toluene (BHT) were obtained from Sigma-Aldrich. 2-
Seleno-glycolic acid and β-carotene were supplied from 
MOLBASE and USP respectively. Tween-20 
(Polyoxyethylene (20) sorbitan monolaurate), linoleic 
acid, 1,4-dioxane and dimethylformamide were 
obtained from Fluka. Sodium azide, triethylamine, 
Na2SO4 and NaHCO3 from Merck. Sulfuric acid, 
ethanol, acetone, methanol, and chloroform were 
obtained from BDH. Thin-layer chromatography (TLC) 
was carried out by using an aluminium sheet coated with 
silica gel 60F254 (Merck), iodine and ultraviolet (UV) 
light was used for visualized TLC plates. 

Instrumentation 

The FTIR spectra as KBr discs were recorded in the 
range 4000–400 cm–1 using a Shimadzu FT-IR model 
8400s instrument. The experimental values of 1H and 
13C-NMR spectra for the studied compounds were 
obtained in a Brucker spectrophotometer (400 and 75 
MHz, respectively) and using DMSO-d6 as a solvent and 
TMS as an internal standard (Central Laboratory, 
University of Tehran, Iran). The mass spectra were 
measured by the EI technique at 70 eV using an Agilent 
Technologies 5975C spectrometer. Elemental analysis 
(C,H,N,S) was calculated using CHNS-932 LECO 
apparatus. Melting points were determined with a 
Bauchi 510 melting point apparatus and are uncorrected. 

Synthesis 
The compound tetrazolo[1,5-a]quinoline-4-

carbaldehyde (2) was prepared and characterized as 
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previously described in the literature [21]. This 
compound gave satisfactory elemental analysis and 
spectroscopic data, and they are not reported. The 
synthetic procedure for the preparation of compound (2) 
is presented in Scheme 1. 

Synthesis of sulfonamide imines (2a-2e, 2g) 
The following general method was used to prepare 

compounds 2a-2e and 2g according to the literature 
method [21]. An equimolar quantity of sulfonamide 

derivatives (2-amino-4-chlorobenzenesulfonamide  
(5 mmol, 1.03 g), sulfamerazine (5 mmol, 1.32 g), 
sulfisoxazole (5 mmol, 1.34 g), sulfamethazine (5 mmol, 
1.4 g), sulfathiazole (5 mmol, 1.3 g) sulfanilamide (5 
mmol, 0.861 g) and tetrazolo[1,5-a]quinoline-4-
carbaldehyde (2) (5 mmol, 0.99 g) were dissolved in a 25 
mL of ethanol, then a catalytic amount of concentrated 
H2SO4 (2 drops) was added and the reaction mixture 
refluxed for about 6–10 h, the progress of the reaction was  

H2SO4 (conc.)

Reflux in EtOH 
for 8 10 h

R = , ,,
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, ,
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N
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Scheme 1. Synthesis of 2-azetidinones, 4-thiazolidinones and 4-selenazolidinones 
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monitored by TLC using ethyl acetate/n-hexane (v/v 2:8) 
as eluent and UV light as appearance, the resulted 
compounds were obtained by pouring the reaction 
mixture onto crushed ice. The precipitated solids were 
filtered off from the reaction mixture and washed with 
cold water, dried, followed by recrystallized in ethanol to 
get the target compounds. The synthetic procedures for 
the preparation of compounds (2a-2e and 2g) are 
presented in Scheme 1. 
4-Chloro-2-((tetrazolo[1,5-a]quinolin-4-ylmethylene) 
amino)benzenesulfonamide (2a). Pale yellow powder; 
yield: 63%; Rf: 0.90; m.p: 218–222 °C; Elemental analysis 
for C16H11ClN6O2S (386.82 g/mol); Calcd: C, 49.68; H, 
2.87; N, 21.73; S, 8.29. Found: C, 49.71; H, 2.89; N, 21.69; 
S, 8.24. IR (KBr) cm–1: 3344 νstr.(NH2, asymmetrical), 3178 
νstr.(NH2, symmetrical), 1654 ν(C=N, tetrazole ring), 1600 
ν(CH=N), 1500–1473 ν(C=C), 1323 νstr.(SO2, 
asymmetrical), 1168 νstr.(SO2, symmetrical), 1249 ν(N-
N=N, tetrazole ring), 952 ν(S-N), 860 ν(C-Cl), 632 νstr.(C-
S, sulfonamide); 1H-NMR (400 MHz, DMSO-d6) 
(δ/ppm): 8.68 (d, 1H, J = 12 Hz, Ar-H), 8.58 (s, 1H, 
CH=N), 8.35 (s, 1H, pyridine-H), 8.08 (t, 1H, J1 = 8, J2 = 
12 Hz, Ar-H), 8.01 (s, 1H, Ar-H), 7.88 (t, 1H, J1 = J2 = 12 
Hz, Ar-H), 7.66 (d, 1H, J = 12 Hz, Ar-H), 7.07 (s, 2H, 
NH2), 6.89 (d, 1H, J = 16 Hz, Ar-H), 6.60 (d, 1H, J = 16 
Hz, Ar-H). 
N-(4-Methylpyrimidin-2-yl)-4-((tetrazolo[1,5-a]quino 
line-4-ylmethylene)amino)benzenesulfonamide (2b). 
Yellow powder; yield: 91%; Rf: 0.86; m.p: 232–234 °C; 
Elemental analysis for C21H16N8O2S (444.47 g/mol); 
Calcd: C, 56.75; H, 3.63; N, 25.21; S, 7.21. Found: C, 56.72; 
H, 3.59; N, 25.25; S, 7.18. IR (KBr) cm–1: 3225 ν(N-H), 
1631 ν(C=N, tetrazole, pyrimidine ring), 1589 ν(CH=N), 
1465–1496 ν(C=C), 1323 νstr.(SO2, asymmetrical), 1153 
νstr.(SO2, symmetrical), 1278 ν(N-N=N, tetrazole ring), 
979 ν(S-N), 678 νstr.(C-S, sulfonamide); 1H-NMR (400 
MHz, DMSO-d6) (δ/ppm): 12.06 (s, 1H, NH), 8.60 (s, 1H, 
CH=N), 8.54 (t, 1H, J1 = J2 = 4 Hz, Ar-H), 8.40 (d, 1H, J = 
4 Hz, pyrimidine-H), 8.30 (d, 1H, J = 12 Hz, Ar-H), 8.08 
(s, 1H, pyridine-H), 7.97 (t, 1H, J1 = 8, J2 = 12 Hz, Ar-H), 
7.83 (d, 2H, J = 12 Hz, Ar-H), 7.23 (d, 2H, J = 4 Hz, Ar-
H), 7.08 (t, 1H, J1 = J2 = 8 Hz, Ar-H), 6.67 (d, 1H, J = 20 
Hz, pyrimidine-H), 2.10 (s, 3H, CH3). 

N-(3,4-Dimethylisoxazol-5-yl)-4-((tetrazolo[1,5-a]qui 
nolin-4-ylmethylene)amino)benzenesulfonamide 
(2c). Yellow crystals; yield: 60%; Rf: 0.91; m.p: 190–193 
°C; Elemental analysis for C21H17N7O3S (447.47 g/mol); 
Calcd: C, 56.37; H, 3.83; N, 21.91; S, 7.17. Found: C, 
56.41; H, 3.86; N, 21.88; S, 7.19. IR (KBr) cm–1: 3383 ν(N-
H), 2924 ν(CH, asymmetrical, aliph.), 2854 ν(CH, 
symmetrical, aliph.), 1651 ν(C=N, tetrazole, isoxazole 
ring), 1597 ν(CH=N), 1462–1531 ν(C=C), 1338 νstr.(SO2, 
asymmetrical), 1161 νstr.(SO2, symmetrical), 1253 ν(N-
N=N, tetrazole ring), 875 ν(S-N), 671 νstr.(C-S, 
sulfonamide); 1H-NMR (400 MHz, DMSO-d6) (δ/ppm): 
12.25 (s, 1H, NH), 9.02 (s, 1H, CH=N), 8.86 (s, 1H, 
pyridine-H), 8.69 (d, 1H, J = 8 Hz, Ar-H), 8.47 (d, 1H, J 
= 8 Hz, Ar-H), 8.15 (t, 1H, J1 = 8, J2 = 12 Hz, Ar-H), 7.92 
(t, 1H, J1 = 12, J2 = 8 Hz, Ar-H), 7.60 (d, 2H, J = 8 Hz, Ar-
H), 7.45 (d, 2H, J = 12 Hz, Ar-H), 2.10 (s, 3H, CH3), 1.58 
(s, 3H, CH3). 
N-(4,6-Dimethylpyrimidin-2-yl)-4-((tetrazolo[1,5-a] 
4uinoline-4-ylmethylene)amino)benzenesulfonami 
de (2d). Pale orange powder; yield: 59%; Rf: 0.67; m.p: 
276–278 °C; Elemental analysis for C22H18N8O2S (458.50 
g/mol); Calcd: C, 57.63; H, 3.96; N, 24.44; S, 6.99. Found: 
C, 57.59; H, 3.98; N, 24.41; S, 7.03. IR (KBr) cm–1: 3352 
ν(N-H), 1662, 1643 ν(C=N, tetrazole, pyrimidine ring), 
1593 ν(CH=N), 1469–1500 ν(C=C), 1338 νstr.(SO2, 
asymmetrical), 1149 νstr.(SO2, symmetrical), 1253 ν(N-
N=N, tetrazole ring), 914 ν(S-N), 678 νstr.(C-S, 
sulfonamide); 1H-NMR (400 MHz, DMSO-d6) (δ/ppm): 
10.68 (s, 1H, NH), 9.01 (s, 1H, CH=N), 7.92 (d, 1H, J = 
10 Hz, Ar-H), 7.68 (s, 1H, pyridine-H),7.44 (t, 1H, J1 = J2 
= 5 Hz, Ar-H), 7.25 (dd, 2H, J = 20 Hz, Ar-H), 7.18 (t, 
1H, J1 = J2 = 5 Hz, Ar-H), 6.86 (d, 1H, J = 5 Hz, Ar-H), 
6.75 (dd, 2H, J = 10 Hz, Ar-H), 6.60 (s, 1H, pyrimidine-
H), 3.03 (s, 6H, 2CH3). 
4-((Tetrazolo[1,5-a]quinolin-4-ylmethylene)amino)- 
N-(thiazol-2-yl)benzenesulfonamide (2e). Dark 
yellow crystals; yield: 90%; Rf: 0.91; m.p: 204–205 °C; 
Elemental analysis for C19H13N7O2S2 (435.48 g/mol); 
Calcd: C, 52.40; H, 3.01; N, 22.51; S, 14.73. Found: C, 
52.38; H, 2.98; N, 22.54; S, 14.71. IR (KBr) cm–1: 3379 
ν(N-H), 2920 ν(CH, asymmetrical, aliph.), 2850 ν(CH, 
symmetrical, aliph.), 1651 ν(C=N, tetrazole, thiazole 
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ring), 1608 ν(CH=N), 1419–1462 ν(C=C), 1330 νstr.(SO2, 
asymmetrical), 1168 νstr.(SO2, symmetrical), 1284 ν(N-
N=N, tetrazole ring), 925 ν(S-N), 636 νstr.(C-S, 
sulfonamide); 1H-NMR (400 MHz, DMSO-d6) (δ/ppm): 
12.86 (s, 1H, NH), 9.07 (s, 1H, CH=N), 7.97 (d, 1H, J = 12 
Hz, Ar-H), 7.83 (d, 1H, J = 12 Hz, Ar-H), 7.70 (d, 2H, J = 
12 Hz, Ar-H), 7.50 (t, 1H, J1 = 4, J2 = 8 Hz, Ar-H), 7.31 (s, 
1H, pyridine-H), 7.23 (d, 2H, J = 4 Hz, Ar-H), 7.08 (d, 1H, 
J = 12 Hz, thiazole-H), 6.90 (d, 1H, J = 8 Hz, thiazole-H), 
6.79 (t, 1H, J1 = 8, J2 = 12 Hz, Ar-H). 
4-((Tetrazolo[1,5-a]quinoline-4-ylmethylene)amino) 
benzenesulfonamide (2g). Maroon crystals; yield: 93%; 
Rf: 0.89; m.p: 192–194 °C; Elemental analysis for 
C16H12N6O2S (352.37 g/mol); Calcd: C, 54.54; H, 3.43; N, 
23.85; S, 9.10. Found: C, 54.57; H, 3.42; N, 23.89; S, 9.07. 
IR (KBr) cm–1: 3448 νstr.(NH2, asymmetrical), 3417 
νstr.(NH2, symmetrical), 2924 ν(CH, asymmetrical, aliph.), 
2854 ν(CH, symmetrical, aliph.), 1651 ν(C=N, tetrazole 
ring), 1608 ν(CH=N), 1550–1446 ν(C=C), 1334 νstr.(SO2, 
asymmetrical), 1153 νstr.(SO2, symmetrical), 1242 ν(N-
N=N, tetrazole ring), 918 ν(S-N), 690 νstr.(C-S, 
sulfonamide); 1H-NMR (400 MHz, DMSO-d6) (δ/ppm): 
8.89 (s, 1H, CH=N), 8.31 (d, 1H, J = 10 Hz, Ar-H), 8.03 (s, 
1H, pyridine-H), 7.89 (d, 1H, J = 5 Hz, Ar-H), 7.71 (dd, 
2H, J = 10 Hz, Ar-H), 7.47 (t, 1H, J1 = 10, J2 = 15 Hz, Ar-
H), 7.36 (t, 1H, J1 = J2 = 10 Hz, Ar-H), 7.10 (dd, 2H, J = 10 
Hz, Ar-H), 6.97 (s, 2H, NH2). 

Synthesis of 2-azetidinone derivatives (Z2a-Z2e, Z2g) 
A mixture of imine 2a (2 mmol, 0.77 g), 2b (2 mmol, 

0.89 g), 2c (2 mmol, 0.895 g), 2d (2 mmol, 0.92 g), 2e (2 
mmol, 0.87 g), 2g (2 mmol, 0.7g), respectively and triethyl 
amine (4 mmol, 0.40 g) were dissolved in dry 1,4-dioxane 
(25 mL), cooled at 5 °C and stirred. To this well-stirred 
cooled solution, a solution of chloroacetyl chloride (4 
mmol, 0.45 g) in dry 1,4-dioxane (25 mL) was added 
dropwise within a period of 20 min, at 5 °C with constant 
stirring. The reaction mixture was then stirred for an 
additional 8 h and left at room temperature for 48 h, and 
the solution was filtered to separate the white 
triethylamine hydrochloride salt. The filtrate was 
concentrated to half of its initial volume and then poured 
onto crushed ice. The progress of the reaction was 
monitored by TLC. The precipitated products were 

filtered, washed with cold ethanol absolute several times, 
dried in air, and recrystallized from ethanol to get the 
purified 2-azetidinones [22-23]. The Rf values of 2-
azetidinones were determined by using ethyl 
acetate:benzene (3:7) as solvent system. The synthetic 
procedures for preparing compounds (Z2a-Z2e and Z2g) 
are presented in Scheme 1. 
4-Chloro-2-(3-chloro-2-oxo-4-(tetrazolo[1,5-a]quino 
lin-4-yl)azetidin-1-yl)benzenesulfonamide (Z2a). 
White powder; yield: 54%; Rf: 0.74; m.p: 202–203 °C; 
Elemental analysis for C18H12Cl2N6O3S (463.30 g/mol); 
Calcd: C, 46.66; H, 2.61; N, 18.14; S, 6.92. Found: C, 
46.70; H, 2.63; N, 18.11; S, 6.99. IR (KBr) cm–1: 3344 
νstr.(NH2, asymmetrical), 3136 νstr.(NH2, symmetrical), 
2924 ν(CH, asymmetrical, aliph.), 2854 ν(CH, 
symmetrical, aliph.), 1701 ν(C=O, azetidin-2-one ring), 
1535 ν(C-N, azetidin-2-one ring), 1654 ν(C=N, tetrazole 
ring), 1500–1469 ν(C=C), 1319 νstr.(SO2, asymmetrical), 
1168 νstr.(SO2, symmetrical), 1226 ν(N-N=N, tetrazole 
ring), 914 ν(S-N), 860 ν(C-Cl), 636 νstr.(C-S, 
sulfonamide); 1H-NMR (300 MHz, DMSO-d6) (δ/ppm): 
8.68 (d, 1H, J = 6 Hz, Ar-H), 8.55 (s, 1H, pyridine-H), 
8.34 (d, 1H, J = 6 Hz, Ar-H), 8.00 (s, 1H, Ar-H), 7.87 (t, 
1H, J1 = J2 = 9 Hz, Ar-H), 7.62 (d, 1H, J = 9 Hz, Ar-H), 
7.04 (s, 2H, NH2), 6.88 (t, 1H, J1 = J2 = 21 Hz, Ar-H), 6.56 
(d, 1H, J = 9 Hz, Ar-H), 6.05 (d, 1H, J = 12 Hz, CH-Cl, 
2-azetidinone ring), 4.17 (dd, 1H, J = 20 Hz, CH-N, 2-
azetidinone ring); 13C-NMR (300 MHz, DMSO-d6) 
(δ/ppm): 168.72, 148.33, 140.25, 138.42, 132.36, 131.53, 
130.09, 129.81, 128.23, 125.65, 123.92, 123.14, 120.03, 
119.74, 118.83, 115.93, 60.53, 55.37; The EI-MS m/z (%): 
463 [M]+ (3.5), 431 [C18H16ClN6O3S]+ (2.5), 373 
[C18H14Cl2N4O]•+ (3.3), 314 [C18H12N5O]+ (5.2), 194 
[C9H7ClN2O]•+ (65.3), 148 [C9H10NO]+ (100). 
4-(3-Chloro-2-oxo-4-(tetrazolo[1,5-a]quinolin-4-yl) 
azetidin-1-yl)-N-(4-methylpyrimidin-2-yl)benzene 
sulfonamide (Z2b). Dark brown powder; yield: 68%; Rf: 
0.48; m.p: 240–242 °C; Elemental analysis for 
C23H17ClN8O3S (520.95 g/mol); Calcd: C, 53.03; H, 3.29; 
N, 21.51; S, 6.16. Found: C, 53.10; H, 3.28; N, 21.57; S, 
6.21. IR (KBr) cm–1: 3483 ν(N-H), 2920 ν(CH, 
asymmetrical, aliph.), 2854 ν(CH, symmetrical, aliph.), 
1697 ν(C=O, azetidin-2-one ring), 1519 ν(C-N, azetidin-
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2-one ring), 1573 ν(C=N, tetrazole ring), 1481–1435 
ν(C=C), 1334 νstr.(SO2, asymmetrical), 1161 νstr.(SO2, 
symmetrical), 1257 ν(N-N=N, tetrazole ring), 922 ν(S-N), 
821 ν(C-Cl), 663 νstr.(C-S, sulfonamide); 1H-NMR (300 
MHz, DMSO-d6) (δ/ppm): 10.69 (s, 1H, NH), 8.31 (s, 1H, 
pyridine-H), 8.00 (d, 1H, J = 9 Hz, pyrimidine ring), 7.78 
(d, 1H, J = 9 Hz, Ar-H), 7.69 (d, 2H, J = 9 Hz, Ar-H), 7.53 
(t, 1H, J1 = J2 = 9 Hz, Ar-H), 6.96 (d, 1H, J = 6 Hz, Ar-H), 
6.83 (d, 2H, J = 12 Hz, Ar-H), 6.77 (t, 1H, J1 = J2 = 9 Hz, 
Ar-H), 6.57 (d, 1H, J = 9 Hz, pyrimidine ring), 4.26 (d, 1H, 
J = 6 Hz, CH-Cl, 2-azetidinone ring), 3.02 (d, 1H, J = 15 
Hz, CH-N, 2-azetidinone ring), 1.18 (s, 3H, CH3); 13C-
NMR (300 MHz, DMSO-d6) (δ/ppm): 170.13, 158.07, 
151.98, 148.68, 144.76, 141.96, 135.82, 132.30, 130.22, 
129.90, 128.98, 126.23, 125.38, 120.68, 119.92, 119.42, 
116.73, 113.17, 61.48, 58.47, 26.72; The EI-MS m/z (%): 
522 [M]+ (1.7), 365 [C18H14ClN6O]+ (2), 225 [C9H9N2O3S]+ 
(3.4), 195 [C9H8ClN2O]+ (6.2), 148 [C9H10NO]+ (100). 
4-(3-Chloro-2-oxo-4-(tetrazolo[1,5-a]quinolin-4-yl)aze 
tidin-1-yl)-N-(3,4-dimethylisoxazol-5-yl)benzenesulfo 
namide (Z2c). Dark brown powder; yield: 42%; Rf: 0.77; 
m.p: 140–142 °C; Elemental analysis for C23H18ClN7O4S 
(523.95 g/mol); Calcd: C, 52.72; H, 3.46; N, 18.71; S, 6.12. 
Found: C, 52.80; H, 3.51; N, 18.69; S, 6.17. IR (KBr) cm–1: 
3448 ν(N-H), 2974 ν(CH, asymmetrical, aliph.), 2870 
ν(CH, symmetrical, aliph.), 1705 ν(C=O, azetidin-2-one 
ring), 1570 ν(C-N, azetidin-2-one ring), 1651, 1616 
ν(C=N, tetrazole, Isoxazole ring), 1462–1427 ν(C=C), 
1338 νstr.(SO2, asymmetrical), 1161 νstr.(SO2, 
symmetrical), 1284 ν(N-N=N, tetrazole ring), 922 ν(S-N), 
763 ν(C-Cl), 690 νstr.(C-S, sulfonamide); 1H-NMR (300 
MHz, DMSO-d6) (δ/ppm): 10.80 (s, 1H, NH), 7.93 (d, 1H, 
J = 9 Hz, Ar-H), 7.82 (s, 1H, pyridine-H), 7.77 (d, 2H, J = 
15 Hz, Ar-H), 7.69 (t, 1H, J1 = J2 = 6 Hz, Ar-H), 7.34 (t, 
1H, J1 = 6, J2 = 9 Hz, Ar-H), 6.78 (d, 1H, J = 12 Hz, Ar-H), 
6.59 (d, 2H, J = 9 Hz, Ar-H), 4.30 (d, 1H, J = 15 Hz, CH-
Cl, 2-azetidinone ring), 3.56 (d, 1H, J = 3 Hz, CH-N, 2-
azetidinone ring), 2.07 (s, 3H, CH3), 1.61 (s, 3H, CH3); 
13C-NMR (300 MHz, DMSO-d6) (δ/ppm): 172.15, 157.00, 
151.90, 149.54, 140.64, 139.62, 131.89, 131.38, 129.07, 
127.05, 123.30, 122.90, 119.45, 118.96, 118.17, 113.59, 
110.36, 65.44, 61.23, 17.24, 12.58; The EI-MS m/z (%): 523 
[M]+ (1), 413 [C18H12ClN5O3S]•+ (1), 253 [C11H13N2O3S]+ 

(35.8), 181 [C9H8ClNO]•+ (43.8), 161 [C9H11N3]•+ (100), 
135 [C8H9NO]•+ (86.9), 104 [C3H3ClNO]+ (23.4). 
4-(3-Chloro-2-oxo-4-(tetrazolo[1,5-a]quinolin-4-yl) 
azetidin-1-yl)-N-(4,6-dimethylpyrimidin-2-yl)benze 
nesulfonamide (Z2d). Pale yellow powder; yield: 47%; 
Rf: 0.56; m.p: 230–233 °C; Elemental analysis for 
C24H19ClN8O3S (534.98 g/mol); Calcd: C, 53.88; H, 3.58; 
N, 20.95; S, 5.99. Found: C, 53.91; H, 3.54; N, 20.98; S, 
6.03. IR (KBr) cm–1: 3383 ν(N-H), 2924 ν(CH, 
asymmetrical, aliph.), 2854 ν(CH, symmetrical, aliph.), 
1712 ν(C=O, azetidin-2-one ring), 1531 ν(C-N, azetidin-
2-one ring), 1658,1585 ν(C=N, tetrazole, pyrimidine 
ring), 1465–1427 ν(C=C), 1334 νstr.(SO2, asymmetrical), 
1153 νstr.(SO2, symmetrical), 1257 ν(N-N=N, tetrazole 
ring), 979 ν(S-N), 871 ν(C-Cl), 663 νstr.(C-S, 
sulfonamide); 1H-NMR (300 MHz, DMSO-d6) (δ/ppm): 
12.06 (s, 1H, NH), 8.48 (d, 1H, J = 30 Hz, Ar-H), 8.28 (s, 
1H, pyridine-H), 7.97 (d, 2H, J = 27 Hz, Ar-H), 7.79 (d, 
1H, J = 6 Hz, Ar-H), 7.51 (d, 2H, J = 9 Hz, Ar-H), 7.19 
(t, 1H, J1 = 39, J2 = 30 Hz, Ar-H), 6.87 (s, 1H, pyrimidine 
ring), 6.69 (t, 1H, J1 = J2 = 9 Hz, Ar-H), 4.22 (d, 1H, J = 9 
Hz, CH-Cl, 2-azetidinone ring), 3.40 (s, 1H, CH-N, 2-
azetidinone ring), 2.35 (s, 6H, 2CH3); 13C-NMR (300 
MHz, DMSO-d6) (δ/ppm): 169.63, 153.86, 148.05, 
140.94, 138.71, 132.43, 130.75, 129.38, 127.91, 127.65, 
124.81, 124.57, 120.13, 119.82, 118.65, 116.83, 113.74, 
61.53, 58.41, 25.32; The EI-MS m/z (%): 536 [M]+ (2.2), 
428 [C18H13ClN6O3S]•+ (1.8), 331 [C15H15N4O3S]+ (2.3), 
274 [C16H12N5]+ (51.2), 160 [C9H10N3]+ (34.4), 148 
[C9H10NO]+ (100), 93 [C6H7N]•+ (71.6). 
4-(3-Chloro-2-oxo-4-(tetrazolo[1,5-a]quinolin-4-yl) 
azetidin-1-yl)-N-(thiazol-2-yl)benzenesulfonamide 
(Z2e). Pale brown powder; yield: 77%; Rf: 0.92; m.p: 130–
133 °C; Elemental analysis for C21H14ClN7O3S2 (511.96 
g/mol); Calcd: C, 49.27; H, 2.76; N, 19.15; S, 12.53. 
Found: C, 49.22; H, 2.80; N, 19.10; S, 12.56. IR (KBr) cm–

1: 3375 ν(N-H), 2924 ν(CH, asymmetrical, aliph.), 2854 
ν(CH, symmetrical, aliph.), 1701 ν(C=O, azetidin-2-one 
ring), 1527 ν(C-N, azetidin-2-one ring), 1651,1600 
ν(C=N, tetrazole, thiazole ring), 1455–1400 ν(C=C), 
1327 νstr.(SO2, asymmetrical), 1138 νstr.(SO2, 
symmetrical), 1276 ν(N-N=N, tetrazole ring), 929 ν(S-
N), 848 ν(C-Cl), 636 νstr.(C-S, sulfonamide); 1H-NMR 
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(400 MHz, DMSO-d6) (δ/ppm): 10.68 (s, 1H, NH), 7.92 
(d, 1H, J = 4 Hz, Ar-H), 7.84 (s, 1H, 1H, pyridine-H), 7.73 
(d, 2H, J = 8 Hz, Ar-H), 7.67 (d, 1H, J = 8 Hz, Ar-H), 7.44 
(t, 1H, J1 = J2 = 4 Hz, Ar-H), 7.18 (t, 1H, J1 = J2 = 4 Hz, Ar-
H), 6.77 (d, 2H, J = 8 Hz, Ar-H), 6.74 (d, 1H, J = 4 Hz, 
thiazole ring), 6.60 (d, 1H, J = 4 Hz, thiazole ring), 4.28 (d, 
1H, J = 4 Hz, CH-Cl, 2-azetidinone ring), 3.20 (d, 1H, J = 
20 Hz, CH-N, 2-azetidinone ring); 13C-NMR (300 MHz, 
DMSO-d6) (δ/ppm): 168.48, 163.03, 152.50, 151.50, 
149.72, 147.99, 142.14, 139.31, 132.03, 128.34, 128.19, 
127.53, 124.75, 119.41, 118.51, 113.02, 111.51, 68.98, 62.47; 
The EI-MS m/z (%): 513 [M]+ (2.3), 309 [C12H11N3O3S2]•+ 
(2.8), 279 [C12H10ClN3OS]•+ (2.8), 256 [C9H10N3O2S2]+ 
(3.4), 239 [C9H7N2O2S2]+ (3.4), 105 [C7H7N]•+ (100). 
4-(3-Chloro-2-oxo-4-(tetrazolo[1,5-a]quinolin-4-yl)aze 
tidin-1-yl)benzenesulfonamide (Z2g). Pale gray 
powder; yield: 81%; Rf: 0.63; m.p: 208–210 °C; Elemental 
analysis for C18H13ClN6O3S (428.85 g/mol); Calcd: C, 
50.41; H, 3.06; N, 19.60; S, 7.48. Found: C, 50.49; H, 3.01; 
N, 19.63; S, 7.41. IR (KBr) cm–1: 3448 νstr.(NH2, 
asymmetrical), 3417 νstr.(NH2, symmetrical), 2974, 2935 
ν(CH, asymmetrical, aliph.), 1743 ν(C=O, azetidin-2-one 
ring), 1546 ν(C-N, azetidin-2-one ring), 1647 ν(C=N, 
tetrazole ring), 1477–1442 ν(C=C), 1338 νstr.(SO2, 
asymmetrical), 1157 νstr.(SO2, symmetrical), 1260 ν(N-
N=N, tetrazole ring), 914 ν(S-N), 817 ν(C-Cl), 690 νstr.(C-
S, sulfonamide); 1H-NMR (300 MHz, DMSO-d6) 
(δ/ppm): 8.02 (s, 1H, pyridine-H), 7.95 (d, 1H, J = 9 Hz, 
Ar-H), 7.69 (d, 2H, J = 9 Hz, Ar-H), 7.50 (t, 1H, J1 = 9, J2 
= 6 Hz, Ar-H), 7.00 (t, 1H, J1 = J2 = 9 Hz, Ar-H), 6.99 (s, 
2H, NH2), 6.79 (d, 1H, J = 9 Hz, Ar-H), 6.67 (d, 2H, J = 9 
Hz, Ar-H), 4.30 (d, 1H, J = 6 Hz, CH-Cl, 2-azetidinone 
ring), 3.23 (s, 1H, CH-N, 2-azetidinone ring); 13C-NMR 
(300 MHz, DMSO-d6) (δ/ppm): 169.05, 154.64, 151.12, 
142.74, 142.50, 137.64, 137.10, 134.03, 132.01, 127.84, 
127.61, 124.93, 120.49, 111.52, 56.46, 45.71; The EI-MS 
m/z (%): 429 [M]+ (1), 351 [C18H14ClN5O]•+ (1.1), 225 
[C9H9N2O3S]+ (1.2), 197 [C9H10ClN2O]+ (1.4), 149 
[C9H11NO]•+ (2.8), 86 [C4H8NO]+ (100). 

Synthesis of 4-thiazolidinone or 4-selenazolidinone 
(Z2B, Z2E, Z2B', Z2E') 

A mixture of Schiff base 2b (10 mmol, 4.4 g), 2e (10 
mmol 4.35 g) and a catalytic amount of zinc chloride (0.05 

g) in DMF (10 mL) was reacted with thioglycolic acid (20 
mmol, 1.84 g) or 2-seleno-glycolic acid (20 mmol, 2.78 
g) in DMF (10 mL). The mixture was refluxed for 12–14 
h. The reaction mixture was then poured into crushed 
ice. The separated solid was neutralized by sodium 
bicarbonate to remove excess thioglycolic acid. Solid 
compounds obtained were filtered, washed several times 
with water and recrystallized from ethanol. The 
completion of the reaction and the purity of the products 
were confirmed by the TLC using methanol:carbon 
tetrachloride (2:8) [21]. The synthetic procedures for the 
preparation of compounds (Z2B, Z2E, Z2B' and Z2E') are 
presented in Scheme 1. 
N-(4-Methylpyrimidin-2-yl)-4-(4-oxo-2-(tetrazolo[1, 
5-a]quinolin-4-yl)thiazolidin-3-yl)benzenesulfona 
mide (Z2B). Reddish orange powder; yield: 72%; Rf: 
0.81; m.p: 138–140 °C; Elemental analysis for 
C23H18N8O3S2 (518.57 g/mol); Calcd: C, 53.27; H, 3.50; N, 
21.61; S, 12.37. Found: C, 53.31; H, 3.55; N, 21.57; S, 
12.44. IR (KBr) cm–1: 3225 ν(N-H), 2924 ν(CH, 
asymmetrical, aliph.), 2854 ν(CH, symmetrical, aliph.), 
1691 ν(C=O, thiazolidinone ring), 1519 ν(C-N, 
thiazolidinone ring), 1627,1573 ν(C=N, tetrazole, 
pyrimidine ring), 1481–1438 ν(C=C), 1338 νstr.(SO2, 
asymmetrical), 1157 νstr.(SO2, symmetrical), 1273 ν(N-
N=N, tetrazole ring), 976 ν(S-N), 725 νstr.(C-S-C, 
asymmetrical), 678 νstr.(C-S-C, symmetrical), 624 νstr.(C-
S, sulfonamide); 1H-NMR (300 MHz, DMSO-d6) 
(δ/ppm): 11.24 (s, 1H, NH), 8.33 (d, 1H, J = 6 Hz, Ar-H), 
8.00 (d, 1H, J = 9 Hz, pyrimidine-H), 7.70 (t, 1H, J1 = 9, 
J2 = 3 Hz, Ar-H), 7.52 (d, 2H, J = 9 Hz, Ar-H), 6.96 (d, 
1H, J = 6 Hz, Ar-H), 6.85 (s, 1H, pyridine-H), 6.77 (t, 1H, 
J1 = J2 = 9 Hz, Ar-H), 6.76 (d, 2H, J = 9 Hz, Ar-H), 6.59 
(d, 1H, J = 9 Hz, pyrimidine-H), 6.00 (s, 1H, CH-N, 
thiazolidinone ring), 3.67 (s, 2H, CH-CO, 
thiazolidinone ring), 2.98 (s, 3H, CH3); 13C-NMR (300 
MHz, DMSO-d6) (δ/ppm): 167.87, 156.07, 151.62, 
147.28, 140.36, 132.83, 130.75, 130.12, 129.87, 128.74, 
126.63, 124.71, 124.11, 122.37, 119.43, 118.55, 115.73, 
111.96, 57.25, 33.82, 22.18; The EI-MS m/z (%): 518 [M]+ 
(1.6), 364 [C15H16N4O3S2]•+ (1.2), 272 [C12H10N5OS]+ 
(6.2), 250 [C10H10N4O2S]•+ (30.3), 147 [C5H11N2OS]+ 
(3.5), 105 [C3H7NOS]•+ (100). 
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N-(4-Methylpyrimidin-2-yl)-4-(4-oxo-2-(tetrazolo[1,5- 
a]quinolin-4-yl)-1,3-selenazolidin-3-yl)benzenesulfo 
namide (Z2B'). Maroon powder; yield: 51%; Rf: 0.51; m.p: 
194–196 °C; Elemental analysis for C23H18N8O3SSe 
(565.47 g/mol); Calcd: C, 48.85; H, 3.21; N, 19.82; S, 5.67. 
Found: C, 48.89; H, 3.18; N, 19.79; S, 5.63. IR (KBr) cm–1: 
3360 ν(N-H), 2920 ν(CH, asymmetrical, aliph.), 2854 
ν(CH, symmetrical, aliph.), 1701 ν(C=O, thiazolidinone 
ring), 1519 ν(C-N, thiazolidinone ring), 1597,1570 
ν(C=N, tetrazole, pyrimidine ring), 1481-1438 ν(C=C), 
1330 νstr.(SO2, asymmetrical), 1157 νstr.(SO2, symmetrical), 
1273 ν(N-N=N, tetrazole ring), 972 ν(S-N), 574 νstr.(C-
Se); 1H-NMR (300 MHz, DMSO-d6) (δ/ppm): 10.58 (s, 
1H, NH), 8.32 (s, 1H, pyridine-H), 7.98 (d, 1H, J = 9 Hz, 
Ar-H), 7.77 (d, 1H, J = 6 Hz, pyrimidine-H), 7.69 (d, 2H, 
J = 9 Hz, Ar-H), 7.52 (d, 1H, J = 9 Hz, Ar-H), 6.95 (t, 1H, 
J1 = 9, J2 = 6 Hz, Ar-H), 6.82 (d, 2H, J = 18 Hz, Ar-H), 6.77 
(t, 1H, J1 = 9, J2 = 6 Hz, Ar-H), 6.59 (d, 1H, J = 9 Hz, 
pyrimidine-H), 6.03 (s, 1H, CH-N, thiazolidinone ring), 
3.25 (s, 2H, CH-CO, thiazolidinone ring), 2.73 (s, 3H, 
CH3); 13C-NMR (300 MHz, DMSO-d6) (δ/ppm): 167.86, 
162.78, 157.38, 153.35, 151.60, 142.13, 138.23, 132.18, 
130.29, 129.88, 129.68, 129.35, 125.76, 123.28, 120.36, 
118.94, 115.90, 112.53, 56.19, 31.22, 29.83; The EI-MS m/z 
(%): 566 [M]+ (1.2), 407 [C18H13N6OSe]+ (0.8), 303 
[C9H9N2O3SSe]+ (1.3), 227 [C9H10NOSe]+ (30.7), 199 
[C10H9N5]•+ (51.4), 134 [C8H8NO]+ (100). 
4-(4-Oxo-2-(tetrazolo[1,5-a]quinolin-4-yl)thiazolidin- 
3-yl)-N-(thiazol-2-yl)benzenesulfonamide (Z2E). 
Brown powder; yield: 67%; Rf: 0.75; m.p: 160–162 °C; 
Elemental analysis for C21H15N7O3S3 (509.58 g/mol); 
Calcd: C, 49.50; H, 2.97; N, 19.24; S, 18.88. Found: C, 
49.56; H, 3.01; N, 19.28; S, 18.82. IR (KBr) cm–1: 3363 ν(N-
H), 2920 ν(CH, asymmetrical, aliph.), 2854 ν(CH, 
symmetrical, aliph.), 1693 ν(C=O, thiazolidinone ring), 
1535 ν(C-N, thiazolidinone ring), 1597 ν(C=N, tetrazole, 
thiazole ring), 1420 ν(C=C), 1369 νstr.(SO2, asymmetrical), 
1138 νstr.(SO2, symmetrical), 1280 ν(N-N=N, tetrazole 
ring), 929 ν(S-N), 748 νstr.(C-S-C, asymmetrical), 686 
νstr.(C-S-C, symmetrical), 628 νstr.(C-S, sulfonamide); 1H-
NMR (300 MHz, DMSO-d6) (δ/ppm): 10.55 (s, 1H, NH), 
8.90 (d, 1H, J = 9 Hz, thiazole-H), 8.32 (d, 1H, J = 6 Hz, 
Ar-H), 7.95 (s, 1H, pyridine-H), 7.73 (d, 2H, J = 9 Hz, Ar-

H), 7.44 (d, 1H, J = 9 Hz, Ar-H), 7.34 (t, 1H, J1 = 9, J2 = 
12 Hz, Ar-H), 7.11 (t, 1H, J1 = 6, J2 = 18 Hz, Ar-H), 7.10 
(d, 2H, J = 6 Hz, Ar-H), 6.75 (d, 1H, J = 6 Hz, thiazole-
H), 6.03 (s, 1H, CH-N, thiazolidinone ring), 3.03 (s, 2H, 
CH-CO, thiazolidinone ring); 13C-NMR (300 MHz, 
DMSO-d6) (δ/ppm): 170.68, 157.20, 147.03, 141.75, 
134.23, 131.93, 130.83, 130.37, 129.86, 129.69, 123.67, 
122.12, 120.30, 119.18, 115.29, 110.44, 109.16, 56.17, 
32.45; The EI-MS m/z (%): 509 [M]+ (1.4), 267 
[C10H9N3O2S2]•+ (1.8), 239 [C9H7N2O2S2]+ (2.2), 195 
[C10H5N5]•+ (5.0), 177 [C9H9N2S]+ (2.8), 86 [C3H4NS]+ 
(64), 64 [O2S]+ (100). 
4-(4-oxo-2-(tetrazolo[1,5-a]quinolin-4-yl)-1,3-selena 
zolidin-3-yl)-N-(thiazol-2-yl)benzenesulfonamide 
(Z2E'). Yellowish brown powder; yield: 58%; Rf: 0.61; 
m.p: 178–180 °C; Elemental analysis for C21H15N7O3S2Se 
(556.48 g/mol); Calcd: C, 45.33; H, 2.72; N, 17.62; S, 
11.52. Found: C, 45.31; H, 2.69; N, 17.66; S, 11.48. IR 
(KBr) cm–1: 3367 ν(N-H), 2920 ν(CH, asymmetrical, 
aliph.), 2854 ν(CH, symmetrical, aliph.), 1689 ν(C=O, 
thiazolidinone ring), 1523 ν(C-N, thiazolidinone ring), 
1600 ν(C=N, tetrazole, thiazole ring), 1431–1408 
ν(C=C), 1365 νstr.(SO2, asymmetrical), 1138 νstr.(SO2, 
symmetrical), 1276 ν(N-N=N, tetrazole ring), 933 ν(S-
N), 555 νstr.(C-Se); 1H-NMR (300 MHz, DMSO-d6) 
(δ/ppm): 10.52 (s, 1H, NH), 8.32 (d, 1H, J = 5 Hz, Ar-H), 
7.70 (s, 1H, pyridine-H), 7.37 (d, 2H, J = 10 Hz, Ar-H), 
7.29 (t, 1H, J1 = 10, J2 = 5 Hz, Ar-H), 7.24 (d, 1H, J = 10 
Hz, Ar-H), 7.06 (t, 1H, J1 = 10, J2 = 5 Hz, Ar-H), 6.70 (d, 
2H, J = 5 Hz, Ar-H), 6.56 (d, 1H, J = 10 Hz, thiazole-H), 
6.54 (d, 1H, J = 5 Hz, thiazole-H), 4.92 (s, 1H, CH-N, 
thiazolidinone ring), 3.74 (s, 2H, CH-CO, thiazolidinone 
ring); 13C-NMR (300 MHz, DMSO-d6) (δ/ppm): 173.82, 
166.23, 148.68, 144.76, 135.82, 132.30, 130.22, 129.90, 
128.98, 128.71, 125.38, 124.96, 122.86, 120.68, 119.92, 
116.73, 113.17, 58.47, 35.66; The EI-MS m/z (%): 557 [M]+ 
(1.2), 435 [C19H13N7O2S2]•+ (2.5), 320 [C12H10N5OSe]+ 
(1.2), 279 [C10H9N5Se]•+ (31.7), 239 [C9H7N2O2S2]+ (2.8), 
174 [C10H12N3]+ (60.1), 64 [O2S]+ (100). 

Biological Activity 

Acute toxicity (LD50) 
Healthy albino mice of either sex (male and female),  
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aged from 7 to 9 weeks and whose body weight ranged 
between 23–33 g, were used to study the acute toxicity of 
4-thiazolidinone (Z2E) and 4-selenazolidinone (Z2E') 
derivatives. The animals were injected intraperitoneally 
with the first dose of 500 mg/kg. The result was read death 
X or life O after 24 h and increases or decreases the 
amount of dose was constant 50 mg/kg and repeat dosing 
up or down for 4 mice after changing the result death to 
life and versa. LD50 was calculated based on the diagram 
and equation of Dixon 

50LD Xf Kd   
where Xf: the last dose, K: the interval between dose levels, 
d: the tabulated value, Table 1 [24]. 

Antibacterial activity 
The compounds (Z2B, Z2E, Z2B' and Z2E') were 

screened in vitro for antibacterial properties. The panel of 
pathogens involved Staphylococcus aureus and Bacillus as 
a Gram-positive bacterium, Escherichia coli and 
Pseudomonas aeruginosa as a Gram-negative bacterium, 
using the agar diffusion method. The antibiotic 
tetracycline was used to calibrate and compare with the 
antibacterial stuff. 0.2 mL of bacterial inoculums were 
uniformly spread using a sterile cotton swab on a sterile 
petri dish Mueller Hinton Agar (MHA). The tested 
compounds and tetracycline drug was dissolved in DMSO 
with concentrations including 1, 5, 25,125, 250, and 500 
mg/mL for each compound. 50 μL from 1–500 mg/mL 
concentrations of tested compounds and tetracycline 
were added to every well (7 mm diameter holes cut within 
the agar gel, 20 mm aside from one another). The plates 
were  incubated  for  24 h  at  36 °C ± 1 °C,  under  aerobic 

Table 1. The tabulated Dixon values 
 O OO OOO OOOO  

XOOO 0.157- 0.154- 0.154- 0.154- OXXX 
XOOX 0.878- 0.861- 0.860- 0.860- OXXO 
XOXO 0.701 0.747 0.741 0.741 OXOX 
XOXX 0.084 0.169 0.181 0.182 OXOO 
XXOO 0.305 0.372 0.380 0.381 OOXX 
XXOX 0.305- 0.169 0.144- 0.142- OOXO 
XXXO 1.288 1.500 1.544 1.549- OOOX 
XXXX 0.555 0.0897 0.985 1.000 OOOO 

 X XX XXX XXXX  
K represented serial tests started with: - 

conditions. After incubation, confluent bacterial growth 
was observed. Inhibition of the bacterial growth was 
measured in mm [25]. Furthermore, values of minimum 
inhibitory concentration (MIC) of those compounds 
[26]. The MIC was recorded because of the lowest 
concentration at which no visible growth was observed. 

Antioxidant activity 
The antioxidant activity of the azetidin-2-one (Z2a-

Z2e, Z2g), 4-thiazolidinone (Z2B, Z2E) and 4-
selenazolidinone (Z2B', Z2E') were determined 
according to the β-carotene bleaching method [27]. The 
β-carotene bleaching method is based on the loss of the 
yellow color of β-carotene because of its reaction with 
radicals formed by linoleic acid oxidation in an emulsion 
and according to previous methods [28]. A solution of 
β-carotene was prepared by dissolving 0.01 g of β-
carotene in 50 mL of chloroform. As much as 1 mL of 
this solution was then pipetted into a round-bottom 
rotary flask containing 0.02 mL of linoleic acid and  
0.2 mL of Tween-20. After removing the chloroform by 
vacuum evaporation using a rotary evaporator at room 
temperature, 50 mL of distilled water was added to the 
flask with manual shaking as the first stage. The 
emulsion (3.8 mL) was added to tubes containing 0.2 mL 
of the prepared compounds and the reference (BHT) 
compound which was prepared by dissolving 0.01 g of 
these compounds in 0.2 mL of DMSO. The absorbance 
was read at 470 nm, and the samples were then subjected 
to thermal autoxidation at 45°C in a water bath for 2 h. 
Absorbance was measured every 15 min [27]. 
Antioxidant activity (AA) was calculated as the percent 
of inhibition relative to the control using the equation 
%AA 1 [(Ai At) / (Ai * At*)] 100      
where, Ai: is the measured absorbance value of the 
sample at zero time. At: is the measured absorbance 
value of the sample after incubation 105 min at 45 °C. 
Ai*: is the measured absorbance value of control at zero 
time, At*: is the measured absorbance value of control 
after incubation 105 min at 45 °C. 

Anti-breast cancer activity 
In vitro MTT cellular viability assay. The cytotoxicity 
of samples on the MCF-7 cell line was determined by the 
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl tetrazolium 
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bromide (MTT) cell viability assay [29]. Cells at a density 
of 1 × 104 cells/mL (100 μL/well) were seeded in 96-well 
plates and incubated overnight under 5% CO2 at 37 °C, 
followed by exposure to a series of concentrations (6.25, 
12.5, 25, 50, 75, and 100 μg/mL) of the tested compounds 
(Z2E and Z2E') and 5-Fluorouracil as reference drug. At 
the same time, a group only containing culture medium 
was set as blank control. Each group had three biological 
repeats. After dosing for 72 h, the cells were washed, and 
then fresh medium (100 μL) supplemented with 28 μL of 
2 mg/mL solution of MTT was added to each well. After 
incubated in the dark for 2 h at 37 °C, removing the MTT 
solution and the crystals remaining in the wells were 
solubilized by adding 100 μL of DMSO followed by 37 °C 
incubation for 15 min with shaking [30]. The optical 
density at 620 (OD620) of each well was measured by a 
plate reader (Synergy H4: Bio-Tek, Winooski, VT, USA). 
The results are presented as mean ± standard deviation 
(SD). The survival rate of control cells treated without the 
tested compounds was 100%. Cell viability was calculated 
using the following equation 

dosing cell OD blank ODCell viability(%) 100
control cell OD blank OD


 


 

Acridine orange/Ethidium bromide staining. 
Morphological apoptosis of MCF-7 cells treated with 
different concentrations of the newly prepared compounds 
(Z2E and Z2E') and standard (5-Fluorouracil) were assessed 
using an acridine orange/ethidium bromide (AO/EB) 
staining kit (Solarbio, Beijing, China, Cat No. CA1140). 
The density of 1 × 104 MCF-7 cells/mL was plated in 6-
well plates (1 mL/well) and incubated overnight. The 
medium was replaced with the tested compounds-
containing 6.25, 12.5, 25, 50, 75, and 100 μg/mL medium 
and incubated for 48 h under the same conditions 
mentioned before. Cells were washed with PBS and 
stained with AO/EB solution (20 μL AO/EB freshly mixed 
solution of equal volume in 1 mL PBS) for 2–3 min in the 
dark. After the successive washes, the fluorescent images 
were taken with an inverted fluorescence microscope 
(Olympus Corporation, Beijing, China) [31]. 

■ RESULTS AND DISCUSSION 

The  2-azetidinone  (Z2a-Z2e, Z2g),  4-thiazolidinone  

(Z2B, Z2E) and 4-selenazolidinone (Z2B', Z2E') 
compounds were prepared via reaction of imines with 
ketene, thioglycolic acid, and 2-selenoglycolic acid, 
respectively. The prepared thiazolidin-4-ones and 
selenazolidine-4-one are obtained as solid compounds, 
often melting with decomposition but the attachment of 
an alkyl group to the nitrogen lowered its melting point 
compared to the β-Lactam compounds. 2-Azetidinones, 
1,3-thiazolidin-4-ones and 1,3-selenazolidine-4-ones 
are stable in air, and they are soluble in most polar 
solvents. The suggested mechanisms for preparing a 2-
azetidinone and thiazo- or selenazolidin-4-one ring are 
shown in Scheme 2. Also, the existence of interactive 
unsaturated ketone group in 2-azetidinones and thiazo- 
or selenazolidin-4-one are accountable for their 
biological activities [32]. The elemental analysis results 
C, H, N, and S of the studied compounds are in 
agreement with the theoretical values. 

Spectroscopic Analysis 

Infrared spectra (FTIR) 
All the infrared spectra of the compounds were 

characterized by a medium to a weak band at 1226– 
1284 cm–1 which corresponds to the ν(N-N=N) 
stretching vibration for tetrazole ring [33]. Also, the IR 
spectra of all the prepared compounds show featured 
bands in the range 1319–1369 and 1138–1168 cm–1, 
which are assigned to asymmetrical and symmetrical 
stretching vibration, respectively, of SO2 group [34]. The 
compounds (2a, 2g, Z2a and Z2g) show two bands within 
the range 3136–3448 cm–1, which is attributed to 
asymmetric and symmetric stretching of ν(NH2) groups. 
In addition, the medium to weak bands at 3225– 
3448 cm–1 can correspond to the ν(N-H) stretching 
vibration. IR spectra of the Schiff bases 2a-2e, 2g showed 
the absence of band at 1681 cm–1 which attribute to 
carbonyl ν(C=O) stretching vibration which was 
apparent in the tetrazolo[1,5-a]quinoline-4-
carbaldehyde compound (2) and instead, the appearance 
of a strong new band at 1589–1608 cm–1 that assigned to 
the imine ν(CH=N) linkage, which indicates the 
reaction between the amino and aldehyde moieties of the 
starting reagents which are no more existed and have been  
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Scheme 2. The suggested mechanisms of (a) Tetrazole ring, (b) Schiff bases, (c) β-Lactam compounds and (d) 4-
thiazolidinone or 4-selenazolidinone compounds), respectively 
 
converted into the respective Schiff base linkages [4,21]. 

The structure of 2-azetidinones (i.e., compounds 
Z2a-Z2e and Z2g) was established by IR spectroscopy 
which showed the disappearance of CH=N bands in the 
region 1589–1608 cm–1 combined with the appearance of 
absorption bands at 1697–1743 and 1519–1546 cm–1 due 
to ν(C=O) and ν(C-N), respectively [21-22]. Ring closure in 
4-thiazolidinones and 4-selenazolidinones can be 

observed by the appearance of strong bands at 1689–1701 
and 1519–1535 cm–1 which attributed to the stretching 
vibration of the carbonyl group ν(C=O) and ν(C-N), 
respectively [20-21]. The spectrum was distinguished by 
the appearance of distinct absorption bands for ν(C-S-
C) at the range 725–748 and 678–686 cm–1, which 
assigned to asymmetrical and symmetrical stretching 
vibration respectively for the 1,3-thiazolidin-4-ones 
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(Z2B and Z2E) [12,34]. Furthermore, the strong to 
medium bands which appeared in the range 555–574 cm–1 
are attributed to the ν(C-Se) stretching vibration for the 
4-selenazolidinones (Z2B' and Z2E') [35]. All the prepared 
compounds show strong to medium bands in the range 
914–979 and at 624–690 cm–1 in IR spectrum can be 
related to stretching of ν(S-N) and ν(C-S), respectively [4]. 
1H-NMR and 13C-NMR spectra 

The 1H-NMR spectra of the prepared compounds 
show a singlet signal at the range δ 10.52–12.86 ppm, which 
is attributed to the N-H protons. Furthermore, (2a, 2g, 
Z2a and Z2g) compounds have a singlet signal at δ 6.97–
7.07 ppm due to the presence of two protons of NH2 group 
of sulfonamide which innervate the desired results [4]. 
The proton of azomethine group (CH=N) of compounds 
(2a-2e, 2g) appears at δ 8.58–9.07 ppm [21]. The 2-
azetidinone compounds (Z2a-Z2e and Z2g) are characterized 
by showing doublet signal at δ 3.02–4.17 ppm and at δ 
4.22–6.05 ppm, which can be assigned to the (CH-N) and 
(CH-Cl) protons, respectively and disappearing the 
azomethine signal that exists in Schiff bases (2a-2e and 
2g) [11,36]. The 1H-NMR spectra of the 4-thiazolidinones 
and 4-selenazolidinones (Z2B, Z2E, Z2B' and Z2E') are 
characterized by showing singlet signals at δ 3.03– 
3.67 ppm and at δ 3.25–3.74 ppm, which attributed to the 
(CH2-S) and (CH2-Se) protons respectively [21,37]. Also, 
singlet signal that appears at δ 4.92–6.03 can be attributed 
to the (CH-N) proton of these compounds [21]. The 
compounds (2b, 2c, 2d, Z2b, Z2c, Z2d, Z2B and Z2B') shows 
a singlet signal at δ 1.18–3.03 ppm due to methyl protons 
[4,21]. In addition, multiple signals that appear at δ 6.54–
8.86 ppm can be attributed to aromatic rings of all the 
studied compounds [21,38]. Therefore, the 1H-NMR result 
supports the formation of four- or five-membered rings. 

The 13C-NMR spectra of azetidine-2-ones, 1,3-
thiazolidin-4-ones and 1,3-selenazolidin-4-ones show 
signals at the range δ 168.48–172.15 ppm, δ 167.87–
170.68 ppm and signal at δ 167.86–173.82 ppm which 
attribute to cyclic carbonyl carbon (C=O), respectively 
[20-21]. The 2-azetidinone compounds are characterized 
by showing two signals at δ 56.46–68.98 and δ 45.71–
62.47 ppm and which can be assigned to the C-Cl and C-
N in lactam ring, respectively [11]. Also, the spectra of the 

thiazolidine-4-one or selenazolidin-4-one derivatives 
exhibited two signals at δ 56.17–58.47 and δ 31.22–35.66 
ppm, which can be assigned to the 2-C and 5-C in 1,3-
thiazo or 1,3-selenazolidin-4-one ring, respectively 
[21,39]. The 13C-NMR spectra of the prepared 
compounds (Z2b, Z2c, Z2d, Z2e, Z2B, Z2B', Z2E and Z2E') 
show signals at the range δ 151.62–166.23 ppm is due to 
the imine functional group (C=N) in sulfonamide ring. 
Additionally, the compounds (Z2b, Z2c, Z2d, Z2B, and 
Z2B') show signals at δ 12.58–29.83 ppm that can be 
attributed to methyl groups [4]. Furthermore, the signals 
of aromatic carbons of these synthesized compounds are 
represented at δ 111.52–154.64 ppm [4]. The 13C-NMR 
spectral data of the 2-azetidinones and thiazolidine-4-
ones or selenazolidin-4-ones are in accord with the 
suggested structures. 

EI-mass 
The mass spectrum of all studied compounds 

detects the molecular ion peaks [M]+ are in excellent 
acceptance with the suggested structures. The potential 
suggested ion fragments with the appearance of the 
result of fragmentation of these synthesized compounds 
are shown in Scheme 3, furthermore, the peaks intensity 
gives an idea about the stability of fragments primarily 
with the base peaks. 

The mass spectrum of the compound Z2b shows 
several fragments peaks at m/z 365, 225, 195, and m/z 
148, and these peaks can be assigned to [C18H14ClN6O]+, 
[C9H9N2O3S]+, [C9H8ClN2O]+ and [C9H10NO]+ ions, 
respectively. The mass spectrum of the compound Z2B 
shows five fragments peaks at m/z 364, 272, 250, 147 and 
m/z 105, and these peaks can be attributed to 
[C15H16N4O3S2]•+, [C12H10N5OS]+, [C10H10N4O2S]•+, 
[C5H11N2OS]+ and [C3H7NOS]•+ ions, respectively. On 
the other hand, the mass spectrum of compound Z2B' is 
characterized by the appearance of five fragmentation 
peaks at m/z 407, 303, 227, 199 and 134 which can be 
attributed to [C18H13N6OSe]+, [C9H9N2O3SSe]+, 
[C9H10NOSe]+, [C10H9N5]•+ and [C8H8NO]+ ions 
respectively. The base peaks at m/z 86 can be assigned to 
the [C4H8NO]+ ion for most 2-azetidinone compounds. 
Successive degradation of the target compound and the 
appearance of different peaks due to various fragments 
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are good evidence for the molecular structure of the 
investigated compounds. 

Biological Activity 

The median lethal dose (LD50) 
The lethal dose (LD50) of the studied compounds 

(Z2E and Z2E') in-vivo was determined in mice via 
intraperitoneally injecting dosages ranging from 500–750 
mg/kg with equal spacing (concentrations) between 
doses. Our data revealed that LD50 values were 658.45 and 
758.45 mg/kg for the compounds Z2E and Z2E', 
respectively. The results may give an indication about the 
moderate toxicity effect of the studied compounds and 
clinical change observed in the mice after giving different 
doses. The toxic signs observed in injected mice may be 
manifested in some behaviors such as tremors, straight 
tail, salivation, urination, lacrimation, defecation, 
shortness of breath, excitation, muscle fasciculations, 
capillary bulge, convulsions and also the tortuous reflex in 
some treatments, and finally death at high toxic doses, 
Table 2 [40-41]. 

Antibacterial activity 
The sensitivity of four human pathogenic microbes 

(two of Gram-positive bacteria: S. aureus, Bacillus and 
two of Gram-negative bacteria: E. coli, P. aeruginosa) to 
the new synthetic heterocyclic compounds (Z2B, Z2B', 
Z2E and Z2E') was tested and compared to that of the 
commercially available antibacterial antibiotic 
tetracycline. Our study confirmed that the thiazolidine-
4-one and selenazolidin-4-one compounds had 
antibacterial activity (increases as the compound 
concentration increases) against the studied bacteria, 
also minimum inhibitory concentration MIC which can 
define as the lowest concentration of the compound in 
the medium which out visible growth of the test 
organisms in a concentration ranging from 1–500 mg/mL, 
as shown in Table 3–6. 

In the present work, the antibacterial activity of the 
new synthetic compounds may be attributed to the fact 
that these two groups of bacteria differ by their cell wall 
component and their thickness. The ability of these new  

Table 2. Toxicity results (LD50) and toxic signs on mice 

Test characterization 
Results 

Z2E Z2E' 
Doses range 500–650 = 150 mg/kg 500–750 = 250 mg/kg 
First dose 500 mg/kg 500 mg/kg 
Last dose 650 mg/kg 750 mg/kg 
Up and down dose 50 mg/kg 50 mg/kg 
Median lethal dose (LD50) mg/kg 658.45 mg/kg 758.45 mg/kg 
Effective dose (LD50 /10) mg/kg 65.845 mg/kg 75.84 mg/kg 
No. of mice 8 (XOXXOXOO) 8 (XXOXOOXO) 
Onset of toxic signs 5–16 min 5–24 min 

Toxic signs Rolling convulsions, excitation, salivation, 
choreoathetosis, tremors, death 

Salivation, dyspnoea, convulsions, excitation, 
tremors, muscle fasciculation, death 

Table 3. The inhibition zones (mm) against Staphylococcus aureus 

Coms. 
Diameter of inhibition zone (mm) Staphylococcus aureus 

Concentration (mg/mL) 
1 5 25 125 250 500 MIC 

Z2B NI 13 14 29 33 37 5 
Z2B' NI NI NI NI NI 15 500 
Z2E NI NI NI 10 12 14 125 
Z2E' NI NI 17 18 21 23 25 
Tetracycline* NI 4 10 14 25 48 5 

* Standard, NI = No Inhibition 
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Table 4. The inhibition zones (mm) against Bacillus 

Coms. 
Diameter of inhibition zone (mm) Bacillus 

Concentration (mg/mL) 
1 5 25 125 250 500 MIC 

Z2B NI 11 18 40 45 50 5 
Z2B' NI NI NI 12 15 16 125 
Z2E NI NI NI 14 16 18 125 
Z2E' NI NI 18 20 21 26 25 
Tetracycline* 5 11 14 22 30 50 1 

* Standard, NI = No Inhibition 

Table 5. The inhibition zones (mm) against Pseudomonas aeruginosa 

Coms. 
Diameter of inhibition zone (mm) Pseudomonas aeruginosa 

Concentration (mg/mL) 
1 5 25 125 250 500 MIC 

Z2B NI NI 10 11 12 22 25 
Z2B' NI NI NI 12 12 13 125 
Z2E NI NI NI NI 30 40 250 
Z2E' NI NI 19 20 24 26 25 
Tetracycline* NI 6 8 17 30 52 5 

* Standard, NI = No Inhibition 

Table 6. The inhibition zones (mm) against Escherichia coli 

Coms. 
Diameter of inhibition zone (mm) Escherichia coli 

Concentration (mg/mL) 
1 5 25 125 250 500 MIC 

Z2B NI NI 10 10 14 20 25 
Z2B' NI NI NI NI 10 12 250 
Z2E NI NI NI 20 25 29 125 
Z2E' NI 13 20 20 20 24 5 
Tetracycline* NI 8 11 15 21 44 5 

* Standard, NI = No Inhibition 
 
compounds to cause the bacterial colonies to disintegrate 
probably results from their interference with the bacterial 
cell wall, thereby inhibiting the microbial growth [42]. 
Among the new synthetic heterocyclic compounds, Z2E' 
was found to be more effective than the positive control 
(tetracycline) against Gram-negative bacteria (E. coli) 
with an inhibition zone (IZ) of 13, 20 and 20 mm at the 
concentration of 5, 25 and 125 mg/mL, respectively. This 
result may come from the fact that the membrane of 
Gram-negative bacteria is surrounded by an outer 
membrane containing lipopolysaccharides, which makes 
the compound able to combine with the lipophilic layer in 

order to enhance the permeability of the membrane to 
Gram-negative bacteria. In conclusion, the antibacterial 
activity of any compound may be related to the cell wall 
structure of bacteria due to the importance of this wall 
for bacterial survival. Thus, the ability of antibiotics to 
kill or inhibit the growth of bacteria may be through 
inhibition of a step in peptidoglycan synthesis by gram-
positive bacteria [43-44]. 

In the case of antibacterial activity against Gram-
positive bacteria (S. aureus and Bacillus), all compounds 
were found to have activity ranging between high and 
moderate. Our results indicated that the compound Z2B 
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possessed the highest antibacterial activity against 
Gm+Ve (S. aureus) with an IZ of 13, 14, 29, and 33 mm at 
concentrations of 5, 25, 125, and 250 mg/mL, respectively. 
Also, the Z2B compound showed more potent compared 
to the positive control IZ = 4–25 mm at the same 
concentration. On the other hand, our data pointed out 
that compound Z2B showed a good antibacterial activity 
against Gm+Ve (Bacillus) with an IZ ranging from 11– 
45 mm as compared to tetracycline IZ = 11–30 mm at the 
concentrations 5–250 mg/mL. 

All the thiazolidine-4-one or selenazolidin-4-one 
drugs are selective inhibitors of bacterial cell wall 
synthesis and therefore active against growing bacteria 
[44]. The biological activity of 4-thiazolidinone skeleton 
is believed to be associated with the chemical reactivity of 
the ring and on the substituents, especially in the nitrogen 
of 4-thiazolidinone ring [44]. Furthermore, the 
mechanism of action of sulfonamide is inhibition of the 
action of dihydropteroate synthase and blocking the net 
biosynthesis of folate coenzymes. Therefore, it represents 
bacteriostatic compounds [45]. 

The MIC of tested compounds in this study against 
the test organisms ranged between 1–500 mg/mL, Table 
3–6. Antimicrobial agents with low activity against an 
organism had a high MIC while a highly active 
antimicrobial agent gave a low MIC. The most resistant 
microorganisms were E. coli and P. aeruginosa, whereas 
the most sensitive microorganisms were S. aureus and 
Bacillus. The lowest MIC value of 5 mg/mL was recorded 
on S. aureus and on Bacillus with compound Z2B. The 

compound Z2E' was more active as compared with its 
precursors and had the lowest MIC value of 5 mg/mL 
obtained on E. coli and on P. aeruginosa. However, the 
highest MIC value of 250 mg/mL was recorded on E. coli 
and on P. aeruginosa with compounds (Z2B' and Z2E), 
whereas the highest MIC values of 500 and 125 mg/mL 
were obtained on S. aureus and on Bacillus with 
compounds Z2B' and Z2E, respectively. The results of the 
present study suggest that the thiazolidine-4-one and 
selenazolidin-4-one compounds possess remarkable 
toxic activity against bacteria and may assume 
pharmacological importance [46]. 

Antioxidant activity 
Reactive oxygen species (ROS) such as superoxide 

anions, hydrogen peroxide, hydroxyl, and nitric oxide 
radicals are generated during the bioorganic redox 
process and normal cellular metabolism. They play a 
significant role in oxidative stress related to the 
development and pathogenesis of life-limiting various 
diseases such as cancer, diabetes mellitus, 
arteriosclerosis, rheumatoid arthritis, and others [27]. 

The results in Table 7 and Fig. 1–4 indicated an 
increase in the antioxidant activity of the synthetic 
compounds and standard in the order of Z2d < Z2B' < 
Z2e < Z2g < Z2E' < Z2b < BHT with corresponding 
percentages values of 50.0, 53.0, 57.2, 57.7, 68.8, 73.0, 
and 82.3%, respectively. On the other hand, the lowest 
activity was observed for compounds Z2B, Z2a, Z2E, and 
Z2c with corresponding inhibition ratios 48.4, 47.4, 35.8,  

Table 7. Antioxidant activity of prepared compounds, the values are the mean ± SD 
Comp. symbol Aj At Aj* At* AA% 
BHT 0.582 ± 0.01 0.544 ± 0.011 0.456 ± 0.031 0.241 ± 0.016 82.3 
Z2a 0.527 ± 0.015 0.414 ± 0.023 0.456 ± 0.031 0.241 ± 0.016 47.4 
Z2b 0.479 ± 0.004 0.421 ± 0.019 0.456 ± 0.031 0.241 ± 0.016 73 
Z2c 0.474 ± 0.003 0.329 ± 0.028 0.456 ± 0.031 0.241 ± 0.016 32.6 
Z2d 0.573 ± 0.017 0.466 ± 0.008 0.456 ± 0.031 0.241 ± 0.016 50 
Z2e 0.561 ± 0.013 0.469 ± 0.014 0.456 ± 0.031 0.241 ± 0.016 57.2 
Z2g 0.463 ± 0.005 0.372 ± 0.018 0.456 ± 0.031 0.241 ± 0.016 57.7 
Z2B 0.540 ± 0.009 0.429 ± 0.012 0.456 ± 0.031 0.241 ± 0.016 48.4 
Z2B' 0.487 ± 0.007 0.386 ± 0.021 0.456 ± 0.031 0.241 ± 0.016 53 
Z2E 0.557 ± 0.013 0.419 ± 0.008 0.456 ± 0.031 0.241 ± 0.016 35.8 
Z2E' 0.459 ± 0.003 0.392 ± 0.014 0.456 ± 0.031 0.241 ± 0.016 68.8 
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Fig 1. Antioxidant activity of compounds Z2a, Z2c and Z2e 

 
Fig 2. Antioxidant activity of compounds Z2b, Z2d and Z2g 

 

 
Fig 3. Antioxidant activity of compounds Z2B and Z2B' 

 
Fig 4. Antioxidant activity of compounds Z2E and Z2E' 

 
and 32.6%, respectively. A possible explanation for the 
higher antioxidant activity of these compounds (Z2b, Z2E', 
Z2g, Z2e, Z2B' and Z2d) might be due to the following 
reasons. First, since compounds Z2b and Z2d have an 
additional methyl group which increases the antioxidant 
activity, this activity may be correlated with the 
introduction of electron donor substituent which 
stabilizes the generated radical during oxidation [47]. 
Second, compounds Z2E' and Z2B' have Se-C moieties in 
4-selenazolidinone ring which increase the antioxidant 
activity by the interaction with the active site of protein to 
form a new seleno-protein (Enz-Se) moiety in the active 
site [51]. Furthermore, the organoselenium compounds 
had the ability to catalyze the reduction of harmful 
peroxides by glutathione (GSH) and thereby protect the 
biomolecules against oxidative damage. Third, 
compounds (Z2b, Z2g, Z2e and Z2d) have a β-lactam ring 
which can act as a scavenger for radicals to prevent 

oxidative cellular damage and thus enhance antioxidant 
properties [48]. 

The finding that compound Z2b possessed a strong 
protective effect is interesting and points to the potential 
use of this new compound as an agent to overcome 
oxidative stress that is associated with cellular metabolism 
and disease conditions [52]. The mechanism by which 
Z2b protects the body's cells from oxidative damage may 
require further study and investigation. 

Interestingly, the relative antioxidant effect of 
some β-lactam or 4-thiazo and 4-selenazolidinone 
antibiotics such as ampicillin on oxygen-reactive species 
(ROS) has been reported, and a possible therapeutic role 
for β-lactam agents in protecting host tissues from 
oxidative damage has been proposed. The keto lactam 
ring or thiazolidine ring is responsible for initiating the 
free radical scavenging activity due to its N-H and C=O 
moieties [49-50]. 
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Notably, scientific studies have confirmed that 
compounds in general, including those that have 
antioxidant properties, may be subjected to metabolism in 
vivo through specialized enzymatic systems in the body, 
which often convert lipophilic chemical compounds into 
polar products that are easily secreted. Therefore, we 
expect that Z2d and other new synthetic compounds enter 
different metabolic pathways in the body that may modify 
differently from their structure and/or toxicity, and this 
requires further research. Again, the exact possible 
mechanism via which compound Z2b and the new other 
synthetic compounds protect against oxidative damage 
will be a matter of future studies and must be confirmed 
in a more controlled experimental design [27]. 

Cell cytotoxicity (anticancer) study 
One of the first goals of researchers and scientists is 

to discover and develop a new anti-cancer drug that has 
good efficacy and does not cause any of the side effects of 
current chemotherapy drugs. Therefore, the need for a 
time-saving, low-cost, high-throughput drug efficacy 
testing system has led to the emergence of an in vitro 

model cytotoxicity testing on human cancer cell lines 
[50-51]. 

In this work, the cytotoxic effects of the 
synthesized compounds against breast cancer cell line 
(MCF-7) were evaluated using 5-fluorouracil (5-FU) as 
a reference cytotoxic drug. The IC50 and cell viability 
percent of MCF-7 cancerous at different concentrations 
ranging from 6.25–100 μg/mL are given in Table 8 and 
Fig. 5–7. The results showed that compound Z2E was 
comparable to that of 5-FU (positive control), while 
compound Z2E' (IC50 = 24.87 μg/mL) is a more cytotoxic 
agent than 5-FU (IC50 = 97.47 μg/mL), Table 8. It is 
evident that the tested compounds showed anticancer 
activity in all concentrations and the effects of these 
compounds were dose-dependent, i.e., by increasing the 
concentration in the culture media; the percentage of 
cells viability is decreased (this means that the percentage 
of dead cells has increased). IC50 values ranged from 
24.87 to 97.47 μg/mL. Also, we can note that the 
cytotoxic activity of compound Z2E' was higher in 
cancerous cells when compared with the compound Z2E,  

Table 8. The IC50 values and the percent of cell viability of the tested compounds in breast cancer cell line MCF-7, the 
values are the mean ± SD 

Coms. 
Cell viability % 

IC50 (μg/mL) Concentration (μg/mL) 
6.25 12.5 25 50 75 100 

Z2E 99.06 ± 0.83 98.68 ± 0.91 96.13 ± 1.15 94.10 ± 0.09 79.41 ± 0.52 34.35 ± 0.08 90.92 
Z2E' 98.84 ± 1.12 97.57 ± 1.09 49.11 ± 1.44 18.17 ± 2.01 17.48 ± 0.15 16.99 ± 0.02 24.87 
5-Fluorouracil 83.13 ± 0.86 80.69 ± 1.07 72.76 ± 0.86 66.57 ± 1.06 58.93 ± 0.61 49.29 ± 0.06 97.47 

 

 
Fig 5. Anticancer activity of compound Z2E at 6.25– 
100 μg/mL 

 
Fig 6. Anticancer activity of compound Z2E' at 6.25– 
100 μg/mL 
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Fig 7. Anticancer activity of drug 5-Fluorouracil at 6.25–
100 μg/mL 

especially at a concentration of 25 μg/mL. 
Thiazolidine-4-one compounds revealed their  

 

pharmaceutical significance as anticancer agents. 
Numerous antitumor thiazolidinones are currently used 
to treat cancer, such as anthracyclines, bleomycin, 
mitomycin C, dactinomycin, and mithramycin. The 
major mechanism of action for these antitumor 
thiazolidinones is inhibition of cell wall synthesis, DNA 
intercalation or inhibition of DNA synthesis [51-52]. 
The presence of 4-thiazolidinone ring in the molecular 
structure of compounds Z2E and Z2E' is related to 
anticancer activity by inhibiting the transpeptidase 
enzyme, which catalyzes the cross-linking of the 
peptidoglycan strands in the cell wall phase of the cancer 
cell wall biosynthesis. The thiazolidinone or 
selenazolidinone ring can bind to the active site of the 
transpeptidase enzyme since its structure resembles that  

 
Fig 8. Anticancer activity of compound Z2E at 75–100 μg/mL 
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of the substrate, which is the terminal D-ala-D-ala dipeptide 
of the pentapeptide of each monomer unit [47]. Note that 
D-ala-D-ala dipeptide of the substrate can exist in multiple 
conformations formed by rotation around the C-C single 
bonds but a thiazolidine-4-one molecule has a limited 
variety of conformation because of the rigidity of the five-
membered ring [48]. Of the many conformations possible 
for the terminal dipeptide the one that binds to the enzyme 
resembles the structure of the thiazolidine-4-one ring, 
and thus, the two can compete for binding to the active 
site of the enzyme. The -C(O)-N bond of the thiazolidine-
4-one or selenazolidin-4-one mimics the -C(O)-N of the 
peptide bond of the terminal dipeptide. Therefore, 
inhibition the formation of the cancer cell wall, which 
leads to cells death [46,49]. Banik et al. [50,52] also show 
that thiazolidine-4-ones with polyaromatic substituents 
induce tumor cell death in a variety of breast cancer cell 
lines. As well, the presence of (-S-C-N- and -Se-C-N-) 
moieties in the tested compounds is related to anticancer 
activity by the interaction with the active site of protein 
through hydrogen bonding bringing about the hindrance 
development of cells [50]. However, several novel classes 
of thiazolidine-4-ones and selenazolidin-4-ones have  
 

been shown to possess anticancer properties as well [52]. 
On the other hand, the present results clearly 

indicated that the compounds Z2E and Z2E' had an 
ability to induce apoptosis of MCF-7 Cells, as illustrated 
in Fig. 8–9. Acridine orange (AO) is a vital dye and will 
stain the nuclei of both live and dead cells to green while 
ethidium bromide (EB) will stain only cells that have lost 
membrane integrity to red. Thus, live cells will appear 
uniformly green while early apoptotic cells will have 
condensed or fragmented nuclei with bright green color. 
Late apoptotic cells will show condensed and 
fragmented orange chromatin. The results showed that 
increased the compound Z2E' concentration resulted in 
gradual increases in orange and red staining 
accompanied by reductions in green staining of nuclei, 
indicating cell damage and apoptosis (Fig. 9). Therefore, 
a high concentration (100 μg/mL) of Z2E' could cause 
serious membrane damage in around 84% of cells. 
Moreover, these results indicate that the apoptotic rate 
gradually increases with the Z2E and Z2E' concentrations 
and treatment time. It is verified that at around 25 
μg/mL Z2E' can induce half of the cells to undergo 
apoptosis at 48 h, consistent with the IC50 results. 

 
Fig 9. Anticancer activity of compound Z2E' at 12.5–25 μg/mL 
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■ CONCLUSION 

In this study new series of 2-azetidinone (Z2a-Z2e, 
Z2g), thiazolidinone and selenazolidinone derivatives 
(Z2B, Z2E, Z2B', Z2E') have been designed and synthesized 
starting based on sulfonamide. The proposed structures 
of all the synthesized compounds were proved using 
spectral methods. The newly synthesized compounds 
were evaluated for their in vitro antibacterial, antioxidant, 
toxicity, and anticancer activities. Results of the LD50 test 
using Dixon's up and down method indicated that the 
compound containing selenium (Z2E') was less toxic than 
its analogs containing sulfur (Z2E). Although their 
antimicrobial potential was good, Z2E' compound was 
more active against Gram-negative bacteria with the 
lowest MIC value of 5 mg/mL. All compounds showed 
antioxidant activity, but Z2b was the main compound that 
possesses strong activity as antioxidants (73%). In vitro 
MTT viability assay indicated that all tested compounds 
had cytotoxic effects on MCF-7 cells after 72 h of 
treatment. The results revealed that Z2E' and Z2E 
compounds possessed strong activity with good IC50 = 
24.8 and 90.9, respectively at a higher rate than the 
standard compound 5-FU, IC50 = 97.47. These results 
support that Z2E' has potential properties as a promising 
drug in several diseases such as breast cancer due to their 
numerous pharmacological and biological activities. 
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 Abstract: Poly(ethyl eugenyl oxyacetate) (PEEOA) had been synthesized for separating 
heavy metals like Fe(III), Cr(III), Cu(II), Ni(II), Co(II), and Pb(II) by liquid membrane 
transport method. The effects of pH, ion carrier volume, stripping concentration, 
transport time, and metal ion concentration were investigated to obtain optimum 
conditions. Experimental results showed that optimum pH occurred at pH 4 for Fe(III) 
ions and pH 5 for others. Carrier volumes were optimum at 8.5 mL for Fe(III) and Pb(II) 
ions but 7.5 mL for others. The optimum concentrations of the stripping phase were 2 M 
for Fe(III) and Cu(II) ions, 1 M for Cr(III), Ni(II), Co(II) ions, and 0.5 M for Pb(II) ion. 
Transport times were optimum at 36 h for Fe(III) and Co(II) ions and 48 h for others. 
The optimum metal ion concentrations were 0.25 mM for Fe(III) and Cr(III) ions, while 
other ions were 0.1 mM. The response of PEEOA to Fe(III) ion was the best with selectivity 
order, Fe(III) > Cr(III) > Pb(II) > Cu(II) > Ni(II) > Co(II). PEEOA also could separate 
Fe and Ni in a ferronickel sample whose transport percents were 8.87 and 0.92%, 
respectively. Hence, PEEOA is reasonably effective as an ions carrier for separating metal 
ions individually or ionic mixture and also in a ferronickel compound. 

Keywords: poly(ethyl eugenyloxyacetic acid); metal ion; transport; liquid membrane; 
ion carrier 

 
■ INTRODUCTION 

The presence of heavy metals in a water 
environment and wastewater must be minimized. It 
directly relates to environmental sustainability and the 
health of surrounding organisms. The separation of metal 
ions from a particular mixture is challenging for scientists. 
It is affected by the similar tendency of metal ions to 
interact or bind with other substances. Thus, appropriate 
methods and selective ion carriers are required. A method 
that can separate and purify specified substances is liquid 
membrane transport due to its selectivity, efficiency, and 
relatively simple [1]. Macrocyclic and macromolecular 

compounds are mainly concerned by researchers with 
producing specific host-guest complexations and good 
separation selectivity. 

Several studies in respect of metal ion separation 
using polymers as ion carriers in liquid membrane 
transport have been conducted by solvent extraction [2-
3]. Chemical reactions among tested metal (solute) in 
the solvents extraction and liquid membrane transport 
are similar. However, the basic differences between 
those separating systems relate to the transport of the 
tested metal through a liquid membrane directly apart 
and the presence of the stripping phase. Whereas in 
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solvent extraction, the tested metal is still being extracted 
from the organic phase to the aqueous phase. 

The phenomenon of the transport process in a 
liquid membrane shows that complex formation can be 
influenced by the physicochemical properties 
(permeability and selectivity) of the targeted ion, ion 
carrier, and solvent type in the membrane phase. In 
addition, the chemical composition of the membrane 
phase in both the source phase solution and the stripping 
phase also influences the amount of complex formation 
and transport percent. The selectivity of the membrane 
and its transport efficiency can be optimized by the 
macromolecular ion carrier design. It can be conducted 
through combinations of the ring size and its substituent 
groups [4-5]. Types of ion carriers lead to different 
complexation mechanisms. The molecular structure of 
the ion carrier and the chemical interactions involved in 
the complexation and transport process are the most 
decisive factors for membrane selectivity. Hence, it can be 
adjusted to obtain specific selectivity. 

Alkaline and neutral ion carriers show poor 
selectivity for certain metal ions. Hence, research has been 
carried out using acidic compounds. Poly(eugenyl 
oxyacetate) or PEOA could separate Fe(III), Cr(III), 
Cu(II), Ni(II), Co(II), and Pb(II) using the solvent 
extraction method [6]. In the previous study, the PEOA 
compound also acted as a ligand to separate Fe(III), 
Cr(III), Cu(II), Ni(II), Co(II), and Pb(II) ions by 
transporting liquid membrane method [7]. 

Meanwhile, Poly(ethyl eugenyl oxyacetate) or 
PEEOA had been applied as a ligand to separate the 
Fe(III), Cr(III), Cu(II), Ni(II), Co(II), and Pb(II) ions 
using solvent extraction method [8]. The use of PEEOA 
as an ion carrier through liquid membrane transport for 
metal ions separation has not been reported. In this study, 
the performance of PEEOA was tested to separate Fe(III), 
Cr(III), Cu(II), Ni(II), Co(II), and Pb(II) ions using the 
liquid membrane transport method for seeking of a 
macromolecular compound with good separability and 
selectivity. The transported propensity of the targeted ion 
is generally carried out separately. However, this study 
was conducted in a solution with the presence of 
interfering ions to adjust the actual condition in the water 

environment. Investigations were carried out to analyze 
optimum pH, carrier/PEEOA volume, stripping 
concentration, transport time, and concentration of 
metal ions. In addition, the effectiveness of separating Fe 
and Ni ions in ferronickel samples was also analyzed. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used in this study are chloroform 
(Merck), NaOH (Merck), HCl (Merck), HNO3 (Merck), 
Fe(NO3)3·9H2O (Merck), Cr(NO3)3·6H2O (Merck), 
Ni(NO3)2·6H2O (Merck), Co(NO3)2·6H2O (Merck), 
Cu(NO3)2·3H2O (Merck), Pb(NO3)2 (Merck), 
demineralization water, and poly(ethyl eugenyl 
oxyacetate) or PEEOA. PEEOA was synthesized from a 
chemical reaction between polyeugenol and ethyl 
chloroacetate based on our previous study [8]. Structure 
characterizations had also conducted in that study. The 
structure of the PEEOA is displayed in Fig. 1. 

Procedure 

Transport of Fe(III), Cr(III), Ni(II), Co(II), Cu(II), and 
Pb(II) ions with PEEOA 

The numbers of U tubes were filled with 7.5 mL of 
PEEOA with a concentration of 0.001 M in chloroform. 
Then, 10 mL of metal ion solutions were added to a side 
of the U tube as a source phase with a concentration of 
0.1 mM in various pH (3, 4, and 5). Furthermore, as a 
stripping phase, 10 mL of HNO3 1 M solution was 
poured on another side. U tube was closed and stirred 
with a magnetic stirrer for 24 h at room temperature. 
After  completing the  transport process,  the solution on  

 

Fig 1. The structure of the PEEOA ion carrier 
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both sides of the U pipe was separated using a pipette. The 
concentration of metal ions in the source and stripping 
phases were analyzed using AAS. The optimum pH was 
used to optimize the ion carrier volume (7.5, 8.5, and  
10 mL), the stripping concentration (0.5, 1, 2, and 4 M), 
transport time (12, 24, 36, and 48 h), and metal ion 
concentration (0.075, 0.1, 0.25, 0.5 mM). Transported 
efficiency or transport percent is calculated based on Eq. 
(1) as follows. 

Y,S

Y,F

C
%T 100

C
   (1) 

where %T is transport percent, CY,S is metal ion 
concentration on the stripping/targeted phase (mM), and 
CY,F is the initial metal ion concentration in the source 
phase (mM). 

Preparation of ferronickel samples 
The ferronickel sample (0.16 g) was dissolved in  

5 mL aqua regia (a mixture of concentrated HCl and HNO3, 
3:1) heated for 1 h. Then, the solution was moved to a 
room-temperature environment. After that, it was diluted 
with demineralization water up to 25 mL. The procedure 
of liquid membrane transport for Fe and Ni ions separation 
was similar to the treatment of pure metals. Fe and Ni 
contents before and after transport were measured by 
Atomic Absorption Spectrometer (AAS) Perkin Elmer 3110. 

■ RESULTS AND DISCUSSION 

PEEOA is a relatively neutral compound. This study 
uses it as an ion carrier to separate metal ions by liquid 
membrane transport. Complexation processes occur by 
forming a neutral complex with metal ions (Mn+) and 
anions (X−) in the source phase. This separation takes 
place by symport mechanism. The transport force in the 
symport mechanism is the difference in metal ion 
concentration between the source and the stripping 
phases. Symport transport mechanism is more effective 
for metal ions in the form of M+ and X− with neutral ion 
carriers (I). The Symport mechanism between PEEOA 
ions carrier and the metal cation is displayed in Fig. 2. 

Transport Parameters with PEEOA as Ions Carrier 

The value of the transport percent was calculated 
from the change in the amount of transported metal ions 

that pass the membrane phase and the stripping phase. 
The performance of PEEOA ions to optimally separate 
Fe(III), Cr(III), Cu(II), Ni(II), Co(II), and Pb(II) ions 
using liquid membrane transport is affected by several 
parameters as follows. 

Effect of pH 
The separation of metal ions using PEEOA as ions 

carrier through the liquid membrane transport method 
is related to its capability for accommodating metal ions 
via interactions with lone pair of electrons on the ester 
groups. Adjusting pH in the source phase will precisely 
generate selectivity, and the transport process will take 
place properly [9]. The influence of pH values on the 
transport percents is displayed in Fig. 3. 

 
Fig 2. Transport mechanism of cation symport 

 
Fig 3. The relationship between the pH variations of the 
source phase and the transport percent at 0.1 mM of 
metal ion concentrations, 1 M of HNO3, 1 mM of ion 
carrier concentration, and 36 h of transport time 
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Fig. 3 shows that the increase in pH generates the 
increment in the transport percent of metal ions from the 
source phase to the stripping phase through the 
membrane containing ion carriers. The highest 
percentage for transporting Fe(III) ions was 39.20% at pH 
4. Then, it decreased at pH 5. This is probably caused by 
hydrolysis or precipitation of Fe(III) ions. Thus, the 
number of complexes between PEEOA and metal ions 
also becomes lower [8]. At pH 3, there is competition 
between Fe(III) ions with hydrogen ions. Optimum 
transport percents for Cr(III), Cu(II), Ni(II), Co(II), and 
Pb(II) are 30.36%, 29.22%, 2.95%, 0.54%, and 30.57%, 
respectively. These occur at pH 5. In this condition, all 
metal ions are still predominantly in the ionic state, for 
instance, Cr(III) as Cr3+, Cr(OH)2+, and Cr(OH)2

+, Co(II) 
as Co2+, Ni(II) as Ni2+, Cu(II) as Cu2+, and Pb(II) as Pb2+ 
when form complexes with PEEOA. Those metal ions 
tend to settle at higher pH [10]. 

Effect of PEEOA volume 
The volume of PEEOA in organic solution will affect 

the number of moles of metal ions as well as the transport 
percent from the source phase to the stripping phase, as 
shown in Fig. 4. 

Fig. 4 shows that increasing the volume of PEEOA 
in the organic phase will increase the amount of 
transported Fe(III) ions at 7.5 and 8.5 mL but decrease at 
10 mL. Meanwhile, the optimum PEEOA volume for 
transporting other metal ions is 7.5 mL. The increasing 
volume of ions carrier will increase flux and permeability 
on the liquid membrane [11-12]. Hence, complex 
formation at the membrane interface is accelerated and 
increased. After that, it will be extracted to the stripping 
phase. Further addition of PEEOA volume even increases 
the thickness (viscosity) and the obstacle of the 
membrane. Thus, the transport percent of metal ions can 
decrease due to reducing ion activities at the membrane 
interface [10,13]. 

Effect of stripping phase concentration (HNO3) 
The effect of the stripping phase concentration in 

the liquid membrane transport was analyzed by varying 
the concentration of HNO3 at ranges of 0.5, 1.0, 2.0, and 
4.0 M. It was carried out at the optimum pH and PEEOA 

volume. The results show that the concentrations of the 
stripping phase affect transport percents (% transport), 
as shown in Fig. 5. 

Fig. 5 shows that the optimum transport percent of 
Fe(III) ions is 43.25% when HNO3 concentration is 2 M. 
While the transport percents of Cr(III), Ni(II), and Co(II) 
ions are optimum at 1.0 M HNO3 with the values 
33.42%, 6.87%, and 5.98%, respectively. Then, the 
optimum transport percents of Pb(II) and Cu(II) ions are 
32.24% and 30.15% when the stripping concentration is 
0.5 M. The increase in HNO3 concentration until 
optimum concentration produces more hydrogen ions 
in the solution. These ions can break the complex formed 
at the  interface  of  the  membrane-stripping  phase [14].  

 
Fig 4. The influence of PEEOA volume on the transport 
percent at optimum pH, 0.1 mM of metal ion 
concentrations, 1 M of HNO3, 1 mM of ion carrier 
concentration, and 36 h of transport time 

 
Fig 5. The influence of HNO3 concentration on the 
transport percent (% transport) of metal ions at 
optimum pH and PEEOA volume, 0.1 mM of metal ion 
concentrations, 1 mM of ion carrier concentration, and 
36 h of transport time 
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Therefore, ion carriers will return to the membrane-
source phase to form complexes faster with metal ions 
[15]. However, hydrogen ions are significantly increased 
in the stripping solution after optimum conditions. Thus, 
the decomplexation process is more challenging to break 
because the process of releasing cation salts at the 
membrane-acceptor interface is obstructed. It will decrease 
the transport percent of metal ions to the stripping phase. 

This analysis also informs a larger size of the metal 
ion needs a lower concentration of the HNO3 solution. It 
is probably due to the large metal ion size at the Pb(II) and 
Cu(II) metal ions having greater decomplexation barriers 
at the membrane-acceptor interface. Table 1 displays 
bond energy data from computational simulation 
between metal ions and PEEOA. It informs that the 
charge and molecular size of the metal ion also affect the 
number of metal ions transported. 

Table 1 shows that the Fe(III) ion has the highest 
metallic bonding energy, whereas the Pb(II) ion has the 
lowest energy. Computational simulation results for the 
reaction between the metal ions and PEEOA show that 
the highest bonding energy occurs between PEEOA and 
Cr(III) ions and the lowest bonding energy involves 
bonds between PEEOA and Co(II) ions. A different 
phenomenon occurs in Pb(II) ions with PEEOA. There is 
no stable bond structure between those species. Thus, 
theoretically, the Pb(II) ion will have a relatively more 
minor amount transported compared to the other tested 
metal ions. However, in reality, the transport percent of 
Pb(II) ions is higher than the Ni(II), Cu(II), and Co(II) 
ions. Several reasons may cause this. First, the Pb2+ ion 
with a larger ion size will be polarized to the PEEOA ion 
carrier. Hence, it is easier to escape in the stripping phase; 

second, small ions will have more water molecules in the 
hydration layer/cavities than large ions. Meanwhile, the 
adequate size of the hydrated ion in solution at the larger 
metal ion size will be small. As a result, the number of 
Pb(II) ions that may bind to PEEOA is higher; third, this 
relates to the size conformity between Pb(II) ions and 
PEEOA for interacting. 

Effect of transport time 
The transported rate of metal ions in the liquid 

membrane was measured by analysis of the transport 
process at various transport periods from 12, 24, 36, and 
up to 48 h under optimum pH, PEEOA concentration, 
and stripping concentration. This parameter also affects 
the transport percent of metal ions from the source 
phase to the stripping phase [16]. The results of this 
analysis are shown in Fig. 6. 

Fig. 6 shows that an increase in the transport 
period will increase  the metal ions  transported from the 

 
Fig 6. The influence of transport time on the transport 
percent of metal ions at optimum pH, PEEOA volume, 
and HNO3 concentration, 0.1 mM of metal ion 
concentrations, 1 mM of ion carrier concentration, and 
36 h of transport time 

Table 1. Bond energy data from computational simulation between PEEOA and metal ions 

No 
Bond energy (kcal/mol) 

Metal ion PEEOA PEEOA + metal ion 
1 Fe(III) 1811.814  

-14282.659 
-10609.391 

2 Cr(III) 1708.821 -10135.923 
3 Ni(II) 1218.846 -10645.808 
4 Co(II) 817.319 -10840.483 
5 Cu(II) 887.024 -10619.235 
6 Pb(II) 457.357 - 

-: Cannot be determined 
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source phase to the stripping phase. This corresponds to 
the longer contact time between the PEEOA and the metal 
ion. The metal ions from the aqueous phase can form 
complexes at the interface of the aqueous phase and 
membrane phase, which will then be transported to the 
stripping or target phase. After passing optimum time, 
complexes slowly form because the equilibrium condition 
is almost reached [2]. 

The Fe(III) ion has an optimum transport time of 36 
h, while the optimum transport time of Cr(III), Cu(II), 
Ni(II), Co(II), and Pb(II) ions is over 36 h. The formation 
rate of complex Fe(III) ions with PEEOA is faster. Fe(III) 
ions have higher reactivity, greater polarity, and smaller 
ionic radius to support complex formation with PEEOA 
ions. Thus, the transport time to the target phase is faster 
than other metal ions. In addition, there is a compatibility 
between the cavity size of carrier ions and the Fe(III) ions 
compared to other tested metal ions. 

Effect of metal ion concentration 
This analysis applied optimum pH, PEEOA 

volume, stripping concentration, and transport time 
from each metal ion which is displayed in Fig. 7. 

Fig. 7 informs that  the Fe(III)  and Cu(II)  ions are  

 
Fig 7. Effect of metal ion concentration (0.075, 0.1, 0.25, 
and 0.5 mM) on source phase to transport percent at 
optimum pH, PEEOA volume, HNO3 concentration, 
and transport time 

 
Fig 8. The effect of pH on transport percent in a mixture of Fe(III) + Cr(III) (a), Fe(III) + Ni(II) (b), Fe(III) + Pb(II) 
(c), Fe(III) + Co(II) (d), and Fe(III) + Cu(II) (e). Metal ion concentration was 0.1 mM, [HNO3] = 2 M, ion carrier 
volume and concentration = 8.5 mL and 0.001 M, and transport time = 36 h 
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optimally transported at a concentration of 0.25 and  
0.075 mM, respectively. The transport percentages are 
42.64 and 31.20%. Meanwhile, the optimum 
concentration of Cr(III), Ni(II), Co(II), and Pb(II) ions is 
0.1 mM with transport percents of 35.91, 4.74, 3.96, and 
33.73%, respectively. Increasing metal ion concentration 
increases the number of metal ions transported in the 
target phase first. However, it even decreases above 
optimum concentration because equilibrium conditions 
have been reached [14]. In this condition, PEEOA cannot 
accommodate metal ions for the further transport 
process. The increase of metal ion concentration in 
solution after optimum conditions will reduce the 
diffusion permeability in the membrane [17]. 

Transport Competitions of Metal Ions 

The selectivity and reactivity of PEEOA as Fe(III),  
 

Cr(III), Cu(II), Ni(II), Co(II), and Pb(II) ions carrier 
were analyzed from the mixture of two, three, and all-
metal ions. Based on the optimization results of each 
metal ion separately, the Fe(III) ion has the best 
transport percent compared to the other tested metal 
ions. Therefore, Fe(III) ion was used as the main ion in 
the competition tests of metal transport. 

Competition of Two Metals 

These experiments compete Fe(III) ions with other 
metal ions that were conducted in various pH and 
transport times. The percent transport of metal ions 
depends on the type of metal ion and the used ion carrier 
[18]. Several simulations consist of Fe(III)-Cr(III), 
Fe(III)-Pb(II), Fe(III)-Ni(II), Fe(III)-Co(II), and Fe(III)-
Cu(II). The amount of transported metal ions in various 
pH is presented in Fig. 8. 

 
Fig 9. The effect of transport time on the transport percent in a mixture of Fe(III) + Cr(III) (a), Fe(III) + Ni(II) (b), 
Fe(III) + Pb(II) (c), Fe(III) + Co(II) (d), and Fe(III) + Cu(II) (e). Metal ion concentration = 0.1 mM, [HNO3] = 2 M, 
ion carrier volume and concentration = 8.5 mL and 0.001 M, and transport time = 36 h 
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Fig. 8 shows that the presence of other metal ions in 
the solution sufficiently disrupts the ability of Fe(III) ions 
to be transported. The optimum condition for 
transporting Fe(III) ions occurs at pH 4 for all 
combinations. The amount of Fe(III) ions transported 
varies depending on the metal ion pair in the solution. 
The smallest percentage (34.26%) of transported Fe(III) 
ions occurred in the mixture of Fe(III) and Cr(III) ions. 
This is related to the acidity and polarity of Cr(III), which 
is almost identical to the Fe(III) ion. Thus, the ability to 
form complexes is also similar. Meanwhile, the velocity of 
each metal ion transported to the stripping phase in a 
mixture of two metal ions can be determined by variations 
of transport time using the optimum pH for Fe(III) ions 
transport. The results are shown in Fig. 9. 

Fig. 9 shows that the increase in the transport time 
is accompanied by an increase in the transport percent of 
metal ions. This relates to the number of contacts between 
the metal ions in the source phase and the ion carriers at 
the membrane phase through the interface area. Then, 
complexes were formed. After that, these complexes 
diffuse across the membrane and are removed at the 
stripping phase. The presence of other ions as interference 
in the Fe(III) ion solution also affects the decrease in 
transport percent of Fe(III) ion in the stripping phase. The 

reduction of this transport percent is related to some 
active groups in the membrane phase forming 
complexes with interference ions [19]. 

Three Metals Competition 

A competition analysis of three metals was carried 
out for three mixtures. It consists of Fe(III)-Cr(III)-
Ni(II), Fe(III)-Cu(II)-Pb(II), and Fe(III)-Ni(II)-Co(II). 
The transport percents of Fe(III) ions in the stripping 
phase that are influenced by pH are shown in Fig. 10. 

Fig. 10 shows the three types of simulated metal 
ions. The optimum Fe(III) ion transport percent 
occurred at pH 4. The most significant disturbance for 
transporting Fe(III) ions was found in the Fe(III)-
Cr(III)-Ni(II) mixture. Cr(III) ions which are classified 
as hard acids, almost have similar acidity to Fe(III) ions 
which inflicts competition for complex formations. 
Besides that, increasing the number of metal ions will 
require more active sites to complex all metal ions in 
solution, while the number of active sites does not 
change. Therefore, the active site has a limited ability to 
complex all metal ions in solution. 

Furthermore, competition of three metals in a 
system can retard the transport process of all metal ions, 
including Fe(III) ions. Fig. 11 shows that Fe(III) ions act  

 
Fig 10. Transport percent of the system contained three metal ions in various pH. Fe(III) + Cr(III) + Ni(II) (a), Fe(III) 
+ Cu(II) + Pb(II) (b), Fe(III) + Ni(II) + Co(II) (c). Metal ion concentration = 0.1 mM, [HNO3] = 2 M, ion carrier 
volume and concentration = 8.5 mL and 0.001 M, and transport time = 36 h 
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Fig 11. Transport percent of the system contained three metals in various transport times. Fe(III) + Cr(III) + Ni(II) 
(a), Fe(III) + Ni(II) + Co(II) (b), Fe(III) + Cu(II) + Pb(II) (c). Metal ion concentration = 0.1 mM, [HNO3] = 2 M, ion 
carrier volume and concentration = 8.5 mL and 0.001 M 
 
as the primary ion, while other metal ions act as 
interference. Adding metal ions in the source phase can 
reduce the number of transported Fe(III) ions in the 
stripping phase. 

All Tested Metal Ion Competition 

Competition of all tested metal ions was also 
conducted in optimum pH and transport time. The 
transport percents of each ion in the mixture at various 
pH are shown in Fig. 12. 

Fig. 12 shows that the optimum conditions for 
Fe(III) metal ions in the mixture occurred at pH 4. This 
condition is similar to the system with two and three 
metal ions but has a lower transport percent. The presence 
of six metal ions will increase the viscosity of the solution 
and the concentration polarization. Thus, the activity of 
each metal ion is limited. As a result, the flux of ions in the 
ion-carrying solution is reduced [20]. In addition, the 
limited ion-carrying active site inflicts not all metal ions 
in the solution forming a complex. The ions' speed can be 
described by varying the transport time. The transport 
percent of each ion using PEEOA in different transport 
times is presented in Fig. 13. 

Fig.13 shows that increasing the transport times 
increases the number of metal ions transported even 
though the percentage of each metal ion decreases with the  

 
Fig 12. The effect of pH on the transport percent in the 
system contained all tested metals 

 
Fig 13. The effect of transport time on the transport 
percent in the system contained all tested metals 

increasing the number of metal ions in the mixture. The 
expanding number of metal ions in the mixed solution 
decreases the activity of each metal ion. In this 
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condition, the number of active sites carrying ions 
remains, whereas the number of metal ions increases. 
Consequently, not all metal ions in the solution form 
complexes such as Ni(II) and Co(II) ions. Besides that, the 
transport percent of Pb(II) ion also significantly 
decreased after being in the mixture of metal. This 
probably relates to the size of Pb(II) ions which are 
relatively larger than other metal ions. As a result, its 
ability to form complexes with ion carriers reduces due to 
competition among metal ions in the solution. The 
presence of other metal ions in a solution containing 
Fe(III) ions (two, three, and a mixture of all tested metal 
ions) did not change the selectivity for the Fe(III) ion. But, 
it only reduced the amount of transported Fe(III) ions in 
the stripping phase. 

Separation of Fe Ion from Ni Ion in Ferronickel 
Sample 

In this study, PEEOA was also tested on a 
ferronickel sample from PT Aneka Tambang Pomalaa, 
Kolaka, Southeast Sulawesi. The main content of this 
ferronickel is Fe and Ni. It also contains chromium, 
cobalt, and some anions such as sulfide and phosphate. 

The experiment was conducted to separate Fe(III) 
and Ni(II) ions in the ferronickel sample using a liquid 

membrane transport method under optimum 
conditions for transporting Fe(III) ions. The solution 
used was prepared from ferronickel concentrate, which 
has been diluted 50, 100, and 200 times respectively. The 
concentration of the ion carrier is 0.001 mM at pH 4. 
Then, ion carrier volume, stripping concentration, and 
transport time are 8.5 mL, 2.0 M, and 36 h, respectively. 
The transport efficiencies of the Fe(III) and Ni(II) ions 
before and after the transport process are presented in 
Table 2. 

Table 2 shows that separating iron and nickel from 
ferronickel at different concentrations using PEEOA ion 
carriers with a concentration of 0.001 mM also has 
different transportability. A higher concentration of iron 
and nickel in ferronickel reduces the ability of PEEOA to 
transport Fe(III), while the Ni(II) ion is not transported 
for all concentrations. Concentrations of Fe(III) and Ni(II) 
ions in the stripping phase reduce compared to pure 
metals due to the presence of other ions as the mixtures 
in the ferronickel sample. The presence of phosphate 
and sulfur in ferronickel will compete with PEEOA ion 
carriers to bind Fe(III) or Ni(II) ions. Reactivity 
parameters explain phosphate is more reactive 
compared to PEEOA. Thus, it will reduce the ability of 
PEEOA to form complexes with Fe(III) and Ni(II) ions. 

Table 2. The transport efficiency of liquid membrane on the separation of Fe and Ni from ferronickel concentrate 
using PEEOA as ion carrier 

Metal ion 
Concentration in source 
phase before transported 

(× 10−4 M) 

Concentration in source 
phase (Cfs) after 

transported (× 10−4 M) 

Concentration in the 
stripping phase (Cfp) after 

transport (× 10−4 M) 
% Cfs % Cfp 

Fe 4.93 4.42 0.09 89.76 1.79 
 2.60 1.85 0.11 85.42 5.27 
 1.26 1.03 0.11 81.63 8.87 

Ni 3.80 3.49 0 91.87 0 
 1.66 1.61 0 96.70 0 
 1.04 0.99 0.01 95.55 0.92 

Metal ion concentration after transported (blank) 
Fe 4.93 4.59 0.022 93.17 0.46 

 2.16 2.10 0 97.08 0 
 1.26 1.26 0 100 0 

Ni 3.80 3.63 0 95.67 0 
 1.66 1.61 0 96.91 0 
 1.04 1.03 0 99.01 0 
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Fig 14. Approximation of complexed shape of PEEOA 
with metal ions (M = Fe(III), Cr(III), Ni(II), Co(II), 
Cu(II), and Pb(II) ions) 

Separation of Fe(III) ion from Ni(II) ion in 
ferronickel using PEEOA shall be carried out at a 
ferronickel concentration of 0.126 mM for Fe(III) and 
0.104 mM for Ni(II) (200 times of dilutions). Fe(III) and 
Ni(II) ions transport percentages are 8.87 and 0.92%, 
respectively. The ability of Fe(III) and Ni(II) to be 
transported in the stripping phase is affected by PEEOA 
as a carrier ion. This can be displayed from the 
experimental transport data with blanks or without ion 
carriers, but only using chloroform as a membrane phase 
that acts as an ion carrier. The results showed that both 
Fe(III) and Ni(II) ions are not transported in the stripping 
phase at all concentrations tested (≈0%). Complex 
formation between the metal ion and the PEEOA involves 
oxygen in the ether and carbonyl groups. Hence, the 
complex structure between the PEEOA and the metal ions 
is approximated in Fig. 14. 

■ CONCLUSION 

PEEOA has been used as an ions carrier to separate 
Fe(III), Cr(III), Cu(II), Ni(II), Co(II), and Pb(II) ions by 
liquid membrane transport method. Besides that, it could 
also separate Fe and Ni in the ferronickel sample. The best 
conditions for separating Fe(III) ions were pH 4 (single, 
mixed metal ions, and ferronickel sample). Increasing the 
volume of the ion carrier up to 8.5 mL will increase the 
number of transported Fe(III) ions. Meanwhile, other 
metal ions have been optimum at 7.5 mL. Optimum 
stripping concentration (HNO3), transport time, and 
concentration of Fe(III) are 2 M, 36 h, and 0.075-0.25 
mM, respectively. The order of metal selectivity is Fe(III) 
> Cr(III) > Pb(II) > Cu(II) > Ni(II) > Co(II). This 

propensity was almost similar to the extraction method. 
However, the transport percentages of metals are 
relatively lower than the extraction percentages in the 
solvent extraction method. Complex formations 
between Fe(III) ions and PEEOA in the transport 
process occur through interactions among oxygen 
atoms in the ether and carbonyl groups. 
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 Abstract: Torch ginger (Etlingera elatior) flowers are well known for their antibacterial 
effects against Staphylococcus aureus, however, the active compounds are still unknown. 
The purpose of this study was to conduct GC-MS-based metabolite profiling of torch 
ginger flower and identify compounds correlated with its S. aureus antibacterial activity 
using Orthogonal Projection to Latent Structure (OPLS). Using the well diffusion method, 
the antibacterial activity of ethanol extract, hexane, chloroform, and ethyl acetate 
fractions with a concentration of 80 mg/mL were investigated. The ethyl acetate fraction 
inhibited S. aureus growth the most (diameter of inhibition zone, DIZ 13.00–13.20 mm), 
while the hexane (DIZ 9.55–10.05 mm) and chloroform (DIZ 10.00–11.00 mm) fractions 
had moderate inhibitory activity, but the ethanol extract had no antibacterial effect. 
Using OPLS analysis, the GC-MS metabolite profile of all extracts and fractions was 
linked with the profile of antibacterial activity. This analysis revealed that Dodecanoic 
acid, 5-Tetradecene, and n-Hexadecanoic acid were identified as the compounds that 
were significantly connected with antibacterial activity. 

Keywords: antibacterial activity; Etlingera elatior; GC-MS; metabolite profiling; 
Staphylococcus aureus 

 
■ INTRODUCTION 

Torch ginger is a native plant of Indonesia. Torch 
ginger is a member of the Zingiberaceae family, the 
Etlingera genus, and the Etlingera elatior species [1]. It is 
widely used as a medicinal herb and an ingredient in local 
products such as soap, shampoo, and perfume [2]. Torch 
ginger, on the other hand, is not as widely used as other 
spices such as ginger, turmeric, and aromatic ginger. 
Torch ginger possesses antioxidant, anticancer, 
antibacterial, antihyperglycemic, and anti-inflammatory 
properties [3-4]. 

Staphylococcus aureus is one of the most common 
pathogenic bacteria in humans. Invasive S. aureus 
infection is becoming recognized progressively as a 
major cause of severe sepsis in developing countries, 
with death rates larger than in developed countries [5]. 
Furthermore, as resistance cases in S. aureus increase, 
these bacteria are becoming increasingly important 
major pathogens. As a result, efforts must be made to 
identify prospective antibiotic candidates, particularly 
from natural sources. According to some previous 
research, torch ginger blossom has an antibacterial effect 
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against S. aureus [3,6]. Testing the antibacterial activity of 
S. aureus on local torch ginger flower has been carried out 
by using the modification well diffusion method [7]. 
However, the identification of components of the 
antibacterial compound of S. aureus from local torch 
ginger flower has not yet been conducted. Therefore, this 
study aimed to conduct GC-MS metabolite profiling of 
torch ginger flower extract and to identify compounds 
that correlate with its antibacterial activity against growth 
using multivariate data analysis. 

Metabolomics is a comprehensive analysis of 
components of an organism at a certain time or condition. 
It can be applied to study the correlation between 
bioactivity and metabolite profile which is ultimately used 
to identify the bioactive component in plants efficiently 
[8]. This method has been carried out by stratified sample 
extraction using a combination of solvents at the level of 
polarity [9]. One of the instruments that can be used for 
metabolomic analysis is Gas Chromatography-Mass 
Spectrometry (GC-MS). GC coupled to MS can be used to 
identify and elucidate the structure of compounds. The 
development of mass detection methods is one of the 
most widely used techniques for identifying compound 
structures. The ability to detect the atomic formula or 
specific functional group of an analyte has become a 
strong point for the use of MS in metabolomics [10]. 
Furthermore, GC-MS techniques have an advantage over 
LC-MS (Liquid Chromatography-Mass Spectrometry) 
techniques since GC-MS is considerably more repeatable 
than LC-MS according to the Electron Ionization (EI) 
approach that is typically used [11]. Several studies 
successfully identified bioactive metabolites from 
complex plant extracts using the GC-MS-based 
metabolomic method [12-14]. 

To extract information from the large amount of 
data generated from metabolomics study requires the use 
of multivariate data analysis. One multivariate data 
analysis method that can be used to observe a correlation 
between the metabolite profile of a complex plant extract 
with its activity is Orthogonal Projection to Latent 
Structure (OPLS) analysis. This analysis will group the 
samples based on their bioactivity in the form of an S-plot. 
In addition, the Y-related coefficient plot indicates 

metabolites significantly correlate with its bioactivity. 
Therefore, we used multivariate data analysis/OPLS to 
facilitate the identification of compounds correlated 
with antibacterial activity. The known antibacterial 
compound of the torch ginger flower can be further 
investigated for its use as an antibiotic drug and 
functional food that can prevent disease. 

■ EXPERIMENTAL SECTION 

Materials 

The material used in this study was fresh torch 
ginger flower bud from Kabanjahe farmer Sumatera 
Utara, Indonesia. For future use, the voucher specimen 
was deposited and authenticated at the Herbarium 
Medanese, Universitas Sumatera Utara, Medan, 
Indonesia (voucher specimen: 6488/MEDA). Ethanol, 
n-hexane, chloroform, ethyl acetate, dimethyl sulfoxide 
(DMSO), chloramphenicol, MSTFA (N-Methyl-N-
(trimethylsilyl)trifluoro-acetamide) (gas chromatography 
grade), and methoxyamine hydrochloride were 
purchased from Sigma-Aldrich. Pyridine was supplied 
by Merck. Methoxyamine HCl was supplied by Fisher 
Scientific (Acros Organics, Geel, Belgium), and liquid 
nitrogen was purchased from the MOX Company 
(Petaling Jaya, Malaysia). Nutrient agar media was 
supplied from Merck. S. aureus bacteria (ATCC 25923) 
was obtained from the Microbiology Laboratory, Faculty 
of Pharmacy, University of Sumatera Utara. All 
chemicals were of analytical grade. 

Instrumentation 

This study used GC-MS of Agilent 6890 and HP 
5973 mass detector (Agilent Technologies, Santa Clara, 
USA), the centrifuge of Eppendorf 5415D (Eppendorf 
AG, Hamburg, Germany), and the rotary evaporator of 
Buchi (BÜCHI Labortechnik, Flawil, Switzerland). 

Procedure 

Samples preparation 
Fresh torch ginger flower is sorted, washed, peeled, 

dried in an oven dryer at 50 °C for 12 h, then crushed 
into a powder using a food processor and filtered with a 
30 mesh filter. Extraction was carried out on 50 g torch 
ginger flour with 80% ethanol by sonication for 1 h and 
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followed by centrifugation at 2000 rpm for 30 min. The 
extract was filtered and the filtrate was collected and dried 
using a rotary evaporator at 40 °C. The dried extract was 
subjected to partition liquid-liquid fractionation with n-
hexane, chloroform, and ethyl acetate. All fractions were 
dried using a rotary evaporator at a temperature of 40 °C. 
The extraction and fractionation processes were carried 
out in 5 replications; thus, 20 samples were obtained in 
total. 

Antibacterial analysis 
The antibacterial activity on extraction result was 

carried out by a modified well diffusion method [15]. The 
extract and fraction were dissolved in DMSO with a 
concentration of 80 mg/mL. Next, 500 mL of sterilized 
NA media were poured into a 25 ± 2 mL Petri plate. The 
Petri plate containing the media was then allowed to stand 
for 1 h until it solidified. In this media, three wells of  
6 mm diameter were made. A total of 60 μL extract was 
poured into the well, and other wells were used for 
positive control and negative control. DMSO:ethanol 
(6:2) was used as a negative control, and chloramphenicol 
was used as a positive control (2.50 mg/mL). S. aureus 
with a concentration culture test of 106 CFU/mL has been 
likened to the Mac Farland turbidity standard solution. It 
was taken, scratched into the media, and incubated at  
37 °C for 48 h. Antibacterial activity was calculated based 
on DIZ (diameter of inhibition zone). The tests were 
carried out in 5 replications. 

GC-MS analysis 
Samples derivatization and GC-MS analysis method 

were referred to [13] method. The extracts (25 mg) were 
added by 50 μL pyridine in a 2 mL centrifuge tube and 
sonicated for 10 min at 30 °C. Next, 100 mL of 
methoxyamine HCl (20 mg/mL pyridine) was added and 
vortex. It was then incubated for 2 h at 60 °C. Next, 300 mL 
of MSTFA was added and re-incubated for 30 min at  
60 °C. The sample is filtered, transferred into a tube, closed 
tightly and covered with aluminum foil, and left overnight 
at room temperature. 

Samples were analyzed using the Agilent GC-MS 
system. A 1 μL sample was injected into the GC-MS 
system consisting of Agilent 6890 chromatography gas 
and HP 5973 mass selective detector. The GC column 

used was a 5% DB-5MS phenyl methyl siloxane column 
with an inner diameter (ID) of 250 μm and a thickness 
of 0.25 μm. The initial temperature was set at 50 °C for  
3 min and rose to 315 °C for 10 min at a speed of  
10 °C/min. Helium gas was used as a carrier gas with a 
speed of 1 mL/min. The temperature of the injector and 
ion source was set at 330 and 250 °C, respectively. The 
mass spectra were obtained using a full scan and 
monitoring mode with a mass scanning range of 50 to 
550 m/z after 7 min of solvent delay. 

The spectra for each chromatogram peak were 
compared with those in the NIST08 database and the 
retention time (RT) of the primary and secondary 
metabolites. Chromatogram and mass spectra were 
processed using Agilent ChemStation, Automated Mass 
Spectral Deconvolution and Identification System 
(AMDIS), and Agilent's Deconvoluted Reporting 
Software (DRS). The data processing approach was used 
after GC-MS analysis. The main purpose of data 
processing is to extract all related information from the 
raw data and turn it into a data matrix. This procedure 
involves noise filtering, binning data, automatic peak 
detection, and chromatographic alignment without the 
need for internal standards (ISs). The XCMS package in 
version R 2.15.1 was applied to align the GC-MS 
chromatogram with the following values: xcms Set 
(fwhm = 30, step = 0.1, Method = bin) and group (bw = 
10) and used to extract all information from the data raw 
and summarize it in Excel sheet format. 

OPLS analysis 
OPLS analysis was conducted using SIMCA 

v.13.01. Two plots were used to interpret the OPLS data; 
S-plot and a Y-related coefficient plot. A significant 
correlation is indicated by the value of the Y-related 
coefficient that is greater than 0.50. The scaling method 
used the Pareto method because it gives each variant 
variable numerically the same as the standard deviation 
[16]. 

■ RESULTS AND DISCUSSION 

Antibacterial Activity 

The result of the antibacterial activity test of the 
extracts and fractions of torch ginger flower showed that 
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the fraction with the highest activity was ethyl acetate 
fraction (EF) (DIZ 13.00–13.20 mm), while ethanol 
extract (EE) showed no inhibitory activity (Fig. 1). The 
results were in agreement with those of Anzian et al. [17], 
who reported that oil extracts of torch ginger (Etlingera 
elatior Jack) flower using subcritical carbon dioxide (CO2) 
exhibited very strong antibacterial activity against S. 
aureus (14.50 ± 2.21 mm). Research by Susanti et al. [18] 
showed that the 10 μL concentration of torch ginger 
flower essential oil could provide 6 mm inhibition in S. 
aureus bacteria. According to Ghasemzadeh et al. [3], 
Kelantan torch ginger flower extract at a concentration of 
10 mg/mL gave 8.40 mm inhibitory power, while Johor 
torch ginger flower extract gave 4.00 mm inhibitory 
power, and Pahang torch flower ginger extract gave 9.20 
mm inhibitory power. A previous report showed that the 
chloroform extract had an inhibitory value of 3.78 mm at 
a concentration of 500 mg/mL [7]. Differences in torch 
ginger flower source, extraction method, and solvent used 
can affect the concentration of secondary metabolites in 
the plants, consequently, influencing their antibacterial 
activity [3,19]. 

Metabolites Profiles 

A metabolite profile was obtained from 
chromatograms resulting from GC-MS analysis of 602 
metabolite profiles from the retention time of ethanol 
extract, hexane, chloroform, and ethyl acetate fractions. 
The compounds were detected by comparing their 
fragmentation pattern and mass spectra to those in the 
National Institute of Standards and Technology's mass 
spectral database (NIST14.L). The most abundant 
compounds in hexane fractions were 1-Dodecanol, 
Dodecanoic acid, and Cyclododecane. Meanwhile, the 
main compounds in chloroform fractions were 1-
Dodecanol, Hexadecanoic acid, and Malonic acid. 
Dodecanoic acid, and (E)-5-Tetradecene were the major 
compounds of ethyl acetate fractions (Fig. 2). The EFs 
were the fraction that had the highest antibacterial 
inhibitory activity. The EFs of torch ginger contained 19 
compounds, with Dodecanoic acid (18.60%) being the 
most abundant (Table 1). The (E)-5-Tetradecene, 1-
Tetradecyl acetate, Cyclotetradecane, Tetradecanoic 
acid, Cyclotetradecane, n-Hexadecanoic acid, Tricosane, 
Dodecanoic acid, and  Dodecyl ester  were  similar to the  

 
Fig 1. Antibacterial profile of torch ginger extract and fractions against S. aureus at 80 mg/mL concentration, 2.50 
mg/mL of chloramphenicol (positive control), and DMSO:ethanol (6:2) as a negative control. EE = Ethanol Extract, 
HF = Hexane Fraction, CF = Chloroform Fraction, EF = Ethyl acetate Fraction, C = Chloramphenicol, and DE = 
DMSO:ethanol. The DIZ value was the average from two replication with a standard deviation 
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Fig 2. Chromatogram of ethyl acetate fraction from torch ginger 

Table 1. Chemical composition of ethyl acetate fraction from torch ginger analyzed by GC-MS analysis 

No RT Compound Area 
% MW Structure Precursor 

ion 
[M-H]+/- product ion 

(m/z) 
Ref. (NIST14.L 
Library) Ref. 

1 12.39  7-Oxooctanoic acid 0.78 158.19 C8H14O3 159.00 117.10; 75.10 92728 - 
2 27.12  (E)-5-Tetradecene  12.80 196.37 C14H28 196.00 55.10; 69.00; 83.10 61866 [20] 
3 28.95  2,4-Di-tert-butylphenol 2.34 206.32 C14H22O 206.30 191.30; 57.30 70632 - 
4 32.93 Dodecanoic acid 18.60 200.32 C12H24O2 200.00 55.10; 60.10; 73.20; 128.90 64983 [2,17,20] 
5 34.89 1-Tetradecyl acetate 6.71 256.42 C16H32O2 252.40 55.10; 83.00; 97.30 117423 [2] 
6 38.84 Cyclotetradecane 3.20 196.38 C14H28 196.30 55.10; 83.10;  61850 [20,21] 
7 43.73 Tetradecanoic acid 0.14 228.37 C14H28O2 228.00 55.10; 73.00; 91416 [2,18,20] 
8 46.06 Cyclotetradecane 1.61 196.38 C14H28 196.50 55.10; 83.20 61849 [20,21] 
9 52.17 Methyl hexadecanoate 1.19 270.50 C17H34O2 271.40 87.30; 74.00; 87.30; 55.30; 227.30 130818 - 
10 54.22 n-Hexadecanoic acid 3.60 256.42 C16H32O2 256.10 73.10; 60.00 117418 [18,20] 
11 55.63 Ethyl hexadecanoate 0.37 284.50 C18H36O2 284.00 69.00; 55.00; 88.10; 100.90 144307 - 
12 60.33 Myo-Inositol 0.01 180.16 C6H12O6 193.10 73.20 273399 - 
13 63.49 Ethyl linolate 1.11 308.50 C20H36O2 308.00 67.20; 95.00 167365 - 
14 67.06 Cyclobutenylbenzene 0.55 130.19 C10H10 131.00 131.00; 55.10; 117.00 41663 - 
15 78.35 Tricosane 1.06 324.60 C23H48 324.20 57.10; 71.00; 85.00 155900 [20] 
16 81.05 Dodecyl dodecanoate 1.91 340.60 C22H44O2 334.20 201.20; 57.10; 71.20 182653 [18] 
17 82.33 Hexacosane 1.69 366.70 C26H54 366.50 57.10; 71.20; 85.10 219427 - 
18 86.19 8-Hexylpentadecane 0.96 296.57 C21H44 295.60 57.10; 71.20; 85.10 155894 - 
19 89.90 Octacosane 1.70 394.76 C28H58 394.40 57.10; 71.20; 85.10 235613 - 

 
previous reports [2,17-18,20-21]. 

We identified several compounds in extracts and 
fractions of torch ginger, have also been previously 
reported such as Dodecanoic acid [2,17,20], n-
Hexadecanoic acid [18,20], 1-Dodecanol [2,17,20], 
Tetradecene [20], 1-Decanol [17-18], Tetradecanoic acid 
[2,18,20], 1-Tetradecyl acetate [2], Acetic acid [22], 
Dodecene [22], 1,3-Propanediol [22], Cyclododecane 
[20], 9-Tetradecen-1-ol [18,20], Propanedioic acid [20], 
13-Octadecenoic acid [20], 9,12-Octadecadienoic acid 

[20], Tricosane [20], Dodecane [20], and 1-Tetradecanol 
[18]. Hexane, chloroform, and ethyl acetate fractions 
containing some of these compounds have inhibitory 
activity against S. aureus. These compounds have been 
reported to have antibacterial activities, such as 
Dodecanoic acid (dilution factor of 1:10) against S. 
aureus (15 ± 1.41 mm) and Streptococcus pneumoniae 
(15 ± 0.00 mm), Mycobacterium tuberculosis spp. 
(14 ± 1,41 mm) [23]. Moreover, n-Hexadecanoic acid 
was suspected as an antibacterial compound in 
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Pentanisia prunelloides against Gram-positive bacteria 
(Bacillus subtilis, S. aureus) and Gram-negative bacteria 
(Escherichia coli, Klebsiella pneumoniae) [24]. 1-
Dodecanol and 1-Decanol were also reported to have 
activity against S. aureus (MIC 6.25 μg/mL, 50 μg/mL, 
respectively) and P. acnes (MIC 3.13 μg/mL, 25 μg/mL, 
respectively) [25]. In addition, Tetradecanoic acid-solid 
lipid nanoparticles (TAS) were also known to have an 
antibacterial activity where the viable colonies of 
Salmonella CVCC541 bacteria in cells were reduced by 
95.83% after TAS treatment [26]. 

Furthermore, Acetic acid had good activity against 
clinical and type strains of P. aeruginosa at concentrations 
as low as 0.17%, while 0.31% inhibits MSSA and A. 
baumannii [27]. Kim et al. [28] reported the antibacterial 
activity of 1,3-Propanediol against E. coli (MIC 16%) and 
S. aureus (MIC 16%) bacteria. Moreover, Tricosane was 
active against Gram-positive: B. subtilis CICC 20034; 
Flavobacterium SHL45 CICC 51823, Gram-negative: E. 
coli CICC 23845; P. fluorescens (SHL5 CICC 20066, SHL7 
CICC 21620), and Yeast: S. cerevisiae (Ja64 CICC 1346; 
Tokay CICC 1388; Y-8 CICC 1390) with inhibition zones 
ranging from 8.03 to 15.97 mm at a concentration of 20 
mg/mL [29]. Kubo et al. [30] have reported that 1-
Tetradecanol was able to inhibit the growth of 
Propionibacterium acnes, Brevibacterium ammoniagenes, 
and Streptococcus mutans. 

Orthogonal Projection to the Least Square (OPLS) 
Analysis of Metabolites Profile and Antibacterial 
Activity 

In OPLS analysis, the X data matrix was the 
metabolite profile in each extract, and fractions 
correlated with its antibacterial activity as the Y data 
matrix. The metabolite profile data used the retention 
time generated from the GC-MS chromatogram of all 
extracts and fractions, while the antibacterial activity 
data used the inhibition zone diameter data of extracts 
and fractions against S. aureus bacteria. Using OPLS 
analysis, these X and Y data were used to determine the 
correlation of metabolite profiles and antibacterial 
activity of extracts and fractions. 

To interpret the results of the OPLS analysis, S-plot 
and Y-related coefficient plot were used. The S-plot was 
used to classify the retention time of extracts and 
fractions based on the characteristics given by the Y data 
matrix. The separation of all retention times between 
those with low and high activity made it easier to identify 
retention times for further bioactive components using 
Y-related coefficients. Fig. 3 shows the S-plot of active 
and inactive retention times. The more positive the X 
value, the higher activity can be predicted. In Fig. 3, the 
retention time of 32.93 min showed the greatest X value, 
so the most active retention time can be expected. The 
compound  at that  retention time was  Dodecanoic acid.  

 
Fig 3. S-plot of extracts and fractions. The more positive the X value, it can be predicted the higher activity 
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This compound was found in high concentrations in ethyl 
acetate and hexane fractions. In contrast, the retention 
times of 15.80 and 60.18 min were the smallest and most 
predictable as compounds with no antibacterial activity. 
These compounds predominated in the ethanol extract, 
which was composed of Glycerol and Myo-Inositol. 
Glycerol has been reported in torch ginger as well [31]. 
Additionally, Myo-Inositol has also been found in 
Orthosiphon aristatus (Blume) Miq. (Lamiaceae) [32]. 
Glycerol and Myo-Inositol are sources of nutrients 
essential for microbial growth [33]. 

Furthermore, to determine the high positive 
correlation value of Y data matrix data with the peak of all 
retention time, Y-related coefficients were used. A 
significant correlation is indicated by the Y-related 

coefficient, which is more than 0.50 [16]. Fig. 4 shows 
the Y-related coefficient plot, with the highest value 
found at 32.93 min retention time of 0.81. In addition, 
there are two retention times with the Y-related 
coefficient near 0.50. The retention times are 27.12 and 
54.22 min, respectively. 

Investigation of the retention times of 32.93, 27.12, 
and 54.22 min resulted in the identification of the 
compounds of Dodecanoic acid, (E)-5-Tetradecene, and 
n-Hexadecanoic acid, respectively (Fig. 5). This 
identification was made by comparing the 
fragmentation pattern and molecular weight to mass 
spectra available in the NIST14.L and the literature [34-
35]. Dodecanoic acid showed peak (intensity %): m/z 
55.10 (100%),  m/z 60.10  (98.41%),  m/z 73.20  (92.89%), 

 
Fig 4. The values of the OPLS Y-related coefficient plot, (a) The plot runs from 26.77 to 37.35 min; (b) The plot runs 
from 44.25 to 57.80 min 
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Fig 5. MS fragmentation pattern for retention times of (a) 32.93 min, (b) 27.12 min, and (c) 54.22 min 

 
m/z 128.90 (53.86%), m/z 69.20 (46.78%), while in the 
literature it had peak (intensity %): m/z 55.10 (100%), m/z 
43.00 (92%), m/z 73.00 (90%), m/z 60.00 (85%), m/z 
129.00 (30%), m/z 85.00 (30%) [35]. (E)-5-Tetradecene 
showed peak (intensity %): m/z 55.10 (100%), m/z 69.00 
(75.72%), m/z 83.10 (63.86%), m/z 70.20 (59.14%), m/z 
57.20 (51.41%), while in the literature for 1-Tetradecene 
had peak: m/z 55, m/z 41, m/z 43, m/z 83, m/z 57, m/z 69, 
m/z 97, m/z 168 [34]. n-Hexadecanoic acid showed peak 
(intensity %): m/z 73.10 (100%), m/z 60.00 (93.86%), m/z 
55.20 (92.04%), m/z 57.00 (56.69%), m/z 69.20 (55.05%), 
while in the literature it had peak (intensity %): m/z 73 
(100%), m/z 129 (30%), m/z 97 (12%), m/z 256 (12%), m/z 
213 (11%) [36]. 

E. elatior plant extract with n-hexane has been 
reported to have antibacterial activity of C. gloeosporiodes, 
which is identified as Dodecanoic acid, β-Sitosterol, and 
Stigmasterol [37]. In addition, essential oil components of 
the Etlingera genus such as Dodecanoic (lauric) acid, 
Decanoic (capric) acid, aldehydes of Dodecanal, 
monoterpenes of α-Pinene, β-Pinene, and sesquiterpene 
of (E)-Caryophyllene have been reported to have 
antibacterial, antifungal, and antiviral activities [38]. 
There have been no reports of Tetradecene's antibacterial 
activity, whereas n-Hexadecanoic acid has been 
extensively described as having antimicrobial activities 
[39]. In a previous study [40], Plectranthus amboinicus 
leaves extract showed inhibitory activity on Bacillus 

subtilis, Methicillin-resistant S. aureus, Pseudomonas 
aeruginosa, Escherichia coli, and Candida albicans which 
was correlated with the occurrence of more n-
Hexadecanoic acid bioactive compounds. Dodecanoic 
acid and n-Hexadecanoic acid are free fatty acids (FFA) 
whose main antibacterial action is cell membranes, 
where they interfere with oxidative phosphorylation and 
the electron transport chain [38]. FFAs are reported to 
have a non-specific action mode and broad activity 
spectrum that can be applied in various medicine, food 
preservation, and agriculture, making them attractive as 
antibacterial agents where the use of conventional 
antibiotics is prohibited [38]. 

■ CONCLUSION 

Antibacterial activity tests on the growth of 
Staphylococcus aureus showed the greatest inhibition 
(DIZ) in the ethyl acetate fraction (13.00–13.20 mm) and 
followed by chloroform (DIZ 10.00–11.00 mm) and 
hexane (DIZ 9.55–10.05 mm) fractions of torch ginger 
(Etlingera elatior) flower with a concentration of 80 
mg/mL. The result of the OPLS analysis showed that the 
component at a retention time of 32.93 min correlated 
significantly with the growth of S. aureus bacteria (Y 
related coefficient value of 0.81). The compound was 
identified as Dodecanoic acid. Furthermore, (E)-5-
Tetradecene and n-Hexadecanoic acid compounds were 
also discovered to be strongly connected to their activity 
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(Y related coefficient value near to 0.50). Dodecanoic acid 
and n-Hexadecanoic acid compounds have also been 
reported to have antimicrobial activity, but not (E)-5-
Tetradecene. Purification of the (E)-5-Tetradecene 
compound can be done in further research to confirm its 
antibacterial activity. 
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 Abstract: Citrate-capped gold nanoparticle (GNP) was used as a ligand for chromium 
chelating, and chromium ions reaction led to GNP aggregation. The color change of GNP 
by aggregation in the presence of chromium is a simple and rapid colorimetric test for these 
ions in an aqueous solution. GNP capped citrate was prepared by the citrate method and 
characterized by TEM, and its particle size was 20 nm. Also, the surface plasmon resonance 
(SPR) peak was 520 nm. In the presence of chromium ions, the color of GNP at 520 nm 
was shifted to 650 nm because of aggregation to give a signal as a ratio of A650/520 more 
than one and proportional with chromium concentration directly. The optimum conditions 
were studied to obtain the high signal represented by the volume of GNP, reaction kinetic 
of A650 with time, selectivity, and interferences of Zn(II), Fe(III), Fe(II), Sn(II), Ni(II), 
Ca(II), Al(III), Sr(II), Cu(II), Mn(II), Co(II), Mg(II), Ag(I), and Pb(II) ions. The calibration 
curve is linear in the range of 100–500 ppb, and the regression was 0.9951 and applied on 
tap water chromium ions in the same range in the regression of 0.95. This method was 
simple, rapid reaction, consumed low volumes of sample, and had low detection limits. It 
can be recommended as a new method for chromium (III) detection in aqueous solutions. 

Keywords: citrate; chromium(III); nanoparticle; gold capped; tap water 

 
■ INTRODUCTION 

The entering of heavy metal wastes as a result of 
increased industrial use through numerous channels 
generates very effective harm to the environment and 
humankind. Lead, copper, iron, zinc, nickel, cobalt, 
cadmium, chromium, mercury, gold, and silver are all 
heavy metals that are not biodegradable. Heavy metal 
uptake from the surrounding environment via the food 
chain results in the presence and enrichment of higher 
species tens of thousands of times, and human ingestion 
via the food chain could result in chronic poisoning. In 
vivo, high Cr absorptions can cause fibroproliferative 
disease, airway hypersensitivity, nasal cancer, lung cancer, 
and other cancers. Exposure to Cr can produce different 
point mutations in DNA, chromosomal damage, and 
oxidative alterations in proteins in addition to adduct 
formation. Because each form of Cr has a different level of 
toxicity, the health impacts of each are varied [1-3]. 

Dispersive liquid-liquid microextraction and dried-
droplet laser ablation ICP-MS [4], carbon composite-
PVC based membrane coated platinum electrode, 
amperometric enzyme-based sensor [5], flame atomic 
absorption spectrometry [6], fluorine-doped graphite 
pencil electrode [7], and nano-Au/TiO2 photocatalysis 
reduction with low-cost instrumentation requirements, 
as well as simple operation and quick results [8], and 
immunochromatographic assay were rapid and simple 
detection of chromium ion [9]. 

The wide range of uses for metal nanoparticles in 
sensing, catalysis, electronics, and photonics has a huge 
interest [10]. GNPs are of special interest because of 
their good biocompatibility, conductivity, and high 
surface-to-volume ratio, which have made them useful 
in environmental monitoring and biological sensing 
[11]. GNPs are commonly employed in electroanalysis 
[12], biosensors [13], colorimetric detection [14], and 
other applications. It is straightforward and quick to use 
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a colorimetric detection approach based on monitoring 
the color change caused by GNP aggregation or 
corrosion. Also, heavy metal ions have been detected 
using this technology extensively [15-16]. 

In this research, simple colorimetric detection of 
chromium ions was demonstrated good sensing at trace 
concentration. The procedure was based on the GNP 
aggregation to give a clear signal and shift from red to blue 
midnight color. GNP was synthesized by the citrate 
method and characterized by TEM, and the detection was 
optimized according to the volume of GNP and 
aggregation dependence time. Also, the selectivity and 
interferences were studied, and a calibration curve of pure 
and tap water was established. 

■ EXPERIMENTAL SECTION 

Materials 

Gold(III) chloride trihydrate (HAuCl4 3H2O) and 
sodium citrate were sourced from Sigma-Aldrich. Salts of 
Cu2+, Ag+, Ca2+, Cd2+, Zn2+, Mg2+, Sn2+, Fe2+, Fe3+, Al3+, Sr2+, 
and Ni2+ were purchased from Thompson baker, India. 
Acetic acid and chromium salt were supplied from GCC. 

Instrumentation 

Transmission electron microscopy (TEM) 
measurements were carried out using a Zies transmission 
electron microscope operating at 100 kV. A drop of the 
GNP solution was placed on a copper grid and air-dried 
before the measurement. The UV-visible absorption 
spectra were obtained using a PerkinElmer Lambda 25 
spectrophotometer. 

Procedure 

Synthesis of GNP 
GNP capped citrate with a diameter of 20 nm was 

prepared by reducing 1 mM of HAuCl4 by sodium citrate 
(1%) according to [17-18] with slight modification. 
Briefly, 10 mL of HAuCl4 was heated nearing boiling 
temperature, and 1 mL of citrate solution was added 
rapidly. The solution was stirred continuously, and the 
yellow color of gold ions was fainted to colorless. Then 
blue sky color is appeared and darkens into dark blue, 
turning to cherry red color after 15 min of heating. Mixing 
was continued till cooling to room temperature, and the 

dark red mixture was filtered with a 0.22 μM Millipore 
membrane filter, then GNP solution was used for 
detection freshly. 

Optimization of chromium ions detection 
Several experiments were done to optimize the 

final conditions for chromium detection by GNP. 
Firstly, the reaction of chromium ions with GNP capped 
citrate is limited and sensitive to acetic acid addition, 
where at a certain volume, the aggregation is triggered 
and changes the color. Therefore, acetic acid 1% (v/v) is 
used in the following additions (5, 10, 15, 20, 25, and  
30 μL) to 300 μL of GNP, and the color change was 
monitored for 15 min, where no change in color is the 
volume that GNP is stable. The color is stable at 25 μL 
and enough to give a final change in color after the 
addition of 200 ppb chromium ions. Also, the 
development of color was monitored after the addition 
of chromium ions (200 ppb), and the absorbance at 650 
was measured with time for 10 min to establish a stable 
signal. GNP volume was studied in the various volume 
of GNP (100, 200, 300, 400, 500, and 600 μL) to validate 
the high signal as A650/520 in the detection of chromium 
ions (200 ppb). The effect of selectivity and interferences 
ions were Zn(II), Fe(III), Fe(II), Sn(II), Ni(II), Ca(II), 
Al(III), Sr(II), Cu(II), Mn(II), Co(II), Mg(II), Ag(I), and 
Pb(II) ions, where the volume of GNP and acetic acid 
were 200 μL and 25 μL, respectively, the ions were 500 
ppb, and the final volume was 1 mL. All these 
experiments were measured at room temperature and 
for 10 min, and the absorbance was recorded as A650/520. 

■ RESULTS AND DISCUSSION 

In Fig. 1, the UV-visible absorption spectrum of 
GNP is shown, where the SPR band was discovered to be 
located at 520 nm. The Au SPR absorption is ascribed to 
this band. The location of this band was consistent 
within 2 nm four times of GNP preparations. The shape 
and size of the GNP were determined using TEM 
techniques. The TEM picture showed three scales and 
described all samples with a spherical and narrow 
distribution of GNP. The particles were spherical or 
semispherical in shape and had an average size of 20 nm, 
as shown in Fig. 2. The cherry red of GNP is clear and has 
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Fig 1. The absorption spectra of GNP (Inset: the red 
solution of prepared GNP) 

good stability for 1 week, which is prepared by the citrate 
method many times in the same color and absorption 
values. 

At 520 nm, GNPs with less than 60 nm have 
extraordinarily high extinction coefficients. Furthermore, 
the various aggregation phases of GNPs can cause 
significant color variations. These unique optical 
properties make GNP a suitable color-reporting 
candidate for signaling molecular recognition events and 
enable trace concentration detection. As a result, 
colorimetric assays based on GNP aggregation are well 
established as a simple and sensitive detection method. 
The GNPs are aggregated by an analyte of cross-linking 
molecules that have several binding sites for molecules 

immobilized on the GNP surface in the majority of these 
experiments [19]. This phenomenon is the base of 
chromium detection in aqueous solutions by GNP color 
change, and it is important to optimize the clear signal 
for a visual test. The test depends on the deep red color 
of GNP at the level that is visual to the naked eye, so the 
effect of dilution on GNP solution is studied, where the 
tolerance is not exceeded five times dilution. The 
concentration of GNP was determined and found to 
equal to 10.9 nM from Beer-Lambert law via UV-vis 
spectroscopy and based on as reported, where the 
extension coefficient was 8.78 × 108 M−1 cm−1 at λmax  
520 nm and the size was 20 nm [20]. The as-prepared 
GNP can be diluted to give a good signal and easily 
detected by the eyes. In our experiments, the dilution 
was 5 times applied for all experiments. In Fig. 3, the 
calibration curve is plotted according to the high 
extension coefficient as reported above, and the 
relationship is in a good straight line with a high 
correlation coefficient equal to 0.9956. 

GNP stability solution is monitored for any 
alteration in color under storage, and we recommend it 
be used for not more than one weak. The storage of GNP 
was done  in the  ambient  condition  in our lab,  and the  

 
Fig 2. TEM images of GNP in different scales as prepared by citrate method and the size distribution 
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Fig 3. Correlation between GNP concentration and 
absorbance at 520 nm 

absorbance was tested every day as absorbance at 520 nm 
in a UV-vis spectrophotometer. The result is not shown, 
but the data of absorbance was stable and changed by only 
20%. This is due to self-aggregation or formation of 
clusters in the preparation and should be monitored with 
time as reported [21]. 

Optimization of GNP Detection 

Effect of time 
The color change of citrate-capped GNP is sensitive 

to the presence of chromium ions. This reaction depends 
on the aggregation of gold nanoparticles capped citrate, 
where the latter is the ligand probe for chromium ion 
masking [22]. The reaction is working on, and a fast 
reaction needs a second to change color from red to blue 
but to reach a stable blue color needing time to give a 

stable absorbance. The change of color is monitored by 
measuring the absorbance at 650 nm with time from 0–
10 min to determine the optimum time and constant 
absorbance with time. The kinetics of aggregation was 
studied for A650 as a signal for aggregation. It was 
increased in steeping slope. For 3 min, the absorbance 
was stable, and then a plateau appeared in the range of 
3–10 min. In our results, we found the rapid test by this 
simple procedure as the change in color is fast and 
indicates the presence of chromium(III) ions in aqueous 
solutions. The results appear in Fig. 4, which is shown 
the absorbance at 650 nm of gold nanoparticles solution 
(after aggregation) related to time in seconds. Our 
findings on this kinetics are agreed upon by other 
researchers who worked on the kinetics of gold 
nanoparticle aggregation [23]. 

Effect of GNP volume 
This part aims to optimize the volume of GNP for 

a high detection signal in the presence of a constant 
concentration of chromium ions. The procedure was 
done by measuring the signal as A650/A520 of the samples 
by adding various volumes of gold nanoparticles and 
chromium ions at 500 ppb. The highest signal of GNP in 
various volumes to detect chromium ions was 200 μL 
and then diluted with distilled water for a final volume 
of 1 mL. As the GNP volume was changed, the signal was 
different due to GNP capped citrate working as a ligand 
and aggregating around chromium ion to give the 
highest  signal.  At a low  volume  of GNP,  the change in  

 
Fig 4. The kinetic plot of GNP as a function of time (200 ppb of chromium, 200 μL of GNP, and total volume is 1 mL) 
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color into the blue is not representing all chromium ions 
attaching because the ratio of reaction is low, and many 
chromium ions were free without reaction leading to low 
aggregation. Whereas at a high volume of GNP, all 
chromium ions are attached. But the excess of non-
aggregated GNP affected the signal value, especially at 
A520, where a high value made the final signal of absorbance 
ratio A650/A520 low. We found that 200 μL of GNP as a 
volume is the best, where the signal was high and a low-
noise red color. In Fig. 5, the volume of GNP added to 
chromium ions solution was effective on the signal of 
detection (A650/A520). The distinctive color was clear and 
gave a high signal in the form of A650/A520, as shown 
compared to other signals resulting from different GNP 
volumes. 

Effect of acetic acid 
The important factor in the color change was the 

addition of acetic acid (1% v/v), and we found that the 
trigger was this acid. In the preliminary experiment, in the 
absence of acetic acid, there is no change in color though 
chromium ion was added. Thus, this detection is very 
limited by acetic acid, and changing its addition was a 
reactive stimuli factor for detection. When the addition 
was less than 25 μL, there was no change in color, which 
gave the false-negative signal. In contrast, more than this 
volume, the color change into blue (aggregation by acid) 
despite no chromium ions being added, and this is the 
false-positive signal due to the salting out of GNP. Also, 

acetic acid could aid in the stability of GNP in an 
aqueous solution to keep surface charge high and zeta 
potential. Acetic acid gives high dispersion as the 
carboxylic moieties make the protection of surface [24]. 
There is no visual change in GNP solution at 25 μL of 1% 
acetic acid. It was stable for 30 min, and there was no 
change in absorption or wavelength. The blue color 
appeared in the acidified GNP solution after the addition 
of chromium ions, where the absorption changed and 
the bathochromic shift at 650 nm. The role of acetic acid 
as a trigger in detection is working for the acceleration 
of aggregation, especially when chromium ions are 
found [25]. In Fig. 6, the UV-vis absorption spectra red 
and blue line of acidified GNP solution before and after 
chromium ions addition, respectively, and the stacked 
photograph picture is the GNP before (right) and after 
chromium addition (left). 

 
Fig 5. Effect of volume change of GNP on signal 
A650/A520 in chromium detection (200 ppb) 

 
Fig 6. UV-vis spectra of GNP solution before and after detection of chromium ions 
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To show that citrate-capped GNP is selective for 
chromium ions, we studied the interaction of other ions on 
the signal of GNP ratio A650/A520. Like these ions Zn(II), 
Fe(III), Fe(II), Sn(II), Ni(II), Ca(II), Al(III), Sr(II), Cu(II), 
Mn(II), Co(II), Mg(II), Ag(I) and Pb(II) and each ions 
concentration was 500 ppb and chromium ions were  
200 ppb. Experimentally, there is no color change of GNP 
with these ions compared to chromium ions. The color 
stays red, the signal is strong for chromium ions, and the 
blue color is clear visually. In Fig. 7, the representation 
results of selectivity of GNP toward chromium ion to give 
a high signal compared to other ions, and the difference is 
very large. All ions under study have not interacted with 
GNP, and their color is unchanged visually. Also, the signal 
of other ions is near the GNP blank with red color. This is 
explained that the high absorbance ratio of chromium-
GNP was affected by the aggregation of GNP. In contrast, 
in the presence of other ions, the value of A650/A520 was 
low, indicating well-dispersed forms of citrate-capped 
GNP. Therefore, chromium ions must selectively interact 
with a specific site on the surface of GNP [26]. 

The selectivity of this procedure is examined to 
detect the interference of coexisting ions. Metal ions such 
as ions Zn(II), Fe(III), Fe(II), Sn(II), Ni(II), Ca(II), Al(III), 
Sr(II), Cu(II), Mn(II), Co(II), Mg(II), Ag(I) and Pb(II) 
challenge this detection technique [27]. Each type of metal 

ion has a concentration of 500 ppb. The chromium ion 
concentration is chosen to be 200 ppb. All ions are added 
to the same solution to the GNP solution to study the 
interference effect of all ions on the color of GNP. The 
signal is almost stable for 30 min, and no color change in 
the absence of chromium ions. Also, the spectrum of 
GNP with ions is similar to the negative signal. 
According to the spectra in Fig. 8, the absorption at 520 
nm is not changed despite the presence of interferences 
of ions and no difference in peak location of citrate-
capped GNP and GNP with interference ions. After 
adding chromium ions, the absorption peak decreased at 
520 nm and increased at 650 nm considerably, as 
reported [28]. That is an indication of interferences from 
all ions understudy that did not affect the signal of GNP. 
In Fig. 9, the A650/520 ratio for chromium ions is greater 
than one. Its value exceeds the signal of A650/A520 that 
belongs to GNP with or without interfered ions, where 
this is a very good result to estimate chromium 
according to this method. Also, we found the signal 
induction is strong in the presence of other ions as an 
indication that the interference ions do not affect 
chromium ions detection, and this method is hard 
resisting the interferences [29]. The signal as A650/A520 of 
GNP in the presence and absence of chromium ions 
interfered with the ions under study is shown in Fig. 9. 

 
Fig 7. Ratio A650/A520 of the chromium ions selectivity against other studied ions. Chromium ions concentration is 200 
ppb, and the other ions are 500 ppb, and the stacked picture is the visual color of blank GNP (first left), chromium 
ions (second left), and all ions on the right 
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Fig 8. UV-vis spectra of GNP, GNP-interfered ions, and GNP-interfered ions after chromium ions addition. The ions 
are Zn(II), Fe(III), Fe(II), Sn(II), Ni(II), Ca(II), Al(III), Sr(II), Cu(II), Mn(II), Co(II), Mg(II) and Pb(II) 
 

 
Fig 9. Signal A650/A520 of GNP and GNP in the presence of 
interference ions 

Calibration 

Chromium was quantified by GNP capped citrate, 
where the absorption ratio of A650/A520 was used to monitor 
the color change of GNP by adding various concentrations 
of chromium ions in the range of 100–500 ppb. We found 
a related signal to the changing of concentration 
chromium ions. As the chromium ions concentration 
increased, the color of the GNP solution changed from red 
to dark midnight blue. The understudy concentrations 
were 100–500 ppb, where the absorbance at 650 nm 
increased, whereas the peak at 520 nm decreased, as shown 
in Fig. 10. The absorption spectra of GNP before reaction 
and after reaction with chromium ions have appeared and 
shifted from 520 nm to 650 nm in each spectrum. The 
absorption ratio A650/A520 was used as a signal, and it is 
different in sensitivity and proportional to chromium 
concentration. In this study, the calibration is ranged from 
100 to 500 ppb within the linear range of the calibration 
curve with high regression equal to 0.9951, and the 
detection limit was 50 ppb was calculated according to the 

 
Fig 10. UV-vis spectra of GNP before and after adding 
standard concentrations of chromium ions 

 
Fig 11. Calibration curve of chromium ions according to 
A650/A520 of GNP, and the stacked picture is a color 
change of GNP 

S/N = 3 rule [30]. The calibration curve of chromium ion 
concentration change was proportional to the signal 
A650/A520, which is illustrated in Fig. 11. 
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Fig 12. The application of chromium ions detection by GNP as a calibration curve 

 
The detection application is  applied on real tap 

water to specify the accuracy in color change and compare 
it with experimental calibration. The concentration of 
chromium ions in the range of 100–500 ppb was prepared 
as a sample in tap water, and GNP color change was 
recorded as A650/A520. The range of detection for 
chromium ions in tap water with good regression (0.95) 
and good signal to detect in tap water is shown in Fig. 12. 

■ CONCLUSION 
GNP capped citrate was prepared at particle size 

about 20 nm by citrate method and stable for one week 
and can be prepared three repeats without SPR peak 
change. This method is simple and rapid for chromium 
ions detection using GNP as a ligand. The change in color 
absorption decreased at 520 nm and increased at 650 nm, 
where the signal was more reasonable as A650/A520. The 
aggregation is affected by acetic acid addition, which 
accelerates the color change, and the signal A650/A520 was 
affected by the volume of GNP. The signal A650/A520 of 
chromium ions was not affected in the presence of Zn(II), 
Fe(III), Fe(II), Sn(II), Ni(II), Ca(II), Al(III), Sr(II), Cu(II), 
Mn(II), Co(II), Mg(II), Ag(I) and Pb(II), to be selective 
and less interfere chromium ions in aqueous solution. The 
A650/A520 was proportional with chromium concentration, 
and the range was 100–500 ppb with 50 ppb as a detection 
limit. Also, it was applicable in tab water in the same 
concentration range. This method was very beneficial for 
chromium(III) ion detection in the lab or polluted 
sample, and it can be immobilized on paper lateral force 
test to get a more powerful and easy test. 
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 Abstract: The n-hexane fraction from the stem bark of Lansium domesticum Corr. Cv. 
Kokosan afforded 3 sesquiterpenoids, namely eudesm-4(15),7-dien-1β-ol (1), eudesm-
4(15)-ene-1β,6α-diol (2), and octahydro-4-hydroxy-3a-methyl-7-methylene-a-(1-
methylethyl)-1H-indene-1-methanol (3). These three compounds were discovered in the 
Lansium genus for the first time. Their chemical structures were determined based on 
data generated from various spectroscopic methods, including one- and two-dimensional 
NMR, as well as mass spectroscopy. Sesquiterpenoid compounds (1-3) have also been 
evaluated on MCF-7 breast cancer cell lines and the compound 1 showed the strongest 
activity with an IC50 value of 17.97 μg/mL while compounds 2 and 3 showed moderate 
and weak activity with IC50 values of 121.65 and 201.57 μg/mL, respectively. The 
implication of the findings of these compounds is as an illustration that one of these 
sesquiterpenoids has potential as an anticancer with the presence of double bond which 
played important role in the cytotoxic activity that can be studied for new drug discovery. 

Keywords: cytotoxic activity; Lansium domesticum Corr. Cv. Kokosan; MCF-7 cell 
lines; sesquiterpenoid 

 
■ INTRODUCTION 

Sesquiterpenoids are secondary metabolites of the 
terpenoid class that have important roles in the biological 
systems used by humans [1]. Sesquiterpenoids, generally 
found in higher plants as a volatile oil, are derived from 
the acyclic derivative of the initial compound, namely 
farnesyl pyrophosphate (FPP) derived from three isoprene 
units as the precursors. The FPP has a long chain structure 
and three double bonds, so it can form various cyclic 
formations with more flexibility such as monocyclic, 
tricyclic and tetracyclic [2]. Sesquiterpenoids have a C-15 
framework and diverse structures due to the presence of 
functional groups and substituents [3]. In addition, 

sesquiterpenoids have also various biological activities 
such as anti-inflammatory, antibacterial, antioxidant, 
antitumor, and antimalarial [4]. The previous studies 
reported that aromadendrane-type sesquiterpenoids 
displayed antifeedant, antifouling, antimicrobial, 
antiviral, insect repellent, and cytotoxic activities [5]. 
Sesquiterpenoids are widely found in the Meliaceae 
family. The genera of the Meliaceae family which 
contain sesquiterpenoids are Trichilia [6-7], Capadessa 
[8], Dysoxylum [9], Aglaia [10], and Lansium [11-13]. 
Several sesquiterpenoids were isolated from Meliaceae 
family with good activity against MCF-7 breast cancer 
cells such as 10β-hydroxy-4α,4β-dimethyl-5αH,7αH-
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eudesm-3-one and spatunelol. These two compounds were 
isolated from the stem bark of D. parasiticum with IC50 
values for MCF-7 of 12.17 and 23.79 μM, respectively [14]. 
The other sesquiterpenoids isolated from the stem bark of 
plants from the Meliaceae family (Aglaia harmsiana) have 
good cytotoxic against MCF-7, namely; β-caryophyllene 
oxide, senecrassidiol; 4β,10α-dihydroxy aromadendrane; 
4α,10α-dihydroxyaromadendrane with the IC50 values of 
0.62, 1.32, 8.41, and 2.8 μM, respectively [15-16]. 

Lansium domesticum Corr. is a species and seasonal 
plant that belongs to the Lansium genus. L. domesticum 
Corr., which grows in tropical regions, especially in 
Southeast Asia, such as Philippines, Malaysia, Thailand, 
and Indonesia [17]. Previous research on this species 
reported that this species has compounds that have been 
isolated as follows: triterpenoids, onoceranoid-type 
onoceradiendione, limonoids, glycoside [18], and 
sesquiterpenoids. In Indonesia, this species has three 
cultivars and Lansium domesticum Corr. Cv. Kokosan is 
one of its cultivars which was observed to study the 
cytotoxicity of the Indonesian Lansium plant against 
MCF-7 breast cancer cell lines. We revealed the isolation, 
structure elucidation, and cytotoxic evaluation of an 
oppositane sesquiterpene and two eudesmane-type 
sesquiterpenoids 1-3. 

■ EXPERIMENTAL SECTION 

Materials 

The stem bark of Kokosan was gathered from 
Pangandaran Botanical Garden, Pangandaran, West Java 
Province, Indonesia, in March 2021. The plant was 
determined at Laboratory Plant Taxonomy, Faculty of 
Mathematics and Natural Sciences, Universitas 
Padjadjaran, Jatinangor, West Java and the voucher 
specimen has been deposited at the Laboratory. Organic 
solvents including ethanol, n-hexane, ethyl acetate, 
methanol, n-butanol, methylene chloride, and acetone 
were purchased from Kristata Gemilang Company, 
Bandung in technical quality and distilled. 

Instrumentation 

The IR spectra were obtained by Perkin Elmer 
Spectrum 100 FTIR spectrometer (Shelton, Connecticut, 

USA) using a NaCl plate. The mass spectra were recorded 
with Waters Q-TOF Xevo mass spectrometer instrument 
(Waters, Milford, Massachusetts, USA). The NMR spectra 
of all compounds were recorded on the JEOL JNM-
ECX500R/S1 spectrometer (Tokyo, Japan) at 500 MHz for 
1H and 125 MHz for 13C with TMS as an internal standard. 
The column chromatography was conducted on silica 
gel 60 (70–230 and 230–400 mesh, Merck, Darmstadt, 
Germany). The TLC analyses were implemented with 
silica GF254 (Merck, 0.25 mm) using various solvent 
systems and spot detection was attained by spraying with 
10% of H2SO4 in EtOH, followed by heating and 
irradiating under ultraviolet-visible light (254 and 365 nm). 

Procedure 

Extraction and isolation 
The dried bark Kokosan (3.18 kg) was macerated 

with ethanol (20 L) at room temperature (25 °C). The 
extract was evaporated by a rotary evaporator at 40 °C 
under reduced pressure to acquire the concentrated 
ethanol extract (300 g). Then, this residue was dissolved 
in water and partitioned successively with n-hexane (8 L) 
to yield 124 g, ethyl acetate (7 L) 54 g, and n-butanol  
(1.5 L) 15 g. This separation was monitored by thin layer 
chromatography and compound detection was carried 
out using 10% H2SO4 stain in ethanol and heated. Then, 
the n-hexane extract (124 g) was fractionated by vacuum 
liquid chromatography on silica gel G60 using 10% 
gradient elution of n-hexane:EtOAc:MeOH to acquire 
12 (A-L) subfractions. Fraction B (15.2 g) was further 
fractionated by vacuum liquid chromatography using 
2% gradient elution of n-hexane:EtOAc to afford eight 
fractions. Fraction B5a (4.37 g) was separated using 
column chromatography on silica gel (230–400 mesh) 
eluted with n-hexane:DCM:EtOAc (7.5:0.5:0.1) to afford 
compound 1 (10.5 mg). The B6 fraction (0.69 g) was 
separated using column chromatography on silica gel 
(230–400 mesh) eluted with using 5% gradient elution of 
n-hexane:EtOAc to afford 3 fractions (B.6a-B.6c). 
Fraction B6a (98.5 mg) was separated using column 
chromatography on octadecyl silane (ODS) eluted with 
methanol:water (5:5) to obtain compound 2 (10.2 mg) 
and 3 (9.3 mg). 
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Eudesm-4(15),7-dien-1β-ol (1). Pale yellow oil, IR νmax 
3364; 2955; 1645; 1464; 1379;1282; 1041 cm–1. 1H-NMR 
(CDCl3, 500 MHz) and 13C-NMR (CDCl3, 125 MHz) data 
are shown in Table 1. HR-TOFMS m/z found 221.1904 
[M+H]+ (calculated for C15H24O, m/z 220.1905). 
Eudesm-4(15)-ene-1β,6α-diol (2). White powder, IR 
νmax 3397; 2933; 1456; 1386;1061 cm–1. 1H-NMR (CDCl3, 
500 MHz) and 13C-NMR (CDCl3, 125 MHz) data are 
shown in Table 1. HR-TOFMS m/z found 239.2007 
[M+H]+ (calculated for C15H26O2, m/z 239.2011). 
5-Octahydro-4-hydroxy-3r-methyl-7-methylene-r-
(1-methylethyl)-1H-indene-1-methanol (3). Colorless 
oil, IR νmax 3387; 2973;1650; 772 cm–1. 1H-NMR (CDCl3, 
500 MHz) and 13C-NMR (CDCl3, 125 MHz) data are 
shown in Table 1. HR-TOFMS m/z found 261.1816 
[M+Na]+, (calculated for C15H26O2Na, m/z 261.1831). 

Cytotoxic activity test by the MTT assay 
Cell viability was assessed by MTT reagent (Thermo 

Fisher Scientific, Uppsala, Sweden) based on the 
reduction of resazurin (blue), which works as a function 
of redox potential. Actively respiring cells convert the 
water-soluble MTT to an insoluble purple formazan. The 
formazan is then solubilized and its concentration is 
determined by optical density. In the initial step, MCF-7 
cell cultures that were 80% confluent were washed with 1 
mL 1X PBS twice. Cells were added with 1 mL of trypsin 
EDTA and then incubated for 3 min until the cells were 
released. Then, the cells were transferred into a Falcon 
tube containing 5 mL of culture medium and centrifuged 
at 1,200 rpm for 4 min. The supernatant was discarded 
and cells were resuspended with 1 mL of culture medium. 
then, cells were counted using a haemocytometer and 
planted in 96 well plates with a series number for the 
standard curve (6 times replications) and 3 times 
repetitions for the treatment then added 100 μL of the 
medium, incubated at 37 °C for 24 h, 5% CO2. 

The medium was replaced with 180 μL of new 
medium and added 20 μL of compound 1-3 (1, 10, 100, 
250, and 500 ppm) with co-solvent with various percentages 
of DMSO (0.5–2.5%) in PBS (Uppsala, Sweden). incubated 
at 37 °C for 24 h, 5% CO2. After that, cells were added with 
MTT 20 μL, incubated for at 37 °C for 3 h, 5% CO2. The 
absorbance was determined at 570 nm and the IC50 value 

was appointed with the equation given below based on 
the comparison of the percentage of cytotoxicity to 
untreated cells. In this trial, the used control positive was 
Doxorubicin. Based on the literature [14], all assays and 
analyses were respectively run in duplicate and all 
averaged so that a plot of % cytotoxicity versus sample 
concentration was used to calculate the concentration 
indicating 50% cytotoxicity (IC50). 

■ RESULTS AND DISCUSSION 

The n-hexane extract from the stem bark of the 
Kokosan was separated and purified using the column 
chromatography method repeatedly, to produce three 
sesquiterpene compounds 1-3. 

Compound 1, pale yellow oil, with the yield of 0.2% 
(10.5 mg) from B5a fraction (4.37 g), was elucidated by 
interpreting peaks of the IR spectrum (Fig. S1) which 
appeared at 3364 (hydroxyl group), 2955 (C-H sp3) 1645 
(olefinic bond), 1645 (C=C double bonds), 1464 and 
1379 (gem-dimethyl), and 1041 cm–1 (C-O stretching). 
The structural formula was established with HR-TOF-
MS (Fig. S2) which showed the molecular ion peak of 
221.1904 [M+H]+ and the calculated mass of C15H24O 
m/z 220.1827. The prediction was supported by NMR 
data. The 1H-NMR spectrum (Fig. S3) showed the 
presence of one tertiary methyl at δH 0.64 ppm (CH3-14), 
gem-dimethyl at δH 0.99 ppm (CH3-12 and CH3-13) as 
well as two olefinic protons at 4.63 and 4.82 ppm (CH2-
15). The 13C-NMR spectrum (Fig. S4) showed 15 signals 
of carbons and the classification of these signals based 
on their chemical shifts and DEPT 135° (Fig. S5) as three 
methyls, four methylenes, three methines (one 
oxygenated methine), one quaternary carbon, and four 
olefinic carbons (including two quaternary carbons, one 
methylene and one methine). Based on the structure 
elucidation of compound 1, there were 4 degrees of 
 

 
Fig 1. Structures of sesquiterpenoids 1-3 
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unsaturation consisting of 2 double bonds and bicyclic 
skeleton, each consisting of six carbons. This compound 
showed the presence of an isopropyl group at C-7 and a 
methyl group at C-10 which was a characteristic of 
eudesmane-type sesquiterpene compounds [1] and was 
supported by previous report [19]. Compound 1 was 
determined as the known compound eudesm-4(15),7-
dien-1β-ol (1) and the structure of this compound can be 
seen in Fig. 1 number 1. This compound was isolated 
from the genus Lansium for the first time. 

Compound 2 was acquired as a white powder with 
melting point of 118–120 °C in 10.36% yield (10.2 mg) 
from B6a fraction (98.5 mg). The IR spectrum (Fig. S6) 
showed the absorption band of the hydroxyl group  
(3397 cm–1), C-H sp3 (2933 cm–1), gem-dimethyl (1456 and 
1386 cm–1), and C-O stretching (1061 cm–1). The 
structural formula was established with HR-TOFMS (Fig. 
S7) which showed molecular ion peak of m/z 239.2007 
[M+H]+ and the calculated mass of C15H26O2 m/z 
238.1933. The 1H-NMR spectrum (Fig. S8) showed the 
presence of one tertiary methyl at δH 0.65 ppm (CH3-14), 
gem-dimethyl at 0.89 and 0.80 ppm (CH3-12 and CH3-13) 
and also two olefinic protons at δH 4.68 and 4.95 ppm  
(-CH2-15). The 13C-NMR spectrum (Fig. S9) showed 15 
signals of carbons and the classification of these signals 
based on their chemical shifts and DEPT 135° (Fig. S10) 
as three methyls, four methylenes, five methines (two 
oxygenated methine), one quaternary carbon, and two 
olefinic carbons (including one quaternary carbons, and 
one methylene). 

The structure elucidation of compound 2 showed 
that there were 3 degrees of unsaturation consisting of 1 
double bond and bicyclic moiety, each consisting of six 
carbons, similar to compound 1. This compound showed 
the presence of an isopropyl group at C-7 and a methyl 
group at C-10 which was a characteristic of eudesmane-
type sesquiterpenoid [1] and was supported by the 
previous report [20]. The position of the functional group 
was proved by the correlation of HSQC (Fig. S9). This 
compound was isolated from the genus Lansium for the 
first time and its structure can be seen in Fig. 1 number 2. 

Compound 3 was acquired as a colorless oil in 9.44% 
yield (9.3 mg) from B6a fraction (98.5 mg). The IR 

spectrum (Fig. S11) showed the absorption band of the 
hydroxyl group (3387 cm–1), C-H sp3 (2973 cm–1), and 
C=C double bond (1650 cm–1). The structural formula 
was established with HR-TOFMS (Fig. S12) which 
showed molecular ion peak of 261.1816 [M+Na]+ and 
the calculated mass of C15H26O2Na m/z 261.1933. This 
prediction was supported by NMR data. The 1H-NMR 
spectrum (Fig. S13) showed the presence of one tertiary 
methyl at δH 0.60 ppm (CH3-14), gem-dimethyl at 0.92 
and 0.84 ppm (CH3-12 and CH3-13) as well as two 
olefinic protons at 4.74 and 4.88 ppm (CH2-15). The 13C-
NMR spectrum (Fig. S14) showed 15 signals of carbons 
and the classification of these signals based on their 
chemical shifts and DEPT 135° (Fig. S15) as three 
methyls, four methylenes, five methines (two 
oxygenated methines), one quaternary carbon, and two 
olefinic carbons (including one quaternary carbon and 
one methylene). This compound had 3 degrees of 
unsaturation consisting of 1 double bond and bicyclic 
skeleton. 

The 1H-NMR, 13C-NMR and DEPT spectra were 
supported by spectral data from HSQC (Fig. S16) where 
the spectral matching pattern was appropriate and the 
chemical shift can be seen in Table 1. Apart from being 
compared to the literature, compound 3 was reviewed 
through the 1H-1H COSY correlation (Fig. S17) where 
there was a relationship between H1-H2-H3 and the 
continuous relationship between H5-H6-H8-H9 and H6-
H7-H11-H12,13 (Fig. 2). These correlations showed the 
presence of rings A and B (bicyclic bonds) with the 
presence of an isobutanol group attached to the B ring. 
This compound had a different skeleton from 
compound 2, where the skeleton of compound 2 had 
bicyclic each six carbons whereas compound 3 had six 
carbon (ring A) and five-carbon (ring B) showed by the 
relationship of spectrum 1H-1H COSY (H5-H6-H8-H9 
and H6-H7-H11-H12,13) (Fig. 2). This data supported that 
this compound is an opposite sesquiterpenoid- type and 
was proved by the HMBC correlation (Fig. S18). 

The tertiary methyl (CH3-14) (δH 0.60) was 
correlated to C-9 (δC 37.3), C-10 (δC 49.5), C-5 (δC 56.4), 
and C-1 (δC 79.0). Then, the correlation of CH3-13 (δH 
0.84) to C-12 (δC 20.6), C-11 (δC 31.3), C-7 (δC 82.7), and 
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the correlation of CH3-12 (δH 0.92) to C-13 (δC 14.8), C-
11 (δC 31.3), C-7 (δC 82.7) showed that C-13 and C-12 are 
gem-dimethyl group attached to C-11 and indicated that 
the partial structure of 3 contains isobutanol group which 
bound to C-6, cyclopentane ring and C-7 has a hydroxyl 
group. The correlation of methylene protons at δH 1.24 
and 1.84 (H-8) to C-9 (δC 37.3), C-10 (δC 49.5), C-7 (δC 
82.7), and C-6 (δC 39.4) and methylene protons at δH 1.31 
and 1.69 (H-9) to C-8 (δC 37.3), C-6 (δC 39.4), C-10 (δC 
49.5), C-5 (δC 56.4), C-1 (δC 79.0 showed the oxygenated 
C with hydroxyl group) indicated that the compound 3 
contained cyclopentane ring at C-5, C-6, C-8, C-9 and C-
10 in the presence of isobutanol group located at C-6. 

Another partial skeleton was determined by the 
strong correlation of methine proton at δH 1.77 (H-5) to 
C-6 (δC 39.4), C-4 (δC 148.9) C-10 (δC 49.5), C-7 (δC 82.7), 
C-3 (δC 34.9), C-1 (δC 79.0), C-14 (δC 12.3), and C-15 (δC 
107.6), indicated that H-5 was between cyclopentane and 
another part of the skeleton. This correlation showed that 

this skeleton indicated a double bond at C-4 (δC 148.9) 
and C-15 (δC 107.6). This conjecture was confirmed by 
the proton H-15 at δH 4.88 and 4.74 (H-15) to C-4 (δC 
148.9), C-3 (δC 34.9), and C-5 (δC 56.4) which showed 
the double bond attached to C-4, which was adjacent to 
C-3 and C-5. 

The other correlation of methylene protons were at 
δH 2.04 and 2.23 ppm (H-3) to C-4, C-5, C-15, C-2, and 
C-1 and at δH 1.41 and 1.78 ppm (H-2) to C-1, C-3, C-
10, C-4, and C-1. The data correlations proved that 
methylene CH2 (2) and CH2 (3) were next to each other 
and in the same cyclic as evidenced by the HMBC 
correlation, that this cyclic was composed of six carbons 
(C-1, C-2, C-3, C-4, C5 and C-10), cyclohexane (ring A), 
wherein C-5 and C-10 were bridges to ring B 
(cyclopentane). In ring A, there was a carbon that was 
oxygenated by a hydroxyl group, located in C-1 (δC 79.0) 
and there was a double bond between carbon C-4 and C-
15.  The  relative  stereochemistry  of  compound  3 was  

Table 1. NMR data of compounds 1-3 (CDCl3 at 500 MHz for 1H and 125 MHz for 13C) 
Position 
Carbon 

Compounds 
1 2 3 

δC (mult.) δH (∑H, mult., J = Hz) δC (mult.) δH (∑H, mult., J = Hz) δC (mult.) δH (∑H, mult., J = Hz) 
1 79.6 (d) 3.62 (1H, t, 11.7) 79.0 (d) 3.38 (1H, dd, 11.6, 4.7) 79.0 (d) 3.53 (1H, dd, 11.0, 5.0) 
2 31.5 (t) 1.83 (2H, m) 31.9 (t) 1.82 (2H, m) 31.9 (t) 1.41 (1H, m) 

     1.78 (1H, m) 
3 34.3 (t) 2.35 (2H, m) 35.1 (t) 2.3 (2H, m) 34.9 (t) 2.04 (1H, m) 

     2.23 (1H, m) 
4 148.4 (s) - 146.2 (s) - 148.9 (s) - 
5 43.0 (d) 1.72 (1H, m) 55.9 (d) 1.7 (1H, m) 56.4 (d) 1.77 (1H, m) 
6 25.6 (t) 1.95 (2H, m) 67.0 (d) 3.68 (1H, t, 9.8) 39.4 (d) 2.24 (1H, m) 
7 141.7 (s) - 49.3 (d) 1.26 (1H, m) 82.7 (d) 3.17 (1H, dd, 2.5, 9.5) 
8 115.8 (d) 5.31 (1H, dd, 5.4, 2.1) 18.2 (t) 1.5 (2H, m) 26.1 (t) 1.25; 1.84 (m) 
9 38.4 (t) 1.90 (2H, m) 36.3 (t) 1.88 (2H, dt, 12.4, 2.9) 37.3 (t) 1.31 (1H, m) 

1.69 (1H, m) 
10 38.9 (s) - 41.7 (s) - 49.5 (s) - 
11 35.1 (d) 2.16 (1H, m) 26.0 (d) 2.2 (1H, m) 31.3 (d) 1.77 (1H, m) 
12 21.7 (q) 0.99 (3H, d, 6.8) 21.1 (q) 0.89 (3H, d, 7.0) 20.6 (q) 0.92 (3H, d, 7.0) 
13 21.3 (q) 0.99 (3H, d, 6.8) 16.2 (q) 0.80 (3H, d, 7.0) 14.9 (q) 0.84 (3H, d, 7.0) 
14 10.4 (q) 0.63 (3H, s) 11.5 (q) 0,65 (3H, s) 12.4 (q) 0.60 (3H, s) 
15 107.8 (t) 4.62 (1H, d, 1.5) 107.8 (d) 4.68 (1H, d, 1.1) 107.7 (t) 4.88 (1H, d, 1.5) 

 4.83 (1H, d, 1.5)  4.95 (1H, d, 1.1)  4.74 (1H, d, .5) 
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Fig 2. Selected HMBC, 1H-1H-COSY and NOESY correlations of compound 3 

Table 2. The cytotoxic activity of compounds 1-3 against MCF-7 breast cancer cell lines 
Compounds IC50 (μg/mL) 

Eudesm-4(15),7-dien-1β-ol (1) 17.97 
Eudesm-4(15)-ene-1β, 6α-diol (2) 121.65 
Octahydro-4-hydroxy-3r-methyl-7-methylene-r-(1-methylethyl)-1H-indene-1methanol (3) 201.57 
Doxorubicin (+) 0.17 

 
supported by NOESY correlations (Fig. S19). The results 
displayed that the correlation of H-5 (β-oriented) with H-
1 and H-7, and hydroxyl group at C-1 and C-7 was α-
oriented. Whereas H-14 and H-6 have no correlation with 
H β-oriented, so they have α-configuration. Compound 3 
has a different cyclicity from compounds 1 and 2 (Fig. 1), 
detailed examination of the NMR spectral data and 
comparison with those reported [20] for compound 3 
identified that the structure of this compound is 
octahydro-4-hydroxy-3a-methyl-7-methylene-a-(1-methyl 
ethyl)-1H-indene-1methanol (3), similar to compounds 
eudesm-4(15),7-dien-1β-ol (1), and eudesm-4(15)-ene-
1β, 6α-diol (2). The three compounds have many 
similarities in the proton shift NMR and C-NMR data 
which can be seen in Table 2, this compound is also the 
first to be isolated from the genus Lansium. The structure 
of compound 3 can be seen in Fig. 1 and the correlation 
between HMBC, 1H-1H COSY and the determination of 
its configuration through NOESY can be seen in Fig. 2. 

The cytotoxic activity of the sesquiterpenoids 1-3 
was carried out against the MCF-7 cancer cell according 
to a method described [21-22]. The used positive control 
was doxorubicin (0.17 μg/mL) and the results are shown 
in Table 2. Among all sesquiterpenoid compounds, 
eudesm-4(15),7-dien-1β-ol (1) showed the highest 
cytotoxic activity, while octahydro-4-hydroxy-3a-methyl-

7-methylene-a-(1-methylethyl)-1H-indene-1-methanol 
(3) showed the lowest activity. The IC50 value indicated 
that the presence of an olefinic group at C-7 of compound 
1 significantly increased cytotoxic activity compared to 
compound 2 which has lost one of the olefinic group at 
C-7 and underwent the addition of a hydroxyl group at 
C-6. This conversion reduced cytotoxic activity as well 
as compound 3 which had lower IC50 than that of 
compound 2 apart from the loss of olefinic group and 
addition of hydroxyl group. Compound 3 also underwenr 
a structural change from cyclohexane substituted with 
isopropyl group to cyclopentane substituted 2-
methylpropanol at C-6. Therefore, changes in ring shape 
and substituents of this compound may reduce the IC50 
value. These three compounds were also compared with 
the new eudesman 10β-hydroxy-4α,4β-dimethyl-
5αH,7αH-eudesm-3-one compound which was 
successfully isolated by Naini et al. [14] from Dysoxylum 
parasiticum which had a higher IC50 value with the 
presence of a ketone group at C-3 and only one hydroxyl 
group was substituted at C-10 while compounds 1-3 
have a methyl group at C-10. The significant probability 
of the presence of a π electron can increase the IC50 value. 
These results indicated that the hydroxyl and olefinic 
groups played several critical structural features in the 
cytotoxic activity of eudesmane-type sesquiterpenoids. 
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■ CONCLUSION 

Three eudesmane-type sesquiterpenoid, eudesm-
4(15),7-dien-1β-ol (1), eudesm-4(15)-ene-1β,6α-diol (2), 
and octahydro-4-hydroxy-3a-methyl-7methylene-a-(1-
methylethyl)-1H-indene 1-methanol (3) were successfully 
isolated from the n-hexane extract of the stem bark of 
Kokosan. All compounds (1-3) were reported from the 
genus Lansium for the first time and were evaluated for 
their cytotoxic activity against MCF-7 breast cancer cell 
lines. Among the eudesm-type sesquiterpenoids, 
compound 1 showed the highest activity while compound 
3 showed the lowest activity. The different values of IC50 
were caused by the different functional groups of the 
skeleton eudesm-type. The presence of hydroxyl group 
decreased the IC50 value and the presence of olefinic group 
increased the IC50 value. The hydroxyl group and the 
olefinic group played some important structural features 
for cytotoxic activity in eudesmane-type sesquiterpenoid, 
one of these sesquiterpenoids had the potential as an 
anticancer breast that can be developed as a target 
molecule through a mechanism that can be studied for 
new drug discovery. 
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 Abstract: Mitochondrial DNA mutations, such as A3243G, can affect changes in the 
structure of biomolecules, resulting in changes in the structure of Leucine transfer Ribose 
Nucleic Acid to form a dimer. Dimer structure modeling is needed to determine the 
properties of the structure. However, the lack of a structure template for the transfer of 
Ribose Nucleic Acid (tRNA) is challenging for the modeling of mutant structures of tRNA, 
especially mitochondrial tRNA that are susceptible to mutation. Therefore, this study 
predicted the structure of mitochondrial leucine tRNA and its stability through a 
knowledge-based method and molecular dynamics. Structural modeling and initial 
assessment were performed using RNAComposer and MolProbity, HNADOCK, and 
Discovery studios to form the dimer structure. Molecular dynamics simulations for 
stability analysis were performed using Amber and AmberTools20 software, showing that 
the conformational energy of the mutant leucine tRNA dimer structure was lower than 
the native structure. Moreover, the Root Mean Square Deviation (RMSD) of monomer 
native leucine tRNA was lower than the mutant, indicating that the dimer structure of 
mutant leucine tRNA is more stable than usual, and the normal leucine tRNA is more 
stable than the mutant. 

Keywords: A3243G; molecular dynamics; mitochondrial DNA; structure prediction 

 
■ INTRODUCTION 

The mitochondrion is a cytoplasmic organelle in 
which respiration (aerobic metabolism) occurs in 
eukaryotic cells. The primary function of mitochondria is 
to produce chemical energy in Adenosine triphosphate 
(ATP) [1]. Unlike other organelles, mitochondria contain 
nucleotides that encode 22 tRNA and two ribosomal RNA 
(rRNA) essential for protein synthesis [2]. Transcription 
occurs via three multi-subunit complexes, namely RNA 
polymerase I, II, and III. RNA polymerase enzyme type III 
is specialized for the transcription of transfer RNA 
(tRNA) and other non-coding RNAs such as 5S rRNA, 
small RNA (snRNA), microRNA (miRNA), and 7 Spliced 

Leader RNA (SL-RNA) [3]. Unfortunately, mitochondria 
DNA (mtDNA) repair mechanisms are not as effective 
as nuclear DNA, making mtDNA more susceptible to free 
radical damage. In addition, the lack of proofreading 
activity means that replication errors cannot be corrected, 
thereby a higher mutation rate of mtDNA than core 
DNA [4], leading to molecular damage, hence 
mitochondrial disease. One such mitochondrial disease 
that occurs due to this mutation is Maternally Inherited 
Diabetes and Deafness (MIDD), caused by a point 
mutation of A3243G that changes base A to G at position 
3243 of the leucine tRNA gene [5]. 

This mutation also causes cataracts and can be 
detected by PCR-amplification of specific allele (PASA), 
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Polymerase Chain Reaction-Restriction Fragment Length 
Polymorphism (PCR-RFLP), and Electrochemical 
Biosensor. It has been demonstrated that the A3243G 
mutation is present in 20 of 57 patients, eleven patients 
with type 2 diabetes and cataracts, five patients with type 
2 diabetes mellitus, and four patients with cataracts [5-6]. 
Interestingly, A3243G was found in patients with pure 
cataracts, a non-neuromuscular disease, and could be a 
potential biomarker because of impaired ATP 
metabolism due to mutations in the respiratory complex. 
Another secondary mutation that also occurs in the 
genome carrying A3243G is T10609C, which was found 
in type-2 diabetes mellitus (T2DM) patients but has also 
been reported to be associated with Leber Hereditary 
Optic Neuropathy (LHON) disease in a Kuwait family, 11 
and C10676G found in cataract patients [7]. 

Maksum et al. reported six mutations in mtDNA in 
patients with T2DM and cataracts. Among the mutations, 
m.9053G>A was located at respiration complex protein, 
ATPase6, and found unrelated to neuromuscular 
diseases, e.g., myopathy and deafness. ATPase6 is a 
proton translocation channel in the mitochondrial matrix 
that triggers a change in the catalytic site of F1 for ATP 
synthesis through the rotation of the F0 ring. This 
mutation often coexists with the A3243G mutation [8]. 

Changes in the nucleotides cause the formation of 
mutated tRNA dimers. Wittenhagen and Kelley [9] 
reported that the A3243G mutation induces significant 
changes in the tRNA structure due to dimer formation in 
the D-loop system. Polyacrylamide gel electrophoresis 
(PAGE) revealed two bands, one band parallel to the 
native structure and the other with a movement parallel 
to the dimer structure. However, PAGE is limited in 
providing information on the number of nucleotides and 
the structure of either the native leucine tRNA or the dimer. 

Current 3D RNA structure information is limited 
[10]. Experimental methods such as X-ray crystallography, 
Nuclear Magnetic Resonance (NMR), and electron 
microscopy can determine the 3D RNA structure in high 
or low resolution but are expensive and time-consuming. 
The rapid development of RNA sequencing technology 
has made experimental methods no longer the primary 
choice for determining the 3D RNA structure in high 

resolution. Hence, computational structure prediction is 
necessary [11]. Moreover, 3D structural modeling is 
essential because much can be learned from the visual 
RNA structure, such as the RNA backbone, considering 
its role as a stabilizer, the location of intermolecular 
bonds, and activation of conformational changes that 
coincide with RNA-protein interactions [12]. 

A secondary structure prediction approach was 
adopted in this study because the secondary structure of 
tRNA is no more complex than the tertiary structure of 
tRNA and is a good starting point for structural and 
functional analysis [13]. Furthermore, with automation 
in tertiary structure modeling, secondary structures can 
lead to tertiary structures using knowledge-based methods 
[14]. The secondary structure assessment was performed 
with online tRNAScan-SE software and the tertiary 
structure assessment with MolProbity software [12,15]. 

■ COMPUTATIONAL METHODS 

The software used was Amber20, AmberTools20, 
VMD, and Discovery Studio. The webserver used was 
tRNAScan-SE (http://lowelab.ucsc.edu/tRNAscan-SE/), 
RNA Composer (http://rnacomposer.cs.put.poznan.pl/) 
and MolProbity (http://www.biochem.duke.edu). The 
nucleotide sequence encoding the leucine 

Procedure 

Modeling of the tRNALeu structure 
The gene sequences of mtDNA encoding tRNA-

Leucine obtained from the National Center for 
Biotechnology Information (NCBI) webserver were 
translated into nucleotide RNA sequences using 
notepad++ software by converting T to U and saved in a 
fasta format. The mutated nucleotide was obtained by 
copying the data from the native sequence, then 
converting the 14th sequence nucleotide from A to G in 
notepad++ software and saved as the mutant A3243G in 
fasta format. The nucleotide sequence of the native 
tRNA was used to predict the 2D structure using 
tRNAScan software, then 3D modeling was performed 
using RNAComposer software. 

Model analysis and assessment 
The  obtained  3D  structure  was  uploaded  to  the  
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MolProbity web tool (http://molprobity.biochem.duke. 
edu), which removes the hydrogen in the uploaded 
structure, then adds it back for analysis. 

tRNA structure refinement 
The tRNA structure was repaired using QRNAS 

software, which minimizes the structure energy [16], then 
reassessed by the MolProbity web tool, and its clash score 
value was re-analyzed. 

RNA-RNA molecular docking 
Molecular docking was performed in two ways. The 

mutant leucine tRNA structure was uploaded to the 
HNADOCK web tool [17] (http://huanglab.phys.hust. 
edu.cn/hnadock/), and the ten best structures were 
visualized to select a structure that adopts the G14 bond. 
The second dimer was adjusted to the position of the 
monomer in the mutant leucine tRNA dimer using the 
Discovery Studio software by utilizing molecule alignment. 

Molecular dynamics (MD) simulations 
MD simulations were performed using Amber20, 

and the formed structure was included in LEaP. Then, 
water and an Mg2+ ion were added, and the system was 
minimized, involving water and the whole system. The 
trajectories obtained from the MD results were analyzed 
with AmberTools20 to obtain root-mean-square 
deviation (RMSD), root-mean-square fluctuation 
(RMSF), hydrogen bonds, and dihedral angles. 

Hydrogen bond analysis 
Hydrogen bonds were analyzed using the cpptraj 

program from the AmberTools20 software package. Cut-
off is set at the default setting (3 Å) 

■ RESULTS AND DISCUSSION 

Structural Modeling 

The nucleotide sequence encoding the leucine tRNA 
structure in human mitochondria is 3230 to 3304. Three 
nucleotides (CCA) were added to the 3' end because the 
tRNA undergoes post-transcription, which involves 
adding CCA nucleotides to the aminoacylation site via the 
CCA enhancing enzyme [18]. For the mutant sequence, 
the native and 14th sequences were changed from A to G 
because the A3243G mutation can affect the leucine tRNA 
sequence by changing the nucleotides at position 14 from  

A14 to G14 [4]. 
Sequences of the native tRNA were copied to the 

tRNAscan-SE site (http://lowelab.ucsc.edu/tRNAscan-
SE/) to predict the secondary structure, which resembled 
a cloverleaf (Fig. 1) and is like the general tRNA 
secondary structure [19]. The score was 100.9 bits, which 
is above 55 bits. Therefore the predicted structure is a 
functional tRNA structure [15]. 

The 3D structure for the native and mutant was 
predicted using RNAComposer with secondary 
structure notation. Before modeling, changes were made 
to form a mutant leucine tRNA structure. For the native 
leucine tRNA, the secondary structure notation used 
notation from the tRNAScan-SE web tool, in which the 
brackets were changed to dots in the 13th and 24th 
sequences for the leucine tRNA mutant structure, as the 
A3243G mutation forms a dimer tRNA structure with 
the intermolecular interaction bonds in the GGGCCC 
sequence [9]. The predicted native tRNA has the general 
tRNA letter "L" shape [18], whereas the mutant leucine 
tRNA has a more obtuse angle (Fig. 2). 

 
Fig 1. Secondary structure of leucine tRNA predicted by 
tRNAScan-SE. The secondary structure contains a pair 
of Watson-Crick and non-canonical bases. The non-
canonical base pair is on nucleotide A12 which does not 
appear to be paired with nucleotide C25. The red and 
blue dots represent two and three hydrogen bonds, 
respectively 
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Fig 2. The native (a) and mutant (b) leucine tRNA structures were predicted by RNAComposer. The native structure 
is 'L' shaped, whereas the mutant structure has a more obtuse angle 

Table 1. The number of models used to form a single structure of the native (a) and mutant (b) leucine tRNA. Different 
models were used for native and mutant tRNAs, especially the loop 

(a) 
No Part name Sequence Model Homology (%) 
1 Stem D1 1–7 & 68–74 2R8S 64.29 
2 Stem D2 10–11 & 26–27 3SJ2 100 
3 Stem D3 29–32 & 42–45 3U5H 75 
4 Stem D4 51–55 & 63-67 2CT8 80 
5 Loop L1 27–29, 45–51, & 67–68 1QTQ 65.5 
6 Loop L2 11–13 & 24–26 4FE5 83.33 
7 Loop L3 13–24 3AMT 66.67 
8 Loop L4 32–42 1EHZ 54.55 
9 Loop L5 55–63 3TRA 100 

10 Single Strand 74–78 1EHZ 100 
(b) 

No Part name Sequence Model Homology (%) 
1 Stem D1 1–7 & 68–74 2R8S 64.29 
2 Stem D2 10–11 & 26–27 3SJ2 100 
3 Stem D3 29–32 & 42–45 3U5H 75 
4 Stem D4 51–55 & 63–67 2CT8 80 
5 Loop L1 7–10, 27–29, 45–51, & 67–68 1QTQ 62.50 
6 Loop L2 11–26 3U5D 31.25 
7 Loop L3 32–42 1EHZ 54.55 
8 Loop L4 55–63 3TRA 100 
9 Single Strand 72–76 1EHZ 100 

 
The RNAComposer web tool searches for other 

structure fragments with the same secondary structure as 
the secondary structure input, showing ten fragments of 
native leucine tRNA and nine fragments of the mutant 
leucine tRNA (Table 1). Therefore, the free energy of both 

tRNAs is similar, with the native tRNA structure having 
total energy of –1356 kcal/mol and –1368 kcal/mol for 
the mutant tRNA structure. 

3D molecules were assessed using the MolProbity 
web tool to determine whether there were any 
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overlapping atoms [20]. Before the assessment, tRNA was 
repaired using QRNA software, indicating that the 
minimized structure at the 200th iteration (for the native 
leucine tRNA structure) and 100th (for the mutant leucine 
tRNA structure) is the best dimer structure (Table 2). The 
Bad Backbone Conformation value is red because the 
predicted model is made from other parts of the RNA 
connected to form a new complete tRNA structure. 
Therefore, many conformations are incompatible with 
the database used by MolProbity. 

Molecular Docking 

Molecular docking using the HNADOCK web tool 
[17] involves the same two structures to form a dimer 
structure. The first structure formed was the mutant 
leucine tRNA dimer structure, with HNADOCK 
recommending ten molecular docking results for 
consideration (Table 3). 

Of the ten recommended structures, apart from 
being selected according to their ranking, structures that 
have intermolecular bonds involving the 5'-GGGCCC 
nucleotides in the sequence 13 to 18 are also selected. Of 
the ten observed models, none involve the whole 5'-
GGGCCC nucleotide [9]. However, a model involves 
several nucleotides that match the location where the 
dimer structure is formed, namely the second model with 
a docking score of –249.66. This structure has 

intermolecular hydrogen bonds involving: G14: N2-
G19: O4', G15: N2-G19: O6, G15: N1-G19: O6, C17: C5'-
U21: O2, G15: N2-G20, C18: O2'-A59 (Fig. 3). 

The dimer of the native tRNA was predicted using 
Discovery Studio software utilizing a molecule overlay of 
the position of each monomer involved. This modeling 
yielded a dimer structure of the native tRNA monomer 
involving nucleotide A14 (Fig. 4). 

Molecular Dynamics Simulations 

Molecular dynamics simulations start from 
topology arrangement, equilibrium, and production. In 
the topology arrangement, several force fields are entered, 

 
Fig 3. The dimer structure from the molecular docking. 
The selected dimer structures have intermolecular 
hydrogen bonds involving nucleotide G14 

Table 2. Structural repair QRNAS analysis. The native tRNA has a clash score value of 4.83, and the mutant tRNA has 
a clash score value of 10.05. The green color indicates that the structure matches the database used by MolProbity, and 
yellow indicates outliers based on the MolProbity database. In contrast, red indicates many outliers based on the 
MolProbity database 

 Native Mutant 
Clashscore, all atoms 4.83 10.05 
Probably Wrong sugar puckers 1.28% 1.28% 
Bad backbone conformation 26.32% 23.68% 
Bad bonds 0% 0% 
Bad angles 0.07% 0.04% 

Table 3. A summary of the ten best leucine dimer tRNA molecular docking results. The ranking that is formed is sorted 
based on the docking score, starting from the easiest to form to those that are difficult to form 

Ranking 1 2 3 4 5 6 7 8 9 10 
Docking score (kcal/mol) –265.64 –249.66 –240.52 –231.18 –223.87 –223.67 –221.42 –220.05 –219.48 –216.49 
RMSD ligand (Å) 54.01 52.74 38.92 51.73 64.09 60.67 63.07 58.90 53.93 60.48 
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Fig 4. Dimer structure of native tRNA. The structural 
position is based on the monomer positions of the 
tethering molecules between the mutant tRNAs 

OL3 for RNA and TIP3P for water. RMSD analysis was 
performed using the cpptraj program available on 
AmberTools20 to determine the equilibrium that occurs 
during the production process, the quality of the 
biomolecular simulations, and the part where the two 
structures being compared have the same conformation. 
This assessment is also used in predicting protein 
structures to compare the similarities between the 
structure of a computer prediction and the X-ray or NMR 
method [21]. The monomeric structures of native and 
direct mutant leucine tRNAs display contrasting 
differences in their RMSD values (Fig. 5). 

From Fig. 5, the native tRNA RMSD value is lower 
than the mutant tRNA, indicating that the mutant tRNA 
has more significant structural aberration than the native 
tRNA. The mutant leucine tRNA has RMSD values 
ranging from 0 to 20.6 Å with a mean of 17.1 Å, while the 
native leucine tRNA has RMSD values of 0 s, d 14.7 Å with 
a mean value of 11.69 Å. Both structures show the RMSF 
value, which has the same pattern but different parts, 
namely in the 14 to 28 nucleotide range (Fig. 6(a)) and the 
nucleotide range 44 to 69 (Fig. 6(b)). The range of 
nucleotides is part of D and T, where the intermolecular 
bonds are located. 

There are slight differences in results between the 
two simulated structures. Overall, the mutant leucine 
tRNA dimer had a more excellent mean RMSD value than 

the native leucine tRNA dimer due to the molecular 
mass of tRNA being lighter than protein. This mass 
allows the tRNA structure to move more quickly than 
the protein structure, resulting in a more considerable 
RMSD value. In addition to the RMSD value, the RMSF 
value (Fig. 7) was also visualized to observe the 
magnitude of the deviation from each nucleotide. 

From Fig. 7, both structures have high and highly 
volatile RMSF values, indicating that the flexibility of the 
two dimer structures is very high, thus allowing for a 
very contrasting structural change compared to the 
initial structure before the simulations. 

 
Fig 5. Comparison of the two RMSD values for native 
and mutant leucine tRNAs. The native leucine tRNA is 
blue, and the mutant leucine tRNA is orange 

 
Fig 6. RMSF values for the tRNA structures. The native 
tRNA is marked in blue, while the mutant tRNA is 
marked in orange 
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Fig 7. RMSF values for the dimeric structure of the native and mutant leucine tRNA. The RMSF value of the mutant 
leucine tRNA is shown in orange, while the RMSF value of the native dimer structure is shown in blue 
 

At the RMSF value of the native leucine tRNA dimer 
structure, there are two positions where the RMSF value 
of the native leucine tRNA dimer structure is smaller than 
the mutant leucine tRNA (Fig. 7(a) and Fig. 7(c)), that is, 
the location of the formation of intermolecular 
interactions. For the RMSF value of the mutant leucine 
dimer tRNA, there is one position where the RMSF value 
of the mutant leucine dimer tRNA structure is smaller 
than the native leucine tRNA (Fig. 7(b)), where the T part 
becomes impermeable for the formation of 
intermolecular interactions. The RMSD value of the 
intermolecular interaction site can be determined. 
Another RMSD analysis can be performed on the part 
that has intermolecular hydrogen bond interactions. For 
the dimer structure of the mutant leucine tRNA, the 
nucleotides to be observed were 57, 58, 59, 97, 98, and 99. 
For the dimer structure of the native leucine tRNA, the 
nucleotides to be observed were 13, 15, 18, 19, 20, 96, 98, 
99, 100, 136, and 137. 

From Fig. 8, the RMSD value for the mutant leucine 
tRNA dimer is lower than that of the native leucine tRNA 
dimer, suggesting that the intermolecular interactions of 
the mutant leucine tRNA dimer are more stable than the 
native  leucine tRNA  dimer.  In addition,  the  stability  of  

 
Fig 8. Comparison of the values of the two 
intermolecular interaction zones of the two dimers. The 
blue color is the RMSD value for the native dimer 
structure, and the orange color is the RMSD value for the 
mutant dimer structure 

the mutant leucine tRNA dimer structure is supported 
by the value of free energy that occurs during the 
simulations. For the mutant leucine tRNA dimer, the 
free energy is –333.037 kcal/mol and –310.648 kcal/mol 
for the native leucine tRNA dimer. 
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Table 5. Mutant dimer tRNA nucleotide pair during 
simulations. This interaction is an intermolecular 
interaction of the mutant dimer structure 

Nucleotide pair Percentage (%) 
C58–G20 38.44 
U21–C58 22.90 
U99–A59 17.29 
G20–A59 16.59 
C64–A23 14.13 
G20–U57 13.35 

The mutant tRNA dimer has six hydrogen bonds 
that contribute to intermolecular interactions (Table 5). 

The number of hydrogen bonds indicates that the 
mutant leucine tRNA dimer has stronger intermolecular 
interaction bonds than the native tRNA dimer. Therefore, 
based on the RMSD value in the intermolecular interaction 
zone and a large number of intermolecular hydrogen 
bonds, the mutant dimer structure will be more stable. 

■ CONCLUSION 

Structural models of the native and mutant leucine 
tRNAs were predicted in stages from primary to tertiary 
by assessing the secondary structure. The dimer structure 
of the mutant leucine tRNA was more stable based on the 
conformational energy and RMSD values for the 
intermolecular interactions, with more intermolecular 
hydrogen bonds than the native leucine tRNA dimer. 
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 Abstract: Metals accumulation in threatened sharks’ meat represents a global health 
issue. The objective of the current study was to measure the concentration of six metals 
(Li, Ti, Ni, Cd, As, and Pb) using ICP-MS in threatened sharks’ meat of Rhizoprionodon 
acutus, Squalus hemipinnis, and Sphyrna lewini from Binuangeun Fish Auction in 
Lebak, Banten, Indonesia. The results showed that the concentration of Ni, Li, Cd, and 
Pb was below the acceptable levels for food sources for human consumption, except for As 
concentration (more than 30 fold higher). This study showed high levels of Ti 
concentration in all threatened sharks' meat. Overall, this study shows that an 
accumulation of Ti in sharks' meat should be considered a risk to the health of seafood 
consumers. 

Keywords: heavy metals; Rhizoprionodon acutus; Sphyrna lewini; Squalus 
hemipinnis; Binuangeun 

 
■ INTRODUCTION 

Elasmobranchii can be found in many habitats and 
at various depths. They show a variety of foraging 
strategies and tactics, including planktonic filter-feeding 
and predatory species. Elasmobranchii (sharks and rays) 
seek the meat of cartilaginous fish used to make shark fin 
soup dishes throughout Southeast Asia in many regions, 
including Indonesia [1]. Sharks are commonly consumed 
in shark fin soup, filets (fresh meat), and liver oil in many 
countries such as Australia [2], Brazil [3], China [1], Japan 
[4], and South Korea [5]. Metal accumulation is an 
essential parameter in determining the food safety of 
shark meat due to the many harmful effects of metals [5-
6]. Since shark meat has long been an important food 
source, much research has been done on heavy metal 
concentrations to ensure food safety [2,4,7-10]. 

Sharks can accumulate heavy metals such as Pb, Hg, 
Cd, and As when they ingest prey through the food web 
[11] and the feeding behavior of each species [12]. 

Because sharks exhibit characteristics associated with 
low metabolic rates and high longevity [13], they are 
more susceptible to the accumulation of these metals [2]. 
Heavy metals from shark meat can cause harmful effects 
on humans if consumed frequently in large amounts 
[14]. 

Sharks are secondary products in the Binuangeun 
Fish Auction that mainly focus on pelagic fishes (tuna, 
skipjack tuna, and mackerel tuna) and are dominantly 
caught by gillnet and longline fishing [15]. Types of 
sharks and rays recorded landed at Binuanguen Fish 
Auction in Banten such as A. marmoratus, C. falciformis, 
C. longimanus, C. brevipinna, C. melanopterus, A. 
pelagicus, Squalus hemipinnis, I. oxyrinchus, C. sealei, R. 
acutus, H. griseus, S. lewini, R. australiae, R. penggali, 
Mobula sp., T. lymma, R. javanica, and N. 
caeruleopunctata [15]. Sharks are sold directly at the 
Binuangeun Fish Auction and are commonly consumed 
as fishmeal without processing (salted, smoked, or 
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dried). Rhizoprionodon acutus and Squalus hemipinnis 
are listed as vulnerable in The IUCN Red List of 
Threatened Species, while Sphyrna lewini is a critically 
endangered species [16-18]. Previous studies have 
demonstrated the ability of Elasmobranchii to accumulate 
high levels of metals such as As on S. lewini muscle tissues 
from the Gulf of California [19]; Cd and Pb on R. acutus 
from the Persian Gulf area [20], and Kuala Terengganu 
Malaysia [21]; Cd and As on S. lewini from Trinidad-
Tobago [22]. 

The metal concentration in shark meat consumed in 
Indonesian areas is limited, especially from the Southern 
Java Sea. In this study, we evaluated the concentration of 
heavy metals (As, Cd, Pb, Ni, Li, and Ti) in three 
threatened shark species (R. acutus, S. lewini, and S. 
hemipinnis) that landed at Binuangeun Fish Auction, 
Banten, Indonesia. We also examined correlations 
between metal concentrations and biological aspects such 
as total length (TL) and total weight (TW) and metal-
metal correlation in each species of sharks. By measuring 
metal concentrations in sharks and comparing them with 
national and international standards, risks to human 
health can be assessed, and it is possible to know the 
pollution status of Elasmobranchii from the Binuangeun 
area. Current findings may be helpful to future 
researchers. 

■ EXPERIMENTAL SECTION 

Materials 

Sharks were purchased at Binuangeun Fish Auction 
in Lebak Banten, Indonesia (latitude: -6.838101°, 
longitude: 105.883637°) in September 2019. A total of 
sixteen R. acutus, eight S. lewini, and six S. hemipinnis 
were measured the morphometric with a rolling meter for 
the total length (TL) and digital balance for the total 
weight (TW) and directly frozen (-20 °C) before further 
analysis. In the laboratory, approximately 50 g of sharks' 
muscle was filleted from the dorsal area, collected in 
plastic bags, and kept in a freezer (-20 °C) until further 
analysis. Nitric acid 65% Merck (Darmstadt, Germany), 
mixed standard stock solutions (containing 100 mg/L of 
each element) were provided by Merck (Darmstadt, 
Germany). All reagents used were of analytical reagent 

grade, and the solutions were prepared using ultra-pure 
water (Milli-Q). 

Instrumentation 

Dried sample preparation using oven (Heraeus 
Instrument), volumetric flash 25 mL, glass funnel, petri 
dish, spatula, mortar and pestle, and a microwave 
digestion system (Multiwave 5000 Anton Paar with 41 
rotor vessels). The metal concentration analysis using 
ICP-MS ICAP-RQ Thermo. All glassware was soaked in 
10% of HNO3 for 24 h and rinsed three-time using 
deionized water before being used. 

Procedure 

Sample preparation 
Shark muscles were dried in an oven at 60 °C for 

24 h for metals analysis and moisture content. Dried 
samples were homogenized using mortar and pestle. 
Digestion procedures were developed according to the 
procedures from Anton Paar [23] with modifications on 
temperature, the volume of acid, and time for digestion. 

Metals analysis 
Approximately 0.2 g (triplicate) of homogenized 

dried sharks' muscle samples were digested using 
Multiwave 5000 microwave digestion. Each sample was 
mixed with 5 mL of HNO3 and heated gradually from 
room temperature to 100 °C in 10 min and held for  
5 min, increased to 175 °C in 8 min, and held for 15 min 
to complete digestion processes. Samples were cooled to 
room temperature, deionized water was added to 
digested samples, and diluted until 25 mL using a 
volumetric flask. Blank digestion was also carried out the 
same as the sample digestion process consisting of 5 mL 
HNO3. Heavy metals analysis was based on a previous 
study by Murugesan et al. [24]. Total concentration of 6 
metals (arsenic [75As], cadmium [111Cd], lead [208Pb], 
lithium [7Li], nickel [60Ni] and titanium [48Ti]) were 
analyzed using ICP-MS. Analysis was carried out in 
Kinetic Energy Discrimination (KED) mode, the 
140Ce.16O/140Ce ratio of 0.017%, plasma power of 1550 W, 
auxiliary flow of 0.8 L/min, and nebulizer flow of 0.985 
L/min. The digested solutions (blanks, samples, and 
Certified Reference Materials (CRMs)) were measured 
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three times for each sample (Relative Standard Deviation 
(RSD) < 5%). The final concentration of metals was 
reported as μg/g wet weight. Wet weight concentration is 
calculated by multiplying the dry weight concentration 
with the moisture content factor. The accuracy and 
precision were verified using CRM DORM-4 provided by 
the National Research Council of Canada (NRCC) (n = 
3). 

Statistical analysis 
Statistical correlation and graphical plot were based 

on the open-source R program (package R.4.1.2 for 
Windows) [25]. The normality data was first confirmed 
by conducting a Kolmogorov-Smirnov test. Pearson’s 
correlation coefficient analysis determines the significant 
relationship between total length/total weight and metals 
concentration in each species. Two-tailed p-value < 0.05 
and p-value < 0.01 were considered significant. 

■ RESULTS AND DISCUSSION 
Metals Concentration on Each Species of Sharks 

The morphometrics of sharks analyzed in this study 
is shown in Table 1. The results of heavy metal 
concentration (μg/g wet weight) analysis in the meat of R. 
acutus, S. hemipinnis, and S. lewini are shown in Table 2. 
The R. acutus and S. hemipinnis samples were mature 
based on the size described in the IUCN report [17-18], 
while S. lewini size shows in the juvenile stage [16]. The 
highest concentrations of As were found in the meat of R. 
acutus (9.60 ± 8.01 μg/g) and S. hemipinnis (9.57 ± 3.95 
μg/g), and the lowest values were found in S. lewini (3.93 
± 1.08 μg/g). The highest concentrations of Ti were found 
in S. lewini (0.619 ± 0.398 μg/g). Pb concentrations were 
up to ten times higher in R. acutus (0.060 ± 0.037 μg/g) 

than in S. lewini (0.006 ± 0.008 μg/g). Ni concentrations 
were observed equally in R. acutus and S. lewini (0.037 ± 
0.044 μg/g and 0.037 ± 0.019 μg/g, respectively). Li 
concentrations were found around 0.009–0.018 μg/g in 
all shark meat. Cd concentrations were observed only on 
R. acutus (0.004 ± 0.001 μg/g), while S. hemipinnis and 
S. lewini below LOD. Measurement of CRM (DORM-4) 
shows promising results with a range from 81.28–
107.73% of the recovery (Li: 100.41%; Ni: 81.28%; As: 
92.52%; Cd: 81.60% and Pb: 107.73%, respectively), 
indicating the digestion method suitable to apply on 
shark muscle samples. 

In this study, the concentration of As showed a 
significantly higher concentration in demersal sharks (S. 
hemipinnis) [18] than in pelagic sharks (R. acutus and S. 
lewini) [16-17]. The As concentration in R. acutus is 
lower than the previous study reported by Kim et al. [5] 
from Jeju island, the Republic of Korea, and by 
Boldrocchi et al. [26] from Djibouti, Indian Ocean areas, 
but shows a higher concentration of As compared to 
study reported by Muhammed and Muhammed [22] 
from Trinidad and Tobago areas. The As concentration 
in S. lewini is threefold lower than the previous study 
reported by Berges-Tiznado et al. [19] and Boldrocchi et 
al. [26] from Djibouti, Indian Ocean areas. Differences 
in these findings in this species may be related to 
differences in As availability at different sites and 
biological parameters involved in As metabolism (length, 
age, weight, reproductive stage) [19]. Feeding behavior 
and the food sources of the shark species were other 
factors that metals can uptake in shark metabolism [19] 
and trophic position on the food web [27]. S. lewini has 
been classified  as a general  opportunistic  predator [16], 

Table 1. Total body length, body weight, and sex of sampled sharks 

Scientific name Common name N 
Total weight 

(g) 
Total length 

(cm) Sex IUCN status 

Rhizoprionodon acutus Milk shark 16 195–450 34.5–46.8 M: 11 
F: 5 

Vulnerable [17] 

Squalus hemipinnis Indonesian shortnose 
spurdog shark 

6 485–1190 49.5–62.3 M: 1 
F:5 

Vulnerable [18] 

Sphyrna lewini Hammerhead shark 8 825–1335 56.4–68.0 M:4 
F:4 

Critically 
endangered [16] 
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Table 2. The concentration of metals (μg/g wet weight) in sharks' species from Binuangeun, Lebak, Banten, Indonesia. 
The average concentration is shown in brackets 

Species Li Ti Ni Cd As Pb 
R. acutus 0.004–0.108 

(0.018) 
0.048–0.579 

(0.295) 
0.001–0.139 

(0.037) 
0.002–0.006 

(0.004) 
1.57–23.49 

(9.60) 
0.009–0.140 

(0.060) 
S. hemipinnis 0.005–0.018 

(0.009) 
0.287–0.604 

(0.384) 
< LoD < LoD 3.73–13.50 

(9.57) 
0.003–0.063 

(0.036) 
S. lewini 0.08–0.023 

(0.014) 
0.310–1.570 

(0.619) 
0.011–0.062 

(0.037) 
< LoD 3.00–5.85 

(3.93) 
0.001–0.021 

(0.006) 
LoD: limit of detection 

 
directly relating to the abundance of prey in the study area 
[19,28]. Another factor is the migratory pattern of the 
shark while in the juvenile and adult stages or during the 
nurseries stage [29-30]. 

Pb, Cd, and Ni concentration in R. acutus and S. 
lewini from Binuangeun show a lower trend than the 
previous result on Ong and Gang [21] from Kuala 
Terengganu, Malaysia, Boldrocchi et al. [27] from 
Djibouti, Indian Ocean areas, and Adel et al. [20] from the 
Persian Gulf. This study’s Cd, Ni, and Pb concentrations 
were lower than Hauser-Davis et al. [31] on blue sharks 
(Prionace glauca) from the Western North Atlantic 
Ocean. The concentration of Cd and Pb in S. lewini 
reported by Mohammed and Mohammed [22] from 
Trinidad and Tobago shows a higher concentration in all 
muscles (hypaxial muscle, epaxial muscle, and dorsal fin) 
compared to this study. These metals have been the most 
studied in life because their effects can severely alter 
metabolic processes and even lead to death at low 
concentrations [32-33]. This study reported new data 
related to metals on S. hemipinnis because there is no 
publication about metal accumulation in Indonesian 
sprout nose dogfish from Indonesia. The concentration of 
Cd and Pb on demersal sharks in this study was lower 
than the study reported by Bilbao et al. [10] from 
Macaronesian Archipelago. 

Unfortunately, there are no studies of titanium 
accumulation by sharks in the study area. The 
concentration of Ti in this study was shown to be lower 
compared to the study reported by Hauser-Davis et al. 
[31] on P. glauca from the Western North Atlantic Ocean 
and Ju et al. [34] on megamouth sharks (Megachasma 
pelagios) from Taiwan. However, higher than a study 

reported by Bouchoucha et al. [35] from the Western 
Mediterranean Sea on commercial fishes. Ju et al. [34] 
reported that a high concentration of Ti on M. pelagios 
is probably because of the feeding habits of planktivorous 
compared to carnivorous sharks. Titanium has been 
reported to be associated with marine microalgae 
(diatoms and dinoflagellates) in high concentrations 
(more than 1,000 μg/g dry weight) [36]. Titanium (Ti) is 
a contaminant of increasing concern, exhibiting increased 
bioavailability in aquatic environments in recent 
decades due to increased use in personal care products 
(toothpaste, conditioner, shampoo, and conditioner) in 
the form of TiO2 nanoparticles [37]. Some previous 
studies had reported Ti could be biomagnified through 
food webs and bioaccumulated in several aquatic 
organisms [38-43]. The International Agency for 
Research on Cancer has already classified titanium as 
"possibly carcinogenic to humans" (Group 2B) because 
it may pose significant risks to human health [44]. 
Future assessments will be conducted to clarify the 
accumulation of Li and Ti on marine fishes. The 
concentration of metals varies according to the habitats, 
feeding behavior, and species-specific [4-5,10,45]. 

Metals Correlation on Each Species 

We observed specific metal-metal correlation in 
sharks meat shows different responses due to species-
specific metabolism, and no significant correlation was 
observed between total length or total weight and 
concentration of metals in the meat of all shark species. 
Total weight of R. acutus was shown significantly 
positive correlation (p < 0.001) with total length (r2 = 
0.91). A significant negative correlation (p < 0.001) was 
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observed between Ti-Cd (r2 = -0.79) and As-Cd (r2 = -0.69, 
p < 0.01) on R. acutus. A significant positive correlation (p 
< 0.05) on R. acutus was observed between Li-Ti (r2 = 
0.43), Li-As (r2 = 0.51), Li-Pb (r2 = 0.59), Ti-As (r2 = 0.49), 
Ti-Pb (r2 = 0.45) and As-Pb (r2 = 0.50). A significant 
negative correlation (p < 0.05) on R. acutus was observed 
between Li-Cd (r2 = -0.47) and Cd-Pb (r2 = -0.52). S. 
hemipinnis and S. lewini were observed a significant 
positive correlation (p < 0.001) on TW-TL (r2 = 0.94) and 
TW-TL (r2 = 0.99), respectively. 

Biplot PCA grouping of samples on threatened 
sharks from the Binuangeun area using the concentration 
of metals, TW, and TL as factors shows separation from 
R. acutus to S. hemipinnis and S. lewini (Fig. 1). R. acutus 
negatively correlates with Li, As, and Pb but positively 
correlates with Cd. S. hemipinnis and S. lewini show a 
positive correlation with Ti concentration, indicating that 
those sharks accumulate higher titanium than R. acutus. 
PCA can show factors correlating to metal accumulation 
in each species of threatened sharks from the Binuangeun 
area. 

The multivariate analysis (PCA) can identify the 
differences in metals among shark species. Variable food 
sources could explain the variability in each species in 
their habitat [13,19]. The metals pattern of PCA is useful 
because it normalizes data, minimizes the effects of 
individual element concentrations, and more clearly 
divides samples into two or more groups based on species 
or sex identities. In this study, linear regression analysis 

did not reveal a significant relationship between shark 
length/weight and metal concentration in each species. 
However, length/metals or weight/metals relationships 
have been reported in the previous study [5,46]. We 
observed a significant relationship between habitat 
(coastal/pelagic sharks vs. deep-water/benthic sharks) 
and metal concentration. Titanium concentration showed 
a significant positive relationship with total length and 
weight (Pearson correlation, (TW) r = 0.40, p = 0.028, n 
= 28; (TL) r = 0.43, p = 0.016, n = 28) if analysis based on 
habitat (coastal/pelagic vs demersal/deep-water), while 
lead showed a significant negative relationship with TW 
and TL (TW r = -0.58, p = 0.0016, n = 25; TL r = -0.61, p 
= 0.0008, n = 25). In habitat, many factors influence the 
uptake of metals in sharks, such as a variety of food diets 
[2,19], the abundance of food sources [19], 
anthropogenic activities [7,26], and different trophic 
positions while juvenile stage vs. adult stage [27,29]. 

Heavy metals concentration such as Cd and Pb 
except As were lower than the permissible limit ([As] = 
0.25 μg/g, [Cd] = 0.10 μg/g and [Pb] = 0.20 μg/g) from 
National Agency of Drug and Food Control (NADFC) 
or BPOM [47] or JECFA/WHO [48]. The concentration 
is of As in S. lewini four times (3.93 μg/g) higher than the 
NADFC permissible guideline, while in R. acutus  
(9.60 μg/g) and S. hemipinnis (9.57 μg/g), more than 38 
fold than the rules. The TL of S. lewini did not exceed  
70 cm, and it is evident that samples consist mainly of 
juveniles  [16],  but  R. acutus  and  S. hemipinnis  showed  

 
Fig 1. Biplot PCA metals concentration in threatened sharks from Binuangeun, Lebak, Banten, Indonesia. RA = R. 
acutus; SH = S. hemipinnis; SL = S. lewini 
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mainly adult samples [17-18,49]. In the shark fishery, 
small sizes are preferred for meat due to the low 
concentration of urea (the way it decomposes affects the 
smell and taste of meat), low commercial price, and other 
potentially toxic elements [19]. As in shark meat 
(commonly marine fish), the concentration of arsenic is 
primarily in the form of an organic compound (85 to 
90%) and will secrete from the human body by urinary 
excretion [50]. Even though inorganic As is the dominant 
species in freshwaters and marine, it will rapidly bio 
transform to organic As such as methyl arsenate or 
dimethyl arsenate by an aquatic organism. The organic 
arsenic is bioaccumulated in biota and biomagnified 
through the food web, but the concentration of inorganic 
As does not increase through trophic levels [19,26-27]. 
The consumption of shark's meat in Binuangeun areas 
must be considered the As concentration level because 
arsenic correlates to Li and Ti, especially on R. acutus (Fig. 
1). However, whether the same biomagnification pattern 
of As is different species or different adult-juvenile 
populations is still unknown. This is evidence that more 
studies are required to elucidate whether arsenic is 
increasing in the aquatic food web, including all the shark 
species from Binuangeun areas. 

■ CONCLUSION 

This study showed a significant concentration of 
metals in threatened sharks’ meat from Binuangeun Fish 
Auction, Lebak, Banten, Indonesia. The concentration of 
total As in milk shark and dogfish shark meat was found 
to be higher compared to a scalloped hammerhead shark. 
The presence of a high concentration of Ti in S. lewini and 
S. hemipinnis through this study requires investigation 
regarding the form of Ti that accumulated in sharks' meat. 
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 Abstract: Bacicyclin is a cyclic hexapeptide with antibacterial activity against 
Enterococcus faecalis and Staphylococcus aureus with minimum inhibition 
concentration (MIC) values of 8 and 12 μM, respectively. Studies on a reversed sequence 
of bacicyclin were conducted to investigate how the reversed peptide sequence affects its 
biological properties. A reversed-bacicylin, cyclo-(Gly-Leu-Val-Ile-Ala-Phe), was 
successfully synthesized by constructing the linear precursor on 2-chlorotrityl chloride 
resin using a Fmoc-based strategy. The HATU/HOAt reagent was applied in all peptidic 
bond formations, and the desired linear hexapeptide (82% yield) was cleaved off the resin 
using a mixture of trifluoroacetic acid:dichloromethane (2:8). The linear peptide was 
cyclized using 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium-3-
oxidehexa-fluorophosphate (HATU) as a coupling agent and diisopropylethylamine 
(DIPEA) as the base in a very dilute solution (0.001 M) in dichloromethane, then purified 
by octadecyl silica gel (ODS) column chromatography to obtain the reversed-bacicyclin 
(43.7% yield). The purity of the cyclic product was analyzed using analytical RP-HPLC 
(tR = 20.01 min), and characterized by HR-TOF-MS, 1H-NMR, and 13C-NMR. The 
biological activity of the reversed-bacicyclin is much lower compared to bacicyclin, 
indicating that the amino acid sequence of the cyclopeptide dictates the antibacterial 
activity. This finding gives additional information on the relationship between peptide 
sequence and biological properties. 

Keywords: bacicyclin; solid-phase peptide synthesis; cyclisation; cyclic hexapeptide; 
antibacterial peptide 

 
■ INTRODUCTION 

Peptides, in particular cyclic peptides, have attracted 
much attention over the last few decades [1] because they 
exhibit unique advantages over linear peptides, such as 
their high affinity, fixed geometry and rigid structure, 
metabolic stability, and defined conformation. Cyclic 
peptides are a promising source of new drug candidates as 
they possess interesting biological activities, including 
antibiotic, antifungal [2], Cushing's disease [3], and anti-

inflammatory [4]. Bacicyclin [cyclo-(D-Phe-D-Ala-Ile-
Val-Ile-Gly)] (1) (Fig. 1) is a cyclic hexapeptide first 
isolated by Wiese et al. [5] from a marine Bacillus sp. 
strain (BC028). It shows antibacterial activity against the 
clinically relevant Enterococcus faecalis and 
Staphylococcus aureus with MIC values of 8 and 12 μM, 
respectively [5]. Structurally, its cyclic structure and the 
presence of D-configured residues make bacicyclin 
resistant  to  proteases,  thus,  it  has  potential  as  a  drug  
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Fig 1. Structure of bacicyclin (1) and reversed-bacicylin (2) 

candidate. Chen et al. [6] successfully synthesized 
bacicyclin and its analogs using a combination of solid- 
and solution-phase methods. However, synthetic 
bacicylin and analogs showed no significant antibacterial 
properties with an IC50 > 128 M. The difference in 
antibacterial properties between the synthetic bacicylin 
and its natural product was caused by the different 
conformation and purities. 

According to Damjanovic et al. [7], cyclic peptides 
with the same amino acid composition but different 
sequences exhibit different structural behavior in 
solution, which may change their activities. Rezai et al. [8] 
and Claro et al. [9] describe how cyclic peptides interact 
with the biological membrane and show that the 
interaction depends on the sequence, which dictates the 
conformation of the cyclic peptide. Therefore, it is 
interesting to compare the biological activities of peptides 
with the same amino acid composition but different 
sequences. Herein, we report the total synthesis of a 
bacicyclin isomer with a reversed sequence, cyclo-(Gly-
Leu-Val-Ile-D-Ala-D-Phe) (2) (Fig. 1). 

Most cyclic peptides are prepared via solid-phase 
peptide synthesis (SPPS) of the linear precursor, 
continued by macrocyclization on-resin or in solution 
[10]. The efficiency of the solution and on-resin 
cyclization were compared extensively by Sewald and 
colleagues [11] for the synthesis of cyclopeptides and 
cyclohexapeptides. The results showed that better method 
was achieved when cyclization was performed in solution-
phase (9–36%) than on-resin (1–22%). A combination of 
solid- and solution-phase methods are commonly used 
for the synthesis of many cyclic peptides such as 

wollamide A, B, desotamide B [12], and their analogs 
[13-14]. This method was also used in the current 
synthesis, with SPPS and a Fmoc strategy performed to 
synthesize the linear precursor and cyclization 
conducted in solution-phase. The cyclization of a linear 
peptide with six residues is challenging [14], but the 
presence of two D amino acids facilitates the cyclization 
of the linear peptide, so D-Phe was located at the C-
terminus and Gly at the N-terminus for cyclization [15]. 
The antibacterial properties of the synthesized reversed-
bacicyclin against S. aureus and E. faecalis were then 
evaluated. 

■ EXPERIMENTAL SECTION 

Materials 

The chemicals used were 2-chlorotrityl chloride 
resin, dimethylformamide (DMF), dichloromethane 
(DCM), 1-[bis(dimethylamino)methylene]-1H-1,2,3-
triazolo[4,5-b]pyridinium-3-oxide hexafluorophosphate 
(HATU), n-hexane N,N-diisopropylethylamine (DIPEA), 
1-hydroxy-7-azabenzotriazole (HOAt), piperidine, ethyl 
acetate, and trifluoroacetic acid. All amino acid residues, 
Fmoc-D-Phenylalanine, Fmoc-D-Alanine, Fmoc-L-
Isoleucine, Fmoc-L-Valine, Fmoc-L-Leucine, Fmoc-L-
Glycine, and 2-chlorotrityl chloride (0.972 mmol/g) 
were purchased from GL-biochem Ltd., Shanghai, China. 

Instrumentation 

Analysis of the linear and cyclic hexapeptides was 
performed on a Waters 2998 Photodiode Array Detector 
(PDA) with a wavelength of 210, 240, and 254 nm and 
LiChrospher 100 C-18 column (5 μm) for RP-HPLC. 
Acetonitrile (A) and deionized water (B) were used as 
the mobile phase with gradient elution and the addition 
of 0.1% trifluoroacetic acid (TFA) (vol/vol), with a flow 
rate of 1.0 mL/min and column temperature 25 °C for  
30 min. The peptides were characterized by 1H- and 13C-
NMR spectra using an Agilent 1H-NMR 500 MHz and 
13C-NMR 125 MHz with deuterated solvent. The mass 
spectra were obtained from Waters HR-ToF-MS 
Lockspray, and the absorbance of loaded resin was 
measured on a UV-Vis Spectrophotometer (TECAN 
Infinite Pro 200). 
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Procedure 

Synthesis of linear hexapeptides, a precursor of 
reversed-bacicyclin 

The synthesis was performed on 2-chlorotrityl 
chloride resin (400 mg, 0.4 mmol), which was swollen in 
dichloromethane (10 mL) for 15 min at room 
temperature. Fmoc-D-Phe-OH (210 mg, 0.7 mmol) was 
loaded onto the resin in a mixture of dichloromethane  
(5 mL) and DIPEA (210 μL, 1.2 mmol). To measure the 
loading resin absorbance, 20% piperidine in DMF (3 mL) 
was added to 0.8 mg Fmoc-D-Phe-resin in an Eppendorf 
tube and left for 1 h, followed by sonification for 5 min 
before the absorbance was measured at 290 nm. Then, the 
resin was capped by adding 10 mL of 
MeOH:DCM:DIPEA (15:80:5) twice before the addition 
of 20% piperidine in DMF (5 mL) for 2 × 5 min to 
eliminate the Fmoc group, yielding a free amino group on 
the resin. Fmoc-D-Phe-NH2 was coupled with the second 
residue, Fmoc-D-Ala-OH, using a combination of HATU 
(222.4 mg, 0.5 mmol) and HOAt (79.6 mg, 0.5 mmol) as 
a coupling agent and DIPEA (271.7 μL, 2.1 mmol) as a 
base in DMF (5 mL) for 4 h at room temperature. The 
Fmoc group was removed from Fmoc-D-Phe-D-Ala-
Fmoc using 20% piperidine in DMF (5 mL) for 2 × 5 min 
to afford the resin-D-Phe-D-Ala-NH2. This cycle of 
coupling and Fmoc deprotection was repeated with 
subsequent Fmoc-protected amino acids to obtain the 
resin-D-Phe-D-Ala-Ile-Val-Leu-Gly-NH2. Finally, the 
peptide was cleaved from the resin using 20% TFA in 
dichloromethane (10 mL) for 2 × 20 min. After the 
collection of filtrate and subsequent TFA evaporation, the 
crude peptide was repeatedly washed with 
dichloromethane and dried under a vacuum. The linear 
peptide was injected into an analytical RP-HPLC (5–40% 
acetonitrile in water for 20 min, flow rate 1 mL/min, λ 240 
nm) and characterized using HR-ToF-MS, 1H-NMR (500 
MHz, DMSO-d6), and 13C-NMR (125 MHz, DMSO-d6). 

Linear hexapeptide (precursor of reversed-
bacicyclin): White solid; (91.3 mg, 82% yield); 1H-NMR 
(500 MHz, DMSO-d6, δ, ppm) 4.09 (m, CH-α, 2H), 4.38 
(t, J = 8.4 Hz, CH- α, 1H), 4.12 (dd, J = 10.8;6.2 Hz, CH-α, 
1H), 3.57 (d, J = 8.4 Hz, CH-α, 1H), 4.31 (m, J = 8.8 Hz, 
CH-α, 1H), 4.48 (q, J = 11.4; 4.2 Hz, CH-α, 1H), 8.48 (d, 

NH, 1H), 8.02 (d, NH, 1H), 7.94 (d, NH, 1H), 8.16 (d, 
NH, 1H), 7.83 (d, NH, 1H), 1.42 (s, NH2, 2H), 1.57 (m, 
H-β/β’ Leu, 2H), 1.64 (m, H-γ Leu, 1H), 0.81 (d, J = 7.8 
Hz, H-δ Leu, 3H), 0.82 (d, J = 7.7 Hz, H-δ’ Leu, 3H), 1.70 
(m, H-β Val, 1H), 0.86 (d, J = 6.4 Hz, H-γ Val, 3H), 0.88 
(d, J = 6.4 Hz, H-γ’ Val, 3H), 1.97 (m, H-β Ile, 1H), 0.79 
(d, H-γ Ile, 2H), 1.01 (d, H-γ’ Ile, 3H), 0.76 (d, H-δ Ile, 
3H), 1.13 (d, J = 8.4 Hz, H-β Ala, 3H), 3.06/2.93 (m, H-
β/β’ Phe, 2H), 7.26 (m, H-Bz-o, 2H), 7.22 (m, H-Bz-m, 
2H), 7.16 (m, H-Bz-p Phe, 2H).13C-NMR (125 MHz, 
DMSO-d6, δ, ppm) 171.9 (C=O Gly), 172.7 (C=O Leu), 
170.7 (C=O Val), 170.3 (C=O Ile), 171.5 (C=O Ala), 
165.4 (C=O Phe), 41.4 (C-α Gly), 50.9 (C-α Leu), 58.0 
(C-α Val), 57.0 (C-α Ile), 47.6 (C-α Ala), 53.5 (C-α Phe), 
39.1 (C-β/β’ Leu), 24.3 (C-γ Leu), 23.0 (C-δ Leu), 21.7 
(C-δ’ Leu), 30.7 (C-β Val), 18.5 (C-γ/γ’ Val), 35.8 (C-β 
Ile), 15.2 (C-γ Ile), 29.9 (C- γ’ Ile), 10.9 (C-δ), 18.5 (C-β 
Ala), 36.5 (C-β/β’ Phe). HR-TOF-MS m/z 619.3892 
[M+H]+ (calcd. C31H51N6O7 619.3894). 

Synthesis of cyclic hexapeptides 
The linear hexapeptide (30 mg, 0.05 mmol) was 

dissolved in DMSO (500 μL, 6.4 mmol), then 
dichloromethane (50 mL) before the addition of HATU 
(6 equiv. 110.7 mg, 0.3 mmol) and DIPEA (12 equiv.  
75.3 μL, 0.6 mmol). The reaction mixture was stirred for 
48 h at room temperature (monitored by TLC), then 
evaporated under vacuum to yield the crude cyclic 
product as a dark-yellow oil which was extracted between 
ethyl acetate (50 mL) and brine solution (3 × 30 mL). 
The organic fractions were combined and evaporated to 
give crude peptides as a bright-yellow solid, which were 
purified by reversed-phase ODS column 
chromatography (MeOH:H2O = 5:5–6:4) to obtain the 
desired product (15.6 mg; yield 52%). 

Reversed-Bacicyclin (2): White solid; 43.7% yield. 
1H-NMR (500 MHz, CD3OD, δ, ppm) and 13C-NMR 
(125 MHz, CD3OD, δ, ppm) data can be seen in Table 1. 
HR-TOF-MS m/z [M+H]+ 601.3713 (calcd. C31H49N6H6 
601.3714). 

Antimicrobial assays 
The antimicrobial activity of the test peptides was 

assessed by the disc method described by Mustafa et al. 
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[16] with some modifications. Briefly, agar plates were 
inoculated with Escherichia coli (Gram-negative bacteria), 
Enterococcus faecalis, Staphylococcus aureus (Gram-
positive bacteria) and Candida albicans (fungi), then 
sterile paper discs saturated with the test peptides were 
placed on top of the agar and incubated at 37 °C for 16–
18 h before the resulting inhibition zones were measured. 

The microdilution method described by Mustafa et 
al. [16] with some modifications was also performed to 
evaluate the antibacterial activity of the test peptides 
against S. aureus and E. faecalis. Briefly, the peptides were 
dissolved in 2% DMSO at a concentration of 1 μg/mL to 
prepare a series of serial dilutions (1000; 500; 250; 125; 
62.5; 31.25; 15.62; 7.81; 3.90; 1.95; 0.97 and 0.48 ppm). The 
sample solutions, amoxicillin, and 2% DMSO were placed 
in a 96-well microplate and incubated at 37 °C for 18 h 
before the absorbance was measured at 600 nm to 
calculate the MIC values. 

■ RESULTS AND DISCUSSION 

The synthesis procedure of reversed-bacicyclin is 
shown in Scheme 1. The linear hexapeptide was prepared 
via an SPPS method using 2-chlorotrityl chloride (2-CTC) 
resin because the resin can suppress diketopiperazine  
 

formation due to the bulky size of the chlorotrityl group 
and provide a mild acidic cleavage condition. The 
synthesis was initiated by the loading of the first residue, 
Fmoc-D-Phe-OH, onto the resin to obtain 0.45 mmol/g, 
which was categorized as good (0.3–0.6 mmol/g) [17-
18]. The unreacted sites were then capped using 
MeOH:DIPEA:DCM (15:5:85), and the Fmoc group was 
deprotected with 20% piperidine in DMF to obtain a free 
amino group. The product was then coupled with Fmoc-
D-Ala-OH using HATU/HOAt as the coupling reagent, 
and DIPEA as the base before the peptide was elongated 
by the attachment of subsequent L-isoleucine, L-valine, 
L-leucine, and glycine residues and final Fmoc 
deprotection to give the linear hexapeptidyl resin-D-
Phe-D-Ala-Ile-Val-Leu-Gly-NH2 (2). 

The linear hexapeptide was cleaved from the resin 
using 20% TFA in DCM to yield a high purity linear 
product for macrocyclization. The HPLC 
chromatogram showed a single peak with a retention 
time of 7.140 min (Fig. 2), and the molecular ion peaks 
at m/z 619.3892 [M+H]+ and [2M+H]+ 1237.8109 in the 
HR-TOF-MS spectra confirmed the successful synthesis 
of the desired hexapeptide (Fig. 3). The 1H- and 13C-
NMR of the linear  precursor revealed  five amide NH at  

 
Scheme 1. Fmoc-based SPPS and solution-phase macrocyclization of reversed bacicyclin 
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Fig 2. HPLC spectra of linear hexapeptide (precursor of bacicyclin) in acetonitrile:H2O (5–40% linear gradient) at a 
flow rate of 1 mL/min, and λ 240 nm 

 
Fig 3. MS spectra of the linear hexapeptide 

 
8.48 (d, 1H), 8.02 (d, 1H), 7.94 (d, 1H), 8.16 (d, 1H), and 
7.83 (d, 1H), six α-protons at the chemical shifts of 4.09 
(1H), 4.38 (1H), 4.12 (1H), 3.57 (1H), 4.31 (1H), and 4.48 
(1H) ppm, one NH2 proton at the chemical shift of 1.42 
(s, 2H) ppm, six carbonyls at the chemical shifts of 165.4 
(Gly), 172.7 (Leu), 170.7 (Val), 170.3 (Ile), 171.5 (Ala), 
and 171.9 (Phe) ppm and six α-carbons at the chemical 
shifts of 41.4, 50.9, 58.0, 57.0 47.6, and 53.5 ppm. Taken 
together, these data confirm the peptidic structure of the 
linear hexapeptide and 82% yield without any further 
purification required. 

The linear hexapeptide was less soluble in DCM, 
DMF, acetonitrile, and other organic solvents but 
dissolved well in DMSO. Therefore, to avoid difficulties 

with DMSO removal, a minimal amount of DMSO was 
used to dissolve the peptide. Macrocyclization was firstly 
trialed in a dilute solution of 0.001 M in 
dichloromethane following the protocol of Ma and 
colleagues [19], but the linear peptide was still detected 
in the MS spectra. Therefore, the amount of HATU (6 
equiv.) was increased, and the addition of DIPEA was 
stopped until it reached 12 equivalent. The reaction was 
completed in 48 h, yielding approximately 53% of the 
desired compound. The reaction was monitored by TLC 
(n-hexane:isopropanol (7:3) and peptide dimerization 
was avoided by conducting the macrocyclization reaction 
at a very dilute peptide concentration (less than 1 mM). 

The success of the cyclization relies on the ring size  
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and the residues present in the peptide sequence, with side 
reactions, such as racemization, occurring if the linear 
peptide consists of less than seven amino acid residues 
[20]. However, the presence of amino acids such as 
proline, D-configured amino acids, the thiazole or 
oxazole ring, and an achiral amino acid such as glycine 
can increase cyclization success [21]. To minimize 
racemization, thus diastereomer formation during 
cyclization, the cyclic target was disconnected at the site 
between D-phenylalanine at the C-terminus and glycine 
at the N-terminus, which can also reduce steric resistance 
during the macrocyclic process. 

HPLC analysis of the crude product showed that the 
cyclic peptide was the major product without any  
 

remaining linear starting material in the reaction mixture. 
The mixture was then concentrated and extracted with 
sodium chloride solution and evaporated using a rotary 
evaporator. Crude bacicyclin was purified by a flash 
column chromatography using MeOH:H2O (gradient: 
6:4-5:5) as the eluent, yielding 15.6 mg of compound 2 
as white solid (52%). The purity of peptide 2 was checked 
by analytical RP-HPLC (Fig. 4; retention time = 20.01 
min), and it was characterized by HR-TOF-MS, 1H-
NMR, 13C-NMR, and IR. The mass spectra of HR-TOF-
MS showed the correct molecular ion peak of the desired 
cyclic peptide with m/z 601.3713 [M+H]+ (calcd. m/z 
601.3714) and m/z 623.3525 [M+Na]+ (calcd. m/z 
623.3526) (Fig. 5). 

 
Fig 4. Analytical RP-HPLC chromatogram of reversed-bacicyclin 2 in acetonitrile:water (5–40% linear gradient) at a 
flow rate of 1 mL/min and λ 240 nm 

 
Fig 5. MS spectra of reversed-bacicyclin 2 
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Table 1. 1H-NMR and 13C-NMR spectra data of reversed-bacicyclin and comparison with bacicyclin spectral data by 
Wiese and colleagues 

Amino acid residues δC 1 [5] 
(CD3OD, 150 MHz) 

δC 2 
(CD3OD, 125 MHz) 

δH 1 [5] 
(CD3OD, 600 MHz) 

δH 2 (synthesized) 
(CD3OD, 500 MHz) 

Gly     
CO 179.1 175.3   
α 41.4 41.2 3.36, t (J = 8.4 Hz) 3.38, t (J = 8.5 Hz) 
Leu     
CO 171.5 172.0   
α 52.7 53.2 3.8, t (J = 8.4 Hz) 3.88, t (J = 8.5 Hz) 
β/β’ 41.8 41.9 1.58, m 1.60, m 
γ 26.2 25.9 1.62, m 1.67, m 
δ 22.5 23.2 0.91, d (J = 7.8 Hz) 0.99, d (J = 7.8 Hz) 
δ' 21.6 21.7 0.96, d (J = 7.7 Hz) 1.08, d (J = 7.7 Hz) 
Val     
CO 175.5 175.2   
α 60.6 62.6 4.21, dd (J = 10.8; 6.2 Hz) 4.22, dd (J = 10.5; 6.3 Hz) 
β 31.8 32.0 1.98, m 1.86, m 
γ 19.5 19.5 0.89, d (J = 6.4 Hz) 0.96, d (J = 6.4 Hz) 
γ' 18.9 17.6 0.88, d (J = 6.6 Hz) 0.92, d (J = 6.8 Hz) 
Ile     
CO 173.2 173.2   
Α 58.9 58.7 4.19, d (J = 8.5 Hz) 4.19, d (J = 8.5 Hz) 
Β 36.1 37.3 2.03, m 2.13, m 
Γ 12.1 12.1 0.84 0.85 
γ' 27.5 26.1 1.28 1.28 
Δ 14.6 16.1 0.86 0.86 
Ala     
CO 173.4 174.1   
Α 49.9 50.1 4.30, q (J = 9.0 Hz) 4.3, q (J = 8.8 Hz) 
Β 18.1 18.1 1.17, d (J = 8.4 Hz) 1.15, d (J = 8.5 Hz) 
Phe     
CO 173.9 174.7   
Α 56.8 55.8 4.3, q (J = 11.4; 4.2 Hz) 4.3, q (J = 11.0; 4.2 Hz) 
β/ β’ 29.1 28.1 3.31/3.05, m 3.20/3.16, m 
     
Bz-I 128.9 139.0   
Bz-o 112.3 122.5 7.22, m 7.29, m 
Bz-m 119.4 127.6 6.98, m 7.18, m 
Bz-p 124.6 129.4 7.18, m 7.27, m 

 
The 1H-NMR and 13C-NMR spectra of 2 and the 

linear peptide were different, with the absence of the 
chemical shift at 1.42 ppm of the free amine (–NH2) 
proton of glycine in the 1H-NMR spectra confirming 
cyclization (Table 1). The absence of NH2 proton and the 

presence of NH amide signals in 1H-NMR are 
commonly observed when the linear peptide is 
completely converted into a cyclic peptide [22-23]. 
Moreover, the successful formation of an amide bond 
between the amino group of glycine and carboxyl group 
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of D-phenylalanine was proven by the presence of the 
deshielding carbonyl signal of Phe at 175.3 ppm. Overall, 
the 13C-NMR spectra displayed six amide-type carbonyls 
(δ 175.3, 172.0, 175.2, 173.1, 174.1, 174.7 ppm), five α-
methine carbons (δ 53.2, 62.6, 58.7, 50.1, 55.8 ppm), α-
methylene carbon (41.2), seven methyl groups (23.2, 21.7, 
19.5, 17.6, 12.1, 16.1, 18.1 ppm), and three methylene 
groups (41.9, 37.3, 28.1 ppm). The NMR spectral data of 
2 was similar to the NMR data obtained by Wiese et al. [5] 
for bacicyclin (Table 1). 

The antimicrobial activities of the linear and cyclic 
peptides of 2 were assessed, showing that the linear and 
cyclic peptides of the reversed-bacicyclin 2 inhibited the 
growth of gram-negative E. coli with weak antibacterial 
activity at a concentration of 2000 ppm. The peptides also 
exhibited moderate antibacterial activity against S. aureus 
and E. faecalis but were not as effective as the natural 
product [5] or synthetic bacicylin [6], indicating that 
reversing the peptide structure affected the biological 
properties of the peptide. 

■ CONCLUSION 

Reversed-bacicyclin (cyclo-Gly-Leu-Val-Ile-D-Ala-
D-Phe) has been successfully synthesized in a two-step 
process, achieving an overall yield of 43.7%. However, the 
biological properties of the reversed peptide were 
different to the natural product. This finding gives 
additional information on the relationship between 
peptide sequence and biological properties. 
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 Abstract: The main purpose of the research was to analyze the distribution of Arsenic 
(As), Cadmium (Cd), Copper (Cu), Iron (Fe), Nickel (Ni), Cobalt (Co), Mangan (Mn), 
and Zinc (Zn) in soft tissues, shells, and associated surface sediments of Cerithidea 
obtusa (C. obtusa) mangrove snails collected from Sungai Besar Sepang. The 
concentration of iron (Fe) was found to be the highest in relation to other toxic elements 
in sediments, soft tissues, and shells of C. obtusa. The concentrations of Cu and Zn in 
soft tissues of C. obtusa were found to exceed the concentrations in sediments, indicating 
bioaccumulation of these metals. Metal pollution was assessed with the Enrichment 
Factor (EF), Geoaccumulation Index (Igeo), and Pollution Factor (CF). EF, Igeo, and CF 
were 0.34 to 22.41, -3.37 to 2.65, and 0.14 to 9.42, respectively. The results indicate that 
sediments in Sungai Besar Sepang are contaminated with As and Zn. According to the 
bivalve bioaccumulation results, the soft tissues of C. obtusa act as a macro-concentrator 
for Cu and Zn. As a result, it is suggested that ongoing monitoring of releases of heavy 
metals from anthropogenic sources and stricter environmental protection measures 
should be implemented. 

Keywords: enrichment; bio-accumulation; trace elements; neutron activation analysis 

 
■ INTRODUCTION 

Mollusks are invertebrates found in oceans, rivers, 
lakes, or even on land [1]. Mollusks are easily obtained 
from their habitat due to their wide distribution and 
abundance [2]. Mollusks have the great advantage of 
being able to be used as bioindicators based on minerals 
absorbed from their habitat environment [3]. Since these 
mollusks are one of the important food sources for 
various living things of beings, it is important to avoid 
these mollusks being exposed to harmful toxic 
compounds [4]. The toxic content of mollusks is elevated 

because of phytoplankton feeding or sediment filtration 
[5]. As reported in other studies, mollusks have been 
shown to store high levels of heavy metals in their tissues 
and shell and adapt to changing environmental 
conditions [6-7]. Consequently, these heavy metals are 
partially or fully used for the growth of shells and soft 
tissues of mollusks [8]. Recently, the accumulation of 
heavy metals in the shell and soft tissues of mollusks has 
received much attention [9]. The number of heavy 
metals in the shells and soft tissues of mollusks and in 
sediments can be used to assess the degree of 
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contamination levels [3]. The type of diet they consume 
and how they live has an impact on their ability to deposit 
heavy metals into the shells and tissues of mollusks. These 
mollusks live by feeding or filtering sediment, exposing 
them to heavy metals consumed directly from the 
sediment. Therefore, thorough research is needed to 
determine the potential of this species to accumulate and 
store this toxic element in its shell and soft tissues from 
sediments in its natural habitat [10]. Numerous researches 
have been conducted to propose environmental analyses 
using elements found in sand and mollusks [3]. 

The purpose of this study was to determine the 
distribution of heavy metals in the shell and soft tissues of 
the Cerithidea obtusa mollusk, as well as sediments from 
their habitat. Furthermore, to investigate the potential 
application of this capability for pollution biomonitoring 
in research areas, as well as to compare heavy metal levels 
in the study environment with those in other parts of the 
world. 

■ EXPERIMENTAL SECTION 

Study Sites and Samples Collection 

The research area of this study focused on the mouth 
of Sungai Sepang Besar (Sepang Besar River), which flows 
into the Straits of Malacca in Sepang District, Selangor 
Malaysia, at GPS coordinate: N 02° 56’ 16.9” and E 101° 
45’ 9.4” as shown in Fig. 1. The study region has a tropical 
environment all year, with temperatures ranging from 27 
to 34 °C and a moderately humid atmosphere. The 
amount of cloud cover is modest, and November is the 
wettest month, albeit rainfall is rare. Sepang District had 

rapid and significant growth from 1995 to 2015, owing 
to its proximity to Malaysia's administrative capital, 
Putrajaya. As a result, an expansion of urban growth has 
been found to impact Sungai Sepang Besar's ecosystems. 
The reserve forests and mangrove regions in Sepang 
District are quite modest, with mangrove forests 
covering around 546.7 hectares along the rivers Sungai 
Sepang Kecil and Sungai Sepang Besar. It has fish, crabs, 
and shrimp, which are all biodiversity components of 
the mangrove environment. Under the Sepang Local 
Plan 2025, the mangrove regions are designated as Level 
1 Environmentally Sensitive Areas (ESA) (Sepang 2017) 
[11-12]. 

Bivalve mollusks (C. obtusa) were selected to assess 
the bioaccumulation of heavy metals in their shell and 
soft tissues because of their wide dispersion and 
abundance in the study area. This species has been 
identified in the same manner as in previous studies. 
Only commercially recognized normal sizes for each 
species were compiled to avoid changes in metal content 
related to its size or reproductive stage [13-14]. For this 
study, 40–50 individual snails of similar length (3.5 to 
5.0 cm) and mangrove sediments weighing 
approximately 500–600 g were randomly collected at a 
depth of 3.0-5.0 cm by scraping the surface layer with a 
plastic spoon [15-16]. At the laboratory, all samples were 
rinsed off with tap water to remove the soil attached to 
the snails and placed in a clean plastic bag with a label. 
As shown in Fig. 2(a) and 2(b), the soft tissue is then 
removed from the shell by fine-crushing the shell 
without damaging the soft tissue. Each sedimentary, shell, 

 
Fig 1. Map of Sepang Besar River 
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Fig 2. (a) Removing the shell, (b) Soft tissue 

 
and tissue sample was packaged in a polyethylene plastic 
bag and stored in an icebox [17]. To remove moisture, 
sediments, shells, and soft tissues are dried in an oven at 
85 °C for at least 72 h until a dry weight is produced. With 
glass mortar, each sediment sample, soft tissue, and shell 
of C. obtusa were individually crushed into a powder 
form. Then the powder is filtered through an opening 
made of stainless steel of 63 μm. Samples were stored in 
plastic pillboxes after being stirred vigorously and ready 
for further analysis [18]. 

Instrumentation 

Neutron activation analysis (NAA) method was 
used to determine the concentration of elements. The 
powdered samples were separated into four subsamples of 
150 and 200 mg each and stored individually in heat-
sealed polyethylene vials for short and long radiation. 
Half-lives and gamma energies from radionuclides, along 
with a comparison approach, were used to determine 
element concentrations [19-20]. IAEA SL–1 (Lake 
Sediment)) and SRM 1566b/SRM 2976 were used as 
multi-element comparators for sediment and soft tissue 
bivalve mollusk, respectively. 

For quality assurance, blank samples, standard 
reference material, IAEA-SL-1, and SRM 1566b/SRM 
2976 were all irradiated simultaneously in the pneumatic 
transport facility at the 750 kW (MINT TRIGA) research 
reactor with a thermal neutron flux of 4.0 Tcm–2s–1. The 
samples were radiated for 1 min and then counted for 5 
and 20 min after cooling for 20 min and 24 h, respectively, 
under brief radiation. For extended radiation, the samples 
were irradiated for 6 h and then counted for 1 h after 
cooling for 3–4 and 21–28 days, respectively. The distance 

between the detector and the sample was kept between 
12 cm (short radiation) and 2 cm (long radiation). A 
calibrated high-resolution HPGe detector was used to 
count radiated samples. The components present in the 
sample, as well as their concentration, were identified 
using the specific energy of delayed gamma rays. All the 
countings were done in conditions where the dead time 
was less than 10% [19]. 

Prior to the use of an Atomic Absorption 
Spectroscopy (AAS), a sediment sample of 
approximately 500 mg was digested in a 4:1 mixture of 
nitric acid and perchloric acid in powder form (BDH 
Analar grade). For the first hour, all digestive tubes were 
placed in a digestion block at 40 °C and then digested 
entirely at 140 °C for at least 3 h [8]. Forty milliliters of 
double distilled water was added to dilute the resultant 
solution. The solution was then filtered into a 
polyethylene container using a WhatmanTM No. 1 
filter. The concentrations of the elements were 
determined using a Perkin Elmer Model Analyst 800 and 
an air-acetylene AAS in three replicates on all of the 
samples [8]. 

Procedure 

The status of enrichment of heavy metals in 
sediments can be assessed using pollution tools such as 
enrichment factor, contamination factor, and geo-
accumulation index. On the other hand, the 
bioaccumulation factor was used for the 
bioaccumulation of sediment-associated organic 
compounds or metals into the tissues of ecological. 

Enrichment factor (EF) 
The EF was used to assess the size of anthropogenic  
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metal inputs. Metals in sediment with values ranging 
between 0.5 and 1.5 have a lithospheric or crustal origin, 
whereas values greater than 1.5 (EF > 1.5) have an 
anthropogenic origin [21]. Eq. (1) is used to determine the 
EF: 

sample

shale

(M / Fe)
EF

(M / Fe)
  (1) 

where M and Fe are the metal concentrations in the 
sample and shale be averaged [22-23]. The EF values were 
interpreted as shown in Table 1. 

Geo-accumulation index (Igeo) 
Müller created the geo-accumulation index (Igeo), 

which is a reliable instrument for calculating a system's 
contaminated condition [24]. It can be calculated using 
Eq. (2): 

 geo 2 N NI log C 1.5B     (2) 

where CN denotes the metal concentration in the sample,  
 

and BN denotes the average shale background metal 
concentration [25]. The background matrix correction 
factor of 1.5 is used to minimize variance owing to 
lithogenic influences. Muller divided the Igeo value into 
seven categories, as shown in Table 2 [26]. 

Contamination factor (CF) 
The amount of metal contamination in sediment is 

frequently described as a contamination factor (CF). It 
calculates the amount of pollution caused by pollutants 
in an ecological system and can be calculated by using 
Eq. (3): 

N

N

C
CF

B
 

  
 

 (3) 

where CN denotes the metal content in the sample and 
BN denotes the background metal concentration in 
typical shale [25]. The CF readings were interpreted as 
shown in Table 3 [27]. 

Table 1. Pollution classification of the enrichment factor (EF) 
 Range Status 

Enrichment Factor (EF) 

1 no enrichment 
3–5 minor enrichment 

5–10 moderately severe enrichment 
10–25 severe enrichment 
25–50 very severe enrichment, and 
> 50 extremely severe enrichment 

Table 2. Pollution classification of the geo-accumulation index (Igeo) 
 Range Status 

Geo-accumulation (Igeo) 

< 0 virtually unpolluted 
0–1 unpolluted to moderately polluted 
1–2 moderately polluted 
2–3 moderately to highly polluted 
3–4 strongly polluted 
4–5 strongly to severely polluted 
> 5 extremely contaminated 

Table 3. Pollution classification of the contamination factor (CF) 
 Range Status 

Contamination Factor (CF) 

CF < 1 low contamination 
1 ≤ CF ≤ 3 moderate contamination 
3 ≤ CF ≤ 6 considerable contamination 

CF > 6 very high contaminations 
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Biota-sediment accumulation factor (BSAF) 
For selected metals, the BSAF was estimated using 

Eq. (4) [28]: 
x

s

C
BSAF

C
  (4) 

where Cx and Cs are the mean metal concentrations in 
various snail parts (tissues and shell) and in sediment, 
respectively. BSAF values can be classified into three 
groups, as indicated in Table 4 [29]. 

Statistical analysis 
All of the findings were statistically analyzed with 

SPSS version 22.0. The difference between groups (i.e., 
sample locations) and the association between 
environmental parameters and accumulation were 
determined using Pearson's correlation coefficient test. 
MS Excel was used to calculate the mean and standard 
deviation (SD). 

■ RESULTS AND DISCUSSION 

The concentrations of eight elements were 
determined from four replicates across all samples and 
certified reference material (CRM), as shown in Table 5. 
The recovery percentage for all elements of the SL-1 and 
SRM 1566b CRMs of the IAEA ranges from 81.2% to 
144.6% and 84.6% to 145%, respectively. The determined 
values corresponded well to their certified values. 

The mean concentration of the target element in 
sediment, soft tissue, and shell of C. obtusa, along with 
their standard deviation, are presented in Table 6. The 
concentration of metals for this study was calculated 
based on the average values of all the analyzed samples 
and the standard error (SE) of total metal concentrations 
(in mg/kg dry weight basis). A total of eight elements 
were identified and quantified using the 
Instrumentation Neutron Activation Analysis (INAA) 
and alternative technique, i.e., the AAS method. The 
mean concentration of elements in the sediments was Fe 
> Mn > Zn > Ni > As > Cu > Co. Fe was found most 
abundant among all monitored toxic elements at trace 
levels in sediment. The mean concentration of elements 
in sediments is higher, suggesting the tendency of 
studied elements to accumulate in sediments as well as 
the role of sediments as a receptor of heavy metals. This 
is consistent with the studies in Qeshm Island, Persian 
Gulf of United Arab Emirates [30], and Sepang River, 
Malaysia [31-32]. Based on the results, the high 
concentration of elements in sediments can be due to the 
impact of a common resource (natural or 
anthropogenic) in the study area. Sediment quality 
guides and other studies results are provided in Table 7. 
The comparison of the results of the sediment sample of 
this  study  against  the relevant  guide  suggests  that  the  

Table 4. Pollution classification of the BSAF 
 Range Status 

Biota-Sediment Accumulation 
Factor (BSAF) 

> 2 macroconcentrators 
1–2 microconcentrators 
< 1 deconcentrators 

Table 5. Mean of measured and certified values of CRM (mg/kg dry weight) 
 SL-1 SRM1566b/SRM2976 

Standard value Measured value Recovery (%) Standard value Measured value Recovery (%) 
Fe 67400 68716 102.0 205.8 278.6 135.4 
As 27.6 22.4 81.2 7.65 6.47 84.6 
Mn 3460 3178.1 91.9 18.5 16.61 89.8 
Zn 223 257.3 115.4 1424 1386.4 97.4 
Co 19.8 21.3 107.6 0.371 0.538 145.0 
Cd 1.3 1.88 144.6 0.82 0.85 103.7 
Ni 26 28.15 108.3 0.93 0.86 92.5 
Cu 11 11.13 101.2 71.6 70.1 97.9 
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Table 6. Concentrations of heavy metals (mg/kg dry weight) in sediment, soft tissue, and shell of C. obtusa 
  min max average Std. dev. 

Fe Assoc.sediments 21874 25674 23659 1910 
 Soft tissues 224 4822 2230 2236 
 shell 286.64 345.32 315.9 41.5 

As Assoc.sediments 14.57 18.34 16.95  1.68 
 Soft tissues 9.46 16.41 12.06  3.03 
 shell 0.453 0.602 0.552  0.068 

Mn Assoc.sediments 123.45 152.39 137.68 12.15 
 Soft tissues 53.85  184.08 134.55 70.49 
 shell 9.35  15.23 12.33 2.58 

Zn Assoc.sediments 85.08 101.35 91.78 7.24 
 Soft tissues 67.72 110.51 92.34 18 
 shell 8.26 10.39 9.29 0.87 

Co Assoc.sediments 5.68 6.59 7.33 0.72 
 Soft tissues 0.91 8.19 4.06 3.74 
 shell 0.13 0.58 0.31 0.24 

Cd Assoc.sediments nd nd nd nd 
 Soft tissues 0.640 0.904 0.773 0.132 
 shell 0.311 0.336 0.327 0.014 

Ni Assoc.sediments 17.23 28.20 22.72 5.48 
 Soft tissues 17.97 18.42 18.19 0.22 
 shell 11.98  17.78 14.88 2.90 

Cu Assoc.sediments 11.11 11.19 11.14 0.04 
 Soft tissues 90.59 103.88 97.24 9.40 
 shell 1.73 2.50 2.11 0.54 

nd – not detected 

Table 7. Comparison of Mn, As, Zn, Fe, Cu, Ni, and Cd concentrations (mg/kg dry weight basis) with other studies 
and guideline 
Guideline Mn Cu As Zn Cd Ni Fe Ref. 
NOAA Guidelines 
ERL (Effects Range Low) 
ERM (Effects Range Median) 

na 
na 

34 
270 

8.2 
70 

150 
410 

1.2 
9.6 

20.9 
51.6 

na 
na [44] 

Canadian Guideline  
TEL (Threshold Effect Level) 
PEL (Probable Effect Level) 

na 
na 

18.7 
108 

7.24 
41.6 

124 
271 

0.7 
4.2 

15.9 
42.8 

na 
na [43] 

USEPA standards limits 
harbor sediments  25–50 3–8 90–200 6 20–50  [41] 

(Mean current study) 137.68 11.14 16.95 91.78 - 22.7 23659  
Sepang River, Malaysia na 77.17±0.25  246.38±0.22 1.15±0.04 26.05±0.08 na [42] 
Peninsular Malaysia na 1.63–150.81  23.70–609.20 1.63–150.81 2.41–36.29 na [31] 
Qeshm Island, Persian Gulf na 31.58–127.86  61.80–159.22 0.11–0.16 27.35–109.46 na [30] 

na – not available 
 
concentration of other measurable elements was lower 
compared to the presented guide except for As and Ni. 

Also, in the sediment sample, As and Ni has been larger 
than ERL, TEL, and USEPA standards. These findings 
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show that human activities such as urban, residential, and 
industrial wastewater, agriculture, shipping and 
transportation, coastal activities (i.e., marinas, jetties, 
ports, and harbors), and mining operations may have an 
impact on this area with high As and Ni concentrations. 
These findings are consistent with those of prior 
investigations [30,33]. Quick environmental changes 
altered the components in water, whereas sediments 
preserved the history of environmental changes [34]. 

The abundance order of target elements in soft 
tissue and shell of C. obtusa was found as Fe > Mn > Cu > 
Zn > Ni > As > Co > Cd and Fe > Ni > Mn > Zn > Cu > 
As > Cd > Co respectively. The heavy metal concentrations 
in the shells show a similar pattern of accumulation when 
compared with soft tissues of C. obtusa. The levels of As, 
Mn, Zn, Co, and Cu in the shells of C. obtusa were 
significantly lower than in the soft tissues. The 
accumulation of the studied elements except for the Ni, 
Co, and Cd in the soft tissue was far higher than that in 
the shell. This accumulation was obtained with a 
significant difference for Fe, Cu, Zn, and Mn compared to 
the shell. Different elements have various roles and 
functions, which lead to differences in the accumulation 
of elements in the tissues of the mollusk. The higher 
values of Cu and Zn in soft tissues can be due to the 
tendency of C. obtusa to accumulate these essential 
elements for cell growth and metabolism. In mollusks, Zn 
is used in the structure of many enzymes and the synthesis 
of hematocyanin [35]. Cu's role in the metabolism of 
molecular oxygen in mollusks is biochemically similar to, 
if not identical, that of Fe because the oxygen-carrying 
pigment of mollusk’s blood is Cu-containing 

cuproprotein, hemocyanin, rather than hemoglobin 
[36]. Furthermore, Cd binds to low‐molecular‐weight 
proteins called metallothionein, which reduces its 
toxicity [37]. So, by applying the mechanism of 
detoxification, the soft tissue of oysters can accumulate 
more contents of this element [38] suggesting that 
mollusks may accumulate a portion of absorbed heavy 
metals in their shell. This issue can be a part of the 
detoxification process of over‐absorbed essential 
elements and unnecessary elements in mollusks. 

Several environmental indicators (EF, Igeo, and CF) 
were monitored to determine the pollutant level in the 
sediments. Table 8 shows the mean of the EF, Igeo, and 
CF of target elements in sediment, as well as their 
standard deviation. The Sepang river site was extremely 
severely enriched with As (10 < EF < 25) and minor 
enriched with Zn (3 < EF < 5), according to the results 
of enrichment factor data shown in Table 8. The study 
area was extremely heavily contaminated with As (CF > 
6) and moderately contaminated with Zn (CF = 1–3), 
based on the contamination factor. According to 
Hakanson, Mn, Fe, Co, Cd, and Ni had low 
contamination in all investigated heavy metals (CF < 1). 
The geo-accumulation index (Igeo) showed that the 
mangrove environment of Sungai Besar Sepang was 
polluted with As but relatively unpolluted (Igeo < 0) for 
other elements in this study which is consistent with 
findings from prior studies in the area [32]. 
Bioaccumulation is the process of a chemical migrating 
from the external environment into the organism 
through all possible exposure channels, which is 
evaluated  by a BSAF [39].  In this regard, the  soft tissue  

Table 8. The calculated value of enrichment factor (EF), geoaccumualtion index (Igeo), and contamination factor (CF) 

 Enrichment Factor (EF) Geo-accumulation (Igeo) Contamination Factor (CF) 

min max average Std dev min max average Std dev min max average Std dev 
Fe - - - - -1.95 -1.72 -1.84 0.12 0.39 0.46 0.42 0.03 
As 20.83 22.34 22.41 0.89 2.43 2.76 2.65 0.17 8.09 10.19 9.42 1.06 
Mn 0.33 0.35 0.34 0.01 -3.53 -3.23 -3.37 0.15 0.13 0.16 0.14 0.02 
Zn 3.13 3.17 3.12 0.03 -0.30 -0.05 -0.19 0.13 1.22 1.45 1.31 0.12 
Co 0.58 0.58 0.70 0.07 -2.72 -2.51 -2.36 0.18 0.23 0.26 0.29 0.03 
Ni 0.53 0.59 0.80 0.14 -2.87 -2.47 -2.16 0.36 0.21 0.27 0.34 0.07 
Cu 0.48 0.41 0.44 0.03 -3.02 -3.01 -3.01 0.01 0.19 0.19 0.19 0.00 
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shows larger BSAF values than the shell, indicating the 
greater tendency of elements to accumulate in the soft 
tissue than in the shell. Based on data presented in Table 
9, the Cu and Zn concentrations in the soft tissue of C. 
obtusa are several times greater than their concentration 
in the sediments. This suggests the ability of the soft tissue 
to accumulate metals several times as large as the 
environment. The soft tissue of the studied C. obtusa acts 
as a macroconcentrator for the elements of Cu and Zn, 
and its shell functions similarly for Cd, according to the 
classification presented for the BSAF factor, which is 
similar to the findings of similar bivalve and which have 
presented C. obtusa as a macroconcentrator of metals 
[40]. The lower values of the BSAF factor for elements 
such as Co, Ni, and As in the soft tissue can be due to the 
fact that they are not biologically needed, which 
corresponds to the other study findings on bivalve 
mollusks [30]. The concentration of elements in the oyster 
shell is less influenced by the physicochemical conditions 
of the environment. The lower values of coefficient 
variation indicate greater accuracy in determining the 
biomonitor organism for the studied metals. According to 

the studies [3], the lower coefficient of variation for the 
concentration of metals in a particular tissue suggests the 
accuracy and validity of that tissue being used as a 
biomonitor of metals. Thus, this factor can be effective 
in choosing a living organism as a biomonitor. 

Table 9. BSAF of shell and soft tissue of C. obtusa in the 
whole area investigated 
  min max average Std dev 

Fe muscle 0.01 0.19 0.10 0.09 
 shell 0.01 0.01 0.01 - 

As muscle 0.65 0.89 0.71 0.13 
 shell 0.03 0.03 0.03 - 

Mn muscle 0.44 1.21 0.98 0.40 
 shell 0.08 0.10 0.09 0.01 

Zn muscle 0.80 1.09 1.01 0.15 
 shell 0.12 0.09 0.10 0.01 

Co muscle 0.16 1.24 0.55 0.55 
 shell 0.02 0.09 0.04 0.03 

Ni muscle 1.04 0.81 0.65 0.20 
 shell 0.70 0.78 0.53 0.13 

Cu muscle 8.15 8.69 9.32 0.59 
 shell 0.16 0.22 0.19 0.03 

Table 10. Relations between the heavy metals concentrations in sediment and those in the soft tissue and shell of C. obtusa 
  

Fe sediment Soft tissues shell 
sediment 1   

Soft tissues 0.994** 1  
shell 0.356 0.449 1 

 
Mn sediment Soft tissues shell 

sediment 1   
Soft tissues -0.241 1  

shell -0.990** 0.316 1 
 

Co sediment Soft tissues shell 
sediment 1   

Soft tissues 0.692 1  
shell 0.156 -0.550 1 

 

As sediment Soft tissues shell 
sediment 1   
muscle 0.294 1  

shell 0.857 0.550 1 
 

Zn sediment Soft tissues shell 
sediment 1   
muscle -0.609 1  

shell 0.039 0.246 1 
 

Cu sediment Soft tissues shell 
sediment 1   
muscle 0.488 1  

shell 0.401 0.995** 1 
 

 
Cu sediment Soft tissues shell 

sediment 1   
muscle 0.488 1  

shell 0.401 0.995** 1 
 

Correlation is significant at the 0.01 level  
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The Pearson's correlation coefficients in Table 10 
illustrate the correlation of metals between soft tissues, the 
shell of C. obtusa, and sediments. The concentration of all 
the heavy metal (except for Mn and Zn) in surface 
sediments were positively and strongly correlated with 
respective heavy metals in soft tissues and the shell of C. 
obtusa. The correlations of Fe, As, Co, Ni, and Cu 
concentrations in soft tissue and habitat sediments 
showed the ability of bivalve mollusks to reflect their 
individual metal levels in their environment. For As, Ni, 
and Cu, the shells revealed substantial relationships with 
the surface sediments. This showed that the C. obtusa 
shell could be used as a biomonitor for the three metals. 

■ CONCLUSION 

The variations in metal distribution could be 
attributed to variances in tissue physiology as well as 
metal handling, storage, and detoxification procedures, 
according to the current findings. Cu and Zn 
concentrations in soft tissues were substantially greater 
than in sediments. According to the pollution index, the 
area is severely enriched with As and Zn, possibly as a 
result of anthropogenic activity near the sampling point. 
C. obtusa soft tissues are macroconcentrators and could 
be employed as biomonitors for metal buildup. As a 
result, our findings are useful for future ecotoxicological 
investigations aiming at establishing C. obtusa as a good 
heavy metal biomonitor and bioindicator species. Stricter 
environmental protection measures should be 
implemented to control the discharge of heavy metals 
from anthropogenic sources. In order to preserve 
sustainable development in the Sungai Besar Sepang river, 
it is also critical to raise public knowledge about maritime 
environmental preservation. 
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 Abstract: The inflammatory process aids in healing and maintains the body's balance. 
Untreated acute inflammation can cause organ disease, which can lead to a chronic 
inflammatory phenotype. Hemigraphis alternata is a plant that has anti-inflammatory 
activity. The compounds contained in H. alternata leaves have been predicted to have an 
affinity for receptors involved in the inflammatory process. A large number of drug 
candidates were withdrawn from preclinical trials due to their poor pharmacokinetic 
profiles. Drug compounds must cross the barriers that exist in the body to reach their 
biological targets so that they can generate a biological effect. The pharmacokinetic 
features of 22 components in H. alternata leaves were predicted in order to search for 
inflammatory medication candidates with suitable pharmacokinetic profiles. The 
pkCSM, a strategy for predicting and optimizing the pharmacokinetic properties of small 
molecules based on distance-based graph signatures was used in this work. The pkCSM 
employed 20 predictors separated into four groups: absorption, distribution, metabolism, 
and excretion. Based on the prediction findings, there are five substances with the best 
pharmacokinetic features, 8a-methyl-3,4,4a,5,6,7-hexahydro-2H-naphthalene-1,8-
dione, (E)-3,7,11,15-tetramethylhexadec-2-en-1-ol, 2-methylenecholestan-3-ol, 5-
(hydroxymethyl) furan-2-carbaldehyde and 2,3-dihydro-2,5-dimethyl-5H-1,4-dioxepin. 

Keywords: Hemigraphis alternata; pharmacokinetic profiles; pkCSM 

 
■ INTRODUCTION 

Inflammation is the body's defensive reaction to 
potentially hazardous impulses such as viruses or 
chemicals that induce cell injury. It triggers inflammatory 
cells and signaling pathways. The inflammation process is 
critical in the recovery process because it allows aberrant 
bodily homeostasis to be restored. Acute inflammation 
that is not effectively managed can aggravate organ 
disease and eventually develop into a chronic 
inflammatory phenotype [1-3]. 

Hemigraphis alternata possesses anti-nociceptive, 
anti-inflammatory, and anti-diarrheal effects. In mice, 
ethyl acetate and methanol extracts of H. alternata leaves 
were found to exhibit anti-inflammatory and non-toxic 
effects [4]. This plant's leaves contain 22 secondary 
metabolites (Fig. 1) [5]. These substances exhibit anti-
inflammatory effects against cyclooxygenase-1 (COX-1) 
and 5-lipoxygenase (5-LOX) receptors [6-7]. 

The interaction of pharmacokinetic characteristics, 
toxicity, and potency significantly impacts a drug's 
efficacy. A compound's pharmacokinetic profiles are 
determined to assess its absorption, distribution, 
metabolism, and excretion (ADME) features [8]. The 
preliminary evaluation of ADME features will assist 
pharmaceutical researchers in selecting the best 
medication candidates for development and rejecting 
drug candidates with a poor likelihood of success [9]. 
Creating novel drug candidates is a challenging, time-
consuming, and expensive procedure. In developing 
novel medications, in silico computational model plays 
an essential role. Its use reduces the amount of time and 
resources needed for the rational design of novel 
medication candidates. Pharmaceutical advancements 
have raised the necessity for more accurate 
methodologies to predict the pharmacokinetic features 
of novel drug candidates. Because of the improvement of  
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Fig 1. The compounds contained in H. alternata leaves [6-7] 
 
computer algorithms and massive information databases, 
computational prediction tools are increasingly routinely 
employed in the procedure for drug discovery. 
Furthermore, in silico technologies have been employed 
to discover various drugs that are now used in the treatment  

of disorders [10-13]. 
The pkCSM is a tool that can characterize the 

pharmacokinetic profile of compounds 
comprehensively. The concept used to predict the 
predictors by this tool is graph-based structural 
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signatures which train the prediction algorithm by 
encoding the pattern of distances between atoms. 
Graphical modeling results from an understandable and 
well-established mathematical description of chemical 
entities. Different predictors, including molecular structure 
and chemistry, may be retrieved using pkCSM [14-16]. 
Despite the diversity in the size of the data set and the 
distribution of experimental values, the pkCSM model was 
able to establish a strong correlation with experimental 
results through regression analysis of the ADME 
predictors [8]. The mission of in silico ADME prediction 
is to accurately forecast the in vivo pharmacokinetic 
features of prospective therapeutic compounds in 
humans using only virtual structures. In this work, in 
silico analysis was used to estimate the pharmacokinetic 
features of 22 chemicals found in H. alternata leaves. 

■ EXPERIMENTAL SECTION 

Materials 

PubChem (pubchem.ncbi.nlm.nih.gov) provided 
the SMILES format of 22 chemicals found in the leaves of 
H. alternata. The SMILES translator, cactus in 

https://cactus.nci.nih.gov can be used to get compounds 
that do not have the SMILES format in PubChem. 

Instrumentation 

The pharmacokinetic characteristics of 22 chemicals 
in the leaves of H. alternata were estimated using pkCSM 
(http://biosig.unimelb.edu.au/pkcsm/prediction). 

Procedure 

The application of pkCSM is based on general 
compound qualities (molecular properties, toxicophores, 
and pharmacophores), as well as distance-based graph 
signatures. In pkCSM, there are 20 predictors that 
describe the pharmacokinetic properties of a compound. 
The predictors were divided into the absorption of 7 
predictors, distribution of 4 predictors, metabolism of 7 
predictors, and excretion of 2 predictors (Table 1) [8,17-
18]. 

In this study, virtual screening was carried out to 
obtain several compounds that had good ADME. The 
findings of the ADME predictor, which has a numerical 
value with specific constraints, are used in virtual 
screening. Caco-2 permeability (A2), intestinal absorption 

Table 1. Distribution of ADME predictors in pkCSM [8] 
Pharmacokinetic parameter Predictor (code) Unit Requirement value 

Absorption Water solubility (A1) log mol/L - 
 Caco-2 permeability (A2) log Papp in 10–6 cm/s > 0.9 
 Intestinal absorption (human) (A3) % Absorbed > 30% 
 Skin permeability (A4) log Kp ≥ -2.5 
 P-glycoprotein substrate (A5) Yes/No - 
 P-glycoprotein I inhibitor (A6) Yes/No - 
 P-glycoprotein II inhibitor (A7) Yes/No - 

Distribution VDss (human) (D1) log L/kg ≥ -0.15 
 Fraction unbound (human) (D2) Fu - 
 BBB permeability (D3) log BB ≥ -1 
 CNS permeability (D4) log PS ≥ -3 

Metabolism CYP2D6 substrate (M1) Yes/No - 
 CYP3A4 substrate (M2) Yes/No - 
 CYP1A2 inhibitor (M3) Yes/No - 
 CYP2C19 inhibitor (M4) Yes/No - 
 CYP2C9 inhibitor (M5) Yes/No - 
 CYP2D6 inhibitor (M6) Yes/No - 
 CYP3A4 inhibitor (M7) Yes/No - 

Excretion Total clearance (E1) log mL/min/kg Higher is better 
 Renal OCT2 substrate (E2) Yes/No - 
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(human) (A3), skin permeability (A4), the human volume 
of distribution at steady state (VDss) (D1), Blood-Brain 
Barrier (BBB) permeability (D3), Central Nervous System 
(CNS) permeability (D4), and total clearance were the 
predictors (E1) [19]. 

Initially, test compounds were selected based on 
predictors of Caco-2 permeability (A2), intestinal 
absorption (human) (A3), skin permeability (A4), VDss 
(human) (D1), BBB permeability (D3), and CNS 
permeability (D4). The compounds that meet the 
requirements will be re-screened based on the highest 
total clearance (E1) value [8]. 

■ RESULTS AND DISCUSSION 

The use of pkCSM is a strategy for estimating and 
improving the pharmacokinetic characteristics of small 
compounds based on distance-based graph signatures. The 
use of pkCSM extends the cutoff scanning idea to depict 
molecular and chemical structures in order to characterize 
and predict their pharmacokinetic features [8]. 

Water solubility is an essential aspect in a drug's 
pharmacological reaction following oral delivery. Drugs 
with strong water solubility will have good absorption and 
bioavailability qualities. Drug absorption and bioavailability 
can boost plasma drug concentrations at the target 
location, allowing it to fulfill therapeutic actions [20]. 

Caco-2 cells are a kind of colorectal cancer cell line 
[21]. In preclinical studies, the Caco-2 model was utilized 
to predict medication gastrointestinal permeability. Based 
on the properties of the human small intestine, this model 
expresses enterocytes, transporters, cytochrome P450 
enzymes and microvilli [22]. A compound's Caco-2 
permeability is high if its Papp is more than 8 × 10–6 cm/s. 

The gut is the primary location of oral medication 
absorption. The skin serves as a barrier between the 
interior and exterior environments of the body. Skin 
qualities and traits can vary and influence medication 
distribution and toxicity [23]. The skin permeability 
constant log Kp (cm/h) expresses a compound's 
likelihood to be skin permeable. 

P-glycoprotein (P-gp) is an ATP-binding cassette 
(ABC) transporter that acts as a biological barrier in cells 
by eliminating toxins and xenobiotics. The ability of a 

chemical to block the transport of P-gp I and P-gp II is 
referred to as P-gp I/II inhibitor. P-gp-mediated 
transport modification has important pharmacokinetic 
consequences for P-gp substrates. Inhibiting P-gp I or P-
gp II might provide therapeutic benefits or result in 
contraindications [8]. 

VDss (human) is calculated by dividing all drugs 
inside the body by drug concentration in plasma in a 
stable state. This state happens when the system receives 
a consistent rate of medication infusion into the plasma, 
and all drug concentrations in the body remain constant 
[24]. The capacity of medicine to bind proteins in the 
blood can have an impact on its efficacy. The greater the 
proportion of the drug that is not bound to protein 
(fraction unbound), the more effectively the medication 
will cross or diffuse through the cell membrane [8]. 

Increased permeability of the BBB, a physical and 
biochemical barrier that plays a role in the protection of 
cerebral homeostasis, can alter the pathological 
development of ischemic tissue [25-26]. The value of the 
blood-brain permeability surface area product can be 
used to estimate a pharmacological compound's capacity 
to reach the CNS (log PS). This value was achieved 
through in situ brain perfusion with the chemical 
directly injected into the carotid artery without any 
systemic distribution impact that may skew brain 
penetration [8]. 

Cytochrome P450 is a detoxifying enzyme present 
in the liver. In general, cytochrome P450 is involved in 
drug metabolism. However, P450 inhibitors can 
significantly affect medication pharmacokinetics. As a 
result, it is critical to determine if the provided molecule 
is a CYP2D6/CYP3A4 substrate expected to be 
processed by P450. Cytochrome P450 oxidizes 
xenobiotics so that they can be excreted. Many 
medications are inactivated by cytochrome P450, 
whereas others might be activated by it. These enzyme 
inhibitors have the potential to interfere with 
medication metabolism and are thus not recommended. 
Therefore, it is critical to evaluate the compound's 
capacity to inhibit cytochrome P450 (isoforms 
CYP1A2/CYP2C19/CYP2C9/CYP2D6/CYP3A4). A 
substance is termed a cytochrome P450 inhibitor if the 
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concentration required to achieve 50% inhibition is less 
than 10 M [8]. 

The amount of drug removed from plasma in the 
vascular compartment per unit time is referred to as drug 
clearance. Total clearance is the result of all body 
clearances. Total clearance indicates drug removal from 
the core compartment without regard for the process 
mechanism [27]. The renal uptake transporter Organic 

Cation Transporter 2 (OCT2) is crucial for the 
disposition of drugs and renal clearance. When used 
with OCT2 inhibitors, OCT2 substrates might have 
negative side effects [8]. 

In the results of the prediction of absorption 
properties obtained compounds 3, 6, 9, 11, 13, 17, 19, 20, 
21, and 22, which are in accordance with the 
requirements (Table 2). Meanwhile, the compounds that  

Table 2. The prediction results of absorption properties 22 compounds contained in H. alternata using pkCSM 
No Compound MW A1 A2 A3 A4 A5 A6 A7 
1 15-chloro-4-pentadecyne 242.830 -7.634 1.402 92.577 -2.420 No No No 
2 4-(2-methoxyphenyl)piperidine 191.274 -1.835 1.385 91.872 -2.283 No No No 
3 Cyclobutanol 72.107 0.092 1.463 98.450 -3.027 Yes No No 
4 1-hexadecyne 222.416 -7.801 1.382 92.797 -2.225 No  No  No  
5 2-propylmalonic acid 146.142 -1.323 0.667 74.589 -2.735 No No No 
6 n-hexadecanoic acid 256.430 -5.562 1.558 92.004 -2.717 No No No 
7 2-hexylacrylonitrile 137.226 -3.861 1.357 94.383 -1.278 No No No 
8 (6E)-3,7,11-trimethyldodeca-

1,6,10-trien-3-ol 
222.372 -5.176 1.498 91.887 -1.477 No No No 

9 8a-methyl-3,4,4a,5,6,7-hexahydro-
2H-naphthalene-1,8-dione 

180.247 -2.187 1.605 97.468 -2.814 No No No 

10 Acrylonitrile β-[3-(2,2-
dimethylcyclopropyl)-2,2-
dimethylcyclopropyl 

189.302 -4.729 1.382 95.941 -1.606 No No No 

11 (E)-3,7,11,15-tetramethylhexadec-
2-en-1-ol 

296.539 -7.554 1.515 90.710 -2.576 No No Yes 

12 Z-2-dodecenol 184.323 -4.816 1.474 91.684 -1.529 No No No 
13 2-methylenecholestan-3-ol 400.691 -5.818 1.208 95.328 -2.733 No No Yes 
14 L-alanine 89.094 -2.887 0.466 81.091 -2.738 No No No 
15 Levodopa 197.190 -2.890 -0.289 47.741 -2.735 Yes No No 
16 Glycylsarcosine 146.146 -2.699 0.545 68.130 -2.735 No No No 
17 5-(hydroxymethyl)furan-2-

carbaldehyde 
126.111 -0.590 1.172 95.848 -3.416 No No No 

18 10-undecynol 168.280 -3.892 1.476 93.273 -1.448 No No No 
19 2,3-dihydro-2,5-dimethyl-5H-1,4-

dioxepin 
128.171 -0.757 1.621 97.700 -2.878 No No No 

20 1,2-dimethyl-4-nitroindol-5-ol 206.201 -2.799 0.903 92.210 -2.622 No No No 
21 9,9-

dimethoxybicyclo[3.3.1]nonane-
2,4-dione 

212.245 -1.452 1.237 100 -3.221 No No No 

22 2,7-dioxatricyclo[4.4.0.03,8]deca-
4,9-diene 

148.161 -1.632 1.563 100 -3.097 No No No 

Note:  = The compounds that satisfy the requirement values, MW = Molecular Weight (g/mol), A1 = Water solubility, A2 = Caco2 
permeability, A3 = Intestinal absorption (human), A4 = Skin Permeability, A5 = P-glycoprotein substrate, A6 = P-glycoprotein I inhibitor, 
A7 = P-glycoprotein II inhibitor 
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meet the requirements for distribution and excretion 
properties are compounds 1, 2, 4, 7, 8, 9, 11, 12, 13, 17, 18, 
and 19 (Table 3). Therefore, the compounds 9 (8a-methyl-
3,4,4a,5,6,7-hexahydro-2H-naphthalene-1,8-dione), 11 
((E)-3,7,11,15-tetramethylhexadec-2-en-1-ol), 13 (2-
methylenecholestan-3-ol), 17 (5-(hydroxymethyl) furan-
2-carbaldehyde) and 19 (2,3-dihydro-2,5-dimethyl-5H-
1,4-dioxepin) can be used as anti-inflammatory drug 
candidates that have good ADME because these 

compounds are intersection which meet the 
requirements of absorption, distribution and excretion 
predictors. Prediction of the metabolism properties of 
these 22 compounds provides information about the 
possibility of these compounds being metabolized in the 
liver. There are 2 compounds from 5 virtual screening 
compounds that are predicted to be metabolized in the 
liver. Compound 11 is a CYP3A4 substrate (M2) and a 
CYP1A2 inhibitor (M3), while compound 13 is a CYP3A4 

Table 3. The prediction results of distribution and excretion properties 22 compounds contained in H. alternata using 
pkCSM 

No Compound D1 D2 D3 D4 E1 E2 
1 15-chloro-4-pentadecyne 0.534 0.062 0.917 -1.257 0.557 No 
2 4-(2-methoxyphenyl)piperidine 1.122 0.462 0.502 -2.260 0.880 No 
3 Cyclobutanol 0.047 0.762 -0.031 -2.820 0.448 No 
4 1-hexadecyne 0.631 0.067 0.956 -1.364 1.870 No 
5 2-propylmalonic acid -0.936 0.588 -0.060 -3.023 0.444 No 
6 n-hexadecanoic acid -0.543 0.101 -0.111 -1.816 1.763 No 
7 2-hexylacrylonitrile 0.260 0.414 0.571 -1.976 0.550 No 
8 (6E)-3,7,11-trimethyldodeca-1,6,10-

trien-3-ol 
0.370 0.234 0.652 -2.093 1.739 No 

9 8a-methyl-3,4,4a,5,6,7-hexahydro-
2H-naphthalene-1,8-dione 

0.191 0.564 0.447 -2.813 1.266 No 

10 Acrylonitrile β-[3-(2,2-
dimethylcyclopropyl)-2,2-
dimethylcyclopropyl 

0.531 0.271 0.609 -1.923 0.120 No 

11 (E)-3,7,11,15-tetramethylhexadec-2-
en-1-ol 

0.468 0 0.806 -1.563 1.686 No 

12 Z-2-dodecenol 0.358 0.275 0.713 -1.902 1.781 No 
13 2-methylenecholestan-3-ol -0.145 0 0.808 -1.411 0.546 No 
14 L-alanine -0.534 0.473 -0.412 -3.405 0.370 No 
15 Levodopa -0.105 0.604 -0.843 -3.032 0.430 No 
16 Glycylsarcosine -0.680 0.538 -0.614 -3.183 0.217 No 
17 5-(hydroxymethyl)furan-2-

carbaldehyde 
-0.146 0.744 -0.361 -2.914 0.614 No 

18 10-undecynol 0.300 0.353 0.721 -1.957 1.713 No 
19 2,3-dihydro-2,5-dimethyl-5H-1,4-

dioxepin 
-0.007 0.692 0.014 -2.842 0.569 No 

20 1,2-dimethyl-4-nitroindol-5-ol 0.209 0.207 -0.263 -2.106 0.537 No 
21 9,9-dimethoxybicyclo[3.3.1]nonane-

2,4-dione 
0.015 0.617 -0.217 -2.909 0.198 No 

22 2,7-dioxatricyclo[4.4.0.03,8]deca-
4,9-diene 

0.558 0.678 -0.01 -3.357 0.135 No 

Note:  = The compounds that satisfy the requirement values, D1 = VDss (human), D2 = Fraction unbound (human), D3 = BBB 
permeability, D4 = CNS permeability, E1 = Total Clearance, E2 = Renal OCT2 substrate 
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Table 4. The prediction results of metabolism properties 22 compounds contained in H. alternata using pkCSM 
No Compound M1 M2 M3 M4 M5 M6 M7 
1 15-chloro-4-pentadecyne No Yes Yes No No No No 
2 4-(2-methoxyphenyl)piperidine No No No No No No No 
3 Cyclobutanol No No No No No No No 
4 1-hexadecyne No Yes Yes No No No No 
5 2-propylmalonic acid No No No No No No No 
6 n-hexadecanoic acid No Yes No No No No No 
7 2-hexylacrylonitrile No No No No No No No 
8 (6E)-3,7,11-trimethyldodeca-1,6,10-

trien-3-ol 
No No No No No No No 

9 8a-methyl-3,4,4a,5,6,7-hexahydro-
2H-naphthalene-1,8-dione 

No No No No No No No 

10 Acrylonitrile β-[3-(2,2-
dimethylcyclopropyl)-2,2-
dimethylcyclopropyl 

No No No No No No No 

11 (E)-3,7,11,15-tetramethylhexadec-2-
en-1-ol 

No Yes Yes No No No No 

12 Z-2-dodecenol No No No No No No No 
13 2-methylenecholestan-3-ol No Yes No No No No No 
14 L-alanine No No No No No No No 
15 Levodopa No No No No No No No 
16 Glycylsarcosine No No No No No No No 
17 5-(hydroxymethyl)furan-2-

carbaldehyde 
No No No No No No No 

18 10-undecynol No No No No No No No 
19 2,3-dihydro-2,5-dimethyl-5H-1,4-

dioxepin 
No No No No No No No 

20 1,2-dimethyl-4-nitroindol-5-ol No No Yes No No No No 
21 9,9-dimethoxybicyclo[3.3.1]nonane-

2,4-dione 
No No No No No No No 

22 2,7-dioxatricyclo[4.4.0.03,8]deca-
4,9-diene 

No No No No No No No 

Note:  = The selected compounds, M1 = CYP2D6 substrate, M2 = CYP3A4 substrate, M3 = CYP1A2 inhibitor, M4 = CYP2C19 
inhibitor, M5 = CYP2C9 inhibitor, M6 = CYP2D6 inhibitor, M7= CYP3A4 inhibitor 

 
substrate (M2) (Table 4). The basic structures of the five 
drugs projected to have favorable pharmacokinetic 
characteristics differ. However, several of them share the 
same substituents. Compounds 9, 11, 13, and 19 all contain 
methyl substituents. Compounds 11, 13, and 17 all contain 
hydroxyl substituents. In this study, the screening process 
was based on predictors which had a limited value to 
determine whether or not the pharmacokinetic profile of 
a compound was good. The predictors included Caco-2 
permeability (A2), intestinal absorption (human) (A3), 

skin permeability (A4), VDss (human) (D1), BBB 
permeability (D3) and CNS permeability (D4). The 
results of the virtual screening were then sorted based on 
the highest total clearance value (E1) log mL/min/kg, in 
this study ≥ 0.54. 

■ CONCLUSION 

There are five chemicals in Hemigraphis alternata 
leaves that are projected to have the best 
pharmacokinetic qualities, 8a-methyl-3,4,4a,5,6,7-
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hexahydro-2H-naphthalene-1,8-dione, (E)-3,7,11,15-
tetramethylhexadec-2-en-1-ol, 2-methylenecholestan-3-
ol, 5-(hydroxymethyl) furan-2-carbaldehyde and 2,3-
dihydro-2,5-dimethyl-5H-1,4-dioxepin. These compounds 
met the most absorption, distribution, and excretion 
predictors requirements compared to other compounds. 
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 Abstract: By optimizing rice husk silica mass and sonication time, SBA-15 was 
successfully synthesized in a more efficient and environmentally friendly way. The 
solution of Pluronic P-123 was mixed with the solution containing NaOH and various 
masses of rice husk silica (4–12 g), followed by sonication for a certain time (30–150 min). 
The mixture was filtered and washed with distilled water and ethanol until neutral, then 
dried at 110 °C for 2 h and calcined at 500 °C for 6 h. The results showed that the optimal 
mass of rice husk silica was 8 g, while the optimal sonication time was 30 min. The 
product has a cylindrical pore shape with good crystallinity and pore structure regularity. 
The specific surface area (SBET), the pore diameter (DBJH), the specific pore volume (VBJH), 
and the wall thickness (WT) of the product were 601 m2 g–1, 4.76 nm, 0.88 mL g–1, and 
5.02 nm, respectively. These results are not considerably different from the porosity of 
SBA-15, synthesized previously using conventional hydrothermal techniques from 
various silica sources. In addition, it is also comparable to the porosity of SBA-15 
produced from TEOS by sonochemical methods as well as with commercial SBA-15. 

Keywords: rice husk silica; SBA-15; optimization; mass; sonication time 

 
■ INTRODUCTION 

The mesoporous silicate family, which includes 
Santa Barbara Amorphous No. 15 (SBA-15), folded sheet 
mesoporous material No. 16 (FSM-16), and the M4IS 
family (Mobil Composition of Matter No. 41, MCM-41; 
Mobil Composition of Matter No. 48, MCM-48; and 
Mobil Composition of Matter No. 50, MCM-50) has 
attracted the attention of researchers to the point where it 
now occupies a superposition in materials science because 
of its potential to be applied in various fields. As a material 
having a regular pore structure with a diameter of 2–50 
nm, it can minimize crystal formation, inhibit 
nanoparticle aggregation, stabilize the position, and 
improve the special surface of the material. Therefore, it 
can be used in various surface-related applications, such 
as catalysis [1-3], gas separation [4-7], drug delivery [8-9], 
energy storage [10-11], membranes [12-13], and sensors 
[14-15]. According to their pore size, mesoporous silicates 
can provide access to relatively large molecules and 
enhance diffusion. This is an advantage when compared 

to micro materials such as zeolites [16]. SBA-15 was 
originally synthesized by Zhao et al. [17] using a 
poly(ethylene oxide)-poly(propylene oxide)-
poly(ethylene oxide) template commercially known as 
Pluronic P-123. SBA-15 has a two-dimensional 
hexagonal pore shape similar to MCM-41, but it has tiny 
mesopores on the pore walls that link parallel mesopores 
[18-19]. As a result, SBA-15 outperforms MCM-41 in 
terms of adsorbent and catalyst applications. 
Furthermore, the SBA-15 family has thicker pore walls, 
resulting in superior thermal and hydrothermal stability 
than the M41S and FSM-16 families [20-22]. 

In general, commercial materials such as tetraethyl 
orthosilicate (TEOS) [23-25] and sodium silicate [26-27] 
are utilized as silica precursors in the production of SBA-
15, which are, of course, relatively expensive. Several 
natural materials have been used as a source of silica in 
the synthesis of SBA-15, including sugarcane bagasse 
[28], brickyard ash [29], coal gangue [30], oil palm ash 
[31], and rice husk ash [32-34], to reduce production 
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costs. Rice husk ash is the most potent natural material 
because it contains more than 90% of SiO2 [35-37]. 
Moreover, rice is widely grown in Asian countries such as 
China, India, Pakistan, Cambodia, Indonesia, Laos, 
Malaysia, Myanmar, Philippines, Thailand, Vietnam, etc. 
[38], giving large opportunity to use the rice husk ash as 
the source of silica in the synthesis of SBA-15. According 
to Barrera et al. [39], the silica/surfactant ratio has a 
significant impact on the mechanism of mesoporous 
development in the synthesis of SBA-15. Other report 
suggests that a low silica/surfactant ratio causes the 
mesoporous material to be difficult to create, but a high 
ratio causes the structure's regularity to be compromised 
[40]. Therefore, it is quite clear that the silica/surfactant 
ratio is one of the important key factors in the successful 
synthesis of SBA-15. However, to the best of our 
knowledge, the report that deals with the optimization of 
the silica/surfactant ratio, especially in cases where rice 
husk silica is used as the source of silica, is rarely found. 
Therefore, in order to obtain the best ratio of 
silica/surfactant in the more efficient synthesis of SBA-15 
from rice hush ash, it is quite challenging to conduct 
research on the optimization of the silica/surfactant ratio. 

SBA-15 is typically synthesized using the 
hydrothermal technique [23-34], which involves heating 
the reactants with air in a closed container (autoclave). 
The hydrothermal approach is less cost-effective and does 
not adhere to the green chemistry principle since it takes 
a long time and a lot of energy to complete the reaction. 
Several studies have used alternative methods to 
synthesize SBA-15, such as the sonochemical approach, 
which involves the use of ultrasonic waves [41-45]. 
Ultrasonic waves can cause chemical reactions in liquids 
by causing micro-cavitation bubbles to develop. High 
temperatures and pressures can be produced by burst 
bubbles, allowing chemical reactions to take place [46]. 
Because it consumes less time and energy, the 
sonochemical approach is considered as more cost-
effective and supports green chemistry principles. 

The sonication time affects product quality in the 
synthesis of several materials; for example, the thermal 
stability of the product in the synthesis of 
polystyrene/montmorillonite nanocomposites [47], the 

morphology and dispersion of the product in the 
synthesis of cellulose nanocrystals [48], the specific 
surface area of the product in the synthesis of micron-
sized vermiculite particles [49], the properties of the 
product in the synthesis of methylcellulose-
montmorillonite films [50], and so on. In case of SBA-
15 synthesis, Chaeronpanich et al. [51] has reported that 
increasing sonication time could increase the specific 
surface area, specific pore volume, and pore diameter of 
the product. Unfortunately, there is still no report that 
focuses on the optimization of sonication time in the 
synthesis of SBA-15 using rice husk silica as a precursor. 
The information about the effect of sonication time on 
the efficiency of the SBA-15 synthesis is essential to 
reduce the time and energy required for the synthesis. 

Therefore, based on the above-mentioned ideas, 
we report the results of our systematic study on the 
optimization of the rice husk silica to surfactant ratio 
(Pluronic P-123) as well as the optimization of the 
sonication time to obtain a more efficient and 
environmentally friendly SBA-15 synthesis method. 
Optimization of the ratio of rice husk silica to Pluronic 
P-123 was carried out by varying the mass of rice husk 
silica for a certain number of Pluronic P-123 surfactants. 
The characterization data of SBA-15 synthesized in this 
study were compared to SBA-15 synthesized previously 
using conventional hydrothermal techniques from 
various silica sources. More specifically, the data was 
also compared with SBA-15 produced from TEOS by 
sonochemical methods as well as with commercial SBA-
15. 

■ EXPERIMENTAL SECTION 

Materials 

The rice husk was taken from the rice huller in the 
districts of Klaten, Central Java, Indonesia. Chemicals 
used in this study were purchased from Merck 
(Germany), i.e., Pluronic P-123 (M-Clarity™ quality level 
= MQ100, MW: 5800 g/mol), HCl (37%), NaOH (100%), 
toluene (99.5%), ethanol (96%). All of the chemicals are 
analytical reagent grade and used without further 
purification. Distilled water was used in all experiments. 
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Instrumentation 

Ultrasonic emission is performed using a Bransonic 
220 ultrasonic instrument (Taiwan) with a frequency of 
48 kHz and a heating power of 100 W at a room 
temperature (25 to 32 °C). X-ray diffraction (XRD) 
patterns were recorded at room temperature using Cu K 
powder irradiated at = 0.154 nm on an X-ray 
diffractometer, Shimadzu 6000 (Japan). A Shimadzu 
FTIR Prestige-21 (Japan) was used to measure a Fourier-
transform infrared (FTIR) spectroscopic spectra, which 
were acquired in the transmittance mode in the range of 
4000–400 cm–1 at room temperature using the KBr disc 
pellets. The nitrogen adsorption-desorption isotherm was 
measured at liquid nitrogen temperature using a 
Quantachrome NovaWin2 version 2.2 (USA). Samples 
were outgassed overnight at 250 °C before measurement. 
Using adsorption data at a relative pressure (P/P0) of 0.03 
to 0.1, the Brunauer–Emmett–Teller (BET) surface area is 
calculated using the multipoint BET method. At a relative 
pressure of 0.95, isotherms were used to calculate a 
mesoporous volume. The Barrett-Joyner-Halenda (BJH) 
approach was used to calculate the average mesoporous 
diameter based on the nitrogen isotherm adsorption 
branch. The pore size distributions were calculated using 
the BJH model. Transmission electron microscopy (TEM) 
JEOL JEM-1400 (USA) was used to examine the features 
of the SBA-15 pores. 

Procedure 

Extraction of silica from rice husk 
Rice husk (2 kg) was washed with water, dried in the 

sun, and then burned to ashes in the open air. This ash 
(100 g) is placed in 125 mL of concentrated HCl which has 
been diluted to 500 mL with distilled water. To make rice 
husk silica, the mixture was agitated at 60 °C for 3 h, then 
filtered with Whatman 42 filter paper, rinsed with 
distilled water, dried at 120 °C for 24 h, then calcined at 
600 °C for 6 h. FTIR and XRD were used to characterize 
the product. 

Synthesis of SBA-15 with variations in the mass of rice 
husk silica 

To make a sodium silicate solution, 4 g of rice husk 
silica, and 10 g of NaOH were added to the distilled water 

(100 mL). The mixture was agitated for 2 h at 80 °C, and 
then incubated for 12 h. Pluronic P-123 (4 g) was 
dissolved in 100 mL of 1.6 M HCl, then heated to 45 °C 
while stirring to dissolve it. The sodium silicate solution 
(100 mL) was added to the Pluronic P-123 solution (100 
mL), then was sonicated for 60 min and heated at 60 °C 
for 1 h. After filtering the mixture with Whatman 42 
filter paper, it was rinsed with distilled water and ethanol 
until the pH was neutral. The resulting solid was dried at 
110 °C for 2 h, then calcined at 500 °C for 6 h to produce 
a white powder denoted as SBA-15 (4 g, 60 min). The 
same procedure was done 4 times with different 
amounts of rice husk silica (6, 8, 10, and 12 g, 
respectively). The resulting material was denoted as 
SBA-15 (6 g, 60 min), SBA-15 (8 g, 60 min), SBA-15 (10 
g, 60 min), and SBA-15(12 g, 60 min), respectively. The 
methods of FTIR, XRD, GSA, and TEM were used for 
characterization of the product. 

Synthesis of SBA-15 with variations in sonication 
time 

The procedure of SBA-15 synthesis above was 
carried out four times, each time with the optimal mass 
of rice husk silica and a sonication time of 30, 90, 120, 
and 150 min, respectively. The materials were labeled as 
SBA-15 (X g, 30 min), SBA-15 (X g, 90 min), SBA-15 (X 
g, 120 min), and SBA-15 (X g, 150 min), respectively, 
where X represents the optimal mass of rice husk silica. 

■ RESULTS AND DISCUSSION 

Rice Husk Silica 

The silica extracted from rice husk is in the form of 
a white powder, which matches nicely the properties and 
color of commercial silica [52]. The FTIR spectra of rice 
husk silica and commercial silica (for comparison) are 
presented in Fig. 1. It is easily seen that the two spectra 
are closely resemble one each other, indicating the 
success of silica extraction from rice husk. Table 1 gives 
some distinctive bands for siloxane groups (Si–O–Si) 
and silanol groups (Si–OH) in the rice husk silica. 

The XRD patterns for both rice husk silica and 
commercial silica (Fig. 2) reveal broad peaks around 23°, 
which are typical of amorphous silica [52], suggesting 
that the extraction of silica from rice husks has been 
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successfully carried out. This XRD pattern data supports 
the FTIR spectra, suggesting the success of silica 
extraction form rice husk. 

SBA-15 Synthesized by Varying the Volume of 
Sodium Silicate 

FTIR spectra analysis 
The FTIR spectra of SBA-15 produced with varying 

amounts of sodium silicate and those of commercial SBA-
15 are given in Fig. 3. Both spectra show multiple 
characteristic absorption bands for mesoporous silicates 
dominated by siloxane (Si–O–Si) and silanol (Si–OH) 
groups, similar to the spectra of rice husk silica. 
Furthermore, due to Si–O stretching vibration on the 
silanol group, absorption exhibits around 970 cm–1 [55]. 
The broad peak at 3460 cm–1 belongs to the remaining 
absorbed water molecules in the samples overlapped with 
the O–H bond stretching vibration of the silanol groups 
[56]. The bending vibration of the O–H of water appears 
at wavenumber 1635 cm–1 [54,57]. The strong characteristic 
peak of siloxane (Si–O–Si) appears at 1082 cm–1 [53]. The 
rocking vibration of the Si–O bond is observed at  
490 cm–1 [53]. On the basis of these data, it can be stated 
that the use of sodium silicate solution with a mass of 4, 6, 
8, 10 and 12 g in this study has resulted in a material 
containing a –Si–O–Si– network and a Si–OH group. 

The spectra of SBA-15 (4 g, 60 min) and SBA-15  
(12 g, 60 min) show a lower absorption intensity, 
indicating that the formation of the –Si–O–Si– network 
and the Si–OH group in the two samples is not flawless. 
This is most likely caused by a very low or very high-mass 
ratio of silica to surfactant in these two samples. The 
formation of the –Si–O–Si– network and the –Si–OH group 
can be hampered by a silica/surfactant ratio that is either 
too small or too large [39]. On the other hand, the samples 
of SBA-15 (6 g, 60 min), SBA-15 (8 g, 60 min), and SBA-

15 (10 g, 60 min) exhibit relatively high absorption 
intensities,  indicating  that the  –Si–O–Si–  network and  

 
Fig 1. FTIR spectra of rice husk silica (a) and 
commercial silica (b) 

 
Fig 2. XRD diffractograms of rice husk silica (a) and 
commercial silica (b) 

Table 1. Important FTIR absorption bands of rice husk silica and their interpretation 
No Wavenumber Interpretation Reference 
1 464 cm–1 Rocking vibration of Si–O bond [53] 
2 802 cm–1 Symmetric stretching vibration of Si–O–Si [53] 
3 1104 cm–1 Asymmetric stretching vibration of Si–O–Si [53] 
4 1635 cm–1 Bending vibration of the O–H of water [54] 
5 3448 cm–1 O–H Vibrations of silanol groups and adsorbed water [54] 
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Fig 3. The FTIR spectra of: (a) SBA-15 (4 g, 60 min), (b) 
SBA-15 (6 g, 60 min), (c) SBA-15 (8 g, 60 min), (d) SBA-
15 (10 g, 60 min), and (e) SBA-15 (12 g, 60 min), and (f) 
commercial SBA-15 

–Si–OH are well-formed. Because FTIR spectra only 
provide information on the functional groups present in 
a material, FTIR alone is insufficient to draw a conclusion 
about the appropriate mass of rice husk silica in the 
synthesis of SBA-15. Therefore, more diverse 
characterization data generated by other analytical 
methods are necessary. 

XRD pattern analysis 
Fig. 4 shows the effect of rice husk silica mass used 

in the synthesis on the number, diffraction angle, and 
intensity of diffractogram peaks. The diffractogram of 
commercial SBA-15 is also presented as a reference. The 
peaks of [100] are found in all of the diffractograms, 
which are typical of 2D hexagonal formations. The peak 
number for diffractogram of SBA-15 (4 g, 60 min) is 
limited to only one peak, [100] with quite low intensity. 
This is probably due to insufficient amount of silica 
present in the sample, preventing the creation of micelles 
that serve as the hexagonal structural template [39]. On 
the other hand, each diffractogram of SBA-15 (6 g, 60 min), 

SBA-15 (8 g, 60 min), SBA-15 (10 g, 60 min), and 
commercial SBA-15 contains three peaks ([100], [110], 
and [200]), whereas the SBA-15 (12 g, 60 min) 
diffractogram exhibits two peaks ([100] and [110]). The 
presence of additional peaks in the diffractograms, 
especially peaks [110] and [200], suggests the occurrence 
of mesoporous regularity growth in the samples [39]. 

The diffraction angle of [100] peak gets bigger in 
the order of SBA-15 (4 g, 60 min) < SBA-15 (6 g, 60 min) 
< SBA-15 (8 g, 60 min) < SBA-15 (10 g, 60 min), but gets 
smaller at SBA-15 (12 g, 60 min). The diffraction angle 
is inversely proportional to the interplanar spacing 
(d100), where the d100 decreases as the diffraction angle 
increases. So, it can be concluded that the use of more 
rice husk silica, from 4 to 10 g, d100 gives rise to a smaller 
d-spacing, but the use 12 g results in a bigger d-spacing. 
The similar trends have also been reported by Mendelez-
Ortiz et al. [57]. The value of d100 can be used to obtain 
the lattice parameters ao (where ao = 2d100/√3), which can 

 
Fig 4. The XRD diffractogram of: (a) SBA-15 (4 g,  
60 min), (b) SBA-15 (6 g, 60 min), (c) SBA-15 (8 g , 
60 min), (d) SBA-15 (10 g, 60 min), and (e) SBA-15 (12 g, 
60 min), and (f) commercial SBA-15 
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then be used to calculate the pore wall thickness (WT) 
using the equation WT = a0 − DBJH, where DBJH is the 
average pore diameter acquired from the GSA data. 

The peak intensity, especially the main peak [100] 
indicates the crystallinity of SBA-15 [58]. Fig. 4 
demonstrates that the crystallinity of each sample 
produced in this study is still lower than that of 
commercial SBA-15. For the synthesized samples, the 
peak intensity [100] rose as the mass of rice husk silica 
used increased (from 4, 6, 8, and 10 g), but reduced when 
12 g was used. This shows that the crystallinity of SBA-15 
grew as the mass of rice husk silica used increased but 
declined as the mass of rice husk silica used climbed too 
high. A similar thing has been documented by other 
studies [39]. Based on the discussion on the FTIR spectra 
and XRD diffractogram, it can be stated that SBA-15 
materials which have high crystallinity and relatively good 
hexagonal structure regularity are SBA-15 (6 g, 60 min), 
SBA-15 (8 g, 60 min), and SBA-15 (10 g, 60 min). These 
three samples were further analyzed quantitatively using 
a GSA to determine their porosity. 

Gas adsorption analysis 
The adsorption-desorption isotherms of the SBA-15 

(6 g, 60 min), SBA-15 (8 g, 60 min), and SBA-15 (10 g,  
60 min) samples are shown in Fig. 5 together with the 
isotherm of commercial SBA-15 for the purpose of 
comparison. According to the IUPAC classification, all 
four curves are classified as type IV, which is typical of 
mesoporous materials [59-60]. Generally, these isotherms 
exhibit a similar trend, which has five stages. There is a 
considerable increase in the volume of N2 adsorbed at a 
relative pressure of 0.03 to 0.1, indicating the presence of 
single-layer N2 adsorption on the surface of SBA-15, 
including external and internal surfaces. This stage is used 
as the basis for measuring the pore surface area using the 
BET method. Furthermore, the adsorption curve rises at 
a relative pressure of roughly 0.4, indicating the presence 
of multilayer N2 adsorption across the entire surface. 
Because of the condensation of N2 in the capillaries 
included in SBA-15, the adsorption curve dramatically 
increased at a relative pressure of about 0.4–0.7. The curve 
is nearly gentle at relative pressures above 0.6, indicating 
that only a little quantity of N2 is adsorbed. Only the exterior  

 
Fig 5. The adsorption-desorption isotherms of: (a) SBA-
15 (6 g, 60 min), (b) SBA-15 (8 g, 60 min), (c) SBA-15 
(10 g, 60 min), and (d) commercial SBA-15 

surface of SBA-15 can still adsorb nitrogen molecules at 
this point. The short slope of the curve at this point 
illustrates the limited exterior surface area of the 
materials. Finally, due to the adsorption of N2 in the 
interparticle region, the re-adsorption curve increases 
slightly for relative pressures close to 1. 

A formation of hysteresis loop when the pressure 
is reduced, suggesting that the volume of desorbed gas 
does not equal the volume of adsorbed gas. This can 
happen as a result of the previously described capillary 
condensation. The hysteresis loop in the three samples 
of SBA-15 in this study is type H1 which is characteristic 
of mesoporous materials with one-dimensional 
cylindrical channels open on both sides [61]. For all the 
samples, type IV isotherms with steep H1 hysteresis 
loops at relative pressure P/P0 of 0.4–0.8 can be observed, 
implying the formation of a uniform large mesopore. 
The bigger the pore diameter, the further right the 
inflection location, whereas the sharpness of the curve 
after the inflection reflects the uniformity of the 
mesoporous size distribution [62]. Furthermore, at this 
stage, the height of the curve is proportional to the pore 
volume of the materials. From Fig. 5, it is observed that 
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the distribution of mesoporous size is relatively uniform 
but the uniformity is slightly lower compared to 
commercial SBA-15. 

The porosity of the SBA-15 (6 g, 60 min), SBA-15 (8 
g, 60 min), and SBA-15 (10 g, 60 min) samples are shown 
in Table 2 together with the porosity of commercial SBA-
15 for the purpose of comparison. The porosity data of the 
four samples (Table 2) reveal that the SBET and VBJH trends 
follow the crystallinity trend, according to the order 
Commercial SBA-15 > SBA-15 (8 g, 60 min) > SBA-15 (10 
g, 60 min) > SBA-15 (6 g, 60 min). The crystallinity trend, 
however, does not appear to be related to both of the DBJH 
as well as the WT trend. 

Fig. 6 shows that the commercial SBA-15 has a 
narrow pore size distribution with the highest intensity of 
about 5 nm, while the samples SBA-15 (6 g, 60 min), SBA-
15 (8 g, 60 min), and SBA-15 (10 g, 60 min) had relatively 
wide pore size distributions with the highest intensity of 
about 4.3, 4.1, and 3.5 nm, respectively. This is supported 
by the XRD diffractogram in Fig. 4, which shows that the 
commercial SBA-15 diffractogram contains three peaks 
with the highest intensity when compared to other 
samples. Among the three samples synthesized with 
variations in the mass of rice husk silica, SBA-15 (10 g, 60 
min) was the most homogeneous sample, characterized 
by a narrower curve with higher peaks. As for the samples 
of SBA-15 (6 g, 60 min) and SBA-15 (8 g, 60 min), the 
pore size distribution was more varied, with short and 
wide peaks. The pore diameter with the highest intensity 
on each curve is slightly different when compared to the 
average pore diameter of each sample in Table 2. This is 

because the average pore diameter covers all the pores in 
each sample. 

Based on the porosity data in Table 2 and the pore 
size distribution in Fig. 6, it is evident that each 
synthesized sample has its own advantages in certain 
parameters, and no sample excels in all parameters. 
Although the SBA-15 (6 g, 60 min) sample has the 
biggest pore diameter and thickest pore wall, it has the 
smallest specific surface area and specific pore volume. 
Although the SBA-15 (6 g, 60 min) sample has the biggest  

 
Fig 6. Pore size distribution of (a) SBA-15 (6 g, 60 min), 
(b) SBA-15 (8 g, 60 min), (c) SBA-15 (10 g, 60 min), and 
(d) Commercial SBA-15 samples 

Table 2. The porosity of SBA-15 (6 g, 60 min), SBA-15 (8 g, 60 min), SBA-15 (10 g, 60 min), and commercial SBA-15 
Sample SBET (m2/g) DBJH (nm) VBJH (mL/g) d100 (nm) a0 (nm) WT (nm) 
SBA-15 (6 g, 60 min) 325 4.79 0.37 9.58 11.66 6.87 
SBA-15 (8 g, 60 min) 652 3.98 0.65 8.89 10.27 6.29 
SBA-15 (10 g, 60 min) 626 3.52 0.56 8.27 9.55 6.03 
Commercial SBA-15 660 6.21 0.98 10.63 12.28 6.07 

SBET  : specific surface area, BET 
DBJH  : pore diameter, BJH adsorption 
VBJH  : specific pore volume 
d100  : interplanar spacing 
ao  : lattice parameter, for hexagonal = 2d100/√3 
WT  : silica wall thickness, for hexagonal WT=a0 – DBJH 
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specific surface area and specific pore volume, the pore 
diameter is smaller and the pore walls are thinner than the 
SBA-15 (6 g, 60 min) sample. Moreover, although the 
SBA-15 (10 g, 60 min) sample has a narrower pore size 
distribution, it has flaws in several other characteristics. 
Nevertheless, the SBA-15 (8 g, 60 min) sample has been 
chosen as the one out of the three with the best 
accumulative porosity properties. The reasons for this 
choice are that the sample has the largest specific surface 
area and specific pore volume, while the pore diameter 
and pore wall thickness were not significantly different 
from that of the SBA-15 (6 g, 60 min) sample. In addition, 
the pore size distribution was better than that of the SBA-
15 (6 g, 60 min) sample although it is not as good as that 
of the SBA-15 (10 g, 60 min) sample. For further 
experiments, we have only focused on the study of the 
effect of sonication time on the effectiveness of the 
synthesis of SBA-15 using an 8 g rice husk silica. 

Effect of Sonication Time on the Synthesis 
Efficiency of SBA-15 

FTIR spectra analysis 
The FTIR spectra of SBA-15 produced with varying 

sonication times and those of commercial SBA-15 were 
presented in Fig. 7. This figure revealed distinctive 
absorptions for the siloxane and silanol groups, which 
were nearly identical to those shown in Table 1. The high 
intensity of these absorptions indicated the successful 
formation of –Si–O–Si– and Si–OH groups in all 
variations of sonication time. The spectra of the six FTIR 
appeared to be identical to one another, with no new 
absorption band shifts or substantial wavenumber shifts. 
The difference may be seen in the intensity of the 
absorption band, particularly at wavenumbers around 
1096 cm–1. The intensity of the absorption band decreased 
little as the sonication time increased from 30 to 150 min. 
So it can be stated that the sonication time of 30 min 
resulted in the formation of the most perfect –Si–O–Si– 
network, whereas extending the sonication time resulted 
in damage to portions of the –Si–O–Si– network. 

Fig. 8 show the effect of sonication time on the 
number, diffraction angle, and intensity of the 
diffractogram  peaks.  The  diffractogram  of  commercial  

 
Fig 7. The FTIR spectra of: (a) SBA-15 (8 g, 30 min), (b) 
SBA-15 (8 g, 60 min), (c) SBA-15 (8 g, 90 min), (d) SBA-
15 (8 g, 120 min), (e) SBA-15 (8 g, 150 min), and (f) 
commercial SBA-15 

 
Fig 8. The XRD diffractogram of: (a) SBA-15 (8 g, 30 
min), (b) SBA-15 (8 g, 60 min), (c) SBA-15 (8 g, 90 min), 
(d) SBA-15 (8 g, 120 min), and (e) SBA-15 (8 g, 150 min) 
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SBA-15 is also presented as a reference. The existence of 
three diffractogram peaks, [100], [110], and [200], was 
seen in all diffractograms, showing that the mesoporous 
silicate SBA-15 could be produced with any sonication 
time utilized in this investigation. 

The 2θ of these diffractograms are 1.04, 0.99, 1.020, 
0.97, and 0.96 for the sonication time of 30, 60, 90, 120, 
and 150 min, respectively. It is clear that except for the 
increase in sonication time from 60 to 90 min, where the 
peak changed to the right, the diffractogram's peak 
location shifted to the left as the sonication time was 
increased. The d100 samples can be obtained quantitatively 
using Bragg's Equation [63]: λ = 2d100sinθ, where λ = 
wavelength of X-ray (0.154 nm), and θ = diffraction angle. 
So, we find the d100 are 8.47, 8.89, 8.62, 9.06, and 9.18 nm 
for sonication times of 30, 60, 90, 120, and 150 min, 
respectively. In general, increasing the sonication time 
increases the d100, except for increasing the sonication 
time from 60 to 90 min. Mendelez-Ortiz et al. [57] 
reported similar results, where the value of d100 generally 
increased with increasing reaction time. 

Fig. 8 indicates a drop in peak intensity [100] as 
sonication time is increased from 30 to 60, 90, and 120 
min, but an increase when sonication time is raised to 150 
min. This indicates that the crystallinity of SBA-15 varies, 
as evidenced by fluctuations in the [100] peak intensity. 
The highest peak intensity was produced if the sonication 
time was decreased to 30 min, which was getting closer to 
the intensity of commercial SBA-15. Table 3 shows the 
results quantitatively compared to commercial SBA-15, 
wherewith the sonication times of 30, 60, 90, 120, and 150 
min, the relative crystallinities were 87.51, 74.81, 60.63, 
35.64, and 43.26%, respectively. It was mean that with 
increasing sonication time, there is a trend of decrease in 
relative crystallinity. This is in line with the findings of On 
et al. [64], who found that a long sonication period might 
produce hydrolysis, which damages the pore wall and 
reduces pore size. 

The higher energy received by the SBA-15 material, 
which is created together with the longer sonication time, 
can also cause damage to the pore structure. However, it 
appears that silicate anions formed by hydrolysis and 
exposed to sonication energy can polymerize again to 

form siloxane groups, resulting in a considerable 
increase in crystallinity when 150 min of sonication 
time. Perhaps, there is competition between the 
hydrolysis and deconstruction of siloxane groups by 
energy exposure on the one hand, with the 
polymerization process of silicate anions forming new 
siloxane groups on the other. Several earlier studies [65-
67] also found that increasing sonication time or 
hydrothermal duration increased or decreased product 
crystallinity in the synthesis of various materials. 

According to the FTIR spectra and XRD 
diffractogram analysis, the samples of SBA-15 (8 g, 30 
min), SBA-15 (8 g, 60 min), and SBA-15 (8 g, 90 min) 
show outstanding crystallinity and usually high 
hexagonal structure regularity. These three samples 
were quantitatively evaluated using a gas sorption 
analyzer to determine the porosity. 

Gas adsorption analysis 
The adsorption-desorption isotherms of the SBA-

15 (8 g, 30 min), SBA-15 (8 g, 60 min), and SBA-15 (8 g, 
90 min) samples are shown in Fig. 9 together with the 
isotherm of commercial SBA-15 for the purpose of 
comparison. The curves of all samples exhibit a type IV 
isotherm which is characteristic for mesoporous 
materials. In general, the isotherm curves in this figure 
are not different to the type IV curve of Fig. 5. However, 
Fig. 9(a) reveals a distinct difference, in which the 
inflection point shifts to the right, and both the slope and 
height of the curve increase. It is indicating that the 
material has a larger pore diameter, more uniform 
mesopore,  and a  higher  pore  volume.  In addition,  the  

Table 3. The relative crystallinity of SBA-15 synthesized 
with variation of sonication time compared to 
commercial SBA-15 

Sample Intensity 
(counts) 

Relative 
crystallinity (%)* 

Commercial SBA-15 
SBA-15 (8 g, 30 min) 

2009 
1758 

100 
87.51 

SBA-15 (8 g, 60 min) 1503 74.81 
SBA-15 (8 g, 90 min) 1218 60.63 

SBA-15 (8 g, 120 min) 716 35.64 
SBA-15 (8 g, 150 min) 869 43.26 

* compared to commercial SBA-15 



Indones. J. Chem., 2022, 22 (4), 1090 - 1106    

 

Suyanta and Mudasir   
 

1099 

 
Fig 9. The adsorption-desorption isotherm of (a) SBA-15 
(8 g, 30 min), (b) SBA-15 (8 g, 60 min), (c) SBA-15 (8 g, 
90 min), and (d) commercial SBA-15 

appearance of curve 9(a) more closely resembles the 
isothermal curve of commercial SBA-15 (Fig. 9(d)). This 
indicated that the sample has a diameter, volume, and 
uniformity of pores that are closer to the commercial 
SBA-15 as shown in Table 4 and Fig. 11. 

The porosity of the four materials (Table 4) shows 
that the order of the specific surface area (SBET) from large 
to small is Commercial SBA-15 > SBA-15 (8 g, 90 min) > 
SBA-15 (8 g, 60 min) > SBA-15 (8 g, 30 min). It is clear 
that the SBA-15 materials increase in specific surface area 
with increasing sonication time. A similar case was also 
reported by Chaeronpanich [51]. However, the difference 

in specific surface area in the present study is not 
significant, and each has a fairly large surface area (> 600 
m2/g). The order of pore diameters from large to small is 
Commercial SBA-15 > SBA-15 (8 g, 30 min) > SBA-15 
(8 g, 90 min) > SBA-15 (8 g, 60 min). The order of the 
specific pore volumes from largest to smallest is 
Commercial SBA-15 > SBA-15 (8 g, 30 min) > SBA-15 
(8 g, 60 min) > SBA-15 (8 g, 90 min). The order of pore 
wall thickness from thick to thin is Commercial SBA-15 
> SBA-15 (8 g, 60 min) > SBA-15 (8 g, 90 min) > SBA-
15 (8 g, 30 min). Among the synthesized SBA-15, the SBET 
trends follow the crystallinity trend, which peaked in the 
SBA-15 (8 g, 30 min) sample. The crystallinity trend, on 
the other hand, does not appear to be linked to the DBJH, 
VBJH, and WT trend. 

The pore size distributions of SBA-15 synthesized 
with varying of sonication time and those of commercial 
SBA-15 are given in Fig. 10. The pore size distribution of 
SBA-15 (8 g, 30 min) (Fig. 10(a)) is similar to the pore 
size distribution of commercial SBA-15 (Fig. 10(d)), 
both having peaked at a pore diameter of about 5 nm. 
However, Fig. 10(d) is sharper with a higher peak 
intensity, which indicates that the uniformity of 
commercial SBA-15 is still higher than that of SBA-15 (8 
g, 30 min). On the other hand, the pore size distributions 
of SBA-15 (8 g, 60 min) (Fig. 10(c)) and SBA-15 (8 g, 90 
min) (Fig. 10(d)) are relatively wide, having peaked at 
4.5 and 4 nm, respectively, with diameters ranging from 
3 to 7 nm. Among the three synthesized materials, SBA-
15 (8 g, 30 min) material has the highest pore volume at 
the same  pore diameter,  as demonstrated  by the height  

Table 4. The porosity of SBA-15 (8 g, 30 min), SBA-15 (8 g, 60 min), and SBA-15 (8 g, 90 min), and Commercial SBA-
15 

Sample SBET (m2/g) DBJH (nm) VBJH (mL/g) d100 (nm) a0 (nm) WT (nm) 
SBA-15 (8 g, 30 min) 601 4.76 0.88 8.47 9.78 5.02 
SBA-15 (8 g, 60 min) 635 3.98 0.65 8.89 10.27 6.29 
SBA-15 (8 g, 90 min) 652 4.32 0.61 8.62 9.95 5.63 
Commercial SBA-15 660 6.21 0.98 10.63 12.28 6.07 

SBET  : specific surface area, BET 
DBJH  : pore diameter, BJH adsorption 
VBJH  : specific pore volume 
d100  : interplanar spacing 
ao  : lattice parameter, for hexagonal = 2d100/√3 
WT  : silica wall thickness, for hexagonal WT=a0 – D 
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Fig 10. Pore size distribution of (a) SBA-15 (8 g, 30 min), 
(b) SBA-15 (8 g, 60 min), (c) SBA-15 (8 g, 90 min), and 
(d) Commercial SBA-15 samples 

of its curve, which generally exceeds the other two curves. 
For the same pore diameter, SBA-15 (8 g, 30 min) has a 
longer pore length than SBA-15 (8 g, 60 min) and SBA-15 
(8 g, 90 min). 

Each sample of SBA-15 synthesized with this 
variation of sonication time has advantages in certain 
parameters, according to the porosity data in Table 4, but 
no sample is superior in all parameters. The most regular 
pore structure, as well as the largest pore diameter and 
specific pore volume, is found in sample SBA-15 (8 g,  
30 min), however, it has the smallest specific surface area 
and thinnest pore wall. The pore structure of sample SBA-
15 (8 g, 60 min) is fairly regular, with the thickest pore 
wall but the smallest pore diameter. The sample SBA-15 
(8 g, 90 min) exhibited a higher specific surface area but a 
less uniform pore structure and the smallest specific pore 
volume. Overall, SBA-15 (8 g, 30 min) is the best of the 
three samples because it has the most regular pore 
structure, the largest pore diameter and specific pore 
volume, and takes the least amount of sonication time. 
Although not the best, the surface area and pore wall 
thickness of  this sample  were not  substantially  different  

from the others. 

TEM analysis 
The TEM image of SBA-15 (8 g, 30 min) and 

commercial SBA-15 (as a reference) are presented in Fig. 
11. The TEM image of SBA-15 (8 g, 30 min) sample (Fig. 
11(a)) reveals a significant degree of pore regularity 
although it is not as good as commercial SBA-15 (Fig. 
11(b)). According to Fig. 11, the typical pore diameter 
and pore wall thickness of this material is around 5 and 
5.5 nm, respectively. These results match well to those 
obtained by XRD and GSA data, indicating that the pore 
diameter and pore wall thickness of this material was 
4.76 and 5.02 nm, respectively. For commercial SBA-15, 
TEM images show the pore diameter and wall thickness 
of 6.5 and 5 nm, respectively. This is also close to the 
results obtained from XRD and GSA data, which are 6.21 
and 6.07 nm, respectively. 

Table 5 compares the porosity of SBA-15 (8 g,  
30 min) produced in this study to those achieved by 
other researchers employing a hydrothermal technique 
and a variety of silica sources [17-19,35-37], and also to 
the commercial SBA-15. The SBA-15 prepared in this 
work, i.e. SBA-15 (8 g, 30 min) which requires a shorter 
synthesis time and a less expensive silica source, is shown 
to be comparable to both those previously published in a 

 
Fig 11. The TEM image of (a) SBA-15 (8 g, 30 min) and 
(b) commercial SBA-15 
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Table 5. the porosity of SBA-15 produced in the present research along with those obtained by other workers and the 
commercial SBA-15 

Synthesis time 
(min) Method Silica source 

SBET 

(m2 g–1) 
DBJH 

(nm) 
VBJH 

(cm3/g) Reference 

1200 hydrothermal TEOS 700 7 0.98 68 
180 hydrothermal TEOS 795 7.89 1.289 69 

1440 hydrothermal TEOS 948 5.5 1.3 70 
4320 hydrothermal TEOS 835 6.7 0.7 71 
2880 hydrothermal Rice husk silica 310 6.85 0.43 72 
1440 hydrothermal TEOS 558 6.5 0.8 73 
1440 hydrothermal Rice husk silica 656 11.73 1.092 74 
1440 hydrothermal Sodium silicate solution 869 5.7 1.24 75 
1440 hydrothermal TEOS 674 3.92 0.66 76 
1440 hydrothermal TEOS 1000 4.99 1.250 77 

* hydrothermal TEOS 660 6.21 0.98 Commercial SBA-15 
30 Sonochemical Rice husk silica 601 4.76 0.88 This study 

* There is no information 

Table 6. the porosity of SBA-15 produced in the present research along with those obtained from many studies using 
the sonochemical method and TEOS as silica source, and the commercial SBA-15 

Synthesis time 
(min) Method Silica source 

SBET 

(m2 g–1) 
DBJH 

(nm) 
VBJH 

(cm3/g) Reference 

60 Sonochemical TEOS 562 4.7 0.65 78 
120 Sonochemical TEOS 606 4.9 0.74 78 
180 Sonochemical TEOS 618 4.6 0.72 78 
240 Sonochemical TEOS 570 4.4 0.62 78 
60 Sonochemical TEOS 760 6.5 0.76 42 
* Hydrothermal TEOS 660 6.21 0.98 Commercial SBA-15 

30 Sonochemical Rice husk silica 601 4.76 0.88 This study 
* There is no information 
 
variety of publications as well as commercial SBA-15. As 
shown in Table 6, the porosity of SBA-15 (8 g, 30 min) 
obtained in this work is also comparable to the results of 
several works that use sonochemical method and TEOS as 
a silica source. Our results are generally comparable to 
those previously reported by some researchers [38-43], 
although we use non-commercial silica, extracted from 
rice husk. The successful use of low-cost materials such as 
rice husk silica with shorter synthesis times is promising 
and challenging for the future commercial synthesis of 
low-cost SBA-15. 

■ CONCLUSION 

SBA-15 has been successfully synthesized from rice 
husk silica utilizing a sonochemical method. The 

optimization of mass ratio of rice husk silica to 
surfactant (Pluronic P-123) and the sonication time has 
led to the more efficient and eco-friendly synthesis 
method. It has been observed that the amount of rice 
husk silica used and the sonication time have a 
significant impact on crystallinity, SBET, DBJH, VBJH, WT, 
and pore size distribution of the SBA-15 products. In 
general, the best results has been obtained from using 8 
g of rice husk silica and a 30 min sonication time. The 
product has a specific surface area of 601 m2 g–1, a wall 
thickness of 5.02 nm, an average pore diameter of 4.76 
nm, a specific pore volume of 0.88 mL g–1, and a narrow 
pore size distribution (3–6.5 nm). The characteristics of 
the synthesized SBA-15 in this study are quite 
comparable to those of SBA-15 synthesized by using 
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commercial silica materials (TEOS) and the hydrothermal 
method, which consumes much more time and energy. In 
addition, the characteristics of SBA-15 synthesized in this 
study are also quite comparable to those of commercial 
SBA-15. Therefore, the synthesis method developed in 
this study is recommended to be used for further synthesis 
of SBA-15 because it is more efficient and 
environmentally friendly. The obtained SBA-15 from this 
study is potentially applied in the catalysis processes as 
well as in the adsorption study of hazardous pollutants 
such as heavy metals and dyes. 
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Fig S3. 1H-NMR spectrum of compound 1 in (CD3)2CO (500 MHz) 

 
Fig S4. 13C-NMR spectrum of compound 1 in (CD3)2CO (125 MHz) 
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Fig S5. HSQC spectrum of compound 1 in (CD3)2CO 

 
Fig S6. 1H-1H COSY spectrum of compound 1 in (CD3)2CO 
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Fig S7. HMBC spectrum of compound 1 in (CD3)2CO 

 
Fig S8. ROESY spectrum of compound 1 in (CD3)2CO 
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Fig S9. HRTOFMS spectrum of compound 2 ([M+Na]+) 

 
Fig S10. IR (KBr disc) spectrum of compound 2 
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Fig S11. 1H-NMR spectrum of compound 2 in CDCl3 (500 MHz) 

 
Fig S12. 13C-NMR spectrum of compound 2 in CDCl3 (125 MHz) 



Indones. J. Chem., 2022, 22 (4), 1107 - 1115   Suppl. 
 
 
 

Sylvia Rachmawati Meilanie et al.   
 
 

8

 
Fig S13. HSQC spectrum of compound 2 in CDCl3 

 
Fig S14. 1H-1H COSY spectrum of compound 2 in CDCl3 
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Fig S15. HMBC spectrum of compound 2 in CDCl3 

 
Fig S16. ROESY spectrum of compound 2 in CDCl3 
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Table S1. IC50 values of compound 1 

Var 
Concentration (μg/mL) 

IC50 (μg/mL) IC50 (μM) 
7.81 15.63 31.25 62.50 

1 36.30 36.30 55.26 96.52 24.04 50.93 
2 25.06 30.81 47.28 93.51 29.95 63.45 
3 20.49 19.00 45.60 97.51 32.20 68.22 

Average IC50 ± std deviation 60.87 ± 8.93 

Table S2. IC50 values of compound 2 

Var 
Concentration (μg/mL) 

IC50 (μg/mL) IC50 (μM) 
7.81 15.63 31.25 62.5 

1 25.71 28.50 40.95 96.9 30.78 67.80 
2 17.92 23.27 42.92 96.69 32.55 71.70 
3 9.21 14.75 36.87 96.02 35.91 79.10 

Average IC50±std deviation 72.86 ± 5.74 
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 Abstract: The diversity of structures of triterpenoids provides a variety of interesting 
pharmacological effects, one of them being anticancer. Sources of triterpenoids are 
found in Dysoxylum excelsum, it is still rarely studied, and it potentially contains 
triterpenoids with cytotoxic activity. Therefore, the research aimed to isolate the 
triterpenoids from the stem bark of D. excelsum and determine their cytotoxic efficacy 
against the breast cancer cells of MCF-7. The dried stem bark of D. excelsum was 
macerated using methanol and then fractionated with n-hexane and ethyl acetate to 
obtain the corresponding fractions. Two triterpenoids, 3α,7α-dihydroxyapotirucalla-
14,24-Z-dien-26-oic acid (1) and masticadienonic acid or 3-oxo-tirucalla-7,24-Z-dien-
26-oic acid (2) were isolated in the first place from the Dysoxylum genus. Compounds 
1 and 2 were assayed for their cytotoxic potency anti- MCF-7 using the MTT assay and 
gave moderate IC50 values of 60.87 and 72.86 µM, respectively. Based on their analogs, 
partial structure modification of the compounds might increase the activity; thus, they 
can be further utilized as better lead compounds for anticancer drugs candidate. 

Keywords: Dysoxylum excelsum; triterpenoids; Meliaceae; cytotoxic; MCF-7 breast 
cancer 

 
■ INTRODUCTION 

Of the known Meliaceae family, around 200 species 
of the Dysoxylum genus are distributed widely in India, 
China, Australia, and Southeast Asia, including Indonesia 
[1-2]. Diverse compound groups of this genus, for 
instance, alkaloids [3-4], limonoids [5-7], steroids [8], 
sesquiterpenoids [9-11], diterpenoids [12-14], 
triterpenoids [15-19], and triterpenoid glycosides [20] 
mostly have been elucidated. Furthermore, numerous 
bioactive compounds such as central nervous system 
depressants, anti-respiratory syncytial virus, antifeeding, 
antitumor triterpenoid glycosides [20], anti-
inflammatory [3,17,21-22], antirheumatic, and cardiac-
active alkaloids [5], cytotoxic [23-28], antimicrobial 

[2,18-29], and antibacterial [30-31] have been isolated 
from Dysoxylum plants. 

D. excelsum Blume is a plant with a tall tree 
distributed in Asia, yet it has been barely investigated on 
its chemical constituents and cytotoxic activity [32]. In 
the previous finding, Zainuddin et al. [33] isolated a 
tirucallane skeleton-type of triterpenoid, 
masticadienolic acid, from a similar natural source as we 
reported here. A potent cytotoxic property against the 
breast cancer cells of MCF-7 was exhibited by 
masticadienolic acid (IC50 3.5 μm). To obtain prospective 
lead compound models as cancer drug candidates, 
exploration of other cytotoxic compounds in this species 
needs to be done. Perhaps, it might further inspire the 
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development of synthetic cancer drugs based on their 
structure-activity relationship (SAR). 

In this article, we reported the isolation and 
structural elucidation of two triterpenoids, 3α,7α-
dihydroxyapotirucalla-14,24-Z-dien-26-oic acid (1) and 
masticadienonic acid or 3-oxo-tirucalla-7,24-Z-dien-26-
oic acid (2) which have been reported for the first-ever in 
the D. excelsum. Furthermore, compounds 1-2 were in 
vitro assayed cytotoxic potential against the breast cancer 
cells of MCF-7 using a microtetrazolium (MTT) assay. 

■ EXPERIMENTAL SECTION 

Materials 

The stem bark of D. excelsum was obtained from 
Bogor Botanical Garden, Bogor, West Java, Indonesia, in 
June 2016. Its taxonomy was determined in the Laboratory 
of Bogoriense Herbarium, Indonesia (collect. No III. F. 67). 

Instrumentation 

A Perkin-Elmer spectrum-100 FTIR was employed 
to record the IR spectra on a KBr Disk. The high-
resolution mass was analyzed with a QTOF MS of Waters 
Xevo. Comprehensive NMR spectra, together with 1H-1H 
COSY, HSQC, HMBC, and ROESY experiments, were 
measured on a 500 MHz NMR spectrometer of Agilent 
with a DD2 console system using a TMS internal standard. 
Column chromatography matrix was using silica gel 60 
with the mesh size of 70–230 and 230–400 (Merck) and 
chromatorex ODS (Fuji Silysia Chemical, Japan), while a 
TLC plate was based on aluminium silica gel-coated with 
fluorescent indicator F254 (Merck, 0.25 mm. To visualize 
the TLC spots, a staining agent of 10% ethanolic H2SO4 
(v/v) was sprayed and subsequently heated and irradiated 
under UV/Vis light at 254 and 365 nm. 

Procedure 

Preparation of extracts 
The air-dried stem bark of D. excelsum (2.7 kg) was 

ground and entirely macerated with MeOH (5 L) at 
ambient temperature (± 25 °C) for 3 days. The filtrated 
methanolic extract was then concentrated under a rotary 
vacuum at a temperature of ± 40 °C. After evaporation of 
the solvent at vacuo, the crude methanolic extract (300 g) 

was suspended in water (400 mL) and then successively 
partitioned with n-hexane (3 × 100 mL) and EtOAc (3 × 
100 mL) to yield the corresponding extract of 16.2 and 
102.7 g, respectively. 

Isolation of triterpenoids 
The EtOAc fraction (102.7 g) was separated on a 

vacuum-liquid chromatography (VLC) loaded with dry 
silica gel 60 (230–400 mesh) and eluted gradient using 
n-hexane and EtOAc (10:0–0:10, v/v) to result in 10 
fractions (A-J). Fraction C (6.37 g) was then purified on 
a column chromatography (silica gel 70–230 mesh, eluent 
n-hexane:EtOAc (10:0–8:2, v/v)) to obtain 16 fractions 
(C1-C16). Further purification was employed for the 
subfraction of C14 (362.8 mg) using a silica gel 60 column 
chromatography (eluent n-hexane:EtOAc (10:0–5:5, 
v/v) to yield 2 (109.9 mg). On the other hand, fraction E 
(15.15 g) was separated on a VLC column packed with 
dry silica gel 60 (eluent n-hexane:EtOAc (10:0–3:7, v/v) 
to afford 9 fractions (E1-E9). Extra purification of the E8 
fraction (127.0 mg) was accomplished on silica gel 60 
column chromatography with eluent of n-hexane:EtOAc 
(10:0–0:10, v/v) to give 12 subfractions (E8a-E8l). 
Finally, the compound 1 (12.9 mg) was obtained from 
the subfraction of E8f (36.6 mg), after additional 
purification on ODS column chromatography (eluent 
MeOH:MeCN:H2O (7:2:1, v/v/v). 

Determination of cytotoxic activity using MTT assay 
Initially, the MCF-7 breast cancer cells were 

attached and cultivated into 96-well plates at 3 × 104 cells 
cm–3 density and then incubated for 24 h. Afterwards, 
various concentrations of samples dissolved in DMSO 
were added to the well plates. Later, six desirable 
concentrations were prepared at buffered pH of 7.30–
7.65 (phosphoric buffer solution). The well plates of 
negative control contained only DMSO, and positive 
control of doxorubicin was also prepared. Once a 48-h 
incubation period was finished, the assay was quenched 
by MTT reagent [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide]. An MTT-quencher 
dissolved in SDS (sodium dodecyl sulfate) was then 
dropped to the plates for further 2–4 h incubation, 
followed by final incubation for another 24 h. Upon 
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scanning of a microplate reader at 450 nm, the optical 
density of the samples was obtained. Based on the linear 
regression of the corrected percentage live of cells (%) 
versus the tested concentration of compounds (µg/mL), 
the IC50 values were computed. Each assay was conducted 
three times, and their analysis results were reported as 
averaged IC50 values with relative standard deviation. 

■ RESULTS AND DISCUSSION 

Compound 1 was isolated as a white crystal. The 
molecular formula calculated by HRTOFMS ([M+Na]+) 
was found as C30H48O4 with m/z 495.3459, calcd. 495.3450. 
Based on the MS result supported by NMR data (Table 1), 
the unsaturation degree of compound 1 was confirmed at 
seven. The IR spectrum revealed the moieties of hydroxyl 
at 3445 cm–1, an α,β-unsaturated carbonyl at 1692 cm–1, 
and olefinic carbon at 1640 cm–1. The 1H-NMR spectrum 
(Table 1) discovered methyl signals as six singlets at 
δH/ppm 0.82, 0.89, 0.90, 1.04, 1.06, and 1.86, and one 
doublet at δH/ppm 0.95 (3H, d, J = 6.5 Hz, H-21). Two 
olefinic methines at δH/ppm 5.42 (1H, dd, J = 1.5, 3.6 Hz, 
H-15) and 5.95 (1H, t, J = 7.4 Hz, H-24), as well as two 
oxymethine signals at δH/ppm 3.32 (1H, t, J = 3.0 Hz, H-
3) and 3.87 (1H, t, J = 3.1 Hz, H-7), were also assigned. In 
addition, the 13C-NMR data showed 30 varied chemical 
shifts of carbon (Table 1). Being supported by the HSQC 
data, the carbon signals were representing seven methyls 
at δC/ppm 15.8 (C-19), 18.9 (C-18), 19.0 (C-21), 21.1 (C-
27), 22.6 (C-29), 28.3 (C-30), and 28.8 (C-28), eight 
methylenes at δC/ppm 17.3 (C-11), 24.9 (C-6), 26.3 (C-2), 
26.9 (C-23), 33.5 (C-1), 35.3 (C-12), 35.6 (C-16), and 36.1 
(C-22), eight methines at δC/ppm 34.4 (C-20), 40.8 (C-5), 
42.6 (C-9), 61.3 (C-17), 73.2 (C-7), 75.9 (C-3), 120.0 (C-
15), and 143.6 (C-24), six quarternary carbons at δC/ppm 
37.7 (C-4), 38.4 (C-10), 45.0 (C-8), 47.6 (C-13), 128.0 (C-
25), 162.8 (C-14), and one carbonyl at δC/ppm 169.4 (C-
26). Therefore, the 1H- and 13C-NMR data implied the 
presence of a triterpenoid tetracyclic skeleton in 1 (Fig. 1). 
To prove the existence of the skeleton (A, B, C, and D) in 
structure 1, spectra of 1H–1H COSY and HMBC were 
recorded (Fig. 2). The correlations between H1-H2-H3, H5-
H6-H7, H9-H11-H12, H15-H16-H17-H20, and H21-H20-H22-H23 
were observed in the 1H–1H COSY spectrum of 1, thus 

supporting the occurrence of triterpenoid tetracyclic 
structure in 1. Additionally, the HMBC correlations of 
the methyl protons to their nearby carbons supported 
the interpretation of proton signals of the six singlets of 
methyl and one of secondary methyl. All anticipated 
correlations (CH3-18 → C-13, 12, 14, 17; CH3-19 → C-10, 
1, 5, 9; and CH3-30 → C-8, 7, 9, 14) revealed strong cross-
peaks. An olefinic moiety was discovered by the HMBC 
correlations of H-16 to C-14 at δC/ppm 162.8 and C-15 
at δC/ppm 120.0, and H-15 to C-13 at δC/ppm 47.6, C-16 
at δC/ppm 35.6, and C-17 at δC/ppm 61.3. Similarly, the 
appearance of α,β-unsaturated carboxylic acid was also 
revealed by HMBC correlation signals of H-24 to C-27 
at δC/ppm 21.1, C-22 at δC/ppm 36.1, and H-27 to C-24 
at δC/ppm 143.6, C-25 at δC/ppm 128.0, C-26 at δC/ppm 
169.4. Other correlations from CH3-28, CH3-29 to C-3 at 
δC/ppm 75.9, and from CH3-30 to C-7 at δC/ppm 73.2, 
implied that hydroxy groups were located at C-3 and C-
7, respectively. Furthermore, the presence of a side-
chain structure of 1 was confirmed by the HMBC cross-
peaks of CH3-21 to C-17 at δC/ppm 61.3, C-20 at δC/ppm 
34.4, and C-22 at δC/ppm 36.1. To resolve the relative 
stereochemical configuration of 1, the analysis of 
coupling constants and the rotating-frame nuclear 
overhauser effect spectroscopy (ROESY) experiment 
were conducted (Fig. 3). The coupling constants of H-3 
at δH/ppm 3.32 (t, J = 3.0 Hz) and H-7 at δH/ppm 3.87 (t, 
J = 3.1 Hz) proposed their orientation in an equatorial 
position and β-oriented [34-35]. Moreover, based on the 
ROESY spectrum, the correlations of H-3/CH3-19/CH3-
29 and H-7/CH3-30 further verified the α-configuration 
of the hydroxy moieties at C-3 and C-7. In addition, the 
ROESY correlations of CH3-28/H-5 directed the α-
configuration of CH3-28. Correlations of H-9/CH3-18 
and CH3-18/H-20 indicated the α-orientation of H-20, 
and the correlations of H-17/H-12β and H-12β/CH3-21 
designated β-orientation of CH3-21 which was in 
agreement with those of apotirucallane-type 
triterpenoids. The configuration of the Z double bond 
among C-24 at δC/ppm 143.6 and C-25 at δC/ppm 128.0 
was resolved by the ROESY correlation between H-24 at 
δH/ppm 5.95 (t, J = 7.4 Hz) and CH3-27 at δH/ppm 1.86 
(s) [2]. Overall, the structure of compound 1 had an 
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apotirucallane skeleton. Instead of the configuration of 
CH3-21, most of the NMR data of 1 resembled previously 
reported chisopatens C, an apoeuphane triterpenoid [36]. 
Consequently, compound 1 was determined as 3α,7α-
dihydroxyapotirucalla-14,24-Z-dien-26-oic acid (Fig. 1), 

which was isolated from this genus for the first ever. The 
configuration of the tirucallane-type and euphane-type 
triterpenoids is distinguished by H-21. The β-
configuration is tirucallane-type, whereas the α one is 
euphane-type [37]. 

Table 1. 1H and 13C-NMR data of 1 in (CD3)2CO and 2 in CDCl3 (δ in ppm, 500 MHz for 1H, and 125 MHz for 13C)a 

Position 
1 2 

δC δH (ΣH, mult., J/Hz) δC δH (ΣH, mult., J/Hz) 
1 33.5 1.26 (1H, dt, 3.0, 12.6) 

1.49 (1H, td, 3.4, 10.5) 
38.7 1.46 (1H, td, 4.8, 14.3) 

1.99 (1H, dt, 2.9, 13.5) 
2 26.3 1.50 (1H, m) 

1.93 (1H, m) 
35.1 2.73 (1H, dt, 3.6, 14.3) 

2.75 (1H, td, 5.4, 14.5) 
3 75.9 3.32 (1H, t, 3.0) 217.1 - 
4 37.7 - 48.0 - 
5 40.8 2.14 (1H, dd, 2.6, 12.8) 52.5 1.72 (1H, t, 8.7) 
6 24.9 1.63 (1H, td, 3.5, 10.1) 

1.72 (1H, dt, 2.6, 13.0) 
24.5 2.09 (1H, m) 

2.16 (1H, m) 
7 73.2 3.87 (1H, t, 3.1) 118.0 5.30 (1H, dd, 3.3, 6.6) 
8 45.0 - 146.1 - 
9 42.6 2.07 (1H, m) 48.6 2.30 (1H, m) 
10 38.4 - 35.2 - 
11 17.3 1.48 (1H, m) 

1.69 (1H, m) 
18.5 1.56 (2H, m) 

12 35.3 1.48 (1H, m) 
1.96 (1H, m) 

33.8 1.66 (1H, m) 
1.81 (1H, m) 

13 47.6 - 43.7 - 
14 162.8 - 51.3 - 
15 120.0 5.42 (1H, dd, 1.5, 3.6) 34.2 1.49 (2H, m) 
16 35.6 2.02 (1H, m) 

2.27 (1H, m) 
28.4 1.29 (1H, m) 

1.95 (1H, m) 
17 61.3 1.46 (1H, m) 53.0 1.50 (1H, m) 
18 18.9 1.04 (3H, s) 22.1 0.81 (3H, s) 
19 15.8 0.90 (3H, s) 12.9 1.00 (3H, s) 
20 34.4 1.63 (1H, m) 36.2 1.41 (1H, m) 
21 19.0 0.95 (3H, d, 6.5) 18.4 0.89 (3H, d, 6.4) 
22 36.1 1.19 (1H, m) 

1.56 (1H, m) 
35.8 1.16 (1H, m) 

1.55 (1H, m) 
23 26.9 2.43 (1H, m) 

2.51 (1H, m) 
27.1 2.45 (1H, m) 

2.50 (1H, m) 
24 143.6 5.95 (1H, t, 7.4) 147.3 6.08 (1H, t, 7.4) 
25 128.0 - 126.0 - 
26 169.4 - 173.0 - 
27 21.1 1.86 (3H, s) 20.7 1.92 (3H, s) 
28 28.8 0.89 (3H, s) 21.8 1.11 (3H, s) 
29 22.6 0.82 (3H, s) 24.7 1.05 (3H, s) 
30 28.3 1.06 (3H, s) 27.6 1.01 (3H, s) 

a the assignments were based on correlation experiments of 1H-1H COSY, HSQC, and HMBC 
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Fig 1. The structures of 1-2 isolated from D. excelsum 
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Fig 3. Key ROESY ( ) correlations of 1-2 

 
Compound 2 was acquired as colorless needle-like 

crystals. The mass spectrum recorded by HRTOFMS 
([M+Na]+) showed the molecular formula as C30H46O3 
with m/z 477.3311, calcd. 477.3345. Being supported by 
NMR data (Table 1), the unsaturation of the compound 
was found by MS at eight degrees. Three main functional 
groups, i.e., a carbonyl ketone (1706 cm–1), an α,β-

unsaturated carbonyl (1678 cm–1), and olefinic groups 
(1636 cm–1) were revealed by the IR spectrum. The 1H-
NMR spectrum displayed nine proton signals consisting 
of six tertiary methyl moieties at δH/ppm 0.81, 1.00, 1.01, 
1.05, 1.11, and 1.92, and one secondary methyl moiety at 
δH/ppm 0.89 (3H, d, J = 6.4 Hz, H-21), and two olefinic 
methines at δH/ppm 5.30 (1H, dd, J = 3.3, 6.6 Hz, H-7) 
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and 6.08 (1H, t, J = 7.4 Hz, H-24). On the otherside, the 
13C-NMR spectrometer identified 30 carbon signals (Table 
1), consisted of seven methyls at δC/ppm 12.9 (C-19), 18.4 
(C-21), 20.7 (C-27), 21.8 (C-28), 22.1 (C-18), 24.7 (C-29), 
and 27.6 (C-30), nine methylenes at δC/ppm 18.5 (C-11), 
24.5 (C-6), 27.1 (C-23), 28.4 (C-16), 33.8 (C-12), 34.2 (C-
15), 35.1 (C-2), 35.8 (C-22), and 38.7 (C-1), six methines 
at δC/ppm 36.2 (C-20), 48.6 (C-9), 52.5 (C-5), 53.0 (C-17), 
118.0 (C-7), and 147.3 (C-24), six quarternary carbons at 
δC/ppm 35.2 (C-10), 43.7 (C-13), 48.0 (C-4), 51.3 (C-14), 
126.0 (C-25), and 146.1 (C-8), and two carbonyl carbons 
at δC/ppm 173.0 (C-26), and 217.1 (C-3). The NMR 
evidence of compound 2 implied a tetracyclic triterpenoid 
skeleton (Fig. 1) emphasized by the 1H–1H COSY analysis 
(Fig. 2). The analysis revealed the correlations between 
H1-H2, H5-H6-H7, H9-H11-H12, H15-H16-H17-H20, and H21-
H20-H22-H23-H24. Based on the HMBC cross-peaks (Fig. 
2), the occurrence of the carbonyl ketone at C-3 was 
supported by the correlation of H-28 at δH/ppm 1.11, H-
29 at δH/ppm 1.05, and the methylene protons H-2 at 
δH/ppm 2.75 to the C-3 of carbonyl carbon at δC/ppm 
217.1. The HMBC correlations of CH3-19 at δH/ppm 1.00 
to C-10 at δC/ppm 35.2, C-1 at δC/ppm 38.7, C-5 at 
δC/ppm 52.5, and C-9 at δC/ppm 48.6 verified the bonding 
of CH3-19 to C-10, whereas the correlations between CH3-
30 at δH/ppm 1.01 and C-14 at δC/ppm 51.3, C-13 at 
δC/ppm 43.7, C-15 at δC/ppm 34.2, and C-8 at δC/ppm 
146.1 confirmed the bonding of CH3-30 to C-14. On the 
other side, the presence of HMBC correlation between 
CH3-19 and C-9 at δC/ppm 48.6 confirmed another 
olefinic carbon at C-7/C-8 and olefinic of C-24/C-25. 
Overall, compound 2 has a similar α,β-unsaturated 
carboxylic acid group as confirmed in 1. The relative 
configuration of 2 was further resolved by the ROESY 
experiment (Fig. 3). This evidence suggested that the 
structure of 2 has the skeleton-type of a tirucallane 
triterpenoid and resembles masticadienolic acid [33], and 
it was in agreement with masticadienonic acid [38]. Thus, 
compound 2 was determined as masticadienonic acid or 
3-oxo-tirucalla-7,24-Z-dien-26-oic acid (Fig. 1). 

An MTT assay to evaluate the cytotoxic potency of 
compounds 1-2 anti-MCF-7 was represented as IC50 
values. The value will express how many substances are 

Table 2. IC50 values of compounds 1 and 2 against the 
breast cancer cells of MCF-7 

Compound IC50 (µM) ± Stdv 
1 60.87 ± 8.93 
2 72.86 ± 5.74 

Positive control: doxorubicin, IC50 = 35.67 µM 

required to inhibit 50% of the biological process, thus 
revealing the activity degree of antagonist agents in 
pharmacological research [39]. In addition, the standard 
inhibitor of cancer (doxorubicin) [2] was also tested as 
the reference under the same condition. All the 
compounds (1-2) gave the IC50 values of 60.87 and 72.86 
µM (Table 2 and Table S1, S2), respectively, which were 
classified as moderate cytotoxic [40]. In general, the 
resulted IC50 was roughly higher by two times than the 
positive control. Compound 2 exhibited weaker 
cytotoxic activity than 1, which might be caused by the 
appearance of a carbonyl ketone moiety at C-3 that 
decreased the cytotoxicity [41]. Compound 1 did not 
show considerably better cytotoxic activity than 2, which 
was suggested due to the occurrence of the hydroxyl 
moieties at C-3 and C-7 and the loss of olefinic moiety 
at C-7/C-8 [42]. Such analog compounds were reported 
to have various cytotoxicity. Two tirucallanes, 
3β,16β,21α,25-tetrahydroxy-20,24-cyclotirucalla-7(8)-
ene and 16β,21α,25-trihydroxy-20,24-cyclotirucalla-
7(8)-en-3-one, displayed significant cytotoxic potency 
anti-MCF-7 and other cell lines with IC50 values of 6.64–
10.55 and 8.90–12.08 μM, respectively [2]. Furthermore, 
five apotirucallanes exhibited moderate cytotoxic 
activities against MCF-7 at an IC50 range of 78.7–85.8 μΜ 
[23]. The SAR analysis showed that the occurrence of an 
aromatic heterocyclic such as pyrrole in the side chain 
combined with 3α-OH substituents influenced mostly 
the potent cytotoxicity [40]. 

■ CONCLUSION 

Two triterpenoids had been isolated from the stem 
bark of D. excelsum, 3α,7α-dihydroxyapotirucalla-
14,24-Z-dien-26-oic acid (1) and masticadienonic acid 
or 3-oxo-tirucalla-7,24-Z-dien-26-oic acid (2) whereas 
compound 1 was found for the first time in the genus. 
The IC50 values of the compounds (1-2) against the 
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breast cancer cell lines of MCF-7 showed moderate 
cytotoxicity and were roughly two times less potent than 
the positive control of Doxorubicin. Compound 1 
exhibited a lower IC50 value (60.87 µM) than 2 (72.86 µM) 
which might be due to the occurrence of a hydroxyl 
moiety at C-3. Such partial structure modification of the 
isolated compound with a side chain of aromatic 
heterocyclic and a hydroxy moiety at C-3 might increase 
the activity significantly. Thus, it can be further utilized as 
a more potential lead compound for anticancer drug 
candidates. 
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