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Water kefir has been extensively utilized to produce non-dairy drinks that provide significant health advantages. To expand 
the range of fermented products and cater to consumer preferences, research into new fermentation substrates for water 
kefir is essential. In this study, we used edible bird’s nest (EBN) as a fermentation substrate, focusing on its antioxidant, anti-
-tyrosinase, and prebiotic properties, along with total phenolic content, protein profile, and sensory characteristics over an 
8-day fermentation period. Our results showed that the capacity to scavenge ABTS•+ and •OH free radicals, inhibit tyrosinase 
activity, and promote the growth of Lactobacillus acidophilus and Lactococcus lactis improved during fermentation, with 
the most pronounced effects observed at 8 days of fermentation. Additionally, the total phenolic content increased over time, 
peaking at day 8 with a value of approximately 2,100 µg GAE/mL. SDS-PAGE analysis revealed the emergence of new small 
proteins and peptides under 10 kDa. Sensory evaluation indicated that EBN water kefir received moderate overall acceptance. 
Notably, when 10% (v/v) rose syrup was incorporated into the final product fermented for 8 days, it was highly appreciated 
by the panelists. These findings highlight the potential health benefits of EBN water kefir and open avenues for developing 
a functional beverage from fermented EBN in the future.
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INTRODUCTION
In recent years, especially after the COVID-19 pandemic, con-
sumer preferences have undergone significant changes. While 
carbonated soft drinks were once the dominant choice, there is 
now an increasing shift toward refreshing and health-conscious 
beverages. Water kefir has gained popularity as a functional drink 
valued for its enjoyable taste – mildly sweet, tangy, and efferves-
cent, and its potential numerous health benefits. These include 

probiotic qualities, the ability to inhibit harmful bacteria, anti-
oxidant activity, healing support, immune system modulation, 
digestive assistance, ulcer prevention, liver protection, reduc-
tion of blood lipid levels, and regulation of blood sugar [Bozkir 
et al., 2024; Moretti et al., 2022]. This rising awareness of health 
advantages has driven the rapid growth of the global water kefir 
market, which was valued at $1.23 billion in 2019 and is expected 
to reach $1.84 billion by 2027 [Moretti et al., 2022].
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Water kefir grains contain a complex community of microor-
ganisms, including lactic acid bacteria (Lactobacillus, Lactococcus, 
Leuconostoc, and Streptococcus), acetic acid bacteria (primarily 
Acetobacter), and yeasts (Saccharomyces, Zygosaccharomyces, 
and Brettanomyces) [Moretti et al., 2022]. The health-promoting 
effects of water kefir are largely attributed to microorganisms 
residing within the grains. For instance, Lentilactobacillus hilgar-
dii, Lacticaseibacillus paracasei, Liquorilactobacillus satsumensis, 
Lactobacillus helveticus, Lentilactobacillus kefiri, Saccharomyces 
paradoxus, and Saccharomycodes ludwigii isolated from water 
kefir grains exhibit probiotic characteristics [Romero-Luna et 
al., 2022; Tan et al., 2022b]. These microorganisms have demon-
strated antimicrobial activity against intestinal pathogens, strong 
antioxidant capacity, and viability in simulated gastrointestinal 
conditions [Romero-Luna et al., 2022; Tan et al., 2022b]. Nota-
bly, Lactobacillus mali APS1 has shown potential in reducing 
liver fat accumulation in rats fed a high-fat diet by modulating 
lipid metabolism and enhancing antioxidant defenses [Chen 
et al., 2018]. Beyond the beneficial microorganisms, bioactive 
metabolites generated during fermentation also significantly 
contribute to the health benefits of water kefir. Lactic, acetic, 
propionic, and malic acids are renowned for the antimicrobial 
effects of water kefir [Bozkir et al., 2024]. Soluble exopolysac-
charides, including O3- and O2-branched dextrans and levans, 
are believed to enhance antimicrobial, antioxidant, and prebiotic 
properties while phenolic compounds are significant contribu-
tors to the antioxidant capacity of the beverage [Azi et al., 2020; 
Fels et al., 2018].

Traditionally, water kefir is prepared by inoculating grains into 
sugary water, often supplemented with dried figs and lemon 
slices [Moretti et al., 2022]. However, a variety of other substrates, 
such as plant juices or even protein sources, can also be used for 
fermentation [Alrosan et al., 2023; Corona et al., 2016; Ozcelik et 
al., 2021]. Using alternative substrates may lead to increased pro-
duction of bioactive compounds, thereby improving the health 
benefits of water kefir. A prior research found that water kefir 
made from coffee cherry showed superior levels of organic acids, 
phenolics, and amino acids compared to unfermented sample, 
resulting in higher antioxidant capacity and antibacterial effects 
on foodborne pathogens like Staphylococcus aureus and Bacillus 
subtilis [Chomphoosee et al., 2025]. Similarly, fermenting soy 
whey with water kefir elevated levels of isoflavone aglycones 
and phenolic acids, boosting its free radical-scavenging and fer-
ric reducing antioxidant power abilities [Azi et al., 2020]. These 
studies underscore the potential for exploring diverse substrates 
to create innovative water kefir products.

Edible bird’s nest (EBN) is a highly prized delicacy in China, 
Malaysia, Indonesia, Thailand, Vietnam, and the Philippines. It is 
produced from the nests built by swiftlets belonging to the Aero-
dramus and Collocalia genera, which are plentiful in Southeast 
Asian countries [Dai et al., 2021]. Known as one of the most ex-
pensive animal-derived products, EBN can cost between $1,000 
to $10,000 per kilogram, due to its reputed nutritional and me-
dicinal benefits. The primary composition of EBN is proteins, 
predominantly glycoproteins, accounting for 62–63% of EBN 

dry weight [Kathan & Weeks, 1969; Marcone, 2005]. Besides 
proteins, it contains other components such as carbohydrates 
(25.62–27.26%), minerals (2.1%), and lipids (0.14%–1.28%) [Mar-
cone, 2005]. The glycoproteins include 9% of sialic acid, 7.2% 
of galactosamine, 5.3% of glucosamine, 16.9% of galactose, 
and 0.7% of fructose [Kathan & Weeks, 1969]. Traditionally, EBN 
has been used in folk medicine to help clear phlegm, reduce 
coughing, combat fatigue, and aid recovery after surgery. Mod-
ern scientific studies have highlighted its antioxidant, antiviral, 
antibacterial, anti-tyrosinase, anti-aging, and immune-boosting 
properties [Dai et al., 2021].

EBN is conventionally prepared for soup through double boil-
ing; however, this method results in low solubility, limiting its nu-
tritional and therapeutic potential. Alternative techniques such 
as over-boiling and enzymatic hydrolysis have been explored to 
address these issues [Wong et al., 2017]. As fermentation with 
water kefir has been applied to improve the biological properties 
of foods [Tu et al., 2019], the current study attempts to investi-
gate EBN water kefir, focusing on its antioxidant, anti-tyrosinase, 
and probiotic growth-promoting properties. Additionally, total 
phenolic content and protein profile are analyzed to understand 
how changes in phenolics and proteins influence the biological 
effects of the fermented product. Our findings aim to develop an 
effective method for producing a health-promoting beverage 
and making EBN-based products more affordable and acces-
sible worldwide.

MATERIALS AND METHODS
r	 Preparation of edible bird’s nest water kefir
White, house-farmed EBN cups were kindly supplied by Phuoc 
Tin Development Trading Service Co., Ltd. (Ho Chi Minh city, 
Vietnam). The EBN slurry was prepared by boiling 0.5 g of EBN in 
100 mL of distilled water (0.5%, w/v) for 3 h to enhance the sol-
ubility of the EBN glycoproteins and thereby facilitate fermen-
tation. To create the starter culture, 15 g of water kefir grains, 
locally sourced from Ho Chi Minh City, Vietnam, were added to 
300 mL of a 10% brown sugar solution and allowed to ferment 
at 25°C for 3 days as previously described [Alrosan et al., 2023]. 
After fermentation, 10 mL of the liquid starter culture were mixed 
with 90 mL of water or 90 mL of EBN slurry (10%, v/v) in a glass 
jar covered with sterilized cheesecloth. Fermented samples were 
collected every 2 days over an 8-day period, boiled at 100°C for 
30 min, then centrifuged at 13,751×g for 15 min to separate 
the supernatants. The boiling and centrifugation steps were 
performed for all experiments, except for the direct counting 
of viable microorganisms. The pH of the supernatants was ad-
justed to 7.0. The EBN water kefir samples collected at day 0, 2, 4, 
6, and 8 of fermentation are herein referred to as D0, D2, D4, D6, 
and D8, respectively. The water kefir controls harvested at day 0, 
2, 4, 6, and 8 of fermentation showed similar results across all as-
says. Therefore, we presented representative data designated as 
control 1 in the figures for clarity and simplicity. Control 2, boiled 
EBN without starter culture, was stored at 4°C until all the EBN 
water kefirs and control 1 were prepared. The preparation of EBN 
water kefir and controls is summarized in Figure 1.
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r	 Determination of pH and total soluble solid content
The pH values of the control 1 and EBN water kefir samples 
(D0, D2, D4, D6, and D8) were assessed using a pH meter 
(Mettler-Toledo International, Inc., Greifensee, Switzerland). 
The total soluble solid content (ºBrix) in the samples were 
measured with a refractometer (Hana Instruments, Cluj 
Napoca, Romania).

r	 Determination of microbial growth
The control 1 and EBN water kefir samples (D0, D2, D4, D6, 
and D8) were diluted in phosphate buffered saline (PBS; Sigma- 
-Aldrich Pte. Ltd., Singapore). The populations of lactic acid bac-
teria (LAB), acetic acid bacteria (AAB), and yeasts were enumer-
ated by plating the diluted samples on specific agar media: de 
Man-Rogosa-Sharpe (MRS) agar (Oxoid Ltd., Cheshire, UK) sup-
plemented with 400 mg/L of cycloheximide (Sigma-Aldrich Pte. 
Ltd.) for LAB; glucose-yeast extract-calcium carbonate (GYC) agar 
(composed of 40 g/L of glucose, 10 g/L of yeast extract, 30 g/L 
of CaCO₃, and 15 g/L of agar) supplemented with 400  mg/L 
of cycloheximide for AAB; and potato dextrose (PD) agar (Oxoid 
Ltd.) for yeasts [Guangsen et al., 2021]. The plates were incubated 
at 35°C for 2 days for bacterial cultures and at 25°C for 2 days for 
yeast cultures. Microbial populations were expressed as colony-
forming units (CFU) per mL of the samples.

r	 Determination of antioxidant activity
The 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) 
radical cation (ABTS•+)-scavenging capacity was determined 
following the previously established protocol [Nguyen et al., 
2024b]. In brief, EBN water kefirs and control 2 were diluted to 
different concentrations (0.0078, 0.0156, 0.0312, 0.0625, 0.125, 
0.25, and 0.5 mg/mL of the original EBN amount). For the assay, 
900 μL of the ABTS•+ solution were mixed with 100 μL of each 
diluted sample and incubated at room temperature for 15 min 
in the dark. The absorbance was then measured at 734 nm using 
a microplate reader (VICTOR Nivo 3F, PerkinElmer, Waltham, MA, 
USA). The capacity of the samples to scavenge ABTS•+ radicals 
was determined using Equation (1):

ABTS•+-scavenging capacity (%) = 100 − 100 × (A2 − A3)/A1	 (1) 

where: A1 is absorbance of the ABTS•+ solution with Milli-Q water 
instead of a sample, A2 is absorbance of the sample after react-
ing with ABTS•+, and A3 is absorbance of the sample without 
ABTS•+ (blank).

For the hydroxyl radical (•OH)-scavenging assay, 100 µL of di-
luted EBN water kefirs and control 2 (at concentrations of 0.125, 
0.25, 0.5, 1, and 2 mg/mL of the original EBN amount) were in-
cubated with 20 µL of 9 mM salicylic acid for 20 min in a 96-well 

+0.5% (w/v) in H2O

+0.5% (w/v)Boil for 3h

+10
%

 (v
/v

) li
qu

id
 st

ar
te

r c
ul

tu
re

EBN
(Control 2)

EBN water ke�r
D0, D2, D4, D6, D8

Water ke�r control
(Control 1)

Water ke�rWater ke�r grains

Edible bird’s nest (EBN) EBN slurry

D0, D2, D4, D6, D8+10% (v/v) liquid starter
culture in H2O

+10% (w/v) brown sugar

Incubate for 3 days

Figure 1. Preparation of edible bird’s nest (EBN) water kefir.
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plate [Nguyen et al., 2025b]. Afterward, each well received 50 µL 
of a mixture containing 9 mM ferrous sulfate (FeSO4) and 100 µL 
of 8 mM hydrogen peroxide (H2O2). The absorbance was then 
recorded at 530 nm using a microplate reader (VICTOR Nivo 
3F, PerkinElmer). The •OH-scavenging capacity was determined 
using Equation (2):

•OH-scavenging capacity (%) = 100 −100 × (A2–A3)/A1	 (2) 

where: A1 is absorbance of negative control (Milli-Q water), A2 is 
absorbance of the sample after reacting with salicylic acid, and A3 
is absorbance of the sample without salicylic acid.

r	 Determination of anti-tyrosinase activity
The tyrosinase inhibitory assay was conducted following a pre-
viously published method [Nguyen et al., 2024a]. In brief, 30 μL 
of mushroom tyrosinase enzyme (250 U/mL in PBS buffer, pH 6.8) 
(Sigma-Aldrich Pte. Ltd.) were combined with 100 μL of EBN 
water kefirs and control 2 at a concentration of 1.25 mg/mL 
of initial EBN in a 96-well plate. This mixture was then incubated 
in the dark at 28°C for 10 min. Subsequently, 110 μL of l-tyrosine 
substrate (0.3 mg/mL in PBS buffer, pH 6.8) (Sigma-Aldrich Pte. 
Ltd.) were added to each well. After another 10-min incubation 
at 28°C, the inhibitory activity of tyrosinase was measured by 
recording absorbance at 480 nm using a microplate reader 
(VICTOR Nivo 3F, PerkinElmer), to monitor dopachrome forma-
tion. The tyrosinase inhibitory capacity (TIC) of the samples was 
calculated as follows (Equation 3):

TIC (%) = 100 × [(A1–A3)–(A2–A4)]/(A1–A3)	 (3)

where: A1 is absorbance of negative control (Milli-Q water instead 
of a sample), A2 is absorbance of sample after reacting with ty-
rosinase, A3 is absorbance of the blank for the negative control 
without l-tyrosine substrate, and A4 is absorbance of the blank 
for the sample without l-tyrosine substrate. 

r	 Assessment of the growth of Lactobacillus acidophilus 
and Lactococcus lactis

The promoting potential of the EBN water kefir samples on 
the growth of the probiotic L. acidophilus ATCC 4356 and two 
potential probiotic strains isolated from Chinese cabbage (Bras-
sica rapa subsp. Pekinensis), L. lactis VLC.1 and L. lactis VLC.2, 
was assessed as previously described with some modifications 
[Nguyen et al., 2025b; Vu-Quang et al., 2024]. Following inoc-
ulation into a broth containing 2/3 de Man-Rogosa-Sharpe 
(MRS) and 1/3 tryptic soy (TS) (Oxoid Ltd.) and incubation at 
37°C for 24 h, the bacterial suspension was diluted to approx-
imately 106 CFU/mL. A 100 μL aliquot of this suspension was 
then treated with a mixture containing 40 μL of each sample 
at a concentration of 1 mg/mL of initial EBN, combined with 
60 μL of the 2/3 MRS and 1/3 TS medium. Optical density at 
600 nm (OD₆₀₀) measurements were taken every 2 h over a 24-h 
incubation period at 37°C to generate bacterial growth curves. 

After 24 h, probiotic growth was quantified by performing 
decimal serial dilutions in PBS buffer, followed by plating on 
2/3 MRS and 1/3 TS agar plates, and counting the resulting 
colony-forming units (CFU/mL).

r	 Determination of total phenolic content
The total phenolic content (TPC) in the samples was deter-
mined via the colorimetric assay with the Folin-Ciocalteu re-
agent [Singleton et al., 1999]. To begin, 400 μL of each sam-
ple of EBN water kefirs and control 2 was mixed with 400 μL 
of 10% Folin-Ciocalteu reagent (Sigma-Aldrich Pte. Ltd.). Subse-
quently, 400 μL of 10% sodium carbonate (Na2CO3) was added 
to the mixture, which was then incubated at 40°C for 30 min. 
The absorbance was measured at 765 nm using a UV spec-
trophotometer (Genway Biotech, San Diego, CA, USA). Gallic 
acid (Sigma-Aldrich Pte. Ltd.) was used as the standard to plot 
a calibration curve. The equation of the calibration curve was 
y=0.021x+0.030 (R²=0.9995). The TPC results were expressed 
as µg of gallic acid equivalents (GAE) per mL.

r	 Sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis 

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE) was performed following a previous protocol [Gal-
lagher, 2006]. A volume of 1 mL of each sample (D0, D2, D4, D6, 
and D8) was freeze-dried to obtain a powder. These powders 
were then mixed with 20 µL of SDS-PAGE loading buffer, heated 
at 90°C for 30 min to denature the proteins, and subsequently 
loaded onto a 12.5% separating gel. Electrophoresis was con-
ducted using a Bio-Rad Laboratories system (Bio-Rad Labora-
tories, Hercules, CA, USA). After separation, the gel was stained 
with Coomassie Brilliant Blue for 2 h and then destained with 
a solution containing 10% absolute ethanol and 10% acetic 
acid to visualize the protein bands. A color prestained protein 
standard (NEB, Ipswich, MA, USA) was used for molecular weight 
determination.

r	 Sensory evaluation
The training procedure for panelists and the sensory evalua-
tion test were conducted as previously described [Nguyen et 
al., 2025a]. Samples of original EBN water kefir (D0, D2, D4, D6, 
and D8) and water kefir (control 1) sweetened with 10% (v/v) 
rose syrup (Monin, Bourges, France) were assessed for sensory 
qualities, including appearance, color, odor, sourness, taste, 
and overall acceptability, by a panel of 10 trained evaluators 
(comprising 5 women and 5 men aged 20 to 40 years) at NTT 
Hi-Tech Institute, Nguyen Tat Thanh University, Ho Chi Minh 
City, Vietnam. A 9-point hedonic scale, where 1 indicates “dislike 
extremely” and 9 indicates “like extremely” was used to measure 
each sensory attribute. The results provided an initial evaluation 
of the sensory attributes of EBN water kefirs. Additional studies 
involving a larger number of participants are needed to obtain 
more definitive insights into consumer preferences and the over-
all acceptability of the product.
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r	 Statistical analysis
All analyses were performed on samples from three independent 
fermentations. Statistical comparisons in the assays were con-
ducted using Student’s t-test (GraphPad Prism software, version 
5.0, Insightful Science LLC, San Diego, CA, USA). A p≤0.05 was 
considered indicative of statistical significance. 

RESULTS AND DISCUSSION
r	 pH value, total soluble solid content, and microbial 

growth of edible bird’s nest water kefir during 
fermentation

During the fermentation process, pH values dramatically dropped 
from 5.0 at the initial time of fermentation (D0) to approximately 
2.5 at day 8 of fermentation (D8), indicating robust fermentation 
activity in EBN water kefir (Figure 2A). The observed decrease 
in pH in our study is consistent with results from other sub-
strates fermented with water kefir, which is due to the microbial 

production of organic acids such as lactic acid, acetic acid, glu-
conic acid, citric acid, and butyric acid [Chomphoosee et al., 2025; 
Lee et al., 2025; Tireki, 2022]. These organic acids play a crucial 
role in water kefir by imparting a balanced tangy flavor, extend-
ing shelf life, and potentially inhibiting harmful gut bacteria 
through their antimicrobial effects [Lee et al., 2025]. Conversely, 
in the water kefir control (control 1), where EBN was replaced 
with water, pH levels did not decrease significantly during fer-
mentation (Figure 2A). This is likely due to the limited nutrient 
availability, which slowed microbial activity and subsequent 
organic acid production.

In contrast to pH, the total soluble solid content changed 
minimally over the fermentation period. At the start of fermen-
tation, the content of total soluble solids was already low (ap-
proximately 1.3ºBrix) because sugar was not added to the me-
dium in our experiment. During fermentation, there was a slight 
decrease of about 0.2ºBrix, reaching 1.1ºBrix at day 6 and day 8, 
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while no change was observed in the water kefir control sample 
(Figure 2B). The reduction in total soluble solid content in EBN 
water kefir was consistent with a previous observation, which 
showed a decrease from 1.5ºBrix to 1.2ºBrix during whey protein 
fermentation with water kefir [Alrosan et al., 2023]. Catalytic 
metabolism of the protein components may be a factor contrib-
uting to the decrease in total soluble solids in both fermented 
products. In EBN water kefir, the degradation of amino acids 
and minerals in EBN during fermentation could also contribute 
to this reduction [Gong et al., 2025]. The low total soluble solid 
content in EBN water kefir suggests that it could be beneficial 
for individuals seeking to reduce their sugar intake.

Regarding microbial growth, the populations of LAB 
and yeast in EBN water kefir increased after 2 days of fermenta-
tion, while AAB rose after 6 days, indicating that EBN provides 
sufficient nutritional content to support microbial activity (Fig-
ure 2C). It is plausible that, in a low-sugar medium, yeasts initially 
degrade glycoproteins in EBN by enzymatically breaking down 
glycans from the protein core [Hirayama et al., 2019]. The sugars 
released from these glycans then serve as a carbon source for 
LAB. Additionally, LAB secrete proteinases to hydrolyze proteins 
into peptides, which are transported into their cells for further 
breakdown into amino acids [Raveschot et al., 2018]. Ethanol 
and lactic acid, produced as secondary metabolites from yeast 
and LAB fermentation, are utilized by AAB, leading to a delayed 
increase in AAB populations compared to yeasts and LAB [Yas-
sunaka Hata et al., 2023]. The pattern of microbial growth varies 
depending on the substrate’s composition. For example, in soy 

whey water kefir, LAB, AAB, and yeasts increased after 2 days 
and remained relatively stable up to day 4 [Tu et al., 2019]. Con-
versely, in whey protein water kefir, all microbial populations 
rose at day 2, but yeast populations declined by day 4 [Alrosan 
et al., 2023]. Despite these differences, the interactions among 
microorganisms across all substrates enable coexistence and col-
lective functioning [Tu et al., 2019]. In contrast, in the water kefir 
control, populations of LAB and AAB decreased over prolonged 
fermentation, while yeasts initially declined during the first 6 days 
but showed a slight resurgence at day 8, likely due to their ability 
to utilize bacterial byproducts as nutrients in a nutrient-deprived 
environment (Figure 2C).

r	 Antioxidant capacity of edible bird’s nest water kefir
Free radicals, including hydroxyl radical, superoxide anion radical, 
nitric oxide radical, and peroxynitrite radical, are independently 
existing molecular species with unpaired electrons. They are 
unstable and rapidly attack lipids, proteins, and nucleic acids, 
leading to cell damage and disruption of homeostasis [Lobo 
et al., 2010]. While free radicals are essential for cell signaling 
and immune defense, excessive levels can be detrimental, re-
sulting in oxidative stress and contributing to cardiovascular 
diseases, neurodegenerative disorders, cancer, and inflamma-
tory diseases [Srivastava & Kumar, 2015]. Therefore, antioxidant 
agents, particularly those derived from natural foods that can 
scavenge free radicals, have attracted significant attention for 
their potential in preventing and treating free radical-related 
health issues. Given that the free-radical scavenging capacity 
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has been demonstrated in many water kefir products, we aimed 
to investigate this property in EBN water kefir [Chomphoosee et 
al., 2025; Gökırmaklı et al., 2025]. 

Both ABTS•+- and •OH-scavenging assays indicated that fer-
menting EBN with water kefir enhanced its antioxidant capac-
ity (Figure 3). The EBN control (control 2) and non-fermented 
control (D0) removed approximately 35%–45% of ABTS•+ radicals 
at a concentration of 0.25 mg/mL of initial EBN, and 10%–15% 
of •OH radicals at a concentration of 1 mg/mL. In contrast, EBN 
fermented for 2 (D2), 4 (D4), 6 (D6), and 8 (D8) days showed 
significant increases in scavenging capacity, with ABTS•+ radi-
cal inhibition rising to 55%, 85%, and 100%, and •OH radical 
inhibition to 18%, 35%, 55%, and 75%, respectively. The pattern 
of increasing free radical-scavenging capacity during fermenta-
tion with water kefir was similar to the trends observed in coffee 
cherry and red beetroot juice water kefirs [Chomphoosee et al., 
2025; Wang & Wang, 2023].

The enhancement of the antioxidant capacity of EBN can be 
attributed to the production or release of phenolic compounds, 
exopolysaccharides, and bioactive peptides during fermentation 
with water kefir, as these bioactive substances are recognized as 
key free-radical scavengers in kefir products [Chomphoosee et 
al., 2025; Hasheminya & Dehghannya, 2020]. Chomphoosee et 
al. [2025] suggested that the ability of coffee cherry water kefir 
to inhibit free radicals may be linked to higher levels of phenolic 
acids, including hydroxycinnamic acids and hydroxybenzoic 
acids. In a study by Hasheminya & Dehghannya [2020], kefiran, 
a water-soluble polysaccharide, was capable of inhibiting over 
70% of DPPH radicals at a low concentration of 0.8 mg/mL, indi-
cating its effectiveness as a free-radical scavenger. Additionally, 
bioactive peptides have also been proposed as active contribu-
tors to the free radical-scavenging property of milk kefir [Malta 
et al., 2022]. It would be worthwhile to identify specific bioactive 
compounds responsible for the antioxidant activity of EBN water 
kefir in future investigations.

Water kefir intake has shown antioxidant effects in a mouse 
model. In a study by Kumar et al. [2021], mice given 2.5 mL/kg/day 
of water kefir exhibited no signs of toxicity, behavioral changes, 
or adverse effects, while displaying elevated levels of super-
oxide dismutase (SOD), enhanced ferric reducing antioxidant 
power (FRAP), and decreased nitric oxide (NO) levels in brain 
and kidney tissues. Similarly, Falsoni et al. [2022] found that pre-
treatment with water kefir provided gastroprotection against 
HCl/ethanol-induced ulcers in mice by reducing protein oxida-
tion and boosting the activity of antioxidant enzymes such as 
SOD and catalase. These findings suggest that further in vivo 
research into the antioxidant properties of EBN water kefir could 
reveal its potential health benefits.

r	 Anti-tyrosinase activity of edible bird’s nest water kefir
Tyrosinase is the key enzyme responsible for melanin synthesis, 
which determines the coloration of skin, hair, and eyes [Qian et 
al., 2020]. Inhibiting tyrosinase is valuable in the cosmeceutical 
sector for skin whitening and addressing melanin-related skin 

issues such as freckles, melasma, age spots, as well as certain skin 
cancers [Kim & Uyama, 2005]. In addition, tyrosinase inhibitors are 
relevant for the food industry to prevent enzymatic browning 
of fruits [Peng et al., 2023]. Although the anti-tyrosinase activity 
has been documented in various fermented broths, reports on 
water kefir are scarce [Abd. Razak et al., 2021; Lee et al., 2012]. This 
led us to investigate this property in EBN water kefir.

Our findings showed that at day 2 of fermentation, the ability 
of EBN water kefir to suppress tyrosinase was comparable to 
that of EBN (control 2) and unfermented EBN (D0), reducing 
activity by about 20% (Figure 4). As fermentation time extended 
beyond day 2, the anti-tyrosinase effect significantly increased, 
reaching approximately 55% inhibition at day 8. This indicates 
that fermenting EBN with water kefir enhances its capacity to 
inhibit tyrosinase.

In fermented products, phenolic compounds are key com-
ponents contributing to tyrosinase inhibition. The contents of to-
tal phenolics and total flavonoids increased from 10.1 mg/mL 
and 9.7 µg/mL, respectively, in non-fermented red ginseng to 
14.3 mg/mL and 133.2 µg/mL in the fermented version [Lee et al., 
2012]. Likewise, fermented broken rice after 18 days contained 
over 130 times more total phenolics than its non-fermented 
counterpart [Abd. Razak et al., 2021]. These increases correlate 
with stronger tyrosinase inhibitory activity observed in both fer-
mented red ginseng and broken rice [Abd. Razak et al., 2021; Lee 
et al., 2012]. Certainly, the potent anti-tyrosinase activity of our 
EBN water kefir may also result from the production or release 
of phenolic compounds during fermentation.

Research has shown that tyrosinase inhibitors decrease 
melanin production by directly interacting with tyrosinase 
through four different mechanisms: binding to the free enzyme 
to prevent substrate attachment at the active site (competitive 
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mechanism); binding exclusively to the enzyme-substrate com-
plex (uncompetitive mechanism); binding to both the free en-
zyme and the enzyme-substrate complex (mixed mechanism); 
or binding to the free enzyme and the enzyme-substrate com-
plex with equal affinity (noncompetitive mechanism) [Panzella 
& Napolitano, 2019]. Additionally, a tyrosinase inhibitor may 
also lower melanin synthesis by modulating the expression of 
genes involved in melanogenesis, especially the key regulator 
microphthalmia-associated transcription factor (MITF) [Yu et al., 
2022]. Given that EBN water kefir in our study demonstrates 
tyrosinase inhibitory activity, it would be valuable to explore 
its specific mechanism of action on tyrosinase and its influ-
ence on the molecular pathways governing melanogenesis 
in future research.

r	 Effect of edible bird’s nest water kefir on the growth 
of L. acidophilus and L. lactis

The potential of EBN water kefir to promote the growth of pro-
biotics was evaluated using L. acidophilus ATCC 4356, a well-
known lactic acid bacterium that supports human gut health 
and two probiotic potential strains, L. lactis VCL.1 and VCL.2, 
isolated from Chinese cabbage Brassica rapa subsp. Pekinensis 
[Sarikhani et al., 2018; Vu-Quang et al., 2024]. Our experiments 
revealed notable differences between control groups (water kefir 
control (control 1), EBN (control 2), water (control 3), and non-
fermented EBN (D0)) and fermented EBN at day 2 (D2), 4 (D4), 
6 (D6), and 8 (D8) (Figure 5). These results suggest that EBN 
fermentation with water kefir enhances the viability of L. aci-
dophilus and L. lactis, potentially contributing to improved host 
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health. It is also worth noting that a slight increase in the bacterial 
growth was detected in the EBN (control 2) sample, indicating 
that it contains ingredients capable of stimulating the growth 
of L. acidophilus. In EBN, this intrinsic property is likely due to 
the presence of protein-attached glycan chains, which have been 
shown to foster the growth of probiotics such as Bifidobacteria 
and Bacteroides-Prevotella, while also inhibiting key pathogens 
like Clostridium histolyticum [Babji & Daud, 2021; Daud et al., 2019]. 

The increased activity of promoting the growth of L. acidoph-
ilus and L. lactis observed in EBN through water kefir fermentation 
may be attributed to bioactive compounds released during 
the process, including exopolysaccharides and phenolics. In 
a study by Tan et al. [2022a], Lactobacillus satsumensis strains 
isolated from water kefir grains were shown to produce α-glucan 
exopolysaccharides. When hydrolyzed polysaccharides by these 
strains are combined with kefir probiotics in synbiotic formula-
tions, they can further enhance health benefits by promot-
ing the growth of Bacteroidetes and increasing the production 
of beneficial short-chain fatty acids such as acetate, propionate, 
and butyrate [Tan et al., 2022a].

Phenolics with prebiotic potential have not yet been identi-
fied in water kefir samples; however, their contribution to this 
property should be taken into account, as they have been indi-
cated in fermented foods [Yang et al., 2023]. In one study, Budryn 
et al. [2019] found that fermentation of legume sprouts with 
lactic acid bacteria significantly increased the content of isofla-
vones and the number of lactic acid bacteria while decreasing 
the number of molds and pathogenic bacteria. In another study 
by Zhou et al. [2021], polyphenols from Fu brick tea, a post- 
-fermented dark tea, were shown to attenuate gut microbiota 
dysbiosis in high-fat diet-fed rats by improving key intestinal 
microbes such as Akkermansia muciniphila, Alloprevotella, Bacte-
roides, and Faecalibaculum, as well as reducing intestinal oxidative 
stress, inflammation, and enhancing the integrity of the intestinal 
barrier [Zhou et al., 2021]. Overall, our study emphasizes the po-
tential of EBN water kefir to promote the growth of L. acidophilus 
and L. lactis, highlighting its promise as a prebiotic candidate for 
further investigation on human gut microbiota.

r	 Total phenolic content in edible bird’s nest water kefir
In our study, EBN (control 2), non-fermented and 2-day fer-
mented EBN exhibited low total phenolic contents (TPC) of ap-
proximately 50-200 µg GAE/mL. As fermentation progressed 
beyond 2 days, the TPC significantly increased to 500; 1,300; 
and 2,100 µg GAE/mL at day 4, 6, and 8 of fermentation, re-
spectively (Figure 6). The TPC levels in EBN water kefir were 
higher than those in vegetable water kefirs but lower than in 
coffee cherry water kefir, likely due to differences in the types 
and amounts of phenolic compounds present in the ferment-
ing substrates [Chomphoosee et al., 2025; Corona et al., 2016]. 
The upward trend in TPC during fermentation closely mirrored 
the increases in antioxidant activity, anti-tyrosinase, and pre-
biotic effects observed in EBN water kefir, suggesting these 
biological properties may be associated with the phenolic 
compounds present.

Higher phenolic levels in fermented foods are often due 
to enzymatic activity from microorganisms, such as tannases, 
esterases, phenolic acid decarboxylases, and glycosidases, which 
facilitate the biotransformation of phenolic compounds into 
more bioactive molecules [Yang et al., 2023]. For example, in 
coffee cherry fermentation with water kefir, chlorogenic acid, 
which is formed by an ester bond between caffeic acid and quinic 
acid, may be hydrolyzed by microbial cinnamic esterase into 
caffeic acid and quinic acid. Furthermore, caffeic acid can be 
converted into ferulic acid via the phenolic acid biosynthetic 
pathway. Since ferulic acid exhibits superior free radical scaveng-
ing activity compared to chlorogenic acid, its formation in coffee 
cherry water kefir could partly explain the enhanced antioxidant 
capacity of this beverage [Chomphoosee et al., 2025; Yang et al., 
2023]. In a similar scenario, during EBN fermentation with water 
kefir, microbial metabolism of phenolic compounds may lead 
to increased TPC levels, which likely contribute to the improved 
antioxidant, anti-tyrosinase, and prebiotic properties of the fer-
mented product.

r	 Protein profile of edible bird’s nest water kefir during 
fermentation

EBN contains a majority of proteins that microorganisms in water 
kefir grains can metabolize to produce bioactive compounds. 
Therefore, we examined how the protein composition of EBN 
changes during fermentation. SDS-PAGE analysis revealed that 
EBN is rich in proteins with molecular weights exceeding 10 kDa, 
with those over 34 kDa being predominant (Figure 7). After 2 
and 4 days of fermentation, a significant reduction in EBN pro-
teins was observed, likely due to microorganisms consuming 
these proteins as sources of carbon and nitrogen. Notably, small-
er molecules with molecular weights less than 10 kDa appeared 
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at day 6 and 8 of fermentation, indicating the formation of small 
proteins and peptides over extended fermentation periods.

Lactobacillus bacteria require certain amino acids from their 
environment to grow. To acquire these, they produce cell enve-
lope proteinases (CEPs) that break down proteins into peptides. 
These peptides are released into the fermentation medium 
and then transported into the bacteria, where internal peptidases 
further degrade them into amino acids [Raveschot et al., 2018]. 
The presence of various Lactobacillus species capable of produc-
ing bioactive peptides, such as L. casei, L. paracasei, L. plantarum, 
and L. kefiranofaciens, in water kefir grains suggests that these 
bacteria can hydrolyze EBN proteins and release peptides into 
the extracellular [Moretti et al., 2022; Raveschot et al., 2018; Silva 
et al., 2024]. Since bioactive peptides derived from fermented 
products are known to have antioxidant properties, the gen-
eration of peptides during the fermentation of EBN water kefir 
may contribute to enhancing its antioxidant activity [Raveschot 
et al., 2018].

r	 Sensory characteristics of edible bird’s nest water kefir 
during fermentation

Sensory evaluation plays a vital role in understanding how 
consumers perceive a product through their senses. These 
assessments offer valuable insights for product development, 
quality assurance, and marketing strategies, ultimately af-
fecting consumer acceptance and purchasing choices [Ruiz-
Capillas & Herrero, 2021]. Since EBN water kefir was reported 
for the first time in our study, we conducted tests on EBN 

water kefir at various fermentation durations and specifically 
on the 8-day fermented product sweetened with rose syrup, 
using a 9-point hedonic scale to evaluate color, odor, sweet-
ness, sourness, taste, appearance, and overall acceptability 
[Nguyen et al., 2025a].

Among the samples tested, the EBN water kefir fermented 
for 2 days (D2) received the lowest scores across all attributes, 
primarily due to its lack of insufficient sourness and sweetness. 
The samples fermented for 4, 6, and 8 days (D4, D6, and D8) 
scored around 6.0 for color, sourness, taste, and appearance, 
indicating a “like slightly” response from tasters. The weakest 
aspect among these three was sweetness, which was linked to 
their very low sugar levels (Figure 2). To enhance the sensory 
qualities, especially given that D8 exhibited superior bioactive 
properties, we added rose syrup to the D8 sample to reach a final 
concentration of 10%, resulting in a total sugar content of ap-
proximately 8.6ºBrix. After sweetening, the sample was rated as 
“like much” across all characteristics (Figure 8).

Previous studies have indicated that water kefir produced 
from various substrates can elicit different consumer prefer-
ences. For example, drinks made from pomegranate and rose-
hip juices were highly favored, while those from cherry, haw-
thorn, and red plum juices only received general approval 
[Gökırmaklı et al., 2025; Ozcelik et al., 2021]. In our research, 
the original EBN water kefir was regarded as moderately ac-
ceptable. Due to its higher levels of phenolic compounds, 
bioactive peptides, and enhanced antioxidant, anti-tyrosinase, 
and prebiotic properties compared to traditional boiled EBN, 
it may attract consumers looking for functional beverages 
with minimal sugar content. When enriched with rose syrup, 
the EBN water kefir was notably more preferred (Figure 8). This 
suggests promising potential for further development of EBN 
water kefir into a functional drink that meets the preferences 
of most consumers.

CONCLUSIONS
Our study is the first to demonstrate a novel EBN water kefir 
with enhanced abilities to scavenge free radicals, inhibit 
tyrosinase activity, and promote the growth of L. acidoph-
ilus ATCC 4356 and L.  lactis VCL.1 and VCL.2, particularly 
after 8 days of fermentation. The fermentation process also 
increased total phenolic content and generated bioactive 
peptides. Evaluation tests indicate that the EBN water kefir 
at day 8 of fermentation achieved a “likely like” overall ac-
ceptability, while syrup-sweetening can further enhance 
the sensory attributes of the fermented product to “like 
very” on the evaluation scale. This underscores the potential 
of EBN water kefir as a functional beverage rich in health-
promoting compounds. Additionally, the research presents 
a sustainable approach to reducing EBN usage compared 
to traditional methods while still producing a product with 
high nutraceutical values. This facilitates the future develop-
ment of a commercial EBN water kefir beverage that is more 
affordable and accessible globally.
ACKNOWLEDGEMENTS

Figure 7. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
showing the protein profile of edible bird’s nest (EBN) water kefir during 
fermentation. D0, D2, D4, D6, and D8; EBN water kefir at day 0, 2, 4, 6, and 8 
of fermentation, respectively.



407

H.T. Pham et al. 

We are grateful to Phuoc Loc Thi Nguyen, Director of Phuoc 
Tin Development Trading Service Company, Limited and M.S. 
Vu Nguyen Ngo, NTT Hi-Tech Institute, Nguyen Tat Thanh Uni-
versity, for kindly providing edible bird’s nest and Lactococcus 
lactis strains, respectively. We acknowledge Nguyen Tat Thanh 
University, Ho Chi Minh City, Vietnam for supporting this study. 

RESEARCH FUNDING
This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

CONFLICT OF INTERESTS
The authors declare that there is no conflict of interest.

ORCID IDs
T.V. Duong 	 https://orcid.org/0000-0001-9943-8843
K.T. Nguyen 	 https://orcid.org/0000-0001-8055-5636 
T.-P. Nguyen 	 https://orcid.org/0000-0002-6406-1406 
V.-M. Nguyen 	 https://orcid.org/0000-0002-0081-6419 

REFERENCES
1.	 Abd. Razak, D.L., Abd. Rashid, N.Y., Jamaluddin, A., Abd. Ghani, A., Abdul Man-

an, M. (2021). Antioxidant activities, tyrosinase inhibition activity and bioactive 

compounds content of broken rice fermented with Amylomyces rouxii. Food 
Research, 5(1), 65-72. 
https://doi.org/10.26656/fr.2017.5(S1).026

2.	 Alrosan, M., Tan, T.-C., Easa, A.M., Gammoh, S., Alu’datt, M.H., Kubow, S., Almajw-
al, A.M., Al-Qaisi, A. (2023). Enhanced functionality of fermented whey protein 
using water kefir. International Journal of Food Properties, 26(1), 1663-1677. 
https://doi.org/10.1080/10942912.2023.2225799

3.	 Azi, F., Tu, C., Rasheed, H.A., Dong, M. (2020). Comparative study of the phe-
nolics, antioxidant and metagenomic composition of novel soy whey-based 
beverages produced using three different water kefir microbiota. International 
Journal of Food Science and Technology, 55(4), 1689-1697. 
https://doi.org/10.1111/ijfs.14439

4.	 Babji, A.S., Daud, N.A. (2021). Swiftlet’s nest as potential prebiotic compound 
for the gut beneficial bacteria. Jurnal Ilmu dan Teknologi Hasil Ternak, 16(1), 
1-10. 
https://doi.org/10.21776/ub.jitek.2021.016.01.1

5.	 Bozkir, E., Yilmaz, B., Sharma, H., Esatbeyoglu, T., Ozogul, F. (2024). Challenges 
in water kefir production and limitations in human consumption: A com-
prehensive review of current knowledge. Heliyon, 10(13), art. no. e33501. 
https://doi.org/10.1016/j.heliyon.2024.e33501

6.	 Budryn, G., Klewicka, E., Grzelczyk, J., Gałązka-Czarnecka, I., Mostowski, R. 
(2019). Lactic acid fermentation of legume seed sprouts as a method of in-
creasing the content of isoflavones and reducing microbial contamination. 
Food Chemistry, 285, 478-484. 
https://doi.org/10.1016/j.foodchem.2019.01.178

7.	 Chen, Y.T., Lin, Y.C., Lin, J.S., Yang, N.S., Chen, M.J. (2018). Sugary kefir strain 
Lactobacillus mali APS1 ameliorated hepatic steatosis by regulation of SIRT‐1/
Nrf‐2 and gut microbiota in rats. Molecular Nutrition & Food Research, 62(8), 
art. no. 1700903. 
https://doi.org/10.1002/mnfr.201700903

8.	 Chomphoosee, T., Seesuriyachan, P., Wattanutchariya, W., Tipbunjong, C., 
Therdtatha, P., Insomphun, C., Panti, N., Moukamnerd, C. (2025). A novel 
beverage of coffee cherry (cascara) water kefir rich in antioxidants, bioactive 

1

2

3

4

5

6

7

8

9
Color

Odor

Sweetness

SournessTaste

Appearance

Overall acceptability

D2 D4 D6 D8 D8 (Syrup)

Figure 8. Sensory attributes of original and syrup-sweetened edible bird’s nest (EBN) water kefir. D0, D2, D4, D6, and D8; EBN water kefir at day 0, 2, 4, 6, and 8 
of fermentation, respectively.

https://orcid.org/0000-0001-9943-8843
https://orcid.org/0000-0001-8055-5636
https://orcid.org/0000-0002-6406-1406
https://orcid.org/0000-0002-0081-6419
https://doi.org/10.26656/fr.2017.5(S1).026
https://doi.org/10.26656/fr.2017.5(S1).026
https://doi.org/10.1080/10942912.2023.2225799
https://doi.org/10.1080/10942912.2023.2225799
https://doi.org/10.1111/ijfs.14439
https://doi.org/10.1111/ijfs.14439
https://doi.org/10.21776/ub.jitek.2021.016.01.1
https://doi.org/10.21776/ub.jitek.2021.016.01.1
https://doi.org/10.1016/j.heliyon.2024.e33501
https://doi.org/10.1016/j.heliyon.2024.e33501
https://doi.org/10.1016/j.foodchem.2019.01.178
https://doi.org/10.1016/j.foodchem.2019.01.178
https://doi.org/10.1002/mnfr.201700903
https://doi.org/10.1002/mnfr.201700903


408

Pol. J. Food Nutr. Sci., 2025, 75(4), 397–409

compounds, and exhibiting promising antibacterial and sensory qualities. 
LWT – Food Science and Technology, 219, art. no. 117539. 
https://doi.org/10.1016/j.lwt.2025.117539

9.	 Corona, O., Randazzo, W., Miceli, A., Guarcello, R., Francesca, N., Erten, H., 
Moschetti, G., Settanni, L. (2016). Characterization of kefir-like beverages pro-
duced from vegetable juices. LWT – Food Science and Technology, 66, 572-581. 
https://doi.org/10.1016/j.lwt.2015.11.014

10.	 Dai, Y., Cao, J., Wang, Y., Chen, Y., Jiang, L. (2021). A comprehensive review 
of edible bird’s nest. Food Research International, 140, art. no. 109875. 
https://doi.org/10.1016/j.foodres.2020.109875

11.	 Daud, N.A., Sarbini, S.R., Babji, A.S., Mohamad Yusop, S., Lim, S.J. (2019). Charac-
terization of edible swiftlet’s nest as a prebiotic ingredient using a simulated 
colon model. Annals of Microbiology, 69(12), 1235-1246. 
https://doi.org/10.1007/s13213-019-01507-1

12.	 Falsoni, R.M.P., Moraes, F.d.S.A., Rezende, M.S.d., Silva, C.L.d., Andrade, T.U.d., 
Brasil, G.A., Lima, E.M.d. (2022). Pretreatment with water kefir reduces 
the development of acidified ethanol-induced gastric ulcers. Brazilian Journal 
of Pharmaceutical Sciences, 58, art. no. e191046. 
https://doi.org/10.1590/s2175-97902022e191046

13.	 Fels, L., Jakob, F., Vogel, R.F., Wefers, D. (2018). Structural characterization 
of the exopolysaccharides from water kefir. Carbohydrate Polymers, 189, 
296-303. 
https://doi.org/10.1016/j.carbpol.2018.02.037

14.	 Gallagher, S.R. (2006). One‐dimensional SDS gel electrophoresis of proteins. 
Current Protocols in Immunology, 75(1), 8.4.1-8.4.37. 
https://doi.org/10.1002/0471142735.im0804s75

15.	 Gökırmaklı, Ç., Gün, İ., Kartal, M.O., Güzel-Seydim, Z.B. (2025). Antioxidant 
capacity, volatile compounds, microbial, chemical and sensory properties 
of plum (Prunus domestica) juice water kefir. Discover Food, 5(1), art. no. 33. 
https://doi.org/10.1007/s44187-025-00297-7

16.	 Gong, Z., Zhi, Z., Zhang, C., Cao, D. (2025). Non-destructive detection of soluble 
solids content in fruits: A review. Chemistry, 7(4), art. no. 115. 
https://doi.org/10.3390/chemistry7040115

17.	 Guangsen, T., Xiang, L., Jiahu, G. (2021). Microbial diversity and volatile 
metabolites of kefir prepared by different milk types. CyTA – Journal of Food, 
19(1), 399-407. 
https://doi.org/10.1080/19476337.2021.1912190

18.	 Hasheminya, S.-M., Dehghannya, J. (2020). Novel ultrasound-assisted 
extraction of kefiran biomaterial, a prebiotic exopolysaccharide, and inves-
tigation of its physicochemical, antioxidant and antimicrobial properties. 
Materials Chemistry and Physics, 243, art. no. 122645. 
https://doi.org/10.1016/j.matchemphys.2020.122645

19.	 Hirayama, H., Matsuda, T., Tsuchiya, Y., Oka, R., Seino, J., Huang, C., Nakajima, 
K., Noda, Y., Shichino, Y., Iwasaki, S., Suzuki, T. (2019). Free glycans derived 
from O-mannosylated glycoproteins suggest the presence of an O-gly-
coprotein degradation pathway in yeast. Journal of Biological Chemistry, 
294(44), 15900-15911. 
https://doi.org/10.1074/jbc.RA119.009491

20.	 Kathan, R.H., Weeks, D.I. (1969). Structure studies of collocalia mucoid: I. 
Carbohydrate and amino acid composition. Archives of Biochemistry and Bio-
physics, 134(2), 572-576. 
https://doi.org/10.1016/0003-9861(69)90319-1

21.	 Kim, Y.-J., Uyama, H. (2005). Tyrosinase inhibitors from natural and synthetic 
sources: structure, inhibition mechanism and perspective for the future. 
Cellular and Molecular Life Sciences, 62(15), 1707-1723. 
https://doi.org/10.1007/s00018-005-5054-y

22.	 Kumar, M.R., Yeap, S.K., Mohamad, N.E., Abdullah, J.O., Masarudin, M.J., Khalid, 
M., Leow, A.T.C., Alitheen, N.B. (2021). Metagenomic and phytochemical 
analyses of kefir water and its subchronic toxicity study in BALB/c mice. MC 
Complementary Medicine and Therapies, 21(1), art. no. 183. 
https://doi.org/10.1186/s12906-021-03358-3

23.	 Lee, H.-S., Kim, M.-R., Park, Y., Park, H.J., Chang, U.J., Kim, S.Y., Suh, H.J. (2012). 
Fermenting red ginseng enhances its safety and efficacy as a novel skin 
care anti-aging ingredient: in vitro and animal study. Journal of Medicinal 
Food, 15(11), 1015-1023. 
https://doi.org/10.1089/jmf.2012.2187

24.	 Lee, J.Y., Kim, H., Yang, T.-h., Oh, S., Kim, G.J., Park, S., Lee, S., Mok, I.-K., Kang, D.H., 
Kim, D. (2025). Enhancing the biochemical and functional properties of water 
kefir: Comparative effects of different water sources with emphasis on deep 
ocean water. Journal of Functional Foods, 132, art. no. 106965. 
https://doi.org/10.1016/j.jff.2025.106965

25.	 Lobo, V., Patil, A., Phatak, A., Chandra, N. (2010). Free radicals, antioxidants and func-
tional foods: Impact on human health. Pharmacognosy Reviews, 4(8), 118-126. 
https://doi.org/10.4103/0973-7847.70902

26.	 Malta, S.M., Batista, L.L., Silva, H.C.G., Franco, R.R., Silva, M.H., Rodrigues, T.S., 
Correia, L.I.V., Martins, M.M., Venturini, G., Espindola, F.S. (2022). Identification 

of bioactive peptides from a Brazilian kefir sample, and their anti-Alzheimer 
potential in Drosophila melanogaster. Scientific Reports, 12(1), art. no. 11065. 
https://doi.org/10.1038/s41598-022-15297-1

27.	 Marcone, M.F. (2005). Characterization of the edible bird’s nest the “Caviar 
of the East”. Food Research International, 38(10), 1125-1134. 
https://doi.org/10.1016/j.foodres.2005.02.008

28.	 Moretti, A.F., Moure, M.C., Quiñoy, F., Esposito, F., Simonelli, N., Medrano, M., 
León-Peláez, Á. (2022). Water kefir, a fermented beverage containing probiotic 
microorganisms: From ancient and artisanal manufacture to industrialized 
and regulated commercialization. Future Foods, 5, art. no. 100123. 
https://doi.org/10.1016/j.fufo.2022.100123

29.	 Nguyen, L.B.X., Do, A.D., Phan Van, T. (2025a). Development and evaluation 
of Piper sarmentosum-based kombucha: Fermentation, bioactivity, and sen-
sory acceptance. Polish Journal of Food and Nutrition Sciences, 75(1), 16-23. 
https://doi.org/10.31883/pjfns/199629

30.	 Nguyen, T.-P., Le, Q.T., Bui, C.C., Ta, K.N., Nguyen, K.T. (2024a). Employing 
fruit juices to hydrolyze edible bird’s nest and enhance the antioxidant, 
anti-tyrosinase, and wound-healing activities of the hydrolysates. Heliyon, 
10(10), art. no. e30879. 
https://doi.org/10.1016/j.heliyon.2024.e30879

31.	 Nguyen, T.-P., Le, Q.T., Tran, M.L.T., Ta, K.N., Nguyen, K.T. (2024b). Antioxidant, 
anti-tyrosinase, and wound-healing capacities of soy protein hydrolysates ob-
tained by hydrolysis with papaya and cantaloupe juices showing proteolytic 
activity. Polish Journal of Food and Nutrition Sciences, 74(1), 5-15. 
https://doi.org/10.31883/pjfns/176894

32.	 Nguyen, T.-P., Van Duong, T., Ta, K.N., Nguyen, K.T. (2025b). Protein hydrolysis 
with plant juices enhances antioxidant, prebiotic, and wound-healing 
properties of the hydrolysates: A study in edible bird’s nest. Journal of Food 
Measurement and Characterization, 19, 5572-5584. 
https://doi.org/10.1007/s11694-025-03338-y

33.	 Ozcelik, F., Akan, E., Kinik, O. (2021). Use of Cornelian cherry, hawthorn, red 
plum, roseship and pomegranate juices in the production of water kefir 
beverages. Food Bioscience, 42, art. no. 101219. 
https://doi.org/10.1016/j.fbio.2021.101219

34.	 Panzella, L., Napolitano, A. (2019). Natural and bioinspired phenolic com-
pounds as tyrosinase inhibitors for the treatment of skin hyperpigmentation: 
Recent advances. Cosmetics, 6(4), art. no. 57. 
https://doi.org/10.3390/cosmetics6040057

35.	 Peng, Z., Wang, G., He, Y., Wang, J.J., Zhao, Y. (2023). Tyrosinase inhibitory mech-
anism and anti-browning properties of novel kojic acid derivatives bearing 
aromatic aldehyde moiety. Current Research in Food Science, 6, art. no. 100421. 
https://doi.org/10.1016/j.crfs.2022.100421

36.	 Qian, W., Liu, W., Zhu, D., Cao, Y., Tang, A., Gong, G., Su, H. (2020). Natural 
skin-whitening compounds for the treatment of melanogenesis. Experimental 
and Therapeutic Medicine, 20(1), 173-185. 
https://doi.org/10.3892/etm.2020.8687

37.	 Raveschot, C., Cudennec, B., Coutte, F., Flahaut, C., Fremont, M., Drider, D., 
Dhulster, P. (2018). Production of bioactive peptides by Lactobacillus species: 
From gene to application. Frontiers in Microbiology, 9, art. no. 2354. 
https://doi.org/10.3389/fmicb.2018.02354

38.	 Romero-Luna, H.E., Peredo-Lovillo, A., Dávila-Ortiz, G. (2022). Chapter 9 – Te-
pache: a pre-hispanic fermented beverage as a potential source of probiotic 
yeasts. In Hispanic Foods: Chemistry of Fermented Foods, ACS symposium Series, 
Vol. 1406, ACS Publications, pp. 135-147. 
https://doi.org/10.1021/bk-2022-1406.ch009

39.	 Ruiz-Capillas, C., Herrero, A.M. (2021). Sensory analysis and consumer research 
in new product development. Foods, 10(3), art. no. 582. 
https://doi.org/10.3390/foods10030582

40.	 Sarikhani, M., Kermanshahi, R.K., Ghadam, P., Gharavi, S. (2018). The role of pro-
biotic Lactobacillus acidophilus ATCC 4356 bacteriocin on effect of HBsu on 
planktonic cells and biofilm formation of Bacillus subtilis. International Journal 
of Biological Macromolecules, 115, 762-766. 
https://doi.org/10.1016/j.ijbiomac.2018.03.087

41.	 Silva, M.H., Batista, L.L., Malta, S.M., Santos, A.C., Mendes-Silva, A.P., Bonetti, 
A.M., Ueira-Vieira, C., Dos Santos, A. (2024). Unveiling the Brazilian kefir micro-
biome: Discovery of a novel Lactobacillus kefiranofaciens (LkefirU) genome 
and in silico prospection of bioactive peptides with potential anti-Alzheimer 
properties. BMC Genomics, 25(1), art. no. 884. 
https://doi.org/10.1186/s12864-024-10695-3

42.	 Singleton, V.L., Orthofer, R., Lamuela-Raventós, R.M. (1999). [14] Analysis 
of total phenols and other oxidation substrates and antioxidants by means 
of folin-ciocalteu reagent. Methods in Enzymology, 299, 152-178. 
https://doi.org/10.1016/S0076-6879(99)99017-1

43.	 Srivastava, K.K., Kumar, R. (2015). Stress, oxidative injury and disease. Indian 
Journal of Clinical Biochemistry, 30(1), 3-10. 
https://doi.org/10.1007/s12291-014-0441-5

https://doi.org/10.1016/j.lwt.2025.117539
https://doi.org/10.1016/j.lwt.2025.117539
https://doi.org/10.1016/j.lwt.2015.11.014
https://doi.org/10.1016/j.lwt.2015.11.014
https://doi.org/10.1016/j.foodres.2020.109875
https://doi.org/10.1016/j.foodres.2020.109875
https://doi.org/10.1007/s13213-019-01507-1
https://doi.org/10.1007/s13213-019-01507-1
https://doi.org/10.1590/s2175-97902022e191046
https://doi.org/10.1590/s2175-97902022e191046
https://doi.org/10.1016/j.carbpol.2018.02.037
https://doi.org/10.1016/j.carbpol.2018.02.037
https://doi.org/10.1002/0471142735.im0804s75
https://doi.org/10.1002/0471142735.im0804s75
https://doi.org/10.1007/s44187-025-00297-7
https://doi.org/10.1007/s44187-025-00297-7
https://doi.org/10.3390/chemistry7040115
https://doi.org/10.3390/chemistry7040115
https://doi.org/10.1080/19476337.2021.1912190
https://doi.org/10.1080/19476337.2021.1912190
https://doi.org/10.1016/j.matchemphys.2020.122645
https://doi.org/10.1016/j.matchemphys.2020.122645
https://doi.org/10.1074/jbc.RA119.009491
https://doi.org/10.1074/jbc.RA119.009491
https://doi.org/10.1016/0003-9861(69)90319-1
https://doi.org/10.1016/0003-9861(69)90319-1
https://doi.org/10.1007/s00018-005-5054-y
https://doi.org/10.1007/s00018-005-5054-y
https://doi.org/10.1186/s12906-021-03358-3
https://doi.org/10.1186/s12906-021-03358-3
https://doi.org/10.1089/jmf.2012.2187
https://doi.org/10.1089/jmf.2012.2187
https://doi.org/10.1016/j.jff.2025.106965
https://doi.org/10.1016/j.jff.2025.106965
https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.1038/s41598-022-15297-1
https://doi.org/10.1038/s41598-022-15297-1
https://doi.org/10.1016/j.foodres.2005.02.008
https://doi.org/10.1016/j.foodres.2005.02.008
https://doi.org/10.1016/j.fufo.2022.100123
https://doi.org/10.1016/j.fufo.2022.100123
https://doi.org/10.31883/pjfns/199629
https://doi.org/10.31883/pjfns/199629
https://doi.org/10.1016/j.heliyon.2024.e30879
https://doi.org/10.1016/j.heliyon.2024.e30879
https://doi.org/10.31883/pjfns/176894
https://doi.org/10.31883/pjfns/176894
https://doi.org/10.1007/s11694-025-03338-y
https://doi.org/10.1007/s11694-025-03338-y
https://doi.org/10.1016/j.fbio.2021.101219
https://doi.org/10.1016/j.fbio.2021.101219
https://doi.org/10.3390/cosmetics6040057
https://doi.org/10.3390/cosmetics6040057
https://doi.org/10.1016/j.crfs.2022.100421
https://doi.org/10.1016/j.crfs.2022.100421
https://doi.org/10.3892/etm.2020.8687
https://doi.org/10.3892/etm.2020.8687
https://doi.org/10.3389/fmicb.2018.02354
https://doi.org/10.3389/fmicb.2018.02354
https://doi.org/10.1021/bk-2022-1406.ch009
https://doi.org/10.1021/bk-2022-1406.ch009
https://doi.org/10.3390/foods10030582
https://doi.org/10.3390/foods10030582
https://doi.org/10.1016/j.ijbiomac.2018.03.087
https://doi.org/10.1016/j.ijbiomac.2018.03.087
https://doi.org/10.1186/s12864-024-10695-3
https://doi.org/10.1186/s12864-024-10695-3
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1007/s12291-014-0441-5
https://doi.org/10.1007/s12291-014-0441-5


409

H.T. Pham et al. 

44.	 Tan, L.L., Ngiam, J.J., Sim, E.S.Z., Conway, P.L., Loo, S.C.J. (2022a). Liquorilacto-
bacillus satsumensis from water kefir yields α-glucan polysaccharides with 
prebiotic and synbiotic qualities. Carbohydrate Polymers, 290, art. no. 119515. 
https://doi.org/10.1016/j.carbpol.2022.119515

45.	 Tan, L.L., Tan, C.H., Ng, N.K.J., Tan, Y.H., Conway, P.L., Loo, S.C.J. (2022b). Po-
tential probiotic strains from milk and water kefir grains in Singapore—use 
for defense against enteric bacterial pathogens. Frontiers in Microbiology, 
13, art. no. 857720. 
https://doi.org/10.3389/fmicb.2022.857720

46.	 Tireki, S. (2022). Physicochemical and sensory parameters of vegan water kefir 
beverages fermented with different fruits. The European Journal of Research 
and Development, 2(4), art. no. 119. 
https://doi.org/10.56038/ejrnd.v2i4.119

47.	 Tu, C., Azi, F., Huang, J., Xu, X., Xing, G., Dong, M. (2019). Quality and metageno-
mic evaluation of a novel functional beverage produced from soy whey using 
water kefir grains. LWT – Food and Science Technology, 113, art. no. 108258. 
https://doi.org/10.1016/j.lwt.2019.108258

48.	 Vu-Quang, H., Ngo-Nguyen, V., Nguyen, H.P., Dang, T.V., Phan, Q.K., Do, A.D. 
(2024). Characterization of probiotic potential lactic acid bacteria isolated 
from Chinese cabbage Brassica rapa subsp. Pekinensis. Food Biotechnology, 
38(3), 291-313. 
https://doi.org/10.1080/08905436.2024.2382853

49.	 Wang, X., Wang, P. (2023). Red beetroot juice fermented by water kefir grains: 
Physicochemical, antioxidant profile and anticancer activity. European Food 
Research and Technology, 249(4), 939-950. 
https://doi.org/10.1007/s00217-022-04185-7

50.	 Wong, C.-F., Chan, G.K.-L., Zhang, M.-L., Yao, P., Lin, H.-Q., Dong, T.T.-X., Li, 
G., Lai, X.-P., Tsim, K.W.-K. (2017). Characterization of edible bird’s nest by 
peptide fingerprinting with principal component analysis. Food Quality 
and Safety, 1(1), 83-92. 
https://doi.org/10.1093/fqsafe/fyx002

51.	 Yang, F., Chen, C., Ni, D., Yang, Y., Tian, J., Li, Y., Chen, S., Ye, X., Wang, L. (2023). 
Effects of fermentation on bioactivity and the composition of polyphenols 
contained in polyphenol-rich foods: A review. Foods, 12(17), art. no. 3315. 
https://doi.org/10.3390/foods12173315

52.	 Yassunaka Hata, N.N., Surek, M., Sartori, D., Vassoler Serrato, R., Aparecida 
Spinosa, W. (2023). Role of acetic acid bacteria in food and beverages. Food 
Technology and Biotechnology, 61(1), 85-103. 
https://doi.org/10.17113/ftb.61.01.23.7811

53.	 Yu, Z.-Y., Xu, K., Wang, X., Wen, Y.-T., Wang, L.-J., Huang, D.-Q., Chen, X.-X., 
Chai, W.-M. (2022). Punicalagin as a novel tyrosinase and melanin inhibitor: 
Inhibitory activity and mechanism. LWT – Food Science and Technology, 161, 
art. no. 113318. 
https://doi.org/10.1016/j.lwt.2022.113318

54.	 Zhou, F., Li, Y.-L., Zhang, X., Wang, K.-B., Huang, J.-A., Liu, Z.-H., Zhu, M.-Z. 
(2021). Polyphenols from Fu brick tea reduce obesity via modulation of gut 
microbiota and gut microbiota-related intestinal oxidative stress and barrier 
function. Journal of Agricultural and Food Chemistry, 69(48), 14530-14543. 
https://doi.org/10.1021/acs.jafc.1c04553

https://doi.org/10.1016/j.carbpol.2022.119515
https://doi.org/10.1016/j.carbpol.2022.119515
https://doi.org/10.3389/fmicb.2022.857720
https://doi.org/10.3389/fmicb.2022.857720
https://doi.org/10.56038/ejrnd.v2i4.119
https://doi.org/10.56038/ejrnd.v2i4.119
https://doi.org/10.1016/j.lwt.2019.108258
https://doi.org/10.1016/j.lwt.2019.108258
https://doi.org/10.1080/08905436.2024.2382853
https://doi.org/10.1080/08905436.2024.2382853
https://doi.org/10.1007/s00217-022-04185-7
https://doi.org/10.1007/s00217-022-04185-7
https://doi.org/10.1093/fqsafe/fyx002
https://doi.org/10.1093/fqsafe/fyx002
https://doi.org/10.3390/foods12173315
https://doi.org/10.3390/foods12173315
https://doi.org/10.17113/ftb.61.01.23.7811
https://doi.org/10.17113/ftb.61.01.23.7811
https://doi.org/10.1016/j.lwt.2022.113318
https://doi.org/10.1016/j.lwt.2022.113318
https://doi.org/10.1021/acs.jafc.1c04553
https://doi.org/10.1021/acs.jafc.1c04553

