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ABSTRACT

Objective: The purpose of this study was to evaluate the antibacterial activity of chitosan, hydrolyzed coconut oil and their combination against 
Bacillus cereus and Escherichia coli.

Methods: The materials used in this study were powder of chitosan (obtained from prawn shell produced by Laboratory of Research Centre FMIPA 
University of Sumatera Utara) and virgin coconut oil (VCO) product of Siti Nurbaya-Indonesia. VCO was partially hydrolyzed by Lipozyme TL® IM 
(active at sn-1,3 position) and the result called hydrolyzed virgin coconut oil (HVCO). The bacteria used in this study were B. cereus and E. coli. The 
antibacterial activity of chitosan in 1% acetic acid and HVCO in dimethylsulfoxide was tested by Kirby–Bauer agar diffusion method using paper disc 
with diameter of 6 mm.

Results: The results showed that the minimum inhibitory concentration of chitosan against B. cereus and E. coli is at concentration of 0.05% with 
inhibition zone diameter of 6.86 mm and 7.56 mm, respectively. MIC of HVCO against B. cereus is at concentration of 0.25% with inhibition zone 
diameter of 6.40 mm, and against E. coli is at a concentration of 0.50% with inhibition zone diameter of 6.20 mm. The inhibition zone diameter of 
chitosan 0.05% and HVCO 0.25% in combination against B. cereus is 8.33 mm which is higher than half the sum of chitosan 0.05% and HVCO 0.25% 
(6.63 mm). The inhibition zone diameter of chitosan 0.05% and 0.5% HVCO in combination against E. coli is 8.53 mm which is higher than half the 
sum of chitosan 0.05% and HVCO 0.5% (6.53 mm).

Conclusion: The findings of this study indicate that chitosan is more antibacterial than HVCO, and the interaction between chitosan and HVCO in 
combination demonstrated to be synergistic against B. cereus and E. coli.
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INTRODUCTION

Indiscriminate use of antibiotics may result in antibiotic resistance due 
to the evolutionary adaptation of bacteria, and the antibiotics resistance 
becomes a threat among medical community. Therefore, there is a need 
for continuous study to discover new antimicrobial compounds with 
novel mechanisms of activity to treat new infection. Therefore, more 
studies are turning to explore antimicrobial agents from plant origin. 
Essential plant oils were tested and revealed to be active against biofilm 
forming methicillin-resistant Staphylococcus aureus and mecA protein 
of methicillin-resistant S. aureus [1,2].

Coconut oil has been used in health promotion, diseases prevention, and 
medication [3,4]. Coconut oil composed of medium chain fatty acids, it is 
hydrolyzed by lingual and gastric lipase into free fatty acids and directly 
delivered into the liver through the portal vein and quickly oxidized to 
produce energy and increases metabolism and was demonstrated to 
enhance stamina [5]. Coconut oil was reported to be more effective in 
burn wound healing than Bioplacenton®, a pharmaceutical dosage form 
used for the treatment of burns is in the form of gel containing bovine 
placenta extract and antibiotic neomycin and water [6]. Monolaurin and 
lauric acid are natural virucidal and bactericidal agent can be generated 
by partial hydrolysis of coconut oil [7,8].

Triglyceride and diglyceride are not active as antibacterial, but 
fatty acids and monoglycerol esters (monoglyceride) are potential 
antibacterial agents. Antibacterial activity of fatty acids is influenced by 
chain length and unsaturation. Lauric acid (C12:0) is the most active 
among the saturated fatty acids against Gram-positive microorganism. 
Monoenoic acid (C18:1) is more active than long saturated fatty acid 
(C16:0), but less active than dienoic acid (C18:2). Of the monoglycerol 

esters, monoglycerol laurate (monolaurin) is the most active [7,9-11]. 
Enzymatic hydrolysis was applied to partially hydrolyze coconut oil 
to produce lauric acid and monolaurin and demonstrated to be more 
effective toward pathogenic bacteria (Salmonella) than probiotic 
(Lactobacillus) [11].  Monolaurin and lauric acid are potent antimicrobial 
by damaging plasma membrane lipid, and antibacterial action is higher 
toward Gram-positive microorganism [7,8].

Chitosan is polysaccharide composed of D-glucosamine as monomer 
linked with β-(1,4) glycosidic bond. Although various theories have 
been proposed to explain the mechanism of the antibacterial activity of 
chitosan, intercellular leakage hypothesis is widely accepted. Positive 
charge of chitosan binds to the negative charge of the bacterial surface 
leading to altered membrane permeability resulting in leakage of 
intracellular constituents causing cell death. Therefore, the antibacterial 
activity of chitosan is limited to the acidic condition due to the loss of 
positive charge of the amino group at neutral pH. The positive charge 
on the C-2 of the glucosamine monomer below pH 6, chitosan is more 
soluble and has antimicrobial activity [12]. Antibacterial action of 
chitosan to the bacterial suspension seemed to have a stronger impact 
on the Gram-negative Escherichia coli than on the Gram-positive 
S.  aureus in terms of the leakage of enzymes. It is also revealed that 
the antibacterial action of chitosan not only involves a reaction the 
cell wall of the bacteria, but that it may also affect the structure of the 
phospholipid bilayer in the cell membrane resulting in the release of 
some of the cellular components [13-16].

Bacillus cereus and E. coli are gastrointestinal pathogenic bacteria that 
may cause diarrhea. This infection is usually treated with antibiotic and 
body fluid normalization. However, the frequent and indiscriminate use 
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of antibiotic may result in antibiotic resistance and hence the infection 
becomes more problematic [17-21]. The use of antibacterial agents 
in combination is a valuable alternative to delay or prevent antibiotic 
resistance [20,22]. Free fatty acids mainly lauric acid and monoglycerides 
dominated by monolaurin that can be derived from coconut oil virgin 
coconut oil (VCO) are active as antibacterial by destroying lipid-coated 
bacteria. Chitosan is also active by altering membrane permeability 
resulted in membrane leakage causing cell death [7,8,12] Therefore, the 
combination of chitosan and hydrolyzed coconut oil is hypothesized to be 
synergistic. The aim of this study was to examine the antibacterial activity 
of hydrolyzed coconut oil and chitosan and their interaction against 
Gram-positive bacteria B. cereus and Gram-negative E. coli. Antibacterial 
test used was Kirby–Bauer diffusion agar method using the paper disc.

METHODS

Apparatus used in this study including analytical balance (sartorius) 
hot plate (Heidelberg, Germany), autoclave (Fisons), oven (Memmert), 
spectrophotometer (Shimadzu, Japan), incubator (Memmert), laminar 
air flow cabinet (Astec HLF I200 L), refrigerator (Toshiba), micro pipet, 
water bath, petri dish, paper disc with 6  mm in diameter (Oxoid), 
magnetic stirrer, separating funnel, burette, and glass wares.

All chemicals used were pro analysis grade product of E. Merck 
(Germany) including potassium and sodium hydroxide, n-hexane, 
methanol, ethanol, hydrochloride acid, calcium chloride, tris-
hydroxymethylaminomethane (Tris-HCl), anhydrous sodium sulfate, 
dimethylsulfoxide (DMSO) (Merck), acetic acid, phenolphthalein, 
and lypozyme TL IM. Tris-HCl buffer solution with the pH of 8 was 
prepared by dissolving 12.11  g Tris-HCl in 4.2  ml concentrated HCl 
and the mixture was made to 100  ml with distilled water. Solutions 
of HCl of 0.5  N, KOH of 0.5 N, calcium chloride of 0.063 M, and 1% 
phenolphthalein in alcohol, acetic solution were prepared according to 
the procedure described in Indonesian Pharmacopeia [23].

Materials used in this study were chitosan powder produced and obtained 
from Research Laboratory Faculty of Mathematics and Natural Sciences 
University of Sumatera Utara Medan Indonesia, coconut oil was the VCO 
product of Siti Nurbaya Indonesia. The medium used were Nutrient Broth 
(NB), and Mueller Hinton Agar (MHA) from Oxoid. Preparation of these 
media used as described in Difco Laboratory Manual [24]. Tested bacteria 
were B. cereus (ATCC 14579) and E. coli (ATCC 8939).

Hydrolysis of VCO
Hydrolysis procedure was carried out as described by Silalahi et al. [11]. 
50 g of oil was placed in an Erlenmeyer of 250 ml, to which then 50 ml 
of water, 12.5 ml CaCl2 of 0.063 M, 25 ml buffer tris-HCl solution with 
pH of 8, and 500  mg lipozyme TL IM were added. The mixture was 
stirred to homogenous, then incubated at 40°C±0.5°C for 14 hrs, and 
was stirred for 10 minutes in every 1 hr during incubation. The result 
was transferred into separating funnel, extracted with 50 ml n-hexane 
which resulted in two layers. The upper layer (n-hexane fraction) 
was separated (filtrate-1). The bottom layer was extracted again with 
50 ml n-hexane and separated to obtain filtrate-2. Both filtrates were 
combined and to which anhydrous Na2SO4 added and allowed to stand 
for 15 minutes. It was evaporated on water bath to dryness to obtain 
hydrolyzed virgin coconut oil (HVCO). The acid value was determined in 
by transferring 5 g sample into an Erlenmeyer of 200 ml. Added 25 ml 
neutral alcohol of 95%, then warmed for 10  minutes on water bath 
while stirred. Then, solution obtained was titrated with KOH of 0.1 N 
using phenolftalein of 1% in alcohol as an indicator. The end-point of 
titration was when the pink color appeared and then the acid value was 
calculated [11].

Acidvalue=
A N 56.1

G

× ×

A= Total volume of ml KOH used for titration
N= Normality of KOH solution
G= Weight of hydrolyzed oil (gram).

Preparation of chitosan and HVCO solutions
Chitosan was dissolved in 1% acetic solution with concentration of 
2.0; 1.5; 1.0; 0.18; 0.16; 0.14; 0.12; 0.10; 0.09; 0.08; 0.07; 0.06; 0.05; 
0.04; 0.03; 0.02; and 0.01% (v/v). HVCO was dissolved in DMSO with 
concentration of 100; 75; 50; 25; 10; 8; 6; 4; 2; 1; 0.75; 0.50; 0.25 and 
0.10% (v/v).

Inoculum preparation
A colony of B. cereus and E. coli were taken by sterile loop, then planted 
on the slant agar media by scratching, then incubated in incubator at 
32-35°C for 24 hrs. Inoculum was prepared by transferring bacteria 
from culture media, then planted in NB media, then incubated for 
3-5 hrs, until the transmittance was 25% (total bacteria of 106 cfu/ml) 
measured at wavelength of 580 nm [11,23].

Antibacterial activity test of chitosan and HVCO
The amount of 0.1 ml inoculum was placed in sterile petri dish, to which 
15  ml MHA was poured at 40-50°C, then the petri dish was agitated 
on the table so the media and bacterial suspension mixed well and 
allowed to solidify. Paper disc was impregnated with the tested material 
for ±15  minutes. Impregnated paper disc was placed on solidified 
media, then allowed to stand for ±15, then incubated at 35±2°C for 
18-24 hrs [11]. Antibacterial activity test also was conducted on solvent 
acetic acid solution (1%). Similarly, a test also conducted on tetracycline 
as positive control and acetic acid solution and DMSO as negative 
control. Diameter of clear area around each paper disc was measured 
as inhibition zone for each tested material. The lowest concentration of 
tested solution that is still active to inhibit bacterial growth indicated by 
measurable clear area around the paper disc, and this concentration is 
called as minimum inhibitory concentration (MIC) [25].

Antibacterial activity test of chitosan and HVCO in combination
Antibacterial activity of containing chitosan and HVCO in combination 
was determined. Solutions containing chitosan at 0.05% (MIC of 
chitosan) and various concentration of HVCO were prepared. These 
solutions included (1) solution of 0.05% chitosan and 0.25% HVCO, (2) 
solution of 0.05% chitosan and 0.5% HVCO, (3) solution of 0.05% 
chitosan and 0.75% HVCO, (4) solution of 0.05% chitosan and 1.0% 
HVCO. Antibacterial test of these solutions was tested by procedure as 
described above. Antibacterial action of combination was quantitatively 
determined by the method described in previous studies [25].

X =
Inhibition zone of chitosan + Inhibition zone of HVCO

2

Y= Inhibition zone of combination
Y-X= + (positive)= Synergistic effect

The synergistic effect was also qualitatively evaluated by Kirby–Bauer 
diffusion agar method. Impregnated paper disc of chitosan and of 
HVCO were placed in the prepared media at a distance equal to the 
sum of the zone radii of inhibition of each tested materials when tested 
separately, then allowed to stand for ±15 minutes and then incubated 
at 35°C±2°C for 18-24 hrs and then the interface of zone was examined. 
Synergistic effect is indicated by bridging at junction of two zones of 
inhibition [26].

RESULTS AND DISCUSSION

Degree of hydrolysis of coconut oil
Acid value is a measure for total of free fatty acid contained in oil or fat 
which is defined as the number of milligrams of potassium hydroxyde 
required to neutralize the free fatty acids in 1 g of the sample. In this 
study, enzymatic hydrolysis was carried out on VCO. Acid value of 
hydrolyzed oil was determined after complete hydrolysis by lipase 
enzyme for 14 hrs [8]. Acid values of the HVCO were 167.9 mg KOH/g, 
which is lower than saponification value (~250) in which all the fatty 
acids in triglycerides (in coconut oil) is saponified or hydrolyzed [27]. 
This is to indicate that only about 65% (two-thirds) of the total fatty 
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acids present in the oil because enzyme used in this experiment 
specifically active only sn-1,3 positions in triglyceride molecule. The 
hydrolyzed coconut oil composed or a mixture of free fatty acids and 
2-monoglycrols mainly lauric acid and monolaurin mixture. This 
combination is potent antimicrobial agent [7].

Antibacterial activity of chitosan
Typical inhibition zone to evaluate the antibacterial activities of chitosan 
at various concentrations in 1% acetic acid against B. cereus and E. coli 
was carried out by measuring diameter of paper disc diameter in agar 
media and the results is presented in Fig. 1 and Table 1.

As can be seen in Table 1, MIC of chitosan against B. cereus and E. coli 
were 0.05% with diameter of inhibition zone were 6.86  mm and 
7.56  mm, respectively. These values are higher than inhibition zone 
diameter by the solvent used (acetic acid 1%) against B. cereus and 
E. coli were 6.30 and 6.20  mm. Antibacterial activity of chitosan at a 
concentration of 0.18-2.0% tend to decrease. This could be due to the 
chitosan molecule size because as the concentration increase in acetic 
acid 1%, the solution become more viscous; hence, it is more difficult to 
diffuse in the agar medium [13,28].

The range of MIC of chitosan was 0.05-0.1% depending on the type 
of bacteria and molecular weight of chitosan and different bacterial 
growth [14,29]. Chitosan is more active against Gram-negative bacteria 
E. coli than Gram-positive B. cereus, and the similar results were 
reported by previous studies [15,16]. Cell wall hydrophilicity and the 
distribution of negative charge on the cell surfaces may also affect the 
antibacterial activity of chitosan [30].

Antibacterial activity of HVCO
Antibacterial activities of HVCO is determined by measuring the 
diameter of the transparent area around the paper disc in agar 
media of different concentrations, and the typical inhibition zone 
is presented in Fig. 2 and results of measurements are shown in 
Table 2.

Table 1: Effect of chitosan on antibacterial activity against 
B.  cereus and E. coli

Chitosan in 1% acetic 
acid solution (%)

Inhibition zone 
diameter (mm)±SD; n=3

B. cereus E. coli
Blank (acetic acid 1%) 6.30 6.20
Positive control 
(tetracyclin 30 µg)

12.70 12.60

2.00 6.23±0.15 6.26±0.12
1.50 6.26±0.21 6.43±0.12
1.00 7.60±0.17 7.80±0.26
0.80 7.93±0.15 7.83±0.15
0.60 7.86±0.12 8.06±0.12
0.40 7.93±0.12 8.46±0.15
0.20 8.30±0.20 8.93±0.06
0.18 8.43±0.12 8.80±0.17
0.16 8.46±0.15 8.63±0.21
0.14 8.33±0.15 8.46±0.35
0.12 8.40±0.15 8.33±0.15
0.10 8.23±0.25 8.26±0.06
0.09 8.06±0.26 8.26±0.25
0.08 7.80±0.10 8.23±0.06
0.07 7.56±0.15 8.16±0.15
0.06 7.33±0.15 7.96±0.15
*0.05 6.86±0.12 7.56±0.31
0.04 6.10±0.21 6.13±0.07
0.03 ‑ ‑
0.02 ‑ ‑
0.01 ‑ ‑
Data are the average of three replicates; ‑: Diameter of paper disc (6 mm). 
*Minimum inhibitory concentration of chitosan against tested bacteria. 
B.  cereus: Bacillus cereus, E. coli: Escherichia coli

Fig. 1: Inhibition zone diameter of chitosan 0.12% (A); 
chitosan 0.14% (B); chitosan 0.16% (C); chitosan 0.18% (D); 

chitosan 0.2% (E)

Fig. 2: Inhibition zone diameter of hydrolyzed virgin coconut oil 
(HVCO) 10% (A); HVCO 25% (B); HVCO 50% (C); HVCO 75% (D); 

and HVCO 100% (E) toward tested bacteria

MIC of HVCO on tested bacteria was different. HVCO was more 
active toward B. cereus shown by MIC of 0.25% with diameter of 
6.40  mm, whereas MIC of HVCO was 0.50% on E. coli with diameter 
of 6.20 mm. This result is comparable with results reported by previous 
researchers [8,10,19].

Antimicrobial action of HVCO was due to the free fatty acids and 
monoglycerides in the hydrolyzed VCO mainly lauric acid and 
monolaurin as results of partial hydrolysis of VCO by an enzyme that is 
active on sn-1,3 position in TAGs molecules [11].

Antibacterial activity of chitosan and HVCO in combination
The antibacterial action of chitosan and HVCO in combination was 
conducted on solutions containing chitosan of 0.05% and different 
concentrations of HVCO, and the result is presented in Fig. 3. The effect 
of the combination was evaluated by measuring of inhibition zone 
diameter and then compared with the sum of inhibition zone of each 
tested material divided by 2 as presented in Tables 3 and 4.

Antibacterial activity of chitosan and HVCO in combination was 
demonstrated to be synergistic indicated by positive values. As can 
be seen from Table 3, synergistic effect was increased with increasing 
concentration of HVCO in each combination against B. cereus. A similar 
trend was also demonstrated in the synergistic effect of chitosan 
and HVCO combination against E. coli as shown in Table  4. This was 
consistently shown by the higher inhibition zone caused by tested 
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materials in combination compared to the sum of inhibition zone of 
chitosan plus inhibition zone of HVCO divided by 2 for every combination.

For example, from Table  3, inhibition zone diameter of solution 
containing HVCO 0.25% and chitosan 0.05% in combination against 
B. cereus was 8.33  mm higher than the sum of half inhibition zone 
diameter of chitosan 0.05% plus that of HVCO 0.25% that was 6.63 mm. 
The degree of synergistic effect of the combination was quantitatively 
determined by the nominal value, that is the difference of inhibition 
zone of combination and the sum of inhibition zone of single agent 
divided by 2, and this difference is 8.33-6.63=1.70 mm.

Antimicrobial agent interaction between chitosan and HVCO in 
combination was also qualitatively evaluated by Kirby–Bauer diffusion 
method [25], and the results presented in Fig. 4.

Synergistic effect was shown by the formation of a bridge connecting 
the inhibition zone area between inhibition zones of the paper disc 

Table 3: Interaction effect of chitosan and HVCO combination on Bacillus cereus

Chitosan in acetic acid 1% HVCO in DMSO A+B
2

Combination Y‑X
(mm)

Interaction

Concentration
(%)

Inhibition zone
(mm)±SD (A)

Concentration
(%)

Inhibition zone
(mm)±SD (B)

Inhibition zone
(mm) (X)

Inhibition zone
(mm) (Y)±SD

0.05 6.86±0.15 1.0 8.10±0.17 7.48 10.13±0.21 2.65 +
0.05 6.86±0.15 0.75 7.46±0.15 7.16 9.43±0.15 2.27 +
0.05 6.86±0.15 0.50 6.86±0.15 6.86 8.70±0.10 1.84 +
0.05 6.86±0.15 0.25 6.40±0.06 6.63 8.33±0.15 1.70 +
+: Synergistic; Data are the average of 3 replicates. HVCO: Hydrolyzed virgin coconut oil, DMSO: Dimethylsulfoxide

Table 4: Interaction effect of chitosan and HVCO combination on Escherichia coli

Chitosan in acetic acid 1% HVCO in DMSO A+B
2

Combination Y‑X
(mm)

Interaction

Concentration
(%)

Inhibition zone
(mm)±SD (A)

Concentration
(%)

Inhibition zone
(mm)±SD (B)

Inhibition zone
(mm) (X)

Inhibition zone
(mm)±SD (Y)

0.05 6.86±0.15 1.0 6.90±0.10 6.88 9.63±0.15 2.75 +
0.05 6.86±0.15 0.75 6.63±0.06 6.75 9.13±0.12 2.38 +
0.05 6.86±0.15 0.50 6.20±0.10 6.53 8.53±0.15 2.00 +
+: Synergistic; data are the average of 3 replicates. HVCO: Hydrolyzed virgin coconut oil, DMSO: Dimethylsulfoxide, SD: Standard deviation

Fig. 3: Zone inhibition diameter of chitosan and hydrolyzed 
virgin coconut oil (HVCO) in combination; chitosan 0.05% and 
HVCO 1.0% (A); chitosan 0.05% and HVCO 0.75% (B); chitosan 

0.05%and HVCO 0.50% (C); chitosan 0.05% and HVCO 0.25% (D)

Fig. 4: Synergistic effect of hydrolyzed virgin coconut oil 1% 
(A) and chitosan 0.05% (B) in combination indicated by the 

formation of a bridge between inhibition zones

Table 2: Effect of HVCO concentration on growth inhibition of 
B.  cereus and E. coli

HVCO concentration (%) Inhibition zone 
diameter (mm) (n=3)

B. cereus E. coli
Blank (DMSO) ‑ ‑
Positive control (tetracyclin 30 µg) 12.70 12.60
100 14.33±0.25 13.40±0.10
75 13.56±0.12 12.73±0.21
50 12.96±0.21 11.53±0.15
25 11.73±0.15 10.13±0.10
10 10.90±0.10 9.60±0.10
8 10.40±0.20 9.13±0.15
6 9.76±0.15 8.33±0.15
4 9.33±0.15 8.06±0.12
2 8.63±0.15 7.40±0.10
1 8.10±0.17 6.90±0.10
0.75 7.46±0.15 6.63±0.06
*0.50 6.86±0.15 6.20±0.10
**0.25 6.40±0.06 ‑
0.1 ‑ ‑
Data are the average of three replicates; ‑: Diameter of paper disc (6 mm). 
*MIC of HVCO against E. coli. **MIC of HVCO against B. cereus. MIC: Minimum 
inhibitory concentration, B. cereus: Bacillus cereus, E. coli: Escherichia coli, 
HVCO: Hydrolyzed virgin coconut oil, DMSO: Dimethylsulfoxide
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containing HVCO 1% (A) and chitosan 0.05% (B) when planted in the 
distance of the sum of inhibition zone of each tested material as shown 
in Fig.  4. This was due to the combined effects of both antimicrobial 
agents. When the chitosan and HVCO diffused within the media and 
then their combination or mixture becomes more active [25].

CONCLUSION

Antibacterial activity of chitosan is more active (MIC of 0.05%) than 
HVCO (MIC of 0.25%) against tested bacteria. HVCO is more active 
(MIC of 0.25%) toward B. cereus than (MIC of 0.50%) against E. coli. 
The present results indicate that antibacterial activity of chitosan and 
HVCO combination demonstrated to be synergistic against B. cereus and 
E. coli.
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