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Role of YoghurtCultures and IncubationTimein
Enhancing Sensory Qualities and Water
Holding Capacityof Greek YoghurtSpread

ABSTRACT

Aims: The current research study aimed to investigate sensory characteristics and water
holding capacity of Greek yoghurt with varying concentration of starter culture, incubation
period and temperature.

Study design:The study was experimental and was laboratory based for optimizing base for
Greek yoghurt spread.

Place and Duration of Study:The study was conducted at the Department of Dairy
Technology, Dairy Science College, Hebbal, Bengaluru, Karnataka, India, Between January
2024 and October 2024.

Methodology:Greek yoghurt was prepared by various levels of starter culture concentration
and incubation period with optimization based on sensory analysis using 9- point hedonic
scale. Water holding capacity was analyzed using the centrifugation method.

Results:The addition of various levels of yoghurt culture (1, 2, and 3%), the yoghurt was
evaluated by sensory characteristics. Based on trial results, 2% yoghurt culture scored
higher (8.42, 8.37, 8.44, and 8.49 out of 9.00) in each category for flavour, colour and
appearance, body and texture, and overall acceptability. The effect of varying incubation
time at constant temperature of 42°C and 2% culture concentration was analyzed for
different incubation hours (4, 5, and 6 h). The maximum score for sensory attributes was
obtained for an incubation time of 5 hours with a score of 8.46, 8.42, 8.53, and 8.53 for the
parameters flavour, colour and appearance, body and texture, and overall acceptability
respectively. Also, the experimental sample at 42°C for5 hours had a highest water holding
capacity of 76.11%.

Conclusion:The study showed that the sensory qualities and water-holding capacity of
Greek yoghurt are greatly influenced by the optimal yoghurt culture concentration and
incubation time, with the most favourable results obtained with a 2% culture addition and a
5-hour incubation period.
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1. INTRODUCTION

Dairy products areessential to human nutrition, where fermented milk is preferred for its
several health benefits such as improved digestibility, support gut health and boost
immunity. Fermented foods have been a part of the human diet for millennia, and the
application of microbial starters can offer distinct flavour and texture characteristics to these
products. In recent years, the global interest has grown regarding the health advantages and
functional roles of bioactive compounds such as free amino acids, peptides, and vitamins
generated during fermentation [1]. In the current market,yoghurt is among the most widely
consumed fermented and functional milk-based beverages.




The word "yoghurt" has been suggested to have derived from the Turkish word "yogurmak,"
which signifies to curdle, coagulate, or thicken. Yoghurt isthe result of beneficial bacterial
cultures, lactic acid fermentation by Streptococcus thermophilus and Lactobacillus
delbrueckii subsp. bulgaricus strains convert lactose into lactic acid. Lactose content in raw
milk is 4.6% and is a primary carbohydrate in milk which is the main reason for lactose
intolerance in people. However, yoghurt ferments lactose due to the action of lactic acid
bacteria, reducing the lactose content of milk by 20-30%, thus rendering it more palatable for
those individuals who are lactose intolerant. Hence it isa highly nutritious food, offering a
substantial source of dairy proteins, calcium, magnesium, vitamin By,, essential fatty acids,
and other important compounds [2]. Several studies have demonstrated that yoghurt offers
various health benefits, including antimicrobial and antioxidant properties. It is effective in
combating gastrointestinal disorders, possesses anti-inflammatory qualities,,and,. may: help
manage high blood pressure. Additionally, yoghurt supports the immune system;.lowers the
risk of osteoporosis, and contributes to the management of cardiovascular/ diseases and
diabetes [3].

Greek yoghurt or lebnah is defined as a semi-solid product derived from regular yoghurt by
draining away part of its water and water-soluble components, mainly lactose and salt.
Traditional methods utilize cloth bags for whey drainage, industrial production often employs
mechanical separators, membrane filtration techniques, . or specific product
formulations.Greek yoghurt is recognized as a concentrated.fermented milk product by the
Codex Alimentarius [4], requiring a minimum protein content of 5.6 g per 100 g. The straining
process removes the liquid component of the milk; referred to as whey or lactoserum, which
significantly lowers the lactose content in Greek yoghurt. This strained yoghurt is a high-
protein dairy product with low lactose levels[5].

2. MATERIAL AND METHODS
2.1 Materials

For preparation of Greek-yoghurt spread, fresh cow milk (4.0% fat and 8.8% SNF) was
procured from the Students, Experimental Dairy Plant of Dairy Science College, Hebbal,
Bengaluru. A good quality-the freeze-dried yoghurt culture was procured from Delvo DSL
pvt.Ltd., Netherlands. The cultures were in the form of freeze-dried powder and stored at -
40°C until they were-used.«These cultures were first cultivated in MRS broth medium and
incubated at;37°C for 24 hours. The resulting pellets were then reconstituted in a 10%
skimmed milk suspension and incubated at 37-38°C for 18 hours which are future used in
various concentration to prepare yoghurt.

2.2 Methods

Yoghurt. was prepared by heating milk to 90°C for 5 minutes and then cooled to 42°C, after
which the prepared yoghurt culture was added in varying concentrations of 1, 2, and 3%
based on the milk volume. The inoculated milk was incubated at 42°C and then further
incubated for 4, 5, and 6 hours.

2.3Sensory Evaluation
A panel of trained judges evaluated the sensory attributes of the study samples, including

colour and appearance, body and texture, flavour, and overall acceptability. Each sample
was labeled with a code, and the panelists were instructed to score the sample using a 9-



point hedonic scale. Following this, a hedonic test was conducted to assess the yoghurt
preferences.

2.4 Water Holding Capacity
The water holding capacity was measured by following Krisnaningsihet al. (2019) [6].

WHC= (%). = (W, — W) x 100
W,

Where,
W,=Weight of whey after centrifugation,
W= Initial weight of yoghurt.

2.5 Statistical analysis

The data was analyzed using R software (version 4.1.2) for statistical computing. Response
variables were collected from three replications of the trials, and ANOVA tables were
generated for data analysis. When the F value was significant,.theeritical difference (P=.05)
was calculated to determine significant differences, which were indicated in the table using
superscripts.
Critical difference (CD) = V2 x MSS(E) x ta
T

Where,
MSS (E) = Mean Sum of squares of the-error
r = number of replications
ta = table t value of the a level of significance

3. RESULTS AND DISCUSSION
3.1 Effect of Yoghurt Culture:on the Sensory Characteristicsof Yoghurt

The current study revealed significant differences in the flavour profile of Greek yoghurt
samples based on.varying levels of yoghurt culture. The 2% yoghurt culture sample
achieved the significantly highest flavour score of 8.42, indicating the most favorable flavour
profile, while theslewest score of 7.33 was found in the 3% culture sample. This finding aligns
with Ramakrishnan et al: (2024), who reported the increasing amount culture addition leads
to higher acidity:which contributes to a higher sour taste [7].

For celour. and appearance, the 2% culture addition produced the highest score (8.37),
significantly higher than the 3% addition (8.11), but not significantly different from the control
(8.27) or 1% addition (8.04).This contrasts with Anjum et al. (2007), who reported non-
significant differences in colour and appearance across varying culture concentrations,
suggesting that formulation and processing variations may influence visual attributes, but
does not lead contribute to significant differencesin the colour and appearance of the final
product [8].

The control sample with 2% yoghurt culture had a mean sensory score of 8.25 for body and
texture. In comparison, the experimental samples with 1, 2, and 3% yoghurt culture had
mean scores of 7.53, 8.44, and 7.79, respectively. The highest score of 8.44 was observed
in the 2% yoghurt culture sample, indicating superior body and texture characteristics at this
concentration. Statistical analysis showed a significant relationship between culture



concentration and product texture, with higher concentrations resulting in a thicker yoghurt.
Anjum et al.(2007),Found that yoghurt prepared with 2.00% and 2.50% sub-cultured
inoculum recorded the highest texture scores [8]. The ability of proteins to retain water and
fat in yoghurt structure is a key factor affecting syneresis, which compromises body and
texture. According to Arab et al. (2022), syneresis, an important quality indicator, tends to
increase with higher culture concentrations and extended storage time, impacting consumer
satisfaction [9].

The analysis of overall acceptability followed a similar trend, with the 2% culture addition
achieving the highest score (8.49), significantly higher than both the 3% (7.51) and 1%
(7.97) additions, although no significant difference was observed between the 2% addition
and the control group (8.30). This is consistent with Ramakrishnan et al. (2024), who
reported that a 0.2% culture level of freeze-dried culture yielded the highest overall
acceptability score (8.60), reinforcing the idea that optimizing culture concentration is crucial
for enhancing both sensory and overall acceptability in yoghurt products {7].

The effect of varying yoghurt culture percentages on the sensory characteristics of yoghurt,
based on a 9-point hedonic scale, is presented in Table 1.

3.2 Effect of Incubation Period on Sensory Attributes of Yoghurt

The statistical analysis of the flavour attribute under varying incubation temperatures shows
significant differences. The highest flavour score of 8.46 was observed in the yoghurt
incubated for 5 hours, which was not significantly different from the control (8.35), both
scoring higher than the samples incubated for 4 hours, (7.44) and 6 hours (7.30). This is
consistent with Eze et al. (2021) found that yoghurt incubated for 5 hours achieved the
highest sensory scores across several attributes, including colour (7.35), flavour (6.8),
texture (6.9), and overall acceptability:(7.35). These scores were notably higher compared to
yoghurt incubated for shorter periods of 3 and 4 hours. Similarly, the colour and appearance
of yoghurt incubated for 5 hours (8.42) .and the control (8.38) showed no significant
differences, maintaining superior scores, while shorter (4 hours) and longer (6 hours)
incubation periods yielded significantly lower scores (7.64 and 7.67, respectively), indicating
that extreme incubation conditions adversely affect the visual appeal [10].

The body and texture of the samples followed the same trend, with the control and 5-hour
incubated yoghurt receiving.the highest scores (8.50 and 8.53, respectively), whereas the 4-
hour (7.51) and 6-hour. (7.50) samples were rated lower, suggesting that both insufficient
and excessive incubation periods negatively impact texture. These results mirrored to study
by Santosoet al. (2021) who investigated and reported the impact of varying culture
concentrations (2, 3, 4, and 5%) and different incubation periods (6, 8, and 10 hours) on
yoghurt's sensory characteristics. The study revealed that yoghurt produced under these
conditions exhibited a soft texture, distinctive yoghurt aroma, very sour taste, and a white
colour. The sourness resulted from bacterial fermentation of lactose into lactic acid, which
also contributed to the thick texture due to the coagulation of milk proteins. As the pH of the
yoghurt approached 4.6, the solubility of casein decreased, leading to hydrophobic
interactions between casein micelles. This phenomenon played a crucial role in defining the
yoghurt's physical properties, such as texture, viscosity, water-binding capacity, and
syneresis [11,6].

Finally, the overall acceptability of the samples mirrored the trends in other sensory
attributes, with the control and 5-hour incubated yoghurt achieving the highest scores (8.45
and 8.53, respectively), while 4-hour (7.43) and 6-hour (7.38) incubation periods resulted in
lower acceptability. These findings align with Aman et al. (2021), who reported higher



acceptability scores for yoghurt incubated for 8 hours compared to 6 and 10 hours,
highlighting the importance of optimizing incubation time to achieve desirable sensory
properties [12].

The results focus on the significance of the incubation period on sensory attributes of
yoghurt which is presented in Table 2, illustrating the effect of varying incubation time (4, 5,

and 6 hours) on the sensory characteristics of the yoghurt spread, at a constant incubation
temperature of 42°c.

3.3 Effect of Incubation Temperature and Time on Water Holding Capacity
(WHC) of Greek Yoghurt

The impact of incubation temperature and time on the WHC of yoghurt is decumented in
Table 3. Higher incubation temperatures, such as 42°C, have been shown to enhance WHC
significantly. Swelamet al. (2019) reported similar findings, with the optimal\WHC observed
at 42°C when applied for different incubation temperatures of (40°C, 42°C and 45°C). This is
consistent with the data presented here, where yoghurt incubated at 42°C" exhibited the
highest WHC across all time points, with a peak value of 76.11% after 5 hours of incubation
[13]. The prolonged incubation times further improved WHG, patrticularly at 42°C, aligning
with Krisnaningsihet al. (2019), who indicated that extended incubation times enhance WHC
and viscosity while reducing moisture content [6].

At 37°C, WHC was generally lower compared«to the control and 42°C groups, with a
maximum of 65.16% after 5 hours. This temperature also showed a decrease in WHC with
prolonged incubation beyond 5 hours, indicating/that optimal results at this temperature
might be time-sensitive. Conversely, the lowest WHC was observed at 55°C across all
incubation times, with values significantly ‘lower than those at 42°C or even 37°C. The
results further indicate that incubation time:plays‘a crucial role in determining WHC. Gyawali
and Ibrahim (2018) reported that.thegincorporation of whey protein concentrate (WPC)
increases WHC by approximately 21% compared to control samples. The role of incubation
conditions in WHC enhancement aligns with their findings [14].

Table 1. Effect of yoghurt culture on the sensory characteristics of yoghurt.
CulturesAddition Flavour Colourand Body and Overall
(%) appearance  Texture  Acceptability
ab a ab ab
Qg 8.24 8.27 8.25 8.30
1 b a b b
8.12 8.04 7.53 7.97
2 a a a a
8.42 8.37 8.44 8.49
3 [ [ [ b
7.33 8.11 7.79 7.51
CD(P= .05) 0.20 0.27 0.35 0.28

Note: The control sample is yoghurt with 2% culture addition, CD= Critical difference, all
the results are average of three trials (n=3), and same superscript indicates non-
significance while different, indicate statistically significant difference at P= .05.

Table 2. Effect of Incubation Period on Sensory Attributes of Yoghurt.

Incubation Period Flavour Colourand Body and Overall
(Hours) appearance  Texture  Acceptability




a a a a

Control 8.35 8.38 8.50 8.45

4 b b b b
7.44 7.64 751 7.43

5 a a a a
8.46 8.42 8.53 8.53

6 b b b b
7.30 7.67 7.50 7.38

CD(P=.05) 0.27 0.20 0.17 0.16

Note: Temperature constant at 42°C, CD= Critical difference, all the results are average
of three trials (n=3) and same superscript indicates non-significance while different,
indicate statistically significant difference at P=.05.

Table 3. Effect of Incubation Temperature and Time on Water Holding Capacity
(WHC) Of Greek Yoghurt

Incubation 4 hours 5 hours 6 hours CD (p=0:05)
Temperature
cgﬁ?m aAB A a8 8.43
7216 7568 64.27. :
37 61.31 65.16 50.86 10.30
aAB aA aB
42 71.69 76.11 61.89 9.92
CAB CA cB
25 46.80 43.30 40.67 4.93
CD (P=.05) 3.61 4.81 211

Note: Culture is constant (2%), CD= Critical’ difference, all the results are average of
three trials (n=3) and same superscript indicates non-significance while different,
indicate statistically significant difference at P=.05. A, B = Indicate significant differences
between different incubation times within the same treatment

4. CONCLUSION

The study's conclusions: highlight the crucial effects of temperature, incubation time, and
yoghurt culture concentration on:the sensory qualities and water holding capacity (WHC) of
Greek yoghurt. The optimal concentration of 2% yoghurt culture yielded the most favourable
flavour, body and texture, and overall acceptability scores, confirming the importance of
balancing culture levels to enhance product quality. Additionally, a 5-hour incubation period
at 42°C demonstrated superior sensory attributes, aligning with previous research that
highlights the detrimental effects of both insufficient and excessive incubation times on
yoghurt quality. The results also indicate that at 42°C for 5 hours showed improved water
holding.capacity of yoghurt. Overall, this research provides valuable insights into optimizing
production parameters for Greek yoghurt, suggesting that careful consideration of culture
concentration and incubation conditions can lead to enhanced product quality and increased

consumer appeal.
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