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Abstract: The efficacy of the Lacticaseibacillus paracasei MSMC 36-9 strain with probiotic potential to
ferment coconut milk and produce coconut milk yogurt-type beverages was examined. Tapioca starch
was used as a stabilizer at concentrations of 0, 1.0, and 2.0% (w/w). The samples were stored at 4 °C for
21 days and analyzed for viability and resistance to in vitro gastrointestinal conditions of L. paracasei
MSMC 36-9, pH changes, radical scavenging activity using the 1,1-diphenyl-2-picrylhydrazyl (DPPH)
assay, and apparent viscosity. The viability of the strain with probiotic potential in the samples
remained stable during storage and ranged between 12 and 13 log CFU/g by the end of the storage
period. The strain L. paracasei MSMC 36-9 from all samples survived under simulated gastrointestinal
conditions. The pH levels of all samples decreased during storage due to post-acidification. The
radical scavenging activity of the products fermented with L. paracasei MSMC 36-9 was higher than
that of the sample fermented with the commercial yogurt starter culture. The addition of tapioca
starch to fermented coconut milk increased the viscosity of the samples. The results suggested that L.
paracasei MSMC 36-9 can be used as a starter culture in the production of coconut milk yogurt-type
beverages with antioxidant potential.
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1. Introduction

Dairy production has been identified as a substantial contributor to greenhouse gas
emissions [1]. However, milk and dairy products remain widely consumed foods, particu-
larly in developed countries, and the global demand for milk is predicted to increase by 35%
by 2030 [2]. Thus, interest in plant-based milk has increased to provide more sustainable
production with health benefits and reduced environmental impact. Plant-based milk
alternatives prepared from many sources, including soy, almond, oat, rice, coconut, wheat,
maize, sorghum, and quinoa [1], have become increasingly popular in the United States,
Europe, Australia, and New Zealand [3]. This shift has also been driven in part by the
prevalence of cow’s milk protein allergies and lactose intolerance. Cow’s milk protein
allergy is one of the most frequent allergies in infants and children, with research showing
that the allergy is often outgrown [4]. Lactose intolerance is caused by a decrease in the
activity of intestinal 3-galactosidase in the gastrointestinal tract, potentially leading to
diarrhea, abdominal pain, bloating, flatulence, or nausea [5]. This condition affects 65% of
the global population and between 70 and 100% of the East Asian population [6]. People
often choose to substitute cow milk with plant-based options for health benefits and avoid
consumption of milk fats, which are rich in saturated fatty acids, while plant-based sources
are rich in dietary fiber, vitamins, minerals, and antioxidants.
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Coconut (Cocos nucifera) is an important economic plant, particularly in tropical and
subtropical regions. Coconut flesh is nutritious, containing 31-35% fat and 3.5-4.0% protein,
essential amino acids, calcium, phosphorus, potassium, vitamin C, E, and B6 [7]. Coconut
oil is known for its high concentration of medium-chain fatty acids, which are more easily
digested than long-chain fatty acids found in other plant-based milk alternatives [8]. Clini-
cal studies have proven that coconut oil exhibits preventive effects against hyperlipidemia,
fatty liver disease, and diabetes [9]. Unlike other plant-based sources such as soy, oat,
almond, and barley, allergies to coconut are rare [10].

Yogurt, a popular dairy product consumed worldwide, is fermented by lactic acid
bacteria starter cultures, typically containing Streptococcus thermophilus and Lactobacillus
delbrueckii subsp. bulgaricus. Probiotics are added to yogurts to provide therapeutic prop-
erties. Probiotics are defined as beneficial microorganisms that provide health benefits
for the host when consumed in adequate quantities [11]. Probiotics are known to have
inhibitory activities against pathogenic microorganisms, anti-carcinogenic, anti-tumor, and
cholesterol-lowering characteristics [12].

The application of plant-based milk alternatives for the manufacturing of probiotic
yogurt-like products has been studied. A blend of yogurt starter culture and Lactobacil-
lus acidophilus, Bifidobacterium lactis, and Lacticaseibacillus paracasei improved angiotensin-
converting enzyme inhibitory activity in fermented soy-based products [13]. A study of
probiotic oat-based yogurt showed that after 3-week refrigerated storage, Lacticaseibacillus
casei and Bifidobacterium remained at therapeutic levels of ~10° CFU/g [14]. However, scant
information is available on probiotic coconut milk-based fermented products, especially the
stability of probiotics during gastrointestinal passage. In our previous study, the potential
of using coconut milk to produce yogurt-type beverages fermented with commercial yogurt
starter cultures was explored, with tapioca starch incorporated into the products to obtain
the yogurt-like viscous texture [15]. For a techno-functional purpose, the incorporation of
stabilizers is necessary for the development of coconut milk yogurt-type beverages because
coconut milk contains lower protein levels, which are necessary for the development of
viscous texture. Tapioca starch is a widely utilized ingredient in many food products
due to its high viscosity and clear appearance, while its low production cost makes it a
highly cost-effective choice for food manufacturers [16]. Building upon our findings, we
aimed to further investigate the ability of the Lacticaseibacillus paracasei strain with probiotic
potential as a starter culture for the production of coconut milk yogurt-type beverages with
antioxidant activity.

In the present study, Lacticaseibacillus paracasei MSMC 36-9 was isolated from healthy
Thai human infant feces. In our preliminary study, L. paracasei MSMC 36-9 was screened
for potential probiotic properties. The strain exhibited resistance to low acid and high bile,
with high levels of hydrophobicity and non-hemolytic properties. In addition, L. paracasei
MSMC 36-9 showed strong radical scavenging activity performed by the DPPH radical
scavenging assay. The effect of tapioca starch as a stabilizer was also studied. Coconut
milk yogurt-type beverages were manufactured by adding tapioca starch at 1.0 and 2.0%
(w/w) for texture development, while the sample made without tapioca starch was used
as the control. The viability and resistance to simulated gastrointestinal conditions of L.
paracasei MSMC 36-9, the radical scavenging activity of the products, and their physical
and rheological properties were analyzed during storage at 4 °C.

2. Materials and Methods
2.1. Culture Preparation

The strain, L. paracasei MSMC 36-9, was isolated from healthy infant feces and kept
at —80 °C (ethical approval: SWUEC 37/2551). A fresh culture was obtained by sub-
culturing the frozen stock three times in de Man, Rogosa, Sharpe (MRS) broth (HiMedia
Lab., Maharashtra, India) at 37 °C for 24-48 h under anaerobic conditions in an anaerobic
jar with gas pack (AnaeroPack-Anaerobe, Mitsubishi, Japan). The number of bacterial cells
was adjusted to 9.0 log CFU/mL for an OD600 of 1.0. The resultant culture was centrifuged



Beverages 2024, 10, 30

3of11

at 4000x g for 5 min and washed with phosphate-buffered saline. The cell suspension was
then centrifuged at 4000 x g for 5 min, and the cell pellets were resuspended in UHT coconut
milk for use in the preparation of coconut milk yogurt-type beverages [17]. From the
preliminary study, L. paracasei MSMC 36-9 exhibited probiotic potential, including resistance
to low acid and high bile, having a high level of hydrophobicity, being non-hemolytic, and
showing strong radical scavenging activity by DPPH radical scavenging assay.

2.2. Preparation of Coconut Milk Yogurt-Type Beverage

UHT coconut milk was supplemented with tapioca starch at concentrations of 1.0
(Pro-1) or 2.0% w/w (Pro-2), and the sample without the addition of tapioca starch was
used as the control (Pro-0). At least three replications for each sample were performed.
Sucrose (5% w/w) was added. The samples were heated to 90 °C for 3 min before cooling to
43 °C. The strain L. paracasei MSMC 36-9 was then added, and the samples were incubated
at 43 °C overnight. One sample without the addition of tapioca starch (Yo-0) was fermented
with a commercial yogurt starter culture, YF-L812, containing Lactobacillus delbrueckii subsp.
bulgaricus and Streptococcus thermophilus (Chr. Hansen, Hersholm, Denmark) to determine
the effects of different bacterial cultures. Each inoculation was sufficient to attain the initial
count of 10 CFU/g. After fermentation, the coconut milk yogurt-type beverages were kept
at 4 °C for 21 days for subsequent analyses.

2.3. pH Changes during Storage

Changes in the pH levels of coconut milk yogurt-type beverages were evaluated on
days 1,7, 14, and 21 using a pH meter model Eutech pH 700 (Eutech Instrument, Vernon
Hills, IL, USA).

2.4. Viability of the Strain with Probiotic Potential in Coconut Milk Yogurt-Type Beverages
during Storage

The viability of L. paracasei MSMC 36-9 was determined on MRS agar. One gram
of the samples was mixed with 9 mL of phosphate-buffered saline. The serial dilutions
were prepared up to 10712, and 0.1 mL of the dilutions were then spread on MRS agar
and incubated at 37 °C for 24-48 h under anaerobic conditions in an anaerobic jar with gas
pack (AnaeroPack-Anaerobe, Mitsubishi, Japan) [17]. Plates containing between 30 and
300 colonies were enumerated. The results were reported as log colony-forming units/g
(log CFU/g).

2.5. Resistance of the Strain with Probiotic Potential to Simulated Gastrointestinal Conditions
during Storage

Resistance of L. paracasei MSMC 36-9 to gastrointestinal conditions was determined
using in vitro gastrointestinal digestion simulating sequential exposure to gastric and
pancreatic juice as described by Mesquita et al. [18] with slight modifications. Ten grams
of the products were mixed with 90 mL of 0.2% (w/v) NaCl, and pepsin (0.35% w/v) was
added. The pH was adjusted to 3.0 using 1 M HCl. The digestion was carried out for 3h at
37 °C. The products after exposure to gastric juice were added with trypsin (0.1%), bile salts
(1.8%), NaCl, and NaHCOj3. The pH was adjusted to 8.0. The digestion was performed for
3 h at 37 °C. After gastrointestinal digestion, the number of viable cells was determined
using MRS agar plates incubated at 37 °C for 2448 h. The % survival was calculated
according to Equation (1) by comparing the number of viable cells after in vitro digestion
to the undigested sample as determined in Section 2.4.

Viable cells after digestion

o Survival = Viable cells of undigested sample

(1)

2.6. Radical Scavenging Activity of Coconut Milk Yogurt-Type Beverage

To investigate the antioxidant activity of L. paracasei MSMC 36-9 grown in coconut
milk, the DPPH radical scavenging assay was performed on the samples after 21 days
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of storage following the method described by Shori et al. [19] with slight modifications.
Ten grams of the samples were mixed with 2.5 mL of distilled water. The pH value was
adjusted to 4.0 by the addition of 0.1 M HCI, and the sample was incubated in a water
bath at 45 °C for 10 min. The mixture was then centrifuged at 5000x g at 4 °C for 10 min,
and the supernatant was collected and used for analysis. DPPH reagent was prepared by
dissolving DPPH in 95% ethanol. The supernatant was mixed with DPPH reagent and
incubated for 30 min in the dark at ambient temperature. Absorbance was measured at
517 nm against the control (ethanol) using a spectrophotometer. DPPH radical scavenging
activity was calculated as shown in Equation (2). The sample prepared using a commercial
yogurt starter (Yo-0) was used to compare the effect of different starter cultures on the
antioxidant activity of the products.

Abscontml - Abssample) % 100 (2)

% Radical scavenging activity = <
AbScontrol

2.7. Viscosity

Apparent viscosity was determined using a controlled stress rheometer (HAAKE
Mars 40, Thermo Fisher Scientific, Karlsruhe, Germany) equipped with a plate and cone
geometry (35 mm diameter, 1 mm gap). The pre-shear step with a shear rate of 500 s~!
was first applied to the samples for 30 s. The samples were then left for structural recovery
for 300 s. The apparent viscosity was measured at the shear rate, which logarithmically
increased from 0.01 to 100 s~! [20]. All experiments were performed at 25 °C.

2.8. Data Analysis

Data analysis was conducted using SPSS 16.0 (Version 16.0, IBM®SPSS® Statistics,
Chicago, IL, USA). A one-way analysis of variance (ANOVA) was used to compare the
mean values of different samples. The differences between means were analyzed using
Tukey’s honesty significant difference (HSD) at the p < 0.05 level. All experiments were
performed at least in triplicate.

3. Results and Discussion
3.1. pH Changes during Storage

A decrease in pH during storage at 4 °C was observed in all samples, as shown in
Figure 1. Other studies on fermented dairy alternatives also showed a decrease in pH levels
during storage [15,21]. The samples fermented with L. paracasei MSMC 36-9, Pro-0, Pro-1,
and Pro-2, showed significantly lower pH levels compared to the sample made with a
regular yogurt starter culture, Yo-0, for the entire storage period. The lower pH values were
possibly attributed to the production of organic acids by L. paracasei MSMC 36-9 presenting
in the samples. According to Lourens-Hattingh and Viljoen [22], at lower pH, the growth
rate of S. thermophilus declined and was inhibited at pH around 4.4, whereas lactobacilli
still grew at pH values ranging from 3.5 to 3.8. Therefore, S. thermophilus in the sample Yo-0
might be inhibited and produce lactic acid to a lesser extent during storage.

Coconut milk contains 3.3 g of sugar in 100 g, of which 2.3 g are sucrose [8], together
with added sucrose during manufacturing. Thus, sucrose is the main sugar in coconut
milk yogurt-type beverages. The reduction in pH may indicate that the strain with pro-
biotic potential used in the present study is able to metabolize sucrose as described by
Huang et al. [23]. The authors found that probiotics with the presence of sucrose utilization
genes acidified almond milk-based alternatives more efficiently compared to dairy yogurt
starter cultures because the main sugar in almond milk was sucrose. However, additional
study is required to confirm whether L. paracasei MSMC 36-9 possesses sucrose utilization
genes. The effect of tapioca starch addition on the pH levels of the samples was not ob-
served at the end of the storage period. Amaya-Llano et al. [24] also found no difference
in pH values during storage between yogurts made with and without the addition of
starch. However, Altemimi [25] found that the addition of 1.0% potato starch resulted in
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higher pH levels compared to the control sample. The author suggested that reduced water
availability when starch was added limited bacteria growth and lactic acid production.

5.0

—8— Yo-0
—&— Pro-0
—&— Pro-1
—4— Pro-2

4.8 4

0 E‘—I—\i\i

4.4 -

pH

424

4.0 -

3.8 4

3.6 -

34 T T T T

Day

Figure 1. pH values of coconut milk yogurt-type beverages fermented with a commercial yogurt
starter culture (Yo-0), L. paracasei MSMC 36-9, without the addition of tapioca starch (Pro-0), with
the addition of 1.0% tapioca starch (Pro-1), and with the addition of 2.0% tapioca starch (Pro-2)
during storage at 4 °C. Points represent the mean, and error bars represent the standard deviation of
three replicates.

It should be noted that the pH levels of fermented coconut milk in the present
study were lower than those reported for fermented dairy products in other studies.
Wang et al. [26] recorded pH values between 4.25 and 4.35 in yogurts made from cow milk
after 21 days of storage, while pH levels of 3.79 to 3.91 were observed in fermented soy
milk. The high pH buffering capacity of milk was responsible for the higher final pH. Pro-
teins and small constituents (inorganic phosphate and organic acids) are the main factors
contributing to the high pH buffering capacity of milk [26].

3.2. Viability of the Strain with Probiotic Potential in Coconut Milk Yogurt-Type Beverage
during Storage

The viability of L. paracasei MSMC 36-9 in coconut milk yogurt-type beverages during
storage is shown in Table 1. The viability of the commercial yogurt culture in the sample Yo-
0 decreased during storage, while the number of L. paracasei MSMC 36-9 did not significantly
change. The acidic nature of the samples potentially inhibited bacterial growth during
storage. However, L. paracasei MSMC 36-9 still survived even in the acidic environment in
this study. These results may be attributed to the production of essential growth factors in
the form of peptides and amino acids by the strong proteolytic activity of lactobacilli [21].

The number of L. paracasei MSMC 36-9 in samples Pro-0, Pro-1, and Pro-2 was signifi-
cantly higher than commercial cultures found in the Yo-0 sample. These findings indicated
that L. paracasei MSMC 36-9 was possibly more suitable for use in the fermentation of
coconut milk that contained sucrose as the main sugar. Our results corresponded to the
changes in pH of the samples, with lower pH levels found in samples fermented with the
strain with probiotic potential. However, further study may be required to confirm the
viability of L. paracasei MSMC 36-9 after 21 days of storage.

The number of L. paracasei MSMC 36-9 of approximately 10-13 log CFU/g found in
Pro-0, Pro-1, and Pro-2 is in agreement with the study conducted by Szparaga et al. [27].
They recorded an increase in the number of the probiotic strain, Lactobacillus casei subsp.
rhamnosus, in fermented coconut milk from 11 log CFU/mL (determined immediately after
inoculation of probiotics at 10 log CFU/mL) to 13 log CFU/mL after a 6-hour fermentation.
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Table 1. Viability of L. paracasei MSMC 36-9 (log CFU/g) in coconut milk yogurt-type beverages
without addition of tapioca starch (Pro-0), with addition of 1.0% tapioca starch (Pro-1), and with
addition of 2.0% tapioca starch (Pro-2) compared to the sample fermented with commercial yogurt
starter cultures (Yo-0) during storage at 4 °C. Data are presented as the mean =+ SD of three replicates.

Viable Counts (log CFU/g)

Sample
Day 1 Day 7 Day 14 Day 21
Yo-0 920+ 0.16 A 8.71 + 0.05 P~ 8.00 + 0.07 bB 7.78 £0.11bB
Pro-0 10.42 +0.11 bA 11.17 £ 0.08 24 9.94 + 23537 12.39 + 3.90 24
Pro-1 13.35 £ 0.322AB 1325 +0.122AB 1232 + (.23 2B 13.56 + 0.35 a4
Pro-2 13.25 + 0.44 24 11.92 + 0.93 24 12.25 + 0.58 24 13.83 + 0.04 24

= Different superscripts in the same column indicate a significant difference (p < 0.05). B Different superscripts
in the same row indicate a significant difference (p < 0.05).

The incorporation of tapioca starch at 1.0 and 2.0% (w/w) did not affect the viability
of bacteria. In probiotic food products, the probiotic concentration is a key factor, and
probiotic food products should include at least 6 log CFU/g of probiotics, and 8 to 9 log
CFU/g of probiotic microorganisms is the recommended dosage for daily consumption [28].
Thus, our coconut milk yogurt-type beverages fermented with potential probiotic strains
are in agreement with the recommended dose.

3.3. Resistance of the Strain with Probiotic Potential to Simulated Gastrointestinal Digestion

The ability of probiotics to survive in the low pH condition of the stomach and in bile
salts released in the small intestine is one of the key selection criteria for probiotic usage in
food products. Studies of simulated gastrointestinal digestion under the typical conditions
of the human digestive system, such as pH and bile salts, allow evaluation of the influence
of these conditions on bacterial viability [29]. The number of bacterial cells that survived
after sequential exposure to simulated gastrointestinal conditions and the survival rate are
shown in Table 2. After sequential exposure to gastric and pancreatic juice, the commercial
yogurt starter cultures (Yo-0) survived the simulated gastrointestinal condition only on
day 1, while L. paracasei MSMC 36-9 in all samples survived the gastrointestinal conditions
throughout the refrigerated storage. Wang et al. [26] reported a similar trend of L. casei
reduction in fermented cow and soy milk after simulated digestion, with no significant
changes in cell viability during refrigerated storage. According to the authors, changes in
cell viability were not observed during storage, but a decrease in cell resistance to gastric
acidity was detected.

Table 2. Number of L. paracasei MSMC 36-9 (log CFU/g) in coconut milk yogurt-type beverages
without addition of tapioca starch (Pro-0), with the addition of 1.0% tapioca starch (Pro-1), and with
the addition of 2.0% tapioca starch (Pro-2) compared to the sample fermented with a commercial
yogurt starter culture (Yo-0) after sequential exposure to simulated gastrointestinal digestion and
survival (%). Data are presented as the mean =+ SD of three replicates.

Day 1 Day 7 Day 14 Day 21
Sample Viable Cells Survival Viable Cells Survival Viable Cells Survival Viable Cells Survival
(log CFU/g) (%) (log CFU/g) (%) (log CFU/g) (%) (log CFU/g) (%)
Yo-0 6.53 +0.10P 71 ND - ND - ND -
Pro-0 8.08 £0.032 78 A 838 +1.422 75 A 6.68 +0.052 674 6.77 £0.11° 55B
Pro-1 7.34 +0.692 58 B 8.70 + 1.152 66 A 6.85+0.012 56 B 7.99 4 0.61 2 59 B
Pro-2 746 +0.232 56 B 8.15+1.082 68 4 728 +£0.332 59 B 6.92 4+ 0.05° 50 €

ND: Not detected. *P Different superscripts in the same column indicate significant differences (p < 0.05).
A-C Different superscripts in the same row indicate significant differences in survival rate during storage (p < 0.05).
No significant differences between the number of cells after exposure to simulated gastrointestinal digestion
within the same sample throughout the storage period.
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In the present study, a decrease in the pH of coconut milk yogurt-type beverages
during storage at 4 °C was possibly responsible for the increased tolerance to the sequential
exposure to gastric and pancreatic juice, with an increase in survival rate after day 1 of
storage for samples fermented with the strain with probiotic potential. It is possible that
during storage, the strain adapted to acidic conditions, potentially triggering resistance
mechanisms against simulated gastric juice exposure [18]. However, after 14 days of
storage, the sharp decrease in the pH value of the sample may limit the survival rate of L.
paracasei MSMC 36-9.

Survival of the cells may be due to the protective effect of the high fat content in coconut
milk, which increases cell resistance to gastrointestinal stress [30]. Moreover, the tolerance
of bacteria to gastrointestinal stress has strain-dependent characteristics and depends
on various intrinsic factors. Lactic acid bacteria with the ability to produce the bile salt
hydrolase enzyme could generally reduce the toxicity of bile salts [18]. Exopolysaccharides
(EPS) produced intrinsically during fermentation have also been associated with increased
tolerance to gastric juice. Therefore, the EPS test may need to be carried out to confirm
whether L. paracasei MSMC 36-9 is an EPS-producing strain.

Our results confirmed that L. paracasei MSMC 36-9 could be potentially used as a
probiotic culture for therapeutic purposes as well as a starter culture for the production of
coconut milk yogurt-type beverages.

3.4. Radical Scavenging Activity

The DPPH radical scavenging activity of coconut milk yogurt-type beverages is shown
in Figure 2. The radical scavenging activity of Yo-0 was significantly lower than Pro-0,
Pro-1, and Pro-2.

100
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Figure 2. DPPH radical scavenging activity (%) of coconut milk yogurt-type beverages fermented
with yogurt starter culture (Yo-0), L. paracasei MSMC 36-9 without the addition of tapioca starch
(Pro-0), with the addition of 1.0% tapioca starch (Pro-1), and with the addition of 2.0% tapioca starch
(Pro-2) measured on day 21 during refrigerated storage at 4 °C. Columns represent the mean, and
error bars represent the standard deviation of three replicates. P Different superscripts indicate
significant differences (p < 0.05).

No significant differences in radical scavenging activity were found between sam-
ples fermented with L. paracasei MSMC 36-9 at different concentrations of tapioca starch.
The values of antioxidant activity determined from Pro-0, Pro-1, and Pro-2 were 81.56%,
83.24%, and 84.59%, respectively, while the sample Yo-0 possessed a value of 74.55%. The
antioxidant activity of these fermented coconut products may partly be due to the phenolic
compounds present in coconut oils, such as p-coumaric acid, ferulic acid, caffeic acid, and
catechin acid [31]. Specific metabolites produced during the fermentation process of the
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strain with probiotic potential can also enhance antioxidant activity. However, Soumya
et al. [32] found lower radical scavenging activity of around 40% in fermented coconut milk
after 21 days of storage. The lower value of radical scavenging activity could be attributed
to various parameters, including different coconut milk preparation methods and starter
cultures used in the fermentation.

Shori et al. [21] recorded enhanced antioxidant activity of cashew nut yogurts by
co-fermentation with three strains of Lactobacillus spp., which increased the flavonoid and
phenolic contents. Heydari et al. [33] used Iranian Bifidobacterium lactis in the manufacturing
of dairy yogurt and found that B. lactis produced bioactive peptides with strong antioxidant
activity. In the present study, our obtained antioxidant activity values are higher than those
of dairy yogurt fortified with ingredients rich in phenolic compounds, such as mulberry
pomace [34] and pomegranate juice powder [35]. Therefore, L. paracasei MSMC 36-9 showed
high potential for producing bioactive substances with therapeutic effects in fermented
coconut milk.

3.5. Viscosity

The apparent viscosity of all samples decreased with an increase in shear rate (Figure 3),
indicating that coconut milk yogurt-type beverages possessed shear-thinning behavior [20].
Table 3 presents the viscosity values of samples measured at a shear rate of 40 s~ 1. Increas-
ing tapioca starch concentrations resulted in higher viscosity, with sample Pro-2 the most
viscous. According to these findings, adding tapioca starch to the samples strengthened the
network as the starch granules swelled and absorbed water in the continuous phase during
heating at 90 °C, thereby enhancing particle-particle interactions [36]. The viscosity values
found in the present study were comparable to the viscosity values found in probiotic
coconut beverages reported by Soumya et al. [32]. According to Mishra and Rai [37], tapioca
starch was found to be stable in acidic conditions, indicating that it is suitable for use in the
formulation of yogurt-type beverages made from plant-based milk.
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Figure 3. Apparent viscosity of coconut milk yogurt-type beverages fermented with yogurt starter
culture (Yo-0), L. paracasei MSMC 36-9 without the addition of tapioca starch (Pro-0), with the addition
of 1.0% tapioca starch (Pro-1), and with the addition of 2.0% tapioca starch (Pro-2) was measured on
days 1 (a), 7 (b), 14 (c), and 21 (d).
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Table 3. Apparent viscosity (Pa.s) of coconut milk yogurt-type beverages measured at a shear rate of
40 s7!. Data are presented as the mean = SD of three replicates.

Apparent Viscosity (Pa-s)

Sample
Day 1 Day 7 Day 14 Day 21
Pro-0 0.14 4 0.03 bB 0.15 & 0.02 bB 0.25 &+ 0.06 bA 0.24 4+ 0.04 <A
Pro-1 0.80 &+ 0.11 2B 0.34 £ 0.05 b€ 0.64 + 0.06 bB 1.11 £0.18PA
Pro-2 1.12 + 0.20 2B 0.85 + 0.12 2B 2.15 + 0.40 24 2.18 £+ 0.09 24

a=¢ Different superscripts in the same column indicate significant differences (p < 0.05). 2=€ Different superscripts
in the same row indicate significant differences (p < 0.05).

4. Conclusions

This study highlighted the ability of the strain with probiotic potential, L. paracasei
MSMC 36-9, to be used as a starter culture in the production of coconut milk yogurt-
type beverages with the addition of tapioca starch as a stabilizer. The strain with probiotic
potential was isolated from healthy infant feces. The strain survived in the simulated gastric
juice and bile salts for the entire storage period of 21 days. At the end of storage, the number
of L. paracasei MSMC 36-9 in all samples was above the range of 10° CFU/g recommended
for human consumption. The radical scavenging activity of samples fermented with L.
paracasei MSMC 36-9 was in the range of 80%. The addition of tapioca starch modified
the viscosity of the products because of its swelling property. Our results suggested
that L. paracasei MSMC 36-9 could be used as a starter culture for the manufacturing of
fermented coconut milk beverages. However, since the strain L. paracasei MSMC 36-9 is
of human origin, further safety assessments, i.e., assessment of D-lactate production and
determination of antimicrobial resistance factors, are required before introducing it into
products intended for human or animal consumption.
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