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ABSTRACT
Background: Yogurt is one of the most popular fermented milk
products, which affords an excellent source of essential nutrients
such as vitamins, calcium, and proteins. It also provides valuable
lactic acid bacteria that are beneficial to the function of human gut
microbiota. However, plain yogurt lacks a variety of health-
beneficial antioxidant substances particularly phenolic compounds,
and vitamin C.
Aims: The aim of this study was to evaluate the effect of the
addition of concentrated bell pepper extract (CBPE) with three
different colors on the physicochemical and color properties of set
yogurt.
Methods: Bell peppers with yellow, orange, and red colors were
washed and crushed by a blender and the extract juices were
prepared with 30% T.S. For yogurt production, 5% CBPEs were
added to the milk used for yogurt making. The yogurt samples were
kept at refrigerator and analyzed for physicochemical
characteristics and color values during 21 days of storage.
Results: Results showed that the incorporation of CBPE in the
yogurt samples and the storage period had a significant impact on
the studied parameters. With the incorporation of CBPE in the
yogurt samples and with the passage of storage time, the amounts
of pH, syneresis and lightness significantly decreased, while the
amounts of total solids, WHC and a* and b* values increased.
Conclusion: Based on the obtained results, all the samples containing
CBPE had less syneresis and more WHC than the control sample.
Therefore, considering that syneresis is one of the most important
undesirable phenomena in yogurt, it is suggested to use CBPE with
different colors to develope functional yogurt with high-quality (more
antioxidant properties and less syneresis).
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Extended Abstract

Introduction: Yogurt is one of the most
popular fermented milk products, which
affords an excellent source of essential
nutrients such as vitamins, calcium, and
proteins. It also provides valuable lactic acid
bacteria (LAB) that are beneficial to the
function of human gut microbiota. The high
concentration of LAB in yogurt has also
positive effects on human health, including
prevention of intestinal disorders, chronic
diseases, reduction of cholesterol absorption
and reduction of blood pressure (Alimoradi et
al. 2016). Many components of yogurt, such as
whey proteins, have been linked to a few health
benefits, and some components, particularly
compounds resulting from the breakdown of
milk proteins, such as casomorphins,
phosphopeptides, and immunopeptides, are
classified as bioactive peptides. These peptides
are released as a result of the digestion of
yogurt proteins in the intestine and may play a
role in the regulation and entry of nutrients into
the body, or they may affect food metabolism
through the activation of hormone secretion.
For example, whey proteins are widely used in
infant nutrition; it is common to use
hydrolyzed whey proteins in the food formula
of infants who are allergic to cow's milk
proteins (Jooyandeh, 1400). New studies have
shown that in the process of digesting milk
proteins in the digestive system, some
bioactive peptides are formed, which are
effective on the secretion of internal hormones
such as hormones that strengthen the immune
system. Also, some of these bioactive
molecules are effective on better digestion of
food, nervous system, as well as prevention of
cardiovascular diseases and inhibition of
angiotensin-converting enzyme (ACE)
(Vincenzetti et al. 2017). However, plain
yogurt lacksa variety of health-beneficial
antioxidant substances particularly phenolic
compounds, flavonoids, anthocyanins, and
vitamin C. Therefore, incorporation of natural
functional ingredients such as fruits (Alirezalu
etal., 2014; Raikos et al., 2019; Arslaner et al.,
2021) and vegetables (Kim et al., 2010; Yang
etal., 2012; Hong et al., 2020; Momenzadeh et

al., 2021) can boost the chemical composition
and health benefits of the yogurt. Most of these
investigations revealed that adding natural
edible ingredients to yogurt improved its
chemical composition, biological activity, and
quality characteristics. Fortification with these
bioactive constituents is one of various
methods to preclude the syndromes associated
with dietary deficiencies. In addition to
antioxidant activities, these compounds exert
other beneficial health effects such as
antimicrobial, antidiabetic, anticancer, anti-
obesity, anti-inflammatory, and
cardioprotective properties. The aim of this
study was therefore to evaluate the effect of
addition of concentrated bell pepper extract
(CBPE) with three different colors on the
physicochemical and color properties of set
yogurt.

Material and methods: Bell peppers with
yellow, orange, and red colors were washed
and crushed by a blender. After straining for
pulp extraction, the total soluble solids of
juices were adjusted up to 30% by a rotary
evaporator. The set-style yogurt samples were
produced on a laboratory scale according to the
method described by Yademellat et al. (2017)
and Jooyandeh et al. (2023) with some
modifications. For yogurt production, the milk
was heated at 90 “C for 10 min and after the
temperature reduction up to 65 °C, the CBPEs
were added. After inoculation with 0.05%
starter cultures (lyophilized powder) at 44-45
°C, the samples were incubated at 42 °C until
the pH reached to 4.6. The yogurt samples
were kept at refrigerator and analyzed for
physicochemical characteristics (pH, total
solids, syneresis and water holding capacity
(WHC)) and color values (L*, a*, and b*
indexes) during 21 (1, 11 and 21) days of
storage. The yogurt sample without CBPE was
prepared and considered as the control. The pH
and dry matter of the set yogurt samples were
measured using a pH meter (Metrahm
Company, model 827, Switzerland) and using
an oven at a temperature of 100 °C until
constant weight was reached (AOAC, 2000).
The syneresis of set yogurt samples was
determined according to the method of Ababaf
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et al. (2019). 30 grams of the yogurt sample
was transferred into a 50 ml Falcon and then
the tubes were centrifuged in a GMBH
centrifuge (model Z206A) made in Germany
with a speed of 222 x g for 10 minutes at a
temperature of 4 °C. After centrifugation, the
weight of the separated serum or supernatant
was obtained and syneresis was calculated by
dividing the weight of supernatant by the
weight of the yogurt sample. For measuring the
water holding capacity (WHC) of set yogurt
samples, the samples centrifuged at 4000 x g
for 20 minutes at 10 °C according to the
method of Fayaz et al. (2020). The color of the
produced samples was also determined by
using the Manitoba Hunter Lab colorimeter
(CR-400 model) and the characteristics of
whiteness (L*), redness (a*) and yellowness
(b*) of yogurt samples were measured
(Jooyandeh et al., 2021). For performing
analysis, data were analyzed by a completely
randomized factorial design using SPSS
software, version 20. The mean of treatments
was compared with Duncan test at 95%
confidence level.

Results and discussion:

Results showed that incorporation of CBPE in
the yogurt samples and the storage period had
significant impact on the studied parameters.
With incorporation of CBPE in the yogurt
samples and with the passage of storage time,
the amounts of pH, syneresis and lightness
significantly decreased, while the amounts of
total solids, WHC and a* and b* values
increased. The amounts of pH of yellow CBPE
was slightly higher than other fortified
samples, but these differences were not
significant (p>0.05). The decrease in pH of
yogurt is probably due to the low pH of bell
pepper extracts (5.1-5.3). In addition, Kim et
al. (2011) showed that the amount of organic
acids in green and red bell peppers is
significant, 12.94 and 15.75 grams per 100
grams of dry matter, respectively. Therefore,
the decrease in pH as a result of the addition of
various extracts of bell pepper is not far from
expected due to the presence of abundant
organic acids. Hong et al. (2020) in similar
results reported that the pH of yogurt

decreased by increasing the amount of bell
pepper extracts with different colors of yellow,
orange and red. Also, the results showed that
with the passage of storage time, the pH value
of yogurt decreased significantly. The reason
for the decrease in pH during storage can be
considered the activity of yogurt starter
bacteria and the conversion of lactose into
lactic acid. The average pH of yogurt samples
at the beginning of the storage time and after
11 and 21 days was determined as 4.47, 4.37
and 4.28, respectively, which was consistent
with the results of Jooyandeh et al. (2015). The
red CBPE sample had higher total solids and
syneresis than orange and yellow CBPE
samples but these differences were also not
significant (p>0.05). The control sample
(yogurt without CBPE) had higher L* value
(87.87) than yellow (85.36), orange (83.87)
and red (80.32) CBPE samples. The red CBPE
sample had higher a* value particularly at the
end of 21 days of storage period as compare to
other samples probably due to the higher
anthocyanin content. The amount of a* value
in red, yellow and orange CBPE samples were
recorded as 8.94, -2.52 and -0.96, respectively.
As the time of storage increased, the amount of
redness particularly in the red CBPE yogurt
increased probably due to the lower syneresis
(Kim et al.,, 2010). Like a* values, results
showed that fortified yogurt samples
especially orange CBPE sample had higher b*
value probably due to the higher carotenoids
compounds. With agreement with our results,
Kim et al. (2016) reported the higher amount
of carotenoid substances in orange bell pepper
(62.57 mg/100 g) as compare with yellow
(35.32 mg/100 g) and red bell pepper (55.80
mg/100 g) on dry basis. Furthermore, in
control sample with the passage of storage
time, b* value increased slightly while in
fortified samples decreased to some extent
(p>0.05). The increase in b* value in control
yogurt is probably due to destabilizing of
casein micelles because of pH reduction during
the storage (Garcia et al., 2005). The decrease
in b* wvalue in the fortified yogurts is
undoubtedly due to disintegration of pigments
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mainly Xanthophylls during the storage period
(Suwannasang et al., 2022).

Conclusion: Based on the results of the
current study, incorporation of bell peppers in
the form of concentrated extract had
significant effect on physicochemical and
color characteristics of set yogurts. One of the
most common defects in set type yogurts is
syneresis. The results revealed that by
application of CBPE in yogurt formulation, the
syneresis reduced and WHC increased
significantly. Therefore, by incorporation of
CBPE, a functional yogurt with a higher
antioxidant substances and a lower syneresis
could be produced. Based on sensory and
antioxidant activities (results are not shown),
the yogurt sample having orange CBPE was
selected as the best functional product.
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Figure 1- Effect of addition of 5% concentrated bell pepper extract (CBPE) (a?, storage time (b) and their
interaction (c) on total phenol of the set yogurt samples
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Figure 2- Effect of addition of 5% concentrated bell pepper extract (CBPE) (a), storage time (b) and their
interaction (c) on total solids of the set yogurt samples
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Figure 3- Effect of addition of 5% concentrated bell pepper extract (CBPE) (a), storage time (b) and their
interaction (c) on syneresis of the set yogurt samples
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Table 1. Effect of addition of 5% concentrated bell pepper extract (CBPE) on water holding capacity
(WHC) of the set yogurt samples during 21 days of cold storage

Storage period Treatments
(Day) Control Yellow CBPE Orange CBPE Red CBPE
(Without CBPE)
1 33.75 £0.74A 35.95 +0.42%A 36.41 £0.66*A 36.07 £0.52A
11 34.55 +0.46"A 36.94 £0.85%A 37.44 £0.97A 36.13 £0.20%4
21 34.16 +0.40°A 36.53 £0.93 36.92 £1.22%A 35.91 £0.20%4

Different small and capital letters indicate significant differences (p<0.05) between row (treatments) and column (during the storage

period), respectively.
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Figure 4- Effect of addition of 5% concentrated bell pepper extract (CBPE) (a), storage time (b) and their
interaction (c) on lightness (L") of the set yogurt samples
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Figure 5- Effect of addition of 5% concentrated bell pepper extract (CBPE) (a), storage time (b) and their
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Figure 6- Effect of addition of 5% concentrated bell pepper extract (CBPE) (a), storage time (b) and their
interaction (c) on yellowness (a*) of the set yogurt samples
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