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Abstract | Dadih is a traditional Indonesian fermented milk produced through spontaneous fermentation in bamboo
tubes; however, its quality is often inconsistent due to uncontrolled microbial activity and environmental variation.
This inconsistency limits product standardization and highlights the need for selected lactic acid bacteria (LAB)
that can be applied as single-strain starter cultures. Therefore, this study aimed to evaluate LAB isolated from
dadih as single-strain starter cultures for fermented goat milk production. Dadih samples were subjected to serial
dilution on De Man, Rogosa, and Sharpe (IMRS) agar supplemented with calcium carbonate. Among the 45 isolates
obtained, 14 demonstrated proteolytic activity and were further screened; of these, 5 (Starters 11, 21, 25, 29, and 41)
with the lowest pH and highest titratable acidity (TA) were selected for goat milk fermentation. The isolates were
phenotypically characterized using standard microbiological tests. Goat milk was fermented at 37°C for 48 h before
analysis. Fermented samples were analyzed for pH, TA, protein content using the Kjeldahl method, total LAB count,
total antioxidant activity (TAA) using the DPPH assay, and curd formation. Sensory evaluation was conducted using
descriptive and hedonic tests involving 30 untrained panelists. All experiments were performed in triplicate. Data were
analyzed using one-way analysis of variance followed by Duncan’s multiple range test. Starters 11 and 41 showed the
strongest acidification, reaching final pH values of 4.76 and 4.78 and TA of 0.57% and 0.51%, respectively. LAB counts
ranged from 8.25 to 8.45 log CFU/mL. Both starters demonstrated TAA above 21% and enhanced proteolysis. Starter
41 showed lower perceived goat milk odor and bitterness, while Starter 21 demonstrated relatively higher overall
acceptability, although the differences in overall acceptability were not statistically significant. Dadih-derived isolates
showed potential as standardized starter cultures for fermented goat milk production.
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INTRODUCTION spontaneously fermented buffalo milk product originating
from West Sumatra, Indonesia. Dadih from Tanah Datar

Indonesia is widely recognized for its rich diversity of and Agam showed different nutritional and microbiological
traditional fermented foods, including dadih (dadiah),a compositions, with protein, lipid, moisture, ash, pH, and

December 2026 | Volume 14 | Issue 4 | Page 1645 G Reaearils



https://dx.doi.org/10.17582/journal.jahp/2026/14.4.1645.1658
crossmark.crossref.org/dialog/?doi=10.17582/journal.jahp/2026/14.4.1645.1658&domain=pdf&date_stamp=2008-08-14

Journal of Animal Health and Production

titratable acidity values ranging from 10.89-12.41%, 5.70—
18.00%, 61.94-66.09%, 0.72-1.14%, 4.33—4.55, and 0.51—
1.70%, respectively (Helmizar ez a/., 2018). This product
is commonly prepared in bamboo tubes, particularly using
bamboo ampel (Bambusa vulgaris) or bamboo gombong
(Gigantochloa verticillata). Dadih is traditionally produced
by fermenting fresh milk in bamboo tubes covered
with banana leaves at ambient temperature. However,
spontaneous fermentation leads to high variability in
microbial  composition, physicochemical properties,
and sensory quality due to uncontrolled environmental
conditions and undefined microbial  consortia
(Groenenboom ez al., 2020; Wati ez al., 2026a). Recent
studies have confirmed that temperature fluctuations and
raw material variability significantly influence acidification
rate, microbial succession, and final product characteristics
(Mudoor ez al.,2023). Despite these findings, most studies
on dadih have focused on microbial diversity profiling
rather than on developing defined starter cultures for
standardized fermentation.

The use of lactic acid bacteria (LAB) as defined starter
cultures has been extensively studied in dairy fermentation
to improve product consistency, safety, and functional
properties (Ayivi ez al., 2020; Atmaja ez al., 2025; Abiola
et al., 2022; Azizah et al., 2023a, b). LAB contribute to
acid production, inhibition of spoilage microorganisms,
proteolysis, and enhancement of total antioxidant
activity (TAA) (Bin-Masalam ez a/., 2018; Wang ez al.,
2021). Previous studies have reported several specific
LAB taxa in dadih, including Lactococcus lactis subsp.
lactis, Lactiplantibacillus plantarum subsp. plantarum,
Lactococcus lactis subsp. cremoris, Pediococcus pentosaceus, and
Lactobacillus pentosus, supporting the potential of dadih as a
source of indigenous starter culture candidates (Wirawati ez
al., 2019; Arnold ez al., 2021). Compared with commercial
starter cultures, dadih-derived LAB may offer specific
advantages because they originate from a traditional milk
fermentation ecosystem and are naturally associated with
acidification, curd formation, and adaptation to complex
dairy substrates. However, previous research on dadih-
derived LAB has primarily characterized their phenotypic
traits without evaluating their performance as single-strain
starters in alternative dairy substrates. Moreover, limited
studies have investigated their application in goat milk
termentation, which differs in protein composition and
buffering capacity compared to buftalo milk. Buffalo milk
is nutritionally characterized by approximately 16-18%
total solids, 4.38-4.61% protein, 6.30-8.60% fat, 3.69—
5.03% lactose, and high calcium and phosphorus contents,
whereas goat milk contains approximately 12-13% total
solids, 3.0-3.53% protein, 3.5-5.5% fat, 4.1-4.31% lactose,
and 0.79-0.89% ash, with notable levels of calcium,
potassium, phosphorus, and magnesium (Mishra es a/,

2026; Mota-Rojas e al., 2026).

Goat milk possesses distinct nutritional and functional
characteristics, including lower asl-casein content and
improved digestibility, making it suitable for individuals
with cow milk sensitivity (Lad ez a/, 2017; Rai ez al.,
2022). However, its unique protein composition, buffering
capacity, and sensory characteristics may influence
acidification, curd formation, texture development, and
consumer acceptance during fermentation. Therefore, the
use of appropriate starter cultures is essential to support
consistent acid production, protein coagulation, microbial
growth, and desirable sensory properties in fermented
goat milk (Miller and Lu, 2019; Prosser, 2021). Although
tfermentation has been proposed as a strategy to improve
goat milk acceptability and value (Muelas ez a/., 2022;
Nayik ez al., 2022), studies integrating indigenous LAB
from traditional fermented products into goat milk systems
are still scarce.

Therefore, this study addresses the existing gap by
evaluating the fermentation performance, functional
properties, and sensory characteristics of goat milk
fermented wusing single-strain LAB isolated from
dadih. This study also contributes to the Sustainable
Development Goals (SDGs), particularly SDG 2 (Zero
Hunger), SDG 3 (Good Health and Well-Being), and
SDG 12 (Responsible Consumption and Production), by
promoting the development of standardized functional
dairy products based on indigenous microbial resources.
'This approach aims to bridge traditional microbial resources
with standardized dairy production, offering both cultural
preservation and product innovation.

MATERIALS AND METHODS

MATERIALS

The materials used in this study included Zhorni bamboo
(Bambusa stenostachya Hackel) (Figure 1), fresh goat’s
milk, and banana leaves as bamboo tube covers for dadih
preparation. For microbial isolation and cultivation, a
sterile saline solution was prepared by dissolving sodium
chloride (1.06404, Merck, Germany) in distilled water. De
Man, Rogosa, and Sharpe (MRS) agar (1.10660, Merck,
Germany) supplemented with 1% (w/v) calcium carbonate
(1.02066, Merck, Germany) was used for bacterial isolation.
Glycerol (77067, Merck, Germany) and Snapseal graduated
microtubes (Scientific Specialties Incorporated, USA) were
used for isolate preservation. MRS broth (1.10661, Merck,
Germany) supplemented with 5% skim milk powder
(Fonterra, Netherlands) was used for starter propagation.
Hydrogen peroxide (H,O;) (1.07209, Merck, Germany)
was used for catalase testing. Additional reagents included
skim milk powder (Fonterra, Netherlands), methyl red
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indicator (1.06076, Merck, Germany), phenolphthalein
solution (1.07233, Merck, Germany), buffer solutions pH
4.01 (M51302069, Mettler Toledo, Switzerland) and pH
7.00 (MT51302047, Mettler Toledo, Switzerland) were
used for pH meter calibration., sulfuric acid (1.00731,
Merck, Germany), sodium hydroxide (1.06498, Merck,
Germany), ethanol 95% (1.00983, Merck, Germany), and
DPPH/ 2,2-diphenyl-1-picrylhydrazyl (D9132, Sigma-
Aldrich, USA).

&

L

Figure 1: Thorni bamboo (Bambusa stenostachya Hackel)
used as a traditional fermentation container for dadih
production.

METHODS

ISOLATION, SCREENING, AND SELECTION PROCESS OF LAB
'The procedure began with the collection of original dadih,
followed by isolation and incubation under anaerobic
conditions. A total of 45 colonies were randomly selected
from 2 plates and subsequently screened for LAB-like
characteristics. The isolates were further identified through
microscopy, motility testing, Gram staining, and catalase
testing. A total of 14 isolates showing proteolytic activity
in 5% skim milk were obtained, from which the 5 best
starter isolates were selected based on curd formation and
pH reduction in milk, modified from (Taye ez a/., 2021).

PREPARATION OF ORIGINAL DADIH

Dadih is made by pasteurizing goat’s milk for 30 min at 85
°C, then fermented in an incubator at 37 °C for 24 h. The
incubation temperature of 37 °C for 24 h was chosen based
on previous experimental findings indicating that dadih
fermentation exhibits optimal LAB and bacterial growth
at this temperature, which corresponds to the mesophilic
LAB’s optimal growth range (Wati ez a/., 2026a).

Isorarion or LAB

One dadih sample was purposively selected based on its
traditional bamboo-tube fermentation and absence of
commercial starter cultures. The fermented dadih is then
taken in 5 g portions, and the isolated LAB is isolated by
serial dilution using saline solution. Continued plating
on the diluted samples were then plated on MRS agar
supplemented with 1% (w/v) CaCO; with MRS agar.
After serial dilution, dadih was incubated for 48 h at 37
°C under anaerobic conditions. Incubation at 37 °C for
48 h was applied because LAB isolated from dadih are
predominantly mesophilic and exhibit optimal growth
and acid production under these conditions (Yuliana ez a/.,

2023).

SELECTION OF COLONIES

After incubation, colonies grown on MRS agar
supplemented with CaCOs were observed, and colonies
surrounded by clear zones were considered presumptive
acid-producing LAB because acid production can dissolve
CaCOs in the medium Colonies were randomly selected
from two representative plates as a preliminary screening
step to obtain diverse LAB candidates from dadih. A
total of 45 colonies were collected, each characterized by a
clear zone surrounding it. Colonies with clear zones were
selected because they resembled LAB, which are capable
of degrading CaCOs3 in the medium, thereby producing
a clear zone (Figure 2). This experiment is consistent with
the findings of (Aritonang ez al., 2017), who reported that
LAB typically exhibits a clear zone around the colony. In
addition to clear zones, the colonies obtained in this study
also displayed typical LAB characteristics, including a
white to milky-white color, entire margins, a circular shape,
and an opaque internal structure (Figure 3). The colonies
grown on MRS agar were not directly classified as LAB
based solely on growth under anaerobic conditions and
colony morphology, as MRS is selective but not entirely
specific. According to previous literature, confirmation
of acid-producing LAB is more reliably indicated by
the presence of clear CaCOjs dissolution zones, which
was therefore used as an additional selection criterion.
Molecular identification, such as PCR, was not performed
in the present study due to the unavailability of molecular
facilities at the time of experimentation; however, this
analysis is planned for subsequent research to provide
species-level confirmation. The colonies were subsequently
purified on fresh MRS agar medium, rejuvenated, and
preserved at freezing temperature with the addition of
glycerol to maintain their viability. Glycerol was diluted to
20% (v/v) in distilled water, homogenized for 1 min, and
autoclaved. For preservation, 500 pL of bacterial culture
was mixed with 500 pL of sterile 20% (v/v) glycerol to
achieve a final glycerol concentration of 20% (v/v), and the
mixtures were stored at -20 °C until further use.

December 2026 | Volume 14 | Issue 4 | Page 1647

) X
Dol Links
OResearchers



Journal of Animal Health and Production

OPEN 8ACCESS

Figure 2: Formation of clear zones around colonies on
MRS agar containing 1% CaCOQOj;, demonstrating acid-
producing activity of presumptive LAB

® 3

Figure 3: Representative colonies of presumptive LAB
isolated from original dadih were grown on MRS agar after
incubation at 37 °C for 48 h under anaerobic conditions.

PRESERVATION OF ISOLATES

Purified isolates were preserved in sterile cryovials for
subsequent analyses. Snapseal graduated microtubes were
sterilized by autoclaving at 121 °C for 20 min and dried
at 54 °C before use. Sterile glycerol was prepared at a final
concentration of 20% (v/v) and used as a cryoprotectant.
Bacterial cultures were grown in MRS broth supplemented
with 5% skim milk powder and incubated until visible
turbidity and curd formation were observed. For
preservation, bacterial suspensions were mixed with sterile
20% (v/v) glycerol to obtain the desired final concentration.
In skim milk medium, 500 pL of culture was combined
with 500 pL of sterile glycerol; in broth medium, 700 pLL
of culture was combined with 300 pL of sterile glycerol.
'The mixtures were homogenized by gentle vortexing and
stored at -20 “C until further use.

MICROSCOPIC IDENTIFICATION AND MOTILITY TEST

Microscopic examination was performed using a wet-
mount preparation to observe cell morphology and confirm
the absence of motility, a typical characteristic of LAB. A
loopful of bacterial culture was placed on a clean glass slide
and covered with a coverslip to ensure even distribution
of the suspension and optimal visualization under the
microscope. The preparation was examined using a light
microscope (Nikon Corporation, Japan) (Paquin e7 al,

2022).

GRAM STAINING

Gram staining was performed according to standard
microbiological procedures to determine the Gram reaction
of the isolates. Briefly, bacterial smears were prepared on
clean glass slides, heat-fixed, and sequentially stained with
crystal violet, iodine solution, decolorized with ethanol,
and counterstained with safranin. The stained slides were
examined under a light microscope (Nikon Corporation,

Japan) and processed as described by (Frobdse ez a/., 2020).

CATALASE TEST

A loopful of the bacterial isolate was transferred onto a
microscope slide containing one drop of 3.0% H,O,. The
slide was subsequently placed in a covered Petri dish and
observed for bubble production as an indicator of catalase
activity (Lee, 2023). To confirm the validity of the catalase
test, the obtained colonies were compared with Bacillus
colonies as a positive control.

PROTEOLYTIC ACTIVITY

To evaluate the isolates’ability to coagulate milk via protein
degradation during the formation of fermented milk, the
starters were tested in 5% skim milk supplemented with
3% starter culture. The purpose of this step was to select
starter cultures capable of coagulating skim milk (Zhang
et al.,2021).

SELECTION OF STARTERS

From the 14 isolates capable of coagulating skim milk, five
potential starters were selected based on their performance
in cow’s milk. Pasteurized cow’s milk (85 °C for 30 min)
was inoculated with 3% (v/v) of each isolate and incubated
at 37 °C for 24 h. Starter selection was based on the lowest
pH and highest titratable acidity (TA) values (Wati ¢7 al.,
2026a).

PREPARATION OF THE LAB

At the beginning, the experiment was isolating LAB from
traditional dadiah. After isolating LAB, some tests before
using these LAB were shape, Gram staining, motility test,
and catalase test. Characteristics of these LAB included
rod shape, Gram stain positivity, negative motility test, and
negative catalase test (Wati ez a/., 2026).

DADIH MAKING

After obtaining the 5 selected isolates, namely Starters 11,
21, 25, 29, and 41, each starter was subcultured in MRS
broth and incubated at 37 °C for 20 h. The active culture
was then propagated in sterile 10% skim milk at 3% (v/v)
and incubated at 37 °C before being used as the inoculum.
The initial bacterial concentration of the inoculum was not
determined; therefore, the inoculation was standardized
based on inoculum volume, using 3.0% (v/v) of each
starter culture under the same propagation conditions.
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Raw goat milk was homogenized and pasteurized at 85
°C for 30 min, inoculated with 3.0% (v/v) of each starter
culture, and fermented aerobically at 37 °C for 48 h in
an incubator (Wati ez 4/, 2026). The temperature of 37
°C was selected because it supports the growth and acid
production of mesophilic LAB isolated from dadih, while
the 48 h fermentation period was chosen to allow sufficient
acidification and curd formation in goat milk.

ANALYSIS OF PROTEIN

Protein analysis was performed using the Kjeldahl method.
Briefly,20 ml of H,S04,1.0 g of sample,and a small amount
of selenium catalyst were digested using a Biichi K-436
digestion unit (BUCHI Labortechnik AG, Switzerland)
for 3 h and cooled to room temperature. Subsequently, 25
ml of 4.0% boric acid solution and 2-3 drops of methyl
red indicator were added to an Erlenmeyer flask (Kimax,
USA), and the distillation was performed using a Biichi
K-355 distillation unit (BUCHI Labortechnik AG,
Switzerland). Distilled water and 35% Sodium Hydroxide
(NaOH) were used during distillation. The distillate was
titrated with 0.1 N Sulfuric acid (H,SO,), modified from
(Warakaulle ez al., 2024).

ANALYSIS OF TITRATABLE ACIDITY

Titratable acidity (TA) was determined with 9 g samples
diluted with 9 ml sterile water, then titrated with 0.1 N
NaOH using 2 drops of phenolphthalein solution (Ahmed
et al.,2023).

ANALysis oF PH
A pH meter (Suntex Instruments Co., Ltd., Taiwan) was
used for determining pH. Before determination, the pH

meter was calibrated by using buffer solutions no. 4 and 7
(Phukpattanachai ez a/., 2024).

ANALYSIS OF TOTAL ANTIOXIDANT ACTIVITY

Total antioxidant activity (TAA) was evaluated using
DPPH. Whey from fermented goat milk was mixed
with 2 mL. of DPPH solution in ethanol (500 pM) and
incubated for 30 min in the dark at room temperature.
Three preparations were used: 95% ethanol as the blank,
DPPH solution as the control, and whey with DPPH as
the sample. Absorbance was recorded at 517 nm using an
S800 Spectrawave Visible Diode Array Spectrophotometer
(Biochrom Ltd., United Kingdom) Modified from
(Wotosiak ez al., 2022). TAA (%) was calculated as the
difference between the control absorbance and sample
absorbance, divided by the control absorbance, and
multiplied by 100.

AnNLALYSIS OF LAB cOUNT
In this experiment, samples (5 ml) were homogenized
in 45 ml of sterile 0.1% peptone water and then serially

diluted; 1 ml of the 10! dilution was transferred into 9 ml
sterile distilled water, before plating 1 ml aliquots of higher
dilutions (10°-10°%) on MRS agar supplemented with 1%
CaCOs. For each sample and selected dilution, plating
was performed in duplicate, and the results were expressed
as log CFU/mL. Plates were incubated at 37 °C for 48
h, and LAB colonies were identified by the clear zones
surrounding colonies and counted using a colony counter.
These procedures align with recent methods reported by
(Stephen and Saleh, 2023), who isolated homofermentative
lactobacilli using MRS agar with CaCQO3, and by (Dosuky
et al., 2022), who similarly employed serial dilution on
MRS medium followed by acid-zone identification for
LAB enumeration. Both studies confirm that CaCQOj;
supplementation helps differentiate  acid-producing
colonies through visible clearing zones and is critical for
accurate LAB counts under these incubation conditions.

SENSORY EVALUATION

Sensory evaluation of fermented goat milk was performed
using both hedonic and descriptive tests with 30 untrained
panelists aged 18-29 years (7 males and 23 females). The
hedonic assessment included goat milk odor, sour aroma,
bitterness, goat milk flavor, sourness, smoothness, and
thickness, evaluated using a 5-point scale: 1 = dislike very
much, 2 = dislike, 3 = neither like nor dislike, 4 = like,
and 5 = like very much. Additional attributes evaluated
included color, texture, aftertaste, and overall acceptability.
The samples (15 g) were thoroughly homogenized and
refrigerated at 4 °C overnight before sensory assessment.
Each sample was presented in transparent glasses identified
by randomly assigned three-digit codes. These methods are
in line with (Li ez a/. 2024), who reported that untrained
panelists using a 5- or 7-point hedonic scale are eftective in
comparing texture, taste, and aroma among multiple goat
milk treatments. Further, (Sil ez 4/, 2019) demonstrated
that keeping samples chilled and using coded glasses helps
reduce bias in the evaluation of aftertaste and texture in
goat yoghurt sensory panels.

STATISTICAL ANALYSIS

All experiments were conducted in triplicate (n= 3).
Data are presented as mean values + standard deviation.
Statistical differences among treatments were analyzed
using one-way analysis of variance (ANOVA) followed
by Duncan’s multiple range test to determine significant
differences at p < 0.05. Statistical analyses were performed
using SPSS software (IBM Corp., Armonk, NY, USA).

RESULTS AND DISCUSSION
MICROSCOPIC IDENTIFICATION AND MOTILITY TEST

Microscopic examination of the 45 isolates showed rod-
shaped and nonmotile characteristics, suggesting that
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they were presumptive LAB isolates based on phenotypic
observation (Figure 4). LAB are typically characterized
as Gram-positive, non-sporulating rods or cocci that are
catalase-negative and nonmotile, as confirmed by Shah ez

al. (2024).

Figure 4: Microscopic examination and motility
assessment of LAB isolates under 1000x magnification

CATALASE TEST

Catalase tests conducted on 45 isolates returned negative
results (Table 1), as indicated by the absence of bubble
formation upon the addition of H,O,, thereby indicating
a catalase-negative reaction under the tested conditions
(Figure 5). Catalase is responsible for decomposing H,O,
into water and oxygen, a critical reaction in organisms
exposed to oxidative stress, but most LAB are catalase-
negative due to their non-respiratory metabolism and
limited heme synthesis (Peacock and Hassan, 2021). In
this experiment, isolates were compared to Bacillus spp.
as a positive control; consistent with expectations, Bacillus
produced bubbles when exposed to H,O, while the LAB
isolates did not. This aligns with the comprehensive
descriptions in microbial identification protocols, which
define bubble formation as the hallmark of catalase
presence, and confirm that LAB lacks the enzymatic
capacity for catalase-mediated H,O, degradation
(Khatoon ez al., 2022).

Figure 5: Catalase test results showing negative reactions
(absence of bubble formation) in the isolates (A) and a
positive reaction (bubble formation) in Bacillus spp. used
as a control (B).

GRAM STAINING

Gram staining was performed to determine whether the
isolates were Gram-positive or Gram-negative. All LAB
isolates exhibited a positive reaction, appearing blue
to purple under microscopic observation. A total of 45
isolates showed Gram-positive characteristics (Figure 6;
Table 1). Gram staining differentiates bacteria based on the
structural composition of their cell walls. Gram-positive
bacteria possess a thick, highly cross-linked peptidoglycan
layer (approximately 20-80 nm) that retains the primary
stain-mordant complex, resulting in purple coloration

(Rohde, 2019).

Figure 6: Representative Gram staining results of the
isolates demonstrating Gram-positive (purple/blue) rod-
shaped morphology under 1000x magnification.

PROTEOLITIC ACTIVITY

'The isolates were evaluated for proteolytic activity using
tubes containing 5.0% skim milk. As shown in Table 1,
of 45 colonies, only 14 isolates formed curd at the end
of fermentation. These isolates were selected for their
potential to serve as starter cultures (Figure 7). The
isolates were evaluated for proteolytic activity using tubes
containing 5.0% skim milk. As shown in Table 1, among
the 45 colonies tested, only 14 isolates formed curd at the
end of fermentation, namely isolates 9, 11, 15, 16, 21, 22,
24,25,29,32,33,35,41, and 44. Curd formation indicates
the ability of these isolates to coagulate milk proteins
during fermentation, suggesting their potential proteolytic
and acidifying activities (Zhang es 4/, 2021). These
characteristics are important for starter cultures because
they contribute to milk fermentation, texture development,
and curd formation. Therefore, these 14 isolates were
selected from the initial 45 colonies for further evaluation
as potential starter cultures for fermented goat milk
production.
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Figure 7: Proteolytic activity in tubes showing curd
formation of skim milk after fermentation.

Table 1: Phenotypic characteristics of presumptive lactic
acid bacteria isolates.

Trait Positive reaction Negative reaction
Gram staining All isolates num- 0

bered 1-45
Motility 0 All isolates numbered 1-45
Catalase 0 All isolates numbered 1-45
Rod shape All isolates num- 0

bered 1-45
Curd forma- 14 isolates (iso- 31 isolates (isolate 1, 2, 3, 4,
tion in 5% late 9,11, 15,16, 5,6,7,8,10,12,13,14,17,
skim milk 21,22,24,25,29, 18,19, 20,23, 26,27,28,

32,33, 35,41, 44) 30, 31, 34,36, 37, 38, 39,
40, 42,43, and 45)
Note: Data are presented as the number of isolates showing
positive or negative reactions.

STARTER SELECTION

'The five starters selected for further application were those
with the lowest pH and the highest TA (Table 2). Lower

Table 2: Selecting potential starters with cow’s milk.

Isolates 9 11 15 16 21 22
pH 517+ 513+ 524+ 535+ 514+ 524+
0.02¢ 0.02% 0.02®> 0.02* 0.02f 0.02°
TA (%) 031+ 034+ 027+ 023+ 034+ 027z
0.02¢ 0.02¢<¢ 0.02" 0.02" 0.02¢ 0.02"
Appearance’  ++ ++ + + ++ +

pH and higher TA are desirable characteristics of LAB,
as they indicate greater acidification capacity, which plays
a critical role in inhibiting the growth of spoilage and
pathogenic microorganisms, thereby improving product
safety. Furthermore, efficient acid production contributes
to the development of desirable sensory attributes such
as flavor, texture, and aroma in fermented dairy products.
According to (Tamang ez a/.,2016), the acidification ability
of LAB is one of the most important criteria in selecting
starter cultures for dairy fermentation, as it ensures rapid
coagulation and enhances product stability. Similarly,
(Anumudu ez al., 2024), emphasized that LAB with high
acidification activity are preferred in industrial applications
because they contribute to both food preservation and
the improvement of organoleptic qualities. Functionally,
these selected isolates are promising starter candidates
because their acidification and curd-forming abilities may
contribute to fermentation control, microbial stability, and
texture development in fermented goat milk.

The selection of the best starter cultures was based on
their ability to coagulate milk and reduce the pH of
raw milk. Five isolates were chosen according to their
lower pH values, higher TA, and capacity to form curd
in cow’s milk. As shown in Table 2, isolates 11, 21, 25,
29, and 41 demonstrated superior performance and were
therefore selected for further application in fermented
goat milk production. Only these 5 isolates were used
in the subsequent experiment to develop fermented goat
milk. The selection of the best starter cultures was based
on their ability to coagulate milk and reduce the pH of
raw milk. From the 14 curd-forming isolates previously
selected from the initial 45 colonies, five isolates were
further chosen based on their lower pH values, higher TA,
and stronger ability to form curd in cow’s milk. As shown
in Table 2, isolates 11, 21, 25, 29, and 41 demonstrated
superior performance and were therefore selected for
further application in fermented goat milk production. The
reduction in pH and increase in TA indicate active lactic
acid production, which is essential for milk fermentation,
protein coagulation, and texture development. Therefore,
only these five isolates were used in the subsequent
experiment to develop fermented goat milk (Aydogdu es
al.,2023).

24 25 29 32 33 35 41 44
522+ 511+ 503+ 524+ 520+ 516+ 5.07+ 524+
0.02c 0.025 0.02¢ 0.02> 0.02¢ 0.02¢ 0.02" 0.02°
0.29+ 035+ 041+ 027+ 030+ 032+ 0.39+ 0.27 =
0.02¢ 0.02¢ 0.02* 0.02»> 0.02f 0.02¢ 0.02> 0.02"
+ ++ +++ + + ++ +++ +

Data are expressed as mean values + standard deviation (n = 3).**Mean values within the same row with different superscript letters

differ significantly (p < 0.05).
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Table 3: pH, TA, and curd formation of fermented goat milk.

Parameter 11 21

pH (24 h) 5.20+0.02° 5.40+0.02°
TA (24 h) 0.23+0.02° 0.21£0.02¢
Curd (24 h) = _

pH (48 h) 4.76+0.03¢ 4.96+0.02*
TA (48 h) 0.57+0.03* 0.42+0.02¢
Curd (48 h) ++ +

25 29 41
5.40+0.02° 5.35+0.02¢ 5.17+0.02°
0.22+0.02¢ 0.23+0.02° 0.37+0.02*
4.900.03* 4.87+0.03P 4.78+0.02¢
0.43+0.02¢ 0.44+0.02¢ 0.51+0.02°
++ ++ ++

Data are presented as mean + standard deviation (n=3). Curd formation was evaluated as follows: (=) no coagulation; (+) weak curd;

(++) moderate curd. Within each parameter, mean values followed by different superscript letters indicate significant differences at

p<0.05.

pPH

Different starters exhibited significant differences (p
< 0.05) in pH values (Table 3), with readings at 24 h
ranging from 5.17 = 0.02 for Starter 41 to 5.40 = 0.02
for Starter 21. Fermented goat milk proved more resistant
to pH reduction compared to cow milk. This resilience
is likely due to goat milk’s higher buffering capacity,
attributed to greater levels of protein, phosphate, and non-
protein nitrogen, including bioactive components such
as lactoferrin (Nayik ez a/., 2021; El-Sayed ez al., 2024).
Moreover, (El-Sayed ez al., 2024) found that pH decline
during cold storage in fermented goat milk could be
modulated by adjuncts such as carob molasses and specific
probiotic strains, which affected both acidity and viscosity.
Additionally, goat milk contains numerous bioactive
peptides with antimicrobial and antioxidative activities,
which can inhibit over-acidification by limiting microbial

acid production (Zhang ez al., 2025).

TITRATABLE ACIDITY

TA differed significantly (p < 0.05) among the starters
(Table 3), with values at 24 h ranging from 0.21 *
0.02 (Starter 21) to 0.37 = 0.02 (Starter 41), and at 48
h from 0.42 + 0.02 (Starter 21) to 0.57 + 0.03 (Starter
11); furthermore, TA and pH were strongly negatively
correlated, when TA increased, pH decreased, and TA
continued to climb for all starters by the 48 h mark.
These patterns coincide with recent findings by (Melia
et al., 2022), who observed that increasing fermentation
time significantly elevates TA and lowers pH in goat
whey fermented with Pediococcus acidilactici BKO1, and
by (Shori, 2024), who reported notable TA increases
over time in fermented cow’s milk samples due to lactic
acid accumulation, while Chelladhurai ez a/ (2025)
demonstrated comparable negative TA-pH relationships
in fermented camel and cow milk products (p < 0.05),
underscoring that longer incubation uniformly drives TA
up and pH down. The superior acidification of Starters 11
and 41 may be related to isolate-specific metabolic activity
and better adaptation to goat milk substrates, as reflected
by their lower pH, higher TA, and curd-forming ability.

CURD FORMATION

In this experiment, curd formation, pH, and TA of
fermented goat milk were strongly correlated: lower pH
and higher TA favored curd formation (Table 3). At 24
h, all starters remained liquid because pH values were still
relatively high; by 48 h, Starters 11, 25, 29, and 41 had
formed curds, whereas Starter 21 remained semi-liquid,
consistent with its higher pH (Figure 8). Goat milk tends
to produce weaker curd and lower viscosity compared to
cow milk, largely due to its lower asl-casein content and
overall protein level (Xavier ez a/., 2024). Additionally,
(Maji ez al., 2020) showed that fortifying goat milk yogurt
with whey protein concentrate significantly improved gel
structure and viscosity, facilitating firmer curd formation.
Studies of coagulation kinetics in goat milk also indicate
that pH drop, protein content, and casein composition
critically impact curd firmness and gelation speed (Kotsiou

et al.,2025).

Figure 8: Curd formation in goat milk samples after
fermentation.

PROTEIN CONTENT

The protein content of the fermented products showed
significant differences (p<0.05) among the different
starters (Table 4). Starter 11 (3.09 = 0.24) and Starter
41 (3.88 = 0.21) had lower protein content than the
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others. Interestingly, this decrease in protein content
was correlated with higher bacterial viability and TA.
This occurred because the starters utilized protein from
goat milk as a nutrient source for growth, leading to
lower measured protein levels. The reduction in protein
content may be associated with the proteolytic activity of
LAB during fermentation, intracellular peptidases, and
oligopeptide transporters (Opp/Dpp), which hydrolyze
casein into peptides and amino acids (Kieliszek ez al,
2021). The consumption of nitrogen from this hydrolysis
explains the reduction in protein content when bacterial
viability and metabolic activity increase (Wang ez a/., 2021,
Ardhi ez al., 2024). In line with this, other reviews have
reported that LAB’s ability to degrade food proteins into
peptides and amino acids is a key feature of fermentation,
closely related to bacterial growth and increased TA.

Table 4: Characteristics of fermented goat milk.

Starter# Protein con- TAA (%) LAB (Log CFU/
tent (%) ml)

11 3.09+£0.24c 21.38+0.83 8.45 + 0.06*

21 4.76 + 0.25*  20.65 +2.22 8.25 = 0.02°

25 4.61£0.23* 19.12+1.22 8.26 = 0.02°

29 4.64 £0.08* 18.84 +0.95 8.26 = 0.02°

41 3.88+0.21°> 22.72 +1.09 8.37 £ 0.02*

Data are expressed as means values * standard deviation (n =
3). Mean values in same column with different letter have

statistically significant difference (p<0.05).

TOTAL ANTIOXIDANT ACTIVITY

TAA showed no significant differences (p>0.05) among
the different starters (Table 4); however, Starters 11
and 41 exhibited higher values compared to the others.
This activity was correlated with TA, pH, and bacterial
viability. Starters 11 and 41 demonstrated higher TAA,
consistent with increased bacterial viability and TA, as
well as lower pH values. In this study, TAA was measured
using the DPPH method, which indicates the capacity
of antioxidants to donate hydrogen or electrons (Yilmaz-
Ersan ezal.,2016). These results are consistent with previous
findings showing that LAB isolated from spontaneously
termented yak milk exhibited TAA ranging from 16.22%
to 22.57% (Ding et al., 2017). Furthermore, LAB isolated
from traditional fermented wheat products were reported
to possess significant TAA, including DPPH scavenging
activity, ferric-reducing capacity, and glutathione (GSH)
production, with lipid peroxidation inhibition levels of 20—
39% (Benguiar ez al., 2025). These results are consistent
with previous fermented goat milk studies showing that
TAA is closely associated with peptide release during
fermentation, particularly low-molecular-weight bioactive
peptides derived from goat milk proteins (Moreno-
Montoro ez al., 2017).

LAB count

Different starters exhibited significant differences in LAB
activity (p < 0.05) as shown in Table 4, with Starter 11
(8.45 £ 0.06) and Starter 41 (8.37 + 0.02) demonstrating
the highest activity among the groups. This observation
aligns with the findings of (Liu ez a/., 2024), who reported
that different LAB strains, such as Lactobacillus sakei, L.
plantarum, and Pediococcus pentosaceus, display varying
growth and acidification capabilities when used as
starter cultures for fermented sausages (Liu ¢z a/., 2024).
Similarly, (Campus ez a/., 2025), documented that multi-
strain starter cultures in the industrial-scale fermentation
of “Tonda di Cagliari” olives significantly enhanced LAB
counts compared to spontaneous fermentation, indicating
distinct microbial activity profiles. Furthermore, (Uriho ez
al., 2025) demonstrated variability in functional enzyme
activity of Glutamate Decarboxylase (GAD) across 20
LAB strains, reinforcing the notion that physiological
differences among starters lead to significantly different
performance levels (Uriho ez a/., 2025). These results
corroborate similar evidence by (Shori, 2024), who
showed significant increases in viable cell counts with
different Lactobacillus starters in fermented camel milk (p
< 0.05), and by (Polizzi ez al., 2024), who observed that
starter choice (fast vs. medium acidification) significantly
influenced microbiological and physico-chemical traits
during Salame Napoli production.

SENSORY EVALUATION

In the sensory attribute scores (descriptive test), different
starters had a significant effect (p < 0.05) on goat-milk
aroma and bitterness (Figure 9). However, they did not
significantly affect sour aroma, goat-milk flavor, sour taste,
smoothness, or thickness. Starter 11 (3.13 + 0.23) and
Starter 25 (3.03 + 0.24) exhibited the strongest goat-milk
aroma, whereas Starter 41 (2.33 + 0.18) had the weakest.

The bitterness scores were higher in Starter 11 (2.83 +
0.23) and lower in Starter 41 (2.06 + 0.22), though overall
bitterness remained mild across all starters. This may be
linked to the release of bitter peptides or fatty acids, which
can arise from the proteolytic and lipolytic activity of
starter cultures (Rita de Cédssia ez al., 2019; Rachmawati
et al., 2022). Despite low pH, high TA, and high bacterial
viability, the goat-milk aroma remained perceptible and
moderated any undesirable sour notes.

Smoothness, defined as the absence of detectable particles,
was rated moderate, as improved texture and microstructure
are often associated with exopolysaccharide-producing
starters and processing methods that enhance viscosity
and uniformity (Bai ez a/., 2025). In this experiment, the
thickness ranging from moderate to thick was influenced
by milk coagulation. Fermented goat milk with low pH,
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high TA, and elevated viscosity contributed significantly
to its perceived thickness in sensory evaluation. Recent
studies show that as LAB-fermented milk acidifies, casein
micelles destabilize, aggregate, and form a gel network,
thereby increasing thickness (Santos ez a/., 2025).

el Goat milk smell ==@==Sourness smell Bitter ness taste

Goatmilk taste ==@==Smoothness  ==@=Thickness

starter 11

starter 41 starter 21

starter 29 starter 25

Figure 9: Sensory attribute scores (descriptive test) of
fermented goat milk.

Data are expressed as mean values * standard deviation (n
= 3). Sensory evaluation was performed using a 5-point
scale: 1 = none/not sour/not smooth/very thick; 2 = weak/
slightly sour/slightly smooth/thick; 3 = moderate; 4 =
strong/sour/smooth/thin; 5 = very strong/very sour/very
smooth/very thin.

Moreover, a moderate positive correlation has been
documented between viscosity and acidity in fermented
milk systems (r= 0.395, P= 0.0214), highlighting the
role of acid-induced protein aggregation in texture
development (Abou-Soliman e# a/., 2025). Additionally,
process techniques such as high-pressure homogenization
and the inclusion of stabilized casein prevent excessive
micelle aggregation and smooth texture formation, further
modulating thickness perception (Niu ¢z a/., 2025).

Different starters had a significant effect (p < 0.05) on the
special flavor after eating fermented goat milk, but did not
produce significant differences in color, texture, or overall
acceptability (Figure 10). Panelists rated color and texture
as neutral (neither liked nor disliked), likely because these
attributes resembled those of yogurt; similarly, (Maisoglou
et al., 2025), found no significant change in color or
texture when goat milk yogurt was enriched with spent
coffee grounds, though aftertaste remained influential in
consumer acceptance.

Starter 21 showed the highest score for special flavor
after eating, which may be connected to its lower goat-
milk taste score (3.03 = 0.22). This aligns with findings
by Wang ez a/. (2025), who noted that fatty acids such as

capric, caproic, and caprylic acids contribute to a unique
tangy flavor characteristic in goat milk products that can
reduce acceptability. Li ez a/. (2024), also reported that
specific volatile lipids (e.g., acetoin, 2,3-pentanedione,
2,3-butanedione) aftect the flavor profiles of fermented
goat milk, which could underlie the varying perceptions
of special flavor among different starters. Overall
acceptability in this experiment was low for starters 11,
25, 29, and 41, as these treatments tended to receive
dislike responses from the panelists. In contrast, starter
21 obtained a neutral rating, indicating neither like nor
dislike. The relatively higher acceptability of Starter 21
may be attributed to its more balanced sensory profile, in
which moderate acidification did not produce excessive
sourness, bitterness, or strong goat-milk flavor, suggesting
that consumer preference may not always correspond
directly with the strongest physicochemical performance.
'The panelists preferred samples with a more pronounced
aftertaste and a milder goat flavor, which were associated
with higher overall acceptability scores.

o CO|OF s textUre special flavor after eating overall acceptability

starter 11
4

starter 41 starter 21

starter 29 starter 25

Figure 10: Sensory attribute scores (acceptance test) of
termented goat milk.

Data are expressed as mean values + standard deviation
(n=3). Sensory evaluation was performed using a 5-point
hedonic scale: 1 = dislike very much; 2 = dislike; 3 = neither
like nor dislike; 4 = like; 5 = like very much.

CONCLUSION

'This study demonstrates that dadih-derived presumptive
LAB isolates can be used as single-strain starter
candidates to support more standardized fermented
goat milk production. The findings indicate that selected
isolates with acidifying and curd-forming abilities may
improve fermentation control, product stability, and
texture development, while the sensory results highlight
the importance of balancing technological performance
with consumer preference. These results provide a
scientific basis for using indigenous microbial resources
from traditional fermented milk as starter candidates
for functional goat milk product development. Further
molecular identification, probiotic evaluation, and pilot-
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scale validation are required to confirm their suitability for
commercial application.
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