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Abstract

Fermented dairy products are a good source for probiotics with health benefits that are aligned with sustainable
development goals. This study understands the effect of fermentation time on the nutritional constitutes and functional
quality of commercial probiotic curd. Inoculum curd was collected from retail outlets and was incubated at 37°C and
analyzed at 4 different fermentation time intervals: 0, 6, 12 and 24 hours. Probiotic viability was evaluated by standard
plate count (SPC) method on MRS agar and phytochemical parameters - pH, titratable acidity, syneresis were analysed
using standard methods. Nutritional analysis - reducing sugar and proteins were determined by standard techniques
like titration and colorimetric techniques. This analysis is mainly focused to identify the best fermentation time for a
probiotic survival which contains desired nutritional and functional qualities. By observing the microbial growth
pattern, acidity, nutrient components over time helped us to understand the optimal fermentation time required to
maintain both the product quality and potential health benefits. These insights are intended to guide the producers in
designing and optimizing the fermentation protocol to enhance consumer health while also focusing on keeping
consumers informed about the voice of probiotic dairy consumption. This research highlights how science-driven
optimization of traditional dairy processing can contribute to local food sustainability, consumer health, and broader
public health goals.

Keywords: Probiotic curd, fermentation time, nutritional quality, functional properties, dairy sustainability,
physicochemical properties, functional foods.

1. INTRODUCTION

Probiotics are live bacteria that improve the balance of the gut microbiome when eaten in the right amounts, which is
good for the health of the host organisms. (Byakika, S., et al 2019) They have the ability to produce antimicrobial
agents such as lactic acid, acetic acid, hydrogen peroxide, carbon dioxide, antifungal compounds, and bacteriocins
that prevent the growth of pathogenic bacteria in the gut. (Periyatt Veettil, S., 2025) They have applications in diet
due to their higher resistance and better adhesion capabilities in the gut, thereby enhancing the gut health. (Kumar, R.,
et al 2020)

Fermented food products are identified as a principal component of ancestral diets throughout the world, especially in
South Asia due to their nutritional value and probiotic efficiency. Among all these foods, curd stands one step ahead,
as it is commonly included in everyday meals. Eventually, curd has advanced from a simple ancestral food to a peer-
reviewed, nutrient-rich food due to its wide probiotic efficiency, where suitable amounts provide greater health
benefits when consumed. They contribute to an increased potential to enhance gut health, intensify immunity, and
also mitigate various diseases, preventing urinary, vaginal, gastrointestinal, and respiratory infections, and improving
the health of the cardiovascular system. (Merenstein, D. J., et al 2024) Certainly, foods with enhanced probiotics are
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gaining popularity across the global food industry. As such, probiotic curd is serving as an affordable, acceptable, and
appetizing medium for providing these microbes to the human body.

The probiotic organisms are susceptible to various factors such as pH, temperature, acidity, oxygen and carbon dioxide
content, and fermentation duration. (Terpou, A., et al 2019). Prolonged fermentation can negatively affect the
microbial survival rate by altering the nutritional quality of the curd, and influencing the sensorial qualities such as
texture, viscidity, and flavor which are crucial for consumption as well as therapeutics.

In spite of the wide availability of probiotic curd in the commercial market, the fermentation protocols for optimizing
microbial viability, nutritional content, and desirable properties are not standardized. Most small-scale and some larger
industries still depend on the fixed fermentation time without fully understanding the influence of time on probiotic
viability.

This study aims to estimate the effect of fermentation time on the nutritional and functional properties of commercial
probiotic curd by determining probiotic viability using the standard plate count (SPC), physiochemical characteristics
such as pH, titratable acidity, viscidity, syneresis, and nutritional profile analysis, including moisture, reducing sugars,
proteins, and fats, through standard titration and colorimetric estimation. The optimal fermentation time that maintains
elevated levels of probiotic viability was identified by analyzing the microbial growth profile and nutritional changes
during the fermentation process. This provides a clear understanding of how fermentation time affects product
stability, health benefits, and overall quality.

These discoveries enhance traditional fermentation techniques, promoting improvements in the efficacy,
sustainability, and medicinal applications of fermented food items based on experimental evidence. This also provides
better knowledge to the consumers about the nutritional properties and the health benefits of probiotic products.

2. MATERIALS AND METHODS
2.1 Experimental Design

This experiment was designed to examine the impact of fermentation time on the nutritional and functional quality
of commercial probiotic curd. The study was undertaken by time-course approach in which the curd sample were
incubated under controlled laboratory conditions and analyzed them at predetermined intervals of time 0, 6, 12 and
24 hours

Parameters such as - microbial viability, physiochemical properties and nutritional constitutes were measured using
standard methods. This time-based experiment enables us to track the changes occurring during the time of
fermentation, thereby identifying the best duration for the probiotic survival while retaining the desirable nutritional
and functional characteristics.

2.2 Sample collection and preparation

2. 2.1 Source of sample

The sample used in this study were Commercial probiotic curd cups collected from retail outlets located in
Bangalore. Care was taken to ensure the sample collected was fresh, good quality and not contaminated for
experimental analysis. To minimize the variability during the analysis curd samples belonging to the same brand
and same production batch were chosen. This helped to maintain uniformity in the microbial content and product
composition.

After procurement, the probiotic curd samples were stored at 4°C to prevent uncontrolled fermentation and preserve
microbial activity. The samples were processed within the 24 hours of purchase to ensure freshness and to maintain
reproducibility in the experimental results.

2. 2.2 Preparation of Experimental Units

For setting up the experiment, the fresh collected probiotic curd samples were taken and gently mixed under aseptic
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conditions to achieve uniform texture. From the fresh curd (Aseptically mixed) approximately 60g was weighed
and transferred to a sterile beaker and was covered with a foil wrapper to avoid contamination and for good
fermentation. 4 jars were sterilized and autoclaved. Each jar represents an independent experimental unit for
individual fermentation intervals. For proper identification, the jars were labeled as Oh, 6h, 12h and 24h. The Oh
served as the base line with respect to others under controlled incubation of 37°C. This preparation ensured that all
units started from the same initial conditions, enabling reliable comparison of changes across fermentation intervals.

3. FERMENTATION/INCUBATION CONDITIONS

Cow milk was used as a substrate for fermentation. The milk was boiled for 10-15 min to remove contaminating
microorganisms and later was cooled until the temperature was brought to 37- 40°C, which is an ideal temperature
for the fermentation of curd bacterial activity. Once the milk was cooled to optimum temperature, 20 - 25% (w/v)
of fresh curd (Aseptically mixed) which served as a starter culture was inoculated into the warm milk. The inoculum
was mixed thoroughly aseptically to ensure uniform distribution of probiotic bacteria.

The inoculated milk was incubated in a controlled environment at 37 °C. This incubation will allow the starter
cultures to actively ferment lactose into lactic acid. The progressive accumulation of lactic acidification of the
medium leads to the coagulation of casein proteins, thereby forming curd. The fermented curd samples were
collected at regular intervals of time of Oh, 6h, 12h and 24h for microbial , nutritional and functional quality analysis.

4. MICROBIOLOGICAL ANALYSIS

The microbial viability of probiotic curd was analysed by standard plate count (SPC) method. The curd samples
fermented at different intervals (Oh, 6h, 12h and 24h ) were serial diluted in sterile water eightfolds and plated on
MRS agar (5.5 to 5.7) , a selective media for lactic acid bacteria. Plates were incubated with 100ul of the inoculum
using a spread plate method at 37 °C for 48h in the microbial incubator, distinct colonies were counted and
calculated at colony - forming units per gram ( CFU/g). This analysis enables the evaluation of probiotic survival
and development processes linking the fermentation time with microbial variability and quality.

5. PHYSICOCHEMICAL ANALYSIS
5.1 pH Measurement

The pH of the probiotic curd sample was analysed using a digital pH meter instrument with standard buffer solution
of pH 4.0 and 7.0 to ensure accuracy. For each measurement 20 g of sample was taken. Reading was taken and
analysed.

5.2 Titratable Acidity (TA)

Titratable acidity of the curd sample was conducted to determine the degree of lactic acid produced in probiotic
curd during different fermentation time intervals. This parameter is a direct indication of curd quality. The acidity
values were expressed as the percentage of lactic acid at each fermentation interval. The titratable acidity
measurement will provide insights on the acidity kinetics, texture impact, probiotic viability and flavor
development.

5.4 Syneresis (whey separation)

Synersis was conducted to evaluate whey separation which is an important indicator for analysing the stability and
water holding capacity of the fermented probiotic curd. This analysis was conducted by a centrifuge method. This
examination provides information on the gel contraction and liquid loss during fermentation. Higher syneresis%

indicates weaker gel structure. This parameter was analysed at all fermentation time to check the functional quality
of curd.

6. NUTRITIONAL ANALYSIS
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6.1 Reducing Sugars (DNS Method)

Reducing sugar in curd was estimated using a standard dinitrosalicylic acid (DNS) method. In this method the free
aldehyde or the keto groups of the reducing sugar react with 3,5- dinitrosalic acid under heat of 90-100°C for 5-10
minutes to form a reddish - brown coloured complex. The intensity was measured at 540 nm in a colorimeter. The
measurement is directly proportional to the concentration of reducing sugar in the sample.

6.2 Protein Content (Biuret Method)

Protein content in the fermented curd was analysed using the biuret method. Approximately 2 g of thoroughly
mixed curd was diluted with 10 ml of distilled water and mixed evenly. 10%TCA (Trichloroacetic acid) was added
to precipitate out protein from the sample. The sample was now centrifuged at 5000 rpm for 10 minutes to obtain
supernatant. Biurate was prepared by dissolving copper sulfate and sodium potassium tartare in 0.2N sodium
hydroxide with potassium iodide as stabilizer. 1 ml of sample was mixed with 4 ml of biurate reagent in the test
tube and was incubated for 10 min at room temperature, the colour change to violet was measured at 540nm. OD
was taken to analyse the protein content present in the given sample.

7. RESULT

7.1 Microbiological Analysis

The standard plate count (SPC) showed a variation in the viability of the cell population of different time intervals.
At Oh the probiotic count was 9.3%10'© CFU/ml showing the initial presence of probiotic bacteria in the fresh
sample. A significant increase of 25.2x10'® CFU/ml was observed indicating rapid proliferation of probiotic
organisms. By 12 h, variable count declined to 5.7x10'* indicating nutrient depletion and increase in acidity. At

24h the lowest count of 0.5 x10'° was recorded which is a decline phase due to increased acidity.

colonies counted xdilution factor

CFU/ml = volume plated (ml)

Dilution factor = reciprocal of the dilution plated

Fermentation time Colonies number Volume plated CFU/ml
Oh 93 0.1 9.3x101°
6h 252 0.1 25.2x101°
12h 57 0.1 5.7%10'°
24h 5 0.1 0.5 x10'

Table 1: Colony count (CFU/ml)
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© (D)

Figure 1: Colony morphology and growth pattern of probiotic isolates on MRS agar plates at different fermentation times
and dilutions.

(A) Plate showing microbial colonies from 107® dilution at 0 h (baseline, before fermentation).

(B) Plate showing microbial colonies from 1078 dilution at 6 h of fermentation, with a higher number of visible colonies
indicating active microbial growth

(C) Plate showing microbial colonies from 10~% dilution at 12 h of fermentation, with moderate colony growth.

(D) Plate showing microbial colonies after 24 h of fermentation, with very few visible colonies, indicating decline in
viable count.
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Figure 2 : Comparative study of probiotic viability (CFU/ml) in curd at different fermentation intervals (0, 6, 12, and
24 hours). The colony forming units increased at 6 hours of fermentation, followed by a standard decrease at 12 hours
and 24 hours.

8. PHYSICOCHEMICAL ANALYSIS
8.1 pH Measurement

The pH of the curd sample showed decrease in pH with increase in fermentation time, reflecting the lactic acid
production by probiotic microorganisms. At the initial stage of fermentation Oh the ph was nearly ( pH 6.15)
indicating fresh milk. At 6h the pH decreased to ( pH 5.54 ), while 12h the ph was ( pH 5.05 ), corresponding to the
formation of the curd firm matrix. A ph of ( pH 4.4) was recorded which is the lowest ph representing the maximum
acidification and stabilization of curd in the experiment. Overall result confirms that extended fermentation time
will directly link to increase in lactic acid in curd and decline in pH.

Time (h) pH
0 6.15
6 5.54
12 5.05
24 44

Table 2: pH measurement
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Figure 3: Graph on the effect of fermentation time on the pH. The pH was observed to decrease steadily with
extended fermentation, showing an increase in the accumulation of lactic acid produced by the probiotics.

8.2 Titratable Acidity (TA)

The titratable acidity of the fermented curd showed increased acidity with prolonged fermentation time. At initial
the acidity was relatively low corresponding to fresh milk with minimal microbial activity. As the fermentation
started acidity rose consistently showing lactose conversion to lactic acid. In the mid and late stage of fermentation
the acidity persistently increased. The observation of increase in the acidity is responsible for curd texture and flavor.
Early acidification promoted coagulation and gel formation in curd , later acidification led to firmer texture ,
increased syneresis and tangy taste.

V X N X Eq.wt X 100
sample volume (ml )x1000

Titratable Acidity % =

V = Volume of NaOH used

N=normality of NaOH

Fermentation time | Volume of NaOH Normality of NaOH | Sample volume Titratable acidity %
(ml) (ml)

Oh 1.3 0.1 1 1.17%

6h 2.3 0.1 1 2.07%

12h 2.5 0.1 1 2.25%

25h 2.7 0.1 1 2.43%
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Table 3: Titratable Acidity
8.3 Syneresis ( whey separation )

Syneresis of the fermented probiotic curd sample gradually increased with fermentation time , reflecting the change
in gel matrix formation and water holding capacity. 20g of curd was used for analysis At the initial stage of Oh ,
whey separation was negligible (1.5 + 0.2%) . Indicating a fresh and stable matrix. At 6h and 12h of fermentation
%syneresis increased enhancing lactic acid production and maintaining protein network in the sample (4.8 + 0.2%
and 8.6 + 0.6%) . The highest %syneresis was recorded at 24h fermentation indicating whey expulsion and
weakened gel stability (13.2 + 0.8%). This results brings a view on the impact of fermentation duration on the curd
structure, effect on prolonged fermentation time of probiotic curd which leads to increased whey loss and reduced
consumers acceptance.

%Syneresis= %X 100

W1= weight of whey separated (g)

W2= initial curd weight (g)

Fermentation time Initial weight (g) Whey weight (g) Y%syneresis
Oh 20 0.30g 1.5%

6h 20 0.96g 4.8%

12h 20 1.72g 8.6%

24h 20 2.64¢g 13.2%

Table 4: Values of syneresis
9. NUTRITIONAL ANALYSIS
9.1 Reducing Sugars (DNS Method)

The analysis of reducing sugar using the DNS method showed consistent decline throughout the fermentation period
which indicated the lactose utilization by probiotic microorganisms to convert curd. At initial Oh , the sample
contained high reducing sugar present, indicating natural lactose and partial glucose / galactose present in the
commercial curd. At 6h there was a noticeable reduction in the lactose content from the sample with an increase in
the microbial growth. The preceding fermentation time of 12h decreased the reducing sugar present in the sample,
suggesting minimal metabolic activity of microbial growth of converting sugar to lactic acid. At 24h the OD reading
was low indicating the reduction of sugar and complete utilization of sugar by the probiotic microorganisms. The
progressive decline in sugar concentration directly corresponded with the observed decrease in pH and increase in
titratable acidity, confirming efficient carbohydrate metabolism by lactic acid bacteria. However, excessive
reduction of sugars beyond 12 h may compromise sweetness and overall palatability. Thus, fermentation duration
directly determines both functional and organoleptic quality of probiotic curd.

Fermentation time Reducing sugar OD at 540nm
Oh 1

6h 0.85

12h 0.67
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24h 0.46

Table 5: OD of Reducing Sugars (DNS Method)
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Figure 4 : Effect of fermentation time on Reducing sugar concentration (OD at 540 nm) in probiotic curd. The
steady decrease in reducing sugars from 0 h to 24 h, showed that lactose was utilized by probiotic bacteria for
lactic acid production.

9.2 Protein Content (Biuret Method)

The protein concentration of the fermented curd sample was determined by standard biuret method, and showed
minor changes throughout the fermentation period. At Oh the level of protein was high, reflecting the natural milk
protein present in the curd matrix. As the fermentation begins slight reduction of protein was observed in early
hours, indicating the proteolytic activity of lactic acid bacteria. In the mid fermentation stage, the protein
concentration showed more noticeable decline. Towards the end of 24h of fermentation protein degradation had
already occurred and no significant changes were taking place. The result shows that the protein content is stable in
early fermentation and reduces in the later stage which highlights the microbial proteases in nutritional and
biochemical profile shaping.

Fermentation time Protein concentration (biurate) at 540nm
Oh 1.09
6h 1.04
12h 1.02
24 0.11

Table 6: OD of protein (biurate)
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Protein concentration (biurate) at 540nm vs. Fermentation time
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Figure 5: Effect of fermentation time on protein concentration (OD at 540 nm) in probiotic curd. Protein content
was stable in the early hours and decreased gradually at 24 hours due to the proteolytic activity of the organisms.

10. CONCLUSION

This study shows an insight on how fermentation time affects the nutritional and functional qualities of commercial
probiotic curd. The viability of probiotics increased rapidly at 6 hours which indicates this as the optimal
fermentation time for the highest viability, after which there was a standard decline at 12 and 24 hours. This is likely
due to the depletion of nutrients and increase in the acidity. The physiochemical parameters such as titratable acidity
and syneresis showed an increase in percentage and pH decreased rapidly. The nutrient analysis, such as reducing
sugar, affects the lactose fermentation which leads to the tanginess of the curd after 12 hours of fermentation. Protein
content decreased with the increase in fermentation time indicating the proteolytic activity of lactic acid bacteria
that has an effect on the biochemical properties of the curd. These findings show that the 6 hours of fermentation
supports the maximum survival of probiotics by maintaining the physiochemical properties and the nutrient levels.
Extended fermentation time led to the increased metabolic stress due to the accumulation of acid, loss of nutrients
and increased syneresis. Thus, optimizing fermentation time is necessary for the maximum viability of probiotics,
thereby enhancing local food sustainability and consumer health.
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