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Abstract Received June 23, 2025
Coconut milk possesses potential as promising plant-based milk, alternative ~ Accepted December 9, 2025
to animal milk. With the incorporation of bioactive-rich herbal leaves in  Published December 31, 2025
combination with fermentation, the coconut milk presents an opportunity

for better functional attributes, particularly antioxidant and antibacterial

activities. This research investigates the effects of fermentation (lactic acid  Antibacterial,

bacteria (culture)-mediated and spontaneous) and the addition of herbal Antioxidant,

leaves (cassava, bay, and guava) on the physicochemical and biofunctional = Coconut Milk,
properties of coconut milk drinks. Besides analysing antioxidant and  Functional
antibacterial activities, other parameters analysed in this study include pH, Beverage, Herbal

total acidity, soluble solids (°Brix), total dissolved solids (ppm), and viscosity.

This study finds that fermentation significantly reduced pH and the soluble

solids (°Brix) while increasing total acidity, viscosity, and dissolved solids

(ppm). It was also found that both fermentation and the addition of herbal

leaves had significant effect on the biofunctional properties of the coconut

milk drink in which they are found to enhance the antioxidant activity, with

guava leaves exhibiting the highest enhancement. Particularly in guava-

enriched formulations, the antibacterial properties were found to increase

after fermentation demonstrating notable efficacy against E. coli (up to 7.03

mm) and S. aqureus (up to 8.37 mm). This finding underscores the potential of

fermentation in combination with herbal leaves to enhance the potential of

plant-based milk.

The interest in plant-based functional beverages has gained attention in recent years,
which has led to research focused on providing safe and healthy plant-based food
alternatives. There have been many studies reported of high interest, especially in plant-
based milk, e.g., soy milk, almond milk, and coconut milk. Coconut milk, as one of the
healthy food ingredients, serves as a potential base for functional beverages due to its rich
nutritional profile, containing medium-chain triglycerides, essential vitamins, and minerals
(1,2). Due to the high nutrition in coconut milk, it can be a good substrate for microbial
fermentation. Fermentation can be applied to coconut milk as a strategy in the process of
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enhancing its functional properties, increasing shelf-life, and enriching its probiotic potential
(3).

Several studies have reported the fermentation of coconut milk using various lactic
acid bacteria (LAB) strains, such as Lactobacillus plantarum, Lactobacillus acidophilus, and
Streptococcus thermophilus. Fermentation has been found to enhance their antioxidant and
antibacterial activity (4-6). However, most of these studies still focused on the fermentation
process alone to improve its functional properties, without further investigating the
synergistic effects of other plants to see how the plant bioactive compounds can also alter
the active properties in fermented coconut milk. To the best of our knowledge, currently,
only a few studies have combined plant bioactive compounds with fermented coconut milk
to enhance probiotic survival and functional properties and improve health benefits.

Thus, this study was conducted to investigate the combined effect of fermentation
and the addition of herbal leaf extracts on the functional characteristics of coconut milk-
based fermented functional beverages. Many of the herbal leaves around the world have
been studied in their effect as antioxidant or antibacterial, include of them are cassava
leaves (Manihot esculenta), guava leaves (Psidium guajava), and bay leaves (Syzygium
polyanthum) that have been widely studied and shown to exhibit remarkable antioxidant
and antibacterial activities due to their high content of flavonoids, tannins, and phenolic
compounds. Cassava leaves are known to possess bioactive compounds such as alkaloids,
phenolics, flavonoids, tannins, triterpenoids, quinones, and steroids (7). Guava leaves
contain bioactive compounds such as quercetin, tannins, triterpenoids, eugenol, gallic acid,
kaempferol, and malic acid, while bay leaves contain bioactive compounds such as eugenol
and essential oils (8—11). However, its incorporation with coconut milk fermentation has not
been further explored. It was expected that the addition of herbal leaf extracts containing
bioactive compounds to fermented coconut milk beverages would increase antioxidant
activity, improve antibacterial properties, and alter the physicochemical characteristics of
fermented coconut milk beverages.

Especially with the incorporation of lactic acid bacteria culture fermentation, it is
expected that due to their ability to survive in plant-based substrates, metabolize
polyphenols, and increase bioactive compounds (12,13). They will also exhibit higher active
properties of the fermented product due to the production of metabolites (14,15). The goal
of this study is to find out how fermentation with lactic acid bacteria affects the antioxidant
and antibacterial properties of coconut milk functional drinks, how adding herbal leaves
affects the physical and chemical properties of fermented coconut milk, and whether the
bioactive compounds in herbal leaves and probiotics can work together to improve the
functional properties of coconut milk functional drinks. By achieving these objectives, this
study is expected to provide new insights into formulating plant-based functional
beverages, which can contribute to the development of probiotic-rich coconut milk
beverages with enhanced bioactive properties.

The materials utilized in this study included plant-based substrates grated coconut
from traditional market, bay leaves (Syzygium polyanthum), guava leaves (Psidium guajava),
and cassava leaves (Manihot esculenta) all harvested in Makassar, Indonesia. The microbial
strains employed comprised Staphylococcus aureus ATCC 25923, Escherichia coli ATCC
25922, and lactic acid bacteria isolated from fermented cabbage. Reagents and culture
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media used in the study included, 75% ethanol, tetracycline (as a positive control for
antibacterial test), de Man Rogosa and Sharpe Agar (MRSA, Merck), de Man Rogosa and
Sharpe Broth (MRSB, HiMedia), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 15% hydrogen
peroxide (H,0,), phenolphthalein indicator, potassium carbonate (K,COs), methanol
(Merck), sodium hydroxide PA (Merck), Mueller-Hinton Agar (Oxoid), sodium chloride
(Merck), Nutrient Agar (NA, Merck), and Nutrient Broth (NB, HiMedia).

The study utilized a factorial completely randomized design (CRD) with two
independent factors. The first factor was the type of herbal leaves, categorized into four
levels: control (no herbal leaf addition), cassava leaves, bay leaves, and guava leaves. The
second factor was the fermentation method, consisting of three levels: initial
(unfermented), spontaneous fermentation, and controlled fermentation using a starter
culture. Each treatment was performed in triplicate to ensure statistical validity and
experimental reproducibility.

The preparation of coconut milk followed the method described by (16), with
modifications. Grated coconut was mixed with distilled water at a 1:2 ratio. The mixture was
then manually squeezed and filtered through a fine cloth to obtain coconut milk.
Subsequently, 3% (w/v) sugar was added and homogenized. The coconut milk was then
pasteurized at 75°C for 15 minutes and stored in a sealed container at 4°C until further use.

The extraction of herbal leaves was performed following the method described by
(17), with modifications. Fresh herbal leaves (cassava leaves, bay leaves, and guava leaves)
were destemmed, cut small, and thoroughly washed with clean water to remove impurities.
The leaves were then homogenized using a blender at a 1:1 ratio w/v. The homogenate was
filtered and manually pressed using a filter cloth to obtain the extract. The resulting extract
was pasteurized at 75°C for 15 minutes, rapidly cooled to room temperature, and stored in
a hermetically sealed container at 4°C until further use.

The starter culture preparation was adapted from (18), with modifications. Purified
lactic acid bacterial isolates were cultivated in MRS broth (MRSB) and incubated at 37°C for
48 hours. Bacterial growth was indicated by a change in medium color to cloudy. The culture
was then centrifuged at 5000 rpm for 15 minutes, and the supernatant was discarded. The
resulting cell pellet was washed with sterile physiological saline (0.9% NaCl) and subjected
to a second centrifugation at 5000 rpm for 15 minutes. The final cell pellet was resuspended
in sterile physiological saline (0.9% NacCl), and the optical density (OD) was measured at 620
nm using a spectrophotometer (Faithful 722 Vis Spectrophotometer) until an OD value of
1.2 was reached.
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The fermentation process of functional beverages was adapted from (19), with
modifications. Each herbal leaf extract (cassava leaves, bay leaves, and guava leaves) was
incorporated into pasteurized coconut milk at a concentration of 30% (v/v). Subsequently,
5% (v/v) of the prepared starter culture was added and homogenized to ensure uniform
mixing. The mixture was then incubated at 37°C for 48 hours. Following fermentation, the
samples were process for analysis.

pH of the samples was measured using a digital pH meter (EZ-9908/686).

The total acid content was determined following the method outlined by (20). A 10
mL sample was precisely transferred into a 100 mL volumetric flask and diluted to the
calibration mark with distilled water. Out of it, 25 mL sample was then taken and
transferred into an Erlenmeyer flask. Subsequently, two drops of 1% phenolphthalein
indicator were added. The sample was then titrated with 0.1 N NaOH until a pink color
appeared. The total acid content was calculated using equation 1.

V1xN=x90

Total Acids = ————x Fp x 100% (1)
V2
Notes:
Vi = Volume NaOH (mL)
V2 = Volume sample (mL)
N = Normality NaOH (0.1)
Fp = Dilution Factor
90 = Mw of Lactic Acid

Total Soluble solid or total sugar (°Brix) was determined using a digital refractometer
(Hanna HI-96814), following the method described by (21). The °Brix value was recorded
from the digital display after measurement.

The total dissolved solids (TDS) content (ppm) was measured using a digital TDS
meter (EZ-9908/686). The electrode probe was then activated and immersed in the sample
until a stable reading was obtained and recorded.

Viscosity was determined using a digital viscometer (Brookfield RV-2M/2T
Viscometer). The spindle (serial number 1) was securely attached, and the device was
activated. The rotational speed was set to 30 rpm, and the spindle was immersed in a 100
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mL sample until it reached the indentation limit mark. The spindle was then allowed to
complete four full rotations before the viscosity value was recorded from the digital display.

Antioxidant activity was assessed using the DPPH radical scavenging assay, following
the method described by Hanum, Yurliasni, and Seutia (2022) (22). A stock solution was
prepared by dissolving 0.002 g of DPPH in 100 mL of methanol. 3.9 mL volume of 60 uM
DPPH solution was pipetted into a test tube, followed by the addition of 100 pL of the
sample. The mixture was homogenized and incubated in the dark for 30 minutes to prevent
photodegradation. The absorbance of both the samples and blank was measured at 515 nm
using a UV-Vis spectrophotometer (Faithful 722 Vis Spectrophotometer). The DPPH radical
scavenging activity was subsequently calculated using equation 2.

e A Blank — A Sample
% Inhibition = x 100% (2)
A Blank

Antibacterial activity was assessed using the disk diffusion method adapted from
Elzuhria et al. (2023) (23), with modifications. A loopful of Escherichia coli and
Staphylococcus aureus was inoculated into Nutrient Broth and incubated at 37°C for 48
hours to ensure optimal bacterial growth. The bacterial suspensions were then evenly
spread onto Mueller-Hinton Agar (MHA) plates using a sterile cotton swab to achieve a
uniform lawn culture. Sterile paper discs were impregnated with the test sample, sterile
distilled water (negative control), and tetracycline (positive control) for 1 minute. The discs
were subsequently placed onto the agar surface and incubated at 37°C for 24 hours.
Antibacterial activity was quantified by measuring the diameter of the inhibition zone (clear
zone) around each disc using a digital caliper. The samples showing larger zones indicate
greater bacterial growth inhibition.

The experimental data were subjected to statistical analysis using analysis of variance
(ANOVA) to evaluate significant differences among the tested samples. When ANOVA
indicated a statistically significant difference (p < 0.05), post hoc analysis was performed
using Duncan’s multiple range test to identify pairwise variations. All statistical analyses
were conducted using Microsoft Excel 2021 and SPSS 25.0.

During the fermentation process of lactic acid bacteria, sugar from the substrate is
metabolized into organic acids, especially lactic acid, contributing to the increase of total
acids and reduction of pH (24). In this study, pH and total acid were analysed to assess the
change in acidification and determine the organic acid accumulation in coconut milk-based
functional beverages before and after fermentation (Table 1).
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pH Total Acid (%)
Sample
Initial Spontaneous  Inoculated Initial Spontaneous  Inoculated
Control 5.717+0.21  3.26°+0.08 2.29°+0.03  0.25°+0.04 0.58°+0.04  0.84'+0.02

Cassava leaves 5.13°£0.07 3.39°+0.21 2.21°+0.05 0.38°£0.02 0.62%+0.02 0.938+0.04
Bay Leaves 5.12°+0.08  3.27°+0.01 2.34°+0.12 0.41°+0.02 0.61%+0.00 0.83'+0.05

Guava Leaves 5.53'+0.17  3.829+0.18 2.88°+0.10 0.31%+0.03 0.53°+0.07  0.66°+0.09

Fermentation of coconut milk-based functional beverages, whether spontaneous or
culture-driven, resulted in significant shifts in pH and total acid content, which are critical
indicators of microbial metabolic activity. The initial or non-fermented sample shows the pH
ranged from 5.12 to 5.71, differing with the difference of herbal leaves added, with the
control sample exhibiting the highest value. Fermentation, both spontaneous and
inoculated, led to a substantial pH reduction, with the highest acidification observed in the
culture-fermented cassava leaf (2.21) and bay leaf (2.34) drinks, suggesting that these
extracts may promote microbial acid production.

These findings emphasize the potential of particular herbal leaf extracts as
fermentation enhancers, offering new paths for producing functional beverages with
increased potential. Further characterization of microbial interactions and metabolite
synthesis may provide deeper mechanistic insights into their role in functional beverage
development.

The fermentation of coconut milk has been reported by several studies. Previous
study by Mauro and Garcia., (2019) (25), reported a similar result in which coconut milk
fermented with culture Lactobacillus reuteri DSM 17938 showed a significant increase in
acid production. The result found in this study indicates that controlled strains not only
dominate the fermentation environment but also drive the metabolism towards
acidification more effectively. Vitheejongjaeron, Phettakhu, Arsayot, and Taweechotipatr
(2024) (26) investigated the application of Lacticaseibacillus paracasei in coconut milk
fermentation and also reported a significant pH reduction. Deliberation inoculation not only
accelerated the fermentation process but also led to a decrease in the pH level, contributing
to the improvement of the flavor and preservation quality of the beverage.

Total soluble solid or total sugar, measured in degrees Brix (°Brix) represents the
concentration of soluble saccharides in a sample, which includes both reducing and non-
reducing sugars. The °Brix value primarily represents the primary sugar constituents of the
sample, which typically decrease during fermentation due to microbial metabolism. This
measure is widely used in food and beverage analysis as an indicator of sugar content and
overall product sweetness (27).

Total dissolved solids (TDS), measured in parts per million (ppm), indicate the total
concentration of organic and inorganic solutes present in a liquid matrix (28). TDS analysis
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was used in this study to monitor compositional changes in organic acids and other
dissolved components as a result of fermentation. Unlike °Brix values, which mostly
represent sugar concentration, TDS measurements provide a more comprehensive
assessment of dissolved components, particularly organic acids, which tend to rise as
fermentation occurs, resulting in higher TDS values.

The findings of total sugar (°Brix) and total dissolved solids (ppm) in coconut milk-
based functional beverages are presented in Table 2.

Total Sugar (°Brix) Total Dissolved Solids (ppm)
Sample
Initial Spontaneous Inoculated Initial Spontaneous  Inoculated
Control 5.4f+0.4 5.2f+0.3 5.0ef+ 0.5 2990°+ 13 26382+ 335 3316¢9+ 248
Cassava leaves 4.5d°+0.1 3.6aP+0.7 3.22+04 29380+ 21 32719+ 89 35809+ 214
Bay Leaves 3.9b¢+0.2 3.32v+0.2 3.33b+ 0.1 35969+ 30 41728+ 178 4825f+ 36
Guava Leaves 4.2¢+0.1 3.82bc+ 0.2 3.32b+0.2 25972+ 255 33429+ 169 3158bc+ 104

Fermentation of coconut milk-based functional beverages, both spontaneously and
with culture, resulted in significant changes in total sugars (°Brix) and total dissolved solids
(TDS, ppm), indicating a complex interaction between microbial metabolism, phytochemical
content, and fermentation conditions. ANOVA showed statistically significant differences
(p<0.05), underscoring the impact of controlled fermentation and herbal supplementation
on fermentation efficiency. Initially, total sugars ranged from 3.9 to 5.4 °Brix, with the
control sample showing the highest value. Fermentation resulted in a signification reduction
in total sugars, with the lowest total sugars in the culture-fermented cassava leaf drink (3.2)
indicating that this extract can experience lower total sugars by microbial metabolism. The
reduction in total sugar (°Brix) can be caused by the activity of lactic acid bacteria during the
fermentation process. Lactic acid bacteria degrades simple sugars into organic acids (29).
Lactic acid continues to increase during the fermentation process due to the activity of lactic
acid bacteria, resulting in a decrease in total sugar (°Brix) during fermentation. This
supported by the increase in the total acids and reduced pH after fermentation (Table 1).

A gradual reduction in total sugar was noted in all treatments, indicating culture-
mediated metabolism of carbohydrate. But the degree of sugar loss was not the same in all
treatments. The control reduced to 5.0 °Brix (0.4 °Brix decrease) which represents
background metabolic conversion of fermentable carbohydrates to organic acids. The most
significant reduction was found in the sample supplemented with the cassava leaf from 4.5
to 3.2 °Brix, and sample treated with guava leaves from 4.2 to 3.3 °Brix, while with
incorporated bay leaves the reduction was from 3.9 to 3.3 °Brix. The faster sugar reduction
in the cassava and guava leaf samples also implies the possibility of activating bacterial
enzymes potential caused by their phytochemical content which may have enhanced
microbial enzymatic activity.
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Previous research has shown that extracts high in polyphenols can speed up the
breakdown of sugars and the process of fermentation by activating bacterial amylase and
invertase (30). The presence of phenolic acids, flavonoids, and alkaloids in cassava and
guava leaves were suspected to contribute to this enhanced sugar metabolism, while the
slightly slower decrease in bay leaf samples suggests the presence of antimicrobial
compounds such as eugenol and flavonoids, which are known to modulate microbial activity
(31-33).

Total dissolved solids (TDS), which showed an increase in all samples due to
metabolites accumulated as a result of fermentation due to the activity of lactic acid
bacteria, showed varying results depending on the herbal extract used. Bay leaf
fermentation showed the highest increase in TDS to 4825 ppm, likely due to its rich
bioactive content, organic acids, and peptides, significantly higher than the control sample
(p<0.05). Cassava and guava leaf extracts also had a significant increase in TDS to 3580 ppm
and 3158 ppm, respectively, indicating active microbial metabolism. The control sample
showed the lowest TDS increase of 2990 to 3316 ppm, reinforcing the role of herbal extracts
in increasing metabolite production. The existence of a strong correlation between the
increase in TDS and the decrease in total sugar may further support the hypothesis that
increased microbial metabolism leads to greater accumulation of fermentation product.
Fermentation is a biological process that breaks down complex organic matter into simpler,
more soluble compounds, such as organic acids, sugars, and ions. This process converts
large fragments (e.g., fiber, proteins, polysaccharides) into small, air-soluble molecules,
thereby increasing the Total Dissolved Solids (TDS) value (34). Similar results have been
reported in plant-based fermented beverages, where a polyphenol-rich matrix enhances
microbial metabolic activity and the solubilization of metabolites (35). However, the
unequal trends of increasing TDS and decreasing Total soluble solid require further
investigation of other factors that may be influential.

Viscosity is an important rheological parameter that determines a fluid's resistance to
deformation and flow, governed by internal friction and molecular interactions (36).
Viscosity serves as an indicator of the structural integrity of the sample, with higher viscosity
values signaling increased fluid thickness and reduced flowability. In this study, viscosity
analysis was conducted to evaluate the rheological modifications in coconut milk-based
functional beverages caused by the fermentation process. The results of the viscosity
assessment are presented in Figure 1.

Figure 1 indicated that a significant increase in viscosity could be observed in all
fermented samples. The general reduced viscosity of all samples after mixing with herbal
leaf extract was due to the lower viscosity of herbal leaf extract that affect the viscosity of
beverage after mixture. However, we can clearly see from all samples that all experienced
increase in viscosity after fermentation and higher increase in cultured sample, suggesting
that microbial activity alone contributed to the increase in viscosity value, most likely
through the production of exopolysaccharides (EPS). As has been reported in previous that
several microbial strains can synthesize glucans and fructans, such as dextran, levan, and
kefiran, which contribute naturally as rheology modifiers in fermented beverages (37,38).
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In this study, antioxidant activity was evaluated to determine the biochemical changes
in coconut milk-based functional beverages before and after fermentation. The results of
the antioxidant activity assay are presented in Figure 2.
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The increase in antioxidant activity in fermented coconut milk-based functional
beverages demonstrates the role of microbial metabolism in increasing the bioavailability of
antioxidant compounds as a result of the fermentation process. As illustrated in Figure 2,
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antioxidant activity with the incorporation of herbal leaves consistently resulted in higher
antioxidant activity (p < 0.05) compared to control. This can be seen from the antioxidant
activity of each sample: control from 2.09% to 3.59%, cassava leaves from 61.17% to
71.12%, bay leaves from 50.53% to 50.76%, and guava leaves from 77.24% to 84.44%. The
control sample exhibited only a minor increase in antioxidant activity (2.09% to 3.59%) after
fermentation, suggesting that microbial metabolism alone had a limited impact on
antioxidant enhancement. This small increase may be attributed to the absence of herbal
leaves that could contain phenolic compound that could promotes antioxidant properties.
However, the significantly higher increase in antioxidant activity in the sample
supplemented with herbal leaves indicates that phytochemical composition in herbal leaves
could be is a major determinant in the increase of antioxidant potential (39—41).

Cassava leaf supplementation showed the greatest increase in antioxidant activity,
which increased from 61.17% to 71.12%, indicating an increase in radical scavenging
potential. This suggests that microbial hydrolysis facilitates the release and alteration of
bound polyphenols, thereby increasing their potential antioxidant activity (42). The
controlled fermentation process showed a higher antioxidant enhancement (71.12%) than
spontaneous fermentation (68.72%), which reinforces the importance of targeted microbial
selection in optimizing polyphenol conversion efficiency.

Bay leaf supplementation resulted in lowest antioxidant activity compared to the
supplementation with other two herbal leaves in this study exhibiting from 50.53% to
50.76%, suggesting that its phenolic compound composition was less susceptible to
microbial transformation.

On the other hand, guava leaf supplementation showed the highest initial antioxidant
activity of 77.24% indicating an increase in radical scavenging potential, and after culture
fermentation resulted in a slight increase of 84.44%. This relatively smaller increase
indicates that guava leaves already contain high antioxidant compounds, such as flavonoids,
ellagic acid, and vitamin C, thus requiring only minimal microbial transformation (43-45).
The increase in antioxidant activity in fermented guava leaf sample cultures suggests that
through bacterial metabolism, there may have been enzymatic release of bound phenolic
compounds or alteration of precursor polyphenols into more bioactive derivatives. This is in
line with previous studies showing that lactic acid bacteria (LAB) have glycosidases, phenolic
acid decarboxylases, and esterases that can hydrolyse glycosylated phenolics into their
aglycone form, thus increasing antioxidant potential (46).

The increased antioxidant activity in samples supplemented with herbal leaves can be
attributed to a key biochemical mechanism. This mechanism is microbial enzymatic
hydrolysis, which plays a crucial role in breaking down polyphenols and glycosylated
polymers, thereby increasing their bioavailability. Furthermore, microbial B-glucosidases,
tannases, and esterases catalyse the release of aglycones, which have greater free radical
scavenging potential (30,47-49). The strong correlation between polyphenol content and
antioxidant activity in cassava leaves supports the notion that microbial enzymes efficiently
hydrolyse polyphenols. However, further research is necessary to analyse the correlation
between phenolic compounds and antioxidant activity.
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Herbal leaves are known for their properties as ethnomedicine that makes them used
by people for treat certain medical problem. This is due to their rich in secondary
metabolites with proven for example as antibacterial properties. In this study, antibacterial
activity was assessed to determine the effect of herbal leaf extract and fermentation type
on the antibacterial activity of coconut milk-based functional beverages before and after
fermentation. The results of the antibacterial assay are presented in Figure 3.
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The antibacterial activity obtained was measured as zones of inhibition (mm) against
Escherichia coli (Figure 3a) and Staphylococcus aureus (Figure 3b). The antibacterial activity
results obtained showed a significant increase in zone of inhibition in all treatments (p<0.05)
with controlled fermentation consistently producing the highest antibacterial effect.

Both control and the addition of cassava leaves shows no antibacterial activity while
addition of other two herbal leaves show higher activity indicating the antibacterial activity
strongly affected by the type of herbal leaves. Besides, a significant increase in antibacterial
activity could be observed in all fermented samples (p < 0.05), confirming that fermentation
enhanced the antibacterial efficacy beyond the initial activity of the herbal leaf extract
alone. Fermented coconut milk-based beverages showed significant increases in both
spontaneous fermentation and culture fermentation, with the highest antibacterial activity
in cultured fermentation. Guava leaf supplementation showed the highest antibacterial
activity against E. coli bacteria. This suggests that the microbial metabolic process aided in
the release of flavonoids, tannins and volatile oil compounds, which are able to enhance the
antimicrobial potential of the functional beverage. In comparison, bay leaf supplementation
produced lower antibacterial activity, with the zone of inhibition increasing from 3.00 mm
to 4.82 mm. Further analysis of detail compound of each product will be necessary to
understand the mechanisms of the antibacterial efficacy.

Antibacterial activity against S. aureus bacteria, the result of guava leaf
supplementation functional drink also showed the strongest antibacterial activity of 8.37
mm, followed by bay leaf of 4.95 mm. This was shown by the controlled fermentation
treatment which consistently showed a significant increase in inhibition zone compared to
spontaneous fermentation, which indicates that certain microbial strains can optimize the
release of antimicrobial compounds. This strong antibacterial effect shown by coconut milk
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formulated with guava leaves could possibly be due to the high content of flavonoids
(quercetin, catechins), tannins, and terpenoids in guava leaves, which exhibit strong
antimicrobial activity against both Gram-positive and Gram-negative bacteria (50).

The increased antibacterial activity across fermented samples can be attributed to
multiple synergistic mechanisms. Microbial enzymatic activation of polyphenols plays an
important role, fermentation can hydrolyse glycosylated flavonoids, converting them into
aglycone forms with enhanced membrane-disrupting properties. Enzymes such as f-
glucosidases, tannases, and esterases can aid the release of bioactive polyphenols,
enhancing their antibacterial activity (30,51,52). In addition, fermentation-derived
antimicrobial metabolites contribute significantly to antibacterial activity. Lactic acid
bacteria (LAB) are capable of producing bacteriocins and organic acids (lactic acid), which
can disrupt bacterial membranes and control fermentation processes that can optimize LAB
metabolism, leading to the production of more bacteriocins and a decrease in pH value (53—
55).

This study indicated that fermentation of coconut milk-based functional beverages
with the incorporation of herbal leaves can improve the functional properties and alter the
physicochemical properties of beverages produced. The results show a significant increase
in both antioxidant and antibacterial properties, as well as an effect on physicochemical
characteristics. The addition of herbal leaves to fermented beverages significantly enhances
their functional value, with guava leaves showing the highest antioxidant and antibacterial
activities among the other formulations tested in this study. However, we find that for
future research analysis on detailed compound of the fermented product will be necessary
to provide more idea on the mechanism behind the enhancement of the antioxidant and
antibacterial activity.
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