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ABSTRACT

This study investigates the impact of incotporating Momordica charantia (bitter melon) and honey into probiotic yoghurt
production, focusing on microbiological, physicochemical, and sensory properties. Bitter melon is recognized for its
bioactive compounds, including antioxidants and prebiotic components, while honey is valued for its antimicrobial and
nutritional benefits. Probiotic yoghurts were prepared with varying concentrations (1.5%, 3%, and 4.5%) of a honey-
bitter melon mixture, and their properties were analyzed over 28 days of storage. Microbiological assessments revealed
that the combination did not significantly affect the viability of Streptococcus thermophilus and Lactobacillus bulgaricns, while
Lactobacillus acidophilus viability was significantly better preserved in groups containing the honey-bitter melon mixture
compared to the control at the end of storage. Physicochemical analysis indicated that the honey-bitter melon mixture
had minimal impact on pH and acidity levels. Water-holding capacity and syneresis varied among groups, with the gel
structure of bitter melon contributing to reduced whey separation. Color measurements showed slight variations,
suggesting the influence of bitter melon on yoghurt brightness and hue. Sensory evaluation demonstrated that honey-
bitter melon mixture enhanced the overall acceptability of probiotic yoghurt, though no significant differences were
observed between test groups and controls during storage. These findings suggest that incorporating bitter melon and
honey into probiotic yoghurt does not compromise microbial viability, maintains desirable physicochemical properties,
and improves sensory acceptance. This study highlights the potential of bitter melon and honey as functional ingredients
in probiotic yoghurt, offering health benefits while preserving product quality.
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Momordica charantia ve Balin Probiyotik Yogurt Uretimine Etkisi
0z

Bu calisma, Momordica charantia (kudret nart) ve balin probiyotik yogurt iiretimine dahil edilmesinin etkisini mikrobiyolojik,
fizikokimyasal ve duyusal 6zelliklere odaklanarak arastirmaktadir. Kudret nari, antioksidanlar ve prebiyotik bilesenler de
dahil olmak tzere biyoaktif bilesikleriyle taninirken, bal antimikrobiyal ve besinsel faydalari nedeniyle degerlidir.
Probiyotik yogurtlar, bal-kudret nart karisiminin degisen konsantrasyonlariyla (%1,5, %3 ve %4,5) hazirland: ve 6zellikleri
28 gunliik depolama boyunca analiz edildi. Mikrobiyolojik degerlendirmeler, kombinasyonun Streptococcus thermophilus ve
Lactobacillus bulgaricusun canliigini 6nemli 6lctide etkilemedigini, Lactobacillus acidophilus'un ise depolama sonunda bal-
kudret nart ilaveli gruplarda kontrol grubuna gére canliligini daha iyi korudugu belirlendi. Fizikokimyasal analizler, bal-
kudret nar karisiminin pH ve asitlik seviyeleri izerinde minimum etkiye sahip oldugunu gésterdi. Su tutma kapasitesi ve
sinerez gruplar arasinda degismistir, kudret narinin jel yapist serum ayrilmasinin azalmasina katkida bulunmugtur. Renk
6lgtimleri hafif farkliliklar gbstermistir ve bu da kudret narinin yogurt parlakligt ve tonu tizerindeki etkisini géstermektedir.
Duyusal degerlendirme, bal-kudret nart kartsiminin probiyotik yogurdun genel kabul edilebilitligini artirdigin
gostermistir, ancak depolama sirasinda test gruplart ve kontroller arasinda énemli bir fark gézlenmemistir. Bu bulgular,
kudret nari ve balin probiyotik yogurda dahil edilmesinin mikrobiyal canliligt tehlikeye atmadiginy, istenen fizikokimyasal
6zellikleri korudugunu ve duyusal kabult iyilestirdigini géstermektedir. Bu calisma, kudret nari ve balin probiyotik
yogurtta islevsel bilesenler olarak potansiyelini vurgulayarak, triin kalitesini korurken saglik yararlari sunmaktadir.
Anahtar Kelimeler: Kudret nari, Bal, Probiyotik yogurt, Duyusal 6zellikler
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INTRODUCTION

Momordica charantia, commonly referred to as bitter
melon, is an annual plant belonging to the Cucurbitaceae
family. It is mostly cultivated in tropical and
subtropical locations worldwide (Li et al. 2007). The
name "bitter melon" stems from its extremely bitter
taste (Tuan et al. 2011). Fruits of Momordica charantia are
rich in lutein, B-carotene, total carotenoids, o-
tocopherol, and total folate, making them important
sources. Bitter melon fruits are rich in «-linolenic acid,
have low saturated fatty acids (SFA), and high
polyunsaturated fatty acids (PUFA). Although bitter
melon fruits are not particularly rich in PUFA, their
high PUFA/SFA ratio may enhance their health
benefits (Saini and Keum 2017). Momordica charantia
contains several physiologically active compounds
such as glycosides, saponins, alkaloids, oils, triterpenes,
proteins, and steroids (Grover and Yadav 2004). This
herb is commonly used in traditional medicine. The
recent increase in  studies  evaluating  its
pharmacological properties is attributed to its potential
biological implications (Pundir and Chandel 2021).
Momordica charantia has antioxidant, anti-carcinogenic,
and antidiabetic characteristics (Chekka and Mantipelly
2020). Moreover, it is advisable for incorporation into
probiotic  formulations due to its prebiotic
characteristics that stimulate the proliferation of
probiotic microorganisms (Fan et al. 2023).

Honey is recognized as one of the most ancient foods
in the history of human civilization and serves as the
main product of agricultural activities (Cilliers and
Retief 2008). Honey has been extensively utilized
throughout human history and served as a medical
treatment in various traditions (Eteraf-Oskouei and
Najafi 2013). Honey is a significant bee-derived
substance that isa natural sweetener for humans
(Otero and Bernolo 2020). It is produced by bees
through remarkable engineering processes. The
composition of its structure mostly consists of glucose,
fructose, and water, along with trace quantities of
proteins, minerals, organic acids, and vitamins (da Silva
et al. 2016).

Yoghurt is a food that is enjoyed by many people in a
variety of civilizations all over the world. Yoghurt is
frequently considered as an essential component of a
diet that is healthy (Mckinley 2005). Maintaining the
optimum balance of the microbial population in the
gut of a person is related to appropriate nutrition and
overall health (Flint et al. 2012). Probiotics setve a
crucial role in preserving this state of balance (Drisko
et al. 2003). Yoghurt has been recognized as an
essential carrier for delivering beneficial bacteria into
the human digestive system (Lourens-Hattingh and
Viljoen 2001; Mahmoodi Pour et al. 2002; Khorshidian
et al. 2020; Moghadam et al. 2021; Abdi-Moghadam et
al. 2023). Although previous studies

have investigated the individual effects of honey or
bitter melon on dairy products, there is a lack of
literature addressing their combined synergistic effect
in a probiotic matrix. Specifically, the potential of
honey to mask the intense bitterness of Momordica
charantia while simultaneously supporting probiotic
viability remains unexplored. Therefore, this study
aimed to evaluate the use of a combination of bitter
melon and honey in the production of probiotic
yoghurt, as well as its impact on the physicochemical,
microbiological, and sensory characteristics of the
yoghurt.

MATERIAL and METHODS

The milk required to create probiotic yoghurt was
sourced from the Farm of Burdur Mehmet Akif Ersoy
University, located in Burdur. The strains Nu-trish
LAS5 (Lactobacillus acidophilus LA-5) and yoghurt culture
YF-1.903  (Lactobacillus ~ bulgaricus and  Streptococcus
thermophilus) were acquited from Chr. Hansen
Laboratories in Copenhagen, Denmark. The bitter
melon utilized for the experimental group research was
acquired from a nearby garden in Antalya Province,
Turkiye. The honey was sourced from Balparmak
Company, located in Istanbul, Turkiye. The chemicals
utilized for the studies were procured from Sigma-
Aldrich Co. (St. Louis, USA).

Study Design

Following a heat treatment at 90°C for 5 minutes, the
homogenized milk was subsequently chilled to 42°C.
It was then split into four equal portions by
introducing 2% of starter culture and probiotic culture.
Following the separation of the first portion as the
control group, a mixture of honey and bitter melon
(85% honey and 15% bitter melon extract) was given
to group I, group II, and group I, with
concentrations  of  1.5%, 3%, and 4.5%
correspondingly (Table 1). Subsequently, 100 grams of
polystyrene containers were filled and subjected to
incubation at a temperature of 42°C for a duration of
4 hours. After the incubation period, the yoghurt
samples wete cooled down to a temperatute of 4°C
and kept at this temperature for a duration of 28 days
(Tamime and Robinson 2007; Ozcan et al., 2010). The
experiment was designed with three replications and
analyses were conducted on days 0, 7, 14, 21, and 28.

Microbiological Analysis

The yoghurt samples analyzed for S. thermophilus were
cultured on M-17 agar (Oxoid CM785) (Chr Hansen
2002a). The present study adopted MRS 5.4 Agar (De
Man Ragosa Sharpe, Difco 288210) as the medium for
investigating L. bulgaricus (Chr Hansen 2002b). The
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ISO 20128/IDF192 technique was employed to
identify the presence of probiotic L. acidophilus LA-5
(ISO 2000).

Table 1. Experimental study groups

Honey (%85)/Bitter Melon (%15) Mix

L. acidophilus .A-5

Control I 0
Control II 0
Group I 15
Group II 3
Group III 4.5

+ o+ 4+

+: Added, -: Not added

Physicochemical Analysis

The Official Methods of Analyses were applied in
order to evaluate the physicochemical properties of
yoghurt products (AOAC 2016). These parameters
included pH, acidity, the serum separation (syneresis),
and water holding capacity. The approach that was
presented by Wu et al. (2000) was utilized in order to
look at syneresis.

Color Analysis

A colorimeter (Konika Minolta, CR 400, available in
Osaka, Japan) was utilized in order to carry out the
color study. In the course of the investigation, the
patameters of L* (lightness), a* (red/green), and b*
(vellow/blueness) were evaluated in accordance with
the Hunter scale.

Sensory Analysis

The study was carried out to assess the sensory
attributes of yoghurt samples throughout a 28-day
duration while being stored in cold settings. A panel of
10 trained experts in dairy product evaluation (aged
between 25 and 45 years, comprising academic staff
and graduate students with prior experience in sensory
testing) conducted the sensory analysis, following the
methodology described by Canbulat and Ozcan
(2015). Panelists evaluated the samples for color,
appearance, odor, texture, flavor, and overall
acceptability using a defined scoring scale.

Statistical Analysis

The research was replicated three times, and three
measurements were taken for each parameter on the
1st, 7th, 14th, 21st, and 28th day of storage. The data
was subjected to statistical analysis using SPSS 25.0
software (SPSS Inc., USA). One-way Analysis of
Variance (ANOVA) was applied to determine the
effects of treatments and storage time. To identify

significant differences between the means of the
experimental groups, Tukey’s post-hoc test was
utilized. Results were considered statistically significant
at a confidence level of 95% (p<0.05).

RESULTS

Microbiological Analysis

This study investigated the total count of Streptococcus
thermophilus bacteria. The results indicate that the
microbial count remained over 8 log cfu g! on the 21st
and 28th days in the yoghurt groups, with microbial
activity continuing throughout the storage duration.
Although statistical differences were observed on
specific storage days (e.g., day 21), the microbial count
generally remained above 8 log cfu g-1 for all groups.
The count of Lactobacillus bulgaricns bacteria was
assessed in yoghurt trial groups, with the group II
exhibiting the highest quantity. Despite the hypothesis
that a bitter melon and honey mixture could enhance
the multiplication of this bacterium, significant
fluctuations were observed in L. bulgaricus counts
depending on the storage day and concentration
(p<0.05), although no consistent linear increase was
identified. The storage duration was shown to have no
significant impact on the quantity of Lactobacillus
bulgaricus. The bacterial counts of Lactobacillus acidophilus
were analyzed in yoghurt trial groups, showing that the
greatest values were predominantly recorded during
the initial two days. Statistical analysis revealed
significant differences by day 28 (p<<0.05). While L.
acidophilus counts in the control group decreased to
5.78 log cfu/g, the honey-bitter melon supplemented
groups maintained significantly higher viability (>6.6
log cfu/g), indicating a protective effect on probiotic
survival (Table 2).
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Table 2. Microbiological analysis results of the experimental study (logio cfu g).

S. thermophilus 0. day 7. day 14. day 21. day 28. day
Control I 8.71+0.11» 8.361+0.092b 8.45%0.152 8.77+0.16b¢ 8.64+0.15#
Control IT 8.54+0.152 8.31+0.12b 8.41+0.15# 8.58+0.13¢ 8.85%0.18#
Group I 8.68+0.142 8.321+0.174b 8.70+0.19» 8.99+0.154 8.89£0.15
Group II 8.7710.142 8.11+0.16¢ 8.55+0.14» 9.09+0.112 8.93%0.15
Group III 8.92%0.16 8.04£0.19¢ 8.49£0.16 8.72+0.17b¢ 8.83+0.11»
L. bulgaricus 0. day 7. day 14. day 21. day 28. day
Control I 7.61+0.15bc 7.54+0.15b 7.64+0.18% 5.90%0.144 6.00£0.15¢
Control IT 8.01+0.274b 8.10+0.152 7.05£0.09¢ 6.62+0.14¢ 6.01£0.14¢
Group I 7.1620.04¢ 7.91£0.10e> 7.17£0.16¢ 6.99%0.02b 7.20+0.15b
Group II 8.13+0.162 7.84£0.122b 7.75£0.16 7.01£0.13b 6.891+0.15b
Group III 7.78£0.072be 7.60£0.12> 6.77£0.174 7.49+0.100 7.61£0.18#
L. acidophilus 0. day 7. day 14. day 21. day 28. day
Control I - - - - -
Control IT 7.63+0.13» 6.93+0.14> 6.63£0.11b 6.18+0.15¢ 5.78%0.02¢
Group I 7.13+0.15b 7.02£0.15> 7.30£1.062 6.98%0.12b 6.13+0.12b
Group II 7.67£0.15 7.62£0.16 6.98£0.13% 6.78%0.16b 6.68+0.15#
Group III 7.44£0.13 7.52£0.05¢ 7.34£0.112 6.97+0.53 6.74+0.11»

Values ate presented as mean Estandard deviation. ¢ Different lowercase letters in the same column indicate statistically significant differences

between groups (p<<0.05) according to Tukey’s post-hoc test.

Physicochemical Analysis

Table 3 presents the physicochemical results of the
experimental groups. The pH change data were
analyzed in the yoghurt experimental groups.
Throughout the storage duration (7, 14, 21, and 28
days), a general increase in pH values was observed.
Although pH wvalues increased over time across all
groups, no significant differences were detected across
them. The pH values generally exhibited a comparable
trend across all groups, with the exception of the group
II. The pH value of 4.71 in the group 1I was slightly
higher numerically from that of the other groups.
During the last storage periods (21 and 28 days), a
notable increase in pH values was noticed. This
increase did not tresult in a substantial difference
between the experimental groups. The addition of the
bitter melon honey mixture to the probiotic yoghurt
had a negligible influence on the pH value. Despite the
general increase in pH values over the storage period,
no statistically significant differences were noted
among the groups. The results demonstrate that the
bitter melon honey combination

did not significantly influence the pH value in the
manufacturing of probiotic yoghurt. Analysis of acidity
determination results in the yoghurt trial groups
revealed fluctuations in acidity levels over the course
of storage (7, 14, 21, and 28 days). Nonetheless, the
cohorts exhibiting statistically significant changes were
restricted. The addition of the bitter melon honey
mixture to the probiotic yoghurt had a negligible
impact on acidity. The water holding capacity of the
experimental groups varies during the storage
duration. Nevertheless, no clear pattern was identified
among the groups. Consequently, differences in
holding capacity are observed among the experimental
groups. The syneresis values of the experimental
groups vary over the storage period. No consistent
trend was identified among the groups. Consequently,
differences in syneresis values are observed among the
experimental groups. Group III exhibits the highest
syneresis value. The gel structure of bitter melon
appears to mitigate syneresis formation by effectively
retaining the serum phase.

517



Table 3. Physicochemical results of the experimental groups.

pH 0. day 7. day 14. day 21. day 28. day
Control I 4.39£0.15n 4.36%0.18ns 4.60£0.230s 4.63%0.167s 4.66£0.140s
Control IT 4.36£0.160s 4.38£0.14n0s 4.56£0.21ns 4.54%0.210s 4.63%0.290s
Group I 4.25+0.150s 4.20£0.100s 4.44%0.32ns 4.38%0.300s 4.43%0.30ms
Group II 4.29£0.10ms 4.24£0.11n0s 4.55£0.20ms 4.54%0.18ns 4.71£0.19ns
Group III 4.31£0.07ns 4.24%0.110s 4.68%0.240s 4.63%0.280s 4.58+0.270s
Acidity (YoLLA) 0. day 7. day 14. day 21. day 28. day
Control I 1.04£0.04n0s 1.1520.06m 1.08£0.01ns 1.13£0.01ns 1.18£0.020s
Control IT 1.10£0.05ns 1.12£0.040s 1.10£0.020s 1.11£0.01ns 1.11£0.060s
Group I 1.04£0.01ns 1.13£0.04ns 1.10£0.01ns 1.09£0.04ns 1.12£0.10ns
Group II 1.01£0.03ns 1.11£0.03ns 1.03£0.040s 1.01£0.01»s 1.09£0.060s
Group III 1.03£0.040s 1.11£0.03ns 1.06£0.020s 1.1320.01»s 1.14£0.060s
Water holding 0. day 7. day 14. day 21. day 28. day
capacity (%o)
Control I 61.76+1.2b 68.11+1.5% 66.75+1.42 67.56%1.12 67.11£1.3
Control IT 67.91%1.42 68.88£1.3 67.39£1.62 64.59%1.5b 67.02%+1.2
Group I 59.64£1.1b 71.89£1.62 62.30£1.5> 65.05%1.42b 64.04+1.12b
Group II 58.43%1.5p 65.9311.4> 62.33£1.2> 63.96%1.3b 67.55%1.42
Group III 58.14%1.3b 72.61£1.72 64.49+1.8%> 68.98%1.6 67.75%1.5
Syneresis (%) 0. day 7. day 14. day 21. day 28. day
Control I 24.29+1.2b 23.70£1.5> 34.29+2.1» 23.49%1.1¢ 21.53%1.4¢
Control IT 23.61£1.4> 25.52%1.3b 28.02£1.8> 24.38£1.2b¢ 23.69%1.5b¢
Group I 24.13%1.10 25.92%1.6> 30.82£2.0% 23.70£1.0¢ 29.57£1.8
Group II 30.26+1.8» 28.42+1.42 28.91+1.5b 30.82%+1.92 30.28+1.62
Group III 27.79£1.5% 31.33+1.7» 36.57+2.22 28.21+1.4ab 22.39%1.3¢

Values are presented as mean *standard deviation. +4 Different lowercase letters in the same column indicate statistically significant differences
between groups (p < 0.05) according to Tukey’s post-hoc test. 'ns' indicates no significant difference.

Color Analysis

In color analysis, the L* value indicates an indicator
characteristic of color brightness. In groups 1, 11, and
111, the I.* values are typically marginally lower than in
other groups, indicating that the colors are darker and
less vibrant. A notable difference in L value is evident
between groups I and II, but group III has a slightly
increased L* value compared to the other groups.
Variations in the proportions of bitter melon and
honey within yoghurt samples can result in variable
measurement findings. Variations in light intensity can
affect color perception and potentially influence the
results of color analysis. Variations in light intensity
can lead to discrepancies in color perception and,
consequently, in color measures such as the L* value.
Alterations in the ratios of bitter melon and honey may
influence the composition of yoghurt, resulting in
variations in attributes such as color, viscosity, aroma,
and flavor. This may also be evident in the outcomes
of color analysis. The a*

value defines the colot's position on the scale, which is
between green and red. Groups 1, 11, and III showed a
medium «* values. In these groups, the bitter melon
honey mixture may have provided a balance of green
and red tones. The 4* value indicates the blue-green
(negative) and yellow (positive) color components.
These values can indicate, for instance, the color
variations of food goods or the color disparity between
distinct samples. Overall, the /* values were elevated
on the final analysis day compared to the initial analysis
day. This implies that the products experienced a color
alteration during storage, exhibiting a more noticeable
blue-green or yellow color. Such color changes may
result from ripening or other physicochemical
transformations.

The minimum 4* value was observed in the control
groups on the initial day of analysis. This indicates that
the control groups possess fewer blue-green or yellow
color components compared to the other groups

(Table 4).
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Table 4. Results of color analysis for the experimental groups

L* value 0. day 7. day 14. day 21. day 28. day
Control I 89.3314.142 92.831£4.102 96.24£0.162 91.88+0.74» 91.93+0.67+
Control IT 89.57+3.874b 85.39+11.55% 94.25+0.892 93.60£0.252 92.88£1.852
Group I 94.37%0.562 85.96+12.292b 90.93+2.70b 89.25+2.394b 91.54£1.97»
Group II 92.94%0.502 94.66+1.522 95.26+0.782 87.67£3.93b 91.55%0.61»
Group III 86.94£3.000 93.57£1.542 93.12£2.792b 91.08+0.91» 89.231+3.02#
a* value 0. day 7. day 14. day 21. day 28. day
Control I 1.46%0.114 1.16£0.14¢ 1.61£0.04> 0.82+0.15d 1.20£0.144
Control IT 1.40£0.014 1.07£0.02¢ 1.05£0.014d 0.93£0.084 1.49£0.07¢
Group I 2.36£0.25¢ 1.89£0.01b 1.32£0.03¢ 1.52£0.09¢ 1.40£0.05¢d
Group II 2.81£0.062 1.80£0.10b 2.46%0.232 1.9520.06P 1.87£0.11b
Group III 2.59£0.01> 2.45%0.16 1.74+0.18> 3.68+0.23¢ 2.50%0.01»
b* value 0. day 7. day 14. day 21. day 28. day
Control I 3.40£0.21¢ 3.69+0.17¢ 5.07£1.04b 8.07£1.35> 4.60£0.334
Control IT 3.02£0.02¢ 13.13£2.552 11.10£0.27» 9.87+0.122 5.82£0.30<d
Group I 5.45£0.11b 2.42%0.20¢ 3.15£0.16¢ 5.58+0.49¢ 10.42£0.372
Group II 5.29£0.08P 6.22%0.10> 4.52%0.29> 7.121+0.37> 6.49%0.77¢
Group III 7.06£0.042 3.16£0.70¢ 4.34£0.06> 7.27+0.27> 8.42%0.35b

Values are presented as mean Fstandard deviation. +“ Different lowercase letters in the same column indicate statistically significant differences
between groups (p < 0.05) according to Tukey’s post-hoc test. 'ns' indicates no significant difference.

Sensory Analysis

Figure 1 shows the sensory analysis values of the
yoghurt experimental groups. The assessment of the
general acceptability parameter indicates that the
scores for groups 1, II, and IIl are predominantly
above 6.5. The data indicates that groups I, 11, and 111

Storage Day 14

Storage Day 0

were predominantly more favorable in the initial day
analyses and were preferred over the control groups
and other groups containing bitter melon-honey. No
statistically significant change was noted in certain
groups throughout the storage period.

Storage Day 7

Storage Day 21 Storage Day 28

Figure 1: Sensory analysis of experimental groups.

DISCUSSION

in pH levels in yoghurts may arise based on the
ratios of certain fruits.

The research by Coskun and Dirican (2019)
concluded that the addition of pine honey did not

significantly affect the pH values in yoghurts, in
line with the findings of this investigation.
Another investigation indicated that differences

Probiotic bacteria can generate organic acids, thus
decreasing pH levels. The results indicate that the
pH levels of yoghurts with fruit additions may
vary depending on the fruit type, amount, and
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time of storage (Costa et al. 2015; Albayati et al.
2024). This study concluded that the addition of
a bitter melon honey mixture to probiotic yoghurt
had a negligible influence on pH, with just a slight
rise in pH values noted over the storage period.
The results indicate that the combination of bitter
melon and honey does not significantly influence
the pH wvalue in the preparation of probiotic
yoghurt. The impact of fruit incorporation on pH
values was more distinctly noted in the research
conducted by Albayati et al. (2024). This disparity
indicates that the interaction of fruit kind, ratio,
and content with yoghurt cultures varies in
relation to the bitter melon honey mixture in the
research. The impact of fruit-added yoghurts on
pH wvalues may fluctuate, influenced by
parameters such as fruit type, proportion,
composition, and storage duration.

Water holding capacity (WHC) is a critical quality
attribute in yoghurt production, influencing
texture, mouthfeel, and overall consumer
acceptance.  The incorporation of wvarious
ingredients and probiotic strains can significantly
affect the WHC of yoghurt. Several studies have
demonstrated the impact of different additives on
the WHC of probiotic yoghurt. The use of oat
flour in synbiotic yoghurt formulations has been
reported to reduce syneresis and improve WHC,
contributing to a more desirable texture (Reshma
et al. 2022). The type of probiotic strains used can
also influence WHC. For example, probiotic soy
yoghurt has been observed to exhibit better WHC
compared to plain soy yoghurt, suggesting that
the presence of probiotics can enhance the
structural integrity of the yoghurt matrix
(Kanchana et al. 2016).  Additionally, the
fortification of yoghurt with whey protein
concentrate (WPC) has been found to enhance
WHC more effectively than sodium calcium
caseinate, due to the finer protein network
formed by WPC (Akalin et al. 2012). Coskun and
Karabulut Dirican (2019) completed a study to
determine the water holding capacities of samples
during storage, aiming to evaluate changes in
these capacities over time. The study's results
indicated a reduction in water holding capacity
across all samples with extended storage duration.
The water holding capacity values varied between
the control group and the other groups with
distinct components. This study assessed the
varying water holding capacities among groups in
the bitter melon and honey mixture study.
Variations in water retaining capacity were noted
among the groups during the storage duration.
Discrepancies may have arisen in comparison to

the published research due to the inclusion of
additional components.

A key quality criterion influencing the texture and
customer acceptance of probiotic yoghurts is
syneresis, the expulsion of whey from yoghurt.
Different chemicals and circumstances have been
investigated in many research on syneresis in
probiotic yoghurt. Prebiotics like inulin, lactulose,
and B-glucan have been proven to greatly affect
syneresis in probiotic yoghurt. For probiotic
yoghurt formulations, for example, 1.5% Hi-
maize or [-glucan produced lower syneresis,
therefore improving the general texture and
sensory qualities of the yoghurt (Heydari et al.
2018). Likewise, although it somewhat lowered
the sensory ratings compared to plain yoghurt,
the addition of rice bran reduced syneresis and
offered antioxidative effects (Demirci et al. 2017).
It has been noted that adding fruit purees like sloe
berries and elderberry into probiotic yoghurts
boosts syneresis. The high water content and the
structural alterations brought about by the fruit
components most certainly have this effect.
These fruit additions improved the antioxidant
potential of the yoghurts, ascribed to their high
polyphenol content, even if syneresis increased
(Najgebauer-Lejko et al. 2021). But the kind of
fruit utilized affected the stability of various
components, including anthocyanins; elderberry
showed better stability than sloe berries
(Najgebauer-Lejko et al. 2021). A study analyzed
the syneresis parameters of probiotic yoghurt
samples with almond milk additions throughout
storage. Statistically significant differences were
identified among all samples. Owing to the water
retention characteristics of milk proteins and milk
fat globules, serum separation was found to be
less pronounced in the control group sample
compared to the other samples. It was established
that serum separation values diminished with
prolonged storage duration and were categorized
into statistically distinct categories (Yilmaz Ersan
and Topcuoglu 2019). Consequently, serum
separation significantly influences yoghurt quality.
This study shows variations in syneresis values
among the groups. No statistically significant
differences were reported between the groups.
The syneresis values of the experimental groups
varied throughout the storage period; however,
no consistent trend was seen among the groups.
Syneresis readings can be influenced by factors
including components, additions, and duration of
storage. Additives such bitter melon and almond
milk can enhance the gel structure and minimize
syneresis development. The duration of storage
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results in wvariations in syneresis values
throughout time.

The incorporation of prickly pear influences the
whiteness value of probiotic yoghurts, and the
duration of storage significantly impacts color
attributes (Albayati et al. 2024). In the current
study demonstrates that bitter melon influences
the color tone and brightness of yoghurts, and
that the ratios of bitter melon and honey
significantly impact color alteration.
Manufacturers must carefully choose and modify
the additional components and their quantities to
ensure the color attributes of yoghurt conform to
the specified criteria. Color analysis is a crucial
factor influencing the aesthetic attractiveness of a
product and consumer preferences (Pathare et al.
2013). In a study, the control yoghurt sample
exhibited the lowest a* and /* values at the onset
of storage (without fruit powder addition)
compared to yoghurts including fruit powder.
The a*and b* values increased with the fruit ratio
in all samples during the storage period (Tarakei
et al. 2016). A separate study indicated that
including prickly pear into probiotic yoghurts
elevated the * values, with a corresponding
intensification of the reddish-orange hue as the
fruit proportion grew. The a* values diminished
during storage, attributed to the yoghurt
containing only 10% prickly pear addition. The
inclusion of prickly pear in yoghurts resulted in
clevated a* values, attributed to the presence of
natural colors like carotenoids in the fruit and the
influence of lipid oxidation. The incorporation of
prickly pear fruit pulp at varying proportions
elevated the 4* values of yoghurts, resulting in a
more pronounced yellow hue with the increased
fruit ratio. Albayati et al. (2024). This investigation
indicated that the #* values on the color scale
represented the spectrum between red and green
tones. This suggests that the * values were often
reasonable in the bitter melon-honey combo,
potentially creating a balance between green and
red colors in these groups.

The yoghurt fermentation process is mainly
dependent on S. #hermophilus and L. bulgaricus. In
combination, these bacteria enhance the
fermentation process, which is essential for the
development of yoghurt's textute and flavor.
Research indicates that the proportion of prickly
pear fruit incorporated into yoghurt may
influence the viability of S. zhermophilus (Albayati
et al. 2024). In the current study found that the
bitter melon and honey combination did not
significantly impact the viability of S. thermophilus.
Conversely, the research by Albayati et al. (2025)
demonstrated that the incorporation of honey

enhanced the population of S. thermophilus in
drinkable yoghurt throughout storage. In the
study of Yilmaz Ersan and Topcuoglu (2019), the
amounts of L. acidophilus and L. bulgaricus were
examined in probiotic yoghurt samples enriched
with almond milk. It was observed that the
number of L. bufgaricus decreased with the storage
period, but increased in the sample containing
100% almond milk. It was also determined that
the number of L. acidophilus increased during
storage. This study shows that almond milk can
promote the proliferation of L. bulgaricus and L.
acidophilus bacteria in probiotic yoghurt. In
another study, the effect of clove on probiotic
yoghurt was examined. According to the results,
the number of L. acidophilus in yoghurts with clove
addition was found to be significantly lower than
in yoghurts with clove addition in the control
group probiotic yoghurt. In addition, it was
determined that the number of this bacteria
decreased with the increase in the clove
concentration (Bayir and Bilgin 2019). In this
study, the numbers of L. bulgaricus and L.
acidophilus bacteria were examined. Although the
mixture did not initially accelerate proliferation, it
significantly supported the survival of L.
acidophilus towards the end of storage compared to
the control (p<<0.05). This protective effect may
be attributed to the prebiotic potential of bitter
melon and honey, which helps maintain probiotic
viability.

Honey added to probiotic yoghurt has
demonstrated to improve taste, texture, and
general acceptability among other sensory
qualities. For goat yoghurt including probiotic L.
acidophilus, honey has been demonstrated to
improve  color, viscosity, and  sensory
acceptability, hence raising customer purchase
intention (Machado et al. 2017). The addition of
manuka honey to yoghurt has been linked to a
beneficial fermentation metabolite profile, which
improves sensory attributes like flavor and aroma
(Mohan et al. 2020). Studies of consumer
perception show that consumer preferences can
be much influenced by the sensory qualities of
probiotic yoghurt. For instance, low-fat choices
are chosen because of their firmness and texture,
hence yoghurt with additional sugars and low
milk fat have been proven to influence consumer
acceptance (Dias et al. 2020). Furthermore, the
inclusion of honey in yoghurt formulations has
been welcomed; formulations with 5% honey
earned highest ratings in sensory tests (Rashid and
Thakur 2012). Honey's presence influences not
only the sensoty qualities but also the yoghurt's
probiotic cultures' survivability. Particularly at
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specific dosages, studies have shown that honey
can improve the growth of probiotic bacteria
including L. bulgaricus and S. thermophilus (Rashid
and Thakur 2012). This implies that honey not
only enhances the sensual appeal but also
promotes the functional advantages of probiotic
yoghurt. Honey improves sensory qualities, but
its concentration should be balanced to keep
probiotics viable and the intended sensory profile.
As several formulations where increased honey
concentrations produced less pleasant sensoty
outcomes (Rashid and Thakur 2012) show,
excessive honey can cause unwelcome changes in
flavor and texture. Thus, designing a probiotic
yoghurt that satisfies customer expectations and
maintains its health advantages depends on
optimizing the levels of honey and other
components such as Momordica charantia. The
evaluation of the general acceptance parameter
reveals in this study that the groups including the
bitter melon-honey mixture and the control
groups are more agreeable than the others. Honey
added to the yoghurt increased its general
acceptance, it was found; in some groups,
acceptability did not change statistically
significantly throughout storage. These results
indicate that the combination of honey and bitter
melon could influence the yoghurt's general
acceptance qualities.

CONCLUSION

This research demonstrates that the combination
of bitter melon and honey positively influences
the physicochemical, microbiological, and
sensory attributes of probiotic yoghurt. The
research findings indicate that the incorporation
of a bitter melon and honey mixture in probiotic
yoghurt manufacture enhanced the yoghurt's
nutritional content. The sensory study results
indicate that the incorporation of bitter melon
and honey enhanced the taste, aroma,
consistency, and overall acceptability of probiotic
yoghurt. The findings indicate that bitter melon
and honey enhance the quality of probiotic
yoghurt for consumers and elevate the overall
acceptability of the product. The manufacture of
probiotic yoghurt through the incorporation of
natural components presents an intriguing
opportunity for the food sector as a healthful
alternative product. This study's findings enhance
studies on functional food items and healthy
nutrition, introducing a novel method for
probiotic yoghurt production. However, this
study has certain limitations, including the
production being conducted on a pilot scale and

the distinct bitterness of Momordica charantia
which may still be perceptible to sensitive
consumers despite the addition of honey.
Innovative research is required to mitigate the
unpleasant flavor of bitter melon through
combining it with other components. Future
studies should focus on microencapsulation
technologies to better mask the bitterness and
controlled clinical trials to validate the in vivo
health benefits of this functional yoghurt.

Authors’ Contributions: The experiments were
designed and organized by EK. EK and DK
executed the experiments. EK and DK designed
and implemented the simulations. DK and EK
participated in the analysis of the findings. EK
coordinated the manuscript's composition. All
writers offered helpful criticism and contributed
to the development of the study, analysis, and
manuscript.

Ethical approval: This study is not subject to the
permission of HADYEK in accordance with the
“Regulation on Working Procedures and
Principles of Animal Experiments FEthics
Committees” 8 (k). The data, information and
documents presented in this article were obtained
within the framework of academic and ethical
rules.

Acknowledgement: The Scientific Research
Projects Committee of Burdur Mehmet Akif
Ersoy University provided funding for this work
(Project Number: 0750-YL-21/ 2017K12-
41003). We express appreciation to PhD student
Zuhal Caliskan for her assistance.

Explanation: We will present as a (oral)
presantation at the 8th International Health
Sciences and Life Congress IHLSC) (2025).

REFERENCES

Abdi-Moghadam, Z., Darroudi, M., Mahmoudzadeh,
M., Mohtashami, M., Jamal, A. M., Shamloo,
E., & Rezaei, Z. (2023). Functional yogurt,
enriched and probiotic: A focus on human health.
Clinical Nutrition ESPEN, 57, 575-586.

Akalin, A., Unal, G., Dinkgi, N., & Hayaloglu, A. (2012).
Microstructural, textural, and sensory
characteristics of probiotic yogurts fortified with
sodium calcium caseinate or whey protein
concentrate. Journal of Dairy Science, 95(7), 3617-
3628.

Albay, Z., Celebi, M., & Simgek, B. (2025).
Physicochemical, rheological, and microbiological
properties of honey-fortified probiotic drinkable
yogurt. Foods and Raw Materials 13(2), 320—329.

523



Albayati, A. A. K., Agcam, E., Karaca, O. B., & Ozogul,
F. (2024). Effects of prickly pear supplementation
on physico-chemical, textural, microbiological and
sensory characteristics of probiotic set yoghurts.
Food Bioscience, 104513.

Association of Official Agricultural Chemists (AOAC)
(2016). Official Methods of Analysis. 20th ed.
Virginia, USA: AOAC International; 2002.
999.11:2016.

Bayur, A. G., & Bilgin, M. G. (2019). The effect of clove
on microbiological, chemical and sensory
properties of probiotic yogurt. Van Veterinary
Journal, 30(2), 109-114.

Canbulat, Z., & Ozcan, T. (2015). Effects of Short-Chain
and Long-Chain Inulin on the Quality of Probiotic
Yogurt Containing Lactobacillus rhammnosus. Journal
of Food Process Preservation, 39, 1251-1260.

Chekka, S. V., & Mantipelly, N. K. (2020). Momordica
charantia: A natural medicinal plant. GSC
Biological and Pharmaceutical Sciences, 12(2),
129-135.

Chr Hansen. 2002a. Method for counting Streptococcus
thermophilus in Yoghurt - F-7 [Technical Bulletin].
Chr. Hansen Denmark.

Chr Hansen. 2002b. Method for counting Lactobacillus
bulgariens in Yoghurt - F-8 [Technical Bulletin].
Chr. Hansen Denmark.

Cilliers, L., & Retief, F. P. (2008). Bees, honey and health
in antiquity. Akroterion, 53(1), 7-19.

Coskun, F., & Karabulut Dirican, L. (2019). Effects of
pine  honey on  the  physicochemical,
microbiological and sensory properties of
probiotic yoghurt. Food Science and Technology,
39(Suppl 2), 616-625.

Costa, M. P., Frasao, B. S., Silva, A. C. O., Freitas, M.
Q., Franco, R. M., & Conte-Junior, C. A.
(2015). Cupuassu (Theobroma grandiflorum)
pulp, probiotic, and prebiotic: Influence on color,
apparent viscosity, and texture of goat milk
yogurts. Journal of Dairy Science, 98(9), 5995-
6003.

da Silva, P. M., Gauche, C., Gonzaga, L. V., Costa, A.
C. O.,, & Fett, R. (2016). Honey: Chemical
composition, stability and authenticity. Food
Chemistry, 196, 309-323.

Demirci, T., Aktas, K., Sézeri, D., Oztiirk, H. I., & Akin,
N. (2017). Rice bran improve probiotic viability in
yoghurt and provide added antioxidative
benefits. Journal of Functional Foods, 36, 396-
403.

Dias, P. G. L., Sajiwani, J. W. A., & Rathnayaka, R. M.
U. S. K. (2020). Consumer perception and
sensory profile of probiotic yogurt with added
sugar and reduced milk fat. Heliyon, 6(7), ¢04328.

Drisko, J. A., Giles, C. K., & Bischoff, B. J. (2003).
Probiotics in health maintenance and disease
prevention. Alternative Medicine Review 8(2):
143-155.

Eteraf-Oskouei, T., & Najafi, M. (2013). Traditional and
modern uses of natural honey in human diseases:

A review. Iranian Journal of Basic Medical
Sciences, 16(6), 731-742.

Fan, Z., Wang, L., Li, J., Wu, D., Li, C., Zheng, X., %
Ge, X. (2023). Momordica charantia saponins
administration in low-protein-high-carbohydrate
diet improves growth, blood biochemical,
intestinal health and microflora composition of
juvenile common carp (Cyprinus carpio). Fish &
Shellfish Immunology, 140, 108980.

Flint, H. J., Scott, K. P., Louis, P., & Duncan, S. H.
(2012). The role of the gut microbiota in nutrition
and health. Nature Reviews Gastroenterology &
Hepatology, 9(10), 577-589.

Grover, J. K., & Yadav, S. P. (2004). Pharmacological
actions and potential uses of Momordica
charantia: A review. Journal of
Ethnopharmacology, 93(1), 123-132.

Heydari, S., Amiri-Rigi, A., Ehsani, M. R,
Mohammadifar, M. A.; Khorshidian, N.,
Koushki, M. R., & Mortazavian, A. M. (2018).
Rheological behaviour, sensory properties and
syneresis of probiotic yoghurt supplemented with
vatious prebiotics. International Journal of Dairy
Technology, 71, 175-184.

International Organization for Standardization (ISO)
2006. Milk products — FEnumeration of
presumptive Lactobacillus acidophilus on selective
medium — Colony-count technique at 37 °C ISO
20128/IDF 192). Retrieved on Matrch 4, 2025
from 1SO Website:
https://www.iso.org/standard/35292.html

Kanchana, R., Chari, A., D'costa, L., Kamat, N.,
Redkar, N., & Dessai, T. (2016). Production of
Probiotic Soy Yoghurt—A Dairy Product for the
Future. International Journal of Life Sciences,
5(3), 158-161.

Khorshidian, N., Yousefi, M., & Mortazavian, A. M.
(2020). Fermented milk: The most popular
probiotic food carrier. Advances in Food and
Nutrition Research, 94, 91-114.

Li, Q. Y., Liang, H., Chen, H. B., Wang, B., & Zhao, Y.
Y. (2007). A new Cucurbitane triterpenoid from
Momordica charantia. Chinese Chemical Letters, 18,
843-845.

Lourens-Hattingh, A., & Viljoen, B. C. (2001). Yogurt as
probiotic carrier food. International Dairy Journal,
11(1-2), 1-17.

Machado, T., Oliveira, M., Campos, M., De Assis, P.,
Souza, E., Madruga, M., Pacheco, M.,
Pintado, M., & Queiroga, R. (2017). Impact of
honey on quality characteristics of goat yogurt
containing probiotic Lactobacillus acidophilus. LNV'T-
Food Science and Technology, 80, 221-229.

Mahmoodi Pour, H., Marhamatizadeh, M. H., Fattahi,
H. (2022). Encapsulation of different types of
probiotic bacteria within conventional/multilayer
emulsion and its effect on the properties of
probiotic yogurt. Journal of Food Quality,
2022(1), 1-12.

524


https://www.iso.org/standard/35292.html

McKinley, M. C. (2005). The nutrition and health benefits
of yoghurt. International Journal of Dairy
Technology, 58(1), 1-12.

Moghadam, R. M., Ariaii, P., & Ahmady, M. (2021). The
effect of microencapsulated extract of pennyroyal
(Mentha  puleginm. 1) on the physicochemical,
sensory, and viability of probiotic bacteria in
yogurt. Journal of Food Measurement and
Characterization, 15, 2625-26306.

Mohan, A., Hadi, J., Gutierrez-Maddox, N., Li, Y.,
Leung, I., Gao, Y., Shu, Q., & Quek, S. (2020).
Sensory, Microbiological and Physicochemical
Characterisation of Functional Manuka Honey
Yogurts Containing Probiotic Lactobacillus renteri
DPC16. Foods, 9(1), 106-123.

Najgebauer-Lejko, D., Liszka, K., Tabaszewska, M., &
Domagata, J. (2021). Probiotic yoghurts with sea
buckthorn,  elderberry,  and sloe fruit
purees. Molecules, 26(8), 2345-2365.

Otero, M.C.B., Bernolo, L. 2020. Honey as Functional
Food and Prospects in Natural Honey Production.
In: Egbuna, C., Dable Tupas, G. (eds) Functional
Foods and Nutraceuticals. Springer, Cham.

Ozcan, T., Yilmaz-Ersan, L., Akpinar-Bayizit, A.,
Sahin, O. I., & Aydinol, P. (2010). Viability of
Lactobacillus -~ acidophilus T.A-5 and  Bifidobacterium
bifidum BB-12 in Rice
Pudding. Dairy/Mljekarstvo, 60(2), 135-144.

Pathare, P. B., Opara, U. L., & Al-Said, F. A. J. (2013).
Colour measurement and analysis in fresh and
processed foods: A review. Food and Bioprocess
Technology, 6, 36-60.

Pundir, V., & Chandel, A. (2021). Momordica charantia
Constituents and The Anti-proliferative Activity
Against An Ovarian Cancer Cell-line Skov-3. Flora
and Fauna, 27(2), 185-190.

Rashid, A., & Thakur, E. (2012). Studies on Quality
Parameters of Set Yoghurt Prepared By the
Addition of Honey. International Journal of
Scientific and Research Publications, 2(9), 1-10.

Reshma, E., Geetha, R., Lejaniya, A., Sathian, C. (2022).
Development and Quality Evaluation of Synbiotic
Yoghurt Incorporated with Oat Flour and
Bifidobacterium bifidum NCDC-255. Indian Journal
of Science and Technology, 15(17), 811-818.

Saini, R. K., & Keum, Y. S. (2017). Characterization of
nutritionally important phytoconstituents in bitter
melon (Momordica charantia 1.) fruits by HPLC—
DAD and GC-MS. Journal of Food Measurement
and Characterization, 11, 119-125.

Tamime, A. Y., & Robinson, R. K. (2007). Tamime and
Robinson's yoghurt: science and technology.
Elsevier.

Tarakgi, Z., & Demirkol, M. (2016). Yogurdun
fizikokimyasal 6zelliklerine kurutulmus goji berry
meyvesinin  (Lycium  barbarum)  etkisi.  Ordu
Universitesi Bilim ve Teknoloji Dergisi, 6(2), 136-
145.

Tuan, P. A, Kim, J. K., Park, N, Lee, S. Y., & Park, S.
U. (2011). Carotenoid content and expression of
phytoene desaturase genes in Dbitter melon

(Momordica charantia). Food Chemistry, 126(4),
1686-1692.

Wu, H., Hulbert, G. J., & Mount, J. R. (2000). Effects of
ultrasound on milk homogenization and
fermentation with yogurt starter. Innovative Food
Science & Emerging Technologies, 1, 211-218.

Yilmaz Ersan, L., & Topguglu, E. (2019). Microbiological
and Some Physicochemical Properties of
Probiotic Yogurts Enriched with Almond Milk.
Journal of Agticultural Faculty of Bursa Uludag
University, 33(2), 321-339.

525



