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ABSTRACT

Aims: The aim of the current study was to optimize starter culture concentration and incubation
time for the preparation of Ready-To- Eat functional Greek yoghurt.

Study Design: Optimization of culture concentration and incubation time for RTE functional Greek
yoghurt.

Place and Duration of Study: Department of Dairy Technology, Dairy Science College, Hebbal,
Bengaluru, Karnataka Veterinary, Animal and Fisheries Sciences University, Bidar, Karnataka,
India. Between June 2023 and April 2024.

Methodology: Ready-To-eat functional Greek yoghurt was prepared by different levels of starter
culture concentration and incubation time period and optimized based on sensory analysis using 9-
point hedonic scale.

Results: The addition of various levels of yoghurt culture (0.15, 0.20, 0.25, and 0.30%), the yoghurt
was evaluated by sensory characteristics. According to trial results, 0.20% yoghurt culture scored
higher than the control sample (7.14, 7.16, 7.15, and 7.16) in each category for colour and
appearance, body and texture, flavour, and overall acceptability (8.06, 8.44, 8.60, and 8.65 out of
9.00). Effect of varying incubation period was analyzed after inoculation of yoghurt culture for
different incubation hours (5, 6, 7 and 8 h). While judging sensory attributes for different parameters
such as colour and appearance, body and texture, flavour, and overall acceptability, experimental
sample at 6 hours of incubation scored maximum (8.27, 8.55, 8.72 and 8.67) as opposed to the
control (7.15, 7.16, 7.17 and 7.16) respectively.

Conclusion: The optimized levels of starter culture concentration and incubation time improved the
overall sensory quality of the Ready-To-Eat Greek yoghurt.

Keywords: Starter culture; incubation time; Greek yoghurt; sensory attributes.

1. INTRODUCTION

Yoghurt has the ability to introduce probiotic
microorganisms into human intestine, as well as
the high nutritional value of yoghurt constitute
growing importance of Greek yoghurt as a potent
functional food in food industry. Beyond their
nutritional worth, fermented foods have been
shown to provide health benefits. Among the
popular exotic fermented milk products, the
consumption of yoghurt has surged rapidly in
recent decade due to its remarkable nutritional
as well as therapeutic properties [1].

Greek yogurt is traditionally obtained by straining
normal yogurt, which gives it a thicker texture. It
is a concentrated fermented milk as defined by
Codex Alimentarius [2], which specifies that the
protein content must be at least 5.6 g per 100 g.
During the draining process, the aqueous part of
the milk — the whey or lactoserum — is removed,
which explains the low lactose content of Greek
yogurt [3,4].

Greek yoghurt is a highly nutritious fermented
product characterized by its higher protein, low
sodium and low carbohydrate contents, and has
gained immense popularity compared to
traditional yoghurt. It has a unique semi-solid
texture and rich mouthfeel due to the particular
process during manufacturing. Moreover, Greek

yogurt has a creamy white color, a soft and
smooth body, good spreadability and the product
is slightly acidic. Since it is a concentrated form
of yogurt, it possesses sensory attributes that are
different from regular yogurt as well as superior
nutritional properties make it a good choice to be
included in daily diet [5].

The production of yogurt is a basic ecology that
depends on the interactions of two bacteria,
Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus. The ecological term
proto-cooperation describes the relationship
between S. thermophilus and Lb. bulgaricus in a
yogurt starter culture. Lactic acid bacteria (LAB)
are picky microorganisms, and lack of vital
nutrients in milk that frequently limits their ability
to develop. Thus, the cooperation of
Lactobacillus bulgaricus and Streptococcus
thermophilus is often critical to the success of
milk fermentation. Proto-cooperation is the term
for this indirect positive connection that occurs
when both bacteria are able to develop
independently in milk. This positive relationship
often has a beneficial effect on bacterial growth
and on the production of lactic acid and aroma
compounds like acetaldehyde [6].

So, in order to maximize process efficiency and
consumer acceptance, the current study was
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done to investigate the impact of culture
concentration and incubation time on various
characteristics of Greek yoghurt produced.

2. MATERIALS AND METHODS

For the preparation of RTE functional Greek
yoghurt, Fresh Cow milk was procured from
Students Experimental Dairy Plant (SEDP) of
Dairy Science College, Hebbal, Bengaluru and
Freeze dried starter culture was procured from
Delvo DSL pvt Ltd, Netherlands. The milk was
heated to 90°C/5 minutes and cooled to 42°C
followed by addition of freeze-dried DVS Yoghurt
culture of selected microflora of Mixed culture
used which is specified Inoculation of freeze
dried DVS starter culture at 0.1% for control to
get 10n7-10710 cfu/mi (Streptococcus
thermophilus and Lactobacillus bulgaricus) of
concentrated form so as to be added at lower
concentrations of 0.15, 0.20, 0.25, and 0.30

percent. Prodcut inoculated at standard
conditions  according to chemical and
microbiological parameter.Then further

incubation at 42°C for 5, 6, 7 and 8 hours and
then subjected for de-wheying.

The panel of trained judges that was chosen
assessed the generated study sample's sensory
attributes, such as colour and appearance, body
and texture, flavour, and overall acceptability,
using a 9-point hedonic scale. Statistical analysis
was conducted using the output with the highest
score as per Peryam and Pilgrim [7]. Using R
software (R. version 4.0.3), the data collected for
the research investigations was examined to
evaluate the significant or non-significant effects
of various treatments and trials obtained for the
current study. The mean and critical difference
was calculated.

3. RESULTS AND DISCUSSION

3.1 Effect of concentration of Starter
Culture on Sensory Attributes of RTE
Functional Greek Yoghurt

The colour and appearance scores of the control
and other treated samples showed a significant
difference (P<0.05). Highest score of 8.06 was
obtained for RTE functional Greek yoghurt made
with 0.20% yoghurt culture and lowest score of
7.03 was obtained for Greek yoghurt made with
0.30% yoghurt culture respectively. The colour
and appearance may have got affected in
sample with 0.20% culture addition as the
surface was smooth and uniform. The study

conducted by Gamage et al. [8] observed the
similar effects in drinking yoghurt developed from
freeze fried yoghurt culture at 0.2% culture level
(4.4, 3.9, 4.0 & 4.0 out of 5 for colour, flavour,
texture and acceptability, respectively) against
0.3 % and 0.4%.

Body and texture of yoghurt were significantly
affected by yoghurt culture concentration
(P<0.05) as the Lactic Acid Bacteria has the
ability to produce exopolysaccharides and
bioactive peptide which could act as the
stabilizer, thickener and emulsifier like other
polysaccharides. As 0.20% yoghurt culture
forming firm gel-like body distributed throughout
the product it received the highest sensory score
of 8.44, whereas 0.15 % gave weak body. 0.3%
yoghurt culture addition resulted in non-uniform
body due to free whey separation and obtained
least score (7.00) for sensory. Highest texture
scores were recorded for yoghurt samples
prepared with 2.00 and 2.50 % sub-cultured
inoculum in the research findings of Anjum et al.
[9]. The ability of proteins to retain water and milk
fat cells in the structure of yogurt is the main
factor influencing syneresis which weakens the
body and texture. As considered by many
researchers, syneresis is one of the most
important parameters indicating the quality of
yogurt increased with increase in culture
concentration and storage time in light of
consumer satisfaction according to Shakerian et
al. [10].

Flavour score for yoghurt culture addition was
highest (8.60) for 0.20% with natural yoghurt
flavour with significant differences (P<0.05)
whereas 0.30% culture addition resulted acidic
flavour scored lowest sensory score (7.10) as
starter culture has symbiotic interaction which
responsible for aroma compound acetaldehyde.
The judges recorded similar level of scores for
yoghurts for flavour and taste for the yoghurt
culture after sub-culturing concentration of 1%
showed higher acceptability as opposed to 0.9%
and 1.1% culture level for buffalo milk yoghurt
from the research of Iftikhar et al. [11].

Overall acceptability rating was significantly
higher (P<0.05) for yoghurt with 0.2% culture
addition compared to control and other
experimental samples and scored 8.65. The least
scored sample was 0.3% yoghurt culture addition
with a score of 7.03. The highest overall
acceptability was recorded in drinking yoghurt
developed from regular yoghurt culture at 0.2%
freeze dried yoghurt culture level out of 0.2%,

342



Ramakrishnan et al.; J. Sci. Res. Rep., vol. 30, no. 7, pp. 340-345, 2024; Article no.JSRR.118948

0.3% and 0.4% culture level in the research
study by Gamage et al. 2016. Dabija et al. [12]
studied the influence of inoculation doses for
yoghurt from cow milk on rheological properties
and observed that the optimum freeze-dried
culture dose is 0.2 %, while at 0.3 % the
rheological parameters decrease. The decrease
of the rheological parameters at high inoculation
doses is because of the powerful proteolysis
activity of Lactobacillus delbrueckii subsp.
bulgaricus and Streptococcus thermophilus.

The effect of different levels of yoghurt culture on
sensory characteristics of RTE functional Greek
yoghurt based on 9-point hedonic scale has been
mentioned in Table 1.

3.2 Effect of Incubation Time on Sensory
Attributes of RTE Functional Greek
Yoghurt

There was a substantial difference (P<0.05)
between the control and other treated samples'
colour and appearance evaluations. The Greek
yoghurt that made with 6 hours of incubation had
the highest score of 8.27 due to smooth and
even surface, while the 4 hours of incubation
resulted in getting lowest score (7.15) of control.
Eze et al. [13] got the highest score for the set
yoghurt made of 5 hours of incubation time (7.35,
6.8, 6.9 & 7.35 for colour, flavour, texture and
acceptability, respectively) against 3 and 4 hours.

There is a significant difference (P<0.05)
between the body and texture scores of the
control and experimental samples. The sample's
body and texture ratings raised to 8.55 with 6
hours of incubation and lowest score of 7.00 for 8
hours of incubation. This may be due to longer
incubation time tends to weaken the structure of
yoghurt due to over-fermentation. The findings
are correlated with Aman et al. [14] who got soft

texture for yoghurt after 8 hours of incubation
time. The protein content increased with the
escalation in the concentration of starter culture.
However, increase in the incubation time protein
content decreases as it could be denatured in
acidic state which adversely affect the final body
[15].

The research revealed a significant difference
(P<0.05) in the flavour ratings between the
experimental and control samples of Greek
yoghurt. The flavour score increased to 8.72 with
6 hours of incubation time for yoghurt due to fully
developed flavour and sample with 8 hours of
incubation had the lowest score of 7.16. Shorter
incubation time leads to milder and incomplete
flavour while incubating for longer time can
cause high-acid flavour. The results aligned with
the research conducted by Eze et al. (2021),
which indicated that scores intensified when set
yoghurt made with 5 hours of incubation time.
For short set yoghurt, all the sensory parameters,
especially flavour improved as fermentation time
progressed (3-5 hr) and this could be attributed
to the acidity level developed during fermentation
aacording to Alakali et al. [16].

When compared to the control and other
experimental samples, the yoghurt with 6 hours
of incubation time had the greatest overall
acceptance rating (P<0.05), scoring 8.67. With a
score of 7.05, the sample with the lowest score
was the experimental sample with 8 hours of
incubation time. In Aman et al.'s [14] research,
the yoghurt that was developed with 8 hours of
incubation time scored more for overall
acceptability as opposed to 6 and 10 hours with
different processing condition.

Table 2 discuss the impact of varying incubation
period on the sensory attributes of Greek
yoghurt.

Table 1. Effect of yoghurt culture addition percentage on the sensory characteristics of RTE
functional Greek yoghurt

Culture addition (%)  Colour and Body andtexture Flavour Overall
appearance acceptability

Control(0.1%) 7.14b 7.16b¢ 7.15b 7.16¢

0.15 7.16° 7.57b¢ 7.822b 8.21b

0.2 8.062 8.442 8.602 8.652

0.25 7.23° 7.60° 7.60° 7.40¢

0.30 7.03° 7.00¢ 7.10° 7.034

CD (P=0.05) 0.26 0.40 0.61 0.19

* Note: Inoculation of freeze dried DVS starter culture at 0.1% for control to get 107-1010 cfu/ml of bacterial cell
concentration and incubated at 42 °C for 4 hours; All the values are average of three trials; Similar superscripts
indicate non - significance at the corresponding critical difference; Sensory analysis — 9-point hedonic scale
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Table 2. Effect of incubation time on sensory attributes of RTE functional Greek yoghurt

Incubation hours at Colour and Body andtexture Flavour Overall

42°C appearance acceptability
Control (4 hr.) 7.15¢ 7.16¢ 7.17¢ 7.16°¢

5 7.70° 7.47° 8.10° 8.07°

6 8.272 8.552 8.722 8.672

7 7.40pc 7.32bc 7.30¢ 7.33¢

8 7.20¢ 7.00¢ 7.16¢ 7.05¢

CD (P=0.05) 0.29 0.24 0.31 0.36

* Note: All the values are average of three trials; Similar superscripts indicate non - significance at the
corresponding critical difference; Sensory analysis — 9-point hedonic scale

4. CONCLUSION

The addition of different levels of yoghurt culture
the RTE functional Greek yoghurt was evaluated
by sensory characteristics. According to research
trial results, 0.2% yoghurt culture scored higher
than the control for colour and appearance, body
and texture, flavour, and overall acceptability as
higher concentration causes the bitterness due
proteolysis. Effect of varying incubation period
was analysed after inoculation of yoghurt culture
for different incubation hours. While subjected for
judging sensory attributes for different
parameters such as colour and appearance,
body and texture, flavour, and overall
acceptability, experimental sample at 6 hours of
incubation scored maximum as opposed to the
control and as time prolongs the product results
stale flavour that reduces overall sensory
qualityThe metabolic processes of the starter
cultures are the source of some of the beneficial
effects such as rise in acidity and typical flavour
and production of exopolysaccharide which helps
in suitable body formation.
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