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 Abstract: This research aims to study the mechanical properties of natural rubber 

composites with nitrile butadiene rubber and ethylene propylene diene monomer rubber. 

Composite fillers consisted of kaolin, and softener using used cooking oil. The study was 

carried out by the method of mastication, vulcanization, and maturation of the 

compound into rubber vulcanizates. The vulcanization and mastication process is carried 

out in the open mill. The maturation of the compound into rubber vulcanizates from the 

results of mastication and vulcanization was carried out using semi-automatic heat press 

and press at a temperature of 130 °C ± 2 °C for 17 min. Based on data from testing the 

mechanical properties of five samples from five formulas, the mechanical properties of 

composite rubber are affected by the ratio of natural rubber, synthetic rubber, kaolin, and 

used cooking oil as a softener. The difference in the results of vulcanizates rubber testing 

of natural rubber composites with synthetic rubber is not only influenced by the ratio of 

the composite, but also by the degree of cross-linking between the material molecules. 

Keywords: properties; natural rubber; synthetic rubber; used cooking oil 

 

■ INTRODUCTION 

The composite material consists of two or more 

mixtures, each of which has different mechanical 

characteristics and properties. Composite materials with 

different mechanical properties have the advantage of 

being used as technical goods. Differences in the 

mechanical properties of materials in a mixture can 

complement each other to form a mixture that is better 

than the original material. Polymer matrix composites in 

the last decade have been widely used for various 

engineering goods applications in order to improve the 

mechanical properties of the products produced [1-4]. 

Natural rubber with the general formula cis-1,4-

polyisoprene has high double bond and elasticity but is 

not resistant to heat, and ozone attack [5-6]. According to 

Linos et al. [7], oxygen attacks can reduce the number of 

double bonds by cutting the polymer chain on cis-1,4, 

which causes a biodegradation process that produces 

carbonyl groups with one-sided aldehydes and ketones. 

Composite natural rubber with various materials for 

technical goods needs has various advantages, including 

its mechanical properties. Composite natural rubber 

with carbon fill material from several studies can 

improve the mechanical properties of rubber 

vulcanization better [8-9]. 

Natural rubber composites are examples that 

produce mechanical properties that are better than the 

original material [10]. Composite natural rubber with 

various materials for technical goods needs has various 

advantages, including its mechanical properties. 

Composite natural rubber with carbon fill material from 

several studies can improve the mechanical properties of 

rubber vulcanization better [11-12]. Natural rubber 

(NR) composites with nitrile butadiene rubber (NBR), 

and ethylene propylene diene monomer rubber (EPDM) 

from several studies that have been done can improve 

ozone resistance [13-14]. Reclaimed rubber composites 

with styrene butadiene rubber can improve the 

properties of styrene-butadiene [15-16]. NBR in silica 

composites, as reinforcement fillers, can improve the 

dynamic properties of rubber vulcanizates [17-18]. 

According to Wu and Tian [19], composites of natural 
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rubber, synthetic rubber (SBR, BR, NBR, EPDM, and CR) 

with kaolin fillers as a substitute for silica can improve 

properties of rubber vulcanizates better. Composites of 

SBR, carbon black, and nano clay modified with organo 

(MMT Closite-20A) can increase the properties of rubber 

vulcanizates produced [20-21]. 

Natural rubber composites carried out on this study 

by adding NBR and EPDM. The added ingredients 

include silica and kaolin. The added filler aims to improve 

the tensile strength, modulus, tear strength, abrasion 

resistance [22-25]. EPDM, as a composite material, has 

the advantages of heat resistance, ozone resistance, and 

moisture resistance [26]. Besides, the addition of silica as 

an active filler can improve the mechanical properties of 

a rubber vulcanizate. According to Ahmad et al. [27], 

natural rubber with silica fillers can increase tensile 

strength, modulus, tear strength, hardness, and cross 

bond density, and elongation at break. According to 

Wang and Chen [28], silica is a reinforcing filler that is 

widely used to improve the mechanical properties of 

rubber composites. According to Da Costa et al. [29], the 

addition of silica from rice husk ash on composite rubber 

can increase the tensile strength and abrasion resistance. 

The filler added to the polymer matrix will need to 

be added to the softener so that it can be evenly 

distributed. The development of softening materials for 

vegetable oil-based rubber compounds has been carried 

out [30]. Vegetable oils have the advantage of being 

environmentally friendly and renewable. Jatropha oil [31-

32], and palm oil [33-34] have been used as a softener. 

Castor oil as a softener to improve the mechanical 

properties of rubber compounds has been developed [35-

36]. According to Song [37], palm oil can be used as a 

softener in the manufacture of rubber compounds. 

In this study, natural rubber composites used 

cooking oil softener from palm oil. Used cooking oil from 

palm oil in natural rubber composites with synthetic 

rubber aims to increase the distribution of additives and 

fillers into natural rubber composite molecules with 

synthetic rubber. Used cooking oil softener from palm oil 

contains saturated fatty acids [38]. The addition of used 

cooking oil as a softener is intended to stretch polymer 

matrix molecules so that the added ingredients can be 

distributed evenly. During vulcanization, complex 

chemical reactions occur between molecular matrix 

polymers with process materials such as sulfur and other 

materials [39-40]. This research studies the mechanical 

properties of rubber vulcanizates from natural rubber 

composites, synthetic rubber, with filler (silica and 

kaolin), with softeners from used cooking oil. 

■ EXPERIMENTAL SECTION 

Materials 

The material used for this study consisted of 

natural rubber (NR) type SIR-20, and nitrile butadiene 

rubber (NBR-N.2205), ethylene propylene diene 

monomer rubber (EPDM), zinc oxide purity 95% for 

rubber tire application, stearic acid CAS No: 57-114-4 

purity 99% min, 2,2,4-trimethyl-1,2-dihydroquinoline 

(TMQ-RD) TMQ 26780-96-1, pigment yellow 83 (PL-

PY 83 product code HRO2, chemical class dis azo 

pigment color Index No: 21108 CAS No: 5567-15-7), 

silicon dioxide (SiO2) CAS No: 112945-52-5 purity 

99.8%, kaolin 400 mesh from Tanjung Pandan Belitung 

Indonesia, 2-mercaptobenzothiazole (MBTS-CAS: 120-

78-5), titanium dioxide CAS No: 13463-67-7 with purity 

98%, polyethylene glycol (PEG-4000) CAS No: 25322-

68-3 purity 99%, diphenylguanidine (DPG) CAS No: 

102-06-7 purity 99%, used cooking oil (UCO) derived 

from palm oil as a softener, sulfur CAS No: 7704-34-9 

purity 99%, and paraffin wax with a melting point of  

37 °C (99 °F; 310 K). 

Instrumentation 

The tools used for this study consisted of rubber 

mixing mill Model No. XK 160-450 origin China 

(Mainland), analytical balance capacity of 3.200 g 

(Mettler Toledo ME30020), platen rubber vulcanizing 

press rubber machine Model Number: SKZ401, infrared 

thermometer (Brand KRISBOW-KW08-280), and 

molding (equipment for making test samples). 

Experimental Design 

Studies on the effects of natural rubber composites 

and synthetic rubbers were carried out by varying 

natural rubber (NR) type SIR-20, and nitrile butadiene 

rubber (NBR-N.2205), ethylene propylene diene rubber 
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monomer (EPDM). The ratio of additional ingredients 

used, such as accelerators, color pigments, activators, 

fillers, anti-oxidants, anti-ozone, softeners, and conditioned 

vulcanization. This experiment consisted of five 

treatments with three replications. Discussion is taken 

from the average of experiments. The ratio of ingredients 

used in this study for each formula is shown in Table 1. 

Procedure 

Compound preparation 

The natural rubber is ground with an open mill until 

it becomes soft (15 min). While continuing grinding, 

nitrile butadiene rubber is added, and at the same time, 

EPDM is added as well (3 min), then followed by the 

addition of titanium oxide until the rubber composite 

color turns white when pounded for 2 min. The next 

yellow pigment is added until the rubber composite color 

turns yellow within 2 min while continuing to add ZnO 

and stearic acid for 2 min. Next, silica, paraffin wax, 

kaolin, PEG, TMQ, and UCO were added together in 

grinding for 4 min. MBTS and DPG were added together 

to the rubber mixture with a grinding time of 2 min. 

Sulfur is added when all the mixture is homogeneous, and  

Table 1. Rubber composite formula 

Ingredients  
Formula 

A* B* C* D* E* 

NR-SIR 20 100 80 75 75 80 

NBR 0 10 10 15 20 

EPDM 0 10 15 10 0 

TiO2 4.15 4.15 4.15 4.15 4.15 

Pigment Yellow 5 5 5 5 5 

ZnO 4.75 4.75 4.75 4.75 4.75 

Stearic Acid 2.25 2.25 2.25 2.25 2.25 

Silica 50.25 50.25 50.25 50.25 50.25 

Paraffin Wax 1.25 1.25 1.25 1.25 1.25 

Kaolin 4 4 4 4 4 

UCO 6.55 6.55 6.55 6.55 6.55 

MBTS 1.85 1.85 1.85 1.85 1.85 

PEG 2.75 2.75 2.75 2.75 2.75 

TMQ 1.25 1.25 1.25 1.25 1.25 

DPG 0.95 0.95 0.95 0.95 0.95 

Sulfur 2.75 2.75 2.75 2.75 2.75 
annotation: *phr 

it took 2 min of grinding. The total grinding time was  

32 min. The ratio of each ingredient added is shown in 

Table 1. 

Making vulcanizate rubber 

The resulting rubber compound is then placed in a 

molding tool, then vulcanized at a temperature of 130 ± 

2 °C for 17 min using a hot press. 

Test method 

The five formulas of vulcanizate rubber were tested 

for parameters as follows the hardness testing before and 

after aging (ASTM D.2240-15), tensile strength before 

and after aging (ASTM D.412-16), modulus 300% 

(ASTM 412.16), elongation at break (ASTM D.412-16), 

tear strength (ASTM D.624-00, ra2012), the specific 

gravity (ASTM D.297-15), abrasion resistance (ASTM 

D.5963-04, ra2015), compression set, 25% defl, 70 °C,  

22 h (ASTM D.395-16e1), and abrasion resistance (to 

ASTM D.5963-04, ra20150). 

■ RESULTS AND DISCUSSION 

Hardness 

The hardness test of natural rubber composites 

with synthetic rubber from five formulas (Table 1) 

shows different results, as shown in Fig. 1. Formula A 

has the lowest hardness value (73 Shore A) compared to 

the other formulas (B, C, D, and E). Meanwhile, the 

highest hardness test result (78 Shore A) is seen in 

formula D (Fig. 1). 

The hardness value of rubber vulcanizates is 

influenced by the ratio of filler, additives, softeners 

(Table 1), and the density of bonds between molecules 

of the material. Other than that fillers material kaolin, 

and silica, according to their respective, its characteristics 

influence the rubber vulcanizates hardness. The 

distribution of additives and fillers to rubber composites 

(natural rubber and synthetic rubber) is influenced by 

the softener and bond density between composite 

molecules. Softener material serves to stretch the bond 

between the composite rubber molecules so that the 

added material can be distributed evenly into the 

composite matrix molecule. The hardness value of rubber  
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Fig 1. Hardness of the composites 

 
Fig 2. Tensile strength of the composites 

 

vulcanizates indirectly illustrates the strength of the bond 

between a material molecule against pressure by another 

object [41]. Rubber vulcanizates (Formula A) with kaolin 

fillers and silica (Table 1) without composition with 

synthetic rubber (NR and EPDM) hardness value is lower 

than the value of the hardness of other formulas (Fig. 1). 

According to Johns and Rao [42], natural rubber that is 

not mixed with synthetic rubber has a lower hardness 

value than natural rubber mixed with synthetic rubber. 

This shows that the hardness of rubber vulcanizates 

is influenced by the interaction between natural rubber 

molecules and synthetic rubber molecules. Additives and 

fillers with the help of softener to stretch the molecular 

structure of matrix composites have contributed to the 

hardness value. In addition, the bonding between 

molecules of materials and the formation of cross-link 

reactions by sulfur affect the value of hardness. 

Tensile Strength 

The tensile strength describes the strength of a bond 

between material molecules when pulled in the opposite 

direction. When a material is pulled, there is a shift 

between molecules following the direction of withdrawal. 

The tensile strength of a material is influenced by the type 

of material used, the ratio of the material, and the process 

of its formation. 

The test data in Fig. 2 shows that the lowest tensile 

strength value is 15.6 MPa in the formula E. The tensile 

strength value is influenced by the density of cross bonds 

between the material molecules. In addition, the tensile 

strength that is influenced by the ratio of the mixture of 

natural rubber and synthetic rubber is also influenced by 

additives, softeners, and fillers (Table 1). The results of 

the tensile strength test are inversely proportional to the 

value of the hardness test (Fig. 2). This shows that there 

is an inverse relationship between the tensile strength 

with hardness. Tensile strength is related to the degree 

of elasticity, while hardness is related to the degree of 

density of the broad unity of the material. Rubber 

elasticity affects the value of hardness, where the 

elasticity value of natural rubber is a synthetic rubber. 

Natural rubber naturally has high elasticity, but its 

hardness value is low. 

The addition of additives to the composite rubber 

causes interactions between molecules that form strong 

bonds, which results in increased tensile strength [43]. 

The addition of additives to natural rubber composites 

with synthetic rubber, in addition, to increase the 

density of cross-linking between molecules, also reduces 

elasticity [44]. Besides, cross-linking density is also 

influenced by the ratio of material and temperature 

during the vulcanization process. Natural rubber 

without composite with synthetic rubber has a higher 

elasticity (Formula A) compared to composite rubber 

formulas B, C, D, and E. The differences in elasticity of 
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natural rubber and rubber composites cause differences in 

tensile strength (Fig. 2). 

Modulus 300% 

The modulus test results of 300% natural rubber and 

synthetic rubber composites (Fig. 3) show that the 

modulus values of formulas B and C are lower (4.9 MPa) 

than other formulas (Table 1). Modulus describes the 

strength needed to stretch the sample to a certain state. 

According to Dahham et al. [45], the increase in modulus 

occurs due to an increase in bonds between rubber 

molecules with additive molecules and filler molecules. 

According to Chaturvedi et al. [46], differences in 

modulus values indicate differences in cross-linking 

density and differences in material ratios. 

The combination of several molecules of filler and 

softener in natural rubber composites with synthetic rubber 

can improve thermal performance. Improved thermal 

performance causes a synergistic effect between material 

molecules [47]. Bonds between material molecules affect 

the modulus value. The difference in strain strength in 

products from rubber composite materials, as shown in 

Fig. 3, is influenced by the strength of the cross-linking 

between the molecules and the difference in the ratio of 

natural rubber and synthetic rubber (Table 1). 

The difference in the ratio of ingredients causes 

differences in reactions between molecules and affects the 

nature of the product formed. Formula A, as a 

comparison formula without addition synthetic rubber, 

has lower modulus value than formula D, and E. 

However, the value is higher than formula B and 

Formula C. This is caused by differences in the degree of 

cross-linking formed from each ratio of the formula. The 

difference in the formation of the degree of cross-linking 

is influenced by the interaction between the rubber 

molecule and the filler [48-50]. 

In addition, fillers (kaolin, and silica) and softeners 

added to this study had a significant effect on the 

vulcanization process. Silica, as a reinforcing filler added 

to rubber composites, aims to improve modulus and 

other properties [51]. According to Setyowati et al. [52], 

the addition of active fillers to rubber compounds can 

improve the properties of rubber vulcanizates better. 

The difference in modulus values is caused by 

differences in the cross-linking that is formed from each 

formula. Silica can gradually increase interactions 

between fillers and rubber matrices [53]. The speed 

cross-linking interaction that is formed is influenced by 

sulfur, additives, fillers, softeners, the ratio of natural 

rubber, and synthetic rubber used. The difference in the 

ratio of natural rubber and synthetic rubber (Table 1) 

determines the difference in modulus values (Fig. 3). 

Elongation at Break 

The elongation at break test results of the five 

formulas (Table 1) shows that there are differences (Fig. 4).  

 

 
Fig 3. Modulus of the composites 

 
Fig 4. Elongation at break of the composites 
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The difference in the value of elongation at break is due to 

the difference in the ratio of natural rubber with synthetic 

rubber used. The difference in the ratio of natural rubber 

and synthetic rubber causes differences in the speed of 

interaction between the additive, sulfur, and filler 

molecules. In addition, with the difference in the ratio of 

natural rubber and synthetic rubber, the softener's 

performance to stretch the molecules of the composite 

material follows the ratio of the material used. The 

elongation at break is directly related to the bond between 

the molecules, the density of the cross-linking formed, 

and the degree of elasticity of natural rubber with 

synthetic rubber composites. 

Elongation at break occurs because energy is used to 

stretch the bond between the vulcanizates molecules to 

break. Elongation at break is influenced not only by the 

ratio of natural rubber and synthetic rubber (Table 1) but 

also by the interaction of fillers and softening that form 

bonds between the molecular. Additives are added to 

natural rubber composites with synthetic rubber with the 

help of sulfur forming a cross-linked network. According 

to Delchev et al. [54], the addition of active fillers and 

softeners to rubber composites can increase elongation at 

break, modulus, hardness, tensile strength. 

The interaction between the materials used (Table 

1), which forms natural rubber and synthetic rubber 

composites, greatly determines the value of elongation at 

break. In addition, the value of elongation at break is also 

influenced by softening material used to stretch composite 

molecules. The test results show that, for natural rubber 

formula A without synthetic rubber, the elongation at 

break value is the same as formula B and formula C, but 

higher than formula D and formula E (Fig. 4). For formula 

A, interactions occur between natural rubber molecules 

and molecules of additives. For formulas B, C, D, and E, 

the interactions occur between molecules of natural 

rubber, synthetic rubber, and additives. 

The elongation at break test results for formula D 

(590%) is lower than formulas A, B, C (600%), but their 

values are higher than formula E (520%). The ratio of 

EPDM and NBR in natural rubber molecules affects the 

bond between molecules of rubber composite 

compounds. EPDM and NBR at optimal ratios can 

produce strong bonds because of their interactions with 

rubber fillers [55]. Increasing the NBR ratio and 

decreasing the EPDM ratio in rubber composites (Table 

1) affects the cross-link density and the elongation at 

break value. According to Kim et al. [56], the difference 

in the EPDM ratio of rubber composites can affect 

breakout extension values. In formulas B and C, NBR 

and EPDM produce an elongation at break value that is 

equal to the value of the elongation at break formula A 

(Fig. 4). This illustrates, in formulas B and C, the density 

of bonds between molecules is the same as formula A. 

For formulas B, C, D, and E, the interaction that occurs 

is influenced by the speed of the reaction between 

molecules of natural rubber composites and synthetic 

rubber. In addition, additives, fillers, softeners, and 

sulfur are added to accelerate the vulcanization process 

to form vulcanizate rubber. When viewed from the ratio 

of natural rubber and synthetic rubber, it affects the 

value of elongation at break. 

Tear Strength 

The tear strength value, as shown in Fig. 5, showed 

that formula E is higher (63.6 kN/m) than other 

formulas, and formula D has the lowest tear strength 

value (54.8 kN/m). The added softener material (Table 

1) affects the bond between the rubber composite 

molecules. At the same time, the movement of the filler 

and the additive occupy the rubber composite chamber. 

The amount of additives and fillers that occupy the space 

between the rubber composite molecules influences the 

difference in tear strength values. 

Formula A, as a comparison formula without 

synthetic rubber, has a tear strength value equal to 

formula B but is lower than formula E (Fig. 5). The 

difference in the value of tear strength from each 

formula was caused by the ratio of natural rubber and 

synthetic rubber, while for the addition of softener 

material and filler material affected the mechanical 

properties of rubber, especially against the value of tear 

strength. Tear strength is directly related to the bonds 

between molecules, cross-linking, and the level of 

density of molecules that form rubber vulcanizates. In 

addition, the ratio of natural rubber  and synthetic rubber  
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Fig 5. Tear strength of the composites 

and fillers greatly determines the binding capacity 

between molecules, which ultimately determines the 

nature of the rubber vulcanizates. The ratio of the 

ingredients added (Table 1) influences the intensity of the 

polymer chain in the form of bonds. It increases the 

functional groups associated with the Van der Waals style 

to the polymer chain in a composite of natural rubber 

with synthetic rubber. 

Specific Gravity 

The results of testing the specific gravity of the five 

samples before and after aging, as shown in Fig. 6, have a 

significant difference. The specific gravity value of 

formula B before aging and after aging is 1.160 g/cm3, 

lower than formulas A, C, D, and E. The specific gravity 

values for formula E before aging and after aging of 1.18 

g/cm3 are higher than formulas A, B, C and D (Fig. 6). The 

aging process causes damage to the elastomeric tissue 

[55]. Elastomeric tissue damage due to an increase in 

temperature during the aging process. During the aging 

process, there is a movement of bonds between the 

material molecules. The movement of bonds between 

molecules can damage the molecular structure of the 

material. The occurrence of molecular expansion or 

constriction due to the aging process depends on the 

mechanical properties of the ingredients and the ratio of 

the constituent materials. 

The difference  in the  value of specific  gravity is not  

 
Fig 6. Specific gravity of the composites 

only influenced by the level of density between the 

molecules of the material. However, it is also affected by 

the compound milling process. The distribution of 

material into the rubber vulcanizate molecule, the time 

of vulcanization, and the change in temperature at the 

time of compound maturation also affect specific gravity. 

The ability of softener to stretch the molecular 

structure of the rubber composite during grinding also 

influences the speed of the additive and filler to enter the 

molecular structure of the rubber composite. The speed 

of distribution of the material into the rubber composite 

molecule at the time of compound milling and the speed 

of the vulcanization reaction that forms a three-

dimensional network have an effect on the density of 

cross bonds and the level of density of the rubber 

composite. In addition, differences in material ratios and 

material types also affect differences in specific gravity 

values. According to Hashim et al. [57], changes in the 

value of specific gravity are influenced by the ingredients 

used. Increasing the specific gravity of rubber can be 

caused by an increase in cross-link between rubber and 

filler material, where cross-linking density causes 

reduced pores formed [15]. The number of pores formed 

affects molecular density and specific gravity values. 

Abrasion Resistance 

Rubber vulcanizates test results for abrasion 

resistance before and after aging in Fig. 7 show a 

significant difference. 
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Testing after aging is carried out at 70 °C for 24 h 

and aimed to determine the loss of the surface after 

abrasion. Loss of surface part of rubber vulcanizates 

occurs due to friction/touch with the object in its path or 

can be expressed by losing the volume of rubber 

vulcanizates during friction. The lowest abrasion test 

results are 169.0 mm3 and 175 mm3 for after aging and 

before aging in formula C, respectively. Meanwhile, the 

highest abrasion resistance after aging of 188.2 mm3 was 

obtained from treatment A. The lowest abrasion resistance 

before aging is 208.7 mm3 in the formula E (Fig. 7). 

The surface loss of rubber vulcanizates is affected by 

the cross-linking formed during vulcanization, where the 

strength of the cross-linking is influenced by the ratio of 

the material used (Table 1). Abrasion resistance is related 

to the strength of bonds between molecules characterized 

by the formation of mono-sulfide and disulfide structures. 

Sulfur, which forms cross-linking with densities between 

molecules, determines abrasion resistance [58]. 

Compression Set 

The results of the compression set test of the five 

formulas (Table 1) for vulcanizates show significant 

differences. The lowest compression set test result of 

45.3% was found in formula A, and for the highest test 

result of 54.91% was obtained from sample D (Fig. 7). 

Tests of compression set of rubber vulcanizates were 

carried out at 25% defl, the temperature of 70 °C, for 22 h. 

 
Fig 7. Abrasion resistance of the composites 

 
Fig 8. Compression set of the composites 

The difference in the value of compression sets is 

influenced by the interaction between materials and 

material ratios (Table 1). Based on the test data, Fig. 8 

illustrates the bond strength between composite rubber 

molecules influenced by the strength of the cross-linking 

formed from the reaction of sulfur with rubber 

molecules and additives. The strength of cross-linking is 

influenced by the vulcanization process and the ratio of 

the material used. The mechanical properties of 

vulcanization composites are influenced by composite 

compounds, material distribution, and material 

homogeneity [59]. Homogeneity and the specific gravity 

of materials affect the resistance of rubber vulcanizates 

when under pressure. In addition, the value of the 

compression set is related to the mass specific gravity, 

which is illustrated by the values of specific gravity, 

elongation at break, and other properties. 

■ CONCLUSION 

The study of natural rubber composites with 

synthetic rubber (NBR, and EPDM) using used cooking 

oil softeners has an effect on differences in the 

mechanical properties of the resulting rubber vulcanizate. 

The difference in the ratio of natural rubber and 

synthetic rubber affects the performance of the softener 

to stretch the molecular structure of the composite 

material (natural rubber with synthetic rubber) and 

affects the bond between the molecular, as well as the 
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formation of the cross-link reaction by the sulfur. The test 

results of mechanical properties such as A formula, as a 

comparative formula without composites with synthetic 

rubber, have a value of 73 Shore A hardness, which is 

lower than B, C, D, and E formulas. The tensile strength 

value of 20.3 MPa is higher than the B, C, D, and E 

formulas. Modulus 300% with a value of 5.7 MPa is higher 

than B, and C formulas but lower than D, and E formulas. 

The Elongation at break with a value of 600% is the same 

as B and C formulas. However, the value is higher than D, 

and E formulas. Tear strength of 59.2 kN/m is higher than 

B, C, and D formulas but lower than E formula. The 

specific gravity value before aging of 1.173 g/cm3, and 

after aging of 1.171 g/cm3, is higher than B, and C 

formulas, but lower than D, and E formulas. The abrasion 

resistance before the aging of 202.2 mm3 is higher than B, 

C, and D formulas but lower than E formula. The abrasion 

resistance after aging of 188.2 mm3 is higher than B, C, D, 

and E formulas. The compression set with a value of 

45.3% is lower than B, C, D, and E formulas. 
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 Abstract: In the past years, Esomeprazole (EMP) was analyzed in human plasma samples, 

which still has stability issues; thus, the new biosampling technique known as Dried Blood 

Spot (DBS) might solve the issue. This research aims to evaluate the incurred sample 

stability of esomeprazole in dried blood spot using high performance liquid chromatography-

photodiode array with lansoprazole as an internal standard. The analytical separation 

was performed on a C-18 column (Waters, Sunfire™ 5 μm; 250 × 4.6 mm) at 40 °C. The 

mobile phase used was acetonitrile–phosphate buffer pH 7.6 (40:60% v/v) with a flow rate 

of 1.00 mL/min; and was detected at 300 nm. The analyte was extracted from dried blood 

spot by methanol. Incurred sample stability was evaluated from 6 healthy subjects on day 

0, 7, 14, and 28, respectively. This method was linear in the range concentration of 70–

1400 ng/mL with r > 0.98. Pharmacokinetic study shows that the average of AUC0–t of EMP 

in the DBS sample was 1765.41 ngh/mL. The highest percent difference value of 

esomeprazole’s incurred samples stability on day 7, 14, and 28 from 6 healthy subjects 

were 9.81%. This result fulfilled the acceptance criteria, which is the percent difference 

should not be greater than 20%, and 67% of total samples have to fulfill the criteria. The 

incurred sample stability result showed that esomeprazole was stable in the DBS sample 

at least until 28 days with the highest value of percent difference is 9.81%. 

Keywords: dried blood spot; esomeprazole; lansoprazole; HPLC; incurred sample 

 

■ INTRODUCTION 

Esomeprazole (EMP) is one of the proton pump 

inhibitors indicated for gastroesophageal reflux. Until 

now, the analysis of EMP was carried out in plasma 

samples, which has several disadvantages [1]. New 

biosampling method known as Dried Blood Spot (DBS) 

has several advantages, including easy and non-invasive 

sample collection; harmless and is easily transported; the 

price of DBS paper is also relatively cheap, easy to handle 

and store; analytes in the absorbed matrix on DBS paper 

are generally more stable; the process of collecting DBS 

samples minimizes the risk of infection; and less blood 

volume is needed compared to analysis in liquid or 

plasma blood [2-5]. Previous pharmacokinetic (PK) 

studies of EMP was done using human plasma sample [6]. 

The stability of EMP in human plasma is still an issue 

from the latest PK study of EMP [7]. Omeprazole’s Red 

Blood Count (RBC) to plasma partitioning value is 5.25. 

Analysis of drugs with high RBC to plasma partitioning 

value (> 2) is better performed using the whole blood 

rather than in plasma or serum because it will generate a 

more sensitive and accurate result for in vivo 

pharmacokinetic studies [8]. With the advantages of the 

DBS technique and usage of the whole blood, as 

mentioned above, this method might solve the stability 

issue of EMP in the bioanalytical study. 

Besides being unstable in an acidic media, EMP is 

also unstable against the light, moisture, and oxidation 

[8]. The Global CRO Council suggests evaluating the 

incurred sample stability if there is an instability issue in 

the analyte [9]. Incurred sample stability needs to be 
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done because the use of calibration standards and quality 

control (QC) samples when validating in vitro cannot 

describe the condition of in vivo sample stability due to 

metabolic processes in the body [10]. To conduct the 

incurred stability in the DBS sample, this study used 6 

healthy subjects who had administered 40 mg EMP film-

coated tablet. The pharmacokinetic parameters should be 

determined on the day the blood was collected (day 0), 

and the incurred stability was determined on 7, 14, and 28 

days. This study had obtained ethical clearance from the 

Ethical Committee of Medical Faculty Universitas 

Indonesia No. 0036/UN2.F1/ETIK/2018. 

■ EXPERIMENTAL SECTION 

Materials 

Esomeprazole (Esteve Quimica), Lansoprazole 

(Sigma-Aldrich), methanol HPLC grade, methanol, 

phosphoric acid, sodium hydroxide, formic acid, disodium 

hydrogen phosphate, sodium dihydrogen phosphate, 

acetonitrile, and dichloromethane were purchased from 

Merck (Darmstadt, Germany). The other materials used 

were Aqua pro injection was purchased from 

Ikapharmindo (Jakarta, Indonesia), and Perkin Elmer 226 

papers were purchased Perkin Elmer (Waltham, 

Massachusetts, USA). 

Instrumentation 

The instruments used were HPLC equipped with 

pump (Shimadzu, LC-20AD), auto-sampler (Shimadzu, 

SIL-20A), column C-18 (Waters, SunfireTM; 5µm, 250 × 

4.6 mm), photodiode array detector (Waters 2996), and 

data processor (Dell), pH meter (Eutech pH 510), analytical 

scales (Acculab), filter paper (Whatman), degasser 

(Elmasonic S60H), centrifuge (Digisystem DSC-300SCD), 

freezer (Biomedical Labtech Deep Freezer), vortex (Maxi 

Mix II), evaporator (TurboVap LV), micropipette 

Eppendorf (Socorex), blue tip, yellow tip, and glasses 

equipment. 

Procedure 

Chromatography system 

The analytical separation used C-18 column 

(Waters, SunfireTM 5µm; 250 × 4.6 mm) and acetonitrile –  

 

phosphate buffer pH 7.6 (40:60) as mobile phase with a 

flow rate of 1.0 mL/min isocratically. The column 

temperature was set at 40 °C, and the injection volume 

was 20 μL. Detection was performed with Photodiode 

Array (PDA) with a wavelength of 300 nm [11]. 

Optimization of esomeprazole in dried blood spot 

sample preparation 

Whole blood samples containing EMP were 

spotted on DBS paper and dried. The DBS paper was cut 

in accordance with the spot size, extracted using 

methanol, shaken with vortex, sonicated, and 

centrifuged. The supernatant was evaporated under a 

nitrogen gas flow at 40 °C for 15 min, and the residue 

was reconstituted using 100 μL of solvent. Then it was 

centrifuged for 5 min in the autosampler vial, and 20 μL 

of the aliquot was injected into the HPLC. The 

optimized parameters were blood volume spotting, 

duration of drying, extraction method, the volume of 

extracting solution, time of vortex shaking, sonication 

time, centrifugation time, evaporating treatment, and 

solvent type for reconstitution of residue. 

Method validation of esomeprazole analysis in dried 

blood spot 

This study referred to the European Medicines 

Agency (EMEA) Guideline for Bioanalytical Method 

Validation 2011 and the Food and Drug Administration 

(FDA) Guidance for Bioanalytical Method Validation 

2013 [12-13]. Validation parameters were selectivity, 

carry over, lower limit of quantification (LLOQ), the 

linearity of calibration curve, accuracy, precision, 

recovery, dilution integrity, and stability. 

Blood sampling on healthy volunteers 

This study was approved (no.: 0036UN2/F1/ETIK/ 

2018) by the Ethics Committee of Faculty of Medicine, 

Universitas Indonesia. Prior to the study, all 6 subjects 

(age: 20–55 years old, BMI: 18.5–24.9 kg/m2) had been 

declared healthy based on the results of medical check-

ups and had signed the informed consent. One day 

before blood sampling, healthy volunteers were 

quarantined and fasted for 8 h. About 150 µL blood was 

collected at 30 min before drug administration (pre-

dose); 0.5, 1, 1.5, 1.75, 2, 2.5, 3, 4, 6, 8, and 10 h after 
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administration of 40 mg of esomeprazole tablet. Blood 

collection was done through the fingertip (finger prick) 

with a sterile lancet needle. The blood that had been 

collected was then stored in a 0.5 mL vacutainer and 

spotted on DBS paper as much as 30 µL to be dried for 

approximately 2.5 h. Blood sampling was conducted in 

the Faculty of Pharmacy, Universitas Indonesia, Depok. 

Pharmacokinetic study and incurred sample stability 

Pharmacokinetic parameters were obtained based 

on the first-order equation of the rate of elimination, and 

the area under curve (AUC) was calculated by using the 

trapezoidal rule. Incurred sample stability was observed 

on DBS samples that represent both the high and low 

concentration range of results obtained, thereby analysis 

samples around the Cmax and elimination phase. This test 

was done by storing the DBS sample that contains the 

analyte of the healthy subject for a certain time in a zip 

lock bag at room temperature. On day 0, 7, 14, and 28 at 

each selected sample concentration, the DBS paper was 

extracted and analyzed. The acceptance criteria from 

EMEA 2011 is the percent difference between the initial 

concentration and the concentration measured during the 

repeat analysis should not be greater than 20% of their 

mean for at least 67% of the repeats. 

■ RESULTS AND DISCUSSION 

Optimization of Esomeprazole in Dried Blood Spot 

Sample Preparation 

Optimization of DBS sample preparation was 

carried out to afford the optimum extraction methods of 

esomeprazole from the DBS sample, thus could improve 

the analytical method sensitivity and recovery. 

The purpose of blood volume spotting optimization 

is to obtain the maximum peak area with the smallest 

blood volume. These parameters relate to the application 

of methods on the subject. For the convenience of the 

subject, the blood volume was taken as small as possible. 

Optimized blood volume was 20, 25, and 30 μL. The 

largest area was obtained at 30 μL of blood spotted. 

The purpose of drying time optimization is to obtain 

the fastest drying time with the largest area obtained. 

Drying time may affect recovery, so optimization is 

necessary [14]. The optimized drying time was 2, 2.5, and 

3.5 h. The result showed that the largest area was 

obtained at 2.5 h of drying time. 

The volume of methanol as an extracting solvent 

greatly affects the number of analytes that can be 

extracted from the DBS sample. This is related to 

methanol saturation by analytes and DBS samples, 

which are completely submerged during the extraction 

process by methanol. The purpose of methanol volume 

optimization is to obtain an efficient methanol volume 

with the largest area. The volume of methanol optimized 

is 500, 1000, and 1500 μL. From the optimization results, 

a volume of 500 μL of methanol shows a large and constant 

area compared to the volume of 1000 and 1500 μL. The 

increasing volume of methanol requires longer 

evaporation time. 

Vortex time needs to be optimized to get efficient 

time. If the vortex time is too fast, the extracting solvent 

will not penetrate completely into the DBS paper. 

However, if the vortex time is too long, the organic 

solvents will form emulsions. In this study, the 

optimized vortex time is 1, 3, and 5 min. The result 

showed that the largest area is obtained at the time of 

vortex for 3 and 5 min. Therefore, vortex for 3 min is the 

most efficient time. 

Sonication is performed to improve the efficiency 

of extraction. Sonication is the agitation process of 

particles in a solution using ultrasonic sound waves [15]. 

In this study, the optimization of sonication time is 5, 15, 

and 25 min. Based on the results of the experiment, the 

largest area was obtained when the sonication was 

performed for 15 min. If sonication time is too short, the 

analyte will not completely be dissolved from the DBS 

paper. Whereas if the sonication time is too long, there 

will be problems in analyte stability due to the heat 

generated from the sonication process. 

The centrifugation step is important to ensure the 

DBS paper is completely submerged by the extracting 

solvent and the impurities from the biological matrix 

and paper fibers that are removed from the DBS paper 

settle so that a clearer supernatant is obtained [16]. 

Clearer extraction results are expected to reduce the 

number of impurities and extend the life of the columns. 

In this study, the optimization of the centrifugation time 
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was 1, 3, and 5 min. The result showed that the largest area 

was obtained on centrifugation for 1 min. The longer 

centrifugation time allows the precipitation of the 

analytes in the sample together with the protein 

precipitated by methanol. 

Evaporation of the sample is performed to get a 

larger sample concentration so that the sensitivity of the 

method will increase. Optimization was carried out in 2 

types of treatment, the extraction result was directly 

injected into HPLC, and the extraction results were 

evaporated under a nitrogen gas flow for 15 min at 40 °C 

then reconstituted using 100 μL mobile phase. The larger 

and constant areas were obtained in the treatment, which 

was continued by evaporation. 

The optimized type of reconstituting solvent is 

methanol and the mobile phase. The consideration of 

solvent type optimization for reconstitution is related to 

esomeprazole solubility. Based on the results, the larger 

area was obtained from the reconstitution using a mobile 

phase that is acetonitrile-buffer phosphate pH 7.6 (40:60) 

compared to methanol. Sampled extract chromatogram 

with optimum preparation method can be seen in Fig. 1. 

Method Validation of Esomeprazole Analysis in 

Dried Blood Spot 

Lower Limit of Quantification (LLOQ) and calibration 

curve 

The LLOQ of this method was 70 ng/mL, with the 

coefficient of variation (CV) value of 10.60% and % diff 

between –17.14 to 8.88%. The calibration curve was 

linear, with the correlation coefficient r > 0.98 in the 

concentration range from 70 to 1400 ng/mL. 

Selectivity 

Selectivity test was performed by analyzing 

esomeprazole at LLOQ concentration of 70 ng/mL and 

blood blank from 6 different sources every 2 replicas. The 

study results showed no interference in the retention time 

of the analyte and the internal standard. 

Carry-over 

The Carry-over test was performed by analyzing 

esomeprazole at the concentrations of the upper limit of 

quantification (ULOQ), blank, and LLOQ, respectively. 

The results of the carry-over test in this study showed that 

the interference value of the LLOQ esomeprazole area 

was obtained by 12.69 and 13.50%, while the 

interference value of the internal standard area was 0.60 

and 0.58% so that the results meet the requirement. 

Accuracy, precision, and recovery 

The accuracy, precision, and recovery tests were 

performed by analyzing the analyte at concentrations 

lower limit of quantification (LLOQ, 70 ng/mL), quality 

control low (QCL, 200 ng/mL), quality control middle 

(QCM, 700 ng/mL), and quality control high (QCH, 

1000 ng/mL). There are 2 types of accuracy and 

precision tests performed, namely within-run and 

between-run. In testing the accuracy and precision 

within-run, there were 5 replicas analyzed in the one 

continue analysis time. Meanwhile, the test of accuracy 

and precision between-run is done by doing 3 times 

analysis of each 5 replicas at each concentration within a 

period of at least 2 different days. The results of the test 

are shown in Table 1. 

Dilution integrity 

Dilution integrity tests are performed to ensure 

that dilution does not affect the accuracy and precision 

of measurement results. Dilution integrity test was done 

by making a test solution at a concentration above 

ULOQ, which was 2000 ng/mL, and diluting the solution 

with whole blood so that a concentration of 1000 and 

500 ng/mL were obtained. The result obtained shown in 

Table 2. 

 
Fig 1. Chromatogram of esomeprazole at LLOQ (Lower 

Limit of Quantification) 
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Table 1. Within-run and between-run accuracy and precision 

Actual 

Conc. 

(ng/mL) 

Within-Run Between-Run 

Measured Conc. (Mean ± 

SD; ng/mL) 

CV (%) Bias 

(%) 

Measured Conc. (Mean ± 

SD; ng/mL) 

CV 

(%) 

Bias 

(%) 

70.0 68.49 ± 4.70 6.86 5.41 68.49 ± 3.86 5.64 8.66 

200.0 208.93 ± 23.08 11.04 8.07 201.05 ± 9.16 4.55 6.55 

700.0 708.27 ± 31.95 4.51 3.49 729.35 ± 19.95 2.74 5.06 

1000.0 908.16 ± 41.76 4.60 9.18 989.37 ± 74.34 7.51 7.35 

Table 2. Dilution integrity data 

Dilution Factor Actual Conc. (ng/mL) Measured Conc. (Mean ± SD; ng/mL) CV % Bias 

1 × 2000.00 1977.73 ± 48.59 2.46 2.32 

1/2 × 1000.00 1018.42 ± 67.63 6.64 5.92 

1/4 × 500.00 497.39 ± 35.18 7.07 5.71 

 

Stability 

The stability test is performed to ensure that every 

step is taken, and storage conditions during the 

preparation do not affect the concentration of the analyte. 

In this study, the stability test carried out was the stock 

solution stability test, short-term stability, long-term 

stability, and autosampler stability. 

The results of the stock solution stability test showed 

that esomeprazole was stable for 24 h at room temperature 

and protected from light storage and stable until day 14 at 

a storage temperature of -80 °C and protected from light. 

Whereas, the results of the stock solution stability test 

showed that the stock solution of lansoprazole was stable 

for 24 h at room temperature and protected from light 

storage, and stable for 14 days at -80 °C storage protected 

from light. 

Short-term stability test results showed that the 

analyte contained in the DBS sample was stable at room 

temperature for 24 h. Whereas, the results of the long-

term stability test showed that the analytes contained in 

the DBS sample were stable for 28 days with room 

temperature protected from light storage. 

An autosampler stability test is carried out to ensure 

the injection process in autosampler does not affect the 

concentration of analytes within a certain period. This test 

needs to be done because often, the sample must be left in 

the autosampler for a certain duration before being 

injected into HPLC. The results of the autosampler 

stability test showed that the sample in the autosampler 

could be left for 24 h before being injected into HPLC. 

Pharmacokinetic Study 

The pharmacokinetic study is essential to 

determine the Cmax and elimination phase of 

esomeprazole in the DBS sample. The validated method 

was applied to the pharmacokinetic study in healthy 

subjects following an oral route of administration of  

40 mg film-coated tablet of esomeprazole. From the 

results of sample analysis, data on the concentration of 

esomeprazole in blood per unit of time were obtained. 

This data was then plotted into the time vs. 

concentration curve of 6 subjects and can be seen in Fig. 

2. From  the  data,  several  pharmacokinetic  parameters  

 
Fig 2. Chromatogram of ULOQ 
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obtained, including a maximum concentration in DBS 

sample (Cmax), time to reach maximum concentration in 

DBS (tmax), half-life (t1/2), and Area Under Curve (AUC). 

Based on the pharmacokinetic profile data, it can be seen 

that Cmax obtained from all subjects ranged from 795.14–

1135.73 ng/mL with an average of 916.65 ng/mL. The 

coefficient of variation of Cmax from the six subjects was 

14.59%. Time to reach maximum concentration in the six 

subjects ranged from 2–3 h with an average of 2.25 h and 

a coefficient of variation of 18.59%. There was a decrease 

in AUC value in the DBS sample when compared with 

plasma. Esomeprazole’s AUC0-t in the plasma sample was 

3064.09 ngh/mL, while the mean AUC0-t in DBS was 

1765.41 ngh/mL. Sample concentration in DBS compared 

to the concentration in plasma are as follows: (1) analytes 

in DBS were not perfectly attracted during extraction, due 

to semi-polar analyte retained on polar DBS paper, and it 

was showed by recovery obtained only 67.13%; (2) blood 

samples for DBS are taken in peripheral blood vessels 

whose drug levels are lower than in the vein; (3) the blood 

volume for DBS samples is much smaller than plasma 

samples, so the concentration of analytes will also be 

smaller [17]. Besides that, ratio AUC0-t/AUC0-∞ obtained 

in this study was 100% for all subjects as shown in Table 

3, and its fulfilled EMEA criteria, which only requires 

greater than 80% [17-18]. 

Incurred Sample Stability 

According to the EMEA 2011, samples taken for the 

incurred sample stability (ISS) test are samples whose 

blood-collection points that are in approximately Cmax 

and the elimination phase. Because the tmax obtained 

varies between subjects, the point in time that ISS also 

varies. The highest percent difference (% difference) 

value of esomeprazole’s incurred samples stability on 

day 7, 14, and 28 days as shown in Table 4 from subject 

1 to subject 6 were 9.81% as shown in Table 5. This result 

fulfilled the acceptance criteria of the validation method 

based on the EMEA Bioanalytical Guideline 2011, which 

is the % difference should not be greater than 20%, and 

67% of total samples have to fulfill the criteria. So, the 

incurred sample stability result showed that 

esomeprazole was stable in the DBS sample at least until 

28 days. Some factors can support this stability in the 

DBS sample, such as the analyte is in a solid/dry state, so 

that collisions between particles can be minimized, 

which can further maintain the stability of esomeprazole 

compared to liquid samples such as plasma [19-20]. 

 
Fig 3. Mean concentration of esomeprazole in DBS 

sample from 6 healthy subjects after administration of 

40 mg esomeprazole enteric coated tablet 

Table 3. Summary of pharmacokinetic parameters of esomeprazole in DBS sample 

No. 
Subject 

Cmax 
(ng/mL) 

tmax 
(h) 

t1/2 

(h) 
AUC0-t (ngh/mL) AUC0-∞ (ngh/mL) 

AUC0-t/AUC0-∞ 
(%) 

1 1135.73 3 2.93 2675.5 2675.5 100 
2 931.79 2 1.69 1466.6 1466.6 100 
3 837.97 2 1.62 1494.39 1494.39 100 
4 800.33 2.5 1.65 1831.43 1831.43 100 
5 795.14 2 1.84 1581.92 1581.92 100 
6 998.93 2 1.89 1542.63 1542.63 100 

Mean 917 2 2 1765 1765 100 

SD 133.78 0.42 0.50 464.47 464.47 0 

CV 14.59 18.59 25.73 26.31 26.31 0 
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Table 4. ISS data of esomeprazole in DBS sample of subject 1 

Day 7 

Time (h) 
Area (µV.s) 

PAR 
Conc. Measured 

(ng/mL) 
% diff 

Analyte IS 

2.50 7362 198307 0.0371 582.49 0.04 

3.00 13562 198672 0.0683 1107.65 -2.50 

6.00 3268 206340 0.0158 223.51 0.51 

Day 14 

2.50 6037 180675 0.0334 583.64 0.24 

3.00 11205 175400 0.0639 1139.17 0.30 

6.00 2758 207315 0.0133 216.98 -2.45 

Day 28 

2.50 4993 143893 0.0347 527.81 -9.81 

3.00 8448 125922 0.0671 1088.90 -4.21 

6.00 2794 167170 0.0167 216.24 -2.80 

Table 5. Mean ISS data of Esomeprazole in DBS sample 

from all 6 subjects 

Day 7 

ISS Point % diff 

1 -0.84 

2 -1.43 

3 -0.08 

Day 14 

1 -1.88 

2 -0.48 

3 -0.92 

Day 28 

1 -2.88 

2 -5.46 

3 -5.32 

■ CONCLUSION 

Based on the incurred sample stability test results, 

esomeprazole was stable in DBS sample at least until 28 

days, because it fulfilled the acceptance criteria of EMEA 

Bioanalytical Method Validation Guideline 2011, in 

which the percent difference of the initial analysis and the 

repeat analysis was not greater than 20% on all incurred 

sample stability samples. 
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 Abstract: A rapid and effective method is developed for selective determination of 

five selected acidic drugs (salicylic acid, naproxen, diclofenac, ibuprofen and 

mefenamic acid) in water samples by using online solid phase extraction (Online-SPE) 

prior to liquid chromatography diode array detector (LC-DAD) analysis. In this study, 

Alginate incorporated multi-walled carbon nanotubes (Alg-MWCNT) beads were 

prepared and utilized as solid phase extraction sorbent. Optimization of online SPE-

LC operating parameters such as valve switching time, composition of acetonitrile and 

buffer pH was conducted using Box-Behnken Design of Response Surface Methodology 

(RSM) to evaluate the interactive effects of these three variables. Under the optimized 

conditions (valve switching time: 1.5 min, composition of acetonitrile: MSA, 60:40 and 

buffer pH: pH 2), the method showed good linearity (1–500 μg L−1) with coefficient of 

determination (R2) of 0.9971–0.9996 and low limits of detection ≤ 0.018 µg L–1. The 

method showed high relative recoveries in the range of 75–110% for river water and 

tap water samples, respectively with RSDs of ≤ 7.8 (n = 3). This method was 

successfully applied to the determination of acidic drugs in river and tap water 

samples. In addition, Alg-MWCNT sorbent offered high degree of selectivity and 

efficiency for online SPE-LC-DAD analysis. 

Keywords: online SPE-LC; alginate; MWCNTs; acidic drugs; water samples 

 

■ INTRODUCTION 

One of the trends in drug analysis nowadays is the 
development of rapid, highly efficient, as well as sensitive 
and reliable method for the identification and 
quantification of analytes in various matrices. Recent 
developments and improvements in analytical 
methodologies and advanced instruments have made the 
detection of pharmaceutical drugs at low concentration 
level possible. As a result of this advancement, 
pharmaceutical residues can be detected in various 
environmental samples and recognized as an ‘emerging’ 
contaminant [1]. 

In the last few decades, pharmaceutical drugs have 
played an increasingly important role in improving the 

quality of human life. Thousand tonnes of 
pharmaceuticals are consumed each year to treat and 
prevent illnesses [2]. However, the increasing 
consumption may lead to an accumulation of unused 
medicines in the household area. Nearly one-third of the 
pharmaceuticals sold annually are unused [3]. This 
situation may put human and animal health at risk due 
to accidental ingestion or exploitation of unused medicine. 

Non-steroidal anti-inflammatory drugs (NSAIDs) 
can be present in water supplies, either from domestic or 
industrial waste water discharges. The common method 
used for analyzing these pharmaceuticals in trace level is 
chromatography, either gas chromatography or liquid 
chromatography coupled with sensitive detection 
technique which is mass spectrometry [4-8]. However, 
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the matrix effects and the selection of internal standards 
should be taken into consideration [9]. Even though the 
concentrations of NSAIDs detected in a surface or ground 
water are in a range of ng L–1, they persist for longer periods 
of time in soils and sediments [10]. Therefore, the challenge 
remains in reaching these levels of detection using a 
method that is affordable, simple and yields reliable results. 

In this study, a method of using online solid phase 
extraction liquid chromatography (online SPE-LC) for 
the separation of five selected pharmaceutical drugs was 
proposed. Quantitative, non-destructive and time saving 
are some criteria of an ideal extraction system [11]. Solid 
phase extraction (SPE) is the most common method used 
for the extraction of pharmaceutical drugs in water 
samples. SPE has been claimed as an effective sample 
preparation method for removal of interfering 
compounds and enrichment of analytes [12]. Over time, 
the SPE technique not only can be performed in the off-
line mode but also provides the possibility of online 
coupling to other analytical steps, such as 
chromatographic analysis. The application of online 
coupling with chromatographic analysis may shorten the 
analysis time, reduce sample contamination and analyte 
loss, as well as improve the precision and accuracy [13]. 

Carbon nanotubes (CNTs) possess advantages in 
adsorbent-adsorbate interactions. On the other hand, this 
potential sorbent has high production cost, involves non-
biodegradable materials and leads to some environmental 
issues. Meanwhile, alginate is a potential bio-sorbent for 
the removal of pharmaceutical drugs from water sample. 
However, it is readily soluble in aqueous media due to its 
hydrophilic nature which limits its application as an 
adsorbent. 

Hence, this research pursues the potential usage of 
MWCNTs incorporated with alginate as a promising 
material to overcome both weaknesses with the aid of 
online-SPE-LC which is a simpler, more rapid and 
efficient method compared to the traditional offline SPE. 

■ EXPERIMENTAL SECTION 

Materials 

Ibuprofen, naproxen, diclofenac, mefenamic acid 
and salicylic acid were purchased from Sigma-Aldrich 

(purity assay in range of 98–101%). Acetonitrile (ACN) 
and methanol (MeOH) of high performance liquid 
chromatography (HPLC) grade was obtained from 
Merck (Darmstadt, Germany). Calcium chloride 
(CaCl2) was obtained from HmbG Chemicals 
(Germany) and methanesulfonic acid (MSA) was 
procured from Sigma-Aldrich (St. Louis, USA). 
Ultrapure water was produced by Barnstead Nanopure 
(Thermo Scientific). Sodium hydroxide and 
hydrochloric acid were obtained from Merck, 
Darmstadt, Germany and sodium alginate from Qrec 
(New Zealand). A multi-walled carbon nanotubes 
(MWCNTs) with specific surface area > 233 m2/g, purity 
of > 95%, 8–15 nm outer diameter × 50 µm in length was 
purchased from Sun Nanotech (Jiangxi, China). 

Procedure 

Preparation of standard and sample solutions 

The individual stock solution (1000 mg mL–1) of 
ibuprofen (IBU), naproxen (NAP), diclofenac (DIC), 
mefenamic acid (MEF) and salicylic acid (SAL) were 
prepared separately in methanol. All standard solutions 
were stored in the amber glass bottle at 4 °C when not in 
use. A series of working standard solutions were 
prepared in methanol by dilution prior to analysis to 
prevent from decomposition of analytes. 

The water samples were collected in bottles, pre-
cleaned with acetone and filtered through a nylon 
membrane filter to remove colloidal particles and stored 
in a freezer at 4 °C until analysis commenced. The tap 
water and river water samples (10 mL, pH 3) were spiked 
with the standard solution of five pharmaceuticals 
NSAIDs mixture to give a final concentration of  
0.1 µg mL–1 for each analyte. 

Preparation of Alg-MWCNT sorbent 

The preparation method for composite beads was 
adapted and modified from literature [14-15]. The 
composite beads were formed by suspension technique. 
Initially, 3% (w/v) of sodium alginate solution was 
prepared under stirring at 60 °C. Meanwhile, 0.3 g of 
MWCNT was dispersed in 30 mL deionized water under 
sonication for 30 min. Then, MWCNT was added into 
the sodium alginate solution and sonicated for another 
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1 h. The mixture solution was dripped through an 
injection needle into 1000 mL of 4% (w/v) of calcium 
chloride solution. The alginate-MWCNT beads were 
formed upon contact with calcium ions. After removal 
from the calcium chloride bath, the beads were rinsed 
thoroughly with deionized water using 11 μm filter paper 
and dried in an oven at 50 °C for 24 h. The dried Alg-
MWCNT beads (0.3 g) were packed in an online SPE 
empty column, ready to be used for analysis. 

The alginate-MWCNT beads were then 
characterized using Fourier Transformed Infrared (FTIR) 
spectroscopy (Thermo Fischer Scientific) in the range of 
4000–400 cm–1 using Attenuated Total Reflection (ATR) 
technique with diamond as the ATR crystal. This method 
was used to determine the surface chemistry and 
components of the biopolymer composite beads. The 
functional groups were determined based on specific 
broad bands observed. Surface morphology of the Alg-
MWCNT sorbent was analyzed using an ultra-high 
resolution field emission electron microscope (FESEM) 
model Zeiss Supra 40VP with 10K magnification. 
Nitrogen adsorption and desorption isotherm of the 
adsorbent were measured at -196 °C using BELSORP-
mini II instrument (BEL. Japan Inc.). Prior to 
measurements, the samples were degassed at 70 °C for 24 h 
in a vacuum oven. The isotherm was further analyzed 
using Brunauer-Emmett-Teller (BET) method to 
determine the specific surface area, total pore volume and 
average pore diameter of the sorbent. 

Online solid phase extraction system 

All analyses were performed using an automated 
high performance liquid chromatography Dionex 
Ultimate 3000 (Sunnyvale, CA, USA) system. The system 
comprises of a large volume loop (10.2 mL) autosampler, 
dual gradient pump, left and right, a solvent rack with an 
integrated vacuum degasser, a thermostat column 
compartment, two columns (online SPE column and 
analytical column) and a diode array detector (DAD). 

The analytical column was an Acclaim Polar 
Advantage II (5 μm, 120 Å, 4.6 × 150 mm) (Thermo 
Scientific USA) and the online SPE clean-up was 
performed using alginate incorporated multi-walled 
carbon nanotube biopolymer sorbent packed in an empty 

online SPE column. The system was equipped with a 
programmable 6 port/2 position switching valve for 
several modes (loading, clean-up, elution and 
separation). Data were processed by the Chromeleon™ 
Software v.6.8 (Dionex). Fig. 1 shows the schematics of 
the online SPE-LC system. 

The method comprises three steps which are 
sample loading, clean-up, elution and LC separation. 
Both pumps ran simultaneously. The flow rate was set at 
1 mL min–1 throughout the analysis with a temperature 
of 40 °C. 

At equilibrium mode, 10 μL of spiked water sample 
was loaded onto the flow system using auto-sampler 
(fitted with a 100 μL syringe). SPE column was then 
positioned into the loading mode using the switching 
valve. The left pump was used to load sample from the 
sample loop onto the SPE column at 1 mL min–1 and 
simultaneously the analytical column was equilibrated 
with the right pump. Next, the co-retained sample 
matrix was flushed out using a washing composition of 
10 mM MSA and ACN (95:5) while analytes were 
retained on the SPE column. During the cleanup 
process, the choice of mobile phases and time of 
switching valve are important factors that influence the 
extraction recovery [16]. After sample loading, the valve 
was switched to clean-up using the clean-up mobile 
phase (ACN: 10 mM MSA, 5:95 (v/v) and kept for 1.0 min 
to remove any possible impurities retained together with 
analytes. 

 
Fig 1. Schematic Diagram for Alg-MWCNT-Online-
SPE-LC 
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In the elution step, the switching valve was switched 
into the elution position which couples the SPE column 
with the analytical column. The analytes were transferred 
using gradient elution mobile phase composition. Lastly, 
in the separation step the switching valve was switched 
back into equilibration mode and disconnected the SPE 
column from the analytical column. In this mode, 
analytes continued separating in the analytical column 
using the right pump. In the left pump, the SPE column 
was equilibrated prior to the next sample being loaded 
into the sample loop. 

Detection method 

All analytes were simultaneously analyzed using 
diode array detector (DAD) at various wavelengths. The 
DAD was set at 230 nm. Identification of NSAIDs was 
based on retention time and ultraviolet (UV) spectrum of 
each analyte. 

■ RESULTS AND DISCUSSION 

Physical Properties of the Prepared Alg-MWCNT 

Beads 

Before the drying process, the shape of the 
composite beads formed were spherical with the turgidity 

coming from the formation of bivalent ions when 
alginate comes in contact with calcium ions [17]. 
Approximated size of the bead was ~2 mm in diameter. 
After the drying process, the composite beads shrunk by 
half (~1 mm in diameter) from the original size of the 
beads before drying as the water content in the beads had 
been removed through evaporation. 

Characterization of Alg-MWCNT Sorbent by FESEM 

Analysis 

Fig. 2(a-c) show the FESEM images of alginate, 
MWCNTs and Alg-MWCNT. Surface structure of 
alginate (Fig. 2(a)) under the magnification of 10 K 
shows a very smooth and clear surface. Meanwhile, the 
structure of MWCNT (Fig. 2(b)) under the same 
magnification shows some ball-of-string-like structure 
clumping together in random manner. It was also 
noticed that there were numerous entangled carbon 
nanotubes observed. The structure of the synthesized 
Alg-MWCNT (Fig. 2(c)) under the same magnification 
showed that the clumps of MWCNTs have been 
deposited onto the surface of the alginate. From the 
micrograph, it can be suggested that the MWCNTs 
particles had bound around the alginate surface [18]. 

 
Fig 2. FESEM Micrographs of (a) Alginate (b) MWCNTs (c) Alg-MWCNT under 10 K Magnification 
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Characterization of Alg-MWCNT Sorbent by FTIR 

Analysis 

Fourier Transform Infrared (FTIR) spectroscopy 
was used to investigate functionalized spectra of sodium 
alginate, multi-walled carbon nanotubes (MWCNTs) and 
alginate-MWCNTs. The results for FTIR spectroscopy 
were recorded and compared. Fig. 3(a) shows the spectra 
for the three compounds. 

Spectrum of sodium alginate showed important 
absorption bands corresponding to hydroxyl, ether, and 
carboxylic functional groups. Stretching vibrations of O–H 
bonds of alginate appeared in a very broad band at  
3258 cm–1. Observed bands in 1594 and 1407 cm–1 were 
attributed to the stretching vibrations of carbon-oxygen 
double bond and carbon-carbon double bond, respectively. 
Meanwhile, the band at 1026 cm–1 could be attributed to 
the C-O stretching vibration. 

On the other hand, the IR spectrum of carboxylated 
multi-walled carbon nanotubes (MWCNTs) displays 
some unresolved peaks due to the low transparency of 
CNT that caused it difficult for IR ray to penetrate and be 
absorbed into the sample. A broad peak appeared at  
3305 cm–1 corresponding to the O–H bond stretch of 
carboxylic acid functional group of MWCNTs. A peak 
appeared at 1772 cm–1 which represents C=O from 
carboxylate group. Peaks at 1645 and 1405 cm–1 suggest 
that the compound has a benzene ring which is the main 
structure of MWCNTs. 

The FTIR spectrum of alginate incorporated multi-
walled carbon nanotube shows slightly different peaks as 
compared to the alginate spectrum. It is suggested that 
the hydroxyl group present at 3258 cm–1 in the alginate 
spectra had been shifted to 3353 cm–1 in the Alg-
MWCNT spectra and the peak is broader than in the 
alginate spectra, indicating that the carboxyl group of 
MWCNT and the carboxyl group from sodium alginate 
were cross-linked synchronously with calcium ions [19]. 
Apart from that, this also shows that the alginate was 
cross-linked by the aid of calcium chloride solution [20]. 

The adsorption bands for carbon-oxygen double 
bond and carbon-carbon double bond were shifted from 
1594 and 1407 cm–1 to 1601 and 1423 cm–1, respectively. 
It was also observed that the carbon-oxygen single bond 
band at 1026 cm–1 in the alginate spectra was less intense 
in the Alg-MWCNT spectra, and the peak was shifted to 
1010 cm–1. This suggests that there could be substitution 
reaction that may have occurred during the formation of 
Alg-MWCNT [21]. 

Isotherm and Surface Area Analysis of Alg-

MWCNT Sorbent 

Nitrogen adsorption and desorption isotherm of 
the adsorbent were measured at -196 °C using 
BELSORP-mini II instrument (BEL. Japan Inc.). Prior to 
these measurements, the samples were degassed at 70 °C 
for 24 h in a vacuum oven. The isotherm was further 
analyzed using Brunauer-Emmett-Teller (BET) method 

 
Fig 3. (a) Infrared spectra of (i) MWCNTs, (ii) Alginate and (iii) Alg-MWCNT and (b) Brunauer Emmet Teller (BET) 
analysis of (i) Alginate, (ii) MWCNTs and (iii) Alg-MWCNT bead 
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to identify the specific surface area, total pore volume, and 
average pore diameter of the adsorbent. The porosity and 
surface area of pristine alginate, MWCNTs and Alg-
MWCNT beads were determined by BET. The BET 
analysis provides the value of specific surface area, total 
pore volume and average pore diameter while pore 
analysis provides information on the pore distribution of 
the adsorbents. Nitrogen adsorption-desorption isotherm 
of pristine alginate, MWCNTs and Alg-MWCNT (Fig. 
3(b)) at 77 K shows that they possess Types IV hysteresis 
loop which indicates a mesoporous to macroporous 
adsorbent with strong affinities towards adsorbate [22]. 

Table 1 shows the specific surface area, total pore 
volume and average pore diameter obtained from BET 
analysis. The results show that the pristine alginate has 
lower surface value than MWCNTs. The results show that 
the incorporation of MWCNTs in alginate matrix 
increases the surface area, and total pore volume of the 
Alg-MWCNT beads. The low surface area for Alg-
MWCNT is probably due to the low amount of MWCNTs 
used in the composition of beads (3%). 

Sorbent-Sorbate Interactions between Alg-MWCNT 

with Target Analytes 

The possible interaction between the sorbents 
(alginate and MWCNTs) and the interaction between the 
sorbent with the five target analytes were shown in Fig. 4. 
Strong hydrogen bonding interactions can occur between 
side chains of biopolymers alginate with other molecules 
either with the multi-walled carbon nanotubes or with the 
analytes. The highly associated interaction between 
blended Alg-MWCNT through hydrogen bonding helped 
improve swelling and gelation properties of alginate while 
imparting mechanical strength to agar. Meanwhile, the 
hydrogen bonding between alginate and target analytes 
can contribute to the extraction efficiency. On the other 
hand, π-π interaction may occur between the MWCNTs 
and the target analytes. At lower pH, strong interactions 

between the non-polar aromatic bonds of targeted 
analytes towards the hexagonal array of graphene sheets 
of MWCNTs could be attributed to π-π and 
hydrophobic interactions [23-25]. 

Optimization of Online SPE-LC Parameters Using 

Box-Behnken Design (BBD) 

Optimization for the extraction of five types of 
NSAIDs using online solid phase extraction yielded three 
optimized conditions, which are 1.5 min for valve 
switching time, 60% composition of acetonitrile in elution 
solvent composed of ACN: MSA and pH 2 for buffer with 
desirability 0.974. The regression equation of the fitted 
model is as shown in Eq. (1), where Y is the response (total 
peak area) of target analytes, A is the valve switching 
time, B is acetonitrile composition and C is buffer pH. 

2 2

2
Y 9.62 0.037A 0.009B 0.30C 0.31A 0.30B

      0.35C 0.062AB 0.081AC 0.060BC

= − − + − −

− − + −
  (1) 

The statistical significance of the terms used in the 
model was defined via ANOVA analysis. A multi-linear 
regression analysis was applied to the results of Box-
Behnken design. Composition of mobile phase and valve 

 
Fig 4. Sorbent-sorbate interactions between Alg-
MWCNT with target analytes 

Table 1. Results for BET analysis 

Sample Pristine alginate MWCNTs Alg-MWCNT 

sBET (m2g–1) 0.28363 134.14 0.62756 
Total pore volume (cm3 g–1) 0.0024974 1.4358 0.0048269 
Average pore diameter (nm) 35.221 42.817 30.766 
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switching time are two significant variables for the clean-
up step [26]. The effect of independent variables, which 
are valve switching time, acetonitrile composition, and 
buffer pH were evaluated by second order (quadratic). 
Table 2 shows the analysis of variance (ANOVA) 
regression model for response quadratic model for 
salicylic acid, naproxen, ibuprofen, diclofenac and 
mefenamic acid. The reliability of the fitted model was 
proven by the high F-values and the low P-values. 

The quality of fit on the quadratic polynomial model 
was presented by the coefficient of determination, R2 [27]. 
The value of R2 shows that there is an acceptable 
relationship between the predicted and actual values (Fig. 
5(a)). The closer the value of R2 to unity, the better is the 
empirical model fit to the actual data. Criteria for a good 
fit of a model, the R2 should be at least 0.80 [28]. The R2 
value calculated for the extraction of five NSAIDs was 
0.9052, indicating a significantly good fitted model. 

The main effects of the variables were visualized by 
Pareto chart (Fig. 5(b)). According to this figure, the 
acetonitrile composition affects the extraction the most. 
This is because, among the three parameters being 
investigated, acetonitrile composition is very crucial to 
ensure that the analyte will be well-eluted. The most 

commonly used organic solvents in HPLC are 
acetonitrile as it results in the lowest system 
backpressure in water mixtures and has a very low UV 
cut off for better UV/Vis detection sensitivity [29]. 

Effect of valve switching time on the peak of 

analytes 

The right time to switch the valve is very important 
to ensure all the analytes have been fully extracted by the 
sorbent and ready for separation step. Effect of valve 
switching time depends on the step that has been done 
in the SPE column. For example, if the valve has been 
switched too early, the analyte would not have been fully 
extracted by the SPE column. Some analytes would have 
skipped the SPE column and directly flowed into the 
analytical column during the separation step. The result 
will either be low in recoveries or some analytes may not 
be eluted (Fig. 6(a)). 

Effect of ACN:MSA composition on the peak of 

analytes 

In optimizing solvent composition, various 
isocratic elution of acetonitrile and 10 mM MSA were 
studied. Each analyte were eluted by increasing the 
strength of elution solvent. The increase in acetonitrile 
composition  means  that  the  elution  strength  of  the  

Table 2. Summary of ANOVA analysis of NSAIDs 
Transform Model Lack of fit DF R-square Equation 

Square Root Quadratic 
Significant 

Not significant 9 0.9052 Sqrt (Total Peak Area) = 

9.62 - 0.037A - 0.009B + 0.30C - 0.31A
2
 - 0.30B

2
 

- 0.35C
2
 - 0.062AB + 0.081AC - 0.060BC 

 
Fig 5. (a) The parity plot between predicted and actual (experimental) values for all analytes, (b) Pareto chart of the 
standardized effects in Alg-MWCNT online SPE-LC 
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Fig 6. Effect of (a) Valve switching time, (b) ACN:MSA composition and (c) Buffer pH on the peak of analytes, (a) 
salicylic acid, (b) naproxen, (c) diclofenac, (d) ibuprofen and (e) mefenamic acid 
 
retained analyte on the sorbent will be increased. All of 
the analytes were eluted from the column within 60–70% 
of ACN. A decrease in composition of 10 mM MSA with 
increasing ACN composition, improved the separation of 
the NSAIDs. Fig. 6(b) shows that the increase in the 
strength of the elution solvent (ACN:MSA) is 
proportional to the total peak area of the analytes. 

Effect of buffer pH on the peak of analytes 

Buffering is commonly needed when analyzing 
ionizable analytes with reversed phase LC. The ionized 
species always elute from the column earlier. Sometimes 
buffer is needed because some impurities are ionizable. 
The most suitable buffer pH for acidic analyte is at least two 
units below the pKa of the analyte. As shown in Fig. 6(c), 
at pH 2, the peak area of analytes were higher compared 
to pH 1. However, the peak area of analytes at pH 3 
decreased as there could be some analytes that were still 
in ionized form and combined with the impurities [30]. 

Response Contour Plot 

Fig. 7(a) shows the  three-dimensional  contour plot  

for the valve switching time and the buffer pH against 
the total peak area of the analytes. Meanwhile, the third 
parameter, which is composition of acetonitrile were 
kept at a mid-constant level: 60%. As observed, the 
hyperbolic contour plot shows that both buffer pH and 
valve switching time were correlated to one another. The 
optimal extraction efficiencies were observed near the 
middle of the contour plot at medium buffer pH and 
valve switching time which was located within the 
experimental region. 

Fig. 7(b) shows the three-dimensional graph plot 
for the composition of acetonitrile and the buffer pH 
against the total peak area of the analytes. The third 
parameter which was valve switching time was kept at a 
mid-constant level: 1.5 min. At lower pH, strong 
interaction between the non-polar aromatic bonds of the 
targeted analytes toward the hexagonal arrays of 
graphene sheets of MWCNT could be attributed to π-π 
and van hydrophobic interactions [31]. 

A three-dimensional graph was plotted for the 
valve switching time and acetonitrile composition against  
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Fig 7. RSM 3-D contour plots for Alg-MWCNT-online SPE-LC. Legends: (a) pH buffer and valve switching time (b) 
pH buffer and ACN composition (c) ACN composition and valve switching time against peak area of analytes 
 
the total peak area of the analytes, as shown in Fig. 7(c). 
The third parameter which was pH buffer was kept at a 
mid-constant level that is pH 2.0. It suggests that the 
optimum valve switching time is at 1.5 min and optimum 
acetonitrile composition is at 60%. With increase in the 
strength of the elution solvent, there is an increase in the 
total peak area of analytes. At one level, the high acetonitrile 
composition and the total peak area was maintained and 
gradually started to decrease. It could be due to the 60% 
acetonitrile composition which provides the most suitable  
 

polarity strength for the analyte to be eluted. 

Method Validation and Analytical Performance of 

Online SPE-LC 

The optimization of online SPE-LC method was 
then validated for relative recoveries, sample calibration, 
and Limit of Detection (LOD). A calibration curve was 
generated using five concentrations of standard mixture 
in the range of 1 to 500 μg L–1 with three replicates. 
Linear curves for each analyte were obtained with a good  

Table 3. Validation data of Alg-MWCNT-online SPE-LC method of NSAIDs in tap and river water samples 

Sample Analytes 
Linear range 

(µg L–1) 
Coefficient of 

determination, R2 
LOD (µg L–1) 

Precision (RSD, %) 
(n = 3) 

Tap water Salicylic acid 1–500 0.9993 0.0183 4.9 
 Naproxen 1–500 0.9975 0.0118 5.0 
 Diclofenac 1–500 0.9991 0.0062 1.4 
 Ibuprofen 1–500 0.9996 0.0075 3.4 
 Mefenamic acid 1–500 0.9971 0.0141 3.8 

River water Salicylic acid 1–500 0.9984 0.0152 0.9 
 Naproxen 1–500 0.9992 0.0159 6.8 
 Diclofenac 1–500 0.9978 0.0176 1.7 
 Ibuprofen 1–500 0.9995 0.0144 2.5 
 Mefenamic acid 1–500 0.9983 0.0095 2.1 
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correlation coefficient (R2 = 0.9971–0.9996). The 
sensitivity of the method expressed as Limit of Detection 
(LOD) was calculated at a signal to noise ratio of 3 based 
on linear regression method and the results were in the 
range of 0.0062–0.0183 μg L–1 for LODs. This proved that 
LOD for online SPE-LC method is much lower than 
traditional SPE method [32]. Table 3 shows the validation 
data for online SPE-LC of NSAIDs from water sample. 

Application of Online SPE-LC on River Water and 

Tap Water Samples 

To investigate the practicality of the proposed 
method for the analysis of acidic drugs in real samples, the 
method was applied to analyze salicylic acid, ibuprofen, 
naproxen, diclofenac and mefenamic acid in the tap and 
river water samples (Fig. 8). However, there was no peak 
detected for naproxen, ibuprofen, diclofenac and 
mefenamic acid in the samples. Percentage recovery study 

was conducted by spiking river water samples to give 
final concentration of 50 and 100 μg L–1. The results 
showed that good percentage recoveries were obtained 
in the range of 75 to 110% (Table 4) [33]. Thus, the 
online solid phase extraction method proved to be a 
simple, sensitive, and selective extraction method that 
complies to green chemistry, which could potentially be 
used in the chemical laboratory for routine analysis of 
water samples. 

■ CONCLUSION 

In this study, an online SPE-LC method by using 
Alg-MWCNT as sorbent has been successfully developed, 
for rapid analysis of five selected acidic drugs in water 
samples. Alg-MWCNT sorbent is expected to be an 
alternative green sorbent material that has a higher 
performance of extraction efficiency and higher selectivity 
rather than common SPE sorbent. An alternative online 

 
Fig 8. Chromatogram of online-SPE-LC of five NSAIDs in tap and river water samples; (i) spiked sample (ii) blank 
sample; (a) salicylic acid, (b) naproxen, (c) diclofenac, (d) ibuprofen and (e) mefenamic acid 

Table 4. Relative recoveries (%) and method precisions (RSD %, n = 3) at two different concentrations of Alg-
MWCNT-online SPE-LC in tap water and river water samples 

Sample Analyte 

Average relative recovery, % (RSD, %) 

Spiking level (n = 3) 

50 µg L–1 100 µg L–1 

Tap water Salicylic acid 75 (4.5) 79 (4.6) 
 Naproxen 91 (4.1) 96 (7.8) 
 Diclofenac 76 (3.7) 78 (5.5) 
 Ibuprofen 79 (4.1) 76 (3.8) 
 Mefenamic acid 85 (3.2) 82 (5.3) 

River water Salicylic acid 91 (3.2) 104 (4.8) 
 Naproxen 83 (3.9) 86 (2.7) 
 Diclofenac 104 (4.3) 110 (0.9) 
 Ibuprofen 79 (5.3) 83 (2.0) 
 Mefenamic acid 87 (3.6) 103 (4.7) 
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solid phase extraction combined with liquid 
chromatography (SPE-LC) has shown to have improved 
the extraction efficiency as it shortens the extraction and 
analysis time. Several parameters were optimized in the 
online SPE method. The optimum conditions were as 
follows: buffer pH at pH 2, ACN: MSA composition at 
60:40 and suitable valve switching time at 1.5 min. The 
optimum parameters were used in the analysis of real 
samples. All five analytes were successfully extracted 
using the same conditions in online SPE-LC. Good 
linearities were achieved for the analytes with coefficients 
of determination, R2, in the range of 0.9971–0.9996. The 
method was successfully applied for the analysis of river 
water and tap water samples, with good relative recoveries 
in the range of 75–110%. Online SPE-LC method by using 
Alg-MWCNT as sorbent proved to be a rapid, selective 
and efficient technique for the extraction and separation 
of acidic drugs in aqueous matrices. 
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Appendix 1. Compounds in the upgrading bio-oil as identified through GC-MS analysis 

Name of compound % Area 

Treatments 

A1B1 A1B2 A2B1 A2B2 A3B1 A3B2 A4B1 A4B2 

Aromatic         
Hexane - - - - 6.62 - - 5.85 
1-Methyl-Indan-2-one - - - 2.05 - - - - 
1H-Indene, 2,3-dihydro-4,7-dimethyl-  - - - - 0.53 - - - 
Benzene, methoxy- 0.71 - 1.34 - 0.40 - - 0.65 
3,4-Dimethoxytoluene - 0.14 - - 0.22 - 0.21 0.31 
Benzene, 1,2-dimethoxy 0.46 -- - - 0.21 0.4 - 0.30 
Benzeneethanol, 2-methoxy-.alpha.-methyl-  - - 0.26 - - - - - 
Benzene, 1-ethyl-4-methoxy-  - - - - - - - 0.32 
Benzene, 1,4-dimethoxy-  - - - - - - - 0.36 
2,3-Dimethoxytoluene - - - 0.67 - 0.54 - - 
Benzaldehyde, 2-hydroxy-  - - - - - 0.31 - - 
Naphthalene, 2-methyl - - - - - 0.34 - - 
Methyl-4-methoxybenzoate - 1.05 - 1.71 0.32 1.12 0.56 0.53 
 1.17 1.19 1.60 4.43 8.3 2.71 0.77 8.32 

Phenols         
Phenol 38.8 23.0 62.59 33.06 55.62 30.48 34.16 29.26 
Phenol, 2-methyl 2.44 - - - - - - - 
Phenol, 4-methyl 1.26 - - - - - - - 
Phenol, 2-methoxy 2.59 2.51 2.53 4.92 2.64 - - - 
Phenol, 3-ethyl 0.61 - - - - - - - 
Phenol, 4-methoxy-3-methyl 1.03 - - - - - - - 
2-Methoxy-4-methylphenol 4.41 2.08 - - 0.62 - - 0.9 
Phenol, 4-ethyl-2-methoxy-  - 1.40 - - - - - - 
2-methoxy-4-ethyl-6-methylphenol - - - - - 0.24 - - 
 51.14 28.99 65.12 37.98 58.88 30.72 34.16 30.16 

Aliphatic and Alicyclic          
Tridecane (CAS) n-Tridecane - 0.17 0.62 0.68 0.37 - 1.45 - 
Octadecane (CAS) n-Octadecane - 0.98 - - - - 2.4 - 
Hexadecane (CAS) n-Hexadecane - 1.78 0.21 1.08 - 2.28 0.76 0.26 
Tetradecane (CAS) n-Tetradecane - - 0.133 - 0.29 0.92 0.71 2.54 
Eicosane (CAS) n-Eicosane - - 1.22 - - - - - 
Nonadecane (CAS) n-Nonadecane - - - - 1.09 - - 2.06 
Dodecane (CAS) n-Dodecane - - - - - 3.09 4.07 2.74 
Heptadecane, 2,6,10,15-tetramethyl-  - - - - - 2.59 - - 
Octane (CAS) n-Octane  - - - - - - 0.28 - 
Nonane (CAS) n-Nonane  - - - - - - 0.61 - 

Cyclododecane  - - - - - - 0.51 -` 

Pentacosane (CAS) n-Pentacosane  - - - - - - 1.61  

Octacosane  - - - - - - - 0.86 

Pentatriacontane  - 1.20 - - - - - - 

Cyclopentane, methyl - - - - - - - 0.4 
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Appendix 1. Compounds in the upgrading bio-oil as identified through GC-MS analysis (Continued) 

Name of compound % Area 

Treatments 

A1B1 A1B2 A2B1 A2B2 A3B1 A3B2 A4B1 A4B2 

9-Eicosene, (E) - - - - 0.27 - - - 
1-Octene (CAS) Caprylene - - - - - - 0.21 - 
3-Methylpentane - - - - - - - 0.60 
2-methylpentane - - - - - - - 0.08 
1-Hexadecene (CAS) Cetene - - - 0.45 - 0.31 0.23 0.27 
1-Octadecene  - - - 2.27 - 0.79 0.77 0.49 
1-Nonadecene  0.59 - - 1.72 - 1.08 1.03 - 
 0.59 4.13 2.18 6.2 2.01 11.06 14.64 10.3 

Ketone         
acetone-oxime - - 0.62 - - 0.19 - 0.10 
Ethanone, 1-(2-furanyl) 0.69 - - - 0.41 - - - 
2-Cyclopenten-1-one, 2-methyl- 0.37 - 0.44 - 0.59 - - - 
2,3-Dimethyl-2-cyclopenten-1-one 1.96 0.27 2.5 2.23 0.82 1.34 1.46 0.93 
2-Undecanone  - - - 0.33 0.17 0.23 - 0.2 
3-isopropylcyclopentyl-2-enone - - - - 0.21 - - - 
 0.23 0.27 3.56 2.56 2.2 1.76 1.46 1.23 

Ester         
Acetic acid, methyl ester 1.16 - 0.93 - - 0.19 0.18 0.10 
Butanoic acid, anhydride 1.97 - - - - 0.69 - - 
Acetic acid, phenyl ester 1.06 - 0.4 0.25 1.75 0.66 0.30 1.06 
Octanoic acid, methyl ester 1.45 0.23 2.29 - 0.42 3.13 2.49 5.64 
Benzoic acid, methyl ester  - - 2.75 - 3.06 - 2.64 7.4 
Tetradecanoic acid, methyl ester  - 3.11 - - - - - - 
Dodecanoic acid, methyl ester 6.90 6.41 4.96 12.88 5.36 9.58 10.91 8.71 
Decanoic acid, methyl ester  - 0.45 1.01 2.86 1.19 2.43 1.91 2.12 
Dodecanoic acid, phenyl ester - 0.72 - 1.18 - 0.8 0.78 2.63 
9-Octadecenoic acid (Z)-, methyl ester  - 2.67 - 0.36 - - 2.77 0.25 
Heptadecanoic acid, 16-methyl- ester  - 0.74 - - - - - - 
Methyl propanoate - - 0.2 - - - - - 
Hexanoic acid, methyl ester - - 0.74 - 0.29 - - 2.08 
Octadecoic acid methyl ester  - - - 1.84 - - - - 
octanoic acid, phenyl ester - - - 0.4 - 0.31 - 0.15 
Propanoic acid, phenyl ester  - - - - 0.23 - - - 
Methyl palmitate - - - 1.7 0.42 1.07 3.00 1.13 
Octadecanoic acid, 2-propenyl ester  - 1.88 - - - - - - 
Heptadecanoic acid, 16-methyl-, methyl ester  - - - - - - 0.89  
Pentanoic acid, 4-methyl-, methyl ester  - - - - - - - 0.13 
Heptanoic acid, methyl ester  - - - - - - - 0.67 
 12.54 16.21 13.28 21.47 12.72 18.86 25.87 31.94 

Acid         
Acetic acid 5.40 - 10.87 1.91 9.71 - 3.32 4.53 
Octanoic acid 4.87 2.04 - 0.75 - 4.28 - 1.28 
Hexadecanoic acid  - 0.98 - - - - - - 
Decanoic acid (CAS) Capric acid - 0.49 - - - - - - 
Tetradecanoic acid (CAS) Myristic acid - 6.60 - - - - - - 
Dodecanoic acid, 1-(hydroxymethyl)-1,2-
ethanediyl 

- 0.25 - - - - - - 

Dodecanoic acid (CAS) Lauric acid 20.10 34.23 - 5.15 - 1.54 8.47 - 
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Appendix 1. Compounds in the upgrading bio-oil as identified through GC-MS analysis (Continued) 

Name of compound % Area 

Treatments 

A1B1 A1B2 A2B1 A2B2 A3B1 A3B2 A4B1 A4B2 

Nonanoic acid (CAS) Nonoic acid - - - - - - 0.88  
Propanoic acid (CAS) Propionic acid - - - - 1.62 - - - 
Butanoic acid (CAS) n-Butyric acid - - - - 0.61 - - 0.65 
 30.37 44.59 10.87 7.81 11.94 5.82 12.67 6.46 

Furan         
2-Furancarboxaldehyde (CAS) Furfural - - - - - - - 0.34 
2,3-Dimethylbenzofuran - - 0.59 0.32 0.19 0.29 - 0.82 
2-Furanmethanol, tetrahydro-  - - - 0.70 - - 1.00 - 
Benzofuran, 2-methyl 0.81 - 0.62 - 0.34 1.12 - 1.36 
2-Ethylbenzofuran 0.21 - - - - - - - 
2,4-Dimethylfuran - - - - - 0.26 - - 
 1.02  1.21 1.02 0.53 1.67 1.00 2.52 

Alcohol         
1-Heptadecanol (CAS) n-Heptadecanol - 0.48 - - - - - - 
1-Tridecanol (CAS) n-Tridecanol - - - 0.65 - - - - 
1-Tetradecanol (CAS) Alfol 14 - - - 1.23 0.26 0.51 0.55 1.35 
1-Nonanol (CAS) n-Nonyl alcohol - - - - - - 0.25  
1-Dodecanol (CAS) n-Dodecanol - - - - - - 0.23  
1-Undecanol (CAS) n-Undecanol - - - - - 0.32 0.39 1.15 
7-Dodecenol - - - - - - - 0.49 
 - 0.48  1.88 0.26 0.83 1.42 2.99 

         
Other Compounds  3.84 0.31 3.49 0.41 23.49 3.95 2.08 

Total 97.06 99.7 98.13 86.84 97.25 96.92 95.94 96 
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 Abstract: The world’s potency of fossil-derived petroleum fuels has declined steadily, 

while its consumption continues to rise ominously. Therefore, several countries have 

started to develop renewable fuels like bio-oil from biomass. Relevantly, the aim of this 

research was to explore the technical feasibility of upgrading the qualities of crude bio-oil 

(CBO) produced from the pyrolysis on oil-palm empty fruit bunches (OPEFB) using 

Ni/NZA catalyst in a batch reactor. The natural zeolite (NZ) was activated by HCL 6 N 

and NH4Cl (obtained sample NZA). Supporting Ni onto NZA was conducted with an 

impregnation method using a salt precursor of Ni(NO3)2·6H2O followed by calcination 

with a temperature of 500 °C. Catalyst characterization includes determining the site of 

TO4 (T = Si or Al) in zeolites, acidity, crystallinity, and catalyst morphology. Cracking 

reaction of CBO was carried out in batch reactor in varied temperatures of 250 and 300 °C 

with the variation of catalyst weight of 0, 4, 6, and 8% toward CBO. Several analyses of the 

liquid product such as product yield, specific gravity, pH, viscosity, calorific value, and 

chemical compound were conducted. The results showed that acidification and Ni loading 

on zeolite samples increased their acidity. The optimum CBO’s cracking condition was 

judged to be the temperature of 300 °C with 6% Ni/NZA catalyst use, whereby the fuel 

yield reached 26.42% and dominated by particular compounds comprising phenol, 

octanoic acid, and alkane hydrocarbons. Under such conditions, the characteristics of fuel 

were pH 3.54, specific gravity 0.995, viscosity 14.3 cSt, and calorific value 30.85 MJ/kg. 

Keywords: fossil fuels; renewable biomass-derived fuels; oil-palm empty fruit bunches; 

crude bio-oil (CBO); upgrading; catalyst cracking; CBO’s fuel 

 

■ INTRODUCTION 

The fossil-derived fuels, particularly petroleum oils, 

cannot be renewed and might inflict harmful effects on 

the environment. Besides, their formation may take 

considerable ages. Recently, worldwide petroleum oil 

production, including in Indonesia, continues to decline 

steadily, while the need for such fuel oil increases almost 

every year. This situation requires the findings of 

alternative materials as the replacement for fossil fuels, 

which are almost limitless in supply and renewable, such 

as solar energy, water/marine energy, wind power, 

geothermal power, atomic/nuclear energy, and biomass. 

Biomass is one of the promising and considered 

alternative energy materials as a natural resource that can 

be renewed, which more environmentally friendly. The 

biomass also contains carbon (C) and hydrogen (H) 

elements, of which burning releases energy but exhibits 

unique characteristics and enacts the related interests, as 

among others exemplified in the following details. 

Biomass sources being renewable are abundantly 

available, especially from agricultural and forestry wastes 

in the form of woods and other lignocellulose matters [1]. 

One kind of the biomass-derived fuels which 

afford the potentiality to be developed prospectively and 

beneficially is bio-oil. Bio-oil could be in the shape of 

liquid fuels, and the biomass sources for such bio-oil are 

among other agricultural and forestry by-products, 

crops, and municipal wastes through further 

biochemical or thermochemical processes [2]. Bio-oil is 
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a thermally unstable mixture containing hundreds of 

oxygenated organic compounds [3]. This high content of 

such oxygenated matters increases the polar nature of the 

bio-oils, rendering their hygroscopicity and therefore 

limits its mixing ability with inherently less- or non-polar 

hydrocarbon fuels [4]. 

Some pathways that can be used to improve the 

qualities of crude bio-oil are through several various 

upgrading processes such as catalytic cracking, 

hydrocracking, or hydrodeoxygenation [5]. Liu et al. [6] 

reported that some researches had been conducted for the 

upgrading of bio-oil using Fe, Zn, Al, and Mg metal 

catalysts at ambient temperature under open atmospheric 

pressure. Results revealed that such metal catalysts 

improved the quality of resulting upgraded bio-oil (fuel), 

whereby its pH raised from 3.53 to 4.85, which could 

decrease the corrosive nature of bio-oil. 

Another metal that is also often used in the cracking 

reaction is Ni because it has good results and selectivity 

for the desired product [7]. However, Ni metal has several 

disadvantages when it is used directly, considering the 

high price, low surface area, and sintering can occur 

during the reaction. Other materials, as support such as 

zeolite, are required to improve catalyst performance and 

make a bifunctional catalyst. Natural zeolite is a porous 

material whose availability is abundant so that it has a 

high potential and occupies a special place to be used as a 

catalyst support material [8]. The use of natural zeolite 

impregnated with Ni, Mo, and Co was conducted by 

Sriningsih et al. [9] on hydrocracking of LDPE plastics 

waste. In this research, the highest gasoline conversion 

percentage is reached about 71.49% at a temperature of 

350 °C with H2 flow of 20 mL/min for 1 h. It is also shown 

that the composition of the product is paraffins, olefins, 

and naphthenes. 

Yang et al. [10] reported the working on the 

upgrading of bio-oil into fuel, which was produced from 

shrubs residues, through the cracking process using 

Zeolite H-ZSM-5 catalyst. Results showed that the quality 

of bio-oil-converted fuel improved after such catalytic 

cracking, whereby its oxygen content (w/w) decreased 

from 47.61 to 31.83% and its moisture content (w/w)  

 

decreased from 33.23 to 22.15%. 

Relevantly, the aim of this research was to 

investigate the technical feasibility of upgrading the 

qualities and characteristics of CBO previously 

produced from OPEFB, through the CBO’s cracking 

into fuel, with Ni/NZA as a catalyst and entirely under 

open atmospheric pressure. 

■ EXPERIMENTAL SECTION 

Materials 

The main material for bio-oil manufacture was 

fresh oil-palm empty fruit bunches (OPEFB). The 

OPEFB samples were obtained from the palm-oil 

factory, located in Lebak District, Banten Province. The 

natural zeolite was obtained from Bayah, Lebak-Banten. 

Meanwhile, the chemical matters used were AgNO3 

(Merck), hydrochloric acid (Merck), NH4Cl (Merck), 

Na2SO4 (Merck), Ni(NO3)2·6H2O (Merck). 

Instrumentation 

The FTIR spectra were recorded on a Shimadzu 

(FTIR-8201-FC) spectrophotometer; the XRD 

diffractograms were recorded on a Shimadzu XRD-

7000. The GC-MS chromatogram and spectra were 

recorded on a Shimadzu QP-2010 Ultra. The SEM 

images were recorded on a Zeiss EVO 50, sieve shaker 

(Retsch), bomb calorimetry Toshniwal DT 100, 

viscometer (Brookfield LVF), fixed bed reactor, 

analytical balance (Ohaus), oven (Memmert), 

distillation apparatus, stirrer, desiccator, pH meter 

(Hanna), pycnometer, Erlenmeyer and other glassware. 

Procedure 

OPEFB pyrolysis 

OPEFB samples were dried and cut into small 

pieces with a crusher. The resulting small-sized OPEFB 

were ready to use for fast pyrolysis process to obtain 

CBO product. For such, 500 g of sample OPEFB 

(moisture content, i.e., 10–15%, dry basis) was put into 

the pyrolysis reactor at a temperature of 550 °C [11]. 

After the pyrolysis, the mixed liquid (water and bio-oil) 

was collected as crude bio-oil (CBO). 



Indones. J. Chem., 2020, 20 (5), 1000 - 1009    

 

Santiyo Wibowo et al   

 

1002 

Preparation of Ni/NZA 

The preparation of the catalyst that incorporated 

zeolite referred to the procedure performed from the 

previous study [12]. The natural zeolite is crushed and 

then sieved using a sieve of 100 mesh, washed using 

distilled water, and then dried at a temperature of 120 °C 

(obtained sample is named as NZ). NZ was activated with 

6 N hydrochloric acid for 30 min at reflux temperature. 

The resulting solid was filtered and washed with distilled 

water to neutral and showed a negative test for the 

presence of Cl– ions using the AgNO3 solution. The 

residue was dried at a temperature of 100–120 °C. The 

sample was refluxed in the NH4Cl solution for 3 h at a 

temperature of 90 °C. The resulting solid was filtered and 

dried at a temperature of 100–120 °C to obtain activated 

natural zeolite (NZA). 

Loading Ni onto NZA was conducted with the 

impregnation method using a salt precursor of 3% 

Ni(NO3)6H2O to NZA (w/w) followed by calcination 

using the reactor with a temperature of 500 °C for 60 min 

(obtained sample Ni/NZA). Catalyst characterization 

includes determining the site of TO4 (T = Si or Al) in 

zeolites observed with Fourier Transform Infrared 

Spectroscopy (FT-IR Shimadzu, Prestige-21), acidity 

using ammonia adsorption, crystallinity using X-ray 

diffraction (XRD Shimadzu 7000), and catalyst 

morphology using a scanning electron microscope (SEM 

Zeiss EVO 50). 

Measurement of the catalyst acidity was carried out 

by flowing ammonia vapor for 24 h at room temperature 

on the catalyst sample. The acidity of the catalyst was 

calculated as the weight difference of the catalyst sample 

before and after adsorption, using the following equation: 

( )
×

−
=

−W3 W2
1000 mmol / gAcidity  (A : )

W2 W
w

1 M
% / w  

where A is the acidity of catalyst (mmol/g zeolite), W1 is 

the weight of an empty porcelain cup that has been heated 

(g), W2 is the weight of the cup aided of the catalyst before 

adsorption (g), W3 is the weight of cup and sample of the 

catalyst after adsorption (g), and M is the molecular 

weight of the base ammonia (g/mol). 

Cracking CBO in a batch reactor 

Cracking of CBO was performed in a batch reactor 

(reactor has a capacity of 500 mL, and is equipped with 

heater, condenser and thermocouple) with weight of 

Ni/NZA i.eA1 = 0% (control), A2 = 4%, A3 = 6% and A4 

= 8% toward CBO at temperature of B1 = 250 °C and B2 

= 300 °C for 2 h and replicated 3 times, respectively. The 

physicochemical properties of the liquid products were 

analyzed to obtain yield gravimetrically, specific gravity 

by pycnometer method, pH by pH meter, viscosity by 

Brookfield LVF viscometer, calorific value by bomb 

calorimetry Toshniwal DT 100 and chemical 

component product by GCMS Shimadzu QP 2010 Ultra. 

As a comparison, the CBO from the OPEFB pyrolysis 

was also examined for its characteristics similarly. 

■ RESULTS AND DISCUSSION 

Characteristics of Zeolite-Related Catalyst 

Table 1 discloses the results of total acidity analysis 

on the NZ, NZA, and Ni/NZA samples, which 

corresponded to 0.85, 1.20, and 1.70 mmol/g, 

respectively. It appears that the total acidity of Ni/NZA 

catalyst was the largest, followed in decreasing order by 

NZA, and NZ (the lowest). 

Total acidity is calculated by the amount of 

chemically adsorbed NH3 per unit weight of the sample. 

The amount of ammonia adsorbed on zeolite is obtained 

from the difference in weight of zeolite before and after the 

adsorption. Acidity measured in this research is the total 

acidity of the catalyst sample, namely Brønsted and Lewis 

acid. This is because ammonia has a small molecular size 

(molecular weight of 17 g/mol), so it can be adsorbed into 

the zeolite pore. Zeolites have small-pore sizes in the range 

of 0.30−0.45 nm [13]. Loading Ni onto NZA increased 

Brønsted and Lewis acid sites; therefore, Ni/NZA catalysts  

Table1. Total acidity of NZ, NZA and Ni/NZA 

Sample Acidity (mmol/g) 

NZ 0.8494 

NZA 1.1963 

Ni/NZA  1.7006 
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Fig 1. SEM results on the visual morphology image of (a) NZ and (b) Ni/NZA 

 

had the greatest acidity. Ni metal is highly coordinated 

(has an ability to bind with ligand due to the arrangement 

of electron potential from unoccupied d-orbital), which 

has many low-energy orbitals and can act as a Lewis site. 

This result was in accordance with the result obtained by 

Trisunaryanti et al. [14], that loading of Co, Ni, and Pd 

metals onto mordenite could increase the number of both 

Brønsted and Lewis acid sites. According to Naqvi et al. 

[15], increasing acidity of catalysts can facilitate 

converting biomass into an organic compound with lower 

molecular weight. An almost similar situation occurred in 

this research, whereby the use of Ni/NZA catalyst during 

CBO cracking into fuel brought out more numerously the 

fragmented and lower molecular weight organic 

compounds in the product, thereby contributing greatly 

to the increased fuel yield, compared to the cracking 

without catalyst (Table 2). 

Fig. 1(a) and 1(b) reveal the SEM images of NZ and 

Ni/NZA catalyst visually. From this figure, we can see the 

porous character and sphere-like crystals of the catalyst. 

Ni particles were less dispersed in catalyst because we can 

find the large Ni particles on the surface and Ni particle 

agglomeration tend to occur after the impregnation process. 

The XRD results of NZ and Ni/NZA catalysts are 

disclosed in Fig. 2. From this figure, the 2θ that appears in 

the sample can be identified through comparison with 

mordenite and clinoptilolite type at JCPDS data. It 

strongly indicates that the NZ could be classified as 

mordenite (m) mineral, which constituted the NZ’s main 

component and still contained clinoptilolite (kl) and 

quartz (k) (Fig. 2). Salim et al. [16] conducted zeolite-

related research and came out with a similar conclusion 

that natural zeolite contained mordenite, clinoptilolite, 

and quartz. Mordenite crystal is chemically a neutral 

basic structure and exhibits high resistance against high 

temperatures [17]. 

Metal impregnation into the zeolite causes 

decreasing of the crystallinity of NZA (crystallinity of 

NZA and Ni/NZA are 90.15 and 87.09%, respectively). 

It occurred because of the high temperature calcination 

process, making damage to the structure, and also less 

dispersed Ni on zeolite. 

The successful Ni-metal loading onto the zeolite 

was shown by the obvious diffraction line at 29.68° (Fig. 

2). This peak was sharp and strong enough, indicating 

that the active Ni sites were less dispersed on the support 

(also in line with SEM observation shown in Fig. 1). This 

is consistent with Yao et al. [18] research that the 

diffraction lines of Ni metal were weak and broad, 

indicating that the Ni was well dispersed in the support 

material. 

 
Fig 2. XRD’s diffractograph of NZ and Ni/NZA catalyst 
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Fig. 3 depicts the comparison of the FTIR spectra 

between natural zeolite (NZ) and Ni/NZA catalyst. For a 

zeolite in common, the typical absorption band of its 

structure was found in the wavenumber at 795 cm–1. Such 

a particular wavenumber was due to the bending 

absorption of the Si–O bond on the external zeolite 

framework. The vibration of Si–O/Al–O bonds at the area 

in the range of 420–500 cm–1 of FTIR spectra appeared at 

465 and 463 cm–1 for the NZ and Ni/NZ, respectively. 

The absorption bands at 3000–4000 cm–1 disclose 

the vibration of O–H hydroxyl inside the zeolite structure. 

The O–H group at 3449 cm–1 in the FTIR spectra was due 

to the adsorbed water molecule on the zeolite for the 

Ni/NZA catalyst. Further, the absorption bands at  

1639 cm–1 reveal the vibration caused by the OH-group 

buckling in water molecules, which was adsorbed into the 

natural zeolite as well as into Ni/NZA catalyst. 

From Fig. 3, it also can be seen that there was a peak 

shift at 1000–1100 cm–1, which showed the absorption due 

to the asymmetrical vibration of the TO4 group to larger 

wavenumber. In NZ spectra, a vibrational region of TO4 

showed a peak of 1043 cm–1 whereas on Ni/NZA at  

1051 cm–1. In zeolite, this shift occurred due to decreasing 

of Al atoms in zeolite framework in the dealumination 

process by HCl; therefore, the distance between the Al 

atoms will be further away, and Al atoms interaction will 

decrease, and it can be easier to move. This is similar to 

Ichsan et al. [19] that the shift of asymmetric vibration 

occurred after the impregnation of Ni into zeolite, and the 

band at 1045.46 cm–1 shifted to 1092.72 cm–1 for zeolite 

and NiMO/ZA, respectively. 

 
Fig 3. FTIR spectra of NZ and Ni/NZA 

Characteristics of the Upgraded Crude Bio-Oil 

The yield of the upgraded crude bio-oil 

The yield of CBO derived fuel, which was free of 

water, ranged about 1.52–26.42% (Table 2). The highest 

yield (26.42%) was obtained with a 6% Ni/NZA catalyst 

at 300 °C. Meanwhile, the lowest fuel yield was obtained 

without a catalyst at 250 °C. The CBO’s cracking at 250 °C, 

either with or without Ni/NZA catalyst, exhibited low fuel 

yield (1.52–3.91%). Accordingly, the CBO’s cracking at 

250 °C did not run optimally. The possible explanation 

is that because the collision between the involved 

reactants during the cracking at such low temperatures 

might not proceed effectively. 

On the other hand, the CBO’s cracking at higher 

temperatures (300 °C), either with Ni/NZA catalyst (4–

8%) or without catalyst (0%), brought out the higher fuel 

yield (20.32–26.42%). This can be explained as because the 

CBO’s cracking could occur more intensively at 300 °C, 

thereby converting more of CBO’s high molecular-

weight chemical components through degradation and 

other chemical breakdowns to numerously simpler and 

lower molecular weight compounds, all in produced 

fuel, increasing the fuel yield. The addition of Ni/NZA 

catalyst to the CBO’s cracking could increase the fuel 

yield (1.92–26.42%) when compared with the cracking 

without catalyst (1.52–20.32%). According to Hessel et 

al. [20], the use of catalysts could decrease the reaction 

temperature, and hence, it was able to reduce the 

reaction’s energy, and it could also provide more active 

sites for the reaction process. 

A catalyst could accelerate the reaction rate and 

improves the quantity as well as the quality of the 

reaction product. Besides, the catalyst might also 

enhance the selectivity of the reaction course toward 

releasing the desired final products. Accordingly, such a 

situation will allow the reaction to take place rapidly or 

to decrease the temperature due to the changes 

otherwise triggered by the reagents. Relevantly, in this 

research results, it is indicated that the use of Ni/NZA 

catalyst indeed accelerated the CBO’s cracking reaction 

and induced reaction selectivity, thereby intensifying the 

CBO’s chemical conversion and increasing the yield of 

the desired product. 



Indones. J. Chem., 2020, 20 (5), 1000 - 1009    

 

Santiyo Wibowo et al.   

 

1005 

Table 2. Characteristics of the upgraded CBO into fuel 

Code for CBO’s cracking results Physical properties 

treatment 

combination in the 

cracking 

(AB) 

Mixed 

liquid 

(%) 

Water-free 

liquid (fuel) 

(%) 

Water 

(%) 

Residue 

(%) 

Conversion 

(%) 

pH Specific 

gravity 

Viscosity 

(cSt) 

Calorific 

value 

(MJ/kg) 

Raw bio-oil - - -   2.70 1.072 57.7 - 

A1B1 6.67 1.52 5.15 84.19 15.81 2.86 1.001 11.5 17.22 

A1B2 24.87 20.32 4.55 62.36 34.64 3.16 0.999 21.3 22.24 

A2B1 9.43 1.92 7.51 83.29 16.71 3.15 0.998 9.5 18.94 

A2B2 30.72 25.62 5.10 57.15 42.85 3.53 0.994 11.17 29.49 

A3B1 10.06 3.90 6.16 81.69 18.31 3.43 0.996 9.7 22.65 

A3B2 30.65 26.42 4.23 56.59 43.40 3.54 0.995 14.3 30.85 

A4B1 8.88 3.56 5.32 80.81 19.19 3.31 0.992 9.8 27.46 

A4B2 30.65 26.12 4.53 59.29 40.71 3.53 0.990 15 28.59 

Remarks: 

Treatment combination (AB) implemented in the cracking, as follows:  

A1B1 = Non catalyst, 250 °C temperature A3B1 = 6% catalyst, 250 °C temperature 

A1B2 = Non catalyst, 300 °C temperature A3B2 = 6% catalyst, 300 °C temperature 

A2B1 = 4% catalyst, 250 °C temperature  A4B1 = 8% catalyst, 250 °C temperature 

A2B2 = 4% catalyst, 300 °C temperature  A4B2 = 8% catalyst, 300 °C temperature 

 

In the upgrading of CBO qualities, it also ended up 

with the residue, which in portion ranged about 56.59–

84.19%. The highest portion of residue from the CBO’s 

cracking was obtained at 250 °C without a catalyst, while 

the lowest was at the 300 °C with a 6% Ni/NZA catalyst. 

The possible explanation for such occurring 

phenomena above was that the residue from the CBO’s 

cracking at 250 °C without catalyst was in greater part still 

in viscous form like tar, and could be cracked down at  

300 °C, thereby cracking at 300 °C with the catalyst is able 

to convert the CBO to lower molecular weight fractions 

and less viscous form as a liquid. Meanwhile, the residues 

at 300 °C were initially in a very thick form like mud, and 

subsequently, when the heating was continued to the 

cracking completion, it would induce the CBO’s cracking 

and carbonization more intensively. It is also generating 

more low molecular weight products and lower the residue 

portion in the form of mostly a solid charcoal. 

From this research that at higher temperature with 

catalyst use, it could intensify the cracking action on 

converting the CBO’s through degradation to simpler and 

lower molecular weight compounds, thereby lowering the 

residue portion and conversely increasing the product 

yield. The situation was on the contrary at lower 

cracking temperature and especially without a catalyst. 

The cracking process in this research was able to 

convert as much as 15.81–43.40% of the CBO (Appendix 

1) into the mixed liquid forms (6.67–30.72%), and the rest 

escaped as non-condensable gases/vapors (7.28–12.75%). 

As much as 1.52–26.42% of those 6.67–30.72% mixed 

forms were as the CBO converted to fuel. 

The pH of the upgraded CBO 

The result showed that the pH of the upgraded 

CBO into fuel ranged from about 2.86–3.53 (Table 2). 

The lowest pH occurred to the fuel that resulted from 

CBO’s cracking at 250 °C without catalyst use, while the 

highest pH was obtained at 300 °C with 6% Ni/NZA 

catalyst use. This result indicates that high temperature 

with Ni/NZA catalyst brought about the fuel with higher 

pH. These pH values are entirely still in the common pH 

range (2.8–4.0) of bio-oil chemically converted from 

most biomass materials [21]. 

Such low pH value indicates the presence of organic 

acids in CBO-derived fuel generated from the further 

degradation of the CBO’s chemical compounds, which 

previously were already in degraded/depolymerized 
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forms (e.g., cellulose, hemicellulose, lignin, and extractives 

[especially residual palm oil/fat]) following the OPEFB’s 

pyrolysis. 

The CBO’s cracking at 300 °C aided by 6% Ni/NZA 

catalyst brought about the situation that those organic 

acids might be broken down to non-acidic (neutral) or 

weak-acid compounds with much lower molecular weight 

(e.g., hydrocarbon, aldehyde, ketone, slightly acidic 

phenols, and neutral hydrocarbons), thereby rendering the 

produced fuel less acidic or increasing the fuel pH until it 

achieved the highest (3.54). This is in line with the data in 

Appendix 1 for the treatment using 6% Ni/NZA at 300 °C, 

5.82% acid compound obtained, lower than the other 

treatments. In relevant, according to Wang [22], the pH 

value of bio-oil typically ranged about 2–3, due to the 

presence of carboxylic acids such as formic acid and acetic 

acid. 

The overall pH of the fuel produced from the CBO’s 

cracking was entirely greater than the pH of raw bio-oil or 

CBO that resulted from the OPEFB’s pyrolysis (Table 2). 

This indicates that the organic acids in the CBO in part 

underwent further chemical breakdown during the CBO’s 

cracking into numerously much lower molecular-weight 

compounds as among others neutral or rather neutral 

hydrocarbons in the cracking results (e.g., fuel). Bio-oil 

fuels with low pH value are less desirable, as they can lead 

to the corrosion of metal equipment such as conducting 

pipes, burner devices, and other metal-made apparatus. 

The specific gravity of the upgraded CBO 

The specific gravity of fuel ranged from about 0.990–

1.001 (Table 2). The lowest specific gravity occurred to the 

fuel produced from the CBO’s cracking at 300 °C with an 

8% Ni/NZA catalyst. Meanwhile, the highest specific 

gravity was achieved at 250 °C without a catalyst. 

These overall fuel’s specific gravity values were 

entirely higher than the specific gravity of OPEFB’s 

upgraded bio-oil into fuel, which reached 0.851, as 

conducted in another study [23]. As such, the upgraded 

bio-oil was produced through cracking of the bio-oil 

under high pressure by adding hydrogen (H2) gas and 

using the ZSM-5 catalyst. Presumably, such high fuel’s 

specific gravity achieved in this research could be 

attributed to the absence of high pressure and due to not 

adding H2 gas. In general, the specific gravity of the 

particular type of CBO produced from biomass pyrolysis 

reached as high as 1.2, and the specific gravity of bio-oil 

that resulted from the sawdust’s biomass pyrolysis 

achieved even higher (1.3) [24]. 

The viscosity of the upgraded CBO 

The measurement results on fuel’s viscosity 

revealed the variation in the range of 9.5–21.3 cSt (Table 

2). The lowest viscosity occurred at the fuel produced 

from CBO’s cracking at 250 °C with a 4% Ni/NZA 

catalyst while the highest fuel viscosity was from the 

implementation of 300 °C temperature without a 

catalyst. The fuel viscosity (9.5–11.5 cSt) at 250 °C for 

CBO cracking tended to be smaller than the fuel 

viscosity (11.7–21.3 cSt) at 300 °C. On the contrary, at 

250 °C as well as at 300 °C in the CBO’s cracking, the fuel 

viscosity without catalyst (11.5–21.3 cSt) was greater 

than fuel viscosity with Ni/NZA catalyst (9.5–14.3 cSt). 

It has been strongly confirmed that the use of 

Ni/NZA catalyst assisted in intensifying the conversion 

of CBO’s to more numerous fragmented/simpler and 

low molecular weight compounds. It is also explained 

that the CBO’s chemical breakdown brought about the 

produced fuel with low viscosity, due to the presence of 

Ni/NZA catalyst. 

In general, according to Vispute [25], the high 

viscosity of CBO is due to a large number and high 

concentration of high molecular weight compounds 

inside. Long-chain molecule compounds tended to 

entangle with each other, creating viscous mass, 

increasing the fuel viscosity. 

The fuel viscosity in these research results (9.5–

21.3 cSt) was still much higher than the viscosity as 

experimented by Zhang et al. [26] who performed the 

upgrading of bio-oil through the pine wood’s bio-oil 

cracking with 10% silica sulphuric acid (SSA) catalyst 

(w/w) in the reactor that was pressurized for 3 h at 120 °C. 

Such pressurized cracking brought about the upgraded 

bio-oil with low viscosity (5.5 cSt) and also low specific 

gravity (0.89). However, if compared to the viscosity of 

CBO (57.7 cSt) that resulted from OPEFB’s pyrolysis, the 

overall viscosity of the upgraded CBO into fuel was still 

much lower. This again confirms that CBO’s cracking at 
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elevated temperature (250 and 300 °C) aided by Ni/NZA 

catalyst (4–8%) could induce the conversion of CBO’s 

compounds to numerously simpler and low molecular-

weight compounds and lowering the fuel viscosity. 

Although the fuel that resulted from the upgrading 

of OPEFB’s CBO indicatively cannot be used as fuel for 

running vehicles or other transportation means that use 

piston-driven engines due to its still high viscosity, it 

seems still useful after being blended with petroleum’s 

heavy fuel for operating fuel-fired boilers [27]. 

The heating value of the upgraded crude bio-oil 

The calorific values from the CBO’s cracking were 

ranged from about 17.22–30.85 MJ/kg (Table 2). The 

lowest calorific value was encountered at the fuel 

produced from the CBO’s cracking at 250 °C without 

catalyst, while the highest was at 300 °C with a 6% 

Ni/NZA catalyst. These phenomena strongly confirm the 

previous indication that high cracking temperature  

(300 °C) aided by the Ni/NZA catalyst intensified more 

CBO’s conversion and therefore generated fragmented 

and low molecular weight compounds. 

When the fuel with such numerous fragmented low 

molecular-weight compounds was combusted, the 

heating potency of each compound would combine and 

add up to each other, accordingly released a considerable 

amount of energy, and hence, caused higher fuel’s 

calorific value. The calorific values of CBO-derived fuel in 

these results were, in part, still in the range of calorific 

values for the upgraded bio-oil into fuel that resulted from 

the hydrocracking of bio-oil or hydrodeoxygenation 

(HDO) using zeolite catalyst, which reached 21–36 MJ/kg. 

Further, the calorific values of CBO-derived fuel were 

considerably lower than the calorific values of fuel that 

resulted from bio-oil’s HDO process (42–45 MJ/kg) [28]. 

Such a high calorific value of the HDO’s upgraded 

bio-oil into fuel was attributed to the HDO’s cracking 

process, which used hydrogen gas and implemented high-

pressure in a 1–10 MPa range [29]. It seems that such 

HDO’s cracking intensified the bio-oil’s cracking more 

severely, generating the amount of short-chain 

hydrocarbon alkanes such as octane (C8H18) and nonane 

(C9H20) in the produced fuel. Accordingly, when those 

numerous short-chain alkanes were combusted together, 

their released energy could add up to each other and end 

up with high fuel’s calorific value. High heating values of 

particular combustible materials or fuels are desired, 

because it can provide a considerable amount of energy 

or power for operating fuel-run devices, such as fuel-

powered vehicles, electric generators, stoves, boilers, and 

furnaces. 

Chemical Compounds in the Produced Fuel 

Appendix 1 discloses the list of organic 

compounds present in the fuel that resulted from the 

upgrading of CBO, which was identified through the 

GC-MS analysis. It turns out that particular aromatic 

groups such as hydrocarbon, phenols, aliphatic, furan, 

ester, acids, ketones, and alcohols were identified, which 

contained significant amounts of phenolic compounds. 

These phenolic compounds, as identified, were due to 

the lignin degradation during the CBO’s cracking 

process, which was responsible for the higher content of 

carbon and hydrogen fractions in the produced fuel and 

contributed to the fuel’s higher heating values [30]. 

The cracking’s liquid product also contained 

aromatic hydrocarbons (e.g., benzene and benzene 

derivatives) and aliphatic hydrocarbons (e.g., hexane, 

tridecane, octadecane, hexadecane, etc.). The most 

numerous aliphatic and aromatic hydrocarbons were 

encountered in the fuel resulted from CBO’s cracking at 

300 °C temperature with 8% Ni/NZA catalyst, compared 

to the number of which resulted from the cracking with 

the other treatment. On the other hand, more numerous 

hydrocarbons were found in the fuel from CBO’s 

cracking at 300 °C temperature, aided by 8% Ni/NZA 

catalyst), compared to the number of hydrocarbons 

from CBO’s cracking at 250 °C with also 8% Ni/NZA 

catalyst. This again confirms that the use of higher 

temperatures during the CBO’s cracking brought out the 

produced fuel with more numerous hydrocarbon 

compounds inside and increasing the fuel 

heating/calorific value. 

To improve such unsatisfactory fuel qualities, it is 

recommended that the modification of CBO’s cracking 

process is necessary by implementing among others 

higher pressure, H2-gas addition, and higher 
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temperature. Relevantly, according to Huber et al. [31] in 

the biomass’s conversion through a cracking process into 

fuel which was suitable in use for transportation means 

that used piston engines, it necessitates the biomass 

cracking process at temperatures as high as 300–600 °C 

and implementing high pressure that reached 14 MPa 

(140 bar). 

Frety et al. [32] suggested that implementing higher 

hydrogen gas pressure during the biomass’ hydrocracking 

process would increase the production of alkane 

compounds. However, the hydrocracking process seems 

still an expensive way in an upgrading attempt to produce 

fuel with high energy and other improved qualities, 

because it requires the involvement of hydrogen-gas use 

and proper reactor equipment. 

■ CONCLUSION 

The optimum CBO’s cracking condition was 

determined to be the temperature of 300 °C with 6% 

Ni/NZA catalyst use. The fuel yield product, calorific 

value, pH, specific gravity, and viscosity were 26.42%, 

30.85 MJ/kg, 3.54, 0.995, 14.3 cSt, respectively. Several 

characteristics of fuel were regarded as satisfactory, except 

pH and viscosity. 
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 Abstract: Anacardium occidentale Linn. (A. occidentale L.) leaves possess bioactive 

polyphenols which are associated with antidiabetic potency for the management of type 2 

diabetes mellitus (T2DM). In this study, free, soluble ester, and insoluble-bound phenolic 

fractions from young and mature leaves of A. occidentale L. were extracted. 

Subsequently, all fractions were investigated for their inhibitory effect on α-amylase and 

dipeptidyl peptidase IV (DPPIV) activities. Both free (72.45 ± 3.6%) and soluble ester 

(83.40 ± 4.7%) phenolic fractions in the mature leaves extracts had significantly 

demonstrated greater α-amylase inhibitors than the young leaves. Likewise, soluble ester 

(4.09 ± 0.34 µg/mL) and insoluble-bound (4.87 ± 0.32 µg/mL) phenolic fractions in the 

mature leaves extracts were significantly more effective in inhibiting DPPIV than the 

young leaves. As for fractions comparison, insoluble-bound derived from the young leaves 

extract was a more potent α-amylase inhibitor than free and soluble ester phenolic 

fractions (p < 0.0001). Besides, soluble ester and insoluble-bound phenolic fractions 

showed a stronger inhibitor of DPPIV than the free phenolic (p < 0.001), irrespective of 

the maturity of the leaves. In conclusion, this study showed that A. occidentale L. extracts 

possessed antidiabetic properties, which may potentially be used as an alternative 

treatment for T2DM management. 

Keywords: Anarcadium occidentale Linn; dipeptidyl peptidase IV; α-amylase; inhibitor 

 

■ INTRODUCTION 

Diabetes mellitus is one of the major health 

problems that affect millions of people worldwide. It is 

projected that 642 million people aged 20–79 years 

around the globe will suffer from diabetes by 2040 [1]. In 

Malaysia, since the first National Health Morbidity 

Survey (NHMS I) until recent NHMS V, the prevalence of 

diabetes mellitus among the adult population has 

markedly increased from 6.3% in 1986, 8.2% in 1996, 

11.6% in 2006 and 15.2% in 2011 to 17.5% in 2015 [2-3]. 

Besides, diabetes also becomes one of the leading causes 

of death globally [1]. In 2012, it was reported that diabetes 

had caused 1.5 million (2.7%) deaths [4]. 

The management of diabetes involves continuous 

medical care with multifactorial risk reduction strategies, 

including lifestyle modifications and treatments with 

synthetic hypoglycemic drugs. Nevertheless, it is 

estimated that 70–80% of the world population still 

relies on traditional herbal medicine to meet their 

primary health care needs, including treatments for 

diabetes, especially in rural areas of developing nations 

[5]. For example, plants such as Aloe vera, Andrographis 

paniculata, Centella asiatica, Curcuma longa, and 

Anacardium occidentale have been demonstrated to 

possess antidiabetic properties [6-8], owing to the 

presence of bioactive compounds such as carotenoids 

and polyphenols that act as antidiabetic agents [9]. 
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In the carbohydrate metabolism, polyphenols such 

as phenolic acids, flavonoids, and tannins play a role in 

inhibiting α-amylase, a glycoside hydrolase enzyme that, 

if attenuated can slow down the breakdown of long chain 

carbohydrates to glucose, thus preventing a sudden rise in 

postprandial blood glucose levels [10-12]. 

Polyphenols are also able to regulate postprandial 

glucose levels through the inhibition of dipeptidyl 

peptidase IV (DPPIV), a serine protease that localizes on 

the cell surface of various tissues, including the small 

intestine [13]. By inhibiting DPPIV, it prevents the rapid 

degradation of incretins such as glucagon-like peptide 1 

(GLP-1) and gastric inhibitory peptide (GIP) that play a 

vital role in blood glucose control. GLP-1 and GIP actions 

include stimulating insulin secretion, lowering glucagon 

concentration and slowing gastric emptying [14-15]. 

Anacardium occidentale Linn. (A. occidentale L.) or 

commonly known as cashew tree, is a popular tropical 

plant among various ethnics in Malaysia for its leaves, 

shoots, the cashew seed, and the cashew apple. Its shoots 

or young leaves are especially one of the commonly 

consumed vegetables by various ethnics in Malaysia [16]. 

The leaves were noted to be petiolate, elliptic-obovate, 

measuring 4 to 22 cm long and 2 to 15 cm broad, have a 

cuneate base with obtuse tip, reticulate venation, entire 

and smooth edges, a spiral arrangement and have a 

notable leathery texture [17]. When young, the leaves are 

pliable and reddish (Fig. 1), and when the leaves mature, 

they turn to dark green and leathery with prominent 

yellow veins (Fig. 2). 

As described earlier, the leaves of A. occidentale L. 

also possess an excellent source of bioactive compounds, 

including phenolic acids [8,18-19]. Alkali and water 

extracts of A. occidentale L. contained predominantly 

gallic acid as well as protocatechuic, p-hydroxybenzoic, 

cinnamic, p-coumaric, and ferulic acids [20]. Besides, 

flavonol glycosides were also identified from the extract 

of A. occidentale L. young leaves, with the highest 

constituent was kaempferol-3-O-glucoside, followed by 

kaempferol-3-O-arabinofuranoside and quercetin-3-O-

glucoside [16]. For this reason, this study sought to 

determine whether A. occidentale L. leaves extracts to 

play a role in the inhibition of α-amylase and DPPIV 

enzymes. 

In nature, the insoluble-bound phenolics are one 

of the components of cell walls, while soluble ester 

phenolics compartmentalized within the plant cell 

vacuoles [21]. Therefore, the yield of extraction 

depended on the polarity of the compound to the solvent 

and method of extraction [22]. In this study, the soluble 

ester and insoluble-bound phenolic fractions were 

undergone extraction with acid-alkali treatments to 

release them from the bonded form. Here, we compared 

the enzyme-inhibitory activities of the extracts between 

free, soluble esters, and insoluble-bound phenolic 

fractions, as well as between the young and mature 

leaves. It is anticipated that these findings could provide 

some possible mechanisms by which they are used in the 

management and prevention of type 2 diabetes mellitus. 

 

 
Fig 1. Young leaves of A. occidentale L. 

 
Fig 2. Mature leaves of A. occidentale L. 
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■ EXPERIMENTAL SECTION 

Materials 

All chemicals used in this study were analytical grade 

and purchased either from Merck or Fisher Scientific 

Chemicals (Germany). Ultrapure water was obtained from 

Mili- Q system and was used in HPLC and enzyme assays. 

The recombinant DPPIV (human) enzyme was purchased 

from Enzo Life Sciences (USA). DPPIV-Glo (TM) 

Protease assay was purchased from Promega. α-Amylase 

enzyme and sodium potassium tartrate tetrahydrate were 

purchased from Nacalai Tesque. Acarbose (95%) and  

3,5-dinitrosalicylic acid were purchased from Acros. 

Soluble starch, monosodium phosphate, disodium 

phosphate, and standards reference were purchased from 

Sigma Chemical Co. (Missouri, USA). Parts of young and 

mature leaves of A. occidentale L. (2.0 kg) were purchased 

from Taman Pertanian (Kuantan, Malaysia). 

Procedure 

Sample preparation for extraction 

Young and mature leaves of A. occidentale L. (2.0 kg) 

were selected and washed under running water for several 

times. The leaves were chopped into small pieces. The 

leaves were then put into a freezer bag and kept frozen at 

-20 °C for 24 h. The frozen leaves were freeze-dried with 

conditions of 63 Pa vacuum pressures at 30 °C for three 

days. Subsequently, the samples were ground and sieved 

to obtain a uniform size of fine powder (< 1 mm). The 

powdered samples were kept in a vacuum-sealed container 

and stored at -20 °C for further analysis. 

Sample extraction 

The fine powdered of A. occidentale L. young and 

mature leaves were extracted using the maceration method 

with three different phenolic fractions - free, soluble ester, 

and insoluble-bound phenolic fraction extracts. The 

samples were extracted using methanol according to the 

procedure described by Dvořáková et al. [23] and Singh et 

al. [24] with slight modifications. 

Free phenolic fraction. Three grams of powdered sample 

was extracted three times, with 30 mL of methanol (80%) 

on an ultrasonic bath at 60 °C for 1 h. The samples were 

centrifuged at 9000 ×g for 15 min at 4 °C. The supernatant 

was filtered using a no. 4 Whatman filter paper and 

evaporated until a semisolid residue was obtained using 

a Büchi rotary evaporator (Newcastle, DE). The semisolid 

residue was labeled as a crude extract. The crude extract 

was then extracted with diethyl ether (3 × 30 mL). The 

ether extracts were collected and evaporated to dryness 

using a Büchi rotary evaporator with 850 mbar at 35 °C. 

The dried sample was labeled as free phenolic and 

dissolved into two solvents, methanol, and DMSO. The 

free phenolic extract was stored at -20 °C for further 

analysis. The supernatant with esterified phenolic 

compounds was moved into a new Falcon tube. 

Soluble ester phenolic fraction. The supernatant with 

esterified phenolic compounds was treated with 20 mL 

of 4 M sodium hydroxide (NaOH) for 2 h at room 

temperature. The treated supernatant was then acidified 

to pH 2 by adding 6 M hydrochloride acid (HCl) and was 

extracted with diethyl ether (3 × 10 mL). The ether extract 

was collected and evaporated to dryness using a Büchi 

rotary evaporator with 850 mbar at 35 °C. The dried 

sample was labeled as soluble ester phenolic and dissolved 

into two solvents, methanol, and DMSO. Soluble ester 

phenolic extract was stored at -20 °C for further analysis. 

Insoluble-bound phenolic fraction. The residue 

obtained from free phenolic fraction extract was treated 

with 15 mL of 4 M sodium hydroxide (NaOH) for 1 h at 

room temperature. The treated residue was then acidified 

to pH 2 by adding 2 M hydrochloride acid (HCl) followed 

by centrifuged for 10 min at 5000 ×g. The layer of 

supernatant was collected and extracted with 15 mL of 

hexane to remove free fatty acid and other lipids 

contaminants. The liberated phenolic was extracted with 

diethyl ether (3 × 10 mL). The ether extracts were collected 

and evaporated to dryness using a Büchi rotary evaporator 

with 850 mbar at 35 °C. The dried sample was labeled as 

insoluble bound phenolic and dissolved into two 

solvents, methanol, and DMSO. The insoluble-bound 

phenolic extract was stored at -20 °C for further analysis. 

High-performance liquid chromatography (HPLC) 

analysis 

High-performance liquid chromatography 

(HPLC) analysis consists of HPLC equipped with an 

ultraviolet-visible (UV-Vis). Before injection, each 



Indones. J. Chem., 2020, 20 (5), 1010 - 1017    

 

Nur Imanina Abdullah Thaidi et al.   

 

1013 

extracted sample was allowed to be filtered by a 0.45 µm 

PTFE filter (Millipore). The injection volume was 5 µL. A 

C-6 phenyl column (250 × 4.6 mm i.d., particle size 5 μm, 

C-6 Phenyl, phenomenex, Torrance, CA, USA) was used 

for the separation of sample components at 25 °C. For 

phenolic acid analysis, the mobile phase comprised of 

solvent A (methanol) and solvent B (a 1.5%, v/v, solution 

of formic acid in water). For flavonoids analysis, the 

mobile phase comprised of solvent A (methanol), solvent 

B (acetonitrile) and solvent C (0.5–1.0%, v/v, solution of 

formic acid in water). The flow rate was set at 1.0 mL/min 

for the compounds. 

In vitro α-amylase inhibition study 

α-Amylase enzyme activity was 3100 Unit/mg of 

protein (Nacalai Tesque). The α-Amylase enzyme was 

dissolved in sodium phosphate or phosphate buffer 

solution to give a concentration of 12 unit/mL solution. 

Soluble starch (1%, w/v) in water was used as a substrate 

solution. Briefly, 250 µL of extracted samples with DMSO 

were put into a screw-top Falcon tube. Then, 250 µL of the 

α-amylase enzyme in a phosphate buffer solution with pH 

6.9 was added into the Falcon tube. The mixture was 

preincubated for 10 min at 25 °C. Approximately 250 µL 

of the starch solution was mixed in the mixture as a 

substrate and incubated for another 10 min at 25 °C. Next, 

500 µL of DNS color reagent solution (96 mM  

3,5-dinitrosalicylic acid, 5.31 M sodium potassium 

tartrate in 2 M NaOH) was added into the Falcon tube to 

terminate the reaction. The Falcon tube was then placed 

into boiling water for 10 min. The mixture was cooled 

down and diluted with 5 mL of distilled water. 

The α-amylase activity was determined by 

measuring the absorbance of the mixture in a transparent 

96-well plate at 540 nm. Control incubations that 

represent 100% enzyme activity were conducted in an 

identical fashion replacing plant extract with DMSO. The 

absorbance (A) due to maltose generated was calculated 

using the following calculation: 

A 540 nm control or plant extract = A 540 nm Test – A 540 nm Blank   

The % of maltose generated was calculated from the 

linear equation obtained from the maltose standard 

calibration curve (0–0.25%, w/v, maltose). Percentage of 

inhibition = 100 - % of reaction, whereby: 

Means Maltose in sample
100

Means Maltose in negative contr
% rea

ol 
ction = ×   

In vitro dipeptidyl peptidase IV (DPPIV) inhibition 

study 

The A. occidentale L. extracts were examined for 

inhibition bioactivities on DPPIV using the Promega 

DPPIV-Glo Protease Assay kit with a white 96-well 

plate. Before the inhibition test was performed, each 

sample was allowed to pass through a 0.45 µm PTFE 

filter (Millipore). The purified porcine DPPIV enzyme 

(88% homology to the human enzyme) from Sigma-

Aldrich was used to determine the activity of DPPIV 

inhibitor. DPPIV enzyme activity was defined as 1 Unit 

produces 1 µmol free pNA/min, using standard DPPIV 

assay condition at 37 °C. The DPPIV inhibitor activities 

were observed using a luminometer (Luminoskan 

Ascent 2.6) to detect luminescence on the white 96-well 

plate. IC50 values (µg/mL) were calculated from the 

quadratic formula generated from the log 

(concentration) and percentage inhibition. The 

protocols of analysis were based on the manufacturer 

specifications from Promega [25]. Kaempferol was used 

as a positive control. 

Statistical analysis 

Results were expressed as means ± SEM. The 

analysis was analyzed using SPSS statistical software 

(SPSS version 20; SPSS Inc., Chicago, IL). T-test analysis 

was used to compare the means between young and 

mature leaves. One-way analysis of variance (ANOVA) 

and Tukey’s Honestly Significant Difference test was 

used to compare means between fractions. The level of 

significance was set at p < 0.05, which corresponds to a 

95% confidence level. 

■ RESULTS AND DISCUSSION 

High-Performance Liquid Chromatography (HPLC) 

Analysis 

The presence of phenolic acid and flavonoids in A. 

occidentale L. leave extracts were first determined by 

HPLC using external standards. In this analysis, it was 

found that all extracts contained phenolic acid and 

flavonoids. Free phenolic fraction had a higher 
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concentration of phenolic acid but a lower concentration 

of flavonoids compared to soluble ester and insoluble-

bound phenolic fractions. Mature leaves of A. occidentale 

L. contained higher concentration in both phenolic acid 

and flavonoids than the young leaves. This trend was in 

line with a previous study where the presence of phenolic 

compounds varies in different parts of leaves. The 

variation of phenolic compounds concentration has also 

been reported at different stages of maturity of plants [26]. 

An in vitro Study of α-Amylase and DPPIV Inhibitory 

by Maturity 

Phenolic compounds in three different fractions 

between the young and mature leaves of A. occidentale L. 

were further analyzed for their α-amylase inhibitory effect 

(Table 1). Free phenolic fraction (72.45 ± 3.6%) in the 

mature leaves demonstrated a higher inhibition percentage 

of α-amylase activities than that in the young leaves (p < 

0.05). Similarly, soluble ester phenolic fraction (83.40 ± 

4.7%) in the mature leaves also exhibited a greater α-

amylase inhibitor as compared to the young leaves (p < 

0.001). However, the α-amylase inhibitory effect of the 

insoluble-bound phenolic fraction was not significantly 

different between the matured and young leaves. 

Table 2 shows the concentration of phenolic 

compounds fractions from the young and mature leaves 

of A. occidentale L. in the inhibition of DPPIV (IC50). IC50 

is defined as the concentration of an inhibitor (extracts of 

A. occidentale L. leaves) where the DPPIV enzyme activity 

is reduced by half (50%). A lower concentration indicates 

a more potent inhibitor. Regardless of fractions, the 

mature leaves were generally more effective in reducing 

the activity of DPPIV than the young leaves. Specifically, 

soluble ester (4.09 ± 0.34 µg/mL) and insoluble-bound 

(4.87 ± 0.32 µg/mL) phenolic fractions of the mature 

leaves were found to be significantly more potent 

inhibitors of DPPIV activities than the young leaves (p < 

0.001). Nevertheless, no statistical difference was found 

between the mature and young leaves for the DPPIV 

inhibition activity by a free phenolic fraction. 

In summary, it is clear that the mature leaves of A. 

occidentale L. are more potent inhibitors of both α-amylase  

Table 1. The inhibition percentage of α-amylase 

activities in the presence of compounds extracted (0.6 

mg/mL) from A. occidentale L. Results are expressed in 

means ± SEM 

Fractiona Young (%) Mature (%) 

Free 54.92 ± 2.3 72.45 ± 3.6b 

Soluble ester 16.34 ± 1.5 83.40 ± 4.7c 

Insoluble-bound 69.04 ± 2.8 69.65 ± 1.9 
aFraction of phenolic compounds extracted from A. occidentale 

L. was used in the α-amylase inhibition study; bYoung and 

mature leaves were compared by t-test, p-value < 0.05; cYoung 

and mature leaves were compared by t-test, p-value < 0.001 

Table 2. DPPIV inhibition activity for free, soluble ester 

and insoluble-bound phenolic compounds are tabulated 

by concentration (IC50) = µg/mL. Results are expressed 

in means ± SEM 

Fractionsa Young Mature 

Free 156.6 ± 27.5 53.46 ± 6.49 

Soluble ester 8.29 ± 0.33 4.09 ± 0.34b 

Insoluble-bound 11.48 ± 0.48 4.87 ± 0.32b 
aFractions of phenolic compounds extracted from A. occidentale 

L. were used in the DPPIV inhibition study; bYoung and mature 

leaves were compared by t-test, p-value < 0.001 

and DPPIV enzyme activities than the young leaves. Of 

relevance, our previous study had found that the 

concentration of phenolic acid and flavonoids were 

higher in A. occidentale L. mature leaves than in the 

young leaves (unpublished data). Therefore, it is 

believed that the higher phenolic content may 

proportionately increase its antioxidant capacity toward 

inhibiting both enzyme activity [12]. 

An in vitro α-Amylase and DPPIV Inhibitory 

Activity Study by Fractions 

Fig. 3 shows the comparison between the free, 

soluble ester and insoluble-bound phenolic fractions in 

inhibiting α-amylase activity in the young and mature 

leaves, respectively. In the young leaf extracts, the 

insoluble- bound phenolic fraction (69.04 ± 2.8%) 

demonstrated a significantly more potent inhibitor than 

free (54.92 ± 2.3%, p < 0.05) and soluble ester phenolic 

fractions (16.34 ± 1.5%, p < 0.0001). Likewise, free  
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Fig 3. Comparison within phenolic fractions in inhibiting 

α-amylase activities using one-way ANOVA followed by 

Tukey’s multiple comparison test analysis. Results are 

expressed in means ± SEM. *p < 0.05 and ****p < 0.0001 

phenolic had a greater capability in inhibiting α-amylase 

enzyme than soluble ester phenolic fraction (p < 0.0001). 

On the contrary, we found no significant differences in 

the α-amylase inhibitory effect between fractions of the 

mature leaves’ extracts. 

Fig. 4 indicates that in young leaf extracts, soluble 

ester (8.29 ± 0.33) and insoluble-bound (11.48 ± 0.48) 

phenolic fractions demonstrated a stronger inhibitor of 

DPPIV than free phenolic (156.6 ± 27.5, p < 0.001). A 

similar trend for the mature leaves extracts was noted 

where soluble ester (4.09 ± 0.34) and insoluble-bound 

(4.87 ± 0.32) phenolic fractions also exhibited a lower IC50 

than free phenolic (53.46 ± 6.49, p < 0.001). No significant 

differences were found between the soluble ester and 

insoluble-bound phenolic fractions for both the young 

and mature leaves, respectively. 

It appears that insoluble-bound fraction was the most 

potent inhibitor when compared to free and soluble ester 

phenolic fraction in both α-amylase and DPPIV inhibition 

activities. Although soluble ester phenolic fraction did not 

strongly inhibit the α-amylase activity, it was nevertheless 

effective in inhibiting DPPIV activity. We speculate that 

soluble ester and insoluble-bound phenolic fractions may 

contain a higher concentration of flavonoids than the free 

phenolic fraction. As indicated by a previous study, 

flavonoids were a strong inhibitor of α-amylase and DPPIV 

 
Fig 4. Comparison within phenolic fractions in DPPIV 

inhibition activities using one-way ANOVA followed by 

Tukey’s multiple comparison test analysis. Results are 

expressed in means ± SEM, ***p < 0.001 

enzymes [27]. In another study, it was shown that the 

soluble ester and insoluble-bound phenolic extracts of 

Moringa oleifera seed flour were more effective with 

minimum inhibitory concentration against bacteria 

than free phenolic fractions [24]. 

■ CONCLUSION 

Our findings indicated that the mature leaves of A. 

occidentale L. possessed better antidiabetic properties, as 

shown by a greater inhibition of both α-amylase and 

DPPIV enzymes when compared to young leaves. It was 

also observed that regardless of the maturity of the 

leaves, soluble ester and insoluble-bound phenolic 

fractions were a more potent inhibitor of α-amylase and 

DPPIV enzymes than free phenolic. Further studies of 

the elucidation and characterization methodologies are 

required in identifying specific phenolic compounds 

that are responsible for the inhibition of these enzymes. 
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 Abstract: Synthesis of 1,1-dibutoxybutane from the single reagent of n-butanol using 

Cr/Activated Carbon (Cr/AC) as a catalyst has been done. The aims of this research were 

to evaluate the effect of temperature, amount of catalyst, and alcohol flow rate towards 

the yield of 1,1-dibutoxybutane. Activated carbon (AC) was prepared by activating 

coconut shell carbon at 650 °C in the atmosphere of H2 at a flow rate of 15 mL/min for 4 h. 

The product was washed using acetone in a Soxhlet for 15 rounds, washed 3 times by  

1.0 M HCl, and finally, it was sieved at 60–80 mesh. Metal content was analyzed using 

atomic absorption spectrophotometry (AAS) for Na, Ca, and Fe. The AC was 

impregnated with Cr(VI) solution and reduced with H2 at 650 °C. The acidity of Cr/AC 

catalyst was determined by the adsorption of ammonia vapor. Optimization of n-butanol 

conversion to 1,1-dibutoxybutane using Cr/AC catalyst was conducted in an oven using 

variations of temperature of 450, 500, and 550 °C, catalyst amount of 5, 10, and 15 g, 

under an alcohol flow rate of 0.10, 0.50, and 0.90 mL/min. The conversions of  

1,1-dibutoxybutane were analyzed by GC-MS and 1H-NMR. The results showed that 

after washing by acetone and 1.0 M HCl, the content of metals in the AC was significantly 

decreased. The AC and Cr/AC showed acidity of 2.49 and 8.27 mmol/g, respectively. The 

highest product of 1,1-dibutoxybutane (53.42%) was achieved at 450 °C using 5 g catalyst 

of Cr/AC under the alcohol flow rate of 0.10 mL/min. 

Keywords: n-butanol; 1,1-dibutoxybutane; Cr/AC; catalyst 

 

■ INTRODUCTION 

The increase in the number of vehicles and 
industries causes the consumption of fuel oil has raised. 
This condition has caused the use of the fossil fuel to 
increase, and the world stock of this material is running 
low, and this condition will cause an energy crisis as it 
happened in 2008 [1]. 

In 2010, Europe consumed 12% energy from a 
renewable source, and 21% from electricity, wherein 2005, 
the consumption from renewable source had just reached 
6.38% and 13.97% from electricity [2]. In Indonesia, the 
consumption of subsidizing petroleum oil in 2011 reached 
41.79 × 103 million Liter. To overcome the crisis due to 
the rare of the oil in the future, a lot of researchers have 

studied the use of new materials of fatty animal [3-5] and 
vegetable oil [6-8], biomass, dissociated rubbish, roots, 
and fruits, as the source of bio-diesel and ethanol [9-10]. 

The cetane number is a measure of the quality of 
diesel fuel and can be increased by the addition of fuel 
additives. Primary alcohol and ether are known as a fuel 
additive, which has a burning temperature lower than 
diesel oil. These compounds can have a lower machine 
knock and lower unnecessary gas emission as carbon 
monoxide [11-14]. 

Fuel additives as a booster of ether compound 
could be produced from alcohol. In this case, Nord and 
Haupt [15] showed that the utilization of acetal such as 
1,1-dietoxyethane as diesel fuel additive decreased 
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particulate matter emission and smoke, and lower 
burning temperature [16-18]. 

Acetal or diether could be produced from alcohol 
and aldehyde using an acid catalyst, as shown by 
Capelletti et al. [19] and Kaufhold and El-Chawawi [20]. 
It can be produced from a single reagent of ethanol using 
Cu/SiO2 and H-Y-Zeolite as the catalyst [21] and from the 
conversion of butanol into dibutyl ether [22]. In addition, 
alcohol with C atoms more than 4 is non-hygroscopic and 
noncorrosive; hence, it was proposed to replace ethanol 

with n-butanol [23-25]. Research work of Falah and 
Triyono [26] reported that when the contact time between 
catalyst and feed is longer, and the temperature is higher, 
the diether compound as a product could be used as 
booster diesel oil. The catalytic reaction using Cu on 
activated carbon (AC) or the other metals for the 
conversion of alcohol to the diether is cheap because this 
reaction occurs in the gas phase; hence, it will not easily 
deactivate the catalyst. 

The reaction between alcohols using a Cr/AC 
catalyst at high temperature (400–550 °C) is rarely 
discussed. The utilization of Cr/AC catalysts could convert 
the alcohol into H2 and aldehyde, or react with another 
alcohol to produce ether and H2O. Based on the above 
consideration, we undertook the evaluation of conversion 

of alcohol (n-butanol) to diether (1,1-dibutoxybutane) 
using the Cr/AC catalyst under variation of temperatures 
(450–550 °C) and a new route of 1,1-dibutoxybutane 
formation as a better fuel additive will be discussed. 

■ EXPERIMENTAL SECTION 

Materials 

The chemical used in the experiment were 

purchased from Merck in p.a. quality. i.e., n-butanol, 
AgNO3, HNO3 65%, HCl 37%, H2O2 20%, CrO3, NaCl, 

Ca(OH)2, FeCl3·6H2O, acetone, and ammonia. Coconut 
shell, glass-wool, pH paper, aquabidest were also needed. 
H2 and N2 gases were from Surya Indotim Imex with a 
purity of 99.999%, while CO2 was from Samator with a 
purity of 99.999%. 

Instrumentation 

The catalyst was prepared using 40–60 and 60–80 
mesh sievers, Soxhlet extractor, electric oven, and Mettler 
electric balance (model AT200). The metals were 
determined using atomic absorption spectrophotometer 
(AAS Perkin Elmer Model 3110). Products of 
Hydrogenation were characterized by FTIR (Shimadzu 
Prestige 21), GC-MS (Shimadzu QP2010S) using HP-
5MSUI column, GC148 (Shimadzu) using CBP1 column 
and FID detector, 1H-NMR (JEOL JNM ECZ-500R). 

Procedure 

Synthesis of activated carbon and metal content 

analysis 

The coconut shell was ground and sieved using 40–
60 mesh siever. Then, it was activated at 650 °C for 4 h, 
while CO2 gas flowed at 20 mL/min. The carbon was 
then put in a Soxhlet and extracted using acetone for 15 
rounds, followed by drying in an open-air. Then it 
dipped 3 times in 1.0 M HCl solution for each 24 h. 
Finally, the carbon was sieved again using 60–80 siever. 

Further, 0.20 g of the activated carbon was 
destructed in 100 mL round bottle by adding 10.0 mL of 
HNO3 65% and then refluxed for 1 h at 130 °C. As much 
as 1.0 mL of this solution was inserted into 50 mL 
volumetric flask, and 4 mL of 20% H2O2 was added. 
Finally, the solution was diluted until 50 mL. This 
solution was used for analyses of Na, Ca, and Fe using 
FES and AAS. This procedure was also used for the 
carbon after washing with 0.1 M HCl 1, 2, and 3 times. 

Preparation of Cr/AC catalyst 

Four grams of CrO3 was put into 500 mL beaker 
glass, and 50 mL aquabidest was added. After all, CrO3 
was dissolved, 100 g of activated carbon was added. After 
24 h, while it was stirred, the mixture was heated at 90 °C 
until all water evaporated, and then the temperature was 
increased to 110 °C for 3 h (until the mass was constant). 
Further, the obtained solid was reduced at 650 °C for 4 h 
by flowing H2 at 15 mL/min. Before and after impregnated 
with Cr, the carbon was analyzed using FTIR. 



Indones. J. Chem., 2020, 20 (5), 1018 - 1024    

 

Iip Izul Falah et al.   
 

1020 

Determination of catalyst acidity 

Empty crucible porcelain was heated at 110 °C for  
1 h, and then it was used as samples holder of (0.2 g) dry 
sample of activated carbon or (0.30 g) of the Cr/AC 
catalyst. The porcelain was placed in a desiccator, and 
then 20 mL ammonia was inserted. After 24 h, the 
ammonia was evaporated for 30 min. The acidity of the 
activated carbon (or the catalyst) was calculated as follow: 

( )
3 2

2 1

W W mmol
1000

W W M g
Acidity =

−
×

−
  

where M is the molecular weight of ammonia (17.03 g/mol), 
W1 and W2 are the weight of empty crucibles, and crucible 
contains activated carbon (or the catalyst). W3 is the 
weight of crucible after adsorbed ammonia. 

Conversion of n-butanol to 1,1-dibutoxylbutane 

Five grams of Cr/AC catalyst was inserted into a 
reactor, where the lower part of this reactor was already 
closed by glass-wool, and then this reactor was inserted 
into an electric tube furnace. The upper part of this 
reactor was connected with Liebig cooler, and the lower 
part was connected with three necks bottles. The other 
necks bottle was used to insert a sample of n-butanol at a 
flow rate of 0.10 mL/min and insert H2 gas at a flow rate 
of 15 mL/min, and this bottle was heated at 130 °C. The 
temperature of the electric furnace was varied at 450, 500, 
and 550 °C; the flow rate of n-butanol was varied at 0.10, 
0.50, and 0.90 mL/min, while the amount of the catalyst 
was varied at 5, 10, and 15 g. The products were analyzed 
using GC-MS, FTIR, and 1H-NMR. 

■ RESULTS AND DISCUSSION 

Activated carbon from coconut shell is an excellent 
material for catalyst support because it has an abundance 
of micro-pore, low ash content, and low reactivity. The 
carbon is inert and stable in acid or base condition, and it 

can be prepared in particle form; hence, this material is 
very good to be used as a support of a catalyst. 

Determination of Na, Ca and Fe on the Carbon 

As support of catalyst, activated carbon has to have 
a large surface area. This condition could be reached 
using a small particle, but it must not cause a gas flow to 
stop while it is used in the reaction system. Hence, the 
carbon particle used in this work was 60–80 mesh. 

Table 1 showed the metal content in carbon after 
washing with acetone and HCl solution. It is shown that 
around 50% of metals could be washed out in this work, 
whereas metals ion was replaced by hydrogen ion, which 
then disappeared when heated. Hence, the content of the 
metals decreased in this work. 

The Acidity of AC and Cr/AC Catalyst 

From 3 experiments, it was known that the AC and 
Cr/AC catalyst acidity were 2.49 and 8.27 mmol/g, 
respectively. This data showed that the impregnation of 
Cr metal onto the AC significantly increased the acidity 
of AC. 

Catalytic Conversion of 1,1-Dibutoxybutane from n-

Butanol 

Table 2 and Fig 1-4 showed the result of analyses 
using GC-MS, where the compound at a retention time 
(Rt) 16.29 min was predicted as 1,1-dibutoxybutane, at 

Rt of 2.98 min was n-butanal, and at Rt of 3.60 min was 

n-butanol. Table 2 also showed that the highest product 
of 1,1-dibutoxybutane was 53.42%. This product resulted 
at a temperature of 450 °C, the mass of catalyst 5 g, and 
the flow rate of n-butanol 0.10 mL/min, with the rest of 

n-butanol 25.46% and a total of other product was 
16.60%. 

In analyzing the conversion of n-butanol to  
1,1-dibutoxybutane, the  FTIR  spectra of  the  reagent  and  

Table 1. Metals content in the activated carbon after washing 

Liquid washing 
Metal content in the carbon (ppm) 

Na Ca Fe 

Acetone 1.846 3.980 2.396 
0.10 M HCl (the first) 1.022 3.205 1.316 
0.10 M HCl (the second) 0.802 2.827 1.146 

0.10 M HCl (the third) 0.692 2.569 1.052 
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Table 2. Result of conversion of n-butanol to1,1-dibutoxybutane 
Temperature 

(°C) 
Weight of 
catalyst (g) 

Flow rate of 
n-butanol (mL/min) 

Product (% area GC) 
n-butanol 1,1-dibutoxybutane Other 

450 5 0.10 25.46 53.42 16.60 
450 10 0.50 79.43 9.21 1.08 
450 15 0.90 92.74 6.43 0.81 
500 5 0.10 95.61 0.39 3.81 
500 10 0.50 33.40 47.74 13.58 
500 15 0.90 62.45 33.32 3.27 
550 5 0.10 58.45 29.55 10.45 
550 10 0.50 89.31 2.03 8.39 
550 15 0.90 78.75 9.46 11.35 

 
product are showed in Fig. 5(a) and 5(b). Spectra of  
n-butanol (Fig. 5(a)) showed absorption with strong 
intensity at 3348 cm–1 due to the existence of –OH group. 
This peak was significantly reduced in the product (Fig. 
5(b)) because OH group has been converted into C–O–C 
of diether and C=O of aldehyde (butanal). The high peaks 
at 2932 and 2832 cm–1 were consistent due to these peaks 
related to the bond of C–H, which were not converted to 
the other bond. From Fig. 5(b), could be seen a strong 
peak at 1720 cm–1 whereas in Fig. 5(a), this peak did not 
appear. This peak is related to the formation of C=O bond 
of butanal as a side product. Another fact is that fingerprint 
at 1057 cm–1 from C–O alcohol changed to a broad peak 
at 1000–1150 cm–1 of C–O ether. These facts showed that 
most alcohols had been converted into 1,1-dibutoxybutane, 
and a small part has changed into an aldehyde. 

 
Fig 1. Chromatogram of n-butanol conversion product 
at 450 °C, using 5 g catalyst of Cr/AC, a flow rate of the 
alcohol 0.10 mL/min and flow rate of H2 15 mL/min 

 

 
Fig 2. Mass spectra and fragmentation of the first peak at 
Rt of 2.98 min 

 
Fig 3. Mass spectra and fragmentation of the second 
peak at Rt of 3.60 min 
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Fig 4. Mass spectra and fragmentation of the third peak at Rt of 16.29 min 
 

 
Fig 5. FTIR spectra of (a) n-butanol (b) n-butanol 
dehydration product using 5 g Cr/AC catalyst, temperature 
450 °C, and flow rate of the alcohol 0.10 mL/min 

Analyses of GC-MS and FTIR are supported by 
1H-NMR, where this spectra showed the existence of 
proton from 1,1-dibutoxybutane as the main product and 

butanal as a side product, while the n-butanol as a starting 
material was present in a small amount (Fig. 6). 

The existence of 1,1-dibuthoxybutane was clearly 

indicated from the signal of  proton l appeared as a triplet  

 
Fig 6. 1H-NMR spectra of n-butanol conversion product 

at a chemical shift of 3.628 ppm from (CH2–O)2–CH–, 

and signal of proton m as a triplet from (R–CH2–CH2–

O)2–CH– appeared at 4.447 ppm. In addition, the CH2 
of the propyl group was detected at a chemical shift of 
1.540 ppm overlap with other CH2. 

The side product of n-butanal could be proved 

from the presence of a singlet peak d at 9.766 ppm, which 

belongs to the CH aldehyde and signal c at 2.419 ppm 
for the CH2 next to a carbonyl group. Furthermore, the 
starting material of n-butanol was appeared as a broad 

signal r at 1.900 and signal h at 3.420 ppm for the presence  



Indones. J. Chem., 2020, 20 (5), 1018 - 1024    

 

Iip Izul Falah et al.   
 

1023 

of OH and CH2–O, respectively. 

■ CONCLUSION 

Preparation of activated carbon by washing with 
acetone and 1.0 M HCl consecutively, could significantly 
decrease the ions of Na, Ca, and Fe in the activated carbon. 
Impregnation of activated carbon with Cr metal could 
increase its acidity from 2.49 to 8.27 mmol/g. The GC-MS 
and 1H-NMR analysis showed that dehydration of  

n-butanol at 450 °C using 5.0 g catalysts of Cr/AC and 
0.10 mL/min of the alcohol could produce  
1,1-dibutoxybutane in 53.42%. 
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 Abstract: Medicinal plants have become important sources of natural products, which 

have been used in the development of therapeutic agents. Four new coumarins (1-4) have 

been isolated together with five known metabolites (5-9) from the medicinal plant T. 

asiatica. The structures of 1-9 were assigned based on their spectroscopic data. 

Compounds (1-9) inhibited the growth of the Gram-negative bacteria E. coli and Gram-

positive bacteria S. aureus at a concentration of 25 and 50 μg/disc. Compounds (2-4) 

inhibited the phytopathogenic fungus C. cucurbitarum at 50 μg/disc. 

Keywords: natural products; Toddalia asiatica; antimicrobial activity; NMR 

 

■ INTRODUCTION 

Toddalia asiatica Lam is a well-recognized 

medicinal plant in India, China, East Africa, Europe, and 

Okinawa [1-4]. Three main parts of this plant; fruits, 

roots, and leaves have been used to cure the same diseases 

like malaria, coughs, influenza, lung disease, rheumatisms, 

bronchial pains, stomachache, snake bites [1,5]. From the 

fact above, it is noted that many people already have 

traditional medical treatments using T. asiatica. 

Previous phytochemical studies reported the 

isolation from T. asiatica that contain the following 

compounds like coumarins, few polyphenolic, 

triterpenoids, flavonoids, lignans, and alkaloids [6-10]. 

Crude extracts and isolated compounds from this plant 

are reported to have pharmacological activities such as 

antioxidant, cytotoxic [11-14], anti-leukemic [15], 

antiparasitic [16-17] antidiabetic [18], analgesic [19], 

phosphodiesterase-4 (PDE 4) inhibitory [20], and 

antibacterial activities [21-22]. 

During our screening for new bioactive metabolites 

from terrestrial and marine natural resources [23-25], we 

found that the acetone extract of the stems of T. asiatica 

collected in Okinawa, Japan inhibited the growth of 

microorganisms. The aim of this study was to investigate 

chemical constituents of the traditional medicinal plant 

T. asiatica from Okinawan Island. 

This part describes the isolation, structure 

elucidation, and bioactivities of the four new coumarins 

class 1-4 together with five known compounds, toddalo 

lactone (5), toddaculin (6), toddanol (7), dihydrochelery 

thrine (8), and 6-Acetonyldihydrochelerythrine (9) 

from the medicinal plant T. asiatica [4,6,15,26]. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used were the steams of T. asiatica 

(collected from Okinawa Island Japan), and Merck silica 

gel 60 (particle size 0.063–0.200 mm, 70–230 mesh. 250 

mm). Analytical TLC was performed using Kieselgel 60 

F254 DC-fertigplatten (Merck). Microbial strains used 

were E. coli, S. aureus, A. niger, Cladosporium sp., and C. 

cucurbitarum (supplied by Natural Product Laboratory, 

Faculty of Science, University of the Ryukyus). 

Instrumentation 

The 1H (500 MHz) and 13C (125 MHz) NMR 

spectra were measured on a JEOL α-500 spectrometer, 

HPLC was performed on a HITACHI L-6000 pump 
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equipped with a water RI detector (R401), using Nacalai 

tesque COSMOSIL packed column (5C18, 10 × 250 mm 

and 55 L, 10 × 250 mm), Merck Hibar pre-packed column 

(RT 250-10 RP-18, 7 μm). Chemical shifts were referenced 

to residual solvent signals (CDCl3; δH 7.26, δC 77.0). 

Procedure 

Collection, extraction, and isolation 

The stems of T. asiatica were collected from Mibaru, 

Okinawa Island, in July 2008. The specimen was deposited 

at the University of the Ryukyus. The stems of T. asiatica 

(10 kg) was soaked in acetone and methanol three times 

at room temperature and filtered. The acetone and 

methanol extracts were combined and partitioned between 

water and ethyl acetate to yield a brown organic fraction. 

The ethyl acetate extract (159 g) was suspended in 

methanol and water (1:1) and then successively extracted 

with hexane, chloroform, and 1-BuOH. The hexane extract 

showed strong inhibition against bacteria E. coli and S. 

aureus at 100 μg/disc. Hexane extract (36 g) was washed 

with hexane then purified by PTLC to give compound 5 

(13 mg/0.0001% dry weight), 1 (2 mg/0.00002% dry 

weight), and 2 (2.0 mg/0.00002% dry weight). 

The hexane fraction (26 g) was subjected to column 

chromatography on silica gel using hexane-EtOAc-

MeOH solvent system to give 15 fractions. Fraction 12 

(850 mg) was washed with hexane then purified by 

recrystallization to give compound 9 (2 mg/0.00013% dry 

weight). Fraction 3 was subjected to further purification 

by PTLC using EtOAc: hexane (1:2) to afford compound 

6 (2 mg/0.00002% dry weight). Compounds 8 (2 mg/ 

0.00002% dry weight), 9 (1.7 mg/0.000017% dry weight) 

and 2 (1.5 mg/0.00015% dry weight) were isolated from 

fraction 12-3-2 (50 mg) by HPLC using EtOAc:hexane 

(1:2). Fraction 14 (133.8 mg) was subjected to open 

column chromatography on silica gel using hexane-

EtOAc-MeOH solvent system to give 10 fractions. 

Fraction 14-2 (18 mg) yielded compound 3 (2.2 mg/ 

0.00022% dry weight) by HPLC on Si-60 using 

EtOAc:hexane (1:2). Finally, compounds 7 (2.2 mg/ 

0.000022% dry weight) and 4 (2.2 mg/0.000022%) were 

isolated from fraction 14-5 (90 mg) by HPLC using 

EtOAc:hexane (1:2). 

Microbial test cultures and growth conditions 

Gram-negative bacteria E. coli and Gram-positive 

bacteria S. aureus were used for antibacterial tests and 

fungi A. niger, Cladosporium sp., and C. cucurbitarum 

were used for antifungal tests. Bacterial strains were 

maintained on bacteria medium agar (meat extract 0.05 g, 

peptone 0.1 g, NaCl 0.05 g, and agar 3 g in 100 mL dH2O) 

petri dishes at 4 °C, while fungi were maintained on 

fungi medium agar (malt extract 1.48 g, glucose 1.4 g, 

peptone 0.08 g, and agar 3 g in 100 mL dH2O). 

Antimicrobial in-vitro assays were done using the disc 

diffusion method. The fresh cultures were obtained by 

growing the test strains overnight at 37 °C for bacteria, 

while fungi were grown at 28 °C for 48 h. 

Antimicrobial activity assay 

The crude extracts and pure compounds were 

tested for antimicrobial activity against bacteria; E. coli, 

S. aureus, and phytopathogenic fungi; A. niger, C. 

cucurbitarum, and Cladosporium sp. Single colonies of 

the microorganisms used in the bioassay were sub-

cultured in 5 mL of bacteria and fungus liquid medium 

and incubated for 24 h. Aliquots of the test solution were 

applied to sterile paper discs (8 mm diameter) using a 

final disc loading concentration of 25, 50, and 100 μg/disc 

for the crude extracts and 25 and 50 μg/disc for the pure 

compounds. The plates were incubated at 37 °C for 24 h, 

and antimicrobial activities were determined by 

measuring the diameter of the inhibitory zones in 

millimeters. 

■ RESULTS AND DISCUSSION 

The stems of T. asiatica were collected from 

Mibaru, Okinawa Island, in July 2008. The sample (10 kg 

wet weight) was extracted with methanol and acetone. 

The combined extracts were partitioned between water 

and EtOAc. The EtOAc extract was suspended in MeOH 

and water (1:1) and then successively extracted with 

hexane, chloroform, and 1-BuOH. Separation of the 

hexane extract by a series of chromatographic processes, 

including silica gel CC, PTLC, and HPLC, led to the 

isolation of four new compounds 1-4 together with five 

known compounds 5-9. 
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Compound 1 was isolated as a yellow crystalline 

solid, and the molecular formula C16H20O6 was elucidated 

on the basis of NMR spectral data (Table 1 and 2). NMR 

spectra were similar to those of the known aculeatin [4]. 
1H and 13C-NMR spectra of compound 1 showed 16 

carbon resonances including signals for two methoxy 

groups [δH 2.92 (3H, s), δc 56.0 (CH3); δH 3.83 (3H, s), δc 

63.1 (CH3)], two methyls [δH 1.23 (3H, s), δc 18.9 (CH3); 

δH 1.38 (3H, s), δc 23.5 (CH3)], one epoxide δH 2.92 (H, s), 

δc 56.0 (CH), δc 63.6], one sp3 methylene [δH 2.84 (2H, 

dd, J = 5.8, 9.7 Hz), δc 24.7 (CH2), three sp2 methines [δH 

6.22 (1H, d, J = 9.5 Hz), δc 112.4 (CH); δH 7.85 (1H, d, J = 

9.5 Hz), δc 138.9 (CH); [δH 6.61 (1H, s), δc 95.4 (CH)], six 

quaternary carbons [δc 107.2 (C), 161.1 (C), 156.0 (C), 

116.7 (C), 155.1 (C), 161.7 (C)]. The 1H and 13C-NMR 

correlations were demonstrated by the HMQC. The 

extensive 1D and 2D NMR analysis (Fig. 2) coupled with 

a comparison of spectral data with those of aculeatine 

allowed us to define the structure of 1. Compounds 1 

and 5 were positional isomers for a methoxyl group. 

Compound 2 was isolated as a yellow crystalline 

solid, and the molecular formula C16H18O4 was elucidated 

based on NMR spectral data (Table 1 and 2). 1H and 13C-

NMR spectra of 2 were similar to those toddaculin (6). 
1H and 13C-NMR spectra of compound 2 showed the 

presence of two methoxy groups [δH 3.83 (3H, s), δc 63.1 

(CH3); δH 2.92 (3H, s), δc 56.0 (CH3)], two methyl [δH 

1.68 (3H, s), δc 17.8 (CH3); δH 1.74 (3H, s), δc 22.8 

(CH3)], one sp3 methylenes [δH 3.31 (2H, d, J = 6.8 Hz), 

δc 25.7 (CH2)], four sp2methines [δH 6.18 (1H, d, J =  

9.5 Hz), δc 112.2 (CH); δH 7.82 (1H, d, J = 9.7 Hz), δc 

139.0 (CH); δH 6.58 (1H, s), δc 95.3 (CH); δH 5.10 (1H, m), 

O O

OCH3

OCH3

H3C

CH3

O
1

2

3

43'
6

7
8

2'

1'
4a

8a
O O

OCH3

OCH3

H3C

CH3

1

2

3

43'
6

7
8

2'

1'
4a

8a O O

OCH3

H3C

CH3

1

2

3

43'
6

7
8

2'

1'
4a

8aHO

HO

O O

OCH3

HO

1

2

3

4
6

7
8

1'
4a

8aH3CO O O

OCH3

H3C

CH3

1

2

3

43'
6

7
8

2'
1'

4a

8a
H3CO

HO

HO

O O

OCH3

H3C

CH3

1

2

3

43'
6

7
8

2'
1'

4a

8a
H3CO

O O

OCH3

H3C

1

2

3

4
6

7
8

2'
1'

4a

8a
H3CO

3'
N

O

O

OCH3

H3CO CH3

1
2

3
4

12

6

7
8

10

9
4a

11

10a

N

O

O

OCH3

H3CO CH3

1
2

3
4

12

6
7

8

10

9
4a

11

10a

O

CH3

1 2 3

4 5 6

7 8 9  

Fig 1. Structures of compounds 1-9 isolated from medicinal plant T. asiatica 

O O

OCH3

OCH3

H3C

CH3

1 2

3
4

3'
6

7

8
2'

1'

4a

8a

O O

OCH3

H3C

CH3

1 2

3
4

3'
6

7
8

2'

1'
4a

8a

HO

HO

2 3
1H-1H COSY

HMBC

O O

OCH3

HO

1

2

3

4

6

7
8

1'
4a

8a

H3CO

O O

OCH3

OCH3

H3C

CH3

O
1 2

3
4

3'
6

7
8

2'

1'
4a

8a

1 4

 
Fig 2. 1H–1H COSY and key HMBC correlations for 1-4 



Indones. J. Chem., 2020, 20 (5), 1025 - 1031    

 

Wilmar Maarisit and Misran Lawani   

 

1028 

Table 1. 13C-NMR data for compounds 1-4 

Position 
δC (mult.)a 

1 2 3 4 

1     
2 161.7 (s) 161.6 (s) 163.0 (s) 160.9 (s) 

3 112.4 (d) 112.2 (d) 113.2 (d) 112.2 (d) 

4 138.9 (d) 139.0 (d) 130.8 (d) 138.8 (d) 

4a 107.2 (s) 107.1 (s) 111.4 (s) 104.2 (s) 

5 161.1 (s) 161.2 (s) 161.2 (s) 156.1 (s) 

6 156.0 (s) 155.2 (s) 145.8 (s) 148.7 (s) 

7 95.4 (d) 95.3 (d) 143.7 (s) 138.8 (s) 

8 116.7 (s) 120.2 (s)  108.5 (d) 91.3 (d) 

8a 155.1 (s) 155.1 (s) 143.7 (s) 152.3 (s) 

5-OCH3 63.1 (q) 63.1 (q) 56.5 (q) 56.5 (q) 

8-OCH3 56.0 (q) 56.0 (q)  56.5 (q) 

1' 24.7 (t) 25.7 (t) 115.2 (d) 61.6 (t) 

2' 56.0 (d) 122.1 (d) 130.8 (d)  
3' 63.6 (s) 132.0 (s) 78.0 (s)  
CH3 18.9 (q) 17.8 (q) 28.0 (q)  
CH3 23.5 (q) 22.6 (q) 28.0 (q)  

a Data recorded at 125 MHz 

Table 2. 1H-NMR data for compounds 1-4 

Position 
δH (mult., J/Hz)a 

1 2 3 4 

1     
2     
3 6.22 (d, 9.5) 6.18 (d, 9.7) 6.23 (d, 9.5 ) 6.13 (d, 9.7) 

4 7.85 (d, 9.5) 7.82(d, 9.7) 7.55 (d, 9.5) 7.97 (d, 9.7) 

4a     

5     

6     

7 6.61 (s) 6.58 (s)   

8   6.75 (s) 6.32 (s) 

8a     

5-OCH3 3.83 (s) 3.83 (s) 3.87 (s) 3.87 (s) 

8-OCH3 2.92 (s) 2.92 (s)  3.85 (s) 

1' 2.84 (dd, 5.8, 9.7) 3.31 (d, 6.8) 6.86 (d, 10.0) 3.93 (t, 1.7) 

2' 2.92 (s)  5.10 (m) 5.72 (d, 10.0)  
3'    

 
CH3 1.23 (s) 1.68 (s) 1.54 (s)  
CH3 1.38 (s) 1.74 (s) 1.53 (s)  

a Data recorded at 500 MHz 

 

δc 122.1 (CH)], seven quaternary carbons [δc 161.6 (C), 

107.2 (C), δc 107.2 (C), 155.2 (C), 161.2 (C), 120.2 (C), 

132.0 (C)]. 1H and 13C-NMR correlations were 

demonstrated by the HMQC. The structure of 2 was 

elucidated to be as depicted in the formula 2 by the 

extensive analysis of 1D and 2D NMR data (Fig. 2), and 



Indones. J. Chem., 2020, 20 (5), 1025 - 1031    

 

Wilmar Maarisit and Misran Lawani   

 

1029 

by comparison of the NMR data with those of 6. 

Compound 2 differed from 6 only in the position of a 

methoxyl group. 

Compound 3 was isolated as a yellow crystalline 

solid, and the molecular formula C15H17O5 was established 

by NMR spectra (Table 1 and 2). 13C-NMR spectra of 

compound 3 showed 15 carbons resonances and 1H and 
13C-NMR data indicated the presence of a methoxy group 

[δH 3.87 (3H, s), δc 56.5 (CH3], two methyls [δH 1.54 (3H, 

s), δc 28.0 (CH3); δH 1.53 (3H, s), δc 28.0 (CH3)], one 

oxygenated quaternary carbon [δc 78.0 (C)], five sp2 

methines [δH 6.23 (1H, d, J = 6.2 Hz), δc 113.2 (CH); δH 

5.72 (1H, d, J = 10.0 Hz), δc 130.8 (CH); δH 6.78 (1H, s), 

δc 108.5 (CH); δH 6.86 (1H, d, J = 10.0 Hz), δc 115.2 (CH], 

six quaternary carbons [δc 163.0 (C), 111.4 (C), δc 161.2 

(C), 145.8 (C), 143.7 (C)], and three oxygenated sp2 

carbon [δc 143.7(C), 143.7 (C), 161.2 (C)]. 1H and 13C-

NMR correlations were demonstrated by the HMQC 

experiment. The 1H-NMR spectrum of 3 was similar to 

that of toddalolactone (5). The main differences were the 

presence of two olefinic protons in 3 instead of a 

hydroxyl group in 5 and the lack of three protons for a 

methoxyl group in 3. The extensive 1D and 2D NMR 

analysis and comparison of the spectral data with those 

of 5 led to the structure determination for 3. The Z 

geometry of the Δ2’ double bond was established by the 

large coupling constant observed between H-1’ and H-2’ 

(J = 10.0 Hz) [27-28]. 

Compound 4 was isolated as a yellow crystalline 

solid, and the molecular formula was C12H12O6 deduced 

from NMR spectral data (Table 1 and 2). 13C-NMR 

spectra of compound 4 showed 12 carbon resonances. 
1H and 13C-NMR data indicated the presence of two 

methoxy groups [δH 3.87 (3H, s), δc 56.5 (CH3), δH 3.85 

(3H, s), δc 56.5 (CH3)], two methyls [δH 1.54 (3H, s), δc 

28.0 (CH3); δH 1.53 (3H, s), δc 28.0 (CH3)], one hydroxyl 

group [δH 3.93 (1H, t, J = 1.7 Hz), δc 61.6 (CH2), three 

sp2 methines [δH 6.13 (1H, d, J = 6.2 Hz), δc 112.2 (CH); 

δH 7.97 (1H, d, J = 9.7 Hz), δc 138.8 (CH); δH 6.32 (1H, 

s), δc 91.3 (CH)], six quaternary carbons [δc 160.9 (C),  

Table 3. Antibacterial and antifungal activity of crude extracts of T. asiatica 

Crude 

extract 

E. coli S. aureus A. niger Cladosporium sp. C. cucurbitarum 

25 50 100 25 50 100 25 50 100 25 50 100 25 50 100 

CHCl3 + + ++ + + ++ - - - - - - - - - 

Hexane + + ++ + + ++ - - - - - - - + ++ 

Diameter of inhibition zone (mm); + (11–12.5), ++ (13–15.5), - no activity 

Diameter of a paper disc; 8 mm 

Concentration: (μg/disc) 

Table 4. Antibacterial and antifungal activity of compounds (1-9) isolated from the stems of the plant T. asiatica 

Compounds 
E. coli S. aureus A. niger Cladosporium sp. C. cucurbitarum 

25 50 25 50 25 50 25 50 25 50 

1 + ++ + ++ - - - - - - 

2 + ++ + ++ - - - - - + 

3 + ++ + ++ - - - - - + 

4 + ++ + ++ - - - - - + 

5 + ++ + ++ - - - - - - 

6 + ++ + ++ - - - - - - 

7 + ++ + ++ - - - - - - 

8 + ++ + ++ - - - - - - 

9 + ++ + ++ - - - - - - 

Diameter of inhibition zone (mm); + (11–12.5), ++ (13–15.5), - no activity 

Diameter of a paper disc; 8 mm 

Concentration: (μg/disc) 
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104.2 (C), 156.1 (C), 138.8 (C), 152.3 (C)]. The 1H and 13C-

NMR correlations were demonstrated by the HMQC 

experiment. An extensive analysis of 2D NMR spectra 

(Fig. 2) led to the planar structure of 4. HMBC 

correlations between H3-5-OCH3/C-5 and H3-7-OCH3/C-

7 and C-8 confirmed the location of the methoxy groups. 

Antibacterial and Antifungal Assays 

The antibacterial and antifungal assays were carried 

out at the concentration of 25 and 50 μg/disc for pure 

compounds and 25, 50, and 100 μg/disc for crude extracts. 

The results are tabulated in Tables 3 and 4. 

The two extracts (chloroform and hexane) from T. 

asiatica showed activity against E. coli and S. aureus at 25, 

50, and 100 μg/disc, only hexane extract showed activity 

against C. cucurbitarum at 100 μg/disc. Compounds 1-9 

showed strong antibacterial activity at 25 and 50 μg/disc. 

Compounds 2-4 showed activity against the 

phytopathogenic fungi C. cucurbitarum at 50 μg/disc. 

■ CONCLUSION 

Chemical investigation of the stems of T. asiatica led 

to the isolation of four new metabolites 1-4, along with 

five known metabolites 5-9. Compounds 1-9 were active 

against the bacteria E. coli and S. aureus at 25 and 50 μg/disc. 

Compounds 2-4 showed activity against C. cucurbitarum 

at 50 μg/disc in disc diffusion antimicrobial assay. 
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 Abstract: The investigation of corrosion for carbon steel and galvanized steel has been 

conducted in the marine atmosphere of Eretan and Ciwaringin Districts, West Java 

Province. The exposure time of the field test was up to 200 days, and their corrosion rates 

are determined according to the weight loss method. The objective of the work is to 

elucidate the corrosion behavior of those alloys, which is affected by distances from the 

coastline and environmental conditions. The magnitude of the corrosion rate for carbon 

steel was 20 times as high as that for galvanized steel in both districts. The distance from 

coastline has significantly affected the magnitude of corrosion rate, where that both alloys 

in Ciwaringin are lower than that in Eretan. The deposition of chloride ion in Eretan and 

Ciwaringin Districts were 4.305 mg/m2 day and 1.863 mg/m2 day, respectively, where the 

higher chloride ion can tend to increase the corrosion rates. Relative humidity (RH), 

which is over 60%, has an essential role in the corrosion process as well as rainfall. The 

uniform corrosion attack was observed both alloys after exposure. The corrosion product 

phases of galvanized steel exhibit zincite, hydrozincite, and simonkolleite as the typical 

coastline atmosphere phases in Eretan, but not in Ciwaringin. The formation of rust 

product for both metals lead the decrease of further corrosion attack due to the barrier 

between metal and environment. The usage of galvanized steel is remarkable to minimize 

corrosion attack compared to that of carbon steel in the tropical coastline. 

Keywords: carbon steel; galvanized steel; atmospheric corrosion; coastline; corrosion 

product 

 

■ INTRODUCTION 

Carbon steel, alloyed steel, and galvanized steel are 

the most generally utilized metallic material in open-air 

structures, being used to build a variety of metallic 

structures due to their good mechanical strength, 

reasonable cost, and easy manufacture in marine and 

coastal environment. Atmospheric corrosion phenomena 

could contribute a detrimental effect significantly for 

various metallic constructions, where 80% of all 

degradations made by its corrosion in the constructions 

due to the atmospheric corrosion [1]. The magnitude of 

atmospheric corrosion depends upon the time of 

wetness (TOW) that the metal surface tends to become 

wet conditions. TOW defines the duration of the 

electrochemical process, which is associated with the 

water vapor content of the atmosphere, such as the 

relative humidity (RH) at a certain temperature. The 

presence of RH and temperature variations could lead to 

cyclic wet and dry periods [2], where on the wet surface 
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of a metal, the corrosion process occurs spontaneously, 

comparing with the dry surface [3]. The degree of 

corrosion attack also depends on the length of the wet 

time. Furthermore, generally, the atmospheric corrosion 

conditions are complicated for holistic investigation, which 

considers the corrosion behavior of metals in the function 

of geographic regions, various climates, and seasons. The 

alteration of those functions can vary the magnitude of 

corrosion rates for metals. On the other hand, the other 

complications of atmospheric corrosion are related to the 

presence of several parameters, such as air temperature, 

relative humidity, wind speed, and wind direction, 

various airborne pollutants, and so on [4]. However, it is 

very difficult to simulate the real condition with many 

factors into a laboratory scale. The vulnerability of 

atmospheric corrosion to steel structures in the coastal 

environment has been reported by many researchers, 

where metal degradation is major concern [5-7]. In 

addition, the severity of atmospheric corrosion depends 

on the location of the environment, including inland 

(rural), urban, industry and marine regions, where marine 

region is one of the most severe locations. One of the main 

environmental factors is the presence of certain pollutants 

as airborne chloride salt in marine region [8], which 

mainly decreases the corrosion resistances of metals. 

Furthermore, the mitigation of corrosion must be 

conducted to minimize the severity of metal degradation. 

Corrosion protection methods commonly used to alter 

electrochemical reaction of metals from surrounded 

environment in which consists of inhibitors, cathodic 

protection, and organic and metallic coatings [9]. 

Galvanized steel is one of metallic coated steel, where 

subtract of steel has been coated in zinc to increase 

corrosion resistance. Galvanized steel is applied widely in 

infrastructure and construction both onshore and 

offshore. The corrosion protection of that steel mostly  

 

depends on the porosity, thickness, and the adherence of 

zinc coated on steel. In preceding work, the effect of 

galvanized steel significantly reduces the corrosion rate 

up to 20 times compared to structural plain steel in 

Limbangan area, Indramayu, West Java, where the 

deleterious effect of chloride ion increases the 

magnitude of corrosion rate by degrading the formation 

of protected oxide layer without zinc coating [10]. 

However, with regard to atmospheric corrosion subject, 

there is no or little investigation on the corrosion in the 

Eretan and Ciwaringin Districts, as a representative of 

tropical regions in Indonesia, even though carbon steel 

and galvanized steel were investigated systemically in the 

other regions of West Java [10]. Therefore, the objective 

of the present work is to investigate and elucidate the 

corrosion behavior of mild steel and galvanized steel as 

representative of infrastructural metals in the tropical 

atmosphere in Eretan and Ciwaringin Districts, West 

Java Province, Indonesia. 

■ EXPERIMENTAL SECTION 

The Specimen Preparation 

In this recent work, a plate shape of as-received 

carbon steel was employed for atmospheric corrosion 

specimens. This alloy was cut into 15 cm × 7.5 cm × 0.3 

cm. A pickling processing was carried out in the 

specimen in which refers to the standard of ASTM G-1 

before exposure. During the field test, the observation of 

corrosion behavior was only on one side of the upper 

specimen surface, while the bottom side was covered 

fully with black adhesive tape. The duration of test 

exposure was up to 200 days. All specimens were set up 

at a 45° angle from a horizontal axis and oriented to face 

toward to open sea. The chemical composition of the 

specimen is shown in Table 1 as well as the preceding 

work from Nuraini and co-workers [10]. 

Table 1. Chemical composition of specimen employed in the recent study (wt.%) [10] 

Fe Si P Mn Ni Cr Cu Ti C Zn Al 

99.00 0.11 0.02 0.29 0.01 0.30 0.01 0.01 0.13 - - 
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Fig 1. (a) Location of two field sites in West Java Province; test racks of atmospheric corrosion in (b) Eretan District 

and (c) Ciwaringin District 

 

The Location of Field Test 

The magnitude of atmospheric corrosion leads to 

varying in different geographic regions, where the 

distance of specimens to the coastal lines is the primary 

factor. With regards to the recent study, two exposure 

sites, such as Eretan and Ciwaringin District, were located 

in 50 m and 2000 m from the sea, respectively, as shown 

in Fig. 1(a). The value of chloride deposition rate was 

specified by a wood rectangular collector, which contains 

cross stitch cloth in the dimension of 10 cm × 10 cm, as 

shown in Fig. 1(b) and Fig. 1(c). The airborne salt, which 

contains chloride ion, was trapped and precipitated in 

that collector during exposure. The measurement of 

chloride ion was conducted by the HACH chloride 

titrator strips kit. In addition, local data of relative 

humidity (RH), air temperature, wind direction, and daily 

rainfall was officially obtained from Meteorological, 

Climatological and Geophysical Agency, Indonesia. 

Characterization and Analysis of Corroded 

Specimens after Exposure 

After a certain exposure time in both sites, the 

corroded specimens were retrieved, analyzed, and 

characterized in a laboratory. The procedure of cleaning 

and pickling processes was carried out to remove rust 

products which refer to the standard of ASTM G-1. The 

method of measurement of the corrosion rate was 

conducted based on weight loss. The measurements of 

the loss of weight of the materials are related to a 

function of exposure time. Moreover, the weight loss in 

each specimen before and after exposure was calculated 

using the following formula: 

W.K
CR

d.A.t

∆
=  

where CR = corrosion rate in mills per year (mpy); ΔW 

= weight loss in grams; K= constant; d = metal density 

in g/cm3; t = exposure time (day). The morphology of the 

surface of corroded materials, the distribution of 

elemental composition for rust products, and various 

phases of corrosion products were observed and 

identified by Scanning Electron Microscopy (SEM), 

Energy Dispersive Spectroscopy (EDS), and X-Ray 

Diffraction (XRD) respectively. 

■ RESULTS AND DISCUSSION 

Corrosion Rates of Metals 

Fig. 2 shows the corrosion rate of carbon steel as a 

function of exposure time in Eretan and Ciwaringin 

District, West Java Province, Indonesia. The corrosion 

rates for these materials tend to increase and decrease up 

to final exposure time initially. It was found that the 

magnitude of the corrosion rate for carbon steel in the 
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Eretan region becomes higher than that in the Ciwaringin 

region. Moreover, Fig. 3 also shows the corrosion rate of 

galvanized steel as a function of exposure time in Eretan 

District and Ciwaringin District, West Java Province, 

Indonesia. The magnitude of the corrosion rate of 

galvanized steel in the Ciwaringin region initially was higher 

than that in the Eretan region. After 142 days of exposure, 

the opposite of its behavior took place up to 200 days. 

On the basis of the result, the magnitude of 

corrosion rates for carbon steel is 20 times higher than 

those for galvanized steels in both regions of a field test. 

The major factor of distance from coastline to test site 

affects the corrosion rate of metals, where the closer test 

site from the coast line could increase the corrosion attack 

on metals [11]. In present work, the corrosion rate of 

exposed carbon steel at a test station near the sea shore 

line has the highest corrosion rate at the Eretan region, 

but not at the Ciwaringin region. The same behavior of 

distance factor is also the same on galvanized steel. 

On the other hand, the corrosion resistance of 

galvanized steel is not only considered from the distance 

factor but also the thickness of zinc coating on subtract. 

The increase in thickness of zinc coating could enhance 

the corrosion resistance of galvanized steel [12]. The 

average thickness of as-received galvanized steel is around 

55 μm (2.2 mils). In tropical environment, the prediction 

of service life of galvanized steel, which defined to be 

occurred 5% red rusting of the steel surface, is estimated 

25 years [13]. In a recent study, the estimated service life 

of galvanized steel in Eretan and Ciwaringin Districts is 

21 and 35 years, respectively. However, the difference in 

the service life of this investigated atmospheric 

corrosion subject may take place due to the complexity 

of environmental factors. Prifiharni and co-workers 

reported the role of distance from sea line to site test in 

Limbangan and Karangsong region, where the 

magnitude of atmospheric corrosion rate of carbon steel 

and galvanized steel raise in getting closer from sea line 

[14]. Therefore, it implies that the service of life of 

galvanized steel increase in increasing the distance from 

the sea coastline to the metal structures. In addition, the 

estimated service life of carbon steel in the Ciwaringin 

District is also longer than that in the Eretan District. 

The susceptibility of atmospheric corrosion of 

metal structure is related to the duration of exposure 

time and essential climatic variables such as air 

temperature (T), relative humidity (RH), airborne 

salinity, and sulfur content [6]. The other factors that 

may be considered are wind direction and precipitation. 

The electrochemical process initiates on the surface of a 

metal to corrode gradually at a critical level humidity 

(RHcrit)  of  60%  [5],  then  the  corrosion  rate  increases  

 

 
Fig 2. Corrosion rate of carbon steel as function of 

exposure time in ■ Eretan region and ○ Ciwaringin region, 

West Java Province, Indonesia 

 
Fig 3. Corrosion rate of galvanized steel as a function of 

exposure time in ■ Eretan region and ○ Ciwaringin 

region, West Java Province, Indonesia 
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drastically at 80% RH [15]. The existence of a thin 

electrolyte layer spreads on the metallic surface takes 

place when reached to RHcrit [8]. 

Fig. 4 shows a representative relative humidity (RH) 

variation as a function of time exposure at Eretan and 

Ciwaringin Districts, which was retrieved and carried out 

a subsequent data processing from a raw database of 

Meteorological, Climatological and Geophysical Agency, 

Indonesia [16]. Based on the current result, it was more 

than 80% of the percentage from all-time exposure, which 

is categorized as average daily RHcrit. The highest of RH 

tends to initiate the electrochemical process on the surface 

of a metal, which allows a longer time of wetness (TOW). 

TOW is defined as the time during wetness (condensation 

process) that took place on the exposed surface to the 

environment when RH is greater than 80% at a 

temperature greater than 0 °C [5]. In addition, both 

Ciwaringin and Eretan Districts are located in tropical 

regions, which have warm temperatures, ranges from 23 

to 33 °C during field tests [16]. On the other hand, the 

condensation of humidity is regarded as a major cause 

of corrosion attack of metal and alloys, which depends 

on RH and the alteration of air temperature. Based on 

the results of corrosion rates in Fig. 2 and 3, the effect of 

high RH, which tends to increase corrosion attack, has 

no or little impact on galvanized steel due to low 

corrosion rate, but not on carbon steel. 

Fig. 5 shows daily rainfall as a function of time 

exposures at Eretan and Ciwaringin Districts, West Java 

Province, which was retrieved and carried out a 

subsequent data processing from a raw database of 

Meteorological, Climatological and Geophysical Agency, 

Indonesia [16]. The daily rainfall frequently occurs in all 

exposure time, where the highest peak of rainfall was in 

30 days of exposure or the beginning of the first month 

of the year. Condensation (dew) could not wash the 

surface of the metal, so the precipitated pollutant (chloride 

content) on it  increases and could  be more  severe than 

 
Fig 4. A representative relative humidity (RH) variation as a function of exposure time at Eretan and Ciwaringin 

Districts, West Java province 

 
Fig 5. Daily rainfall as a function of exposure time at Eretan and Ciwaringin Districts, West Java province 
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rain. However, high intensity of duration of rainfall could 

lead to washing away the contaminant of pollutants on the 

surface of the metal. In addition, rainfall also contributes 

to increasing the formation of a thick layer of water and 

also absorbs corrosion agents such as H+ and SO4
2– [17] 

but depending on the duration of daily dry sessions and 

types of pollutant in a different environment. Therefore, 

it is difficult to elucidate only the role of precipitation 

towards the corrosion rates of both alloys. The presence 

of chloride in airborne salt is predominantly to take 

responsibility to increase the severity of corrosion attack 

compared to the presence of other corrosion agents such 

as H+ and SO4
2– in the marine environment. 

Airborne salinity refers to the content of suspended 

salt in the atmosphere, which is predominantly chloride 

ion in the coastal region. The airborne salt that contains 

chloride ion was dissolved in a thin electrolyte layer on the 

metallic surface during the condensation process, where 

the conductivity of it increases significantly. The higher 

conductivity of electrolytes could contribute to accelerating 

the corrosion process of metals [18-19]. In current work, the 

airborne salinity level was represented by the deposition 

rate of chloride refers to International Standard 

Organization (ISO) 9223:2012 [20]. On the basis of results, 

the deposition of chloride rate values in Eretan and 

Ciwaringin Districts were 4.305 mg/m2.day and  

1.863 mg/m2.day, respectively, which are classified into S1 

for the coastal region (Eretan) and S0 for Non-Coastal 

(Ciwaringin). It was assumed that there are no variables 

influencing the transport inland of airborne sea salt such 

as wind velocity and local topography. The distance factor 

of the field test site to the sea and wind direction was also 

considered to the magnitude of atmospheric corrosion. 

In addition, according to raw database service of 

Meteorological, Climatological and Geophysical Agency, 

Indonesia for wind direction [16], it is more than 51% of 

wind direction toward to north side. It implies that 

airborne salt contaminant prefers to flow to sea than to 

inland. The deposition of chloride rate was  

117 mg/m2.day in Limbangan District, Northern West 

Java at 100 meters from coastline [10], but its less rate in 

the Eretan District. However, the magnitude of 

corrosion rates for carbon steel and galvanized steel in 

Eretan are lower than those in Limbangan. Based on 

results, the lower corrosion rate in Eretan District may 

be caused by wind direction toward the north side, the 

higher intensity of rainfall, and lower airborne salinity 

during the exposure of field tests. Therefore, the less 

magnitude of corrosion rate in the Ciwaringin District 

comparing with that in Eretan is caused by the difference 

of distance from the sea. 

Fig. 6 shows the highest and lowest air 

temperatures as a function of time exposure, which was 

obtained and conducted a subsequent data processing 

from a raw database of Meteorological, Climatological 

and Geophysical Agency, Indonesia [16]. The lowest air 

temperature occurs at night, increasing in the morning, 

and then raising drastically after midday. This condition 

took place if there is no high intensity of rainfall. The 

possibility of fluctuated temperature magnitude is 

related to solar radiation in which contributes to the 

corrosion rate of metals due to the semiconducting 

behavior of the oxidative corrosion processes [21]. 

 
Fig 6. The highest air temperature and the lowest air temperature as function of exposure time during test 
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Morphology of Corroded Metals after Exposure 

Fig. 7 shows macro surface appearances before 

exposure and after exposure up to 142 days in both Eretan 

and Ciwaringin Districts. The rust products were 

uniformly distributed on the entire surface of specimens. 

The abundance of rust product is denser with increasing 

exposure time. It implies that in the initial stage, the 

higher corrosion rate of steel made the rust product on 

steel. On the other hand, the corrosion rate decreases 

when a dense, thick rust product forms on the surface. Fig. 

8 shows surface appearances of galvanized steel before 

and after exposure in both Eretan and Ciwaringin 

Districts up to 142 days. Before exposure, the visual 

results of newly galvanized steel are bright and shiny, 

where it has visible spangle clearly, as shown in Fig. 8(a). 

Within 142 days of exposure, the surface appearance of 

galvanized steel changes to a uniform dull gray in both 

Eretan and Ciwaringin Districts. The crystallization 

pathway of the spangle was increasingly unclear during 

the exposure time. 

Fig. 9 shows a representative morphology of rust 

products for corroded steel after 200 days of exposure in 

Eretan and Ciwaringin Districts. On the basis of the 

result, the specimens were fully covered by rust products 

after exposure. The identification of the various types of 

morphologies such as grain, flakes, powdery rust 

particles, and easy peel-off of lamination is possible to 

identify after exposure in the atmosphere visually [22]. 

In Fig. 9(a) and 9(b), there are various shapes of rust 

product morphology. In Eretan, the types of rust 

products were cracked and flaked, which has mostly a 

flowery structure and cotton ball structure. In Ciwaringin, 

those were also the same where a cotton ball structure is 

predominantly. There are many flaky and cracks that lead  

 

 
Fig 7. Photos of carbon steel (a) before exposure and after 

(b) 56 days of exposure and (c) 142 days exposure in 

Eretan; (d) 56 days of exposure and (e) 142 days exposure 

in Ciwaringin 

 
Fig 8. Photos of galvanized steel (a) before exposure and 

after (b) 56 days of exposure and (c) 142 days exposure 

in Eretan; (d) 56 days of exposure and (e) 142 days 

exposure in Ciwaringin 
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Fig 9. Representative morphology of rust product for corroded steel of exposure in (a) Eretan and (b) Ciwaringin 

Districts 

 
Fig 10. Representative morphology of galvanized steel after exposure in (a) Eretan and (b) Ciwaringin Districts 

 

to the diffusion of chloride ion into the rust product from 

airborne salts. Morcillo and co-workers reported that the 

formation of coarse flakes and layered sheets on rust 

products in the marine atmosphere due to the presence of 

chloride [23] as well as the present results.  

Fig. 10 shows a representative morphology of 

galvanized steel after 200 days of exposure in Eretan and 

Ciwaringin Districts. The visual observation of galvanized 

steel surface after exposure shows that corrosion products 

adhere to the metal surfaces in both districts. The 

morphology of the corrosion products shows deposits of 

granulates formed due to RH and its interaction with 

oxygen and the presence of a pollutant in the atmosphere, 

such as chloride ion [24], as shown in Fig. 10(a) and 10(b). 

In Fig. 10(a), certain areas on the surface were fine flake-

like crystals structure observed in Eretan, where Chen and 

co-workers also had observed the same crystal structure 

as simonkolleite for galvanized steel [25]. Ciwaringin 

District also shows that the type of corrosion product was 

less dense fine cotton ball structure, as in Fig. 10(b). 

Fig. 11 shows XRD of corrosion products for steel 

after exposure in Eretan Districts. On the basis of results, 

its corrosion products are identified as Magnetite (Fe3O4) 

and Lepidocrocite (γ-FeOOH). In Ciwaringin District, 

the corrosion products of steel surface are identified as 

geothite (α-FeOOH) and Lepidocrocite (γ-FeOOH), as 

shown in Fig. 12. Furthermore, the initial stage of the 

steel rusting  forms ferrous  hydroxide (Fe(OH)2), which 

 
Fig 11. X-Ray Diffraction of various corrosion products 

for carbon steel after exposure in Eretan Districts 
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Fig 12. X-Ray Diffraction of various corrosion products 

for carbon steel after exposure in Ciwaringin Districts 

oxidizes to lepidocrocite (γ-FeOOH). The formation of 

magnetite (Fe3O4) took place by the reduction process 

inside the flaked rust layer, where the diffusion of oxygen 

is restricted from the outside rust layer. The magnetite 

was formed in the presence of chloride ion by the 

transformation of lepidocrocite [7]. Moreover, the 

existence of akaganeite phase (β-FeOOH) is common as a 

primary phase in the severe marine environment [26]. 

The presence of the magnetite phase is also found in 

atmospheres with a lower airborne salinity [23]. However, 

in present work, there is no evidence of akaganeite phase, 

where the magnetite phase was identified. It implies that 

there is less severe of the marine environment due to 

lower airborne salinity levels (4.305 mg/m2.day). In 

Ciwaringin District, the lepidocrocite phase was 

predominantly as major phases compared to the Geothite 

phase. There are no akaganeite and magnetite phases on 

steel due to the lowest concentration of airborne salinity 

(1.865 mg/m2.day). In the previous description, the 

concentration of chloride ion (airborne salinity) depends 

on the distance from the sea line. 

Generally, in marine environment corrosion 

product of galvanized steel consists of simonkolleite 

(Zn5(OH)8Cl2·(H2O)), hydrozincite (Zn5(CO3)2(OH)6), 

zinc (Zn) and sodium hydroxyl-chlorosulfate 

(NaZn4Cl(OH)6SO4·6H2O) [27]. In present results, those 

are identified as zinc, zincite, hydrozincite, and 

simonkolleite after 200 days of exposure in Eretan 

District, as shown in Fig. 13. Many studies reveal that the 

formation of  simonkolleite increased  by the  presence of  

 
Fig 13. X-Ray Diffraction of various corrosion product 

for galvanized steel after exposure in Eretan Districts 

chloride ion in the atmosphere [25-27]. In 

thermodynamic stability, zinc metal is easy to react with 

oxygen, forming an oxide film (ZnO) at ambient 

temperature. This oxide has good adhesion and 

compactness, which may protect subtract of steel from 

corrosion process. The presence of hydrozincite is also 

predominantly at the marine sites [28], where the 

surfaces of zinc exposed to the air at the RH range of 

85%–100% [25]. On the basis of results, within 200 days 

of exposure, there is 45% of the percentage that reach or 

exceed RH 85%. In addition, the presence of CO2 gas 

dissolved into a thin layer of electrolytes on the surface 

of the metal, which leads to the formation of zinc 

carbonate and hydrozincite in long-term outdoor 

exposure with little contaminants in open air [29]. 

However, in the existence of chloride as a marine 

pollutant, zincite will subsequently react with chloride to 

form insoluble simonkolleite [25] as follows 

2 5 8 2 25ZnO 2Cl 6H O Zn (OH) Cl H O 2OH− −+ + → ⋅ +  

In Ciwaringin District, the distance of the site from 

the coastline is around 2000 meters, which the airborne 

salinity level decreases. In this location, the XRD result 

shows phases of galvanized steel as Zinc and zinc chloride 

(ZnCl2), as shown in Fig.14. However, there are no zincite, 

simonkolleite, and hydrozincite phases. It presumes that 

the XRD apparatus was difficult to detect those phases 

due to the less amount of the products. In the initial stage 

of exposure, the magnitude of corrosion rate in 

Ciwaringin is higher than that in Eretan, in which is 

possible to be caused by no those protective phases on the 
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Fig 14. X-Ray Diffraction of various corrosion product 

for galvanized steel after exposure in Ciwaringin Districts 

Table 2. The elemental semi-quantitative composition of 

corrosion product on steel after exposure 

Element 
Mass % 

Ciwaringin District Eretan District 

O 18.75 19.22 

S 0.14 0.29 

Cl 0.05 0.49 

Fe 81.06 80.01 

Table 3. The elemental semi-quantitative composition of 

corrosion product on galvanized steel after exposure 

Element 
Mass % 

Ciwaringin District Eretan District 

O 5.12 14.36 

Si 0.06 0.90 

S 0.20 0.37 

Cl 0.04 0.90 

Ca 0.01 0.59 

Fe 0.41 0.32 

Zn 98.18 82.56 

surface of galvanized steel. Furthermore, without those 

protective corrosion products, it could be elucidated by 

the fact that the chloride ion directly reacts with metallic 

zinc to form soluble zinc chloride, which would offer no 

protection from the marine environment [25]. Zinc 

chloride can be physically removed from the surface of 

galvanized steel or dissolved by rain or condensation [27] 

during exposure over RH 85%. Furthermore, there is the 

fact that the lower magnitude of corrosion rate in 

Ciwaringin District took place after occurrence of the 

initial stage. However, it could not be explained by the 

presence of recent salt products on the metal surface. On 

the other hand, the alteration of surface appearance 

from shiny to dull could be considered to be the 

indication for the form of zincite and hydrozincite 

phases on the metal surface during exposure. 

Table 2 shows the major elements in the semi-

quantitative composition of steel after exposure. On the 

basis of results, the elemental concentration of both Cl 

and O in Eretan District is higher than those in 

Ciwaringin District, which related to the formation of 

corrosion products. Table 3 also shows the principal 

elements in the semi-quantitative composition of 

galvanized steel after exposure, which the concentration 

of both Cl and O in Eretan District is higher compared 

to those in Ciwaringin. Furthermore, the main role of 

chloride ion has been already described in previous 

section, where the magnitude of corrosion rates of both 

metals was higher with the closeness to the coastline. In 

addition, the effect of environmental parameters such as 

RH, rainfall, and air temperature could vary the severe 

behavior of corrosion each metal. 

■ CONCLUSION 

The magnitude of corrosion rate for steel was 

much higher than that for galvanized steel in both Eretan 

and Ciwaringin Districts due to no protection of zinc 

coating on the surface of the steel. The distance from 

coastline has a significant impact on the magnitude of 

corrosion rate, where both metals in Ciwaringin are 

lower than that in Eretan because of the presence of 

chloride ion. The high relative humidity and the 

intensity of rainfall also contribute to the severity of 

corrosion rates. A uniform corrosion attack was 

observed for both metals during exposure. The 

morphology of phases found in the corrosion product of 

steel in both districts is predominantly of lepidocrocite 

(γ-FeOOH). In Eretan, the typical phase from the 

marine environment was also found as magnetite 

(Fe3O4), but it was found as goethite (α-FeOOH) in 

Ciwaringin. The corrosion products of galvanized steel 

are identified as zincite, hydrozincite, and simonkolleite 

in Eretan, which are the characteristic of coastline 

atmosphere phases, but not in Ciwaringin. The 
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formation of rust products for both metals can lead to a 

decrease of further corrosion attacks due to the barrier 

between the metal and corrosive environments. The 

galvanized steel is outstanding to mitigate the severity of 

atmospheric corrosion compared to that of carbon steel. 
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 Abstract: Flavonoid is phenolic compounds consisting of fifteen carbon atoms and is 

commonly found in plants. Infrared (IR) spectroscopy combined with chemometrics, has 

been developed for a simple analysis of flavonoid in the medicinal plant leaves powder. 

IR spectra of selected medicinal plant powder were correlated with flavonoid content 

using chemometrics. The chemometric methods used for calibration analysis were Partial 

Least Square (PLS), Principal Component Regression (PCR), and Support Vector 

Regression (SVR). After the calibration model was formed, it was then validated using 

Leave-One-Out-Cross-Validation (LOOCV) and 2-fold cross-validation. In this study, 

the PLS of the Near-infrared (NIR) calibration model showed the best calibration with R-

Square and RMSEC values of 0.9676524 and 0.0978202, respectively. The LOOCV of PLS 

of the NIR calibration model has the R-square and RMSE values of 0.9850164 and 

0.067663, respectively. The 2-fold cross-validation gave the R-square and RMSE values of 

0.9857071 and 0.2104665, respectively. PLS of the NIR calibration model was further used 

to predict unknown flavonoid content in commercial samples. The significance of 

flavonoid content that has been measured by NIR and UV-Vis spectrophotometry was 

evaluated with paired samples T-test. The flavonoid content that has been measured with 

both methods gave no significant difference. 

Keywords: medicinal plant leaves powder; total flavonoid content; NIR; FTIR; 

chemometric 

 

■ INTRODUCTION 

Traditional medicine is a mixture of ingredients 

from plants, animals, and minerals that have been used 

for generations in accordance with the prevailing norms 

in society [1]. The use of traditional medicines in the past 

decade has increased along with the development of 

lifestyle called “back to nature” and rising prices of 

modern medicines. Indonesia, according to Torri [2], is a 

country with a biodiversity rank 3rd in the world where 

there are around 30,000 species out of a total of 40,000 

species of plants. However, only 25% or about 7,500 plant 

species have been known or examined for their potential 

use as medicinal plants. This shows that there are still 

many species of plants in Indonesia that have no known 

potential as a medicinal plant, so that the research about 

active chemical compounds in plants needs to be done. 

Parts of the plant that are often used for medicines 

and research materials are the leaves. This is related to 

some advantages of leaves, such as ease of use, more 

productivity, and readily available than other parts of the 

plant [3]. One of the active chemical compounds that are 

often found in plants, especially in parts of the leaves is 

flavonoid [4]. Flavonoid is phenolic compounds consisting 

of 15 carbon atoms and is commonly found in plants [5]. 

Flavonoid has several pharmacological activities, such as 

antioxidants, hepatoprotective, antibacterial, anti-

inflammatory, anticancer, antiviral and vasodilator [4]. 

Several analytical techniques have been developed 

for determining flavonoid content such as UV 

spectrometry, mass spectrometry, gas chromatography 

(GC), thin-layer chromatography, high-performance 

liquid chromatography (HPLC) and capillary 
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electrophoresis [6]. These methods can measure 

accurately, but the process is too long and requiring 

various reagents or solvents that are quite expensive [6]. 

Based on this case, a simple, selective, and eco-friendly 

method is required. 

Infrared (IR) spectroscopy method is an analytical 

method that has several advantages, such as non-

destructive (does not damage the sample), does not cause 

pollution, does not require chemical reagents (without 

solvents) and can analyze at high speed [7]. On the other 

side, infrared spectroscopy has the disadvantage that the 

data formed from the results of the analysis are quite 

complicated and with overlapping spectra [8], therefore 

multivariate chemometrics analysis is needed to analyze 

data from the infrared spectra. The chemometric 

calibration model is a statistical and mathematical analysis 

technique  for   processing,   evaluating,  and   interpreting  

Table 1. Plant species used in this research 

No Scientific name (Species) Code 

1. Ocimum basillicum  A 

2. Cosmos caudatus B 

3. Coffea canephora C 

4. Nepheliumlappaceum D 

5. Persea americana E 

6. Averrhoa bilimbi F 

7. Pluchea indica G 

8. Magnolia liliifera H 

9. Moringa oleifera I 

10. Morinda citrifolia J 

11. Syzgium polyanthum K 

12. Psidium guajava L 

13. Clidemia hirta M 

14. Sauropus androgynus N 

15. Lunasia amara O 

16. Aleurites moluccana P 

17. Artocarpus heterophyllus Q 

18. Diplazium esculentum R 

19. Piper betle S 

20. Annona muricata T 

21. Syzygium aqueum U 

22. Leucaena leucocephala V 

23. Chrysophyllum cainito W 

24. Pandanus sp X 

25. Carica papaya Y 

relevant information from (Near-infrared) NIR and 

(Fourier Transform-infrared) FTIR spectra data. This 

method can be used to analyze NIR and FTIR spectrum 

data, which have overlapping absorption bands [9]. The 

functions of chemometrics are to find good statistical 

correlations between spectral data and chemical 

parameter data for the model development process. 

Chemometric methods are often applied to a condition 

where no theory can solve or describe a problem that 

uses many variables (multivariate). The purpose of 

forming a chemometric calibration model is to describe 

a system that has a hidden relationship between available 

data and the information generated [8]. The quantitative 

multivariate models that are often used are Partial Least 

Square (PLS), Principal Component Regression (PCR), 

and Support Vector Regression (SVR) [10]. 

The objective of this research is to develop a 

simple, rapid and validated model of infrared 

spectroscopy at different altitudes by NIR and FTIR 

spectroscopies with chemometrics for the determination 

of the flavonoid content. Furthermore, the selected 

infrared spectroscopy calibration model with 

chemometrics methods was applied for determining the 

flavonoid content in commercial samples. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used in this study were twenty-five 

(25) samples of medicinal plant leaves with varieties of 

flavonoid content taken from the residential areas and 

plantation areas in Jember city, East Java, Indonesia 

(Table 1). Reagents used were ethanol 96% (Brataco, 

Indonesia), quercetin (Sigma-Aldrich), 10% aluminum 

chloride, potassium acetate (Merck), and filter paper. 

Five commercial samples were purchased from a 

pharmacy department store in Jember city (Chinese 

Teak®, Meniran®, Sambiloto®, Gotu Kola®, and Soursop®). 

Instrumentation 

The instruments used were NIR spectrometer 

(Brimrose Corporation Luminar 3070) Brimrose 

Software (Brimrose corp.), The Unscrambler X 10.2 

software (CAMO), computer (Intel Core 2 Duo), FTIR 
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spectrometer (Bruker Alpha) and UV-Vis 

spectrophotometer (Hitachi U 1800), moisture analyzer 

(PMB 53), grinding Machine (Philips HR2116), stainless 

steel sieves 100 mesh (Advantech), analytical balance 

(Sartorius), and oven (Memmert). 

Procedure 

Preparation and testing of the water percentage 

content of the leaves powder 

The leaves that had been collected were then 

pulverized using a grinding machine and sieved using a 

100 mesh sieve. The concentration of water content was 

tested using a moisture analyzer until the water content 

was less than 10% [11]. If the water content of the sample 

was greater than 10%, the powder was dried again in an 

oven at 50 °C until the water content of the sample was 

less than 10%. 

Analysis using NIR and FTIR spectrophotometers 

All samples were scanned on both infrared 

spectroscopy instruments (NIR and FTIR). Each sample 

was examined five replications by NIR spectrometer with 

five shots for each replication and three replications by the 

FTIR spectrometer [12]. The NIR and FTIR spectra data 

were obtained through Acquire Brimrose (NIR) and 

OPUS (FTIR) software, and each spectra data were coded. 

Determination of the total flavonoid content 

In this research, total flavonoid content was 

determined by UV-Vis spectroscopy as a reference 

method. This method used aluminum chloride as the 

reagent and quercetin as the reference compound [13]. 

The sample was prepared by mixing 0.5 mL of 10 mg/mL 

sample extract in ethanol with 3 mL of ethanol, 0.2 mL of 

AlCl3 10%, 0.2 mL of 1 M potassium acetate and then 

diluted to 10 mL in distilled water. After incubation at 

room temperature for 30 min, the absorbance of the 

mixture solution was measured at 428 nm by using a UV-

Vis spectrophotometer. Various standard solutions of 

quercetin (2.0, 4.0, 6.0, 8.0, 10.0, 12.0 and 15.0 µg/mL) 

were also prepared. 

Determination and validation of the calibration 

model 

Spectral data of the samples that had been scanned 

using NIR and FTIR spectrophotometers were analyzed 

using the Unscrambler X 10.2 (Camo Analytics, 

Norway) software. The spectral data of the training sets 

were correlated with the flavonoid concentration of the 

samples to form the calibration model. The calibration 

models used were PLS (partial least square), PCR 

(principal component regression), and SVR (support 

vector regression). 

PLS model is a multivariate projection method for 

modeling a relationship between dependent variables 

(Y) and independent variables (X). The principle of PLS 

is to find the component in the input matrix (X) that 

describe as much as possible the relevant variations in 

the input variables and at the same time have a maximal 

correlation with the target value in Y, given less weight 

to the variations that are irrelevant or noisy [14]. 

Therefore, PLS models, both X and Y, simultaneously to 

find the latent variables in X that will predict the latent 

variables in the Y model. The PCR model has a principle 

like PLS, but the difference is that PCR can eliminate 

several predictors by using several major components 

[15]. The SVR model is a result of the development of a 

regression method that can be used to predict the 

regression method in a statistical approach. The SVR 

principle is based on the calculation of linear regression 

functions in high-dimensional spaces where the input 

data is mapped through nonlinear functions [16]. 

The concentration of flavonoid of samples 

determined using UV-Vis spectroscopy as a response 

(variable y) and absorbance value of infrared spectra as 

a predictor (variable x). The assessment criteria in 

forming a calibration model were the value of R2, 

RMSEC (root mean square error of calibration), and 

RMSECV (root mean square error of cross-validation). 

The calibration model was stated to be good and has the 

best prediction if the correlation value R2 is greater 

(greater than 0.91 or close to 1), and the RMSEC and 

RMSECV values were getting smaller [15]. 

The calibration model selected was then validated 

using a Leave-One-Out-Cross-Validation (LOOCV), 

and 2-Fold-Cross-Validation (2-FCV) approaches. 

LOOCV was evaluated by omitting a data point, or a 

sample from the training data set one at a time. Then, 

the remaining data sets or samples were used to build a 
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new calibration model, which was then used to predict the 

omitted data set or sample. The second validation method 

was 2-fold cross-validation. In this research, validation 

with 2-fold cross-validation used 5 independent samples 

(test sets) with known concentrations. The calibration 

model formed were used to predict the concentration of 

flavonoid in the test set samples [17]. 

Applications of the selected and validated model for 

commercial samples 

The selected and validated calibration models were 

applied for the determination of the total flavonoid 

content in the commercial samples. A spectrum of 

commercial samples was scanned then was analyzed by a 

chemometric calibration model in order to predict the 

concentration of the total flavonoid content [12]. 

Analysis of data 

The results of the determination of the total 

flavonoid content in the commercial samples by infrared 

spectroscopy and UV-Vis spectrophotometry methods 

were compared using the Two Paired Samples t-Test with 

SPSS Ver. 22 (IBM, USA). Data analysis was carried out 

at a confidence level of 95% with significance or Sig. (2-

tailed) > 0.05 [18-19]. 

■ RESULTS AND DISCUSSION 

Preparation and Testing of Water % Content 

Each of the samples was given a unique code, and its 

moisture content of < 10% was presented in Table 2. The 

water content of sample powder has to prepared below 

10% in order to reduce the interfere of spectra 

measurements of the sample and to stop the process 

enzymatic reactions of microbial that can reduce the 

quality of sample powder [12]. The results of NIR and 

FTIR spectra data are shown in Fig. 1 and the spectral 

data of all samples were used as predictors on the 

calibration models. 

Total Flavonoid Content in the Sample 

Total flavonoid content in the sample was 

determined in mg quercetin equivalent (QE). Quercetin 

is used as a standard (comparison) because it belongs to 

the largest groups of flavonol that are often found in 

plants, where its amount is between 60–75% of 

flavonoids. In addition, quercetin also has keto groups 

on C-4 atoms and hydroxyl groups on C-3 or C-5 atoms, 

which can react to form acidic complexes with AlCl3 

[13]. The results of the total flavonoid content are as 

shown in Table 3. The range of total flavonoids is 3–30 

mg QE/g powder. The samples were then divided into 

two categories, namely training sets (used in forming the 

calibration models) and test sets (used for validation on 

selected calibration models). 

NIR and FTIR Calibration Models 

The calibration model was formed by correlating 

NIR and FTIR spectra of the samples with the total 

flavonoid  content that was  determined by spectroscopy  

Table 2. Code name and % water content of the sample 

No Code  % of water content ± SD No Code  % of water content ± SD 

1. A 4.633% ± 0.0764 14. N 5.250% ± 0.1000 

2. B 5.650% ± 0.0500 15. O 3.500% ± 0.0866 

3. C 4.767% ± 0.1041 16. P 4.200% ± 0.0500 

4. D 5.217% ± 0.0289 17. Q 3.233% ± 0.0764 

5. E 4.217% ± 0.0764 18. R 4.750% ± 0.2000 

6. F 4.300% ± 0.0500 19. S 5.183% ± 0.1528 

7. G 4.150% ± 0.0500 20. T 4.750% ± 0.1323 

8. H 4.250% ± 0.1000 21. U 3.133% ± 0.0764 

9. I 3.883% ± 0.0764 22. V 4.500% ± 0.0500 

10. J 4.783% ± 0.0764 23. W 4.233% ± 0.1041 

11. K 4.483% ± 0.1258 24. X 4.500% ± 0.1000 

12. L 2.867% ± 0.0764 25. Y 4.133% ± 0.0764 

13. M 3.567% ± 0.0289    
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Fig 1. (a) NIR spectra of quercetin (b) FTIR spectra of quercetin (c) NIR spectra of samples (d) FTIR spectra of samples, 

1) Ocimum basillicum, 2) Nephelium lappaceum, 3) Coffea canephora, 4) Cosmos caudatus, 5) Persea americana 

Table 3. The results of the total flavonoid content in the training set and test sample 

Code 
Category 
sample 

Average mg QE/g ± SD Code 
Category 
sample 

Average mg QE/g ± SD 

A Training Set 13.22 ± 0.0273 N Training Set 15.11 ± 0.0479 
B Training Set 29.93 ± 0.0136 O Training Set 10.39 ± 0.0118 
C Training Set 8.108 ± 0.0236 P Training Set 7.361 ± 0.0136 
D Training Set 9.439 ± 0.0295 Q Training Set 7.985 ± 0.0277 
E Training Set 14.93 ± 0.0236 R Training Set 9.017 ± 0.0518 
F Training Set 13.24 ± 0.0174 S Training Set 11.46 ± 0.0236 
G Training Set 12.49 ± 0.0177 T Training Set 14.47 ± 0.0169 
H Training Set 9.176 ± 0.0192 U Test Set 8.139 ± 0.0236 
I Training Set 16.35 ± 0.0320 V Test Set 26.30 ± 0.0459 
J Training Set 8.688 ± 0.0086 W Test Set 3.726 ± 0.0115 
K Training Set 10.57 ± 0.0136 X Test Set 4.048 ± 0.0216 
L Training Set 12.91 ± 0.0107 Y Test Set 17.92 ± 0.0123 
M Training Set 5.350 ± 0.0136    

 

UV-Vis as the reference method. In order to create a 

calibration model, 362 data were used as the training set 

in the NIR, while 60 data were used as the training set in 

the FTIR. The calibration models used were PLS, PCR, 

and SVR. The results of the calibration model are as 

shown in Table 4. 

In this research, the calibration model selected and 

used in determining the total flavonoid content was the 

PLS model in the NIR. The PLS model in the NIR was 

chosen because it has the R-square value that is close to 1 

(0.9676524) and the smallest RMSEC value (0.0978202). 

A calibration model is considered optimum or has a 

good correlation if it has an R-square value close to 1 and 

the smallest RMSEC value [20]. 

The selected PLS model was then validated with 

Leave-One-Out-Cross-Validation (LOOCV) and 2-

Fold-Cross-Validation (2-FCV). The cross-validation was 

carried out for determining the accuracy and predictive 

ability of the models that have been formed [21]. The 

results  of  the  LOOCV of  PLS  for  the  NIR  calibration  
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Table 4. The results of PLS, PCR and SVR calibration models from NIR and FTIR spectra 

Spectra Model 
R-square 

Calibration 

R-square 

Validation 
RMSEC RMSECV 

NIR PLS 

PCR 

SVR 

0.9676524 

0.9592377 

0.5125262 

0.9628204 

0.9526183 

0.4877062 

0.0978202 

0.1098087 

0.4065073 

0.1050252 

0.1189304 

0.4067137 

FTIR PLS 

PCR 

SVR 

0.9240598 

0.8064864 

0.9136168 

0.7372873 

0.6212984 

0.5951188 

0.1384766 

0.2626473 

0.1674283 

0.2625193 

0.3743665 

0.3239591 

 

model show the R-square and RMSE values are 0.9850164 

and 0.067663, respectively. The 2-fold cross-validation 

results show the R-square and RMSE values are 0.9857071 

and 0.2104665, respectively (Fig. 2). Based on the results 

of LOOCV and 2-fold cross-validation, it can be concluded 

that the PLS calibration model formed has good 

predictability and accuracy. The model can be applied to 

commercial samples. 

Selected and Validated Model Applications in the 

Commercial Samples 

The commercial samples were scanned using a NIR  

 

spectrophotometer five times with five replicates each 

time, and as a result, 125 data were obtained. All of the 

collected data were analyzed by being included in the 

Unscrambler X 10.2 software to determine the total 

flavonoid content of the sample. Furthermore, all of the 

data of the total flavonoid content of the samples (mg 

QE/g powder) obtained using NIR spectroscopy were 

compared with the results of the sample content 

obtained using UV-Vis spectrophotometry and the SPSS 

software. The results of the determination of the total 

flavonoid content in the commercial samples are as 

shown in Table 5. 

 
Fig 2. The result of a 2-fold cross-validation PLS model 

Table 5. The results of the determination of the total flavonoid content in the commercial samples 

Real Sample 
Average of total flavonoid content (mg QE/g) ± SD 

NIR Spectroscopy UV-Vis Spectrophotometry 

Chinese Teak® 17.95 ± 0.4119 18.12 ± 0.0136 

Meniran® 12.14 ± 0.0503 12.26 ± 0.0136 

Sambiloto® 12.48 ± 0.0964 12.58 ± 0.0307 

Gotu Kola® 11.25 ± 0.1350 11.09 ± 0.0307 

Soursop® 13.98 ± 0.0973 14.15 ± 0.0545 
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The results of total flavonoid content in the 

commercial samples using NIR spectroscopy and UV-Vis 

spectrophotometry were compared using the “Paired 

Sample T-test". The purpose was to find out whether there 

was a significant difference between the total flavonoid 

content in the commercial samples determined using the 

NIR spectroscopy over UV-Vis spectrophotometry. In the 

paired sample T-test, decision forming is based on its 

significance value, if the significance (Asymp. Sig) < 0.05, 

then Ho (no significant difference) is rejected and Ha 

(there are significant differences) accepted. Conversely, if 

the significance (Asymp. Sig) > 0.05, then Ho is accepted, 

and Ha is rejected. The results of the paired sample T-test 

showed that there were no significant differences in the 

determination of the total flavonoid content in the 

commercial samples with the two methods, where the p-

value obtained was 0.249 with a 95% confidence level. 

■ CONCLUSION 

The NIR spectroscopy, combined with multivariate 

calibrations methods, can be used to determine the total 

flavonoid content in medicinal plant leaf powder. The 

selected calibration model was PLS (Partial Least Square) 

with R-square, and RMSE calibration values were 

0.9676524 and 0.0978202, respectively. The suggested 

method is simple, selective, validated, and eco-friendly. 
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 Abstract: Online solid-phase extraction-liquid chromatography (online SPE-LC) with 

diode array detector (DAD) was used to obtain the chromatographic fingerprint of 

bioactive compounds of pineapple (Ananas comosus L.). The extracts from 40 samples of 

three different varieties of pineapple (Morris, MD2, and Josaphine) were obtained using 

pressurized liquid extraction (PLE) prior to separation using online SPE-LC. The SPE-LC 

method was optimized and validated and applied to 40 pineapple samples of those three 

varieties. Seven bioactive compounds identified include catechin, epicatechin, chlorogenic 

acid, ferulic acid, quercetin, myricetin, and bromelain. For varietal discrimination, the 

relative areas of 16 selected peaks were subjected to chemometric techniques. The three 

pineapple varieties were successfully discriminated using cluster analysis (CA) and 

principal component analysis (PCA). 

Keywords: online SPE-LC; pineapple; bioactive compounds; chromatographic 

fingerprint; chemometrics 

 

■ INTRODUCTION 

Pineapple (Ananas comosus L.) is widely cultivated 
in tropical countries, including Malaysia [1-2]. Pineapple 
is known to contain a significant amount of bioactive 
compounds such as anthocyanins, polyphenols, and 
bromelain, a health-inducing enzyme. Many studies have 
reported on the biological properties of pineapple such as 
anti-oxidative [3], anti-browning [4], anti-inflammatory, 
and anti-platelet activities [5]. Food policies such as stated 
in General Food Law Regulation No.178/2002 gives the 
right to the consumers to obtain truthful information 
about the fruit they purchased, and the data includes the 
composition, types, grades, and origin of the food [6]. The 
current quality control of fruits in Malaysia is based solely 
on the morphological traits and with the manual 
inspection done by the agricultural officer [7]. This 
approach depends on the human’s perception and 
judgment, which may be biased and inconsistent. 

The World Health Organization (WHO) has 
recommended chromatographic fingerprint analysis as a 

quality control strategy for foods with medicinal values 
[8-9]. The chromatographic fingerprint of phenolic 
compounds has been successfully used by researchers in 
the authentication of honey [10], olive oil [11-12], and 
herbal medicines [13]. The development of a valuable 
chromatographic fingerprint requires efficient extraction, 
cleanup, and separation methods. Pressurized liquid 
extraction (PLE) has been successfully applied for the 
extraction of thermal-sensitive bioactive compounds, 
including phenolic compounds from plants and fruits 
[14-15]. It involves extraction using solvents in a liquid 
state at elevated temperature and pressure to enhance 
the extraction process. For plant extracts, removal of 
interference and analyte concentration, known as the 
cleanup step, is usually required prior to analysis [2]. 
Solid-phase extraction (SPE) usually consists of 4 steps: 
conditioning/equilibration, loading, washing, and 
elution. This technique has been largely applied and 
proved to be a good alternative to traditional liquid-
liquid extraction. Due to the laborious steps in SPE, an 
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online SPE-LC is getting more attention. The SPE process 
in both approaches follows the same steps and is governed 
by the same principles. However, using online SPE-LC, the 
eluted analytes are directly transferred into the analytical 
column for separation and quantitation. Thus, online 
SPE-LC approach has the advantages of a significant 
reduction in sample preparation time and less human 
handling. 

In this study, an online SPE-LC was developed to 
obtain a chromatographic fingerprint of selected bioactive 
compounds as an alternative to traditional quality control 
of pineapple. The developed method was used to analyze 
three common varieties of pineapple in Malaysia (MD2, 
Morris, and Josaphine). These varieties were selected 
because seventy percent of the fresh pineapple fruit 
produced in Malaysia is from Morris variety. Josaphine 
pineapple is the most common variety cultivated on an 
annual cycle in Malaysia, while MD2 variety is listed as 
major export crop under Malaysia National Key Economic 
Agenda (NKEA). Chemometric methods such as cluster 
analysis (CA) and principal component analysis (PCA) 
were applied to the dataset of the chromatographic 
fingerprints to discriminate the selected pineapple varieties. 

■ EXPERIMENTAL SECTION 

Materials 

Forty samples of ripened fruits of three pineapple 
varieties (Moris, MD2, and Josaphine) were purchased 
from local traders. The fruits were peeled, cut into thin 
pieces, and dried for 48 h at 45 °C in an oven (Memmert 
UN110). The dried flesh was stored in a dark-covered 
container prior to extraction. The standards for selected 
bioactive compounds (epicatechin, catechin, quercetin, 
chlorogenic acid, ferulic acid, myricetin, and bromelain) 
were purchased from Merck (Darmstadt, Germany). 
Acetonitrile (HPLC grade), methanol (HPLC grade), and 
acetic acid were purchased from Merck Schuchardt 
(Hohenbrunn, Germany). 

Instrumentation 

Pressurized liquid extraction 

PLE was performed using Dionex ASE 350 
accelerated solvent extractor (Thermo Scientific Ltd. 

Surrey, UK). The extracts from 40 pineapple samples 
were obtained using the PLE method. Dried flesh of 
pineapple (60 g) was accurately weighed, mixed with an 
equal amount of diatomaceous earth, and transferred to 
a 100 mL PLE stainless steel extraction cell with cellulose 
filter at the bottom end to eliminate particles in the 
extracts. The sample cell was then closed to medium 
tightness and placed into the carousel of the ASE 350 
system. Extraction was performed using single cycle 
mode with 100% of methanol as the solvent. The 
extracted analyte was purged from the sample cell using 
pressurized nitrogen. The PLE parameters were: static 
cycle, 1; flush volume, 100%; purge time, 120 sec; and the 
optimized PLE parameters were: extraction 
temperature, 105 °C; extraction time, 20 min. After PLE, 
each extract was transferred into online SPE-LC vials 
before analysis [16]. 

Online SPE-LC 

Analysis of bioactive compounds was done using 
online SPE-LC (Dionex Ultimate 3000 Liquid 
Chromatography system) with diode array detector 
(DAD) using two C18 columns, a 5 µm, 4.6 mm × 50 
mm for SPE cleanup and a 5 µm, 4.6 mm × 250 mm for 
separation of compounds. The column temperature was 
maintained at 40 °C in an oven, and the injection volume 
was 100 µL. Eluted compounds were monitored at the 
optimized detection wavelength of 280 nm. Data 
acquisition was performed by Chromeleon software. 
The mobile phase consisted of ultrapure water (A), 
methanol (B), and acetonitrile (C). The separation done 
with application of gradient elution 0–19 min: 50% A: 
20% B: 30% C; 20–25 min: gradient elution 15% A: 40% 
B: 45% C; 25–40 min: gradient elution 10% A: 80% B: 
10% C. The flow rate was set at 1 mL/min throughout 
the analysis [17]. Fig. 1 shows the chromatogram of 
selected bioactive compounds obtained using the 
optimized online SPE-LC method. 

Procedure 

Calibration and linearity 

The standard solution of all bioactive compounds 
was prepared in HPLC grade methanol. The 
concentration of standards of  bioactive compounds was  
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Fig 1. Chromatogram of selected bioactive compounds standards (100 mg/L), 1) catechin; 2) epicatechin; 3) 
chlorogenic acid; 4) ferulic acid; 5) myricetin; 6) quercetin; 7) bromelain 
 
prepared between 5–200 mg/L for quantification in 
pineapple samples. Linearity was determined as (R2) of 
the calibration graph. The coefficient of determination 
showed good linearity (R2 > 0.997) as shown in Table 1. 

Precision 

The repeatability of this method was conducted 
using three replicates of the standard mixture (50 mg/L) to 
give low percent RSD ranging between 2.1-4.6% (Table 1). 

Limit of detection and limit of quantitation 

The limit of detection (LOD) and quantification 
(LOQ) were determined based on the signal-to-noise 
ratio (S/N) of about 3 and 10, respectively. The LOD 
values were between 2.4 and 5.2 mg/L, while the LOQ 
values were between 8.2 and 17.1 mg/L for each standard 
compound (Table 1). 

Data analysis 

Chemometric analysis applied on the dataset of 
chromatographic fingerprints was done using XLSTAT 
2013 software (Addinsoft, New York, NY). Peak areas of 

16 selected peaks were utilized as variables to evaluate 
the similarities and differences in CA and PCA. 

■ RESULTS AND DISCUSSION 

Identification of selected bioactive compounds in 
pineapple samples was performed by comparing their 
retention times and UV spectra with that of the standard 
compounds. Fig. 2 shows the chromatograms of 
representative samples from the three pineapple 
varieties and Table 2 tabulates the amount of selected 
bioactive compounds in all pineapple samples. 
Bromelain, epicatechin and chlorogenic acid existed in 
all pineapple varieties. The amount of catechin was 
found highest in Josaphine pineapple (5.23 mg in 100 g 
of dried pineapple), but not detected in most MD2 
samples. The presence of catechin and epicatechin was 
reported by a study on the Bali pineapple [18]. Catechin 
was also reported in grapes and teas in high amount [19]. 
Epicatechin, however, showed a higher amount in MD2 
varieties than in other varieties. 

Table 1. Coefficients of determination, precision, limit of detection (LOD) and limit of quantification (LOQ) of 
selected bioactive compounds 

Compounds 
Correlation 

coefficient (R2) 
LOD 

(mg L–1) 
LOQ 

(mg L–1) 
Precision 
(% RSD) 

Catechin 0.997 4.2 14.1 3.2 
Epicatechin 0.975 4.5 15.3 2.1 
Chlorogenic acid 0.994 5.2 17.1 3.9 
Ferulic acid 0.997 3.4 11.2 2.8 
Quercetin 0.994 2.4 8.2 4.6 
Myricetin 0.995 3.6 12.0 4.3 
Bromelain 0.995 3.1 9.6 2.6 
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Table 2. Quantitative determination of bioactive compounds in pineapple samples (mg/100 g dried pineapples ± RSD 
(n = 3), ND: not detected 

Samples Catechin Epicatechin Chlorogenic acid Ferulic acid Myricetin Quercetin Bromelain 

J1 4.483 ± 0.002 1.799 ± 0.002 1.343 ± 0.032 1.077 ± 0.001 0.222 ± 0.021 0.635 ± 0.011 7.345 ± 0.003 
J2 4.827 ± 0.012 1.873 ± 0.003 1.392 ± 0.001 0.833 ± 0.064 0.155 ± 0.011 0.744 ± 0.002 7.637 ± 0.005 
J3 4.601 ± 0.041 1.947 ± 0.011 1.445 ± 0.002 1.109 ± 0.011 0.302 ± 0.001 0.619 ± 0.004 7.762 ± 0.029 
J4 3.552 ± 0.029 2.058 ± 0.052 1.705 ± 0.001 1.267 ± 0.003 0.237 ± 0.005 0.249 ± 0.001 6.476 ± 0.063 
J5 4.459 ± 0.011 2.080 ± 0.033 1.004 ± 0.031 0.956 ± 0.022 0.329 ± 0.006 0.674 ± 0.083 7.707 ± 0.041 

J6 4.769 ± 0.005 1.915 ± 0.041 1.415 ± 0.011 0.835 ± 0.015 0.217 ± 0.006 0.421 ± 0.002 8.001 ± 0.011 
J7 4.824 ± 0.003 2.048 ± 0.001 1.101 ± 0.015 1.315 ± 0.021 0.279 ± 0.003 0.436 ± 0.016 8.058 ± 0.002 
J8 3.388 ± 0.010 1.908 ± 0.006 1.335 ± 0.048 1.151 ± 0.002 0.325 ± 0.017 0.593 ± 0.003 11.443 ± 0.001 
J9 5.166 ± 0.001 2.085 ± 0.008 1.419 ± 0.001 1.242 ± 0.001 0.270 ± 0.002 0.625 ± 0.002 7.002 ± 0.004 
J10 4.450 ± 0.005 1.985 ± 0.022 1.742 ± 0.017 1.283 ± 0.003 0.248 ± 0.039 0.754 ± 0.001 8.155 ± 0.042 
J11 4.858 ± 0.012 1.843 ± 0.061 1.219 ± 0.002 1.023 ± 0.046 0.137 ± 0.003 0.358 ± 0.023 9.284 ± 0.002 
J12 3.794 ± 0.009 1.853 ± 0.002 1.459 ± 0.048 1.362 ± 0.003 0.307 ± 0.054 0.470 ± 0.004 7.948 ± 0.014 
J13 4.883 ± 0.018 2.077 ± 0.002 1.536 ± 0.033 1.402 ± 0.021 0.218 ± 0.012 0.828 ± 0.024 11.590 ± 0.013 
J14 5.233 ± 0.009 2.238 ± 0.008 1.302 ± 0.012 1.455 ± 0.001 0.146 ± 0.003 0.884 ± 0.001 7.838 ± 0.007 
J15 3.992 ± 0.071 1.867 ± 0.032 1.429 ± 0.038 1.008 ± 0.003 0.196 ± 0.029 0.663 ± 0.003 10.323 ± 0.005 
M1 2.399 ± 0.002 0.235 ± 0.001 0.651 ± 0.071 ND ND 0.080 ± 0.031 2.898 ± 0.048 
M2 2.176 ± 0.016 0.104 ± 0.006 0.751 ± 0.001 ND ND ND 3.425 ± 0.025 
M3 2.571 ±0.003 0.261 ± 0.003 0.716 ± 0.006 ND ND ND 3.251 ± 0.032 
M4 2.789 ± 0.006 0.278 ± 0.019 0.761 ± 0.008 ND ND ND 2.908 ± 0.011 
M5 2.781 ± 0.002 0.604 ± 0.008 0.639 ± 0.025 ND ND ND 3.583 ± 0.002 
M6 2.544 ± 0.038 0.450 ± 0.013 0.578 ± 0.043 ND ND ND 4.077 ± 0.006 
M7 2.925 ± 0.004 0.202 ± 0.064 0.549 ± 0.002 ND ND ND 2.878 ± 0.002 
M8 2.363 ± 0.006 0.154 ± 0.002 0.668 ± 0.005 ND ND ND 6.371 ± 0.015 
M9 2.781 ± 0.036 0.124 ± 0.042 0.483 ± 0.011 ND ND ND 3.376 ± 0.004 
M10 2.544 ± 0.062 0.086 ± 0.011 0.620 ± 0.035 ND ND ND 4.032 ± 0.001 
M11 2.925 ± 0.021 0.275 ± 0.017 0.577 ± 0.001 ND ND ND 3.349 ± 0.026 
M12 2.363 ± 0.003 0.462 ± 0.043 0.643 ± 0.007 ND ND ND 2.332 ± 0.001 
M13 2.200 ± 0.005 0.214 ± 0.061 0.560 ± 0.005 ND ND ND 2.990 ± 0.002 
M14 1.529 ± 0.007 0.313 ± 0.011 0.669 ± 0.018 ND ND ND 7.021 ± 0.011 
M15 1.886 ± 0.002 0.284 ± 0.004 0.555 ± 0.012 ND ND ND 5.074 ± 0.043 
MD 1 ND 5.449 ± 0.011 3.157 ± 0.032 0.597 ± 0.004 1.963 ± 0.044 1.629 ± 0.009 4.473 ± 0.016 
MD 2 ND 5.480 ± 0.032 3.402 ± 0.022 0.653 ± 0.008 1.825 ± 0.002 1.436 ± 0.021 4.718 ± 0.001 
MD 3 ND 4.372 ± 0.049 2.785 ± 0.021 0.616 ± 0.001 1.793 ± 0.005 2.128 ± 0.032 4.149 ± 0.001 
MD 4 ND 3.171 ± 0.002 3.648 ± 0.001 0.628 ± 0.006 1.721 ± 0.001 2.287 ± 0.028 4.835 ± 0.006 
MD 5 0.047 ± 0.001 4.239 ± 0.049 3.675 ± 0.071 0.504 ± 0.012 1.695 ± 0.011 1.921 ± 0.025 3.575 ± 0.019 
MD 6 ND 5.579 ± 0.024 3.717 ± 0.001 0.661 ± 0.008 1.639 ± 0.025 2.061 ± 0.066 4.915 ± 0.022 
MD 7 ND 3.603 ± 0.052 3.429 ± 0.003 0.531 ± 0.005 1.969 ± 0.039 1.655 ± 0.004 4.568 ± 0.001 
MD 8 ND 2.456 ± 0.011 3.406 ± 0.004 0.637 ± 0.001 1.731 ± 0.041 1.373 ± 0.011 5.590 ± 0.021 
MD 9 ND 6.547 ± 0.002 2.995 ± 0.012 0.709 ± 0.011 1.687 ± 0.032 1.672 ± 0.031 7.210 ± 0.004 
MD 10 ND 5.517 ± 0.038 3.151 ± 0.019 0.651 ± 0.024 1.7540 ± 0.004 2.005 ± 0.002 5.935 ± 0.006 

 
Quercetin was present in MD2 and Josaphine samples 
except in Morris samples. This may be due to MD2 as a 
hybrid or genetically modified seedlings derived from 
Josaphine by the Malaysian Agriculture Research and 
Development Institute (MARDI) [20]. Even though the 
similarities and differences among the three varieties of 

pineapple can be observed in the chromatographic 
fingerprints obtained, a more systematic approach in 
varietal discrimination was further evaluated using 
chemometric techniques as this approach will help to 
discriminate even the slightest variation of bioactive 
compounds [21]. 
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Fig 2. Representative chromatographic fingerprints of three different varieties of pineapples obtained at 280 nm (a) 
Morris (b) Josaphine (c) MD2. 1) catechin; 2) epicatechin; 3) chlorogenic acid; 4) ferulic acid; 5) myricetin; 6) quercetin; 
7) bromelain 
 
Chemometric Analysis 

For chemometric analysis, relative peak areas of 16 
peaks were selected inclusive of 7 identified bioactive 
compounds and 9 unknown compounds. A larger 
number of variables were needed to perform thorough 
varietal discrimination. 

Cluster Analysis (CA) 

Cluster analysis is a multivariate method that aims 
to classify a sample of subjects (or objects) on the basis of 
a set of measured variables into a number of different 
groups such that similar subjects are placed in the same 
group [22]. The dataset was grouped using Ward’s linkage 
with squared Euclidean distance as a measure of similarity 
[23]. Fig. 3 shows the dendrogram obtained. The three 
pineapple varieties were clearly grouped in individual 
clusters. However, within each cluster, subgroups could 
be observed due to the origin (location) and maturity of 
samples. Maturity can affect significantly the different 
composition of bioactive compounds in fruits [24]. 

Principle Component Analysis (PCA) 

PCA has been implemented in many recent studies 
for authentication and classification in food [25-28]. It 
was also used in a recent study to determine the seasonal 
and regional variation in food authentication based on 
chromatographic fingerprinting [29]. The variation in 
the chromatographic fingerprints of each pineapple 
varieties analyzed by PCA (Fig. 4) yielded 3 principal 
components (PCs) also known as varimax factors 
analyzed with some of them consist of strong factor 
loading as shown in Table 3. 

Data variance was explained in the first two PCs 
with a cumulative variability of 75.28%. Chlorogenic 
acid and ferulic acid possessed a strong loading in PC1. 
Other significant variables in PC1 could not be 
identified. In PC2, epicatechin and bromelain gave 
strong loadings. Fig. 5 shows the PCA score plot of the 
pineapple samples. The groupings in the score plot were 
in good agreement with the result obtained from CA 
whereby the three varieties existed in different axes. Our  
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Fig 3. Dendrogram of three varieties of pineapple 

 
Fig 4. PCA score plot of pineapple samples. Observation was done after varimax rotation 

 
previous studies had successfully applied CA and PCA on 
the authentication of Harumanis mango [30] and the 
clustering of Tongkat Ali roots [17]. 

With the aids of chemometric techniques such as 
PCA and CA, significant parameters, chlorogenic acid 
and ferulic acid concentration in each pineapple variety 
were further analyzed. Fig. 5 shows a graph of the ratio of 

the two major bioactive compounds. The ratio of these 
two compounds in the three varieties of pineapple 
differed from each other. In Josaphine variety, the ratio 
of chlorogenic acid and ferulic acid concentration in the 
samples has only small differences where the 
concentration of chlorogenic acid is higher than ferulic 
acid. However,  in MD2  variety, large differences can be 
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Table 3. Factor loadings for bioactive compounds 
detected in pineapple samples. (Strong loadings > 0.75 
are shown in bold) 

Parameters PC1 PC2 PC3 

X1 0.165 0.294 0.038 
Catechin 0.655 0.196 0.009 

Epicatechin 0.020 0.805 0.077 
X4 0.102 0.737 0.074 
Chlorogenic acid 0.816 0.074 0.053 

X6 0.088 0.542 0.030 
Ferulic acid 0.899 0.004 0.043 

X8 0.854 0.009 0.095 

X9 0.824 0.037 0.062 
X10 0.337 0.109 0.470 

X11 0.910 0.000 0.037 
Quercetin 0.209 0.136 0.603 
X13 0.845 0.023 0.028 

Myricetin 0.564 0.044 0.342 
X15 0.890 0.000 0.024 

Bromelain 0.027 0.831 0.000 

Eigenvalue 9.838 4.132 0.693 
Variability (%) 51.28 23.99 12.41 
Cumulative (%) 51.28 75.28 87.69 

 
Fig 5. Ratio of concentration (mg/100 g) of chlorogenic 
acid and ferulic acid for three varieties of pineapples 

observed in the ratio of the two compounds whereby, the 
concentration of chlorogenic acid is almost six times 
higher than that of ferulic acid. Similar to MD2 variety, 
chlorogenic acid in Morris variety is higher than ferulic 
acid. However, the total amount of these two compounds 
was very much lower than those in Josaphine variety. Due 

to the differences in the ratio of these two compounds, 
the amount of chlorogenic acid and ferulic acid could be 
promising marker compounds to distinguish these three 
varieties. 

■ CONCLUSION 

A comprehensive and reliable chromatographic 
fingerprint of pineapple was obtained using PLE 
followed by the online SPE-LC method. The complex 
data of 16 compounds from 40 samples were interpreted 
using multivariate data analyses (CA and PCA) which 
successfully discriminated the three pineapple varieties. 
This study suggested that chromatographic fingerprints 
with chemometric evaluation can provide a systematic 
approach in quality control and authentication of fruit 
varieties. 
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 Abstract: Cellulose acetate blend membranes in this study was synthesized from 

cellulose acetate (CA) of rice husk and NaA zeolites (Z) with N,N’-Methylene bis 

acrylamide (MBA) as the cross-linker agent and gamma-rays from cobalt-60 source as 

the reaction initiator. Application of the membrane was carried out to increase the 

concentration of vetiverol in vetiver oil. The steps in this study were isolation of the 

cellulose rice husk with alkali treatment, delignification, acetylation, preparation of the 

cellulose acetate-NaA zeolites NaA-membrane by inverse phase technique, addition of 

N,N’-Methylene bis acrylamide, and irradiation by gamma-rays. Swelling degree, 

crosslinking yield, tensile strength, membrane performance, FTIR, and SEM analysis were 

observed. The results showed that the optimal irradiation dose for the synthesis the CA-

Z-MBA membrane was 20 kGy. The CA-Z-MBA membrane had a swelling degree of 

4.44%, tensile strength of 656.40 kg/cm2, and crosslinking yield of 6.61%. Performance of 

the CA-Z-MBA membrane reached the flux of 60.58 g/m2.h, permeate concentration (CP) 

of 11.67%, and the CP increase 5 times from 2.40% to 11.67%. 

Keywords: cellulose acetate membrane; NaA zeolites; gamma-rays; vetiver oil 

 

■ INTRODUCTION 

The cellulose acetate membrane is one of the 

hydrophilic membranes. A hydrophilic membrane has an 

active polar side, which interacts with a polar molecule or 

compound. The interaction between the penetrant and 

the membrane can occur through a chemical bond, the 

hydrogen bond. The hydrophilic property of the cellulose 

acetate membrane affects the ease of interaction and 

diffusion of molecules or penetrant compounds in the 

membrane if each membrane and solute has similarities 

or differences in polarity or charge [1]. Cellulose acetate 

membranes have high water absorption rates, weak 

electrical resistance, and limited heat and chemical 

resistance. The properties of water resistance increase 

with the increasing degree of acetylation and its strength 

can last up to 60 °C. Besides that, the cellulose acetate 

membrane has a specific gravity ranging from 1.27−1.34 

[2]. Cellulose acetate membranes have a high degree of 

bloat, low chemical resistance, weak electrical resistance, 

and small mechanical strength [2-4]. This causes the 

cellulose acetate membrane to have high flux but low 

selectivity. The selectivity of cellulose acetate 

membranes can be increased by zeolite addition [4-6]. 

An essential criterion for determining membrane 

effectiveness is to observe permeation and selectivity 

rates. The rate of permeation or flux is the rate of mass 

transfer per unit of membrane surface area per unit of 

time. This statement is formulated in Eq. 1 [7]. 

1 dm
J

A  dt

 =  
 

  (1) 
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where J = total flux value (g/m2.h), A = membrane surface 

area (m2), dm/dt = slope of the permeate mass curve over 

time. 

Selectivity can be expressed by separation factor (α) 

Eq. 2 [7], 

( )
( )

W A

W A

Y Y

X X
α =   (2) 

where, YW, YA = molar fractions of water (W) and 

vetiverol (A) at the vapor phase in the permeate, YW + YA 

= 1; and XW, XA = molar fractions of water (W) and 

vetiverol (A) at the liquid phase in the feed, XW + XA = 1. 

Previous studies of modified cellulose acetate 

membranes with hydrophilic NaA zeolite fillers resulted in 

membranes that were densified that could increase 

membrane selectivity to hydrophilic materials [8-10]. 

Gamma irradiation of the cellulose acetate membrane by 

the addition of glutaraldehyde as a cross-linker can improve 

both physical and mechanical properties [11] evidenced by 

decreasing degrees of swelling and increased tensile 

strength. The addition of a stable N,N’-Methylene bis 

acrylamide as a cross-linker agent with crosslinking 

techniques can avoid degradation of irradiated membranes 

[12]. Modification of the membrane increases the 

membrane selectivity for pervaporation of hydrophilic 

materials. Pervaporation is a process of separating a volatile 

mixture by using a tight membrane regulated by a vacuum 

pump or carrier gas [7]. Pervaporation by using cellulose 

acetate membrane for extraction and separation of essential 

oils with the main component of hydrophilic compound 

(vetiverol) has been carried out, but the essential oil 

produced from vetiver has not had vetiverol level that 

meets SNI quality standard, so it needs to be improved [7]. 

The purpose of this research is to improve the physical 

and chemical characteristic of the membrane by increasing 

the polarity by adding NaA zeolite and the crosslinking 

between the bond of the cellulose acetate by adding N,N’-

Methylene bis acrylamide. Based on that, in this research, 

modified cellulose acetate membrane of rice husk with 

zeolite NaA and N,N’-Methylene bis acrylamide were 

irradiated by gamma-rays in the hope of producing a tight 

and selective membrane to vetiverol compound in vetiver 

oil by pervaporation methods. NaA zeolite has a high affinity 

[13]. Vetiver oil is one of the essential oils that contain a 

mixture of sesquiterpene alcohol and a very complex 

hydrocarbon. The main components of vetiver oil 

composition consist of sesquiterpene hydrocarbons (γ-

cadinene, cloven, α-amorphine, aromadendrene, juniper, 

and alcohol derivatives), vetiverol (khusimol, epiglobulol, 

spathulenol, khusinol, and carbonyl derivatives), and 

vetivone (α-vetivone, β-vetivone, khusimon and ester 

derivatives). Increased levels of vetiverol in vetiver oil 

can improve the quality of vetiver oil [14]. 

■ EXPERIMENTAL SECTION 

Materials 

The rice husk used was from Cileles Village, 

Jatinangor District, vetiver oil was from Garut Regency. 

Glacial acetic acid, sulfuric acid, acetone, ethanol, 

hexane, chloride peroxide, methylene chloride, sodium 

hydroxide, sodium carbonate, potassium hydroxide, 

magnesium sulfate were obtained from Merck with p.a 

grade. Sodium chloride and Liquid nitrogen, N,N’-

Methylene bis acrylamide were from Merck and NaA 

zeolites were from Wiko (No. 267-00595). 

Procedure 

Synthesis of CA-zeolite NaA-MBA membrane (CA-Z-

MBA) 

Five percent w/v of CA polymer was dissolved in 

methylene chloride until homogeneous. Five percent w/v 

NaA zeolite of 5% w/v CA acetate weight was incorporated 

into the membrane solution while continuously stirring 

for 24 h. It was then stored in the refrigerator for 24 h to 

avoid solvent evaporation and bubble removal. Then the 

membrane solution was printed on a glass plate. The 

membrane on the glass plate was stored in the desiccator 

until the membrane was detached from the glass plate. 

The formed membrane was soaked with MBA 1% for  

10 min and stored in an air tight plastic [10]. 

Irradiation of CA-Z-MBA membrane 

The CA-Z-MBA membranes in the airtight plastic 

was irradiated with various doses of 10, 20, 30 and 40 kGy. 

Irradiation was carried out by gamma rays from cobalt-

60 as the source [11]. 

Pervaporation 

Pervaporation is a separation  process by contacting  
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the feed solution on the active side of one membrane 

surface. The result is a permeate in the form of vapor 

emitted on the other side of the membrane. The membrane 

was placed over the support horizontally on the apparatus 

of pervaporation. Into a flask, 100 g of vetiver oil was 

placed and heated to 40 °C. The pervaporation process 

was carried out at a vacuum pressure (0.5 mbar). Before 

and after the pervaporation process, the feed solution was 

taken slightly. Permeate was taken every one hour. Then 

the feed and permeate solution was calculated [4]. 

Determination of ash content 

Samples were weighed as much as 1 g and fed into 

the already known weight plate, then inserted in the kiln 

and heated to a temperature of 600 °C for 4 h. Then the 

samples were cooled in a desiccator and weighed. Ash 

content calculation was performed according to Eq. 3 [15]. 

Ash _ Mass
Ash% 100

Sample _ Mass
= ×   (3) 

The degree of swelling 

The 3 × 2 cm of CA membrane was weighed by dry 

weight, immersed in 10 mL of water at room temperature 

for 24 h. The membrane surface was then dried with 

absorbent paper to remove excess water attached to the 

membrane surface. The wet membrane was weighed again 

several times until a constant weight (Mb) was obtained, 

then the degree of swelling was calculated. Swelling degree 

(DS) of membrane can be determined by Eq. 4 [16]. 

s d

d

M M
DS% 100

M

−
= ×   (4) 

where Ms and Md are the mass of the swollen and dry 

membranes respectively. 

Membrane flux value 

The flux value determines the permeate obtained 

from the pervaporation process (Eq. 1) [7]. 

Fourier-transform infra-red (FTIR) 

Membrane characterization using FTIR was 

conducted to determine functional groups present in the 

resulting membrane [2]. Cellulose acetate modified 

membrane with a weight of 1–2 mg was mashed mixed 

with 300–400 mg of potassium bromide powder and put 

in a stainless steel cup. The infrared light absorption of the 

samples was measured in the region of wave numbers 

4000–500 cm–1. The IR spectra produced were compared 

with CA spectra before the copolymerization process. 

Scanning electron microscope (SEM) 

Membrane characterization using SEM was 

conducted to determine the morphological structure of 

the membrane and to perform cross-sectional analysis 

[2]. The samples were coated with Au then placed in a 

sample container on the SEM device, and afterwards the 

samples were closed and made airtight. The surface of 

the samples was then measured. 

Tensile strength (Ts) 

The modified CA membrane was cut to a plate 

with a width of 0.3 cm and its thickness was measured 

several times in the section of the cut membrane. After 

that, the membrane was tested for its tensile strength 

with the Stograph-RJ tool. The value of Ts was determined 

based on Eq. 5[3]. 

m
Ts

t l
=

×
  (5) 

where m, t, and l are mass of tensile strength (kg), 

thickness (cm), and width (cm) of the membranes, 

respectively. 

Crosslinking yield 

The crosslinking yield (CY) was determined by Eq. 

6 [17]. 

x y

y

M M
CY% x100

M

−
=   (6) 

where My and Mx are the mass of the membrane before 

and after crosslinking, respectively. 

Vetiverol in vetiver oil 

Concentration of vetiverol in the permeate (CP) 

and vetiverol in the feed (CF) were calculated from ester 

numbers before acetylation and ester numbers after 

acetylation according to SNI 06-2386-2006. The ester 

number of CA before acetylation was determined by the 

addition of 25 mL of 0.5 N KOH to each sample and 

blank, which was then refluxed for 1 h. Phenolphthalein 

was added to the mixture solution then titrated with 0.5 N 

HCl to a color change. The ester number before 

acetylation was calculated according to Eq. 7. 

The ester number after acetylation was determined 

by adding 10 mL acetic anhydride and 2 g sodium silicate 
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anhydride to 10 mL of sample. The solution mixture was 

refluxed for 2 h, cooled, and added with 50 mL of water. 

The mixture solution was heated at 40 °C for 15 min, stirred 

and inserted into a separating funnel and washed with  

10 mL of water. The oil layer was separated by a layer of 

water. 50 mL of sodium chloride, 50 mL of Na2CO3/NaCl, 

20 mL of water and 3 g MgSO4 were then added to the oil 

layer. The essential oil was weighed and added with 2 mL 

of water and phenolphthalein. Then 25 mL of ethanol/ 

KOH 0.5 M was added to the solution mixture, refluxed 

for 1 h, then cooled by adding 20 mL of water. The solution 

mixture was titrated with 0.5 M HCl and the ester number 

after acetylation was calculated according to the equation 

E2. Vetiverol concentration was determined by Eq. 9 [11]. 

( ) ( )1 0
1

56.1 V V N
E The ester number before acetylation

m

−
=   (7) 

( ) ( )
2

28.05 a b
E The ester number after acetylation  

c
=

−
  (8) 

( )2 1

2

M  E E
Vetiverol concentration

561 0.42  E

−
=

− ×
  (9) 

where: m = mass of sample before acetylation/g, V1 = 

volume of 0.5 N HCl for the blank titration/mL, V0 = 0.5 

N HCl volume for sample titration/mL, N = acidity of 

HCl, a = volume of 0.5 N HCl for the blank titration/mL, 

b = volume of 0.5 N HCl for sample titration/mL, c = 

sample mass after acetylation/g, M = molecular mass of 

vetiverol/g, E1 = ester number after acetylation, E2 = ester 

number before acetylation. 

■ RESULTS AND DISCUSSION 

Cellulose Isolation from Rice Husk 

Cellulose isolation was carried out through 3 stages: 

1) Dissolving with potassium carbonate, 2) alkali treatment 

(1.5% hydrogen peroxide and 5 N sodium hydroxide pH 

11), and 3) delignification (70% nitric acid and 80% acetic 

acid). At the dissolving process using potassium carbonate, 

the cellulose content increased from 46.50 to 77.03%, but 

the silica content decreased from 20.20 to 2.02%. The 

dissolution process with potassium carbonate in water 

resulted in the bonding of hydroxide ion (Eq. 10) to silica 

(Eq. 11). 
2

3 aq 2( ) ( ) ( ) ( )l 3 aq aqCO  H O HCO  OH− − −+ → +   (10) 

2
aq 2 s 3 a( ) ( ) ( ) ( )q 2 l2OH  SiO SiO  H O− −+ → +   (11) 

The decrease in lignin levels and hemicellulose 

levels (Table 1) was due to the potassium carbonate 

solution [18]. However, at this stage the lignin 

production was still high (16.98%), which can disturb 

the cellulose isolation process, so it was necessary to 

perform alkali treatment [19]. At the alkali treatment 

stage, the cellulose content increased up to 77.08% but 

there was a decrease in lignin reaching 6.02% as well as 

a decrease in hemicellulose and silica levels (Table 1). 

Alkali treatment was done to separate cellulose, 

lignin, and hemicellulose because of the presence of 

hydroxide ions (Eq. 12, 13). At this stage, the lignocellulose 

bonds degraded and caused a decrease in lignin and 

hemicellulose levels, but increased the cellulose levels. 

The addition of sodium hydroxide at pH 11 caused the 

degree of polymerization and crystallization properties 

of lignocellulose bond to decrease. The reaction in 

alkaline conditions can extract the silica [20-21]. 

2 2 H O HOO H− +↔ +   (12) 

2 2 2 2H O  HOO H O  HO  O− −+ ↔ + +   (13) 

Delignification with 70% nitric acid and 80% acetic 

acid (catalyst) protected the cellulose, but broke the lignin 

bond, and reduced the silica and hemicellulose levels 

reaching close to 0%. The resulting lignin content (2.02%) 

did not affect the process of cellulose isolation [22]. 

Type of Cellulose Acetate (CA) 

The preparation of CA from rice husk was 

conducted through the activation, the acetylation 

process, and the hydrolysis process. The activation stage  

Table 1. Content of silica, cellulose, hemi-cellulose and lignin in rice husk at each stage 

Stages 
Content (%) 

Silica Cellulose Hemicellulose Lignin 

Rice Husk 20.20 46.50 10.24 22.52 
Dissolution with Potassium Carbonate 1:3.5 2.02 77.03 0.17 16.98 
Alkali treatment 1.62 77.08 0.08 6.21 
Delignification 0.62 93.32 0.07 2.20 
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was carried out by the addition of glacial acetic acid which 

inflated the cellulose structure and enlarged the surface 

area on the cellulose which lead to increased reactivity to 

the acetyl group, causing the acetylation process to take 

place quickly [2]. The acetylation process was carried out 

by addition of acetic acid anhydride and sulphuric acid as 

a catalyst. Acetic acid anhydride serves to substitute acetyl 

groups in hydroxyl groups of the cellulose. The 

acetylation process is an exothermic reaction, so it was 

carried out at room temperature to keep the cellulose 

structure from being degraded. The homogeneous 

mixture of the solution successfully characterized the 

acetylation reaction. The hydrolysis process discontinued 

the acetylation reaction by the addition of 80% acetic acid 

[2]. The hydrolysis process was carried out in order to 

release the acetyl group and to remove the residual 

unreacted acetic acid anhydride. The acetyl content of CA 

was 43.87%, which indicated that the type of cellulose was 

cellulose triacetate [2]. The cellulose triacetate was used as 

the base material of the CA membrane. 

The Crosslinking Yield and Degree of Swelling 

Fig. 1 and 2 show the crosslinking yield and degree 

of swelling of the irradiated CA-Z-MBA membrane. The 

density of the membrane was determined from the 

crosslinking yield of CA-Z-MBA membrane [3]. Fig. 1 

shows that the crosslinking yield of CA-Z-MBA increased 

up to 14.28% at doses of 0−30 kGy indicating the number 

of bonds formed –between the cross-linkers and the CA 

causing the membrane to become closer [23]. Fig. 2 

shows that the CA-Z membrane had the degree of 

swelling of 8.57%, then decreased to 4% by adding 1% 

MBA at an irradiation dose of 30 kGy. 

The crosslinking occurred after irradiation in the 

presence of MBA. As a result, water absorption capacity 

of the membrane was less due to the smaller pores 

formed [12,24]. The degree of swelling of CA-Z-MBA 

increased at an irradiation dose of 40 kGy from 4 to 

7.14% (Fig. 2) due to the CA degradation. At irradiation 

dose of 40 kGy, the CA started degradation which 

opened the membrane pores, causing the water to 

diffuse more. The phenomena can be seen from the 

result of cross-linking which decreased (14.28 to 8.22%) 

at Fig. 1. High radiation energy resulted in the breaking 

of the bond of the CA polymer [12]. 

Mechanical Properties 

The mechanical properties of modified CA-Z-

MBA membrane can be seen by the results of the tensile 

strength test (Ts) shown in Fig. 3. 

The Ts of CA-MBA and CA-Z-MBA increased at a 

dose of 10 to 30 kGy. Up to irradiation dose of 30 kGy 

the CA-MBA-membrane gave high Ts. The increase in 

Ts was due to the formation of polymer bonds between 

CA with the cross-linkers MBA as the binding bridge, 

which caused the membrane to become tighter. However, 

the Ts of CA-Z-MBA-membrane at a dose of 10 to 30 kGy 

was higher than that of the CA-MBA membrane. The high 

 

 
Fig 1. Crosslinking yield of CA-Z-MBA membrane at 

different irradiation dose 

 
Fig 2. Degree of swelling of CA-Z-MBA membrane at 

different irradiation dose 
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Fig 3. The tensile strength of CA-MBA and CA-Z-MBA 

membranes 

Ts of the CA-Z-MBA membrane indicated the effect of 

the NaA zeolite filler on the void of the membrane that 

improved the mechanical properties. The presence of 

MBA increased the tensile strength of the membrane due 

to the bonds formed between the polymer matrix and the 

cross-linker [23]. Based on the data, it can be said that the 

irradiated CA-Z-MBA membrane at irradiation dose up to 

30 kGy improved the mechanical properties. At irradiation 

dose of 40 kGy, the Ts decreased due to the degradation 

on the backbone of CA caused by high irradiation dose. 

The Functional Group Analysis 

The FTIR spectra of CA and irradiated CA-Z-MBA 

membrane at irradiation dose of 20 kGy is shown in Fig. 

4. There is no significant difference between the spectra 

of the CA membrane and the CA-Z-MBA membrane. 

The results of FTIR spectra show that there is shifting of 

the wavenumber in the typical region of absorption of 

the O–H group from 3488 to 3487 cm–1. The wavenumber 

shifted due to the location of the O–H group on the CA 

that resulted from the reaction of free radical formation 

in the group O, which binds to the C=O group of MBA. 

The wavenumber shift also occurred in the C=O uptake 

region derived from the acetyl group on the SA matrix 

from 1638 to 1670 cm–1. The shift of C=O happened 

because of environmental changes (adjacent neighboring 

groups) of the acetyl groups. Also amplified by the 

number of waves at 1527 cm–1 which is characteristic of 

the N–H group on the MBA. The absorption of the N–

H (1527 cm–1) group in addition to C=O (1670 cm–1) 

group uptake is characteristic of the amide compound 

from the MBA [23]. From the FTIR spectra analysis of 

the CA membrane and irradiated CA-Z-MBA membrane 

the formation of a bond between MBA with the CA matrix 

can be observed. 

 
Fig 4. The FTIR spectra of CA membrane and irradiated CA-Z-MBA membrane (Irradiation dose of 20 kGy) 
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Fig. 5 shows the description of the reaction between 

the CA as a polymer matrix and MBA as a cross-linking 

agent irradiated by gamma-rays. The MBA functions as a 

cross-linker between two cellulose acetate bonds, which 

replaced the H+ on the cellulose acetate. 

The Morphology Analysis 

The SEM analysis of the cross-section of the CA 

membrane and the CA-Z-MBA membrane is shown in 

Fig. 6. The CA-Z-MBA membrane (Fig. 6(b)) has a dense 

and orderly structure morphology compared to the CA 

membrane (Fig. 6(a)). The dense and orderly structure is 

due to the presence of NaA zeolites and the addition of 

MBA as a cross-linker agent to the CA membrane, causing 

closer and stronger bonding of the CA polymer [10,24]. 

The statement mentioned  above is supported by the data  

N
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Fig 5. The reaction of cellulose acetate as polymer matrix 

with N,N’-Methylene bis acrylamide as cross-linker 

 
Fig 6. (a) Cross section of the CA membrane, and (b) the 

irradiated CA-Z-MBA membrane (irradiation dose of  

20 kGy) 

of crosslinking yield and degree of swelling of irradiated 

CA-Z-MBA membrane at an irradiation dose of 20 kGy 

(Fig. 1 and 2). The irradiated CA-Z-MBA membrane has 

a higher crosslinking yield and a lower degree of swelling 

compared to the CA membrane. Furthermore, it is 

supported by the higher tensile strength data of the 

irradiated CA-Z-MBA membrane compared to the CA 

membrane (Fig. 3). However, the CA-Z-MBA membrane 

is denser than the CA membrane. 

Pervaporation of Vetiverol in Vetiver Oil 

Pervaporation is a separation process done by 

contacting the feed solution on the active side on one of 

the membrane surfaces, while the result is a permeate 

released in the form of a vapor on the other side of the 

membrane [24]. The pervaporation process is conducted 

at a temperature of 40 °C because this temperature is the 

optimal temperature of the pervaporation process. The 

membrane is placed on the supporting module, resulting 

in a flow of cross flow, so the non-via membrane feed 

returns into the flask [24]. The interaction between a 

hydrophilic vetiverol compound and a hydrophilic CA-

Z-MBA-membrane show that separation takes place 

through the diffusion of the membrane with hydrophilic 

properties. The resulting permeate turns into a gas phase 

due to the different pressures, atmospheric pressure at the 

feed side and 0.5 mbar vacuum pressure on the permeate 

side so that liquid nitrogen is required to convert the gas 

phase into a solid phase so as not to be missed to the 

pump on the device leading to the silica pile. The permeate 

is accommodated 4 times every hour and measured [3]. 

The CA-Z-MBA-membrane that had been characterized 

was analyzed using a pervaporation device to determine 

its performance (flux value) and the resulting permeate 

concentration (CP). The flux and CP of the membrane 

in the pervaporation process can be seen in Fig. 7. 

It can be seen that the CP value of the irradiated 

CA-Z-MBA membrane increased by increasing the 

irradiation dose. The highest CP value obtained on the 

CA-Z-MBA membrane was at irradiation dose of 30 kGy 

(13.47%) evidenced by the highest crosslinking yield 

(14.28%) with the smallest degree of swelling (4%), but the 
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Fig 7. The effect of irradiation dose-on flux and Cp of 

irradiated CA-Z-MBA membrane 

resulting flux dropped dramatically as the membrane 

becomes denser compared to the CA-Z-MBA membrane 

irradiated at dose of 20 kGy, evidenced by the increased 

tensile strength of the CA-Z-MBA membrane at irradiation 

dose of 30 kGy (Fig. 3). The decrease of flux causes the 

pervaporation to take place slowly. The pervaporation 

process is optimal if permeate concentration (CP) rises 

gradually but the flux does not decrease drastically. The 

CA-Z-MBA membrane irradiated at a dose of 20 kGy 

reached the flux of 60.58 g/m2.h and CP of 11.67%. The 

CP increased 5 times from 2.40 to 11.67%. 

■ CONCLUSION 

Radiation induced crosslinking of CA-Z-MBA 

membranes using gamma rays, decreased the degree of 

swelling, and increased the tensile strength of the 

membrane. The optimum dose of irradiation of the 

modified membrane was 20 kGy with crosslinking yield 

of 6.61%, degree of swelling of 4.44%, and a tensile strength 

of 656.40 kg/m2. The addition of zeolite NaA stimulated 

vetiverol in vetiver oil using pervaporation methods. 

Performance of the CA-Z-MBA membrane resulted in 

flux of 60.58 g/m2.h and CP of 11.67% where the vetiverol 

level increased 5 times from 2.40 to 11.67%. 
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Table S1. The hydrogen bonds summary 

LASW1976 
Acceptor Donor Occupancy (%) Distance Angle 

LIG@O4 LYS_779@HZ1: LYS_779@NZ 19.38 2.8321 154.2841 

LIG@O11 TYR_813@HH: TYR_813@OH 19.00 2.8056 151.4145 

LIG@O4 LYS_779@HZ2: LYS_779@NZ 18.96 2.8288 154.4780 

LIG@O4 LYS_779@HZ3: LYS_779@NZ 17.17 2.8309 154.1194 

ASP_787@OD1 LIG@H22: LIG@O11 12.75 2.7040 163.9481 

LIG@O11 ASP_911@H: ASP_911@N 10.98 2.9121 147.4844 

TYR_813@OH LIG@H22: LIG@O11 10.77 2.8217 158.2042 

ASP_787@OD2 LIG@H22: LIG@O11 9.10 2.7047 164.5774 

Lig25/ZINC253496376 
Acceptor Donor Occupancy (%) Distance (Å) Angle 

ASN_836@OD1 LIG@H10: LIG@N1 18.17 2.8508 161.7049 

LIG@O2 ASN_836@HD21: ASN_836@ND2 12.58 2.8665 161.3705 

ASP_897@OD1 LIG@H11: LIG@O1 6.14 2.705 157.9328 

LIG@O4 LYS_779@HZ1: LYS_779@NZ 6.08 2.834 153.6269 

LIG@O4 LYS_779@HZ3: LYS_779@NZ 4.59 2.8385 153.1854 

LIG@O4 LYS_779@HZ2: LYS_779@NZ 4.29 2.8376 152.9561 

LIG@O4 SER_754@HG: SER_754@OG 4.1 2.7551 160.871 

ASP_897@OD2 LIG@H11: LIG@O1 2.55 2.6948 157.8535 

ASP_753@O LIG@H11: LIG@O1 1.21 2.7306 155.9408 

Lig199/ZINC12638303 
Acceptor Donor Occupancy (%) Distance (Å) Angle 

LIG@O3 ASP_911@H: ASP_911@N 29.37 2.8572 155.433 

LIG@O LYS_779@HZ2: LYS_779@NZ 17.73 2.8494 158.0609 

LIG@O LYS_779@HZ3: LYS_779@NZ 17.27 2.8509 158.3119 

LIG@O LYS_779@HZ1: LYS_779@NZ 17.03 2.8488 158.1917 

LIG@O3 PHE_912@H: PHE_912@N 8.48 2.9122 161.5461 

LIG@O3 TYR_813@HH: TYR_813@OH 0.56 2.8 157.2852 

Lig449/ZINC85878047 
Acceptor Donor Occupancy (%) Distance (Å) Angle 

LIG@N SER_754@HG: SER_754@OG 12.56 2.8348 161.0314 

LIG@O2 ASP_911@H: ASP_911@N 3.98 2.8956 149.7736 

LIG@O5 ASN_836@HD21: ASN_836@ND2 3.61 2.8949 155.151 

LIG@O2 TYR_813@HH: TYR_813@OH 0.94 2.7947 151.3205 
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Lig554/ZINC253389510 
Acceptor Donor Occupancy (%) Distance (Å) Angle 

GLU_826@O LIG@H49: LIG@O2 17.43 2.7683 149.2093 

ASP_832@OD2 LIG@H49:LIG@O2 15.99 2.6771 164.9243 

ASP_911@OD1 LIG@H54: LIG@O4 15.4 2.6663 163.5248 

ASP_911@OD1 LIG@H73: LIG@O14 12.8 2.6889 160.5992 

ASP_753@O LIG@H75: LIG@O15 12.5 2.7488 152.2243 

LIG@O2 VAL_828@H: VAL_828@N 11.6 2.9046 154.3873 

ASP_911@OD2 LIG@H54: LIG@O4 8.32 2.6839 162.1231 

ASP_911@OD2 LIG@H52: LIG@O3 7.74 2.7059 162.2474 

ASP_911@OD1 LIG@H71: LIG@O13 7.47 2.7205 162.0516 

ASP_832@OD1 LIG@H49: LIG@O2 5.3 2.6716 164.6396 

LIG@O15 SER_754@HG: SER_754@OG 5.07 2.7794 162.2276 

ASP_911@OD1 LIG@H52: LIG@O3 4.66 2.7094 162.4811 

VAL_828@O LIG@H49: LIG@O2 4.1 2.7805 158.1816 

SER_749@O LIG@H49: LIG@O2 4.02 2.7497 158.3409 

ASP_753@O LIG@H65: LIG@O11 3.98 2.729 158.5985 

LIG@O6 LYS_779@HZ2: LYS_779@NZ 3.85 2.8663 155.1535 

LIG@O11 ASP_753@H: ASP_753@N 3.84 2.9079 161.8676 

LIG@O6 LYS_779@HZ3: LYS_779@NZ 3.73 2.8534 154.9095 

ASP_753@OD2 LIG@H65: LIG@O11 3.05 2.7129 155.0601 

ASP_753@OD2 LIG@H63: LIG@O10 2.93 2.6682 163.9365 

ASP_911@OD2 LIG@H73: LIG@O14 2.8 2.7502 159.7989 

LIG@O13 LYS_779@HZ1: LYS_779@NZ 2.57 2.8804 156.8394 

LIG@O6 LYS_779@HZ1: LYS_779@NZ 2.46 2.8665 155.2725 

ASP_897@OD1 LIG@H54: LIG@O4 1.74 2.6572 163.4485 

ASP_753@OD1 LIG@H63: LIG@O10 1.58 2.6847 164.1326 

ASP_753@OD1 LIG@H65: LIG@O11 1.46 2.7115 152.5103 

ASP_753@O LIG@H63: LIG@O10 1.41 2.7781 158.6556 

ASP_897@OD2 LIG@H54: LIG@O4 1.11 2.6637 162.7398 

LIG@O13 LYS_779@HZ3: LYS_779@NZ 1.05 2.8727 156.1291 

ASP_911@OD2 LIG@H71: LIG@O13 1.03 2.6941 161.9972 

Lig682/ZINC98047241 
Acceptor Donor Occupancy (%) Distance (Å) Angle 

ASP_832@OD1 LIG@H1: LIG@O1 96.26 2.5762 160.8423 

LIG@O THR_751@HG1: THR_751@OG1 52.23 2.8151 160.591 

ASP_832@OD2 LIG@H1: LIG@O1 2.89 2.5814 161.5876 

LIG@O THR_751@H: THR_751@N 2.22 2.9229 146.8994 

LIG@O ASN_836@HD22: ASN_836@ND2 1.35 2.8636 151.0019 

LIG@F TRP_760@HE1: TRP_760@NE1 1.35 2.8948 143.8625 

LIG@O3 ASP_753@H: ASP_753@N 0.24 2.9288 157.3903 
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 Abstract: Phosphatidylinositol 3-kinase δ (PI3Kδ) is a validated drug target for the 

treatment of cancer. The present study aims to search for new inhibitors of PI3Kδ by 

employing pharmacophore modelling using LigandScout Advanced 4.3 software. The 

three hydrogen bond acceptors and two hydrophobic features were proposed as a 

pharmacophore model using LASW1976 structure. The model was then validated using 

the Area Under Curve (AUC) of Receiver Operating Characteristic (ROC) and GH score. 

It was used to screen new molecules in the ZINC database, which resulted in 599 hits. All 

599 hits were then docked into PI3Kδ protein, and five best hits were submitted to 50 ns 

molecular dynamics simulations. Each hit complexed with PI3Kδ underwent minor 

conformational changes as indicated by the values of Root Mean Square Deviation 

(RMSD) and Root Mean Square Fluctuation (RMSF). Furthermore, prediction of the 

binding free energy using Molecular Mechanics-Poisson Boltzmann Surface Area (MM-

PBSA) method showed that five hits, i.e., Lig25/ZINC253496376, Lig682/ZINC98047241, 

Lig449/ZINC85878047, Lig554/ZINC253389510, and Lig199/ZINC12638303, had lower 

binding energy compared to LASW1976. This result indicated their potentials as new 

inhibitors of PI3Kδ. 

Keywords: PI3K; molecular docking; pharmacophore modeling; molecular dynamics 

simulation 

 

■ INTRODUCTION 

The phosphoinositide 3-kinases (PI3Ks) are a family 
of key enzymes that regulate numerous intracellular signal 
transduction pathways. The PI3K family is subdivided 
into three classes, i.e., Class I, Class II, and Class III. The 
Class-I PI3K family catalyzes the phosphorylation of 
phosphatidylinositol (4,5)-bisphosphate (PIP2) to produce 
phosphatidyl-inositol(3,4,5)-trisphosphate (PIP3) [1-2]. 
PIP3 is a membrane-bound second messenger that 
activates downstream signaling pathways and crucial for 
cellular processes, such as proliferation, metabolism, and 
survival [3-4]. Class I, which bears regulatory and 
catalytic subunits, is subdivided into Class IA and Class 
IB. Class IA comprises of PI3Kα, PI3Kβ, and PI3Kδ, while 
Class IB includes PI3Kγ [5]. 

Class-IA PI3K is activated by protein tyrosine 
kinase-coupled receptors, while Class IB is activated 
downstream by G-protein-coupled receptors. While 
PI3Kα and PI3Kβ are ubiquitously expressed in all tissues, 
both PI3Kδ and PI3Kγ are predominantly found in 
hematopoietic cells, such as myeloid cells, B cells, and T 
cells [1,6]. The confined expression profile of PI3Kδ 
suggests that its selective inhibition may be an interesting 
approach for the treatment of immune cell-related 
diseases, such as rheumatoid arthritis (RA), asthma, and 
hematological malignancies [5]. 

Idelalisib is the first inhibitor of PI3Kδ, which is 
approved by Food and Drug Administration (FDA) to 
treat relapsed follicular B-cell non-Hodgkin’s lymphoma 
(FL) and relapsed chronic lymphocytic leukemia (CLL) [7].  
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Another PI3K inhibitor, Copanlisib, has been recently 
approved for the treatment of follicular lymphoma [8-10]. 
Despite those facts, the finding of a new inhibitor of 
PI3Kδ is urgently needed due to the side effects of the two 
agents, such as hepatic toxicity, diarrhea, colitis, and 
intestinal perforation [11]. However, the design of PI3Kδ 
isoform has not been straightforward due to the similar 
ATP binding pockets between the isoforms. With the 
increasingly important role of computational drug design 
[12-13], the present study combines structure-based 
pharmacophore modeling with molecular docking to 
identify a potent inhibitor of PI3Kδ. Furthermore, the 
combined molecular dynamics simulation and the 
molecular mechanics-Poisson Boltzmann Surface Area 
(MM-PBSA) methods were applied to explore the 
conformational change of ligand-receptor complex and to 
predict the binding affinity of the ligand to PI3Kδ. 

■ Computational Methods 

Pharmacophore Modeling and Database Screening 

The pharmacophore model was built by employing 
LigandScout Advanced 4.3 software [14] based on the 3D 
structure of PI3Kδ-LASW1976 complex, which was 
retrieved from the Protein Data Bank (www.rcsb.org) 
with the PDB ID 6G6W [11]. The model was then validated 
by performing screening against 27 actives taken from 
BindingDB [15] and 1455 decoys retrieved from the 
Directory of Useful Decoys-Enhanced (DUD-E) [16]. 

Furthermore, Pharmit web server (http://pharmit.csb. 
pitt.edu/) [17] was used to screen hit molecules against the 
ZINC database using the validated pharmacophore [18]. 
The radius of each hydrogen bond donor/acceptor and 
hydrophobic features was 0.5 Å and 1 Å, respectively. 

Molecular Docking and Molecular Dynamics 
Studies 

Each hit molecule was docked into the active site of 
PI3Kδ using iDock software [19]. The PI3Kδ structure in 
complex with LASW1976 was retrieved from the Protein 
Data Bank (PDB ID: 6G6W) [11]. The receptor was 
prepared by using AutoDockTools 1.5.6., including adding 
polar hydrogen and assigning Kollman charges. The grid 
box for docking was set to the center of LASW1976 

coordinates with a size of 22.5 × 22.5 × 22.5 Å in XYZ 
dimensions. The LASW1976 was redocked into PI3Kδ 
to validate the docking protocol. Analysis and 
visualization of docked molecules were performed by 
using Discovery Studio Visualizer 2016. Five top 
molecules having the best binding affinities with good 
interaction were subjected to molecular dynamics 
simulation. 

Molecular dynamics (MD) simulation was used to 
study the conformational changes in the interaction of 
ligands with PI3Kδ. Five best docked ligands and native 
inhibitor (LASW1976), each complexed with PI3Kδ, 
were chosen for MD simulation employing AMBER16 
package [20-21]. Leap module of AMBER16 was used to 
prepare each ligand-protein complex. The ff14SB force 
field [22] was used to process protein, while GAFF force 
field [23] and AM1-BCC [24] were used to treat ligands. 
Each complex was immersed in a truncated octahedron 
TIP3P water box with a 10 Å radius. Counterions were 
added to the neutralized complex. 

Each prepared complex underwent minimization 
using the sander program of AMBER16. The 
minimization was performed by 500 cycles of steepest 
descents and 5500 cycles of conjugate gradients methods 
in three steps: i) the protein was restrained with a force 
constant of 500 kcal mol–1 Å–2; ii) the backbone atoms of 
protein were restrained with a force constant of 500 kcal 
mol–1 Å–2; iii) minimization without restraint. 

Furthermore, each system was gradually heated 
from 0 to 100, 100 to 200, and 200 to 300 K, respectively, 
for every 50 ps with a time step of 0.0005 ps and 
backbone atoms of protein were restrained with a force 
constant 5 kcal mol–1 Å–2. The system was then 
equilibrated at 300 K in three steps over a period of 200 
ps. First and second equilibrations were performed for 
every 50 ps with force constants of 5 and 3 kcal mol–1 Å–2. 
Final 100 ps equilibration was conducted without 
restraint. A full production step was performed for 50 ns 
in NPT ensemble without any restraint employing 
pmemd.cuda module of AMBER16. 

All bonds involving hydrogen atoms were 
constrained using SHAKE algorithm [25] with 2 fs 
integration time step. The particle-mesh Ewald 
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algorithm method was used to treat long-range 
electrostatics interactions [26] of a periodic box with a 
non-bonding cutoff distance of 9.0 Å. The Langevin 
thermostat was used to control Langevin thermostat with 
a collision rate of 1.0 ps–1. The coordinate files were saved 
every 1 ps. Analyses were performed with the CPPTRAJ 
module of AMBER16 [27], while visualization was 
conducted using the Visual Molecular Dynamics software 
[28]. 

Binding Free Energy Calculation 

The binding affinity of ligands to PI3Kδ was 
assessed through the binding free energy calculation using 
the Molecular Mechanics-Poisson Boltzmann solvent 
accessible surface area (MM-PBSA) method [29-30] of 
AMBER16 [31]. Trajectories with two hundred snapshots 
were taken from 30–50 ns MD simulation. The binding 
free energy (ΔGbind) is calculated using the following 
equations:  

bind complex rec ligandG G G G∆ = − −   (1) 

MM lind sobG E G T S= ∆ + ∆ − ∆∆   (2) 

MM bond angle torsion vdw EEL ΔE E E E E E= ∆ + ∆ + ∆ + ∆ + ∆   (3) 

sol PB SA  G G G∆ = ∆ + ∆   (4) 

where Gcomplex, Grec, and Glig refer to the free energy of the 
complex, receptor, and ligand, respectively. The ΔGbind 
consists of the binding energy in the vacuum/gas phase 
(ΔEMM), the solvation free energy (ΔGsol), and the 
conformational entropy change upon ligand binding at 
temperature T (TΔS). The ΔEMM is the sum of bond energy 
(ΔEbond), the angle energy (ΔEangle), the torsion energy 
(ΔEtorsion), the van der Waals energy (ΔEvdw), and the 
electrostatic energy (ΔEEEL). Meanwhile, ΔGsol includes 
polar contribution to solvation free energy (ΔGPB) 
calculated by solving the Poisson-Boltzmann (PB) 
equation using a grid size of 0.5 Å, and the non-polar 
contribution (ΔGSA), which was calculated using the 
solvent accessible surface area (SASA) with the solvent-
probe radius set to 1.4 Å. 

■ RESULTS AND DISCUSSION 

The pharmacophore model development resulted in 
a hypothesis consisting of three hydrogen bond acceptors 
and two hydrophobic features. Fig. 1 shows the 

pharmacophore model generated on LigandScout 4.3 
Advanced software. 

Validation of the model against 27 actives and 1455 
decoys resulted in Area Under Curve (AUC) of Receiver 
Operating Characteristic (ROC) of 0.67. The calculation 
of Goodness of Hit Score (GH-score) gave a result of 
0.64. Both parameters indicated that the pharmacophore 
model was able to differentiate the actives from the 
decoy molecules. Fig. 2 displays the Area Under Curve 
(AUC) of Receiver Operating Characteristic (ROC) 
curve. 

 
Fig 1. 3D pharmacophore model consisting of three 
hydrogen bond acceptors (red dotted lines) and two 
hydrophobic (yellow sphere) features 

 
Fig 2. The Area Under Curve (AUC) of Receiver 
Operating Characteristic (ROC) curve 
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Furthermore, screening for hit molecules against the 
ZINC database by using the built pharmacophore model 
in Pharmit (http://pharmit.csb.pitt.edu/) retrieved 599 hit 
molecules. All 599 hits were then docked into PI3Kδ using 
iDock, which gave conformations and binding energies 
ranging from –3.26 to –10.68 kcal/mol. Meanwhile, 
redocking of LASW1976 produced a similar conformation 
to the X-ray pose (root mean square deviation, 
RMSD=1.04 Å) and binding energy of –10.99 kcal/mol, 
which indicated that the docking protocol was valid [32]. 
All hydrogen bonds (Hbonds) of X-ray experiment were 
reproduced in a docked pose such as those with Lys779, 
Asp787, Tyr813, and Val828. Additional Hbond interaction 
of docked conformation was found between LASW1976 
and Asp911. Fig. 3 shows the superimposed LASW1976 
conformations of both experimental and docked 
experiments. 

Based on the binding energies and conformations, 
five best docked hit molecules were selected. They were 
Lig25/ZINC253496376 (E=–10.68 kcal/mol), Lig682/ZINC 
98047241 (E=–10.68 kcal/mol), Lig449/ZINC85878047 
(E=–10.54 kcal/mol), Lig554/ZINC253389510 (E=–10.29 
kcal/mol), and Lig199/ZINC12638303 (E=–10.28 kcal/mol). 

Fig. 4 shows the chemical structures of the five best 
docked hit molecules. 

In the meantime, the binding of hit molecules 
occurred through several Hbond and hydrophobic 
interactions. Lig25/ZINC253496376 formed two Hbond 
interactions   with  Lys779   through  oxygen   atoms  of  

 
Fig 3. The superimposed LASW1976 conformations of 
both experimental (green) and docked (blue) 
experiments. The hydrogen bonds are represented in 
green colored dashed lines 

 
Fig 4. The chemical structures of the five best docked hit molecules 
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Fig 5. The binding modes of each hit molecules, i.e., Lig25/ZINC253496376, Lig682/ZINC98047241, Lig449/ZINC 
85878047, Lig554/ZINC253389510, Lig199/ZINC12638303, into the active site of PI3Kδ. The hydrogen bonds are 
represented in green colored dashed lines 
 
pyrimidine and oxolane groups. The nitrogen atom of the 
pyrimidine group also formed Hbond with Ser754, while 
Tyr813 formed Hbond with the oxygen atom of the 
carbonyl group. Lig682/ZINC98047241 formed Hbond 
interaction through an oxygen atom of phenylnitroso 
oxidanol group with Lys708 and two Hbond interactions 
between the fluorine atom of the ligand with Ser831 were 
also established. Amino acid residues Tyr813 along with 
Asp911 also formed Hbonds with Lig449/ZINC85878047 
through an oxygen atom of pyran group, in addition to 
Val828 which formed Hbond interaction with the oxygen 
atom of the phenyl group. Tyr813 and Asp911 were both 
found to establish two Hbond interactions in the binding 
of Lig554/ZINC 253389510, in addition to the one with 
Asp787. The binding of Lig199/ZINC12638303 was also 
corroborated with Hbond interactions between oxygen 
atoms of two carbonyl groups and Tyr813 and Asp911, as 
well as Lys779. Fig. 5 displays the binding modes of each 
hit molecules into the active site of PI3Kδ. 

Molecular Dynamics Simulations 

Five best docked hit molecules to PI3Kδ were 
subjected to MD simulation for 50 ns to assess their 
conformational changes in a physiological condition. 
The values of root mean square deviation (RMSD), 
which is considered as a parameter for the stability of 
complex during dynamics runs, were calculated. Fig. 6 
shows the RMSD values of heavy atoms (Cα, C, N, O) of 
the protein. There was a sudden increase in the early 
stage of simulation (0–20 ns) for all ligands, but it soon 
became stable throughout the simulation. The Lig682/ 
ZINC98047241 (pink) and Lig554/ZINC253389510 
(purple) displayed lower RMSD values than the cognate 
ligand (LASW1976, red) did, indicating their more stable 
conformational changes. On the other hand, although 
Lig25/ZINC253496376 (green), Lig449/ZINC 85878047 
(blue), and Lig199/ZINC12638303 (cyan) showed more 
fluctuated changes than LASW1976 (red), their 
movements tended to be stable in the rest simulation. 
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Fig 6. RMSD value of protein heavy atom of each ligand-
PI3Kδ complex during 50 ns MD calculated for LASW1976 
(red), Lig25/ZINC253496376 (green), Lig682/ZINC9804 
7241 (pink), Lig449/ZINC85878047 (blue), Lig554/ZINC 
253389510 (purple), and Lig199/ ZINC12638303 (cyan) 

In addition to the RMSD plot, atomic fluctuation 
along amino acid residues of the PI3Kδ during dynamics 
runs were monitored in root mean square fluctuation 
(RMSF) plot (Fig. 7). It shows that amino acid residues 
fluctuated in a similar pattern in all regions of the protein, 
indicating the similar binding modes of hit molecules. 
Higher values of RMSF were found at peaks of Tyr39 
(Tyr55), Asp279 (Asp336), Val308 (Val365), Glu376 
(Glu448), and Ser688 (Ser770), which were attributable to 
the loop regions. In addition, Pro160 (Pro186) and 
Glu342 (Glu399) were also dominant and corresponded 
to the ends of beta-helix. On the other hand, amino acid 
residues involved in the Hbond interactions over all 
ligands, such as Lys708, Ser754, Lys779, Asp787, Tyr813, 
Val828, Ser831, and Asp911, appeared to be more rigid, 
indicating that ligand binding induced stability over the 
protein fluctuation. 

Monitoring the conformation of each hit after 50-ns 
MD simulation revealed several changes were noted in the 
poses of hit molecules. Hit molecule Lig25/ZINC 
253496376 formed conventional Hbond interaction with 
Asn754, C─H⸱⸱⸱O hydrogen bond interaction with 
Ser672, as well as pi-alkyl interactions with Tyr731, 
Met670, and Ile815. Lig682/ZINC98047241 formed 
conventional Hbond interactions with Lys626, Thr751, 
Asn754, and Asp750, as well as C─H⸱⸱⸱O hydrogen bond 
interaction with Met670. In addition, pi-sulfur contact 
occurred with Met670. Pi-alkyl interaction was observed  

 
Fig 7. RMSF change during 50 ns MD simulation for 
LASW1976 (red), Lig25/ZINC253496376 (green), 
Lig682/ZINC98047241 (pink), Lig449/ZINC85878047 
(blue), Lig554/ZINC253389510 (purple), and Lig199/ 
ZINC12638303 (cyan) 

with Met680, Trp678, Met805, Ile695, Ile743, and Ile815, 
while pi-pi interaction occurred with Trp678. Pi-alkyl 
interactions were also noted between Lig449/ZINC 
85878047 with Ile815, Met670, Val745, and Met805, 
while pi-pi interaction was observed with Trp678. 
Meanwhile, Lig554/ZINC253389510 established 
conventional Hbond interactions with Lys697, Val746, 
and Glu744, as well as pi alkyl interactions with Trp678 
and Tyr731. Conventional Hbond interaction was also 
formed between Lig199/ZINC12638303 and Asp816. 
While pi-alkyl interactions were noted between 
Lig199/ZINC12638303 and Trp678, Met670, Ile695, and 
Ile815. The binding of Lig199/ZINC12638303 was also 
corroborated by pi-pi interaction with Trp678. Fig. 8 
showed each mode of interaction of each hit molecule 
after 50 ns MD simulation. 

Monitoring of the Hbonds during dynamics run 
showed that the Hbonds interactions showed fair 
occupancies during molecular dynamics simulation. For 
example, the Hbonds of Lig199/ZINC12638303 with 
Asp911 and Lys779 showed fair occupancies of 29.37% 
and 17.73%, respectively. Meanwhile, the Hbond with 
Tyr813 showed very low occupancy which was only 
0.56%. In the Lig554/ZINC253389510 binding, several 
Hbonds between ligand atoms and Asp911 were found 
with occupancies ranging from 1.03% to 15.4%. Whereas, 
Hbonds between Lig554/ZINC253389510 and Val828 had 
4.10% and 11.6% occupancies. The Lig449/ZINC85878047  
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Fig 8. Conformation of each hit molecule after 50 ns MD simulation. The hydrogen bond, C─H⸱⸱⸱O hydrogen bond, 
pi-alkyl, pi-pi, pi-sulfur interactions are represented in green, pale blue, pink, magenta, and yellow colored dashed 
lines, respectively 
 
showed that the Hbonds with Ser754, Asp911, and Tyr813 
had the occupancies of 12.56, 3.98, and 0.94%, 
respectively. While Lig25/ZINC253496376 had several 
Hbonds with Lys779 with the occupancies of 4.29 to 6.08%, 
while that with Ser754 showed very low occupancies of 
4.1%. 

On the other hand, several new Hbonds were found 
during MD simulation. The new Hbonds were, for 
example, Hbonds between Lig682/ZINC98047241 and 
Asp832 and Thr833 with occupancies of 96.26 and 52.23%, 
respectively. The Hbond with Asp832 was also found in 
the binding of Lig554/ZINC253389510 with occupancy of 
15.99%. In addition, Hbond with Asn836 was found 

doubly in the binding of Lig25/ZINC253496376 with 
occupancies of 18.17 and 12.58%. Meanwhile, that with 
Lig449/ZINC85878047 showed 3.61% occupancy. On 
the other hand, Hbond with Glu826 was found with 
17.43% occupancy in the binding of Lig554/ZINC 
253389510. Table S1 shows the Hbond occupancies 
during the 50 ns simulation. 

Free Binding Energy Calculations 

The five best docked hit molecules were subjected to 
free binding energy calculation using the MM-PBSA 
method. The MM-PBSA method is widely considered to be 
more accurate compared to the docking scoring. Table 1 
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Table 1. The binding free energy and their individual energy contributions 

Ligand 
ΔEELE 

(kcal/mol) 
ΔEVDW 

(kcal/mol) 
ΔEPBCAL 

(kcal/mol) 
ΔEPBSUR 

(kcal/mol) 
ΔEPBTOT 

(kcal/mol) 

LASW1976 −15.54±6.17 −49.03±3.84 53.15±7.99 −4.84±0.18 −16.27±4.54 
Lig25/ZINC253496376 −29.24±13.14 −44.58±5.50 54.01±12.75 −5.24±0.41 −25.05±4.96 
Lig199/ZINC12638303 −24.79±4.33 −56.99±2.99 53.38±4.54 −5.25±0.11 −33.64±3.69 
Lig449/ZINC85878047 2.96±7.43 −38.78±3.83 23.73±6.95 −4.49±0.21 −16.58±5.96 
Lig554/ZINC253389510 −32.85±21.38 −52.19±6.04 58.56±20.15 −5.63±0.41 −38.27±8.90 
Lig682/ZINC98047241 −32.96±4.96 −45.14±4.60 53.67±5.41 −5.37±0.22 −29.80±3.97 

 
displays the binding free energy and their individual 
energy contributions. The hit molecule Lig554/ZINC 
253389510 had the lowest predicted binding free energy 
(ΔEPBTOT=–38.27±8.90 kcal/mol), about 2 times more 
negative than that of LASW1976 (ΔEPBTOT=–16.27±4.54 
kcal/mol). The binding energy value for a good inhibitor 
was considered in the range of –9 to –12 kcal/mol, 
however, the much lower binding energy value obtained 
in the present study corresponded to the excluded 
entropy term in the calculation [30]. Furthermore, the hit 
molecule Lig199/ZINC12638303 scored the second best 
binding free energy (ΔEPBTOT=–33.64± 3.69 kcal/mol), 
followed by the molecule hits Lig682/ZINC98047241 
(ΔEPBTOT=–29.80±3.97 kcal/mol), Lig25/ZINC253496376 
(ΔEPBTOT=–25.05±4.96 kcal/mol), and Lig449/ZINC85878 
047 (ΔEPBTOT=–16.58±5.96 kcal/mol). The major favorable 
contributions to ligand binding at PI3Kδ were originated 
from electrostatic (ΔEELE), van der Waals (ΔEVDW), and 
non-polar solvation energy (ΔEPBSUR), except for Lig449/ 
ZINC85878047 which had positive electrostatic energy. 
Overall, all hit molecules displayed stronger affinities than 
LASW1976 did. 

■ CONCLUSION 

Structure-based pharmacophore modelling was 
performed based on PI3Kδ-LASW1976 interaction. The 
pharmacophore model was built and validated based on 
the Area Under Curve of Receiver Operating Characteristic 
and GH-score. It was then used to identify hit molecules 
in the ZINC database. Five hundred and ninety-nine hit 
molecules were retrieved and then docked to the active 
site of PI3Kδ to reveal their binding modes. Hit molecules 
maintained their interactions with the PI3Kδ through 
important Hbond and hydrophobic interactions. Five 

best hits were selected and subjected to MD simulation, 
which showed good stability during 50 ns. Prediction of 
binding free energy using the MM-PBSA method 
showed that the five hit molecules displayed stronger 
affinities than LASW1976 did. The van der Waals, 
electrostatic, and nonpolar contribution to the solvation 
energy interactions were favorable for most hit 
molecules. The present work suggests five hit molecules 
that might serve as potential inhibitors of PI3Kδ. 
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 Abstract: A sensitive, accurate and rapid spectrophotometric method that can be used 

for the determination of Cu(II) in analytical samples using a new chromogenic reagent 

azo-Schiff base 1-((4-(1-(2-hydroxyphenylimino)ethyl)-phenyl)diazenyl) naphthalene-2-

ol (HPEDN) was studied. The synthesized new (azo-Schiff base) ligand was complexed 

with copper(II) and characterized using UV/Vis spectroscopy, IR spectra, 1H-NMR,  
13C-NMR spectra, Molar electrical connectivity, and measuring of their melting points. 

The obtained complex showed a brown color with maximum absorption at λmax = 500 nm 

at pH = 9. Beer’s law was obeyed in the concentration range of 1.7 to 5.4 μg/mL. The 

molar absorption and Sandell’s sensitivity values of the Cu(II) complex were found to be 

0.5038 × 104 L mol–1 cm–1 and 0.0039 μg cm–2, respectively. The structure of the prepared 

complex was investigated by using the continuous variation, mole ratio method and slope 

analysis method. The obtained results showed that the complex has (1:2) (M:L) molar 

ratio and these results showed that this method was more sensitive, more precise and 

accurate through the calculation of (Re, Erel, R.S.D)%. The most important interferences 

were Co2+, Cd2+, Zn2+, Ni2+, Mn2+, Pd2+, Fe3+ , thus suitable masking agents were used. 

This method was applied for the determination of Cu(II) in alloy. The obtained results 

were compared with flame atomic absorption spectrometry method and showed that 

results of both methods were in good agreement. 

Keywords: azo-Schiff base compounds; 2-amino phenol Schiff base; precise and accuracy 

 

■ INTRODUCTION 

Copper is a reddish-colored metal and a heavy metal 

that changes color and properties when it is combined 

with other elements forming different compounds [1-2]. 

Copper is a soft material that can be reacted chemically 

[3] or physically with external source [4]. In addition to 

that, its advantages include a slow rate of reaction with 

diluted acids [5-6]. Copper is a fundamental supplementary 

element to plants and other living species [7]. 

Copper has electrical conductivity, thermal 

conductivity, is oxidative and can undergo hydrolysis [8] 

and has the ability to be used in the manufacturing of 

alloys [9-10], including biscuit alloy with zinc. Copper 

compounds are also used in analytical chemistry, such as 

the Vlnk solution which is used in the detection of sugars 

[11]. Copper can enter the composition of the skin and 

hair, for example in the form of Batali that is responsible 

for coloring hair and skin. In addition, copper can enter 

the formation of joints and nerves, which is responsible 

for the sense of taste. Copper is also involved in the 

synthesis of many enzymes, thus maintaining the activity 

and health of the heart. 

Many techniques can be used to determine copper 

percentage in its compounds. Some of these are atomic 

absorption spectrometry [12-14], inductive coupled 

plasma-emission spectrometry [15], potentiometry [16], 

derivative potentiometric stripping analysis [17], flow 

injection catalytic photometric method [18-19], and 

inductive coupled plasma-mass spectrometry [19]. Several 

studies were published for spectral estimation of Cu(II). 

Rao [20] was able to estimate copper(II) 

spectrophotometrically by using an organic detector (4-
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HBTS), where the yellow colored complex that was formed 

showed a maximum absorption peak at 370 nm, in pH = 

6.5, with absorption coefficient of (2.85 × 104 )L mol–1 cm–1, 

sandal sensitivity of 0.00032 μg cm–1, and value of % R.S.D 

equal to (0.025). A colorimetric method was used for the 

determination of Cu(II) by using chromogenic reagent 

(CDSAI) in a neutral medium at 588 nm with concentration 

range of 6–0.25 μg mL–1 and D.L = 0.15 μg mL–1 [21]. 

The aim of this work is to prepare a new reagent to 

be used in a new method, that is more sensitive, easy and 

have low cost for the extraction and determination of 

copper(II) ion from industrial samples, and to study all the 

conditions that affects the determination process, such as 

the pH of reaction solution, the time needed to complete 

the reaction of the complex formation , and the optimum 

concentration of reagent that will result in complete 

complexation reaction with copper ions. 

■ EXPERIMENTAL SECTION 

Materials 

All solvents and chemical Reagents used in this 

study have high purity and are supplied by B.D.H, Fluka 

and Merck companies without any additional purification 

processes. The materials used were ethanol absolute, 

glacial acetic acid, p-aminoacetophenone, 2-naphthol, 

sodium nitrite, hydrochloric acid, sodium hydroxide, 

and o-aminophenol. 

Instrumentation 

All techniques that were used in the characteristic 

study of the new synthesized ligand and its complexes 

were a-UV-6100 PC Double beam Spectrophotometer 

(EMCLAB, Germany), FT-IR Spectrophotometer 8400S 

(Shimadzu, Japan), pH-meter (InoLab, WTW, 135i, 

Germany), Conductivity meter (Digital, InoLab, 

Germany), Melting point instrument (SMP 30, Stuart, 

England), Balance BL 2105 (Sartorius, Germany), Mova 

400 MHZ, 1H-NMR, and 13C-NMR spectrophotometer. 

Procedure 

Synthesis of the new ligand (HPDN) 

The ligand 1-((4-(1-(2-hydroxyphenylimino) 

ethyl) phenyl)diazenyl)naphthalene-2-ol (HPDN) was 

synthesized in two steps (Scheme 1). The first step was 

to prepare the azo derivative by reacting p-

aminoacetophenone with 2-naphthol in controlled 

conditions and the addition of azo which was conducted 

NH2

O

H3C

NaNO2

 (0-5) °C

Conc. HCl + distilled water

N
+

O

H3C

N

Cl
-

p-Aminoacetophenone Diazonium salt
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2-Naphthol
N

+

O
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N
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Scheme 1. Pathway of synthesis of 1-((4-(1-(2-hydroxyphenylimino)ethyl)phenyl)diazenyl)naphthalene-2-ol 

(HPEDN) ligand (step one and two) 
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in a snowy environment due to the exothermic process of 

the reaction. The obtained precipitate showed a dark red 

color with a yield of 75.37% and melting point of  

145–147 °C. 

The second step includes the reaction of the Azo 

derivative 1-(4-((2-hydroxynaphthalen-1-yl)diazenyl) 

phenyl)ethanone (HNDP) with 2-aminophenol, by 

refluxing of the mixture for 4 h which was later cooled to 

room temperature, dried and recrystallized with absolute 

ethyl alcohol. The resultant precipitate yield was 72.51% 

of reddish brown crystals and the melting point was  

178–180 °C. 

Preparation of buffer solution 

The buffer solution was prepared by dissolving 

0.7708 g, 0.01 mole of ammonium acetate in 1000 mL of 

distilled water. Different pH values were obtained by 

adding certain amounts of concentrated ammonia 

solution or concentrated acetic acid in order to prepare 

solutions with pH range between 4 and 12. 

Synthesis of the divalent copper(II) complex 

The metal complexes were prepared by the molar 

ratio (1:2) (M:L) by dissolving (1 mmol) of the metal 

chloride salt in 10 mL of buffer solution in optimal acidic 

function. Chlorides were selected as good leaving groups 

and to prevent interference with negative ions and for ease 

of use in the buffer solution with optimum acid function 

and 2 mmol of ligand was dissolved in 20 mL of ethanol 

absolute. The metal ligand mixture solution was then  

 

heated at (50–60 °C) for 1 h, and the precipitate was 

washed and recrystallized with ethanol absolute and 

later dried in air. Table 1 shows the physical properties 

of the ligand and its complexes. 

■ RESULTS AND DISCUSSION 

UV-Visible Spectrophotometry 

The absorption spectra of the (HPEDN) ligand 

solution in ethanol was recorded at wavelengths from 

200–800 nm. The maximum absorption peak of the ligand 

was at 326 nm. The maximum absorption of the Cu2+ 

complex was at 500 nm after the application of optimal 

conditions. This observation confirms the formation of 

stable complexes as shown in Fig. 1 and Table 2. 

When comparing absorption spectra of the ligand 

with that of the complex, a clear difference can be observed 

in the value of the maximum absorption peak which 

indicates a red shift and the formation of a complex with 

higher absorption in comparison with the ligand [22]. 

 
Fig 1. Electronic spectra for HPEDN ligand and its 

Cu(II) complex 

Table 1. Physical properties of the azo-Schiff base ligand and its complexes 

No. Molecular formula Color 
m.p 

(°C) 

Yield 

(%) 

Am/Ohm–1 mol–1 cm2 Reaction 

time DMF Ethanol DMSO 

1 C24H19N3O2 Reddish brown 178–180 72.51 - - - 4 h 

2 [Cu(C24H19N3O2)2Cl2] Brown 196–198 63.11 16.5 11.3 10.3 1 h 

Table 2. The electronic transitions for HPEDN ligand and complex 

Molecular formula of ligand λ (nm) Wave number (cm–1) Transition type 

C24H19N3O2 326 

237 

30674 

42194 

n→π* 

π→π* 

[Cu(C24H19N3O2)2Cl2] 500 

314 

285 

226 

20000 

31840 

35087 

44247 

CT 

n→π* 

π→π* 

π→π* 
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Study of the Optimal Conditions for the Formation 

of the Complex 

Effect of pH solution on the formation of the complex 

A series of copper ions solutions with ligand 

(HPEDN) were prepared at pH ranges of 4–12, and were 

each measured for their absorbance at the maximum 

wavelength of the copper complex. The results showed 

that the best pH was 9, which gave the highest absorbance 

for the metal complex. It was also observed that the 

absorption values were varied with variation of pH values 

of the solution. This may be due to the change in chemical 

nature of the ligand or the competition between hydroxyl 

ions in the ligand with metal ions. It was also found that 

absorption values of the complex decreased with 

increasing value of pH, and this can be attributed to the 

deposition of ions of the element and the formation of an 

unstable complex [23], as shown in Fig. 2. 

Effect of the concentration of ligand on the complex 

formation 

To investigate the effect of the concentration of 

ligand on the complex formation, a series of solutions 

containing different concentrations of ligand (HPEDN) 

ranging from 0.5 × 10–4–4 × 10–4 M were mixed with 

constant concentration (1 × 10–4 M) of copper(II) ion 

solution. The pH of solution was adjusted to 9, and then 

the absorbance was measured against water and ethanol 

as a blank solution. The obtained results showed that the 

optimal concentration of ligand was 1.5 × 10–4 M, which 

gave the highest absorption of the complex. Higher 

concentrations of ligand, caused a decrease in 

absorption intensity this may be due to the formation of 

new species in the solution that are absorbed at different 

wavelengths and possibility to the condensation of the 

ions or the solubility of the reagent with the solvent 

completely. As shown in Fig. 3. 

Effect of time on the formation of the Cu(II) complex 

Fig. 4 shows that the formed complex gave high 

absorbance after 15 min of reaction time and remained 

constant for 48 h at optimal conditions. The results of 

this study showed that the prepared ligand can be used 

to estimate the concentration of copper by forming a 

stable complex, similar to other reagents that have been 

used to estimate the concentration of other ions 

spectrally [24]. 

The effect of additive sequencing of ligand, metal 

ion and buffer solution on the absorption intensity of the  

 
Fig 2. Effect of pH values of solution on complex 

formation 

 

 
Fig 3. Effect of ligand concentration 

 
Fig 4. Effect of time on the stability of the copper(II) 

complex 
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formed complex was investigated in this part. The 

obtained results showed first and second sequential 

succession which exhibited low absorption values. This is 

due to positive and negative completion of ions of the acid 

and base in the metal bonding, that leads to low 

absorption values. Therefore, the third sequencing was 

used to determine the absorption values and to prepare 

the complex as shown in Table 3. 

Effect of temperature 

The effect of temperature on the stability of the 

synthesized complex was investigated in temperatures 

ranging between 5 and 50 °C. The obtained results 

showed that the copper complex absorbance remained 

almost constant at 15–30 °C. After that, the absorption 

decreased. This result may be due to the decomposing of 

the complex at temperatures above 30 °C, so it is 

preferable to study copper complex within this range of 

temperature. The results are shown in Fig. 5. 

Mole Ratio Method 

The possible compositions for the preparation of the 

complex were determined using the molar ratio method. 

The method was conducted by taking different volumes 

of ligand and a constant volume of the metal ion at the 

same concentration. The results showed that the complex 

has the mole ratio of (1:2) (Metal:Ligand) as shown in 

Fig. 6. 

The Continuous Variation Method (Job Method) 

In this method, different volumes of both the 

ligand and the metal were selected with the same 

concentration at the optimal acid function and the 

absorbance of each solution was measured at the 

maximum wavelength of the copper complex. When 

drawing the absorbance values against 
VmVm+Vl, Vm 

represents the volume of metal and Vl is the volume of 

ligand. The ratio was found to be (1:2), one mole of metal 

to 2 moles of the ligand as shown in Fig. 7. 

 
Fig 5. Effect of temperature on the stability of the complex 

 

 
Fig 6. Molar ratio method of copper(II) complex 

 
Fig 7. Continuous variation method of copper(II) complex 

Table 3. Effect of Sequence of addition on the formation of Cu2+ complex with HPEDN ligand at pH = 9 

The sequence 

of addition number 
Sequence of addition Absorbance 

1 Metal + buffer solution to adjusting pH + ligand 0.3166 

2 Ligand + Metal + buffer solution to adjusting pH 0.3325 

3 Metal + Ligand + buffer solution to adjusting pH 0.4357 
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The values of the stability constant of the complex 

were calculated according to the following equations and 

the value of stability and instability constants are shown 

in Table 4. 
2MLn     M nL

(1 )c        c       n c

+→ +
−α α α

  

( )( )
( )

n

inst

ac n
K

ac

c 1 a
=

−
  (1) 

n
st

i st

1

K
K =   (2) 

The results of the stability constants showed that the 

copper complex is more stable. The reason is that the 

higher the atomic number, the higher the nuclear 

charge, causing it to have more ability to attract ligands 

compared to other ions in the same period of the 

periodic table, which leads to more electric field 

absorbed by the positive ions of the ligand, which 

increases the stability of the complex [26]. 

Effect of Interference and Masking Reagent on 

the Absorption of the Copper(II) Complex 

The effect of interference on the absorption of the 

copper complex with ligand was studied by selecting 

several positive and negative ions as shown in Table 5. 

Table 4. Absorption values (As) and (Am) as well as values of each (α) and (Kst) and (Kinst) of the copper complexes 

Metal complex As Am α Kinst Kst Log Kst 

CuL 0.3922 0.4536 0.1353 1.145 × 10–10 8.728 × 109 9.956 

Table 5. Effect of addition of positive and negative ions on the absorption values of the divalent copper complex 

Foreign ions 
1 × 10–4M 

d E% % Re 
Absorbance after addition of ions 

Cation 

Without Cation 0.4374 ------ ------ ------ 

Ni+2 0.4266 -0.012 -2.46 97.54 

Co+2 0.4305 0.00069 -1.57 98.43 

Cd+2 0.3992 0.0382 -8.73 91.26 

Pd+2 0.4564 0.019 4.34 104.34 

Mn+2 0.4428 0.0054 1.23 101.34 

Fe+2 0.3197 -0.1207 -27.5 72.41 

Zn+2 0.2872 -0.1512 -34.3 65.66 

Anion 

Without anion 0.4374 ------ ------ ------ 

CO3
–2 0.3958 -0.041 -9.51 90.48 

SO4
–2 0.4283 -0.009 -2.08 97.91 

C2O4
–2 0.4207 -0.016 -3.81 96.18 

CH3COO–2 0.3984 -0.039 -8.91 91.08 

NO2
–1 0.4092 -0.028 -5.95 94.04 

SCN–1 0.4163 -0.021 -0.99 99.00 

Cl–1 0.3995 -0.072 -3.49 96.50 

Masking agent 

Without masking agent 0.4374 ------ ------ ------ 

Ascorbic acid 0.2793 -0.158 -36.14 63.85 

Potassium Thiocyanate 0.4368 -0.0006 -0.137 99.862 

EDTA 0.1806 -0.2568 -58.71 41.28 

Thiourea 0.3512 -0.0862 -24.81 75.187 

Potassium chloride 0.4084 -0.029 -6.63 93.36 

Tartaric acid 0.2347 -0.2027 -46.34 53.65 

Salicylic acid 0.3095 -0.1279 -29.24 70.75 
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The positive ions were found to decrease or increase 

the absorbance. This is due to the competition of these 

ions with the copper ion on the bonding with the reagent 

to form the complex, where part of the reagent is taken to 

be a new complex. The low absorbance values after the 

addition of the negative ions were due to their use as a 

masking reagent, where KSCN was used as a masking 

reagent to eliminate the effect of the interference by 

returning the absorption values to the original calculated 

output without interference [29]. 

FTIR Spectra of the Ligand and the Complex 

Fig. 8 shows the IR FTIR spectra of the ligand and its 

complex, in which the ligand appeared as a narrow, weak-

intensity band at 3416 cm–1 due to the stretching vibrations 

of the hydroxide group in the ligand. When compared 

with the complex at 3454 cm–1, there was a change in the 

intensity, and location of the peak due to the bonding  

 

of the carboxyl group, after they lost their proton [30]. 

The ligand spectrum showed a medium-intensity 

absorption at 1666 cm–1 attributed to ν(C=N) and this 

site suffered less displacement when aligned with copper 

as well as a change in intensity and shape in the complex 

spectra. 

The ligand spectra have shown to have a strong 

absorption at 1413 cm–1, which is attributed to the 

vibration band of ν(N=N), that had undergone a shift 

toward a lower wavelength when it was associated with 

the metal. The consistency of copper and the ligand was 

observed by the nitrogen atom of the azo group. 

The low frequency region is limited to 593 cm–1 

absorption bands for the metal-oxygen bonds and  

473 cm–1 due to metal-nitrogen bonds. This result is due 

to the formation of a homogeneous bond between the 

deposited atoms with the central copper ion [31]. All 

these bands are summarized in Table 6. 

 
Fig 8. FT-IR spectrum of the ligand (HPDEN) and its complex with Cu(II) 
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Table 6. Typical FT-IR absorption frequencies for reagent and complexes 

Compound OHν N=Cν N=Nν M-Nν M-Oν 
Ligand HPEDN 3454(s.) 1666(m.) 1413(s.) - - 

Cu(II) complex 3442(w.) 1676(w.) 1468(w.) 473(w.) 593(w.) 

w.: weak s.: strong m.: medium comp.: complex 

 
1H-NMR and 13C-NMR Spectra of Ligand (HPEDN) 

The 1H-NMR Spectra of the ligand shows the 

chemical displacements of aromatic and elliptical protons. 

The single band at 9.8491 ppm belong to the proton of the 

hydroxyl group (OH), the three single bands at 2.5895, 

2.6189 and 2.6471 ppm are attributed to the protons of the 

methyl group (CH3), the multiple bands at 6.7574 to 

8.4526 ppm belong to the nine protons of the aromatic 

rings, while the band at (2.500 ppm) relates to (DMSO d6) 

[32]. Proton NMR spectra of the ligand are shown in Fig. 

9. 13C-NMR spectra of the ligand, shows the appearance 

of a single band at 39.520 ppm which belongs to the carbon 

of the methyl group (CH3), the single band at 155.3790 ppm 

belongs to the carbon of azomethine (–C=N–), and the 

multiple bands at 108.6402 to 145.3493 ppm belong to the 

22 carbons of the aromatic rings [32]. 

The Suggested Structures of the Copper(II) 

Complex 

From the results of the electrical conductivity, 

molar ratios and continuous variation methods and also 

all the spectral methods applied for the study of the 

copper(II) complex [33-34], we concluded that the 

complex structure consists of 2 moles of ligand and one 

mole of metal and the complex was uncharged, therefore 

the shape of the complex must be octahedral with the 

hybridization of d2sp3 as shown in Fig. 10. 

Construction of the Calibration Curve 

In order to construct a calibration curve, a series of 

different concentrations of the metal ion were prepared 

ranging from 1.7–8.4 μg mL–1 with constant concentration 

of the ligand (1.5 × 10–4 M) using absolute ethanol as the  

 
Fig 9. 1H-NMR and 13C-NMR spectra of ligand (HPEDN) 
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Fig 10. The suggested structures of copper(II) complex 

solvent, where the results showed that the calibration 

curve follows the Lambert Beer’s law for a range of 

concentrations 1.7–5.4 μg mL–1. The Sandell’s Sensitivity 

was equal to 0.0039, while the limit of detection (LOD) 

and limit of quantification (LOQ) was equal to 0.2217 and 

0.7385, respectively. This shows that the method is highly 

sensitive and can be used to determine metals with low 

concentrations with agreeable accuracy and precision 

under the optimal conditions of the reaction [25]. These 

results were calculated by Eq. 3, 4 and 5 as shown in Table 

7 and Fig. 11. 

3SD
 LOD

Slop
=   (3) 

10SD
LOQ

Slop
=   (4) 

( )2Xi X
SD

n 1

−
=

−
∑

  (5) 

where xi is the absorbance, x� is the mean of the 

absorbance, and n is the number of the measurement. 

Precision 

The precision of the analytical method was 

determined by calculating the amount of standard 

deviation (SD) for five measurements of absorbance, and 

the relative standard deviation (% RSD) by dividing the 

SD with the mean of the absorbance (x�) of the complex in 

optimal conditions as shown in Table 8. The sensitivity of 

this method was calculated using the detection limit (DL) 

and the limit of appreciation. This method is therefore 

used to estimate metal ions [27]. These values were 

calculated by using Eq. 3, 4, 5 and 6. The result showed 

that this method is able to be used to determine Cu(II) 

concentrations with high precision compared with other 

spectrophotometric methods. 

RSD% SD x=   (6) 

Accuracy 

Accuracy means the closeness of the practical value 

from the theoretical value to determine if the results of 

an analytical method are accurate. The accuracy of the 

analytical method in this research was calculated by 

using the percentage relative error and the pre-

processing ratio of the previously prepared complexes as 

shown in Table 9. The results show that the method that  

 
Fig 11. Calibration curve of the copper complex 

Table 7. Construction of calibration curve of metal 

complexes 

λ max (nm) 500 

Beer’s Law limit (μg mL–1) 1.7–5.4 

Molar Absorptivity (L mol–1 cm–1) 0.5038 × 104 

Sandell’s Sensitivity (μg cm–2) 0.0039 

Limit of Detection (μg mL–1) 0.2217 

Limit of Quantification (μg mL–1) 0.7385 

Regression Equation y = 0.2519x + 0.0043 

Slope 0.2520 

Correlation coefficient (R) 0.9994 

Table 8. Values of standard deviation, percentage standard deviation 

No. 1 2 3 4 5 Average x� Sum 2(xi x)−  SD % RSD 

Complex of Cu(II) 0.4378 0.4377 0.4377 0.4376 0.4376 0.4377 3 × 10–7 0.00086 0.1964 
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Table 9. The relative percentage error and the pre-processing ratio of the complex 

Complex ion Analytical value (mol L–1) d % Ereal % Re 

Cu(II) 0.971 × 10–4 -0.029 × 10–4 -2.9 97.1 

Table 10. The percentages of copper determination by ligand in a copper alloy using an atomic absorption method 

Sample Content 

% 

By Spectrophotometric 

method % 

% Erel % Re By Flame atomic 

absorption % 

% Erel % Re 

Alloy copper 70 69.4 0.6 100.6 68.8 1.2 101.2 

 

was used to measure the metal concentration using ligand 

(HPDN) was highly accurate [28]. 

real
d

%E 100= ×
µ

  (7) 

where µ = analytical value, d = analytical value - theoretical 

value 

Applications 

The prepared ligand was used as a reagent to 

determine copper in an alloy that contains 70% copper 

and 30% zinc, using the UV-Vis method, and the results 

were compared to the flame atomic absorption method as 

shown in Table 10. 

From Table 10 we can observe the compatibility 

between the UV-Vis method and the atomic absorption 

method, so we can conclude that the UV-Vis method can 

be widely used in the determination of copper in different 

models with precision, selectivity and high sensitivity. 

■ CONCLUSION 

The current study showed the success of the 

preparation of a reagent and the possibility of its use in 

determining micro amounts of copper in different models 

with high accuracy and sensitivity by forming a color 

complex. The optimal conditions to obtain the copper(II) 

complex were: pH = 9, temperature =0–50 °C, the ratio of 

ligand to metal(1:2), SD = 0.00086, % RSD = 0.1964,  

DL (μg mL–1) = 0.2217. According to this study, we can 

suggest that the shape of the complex must be an 

octahedral shape with the hybridization of d2sp3. 
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 Abstract: The catalytic activity of Co and Pd loaded on mordenite (MOR) was evaluated 

in the hydrotreatment of cashew nut shell liquid (CNSL) into biofuel. Metals were loaded 

into MOR as support via wet impregnation process. The Co content was varied as 2, 4, 

and 6 wt.% to produce Co(1)/MOR, Co(2)/MOR, Co(3)/MOR catalysts. The micro-

mesoporous structures of the catalyst were confirmed by XRD, SEM, TEM, FTIR, and N2 

adsorption-desorption measurement. AAS were used to analyze the amount of metal that 

is successfully loaded in the catalysts. Hydrotreating of the CNSL was conducted in a semi-

batch reactor at 450 °C with hydrogen flow (20 mL/min) for 2 h. The liquid product was 

analyzed using GC-MS. The activity of Co/MOR was compared with the activity of 

Pd/MOR as a noble metal. The result of the hydrotreatment process showed a decrease of 

liquid product in the sequence of Co(3)/MOR > Co(2)/MOR > Pd/MOR > Co(1)/MOR > 

MOR. The Co(3)/MOR catalyst exhibited the highest conversion of liquid hydrocarbon 

than the others (61.8 wt.%), comprising predominantly by gasoline compounds with over 

25.21 wt.% conversion. 

Keywords: cobalt; CNSL; mordenite; palladium 

 

■ INTRODUCTION 

Fossil fuels are a major energy source widely used in 

various countries. However, depletion of petroleum is 

now deeply concerned and heavy consumption will cause 

environmental pollution. Thus, there is an urgent need to 

find suitable alternate fuels [1]. Nowadays, the world is 

confronted with two major problems, such as the limited 

supply of fossil fuels and its increasing demand with the 

growth of the population over the years. The gas emitted 

from the use of petroleum fuels, also contributes to 

environmental air pollution and global warming. These 

issues have led to the continuous search of a new clean 

and renewable energy source as an alternative [2]. One of 

the most attractive energy alternatives that have been 

studied these days is the use of biomass converted from 

renewable sources. 

The cashew plant (Anacardium occidentale L.) is one 

commodity that has high economic value [3] and one of 

the largest plantations in Indonesia with over 547,000 ha 

[4]. The main product of the cashew plant is nuts. During 

the production of cashew nuts, its shell is usually 

disposed of as waste for it has no economic value. 

Previous research reported that cashew nut shell 

contains a high percentage of oils (50%) called CNSL [5], 

making it a potential source to be used as a fuel 

alternative. The use of this oil as fuel has the benefit of 

its renewability, and it’s utility as non-edible oil does not 

cause any competition with food production. However, 

the character of cashew nut shell oil that has a high 

viscosity, high density, and low volatility is inefficient to 

be directly used as biofuel [6]. 

Various methods have been developed to convert 

CNSL into a more suitable compound as fuel. Previous 

studies focused more on converting CNSL into biodiesel 

via transesterification. This process requires a 

considerable amount of chemical ingredients including 

base as a homogenous catalyst which is difficult to 

separate. Therefore, we develop a new idea to convert 

CNSL directly into hydrocarbon compounds through a 

hydrotreatment process. In this method, we utilize 
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mordenite as a heterogeneous catalyst which is easier to 

separate. This method requires fewer chemical ingredients 

exhibiting more benefits to environmental conservation. 

In addition, the production of hydrocarbon compounds 

as a fuel is more desirable than biodiesel that contained 

FAME (Fatty Acid Methyl Ester) due to high energy density. 

Mordenite is a well-known zeolite used in many 

catalytic reactions such as cracking, hydrotreatment, 

isomerization, etc. [7]. It is one of the six most abundant 

zeolites with high silica content which contributes to its 

high thermal stability. However, the major drawback of 

mordenite lies in its limited channel and pore size, which 

is limiting its activity, selectivity and stability [8-9]. One 

way to improve the activity of mordenite is by adding 

metal, either on its surface or in its pore, to give a more 

active site to the catalyst. Previously scientific reports 

were published concerning on the influence of metal on 

the activity of the mordenite catalyst. The previous 

research has proven that the presence of metal has a 

positive effect in the hydrogenation process, exhibiting 

higher selectivity [10]. 

The use of transition metal, such as nickel, in the 

hydrotreatment process, has been continuously studied as 

a replacement of noble metals (Pt and Pd) due to its high 

availability and activity. However, the low selectivity of 

nickel and its tendency to deposit coke have urged a 

modification to be proposed. Commonly, to improve its 

activity and selectivity for hydrotreating, Nickel is paired 

with Molybdenum in the bimetallic system (NiMo). 

Hydrotreating CNSL oil using bimetallic NiMo loaded in 

ZAA was done previously producing over 58.32% of 

hydrocarbon compounds [11]. The use of NiMo requires 

two types of metals will need a higher cost to synthesize. 

Therefore, in this study, Cobalt is employed to replace 

Nickel. Cobalt has a more unpaired electron in d orbital 

which can be used as a site for hydrogen splitting in 

hydrocracking reaction. Due to these unpaired electrons, 

it is expected that higher activity during the 

hydrogenation of CNSL will be obtained. In previous 

research [12], hydrocracking of α-cellulose using 

Co/MOR catalyst obtained liquid product of 90.48 wt.% 

at 450 °C. However, the effect of metal concentration  

 

loaded in the pore of mordenite has not been discussed 

before. In this study, the activity of Co/MOR and the 

effect of metal concentration in hydrotreatment of 

CNSL oil will be evaluated. The result will also be 

compared with the liquid product obtained from the 

hydrotreatment using noble metals like Pd to evaluate 

significant differences of activity by both metals at its 

respective concentration. 

■ EXPERIMENTAL SECTION 

Materials 

Zeolite mordenite (HSZ 640-HOA) was purchased 

from Catalyst & Chemical Ind.Co.Ltd., PdCl2 (with 59% 

Pd), Co(NO3)2·6H2O were purchased from Merck, 

methanol 98% were purchased from Sigma-Aldrich, 

Cashew Nut Shell Liquid (CNSL) was collected from 

Karang Tengah Village, Bantul, Yogyakarta. 

Instrumentation 

The functional groups of MOR and catalysts were 

determined using Fourier Transform Infrared 

spectrometer (FTIR, Shimadzu Prestige-21) equipped 

with data station in the range of 400–4000 cm–1 with a 

KBr disc technique. X-Ray Diffraction (XRD, Philips 

X’Pert MPD) was used to observe the crystallinity of the 

catalysts. The pore images were taken using a 

Transmission Electron Microscope (TEM, JEM-1400). 

The surface parameters (surface area, pore volume, and 

pore diameter) of the sample were analyzed using 

Surface Area Analyzer (SAA, Quantachrome 

NOVAyouch 4LX), the surface area was calculated by 

the Brunaeur-Emmett-Teller (BET) method, and the 

pore size distribution was calculated by the Barret-

Joyner-Halenda (BJH) method. The amount of metals 

content of all samples was determined using Atomic 

Absorption Spectrophotometer (AAS, PERKIN ELMER 

5110 PC). The surface morphology of catalyst was 

analyzed using Scanning Electron Microscopy (SEM, 

JEOL SM-6510). The liquid products obtained from the 

hydrotreating of CNSL were analyzed using gas 

chromatography-mass spectrometry (GC-MS, Shimadzu 

QP2010S). 
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Procedure 

Catalysts preparation and characterization 

The Co/MOR and Pd/MOR catalysts were prepared 

by impregnation method [22]. Metals (Co and Pd) were 

loaded into MOR by wet impregnation using a salt 

precursor of Co(NO3)2·6H2O and PdCl2. 

An amount of 6.6 mg PdCl2 was dissolved in 50 mL 

methanol and the solution was then mixed with 2 g of 

MOR and stirred for another 7 h. 

The Co concentration was varied in 2, 4, and 6 wt.% 

towards the MOR using the Co(NO3)2·6H2O and diluted 

in 50 mL of methanol, then stirred for 7 h to produce 

Co(1)/MOR, Co(2)/MOR and Co(3)/MOR respectively. 

The solutions were evaporated at 70 °C, then calcined 

with N2 flow for 3 h at 450 °C. Finally, the Pd/MOR and 

Co/MOR catalysts were produced by reduction with H2 

flow for 3 h at 450 °C. 

Hydrotreating of CNSL 

The CNSL and catalyst in a weight ratio of 50:1 were 

loaded in a semi-batch reactor. In this study, 0.1 g of catalyst 

was used to convert 5 g of CNSL oil into biofuel. The 

reaction temperature was 450 °C for 2 h with 20 mL/min 

of hydrogen flow. The reactor was connected with a 

condenser and the liquid product was collected and 

identified by GCMS analysis. 

■ RESULTS AND DISCUSSION 

Catalysts Characterization 

The X-ray diffractogram of MOR, Co/MOR, and 

Pd/MOR were shown in Fig. 1. The peaks found in 

Co(1)/MOR, Co(2)/MOR, Co(3)/MOR and Pd/MOR 

were proved to be similar to those found in MOR. Each 

catalyst exhibited sharp peaks at Bragg angle 9.7, 13.5, and 

22.3°. However, the intensity of each peak was shown to 

be slightly decreased after the impregnation of Co 2, 4, 

and 6 wt.%, indicating the decrease of crystallinity of 

MOR structure [13]. On the other hand, several peaks 

intensity increased for Pd/MOR catalyst, suggesting the 

loading of a small amount Pd (0.5 wt.% towards the MOR) 

did not cause blockage in the pores nor damage the 

crystalline sites of MOR. Instead, Pd appeared to donate 

its crystalline phase which contributes to the increase of 

crystallinity in the Pd/MOR catalyst. Fig. 1 also revealed 

that the metals did not give any additional peak to the 

XRD pattern, which suggests the presence of small metal 

particles with high dispersion and low crystallinity [14]. 

The FTIR spectrum of the MOR and catalysts were 

investigated to investigate the effect of metal loaded on 

TO4 sites. FTIR spectra of Co/MOR with various metal 

concentrations were shown in Fig. 2. Before 

impregnation, FTIR spectra of MOR revealed vibration 

band at 1080 and 3749 cm–1 which correspond to the 

asymmetric stretching vibration of T–O (where T=Si or 

Al) and the stretching of O–H hydroxyl group, 

respectively [15-16]. The band appeared at 640 and  

462 cm–1 respectively refer to symmetric stretching and 

bending vibration of T–O. The metal addition caused 

the band to appear at 1635 cm–1 due to the increase of 

the Brønsted acid site. Fig. 2(a) and 2(d) showed FTIR 

spectra of MOR before and after the impregnation of Pd. 

Overall, FTIR spectra between Pd/MOR and Co/MOR 

do not have differences. As the vibration bands revealed 

to similar, metal impregnation does not cause any 

alteration to the functional group in MOR structure. 

This result is in accordance with XRD characterization. 

The textural properties of the catalyst were shown 

in Table 1. After the metals were loaded, the pore volume, 

as  well  as  the  surface  area,  are  shown  to  significantly 

 
Fig 1. XRD pattern of the catalysts: (a) mordenite, (b) 

Co(1)/MOR, (c) Co(2)/MOR, (d) Co(3)/MOR, and (e) 

Pd/MOR 
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Fig 2. FTIR spectra of: (a) MOR, (b) Co(1)/MOR, (c) Co(2)/MOR, (d) Co(3)/MOR and (e) Pd/MOR 

Table 1. Summary of textural properties of catalyst 

Sample 
Surface area 

(m2/g) 

Pore volume 

(cc/g) 

Pore diameter 

(nm) 

Total pore 

volume (cc/g) 

Metal 

loading 

Acidity 

(mmol/g) 

MOR 280.38 0.02 3.56 0.17 - 5.87 

Co(1)/MOR 592.62 0.27 3.20 0.52 1.11 8.80 

Co(2)/MOR 233.75 0.02 3.22 0.14 2.46 12.06 

Co(3)/MOR 192.90 0.01 3.21 0.11 4.14 15.67 

Pd/MOR  407.62 0.02 3.23 0.23 0.41 11.29 

 

decrease for Co(2)/MOR and Co(3)/MOR catalysts. The 

decrease was caused by the metal aggregations deposited 

in the pores leading to a blockage [17-19]. Meanwhile, the 

impregnation of 1% Co and Pd for Co(1)/MOR as well as 

Pd/MOR exhibited a different behavior where they 

seemed to increase the pore volume and the surface area 

of MOR instead. This result suggests that due to the low 

quantity of metals in both catalysts, an aggregation that 

leads to blockage was barely formed. Instead, the small-

sized metal particles are generated and distributed fairly 

distributed on the surface of MOR, contributing to its 

roughness which increases the surface area [20-21]. Total 

pore volumes of Co/MOR catalysts are significantly 

decreased with more metal addition. The pore diameter 

of catalysts was shown to remain unchanged before and 

after impregnation. 

Fig. 3 showed the pore distribution of the catalysts. 

The pore distribution ranges from 3–18 nm, which again 

confirms the mesoporous characteristic of each catalyst 

[22]. The quantities of some pores with various diameters 

were shown to decrease after metal impregnation, which 

suggests the occurrence of pore blockage by metal 

aggregation as previously discussed [23]. 

The surface of the catalyst was captured in SEM 

images (Fig. 4). Although no major morphological 

difference was observed after the impregnation of metal, 

EDX analysis was able to detect the addition of a new 

metal particle as shown in Table 2. The Co appeared in 

EDX becomes more prominent with the increase of 

metal concentration loaded inside the pore of MOR as 

there would be more metal particles giving off its X-Ray 

light during the analysis process. Pd was also shown to 
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appear in the EDX analysis for the Pd/MOR catalyst, 

which confirms the success of the impregnation process. 

The Si/Al ratio of MOR that was quantitatively 

determined using AAS revealed to be 1.46 (mole/mole). 

AAS analysis was also used to determine the 

concentration of metal presence in each catalyst prepared 

as listed in Table 1. The concentration of cobalt loaded in 

the pore of Co(1)/MOR, Co(2)/MOR and Co(3)/MOR 

catalysts were found to be 1.11, 2.46, and 4.14 wt.%, 

respectively. Meanwhile, Pd/MOR catalyst revealed to 

contain 0.42 wt.% of Pd metal. The amount of metal being 

successfully loaded was found to slightly differ from the 

intended. This suggested that not all Co and Pd metals 

added were fully impregnated into the pore of MOR due 

to the interaction between metal cations and an aqueous 

solvent. Therefore, the interaction between salts and 

MOR as support was slightly hindered. 

The acidity test was done gravimetrically by 

exposing each catalyst material with the flow ammonia 

gas [18]. The results were stated in Table. 1. The addition  

 
Fig 3. Pore distribution of catalyst 

 
Fig 4. SEM images of (a) mordenite, (b) Co(1)/MOR, (c) Co(2)/MOR, (d) Co(3)/MOR, (e) Pd/MOR 

Table 2. Chemical composition of catalysts based on EDX analysis 

Element 
Mass (%) 

O Si Al Co Pd 

MOR 56.04 39.53 4.42 - - 

Co(1)/MOR 47.5 46.52 4.96 1.01 - 

Co(2)/MOR 58.94 35.22 4.06 1.78 - 

Co(3)/MOR 51.76 38.05 4.24 5.95 - 

Pd/MOR 58.27 37.21 4.25 - 0.17 
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Fig 5. Correlation curve of acidity versus metal content of 

Co/MOR catalysts 

of Co and Pd on the MOR was shown to increase the 

catalyst acidity. This is related to the empty orbital 

presence in both Co and Pd metals which contributes as 

Lewis acid site, therefore increase the total amount of 

ammonia absorption. Table 1 shows that acidity level of 

the catalyst decreased with the trend of Co(3)/MOR 

(15.67 mmol/g) > Co(2)/MOR (12.07 mmol/g) > Pd/MOR 

(11.29 mmol/g) > Co(1)/MOR (8.80 mmol/g) > the MOR 

(5.87 mmol/g). The linear correlation between acidity and 

metal content was depicted by a graph as shown in Fig. 5, 

where total acidity increased significantly with higher 

metal concentration. 

TEM images of MOR, Co(3)/MOR and Pd/MOR are 

shown in Fig. 6. Two regions were captured by TEM in 

MOR material. The dark spots region refers to the pore 

wall of parent material, while the bright region represents 

the pores of MOR. After impregnation was done, dark 

particles representing the agglomeration of added metal 

were appeared in the pore of MOR. This finding 

confirms that the metals are successfully impregnated. 

The nature of metal particles in the support material is 

also observed in TEM image. As shown in Fig. 6(b), Co, 

which formed smaller size agglomerates, would be 

deposited inside the pore of MOR, leading to the 

decrease of surface area as mentioned in Table 1. On the 

other hand, as shown in Fig. 6(c), Pd formed larger size 

agglomerates that it may not fit the pore provided by 

MOR, causing some of its particles to be deposited 

outside of the material pore instead. The Pd metal 

aggregation on the surface of MOR would add to its 

roughness which contributes to the increase of surface 

area as stated in Table 1. 

Hydrotreatment of CNSL 

The activities of the MOR, Co(1)/MOR, Co(2)/ 

MOR, Co(3)/MOR and Pd/MOR were evaluated in the 

hydrotreatment of Cashew Nut Shell Liquid (CNSL). 

The results of each activity are shown in Table 3, the 

products are divided into 3 phases containing liquid 

fraction, gas fraction, and coke. Thermal hydrotreatment 

was revealed to exhibit the lowest production of liquid 

products with only a 40.01% conversion. The use of 

catalyst was shown to improve the liquid product 

consistently. The liquid product using non-loaded MOR 

catalyst was 49.64 wt.% and it gradually increased with 

the addition of metal to the support. The use of 

Co(1)/MOR, Co(2)/MOR, Co(3)/MOR was shown to 

exhibit 58.9, 60.5 and 61.8 wt.% conversion, respectively. 

The result implies that the conversion value increases 

with more metal particles  present in the catalyst. This is 

 
Fig 6. TEM images of (a) mordenite, (b) Co(3)/MOR, and (c) Pd/MOR 
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Table 3. Product distribution hydrotreating of the CNSL 

Catalyst 
Conversion (wt.%) 

Residue 
Total conversion 

(wt.%) Liquid Gas Coke 

Thermal 40.01 59.99 0 12.30 87.69 

MOR 49.64 42.91 7.44 14.78 85.21 

Co(1)/MOR 58.9 38.16 2.94 4.99 95.00 

Co(2)/MOR 60.5 32.6 6.84 2.52 97.47 

Co(3)/MOR 61.8 36.89 1.26 1.95 98.04 

Pd/MOR  58.55 41.4 0.41 2.97 97.02 

 

because metal particles provide empty p orbital that can 

act and add more acid sites to the catalyst, as referred to 

the total acidity value data shown in Table 1. These sites 

facilitate cracking mechanisms during hydrotreatment 

which leads to the production of more liquid products. 

Hydrotreating of CNSL oil using natural zeolite was done 

previously producing over 31.08 wt.% conversion [11]. 

Co/MOR and Pd/MOR catalysts give the better result of 

the conversion. The correlation between acidity value and 

conversion level is illustrated in Fig. 7. 

We also compared the activity of Pd as noble metal 

with Co. In this study, it was revealed that 6% Co-loaded 

MOR (Co(3)/MOR) was able to exhibit higher liquid 

conversion than 0.5% Pd-loaded MOR (Pd/MOR). The 

result indicates the possibility to use Co as a noble metal 

substitute. Although the quantity of Co metal required for 

the optimum result was higher compared to Pd, it was 

compensated with the high availability and lower price. 

Due to its characteristics as a noble metal, the small 

amount of Pd produce more liquid products. Moreover, 

Pd remains in metallic state much longer and can preserve 

its role as catalyst during the hydrotreatment process. A 

strong correlation between metal content, acidity and 

total conversion was observed in Co/MOR catalyst. At the 

higher concentrations of metals, the acidity of the catalyst 

will increase, resulting in an increase of total conversion. 

TEM images of Co(3)/MOR before and after the 

hydrotreatment process were shown in Fig. 8. The picture 

showed coke deposition after the catalytic performance as 

indicated by the darker shade in Fig. 8(b). However, as 

reported in Table 1, Co(3)/MOR produced the least coke 

formation compared to the other Co-loaded MOR 

studied in this work. It shows that the catalyst exhibits 

good stability towards coke deposition. It was expected 

that Co(3)/MOR may have longer lifetime. Table 4 listed 

all compounds found in the liquid products obtained 

from this work. Pd/MOR catalyst exhibits the highest 

selectivity for gasoline fraction, followed by Co(3)/MOR, 

Co(2)/MOR, Co(1)/MOR, MOR, and thermal, 

respectively. Gasoline compounds were shown to be 

predominantly produced compared to the other 

compounds. This is correlated to the small size of gasoline 

 
Fig 7. Correlation curve of liquid fraction product versus 

catalyst acidity 

 
Fig 8. TEM images of Co(3)/MOR: (a) before, and (b) 

after hydrotreating 
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Table 4. Distribution of compound in liquid product 

Catalyst 
The compound in the liquid product 

C5-C12 C13-C17 C > 18 Alcohols Organics 

Thermal 13.67 11.18 1.44 11.48 2.24 

MOR 16.53 15.60 0.89 12.84 3.78 

Co(1)/MOR 16.34 6.18 0.00 19.36 17.05 

Co(2)/MOR 23.47 7.55 0.00 20.55 9.01 

Co(3)/MOR 25.21 10.48 0.00 19.18 6.96 

Pd/MOR  34.50 0.50 0.00 13.88 9.68 

 

compound which contributes to its accessibility in 

entering and leaving the pore of MOR. 

■ CONCLUSION 

The preparation of catalysts via the wet-

impregnation method was successfully applied for 

Co/MOR and Pd/MOR catalysts. Each catalyst exhibited 

good activity in converting CNSL oil into fuel compounds. 

The characterization result showed that metal addition to 

MOR does not alter the crystallinity and morphology of 

the support material. The catalytic activity in producing 

liquid fraction showed a decrease with the sequence of 

Co(3)/MOR > Co(2)/MOR > Pd/MOR > Co(1)/MOR > 

MOR. The highest liquid fraction was produced by 

Co(3)/MOR was 61.8 wt.% at 450 °C. 
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 Abstract: Wastewater from industries has been a serious issue that both manufactures 

and authorities raise concerns since it brings tremendous demerits to the surrounding 

environment and human well-being. Therefore, an appropriate treatment method should 

be applied before being discharged into the environment. In this paper, sugarcane bagasse 

was modified with citric acid and then used to load the suspension of Fe3O4 nanoparticles 

to form a nanocomposite of magnetic citric acid-modified sugarcane bagasse. The 

properties of prepared materials were investigated by a variety of modern methods such 

as X-ray diffraction (XRD), Fourier transforms infrared spectroscopy (FT-IR), Scanning 

electron microscopy (SEM), Transmission electron microscopy (TEM) and a Vibrating 

sample magnetometer (VSM). The adsorptive capacity of prepared materials was 

investigated with methylene blue as the typical adsorbate. The decolonization 

effectiveness was increased with increasing contact time and declined with rising initial 

dye concentration. The higher removal efficiency was observed for the basic medium in 

comparison with the acidic medium. Additionally, the results showed that more than 

12.42 mg/g (98%) of cationic yellow 51, and basic red 46 dyes were removed after 30 min. 

Keywords: sugarcane bagasse; adsorption; microwave; nanocomposites; textile dyes 

 

■ INTRODUCTION 

Industrial wastewater is defined as water that has 

been utilized for making commercial goods before 

treatment, which consists of plenty of toxic contaminants 

and ưsuch as indecomposable organic dyes and heavy 

metals [1]. Annually, it is estimated that more than 80 

percent of the world’s wastewater is released into the 

environment without preliminary treatment or recycling 

[2]. Apart from that, it is believed that most of the 

industrial sectors concentrate nearby coastal areas where 

sewage can be leaked into the ocean with ease and that the 

exploitation of fossil fuels has recently witnessed a 

dramatic increase due to global economic growth. As a 

result, the water, environment from surface water to 

groundwater in these areas, is investigated to be severely 

polluted. Therefore, in addition to raising the awareness 

of people about environment protection, tightening the 

management of the environment, finding an effective 

way to eliminate pollutants has a great significance. 

Among industrial sectors, textile industries have 

been considered to be one of the sources of water 

pollution as they consume large quantities of water and 

chemicals, especially in dyeing and finishing processes 

[3]. An approximation of 10–15% of the used dyes have 

vanished during the dyeing processes [4-5]. Current 

methods have been used for the treatment of this type of 

dye-related wastewater, which comprises precipitation, 

coagulation/flotation, sedimentation, flotation, filtration, 

membrane processes, electrochemical techniques, 

advanced oxidation, ion exchange, biological treatment, 

chemical reactions, and adsorption [6-8]. In particular, 
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biological treatment methods are preferable due to their 

treatment efficiency in the long run, but they also have 

drawbacks such as the uncontrollable process of 

ventilation, ease of smell [9]. Physical or chemical 

processes are often used, but the high cost of these 

processes is disadvantageous. The combination of various 

methods is usually used to treat real textile wastewater 

[10]. Meanwhile, among wastewater treatment methods, 

adsorption is one of the most applicable techniques used 

to remove pollutants from sewage because of several 

reasons related to cost-efficiency, easy-to-fabricate, eco-

friendliness, and the ability to recycle. It is reported that 

there have various types of materials being used to remove 

contaminants from wastewater, among which are activated 

charcoal, chitosan, orange peels, porous materials, etc 

[11-15]. One of the disadvantages that make activated 

carbon less useful is the capability to recycle. From this 

perspective, a cost-efficient adsorbent that derives from 

agricultural residues combined with magnetic 

nanoparticles is used to remove pollutants in water with 

feasible recyclable ability, namely a nanocomposite of 

magnetic citric acid-modified sugarcane garbage [16-18]. 

It is reported that microwave irradiation was used in 

the chemical process due to the simple and clean method 

with high-efficiency energy. Nanoparticle materials have 

been prepared by microwave-assisted methods with 

uniform, small, narrow size distributions and high 

crystalline orders in comparison with nanoparticle 

synthesized by the conventional heating method [19-21]. 

Acid modification of material is usually conducted under 

a reflux condition with high temperature and long 

reaction time under an oil bath. However, the usage of 

microwave-assisted modification of materials was 

reported to reduce the reaction time and high 

modification efficiency. 

In this research, the sugarcane bagasse is used as a 

matrix in the nanocomposite, which is a by-product of the 

sugar production process. The sugarcane bagasse and its 

modification were used as an environmentally friendly 

adsorbent for the elimination of textile dyes and heavy 

metals from aqueous solutions [22-23]. With a porous 

structure, sugarcane bagasse can function as a trap in 

order to attract dye molecules into its matrix through 

physical and chemical interaction. There is a limitation 

in terms of the small particle size of sugarcane bagasse 

powders, which means that the small particle size of 

bagasse powders results in the difficulty of collecting 

after usage. Therefore, it is a huge attractive work to 

increase the separation property of the adsorbents with 

tiny size. In recent times, magnetic separation 

technologies have been giving interests. Magnetic 

materials can be recovered from an aqueous solution 

efficiently with an external magnet. Therefore, the 

magnetic nanoparticles loaded in bagasse matrix has a 

promising potential to overcome this issue. In addition, 

the surface of sugarcane bagasse was modified with citric 

acid under microwave irradiation and also increased the 

capacity of adsorbing metals and dye molecules. 

■ EXPERIMENTAL SECTION 

Materials 

Clean sugarcane bagasse was provided from a local 

sugar mill with a low grade of impurities. Then, the 

sugarcane bagasse was dried in an oven at a temperature 

of 105 °C for 4 h to remove the water. The resulting 

material was ground into powders with a particle size of 

0.5–1 mm and kept for further experiments. Reactive red 

198 (RR198) (Mw = 983.5, λmax = 554 nm), Cationic 

yellow 51 (CY51 Mw = 403.5, λmax = 410 nm), Basic red 

46 (BS46) (Mw = 401.312, λmax = 532 nm) and Methylene 

blue (MB) (Mw = 319.86, λmax = 664 nm) were provided 

from Thanh Cong Textile Garment Investment Trading 

Joint Stock Company. Synthetic industrial wastewater 

was prepared by dissolving these dyes in distilled water. 

Procedure 

Sugarcane bagasse preparation 

Preparation of citric acid-modified sugarcane 

bagasse (CAS). Sugarcane bagasse (RS, 10 g) was 

modified with 250 mL citric acid at various 

concentrations, including 0.1, 0.3, and 0.5 mol L–1 under 

microwave radiation for 10 min. The resulting samples 

were washed by distilled water until reaching the pH 

value of 7. Afterward, the washed mixture was dried in 

an oven at a constant temperature of 70 °C for 12 h to 

obtain dried citric acid modified sugarcane (CAS). 
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Preparation of magnetic sugarcane bagasse 

(MCAS). Magnetic sugarcane bagasse was fabricated by 

adding the citric acid-modified sugarcane bagasse to a 

suspension of Fe3O4 nanoparticles with a ratio of 9:1. 

Briefly, in order to synthesize Fe3O4 nanoparticles, a given 

amount of 5.41 g of FeCl3·6H2O and 1.99 g of FeCl2·4H2O 

were transferred into 150 mL of distilled water under 

mechanical stirrer for 30 min. Later on, 4.5 g of CAS was 

added to the resulting solution and heated up at 80 °C. 

Next, magnetic sugarcane bagasse was obtained by adding 

a dropwise NaOH solution (0.1 mol L–1) and the pH value 

of the solution was adjusted to around 11 using NaOH to 

obtain nanocomposite. The obtained mixture was stirred 

mechanically for 6 h. An external magnet was applied in 

order to collect the nanocomposite. The final 

nanocomposite was washed with water and ethanol for 5 

times and dried in a vacuum oven for 24 h. 

Analytical methods 

Fourier transform infrared (FT-IR) analysis of the 

samples was performed on Tensor 27 –Bruker, Germany 

in order to determine functional groups of 

nanocomposites with the scanning wave numbers 

ranging 400–4000 cm−1. The structural properties of 

magnetic nanocomposites were investigated using X-ray 

powder diffraction (XRD) (D8 Advance–Bruker System, 

Germany). Morphological examination of the 

nanocomposites was evaluated by using scanning electron 

microscopy (SEM) (HITACHI-S-4800, Tokyo, Japan). In 

order to examine the existence of Fe3O4 nanoparticles in 

the nanocomposites by characterizing the magnetic 

properties of materials, a vibrating sample magnetometer 

(DMS-880) was used with a magnetic field from −15k Oe 

to 15k Oe at room temperature. 

Adsorption experiments 

To investigate the adsorption properties of the 

prepared materials, batch adsorption studies were 

prepared using 0.2 g of adsorbents and 50 mL various dye 

solutions at a wide range of initial concentrations of MB 

from 30 to 75 mg L−1. At different time intervals, the dye 

solution was separated using a permanent magnet. The 

dye concentration at a certain time was determined using 

a UV-Vis spectrophotometer at a wavelength of 664 nm. 

In addition, to examine the influence of pH medium on 

the adsorption capacity of the prepared materials, the 

batch adsorption was carried at various pH values from 

3 to 9 with a 50 mL MB solution (50 mg L−1). The impact 

of the mass of adsorbents used (0.05, 0.1, 0.2, and 0.5 g) 

was also determined by carrying out the experiments in 

the 50 mL dye solution (concentration of 50 mg L−1) for 

30 min. Finally, the effect of various dye structures, 

including RR198, CY51, BS46 (50 mg L−1) on the 

adsorption capacity of the prepared materials, was 

performed in a set of 250 mL Erlenmeyer flasks 

containing 0.2 g adsorbent and 50 mL various dye 

solutions for 30 min. All of the adsorption experiments 

were repeated triplicate for the average value and its 

standard deviation. The yield of adsorption capacity was 

determined by the following Eq. (1): 

( )0 e 0C C / C 100− ×  (1) 

where C0 and Ce are the initial and equilibrium 

concentration of dye solution (mg L−1). 

■ RESULTS AND DISCUSSION 

Characteristic of the Materials 

Fig. 1 represents the FT-IR spectra of samples RS, 

CAS, and MCAS. The result showed that in three 

samples, there are three typical absorption bands at 896, 

1160, and 1031 cm–1, which are assigned to β-(1-4) 

glycosidic bond of cellulose, C–O–C stretching, and C–O 

stretching, accordingly. The absorption bands that 

represent for C=O stretching were observed at 1714 and 

1720 cm–1. More interesting, the intensity of these peaks 

is higher in CAS and MCAS in comparison with RS. It is 

feasible that the acetylation reaction of carboxylic 

groups of citric acid and to the hydroxyl group of RS to 

generate an ester bond could have taken place. 

Meanwhile, bands at 1320 and 1370 cm–1 in the FT-IR 

spectrum were attributed to the presence of C-H groups. 

In addition, the lignin associated bands were also 

depicted at 1511 and 1600 cm–1. Importantly, the band 

at 580 cm–1 representing the Fe–O stretching was found 

only in the MCAS sample, which means that magnetic 

nanoparticles exist in the bagasse powders. 

XRD results of MCAS and Fe3O4 nanoparticles 

were revealed in Fig. 2. As a result, the diffraction 

spectrum at 16 and 22° showed the existence of cellulose  
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Fig 1. FTIR spectrum of the prepared materials RS, CAS, and MCAS 

 
Fig 2. X-ray diffraction (XRD) pattern of Fe3O4 nanoparticles and MCAS 

 

in MCAS samples. The peaks at 30, 35, 43, 53, 57, and 63° 

are corresponding to Fe3O4 nanoparticles [24]. Moreover, 

the TEM and SEM images in Fig. 3 confirmed that Fe3O4 

nanoparticles adhered to the bagasse surface. The EDS 

result of the MCAS sample was also shown in Fig. 4, which 

depicted that the presence of iron was indicated by two 

peaks K of about 6.4 and 7.0 keV and a peak L of 0.78 keV. 

There was also the existence of other factors of sugarcane 

bagasse, such as Si at 1.80 keV. Additionally, the 

magnetization curve (VSM) of MCAS and Fe3O4 samples  

 

were revealed in Fig. 5. The VSM shows that the 

magnetic saturation of MCAS (Ms = 7.26 emu/g) was 

lower than that of Fe3O4 nanoparticles (Ms = 71.0 

emu/g) due to the presence of nonmagnetic organic 

matter of bagasse. Though Fe3O4 nanoparticles were 

dispersed into the bagasse matrix, the magnetic 

saturation of MCAS was still available with a smaller 

value. From this result, it is believed that our materials 

can be recovered from an aqueous solution with an 

external magnet [12]. 
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Fig 3. The TEM image of (a) Fe3O4 nanoparticles and  

(b) morphological SEM image of the prepared MCAS  

 
Fig 4. EDS spectra of MCAS 

 
Fig 5. VSM spectra of MCAS and Fe3O4 

Influence of Citric Acid Concentration on MB 

Adsorption of CAS 

Fig. 6 shows the influence of citric acid 

concentration on the removal of MB. The results 

indicated that removal efficiency increased with rising 

citric acid concentration. The highest adsorption 

efficiency for MB was 99% was observed for the 

concentration of citric acid 0.5 M. The crude sugarcane 

bagasse gave a much lower adsorption efficiency (66%) 

in comparison with citric acid-treated sugarcane bagasse 

(CAS). This could be explained due to CAS containing 

more –COO– groups than that of crude sugarcane 

bagasse [25]. 

Effect of MCAS Dosage on Adsorption Efficiency of 

MB 

Fig. 7 showed how the dosage factor of MCAS 

influenced the adsorption efficiency of MB. As observed,  

 
Fig 6. Adsorption efficiency of MB onto various 

materials (0.2 g materials; and solution volume: 50 mL 

with a concentration of 50 mg L–1) 

 
Fig 7. Adsorption kinetics of MB onto MCAS at different 

amounts of adsorbent (solution volume: 50 mL; time:  

30 min; and MB concentration of 50 mg L–1) 
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the results indicated that the higher the mass of the 

adsorbent used, the greater the adsorption capacity of MB 

was. Particularly, the adsorption efficiency increased from 

18 to 98% for MB with an increment of the amount of 

MCAS from 0.05 to 0.2 g. This could be due to the 

adsorption ability is influenced by the external surface of 

the prepared nanocomposite. Therefore, an increase in 

the amount of the nanocomposite ascribed to an increase 

in surface region and availability of adsorption sites. 

Effect of Initial Concentration and Contact Time 

The results showed that the rate of the MB 

decolonization was faster at the initial stages of the 

contact time, and then slowed down gradually before 

reaching equilibrium. As observed, the adsorption 

efficiency declined when the dye concentration rose. 

Particularly, the adsorption efficiencies were almost 100% 

for the concentration of 30 to 50 mg L−1 and decreased to 

87% for the concentration of 75 mg L−1 (Fig. 8). After the 

first 10 min, the adsorption efficiency was fairly high owing 

to a large number of adsorption sites at the beginning. 

When contact time increased gradually, the number of 

MB molecules being accumulated or trapped on the surface 

of the prepared nanocomposite. Consequently, there was 

a decline in the adsorption rate at the later stages [26]. In 

particular, the MB could be adsorbed completely onto the 

MCAS surface within 15 min. Fig. 9 revealed the decrease 

in the UV-Vis spectra of MB for adsorption time from 

initial to 90 min. Additionally, In order to examine the 

sorption isotherms, the Langmuir model was used. The 

results exhibited that a very high correlation coefficient 

(R2 > 0.9771) was found, representing that the isotherm 

obtained for the adsorption of MB effluent followed the 

Langmuir model (Fig. 8). 

Effect of pH Value on the Removal of MB 

The effect of initial pH on the adsorption capacity 

of MB onto MCAS was carried out at various pH values 

in the range of 3–9. These results expressed that at lower 

pH, the existence of excess H3O+ ions resulted in a high 

capacity to protonate carboxylate functional group  

(–COO–) on the adsorbent to form more the protonated 

form (–COOH), leading to a decline in the number of 

negative charges. Therefore, there might be fewer 

possibilities to favor positively charged dyes in the acidic 

medium [27]. When the pH is increased, the surface area 

of materials with negative charge significantly increased 

so that it is more likely to attract more positively charged 

dyes like MB, (Fig. 10). 

Effect of Dye Structure 

It has been reported that the chemical structure of 

dyes also influences directly on the adsorption capacity of 

the nanocomposite. Fig. 11 showed that MCAS performed 

high adsorption capacity with MB, CY51, BS46 and low 

adsorption  capacity  with  RR198.  It is believed  that the 

 
Fig 8. Adsorption kinetics of MB onto MCAS at different initial concentrations (0.2 g MCAS; solution volume: 50 mL) 
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Fig 9. Time-dependent UV–Vis absorption spectra of MB 

(0.2 g of MCAS, solution volume: 50 mL, initial MB 

concentration: 75 mg L−1) 

 
Fig 10. Effect of initial pH on the adsorption of MB onto 

MCAS (0.2 g MCAS; solution volume: 50 mL and 

concentration of 50 mg L–1) 

 

 
Fig 11. Effect of various dyes structure on adsorption 

efficiency of MCAS (0.2 g MCAS; solution volume: 50 mL, 

and concentration of 50 mg L–1) 

phenomenon could be explained due to the difference in 

the structure of dye molecules. RR198 is an anionic dye 

with a great number of negative charges while MB, CY51, 

and BS46 are cationic dyes with the positively charged 

surface. For this reason, three types of dye molecules MB, 

CY51 and BS46 can be trapped to the negatively charged 

surface of the nanocomposite. 

■ CONCLUSION 

In this present study, acid-treated sugarcane bagasse 

was prepared with the assistance of microwave irradiation, 

and then a novel magnetic sugarcane bagasse 

nanocomposite was successfully synthesized by a simple 

precipitation method. The results indicated that  

12.42 mg/g (98%) of the methylene blue was removed 

after 30 min. Additionally, MCAS exhibited a much better 

capacity in the removal of MB in alkaline milieu than in 

acidic milieu. Moreover, the higher removal capacity was 

also observed for MB, CY51, and BS46 dyes in comparison 

with RR198. The magnetic citric acid-modified 

sugarcane bagasse showed a much better performance in 

adsorbing MB than that of natural sugarcane bagasse. 
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 Abstract: A common graft copolymerization method usually results in a low degree of 

grafting due to its poor inter-component interactions. A monomer microencapsulation 

method should be useful to enhance the current graft copolymerization technique. The 

maleic anhydride (MAH) grafted with linear low-density polyethylene (LLDPE) was 

successfully synthesized by monomer microencapsulation without using a direct method 

in order to find a high degree of grafting. The results showed that the degree of grafting of 

the LLDPE synthesized by microencapsulation (5.9%) was higher than that achieved with 

the direct method (5.0%). 

Keywords: grafting; LLDPE; maleic anhydride; microencapsulation 

 

■ INTRODUCTION 

The functionalization of polyolefin can increase its 

chemical and physical properties, leading to its wider 

application. Several methods that are widely used for 

functionalization are blending [1], surface treatment [2], 

and grafting [3-6]. There are several known types of the 

latter method, namely grafting in the aqueous phase [7], 

ultrasonic initiation [8], solid phase, photoionization [9], 

and free radical in the melting phase [10]. Among those 

methods, grafting by free radical in the melting phase 

using a polar monomer is one of the most frequently 

applied techniques due to its potential and wide 

applications [10-12]. 

To best of our knowledge, the functionalization of 

polyolefin through the free radical copolymerization by 

maleic anhydride (MAH) as the polar monomer is very 

popular in commercial applications due to its high activity 

[10, 13-14]. The use of MAH in the grafting process is 

preferable since it produces small oligomers, and no 

homopolymerization occurs [15-16]. Polyethylene-graft-

maleic anhydride (PE-g-MAH) has been commercially 

used as fiberglass, anti-corrosive coating for metal pipes, 

paper for food containers, adhesives, and is compatible as 

PE for polar polymers such as polyamide and polyester 

[13,17-19]. 

The functionalization of MAH to polyolefin is 

conducted to homogenize the graft reactions of MAH-

polyolefin with a high degree of grafting. This method is 

used to avoid the non-favorable side-product resulting 

from crosslink and chain-breaking reactions [10]. 

Rosales et al. investigated the graft of LLDPE with 

diethyl maleate (DEM) in different extrusion conditions, 

which resulted in a maximum degree of grafting at 0.5 

moles [14]. Moreover, the grafting degree (GD) of 

LLDPE-g-MAH by ultrasonic initiator was 0.54% [8]. So 

far, the grafting process using MAH remains 

unsatisfactory, as indicated by the low grafting degree 

and heterogeneous functionalization of the chemical 

group. To overcome this problem, several techniques 

have been developed through the modification of the 

monomer, initiator, and synthesis method or graft 

copolymerization. The graft copolymerization of MAH 

to the LDDPE using the monomer microencapsulation 

method is a relatively new approach. Theoretically, it is 

based on the directed-diffusion of the termination step 

where monomer molecules are trapped inside the pore 
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of the polymer. Thus, the closer segmental-diffusion 

would improve the interaction between the polymer and 

the monomer. 

In the present study, the graft copolymerization of 

MAH to LLDPE using the monomer microencapsulation 

method was developed and compared to the direct 

method. The grafting degree in the process of graft 

copolymerization of MAH to the polyolefin was also 

investigated. This study was aimed to synthesize the 

maleic anhydride (MAH) grafted with low-density 

polyethylene (LLDPE) using the monomer 

microencapsulation method and to determine its degree of 

grafting and crosslink. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used in this study included LLDPE 

(melt flow rate (MFR) 1 g.10 min-1 and ρ = 0.920 g.cm–3) 

from Bassel, Inc., Indonesia, dicumyl peroxide/DCP 

(Aldrich), acetone (Merck), chloroform (Merk), maleic 

anhydride (Merk, p.a grade), and xylene (Merk, p.a grade). 

Instrumentation 

The instruments employed in this experiment 

involved Oven 6PHP-200 (Tabai), Haake Reomix 600p 

Roller Rotors R600, analytical balance, vacuum oven DP 

33 (Yamato), soxhlet extraction apparatus, hot and 

pressure (Gonno), MFR (Dynisco Polymer Test), FT-IR 

spectrophotometer (Perkin Elmer), Nuclear Magnetic 

Resonance (Bruker Avance III 300 MHz), Differential 

Scanning Calorimetry (Mettler Toledo 1 Star), and 

Thermal Gravimetric Analysis (Mettler Toledo 1 Star). 

Procedure 

Synthesis of LLDPE by monomer microencapsulation 

To a container holding 2 kg LLDPE (MFR 1 g/10 min 

and density 0.920 g.cm–3), 100 mL of 5% MAH in acetone 

was added. The mixture was mixed thoroughly, and the 

container tightly closed. It was opened and stirred to 

evaporate the acetone every day for a week. Furthermore, 

the process was continued until 6 days in, at which point 

came the addition of 100 mL of 10% MAH in acetone. The 

sample was homogenized weekly for six months. 

Successful microencapsulation is indicated by a cloudy 

solution. The microencapsulated polymer was named 

mLLDPE. 

Synthesis of mLLDPE-g-MAH and LLDPE-g-MAH 

To a mixing container, 50 g of mLLDPE and DCP, 

as an initiator with a concentration of 40% mol, was 

added and blended using Haake Rheomix 600p at 200 °C 

and a mixing speed of 40, 60, 80, and 100 rpm for 4 min. 

During the blending, the torsion value was recorded over 

time. Torsion is defined as the energy of rotation (Nm), 

which is used throughout the polymer blending process. 

Analysis of grafting degree of LLDPE-g-MAH using 

titration 

The sample was refluxed with xylene for 30 min 

before the temperature was lowered to 80 °C, which was 

followed by the addition of 0.2 M potassium hydroxide 

in ethanol. Reflux was carried out for another 15 min. 

Phenolphthalein was added to the reflux product, 

followed by the titration using 0.2 M of hydrochloric 

acid/isopropyl alcohol until the color changed from 

magenta to colorless. The grafting degree was calculated 

from the volume of hydrochloric acid/isopropyl 

employed in titration using Eq. (1) [7]. 

( ) ( )oN V V 98.06
GD % mass 100%

2000W

− ×
= ×  (1) 

N = concentration of HCl/isopropyl alcohol (mol.L–1) 

Vo = volume of HCl/isopropyl alcohol used as a blank 

(mL) 

V = volume of HCl/isopropyl alcohol used in titration 

(mL) 

W = mass of sample (g) 

98.06 = relative molecular mass of MAH 

■ RESULTS AND DISCUSSION 

Synthesis and Characterization of Grafted LLDPE 

The change of torsion during the blending process 

using 40% of DCP at 80 rpm rotation rate indicated the 

different interactions of mLLDPE-g-MAH and LLDPE-

g-MAH (Fig. 1). An obvious change of torsion between 

mLLDPE-g-MAH and LLDPE-g-MAH was observed 

from 0.3 up to 0.4 min, indicated by a sharp change of 

torsion value. At the beginning of the reaction, the first 

peak showed that the plasticization of LLDPE had 

occurred [10]. 
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Fig 1. The plot of torsion over time for samples of 

mLLDPE-g-MAH and LLDPE-g-MAH (fabricated using 

40% of DCP at 80 rpm rotation rate) 

The second maximum peak or “cure peak” from 

LLDPE-g-MAH was higher than that of mLLDPE-g-

MAH. This peak is known to be related to the viscosity 

[20]. Therefore, the high peak of LLDPE-g-MAH is 

indicating the formation of crosslinks within the sample. 

The results were supported by the torsion data (Fig. 1), 

where the torsion of mLLDPE-g-MAH was stable under 

20 Nm, while that of LLDPE-g-MAH reached 50 Nm. 

Thus, it is suggested that the monomer encapsulation 

method could decrease the occurrence of the crosslink. 

The reason behind this observation is related to the theory 

of directed-diffusion, in which the polymer-monomer 

interaction is independent of the reactivity, but affected 

by the distance or physical interaction between the two. 

After the diffusion-translation occurred between the two 

propagated radicals, the diffusion-segmental between 

radicals of the polymer and monomer took place. Lastly, 

the chemical interaction between radicals would result in 

graft copolymerization of the monomer to the polymer. 

Further evidence of the occurrence of crosslink in  

 

LLDPE-g-MAH is presented in Table 1. The MFR value 

of mLLDPE-g-MAH was higher than LLDPE-g-MAH, 

which was immeasurable. A higher value of MFR reflects 

low viscosity of the sample, and hence it is diluted and 

flows easily [20]. In fact, LLDPE-g-MAH did not flow 

easily, indicating the gel formation due to the crosslink 

reaction. A high number of crosslinks in LLDPE-g-

MAH is shown by the result of Soxhlet extraction (Table 

1). The higher quantity of crosslinks in LLDPE-g-MAH 

was predicted to be formed at the “cure peak” (Fig. 1). 

This observation is in agreement with the theory of the 

mechanism of directed-diffusion. In a thick liquid, the 

reaction between polymer radicals is higher than the 

reaction between radicals of polymer and MAH, thus 

increasing the number of crosslinks in the product. 

Several analyses were performed to provide a better 

explanation of this phenomenon. 

Fig. 2 shows the FT-IR spectra of mLLDPE-g-

MAH and LLDPE-g-MAH after the extraction with 

acetone. The presence of maleic anhydride, which is 

attached to the LLDPE, is confirmed by the absorbance 

at wavenumber of 1720 and 1780 cm–1 for C=O 

stretching; at 1260 cm–1 for asymmetrical C–O–C 

stretching, and at 960 cm–1 for five-membered ring 

anhydride stretching [16]. 

Fig. 3 shows the FTIR spectra of the soluble 

fractions of mLLDPE-g-MAH and LLDPE-g-MAH. The 

successful maleation process is confirmed by the peaks 

at wavenumber between 1700 and 1800 cm–1, i.e., 1720 

and 1780 cm–1. These absorptions are higher in 

mLLDPE-g-MAH than those in LLDPE-g-MAH. It 

indicates that the formation of succinic anhydride was 

higher than the maleic anhydride. However, the gel 

fraction showed a contrast result compared to the 

soluble fraction (Fig. 4). 

Table 1. Values of MFR, monomer conversion, gel fraction, and grafting degree of mLLDPE-g-MAH and LLDPE-g-

MAH (at 40% of DCP and 80 rpm rotation rate) 

Parameter mLLDPE-g-MAH LLDPE-g-MAH 

MFR (g/10 min) 0.89 Not detected 

Monomer conversion (%) 59.7 53.3 

Gel fraction (%) 68.3 79.8 

Grafting degree (%) 5.92 4.98 
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Fig 2. The FTIR spectra of acetone extract of (a) LLDPE, (b) mLLDPE-g-MAH, and (c) LLDPE-g-MAH (fabricated 

using 40% of DCP at 80 rpm rotation rate) 

 

 
Fig 3. FTIR spectra of xylene soluble fraction extract of (a) 

LLDPE, (b) mLLDPE-g-MAH, and (c) LLDPE-g-MAH 

(fabricated using 40% of DCP at 80 rpm rotation rate) 

Thermal Properties 

The DSC thermogram of glass transition temperature (Tg) 

and melting point (Tm) from both soluble and gel fractions 

 

 
Fig 4. FTIR spectra of xylene extract gel fraction of (a) 

LLDPE, (b) mLLDPE-g-MAH, and (c) LLDPE-g-MAH 

(fabricated using 40% of DCP at 80 rpm rotation rate) 

of mLLDPE-g-MAH and LLDPE-g-MAH are shown in 

Fig. 5. Fig. 5 and Table 2 illustrate that in both fractions, 

the Tg of mLLDPE-g-MAH is higher than that of 
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LLDPE-g-MAH. In the soluble fraction, the Tm of 

mLLDPE-g-MAH is lower than that of LLDPE-g-MAH, 

while in the gel fraction mLLDPE-g-MAH has a higher 

value. The presence of MAH and gel formation in the 

polymer lead to sturdier material, and lower crystallinity 

and Tm [21]. 

Fig. 5 shows the gel fraction of the LLDPE samples, 

as indicated by the width of the DSC thermogram. In 

general, there are no significant differences in Tg, Tm, and 

Tc values. However, the thermogram of the gel fraction of 

LLDPE-g-MAH shows a wide endothermic absorption. 

Fig. 6 shows the DSC thermogram of the 

crystallization temperature (Tc) of mLLDPE-g-MAH and 

LLDPE-g-MAH in both fractions. Tc values are shown in 

Table 2. The Tc of the soluble fraction of mLLDPE-g-

MAH is higher than that of LLDPE-g-MAH, while the Tc 

values of both samples in the gel fraction are similar. The 

presence of MAH and gel formation increase the rigidity 

of polymer, decrease the mobility of the chain, lower the 

crystallinity, and eventually increase the Tc value. 

Fig. 7 shows the TGA thermogram of mLLDPE-g-

MAH and LLDPE-g-MAH in both fractions in the range 

of decomposition temperature from 300 to 550 °C. To 

observe a clearer change of decomposition percentage, a 

first derivative of the decomposition thermogram is 

drawn and is presented in Fig. 8. It is clear that the 

gradients of mLLDPE-g-MAH and LLDPE-g-MAH in 

the soluble fractions changed between 200 and 350 °C, 

whereas both samples in the gel fractions are not. 

Interestingly, the decomposition of mLLDPE-g-MAH in 

the soluble fraction is faster than the decompositions in 

the other samples. This might be related to the non-

carbon decomposition, which probably derived from the 

maleic anhydride group. 

Table 3 shows that between 325 and 425 °C, the 

percentage decomposition of mLLDPE-g-MAH in both 

fractions is higher than that of the LLDPE-g-MAH. 

Meanwhile, at 425 °C, decomposition of the gel fraction 

of mLLDPE-g-MAH is smaller than that of the LLDPE-

g-MAH.  We  then  compared  this to  the Tc  of  LLDPE  

Table 2. Values of Tg, Tm, and Tc of the gel fractions (g) 

and solvated fractions (s) of mLLDPE-g-MAH and 

LLDPE-g-MAH (fabricated using 40% of DCP at 80 rpm 

rotation rate) 

Sample Tg (°C) Tm (°C) Tc (°C) 

LLDPE-g-MAH (g) 64 118 107 

mLLDPE-g-MAH (g) 65 122 107 

LLDPE-g-MAH (s) 65 122 105 

mLLDPE-g-MAH (s) 65.5 122 107 

 

 
Fig 5. DSC thermogram of (a) mLLDPE-g-MAH gel 

fraction, (b) LLDPE-g-MAH gel fraction, (c) mLLDPE-g-

MAH soluble fraction, and (d) LLDPE-g-MAH soluble 

fraction (fabricated using 40% of DCP at 80 rpm rotation 

rate) 

 
Fig 6. DSC thermogram of Tc of solvated fractions of (a) 

LLDPE-g-MAH, (b) mLLDPE-g-MAH, and gel 

fractions of (c) LLDPE-g-MAH, (d) mLLDPE-g-MAH 

(fabricated using 40% of DCP at 80 rpm rotation rate) 
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Fig 7. TGA thermogram of the soluble fractions of (a) 

mLLDPE-g-MAH, (b) LLDPE-g-MAH, and gel fractions 

of (c) mLLDPE-g-MAH, (d) LLDPE-g-MAH (fabricated 

using 40% of DCP at 80 rpm rotation rate) 

 
Fig 8. The first derivate of the TGA thermogram of 

samples decomposition of the soluble fractions: (a) 

mLLDPE-g-MAH (b) LLDPE-g-MAH, and that of gel 

fractions: (c) mLLDPE-g-MAH, (d) LLDPE-g-MAH 

(fabricated using 40% of DCP at 80 rpm rotation rate) 

 
Fig 9. 13C-NMR spectrum of mLLDPE-g-MAH 

 

based on the reference, which shows a TG value of 360 °C. 

The Tc of LLDPE-g-MAH is much higher than the Tc of 

irradiated and non-irradiated LLDPE, which shows a 

range value of 380 to 340 °C [21]. 

The decomposition between 325 and 425 °C 

indicates the removal of MAH from the LLDPE. The high 

decomposition percentage corresponded to the high 

number of MAH that were attached to the LLDPE. After 

425 °C, the mass decreased due to the removal of the 

attached group, which mostly derived from the 

backbone of LLDPE. As can be seen in the diagram, 

LLDPE was completely decomposed after 550 °C. It is 

suggested that the number of MAH that attached to the 

microencapsulated sample was higher than the LLDPE-

g-MAH. To confirm the MAH attached to LLDPE, the 

NMR analysis was deployed. 
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Table 3. Percentage decomposition of mLLDPE-g-MAH 

and LLDPE-g-MAH in the soluble fraction (s), and gel 

fraction (g) (fabricated using 40% of DCP at 80 rpm 

rotation rate) 

Sample 
Percentage of decomposition (%) 

325 °C 425 °C 

LLDPE-g-MAH (g) 0.88 4.21 

mLLDPE-g-MAH (g) 1.14 4.64 

LLDPE-g-MAH (s) 1.58 6.22 

mLLDPE-g-MAH (s) 2.93 8.21 

Table 4. Chemical shift and predicted carbon 

type/functional group of mLLDPE-g-MAH 

Chemical shift (ppm) Carbon type 

173 

C (C=O from succinic 

anhydride) 

OO O

 

166 

C (C=O from maleic 

anhydride) 

O
OO

 

132 and 142 

C (C=C from maleic 

anhydride) 

O
OO

 

29-35 

C (CH2) from the polymeric 

chain 

 

28 and 39 

C (CH2) from the ring of 

succinic anhydride 

OO O

 
11 C (CH3) 

The 13C-NMR was used to determine the structure 

of MAH that attached to the LLDPE structure (Fig. 9). 

Each chemical shift represents the carbon type from a 

particular functional group. The interpretations of each 

chemical shift are presented in Table 4 [22]. 

It is noted that the intensity of the chemical shift at 

173 ppm indicates succinic anhydride. This result 

signifies that the number of MAH attached to the 

LDDPE is higher in the form of succinic anhydride than 

MAH. This result is also supported by the presence of a 

chemical shift at 28.6 ppm, which showed the (CH2) 

from succinic anhydride. 

■ CONCLUSION 

The graft copolymerization of MAH to LLDPE 

using monomer microencapsulation and DCP as 

initiator increase the grafting degree compared to the 

direct method. The product of the monomer 

microencapsulation method, mLLDPE-g-MAH, has a 

grafting degree of 5.9%, while that of the direct method 

has a 5.0% degree. The microencapsulation process 

improves the Tg, Tm, and Tc of mLLDPE-g-MAH 

compared to the direct method based on DSC analysis. 

We suggest that the microencapsulation could be a novel 

method in the polymerization process to attach MAH to 

LLDPE, which can increase the degree of grafting to 

enhance the physical properties of LLDPE. 
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 Abstract: The activated carbon-chitosan-alginate (KKA) beads powder was synthesized 

to form an adsorbent for the cationic dyes, methylene blue (MB) and methyl violet 2B 

(MV 2B). The aims of this research were to determine the optimum composition of KKA 

beads powder for the adsorption of cationic dyes and to investigate the effect of pH, 

adsorbent mass, contact time, and initial concentration of MB and MV 2B dyes. A 

desorption study was also implemented to predict the adsorption mechanisms of MB and 

MV 2B dyes. The KKA beads powder was prepared by mixing chitosan, Na-alginate with 

various variation of masses (0.6; 0.8; 1.0; and 1.2 g) and activated carbon. The KKA beads 

were immersed in a CaCl2 solution. The KKA beads powder was characterized using FTIR 

spectroscopy and SEM. The desorption study was conducted in NaCl (0.1 M and 1.0 M), 

ethanol (40 and 60%), and pH 4 solution. The result showed that the KKA beads powder 

had been successfully created, with maximum adsorption capacities of 1.34 mmol g–1 for 

MB and 1.23 mmol g–1 for MV 2B. The kinetics and isotherms of MB and MV dyes 

adsorption on the KKA beads powder followed pseudo second order kinetics model and 

Freundlich isotherm. The desorption study showed that 60% ethanol was the most 

effective desorption solution for cationic dyes. 

Keywords: activated carbon; alginate; chitosan; methylene blue; methyl violet 2B 

 

■ INTRODUCTION 

The dyeing process in the textile industry produces 

10–15% of the dyes released to the environment [1]. 

Synthetic dyes have brightness, high color sharpness, and 

are clearly visible even in very low concentrations [2-3]. 

MB and MV 2B are cationic synthetic dyes. The presence 

of synthetic dyes in the environment can disrupt the 

stability of the organism in the environment due to their 

carcinogenic, mutagenic, and toxic effects. Therefore, the 

removal of dyes before being released into the water is 

very important. 

The treatment of dye waste has been carried out by 

various methods such as biological processes [4], 

electrochemistry [5], ozonation [6], oxidation [7], 

photocatalyst [8], membrane filtration [9], and 

adsorption [10-13]. Adsorption became the most popular 

and widely used method due to its low operational costs, 

simple and easy procedure, requires less energy, non-

toxic effects, and because it is highly effective for the 

degradation of waste [10]. 

Activated carbon is a porous material that has 

potential in the removal of chemical species by 

adsorption [14]. The mesopores and macropores of 

activated carbon can be used to remove large pollutants 

such as dyes [15]. According to previous studies, activated 

carbon is able to adsorb MB [16-18] and MV 2B [3,19]. 

Modification of activated carbon with biopolymers such 

as chitosan [12] and alginate [11,13] can also be used as 

an alternative to remove cationic dyes. 

Currently, there is no report about the fabrication 

of a composite material consisting of activated carbon, 

chitosan, and alginate to be used as an adsorbent for the 

removal of cationic dyes. Chitosan and alginate are 

polycationic and polyanionic natural polymers, 

respectively. The combination of both polymers will 

form a polyelectrolyte complex (PEC) due to the 
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interaction between the carboxyl groups of alginates and 

the amino groups of chitosan [20]. The formation of PEC 

enriches the active sites on the surface of the adsorbent. 

Therefore, the main objective of this research was to 

explore the potential of activated carbon-chitosan-

alginate (KKA) beads powder as an adsorbent for MB and 

MV 2B dyes. The aims of the research were to determine 

the optimum composition of KKA beads powder, to 

investigate the effect of contact time and initial 

concentration on the adsorption of MB and MV 2B, and 

to study the desorption of MB and MV 2B dyes. 

■ EXPERIMENTAL SECTION 

Materials 

Chitosan (%DD c.a. 80%), activated carbon 

(technical), sodium alginate (MW 120–190 g/mol, G/M = 

1.56), and other materials of analytical grade were 

supplied by Merck including calcium chloride, sodium 

hydroxide, acetic acid, hydrochloric acid, sodium 

chloride, ethanol absolute, MB, and MV 2B. 

Instrumentation 

The equipment used in this research were pH meter 

(SI Analytics Lab 860), magnetic stirrer, shaker 

(Memmert), and centrifuge (Thermo Scientific SL 16R). 

Characterization of the functional groups of the KKA 

beads powder was detected by Fourier transform infra-

red spectroscopy (FTIR) (Prestige-21 Shimadzu) at 4000–

500 cm–1 wavelength. The morphology of the KKA beads 

powder was characterized by Scanning Electron 

Microscopy (SEM) (JSM-6510LV). The concentration of 

dyes was analyzed by Spectrophotometer UV-Vis 

(Thermoscientific 20D). 

Procedure 

Synthesis of the activated carbon/chitosan/alginate 

(KKA) beads powder 

Chitosan (1 g) in 30 mL of acetic acid (2.0% v/v) was 

mixed with sodium alginate (1 g) in 30 mL of acetic acid 

(2.0% v/v). After the suspension had mixed completely, 

activated carbon (1 g) was added into the suspension. The 

suspension of KKA was stirred using a magnetic stirrer 

for 24 h. Then, the KKA beads were formed by dripping 

the solution into a CaCl2 (2.5% b/v) solution. The KKA 

beads were washed, dried, and crushed into powder. The 

same procedure was made for the synthesis of KKA 

beads powder with mass variations of sodium alginate 

(0.6; 0.8; and 1.2 g). 

The optimum composition of KKA beads powder 

The optimum composition of the KKA beads 

powder was determined by mixing mass variations of 

sodium alginate (0.6; 0.8; and 1.2 g) during the synthesis 

of the powder. The resulting KKA beads powder (20 mg) 

was added into 20 mL of MB or MV 2B dyes solution 

with concentration of 100 mg L–1 and the adsorption was 

carried out for 60 min. Afterwards, the solid material 

was separated, and the filtrate was analyzed by 

spectrophotometry UV-Vis. The adsorption capacity of 

the adsorbent towards MB and MV 2B dyes were 

calculated using Eq. (1). 

( ) ( )o t
t

C C V
Adsorption capacity   q

m

−
=  (1) 

where Co (mg L–1) is the initial concentration of dyes, Ct 

(mg L–1) is the concentration of dyes after adsorption, m 

(g) is the mass of the adsorbent, and V (mL) is the 

volume of the dyes. 

Effect of pH 

A series of solutions containing 20 mL of 100 mg L–1 

MB or MV 2B dyes were prepared with pH of 4, 5, 6, 7, 

8, and 9. pH adjustment was carried out by adding 0.1 M 

NaOH and 0.1 M HCl. Into the series of dyes solution, 

20 mg of KKA beads powder with optimum composition 

was added as obtained from the previous experiment. 

Then the adsorption was carried out for 60 min. The 

solid material was then separated, and the filtrate was 

analyzed by spectrophotometry UV-Vis. 

Effect of adsorbent dose 

The effect of adsorbent dose was investigated by 

using 10, 20, 30, 40, and 50 mg of KKA beads powder. 

The varied adsorbent doses were added into 20 mL of 

100 mg L–1 MB or MV 2B dyes solution. The solution 

was adjusted to the optimum pH obtained from the 

previous experiment. Then the adsorption was carried 

out for 60 min. The solid material was then separated, 

and the filtrated dyes were analyzed by 

spectrophotometry UV-Vis. 
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Effect of contact time 

The effect of contact time was determined within the 

time range of 5–180 min. The optimum adsorbent dose of 

the KKA beads powder obtained from the previous 

experiment was added into 20 mL of 100 mg L–1 MB or 

MV 2B dyes solution at the optimum pH. The adsorption 

was conducted for 5, 10. 15, 30. 45, 60, 90, 120, 150, and 

180 min. The solid material was then separated, and the 

filtrated dyes were analyzed by spectrophotometry UV-Vis. 

Effect of initial concentration 

The optimum dose of the KKA beads powder was 

added into 20 mL of MB or MV 2B dyes solution at 

optimum pH. The effect of initial concentrations was 

investigated in 25, 50, 75, 100, 150, 200, 300, 400, 500, 600, 

800, and 1000 mg L–1. The adsorption was carried out for 

the duration of the optimum time as obtained from the 

previous experiment. The solid material was then 

separated, and the filtrated dyes were analyzed by 

spectrophotometry UV-Vis. 

Adsorption Selectivity of MB and MV 2B dyes 

The adsorption selectivity test between MB and MV 

2B dyes was determined in comparison to the mole of MB: 

MV 2B dyes (1:0, 0:1, and 1:1). The adsorption was 

investigated in the optimum condition of MB or MV 2B. 

Study of desorption 

The process of desorption was investigated in NaCl 

(0.1 and 1.0 M), ethanol (40 and 60%) and pH 4 solution. 

The time of desorption was carried out for 1, 3, 18, and  

24 h. The percentage of desorption was calculated using 

Eq. (2). 

e

o

C
%Desorption 100%

C
= ×  (2) 

where Ce (mg L–1) is the concentration of dyes after 

desorption and Co (mg L–1) is the concentration of dyes in 

the adsorbent. 

Isotherm models for the adsorption of MB and MV 2B 

dyes 

The isotherms for the adsorption of MB and MV 2B 

dyes were determined using two models according to Eq. 

(3) and (4). 

e e

e L max max

C C1
Langmuir isotherm :

q K  q q
= +  (3) 

e F e
1

Freundlich isotherm : lnq lnK lnC
n

= +  (4) 

where KL (L mg–1) is the Langmuir constant, qmax (mg g–1) 

represents the monolayer capacity, KF and n are 

Freundlich constants, Ce (mg L–1) is the equilibrium 

concentration, and qe (mg g–1) is the amount adsorbed at 

equilibrium. 

Kinetics model for the adsorption of MB and MV 2B 

dyes 

The kinetics model for the adsorption of MB and 

MV 2B dyes was determined using four models 

according to the following equations: 

e 0 1First order kinetics model : lnC lnC k t− = −  (5) 

2
e 0

1 1
Second order kinetics model : k  t

C C
− = +  (6) 

( )e t e 1Pseudo first order kinetics model : ln q -q =lnq -k t−  (7) 

2
t e2 e

t 1 t
Pseudo first order kinetics model :

q qk q
− = +  (8) 

where k (min–1) is the rate constant, t (min) is time, C0 

(mg L–1) is the initial concentration, Ce (mg L–1) is the 

equilibrium concentration, and qe (mg g–1) is the amount 

adsorbed at equilibrium. 

■ RESULTS AND DISCUSSION 

FTIR Spectra of KKA Beads Powder 

FTIR analysis was used to identify several 

characteristic functional groups of the KKA beads 

powder. The FTIR spectra of the KKA beads powder 

before and after the dyes adsorption-desorption are 

shown in Fig. 1. Fig. 1 shows that activated carbon has 

characteristic peaks at 1628, 3425, also 2855 and  

2924 cm–1 due to stretching vibrations of –C=O, –OH, 

and –CH. Modified activated carbon peaks shifted from 

1628 to 1605 cm–1. This data represented the electrostatic 

interactions between the –NH3
+ of chitosan and –COO– 

of alginates that form PEC in KKA beads powder. 

Additional peaks at 1400 and 1034 cm–1 are identical to 

stretching vibrations of –CH amines from chitosan 

structures and stretching vibrations of –CO from 

chitosan and alginate structures. 

FTIR spectra after MB and MV 2B dyes 

adsorption-desorption showed shifting of peaks that 

occurred due to the interaction between adsorbents and  
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Fig 1. FTIR spectra for (a) activated carbon, (b) KKA beads powder 0.8, KKA beads powder 0.8: (c) after adsorption 

of MB, (d) after desorption of MB, (e) after adsorption of MV 2B, and (f) after desorption of MV 2B, respectively. 

 

MB/MV 2B dyes [12-13]. After the MB adsorption and 

desorption, there were new peaks at 1342 and 802 cm–1 

which show stretching vibrations of –N=O and –CS, 

respectively [18]. The additional peak between 1134 to 

1180 cm–1 is identical to stretching vibrations of –CN of 

the dyes on the surface of the adsorbent [21]. Decreased 

peak intensity at 1034 cm–1 is due to the interaction of 

dyes and the KKA beads powder [13]. 

SEM Analysis of KKA Beads Powder 

The surface morphology of the KKA beads powder 

was characterized by SEM analysis. The SEM 

photograph for activated carbon and the KKA beads 

powder before and after adsorption-desorption of MB 

and MV 2B under the same magnifications is given in 

Fig. 2. Fig. 2 shows that activated carbon has an irregular 

surface and various pore sizes. The pore size of the KKA 

 
Fig 2. SEM images at 5000 magnifications for – (a) activated carbon, (b) KKA beads powder 0.8, KKA beads powder 

0.8: (c) after adsorption of MB, (d) after adsorption of MV 2B, (e) after desorption of MB, and (f) after desorption of 

MV 2B, respectively 
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beads powder looks larger than that of the activated 

carbon. Chemical modification with chitosan and alginate 

through PEC can increase the pore size of activated 

carbon, potentially increasing the adsorption capacity of 

the dyes [13]. 

According to Fig. 2, the adsorption of dyes caused 

the surface of the KAA beads powder to be rough with 

lumps covering the pore of the activated carbon. These 

lumps indicate the presence of interaction between 

adsorbent and adsorbate, as well as showing the 

adsorbates which are trapped in the pores [22]. The SEM 

image of the KKA beads powder after desorption with 

60% ethanol also shows the rough and lumpy surface. It 

shows that the desorption process is also followed by the 

removal of the adsorbent material from the surface of the 

KKA beads powder. 

The Optimum Composition of KKA Beads Powder 

Fig. 3 shows that the adsorption capacity of dyes 

decreased as an increasing amount of alginate was added. 

The formation of the KKA beads was carried out in a 

solution of CaCl2 that acted as an agent to form and 

strengthen the physical properties of the beads. Increasing 

the amount of alginate increased the –COO– group and 

also increased the risk of the group reacting with Ca2+ 

during the beads formation process. This caused the 

amount of –COO– available to bind with dyes reduced, 

leading to the decrease of the adsorption capacity. The 

composition of the KKA beads powder that had 

maximum adsorption capacity was observed at 0.8 g 

alginate with 0.284 mmol g–1 (MB) and 0.213 mmol g–1 

(MV 2B). 

Effect of pH 

The effect of pH on the dye adsorption of the KKA 

beads powder was studied at the pH range of 4–9. The 

relationship curve between the amount of dyes adsorbed 

and various pH is shown in Fig. 4. Fig. 4 shows that the 

dyes adsorption capacity increased along with the 

increase in pH. The KKA beads powder adsorption 

capacity tended to decrease after pH 7. The maximum 

adsorption capacity was observed at pH 7. Therefore, pH 

7 was selected as the optimal pH for the dyes removal 

from aqueous solution using KKA beads powder. The 

adsorption capacity of the KKA beads powder at pH 7 

was 0.285 mmol g–1 (MB) and 0.216 mmol g–1 (MV 2B). 

Chitosan in acidic medium will be protonated to  

–NH3
+. The carboxylic group of alginate will maintain its 

protons thereby reducing the possibility of bonding with 

other positively charged ions [23]. The presence of an 

excess amount of free protons in an acidic solution 

competes with the dyes molecules for adsorption sites on 

the surface of the adsorbent [24]. At pH close to neutral, 

the dominant form of chitosan is –NH2. The presence of 

–NH2, –OH, and –COO– on the surface of the KKA 

beads powder can increase interactions with cationic 

dyes, so the capacity of adsorption increases. Adsorption 

capacity tends to decrease at basic medium, despite the 

high availability of –COO– on the surface of the 

adsorbent. This is due to the interaction between OH– 

ions and cationic dyes in the solution. [25]. 

 
Fig 3. Effect of alginate on MB and MV 2B dyes 

adsorption onto the KKA beads powder 

 
Fig 4. Effect of pH on MB and MV 2B dyes adsorption 

onto the KKA beads powder 
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Effect of Adsorbent Dosage 

Fig. 5 shows the adsorption capacity and removal 

percentage of dyes against the adsorbent dosage. The 

percentage of adsorption increased with increasing 

amount of adsorbent dosage. As the adsorbent dose 

increase, the amount of active sites on the surface of the 

adsorbent also increases, so more dye molecules can 

adsorb to the surface of the adsorbent. Higher adsorbent 

dosage however, caused the adsorbent to aggregate 

reducing the surface area thus decreasing the adsorption 

capacity [25]. The KKA beads powder optimum dosage in 

this study was 30 mg with an adsorption percentage of 

more than 80% for both MB and MV 2B. 

Effect of Contact Time 

Fig. 6 shows the effect of contact time on the 

adsorption capacity of the KKA beads powder towards 

dyes. High adsorption capacity occurs at the beginning 

of the contact time because the active sites in the 

adsorbent is still empty, causing the dye molecules to be 

easily attached to the surface of the adsorbent. The 

adsorption capacity of the adsorbent towards the MV 2B 

dye increased gradually with increasing contact time, 

but the adsorption capacity towards the MB dye 

decreased after 60 min. The decrease in adsorption 

capacity is due to the decrease in the number of active 

sites on the adsorbent. 

 
Fig 5. Effect of adsorbent dose of KKA beads powder on adsorption of MB and MV 2B dyes 

 
Fig 6. Effect of time on adsorption of MB and MV 2B dyes onto the KKA beads powder 



Indones. J. Chem., 2020, 20 (5), 1119 - 1130    

 

Margaretha Aditya Kurnia Purnaningtyas et al.   

 

1125 

The kinetics model for the KKA beads powder was 

described using four models, which consisted of the first-

order, second-order, pseudo first-order, and pseudo 

second-order kinetic models. The kinetics data for the 

KKA beads powder in the various models are shown in 

Table 1. The R2 value in the pseudo second-order kinetics 

model was closer to one, so it can be assumed that the 

pseudo second-order kinetics model best expressed the 

adsorption of the KKA beads powder. Theoretically, the 

pseudo second-order kinetics model describes the 

adsorption of more than one active sites of the adsorbent. 

The dyes had 0.115 mg g–1 min–1 (MB) and  

0.007 mg g–1 min–1 (MV 2B) of k value. These results 

illustrate that the adsorption rate of the MB dye was 

greater than the adsorption rate of MV 2B. Smaller 

molecule size are more easily distributed, thus 

equilibrium would be achieved faster [26]. The MB dye 

have smaller molecular sizes compared to the MV 2B 

dye, which explains why higher adsorption rate of MB 

dye had a larger adsorption rate. 

Effect of Initial Concentration 

Fig. 7 shows that the adsorption capacity of the dye 

increased with increasing initial concentration. The 

adsorption limit which describes the saturation of the 

adsorbent against the adsorbate is not visible. The 

chance of the adsorbate interaction with the activated 

site of the adsorbent will increase with an increasing 

number of dye molecules in the solution. In this study, 

the maximum adsorption capacity of the KKA beads was  

Table 1. Adsorption kinetics parameters of the adsorption on MB and MV 2B dyes onto the KKA beads powder 
Kinetics model Parameter  MB MV 2B 

Molecular weight (g mol–1) 319.86 393.96 

qe experiment (mmol g–1) 0.183 0.148 

First-order R2 0.2953 0.8316 

 k'1 (min–1) 0.001 0.004 

Second-order R2 0.2845 0.8817 

 k'2 (min–1) 0.026 0.083 

Pseudo first-order R2 0.4367 0.9435 

 k1 (min–1) 0.007 0.061 

 qe cal (mmol g–1) 0.011 0.020 

Pseudo second-order R2 0.9998 0.9991 

 k2 (g mmol–1 min–1) 36.8 2.79 

 k2 (g mg–1 min–1) 0.115 0.007 

 qe cal (mmol g–1) 0.179 0.147 

 
Fig 7. Effect of concentration on adsorption of MB and MV 2B dyes on the KKA beads powder 
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obtained at 1000 mg L–1, with 1.34 mg g–1 (MB) and  

1.23 mg g–1 (MV 2B) adsorption capacity. 

The adsorption isotherms studied in this research 

are Langmuir and Freundlich isotherms. A summary of 

the adsorption isotherms calculation can be seen in Table 

2. Table 2 shows that the R2 value in the Freundlich 

isotherm is closer to one compared to the Langmuir 

isotherm which means that the MB and MV 2B dye 

adsorption on the KKA beads powder follow the 

Freundlich isotherm. Adsorption of MB dyes with zeolite-

activated carbon/chitosan beads [12] and activated-

alginate beads [13] also followed the Freundlich isotherm. 

The Freundlich isotherm describes the process of 

adsorption on heterogeneous surfaces. The heterogeneity 

factor (1/n) is a characteristic of the Freundlich model. In 

this study, n values were 1.64 (MB) and 1.16 (MV 2B). The 

higher n value represents the higher heterogeneity of the  

 

site on the adsorbent. 

Selectivity Adsorption of MB and MV 2B Dyes 

Fig. 8 shows that the maximum adsorption of dyes 

are smaller if they are in a multicomponent solution, 

which proves that there is a competitive effect between 

the dyes. Under optimum conditions of MB adsorption, 

the presence of MV 2B reduced MB adsorption by 

11.7%. Meanwhile, under the optimum conditions of 

MV 2B dye adsorption, the presence of MB reduced MV 

2B adsorption by 12.3%. These results indicate that the 

reduction of MV 2B adsorption is greater in 

multicomponent solutions. In multicomponent 

solutions, smaller molecules will occupy the pores in the 

adsorbent structure first [27]. The MB dye have a smaller 

molecular weight compared to MV 2B causing the 

molecules of the MB dye to fill the pores of the adsorbent 

earlier than the MV 2B dye. 

Table 2. The Langmuir and Freundlich isotherm parameters for MB and MV 2B dyes 
Isotherms model Parameter  MB MV 2B 

qe experiment (mmol g–1)  1.34 1.23 

Langmuir isotherm qmax (mmol g–1) 1.36 2.42 

KL (L mol–1) 3135 1552 

E (KJ/mol) 20.1 18.3 

R2 0.8212 0.8789 

Freundlich isotherm KF 1.17 2.14 

n 1.64 1.16 

R2 0.9035 0.9820 

 
Fig 8. Effect of percentage adsorption of MB and MV 2B dyes under optimum conditions of (a) MB and (b) MV 2B 

adsorption 
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MB and MV 2B Dyes Adsorption 

Table 3 shows that activated carbon has adsorption 

capacities of 0.151 mmol g–1 (MB) and 0.171 mmol g–1 

(MV 2B) under optimum conditions, while the adsorption 

capacities of the KKA beads powder are 1.34 mmol g–1 and 

1.23 mmol g–1 for MB and MV 2B, respectively. The 

results showed that the adsorption ability of activated 

carbon after modification into KKA beads powder 

increased by 787 and 621% for MB and MV 2B dyes, 

respectively. The increased adsorption ability of the 

activated carbon is due to the presence of activated sites 

on the surface of the adsorbent from chitosan and alginate 

modification. 

Desorption Study 

Desorption solution (NaCl) was found to have an 

influence in the process of releasing cationic dyes  

–N+(CH3)2 (MB) and –N+HCH3 (MV 2B) from the 

adsorbent. The strength of Na+ ions was able to release the 

electrostatic cationic dyes which had been bound to the 

KKA beads powder. The greater the amount of Na+ ions 

in the solution, the greater amount of MB and MV 2B 

molecules that was released. pH 4 solution was used as the 

medium for desorption because it has an acidic strength 

that can protonate the activated site of chitosan from  

–NH2 to –NH3
+. Protonated amino groups was able to 

increase the hydrophility of the adsorbent causing the 

MB or MV 2B dyes to be released. Ethanol solution in 

water can also act as a medium of desorption because it 

can attract MB or MV 2B dyes through hydrogen bonds 

and hydrophobic interactions [31]. 

Fig. 9 shows that prolonging the desorption time 

increased the amount of MB and MV 2B released from 

the adsorbent. The desorption order for MB and MV 2B 

dyes were 60% ethanol > pH 4 solution > 40% ethanol > 

1.0 M NaCl > 0.1 M NaCl. Therefore, 60% ethanol solution 

was the most effective desorption medium. This points 

to the tendency for hydrogen bonds and hydrophobic 

interactions. The existence of double bonds and benzene 

rings in the structure of dyes that are hydrophobic gives 

the possibility that hydrophobic interactions will be 

more dominant than electrostatic interactions [28]. 

The percentage of desorption for MB and MV 2B 

dyes in various solvents were less than 22%. This is likely 

because only the dye molecules on the surface of the 

adsorbent were able to be released. The porous structure 

of the KKA beads powder caused the adsorbed dyes to 

be trapped and difficult to escape. Similarly, MB 

desorption studies on carbon monolith (CM) 

adsorbents using ethanol were only able to adsorb MB 

dyes attached to the CM surfaces, not in macro and 

mesoporous adsorbent structures [32]. 

Table 3. Comparison of MB and MV 2B dye adsorption capacity in various adsorbents 

Adsorbent Dyes 
Capacity adsorption 

pH 
Mass 

(mg) 

Time 

(min) 

Concentration 

(mg L–1) 

Isotherm 

model 
Reference 

mmol g–1 mg g–1 

Activated carbon MB 

MV 2B 

0.151 

0.171 

48.2 

67.2 

7 

7 

30 

30 

60 

180 

1000 

1000 

Freundlich 

Freundlich 

This work 

KAA beads powder MB 

MV 2B 

1.34 

1.23 

428 

484 

7 

7 

30 

30 

60 

180 

1000 

1000 

Freundlich 

Freundlich 

This work 

Activated carbon 

sunflower seed hulls  

MV 2B 0.253 92.6 4.5 30 105 300 Freundlich [3] 

Activated carbon-

alginate beads  

MB 0.719 230 9.5 10 1200 100 Freundlich [13] 

Composite HNT-Fe3O4  MV 2B 0.052 20.4 7 15 360 90 Langmuir [25] 

Activated carbon MB 2.39 742 7 25 1440 3000 Langmuir [28] 

Activated carbon-clay MB 0.560 179 9 20 1560 400 Langmuir [29] 

Polyglycerol magnetic gel MB 

MV 2B 

1.44 

1.01 

459 

400 

7 

7 

20 

20 

120 

120 

1600 

2000 

Langmuir 

Langmuir 

[30] 
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Fig 9. Percentage of desorption for (a) MB and (b) MV 2B dyes 

 

■ CONCLUSION 

The optimum adsorbent composition for adsorption 

of MB and MV 2B dyes was found in KKA beads powder 

with 0.8 g of alginate. The optimum contact time was  

60 min for the MB dye and 180 min for MV 2B. Both dyes 

followed a pseudo second-order kinetics model with an 

adsorption rate of 0.115 g mg–1 min–1 for MB and 0.007 g 

mg–1 min–1 for MV 2B. The optimum initial concentration 

for both dyes was 1000 mg L–1. Both dyes followed the 

Freundlich isotherm with KF and n values of 1.17 and 1.64, 

respectively for MB, and 2.14 and 1.16 respectively for 

MV 2B. The most effective desorption medium for MB and 

MV 2B dyes in the KKA beads powder was 60% ethanol. 
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 Abstract: The concentration of nineteen metals (Hg, As, Cd, Co, Cr, Cu, Fe, Li, Mg, Mn, 

Mo, Ni, Pb, Se, Sr, Ti, Tl, V, and Zn) were determined in muscle tissues and digestive 

contents of Periglypta reticulata (Kerang Geton), collected from Lancang Island part of 

Seribu Islands, Jakarta. An interaction between toxic and essential metal in a clam is also 

studied. The results showed high concentrations of As (4.56), V (1.20), and Zn (4.91) mg/kg 

wet weight in muscle tissues and As (7.16), Ti (2.53), and Zn (8.68) mg/kg wet weight in 

digestive contents. Average concentrations of metals in muscle tissues and digestive 

contents were below regulation limit from permissible standard National Agency of Drug 

and Food Control except for Arsenic (As). The average concentration of metals in muscle 

tissues was significantly (P < 0.05) lower than in digestive contents except As, Co, Cr, Mg, 

and Tl, respectively. Toxic metals (Pb, Hg, Cd, and As) showed a strong correlation with 

several essential metals so that these metals can be a threat to the main function of a 

particular metal. The present study showed digestive contents could accumulate in higher 

metals; therefore, we suggested removing it before consuming this clam. 

Keywords: Periglypta reticulata; heavy metals; Lancang Island 

 

■ INTRODUCTION 

Heavy metals contamination is one of the complex 

problems in an aquatic environment and raising concern 

over their potential in the risk of human health [1]. Some 

heavy metals (Co, Cr, Cu, Fe, Mn, Mo, Ni, Se, Zn) are 

essential elements for the organism being constituents of 

several key enzymes and playing important roles in 

various oxidation-reduction reactions [2]. However, an 

excess amount of metals may produce cellular and tissue 

damage [3]. Metals such as Hg, Pb, Cd, and As have no 

established biological functions and are considered as 

non-essential and potentially toxic at relatively low 

concentrations [4]. The heavy metals concentration may 

be attributed to sewage and agricultural drainage. Besides, 

the corrosion of the ship’s hull coating and antifouling 

paints at the ship can cause a high concentration of 

copper in the lake [5]. 

Marine bivalves could accumulate metals 

presented at undetectable levels from environmental to 

very high concentrations in tissues [6]. Bivalves are 

known to feed on suspended particles in the water 

column, which could be contaminated by various 

contaminants derived from either anthropogenic 

activities or natural emissions [7]. The primary source of 

heavy metals contamination in the natural environment 

is the run-off from agricultural activities [8]. Bivalves are 

known to filter between twenty and one hundred litters 

of surrounding waters a day. In doing so, they 

accumulate natural or anthropogenic contaminants [9]. 

Furthermore, since the bivalves have high 

nutritional and economic values, eating bivalves contain 
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high concentrations of heavy metals is dangerous and 

threats to human health [10]. The present study was 

aimed to investigate the concentration of toxic metals (As, 

Pb, Cd, and Hg) and essential metals (Co, Cr, Cu, Fe, Li, 

Mg, Mn, Mo, Ni, Se, Sr, Ti, Tl, V, and Zn) in muscle 

tissues and digestive content of Periglypta reticulata from 

Lancang Island, part of Seribu Islands, Jakarta. The other 

goal was to study the interaction between toxic and 

essential metals in the clam. Lancang Island located 30 km 

North-West from Jakarta Bay and 9 km from Cisadane 

estuary in Tangerang. Jakarta Bay receives enormous 

amounts of municipal discharges from the Jakarta 

metropolis [11] that caused marine pollution with various 

pollutants, especially heavy metals. 

■ EXPERIMENTAL SECTION 

Materials 

Periglypta reticulata were purchased from 

fisherman in Lancang Island and directly placed in a zip-

lock plastic bag and freeze until further analysis. All 

reagents used were analytical-reagents grade. The 

solutions were prepared using ultra-pure water (Milli-Q), 

Nitric acid (65% HNO3 Suprapur, Merck), HCl 37% 

(Merck), Hg standard solution 1.000 mg/L (Merck) and 

L-Cysteine (Nacalai Tesque Inc. Japan). 

Instrumentation 

Caliper and analytical balance (Sartorius BP 210 S) 

were used for morphometric analysis. Dried samples were 

prepared using oven (Heraeus Instrument), petri dish, 

spatula, mortar, and pestle. ICP-OES 7400 Thermo and 

Mercury Analyzer NIC MA-3000 were used for 

concentrations analysis. 

Procedure 

Sample collection 

In the laboratory, bivalves were cleaned to remove 

dirt attached to the bivalve and were separated from 

muscle tissues and digestive contents. Morphometric 

analysis of the total weight of the wet tissues was measured 

with Sartorius analytical balance, while the length and 

width of bivalves were measured with a digital caliper. 

Samples were dried in an oven at 60 °C for 24 h for heavy 

metals analysis. Moisture contents of muscle tissues and 

digestive contents were measured with oven-dried at  

105 °C for 24 h [12]. Muscle tissues (MT) and digestive 

contents (DC) were ground into a fine powder with 

mortar and pestle for the subsequent analysis. 

Metal analysis 

Three replicates of dried MT and DC samples were 

individually weighed approximately 10–20 mg directly 

in the sample boat and analyzed with mercury analyzer 

for total mercury concentration. The modified method 

from USEPA 3051a for total metals analysis was utilizing 

a mixture of concentrated HNO3 and HCl and a 

microwave oven [13]. In brief, the mixture of acid (9 mL 

HNO3 and 3 mL HCl) was drop-added into 0.5 g of 

samples then the mixture was heated using microwave 

oven CEM MARS 5 Express at 185 °C for 15 min and 

hold for 30 min. Then the solution was filtered using 

Whatman filter paper No. 41, and the filtrate was diluted 

to 25 mL using deionized water. Three replicates of dried 

MT and DC samples were also applied for a non-Hg 

measurement. The samples were measured using ICP-

OES 7400 Thermo for metals analysis. 

Data analysis 

Statistical correlation analysis was based on IBM 

SPSS Statistics 22. Pearson’s correlation coefficient 

analysis was used to determine the significant relationship 

between metal accumulation in muscle tissues and 

digestive contents with two-tailed p-value < 0.05 and  

p-value < 0.01 were considered significant. All graphical 

plot was based on the R program. 

■ RESULTS AND DISCUSSION 

Details of metals concentration MT and DC in P. 

reticulata are shown in Fig. 1 and Fig. 2. Bivalves (n = 10 

individual samples) collected in this study displayed 

similar-sized of 8.00±0.53 cm (Length) × 8.65±0.85 cm 

(Width). The average wet weights of total tissues were 

32.40±8.83 g, and the moisture content for MT and DC 

were 81.38% and 75.64%, respectively. Concentrations 

of As, Co, Cr, Mg, and Tl were not statistically 

significantly different between MT and DC. 

Concentrations of toxic metals (Hg, Pb, and Cd) except 

As were lower than the permissible limit from Badan 

Pengawas  Obat  dan  Makanan  or  National  Agency  of  
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Fig 1. Metals concentrations (mg/kg w.w.) in digestive contents and muscle tissues of P. reticulata (“” represents 

mean value) 

 
Fig 2. Metals concentrations (mg/kg w.w.) in digestive contents and muscle tissues of P. reticulata(“” represents mean 

value) 

 

Drug and Food Control (NADFC) in muscle tissues and 

digestive contents. Concentrations of As, Co, Cr, Mg and 

Tl in MT and DC were 2.58–11.04 (4.41±2.71) and 4.03–

16.74 (6.93±3.93); 0.06–0.25 (0.14±0.07) and 0.11–0.60 

(0.26±0.18); 0.14–1.45 (0.49±0.42) and 0.18–0.90 

(0.41±0.23); 288.86–454.28 (349.70±53.58) and 318.90–
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605.27 (393.56±85.98); 0.06–0.37 (0.22±0.11) and 0.014–

0.053 (0.033±0.014) mg/kg w.w., respectively. In this study, 

the concentration of Arsenic (As) in MT and DC (2.58–

11.04 (4.41±2.71) and 4.03–16.74 (6.93±3.93) mg/kg w.w. 

were higher compared to study that reported by Copat et 

al. [14] in Donax trunculus from Catalina Gulf, Italia  

(1.53 mg/kg w.w.), Sivaperumal et al. [15] in Villorita 

cyprinoides from Cochin area, India (0.69 mg/kg w.w.), 

Lei at el. [16] in Mactra chinensis from Shanghai  

(0.20 mg/kg d.w.) and Li et al. [17] in Mactra veneriformis 

from Bohai Bay, China (1.44–2.51 mg/kg w.w.). These 

facts showed an As enrichment in P. reticulata that was 

not fully understood because of sediment, as the main 

factor, was not examined in this study. Enrichment As 

could be attributed to the natural and anthropogenic 

sources. Natural sources mostly related to phosphate 

deposits and anthropogenic As can be driven As-rich 

pesticides in the past and phosphorite processing 

activities [17]. 

Concentrations of Hg, Cd, and Ni were statistically 

significant (p < 0.05); Li, Pb, Se, Sr, and V statistically 

significant (p < 0.01) different between MT and DC. 

Concentrations of Cu, Fe, Mn, Mo, Ti, and Zn were 

statistically highly significant (p < 0.001) different 

between MT and DC in P. reticulata. Copper, iron, 

manganese, molybdenum, and zinc were known as 

cofactors of many enzymes that play an important role 

in aquatic organisms [17]. Iron is an essential element 

for biological function, but in excess, it is related to heart 

disease, cancer, and impaired insulin sensitivity [18]. 

Mn is an essential micronutrient for many biochemical 

reactions in living beings [19]. Zinc has generally been 

considered to be non-toxic and a minor nutrient 

required for growth and development [20]. 

Accumulation of heavy metals in marine mollusks 

can be affected by many factors, including endogenous 

and exogenous factors. Endogenous factors such as body 

size, growth, fitness, reproductive condition and 

genotypes [21], the differences in biokinetic uptake, 

depuration rate, and other physiological processes could 

contribute to the variations in the heavy metal 

concentration in tissues [22]. Meanwhile, the exogenous 

factors could be salinity, metal bioavailability [23], 

alkalinity, and others [19]. 

Table 1. Pearson correlation R between metals concentration (mg/kg w.w.) in muscle tissues of P. reticulata 

Element Hg As Cd Co Cr Cu Fe Li Mg Mn Mo Ni 

Hg  0.783a  0.431  -0.252  0.480 -0.351 0.440 -0.202 0.652b 

As    0.648b     -0.466 0.255 0.323 0.603 

Cd     0.425 0.440 0.585  -0.294 -0.446 0.475 -0.231 

Co      -0.441  0.370  0.358 0.350 0.761b 

Cr      0.769a 0.684b  -0.257  0.234  

Cu        -0.286 -0.509 -0.299 0.409 -0.479 

Fe        0.448    0.263 

Li         0.495 0.382 -0.472 0.575 

Mg           -0.314  

Mn           -0.466 0.716b 

Mo             

Ni             

Pb             

Se             

Sr             

Ti             

Tl             

V             

Zn             
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Table 1. Pearson correlation R between metals concentration (mg/kg w.w.) in muscle tissues of P. reticulata (Continued) 

Element Pb Se Sr Ti Tl V Zn 

Hg   -0.297  0.279  -0.537 

As -0.260       

Cd -0.201 0.674b   -0.353   

Co      0.430  

Cr -0.224 0.427  0.329 -0.627  -0.212 

Cu -0.423 0.512  0.416 -0.737b   

Fe  0.246   -0.305   

Li  -0.511 -0.512  0.406   

Mg 0.355 -0.565  -0.334 0.398  0.424 

Mn    0.201  -0.204 -0.439 

Mo -0.370 0.477 0.354  0.719b 0.625 0.449 

Ni 0.225 -0.337    -0.206 -0.237 

Pb  -0.480   0.416 -0.716b  

Se   0.500  -0.603 0.400 -0.344 

Sr    0.216 -0.536 0.287  

Ti     -0.417 -0.334  

Tl      -0.404  

V       0.417 

Zn        

Only meaningful |R| > 0.2 correlation is shown; Bold is significant correlation value of > 0.4 
a Correlation is significant at the 0.01 level (2-tailed); b Correlation is significant at the 0.05 level (2-tailed) 

 
Fig 3. Elemental relationship in the muscle tissues of P. reticulata (wet weight) 

 

Pearson correlation between metals in muscle 

tissues in P. reticulata showed in Table 1 and a significantly 

positive linear correlation (p < 0.05) were observed 

between concentrations of some metals (As-Co, Cr-Fe, 

Hg-Ni, Co-Ni, Mn-Ni, Cd-Se, Mo-Tl) and significantly 

negative linear correlation (p < 0.05) (Cu-Tl and Pb-V). 

A significant positive correlation (p < 0.01) between Hg-

As (r2 = 0.79) and Cr-Cu (r2 = 0.77) is shown in Fig. 3. 
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Table 2. Pearson correlation R between metals concentration (mg/kg w.w.) in digestive contents of P. reticulata 

Element Hg As Cd Co Cr Cu Fe Li Mg Mn Mo 
Hg            
As 0.976a           
Cd 0.895a 0.895a          

Co 0.676b 0.684b 0.923a         
Cr   0.226 0.350        
Cu -

0.411 

-0.529 -0.255         

Fe   0.298 0.431 0.622 0.601      
Li 0.202  0.411 0.534 0.319 0.459 0.813a     

Mg  -0.220 0.209 0.487  0.631 0.686b 0.701b    
Mn -

0.575 

-0.574 -0.374  0.373 0.477 0.605 0.547 0.388   

Mo 0.477 0.478 0.724b 0.770a   0.480 0.509 0.443   
Ni 0.716b 0.701b 0.910a 0.969a 0.272  0.395 0.558 0.500 -0.222 0.753b 

Pb 0.411 0.420 0.707b 0.793a 0.546 0.223 0.654b 0.500 0.475  0.606 

Se 0.534 0.577 0.594 0.618  -0.556  0.255   0.660b 

Sr 0.709b 0.656b 0.741b 0.735 0.360 -0.236 0.424 0.628 0.337  0.426 

Ti -0.207 -0.294  -0.257  0.733b 0.560 0.226  0.404  

Tl -0.293 -0.408  0.218  0.499 0.355  0.775b   

V 0.467 0.554 0.525 0.578 0.614 -0.998a  -0.288 -0.824 -0.331 0.910 

Zn -0.285 -0.283  0.286 0.277 0.675b 0.705b 0.683b 0.653b 0.681b 0.387 

Table 2. Pearson correlation R between metals concentration (mg/kg w.w.) in digestive contents of P. reticulata 

(Continued) 

Element Ni Pb Se Sr Ti Tl V Zn 
Hg         

As         
Cd         
Co         
Cr         
Cu         
Fe         
Li         
Mg         

Mn         

Mo         

Ni         
Pb 0.663b        
Se 0.690b        
Sr 0.806a 0.395 0.606      
Ti -0.330 0.270 -0.575 -0.334     
Tl  0.338 -0.236      
V 0.567  0.987b 0.251 -0.660 -0.891   

Zn  0.604   0.507 0.330 -0.624  
Only meaningful |R| > 0.2 correlation is shown; Bold is significant correlation value of > 0.4 
a Correlation is significant at the 0.01 level (2-tailed); b Correlation is significant at the 0.05 level (2-tailed) 

 

Pearson correlation between metals in digestive 

contents in P. reticulata showed in Table 2 and a 

significantly positive linear correlation (p < 0.05) were 

observed between concentrations of some metals (Hg-Co,  
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Fig 4. Elemental relationship in the digestive contents of P. reticulata (wet weight) 

 

Hg-Ni, Hg-Sr, As-Co, As-Ni, As-Sr, Cd-Mo, Cd-Pb, Cd-

Sr, Cu-Ti, Cu-Zn, Fe-Mg, Fe-Pb, Fe-Zn, Li-Mg, Li-Zn, 

Mg-Tl, Mg-Zn, Mn-Zn, Mo-Ni, Mo-Se, Ni-Pb, Ni-Se, and 

Se-V). A significantly positive linear correlation (p < 0.01) 

between Hg-As (r2 = 0.98), Hg-Cd (r2 = 0.89), Cd-Co (r2 = 

0.92), Cd-Ni (r2 = 0.91), As-Cd (r2 = 0.89), Co-Mo (r2 = 

0.77), Co-Ni (r2 = 0.97), Fe-Li (r2 = 0.82) Co-Pb (r2 = 0.79) 

and significantly negative correlation (p < 0.01) for Cu-V 

(r2 = -1) are shown in Fig. 4. Copper and Titanium showed 

a positive correlation in the digestive contents of P. 

reticulata. Therefore, it indicated that these metals sources 

come from slow corrosion of anti-fouling coating paint 

in a boat [24]. Concentrations of heavy metals P. reticulata 

from Lancang Island compared to the previously reported 

from around the world and guidelines (NADFC, 

ANZFC, and JECFA/WHO) were shown in Table. 3. 

In the digestive content, Cd as a toxic element was 

positively correlated with the most of essential metals, Mo, 
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Table 3. Comparison of heavy metal concentrations in muscle tissue and digestive contents of P. reticulata from 

Lancang Island and Veniridae clams in other area (metal concentration in mg/kg; dry weight (d.w.) or wet weight 

(w.w.) basis; bold indicated exceeding maximum limit from NADFC 2018) 
Site Species  Year Hg As Cd Co Cr Cu Fe Li Mg Mn Mo 

Lancang Island, 

Indonesia 

Periglypta reticulata 

(muscle) 

w.w. 2018 0.03 4.41 0.04 0.14 0.49 0.47 11.59 0.39 349.70 0.71 0.03 

 P. reticulata 

(digestive) 

w.w. 2018 0.08 6.93 0.10 0.26 0.41 0.94 99.87 0.64 393.56 3.91 0.24 

Catania Gulf D. trunculus 

(composite) 

w.w. 2012  1.53 0.01  0.25     4.26  

Cochin Area Villorita crypinoides 

(composite) 

w.w. 2011   0.34  0.26 1.4      

Shanghai Mactra chinensis 

(composite) 

d.w. 2008  0.20 0.03  0.10     5.18  

Bohai Bay Mactra veneriformis 

(soft tissue) 

w.w. 2008  1.44 0.27 0.55 1.37 2.34    23.95 0.12 

Parit Jawa, Johor Polymesoda erosa 

(total tissue) 

d.w. 2009   3.26   14.1 790     

Parit Jawa, Johor Polymesoda erosa 

(foot) 

d.w. 2009   1.47   3.77 110     

Parit Jawa, Johor Polymesoda erosa 

(gill) 

d.w.     1.46  12.8 1088     

Telok Mas, Mallaca Polymesoda erosa 

(total tissue) 

d.w. 2009   4.23 2.96  15.7 1111     

Telok Mas, Mallaca Polymesoda erosa 

(foot) 

d.w. 2009    0.253  1.80  93.5    

Telok Mas, Mallaca Polymesoda erosa 

(gill) 

d.w. 2009    2.86  8.81 1620     

Coast of New 

Celedonia 

Gafrarium tumidum 

(soft tissue) 

w.w. 2008 0.42           

Coast of New 

Celedonia 

Periglypta chemnitzi 

(soft tissue) 

w.w. 2008 0.4           

Astamudi Lagoon Villorita cyprinoides 

(soft tissue) 

d.w. 2017   0.08 0.87 3.57 17.73 69.23  574.99 5.16  

Catania Fish 

Market 

D. trunculus 

(composite) 

w.w. 2013  1.52 0.005  0.24     4.25  

Marudu Bay Polymesoda expansa 

(soft tissue) 

d.w. 2017  9.12   6.07 16.6    138.1  

Rias of Pontevedra 

(A1) 

Dosiona exoleta 

(soft tissue) 

d.w. 2006   0.29   8.67      

(A2)  d.w.    0.25   9.13      

(A4)  d.w.    0.75   16.10      

Kuala Kemaman, 

Terengganu,  

Polymesoda expansa d.w. 2016            

Coastline of India Polymesoda aerosa d.w. 2013            

Tanjung Lumpur, 

Malaysia 

Polymesoda expansa 

(soft tissue) 

d.w. 2017            

 NADFC (2018) w.w. 2018 0.50 0.25 0.10         

 ANZFC w.w. 2000 0.5 1 2         

 JECFA/WHO w.w. 2016 0.5  2         
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Table 3. Comparison of heavy metal concentrations in muscle tissue and digestive contents of P. reticulata from 

Lancang Island and Veniridae clams in other area (metal concentration in mg/kg; dry weight (d.w.) or wet weight 

(w.w.) basis; bold indicated exceeding maximum limit from NADFC 2018) (Continued) 
Site Species  Year Ni Pb Sb Se Sr Ti Tl V Zn Ref. 

Lancang Island, 

Indonesia 

Periglypta reticulata 

(muscle) 

w.w. 2018 0.26 0.04 nd 0.44 9.45 0.22 0.03 1.19 4.93 This study 

 P. reticulata (digestive) w.w. 2018 0.46 0.19 nd 0.66 19.26 2.57 0.03 0.30 8.76 This study 

Catania Gulf D. trunculus 

(composite) 

w.w. 2012 0.33 0.07        [14] 

Cochin Area Villorita crypinoides 

(composite) 

w.w. 2011 0.34 0.68       40 [26] 

Shanghai Mactra chinensis 

(composite) 

d.w. 2008  0.13       14.8 [16] 

Bohai Bay Mactra veneriformis 

(soft tissue) 

w.w. 2008 1.00 0.37 0.04 1.26     11.57 [17] 

Parit Jawa, Johor Polymesoda erosa 

(total tissue) 

d.w. 2009 5.07 17.9       67.1 [27] 

Parit Jawa, Johor Polymesoda erosa 

(foot) 

d.w. 2009  2.18       92.1 [27] 

Parit Jawa, Johor Polymesoda erosa 

(gill) 

d.w.   2.56       263 [27] 

Telok Mas, Mallaca Polymesoda erosa 

(total tissue) 

d.w. 2009 4.29 6.80       343 [27] 

Telok Mas, Mallaca Polymesoda erosa 

(foot) 

d.w. 2009  0.937       105 [27] 

Telok Mas, Mallaca Polymesoda erosa 

(gill) 

d.w. 2009  6.51       263 [27] 

Coast of New 

Celedonia 

Gafrarium tumidum 

(soft tissue) 

w.w. 2008          [28] 

Coast of New 

Celedonia 

Periglypta chemnitzi 

(soft tissue) 

w.w. 2008          [28] 

Astamudi Lagoon Villorita cyprinoides 

(soft tissue) 

d.w. 2017 2.42 1.46       76.79 [29] 

Catania Fish 

Market 

D. trunculus 

(composite) 

w.w. 2013 0.32 0.07       7.62 [14] 

Marudu Bay Polymesoda expansa 

(soft tissue) 

d.w. 2017 5.71 2.31       377.1 [22] 

Rias of Pontevedra 

(A1) 

Dosiona exoleta (soft 

tissue) 

d.w. 2006  4.65       203 [30] 

(A2)  d.w.   2.45       176 [30] 

(A4)  d.w.   7.89       301 [30] 

Kuala Kemaman, 

Terengganu,  

Polymesoda expansa d.w. 2016  6.9    15.9   12.8 [34] 

Coastline of India Polymesoda aerosa d.w. 2013 14 1.1       91.7 [35] 

Tanjung Lumpur, 

Malaysia 

Polymesoda expansa 

(soft tissue) 

d.w. 2017  1.94       269 [36] 

 NADFC (2018) w.w. 2018  0.20        [31] 

 ANZFC w.w. 2000  2        [32] 

 JECFA/WHO w.w. 2016          [33] 
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Sr, Pb (p < 0.05) and As, Co, Ni (p < 0.01). Cd had only a 

significant correlation with Se in the muscle (p < 0.05), 

whereas Pb was negatively correlated with V in muscle but 

had a strong correlation between essential metals, Fe, Ni 

(p < 0.05) and Co (p < 0.01) in digestive. Arsenic had 

strong correlations with Co, Ni, Sr (p < 0.05), and Cd in 

digestive but only had a positive correlation with Co in 

muscle. Mercury (Hg) also had a strong association with 

Co, Ni, Sr (p < 0.05) and with As and Cd (p < 0.01) in 

digestive but only strongly influenced As in muscle. 

Alonso et al. reported that there was a significant 

correlation between metal and essential metal, for 

example, Cd and was positively associated with most of 

the essential metals analyzed in the digestive, the organ 

that accumulates in higher concentrations, compared to 

muscle [25]. These interactions probably indicate that 

essential metals for homeostatic mechanisms in 

organisms, to regulate mineral balance in the body, could 

be interfered with or competed with toxic elements. This 

fact would bring a threat to the normal function of metal 

in the body. So, monitoring of toxic metals in the main 

compartment like sediment that transfers metals into 

marine organisms should be done regularly and 

intensively [26]. 

■ CONCLUSION 

This study investigated the concentrations of 

nineteen metals in muscle tissues and digestive contents 

of P. reticulata from Lancang Island, part of Seribu 

Islands. Concentrations of total Arsenic in muscle and 

digestive were found to exceed permissible limit from the 

National Agency of Drug and Food Control. Cadmium, 

Lead, and Mercury have shown under the permissible 

limit in muscle tissues and digestive contents, but Cd and 

Pb in the digestive contents should be a concern because 

it nearly reaches permissible limit from NADFC. Toxic 

metals (Pb, Hg, Cd, and As) showed strong correlations 

with several essential metals, so monitoring for particular 

metals must be done intensively. Because of the high 

accumulation in digestive content, the elimination of this 

part was suggested when consuming this clam to reduce 

bioaccumulation of heavy metals in the human body. 
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 Abstract: Solid-phase extraction technique is considered as a vital tool in a pre-

treatment of different samples. Therefore, it was used as a beneficial and alternative 

extraction method over the liquid–liquid extraction in diverse applications such as food, 

environmental, and biological analyses. Glycidyl methacrylate-co-stearyl methacrylate-

co-ethylene glycol dimethacrylate (GMA-co-SMA-co-EDMA) monolithic sorbent was 

prepared as strong cationic-reversed phase sorbent for solid-phase extraction of different 

proteins. The monolithic sorbent was prepared inside two moulds such as glass microchip 

device and borosilicate. The morphological properties have been investigated using the 

Brunauer-Emmett-Teller (BET) model analyzer and scanning electron microscope 

(SEM), and the formation of the monolithic sorbent was examined using the FT-IR. Eight 

proteins (cytochrome C, insulin, myoglobin, lysozyme, β-lactoglobulin, trypsin, albumin 

chicken egg white, and apo-transferrin) with different molecular weight and isoelectric 

point were investigated for pre-concentration using the SCX/RP sorbent. It was found that 

the highest extraction recovery was obtained with three proteins cytochrome C, lysozyme, 

and myoglobin compared with the other proteins. These three proteins were chosen for 

pre-concentration using the glass microchip. Sorbent performance showed significant 

results in terms of stability and reproducibility. 

Keywords: stearyl methacrylate; solid-phase sorbent; glycidyl methacrylate; extraction 

 

■ INTRODUCTION 

Solid-phase extraction was used as a beneficial and 

alternative extraction method. Therefore, it has been used 

in laboratories for concentrating and purifying different 

samples. In addition, it could be used for cleaning-up or 

isolating a wide range of analytes in the matrices such as 

animal tissue, blood, beverage, water, urine and soil [1-3]. 

Liquid-solid extraction media were invented in the 

mid of 1970s. Meanwhile, the extraction methodology 

was published firstly in 1998. Since then, many further 

developments have been applied to form the SPE 

cartridges or disks in addition to newer sorbents, such as 

molecularly imprinted polymers (MIPs), and 

immunosorbents (IMs) [4]. Similar to the developments 

in the sorbent and materials, the solid phase extraction 

technique over the last few years has been developed and 

modified, toward automation and miniaturization. 

According to the Environmental Protection Agency 

(EPA), this technique has been accepted and used for 

more than two decades as an alternative procedure for 

sample preparation over the liquid-liquid extraction 

technique for the determination of various organic 

compounds in waste and drinking water [5-6]. 

The principle of SPE is based on a partitioning of a 

sample between the liquid mobile phase and the solid 

stationary phase. Therefore, the extraction occurs when 

the sample has a high affinity for the solid phase 

compared with the sample matrix. The samples will be 

retained on the solid phase and can be eluted at a later 

stage using an appropriate solvent(s) that has a higher 

affinity for the sample in the desorption step [7]. The 

intermolecular forces between the sample and the active 
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sites on the sorbent surface, besides, the solid phase nature 

(hydrophobic RP, hydrophilic NP, ion-exchange IE) 

could determine the retention mechanism of the 

extraction process [8]. However, different mechanisms 

for elution or retention may occur, and these mechanisms 

are similar to those in column liquid chromatography 

mechanism. So far, the partitioning mechanism and/or 

adsorption mechanism are demonstrated to be the 

suitable mechanism for solid-phase extraction [1,8]. 

SPE sorbents should have some properties to 

achieve significant results, such as high contact surface 

area to increase the loading ability, selectivity, and reduce 

the risk of losing the target analyte. In addition, they 

should have high stability toward elevated temperature 

and solvents that used in the extraction steps. Moreover, 

an excellent permeability to reduce the analysis time and 

backpressure when high flow is applied, are required. And 

they do not degrade during the storage periods [9-10]. 

Nowadays, there are a variety of solid-phase 

extraction sorbents that have been used according to the 

analyte target. Several examples of these sorbents are, (i) 

silica based; such as octadecyl bonded silica, octyl bonded 

silica, and butyl dimethyl bonded silica, and (ii) copolymers 

or crosslinked polymers depending on the sorbent material 

properties, which can be hydrophobic, hydrophilic, ion 

exchange, and mixed-mode copolymers [11]. 

Monolithic materials were used in the last decades 

as an innovative and valued generation of polymers that 

could be utilized in a wide range of applications. However, 

they could be prepared easily inside mold (s) that contain 

a heterogeneous or homogenous mixture. Monolithic 

materials morphology can be seen as a large interconnected 

pores or channels, consequently, these channels permit 

using high flow rates with suitable back pressures [12]. 

The appropriate surface area with significant convective 

mass-transfer led to consider the organic monolithic 

materials as ideal media to separate large molecules, for 

example, proteins, peptides, nucleic acids, and synthetic 

polymers [13-16]. 

The key factor for significant extraction is choosing 

appropriate solid phase materials. Currently, SPE 

materials could be selected based on the properties of the 

sample and the sorbent for retaining the interested sample 

or analyte and eluting the interfering materials [17]. This 

work aims to prepare a solid-phase sorbent based on a 

monolithic polymer that was investigated using in situ 

polymerization inside a glass microchip and borosilicate 

tube for pre-concentration of proteins. 

■ EXPERIMENTAL SECTION 

Materials 

All chemicals were purchased from Sigma-Aldrich, 

Poole, UK, and Fisher Scientific, Loughbrouh 3-

(trimethoxysilyl) propylmethacrylate (γ-MAPS), 

glycidyl methacrylate, stearyl methacrylate, ethylene 

glycol dimethacrylate, proteins, 2,2-dimethoxy-2-

phenyl acetophenone, ammonium acetate, acetonitrile, 

sodium phosphate dibasic. 1-propanol, methanol, acetic 

acid, Acetone, sodium hydroxide, hydrochloric acid. 

Milli-q water 18 mΩ was used in all experiments. 

Stainless steel union 1/8" to 1/16" adapter (Kinesis, 

Cambs, UK), borosilicate tube (1.5 mm I.D and 3.0 mm 

O.D) (Smith Scientific, Kent, UK), polyetheretherketone 

(PEEK) tubing (Thames Restek Ltd., Saunderton, UK), 

microtight adapter (Kinesis, Cambs, UK), glass syringe 

(SGE, Kinesis, Cambs, UK), glass microchip B-270 

crown glass (SKAN) UK were used for the preparation 

of the SPE sorbent. 

Instrumentation 

The instruments used were FT-IR 380 spectra 

(Thermo Scientific, Hemel Hempstead, UK), syringe 

pump (Bioanalytical System Inc., USA), scanning electron 

microscope images (Zeiss EVO 60 USA), UV light lamp 

(Cambridge UK), stirrer VWR (West Chester, PA, USA), 

HPLC-UV system (20 A Shimadzu, USA), Brunauer-

Emmett-Teller (BET) model (Surface Area and Porosity 

Analyser, Micromeritics Ltd., DunsTable, UK), C4 

phenomenex aeris wide pore column, 2.1 × 100 mm 

packed with silica particles (size 3.6 μm) (USA). 

Procedure 

Fabrication of the monolithic materials 

Silanization step [18]. In the first step, the molds were 

washed with acetone, then by water. After that, the 

activation of the inner surface of the molds was achieved 

by pumping the sodium hydroxide solution (0.2 M) at 



Indones. J. Chem., 2020, 20 (5), 1143 - 1151    

 

Ahmed Ali Alkarimi and Kevin Welham   

 

1145 

5.0 μL min–1 for 1 h using a syringe pump, then purged 

with water. Hydrochloric acid solution (0.2 M) was 

pumped at 5.0 μL min–1 for 1 h, then flushed with water 

and ethanol. The final step was silanized the molds using 

3-(trimethoxysilyl) propylmethacrylate (γ-MAPS) 20% in 

ethanol at pH of 5.0 that was adjusted with acetic acid 

through pumping at 5.0 μL/min for 1 h. The molds were 

dried with nitrogen gas and left for 12 h; then, the molds 

will be ready for in-situ polymerization. 

In-situ polymerization of the monolith [19]. The 

photo polymerization reaction was utilized to investigate 

the formation of the monolith inside the molds at room 

temperature. The preparation method was based on Ueki 

et al. [19] method with some modifications. The 

polymerization mixture contains two monomers of 

stearyl methacrylate and glycidyl methacrylate with the 

ratio of 70:30. The crosslinker used was ethylene glycol 

dimethacrylate, while 2,2-dimethoxy-2-phenyl 

acetophenone was used as an initiator (0.1% 

corresponding to the monomers). 

The binary porogenic solvent consisted of methanol 

and 1-propanol was used with the ratio of 40:60, 

respectively, to dissolve monomers, crosslinker, and 

initiator. After dissolving all the components, an ultra-

wave sonicator was used to sonicate the mixture for 10 min. 

The next step was removing the oxygen from the mixture 

by purging with nitrogen stream for 5 min. 

The molds were filled with the polymerization 

mixture using a syringe then closed from both sides and 

exposed to UV light lamp for UV polymerization at  

365 nm for anticipated irradiation time (23 min for 

borosilicate tube and 18 min for microchip). The final 

step was flushing the polymer with ethanol followed by 

water to eliminate any residual starting materials. 

Solid-phase extraction for pre-concentration 

The prepared monolithic sorbent was used for pre-

concentration of proteins. However, the performance of 

the monolithic sorbent was evaluated using albumin from 

chicken egg white cytochrome C from bovine heart, 

human insulin, myoglobin from horse heart, β-

lactoglobulin from bovine milk, apo-transferrin human, 

and lysozyme from the chicken egg white. All the proteins 

used were standard proteins. 10 μM of each protein was 

prepared by dissolving in 100 mM ammonium acetate at 

room temperature around 20 °C. 

The procedure of the pre-concentration was based 

on the methods published elsewhere [20] with some 

modifications. Initially, the monolithic sorbent was 

conditioned by pumping 500 μL acetonitrile. After that, 

it was equilibrated using 500 μL sodium phosphate 

dibasic at a suitable pH for each protein. The next step 

was loading the protein sample by pumping 500 μL of 

proteins, and then the solid phase sorbent was washed 

with 500 μL milli-q water. The final step was eluting the 

protein using 250 μL 30:70 acetonitrile and sodium 

phosphate dibasic. 

Microchip devise for pre-concentration 

The microchip has been fabricated for pre-

concentration of proteins. The design of the chip contains 

three glass layers with the thickness of each layer is 3 mm, 

while the length and width are 30 and 15 mm, respectively. 

The first layer consists of a channel with the 

dimension of 1 mm width, 5 mm length, and 150 mm 

depth. In addition, it contains two access holes with a 

diameter of 1.5 mm. The second layer consists of the hole 

with the diameter of 6.5 mm and 1 mm in depth. The 

third layer consists of a channel with 5 mm length and 1 

mm width, and 150 mm with two access holes (1.5 mm). 

All the layers have been prepared thermally using a 

custom-made oven at 585 °C for 3 h. 

■ RESULTS AND DISCUSSION 

Investigation of Strong Cationic Exchange/Reversed 

Phase Sorbent for Pre-concentration of Proteins 

Organic monolith could be regarded as appropriate 

sorbent materials because these materials do not need frit 

 
Fig 1. Microchip devise for pre-concentration 
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fabrication or packing. In addition, they are easily 

prepared. Therefore, the prepared solid-phase sorbent was 

changed to strong cationic exchange/reversed phase 

(SCX/RP) sorbent by sulfonation of epoxy ring [21] on the 

surface of the monolith. The FT-IR technique was used to 

characterize the formation of the monolith and open 

epoxy ring and the transformation to SO3Na group, which 

could be utilized for strong cationic exchange. From the 

FT-IR spectrum, it can be noticed that several main 

prominent peaks could be used to confirm the formation 

of the monolithic sorbent as summarized in Table (1). 

The prepared sorbent was for the pre-concentration 

of proteins. As mentioned elsewhere, the organic 

monoliths do not suffer from residual silanol interaction 

problems; consequently, it could be used over the wide pH 

range [23]. Therefore, the SCX/RP monolithic columns 

were used for the pre-concentration of the proteins with 

high pH value according to the pI of the protein. So far, 

the interfering materials could be removed, and lower 

detection limits could be achieved. 

The Morphological Properties of the SCX/RP Sorbent 

The morphological properties for the SCX/RP 

sorbent have been investigated using a SEM and BET 

analyzer. The data exhibited that the solid phase sorbent 

has an average surface area of 71 m2/g. This surface area 

could provide sufficient interactions between proteins and 

the functional groups on the sorbent surface due to the 

micro and mesopores. In addition, the average pore size 

was 8.13 nm, which allows the sample molecules to move 

through the sorbent with a suitable backpressure. The 

morphology of the sorbent is shown in Fig. 2. 

Pre-Concentration of Proteins Using Solid Phase 

Sorbent that was Fabricated inside the Borosilicate 

Tube 

The SCX/RP monolithic sorbent has been used for 

pre-concentration of proteins. Eight standard proteins 

that differ in molecular weight and isoelectric point (pI), 

as shown in Table 2, have been used for the pre-

concentration study. 

The pre-concentration method was adapted from 

the method published elsewhere [26]. The process 

consisted of several different steps. Initially, conditioning 

of the sorbent was performed by pumping 500 μL 

acetonitrile using syringe pump and discard it. This process 

was followed by equilibrating with 500 μL of 55 mM 

Na2HPO4 at suitable pH for each protein. The next step 

was loading the sample by pumping 600 μL of proteins. 

After that, the sorbent was washed using 500 μL of milli-q 

water. The Final step was eluting the proteins using 300 μL 

of 20:80 ACN (0.1% TFA)/Na2HPO4. The flow rate was 

10 μL min–1 for all the steps except the sample loading 

step which was 5 μL min–1 to allow more time for proteins 

to interact with the sorbent. 

 
Fig 2. SEM images of the sorbent 

Table 1. The FT-IR data for the main peaks of the co-polymer and the monomers before and after ring opening 

reaction 

Monomers/Polymers C=O [22] C=C [22] Epoxy group [22] R-SO3 [23] S-O [24] -OH [25] 

GMA [22] 1717.53 cm–1 1637.94 cm–1 907.79 cm–1    

SMA [22] 1720.59 cm–1 1639.13 cm–1     

EDMA [22] 1716.89 cm–1 1637.86 cm–1     

GMA-co-SMA-co-

EDMA polymer 

1726.41 cm–1 Disappeared 910.07 cm–1    

Formation of SCX/RP 

monolithic sorbent 

1724.34 cm–1 Disappeared Disappeared 1032.23 cm–1 995.96 cm–1 3600-3100 cm–1 
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Table 2. Standard proteins utilized in the pre-concentration analysis 

No. Proteins Isoelectric point Molecular weight (Da) 

1 Apo-Transferrin  5.8 80000 

2 Albumin chicken egg white 5.3 42700 

3 Trypsin 4.5 23300 

4 β-Lactoglobulin 5.3 18363 

5 Myoglobin 6.8 17199 

6 Lysozyme 11.35 14307 

7 Cytochrome C 10.2 12384 

8 Insulin 5.3 5805 

 

The efficiency of protein pre-concentration has been 

investigated depending on the extraction recovery 

percentage. HPLC-UV system was used to calculate the 

peak area of protein before and after pre-concentration, 

and then, to calculate the extraction recovery (ER) % as 

shown in Eq. (1): 

= ×Extraction recov ery  (%) (I eluent I total) 100  (1) 

where I eluent is the peak area of eluted protein, and I total 

is the peak area of injected protein before pre-

concentration. The result of the extraction recovery for 

each protein is shown in Table (3). 

It can be seen from Table 3 that the extraction 

recovery was varied for each protein. However, 

cytochrome C, lysozyme, and myoglobin have a higher 

extraction recovery compared with other proteins. 

Basically, the mechanism of interactions is strong cationic 

and reverse phase interactions. Eventually, the 

electrostatic interaction will be more significant over 

other interactions, because the charged molecules have 

stronger electrostatic interactions in ion exchange 

chromatography and can be operated longer over the 

distances than other interactions. Cytochrome C, 

lysozyme, and myoglobin, according to Table 3 have 

higher pI value; therefore, these proteins could interact 

with the ionic exchanger more than other proteins due to 

higher charge density of these proteins. Therefore, more 

samples could interact with the solid phase sorbent and 

released the unwanted materials from the sample. 

Consequently, when these proteins are eluted in less 

solvent volume, the peak area will increase. The 

cytochrome C chromatograms before and after pre-

concentration are shown in Fig. 3 and 4. 

It can be seen from the two figures that the peak 

intensity after the pre-concentration process increased, 

which indicates that SCX/RP sorbent could be used to 

purify, and pre-concentrate of cytochrome C. Cytchrome 

C was used as an example because it has higher 

extraction recovery compared with other proteins. 

Table 3. Proteins extraction recovery using SCX/RP 

sorbent that fabricated inside borosilicate tube (n = 3) 

Proteins Extraction recovery (%) 

Insulin 28.42 
Cytochrome C 86.76 
Lysozyme 79.64 
Myoglobin 68.13 
β-Lactoglobulin 47.93 
Trypsin 44.88 
Albumin chicken egg white  49.41 
Apo-Transferrin  35.83 

 
Fig 3. Cytochrome C chromatogram before injection to 

the SCX/RP sorbent using HPLC UV system (20 A 

Shimadzu, USA), wide pore column C4 phenomenex 

aeris, 2.1 × 100 mm packed with silica particles (size 3.6 

μm), purified water/acetonitrile in the presence of 0.1% 

(TFA) was used as a mobile phase using gradient 

analysis, 0.2 mL min–1 flow rate, sample injection 

volume (20 μL), and the column temperature 40 °C 
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Fig 4. Cytochrome C chromatogram after elution from 

the SCX/RP sorbent using HPLC UV system (20 A 

Shimadzu, USA), wide pore column C4 phenomenex aeris, 

2.1 × 100 mm packed with silica particles (size 3.6 μm), 

purified water/acetonitrile in the presence of 0.1% (TFA) 

was used as a mobile phase using gradient analysis,  

0.2 mL min–1 flow rate, sample injection volume (20 μL), 

and the column temperature 40 °C 

Pre-concentration of Proteins Using Glass Microchip 

The monolithic sorbent was fabricated and used as a 

solid-phase sorbent for proteins pre-concentration inside 

the glass microchip. The main reason for using the 

microchip was to reduce the sample and solvent volumes, 

ultimately lead to reducing the waste. The pre-

concentration process was followed the same steps as 

previously described, yet, the volume of the samples and 

solvents was reduced. 

Three proteins of cytochrome C, lysozyme, and 

myoglobin were chosen for pre-concentration using a 

glass microchip because a higher recovery ratio was 

obtained with these proteins. So far, after conditioning the 

sorbent by pumping 300 μL of acetonitrile using a syringe 

pump and it was discarded, it was equilibrated with 300 μL 

of 55 mM Na2HPO4 at suitable pH for each protein. The 

different volumes of the protein sample, i.e., 200, 250, 

300, and 350 µL were loaded in each experiment to the 

solid phase sorbent and washed with 300 μL of milli-q 

water to investigate the maximum loading volume that 

can be used without losing of protein. The final step was 

eluting the proteins using 100 μL of 20:80 CAN (0.1% 

TFA)/Na2HPO4. A flow rate of 12 μL min–1 was used for 

all steps, except for the loading step that was 6 μL min–1. 

It was found that 250 µL of protein samples was the 

maximum volume that can be utilized without losing the 

protein sample. The extraction recovery of the 

cytochrome C, lysozyme, and myoglobin using the 

sorbent that investigated inside the glass microchip is 

shown in Table 4. 

It can be seen from Table 4 that the extraction 

recovery for the three proteins increased compared to 

the extraction recovery of the same proteins using the 

borosilicate tube as shown in Table 3. Moreover, it can 

be concluded that the SCX/RP sorbent prepared inside 

the glass microchip could be utilized for the pre-

concentration of proteins. 

The native state of protein before and after the pre-

concentration process was investigated using MS 

spectrometer, the results showed that the protein still in 

the native state without any change as given in Fig. 5. 

Table 3. The extraction recovery ratio for the proteins 

using SCX/RP sorbent that fabricated inside the glass 

microchip (n = 3) 

Proteins Extraction recovery (%) 

Cytochrome C 98.39 
Lysozyme 93.15 
Myoglobin 90.97 

 
Fig 5. Mass spectra of cytochrome c (a) before and (b) after the pre-concentration process 
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Evaluation of Monolithic Sorbent Performance in 

Pre-concentration 

The extraction performance for the solid phase 

sorbent fabricated inside the microchip device was 

evaluated using the reproducibility and long-term stability. 

Three proteins that have higher extraction recovery, 

cytochrome C, lysozyme, and myoglobin, were used in 

this step. Batch-to-batch reproducibility was calculated by 

extracting these proteins for three times using a different 

microchip, while run-to-run reproducibility was 

evaluated through extracting these proteins for three 

times utilizing the same microchip. The evaluation results 

for the solid phase sorbent are shown in Table 5. 

It can be seen from Tables 5 that the extraction 

reproducibility using microchip was achieved due to the 

acceptable range of RSD% values, which could be due to 

the low volume of the sample that loaded to the solid 

phase sorbent. Consequently, it will reduce the extraction 

error and improve performance. 

It was found that the SCX/RP monolithic sorbent 

could be used for several times due to the stability of the 

sorbent with the time. Therefore, it could be used for 15 

times when it was prepared inside the borosilicate tube. 

While, it could be utilized for 9 times when it was 

investigated inside the microchip. 

Moreover, the lifetime for the monolithic sorbent 

was examined. The results showed that it was 20 days for 

the solid phase sorbent that was prepared inside the 

borosilicate tube, by calculating the back pressure of the 

experiment each time. After 20 days, the borosilicate tube 

was failed to keep the same performance. Therefore, it was 

not used after 20 days. These results were carried out for 

the sorbents that were stored in a mixture of water and 

acetonitrile with the ratio of 50:50. 

Table 5. The RSD for the extraction recovery for the 

batch-to-batch, and for the run-to-run analysis (n = 3) 

 
RSD (%) 

Cytochrome C Myoglobin Lysozyme 

Batch-to-Batch 1.82 3.19 3.02 

Run-to-Run 2.13 1.95 2.05 

 

■ CONCLUSION 

A strong cationic/reversed phase monolithic 

sorbent was successfully prepared inside a glass microchip 

device and borosilicate using UV polymerization method. 

The final product was used as a solid phase extraction 

sorbent for the pre-concentration of proteins. Various 

proteins with different isoelectric point and molecular 

weight have been investigated. The results showed that 

the higher extraction recovery was obtained for three 

proteins cytochrome C, lysozyme, and myoglobin 

compared with the other proteins using the sorbent that 

was prepared inside a borosilicate tube. These three 

proteins have been chosen for pre-concentration test 

using the glass microchip. The extraction recovery for 

these proteins showed a significant increase compared to 

the same extraction recovery for the same proteins using 

the borosilicate tube. According to the RSD% value of 

extraction recovery of proteins using the SCX/RP 

sorbent that was fabricated inside the glass microchip, it 

can be concluded that the sorbent can be used for the 

pre-concentration of proteins. 
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 Abstract: In the present study, the Myristica fragrans shells (MFS) was used as low-cost 

bio adsorbent for the removal of Rose Bengal (RB) dye from aqueous solutions. The 

characteristics of MFS powder were studied before and after adsorption using different 

techniques such as Fourier transform Infrared spectroscopy (FTIR), Thermal Gravimetric 

Analysis (TGA), BET and BJH surface area analysis, Atomic Force Microscopy (AFM) 

and Scanning Electron Microscopy (SEM). Batch adsorption was adopted to evaluate the 

effect of various parameters on the removal of RB such as; time of contact (5–75 min), 

initial dye concentration (10–50 mg L–1), adsorbent dose (0.1–1.7 g L–1) and pH (3–12). 

The results revealed that the coverage of MFS surface by RB molecules involved the 

formation of ester bond (esterification), and the pore diameter decreased from 190.55 to 

2.43 nm when adsorption of RB onto MFS surface occurred. Experimental adsorption 

data were modelled using isotherm models including Langmuir, Freundlich, and Temkin. 

Temkin isotherm demonstrated to be the best isothermal model, and the results indicate 

that the adsorption of Rose Bengal on MFS surface follows pseudo second-order kinetics 

model. The adsorption of dye at different pH media showed that the esterification process 

was more preferred in acidic solution. 

Keywords: Myristica fragrans; chemical adsorption; Rose Bengal; isotherms; FESEM; 

BET 

 

■ INTRODUCTION 

The spread of huge quantities of toxic contaminants 

in surface water and groundwater has a potential effect on 

human health [1]. There are numerous toxic 

contaminants found in wastewater such as, heavy metals, 

Radiological contaminants, synthetic organic and 

inorganic contaminants (i.e., dyes, pesticides, phenolic 

compounds, petrochemicals, pharmaceuticals, etc.) [2-5]. 

Water contaminated with untreated dyes can cause a 

serious environmental impendence to aquatic and human 

life [6]. Many type of dyes are non-biodegradable in 

nature and under anaerobic conditions might decompose 

into carcinogenic aromatic amines [7]. Rose Bengal dye is 

a fluorescent compound that is widely used in early-stage 

diagnosis of keratoconjunctivitis sicca (KCS) in vivo 

effect on the human corneal epithelium [8]. Xanthene 

dyes have toxicity which cause a series of risks on the 

human health especially by inhibition of human drug-

metabolizing enzymes and can cause eye redness and 

itching [9]. 

Among waste water treatments such as, ozonation, 

photochemical degradation, reverse osmosis, membrane 

separation and coagulation, the adsorption process is the 

most effective, low cost and most easily available method 

that has been successfully employed for removing 

pollutants from the waste water [10]. Kaur et al. used UV 

light for the degradation of dyes and found that under 

UV light, very small degradation was observed [11]. 
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Numerous studies have focused on the utilization of 

natural materials, such as egg shells [12], bean peels [13], 

and marble waste [14], as adsorbents for the removal of 

pollutants from aqueous mediums. Activated carbon is 

the most widely used adsorbent for the removal of dyes 

from waste water effluents, due to its high capacity for 

organic compounds, howeverits application is still limited 

due to the high cost [15]. 

Myristica fragrans shell (MFS) is a waste product of 

the nutmeg industry. In the present study, MFS have been 

utilized for the removal of toxic materials from water. The 

adsorption dye on MFS surface was evaluated using 

different variable parameters. In addition, techniques 

such as AFM, FESEM, FTIR, BET/BJH, and TGA/DTA 

were used to elucidate the effect of dye adsorption on the 

surface characteristics of the adsorbent. 

■ EXPERIMENTAL SECTION 

Materials 

Hydrochloric acid (HCl, 37%), and Sodium 

hydroxide (NaOH, 99.5%) were purchased from BDH. 

Rose Bengal (C20H2Na2O5I4Cl4, Dye content 95%) was 

purchased from Sigma-Aldrich. The chemical structure of 

RB dye is present in Fig. 1. It is well-known that RB 

possess high solubility in water, and its λ max = 549 nm. 

Procedure 

Preparation of adsorbent 

The MFS powder was obtained from MFS waste, 

and was ground and sieved through 150 mesh sieve. After 

sieving, the collected fine powder was washed several times 

with distilled water to remove contaminants and soluble 

materials. The clean powder was then dried in an oven at 
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Fig 1. Rose Bengal chemical structure 

100 °C for 4 h and it was placed in a desiccator to keep 

dry until use. 

Batch mode adsorption studies 

The adsorption studies were done by batch 

experiments which aimed to determine the adsorption 

parameters such as contact time initial dye 

concentration, initial pH solution, and adsorbent dose 

by changing one parameter under study, while other 

parameters were set in a fixed value. Different 

concentrations (10, 20, 30, and 40 ppm) were obtained 

by successive dilution of a dye stock solution of 50 ppm. 

Five conical flasks (250 mL) containing 100 mL of dye 

solution and 1.7 g of MFS surface were stirred on a 

shaker water bath at the rate of 120 rpm for the required 

time of equilibrium. The equilibrium concentration of 

the solution were determined by using UV-Visible 

technique (Shimadzu, UV-1650PC) at λ max (nm), after 

separation of the supernatant. The quantity and the 

removal percentage of the adsorbed dye on the 

adsorbent at the equilibrium time (qe) were calculated 

using Eq. (1) and (2) respectively. 

( )0 e
e

V C C
q

m

−
=  (1) 

( )0 e
e

V C C
q

m

−
=  (2) 

where C0 and Ce are RB concentrations (ppm) at the 

initial and the equilibrium time, respectively. qe (mg g–1), 

is the amount of RB adsorbed on a fixed adsorbent mass 

(g) at the time of equilibrium. V is the volume (in L) of 

the initial RB solution. 

Characterization 

MFS before and after dye adsorption were 

characterized by Shimadzu 8400S FTIR with 

wavenumber range of 400–4000 cm–1 at a scan 

resolution of 4 cm–1. Field emission scanning electron 

microscope (FESEM, MIRA3 TESCAN) with 

accelerating voltage 10 kV and angstrom AFM 

(SPMAA3000) were used to study the surface 

morphology of MFS surface. Under nitrogen 

atmosphere at 20 mL/min gas flow rate and heating at 

the rate of 20 min–1, the thermogravimetric analysis 

(TGA) was done by Perkin Elmer (TGA 4000). Surface 

area and pore analysis were carried out using Nova 
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2000e, (Quantachrome, Instruments Limited, USA) and 

the methods of the multipoint Brunauer, Emmett, and 

Teller (BET) method and BJH method. 

■ RESULTS AND DISCUSSION 

Characterization of MFS Before and After 

Adsorption 

Functional groups 

The FTIR spectrum of MFS before and after dye 

adsorption are shown in Fig. 2, in which the MFS spectrum 

shows a broad peak centered at 3385 cm–1 due to the 

intramolecular and intermolecular hydrogen bonding of 

the –OH, –NH2 groups. Stretching and bending vibration 

of the C-H band is shown in the MFS FTIR spectrum at 

2930, 2884, 1427, 1381, and 1321 cm–1. A strong peak 

located at 1653 cm–1 is indexed to the carbonyl group 

(C=O) stretching vibration, while a weak band with 

multiple peaks at 1040, 1123, 1238 and 1267 cm–1 is 

assigned to alcohols, carboxylic acids and ethers (1000–

1320 cm–1 attributed to C–O stretch) [16]. As reported 

in the literatures, the carbonyl stretching vibration of 

free RB is shown at 1614 cm–1 [17]. The FT-IR spectra of 

MFS after dye adsorption shows the carbonyl frequency 

at wavenumber, 1734 cm–1, which confirms that the dye 

has been covalently attached to the MFS, and also the 

formation of an ester bond between alcoholic and 

carboxylic groups [18]. In addition, a broadband of  

3385 cm–1 was shifted to higher wavenumber of  

3419 cm–1 due to the weakness of the MFS 

intermolecular hydrogen bonding between its molecules 

after adsorption of the RB dye. 

Surface topology 

AFM image of the MFS before adsorption is 

depicted in Fig. 3(a). As AFM technique reveals, the 

morphology of MFS to be a porous surface with 

roughness average of about 5.35 nm and surface skewness 

of about -0.234. Fig. 3(b) depicts the AFM images of the  

 
Fig 2. FTIR spectra of RB dye and MFS before and after dye adsorption 

 
Fig 3. AFM images of MFS (a) before) and (b) after dye adsorption 
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MFS after adsorption of the dye. Dye adsorption causes 

the lowering of porosity of the MFS surface and increasing 

of thickness in comparison with the state before adsorption. 

The AFM rough analysis of the MFS negative Skewness is 

due to the number of surface valleys that were higher than 

the peaks [19], and after adsorption of the dye, the 

skewness value became positive due to the decrease in the 

number of valleys and enclosed by dye molecules [20]. 

Surface morphology 

The surface morphology of MFS before and after 

adsorption were examined by scanning electron 

microscopy, as presented in Fig. 4. MFS image shows 

irregular particle shapes with large scale of pores. After 

dye adsorption, the surface of MFS was smooth and had 

no sharp edges with small scale pores in compression 

with MFS, and the coated surface clearly shows that dye 

particles were accumulated on the surface of MFS. 

Surface area and porosity 

Fig. 5 shows BET adsorption-desorption isotherms 

of MFS before and after adsorption. The obtained surface 

properties such as the BET surface area, and the BJH 

pore volumes are  summarized in Table 1.  According to  

 
Fig 4. SEM images of MFS (a) before and, (b) after dye adsorption 

 
Fig 5. (a) and (b) BET isotherms of Nitrogen adsorption–desorption before and after dye adsorption respectively, (c) 

and (d) BJH pore size distribution curves before and after adsorption respectively 
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Table 1. Surface area, pore size and average diameter of 

MFS and MFS-RB 

 Surface 

area (m2/g) 

Pore volume 

(cc/g) 

Average pore 

diameter (nm) 

MFS 4.4 0.0177 190.55 

MFS-RB - 0.0050 2.43 

the classification proposed by (IUPAC), the isotherms of 

MFS can be classified as type III, where the adsorbate 

uptake increases exponentially due to the weak 

interaction between the adsorbate (N2 gas) and the 

adsorbent and to the microporous nature [21]. In 

reference to literature, the hysteresis loops of MFS is H3 

type which is indexed to the presence of non-rigid 

aggregates of sheet-like particles or assemblages of slit-

shaped pores [22]. The surface area of MFS was 4.4 m2/g. 

whereas MFS after the adsorption of RB have 

schematically undefined curves and cannot be applied to 

the BET sorption isotherm models which may be due to 

lower surface area of the sample. This results complies 

with their morphology (Fig. 3 and Fig. 4). The pore 

volume and pore diameter of the MFS surface decreased 

with the adsorption of molecules due to the filling of the 

pore voids with the dye molecules. Results show that the 

pore volume decreased by 71.29%, and the average 

diameter decreased from 190.55 to 2.43 nm due to the 

dye adsorption on the MFS surface. 

Thermal Analysis 

The Thermogravimetric analysis results of MFS 

before and after dye adsorption are shown in Fig. 6. TGA 

and DTA curves of MFS show three steps in weight loss 

(Table 2); The first stage of weight loss in the 

temperature range of 30 to 200 °C represents the removal 

of physically adsorbed water [23]. The second step of 

weight loss in the temperature range of 200–500 °C can 

be attributed to the organic breakdown of MFS biomass 

and the loss of the organic volatile compounds. The third 

 
Fig 6. TGA/DTA curves of MFS (a) before and (b) after dye adsorption 

Table 2. TGA/DTA data of MFS and MFS-RB before and after adsorption of RB 

 
DTG peak 

(°C) 

TG range 

(°C) 

Mass loss 

(%) 

Remaining 

mass 
Possible explanation 

MFS 

93.96 30–200 6.589 93.411 Dehydration 

359.12 200–480 61.684 31.727 Volatilization of organic compounds 

541.22 480–800 25.414 6.313 Carbonation 

MFS-RB 

160.38 30–200 6.811 93.189 Dehydration 

237.76 200–500 57.465 35.724 Volatilization of organic compounds 

- 500–800 30.846 4.878 Carbonation and Volatilization of RB dye 
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stage occurred in the range of temperature of 500–800 °C 

which corresponds to the carbonization of the material 

and formation of charcoal [24]. The charcoal residues 

after MFS and MFS-RB were heated to 800 °C, were 6.313 

and 4.878%, respectively. The decrease in the residues 

percentage (1.435%) of MFS-RB was due to the pyrolysis 

of the RB dye in the third stage of the TGA analysis, in 

accordance to the data obtained from the lookchem 

supplier web, in which the RB dye boiling point is  

741.8 °C at 760 mmHg [25]. 

Effect of Contact Time and Adsorption Kinetics 

The time-dependent behavior of the dye adsorption 

was investigated by varying the contact time between the 

RB dye and the MFS in the range of 5–75 min. The 

concentrations of the dye was kept at 50 ppm and MFS 

mass was kept at 1.7 g. The result for the removal of RB 

versus contact time is presented in Fig. 7. More than 80% 

of dye was adsorbed at contact time of 10 min and 

adsorption increased with time reaching to a maximum 

value in 65 min and afterwards remained constant. In 

context, the adsorption equilibrium time of the RB dye 

was 65 min for MFS. 

To investigate the kinetic mechanism of 

adsorption, the experimental data was fitted to the 

pseudo-first order, the pseudo-second order, and 

intraparticle diffusion models. The three models are 

generally expressed as follows: 

Pseudo-first order model (linear form) [26]: 

e t e 1ln(q q ) lnq k t− = −  (3) 

Pseudo-second order model (linear form) [27]: 

2
t e2 e

t 1 1
t

q qk q
= +  (4) 

Intraparticle diffusion model (linear form) [28]: 
0.5

t pq k t I= +  (5) 

where qe and qt = the amount of RB adsorbed at 

equilibrium and at t time, respectively (mg·g−1), k1 = the 

overall rate constant of pseudo-first order kinetics (min–1 

mg g–1), k2 = the rate constant of pseudo-second order 

(mg g−1 min−1), KP = the rate constant of intraparticle 

diffusion (mg g–1 min–1/2) and I = the intercept reflecting 

the thickness of boundary layer. 

Fig. 7(b), (c) and (d) show the kinetic models of RB 

adsorption on the MFS surface. The adsorption kinetic 

pseudo-second  order was  more  linear  with R2 of  0.999  

 
Fig 7. The removal and kinetics graphs models: (a) the removal (b) pseudo-first order (c) pseudo-second order and 

diffusion kinetics models of (d) intraparticle diffusion of RB using MFS 
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Table 3. Kinetic data of adsorption RB onto MFS 

 First order Second order Intraparticle diffusion 

qeexp 

(mg/g) 
k1 

(min–1 mg g–1) 
qe cal 

(mg/g) 
R2 

k2 (min. 
g/mg) 

qe cal 

(mg/g) 
R2 

kp  
(mg g–1 min–1/2) 

C 
(mg/g) 

R2 

1.610 0.057 0.147 0.824 0.902 1.622 0.999 0.013 1.497 0.884 

 

compared to the pseudo-first order plot and intraparticle 

diffusion plot (see Table 3). In addition, the value of (qe 

cal) in this model is closer and more accurate than the 

other models. This result confirmed that the adsorption 

process followed the pseudo-second order which assumed 

that chemisorption occurred, which involved chemical 

reactions between adsorbent and adsorbate [29]. 

Adsorption Isotherm Studies 

Fig. 8(a) shows the adsorption isotherm of RB dye. 

Referring to the theoretical basis of Giles’s classification of 

adsorption isotherms, the isotherm of RB was of S-type, 

which assumed that the adsorbent is possibly mesoporous 

or is not porous and has a high energy of adsorption. The 

reaction between adsorbent and adsorbate can be 

determined by isotherm study. There are different 

isotherm equations available for studying the 

experimental sorption equilibrium data. However, the 

most common types of isotherms are the Langmuir, 

Temkin and Freundlich models: 

Langmuir isotherm model [30]: 

e e

e m a m

C C 1

q q K q
= +  (6) 

Freundlich isotherm model [31]: 

( )e f elogq log K 1 n logC= +  (7) 

Temkin isotherm model [32]: 

e 1 T 1 eq B lnK B lnC= +  (8) 

where qe = the amount of RB adsorbed (mg/g) at Ce 

(equilibrium concentration), qm and ka are Langmuir 

constants related to adsorption efficiency and energy of 

adsorption, respectively. Kf and 1/n are constants 

incorporating the factors affecting the adsorption capacity 

and intensity of adsorption, respectively. β = RT/b, (T) 

is the thermodynamic temperature in Kelvin degrees 

and (R) is the universal gas constant, 8.314 J mol–1 K–1. 

The constant (b) is identified as the adsorption heat. 

 
Fig 8. (a) Adsorption isotherm, (b) Langmuir model, (c) Freundlich model and, (d) Temkin model of dye at pH 7 and 

25 °C 
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Table 4. Isotherm models data of adsorption RB onto MFS 

Langmuir isotherm Freundlich isotherm Temkin isotherm 

Ka (L mg–1) qm (mg/g) R2 KF (mg/g (L/mg)1/n) n R2 KT (L g–1) B R2 

0.066 5.310 0.661 0.372 1.295 0.908 0.982 0.916 0.980 

 

Fig. 8(b), (c) and (d) show the isotherm models of 

RB adsorption on the MFS surface. It is clearly seen that 

plot of Temkin isotherm is more linear with R2 of 0.980 in 

comparison to other models of isotherms (show Table 4). 

Temkin isotherm contains a factor that explicitly taking 

into the account of adsorbent-adsorbate interactions and 

assumes that heat of adsorption of all molecules in the 

layer would decrease linearly rather than in logarithmic 

manner with the coverage [33]. 

Adsorbent dosage 

To optimize the MFS dosage, the effect of 

adsorption amount on removal of RB dye was carried out. 

Fig. 9(a) shows the dependence of MFS mass on RB 

adsorption percentage. It was observed that RB removal 

increased with the increase of the amount of MFS 

adsorbent. The maximum removal of dyes was observed 

with the dosage (1.7 g) used for all subsequence 

experiments the results are shown in Fig. 9(a). 

Initial pH effect 

Different pH values (3, 4, 9 and 12) were used to 

study the pH effect on adsorption of RB dye onto MFS. 

Initial pH dye solutions were adjusted by using 0.1 N of 

HCl and 0.1 N of NaOH. Fig. 9(b) depicts the relationship 

between RB removal percentages with the initial pH 

values of the RB solutions .It is clearly seen that the 

amount of dyes removed at pH 3 produced a large 

adsorbate quantity. The dye removal was expected to 

increase due to the esterification process that was found 

to be more favorable at acidic solution (pH < 3). The IR 

spectral lines proves the occurrence of esterification by 

the appearance of a peak at 1734 cm–1. 

Effect of Temperature 

The effect of temperature on RB adsorption on 

MFS surface at (35–55) °C is shown in Fig. 10(a). It 

shows that the adsorption process decreased with the 

rise in temperature due to the reduced attractive forces 

between the RB molecules and MFS [34]. The enthalpy 

variation (∆H), and other thermodynamic parameters 

such as free energy variation (∆G), and entropy 

variation (∆S) follows the following equations [35]: 

m
H

ln X C
RT

−∆
= +  (9) 

G RTlnK∆ = −  (10) 

G H T S∆ = ∆ − ∆  (11) 

where Xm is the maximum amount adsorbed (qm) at a 

certain value of concentration equilibrium (Ce), and (K) 

is the distribution coefficient. The value of ∆H° was 

determined from the slope value of the straight line of 

plotting ln Xm versus 1/T (Fig. 10(b)). The negative value 

of enthalpy (∆H = -42.447 kJ/mol) and entropy (∆S = -

147 J mol–1 K–1), confirmed the exothermic process and 

that the RB molecules have ordered arrangement on MFS 

surface [36]. On the other hand, the positive value of free 

energy (∆G = +3065 kJ/mol) indicated that the adsorption 

 
Fig 9. (a) Effect of adsorbent dosage and, (b) pH effect on adsorption of RB 



Indones. J. Chem., 2020, 20 (5), 1152 - 1162    

 

Azal Shakir Waheeb et al.   

 

1160 

 
Fig 10. (a) Effect of temperature and, (b) Van’t Hoff plots for the adsorption of RB onto MFS surface 

 

process was thermodynamically non-spontaneous [35]. 

The value of ∆H was more than 40 kJ/mol which indicates 

that the uptake of RB dye onto MFS could be attributed to 

a chemisorption process [37]. 

■ CONCLUSION 

In the present study, we examined the adsorption of 

Rose Bengal onto Myristica fragrans shells. We strongly 

suggest that chemisorption by ester bond formation 

between adsorbate and adsorbent occurred. This result 

was confirmed by FTIR and adsorption study. 
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 Abstract: New compounds 5 and 9 using DNA bases e.g. Adenine 1 and Guanine 6 

derivatives have been synthesized. The use of simple methods to synthesize compounds 5 

and 9 were done using pyrimidine as an alternative DNA base ring. Another design to 

synthesize new simple pyrimidine rings utilizing thiourea and ethylcyano acetate to afford 

6-amino-2-thiouracil was adopted. The reaction of thiouracil 10 with chloro cyano or 

chloro ester and ketone, resulted in the formation of adduct compounds 18-21, rather 

than the formation of compound 17. All the synthesized compounds were subjected to 

docking study, in order to gain insights into their binding modes against cyclin-dependent 

protein kinase 2 (CDK-2) that is involved heavily in cell cycle regulation and receptor 

protein B-cell lymphoma 2 (BCL-2) which is involved in cell apoptosis. These targets were 

selected based on their key roles in cancer progression via the regulation of the cell cycle 

and DNA replication. Molecular-docking analyses showed that compound 14e was the 

best docked ligand against both targets, as it displayed the lowest binding energy, critical 

hydrogen bonds and hydrophobic interactions with the targets. 

Keywords: DNA; guanidine; adenine; 6-aminothiouracil; hydrazonoyl halides; 

thiadiazole; phenylisocyanate; molecular docking 

 

■ INTRODUCTION 

Modification of DNA and RNA oligonucleotides 
with new synthesized heterocyclic compounds have 
drawn significant interest owing to their ability to imitate 
new gene chemical probes that play an important role in 
the drug discovery process [1-7]. Gene-therapy in recent 
research was based on DNA and its modification [8-10]. 
The thymidine ring is a DNA building block that interests 
many researchers to focused their research on the 
synthesis of new pyrimidine rings as anti-cancer agents 
such as 5–fluorouracil [1-14], and anti-HIV like AZT, 
D4T, Nikavir [15-21], Lamivudina [22] and Emtricitabina 
[16,23-24]. The Nitrogen containing heterocycles like 
pyrimidines and their derivatives have received great 

attention for their considerable exciting biological 
activities [25-28]. Several pyrimidines have been isolated 
from the nucleic acid hydrolysis. The nucleic acids are 
an essential constituent of cells. So, pyrimidines are 
found to be present in RNA and DNA [29]. In addition 
to this, the pyrimidine ring is also found in vitamin B1 
and other derivatives are used as hypnotics [30]. The 
literature survey indicated that compounds having 
pyrimidine nucleus possess a broad range of biological 
activities [31-35]. On the other hand, hydrazonoyl 
halides (pyrimidine nucleobase) are versatile synthons 
for many heterocycles that have found many 
applications in both the industrial and pharmaceutical 
fields [36-38]. As a precursor of bioactive heterocycles 
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[39-40], this report is concerned with the synthesis of new 
types of bioactive heterocycles using thiouracils. 

This work is carried out in order to further modify 
our previously prepared pyrimidine ring bases 
heterocyclic compounds in order to increase their 
bioactivity. The main strategy is the chemical synthesis is 
described technically; while the biological activity is 
accomplished by molecular docking. This technique 
provides a rapid way to evaluate the likely binders from 
large chemical libraries with minimal costs and it is being 
widely used as a vital component of the drug discovery 
process [41]. Molecular docking study has been utilized to 
determine the possible mechanism action of the tested 
compounds against two proteins cyclin-dependent 
protein kinase 2 (CDK-2) and receptor protein B-cell 
lymphoma 2 (BCL-2) that are implicated significantly in 
cancer progression. 

■ EXPERIMENTAL SECTION 

Chemistry 

All solvents were purified and dried before use. All 
melting points were uncorrected and measured using 
Electro-Thermal IA 9100 apparatus (Shimadzu, Japan). 
Infrared spectra were recorded as potassium bromide 
pellets on a Perkin-Elmer 1650 spectrophotometer, 
National Research Centre, Cairo, Egypt. 1H–NMR spectra 
were recorded on a Jeol-Ex-500 NMR spectrometer and 
chemical shifts were expressed as part per million; (δ 

values, ppm) against TMS as an internal reference, 
National Research Centre, Cairo, Egypt. Mass spectra were 
recorded on EI + Q1 MSLMR UPLR, National Research 
Centre, Cairo, Egypt. Microanalyses were operated using 
the Mario Elmentar apparatus, Organic Microanalysis 
Unit, National Research Center, Cairo, Egypt. 

Procedure 

General procedure for compounds 3 and 7 

To a solution of 8-bromo-2/-deoxyguanosine (1) or 
8-bromo-2/-deoxyadenosine (6) (0.478 mmol) in dry 
DMF (30 mL), N-(4-pentynyl)-phthalimimide (1.71 
mmol) was added under argon gas and then copper iodide 
(0.25 mmol), Pd(PPh3)4 (0.0515 mmol) and triethylamine 
(1.43 mmol) were added to the reaction mixture. The 

reaction was stirred at 55 °C under argon till the reaction 
was finished according to TLC analysis. The product was 
separated by evaporation of the solvent and the residue 
was purified by silica gel (size 230–400 mesh) column 
chromatography, and carried out starting from 
dichloromethane and increasing the polarity until the 
product was collected using TLC and the column was 
washed with MeOH. 
2-{5-[2-Amino-9-(4-hydroxy-5-hydroxymethyl-tetra 

hydro-furan-2-yl)-6-oxo-6,9-dihydro-1H-purin-8-yl]- 

pent-4-ynyl}-isoindole-1,3-dione 3. Yellow foam 
(silica column DCM/MeOH 7:3) yield 90%. IR spectrum 
(KBr, ν, cm–1): 3432 (–OH); 3098 (C–H, aromatic); 1690 
(–C=O); 1675 (–C=O). 1H NMR (CDCl3-d, δ ppm): 
10.75 (s, 1H, –OH, sugar); 7.79–7.87 (m, 4H, aromatic 
protons); 6.48 (s, 1H, –NH); 6.23–6.27 (t, J = 6.25, 2H,  
–CH2); 5.21–5.20 (d, J = 5.21, 2H, –CH2); 4.84-4.87 (t, J 
= 4.85, 2H, –CH2); 2.89 (s, 2H, NH2); 2.56–2.62 (t, J = 
5.26, 1H, sugar proton); 2.99–3.06 (m, 1H, sugar 
proton); 2.08–2.14 (m, 1H, sugar proton); 3.38–3.62 (m, 
1H, sugar proton); 3.85–3.62 (m, 1H, sugar proton); 2.73 
(s, 1H, –CH2–OH, sugar); 1.13–1.18 (m, 2H, –CH2);  
13C-NMR (CDCl3-d, δ ppm) 16.43 (–CH2–CH2–), 34.06  
(–N–CH2–CH2–), 38.81 (–N–CH2–CH2–), 40.06 (–CH–
CH2–CH–), 61.58 (–CH–O–), 63.81(–CH2–O–), 65.66 
(–CH2–OH), 81.48 (–C≡C–), 85.45 (–C≡C–), 87.51 (–
N–CH–O–), 120.14, 122.40, 125.43, 122.88, 131.62, 
134.13 (aromatic carbon), 148.08 (–N–C–C=O), 149.90 
(–N–C–N-), 153.77 (–N=C–N), 167.90 (NH2–C=N–), 
168.31(–C=O), 180.10 (–C=O), 182.22 (NH–C=O). MS, 
m/z (%): 464. Anal. Calcd. for C23H22N6O6 (464.43): C, 
57.74; H, 4.63; N, 17.56. Found: C, 57.60; H, 4.55; N, 
17.43. 
2-{5-[6-Amino-9-(4-hdroxy-5-hydroxymethyl-tetra 

hydro-furan-2-yl)-9H-purin-8-yl]-pent-4-ynyl}-isoin 

dole-1,3-dione 7. Brown foam (silica column 
DCM/MeOH, 6:4) yield 95%. IR spectrum (KBr, ν, cm–1): 
3445 (–NH2); 3432 (–OH); 3098 (C–H, aromatic); 1700 
(–C=O); 1680 (–C=O). 1H-NMR (CDCl3-d, δ ppm): 8.31 
(s, 1H, –OH); 7.84–7.90 (m, 1H, aromatic protons); 
7.70–7.73 (m, 1H, aromatic protons); 7.29 (s, 1H, 
pyrimidine proton); 6.78–6.87 (m, 2H, aromatic 
protons); 6.47 (s, 2H, –NH2); 4.30 (s, 1H, –OH); 3.90–
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3.93 (t, J = 3.91, 2H, –CH2); 4.49 (d, J = 3.21, 2H, –CH2); 
3.82–3.85 (t, J = 3.91, 2H, –CH2); 2.73 (s, 1H, –OH); 2.56–
2.62 (t, J = 5.26, 1H, sugar proton); 2.99–3.06 (m, 1H, 
sugar proton); 2.08–2.14 (m, 1H, sugar proton); 3.38–3.62 
(m, 1H, sugar proton); 3.85–3.62 (m, 1H, sugar proton); 
2.06–2.11 (m, 2H, –CH2). 13C-NMR (CDCl3-d, δ ppm): 
16.99 (–CH2), 26.51 (–CH2), 36.76 (–CH2, sugar), 40.54  
(–CH2), 50.54 (–CH2–OH), 63.66 (CH–OH), 70.31  
(–C≡C–), 70.66 (–CH–N, sugar), 87.51 (–CH, sugar), 
90.14 (–C≡C–), 97.21, 120.02, 123.50 (aromatic carbon), 
131.75 (–C–NH2), 134.78 (–N–C–N-, imidazole), 148.22 
(–N–C–N, Pyrimidine), 152.58 (C–N, pyrimidine), 
155.67 (C–N, pyrimidine), 168.83 (2–C=O). MS, m/z (%): 
462. Anal. Calcd. for C23H22N6O5 (462.46): C, 59.73; H, 
4.79; N, 18.17. Found: C, 59.62; H, 4.59; N, 18.01. 

General procedure for compounds 4 and 8 

The compounds 3 and 7 were co-evaporated with 
anhydrous pyridine (3 × 4 mL) and dissolved in dry 
pyridine (2 mL). The resulting solution was protected 
from moisture, purged with argon and placed in an ice 
bath. TMS–Cl (0.55 mL) was added dropwise via syringe. 
The mixture was stirred for 2 h at room temperature. 
After that, the solution was cooled in an ice bath and 
isobutyric anhydride (0.13 mL) was added dropwise. The 
solution was stirred for 2 h in room temperature, and the 
product was purified from the mixture by silica gel (size 
230–400 mesh) column chromatography. Columns were 
carried out starting from dichloromethane and increasing 
the polarity until the product was collected using TLC and 
the column was washed with MeOH. 
N-[8-[5-(1,3-Dioxo-1,3-dihydro-isoindol-2-yl)-pent-1-

ynyl]-9-(4-hdroxy-5-hydroxymethyl-tetrahydro-furan- 

2-ayl)-6-oxo-6,9-dihydro-1H-purin-2-yl]-isobutyramide 

4. White ppt. (column DCM/MeOH, 8:2) yield 95%. IR 
spectrum (KBr, ν, cm–1): 3432 (–OH); 3145 (–NH); 3098 
(C–H, aromatic); 2895 (C–H, aliphatic), 1700 (–C=O); 
1690 (–C=O); 1680 (–C=O). 1H-NMR (CDCl3-d, δ ppm): 
12.16 (s, 1H, –OH, sugar); 7.79–7.86 (m, 4H, aromatic 
protons); 6.63 (s, 1H, –NH); 6.35-6.31 (t, J = 6.34, 2H,  
–CH2); 5.25, 5.24 (d, J = 5.25, 2H, –CH2); 4.74 (s, 1H, NH); 
4.84–4.87 (t, J = 4.85, 2H, –CH2); 4.43 (s, 1H CH(CH3)2); 
3.85–3.62 (m, 1H, sugar proton); 3.38–3.62 (m, 1H, sugar 
proton); 2.99–3.06 (m, 1H, sugar proton); 2.73 (s, 1H, 

CH2–OH); 2.56–2.62 (t, J = 5.26, 1H, sugar proton); 
2.08–2.14 (m, 1H, sugar proton); 1.13–1.18 (m, 2H,  
–CH2); 1.05 (s, 3H, CH3); 1.07 (s, 3H, CH3). 13C-NMR 
(CDCl3-d, δ ppm): 7.89 (–CH3), 10.24 (–CH3), 18.50  
(–CH2–CH2-), 35.16 (–N–CH2–CH2–), 39.91 (–N–CH2–
CH2-), 42.06 (–CH–CH2–CH–), 52.02 (–CH–CH3), 62.08 
(–CH–O–), 66.91 (–CH2–O–), 65.09 (–CH2–OH), 80.41 
(–C≡C–), 85.95 (–C≡C–), 88.21 (–N–CH–O–), 120.14, 
122.40, 122.88, 125.43, 131.62, 134.13 (aromatic carbon), 
147.08 (–N–C–C=O), 149.02 (–N–C–N–), 153.90 (–
N=C–N), 167.11 (NH2–C=N–), 168.31 (–C=O), 180.10 
(–C=O), 182.02 (NH–C=O), 183.90 (NH–C=O). MS, m/z 
(%): 549. Anal. Calcd. for C27H28N6O7 (548.55): C, 59.12; 
H, 5.14; N, 15.32. Found: C, 59.01; H, 5.03; N, 15.12. 
N-[8-[5-(1,3-Dioxo-1,3-dihydro-isoindol-2-yl)-pent-

1-ynyl]-9-(4-hdroxy-5-hydroxymethyl-tetrahydro-

furan-2-yl)-9H- purin-6-yl]-isobutyramide 8. Yellow 
foam (column DCM/MeOH 6:4) yield 86%. IR spectrum 
(KBr, ν, cm–1): 3401 (–OH); 3090 (C–H, aromatic); 1690 
(–C=O); 1679 (–C=O). 1H NMR (CDCl3-d, δ ppm): 8.88 
(s, 1H, –OH); 8.70 (s, 1H, pyrimidine proton); 7.72–7.74 
(m, 2H, aromatic protons); 7.85–7.87 (m, 2H, aromatic 
protons); 7.26 (s, 1H, –NH); 6.91–6.95 (m, 1H, sugar); 
4.79, 4.80 (d, J = 4.80, 1H, sugar); 4.33 (s, 2H, CH2–OH); 
3.83–3.99 (t, J = 4.96, 2H, –CH2); 3.82–3.85 (t, J = 3.91, 
2H, –CH2); 3.38–3.62 (m, 1H, sugar proton); 3.85–3.62 
(m, 1H, sugar proton); 2.73 (s, 1H, –OH); 2.56–2.62 (t, J 
= 5.26, 1H, sugar proton); 2.06–2.11 (m, 2H, –CH2); 1.29 
(s, 1H, CH(CH3)2); 1.21 (s, 3H, CH3); 1.18 (s, 3H, CH3). 
13C-NMR (CDCl3-d, δ ppm): 17.04 (–CH2–C≡C–), 26.40 
(2–CH3), 33.76 (–CH2, sugar), 36.70 (–CH2–N), 43.63  
(–CH2–OH), 63.62 (CH–OH), 70.11(–C≡C–), 87.71  
(–CH–N, sugar), 90.29 (–CH, sugar), 98.91 (–C≡C–), 
122.36, 123.57, 131.74, 134.42, 136.57, 147.89, 149.34, 
152.57 (aromatic carbon), 168.89 (–C=O), 175.92 (–C=O), 
180.00 (–C=O). MS, m/z (%): 532. Anal. Calcd. for 
C27H28N6O6 (532.21): C, 60.89; H, 5.30; N, 15.78. Found: 
C, 60.71; H, 5.21; N, 15.65. 

General procedure for compounds 5 and 9 

The compounds 4 and 8 were co-evaporated with 
anhydrous pyridine (3 × 3 mL) and dissolved in dry 
pyridine (10 mL). The DMT–Cl (3.6 mmol) was 
dissolved in dry pyridine (3 mL) and added to the 
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nucleoside solution dropwise in an ice bath over 2.5 h and 
the reaction mixture was stirred in an ice bath until the 
TLC was finished. The product was separated and 
purified with flash column silica gel (size 230–400 mesh) 
column chromatography. The column was carried out 
starting from dichloromethane with a few drops of 
triethylamine (Et3N) and increasing the polarity until the 
product was collected using TLC and the column was 
washed with methanol. 
N-{9-{5-[Bis-(4-methoxy-phenyl)-phenl-methoxyme 

thyl]-4-hydroxy-tetrahydro-furan-2-yl}-8-[5-(1,3-dio 

xo-1,3-dihydro-isoindol-2-yl)-pent-1-ynyl]-6-oxo-6,9- 

dihydro-1H-purin-2-yl}-isobutyramide 5. White ppt. 
(column DCM/MeOH 7:3) yield 55%. IR spectrum (KBr, 
ν, cm–1): 3432 (–OH); 3140 (–NH); 3098 (C–H, aromatic); 
2895 (C–H, aliphatic), 1710 (–C=O); 1697 (–C=O); 1681 
(–C=O). 1H-NMR (CDCl3-d, δ ppm): 8.34 (s, 1H, NH); 
7.79–7.86 (m, 5H, aromatic protons); 7.13–7.17 (m, 4H, 
aromatic protons); 7.27, 7.31 (d, J = 6.68, 2H, aromatic 
protons); 7.35, 7.38 (d, J = 6.68, 2H, aromatic protons); 
6.67, 6.69 (d, J = 6.68, 2H, aromatic protons); 6.73, 6.76 (d, 
J = 6.68, 1H, aromatic protons); 6.63 (s, 1H, –NH); 6.35–
6.31 (t, J = 6.35, 2H, –CH2); 6.40–6.43 (t, J = 6.42, 1H,  
–CH, sugar); 5.39, 5.36 (d, J = 5.28, 1H, sugar); 5.34 (s, 1H, 
–OH, sugar); 4.84–4.87 (t, J = 4.85, 2H, –CH2); 4.43 (s, 1H, 
CH(CH3)2); 3.85–3.62 (m, 1H, sugar proton); 3.68 (s, 3H, 
–OCH3); 3.70 (s, 3H, –OCH3); 2.73 (s, 2H, CH2-ODMT); 
2.56–2.62 (t, J = 5.26, 1H, sugar proton); 2.08–2.14 (m, 1H, 
sugar proton); 1.13–1.18 (m, 2H, –CH2); 1.05 (s, 3H, 
CH3); 1.07 (s, 3H, CH3). 13C-NMR (CDCl3-d, δ ppm) 7.89 
(–CH3), 10.24 (–CH3), 18.50 (–CH2–CH2-), 35.16 (–N–
CH2–CH2-), 39.91 (–N–CH2–CH2–), 42.06 (–CH–CH2–
CH–), 52.02 (–CH–CH3), 58.72 (2–OCH3); 62.08 (–CH–
O–), 66.91 (–CH2–O–), 65.09 (–CH2–OH), 80.41 (–C≡C–), 
85.95 (–C≡C–), 88.21 (–N–CH–O–), 90.79 (Ph–C–O), 
120.14, 123.25, 123.01, 122.40, 122.88, 125.43, 131.62, 
134.13, 136.35, 137.60, 138.37, 139.37, 141.09, 140.17, 
142.84 (aromatic carbons), 147.08 (–N–C–C=O), 149.02 
(–N–C–N-), 153.90 (–N=C–N), 167.11 (NH2–C=N–), 
168.31 (–C=O), 180.10 (–C=O), 182.02 (NH–C=O), 
183.90 (NH–C=O). MS, m/z (%): 850. Anal. Calcd. for 
C48H46N6O9 (850.91): C, 67.75; H, 5.45; N, 9.88. Found: C, 
67.51; H, 5.22; N, 9.65. 

N-{9-{5-[Bis-(4-methoxy-phenyl)-phenl-methoxyme 

thyl]-4-hydroxy-tetrahydro-furan-2-yl}-8-[5-(1,3-di 

oxo-1,3-dihydro-isoindol-2-yl)-pent-1-ynyl]-9H-purin 

-2-yl}-isobutyramide 9. White foam (column DCM/ 
MeOH 4:6) yield 60%. IR spectrum (KBr, ν, cm–1): 3401 
(–OH); 3090 (C–H, aromatic); 1675 (–C=O); 1673 (–
C=O). 1H-NMR (CDCl3-d, δ ppm): 8.44 (s, 1H, –NH); 
7.84 (s, 1H, pyrimidine proton); 7.83–7.78 (m, 2H, 
aromatic protons); 7.70–7.72 (m, 2H, aromatic protons); 
7.39–7.41 (m, 2H, aromatic protons); 7.27–7.30 (m, 2H, 
aromatic protons); 7.17–7.23 (m, 4H, aromatic protons); 
6.73–6.80 (m, 5H, aromatic protons); 4.79, 4.80 (d, J = 
4.80, 1H, sugar); 4.33 (s, 2H, CH2); 4.23–4.30 (m, 1H, 
sugar); 3.83–3.99 (t, J = 4.96, 2H, –CH2); 3.82–3.85 (t, J 
= 3.91, 2H, –CH2); 3.77 (s, 3H, –OCH3); 3.76 (s, 3H, –
OCH3); 3.38–3.62 (m, 1H, sugar proton); 3.85–3.62 (m, 
1H, sugar proton); 2.73 (s, 1H, –OH); 2.56–2.62 (t, J = 
5.26, 1H, sugar proton); 2.06–2.11 (m, 2H, –CH2); 1.29 
(s, 1H, CH(CH3)2); 1.21 (s, 3H, CH3); 1.18 (s, 3H, CH3). 
13C-NMR (CDCl3-d, δ ppm): 17.04 (–CH2- C≡C–), 19.19 
(–CH3), 26.40 (–CH3), 33.76 (–CH2, sugar), 36.70 (–
CH2–N), 43.63 (–CH2–ODMT), 55.72 (2–OCH3); 63.62 
(CH–OH), 70.11 (–C≡C–), 87.71 (–CH–N, sugar), 98.11 
(–CH, sugar), 100.00 (–C≡C–), 122.36, 123.57, 126.76, 
127.72, 128.22, 129.99, 130.08, 131.84, 134.27, 136.00, 
136.07, 144.77, 147.89, 148.84, 150.37, 152.37 (aromatic 
carbon), 168.89 (–C=O), 175.92 (–C=O), 180.00 (–
C=O). MS, m/z (%): 834. Anal. Calcd. for C48H46N6O8 
(834.91): C, 69.05; H, 5.55; N, 10.07. Found: C, 68.98; H, 
5.40; N, 9.90. 

General procedure for 14a-f 

Sodium hydride (2 mmol) and carbon disulphide 
(1 mmol) was added to uracil (1 mmol) in 15 mL DMF; 
the reaction mixture was stirred overnight to have 
compound 11 (not isolated from the reaction mixture). 
The hydrazonyl halides (1 mmol) was added to the non-
isolated compound 11. The reaction mixture was stirred 
overnight then added with 15 mL of 1 M HCl to obtain 
crude solid of 14a-f. 
5-(6-Oxo-2-thioxo-1,2,3,6-tetrahydro-pyrimidin-4-

ylimino)-4-tolyl-4,5-dihydro[1,3,4]thiad-iazole-2-car 

boxylic acid phenylamide 14a. Yellow crystal 
(crystallization from benzene/petroleum ether), yield 
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72%; m.p. 250–252 °C. IR spectrum (KBr, ν, cm–1): 3332 
(–NH); 3098 (C–H, aromatic); 1672 (C=O), 1664 (C=O). 
1H-NMR (DMSO-d6, δ ppm): 2.63 (s, 3H, –CH3); 5.34 (s, 
1H, pyrimidine proton); 7.15–7.62 (m, 5H, aromatic-H); 
7.82 (d, 2H, Ar-H); 7.96 (d, 1H, Ar-H); 11.74 (s, 1H, NH); 
12.08 (s, 14, NH); 14.02 (s, 1H, NH). 13C-NMR (DMSO-
d6, δ ppm): 26.56 (–CH3); 103.56 (O=C–C–C, pyrimidine 
ring); 129.75, 130.25, 131.71, 137.21, 139.40, 141.50, 
144.22, 149.2 (aromatic carbons); 161.22 (S–C–N); 173.98 
(N=C–S); 178.83 (HN–C–N); 180.21 (C=O), 185.11 
(C=S), 198.23 (C=O). MS, m/z (%): 436, 331, 316. Anal. 
Calcd. for C20H16N6O2S2 (436.51): C, 55.03; H, 3.69; N, 
19.25, S, 14.69. Found: C, 54.98; H, 3.59; N, 19.01, S 14.58. 
6-(5-Acetyl-3-phenyl-3H-[1,3,4]thiadiazol-2-ylidene 

amino)-2-thioxo-2,3-dihydro-1H-pyrimidin-4-one 14b. 

Yellow crystal (crystallization from ethanol), yield 77%; 
m.p. 220–222 °C. IR spectrum (KBr, ν, cm–1): 3298 (–NH); 
3118 (C–H, aromatic); 2980 (C–H, aliphatic); 1680 
(C=O); 1670 (C=O). 1H-NMR (DMSO-d6, δ ppm): 2.58 
(s, 3H, –CH3); 5.60 (s, 1H, pyrimidine proton); 7.11–7.66 
(m, 5H, aromatic-H); 11.84 (s, 1H, NH); 12.04 (s, 1H, 
NH). 13C-NMR (DMSO-d6, δ ppm): 25.91 (–CH3); 106.56 
(O=C–C–C, pyrimidine ring); 120.75, 122.25, 149.2 
(aromatic carbons); 160.22 (S–C–N); 170.98 (N= C–S); 
178.83 (HN–C–N); 182.21 (C=O), 188.11 (C=S), 198.23 
(C=O). MS, m/z (%): 345 (77%); 268 (100%). Anal. Calcd. 
for C14H11N5O2S2 (345.40): C, 48.68; H, 3.21; N, 20.28; S, 
18.57. Found: C, 48.42; H, 3.02; N, 20.07, S, 18.38. 
6-(5-Benzoyl-3-p-tolyl-3H-[1,3,4]thiadiazol-2-ylidene 

amino)-2-thioxo-2,3-dihydro-1H-pyrimidin-4-one 14c. 

Brown crystal (crystallization from toluene), yield 68%; 
m.p. 210–212 °C. IR spectrum (KBr, ν, cm–1): 3350 (–NH); 
3009 (C–H, aromatic); 2920 (C–H, aliphatic); 1700 
(C=O); 1668 (C=O). 1H-NMR (DMSO-d6, δ ppm): 1.59 
(s, 3H, –CH3); 5.57 (s, 1H, pyrimidine proton); 7.14–7.66 
(m, 5H, aromatic-H); 7.92–7.95 (d, 2H, aromatic CH); 
8.29–8.32 (d, 2H, aromatic CH); 11.44 (s, 1H, NH); 12.15 
(s, 1H, NH). 13C-NMR (DMSO-d6, δ ppm): 29.50 (–CH3); 
101.75 (O=C–C–C, pyrimidine ring); 132.72, 135.21, 
138.81, 139.21, 140.49, 146.56, 147.88, 151.21 (aromatic 
carbons); 165.26 (S–C–N); 170.78(N= C–S); 177.89 (HN–
C–N); 181.98 (C=O), 187.36 (C=S), 205.40 (C=O). MS, m/z 
(%): 424 (23%); 423 (3.6%); 422 (26%); 421 (50%). Anal. 

Calcd. for C20H15N5O2S2 (421.49): C, 56.99; H, 3.59; N, 
16.62; S, 15.22. Found: C, 56.74; H, 3.44; N, 16.51; S, 15.01. 
6-[3-Phenyl-5-(thiophene-2-carbonyl)-3H-[1,3,4]thi 

adiazol-2-ylideneamino]-2-thioxo-2,3-dihydro-1H-

pyrimidin-4-one 14d. Ball yellow crystal (benzene), 
yield 72%; m.p. 155–157 °C. IR spectrum (KBr, ν, cm–1): 
3384 (–NH); 3097 (C–H, aromatic); 2921 (C–H, 
aliphatic); 1680 (C=O); 1672 (C=O). 1H-NMR (DMSO-
d6, δ ppm): 5.64 (s, 1H, pyrimidine proton); 6.90–7.26 
(m, 3H, thiophene-H); 7.42–7.80 (m, 5H, aromatic-H); 
11.35 (s, 1H, NH); 12.13 (s, 1H, NH). 13C-NMR (DMSO-
d6, δ ppm): 105.96 (O=C–C–C, pyrimidine ring); 120.65, 
125.32, 129.71, 137.40 (aromatic carbons); 138.60, 139.89, 
147.51, 149.56 (Thiophene ring); 167.20 (HN–C–N); 
175.98 (N=C–S); 183.21 (C=O), 187.11 (C=S), 198.23 
(C=O). MS, m/z (%): 413 (23%); 412 (3.6%). Anal. Calcd. 
for C17H11N5O2S3 (413.50): C, 49.38; H, 2.68; N, 16.94; S 
23.26. Found: C, 49.18; H, 2.45; N, 16.75; S, 23.07. 
6-[5-(Naphthalene-2-carbonyl)-3-phenyl-3H-[1,3,4] 

thiadiazol-2-ylideneamino]-2-thioxo-2,3-dihydro-

1H-pyrimidin-4-one 14e. Ball yellow (crystallization 
from benzene) yield 67%; m.p. 230–232 °C. IR spectrum 
(KBr, ν, cm–1): 3390 (–NH); 3085 (C–H, aromatic); 2940 
(C–H, aliphatic); 1690 (C=O); 1667 (C=O). 1H-NMR 
(DMSO-d6, δ ppm): 5.72 (s, 1H, pyrimidine-H); 7.36–
7.68 (m, 5H, aromatic -H); 7.79–8.98 (m, 7H, 
naphthalene-H); 11.04 (s, 1H, NH); 12.20 (s, 1H, NH). 
13C-NMR (DMSO-d6, δ ppm): 102.85 (O=C–C–C, 
pyrimidine ring); 127.32, 128.29, 129.70, 130.11, 131.71, 
133.28, 134.91, 137.79, 139.59, 142.76, 146.81, 150.63 
(aromatic carbons); 163.15 (S–C–N); 173.08 (N=C–S); 
175.19 (HN–C–N); 182.18 (C=O), 189.86 (C=S), 203.58 
(C=O). MS, m/z (%): 457 (23%). Anal. Calcd. for 
C23H15N5O2S2 (457.53): C, 60.38; H, 3.30; N, 16.31. 
Found: C, 60.14; H, 3.18; N, 16.21. 
6-(5-Benzoyl-3-phenyl-3H-[1,3,4]thiadiazol-2-ylidene 

amino)-2-thioxo-2,3-dihydro-1H-pyrimidin-4-one 

14f. Brown ppt. (crystallization from methanol) yield 
66%; m.p. 209–212 °C. IR spectrum (KBr, ν, cm–1): 3310 
(–NH); 3090 (C–H, aromatic); 2950 (C–H, aliphatic); 
1685 (C=O); 1661 (C=O). 1H-NMR (DMSO-d6, δ ppm): 
5.67 (s, 1H, pyrimidine proton); 7.04–8.12 (m, 10H, 
aromatic-H); 11.34 (s, 1H, NH); 12.01 (s, 1H, NH). 13C-
NMR (DMSO-d6, δ ppm): 105.65 (O=C–C–C, pyrimidine 
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ring); 129.70, 131.71, 134.91, 137.79, 139.59, 142.76, 146.81, 
150.63 (aromatic carbons); 165.26 (S–C–N); 170.78 (N=C–
S); 177.89 (HN–C–N); 181.98 (C=O), 187.36 (C=S), 
205.40 (C=O). MS, m/z (%): 410 (10.2%); 408 (24.6%); 407 
(23%). Anal. Calcd. for C19H13N5O2S2 (407.47): C, 56.01; 
H, 3.22; N, 17.19. Found: C, 55.94; H, 3.02; N, 17.03. 

General procedure for 18-21 

Phenylisocynate (1 mmol) was added to a solution 
of uracil (1 mmol) and potassium hydroxide (1 mmol) in 
15 mL DMF; stirred overnight to afford non-isolated 16. 
The non-isolated compound 16 was reacted with halo-
compounds. After being stirred for 24 h, adducts 18-21 

were precipitated as crude after treatment of the solution 
with 15 mL of iced 2 M HCl. 
1-(6-Oxo-2-thioxo-1,2,3,6-tetrahydro-pyrimidin-4-yl]- 

3-phenyl-isothiourea 18. Dark brown (crystallization 
from benzene), Yield 55%; m.p. 210–211 °C. IR spectrum 
(KBr, ν, cm–1): 3335 (–NH); 3031 (C–H, aromatic); 2976 
(C–H, aliphatic); 1675 (C=O). 1H-NMR (DMSO-d6, δ 
ppm): 2.01 (s, 1H, SH); 5.42 (s, 1H, pyrimidine-H); 7.15–
7.29 (m, 5H, aromatic-H); 7.89 (s, 1H, –NH); 10.79 (s, 1H, 
NH); 12.01 (s, 1H, NH). 13C-NMR (DMSO-d6, δ ppm): 
105.32 (O=C–C–C); 119.21, 125.21, 135.25, 142.21 
(aromatic carbons); 171.64 (N=C–SH); 175.23 (C=O); 
196.63 (C=S). MS, m/z (%): 280 (6.5%); 279 (22.4%); 278 
(100%). Anal. Calcd. for C11H10N4OS2 (278.35): C, 47.46; 
H, 3.62; N, 20.13. Found: C, 47.25; H, 3.21; N, 20.07. 
1-[6-Oxo-5-(2-oxo-2-phenyl-ethyl)-2-thioxo-1,2,3,6-tetrahy 

dro-pyrimidin-4-yl]-3-phenyl-isothiourea 19. White crystals 
(crystallization from benzene/n-hexane), yield 75%; m.p. 
239–241 °C. IR spectrum (KBr, ν, cm–1): 3330 (–NH); 
3029 (C–H, aromatic); 2986 (C–H, aliphatic); 1669 
(C=O). 1H-NMR (DMSO-d6, δ ppm): 1.90 (s, 1H, –SH); 
3.02 (s, 1H, –NH, pyrimidine, D2O exchangeable); 3.55 (s, 
2H, CH2); 4.59 (s, 1H, –NH, D2O exchangeable); 6.98–7.80 
(m, 5H, aromatic-H); 7.82–8.52 (m, 5H, aromatic-H); 
10.19 (s, 1H, –NH, pyrimidine). 13C-NMR (DMSO-d6, δ 
ppm): 35.21 (–CH2); 109.72 (O=C–C=C); 119.21, 125.21, 
130.21, 142.75, 147.29, 149.33, 151.28, 159.98 (aromatic 
carbons); 168.22 (HN–C=C); 175.69 (HN–C–SH); 177.93 
(C=O); 194.69 (C=S). MS, m/z (%): 398 (2.4%); 397 
(22.4%); 396 (60.5%). Anal. Calcd. for C19H16N4O2S2 

(396.49): C, 57.56; H, 4.07; N, 14.13. Found: C, 57.35; H, 
3.91; N, 14.09. 
[4-Oxo-6-(3-phenyl-isothioureido)-2-thioxo-1,2,3,4- 

tetrahydro-pyrimidin-5-yl]-acetic acid ethyl ester 

20. Dark red (crystallization from benzene), yield %; m.p. 
203–205 °C. IR spectrum (KBr, ν, cm–1): 3320 (–NH); 
3055 (C–H, aromatic); 2985 (C–H, aliphatic); 1710 
(C=O); 1670 (C=O). 1H-NMR (DMSO-d6, δ ppm): 1.18–
1.25 (t, 3H, –CH3); 2.08 (s, 1H, SH); 3.01 (s, 2H, CH2); 
4.10–4.20 (q, 2H, CH2); 7.20–7.52 (m, 5H, aromatic-H); 
8.28 (s, 1H, –NH); 11.34 (s, 1H, NH); 12.01 (s, 1H, NH). 
13C-NMR (DMSO-d6, δ ppm): 20.62 (–CH3); 29.35  
(–CH2); 66.35 (–CH2); 108.75 (O=C–C=C); 122.23, 
128.21, 135.90, 150.89 (aromatic carbons); 163.72 (HN–
C=C); 179.32 (C=O); 195.59 (S=C). MS, m/z (%): 366 
(10.2%); 365 (24.6%); 364 (23%). Anal. Calcd. for 
C15H16N4O3S2 (364.44): C, 49.43; H, 4.43; N, 15.37. 
Found: C, 49.12; H, 4.15; N, 15.10. 
1-[6-Oxo-5-(2-oxo-2-propyl)-2-thioxo-1,2,3,6-tetrahy 

dro-pyrimidin-4-yl]-3-phenyl-isothiourea 21. Dark 
brown ppt. (crystallization from benzene-n-hexane), yield 
52%; m.p. 275–277 °C. IR spectrum (KBr, ν, cm–1): 3285 
(–NH); 3025 (C–H, aromatic); 2980 (C–H, aliphatic); 
1702 (C=O); 1663 (C=O). 1H-NMR (DMSO-d6, δ ppm): 
2.01 (s, 1H, SH); 2.61 (s, 3H, –CH3); 2.98 (s, 2H, CH2); 
7.31–7.48 (m, 5H, aromatic-H); 7.95 (s, 1H, –NH); 9.86 
(s, 1H, NH); 11.74 (s, 1H, NH). 13C-NMR (DMSO-d6, δ 
ppm): 30.67 (–CH3); 39.96 (–CH2); 110.95 (O=C–C=C); 
123.29, 130.98, 146.92, 152.99 (aromatic carbons); 178.77 
(HN–C–N); 180.39 (C=O); 187.63 (HS–C–NH); 197.29 
(S=C). MS, m/z (%): 336 (10.2%); 335 (24.6%); 334 
(23%). Anal. Calcd. for C14H14N4O2S2 (334.42): C, 50.28; 
H, 4.22; N, 16.75. Found: C, 50.02; H, 4.10; N, 16.35. 

Molecular docking study 

The structures of all tested compounds were 
modeled using the Chemsketch software 
(http://www.acdlabs.com/resources/freeware/) (Fig 1). 
The structures were optimized and energy minimized 
using the VEGAZZ software [43]. The optimized 
compounds were used to perform molecular docking. The 
three-dimensional structures of the two molecular 
targets (receptors) were obtained from the Protein Data 
Bank (PDB) (www.rcsb.org): CDK-2 (PDB: 1DI8, 
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https://www.rcsb.org/pdb/explore/explore.do?structureId
=1di8), and BCL-2 (PDB:2O2F, https://www.rcsb.org/pdb/ 
explore/explore.do?structureId=2o2f). The steps for 
receptor preparation included the removal of 
heteroatoms (solvent and ions), the addition of polar 
hydrogen and the assignment of Kollman charges. The 
active sites were defined using grid boxes of appropriate 
sizes around the bound cocrystal ligands as is shown in 
Table 4. These compounds were docked into the active 
site of the CDK-2, and BCL-2 to study their interaction in 
silica and to correlate their anti-cancer activity. The 
docking study was performed using Auto dock vina, [44] 
and Chimera for visualization [45]. 

■ RESULTS AND DISCUSSION 

From the modern therapeutic organic synthesis 
point of view and our previous work to modify DNA, [4-
6] synthesis of modified DNA bases guanosine 1 and 
adenosine 6 derivatives was carried out. The Sonogashira 
reaction was carried out on the 2-pent-4-ynyl-isoindole-
1,3-dione 2 with bromoguanosine 1 and bromoadenosine 
6 using copper iodide and tetrakis(triphenylphosphine) 
palladium(0) Pd(PPh3)4 in the presence of triethyl amine 
to synthesize compound 3 and 7 (Scheme 1). The IR 
spectrum of compound 3 shows the amide carbonyl 
group at 1675 cm–1, and the 1H-NMR spectrum shows two 
triplets and one multiplet for the aliphatic –CH2 groups at 
δ, ppm. 4.84–4.87 (t, J = 4.85, 2H, –CH2); 1.13–1.18 (m, 
2H, –CH2); 6.23–6.27 (t, J = 6.25, 2H, –CH2) and the  
 

elemental analysis confirms the disappearance of 
bromine. The IR spectrum of compound 7 shows the 
amino group and the hydroxyl groups at 3445; 3432 cm–1; 
and amide carbonyl group at 1680, and the 1H-NMR 
shows singlet for the new –NH2 at δ, ppm. 6.47 (s, 2H,  
–NH2) and two triplets and one multiplet for the 
aliphatic –CH2 groups at δ, ppm. 2.56–2.62 (t, J = 5.26, 1H, 
sugar proton); 2.99–3.06 (m, 1H, sugar proton); and the 
elemental analysis confirms the disappearance of bromine. 

After that, the protection of –NH2 groups of 
adenine and guanine with isobutyric anhydride in the 
presence of trimethylsilyl chloride (TMS–Cl) was 
carried out to have compounds 4 and 8. On the other 
hand, the protection of the free hydroxyl sugar group  
(–CH2OH) was carried out using 4,4′-dimethoxytrityl 
chloride (DMT–Cl) in the presence of triethyl amine to 
obtain the final corresponding modified DNA bases 5 

and 9 (Scheme 2). The IR spectrum for compound 4 
confirms the disappearance of –NH2 peak and a carbonyl 
group at 1700 cm–1. The 1H-NMR spectrum shows two 
singlets at 1.05 ppm (s, 3H, –CH3) and 1.07 ppm (s, 3H, 
–CH3) for the new two methyl groups. The IR spectrum 
of compound 5 confirms the disappearance of –OH. The 
1H–NMR also confirms the disappearance of OH proton 
and it shows two singlets at δ ppm, 3.68 ppm (s, 3H,  
–OCH3) and 3.70 ppm (s, 3H, –OCH3) for the two 
methoxy groups of DMT. 

6-Amino-thiouracile 10 synthesized with a known 
procedure [28] was allowed to react with carbon disulphide 
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in the presence of sodium hydride to yield the non-
isolable disodium salt 11. The addition of hydrazonyl halide 
[29] 12a to the formed salt 11 furnished the final isolated 
product 14a (Scheme 1). The 1H-NMR spectrum of 14a 
revealed the presence of a singlet signal at δ = 5.34 ppm 
corresponding to the pyrimidine hydrogen besides the 
characteristic signals of the aromatic protons at δ = 7.15–
7.62, 7.82, 7.96 ppm and three signals attributed to the –NH 
protons at δ = 11.74, 12.08 and 14.02 ppm (c.f. exp. Section). 
All the  other  spectroscopic  and  analytical  data  were  in  

accordance with the suggested structure 14a (Scheme 3). 
It is believed that the addition of hydrazonoyl 

halide 12a to the dithioimidacarbonate salt 11 led to the 
intermediate adduct 13. The latter intermediate was 
cyclized via loss of NaSH to form the final cyclized 
product 14a. 

To generalize such methodology, the previous 
reaction was carried out by the use of different 
hydrazonoyl halide derivatives 12b-f to yield the 
corresponding  isolated products 14b-f  (Scheme 4). The 
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structures of all products were confirmed by spectroscopic 
and analytical data (c.f. experimental section). 

Treatment of 6-amino-2-thiouracil with phenyl 
isothiocyanate in DMF containing KOH with stirring 
afforded the non-isolated potassium salt 16. Interaction 
of 16 with different halogenated reagents did not produce 
the expected thiazole derivatives. The reaction yielded the 
products 18 upon using CH3COCl or chloroacetonitrile 
that revealed the fast hydrolysis of the salt before addition. 
Use of benzoylchloride produced the open addition 
product 19 (Scheme 5). 

All the spectroscopic data confirmed the suggested 
structure (c.f. experimental section). 

Molecular Docking Results 

To test our docking proposal and to ensure that the 
binding poses of the docked ligands represented favorable 
and valid potential binding modes, the docking parameters 

and methods were validated by redocking the cocrystal 
ligand in order to determine the ability of Auto Dock 
vina to reproduce the orientation and position of the 
ligand observed in the crystal structure. The redocking 
of cocrystal ligands to their respective molecular targets 
exhibited an RMSD value of < 2 Å between the original 
cocrystal ligand position and the docked poses, as the 
RMSD were 1.047 Å for 1DI8 receptor and 1.343 Å for 
2O2F receptor (Fig. 1). This confirmed that the ligands 
were closely bound to the true conformation of their 
targets indicating the reliability of the docking protocols 
and parameters [42]. 

The molecular docking studies revealed that the 
compounds 14e, 14f, 14c, 14a, 19, and 14d were the 
most promising compounds, which is explained by their 
low binding energies (-9.6, -9.5, -9.0, -8.9, -8.8, and  
-8.6 kcal/mol, respectively), hydrogen bonding and 
hydrophobic interactions with the active site residues of 
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Fig 1. Docking was validated by redocking the cocrystal ligands to their corresponding receptors. The original 
conformation of each cocrystal ligands is displayed in a green stick, while docked poses are represented in a grey stick. 
The root means square deviation (RMSD) was calculated between the original and docked poses of the cocrystal 
ligands. (a) RMSD: 1.047Å (PDB ID: 1DI8); (b) RMSD: 1.343Å (PDB ID: 2O2F) using Chimera software 
 
CDK-2 shown in Table 1 and 2, and Fig. 2. While 
compounds 14e, 14c, 19, and 14a were the most active 
compounds against BCL-2, which is depicted by the low 
binding energies (-8.2, -8.1, -8.1, and -8.1 kcal/mol, 

respectively) shown in Table 1 and 3, and Fig. 3. Our 
molecular analysis revealed that compound 14e was the 
most active compound against both proteins and that 
might be due to the incorporation of the free sulphur 
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atom (C=S) and the two nitrogens (2NH) in the pyrimidine 
ring. This lead to better binding of compound 14e with 
the pocket of CDK-2, as depicted by 7 hydrogen bonds 
formation with the amino acids residues in the pocket 
GLN131.A (bond length 3.909 Å), ASN132.A (bond length 
3.452 Å), ASN131.A (bond length 3.226 Å), GLN131.A 
(bond length 3.516 Å), THR14.A (bond length 2.922 Å), 
ASP145.A (bond length 3.461 Å), and LYS33.A (bond  
 

length 3.133 Å). 
Moreover, compound 14c was able to form 2 

hydrogen bonds with the amino acids residues in the 
pocket of BCL-2 protein ALA97.A (bond length 3.031 Å), 
and TRP141.A (bond length 2.471 Å). These results shed 
a light on compound 14e as a promising anticancer agent, 
and further wet lab experiments should be done to verify 
its activity. 

Table 1. The results of molecular docking of best conformer with CDK-2 (1di8) receptor 

Drugs 
Free energy of binding (Kcal/mol) 

CDK2 BCL2 

Reference ligand -8.3 -10.6 

14a -8.9 -8.1 

14b -8.1 -6.7 

14c -9.0 -8.1 

14d -8.6 -7.3 

14e -9.6 -8.2 

14f -9.5 -7.7 

18 -7.5 -6.4 

19 -8.8 -8.1 

20 -7.5 -6.3 

21 -8.0 -6.8 

Table 2. The Hydrophobic interactions of best conformer with CDK-2 (1di8) receptor 

Compounds  Hydrophobic interactions 

Reference ligand ILE10, VAL18, LEU148, 
VAL64, LEU134, LEU83 

 
14e ILE10, VAL18, LEU148, 

VAL64, LEU134, LEU83, 
PHE82, LEU298 
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Fig 2. 3D of hydrogen bond interaction between reference ligand (RL), and the most promising compound (14e) with 
CDK-2 protein 

 
Fig 3. 3D of hydrogen bond interaction between reference ligand (RL), and the most promising compound (14e) with 
BCL-2 protein 

Table 3. The Hydrophobic interactions of best conformer with BCL-2 (2O2F) receptor 

Compounds Hydrophobic interactions 

Reference ligand MET112, VAL130, VAL145, LEU134, 
ALA146, PHE101, PHE109, PHE150 

 
14e MET112, VAL130, VAL145, LEU134, 

PHE101, PHE109, PHE150, PHE147 
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■ CONCLUSION 

The presented work has described the chemical 
modification of the pyrimidine ring base of heterocyclic 
biologically active compounds. Docking studies for these 
compounds as anticancer agents have been carried out, in 
order to gain insights into their binding modes against 
cyclin-dependent protein kinase 2 (CDK-2) that is 
involved in cell cycle and receptor protein B-cell 
lymphoma 2 (BCL-2) that is involved in cell apoptosis. 
These targets have been selected based on their key roles 
in cancer progression via the regulation of the cell cycle 
and DNA replication. 
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 Abstract: Apoferritin is a complex protein potential for drug delivery application. The 

advantage of apoferritin lies in its core-shell structure, its nano size, and its pH-sensitivity. 

This study was aimed to characterize the structure of apoferritin due to the pH alteration 

effect in a solution using dynamic light scattering (DLS) and small-angle neutron 

scattering (SANS). Both DLS and SANS can observe protein size in solution near its 

physiological condition. The results show that apoferritin possesses a core-shell structure 

with a diameter of around 12–13 nm at pH 7. The dissociation of apoferritin occurs at 

pH 1.9. The SANS data shows the apoferritin at pH 1.9 was dissociated into the smaller 

oligomer. The structure of this smaller oligomer has a different configuration than the 

configuration of apoferritin subunits at pH 7. It can cause the failure of reassembly of 

apoferritin if the apoferritin is neutralized back to pH 7 after dissociation from pH 1.9. 

Keywords: apoferritin; dissociation; pH change; SANS; DLS 

 

■ INTRODUCTION 

Ferritin is a core-shell complex protein that has a 
role in iron storage and detoxification in mammalian and 
maintains the iron excess in the body [1-2]. Without iron 
inside, ferritin is called apoferritin. The inner space of 
apoferritin can be used to transport some organic or 
inorganic compounds in the body. Apoferritin is non-
toxic, biodegradable, and biocompatible in the body, has 
a nano-size inner core, and high thermal stability [3-4]; 
thus, promising for a drug delivery application. 
Moreover, the apoferritin structure has a sensitivity to pH 
conditions, which can be used to develop a controlled 
released drug delivery system [5-6]. 

Apoferritin dissociates into its monomers at pH 2 
and can reversibly associate in neutral pH, which is used 
to encapsulate a cancer drug called doxorubicin [7]. 
However, a native-PAGE test of apoferritin and 
apoferritin-doxorubicin at pH 4 and pH 7 showed that the 
molecular weight for both remained the same after the 
dissociation process through pH 2. The molecular weight 

data of the native-PAGE test did not show the 
mechanism of the dissociation itself. 

This work will observe the structural change of the 
apoferritin in various pH using dynamic light scattering 
(DLS) and small-angle neutron scattering (SANS). 
Analysis of protein using DLS allows us to know the 
general size of protein in solution via its dynamic light 
scattering characteristic [8-10]. Meanwhile, SANS analysis 
will give more detail about the low-resolution three-
dimensional structure of the protein in the solution 
based on the small-angle scattering phenomenon. The 
observation of protein structure in the solution provides 
important information to reveal its structure near its 
native condition [11]. Therefore, the structural change 
of apoferritin regarding its dissociation-association 
properties can be better understood. 

■ EXPERIMENTALSECTION 

Materials 

Apoferritin in 25 mg/mL saline solution (no. A3641)  
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and deuterium oxide/D2O (no. 151882) were purchased 
from Sigma-Aldrich. Potassium dihydrogen 
phosphate/KH2PO4 (no. 104873), potassium hydrogen 
phosphate/K2HPO4 (no. 105104), sodium chloride/NaCl 
(no. 106400), and hydrochloride acid/HCl (no. 100317) 
were purchased from Merck. All chemicals were used 
without further purification. 

Instrumentation 

Dynamic Light Scattering (DLS) measurements 
were carried out using Particle Size Analyzer (Zetasizer 
Nano ZS-Malvern) with light of wavelength 633 nm. This 
instrument provides the ability to measure particle size 
and zeta potential of particles or molecules in a liquid 
medium. The Zetasizer system determines the size by 
measuring the Brownian motion of the particles in a 
sample. The fundamental principle is that small particles 
move more quickly in a liquid than larger particles. 
Therefore, measuring the Brownian motion of particles or 
molecules, it can interpret their size. 

Small Angle Neutron Scattering (SANS) 
measurements were carried out using the SANS BATAN 
spectrometer [12]. SANS is a technique which utilizes the 
scattered neutron from particles or molecules in small 
angle region. The neutron scattering data provides 
information about size, distribution of particles or 
molecules in 1–100 nm. Since neutron can deeply 
penetrate into material, SANS can measure any form of 
sample such as gel, liquid or solid. 

Procedure 

Sample preparation 

Apoferritin was dialyzed in K2HPO4-KH2PO4 buffer 
(pH 7.4) for 24 h as an apoferritin native state. Apoferritin 
in pH 1.9 was prepared by dialyzed it in a KCl-HCl buffer 
for 24 h. The apoferritin for the DLS experiment was 
dissolved in H2O. Meanwhile, for SANS, the apoferritin 
was dissolved in D2O to gain contrast match. 

DLS measurement 

The DLS measurements were conducted by set the 
detector at 173° in order to avoid the direct beam 
scattering interference. All samples were measured at 
room temperature. 

SANS measurement 

All samples were measured using neutron with a 
wavelength of 3.9 Å at room temperature. Each 
measurement was conducted at two detector positions, 
i.e., at 2 m for 8 h and 6 m for 20 h. This configuration 
was set to cover q range from 0.01 Å–1 to 0.2 Å–1. All 
measured samples were corrected from its background 
and electronic noise. 

Experimental scattering data were corrected with 
GRASP [13] and analyzed with Igor SANS Analysis [14]. 
The ab initio molecular shape determination programs 
GNOM, DAMMIF, and DAMAVER [15] were used to 
reconstruct molecular shapes of the proteins in solution. 
This reconstruction undergoes the Fourier-transform 
calculation and gains the pair distribution function of the 
small-angle neutron scattering data. The pair distribution 
function represents the distribution of each pair 
scattering body in the protein. Furthermore, the three-
dimensional model of the protein can be reconstructed. 

■ RESULTS AND DISCUSSION 

Apoferritin consists of 24 protein subunits 
arranged in several symmetries to create a core-shell 
structure with eight hydrophilic channels from three-
fold symmetry and six hydrophobic channels from four-
fold symmetry [16]. The interactions between all of its 
protein subunits are physical interaction without any 
chemical covalent bonding [17]. Due to its subunits 
interaction, the stability of the apoferritin structure 
depends on its environment, such as pH conditions. DLS 
experimental data of apoferritin at pH 7 show a sharp 
peak on 13 nm (Fig. 1). The peak was observed to be 
shifted to 7 nm when the environment of apoferritin is 
set to an acidic solution at pH 1.9. This data indicated 
that the apoferritin had been dissociated into a smaller 
part of its oligomer. When the solution becomes acidic 
(at pH 2 or lower), the protonation occurs in the 
carboxyl group at the surface of the apoferritin [18]. The 
protonation disturbs the stability of the tertiary structure 
of the subunits through the stability of the whole 
apoferritin core-shell structure. The protonation to 
carboxyl groups goes further to the hydroxyl group at 
tryptophan  residue,  which has an  important role in the 
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Fig 1. DLS data of the apoferritin size at pH 7 (solid line) and pH 1.9 (dot line) 

 
hydrophobic channel structure [18]. As the hydroxyl 
group is being exposed by solution, it gives the 
dissociation effect for the apoferritin. 

The alteration of the hydroxyl group, which has a 
role on the hydrophobic channel, break the four-fold 
symmetry of the apoferritin. The break of interaction 
between subunits in this four-fold symmetry initiated the 
dissociation of the apoferritin into the smaller part. This 
smaller part of the apoferritin was confirmed by DLS 
measurement from the decreasing of the particle size 
shown in Fig. 1. 

The dissociation of apoferritin in acidic solution was 
also confirmed by SANS. The SANS scattering profile of 
apoferritin at pH 7 shows the typical ripple of the core-
shell structure (Fig. 2). Data analysis using a spherical 
core-shell model with Igor SANS Analysis results in the 
core size of apoferritin of 7.98 nm and the shell thickness 
of 2.06 nm, suggesting that the overall diameter of 
apoferritin is 12.1 nm, which are coincided with the DLS 
data. The analysis of apoferritin at pH 1.9 was well-fitted 
with the triaxial ellipsoid model and gained 1.2, 3.5, and 
6.7 nm for the three-axis of the ellipsoid. 

Further analysis of the SANS scattering profile was 
conducted to construct the three-dimension low-
resolution model of the apoferritin at pH 7 and pH 1.9. 
The SANS scattering data were Fourier-transformed into 
pair distribution function as the real space function from 
SANS scattering data. The pair distribution function 

expresses the distance of each scattering body (r) of the 
apoferritin and the probability of each value. This 
analysis was done using the GNOM program. The 
information on the distribution of the r values extracted 
from the function in the GNOM is then modeled into 
three-dimensional form. The reconstruction of three-
dimensional models from the data is built by dummy 
atoms and a dummy particle with a volume using 
DAMMIF and DAMAVER program. The program will 
arrange the dummy atoms in a certain position and 
volume based on the pair distribution function. 

The pair distribution function of the apoferritin at 
pH 7 and pH 1.9 show that Dmax of the apoferritin is 
larger at pH 7 than at pH 1.9 (Fig. 2(c)). Since the Dmax 
in pair distribution function represents the longest 
distance of the two-scattering body, it indicates that 
apoferritin was disassembled in an acidic solution. 
Apoferritin at neutral pH (pH 7) has Dmax of 12 nm and 
decreases to 7 nm at pH 1.9. The Dmax of apoferritin at 
pH 7 represents the apoferritin core-shell structure 
diameter, while at pH 1.9, the Dmax represents the longest 
distance of its structure. 

The three-dimensional structure of the apoferritin 
at pH 7 and pH 1.9 generated by the DAMMIF program 
and visualized by pyMOL [19-20] are shown in Fig. 3 
and Fig. 4, respectively. The three-dimensional model 
structure of the apoferritin at pH 7 corresponds with the 
other work [16-17,21]. 
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Fig 2. SANS scattering profile of apoferritin at (a) pH 7and (b) pH 1.9. (c) The pair distribution function of apoferritin 
at pH 7 and pH 1.9 
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Fig 3. (a) The three-dimensional model of apoferritin at 
pH 7 generated by DAMMIF and visualized by pyMOL and 
(b) the core-shell model based on Igor SANS analysis data 

 
Fig 4. The three-dimensional model of apoferritin at pH 
1.9 based on SANS data from (a) side view and (b) top 
view after 90° rotation 

The core-shell structure of the apoferritin is 
disrupted at acid condition, which is depicted in its three-
dimensional model. The molecular weight of the 
dissociated apoferritin at pH 1.9 cannot be confirmed since 
the SANS data is not analyzed by absolute scale. However, 
the model generated from SANS is still reliable as the 
structure of protein depends on the profile of the neutron 
scattering intensity at certain scattering vector (q). 

The Rg,p(r) of apoferritin at pH 7 is 5.25 nm, while the 
Rg,p(r) of apoferritin at pH 1.9 is 3.66 nm. This result is 
similar to the Rg,p(r) of apoferritin at pH 1.9 and pH 7 that 
was reported by Kim et al. [22]. However, the three-
dimensional structure of apoferritin at pH 1.9 is not 
consistent with the one proposed in Ref. 22. In this work, 
the three-dimensional model of apoferritin at pH 1.9 
shows the smaller part of instead of maintains its diameter 
with semi-circle structure which is showed in Ref. 22. This 
dissociation is due to the protonation of the apoferritin to 
its four-fold symmetry subunits. They exist at six 
positions in all around of the apoferritin core-shell 
structure. Therefore, the alteration of those sites at a very 

rich proton condition, pH 1.9, makes the apoferritin 
dissociated into the smaller oligomer. 

The dimension of the small oligomer of the 
apoferritin at pH 1.9 obtained by SANS data analysis is 
about three times of its monomer (PDB:5erk) [23]. As 
the SANS analysis is not conducted by absolute intensity 
mode, this dimension does not represent its molecular 
weight. Therefore, it cannot conclude the number of 
subunits in this small oligomer. However, the 
arrangement of the apoferritin subunits oligomer at pH 
1.9 is different with four-fold, three-fold or four-fold 
symmetry in its core-shell oligomer at pH 7. It indicates 
that the protonation induces the disruption of the 
tertiary structure of the apoferritin subunit and changes 
its configuration. Furthermore, it can cause failure in the 
reassembly of the apoferritin from acidic to neutral pH. 
This assumption should be further studied to clarify the 
reassembly ability of apoferritin from acidic conditions 
to neutral pH conditions. 

■ CONCLUSION 

The data from DLS and SANS revealed the 
dissociation process of apoferritin as the effect of the 
change of pH. Instead of being dissociated into its 
monomers, the dissociation of apoferritin at pH 1.9 was 
like small oligomers with the dimension of three times 
of apoferritin’s monomer. The three-dimensional 
structure of this small oligomer, which indicated a 
configuration change, can cause the failure of apoferritin 
to reassembly in neutral pH. 
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Supplementary Data 
This supplementary data is a part of paper entitled “Employing an R Software Package rsm for Optimizing of 

Genistein, Daidzein, and Glycitein Separation and Its Application for Soy Milk Analysis by HPLC Method”. 

S1. R formula for analyzing genistein data 

library(rsm) 

gen = read.csv("gen2.csv") 

gen 

 

##setting up coded levels for genistein model 

gen.rsm <- coded.data(gen, x1 ~ (methanol - 65)/5,  

                      x2 ~ (flowrate - 0.8)/0.2,  

                      x3 ~ (temp - 40)/10) 

gen.rsm 

 

##RSM for analyzing retention time for genistein 

gen.ret.rsm <- rsm(retention ~ SO(x1, x2, x3), data = gen.rsm) 

gen.ret.rsm 

summary(gen.ret.rsm) 

 

par(mfrow = c(1,3)) 

persp(gen.ret.rsm, ~ x1 + x2 + x3, at = summary(gen.ret.rsm)$canonical$xs,  

      contours = "col", col = rainbow(40),  

      zlab = "Retention Time",  

      xlabs = c("Methanol Concentration (%)", "Flowrate (mL/min)", "Temperature 

(oC)")) 

 

##RSM for analyzing resolution for genistein 

gen.res.rsm <- rsm(resolution ~ SO(x1, x2, x3), data = gen.rsm) 

gen.res.rsm 

summary(gen.res.rsm) 

 

par(mfrow = c(1,3)) 

 

persp(gen.res.rsm, ~ x1 + x2 + x3, at = summary(gen.res.rsm)$canonical$xs,  

      contours = "col", col = rainbow(40),  

      zlab = "Resolution",  

      xlabs = c("Methanol Concentration (%)", "Flowrate (mL/min)", "Temperature 

(oC)")) 

 

##RSM for analyzing tailing factor for genistein 

gen.tai.rsm <- rsm(tailing ~ SO(x1, x2, x3), data = gen.rsm) 

gen.tai.rsm 

summary(gen.tai.rsm) 

 

par(mfrow = c(1,3)) 

persp(gen.tai.rsm, ~ x1 + x2 + x3, at = summary(gen.tai.rsm)$canonical$xs,  

      contours = "col", col = rainbow(40),  

      zlab = "Tailing Factor",  
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      xlabs = c("Methanol Concentration (%)", "Flowrate (mL/min)", "Temperature 

(oC)")) 

 

##RSM for analyzing N for genistein 

gen.n.rsm <- rsm(n ~ SO(x1, x2, x3), data = gen.rsm) 

gen.n.rsm 

summary(gen.n.rsm) 

 

par(mfrow = c(1,3)) 

persp(gen.n.rsm, ~ x1 + x2 + x3, at = summary(gen.n.rsm)$canonical$xs,  

      contours = "col", col = rainbow(40),  

      zlab = "Theoretical Plates Number",  

      xlabs = c("Methanol Concentration (%)", "Flowrate (mL/min)", "Temperature 

(oC)")) 

S2. R formula for analyzing daidzein data 

library(rsm) 

dai = read.csv("dai2.csv") 

dai 

 

##setting up coded levels for daidzein model 

dai.rsm <- coded.data(dai, x1 ~ (methanol - 65)/5,  

                      x2 ~ (flowrate - 0.8)/0.2,  

                      x3 ~ (temp - 40)/10) 

dai.rsm 

 

##RSM for analyzing retention time for daidzein 

dai.ret.rsm <- rsm(retention ~ SO(x1, x2, x3), data = dai.rsm) 

dai.ret.rsm 

summary(dai.ret.rsm) 

 

par(mfrow = c(1,3)) 

persp(dai.ret.rsm, ~ x1 + x2 + x3, at = summary(dai.ret.rsm)$canonical$xs,  

      contours = "col", col = rainbow(40),  

      zlab = "Retention Time",  

      xlabs = c("Methanol Concentration (%)", "Flowrate (mL/min)", "Temperature 

(oC)")) 

 

##RSM for analyzing resolution for daidzein 

dai.res.rsm <- rsm(resolution ~ SO(x1, x2, x3), data = dai.rsm) 

dai.res.rsm 

summary(dai.res.rsm) 

 

par(mfrow = c(1,3)) 

persp(dai.res.rsm, ~ x1 + x2 + x3, at = summary(dai.res.rsm)$canonical$xs,  

      contours = "col", col = rainbow(40),  

      zlab = "Resolution",  

      xlabs = c("Methanol Concentration (%)", "Flowrate (mL/min)", "Temperature 

(oC)")) 

##RSM for analyzing tailing factor for daidzein 

dai.tai.rsm <- rsm(tailing ~ SO(x1, x2, x3), data = dai.rsm) 
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dai.tai.rsm 

summary(dai.tai.rsm) 

 

par(mfrow = c(1,3)) 

persp(dai.tai.rsm, ~ x1 + x2 + x3, at = summary(dai.tai.rsm)$canonical$xs,  

      contours = "col", col = rainbow(40),  

      zlab = "Tailing Factor",  

      xlabs = c("Methanol Concentration (%)", "Flowrate (mL/min)", "Temperature 

(oC)")) 

 

##RSM for analyzing N for daidzein 

dai.n.rsm <- rsm(n ~ SO(x1, x2, x3), data = dai.rsm) 

dai.n.rsm 

summary(dai.n.rsm) 

 

par(mfrow = c(1,3)) 

persp(dai.n.rsm, ~ x1 + x2 + x3, at = summary(dai.n.rsm)$canonical$xs,  

      contours = "col", col = rainbow(40),  

      zlab = "Theoretical Plates Number",  

      xlabs = c("Methanol Concentration (%)", "Flowrate (mL/min)", "Temperature 

(oC)")) 

S3. R formula for analyzing glycitein data 

library(rsm) 

gly = read.csv("gly2.csv") 

gly 

 

##setting up coded levels for glycitein model 

gly.rsm <- coded.data(gly, x1 ~ (methanol - 65)/5,  

                      x2 ~ (flowrate - 0.8)/0.2,  

                      x3 ~ (temp - 40)/10) 

gly.rsm 

 

##RSM for analyzing retention time for glycitein 

gly.ret.rsm <- rsm(retention ~ SO(x1, x2, x3), data = gly.rsm) 

gly.ret.rsm 

summary(gly.ret.rsm) 

 

par(mfrow = c(1,3)) 

persp(gly.ret.rsm, ~ x1 + x2 + x3, at = summary(gly.ret.rsm)$canonical$xs,  

      contours = "col", col = rainbow(40),  

      zlab = "Retention Time",  

      xlabs = c("Methanol Concentration (%)", "Flowrate (mL/min)", "Temperature 

(oC)")) 

 

##RSM for analyzing resolution for glycitein 

gly.res.rsm <- rsm(resolution ~ SO(x1, x2, x3), data = gly.rsm) 

gly.res.rsm 

summary(gly.res.rsm) 

par(mfrow = c(1,3)) 

persp(gly.res.rsm, ~ x1 + x2 + x3, at = summary(gly.res.rsm)$canonical$xs,  
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      contours = "col", col = rainbow(40),  

      zlab = "Resolution",  

      xlabs = c("Methanol Concentration (%)", "Flowrate (mL/min)", "Temperature 

(oC)")) 

 

##RSM for analyzing tailing factor for glycitein 

gly.tai.rsm <- rsm(tailing ~ SO(x1, x2, x3), data = gly.rsm) 

gly.tai.rsm 

summary(gly.tai.rsm) 

 

par(mfrow = c(1,3)) 

persp(gly.tai.rsm, ~ x1 + x2 + x3, at = summary(gly.tai.rsm)$canonical$xs,  

      contours = "col", col = rainbow(40),  

      zlab = "Tailing Factor",  

      xlabs = c("Methanol Concentration (%)", "Flowrate (mL/min)", "Temperature 

(oC)")) 

 

##RSM for analyzing N for glycitein 

gly.n.rsm <- rsm(n ~ SO(x1, x2, x3), data = gly.rsm) 

gly.n.rsm 

summary(gly.n.rsm) 

 

par(mfrow = c(1,3)) 

persp(gly.n.rsm, ~ x1 + x2 + x3, at = summary(gly.n.rsm)$canonical$xs,  

      contours = "col", col = rainbow(40),  

      zlab = "Theoretical Plates Number",  

      xlabs = c("Methanol Concentration (%)", "Flowrate (mL/min)", "Temperature 

(oC)")) 

 


