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This study aims to optimize the incubation time and enzyme
concentration of lipase from Aspergillus niger for the extraction of fatty
acids from virgin coconut oil. It also evaluates the antibacterial activity
of the extracted samples against Staphylococcus Aureus and Methicillin-
Resistant Staphylococcus Aureus using the agar diffusion method. The
results show fatty acids extracted using lipase at an enzyme
concentration of 1.5% and an incubation time of 48 hours achieved a
hydrolysis degree of 20.88%. These sample demonstrated strong
antibacterial activity against S. aureus and Methicillin-Resistant
Staphylococcus Aureus when compared to chemical methods and the
commercial antibiotic Vancomycin. Importantly, the fatty acids extract
showed a lower minimum inhibitory concentration against Methicillin-
Resistant Staphylococcus Aureus than S. aureus (0.313% vs 1.25%).
These findings suggest that enzymatically extracted fatty acids offer a
sustainaible and efective antibacterial alternative, particularly valuable
in addressing antibiotic-resistant infection.

PANH GIA HOAT TiNH KHANG KHUAN CUA CHIET XUAT AXIT BEO TU
DAU DUA VIET NAM BANG ENZYM LIPASE TU NAM ASPERGILLUS
NIGER TRONG PIEU TRI VI KHUAN KHANG KHANG SINH
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Dau dira nguyén chat
Lipase

Aspergillus Niger
Khang khang sinh

Staphylococcus Aureus

Nghién ciru nay nham t6i uwu hoa thoi gian 0 va ndng do enzyme Lipase
tir Aspergillus niger dé chiét xuat axit béo tir dau dira nguyén chét. Cac
mau chiét xut duge danh gia hoat tinh khang khudn déi voi vi khuan
Staphylococcus aureus va Staphylococcus aureus khdang Methicillin
bang phuong phap khuech tan trén thach. Két qua cho thiy axit béo dugc
chiét xuat bang lipase & ndng d6 enzyme 1,5% va thoi gian u 48 giv dat
mirc d6 thity phan 20,88%, thé hién hoat tinh khang khuan manh déi véi
S. aureus va Staphylococcus aureus khang Methicillin khi so sanh voi
phuong phap hoa hoc va khang sinh thuong mai Vancomycin. Dang chi
¥, chiét xuét axit béo cho thay nong do trc ché ti thiéu thap hon ddi véi
Staphylococcus aureus khang Methicillin so voi S. aureus (0,313% so
v6i 1,25%). Nhimg phat hién nay cho thiy cic acid béo duge chiét xuat
bang phuong phap enzym 1a mot giai phap khang khuan hiéu qua va bén
virng, dac biét co gia tri trong viéc diéu tri cac nhiém trung do vi khuan
khang khang sinh gay ra.
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1. Introduction

Acne and eczema are two of the most prevalent dermatological conditions in Vietnam, affecting
a significant portion of the population [1]. A primary contributing factor to these skin disorders is
an imbalance in the skin microbiome, which facilitates the overgrowth of Staphylococcus aureus
(S.aureus) in affected individuals, compared to those with healthy skin [2]. Infected acne is
commonly treated with topical antibiotics, such as clindamycin combined with benzoyl peroxide
(Ancaya, Duac) or erythromycin with benzoyl peroxide (Benzamycin). For severe cases, systemic
therapies involving oral antibiotics and anti-inflammatory agents are required. However, when
multiple treatment regimens fail to yield improvement, persistent acne may be attributed to the
emergence of antibiotic-resistant bacteria-often referred to as superbugs. A prominent example is
Methicillin-Resistant Staphylococcus aureus (MRSA), which has evolved mechanisms to resist a
broad range of commonly prescribed antibiotics. One such mechanism includes the production of
B-lactamase, an enzyme that hydrolyzes the B-lactam ring, a core structural component of
antibiotics like penicillins and cephalosporins [3]. This enzymatic action renders these antibiotics
ineffective, enabling MRSA to survive treatments with penicillin, tetracycline, and clindamycin.
As a result, treating MRSA infections now necessitates the use of more potent and expensive
antibiotics, such as Vancomycin and Daptomycin, which also require careful monitoring to avoid
toxicity and prevent further resistance development. MRSA can spread from infected skin lesions
to surrounding healthy skin, intensifying acne outbreaks. It can also be transmitted to other
individuals through direct contact or shared personal items, highlighting its significant public
health risk. Given the increasing prevalence of MRSA-related infections, there is a growing
demand for alternative antimicrobial strategies. Natural antimicrobial agents are of particular
interest due to their potential efficacy, affordability, and lower risk of inducing resistance.

Vietnam is also among the world’s largest coconut producers, with the coconut industry playing
a crucial role in the national economy. Virgin coconut oil (VCO) has been widely used in food,
cosmetics, and traditional medicine. One of its key bioactive components is medium-chain fatty
acids (MCFAs), including lauric acid, capric acid, and caprylic acid, which exhibit strong
antimicrobial properties, making VCO a promising source of natural antibacterial agents [4], [5].
Various studies have explored extraction methods to enhance the antibacterial potential of coconut
oil-derived fatty acids. The two primary methods for obtaining fatty acids from VCO are chemical
and biological processes. Chemical methods (saponification) offer high extraction efficiency but
may compromise bioactivity due to the use of harsh chemicals [6]. In contrast, biological methods
(enzymatic hydrolysis) are considered environmentally friendly and may yield bioactive
compounds with enhanced efficacy [7], especially helping to preserve the integrity of bioactive
components compared to other methods [8]. However, comparative studies on the antibacterial
effectiveness of fatty acids extracted via these two approaches remain limited.

Lipases are the key enzymes responsible for lipid hydrolysis, and they can be classified into
three main groups based on their origin: microbial, plant and animal sources. While plant- and
animal-derived lipases exhibit high hydrolytic efficiency, their industrial applications remain
limited due to high production costs and complex extraction processes. In contrast, microbial
lipases, particularly those from bacteria and yeast, are easier to produce, more cost-effective, and
offer greater stability than their plant and animal counterparts [9]. Bacterial lipases primarily
hydrolyze long-chain fatty acids [10], whereas yeast lipases favor short- and medium-chain fatty
acids [11]. Several yeast-derived lipases, such as Candida rugosa, Candida antarctica, Candida
cylindracea, and Yarrowia lipolytica, have been widely applied in industrial processes.
Additionally, filamentous fungi such as Aspergillus niger (A.niger) hold significant potential for
lipase production. This species is known for secreting various extracellular enzymes, including
amylases, cellulases, and particularly lipases [12]. Although A. niger lipase has demonstrated
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potential applications in the food, biotechnology, and lipid-processing industries, its use in coconut
oil hydrolysis remains largely unexplored.

This study aims to investigate the hydrolysis conditions (time and concentration) for VCO using
lipase enzymes derived from A. niger. Additionally, the antibacterial activity of the resulting fatty
acids (FA) will be investigated against S. aureus and MRSA strains, compared with those obtained
through conventional chemical methods. The goal of this research not only contributes to enhancing
the economic value of coconut oil but also assess the potential of enzymatic-derived FAs as effective
natural alternatives for treating antibiotic-resistant skin infections, thereby contributing to the
development of cost-effective and sustainable therapeutic solutions.

2. Materials and methods
2.1. Chemical agents

Virgin coconut oil (VCO) was supplied by Luong Quoi Coconut Co., Ltd. (Ben Tre Province,
Vietnam). Lipase derived from Aspergillus niger (CAS 9001-62-1; 100g) was purchased from Oxford,
India. The main chemicals used in this study were potassium hydroxide (KOH), hydrochloric acid
(HCI), sodium dihydrogen phosphate dihydrate (NaH2PO4-2H20), disodium hydrogen phosphate
dodecahydrate (Na:HPOa4-12H20), absolute ethanol (C:HsOH), anhydrous sodium sulfate (NaSOs),
phenolphthalein (C20H140a4), n-hexane, and other reagents purchased from GHTECH (China).

2.2. Fatty acid extraction by chemical hydrolysis

The procedure for obtaining the fatty acid mixture of coconut oil involves several steps. Firstly,
VCO is combined with ethanol in a three-necked flask in a volumetric ratio of 2:1, followed by
gentle heating and stirring. To initiate chemical hydrolysis, an equal volume of 33% (w/v) sodium
hydroxide (NaOH) was added (1:1), and stirring continues at a speed of 550 rpm until complete
dissolution of the solution. The solution is poured into a beaker containing hot saturated NaCl
solution and stirred until separation into layers with the appearance of a solid layer on the surface.
The solid layer was carefully separated and washed with distilled water, thendissolved again in hot
distilled water. To form the fatty acid mixture, 10% HCI is added to the solution until the pH 1.
After hydrolysis, the reaction mixture was cooled to room temperature, and the hydrolyzed fatty
acids were extracted using n-hexane. The organic layer containing free fatty acids was separated
from the aqueous phase using a separatory funnel [13].

2.3. Fatty acid extraction by biological hydrolysis

The VCO and gum arabic mixture (oil-to-water ratio = 1/6 (w/v); 12% gum arabic) was
emulsified at 10.000 rpm for 5 minutes. A phosphate buffer solution was then added at a 1:4 ratio.
The hydrolysis efficiency of lipase was evaluated at different concentrations. Next, the mixture
was stirred to fully dissolve the lipase powder. The hydrolysis reaction was incubated in a shaking
incubator for 2448 hours at 37 °C. The hydrolyzed FAs was neutralized by adding an excess
amount of KOH and separated with n-hexane. The FAs in the lower phase were converted back to
their free form by adding an excess amount of HCl 4N solution (pH < 2). FAs were then
continuously extracted using n-hexane and purified with a rotary evaporator to remove n-hexane

from the mixture [14]. The hydrolysis degree (HD) was calculated using the following formula:
1D = VKoH *Iféian*MFAS %) (1)
Where Vkon : volume of the potassium hydroxide (KOH) solution used for titration (mL);
nMxon: molar concentration of the KOH solution (mol/L); Mras : average molecular weight of the

fatty acids; m : mass of the sample (g).

http://jst.thu.edu.vn 403 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 230(13): 401- 409

2.4. Antibacterial activity evaluation

The antibacterial activity was evaluated using the agar well diffusion method. The study was
conducted on S. aureus and MRSA, a Gram-positive bacterial strain obtained from the Department
of Biotechnology, Faculty of Chemistry Engineering, Da Nang University of Science and
Technology. Bacterial suspension was prepared by dissolving bacterial colonies in Mueller-Hinton
Broth (MHB) to reach a final concentration of 10° CFU/mL. Different test samples were added to
corresponding wells on the agar plates, including: a negative control (DMSO 10% or n-hexane), a
positive control (Vancomycin 30 pg/mL), virgin coconut oil (VCO), and fatty acid extracts at
various dilutions in DMSO (100%, 50%, 25%, 10%) from both enzymatic and chemical extraction
methods. The samples were allowed to diffuse into the medium for 2 hours at room temperature,
and results were recorded after 24 hours of incubation at 37 °C [13]. The antibacterial activity of
the FAs samples using the agar diffusion method was determined using the following formula:

DK(mm)=D —d 2)
Where D: diameter of the sterile zone, d: diameter of the agar hole.

2.5. Determination of the minimum inhibitory concentration (MIC)

The bacterial suspension was diluted in MHB to a final concentration of 10° CFU/mL. Each
well of a 96-well plate was filled with 50 uL of the bacterial suspension and 50 puL of the 10% acid
sample, along with acid at various diluted concentrations. A separate control was prepared for color
change comparison by replacing the bacterial suspension with the medium. The negative control
containe DMSO 10% and the bacterial suspension, while the positive control included Vancomycin
30pg/mL and the bacterial suspension. The plate was incubated at 37°C for 24 hours. After
incubation, 30 pL of 0.015% resazurin was added to each well, followed by an additional 2 hours
of incubation at 37°C. The color change in the wells was then observed, and the MIC value was
recorded [15].

2.6. Experiment analysis

The variability degree of results was expressed in form of means+ standard deviation
(mean+ SD) based on triplicates determinations (n=3 for replicate plates). The data were
statistically analyzed by one-way ANOVA analysis and compared using the least significant
difference (LSD) test at p < 0.0001(****). It was done to compare between control and treatments,
no statistically significant difference (ns).

3. Results and discussions

3.1. Evalulation of incubation time and concentration of lipase from Aspergillus Niger on the
hydrolysis process

Figure 1 illustrates the effect of lipase concentration and incubation time on the hydrolysis
degree percent (HD%) of coconut oil using lipase from A.niger. The experiment was conducted
with enzyme concentrations ranging from 0% to 2.5% (w/w), and the HD was measured at 24 and
48 hours of incubation. The results indicate that HD% increased with enzyme concentration,
showing a positive correlation between lipase concentration and the extent of hydrolysis. At 0%
enzyme concentration, minimal hydrolysis was observed, confirming that enzymatic activity is
essential for FAs liberation. As the enzyme concentration increased, HD% progressively improved,
reaching its peak at 2.5% enzyme concentration. Furthermore, the incubation time significantly
influenced the hydrolysis process. At all enzyme concentrations, HD% was consistently higher at
48 hours compared to 24 hours, indicating that prolonged incubation allows for more extensive
hydrolysis. However, the rate of increase in HD% between 24 and 48 hours appeared to diminish
at higher enzyme concentrations, suggesting that the reaction may be approaching saturation
beyond a certain threshold.
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These findings suggest that both enzyme concentration and incubation time play crucial roles
in optimizing the hydrolysis of coconut oil, with 2.5% lipase concentration and 48 hour incubation
yielding the highest HD%. In conclusion, lipase concentration of 1.5% and incubation time of 2
hours were selected and used for subsequent experiments.

The results show that the hydrolysis efficiency is only moderate when compared to previously
published studies that employed lipases from other microbial sources [16]. The optimal conditions
for the hydrolysis process (buffer ratio, buffer pH, hydrolysis incubation time, etc.) also need to be
further studied in order to enhance the extraction of FAs from VCO using 4. niger lipase.
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Figure 1. Hydrolysis degree (HD%) of VCO at differnd Lipase concentration with incubation time 24 and 48 hour

3.2. Fatty acid extracts from VCO by Lipase from Aspergillus niger exhibits a high Antibacterial
Activiy on Staphyloccocus Aureus

Staphylococcus aureus (S. aureus) is a harmful microorganism responsible for skin diseases
such as eczema and is also a contributing factor in exacerbating dermatological conditions like
psoriasis and acne [17]. Therefore, controlling S. aureus on the skin may help reduce the severity
of these conditions. This study focuses on evaluating the antibacterial activity of FAs samples
extracted from coconut oil using enzymatic and chemical methods against S. aureus, as well as
virgin coconut oil (VCO), using the agar well diffusion method. Since the FAs were extracted using
n-hexane, this solvent was used as a negative control. In all antibacterial assays, Vancomycin (30
ug) was used as a positive control.

Figure 2.a and 2.d illustrate that Vancomycin, a commercially available antibiotic, exhibited
strong antibacterial activity with an inhibition zone diameter of 19 mm and he negative control (#-
hexane) showed no inhibition zone confirming that the antibacterial activity observed in the test
samples was due to their bioactive properties. While VCO did not produce a clear inhibition zone;
however, FAs extracted via chemical hydrolysis (CH-100) exhibited antibacterial activity with an
inhibition zone of 6 mm. Notably, FAs extracted via Enzymatic hydrolysis (EH-100) using lipase
from A. niger demonstrated the highest antibacterial activity, equivalent with Vancomycin, with
an inhibition zone diameter of 20 mm.

To optimize cost-effectiveness for industrial applications, it is crucial to select a lower
concentration that retains antibacterial activity. Therefore, in this experiment, FAs samples
extracted via the enzymatic (Figure 2.b) and chemical method (Figure 2.c) were diluted to 100%,
50%, 25%, and 10% using DMSO 10% as a solvent. Consequently, DMSO 10% was used as the
negative control in this study. The experience was repeated 3 times and the summary results
showed in Figure 2.d. This indicates that FAs extracts at all tested concentrations exhibited
antibacterial effects against S. aureus. While the concentration of FAs extracted using the chemical
method was reduced by half (from 100% to 50%), the diameter of the inhibition zone remained
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unchanged (6 mm). However, for an inhibition zone of 20 mm at 100% concentration, the FAs
extracted using the enzymatic method exhibited a proportional decrease in inhibition zone size with
decreasing concentration. At a concentration of 10%, the antibacterial activity of FAs extracted
using the enzymatic method was approximately equivalent to that of FAs extracted using the
chemical method at 100%. This results indicates that the FAs extracted by the enzymatic extraction
exhibits superior antibacterial efficacy compared to the chemical method, providing valuable
insights for cost-effective formulation strategies in pharmaceutical and cosmetic applications.
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Figure 2. Antimicrobial activity against S.Aureus of Virgin Coconut Oil (VCO), FAs extract by
enzymatic hydrolysis (EH) and chemical hydrolysis (CH) at 100% (a) and EH (b), CH (c) at different
concentration, Control (+): Vancomycin, Control (-): n-hexane or DMSO; Summary graph (d)

3.3. Fatty acid extracts from VCO by Lipase from Aspergillus niger exhibits a high antibacterial
activiy on Methicilin-Resistance Staphyloccocus Aureus

The next aim of study was to assess their potential for FAs extracts in the treatment of antibiotic-
resistant infections, Methicillin-Resistant Staphylococcus aureus (MRSA) - a highly resistant
pathogen causing serious skin and soft tissue infections, offering a promising natural alternative to
conventional antibiotics.

The antibacterial activity against MRSA of FAs extracted via chemical hydrolysis (CH) and
enzymatic hydrolysis (EH) at, as well as unprocessed VCO, was compared. Figures 3.a and 3.d
showed that Vancomycin, a standard antibiotic, was used as a positive control exhibited the large
inhibition zone (20 mm), confirming its strong antibacterial activity. Figure 3.d indicates the
summary results of Figures 3.b and 3.c. This indicates the FAs extract obtained via enzymatic
hydrolysis at 100% concentration (EH-100) exhibited a significant inhibition zone (~21 mm),
comparable to vancomycin, indicating potent antibacterial activity. As the concentration of the
enzymatic hydrolysate decreased (EH-50, EH-25, EH-10), the inhibition zone progressively
reduced, demonstrating a dose-dependent effect. EH-50 still exhibited notable activity (~10 mm),
whereas EH-10 showed a much smaller inhibition zone (~5 mm), indicating a significant reduction
in antibacterial potency at lower concentrations. Meanwhile, the FAs using chemical hydrolysis at
100 and 50% (CH-100 and CH-50) exhibited significantly lower antibacterial activity than EH-
100, with inhibition zones of approximately 5—6 mm. Statistical analysis showed a significant
difference in antibacterial activity between enzymatic and chemical hydrolysis at equivalent
concentrations, suggesting that Enzymatic hydrolysis enhances the bioactive properties of the FAs
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(Figure 3.d). No statistically significant difference (ns) was observed between CH-100 and CH-50,
indicating that further dilution had minimal impact on antibacterial activity (Figure 3.d).
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Figure 3. Antimicrobial activity against MRSA of Virgin Coconut Oil (VCO), FAs extract by enzymatic
hydrolysis (EH) and chemical hydrolysis at 100% (a) and EH (b), CH (c) at different concentration,
Control (+): Vancomycin, Control (-): n-hexane or DMSO; Summary graph (d).

3.4. Comparison of MIC of FAs extract by enzymatic and chemical hydrolysis

Additionally, to confirm the antibacterial concentration, the Minimal Inhibitory Concentration
(MIC) test was also conducted. This assay determines the lowest concentration of the FAs extract
that effectively inhibits visible bacterial growth, providing a more precise evaluation of its
antimicrobial potency.

For S. aureus: FAs extracted via A. niger lipase hydrolysis exhibited a MIC of 1.25% (Figure
4.a), which is considerably lower than that obtained by chemical hydrolysis, 2.5% (Figure 4.c).
This indicates that the enzyme-mediated FAs extract exhibits stronger antibacterial activity at a
lower concentration, suggesting the potential of this method in controlling the growth of S. aureus.
For MRSA: The FAs extract obtained through 4. niger lipase hydrolysis demonstrated an MIC
0f 0.313%, showing superior antibacterial activity against methicillin-resistant bacteria (Figure
4.b) In comparison, the chemical hydrolysis method showed an MIC of 2.5%, highlighting the
significantly higher potency of lipase 4. niger in combating MRSA at much lower FAs
concentrations (Figure 4.d).

This highlighted result suggests that certain FAs present in the extract may have a more
pronounced disruptive effect on resistant bacterial strains, potentially due to differences in
membrane composition or biofilm-forming ability. While previous studies have proposed that
medium-chain fatty acids (MCFAs), such as lauric acid, can integrate into the phospholipid bilayer
and disrupt membrane integrity, we did not perform mechanistic assays (e.g., membrane
permeability, reactive oxygen species generation, or protein denaturation) to validate this in our
samples. Additionally, we have not yet identified the specific composition of the extracted FAs
that dominate in the extract obtained through enzymatic versus chemical methods, as well as
understanding the antibacterial mechanism against MRSA, is crucial for supporting future clinical
pharmaceutical applications. This is a significant limitation that may obscure the identification of
the most bioactive constituents.
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Figure 4. Resazurin-based 96-well plate microdilution method to determine MIC value of FAs extract by
enzymatic hydrolysis-EH (a, b) and chemical hydrolysis-CH (c, d) against S. aureus(a, c) or MRSA (b, d)

However, these results underscore the advantages of using 4. niger lipase in the hydrolysis of
virgin coconut oil to extract FAs with strong antibacterial properties, particularly against antibiotic-
resistant bacteria such as MRSA. This approach presents a promising development for the creation
of natural antibacterial products, offering a safe and effective alternative in pharmaceutical and
cosmetic applications.

4. Conclusions

One of the most innovative aspects of this research is the use of lipase from A. niger or enzymatic
hydrolysis of VCO to obtain FAs. While enzymatic hydrolysis has been studied extensively, lipase
from A. niger has not been widely used for this purpose despite being a cost-effective, readily
available enzyme. The use of A. niger lipase offers significant economic advantages over other
lipases, especially those derived from more expensive sources. The low cost of the enzyme, combined
with its high catalytic efficiency, makes this approach highly attractive for industrial applications,
particularly in natural skincare formulations. Our findings indicate that increasing the enzyme
concentration and incubation time significantly improves the hydrolysis degree and enhances the
release of bioactive FAs. Specifically, at an enzyme concentration of 1.5% and an incubation time of
48 hours, the hydrolysis degree reached 20.88%. These conditions resulted in an inhibition zone of
20 mm against S. aureus, a major cause of skin infections such as acnes, eczema, and other
dermatological conditions, which surpassed the efficacy of chemical methods (5 mm), meanwhile,
unprocessed VCO has not. Furthermore, FAs extracted via enzymatic hydrolysis also exhibited
potent antibacterial activity against Methicillin-Resistant Staphylococcus aureus , with an inhibition
zone of 21 mm, particularly MIC against MRSA is lower than S. aureus (0.313% vs 1.25%).

To conclude, this study highlights the superior antibacterial efficacy of enzymatically
hydrolyzed FAs, positioning them as a promising natural alternative for addressing antibiotic-
resistant infections. The findings underscore the potential of utilizing coconut oil-derived FAs as a
sustainable and effective solution in the fight against resistant bacterial strains. This approach
opens promising research direction for the development of natural antibacterial products, offering
a safe, eco-friendly, and potent alternative for pharmaceutical and cosmetic applications. However,
despite these positive results, certain limitations remain, warranting further research. Specifically,
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HPLC analysis is needed to identify and quantify the specific FAs within enzymatic hydrolysis
extract verus chemical methods. Moreover, assessing the antibiofilm activity against MRSA by
using FAs extract is essential for understanding the antibacterial mechanism and resistance in
antibiotic-resistant bacterial strains.
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