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A B S T R A C T

This study aimed to assess the impact of bael fruit pulp on the viability of probiotic Lacticaseibacillus rhamnosus
GG (LGG) and some physicochemical properties of bael-goat milk-based beverages during 21 days of refrigerated
storage. Bael fruit pulp (BFP) was incorporated into goat milk (GM) at different levels (0 %, 5 %, 10 %, and 20
%), and fermented with LGG combined with conventional yoghurt culture. Products were analyzed at weekly
intervals. Fermented GM without bael served as control. Redness (a*), yellowness (b*), chroma, and LGG
viability were all significantly increased while pH, lightness (L*), and whiteness were dramatically decreased by
the addition of BFP. After 14 days of storage, all fermented milk containing bael exhibited considerably (p <

0.05) greater LGG counts than the control. The product containing 20 % bael had the greatest viability counts
(7.01 log CFU/mL) at the end of storage. Throughout the storage period, all of the products—including the
control—maintained viable probiotic counts of greater than 6 log CFU/mL. The pH of the products decreased
over time but was stabilized by bael. In conclusion, the findings demonstrate that goat milk is a perfect vehicle
for LGG, and adding bael may boost the fermented goat milk’s probiotic viability, physicochemical qualities, and
nutritional value, thus improving its overall quality.

1. Introduction

Probiotics are live microorganisms that, when administered in
adequate amounts, confer health benefits on the host (Hill et al., 2014).
They improve digestive and immune function, and formulations must
contain sufficient viable probiotics (>106 CFU/g at the time of con-
sumption) to deliver health benefits. Probiotics have traditionally been
associated with fermented dairy products like sour milk, yoghurt, and
cheese. Lactic acid bacteria (LAB) have been used for functional dairy
products since ancient times, contributing to flavor, texture, and
nutrient value (Ranadheera et al., 2018). Lacticaseibacillus rhamnosus GG
(LGG) is an exopolysaccharide-producing probiotic strain with
numerous health-promoting effects in humans. Recent clinical studies
have shown that oral supplementation of LGG is a safer immunomodu-
latory agent that enhances immune response (Salva et al., 2021), im-
proves glycemic control (Sanborn et al., 2020a), cognitive performance
(Sanborn et al., 2020b), and improves health-related quality of life in

individuals with attention-deficit/hyperactivity disorder (ADHD)
(Kumperscak et al., 2020).

Goat milk and its products are becoming popular as healthy sub-
stitutes for cow milk, particularly for infant and elderly nutrition and
those with certain gastrointestinal disorders (da Silva Dantas et al.,
2022; Guo et al., 2022). Goat milk has higher digestibility, alkalinity,
buffering capacity, mineral and vitamin contents, and is hypoallergenic,
making it an ideal option for those with cow milk intolerance (Araújo
et al., 2022; Ma et al., 2022; Mituniewicz-Małek et al., 2017). It also
facilitates the long-term survival of probiotics due to its favourable
properties (Ranadheera et al., 2018). Different food matrixes derived
from goat milk, such as cheese (Pappa et al., 2022), yoghurt (Costa et al.,
2022; da Silva Dantas et al., 2022; Machado et al., 2017; Madhubasani
et al., 2020; de Morais et al., 2022), fermented goat milk (Araújo et al.,
2022; El-Sayed et al., 2024; Guo et al., 2022; Ma et al., 2022; Mitunie-
wicz-Malek et al., 2017), and drinking yoghurts (Elkot et al., 2023) have
been studied as ideal delivery vehicles for viable probiotics. However,
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goat milk and its products often have a unique "goaty" flavour due to its
higher contents of short- and medium-chain fatty acids (da Silva Dantas
et al., 2022; Guo et al., 2022; Wang et al., 2019). LAB fermentation
combined with probiotics has been viewed as an ideal strategy to reduce
or mask goaty flavour in goat milk products, improving sensory accep-
tance (Machado et al., 2017; Mituniewicz-Malek et al., 2017).

The addition of natural flavors and aromas using essences, fruits/
fruit extracts, and honey may be an attractive alternative to artificial
flavorings for use in the development of novel dairy products (Machado
et al., 2017). The addition of fruits has a positive influence on fermented
goat milk products as it influences microbial, physicochemical, and
sensory properties by improving fruit aroma and reducing or hindering
goaty flavor leading to improved appeal of goat milk products to con-
sumers. Accordingly, in recent research, various fruits and fruit-derived
products such as giloy (Tinospora cordifolia) (Sharma et al., 2024), red
jumbo pulp (Syzygium malaccensis) (Araújo et al., 2022), Cupussu
(Theobroma grandiflorum) (Costa et al., 2022), white sapote fruit (Casi-
miroa edulis) (Elkot et al., 2023), strawberry juice (Wang et al., 2019),
blue honeysuckle juice (Lonicera caerulea) (Ma et al., 2022) have suc-
cessfully been incorporated into various goat milk products. Further, the
addition of fruit juice/pulps into probiotic dairy products is an effective
strategy to enhance probiotic viability up to the time of consumption of
the product as they modify the pH of the product while providing
additional nutrient sources for the growth and survival of the probiotics
(Ranadheera et al., 2018).

Bael fruit has been known in the Indian subcontinent since ancient
times and has been documented in the Hindu, Buddhist, and Jain liter-
ature from Vedic times (1500 BCE to 600 BCE). Bael is a sub-tropical tree
that is very hardy and can thrive well under diverse agro-climatic con-
ditions. Bael fruits are spherical, woody, and brittle, and contain a pulp
yellow in colour that accounts for about 68 % of the total weight of the
fruit. Bael fruit has been used in traditional systems of medicine from
time immemorial for relieving constipation, diarrhoea, peptic ulcers,
and respiratory infections (Roy et al., 2011). The health benefits of bael
fruit have recently been comprehensively reviewed. This review reveals
that the bael fruit possesses antimicrobial, anti-cancer, cardioprotective,
anti-hyperlipidemic, anti-ulcer, hepatoprotective, radioprotective,
wound healing, and anticonvulsant activities, and has proven to have
inhibitory effects on diarrhoea, dysentery, and diabetes (Sarkar et al.,
2020). Bael fruit pulp, rich in carbohydrates (30–42 %) and dietary fibre
(2–7 %), is a valuable source of fermentable substrates for probiotics. Its
high phenolic content (87 mg g-1 dw), including flavonoid (15.2 mg g-1

dw), carotenoids (32.9 µg/g dw), and vitamin C (~26 mg/100 dw),
prevents rancidity and colour loss (Sarkar et al., 2020; Sharma et al.,
2022). These properties can enhance the growth, metabolism, and sur-
vivability of probiotics in bael-incorporated food products. Further-
more, enhanced probiotic growth may increase exopolysaccharide
production, improving the buffering ability of the product and ensuring
an ideal pH range for better probiotic survivability. Overall, bael fruit
pulp offers a promising source for incorporating probiotics into food
products. The incorporation of bael has also been reported to enhance
the overall acceptability of bael-incorporated food products (Begum
et al., 2024; Chaudhary et al., 2023).

Enriching goat milk by incorporating bael fruit pulp can be specu-
lated as an ideal strategy to improve probiotic growth and survival as it
provides additional fermentable substrates (total sugars account for
12–20 % of the edible portion) for probiotic metabolism (Roy et al.,
2011; Sarkar et al., 2020) and additional protection offered by its anti-
oxidative properties (Charoensiddhi&Anprung, 2008). Incorporation of
bael into goat milk matrix may also improve the exopolysaccharide
production by LGG leading to increased buffering capacities of the
product and thereby minimizing the negative impact of
post-fermentation during prolonged storage. Bringing L. rhamnosus GG
into the bael-goat milk matrix may combine the beneficial effects
associated with it. More importantly, combining goat milk, bael, and the
probiotic LGG may enable milk-fruit beverage consumers to enjoy a

large array of benefits from a single product. In this context, the current
research aimed to determine the effect of bael fruit pulp on the viability
of Lacticaseibacillus rhamnosus GG and some selected physicochemical
properties of bael-goat milk-based beverages over the refrigerated
storage of 21 days.

2. Materials and methods

2.1. Materials and chemicals

Goat milk used in the study was obtained from a goats’ farm located
in Elabadagama, Northwestern Province of Sri Lanka during September
and November. The goat breed used to obtain milk was Saanen. Fully-
ripen bael fruits were purchased from the local market. Commercial
freeze-dried yoghurt starter culture (Yoflex®-L811) and probiotic LGG
(nu-trish® LGG®) were purchased from Chr. Hansen (Horsholm,
Denmark). De Man Rogosa Sharpe (MRS) media was purchased from
HiMedia Laboratories LLC, PA, USA. Vancomycin was obtained from
GUFIC®, Gujarat, India.

2.2. Preparation of bael fruit pulp

The fruits were thoroughly washed and deshelled to obtain the flesh
inside. The flesh was extracted, mixed with water in a 1: 1 ratio, and
stirred thoroughly until obtaining a consistent pulp and then all the
seeds were removed. The pulp was then heat treated at 60 ◦C for 5 min,
allowed to cool down to room temperature, and stored in a closed glass
container under refrigerated conditions (4 ◦C) until use. The heat
treatment was employed to inactivate oxidative enzymes naturally
present in bael fruit pulp as well as for microbial inactivation.

2.3. Preparation of starter culture

Yoghurt starter (containing Lactobacillus delbrueckii ssp. bulgaricus
and Streptococcus salivarius ssp. thermophilus in 1:1 ratio) and probiotic
(Lacticaseibacillus rhamnosus GG) were prepared according to the
method previously described by Yapa et al. (2023) using skimmed goat
milk as the activation medium.

2.4. Preparation of bael-goat milk beverage

Fermented milk was manufactured from whole goat milk by incor-
porating different levels (0 %, 5 %, 10 %, and 20 %) of bael fruit pulp.
Briefly, whole goat milk was heat treated at 80–85 ◦C for 25 min with
constant stirring while adding 2 % (w/v) sucrose. The pasteurized milk
was then divided into four 500 mL portions and inoculated with yoghurt
culture and probiotic culture (7-8 log CFU/mL) with varying levels of
bael fruit pulp (Table 1). The mixes were poured into 85 g polystyrene
cups, closed, and incubated at 42 ◦C until the milk was coagulated
(approximately 7 h). After fermentation, all fermented milk formula-
tions were stirred (150 rpm for 3 min) and stored under refrigerated
storage (4 ◦C) until use.

Table 1
Proportion of the bael fruit pulp, yoghurt starter, probiotic (L. rhamnosus GG),
and goat milk used to prepare experimental beverages.

Treatment Bael fruit pulp%
(w/v)

Starter% (v/
v)

Probiotics% (v/
v)

Goat milk
(mL)

FGM-0 0 2 2 500
FGM-5 5 2 2 500
FGM-10 10 2 2 500
FGM-20 20 2 2 500
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2.5. Proximate analysis of bael fruit pulp and goat milk

The proximate compositions (dry matter, moisture, crude protein,
crude fibre, ash, and nitrogen-free extract) of bael fruit pulp and whole
goat milk were analyzed. The total solids (method 925.23), crude pro-
tein (method 939.02), crude fat (method 2000.18), crude fibre (method
978.10), and ashes (method 930.30) were determined using standard
methods of AOAC (2012). The lactose content in goat milk was deter-
mined by the iodometric method (Fine, 1932). The content of the
nitrogen-free extract (NFE) of the bael fruit pulp was estimated by
subtracting the sum of the values for crude protein, crude fat, crude
fiber, and ashes from hundred.

2.6. Analysis of physicochemical parameters

The pH of fermented goat milk beverages was determined by a digital
pH meter (OHAUS, STARTER 3000, US). The titratable acidity of
beverage samples was determined by titration method using 0.1 N NaOH
and phenolphthalein [2 % (w/v) in ethanol] as the indicator. Before the
titration, a sample of 1 mL of each beverage was diluted with 9 mL of
distilled water. Titratable acidity was expressed as a percentage of lactic
acid using the following equation.

% Lactic acid =
Volume of 0.1N NaOH consumed in titration × 100

1 mL of sample

The instrumental colour parameters were determined using a Min-
olta chromameter (Model Colour Reader CR-10 Plus, Konica-Minolta
INC, JAPAN; measuring head hole 8 mm; illuminant D65; 10◦ standard
observer angle), and the International Commission on Illumination (CIE)
L*, a*, and b* values were recorded. The instrument was calibrated on a
white standard provided with the instrument. In each replication,
measurements were taken at three different random locations. The L*
value indicated the brightness (100 lighter and 0 darker) of the
beverage, whilst the a* value indicated the red/green (positive being
redder and negative being greener) and the b* value indicated the yel-
low/blue (positive being yellower and negative being bluer). Based on
the above colour coordinates, the Chroma (C*), ◦hue (h*), whiteness
index (WI), and overall colour change (ΔE*) were calculated using the
following equations (CIE , 2019). All the physicochemical parameters
were determined at 1, 7, 14, and 21 days of refrigerated storage.

C∗ =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
a∗2 + b∗2

√

h∗ = tan− 1
(
b∗

a∗

)

WI = 100 −

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(100 − L∗)2
+ a∗2 + b∗2

√

ΔE∗ =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
Δa∗2 + Δb∗2 + ΔL∗2

√

2.7. Determination of probiotic viability

The LGG viability over the refrigerated storage was determined by
the pour plate technique. Ten-fold serial dilutions of each product were
prepared by suspending 1 g of the fermented beverages in 1 % (w/v)
peptone water. The viable LGG count was obtained by selective
enumeration of the probiotic bacteria on MRS vancomycin agar (pH 6.2)
which contained 50 ppm vancomycin (GUFIC®, Gujarat, India). Plates
were incubated at 37 ◦C for 72 h under anaerobic conditions. Plates
containing 20 - 200 colonies were enumerated using a colony counter
(Stuart SC6PLUS, Stuart Scientific, UK). The probiotic viability was re-
ported as colony-forming units per milliliter (CFU/mL) of the product.
Probiotic viability was determined at 1, 7, 14, and 21 days of refriger-
ated storage.

2.8. Statistical analyses

All the experiments were duplicated to confirm the repeatability of
the results. All the results were reported as mean ± standard deviation
(SD) for the triplicate analyses. All the statistical analyses were per-
formed using SPSS version 22.0 (SPSS Inc., Chicago, IL) with a signifi-
cance level of p < 0.05. The effect of treatment and storage time on
probiotic viability and physicochemical parameters were evaluated by
performing a 2-way mixed ANOVA. The means were separated using the
Tukey test. Data were treated as randomized complete blocks arranged
in a 4 × 4 factorial scheme (4 treatments: FGM-0, FGM-5, FGM-10, and
FGM-20; and four lengths of storage time; 1, 7, 14 and 21 d). The simple
main effect for storage time was determined by Multiple Repeated
Measures ANOVA. Whereas, the simple main effect for treatment on
probiotic viability and physicochemical properties was determined by
performing separate one-way ANOVAs at each time point (1, 7, 14, and
21 days). The Pearson correlation coefficients among different variables
were calculated using XLSTAT Software (Lumivero, Suite, Denver, CO).

3. Results and discussion

In the current study, we evaluated the effect of bael fruit pulp on
certain physiochemical properties and LGG viability over 21 days of
refrigerated storage in a fermented goat milk beverage with varying
incorporation levels of beal (0, 5, 10, and 20 %). Incorporating bael fruit
pulp proportionately decreased pH, lightness (L*), and the whiteness
index (WI). The ◦hue also showed a decreasing trend but not propor-
tionately to the level of bael incorporated. The yellowness (b*), chroma
(C*), and the overall colour change (ΔE*) were increased proportion-
ately to the level of bael incorporated. The redness (a*) also increased
but was not proportionate to the bael concentration. All of these pa-
rameters showed varying trends over the storage which have been
comprehensively discussed below.

3.1. Composition of goat milk and bael fruit pulp

The proximate compositions of whole goat milk and bael fruit pulp
used to produce experimental fermented beverages are displayed in
Table 2. Whereas, Fig. 1 depicts ripened beal fruit, bael fruit pulp, and
the appearence of fermented beverages before and after fermentation.
The whole goat milk contained just over 4 % fat and about 13.5 % total
solids. The solid non-fat (SNF) content was about 9.4 % and agreed with
already published results (Bruzantin et al., 2016). The crude protein
content (3.4 %) was also fallen within the range reported in previous
studies (Kavas et al., 2003; Wang et al., 2012). However, the ash content
detected in the current study (1.77 ± 0.02) was slightly higher
compared with that (0.61–0.91 %) of other published reports (Bruzantin
et al., 2016; Costa et al., 2015; Eissa et al., 2010). Lactose content in goat
milk was about 4.2 % which was slightly lower than the values
(4.85–5.02 %) published in the literature (Costa et al., 2015). The

Table 2
Proximate composition of raw goat milk and bael fruit pulp used to prepare
probiotic bael-goat milk beverage (data are mean ± SD).

Item Goat milk Bael fruit pulp

Moisture (g/100 g) 85.67 ± 0.32 60.40 ± 0.84
Total solids (g/100 g) 13.43 ± 0.32 39.60 ± 0.84
Crude fat (g/100 g) 4.03 ± 0.06 0.37 ± 0.00
Crude protein (g/100 g) 3.42 ± 0.00 2.34 ± 0.31
Crude fiber (g/100 g) ND1 6.26 ± 0.05
Ash (g/100 g) 1.77 ± 0.02 2.68 ± 0.04
Nitrogen-free extract (g/100 g) ND1 27.5 ± 0.25
Lactose (g/100 g) 4.20 ± 0.26 ND1

pH 6.5 ± 0.01 5.00 ± 0.01
Total soluble solids (Brix◦) 13.43 ± 0.32 39.60 ± 0.84

1 ND, not determined.
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compositional differences in goat milk seen among different publica-
tions may be due to season, stage of lactation, breed, diet, variations in
the individual animal, and management conditions.

In contrast, the fat content in bael pulp was well below 0.5 %
although the total solid content was three times higher than that of the
goat milk. More interestingly bael fruit pulp contained just over 6 % of
crude fibre which is important as a source of prebiotics during gastro-
intestinal digestion. Our results for bael fruit pulp were compatible with
already published data. Previously published research showed that the
moisture, crude protein, crude fibre, and crude fat contents of bael fruit
pulp ranged from 61 to 67 %, 1.6 to 3.6 %, 2.2 to 4.8 %, and 0.2 to 0.4 %,
respectively (Sarkar et al., 2020; Sharma et al., 2022). The Nitrogen-free
extract (NFE) is composed of water-soluble polysaccharides. In the
previous studies, the NFE values ranged from 30.5 to 34.4 % which is
slightly higher than the values obtained in the current study. Moreover,
the value for the total soluble solids (39 Brix◦) obtained in our study was
also slightly higher than the values (36 Brix◦) reported in the already
published data. The variations seen among different studies may be due
to the differences in cultivars used in the respective studies, the ripening
stage, and the agro-climatic conditions they were grown.

3.2. Changes in pH and acidity

The initial pH of the goat milk and beal fruit pulp used to prepare
fermented beverages was 6.5 ± 0.01 and 5.00 ± 0.01, respectively. The
addition of bael into the goat milk proportionately decreased the initial
pH depending on the level of the beal fruit pulp incorporated (pH 6.08,
6.05, and 6.02 in 5 %, 10 %, and 20 % bael incorporated goat milk,
respectively). This is because of the natural acidity of the bael fruit pulp
that slightly decreased the initial pH. Natural acidity comes from
naturally occurring organic acids such as oxalic, malic (0.155 %), tar-
taric acid (0.215 %), and ascorbic acid (17–27 mg/100 g) as well as
phenolic acids (87.34 ± 4.44 mg GAE/g dw) (Charoensiddhi &
Anprung, 2008; Ram & Singh, 2003; Sarkar et al., 2020).

Table 3 shows the variation in pH of the products over the refriger-
ated storage. Statistical analysis revealed that both the storage time (p =
0.000) and type of fermented beverage/treatment (p = 0.000) signifi-
cantly affect the pH. In addition, there was a statistically significant two-
way interaction between storage time × beverage type (p = 0.000). The
effect of the addition of bael fruit extract was more prominent even after
the first day of refrigerated storage where the pH of the products

Fig. 1. (a) Ripen beal fruit, (b) Bael fruit pulp, (c) Bael-goat milk beverages
before fermentation, and (d) Bael-goat milk beverages after fermentation.

Table 3
Variation in the physicochemical characteristics of the probiotic fermented goat
milk beverages over 21 days of refrigerated (4 ◦C) storage.

Variable Product Storage period

Day 1 Day 7 Day 14 Day 21

pH FGM-0 5.15 ±

0.05c,A
4.96 ±

0.04b,AB
4.67 ±

0.05b,B
4.36 ±

0.16a.B

FGM-5 4.94 ±

0.04a,A
4.88 ±

0.05b,A
4.77 ±

0.04b,A
4.30 ±

0.03a,B

FGM-
10

4.70 ±

0.04a,A
4.62 ±

0.02a,A
4.52 ±

0.03a,A
4.25 ±

0.02a,B

FGM-
20

4.60 ±

0.03a,A
4.58 ±

0.03a,A
4.49 ±

0.06a,AB
4.29 ±

0.01a,B

Titratable
acidity (%
lactic acid)

FGM-0 0.93 ±

0.05a,A
0.99 ±

0.00a,A
1.02 ±

0.05a,A
1.05 ±

0.05a,A

FGM-5 0.96 ±

0.05a,A
1.02 ±

0.05a,A
1.05 ±

0.05a,A
1.08 ±

0.00a,A

FGM-
10

0.99 ±

0.00a,A
1.02 ±

0.05a,A
1.05 ±

0.05a,A
1.05 ±

0.05a,A

FGM-
20

0.99 ±

0.01a,A
1.05 ±

0.05a,AC
1.08 ±

0.00a,BC
1.08 ±

0.00a,BC

L* FGM-0 88.92 ±

4.00a,A
79.82 ±

3.07a,A
83.32 ±

4.22a,A
86.93 ±

2.79a,A

FGM-5 87.78 ±

3.67a,A
84.25 ±

1.12a,A
85.55 ±

1.99a,A
81.03 ±

0.47a,A

FGM-
10

85.38 ±

0.33a,A
79.81 ±

1.12a,BC
84.78 ±

1.99a,AC
75.31 ±

0.47a,AC

FGM-
20

79.37 ±

3.67a,AC
80.01 ±

3.77a,A
85.85 ±

1.84a,BC
83.11 ±

9.71a,AC

a* FGM-0 − 2.47 ±

0.12a,A
− 3.17 ±

0.04a,BC
− 2.15 ±

0.40a,AC
− 2.58 ±

0.44a,AC

FGM-5 − 0.67 ±

0.21c,A
− 1.16 ±

0.05b,A
0.08 ±

0.34b,A
2.86 ±

0.29c,B

FGM-
10

− 1.68 ±

0.22b,A
− 0.34 ±

0.05c,A
− 0.66 ±

0.34b,A
0.58 ±

0.29b,A

FGM-
20

− 1.35 ±

0.22b,A
− 1.08 ±

0.29bc,A
− 0.47 ±

0.32b,A
0.31 ±

1.34b,A

b* FGM-0 5.21 ±

1.15a,A
12.68 ±

1.43a,A
3.95 ±

0.54a,A
8.25 ±

1.32a,A

FGM-5 8.20 ±

0.85a,A
15.99 ±

0.39a,BC
13.17 ±

5.42b,AC
16.17 ±

0.08b,BC

FGM-
10

12.73 ±

0.85b,A
22.08 ±

0.39b,A
15.26 ±

5.42b,A
16.08 ±

0.08b,A

FGM-
20

24.69 ±

1.49c,AD
27.94 ±

0.92c,AC
17.72 ±

3.76b,BC
18.23 ±

2.83b,BD

C* FGM-0 5.78 ±

0.90a,A
13.07 ±

1.14a,A
4.50 ±

0.54a,A
8.66 ±

1.00a,A

FGM-5 8.23 ±

0.68a,A
16.03 ±

0.32a,BC
13.18 ±

4.4ab,AC
16.42 ±

0.10b,BC

FGM-
10

12.85 ±

1.18b,A
22.08 ±

0.75b,A
15.28 ±

3.05b,A
16.13 ±

2.34b,A

FGM-
20

24/73 ±

0.83c,AD
27.96 ±

2.70c,AC
17.72 ±

1.47b,BC
18.23 ±

2.14b,BD

h* FGM-0 115.80 ±

2.97b,AB
104.12 ±

1.12c,A
118.43 ±

1.00b,BC
107.70 ±

3.52c,AC

FGM-5 94.77 ±

1.64a,A
94.14 ±

0.07b,A
89.69 ±

1.52a,AC
79.97 ±

0.78a,BC

FGM-
10

97.63 ±

1.42a,A
90.90 ±

0.62a,A
92.75 ±

1.57a,A
88.39 ±

3.70b,A

FGM-
20

93.13 ±

0.43a,A
92.22 ±

0.87ab,A
91.59 ±

0.81a,A
89.10 ±

0.57b,A

White Index FGM-0 87.28 ±

2.41b,A
75.95 ±

2.72bc,A
82.67 ±

3.19a,A
84.32 ±

2.45b,A

FGM-5 85.21 ±

2.78b,A
77.52 ±

0.71c,A
80.33 ±

4.21a,A
74.91 ±

0.33ab,A

FGM-
10

80.51 ±

0.76b,A
69.97 ±

1.89ab,A
78.32 ±

2.64a,A
70.21 ±

7.08a,A

FGM-
20

67.51 ±

4.2a,A
65.59 ±

2.29a,A
77.30 ±

1.16a,AC
75.07 ±

2.42ab,BC

ΔE* FGM-0 - 12.02 ±

1.85a,A
5.82 ±

1.21a,A
5.23 ±

2.48a,A

FGM-5 6.12 ±

1.24
8.91 ±

1.12a,A
6.69 ±

4.63a,A
11.32 ±

2.19a,A

FGM-
10

9.12 ±

0.83
11.19 ±

2.39a,A
3.62 ±

3.03a,A
12.53 ±

6.33a,A

FGM-
20

23.20 ±

4.04
6.39 ±

3.45a,A
10.55 ±

4.53a,A
9.39 ±

1.96a,A
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containing bael (FGM-5, − 10, and − 20) was significantly lower than
that of the product without bael (FGM-0). At the day-7 and − 14 of the
refrigerated storage however, the pH values of the product without bael
(FGM-0) and the product containing 5 % bael (FGM-5) were comparable
and remained higher (p < 0.05) than the products containing 10 and 20
% bael. Titratable acidity values followed the same trend where the
lowest titratable acidity was found in the product without bael sug-
gesting that the acid production was comparatively higher in the
products containing bael. Bael fruit pulp is reported to contain consid-
erable amounts of carbohydrates (30 – 35 %) whereas the total sugars
account for 14–20 % (Ram & Singh, 2003; Sarkar et al., 2020). These
carbohydrates may provide extra fermentable substances for the growth
of starter cultures where their higher metabolic rate results in higher
acid accumulation. However, after 21 days of refrigerated storage, the
pH values of all four products were comparable (p > 0.05).

When the variation in pH of the products throughout the 21 days of
storage is concerned, there was a continuous decrease in all formulations
and this decline was significant (p < 0.05) compared to that of day 1.
The largest decline (0.79 points) was observed in the product without
beal (FGM-0) followed by FGM-5 (decline of 0.64 points), FGM-10
(decline of 0.45 points), and FGM-20 (decline of 0.31 points). Results
showed that this decline was proportionately lower with the increasing
inclusion levels of bael suggesting that bael-incorporated products have
better buffering capabilities. The product without bael (FGM-0) was
subjected to a significant decline in pH much earlier than beal incor-
porated products (FGM-5, − 10, and − 20) in which a significant decline
in pH was observed only after 21 days of storage. This also confirms the
buffering capacity of bael fruit pulp-incorporated fermented goat milk
beverages that stabilize the pH during refrigerated storage. Most prob-
ably, the reduction in pH during the storage may be due to the contin-
uous acid production by LAB mainly Lactobacillus bulgaricus which is
known as post-acidification (Araújo et al., 2022; Costa et al., 2022).
Similar observations were previously reported in red jumbo
pulp-incorporated probiotic goat milk beverages (Araújo et al., 2022),
blue honeysuckle juice-incorporated fermented goat milk beverages (Ma
et al., 2022), and carob molasses-added fermented goat milk (El-Sayed
et al., 2024) in addition to Bifidus goat milk (Mituniewicz-Malek et al.,
2017) and goat milk yoghurts with various additives such as skim milk
powder (Bruzantin et al., 2016), cupuassu pulp (Costa et al., 2022),
polymerized whey protein (Wang et al., 2012) and bee honey (Machado
et al., 2017). Eissa et al. (2010) reported pH values as low as 2.67 by 15
days of storage. However, in our study, the pH values remained 4.29 –
4.36 even after 21 days of storage suggesting better buffering capabil-
ities of bael-incorporated beverages that might be resulting from the
exopolysaccharides produced by LGG.

The variations in the titratable acidity of the products over the 21
days of refrigerated storage are shown in Table 3. The variation in
titratable acidity is likely to be closely associated with decreasing pH
values of the products over the storage period. Only the storage time had
a significant influence (p = 0.000) on the titratable acidity. There was
neither a treatment effect (p= 0.082) nor a two-way interaction effect of
treatment/product type × storage time (p = 0.974) on titratable acidity.
There were no significant differences (p > 0.05) among treatments at
each time point of the storage. However, there was an overall increase in
titratable acidities of all products over the storage period. This increase
was not significant in FGM-0, -5, and -10. Only the product containing
20 % bael fruit pulp showed a significant increase (p< 0.05) in titratable
acidity from 14 days of storage. This may be because there is an

increased supply of fermentable sugars corresponding to the level of bael
incorporated. When there is a high amount of fermentable sugars in the
media, the chance for post-acidification would be higher as a result of
enhanced growth and metabolic activity of the starter cultures. In
contrast, the titratable acidities of all four treatments were comparable
at each time point (at day-1, -7, -14, and -21) of the storage period (p >
0.05).

3.3. Changes in instrumental colour

Colour is one of the most important factors determining consumer
acceptance of the product (Ma et al., 2022). In the current study, the
changes in the colour values of the products were measured in CIELAB
colour space using L*, a*, and b* colour coordinates. L*, a*, and b*
values measure the difference in lightness and darkness (+ lighter, -
darker), red and green (+ redder and – greener), and yellow and blue (+
yellower and – bluer). Statistical analysis revealed that storage time had
a significant effect on all colour parameters tested: L* value (p = 0.024),
a* value (p= 0.000), b* value (p= 0.000), chroma (p= 0.000), hue (p =
0.000), and whiteness index (p = 0.000) except ΔE* (p = 0.058). On the
other hand, treatment/beverage type had a significant effect (p< 0.001)
on all colour parameters except the L* value (p = 0.220) and ΔE* (p =

0.938). A significant two-way interaction of storage time × treatment
existed on all colour parameters tested (p = 0.000 for a*, b*, h*, C*; p =
0.036 for L*; p = 0.002 for whiteness index; and p = 0.022 for ΔE*.

The initial lightness (L* value) of the goat milk (88.92 ± 4.00) pro-
portionately decreased (p > 0.05) with increasing levels of beal pulp
incorporated (Table 3). The addition of bael significantly (p < 0.05)
increased the redness (increasing a* values) but not proportionately to
the level of bael incorporated. Yellowness (increasing b* values) of the
goat milk increased proportionately with increasing levels of bael.
However, only 10 % and 20 % incorporation levels made a significant (p
< 0.05) rise in yellowness. Bael fruit pulp is reported to contain a
considerable amount of carotenoids (32.98 ± 0.51) which absorb light
and produce the yellow perception (Charoensiddhi & Anprung, 2008).
When the beal concentration is increased, this yellow pigment will be
increased in the milk which increases the yellowness. The same phe-
nomenon (decreased L* values, and increased a* and b* values) was
observed in a honey-incorporated goat milk yoghurt where the values
were changed proportionately to the added amount of honey (Machado
et al., 2017). Cheng et al. (2019) also reported increased yellowness in a
milk-based beverage with increasing fat concentration because the
carotenoid content is increased proportionately with increasing levels of
fat. Chroma (C*) is a qualitative attribute of colourfulness. The higher
the C* values, the higher the colour intensity perceived by humans. In
the current study, the chroma increased proportionately with the
amount of bael added to goat milk. Incorporating bael at 10 % and 20 %
made significant (p < 0.05) increases in the C* value. Pearson correla-
tion analysis (Table 4) showed that there was a strong positive corre-
lation between the C* and b* values suggesting that increasing chroma
was due to the increased b* values when adding bael. Hue angle (h*) is a
relative attribute of colour and a higher h* represents a lesser yellow
character. Values closer to 0/360◦ reflects red hue, 90◦ yellow hue, 180◦

green hue, and 270◦ blue hue. In this study, the heat-treated goat milk
had an h* of 115 ± 2.97 which was significantly (p < 0.05) shifted to-
wards yellow when bael was incorporated. However, the shift was not
concentration-dependent. The h* values showed a strong negative cor-
relation with the a* and b* values (Table 4). Raw goat milk had a white
index of 87.21 ± 2.41. Incorporation of 5 % and 10 % bael declined the
white index in a concentration-dependent manner although the decline
was not significant (p > 0.05). Only the incorporation level of 20 % bael
significantly (p < 0.05) declined the white index of goat milk. The
overall colour change was increased with increasing levels of bael
incorporation in which the 20 % incorporation made the highest shift in
overall colour.

The lightness (L* values) of the fermented goat milk beverages

a-cMeans within a column with different superscripts are significantly different
(p < 0.05). A-CMeans within a row with different superscripts are significantly
different (p < 0.05). FGM-0 = probiotic fermented goat milk without bael fruit
pulp; FGM-5 = probiotic fermented goat milk containing 5 % (w/v) bael fruit
pulp; FGM-10 = probiotic fermented goat milk containing 10 % (w/v) bael fruit
pulp; FGM-20 = probiotic fermented goat milk containing 20 % (w/v) bael fruit
pulp. Data are mean ± SD of three replicates.
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fluctuated throughout the refrigerated storage (21 d). When comparing
the values between days 1 and 21, beverages containing 0 %, 5 %, and
10 % bael (FGM-0, − 5, and − 10) showed a slight decline in the L* values
(Table 3). In contrast, FGM-20 showed a slight increase. However, these
fluctuations were not significant (p> 0.05) and there were no significant
differences among treatments/beverage types at each time point during
the storage (1, 7, 14, and 21d). Decreasing L* values over the refriger-
ated storage (15 d) of dried white sapote fruit (Casimiroa edulis) incor-
porated bio-low fat goat milk yoghurt drink was previously reported by
Elkot et al. (2023).

The redness of the bael-incorporated products (FGM-5, -10, and -20)
remained significantly higher (p < 0.05) than the product without bael
(FGM-0) throughout the storage. Excepting the product without bael
(FGM-0), the a* value in all bael-incorporated fermented goat milk
beverages was increased with advancing storage time making complete
shifts from green to red by 21 days of storage (Table 3). However, these
increases were not significant (p > 0.05) in FGM-10 and − 20. Whereas,
it was significant in FGM-5. This observation suggests that there is a
possible accumulation of red pigments over the advancing storage
period. Usually red colour indicates the presence of flavonoids. Previous
research reported that the flavonoid content in the bael fruit pulp is
approximately 15 mg g-1 on a dry matter basis (Charoensiddhi &
Anprung, 2008). Based on these facts it can be concluded that the
liberation of red coloured pigment from the bael fruit pulp may be
responsible for the increased redness. Increasing redness has also been
reported by Machado et al. (2017) in sting bee honey-added goat milk
yoghurt over refrigerated storage.

The yellowness (+b* values) in all beverage types considerably
increased by day-7 of the storage and then declined until day-21.
However, this decline was only significant (p < 0.05) in FGM-20.
Except for FGM-20, the yellowness in all other beverage types (FGM-

0, − 5, and − 10) was higher compared to day-1. This may be due to the
accumulation of liberated yellow-coloured components such as carot-
enoids and xanthophyll from the bael fruit matrix during post-
fermentation. It can also be due to non-enzymatic browning (Maillard
reactions) taking place during storage (Costa et al., 2022). The contin-
uous decline in yellowness observed after 7 days of storage may be due
to the simultaneous degradation of yellow-coloured compounds such as
riboflavin, beta-carotene, and vitamin-A molecules as previously re-
ported by Popov-Raljić et al. (2008) for UHT milk over refrigerated
storage. Antioxidant activities of certain molecules may also be
responsible for the decreasing yellowness over the storage (Costa et al.,
2022). Decreasing yellowness over the storage has also been reported by
Araújo et al. (2022) in a lactose-free probiotic goat milk beverage
incorporated with red jumbo pulp and by Costa et al. (2022) in a
cupuassu-added goat milk yoghurt. Despite the decline in yellowness
over the storage, the yellowness in all bael-incorporated beverages
(FGM-5, − 10, and − 10) was significantly higher (p < 0.05) than that of
the control (FGM-0) after 14 days of storage. Further, this hike in yel-
lowness was proportionated with the level of bael incorporated sug-
gesting that yellowness is mainly resulting from the compounds
originating from bael most probably carotenoids that were reported to
present at a quantity of about 32 µg/g of dry weight basis (Char-
oensiddhi & Anprung, 2008).

Compared to the control (FGM-0), the C* value (chroma) of bael-
incorporated beverages remained higher throughout the storage pro-
portionately to the level of bael incorporated. Among these, the bever-
ages with incorporation levels of 10 % and 20 % showed significantly
higher (p < 0.05) C* values from day 1 of the storage, whereas the
beverage with 5 % incorporation level showed significantly higher C*
values from day 7. The C* values over the storage showed a similar
pattern as that of the b* values where the values initially increased on

Table 4
Pearson correlation matrix of the variables over the storage period of 21 days.

Storage Time Variables pH TA L-value a-value b-value Chroma Hue White Index Viability

Day 1 pH 1
TA − 0.599 1
L-value 0.621 − 0.457 1
a-value − 0.406 0.258 − 0.125 1
b-value − 0.860 0.456 − 0.697 0.280 1
Chroma − 0.853 0.449 − 0.698 0.259 1.000 1
Hue 0.782 − 0.472 0.384 − 0.832 − 0.660 − 0.642 1
White Index 0.802 − 0.480 0.899 − 0.207 − 0.937 − 0.939 0.551 1
Viability − 0.816 0.456 − 0.751 0.188 0.860 0.858 − 0.622 − 0.858 1

Day 7 pH 1
TA − 0.478 1
L-value 0.249 − 0.171 1
a-value − 0.733 0.375 0.107 1
b-value − 0.897 0.315 − 0.247 0.635 1
Chroma − 0.894 0.310 − 0.256 0.621 1.000 1
Hue 0.793 − 0.406 − 0.049 − 0.973 − 0.749 − 0.737 1
White Index 0.815 − 0.298 0.612 − 0.434 − 0.915 − 0.920 0.555 1
Viability − 0.311 0.016 0.093 0.699 0.087 0.075 − 0.565 0.009 1

Day 14 pH 1
TA − 0.324 1
L-value 0.027 0.271 1
a-value − 0.003 0.403 0.284 1
b-value − 0.523 0.336 0.209 0.734 1
Chroma − 0.529 0.332 0.204 0.720 1.000 1
Hue 0.210 − 0.430 − 0.377 − 0.949 − 0.834 − 0.822 1
White Index 0.540 − 0.157 0.424 − 0.458 − 0.789 − 0.794 0.488 1
Viability − 0.516 0.331 0.228 0.738 0.858 0.851 − 0.861 − 0.623 1

Day 21 pH 1
TA 0.201 1
L-value 0.414 − 0.298 1
a-value − 0.325 0.312 − 0.408 1
b-value − 0.477 0.287 − 0.511 0.763 1
Chroma − 0.465 0.288 − 0.510 0.771 1.000 1
Hue 0.486 − 0.278 0.456 − 0.973 − 0.839 − 0.842 1
White Index 0.495 − 0.331 0.939 − 0.593 − 0.774 − 0.773 0.661 1
Viability − 0.455 0.351 − 0.284 0.742 0.918 0.913 − 0.821 − 0.573 1
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day 7 and gradually decreased thereafter. This can be expected as there
was a strong positive correlation between b* and C* values throughout
the storage (Table 4). The hue (h*) value of the control (FGM-0) was
significantly higher (p< 0.05) than the bael-incorporated beverages. All
beverage types including the control experienced a decline in h* value
over the storage. However, the decline in the control (FGM-0) and 5 %
bael-incorporated beverage (FGM-5) was only significant (p < 0.05).
The control showed the highest whiteness index among the treatments
throughout the storage. Although there were fluctuations in the white-
ness index of all beverage types, there was no significant difference (p >
0.05) between the values on day 1 and day 21. There was a strong
positive correlation between the whiteness index and the L* value
throughout the storage. The overall colour change (ΔE*) among the
treatments and its variation throughout the storage period varied in
different magnitudes. However, those variations among the treatments
as well as among different time points throughout the storage were not
significant (p > 0.05). The absence of any significant overall colour
change has also been reported by Ma et al. (2022) during the storage of
blue honeysuckle juice-incorporated fermented goat milk. The statistical
analysis of our study showed that neither the treatment/beverage type
nor storage time had a significant influence on the overall colour
change. A significant interaction effect of treatment × storage time
existed (p = 0.022).

3.4. Probiotic viability

Viable counts of Lacticaseibacillus rhamnosus GG (LGG) in the fer-
mented goat milk beverages were counted at 1, 7, 14, and 21 days of
refrigerated storage and depicted in Fig. 2. Results from mixed ANOVA
revealed that both the treatment and storage time had a significant in-
fluence on the probiotic counts (p < 0.05). In addition, storage time and
treatment interaction were also found to be significant (p < 0.05). On
days 1 and 7, the viability of LGG in all products remained just below 108

CFU/mL or higher. Thereafter (on 14 and 21 days), the viable counts of
LGG remained significantly higher (p < 0.05) only in bael-incorporated
fermented beverages (FGM-5, -10, and -20). There were no significant
differences in LGG counts among bael-incorporated beverage types
(FGM-5, -10, and -20) after 14 d of storage. In addition, the Pearson
correlation analysis revealed that there was a strong positive correlation
between the LGG viability, and b* and a* values. This correlation was
much more prominent at 14 and 21 days of storage (r> 0.73). These two
results combined suggest that bael fruit pulp contains some materials
that promote probiotic viability in an acidic environment over refrig-
erated storage. This may be due to two major reasons. First is that bael
fruit pulp contains a considerably higher content of total carbohydrates
that include both the soluble and non-soluble fractions. The soluble

fraction (N-free extract) represents soluble carbohydrates such as sugars
and starch which may provide additional fermentable substrates for
probiotic growth, metabolism, and survival during storage. The total
carbohydrate and total sugar contents in bael fruit pulp vary between
31–42 % and 12–20 %, respectively (Roy et al., 2011; Sarkar et al., 2020;
Sharma et al., 2022). In our study too, the soluble carbohydrate content
(N-free extract) in bael was 27.4 ± 0.25% suggesting that these carbo-
hydrates may have a great potential to be a reason for the higher LGG
counts observed in bael-incorporated beverages. Secondly, polyphenols
were reported to improve the growth and viability of probiotics in milk
(de Azevedo et al., 2018) while acting as hydrogen peroxide scavengers
and protecting probiotics during fermentation and storage (Chait et al.,
2020). Since bael fruit pulp contains considerable amounts of poly-
phenols (87.34 mg g-1 of dw) including flavonoids (15 mg g-1 of dw) and
carotenoids (33 µg/g of dw) (Charoensiddhi & Anprung, 2008), and as
these compounds have a direct influence on a* and b* values, the link
between the above polyphenolic compounds and the LGG viability
cannot be eliminated. In addition, the antioxidative effect exerted by
ascorbic acid in the bael fruit pulp itself may also have a protective effect
on probiotics. Other than flavonoids and carotenoids, phenolic acids
such as tannic acid (2.81 ± 4.8 g/100 g), gallic acid (873.6 µg/g),
marmelosin (415 - 737 µg/g), ellagic acid (248.5 µg/g), chlorogenic acid
(136.8 µg/g), and ferulic acid (96.3 µg/g) are also present in relatively
higher concentrations in the bael fruit pulp that may be responsible for
the increased LGG viability in bael incorporated beverages (Sharma
et al., 2022). More research should be done to investigate the relation-
ships between bael polyphenols and probiotic viability as well as their
mechanisms of action. The antioxidative effect of bael fruit pulp has
been highlighted in previous research (Charoensiddhi & Anprung,
2008).

Our study is compatible with the previous research findings where
the incorporation of certain plant-derived additives significantly
increased probiotic viability over storage. For instance, Machado et al.
(2017) reported that Lactobacillus acidophilus counts significantly
increased in honey-incorporated goat milk yoghurt over 28 days of
storage. Viable counts of Bifidobacterium bifidum DSMZ and Lactobacillus
helveticus CH5 have been reported to significantly increase upon the
addition of carob molasses into fermented goat milk over 14 days of
storage (El-Sayed et al., 2024). The incorporation of bael fruit pulp was
also reported to significantly increase LGG counts in buffalo milk
yoghurt over 21 d of refrigerated storage (Yapa et al., 2023).

Results of the current study showed that there was a continuous
decline in LGG viable counts throughout the storage. The viable counts
on day one were 8.05–8.29 log CFU/mL which fell to 7.94–8.40 by day
7, to 6.70–7.45 log CFU/mL by day 14, and to 6.08–7.09 log CFU/mL by
day 21. This decline was more drastic in the product without bael (FGM-

Fig. 2. Viable counts of LGG of fermented goat milk formulations during 21 d of refrigerated storage (4 ◦C). Results are mean ± SD. abMeans without common
superscripts in a particular time point are different (p < 0.05). ABCMeans without common superscripts between time points of a particular treatment are different (p
< 0.05).

J. Siriwardhana et al. Food Chemistry Advances 5 (2024) 100792 

7 



0) which showed a significant decline just after 14 days of storage
leading to an overall decline of 1.82 folds after 21 days compared to
1.21–1.38 folds (24–33 % lower decline) in bael-incorporated bever-
ages. Most probably, the reason for this decline may be the limitation of
fermentable or growth-promoting substances in the control. In bael-
incorporated beverages, this could not be an issue since bael provides
extra fermentable substrates such as sugars and other carbohydrates that
favour enhanced probiotic survivability during storage. The competition
for substrate, the antagonistic effect between the probiotic strains and
conventional starter cultures, and the synthesis of bacteriocins and
organic acids are among the other reasons that may suppress the pro-
biotic survivability during storage (de Morais et al., 2022). Declining
viable counts of the probiotics during refrigerated storage is a common
phenomenon reported by many authors regardless of the dairy product
or type of milk used to prepare the respective dairy product. For
instance, significantly decreasing Bifidobacterium animalis ssp. lactis and
B. longum AD-50 counts were reported in monofermented goat milk
beverages after 14 days of storage (Mituniewicz-malek et al., 2017). A
significant decrease in viable Limolactobacillus mucosae counts (from
9.53 to 8.96 log CFU/mL) was reported in probiotic goat milk yoghurt
during 28d of storage (de Morais et al., 2022) and for Lactobacillus aci-
dophilus La-05 in honey incorporated goat milk yoghurt (Machado et al.,
2017).

Although a declining trend in probiotic counts was observed in the
current study, the viable counts were maintained well above 106 CFU/
mL throughout the 21 days of storage. It is generally accepted that at
least 106 to 107 CFU/ mL of viable probiotics must be present in a food
material at the time of consumption to exert any health effect on the
host. This confirms that the beverages provide more than the daily
recommended dose of probiotics even after 21 days of storage. The
current study confirmed that fermented goat milk beverage is an ideal
matrix to deliver the EPS-producing probiotic LGG in sufficient quanti-
ties. This may be attributed to the beneficial properties of goat milk
matrix such as appropriate pH, good buffering capacity, and high
nutrient content (Ranadheera et al., 2018). Previous research findings
also revealed that goat milk is an ideal matrix to preserve therapeutic
doses of Bifidobacterium strains such as Bifidobacterium animalis ssp. lactis
Bb-12 (Madhubasani et al., 2020; Mituniewicz-malek et al., 2017),
B. bifidum Bb-11 (Elkot et al., 2023), B. animalis ssp. lactis AD 600
(Mituniewicz-malek et al., 2017), B. longum AD-50 (Mituniewicz-malek
et al., 2017), B. animalis ssp. lactis Probio M8 (Guo et al., 2022),
B. bifidum DSMZ (El-Sayed et al., 2024), and Lactobacillus strains such as
Lactobacillus helveticus CH5 (El-Sayed et al., 2024), L. acidophilus La-05
(Elkot et al., 2023; Machado et al., 2017), and Limosilactobacillus
mucosae (de Morais et al., 2022), and Lacticaseibacillus paracasei (Araújo
et al., 2022). Out of the three bael concentrations tested in the current
study, the product containing 20 % bael produced the highest LGG
viability after 21 days. In a previous study however, Yapa et al. (2023)
reported that bael concentrations higher than 5 % showed detrimental
effects on the LGG viability in buffalo milk yoghurt although it main-
tained the viability of >107 CFU/mL after 21 days of storage. However,
in the current study, there was no bael concentration-dependent effect
on LGG viability as all three incorporation levels of bael resulted in
almost the same LGG viability. This may be attributed to the higher
buffering capacities of goat milk compared to buffalo milk.

In summary, the current study found that adding bael fruit pulp to
fermented goat milk beverage significantly alters its color, buffers post-
acidification during storage, and maintains viable probiotic LGG counts
at significantly higher levels compared to the beverage without bael.
However, the study lacks sensory analysis to determine the sensory
acceptance of the products. Previous studies have shown that adding
bael fruit pulp to ice cream, soup, sherbet, and bread significantly in-
creases mean sensory scores for colour and overall acceptability (Begum
et al., 2024; Chaudhary et al., 2023). These findings suggest that bael
could significantly impact the sensory attributes of the food product in a
positive way. Thus, future research should investigate consumer

acceptability of the beverage formulations tested. Functional foods offer
additional health benefits beyond traditional nutrition, and incorpo-
rating bael and probiotic LGG into fermented goat milk can provide
consumers with a wide range of well-proven health benefits from a
single product. This research may provide valuable insights into the
development of novel dairy-based functional beverages using bael and
LGG.

4. Conclusions

In conclusion, this study confirmed that probiotic Lacticaseibacillus
rhamnosus GG (LGG) grows better in goat milk when bael fruit pulp is
incorporated pre-fermentation, maintaining significantly higher pro-
biotic counts than that in fermented goat milk without bael, in particular
14–21 days of the refrigerated storage. Bael fruit pulp also boosts the
nutritional composition and acidification abilities of the starter cultures
while significantly affecting the colour characteristics, pH, and LGG
viability. Bael may also positively affect the organoleptic properties of
fermented goat milk in particular the colour, texture, and overall
acceptability leading to improved consumer preference for value-added
goat milk products. This novel bael-goat milk probiotic beverage may
deliver all the goodness associated with probiotics, bael, and goat milk
in a single product. The developed bio-fermented goat milk is considered
a novel functional dairy beverage for those with cow milk intolerances
and those searching for healthy foods with a large array of health-
promoting effects. It will also diversify the utilization of bael which
has a long history in traditional medicine in certain parts of the world.
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