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ARTICLE INFO ABSTRACT

In this research study the effects of using various milk types (bovine, ovine, and caprine) and storage
time on different properties of fermented milk products produced by chickpea (Cicer arietinum L.)
as a natural clotting agent were investigated. The fermented milk product samples were stored at
4+1°C for 21 days, and their chemical, physical, sensory and microbiological properties were
examined during storage. The chemical and microbiological properties of chickpea inoculum were
also analyzed. The fermented milk products obtained from different types of milk were similar to
plain yogurt in terms of composition and physical properties, but had higher protein content. The
pH values of the samples ranged between 4.36 and 4.72, while titratable acidity (as lactic acid) was
between 0.74% and 1.31%. Samples obtained from ovine milk had the highest dry matter (19.60%),
protein (7.87%), fat (6.00 %), and ash (1.29%) contents, followed by caprine and bovine milks.
Considering the acetaldehyde amounts (6.52-19.96 ppm) and sensory properties of the samples,
chickpea-fermented milks can be considered promising alternatives to yogurt. The fermented goat
milk sample received the highest scores for all sensory attributes. Total bacteria and lactic acid
bacteria counts were very low, as no starter culture was used in production.
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Introduction

Milk and its fermented products have been consumed for
centuries due to their high nutritional value and health-
promoting properties. Among these, yogurt stands out as one
of the most widely produced and consumed fermented dairy
products worldwide (Sert et al., 2017; Farag et al., 2021). It
is associated with numerous health benefits, ranging from
alleviating diarrhea to reducing the risk of colorectal cancer.
These benefits are believed to be mediated by maintaining
the balance of the gut microbiota and regulating the
microenvironment of the intestinal immune system
(Fernandez et al., 2017; Kok & Hutkins, 2018).

Yogurt production involves fermenting milk with a
starter culture of lactic acid bacteria (LAB), specifically
Streptococcus thermophilus and Lactobacillus delbrueckii
subsp. bulgaricus (commonly referred to as Lactobacillus
bulgaricus) (Comak Goger et al., 2016).

These microorganisms convert lactose to lactic acid,
resulting in milk acidification, casein denaturation, and the
formation of the typical yogurt gel structure (Say &
Glizeler, 2016; Farag et al., 2021). While LAB are
traditionally used for yogurt production, milk coagulation
can also be achieved using various other coagulants
derived from plant sources or enzymes from various
sources or acids (Egito et al., 2007). Several plant-based
coagulants, such as extracts from artichoke flower
(Chazarra et al., 2007), sunflower (Helianthus annuus)
(Egito et al., 2007), Albizia (Albizia lebbeck) seeds (Egito
et al., 2007), Moringa oleifera (Tajalsir et al., 2014), and
melon juice (Gagaoua et al., 2017), have been investigated
for their milk-clotting potential. However, most of these
studies focused primarily on the coagulation ability and did
not demonstrate additional functional or nutritional
advantages of the coagulants.

4144


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Giizeler et al. / Turkish Journal of Agriculture - Food Science and Technology, 13(12): 4144-4157, 2025

Chickpea (Cicer arietinum L.) is a widely consumed
pulse, originating from Southeastern Tirkiye (Kaur &
Prasad, 2021). It is rich in carbohydrates, protein, dietary
fiber, vitamins, minerals, folate, -carotene, and fatty acids
(Jukanti et al., 2012). Moreover, chickpeas have been
associated with a reduced risk of chronic diseases such as
cardiovascular diseases, digestive disorders, type 2
diabetes, and certain cancers (Yegrem, 2021).

The use of chickpea powder (Elbahnasi et al., 2021),
starch (Saleh et al., 2020) or mucilage (Ould Saadi et al.,
2020) in yogurt and similar fermented milk products has
been studied by many researchers in order to gain various
functional properties (Zare et al., 2012) and fortification
thanks to its high nutritional value (Raza et al., 2022). In
particular, chickpea flour has been used to enhance the
population of probiotic bacteria in bio-yogurt during
storage period (Chen et al., 2018; Hussein et al., 2020).
Additionally, chickpea has a milk coagulating property
(Say & Giizeler, 2016), and none of these studies used
chickpea's coagulant properties. It contains protease
enzymes capable of coagulating milk proteins, with
optimal activity temperature near 50°C (Shamsi et al.,
2016). For this reason, the use of chickpea as a coagulant
in yogurt-like products obtained by incubation at around
44°C can give successful results. Because chickpeas
possess both nutritional and enzymatic potential, they may
serve as a natural, functional, and economical alternative
to commercial starter cultures. Compared to industrial
LAB cultures, chickpeas are inexpensive, readily available,
and may also enhance the functional properties of the
resulting fermented milk products (Han et al., 2014).

There are also several studies in which chickpea was
used as a coagulant in fermented milk products. Bakr
(2013) produced yogurt from bovine and camel milk using
chickpea water extract together with a starter culture. Fu &
Zhang (2013) developed "chickpea yogurt" by adding
chickpea puree and starter culture to bovine's milk, while
Raikos et al. (2020) used aquafaba as a thickener as along
with starter culture and lactose, in oat-based yogurts.
However, these studies had certain limitations — for
instance, the use of chickpea with commercial starter
cultures, the laborious puree preparation process, and the
insufficient examination of the physical properties of the
resulting fermented products. Moreover, the milk-
coagulating potential of chickpeas in caprine and ovine
milk has not been explored. In this study, it was aimed to
produce a novel dairy product by fermenting bovine,
caprine and ovine milk with inoculum obtained from whole
chickpeas (Cicer arietinum L.) without using any
commercial starter culture. The study further evaluated the
chemical, physical, sensory, and microbiological
characteristics of the products during storage to assess their
potential as yogurt alternatives.

Materials and Methods

In this research, the morning milking raw bovine
(Holstein), caprine (Hair goat) and ovine (Akkaraman) milks
for the production of fermented milk products using chickpeas
as coagulating agent were supplied from the Cukurova
University Faculty of Agriculture, Research and Application
Farm Animal Husbandry Branch, while study was conducted
at Dairy Technology Research Laboratory, Faculty of

Engineering, Department of Food Engineering, Cukurova
University, Adana, Tirkiye. Skim milk powder was
purchased from Pinar A.S. (Izmir, Turkey) and the chickpeas
(Kogbasi variety, protein 19.83 g 100g™!, total fat 3.17 g 100g™,
salt 0.05 g 100g™!, total carbohydrate 63.83 g 100g™) used in
this study were supplied from the local market. Fermented
milk products were packed into 200 mL polypropylene bowls
with lids supplied from domestic markets.

Production of Chickpea Inoculum

In this study, in the preliminary experiment, chickpeas
were added to bovine, caprine and ovine milks in direct
boiled, and cracked forms. Samples produced from cracked
and boiled chickpeas had an undesirable dark yellow color
and a high amount of serum separation. Therefore, it was
found appropriate to add chickpeas directly to the milk. In
addition, preliminary experiments were carried out to
determine the amount of chickpeas used in making
fermented milk products. For this purpose, 5 g, 10 gand 15
g of chickpeas per 200 mL of milk were used in the
production of chickpea inoculum at five stages. As a result
of preliminary analyses evaluating curd firmness,
appearance, and serum separation, it was observed that
samples prepared with 5 g of chickpeas showed weak
coagulation and excessive whey separation, while those
with 15 g produced overly dense curds and an undesirable
texture. The sample containing 10 g of chickpeas
demonstrated the best curd structure, minimal serum
separation, and acceptable color. Therefore, the use of 10
g of chickpea was found appropriate to obtain the first
inoculum. The preparation of chickpea inoculum was done
according to Say & Giizeler (2016) in four stages. In the
first stage, 10 g of chickpeas were added to 200 mL of milk
pasteurized at 90 °C for 5 min. The mixture was incubated
until pH value reached 4.7, which took approximately one
day. After that, the obtained fermented product was used
as a coagulant in the 2" stage of the preparation, where 5%
chickpea inoculum was used for the fermentation of
another milk. Preliminary trials with different inoculum
levels (2.5%, 5%, and 10%) showed that 5% provided an
optimal coagulation rate and curd structure without
excessive acidity; therefore, this ratio was selected for the
main study. In the 3 stage, the milk was coagulated by
using 5% chickpea inoculum formed in the 2" stage. Then,
the same procedure was carried out with new milks one
more time using the inoculum obtained from the previous
preparation, and after that, the production of chickpea
inoculum was terminated. The fermented milk product
obtained at the 4™ last stage was used for the production of
the main products. The continuous propagation from stage
2 to stage 4 was done to ensure the stability, strength, and
consistency of the chickpea inoculum. Each subsequent
propagation step allowed for the enhancement of microbial
activity and the concentration of the desired enzymes and
microorganisms in the inoculum. By using the inoculum
from the previous stage to ferment fresh milk, it was aimed
to create a more robust and active culture, ensuring
uniformity and reliability in the final fermented milk
product. This process also helps in minimizing variations
and ensures that the inoculum reaches an optimal state for
the production of the main products.
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Production of Fermented Milk Product

In the production of fermented milk products, milks
fortified with 3% skim milk powder were pasteurized at
90°C for 5 min (Gilbert & Turgeon, 2021; Akbulut Cakir
& Teker, 2022). Afterward, the three types of milk were
rapidly cooled to 44+1°C and fermented with 5% chickpea
inoculum obtained in the preliminary experiment. The
inoculated mixes were filled into 200 mL polypropylene
bowls and incubated at 44+1°C. The incubation was
terminated at pH 4.7. Afterward, samples were stored at
4+1°C for 21 days and analyzes were performed on the 1%,
7t 14% and 21% days of storage. In this study, fermented
milk products were produced three times.

Chemical Analyses

The pH value of samples has been determined using a
digital pH meter (Testo 230, Germany) at room temperature.
Titratable acidity was determined by the alkali titration
method and the results were expressed as % lactic acid (TSI,
2006). The dry matter content analyze of samples has been
made according to International Dairy Federation method
(IDF, 1982), the fat content has been analyzed by Gerber
method using milk butyrometers (TSI, 2006), the protein
content has been determined by using the micro-Kjeldahl
method according to IDF (1993) method then converted to
crude protein by multiplying with a standard factor of 6.38,
the ash content of the samples has been determined by using
a gravimetric method (Kurt, 2007). The density was
determined by wusing a lactodensimeter at 20°C
(Abdurahman, 2004). The acetaldehyde content of
fermented milk product samples was iodometrically
determined according to method specified by Lees & Jago
(1969). The tyrosine content was colorimetrically measured
by the spectrophotometer (Shimadzu UV-mini-1240, Kyoto,
Japan) according to Hull’s (1947) method with some
modifications. The volatile fatty acids content has been
analyzed by the method of Kosikowski (1982).

Physical Analyses

In order to determine the water-holding capacity
(WHC) of the fermented milk products, 5 g of samples was
centrifuged at 4500 g for 30 min at 10°C, the supernatant
was poured off, and the precipitation was weighed. After
this, the water-holding capacity was calculated and
expressed as a percentage of fermented milk products (Wu
et al., 2000). Viscosity of fermented milk product samples
was determined using Brookfield Viscometer DV-II Pro
(Brookfield Engineering Laboratories, Middleboro, MA,
USA) with a spindle (No. 64) for 15 and 30 s at 100 g and
reported as cP (Gassem & Frank, 1991). The color
parameters (L*, a*, and b¥) of the fermented milk product
samples were determined by using a Hunter Lab Color Flex
colorimeter  (A60-1010-615 model colorimeter,
HunterLab, Reston, VA) (Kahyaoglu et al., 2005).

Sensory Evaluation

The sensory attributes, including appearance, consistency
(by spoon), consistency (by mouth), odor, taste, and overall
acceptance of all fermented milk product samples, were
evaluated by a trained panel of eleven members (5 male and 6
female), aged 20-35 years, using a five-point hedonic scale
(from 1 — unacceptable to 5 — excellent). The samples were
served at 4+1 °C. Although the study was conducted between

2015 and 2017, when the TS 1330:2006 yogurt standard was
in force, the sensory evaluation was not a descriptive scoring
test but a hedonic preference test (TSI, 2006). The reference
to TS 1330 was made only to consider general issues related
to yogurt evaluation; however, the hedonic scale used in this
study does not directly correspond to the scoring table given
in the standard. The panelists were trained by providing
preliminary instructions and trial evaluations prior to the
actual test. They consisted of academic staff and students of
the Food Engineering Department of Cukurova University.
Sensory analyses were carried out in a sensory laboratory
providing adequate testing conditions.

Microbiological Analyses

Fermented milk product samples (10 g) were
homogenized in 90 mL sterile 2% (w/v) sodium citrate
solution and decimal dilutions of the homogenates were
prepared with sterile 2% (w/v) sodium citrate, according to
International Dairy Federation (IDF, 1996). The
enumeration of total aerobic mesophilic bacteria (TAMB)
was determined (PCA: Plate Count Agar, Merck) at
30+1°C for 48 h (IDF, 2001), total lactic acid bacteria
(LAB) was counted (MRS: De Man, Rogosa and Sharpe
agar, Merck) at 30°C for 48 h (Harrigan, 1998), yeasts and
molds were counted (PDA: Potato Dextrose Agar, Merck)
at 25°C for 5 to 7 days (Diliello, 1982) and to determine
the spore-forming bacteria (SFM) counts dilutions were
heat-treated in a water bath at 90°C for 10 min and spread-
plated on NA plates (NA: Nutrient agar, Merck), then
incubated at 37°C for 48 h (IDF, 2001). The TAMB and
LAB counts were enumerated not only in the chickpea
inoculum but also in the final fermented milk products
produced from different types of milk during storage.

Statistical Analysis

All results were statistically processed using the SPSS
v26.0 software (IBM Statistics Inc., USA). The differences
among the samples were evaluated by means of the one-
way analysis of variance (ANOVA) and Duncan’s multiple
range test as the post hoc test; p values lower than 0.05
(p<0.05) were considered significant (Granato et al., 2014).

Results and Discussion

The physicochemical properties of raw milk samples
are given in Table 1. In general, ovine milk exhibited
higher dry matter, fat, protein, and ash contents compared
to bovine and caprine milk, which is consistent with its
naturally richer composition. Bovine and caprine milk
showed similar pH and density values, whereas ovine milk
had slightly higher acidity. These compositional
differences are mainly attributed to species-related
variations in nutrient content and milk yield.

Properties of Chickpea Inoculum

The production of chickpea inoculum was carried out
in four steps, with pH, acidity, and microbiological
properties of the inoculum being measured at each stage,
as detailed in Table 2. Fermentation was terminated when
the pH value reached 4.7 on average and the acidity was
between 0.72-0.75%. Therefore, no difference was
observed between pH and titratable acidity values in any
step (p>0.05).
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Table 1. Physicochemical compositions of raw milk samples (n=3)

Properties Bovine milk Caprine milk Ovine milk
pH 6.63+0.07° 6.64+0.04° 6.62+0.04°
Titratable acidity (Lactic acid %) 0.18+0.032 0.17+0.032 0.26+0.00*
Dry matter (%) 11.92+1.36° 13.27+0.36° 17.23+£0.61*
Fat (%) 3.61+0.89° 4.73£0.312 5.18+0.36°
Milk solids-non-fat (%) 8.314+2.25° 9.54+0.05% 12.05+£0.972
Protein (%) 3.61+0.47° 4.57+0.86° 6.08+0.80°
Ash (%) 0.72+0.02° 0.85+0.03° 1.20£0.172
Density (g (cm®)™") 1.032+0.022 1.033+0.03? 1.037+0.052

% Values that are shown in the same line with different exponential letters are different in terms of p<0.05 level of significance.

Table 2. Some physicochemical and microbiological properties of chickpea inoculum (n=3)

Properties 1 Step 2" Step 3™ Step 4" Step
pH 4.68+0.022 4.70+0.032 4.69+0.012 4.67+0.002
Titratable acidity (Lactic acid %) 0.72+0.032 0.75+0.032 0.72+0.012 0.75+0.022
TAMB count (log cfu mL™) 8.11+0.322® 7.67+0.51° 8.14+0.24% 8.55+0.09?
LAB count (log cfu mL") 8.77+0.252 8.30+0.16% 7.88+0.540 7.17+0.41¢
Spore-forming bacteria count (log cfu mL") 3.11+0.24° 4.23+0.322 3.00+0.36° 2.69+0.45°
Yeast count (log cfu mL") 8.07+0.18% 6.47+0.64° 7.55+0.35° 8.36+0.242
Mold count (log cfu mL™") 2.00+0.51? 2.39+0.36* 2.30+0.29* 2.69+0.42?2

®

Incubation time (min)

BMP CMP

Fermented milk products
Figure 1. Incubation times of fermented milk products
(min). BMP: Fermented bovine milk product, CMP:
Fermented caprine milk product, OMP: Fermented ovine
milk product

OMP

The TAMB count decreased in the second step and then
increased significantly again (p<0.05). The spore-forming
bacteria count was higher in the second step compared to
the other steps (p<0.05), while the amount of yeast
decreased significantly in the second step and increased
again in the following steps (p<0.05). The changes
observed in the numbers of TAMB, spore-forming
bacteria, and yeast were thought to be related to the
microbial count of the milk used in inoculum production.
Since the inoculum production steps were carried out at
different times, different kinds of milk were used at each
step. Therefore, the microbial load at each step might have
differed. No significant amount of mold was detected in
inoculums and the obtained amount was the same
statistically in each step (p>0.05).

The LAB count of the inoculum decreased as the steps
progressed, which may be due to several factors, including the
reduced nutrient availability and the changing environment in
successive fermentations. The interaction between the milk
and chickpeas diminished with each step. Initially, in the 1%
step of inoculum production, all the chickpeas were used in
whole pieces, contributing to both nutrient availability and the

-5.¢ Values that are shown in the same line with different exponential letters are different in terms of p<0.05 level of significance

presence of microorganisms that may have supported LAB
growth. However, in the 2™ step, the chickpeas were removed
from the inoculum, and only the chickpea-cured fermented
milk product was used for fermentation, which may have
resulted in a less favorable environment for LAB
proliferation. By the 3 and 4" steps, the repeated use of
inoculum from the previous steps may have led to a gradual
decline in LAB viability due to potential nutrient depletion or
accumulation of inhibitory by-products. Although the
presence of chickpeas can enhance LAB activity and growth
in fermented milk products (Chen et al., 2018), the observed
decrease in LAB in this case is likely due to the cumulative
effects of these factors over multiple fermentation cycles.
After the 4™ step, the obtained inoculum was used in the
incubation of different milk types. The durations of bovine,
caprine, and ovine milks’ incubations are presented in Figure
1. It was observed that ovine milk required a longer incubation
time compared to the other types of milk. In contrast, bovine
milk exhibited the shortest incubation time. This difference in
incubation times could be attributed to the varying
antimicrobial properties of the milk types. This could be due
to the fact that the antimicrobial properties of ovine's milk are
higher than that of caprine's milk and bovine's milk. Ovine
milk, in particular, has been reported to have higher levels of
natural antimicrobial agents, such as lactoferrin, lysozyme,
and immunoglobulins, which can inhibit the growth of
microorganisms, including LAB (Ebrahimi et al., 2021; Niaz
et al., 2019). These antimicrobial properties may slow down
the fermentation process, thereby increasing the incubation
time. Bovine milk, with lower levels of these antimicrobial
agents, would allow for faster LAB proliferation and shorter
incubation times (Benkerroum, 2008). Similarly, Jumah et al.
(2001) found that bovine milk had a shorter incubation time
compared to ovine, caprine, and camel milk. In that study,
camel milk has been reported to require a longer incubation
time to reach the same pH during gelation, attributed to its
lysozyme content. Additionally, the differences in the protein
and fat content of these milk types (Table 1) could also play a
role in influencing LAB activity and fermentation rates,
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further explaining the variation in incubation times observed
in this study. The higher fat and protein content in caprine and
ovine milk compared to bovine milk may further contribute to
the slower fermentation process.

Chemical Properties of Fermented Milk Products

PH and Titratable Acidity

pH values of all fermented milk products were close in
the first 14 days of storage (Table 3).

However, the pH of OMP was significantly lower than
other fermented milk products from the 14" day of storage
(p<0.05). BMP and CMP had similar pH values during
storage (p>0.05).

The differences observed in the titratable acidity of the
samples also verified the changes in pH values. The acidity
of OMP was significantly higher than the other samples
from the 7% day of storage (p<0.05). The low pH and high
acidity values of fermented milk products obtained from
ovine's milk may be due to the high buffering capacity of
ovine’s milk (Vianna et al., 2017). Irregular changes in pH
and titratable acidity values were detected during storage
(p<0.05), indicating potential fluctuations in the

fermentation process or microbial activity. As shown in
Table 3, the pH initially decreases but tends to rise again
towards the end of storage. Conversely, acidity increases at
the beginning but shows a tendency to decrease as storage
progresses. The decrease in pH values and increase in
acidity of fermented milk products during storage are due
to residual lactose fermentation (Moschopoulou et al.,
2018) and this indicates the presence of acid-producing
microorganisms (Alirezalu et al., 2019).

The pH and acidity values of fermented milk products
obtained from milk coagulated using chickpeas were
compared with plain yogurts. According to some studies,
the pH value was found as 4.6 in bovine yogurt (Giiler &
Sanal, 2009), 3.0-4.5 in caprine yogurt (Baniasadi et al.,
2022), and 4.51-4.67 in ovine yogurt (Vianna et al., 2017).
Senel et al. (2011) stated that plain yogurts made from
bovine, caprine, and ovine milks had 1.00%, 1.18% and
1.34% lactic acid, respectively. As a result, it was
determined that the pH and acidity values of fermented
milk products during 21 days of storage were close to the
results found by other researchers.

Table 3. Some chemical properties of fermented milk products (n=3)

Properties Storage time (day) BMP CMP OMP

1 4.65+0.15% 4.71£0.05% 4.72+0.14%

H 7 4.45+0.04°C 4.49+0.15% 4.42+0.12%¢
P 14 4.47+0.05° 4.38+0.06°" 4.36+0.01%
21 4.57+0.023KL 4.49+0.082L 4.39+0.04%"

1 0.74+0.16%¢ 0.84+0.24% 0.88+0.32%K

Titratable acidity 7 1.00+0.04%% 1.14+0.10% 1.31£0.04%K
(Lactic acid %) 14 0.89+0.123KL 0.92+0.20%K 1.09+0.33%
21 0.88+0.07°KL 0.96+0.08% 1.25£0.07°¢

1 13.59+0.96°¢ 15.66+0.61°% 19.19+0.35%

Dry matter (%) 7 13.74+0.88% 15.79+0.55% 19.29+0.323K
14 13.87+0.84K 16.04+0.50%% 19.45+0.28%

21 14.03+0.76€ 16.19+0.51°% 19.60+0.30%

1 4.94+0.10°% 6.18+0.06"% 7.75+0.03:M

Protein (%) 7 4.96+0.08€ 6.22+0.04%% 7.79+0.02°M
14 5.05£0.05K 6.25+0.05%% 7.85+0.03%KL

21 5.05+0.06° 6.27+0.04% 7.87+0.03K

1 3.33+0.20°¢ 4.33£0.15% 5.66+0.90%¢

Fat (%) 7 3.23+0.05K 4.26+0.05% 5.83+0.32%
14 3.40+0.10°K 4.30+0.10% 6.00+0.26%K

21 3.36+0.20°% 4.26+0.11%% 5.90+0.52%K

1 0.90+0.02°¢ 1.10+0.02b% 1.26+0.01%K

Ash (%) 7 0.90+0.01°¢ 1.10+0.01%% 1.27+0.01%
14 0.96+0.03°K 1.10+0.02b% 1.2940.01%K

21 0.9240.03°KL 1.11£0.01%% 1.26+0.03%¢

1 13.06+0.10°% 17.21£0.48%% 19.96+0.073%

Acetaldehyde (ppm) 7 10.26+0.91b" 15.25+0.733KL 14.64+1.513
14 8.5240.94M 13.78+1.99bC 11.15+0.333M

21 6.52+0.21N 8.98+2.06°M 8.60+0.402N

1 0.10£0.00°N 0.11£0.002M 0.11+£0.00M

Tyrosine (mg g-') 7 0.12+0.01°M 0.12+0.00°M 0.14+0.013¢
14 0.13=+0.00°L 0.14+0.00%¢ 0.14+0.00%¢

21 0.15+0.00"% 0.16+0.00%K 0.16+0.00%

1 0.41£0.01%K 0.40+0.01%K 0.27+0.02°L

Total volatile fatty acid 7 0.47+0.06%¢ 0.42+0.042°K 0.31+0.06°"
(0.1 N NaOH 100g™) 14 0.43+0.05% 0.36+0.03% 0.330.08°L
21 0.50+0.032°K 0.4320.04% 0.56+0.08%%

BMP: Fermented bovine milk product, CMP: Fermented caprine milk product, OMP: Fermented ovine milk product; ** % Values that are shown in the
same line with different exponential letters are different in terms of p<0.05 level of significance; ™™ Values that are shown in the same column
with different exponential letters are different in terms of p<0.05 level of significance.
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Composition Analysis

Dry matter, fat, protein, and ash contents were given in
Table 3. These components of fermented milk products
differed significantly (p<0.05) at each storage stage,
influenced by the compositional properties of the milks
used in production (Table 1). The variation observed
between the dry matter contents in these two tables, where
the dry matter levels of the milks (Table 1) are lower than
those of the fermented milk products (Table 3), could be
attributed to water evaporation during the pasteurization
process. This evaporation leads to an increase in the
concentration of dry matter in the final product (Tamime &
Robinson, 2000). The compositions of fermented milk
products made from chickpea coagulated milk were in
agreement with the results of other researchers in terms of
dry matter, fat and ash contents in their studies on plain
yogurts made by bovine, caprine or ovine milks (Giiler &
Sanal, 2009; Erkaya & Sengiil, 2011; Serafeimidou et al.,
2013; Temerbayeva et al., 2018).

When discussing protein content, it was noted that the
fermented milk products obtained from milk coagulated
using chickpeas had higher protein levels compared to
plain yogurts made from bovine, caprine, or ovine milks
(Erkaya & Sengiil, 2011; Temerbayeva et al., 2018;
Azizkhani et al., 2021). The observed difference in protein
content may arise from the initial protein composition of
the raw milks used in the production. Further, while
chickpea has been used as a coagulant or gelling agent in
various plant-based milk studies (Bakr, 2013; Fu & Zhang,
2013; Raikos et al., 2020), its specific impact on the protein
content of dairy products was not fully elucidated in those
studies. The higher protein content in chickpea-coagulated
milk products could also be connected to the specific
coagulation process employed, which might affect protein
retention or concentration differently than traditional
fermentation methods (Walstra et al., 2005).

Dry matter and fat contents of the samples did not
change significantly during storage (p>0.05). However, as
the storage progressed, the protein content of OMP and the
ash content of BMP increased significantly (p<0.05). No
change was observed in terms of protein and ash contents
in other samples (p>0.05). Hassan & Amjad (2012)
observed that the increase in ash content in plain yogurts
during storage can be attributed to the loss of CO: and
water resulting from the heat treatment applied during
yogurt production. Elbahnasi et al. (2021) reported that
protein and ash contents of yogurt enriched with oat and
chickpea slightly increased as storage period progressed.

Acetaldehyde and Tyrosine

Acetaldehyde is an important volatile compound for the
aroma formation of various dairy products such as fermented
milk product, yogurt, and fresh cheeses (Evangelia et al.,
2016). It is primarily formed through the lactose metabolism
of LAB. It can also be produced in reversible ways through
the action of the threonine aldolase enzyme on the amino acid
threonine (Kaminarides et al., 2015). In the present study,
acetaldehyde values in fermented milk products were found
between 6.52 ppm and 19.96 ppm. BMP had the lowest
acetaldehyde content during storage, while the acetaldehyde
levels in the other samples were relatively similar (Table 3).
The lower acetaldehyde level in BMP could be attributed to
the lower threonine content in bovine milk compared to

caprine and ovine milks (Landi et al., 2021). However, it is
important to note that the formation of acetaldehyde via
threonine depends on advanced proteolysis and the release of
free amino acids, which is limited, especially in the early
stages of fermentation. Fermented milk products obtained
from milk coagulated using chickpeas and plain yogurts
obtained from bovine (Guven et al., 2005), caprine (Senel et
al., 2011), and ovine milk (Giiler-Akin, 2005) showed
similarity in terms of acetaldehyde content.

The amount of tyrosine in yogurt indicates protein
degradation level (Sahan et al., 2008). While the tyrosine
ratios of OMP and CMP were high, the tyrosine content of
BMP was lower significantly (p<0.05). It could have resulted
from the significantly higher protein contents of CMP and
OMP than BMP. Tyrosine content of plain yogurts obtained
from bovine (Guven et al., 2005), caprine (Senel et al., 2011),
and ovine milk (Ersoz et al., 2011) and those for fermented
milk products were found close to each other.

During the storage period, the acetaldehyde contents of
all fermented milk products decreased, while the tyrosine
contents increased (p<0.05). The decrease in acetaldehyde
values during storage can be attributed to its oxidation into
acetate, which reduces the acetaldehyde content over time
(Tamime & Robinson, 2000; Say et al, 2022).
Additionally, Sahan et al. (2008) reported that the increase
in tyrosine content during storage is related to the increased
proteolytic activity and enzymatic hydrolysis of milk
proteins.

Total Volatile Fatty Acid

Although volatile fatty acids are not the main flavoring
agents of yogurt, they play an effective role in balancing
and clarifying the aroma (Atamer & Sezgin, 1987). BMP
and CMP values were close to each other in terms of
volatile fatty acid content during storage (p>0.05). Total
amount of volatile fatty acids for OMP in the first 14 days
of storage was significantly lower than the other samples
(p<0.05), but increased significantly on the 21% day,
exceeding the number of other samples (p<<0.05). While the
total amount of volatile fatty acids of OMP increased
during storage (p<0.05), no significant change was found
in other samples (p>0.05). Many researchers reported that
the volatile fatty acids contents of yogurt samples increased
due to transformation of lactose, and amino acids and lipid
metabolism during storage (Guven et al., 2005; Giler-
Akin, 2005; Sahan et al., 2008).

The amounts of volatile fatty acids shown in Table 3
were quite low when compared to the values in the
literature (Giiler-Akin, 2005; Sahan et al., 2008; Thabet et
al., 2014). The total amount of volatile fatty acids increases
as a result of the metabolic activities of the starter cultures
(Guven et al., 2005). Due to the use of chickpea inoculum
instead of starter culture in the production, the total amount
of volatile fatty acids may be found lower.

Physical Properties of Fermented Milk Products

Water Holding Capacity (WHC) and Viscosity

WHC, viscosity, and color properties of fermented milk
products were given in Table 4.

During storage, OMP had the highest WHC (p<0.05)
and there was no difference in water retention between
CMP and BMP (p>0.05). The WHC of yogurts is affected
by dry matter and protein contents (Feng et al., 2019).
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Table 4. Some physical properties of fermented milk products (n=3)

Properties Storage time (day) BMP CMP OMP
1 65.60+0.91°K 71.63+3.85% 85.66+2.47K
Water holding 7 61.96+2.65KL 65.40+2.78KL 85.63+6.85%K
capacity (%) 14 60.56:£4.60KL 62.60+4.01°F 75.96+0.86L
21 57.504.94% 58.23+6.61% 72.86+2.87%
1 903.60+265.08"M 1322.00+£90.06°™  3183.33+331.42%
Viscosity at 15" sec. 7 985.33+133.97°M 1422.00£161.10°"M  4011.66+295.55%
(cP) 14 1373.33£145.24% 1606.00+£67.43%L  4634.00+231.513K
21 1292.33+97.75L 1781.66+188.43°K  4210.00+143.25%
1 601.30+178.67° 1127.93£157.03%  2914.33+407.44%
Viscosity at 30 sec. 7 715.00+42.56° 1266.00£149.27°KL 3792 .334246.413K
(cP) 14 1168.66+111.46%% 1469.00+£21.70°%  4390.00+818.123
21 1098.00+45.29°K 1587.33+£249.00°%  3957.66+174.35*
1 92.78+0.50°: 94.0540.58%KL 93.50+0.372L
I 7 92.3440.08°- 93.94+0.103 94.60+0.84%KL
14 93.94:£0.59PKL 95.60+0.11%¢ 94.69+0.872°KL
21 94.69+1.62%K 95.2841.46%KL 95.58+0.28%
1 -4.10+£0.34% -4.40+0.41L -5.78+0.29bC
e 7 -4.45+0.75% -4.34+0.36% -5.03+0.26%L
14 -4.18+0.30% -4.29+0.16 -5.38+0.08PKE
21 -3.76+0.57% -3.31+0.49% -4.954+0.65%
1 10.57+1.04% 10.81+0.61%% 17.50+1.54%K
b 7 11.73£2.26% 10.96+0.45%¢ 14.96+0.25%
14 10.64+0.41%% 10.79+0.65% 16.20+0.60%KL
21 9.57+1.57% 10.43+2.30%% 15.33+1.88%KL

BMP: Fermented bovine milk product, CMP: Fermented caprine milk product, OMP: Fermented ovine milk product, ¢ Values that are shown in the
same line with different exponential letters are different in terms of p<0.05 level of significance., ™ N Values that are shown in the same column
with different exponential letters are different in terms of p<0.05 level of significance.

WHC of the samples increased as the dry matter and
protein contents increased. The higher WHC of OMP was
due to the higher dry matter and protein contents compared
to other samples. As the storage progressed, the WHC of
the samples decreased (p<0.05) which was due to the weak
colloidal connection of the protein micelles due to the
unstable gel network and their inability to retain water in
their structure (Donkor et al., 2007). Many researchers also
reported that the WHC of plain yogurt samples decreased
during storage (Bakirci et al., 2017; Bierzunska et al.,
2019). WHC of fermented milk products obtained by
coagulating different milks with chickpea were compared
with plain yogurts obtained from the milk of the same
animals in the literature. Researchers found the WHC on
average 60% in bovine yogurt (Serra et al., 2007), 62.7%
in caprine yogurt (Setyawardani et al., 2021), and 90.5% in
ovine yogurt (Ciron et al., 2010). As a result, it was
determined that fermented milk products obtained from
milk coagulated with chickpeas and plain yogurts were
similar in terms of water holding capacity.

The viscosity values of the samples were examined at the
15" and 30" seconds. When the values at both times were
examined together, OMP had the highest viscosity (p<0.05).
BMP and CMP were generally close to each other (p>0.05),
but the viscosity was very low for BMP on day 21.

The viscosity of milk products changes depending on
WHC as well as dry matter content (Ciron et al., 2010).
Weak gel structure in yogurts causes low viscosity and
these yogurts are more prone to fluidity (Pereira et al.,
2003). In this study, a similar relationship was found
between the WHC and the viscosities of the samples.
Additionally, it is known that as the total dry matter content
of yogurts increases, their viscosity also increases (Penna
et al., 2006). Viscosity increased significantly as storage

progressed (p<0.05) and similar increase in yogurt has
been reported by many researchers (Sahan et al., 2008;
Izadi et al., 2015). Saint-Eve et al. (2008) stated that the
increase in viscosity is related to the post-acidification that
occurs during the storage of yogurt. The residual activity
of microorganisms in yogurt increases the acidity during
storage, strengthening the protein network and increasing
the viscosity. The viscosities of fermented milk products
were compared with the values of plain yogurts. It was
concluded that fermented milk products obtained from
milk coagulated using chickpeas showed similarity in
terms of viscosity (Da Silva et al., 2012; Santiago-Garcia
et al., 2021; Akbulut Cakir & Teker, 2022).

Color Properties (L*, a*, b*)

In the first 14 days of storage, L* value in BMP sample
was found significantly lower (p<0.05), while CMP and OMP
were close to each other (p>0.05). Atamian et al. (2014)
reported that labneh obtained from caprine's milk was brighter
than that obtained from bovine's milk. Similarly, Henriques et
al. (2011) stated that the L* value in ovine yogurt is higher
than in bovine yogurt. Color changes in yogurts obtained from
different types of milk depend on gel opacity, casein
proportion and aggregation level (Milovanovic et al., 2020).
During storage, the L* values of all samples increased
(p<0.05) and no significant difference was observed between
the values on the 21% day (p>0.05). Vargas et al. (2008)
associated the increase in L* values of caprine and bovine
yogurts with the increase in the amount of firmness and
syneresis during storage. Plain yogurts and fermented milk
products obtained from milk coagulated using chickpeas were
found to be similar in terms of L* value (Henriques et al.,
2011; Vargas et al., 2008).
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The lowest a* value was observed in OMP during
storage (p<0.05), while BMP and CMP were similar
(p>0.05). The fact that OMP has the lowest a* value can
be explained by its higher protein content. It is known that
the green color increases as the protein ratio increases
(Milovanovic et al., 2020). Additionally, the less amount
of plasma carotenoids in ovine milk than in bovine milk
may also be effective on the a* values of yogurt (Noziére
et al., 2006). During storage, the a* values of CMP and
OMP increased (p<0.05), but there was no significant
change in BMP (p>0.05). According to Popov-Ralji¢ et al.
(2008), the observed increase in a* values was due to the
degradation of tryptophan and tyrosine. When other studies
were examined, it was determined that fermented milk
products obtained from milk coagulated using chickpeas
had a lower a* value than plain yogurts (Cho et al., 2017;
De Barros et al., 2020; Bezerril et al., 2021). So, the
fermented milk products in this study are greener than plain
yogurts. This can be explained by the fact that the protein
ratio of fermented milk products was higher than that of
plain yogurts.

The b* value (more yellowness) of the OMP sample was
the highest during storage (p<0.05), while CMP and BMP
were close to each other (p>0.05). It is known that bovine
yogurts are more yellow than caprine and ovine yogurts due
to the higher number of carotenoids (Milovanovic et al.,
2020). However, since the color of dairy products is also
related to the diet of the animals and the variety of feed, the
colors of the products may vary (Nozicre et al., 20006).
During storage, the b* values of BMP and CMP did not
change significantly (p>0.05), but the b* value of OMP first
decreased significantly and then increased again (p<0.05).
Degradation of riboflavin, PB-carotene and vitamin A
molecules can cause a decrease in the b* value of fermented
milk products (Popov-Ralji¢ et al., 2008). The increase in the
b* value in the later stages of storage may be related to the
decrease in the pH value of fermented milk product
(Varedesara et al., 2021). Additionally, refrigeration
increases the b* value of yogurts (Garcia-Pérez et al., 2005).
The b* values of fermented milk products produced in this
study were found similar to the »* values of plain yogurts in
the literature (Milovanovic et al., 2020; Hashim et al., 2009;
Sahsi, 2020).

Sensory Evaluation

Sensory characteristics were evaluated in terms of
appearance, consistency (by spoon and mouth), odor and
taste (Figure 2).

During the first 7 days of storage, CMP was favored
more than other samples in terms of appearance (p<0.05).
At this stage, BMP and OMP were found to be similar in
terms of appearance, but after the 14™ day of storage, there
was no significant difference between the appearance
scores of all samples (p>0.05). The panelists reported that
the OMP was less liked than those obtained from caprine
milk due to its extremely viscous appearance and yellowish
color. CMP was closer to the desired appearance. The
higher b* value of OMP and lower L* value of BMP
supported CMP as the most favored sample in terms of
appearance. It has been reported that the use of caprine's
milk in yogurt production provides a whiter and creamier
appearance, and therefore its appearance can be more
appreciated (Farag et al., 2021). In other studies, the

appearance scores of ovine yogurt and bovine yogurt were
close to each other (Domagata, 2008; Vianna et al., 2017).

BMP was the least liked sample in terms of consistency
tested with a spoon and in the mouth (p<0.05). This was
due to the high syneresis amount of BMP during storage.
Suriasih et al. (2014) also reported that yogurts made from
100% bovine's milk scored lower than yogurts made from
caprine's milk or caprine's milk-bovine's milk mixtures.
The researcher claimed that this was due to the higher dry
matter content and the tighter gel structure of caprine
yogurt. However, from the 14" day of storage, all samples
got similar scores in terms of consistency (p>0.05). As a
result of the consistency test performed in the mouth, OMP
got the highest score on the 7" day of storage (p<0.05).
OMP was the sample that had the highest viscosity. In a
research, probiotic yogurts produced from ovine's milk
scored higher than bovine's milk yogurts in terms of
consistency (Vianna et al., 2017).

In addition, in the study conducted by Sahsi (2020), the
consistency scores of ovine yogurt measured with a spoon
and in the mouth were found to be higher than caprine
yogurt. In this study, the scores given to the consistency
properties of fermented milk products did not change
significantly during 21 days of storage (p>0.05).

Significant fluctuations were observed in the scores
given to the odor characteristic of the OMP sample during
storage, and these scores were very low, especially on the
14™ day (p<0.05). Bano et al. (2011) also reported that the
odor scores of yogurts produced from 100% ovine milk
were lower than caprine yogurts, and this was due to the
increase in the formation of free fatty acids with the
increase in the amount of ovine milk in yogurts. There was
no difference between the odors of BMP and CMP samples
in terms of odors (p>0.05).

The BMP sample had the highest taste scores during
storage (p<0.05). In a study comparing fermented milk
products obtained from bovine and caprine milk, samples
obtained from bovine's milk were found to be sweeter and
sourer, leading to higher taste scores (Dimitrellou et al.,
2019). Although the acetaldehyde amount of BMP was
lower than that of the other samples, which might have
resulted in a milder yogurt aroma and taste, it appears that
consumers preferred this lighter and less intense flavor
profile. This suggests that consumers may favor fermented
milk products with a less density and persistence. Although
the taste scores of the OMP sample initially increased on
the 7" day, they decreased significantly afterward, making
it the least liked sample (p<0.05). It was observed that the
titration acidity of OMP was higher than that of the other
samples, while the lactic acid bacteria count was lower.

This high acidity in OMP could potentially be
attributed to the formation of free fatty acids. It was
thought that the taste scores of fermented milk products
obtained from ovine's milk, as well as their odor scores,
were low due to free fatty acids. Free fatty acids are formed
by natural ovine milk lipase catalyzing and hydrolyzing
triglycerides (Balthazar et al., 2017) and can also be
formed during oxidative deamination, transamination and
decarboxylation of amino acids or transformation of
lactose (Cais-Sokolinska et al., 2008). Cheng (2010)
reported that cheese-like off-flavor and soapy taste were
detected in yogurts due to the increase in the amount of free
fatty acids during storage.
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Figure 2. Sensory properties of fermented milk products (n=3)

a) Appearance, b) consistency by spoon, c) consistency by mouth, d) odor, ¢) taste. BMP: Fermented bovine milk product, CMP: Fermented caprine
milk product, OMP: Fermented ovine milk product

When the total scores were calculated, the most liked
fermented milk products were CMP, OMP and BMP,
respectively. Although OMP received low scores in terms
of odor and taste, it surpassed BMP in terms of overall
acceptability as it was more appreciated in terms of
consistency. It has been found that similar results have
been obtained in many studies in the literature (Toufeili et
al., 1995; Suriasih et al., 2014; Vianna et al., 2017).

Microbiological Properties
Products

Total bacteria and lactic acid bacteria (LAB) counts of
the fermented milk products are presented in Figure 3.

While slight fluctuations were observed in the total
bacteria counts of the samples during storage, these
changes were statistically significant (p<0.05). By the 14
day, the total bacterial count in the fermented milk product
obtained from bovine milk (BMP) was significantly higher
than in the other samples (p<0.05). This difference is likely

of Fermented Milk
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45
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Day 21 <— — Day 7 ——CMP
oMP
\T
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Day 21 Day 7 —+—BMP
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OMP
Day 14
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due to a greater decrease in the total bacterial count in the
fermented milk products made from caprine and ovine milk
compared to the BMP during storage. One possible
explanation for the lower total bacterial counts in CMP and
OMP could be related to differences in lactase enzymatic
activity, as lactase breaks down lactose, providing glucose
for bacterial fermentation. Studies have shown that ovine
and caprine milk may exhibit higher lactase enzymatic
activities compared to bovine milk (Cais-Sokolinska et al.,
2016), since in this study lactase activity was not directly
measured, this relationship remains speculative and would
require further investigation to confirm.

There was no significant difference between LAB
counts of fermented milk products obtained from bovine,
caprine and ovine milk on the 14" and 21% days (p>0.05),
whereas the differences were statistically significant on the
It and 7" days (p<0.05). Overall, the number of LAB
decreased significantly in the later stages of storage
compared to the first day (p<0.05).
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Figure 3. Microbiological properties of fermented milk products (n=3)
a) Total bacteria count (log cfu g'), b) lactic acid bacteria count (log cfu g'), BMP: Fermented bovine milk product, CMP: Fermented caprine milk
product, OMP: Fermented ovine milk product, *® ¢ Different lowercase letters indicate significant differences among samples (p < 0.05), #8¢P
Different uppercase letters indicate significant differences among storage days (p < 0.05)

This decrease in LAB during storage could be related
to the increased acidity level and potential changes in the
availability of nutrients. Although lactase activity breaks
down lactose into glucose and galactose, which are used by
LAB, the overall decline in LAB could also be influenced
by other factors such as nutrient depletion or the
accumulation of inhibitory byproducts. Other researchers
have similarly observed a decrease in the number of LAB
in yogurts and fermented milk products during storage
(Delgado-Fernandez et al., 2019; Vieira et al., 2019; Cho
et al., 2020). In studies conducted on yogurt and fermented
milk product made by bovine, caprine or ovine milk, the
number of lactic acid bacteria was found to be in the range
of 7-9 log cfu g! (Takeda et al., 2011; Mani-Lopez et al.,
2014; Hosseini & Behbahani, 2021). However, in this
study, this number was found in the range of 1.98-3.96 log
cfu g! in fermented milk products obtained from milk
coagulated with chickpea. Compared to fermented milk
products and yogurts made with traditional methods, lactic
acid bacteria count of fermented milk products obtained
using chickpeas were quite low. This was due to the fact
that starter culture is not used in production. Similarly,
Bakr (2013) observed that lactic acid bacteria count was
lower in yogurt samples obtained from bovine's milk
coagulated with chickpea juice extract compared to control
yogurts without chickpea extract.

Conclusion

In this study, a functional product that can be an
alternative to yogurt, one of the most consumed fermented
milk products in the world, was obtained by fermenting the
milk of different species of animals with coagulant
inoculum made from chickpea instead of starter culture. As
aresult of the study, it was determined that the composition
and physical properties of fermented milk products
produced by using chickpea, were similar to commercial
yogurts. Since starter culture was not used in the
production of fermented milk products, volatile fatty acids
were found to be very low. However, since the amount of
acetaldehyde was close to yogurt and the taste-smell scores
were acceptable, it was decided that the method was
applicable to all milk types. As a result of the analytical
measurements, it was determined that the color of
fermented milk products obtained from all milk types was

greener than plain yogurt. Nevertheless, when the sensory
analysis results were examined, the color of fermented
milk products obtained from caprine’s, and bovine’s milk
was liked by the panelists. The most admired product in
terms of all sensory properties was the fermented product
produced from caprine's milk. While the fermented product
made with ovine's milk was especially appreciated in terms
of its structural features, it was the least preferred one in
terms of taste and smell. On the contrary, the fermented
product obtained from bovine's milk was highly
appreciated in terms of taste and smell but found weak in
structure. Nonetheless, it was observed that all products
were consumable. Since starter culture was not used, the
total number of bacteria and lactic acid bacteria were found
to be very low. As a result of this study, a functional
product richer in protein was obtained. In addition, because
of the non-using of starter culture gains were made in terms
of economy and time. Labor-saving was achieved as
chickpeas were used whole. It is thought that in future
studies, the different properties such as the amino acid,
fatty acid, and aroma profiles of fermented milk products
by using chickpea can be examined, and it also may be
useful to observe their microstructures.
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