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ARTICLE INFO ABSTRACT
Article type: Background: Nowadays, the functional properties of herbal extracts
Research Article have been noticed by consumers. Malva Sylvestris contains various

compounds such as phenols, flavonoids, terpenoids, catalase enzyme,
sulfite oxidase, fatty acids, 3-carotene, and vitamin.

Aims: The purpose of this research was to investigate the possibility
of producing functional set yogurt containing Malva Sylvestris with
acceptable physicochemical, rheological and sensory properties.
Methods: For the production of yogurt, Malva Sylvestris extract was
used at five levels of 0, 0.5, 1, 1.5 and 2%, and the physicochemical
characteristics (pH, acidity, syneresis, viscosity and total phenol
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Yogurt, Malva Sylvestris, evaluated during 21 days of storage in the refrigerator.

Antioxidant, Phenolic, Results: The results showed that the addition of Malva Sylvestris
Physic-chemical extract decreased the pH of yogurt samples (P<0.05). Also, the

viscosity of the samples increased significantly from 0.68 to 0.91
(P<0.05). The maximum stability of the yogurt samples was observed
in the samples containing 2% Malva Sylvestris extract on the 7" day
and the lowest stability was observed in the control sample on the
21" day. Adding Malva Sylvestris extract to yogurt samples caused a
significant increase in total phenolic content (32.59 mg GAE/Q)
compared to the control sample (8.41 mg GAE/g). Also, in the
investigation of antioxidant activity, it was found that increasing the
concentration of the Malva Sylvestris extract significantly increases
the antioxidant properties (P<0.05). On the other hand, in fitting the
rheological behavior of yogurt samples with power and Herschel
Bulkley's model, it was found that the behavior of yogurt samples has
a high correlation coefficient with power model.

Conclusion: It seems that the reduction of syneresis in yogurt
samples containing 1.5% Malva Sylvestris extract and its higher
viscosity compared to other treatments has been effective in
increasing its acceptability.
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Extended Abstract

Introduction: In recent years, with the
increase of scientific research, human
awareness of the importance of functional
food and the relationship between the types of
food consumed and human health has
increased (Bulut et al. 2021). Malva sylvestris
is a one-year, two-year, and sometimes multi-
year plant. Aqueous extracts of leaves and
flowers of Malva sylvestris contain various
compounds such as phenols, flavonoids,
terpenoids, catalase enzyme, sulfite oxidase,
fatty acids, beta-carotene and vitamins C and
E (Taha Nezhad et al. 2012). Yogurt is one of
the most important fermented dairy products,
which is attractive to consumers due to its
long shelf life, high nutritional value,
favorable sensory properties, and good
digestibility. Yogurt is produced from milk
fermentation by Lactobacillus delbrueckii
subsp.  bulgaricus and  Streptococcus
thermophilus and produced (Soliman et al.
2022). One of the physical and important
problems of yogurt is separation of serum,
decrease in stability and increase in syneresis
of yogurt, which occurs with the increase in
acidity of yogurt during storage and leads to
the accumulation of casein micelles. These
changes have a negative effect on the
consistency, firmness of yogurt and the
general acceptance of consumers. Compounds
such as gums, which are called hydrocolloids,
and plant extracts are common additives that
are used to prevent syneresis and increase
stability in yogurt. Yogurt is a suitable carrier
for functional food additives, probiotic
bacteria, and bioactive compounds with
healthiness properties (Barukcic et al. 2022).
In many types of research, plant extracts have
been used as carriers of bioactive compounds
to produce functional yogurt. However, so far,
no studies have been conducted on the
production of functional yogurt enriched with
malva sylvestris extract. Therefore, the latest
study aims to evaluate the effect of malva
sylvestris extract on the physicochemical,
rheological, and sensory properties of
functional yogurt.

Material and methods: To produce malva
sylvestris extract, 200 grams of dry leaves
were crushed in a blender mixed, and washed
with 80% ethanol. After centrifugation at
VY.V g for 10 minutes, extraction from 20
grams of dry leaves with hot water with a
ratio of solvent to dry matter of 30% was
carried out. Next, the precipitated material
was dried in a vacuum at a temperature of 50
°C (Jooyandeh and Samavati, 2017). To
prepare yogurt, whole milk was standardized
to about 14% by adding skim milk powder.
Then, it was heated at 90 °C for 10 minutes
and malva sylvestris (0, 0.5, 1, 1.5, and 2%)
was added to the mixture. After cooling to 42
°C, a 2% starter was added to the mixture.
Finally, the samples were stored at 4 °C for 21
days (Cho et al. 2020). The pH of the yogurt
samples was measured using a digital pH
meter and the acidity was assessed by titrating
the samples with 0.1 sodium hydroxide
solution (Bulut et al., 2021). To determine the
percentage of yogurt syneresis, yogurt
samples were centrifuged at Y:Yo g for 20
minutes (Rojas-Torres et al. 2021). The
viscosity of yogurt samples was measured
using the Brookfield DV-III Ultra
(Brookfield, Labratories Inc., USA) with the
number 3 spindle. Yogurt samples were
poured into the reservoir of the machine, and
the number 3 spindle, at the shear rate of 30
(1/s) was applied. Total phenol content was
evaluated by the Folin-Ciocalto method, and
antioxidant activity was evaluated based on
free radical reduction of 2,2-diphenyl-1-
picrylhydrazyl (Tizghadam et al. 2021; Atwaa
et al. 2022). Sensory evaluation was
performed by 12 trained panelists (including 6
women and 6 men, experts in food science, 25
to 35 years old) using the 5-point hedonic
method in terms of taste, color, smell, texture,
and overall acceptance (Rojas-Torres et al.
2021). Experiments were performed in
triplicate, and the significant differences
between means were analyzed using one-way
ANOVA and duncan tests (SPSS, version 22,
2016). The nonparametric data were analyzed
by applying the Kruskal-Wallis tests.
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Results and discussion: The results showed
that malva sylvestris extract had a significant
effect on the pH and acidity of enriched
yogurt samples (p<0.05). The presence of
malva sylvestris extract caused a significant
decrease in pH and a significant increase in
acidity in treated samples. It seems that the
addition of malva sylvestris extract stimulates
the metabolic activity of yogurt starter,
lactobacilli, and streptococci. Figures 1 and 2
revealed a significant decrease in pH and a
significant increase in acidity of yogurt
samples during storage (p<0.05). The results
showed that the control yogurt sample had the
lowest acidity on the first day and the yogurt
sample containing 2% malva sylvestris extract
had the highest acidity on the 21" day of
storage. Probably, the decrease in pH value
during storage is related to lactose
fermentation, production of lactic acid and
other organic acids. The results show that in
the presence of malva sylvestris extract the
amount of total phenol (TPC) and antioxidant
activity (AO) in yogurt samples increased
significantly (p<0.05). The presence of malva
sylvestris extract increased the amount of total
phenol (TPC) and antioxidant activity (AO)
from 2.8 (mg GAE/100g) and 41.23% in the
control sample to 32.85 (mg GAE/100g) and
75.83% in the sample treated with 2% malva
sylvestris extract. It seems that the phenolic
compounds in milk, which are influenced by
animal nutrition, are the main factors of total
phenolic content and antioxidant activity in
the control sample of yogurt (Barukcic et al.
2022). Also, the presence of benzoic acid and
its derivatives, cinnamic acid, ferulic acid,
hydrocinnamic acid, scopoletin, tyramine,
sesquiterpene lactone has been reported in the
malva sylvestris extract are probably
responsible for the antioxidant activity of
malva sylvestris extract and treatment samples
(DellaGreca et al. 2009). Syneresis is
considered as one of the important factors that
determine the quality of yogurt by consumers.
The results cleared that the presence of malva
sylvestris extract in yogurt samples had a
significant effect on increasing the stability
and reducing syneresis in yogurt (p<0.05). It

seems that the decrease in the syneresis in the
treated samples is due to some interactions
between yogurt proteins and malva sylvestris
extract compounds, which strengthens the gel
matrix of yogurt and the gel network can
maintain more serum. Also, the interaction of
polyphenols and yogurt proteins can change
the structure of the protein in the gel network
and improve the protein affinity (Kwon et al.
2019). The results showed that the percentage
of syneresis in yogurt samples had a
significant decrease until the 7" day, but from
the 7" to the 21" day, the syneresis of the
yogurt samples increased significantly
(p<0.05). The most stable yogurt samples
were the treated samples containing 2%
malva sylvestris extract on the 7" day and the
most unstable sample was control on the 21%"
day of storage. Syneresis in yogurt indicates
the balance between attractive and repulsive
forces in the casein network and the capacity
to bonds rearrange in the gel network. It
seems that in the presence of malva sylvestris
extract, the moisture absorption and viscosity
increased and the stability of the casein
network improved until the 7 day of storage,
and therefore the syneresis decreased. Also,
from the 71" to the 21™ day, the protein-water
interaction decreased compared to the protein-
protein interaction, leading to an increase in
the water content of yogurt. The results
revealed that with the increase in the
concentration of malva sylvestris extract, the
viscosity of the treatment samples increased
significantly (p<0.05). It seems that the
increase in the interaction between the
phenolic compounds of the extract and casein
in the gel network caused an increase in
viscosity (Hassanpoor et al. 2016). According
to fitting the rheological behavior of yogurt
samples with Herschel Bulkley model and
Power law, it was found that the behavior of
yogurt samples has a high correlation
coefficient with Power law model. One of the
most key factors in consumers' acceptance
and acceptance of milk and milk products is
the sensory characteristics of these products.
The results of the data obtained from the
evaluation of the panelists showed that there
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is a significant difference between the tested
treatments from the point of view of the color,
taste, smell, texture, and overall acceptance
factors using the Chi Square test (p<0.05). In
the sensory evaluation, it was found that the
treatment with 1/5% malva sylvestris extract
was the most acceptable among the panelists.
It seems that the increase in acidic taste,
increase in viscosity and syneresis decrease in
the T3 samples compared to other treatments
have been effective in increasing the overall
acceptance score from the point of view of the
panelists.

Conclusion: In this research, the formulation
of a new functional yogurt was evaluated
using cheese extract. The results of this study
showed a significant increase in the amount of
total phenol and antioxidant activity of yogurt
in the presence of malva sylvestris extract. In
general, our results recommend the
consumption of this enriched yogurt as a
functional product for improving consumer
health. Also, the syneresis of enriched yogurt
decreased and the stability of yogurt
increased. The addition of malva sylvestris
extract at the level of 1.5% had a good effect
on the sensory characteristics of the yogurt
samples, but the use of higher levels hurt the
sensory characteristics. Therefore, a study on
the production of cheese extract encapsulated
in functional yogurt is suggested.
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Tablel. Total phenol content and antioxidant activity of yogurt samples during storage

Samples Total Phenol Content (mg GAE/Q)

Day Dayl Day 7 Day 14 Day 21

Control 8/20 +0/06 A¢ 8/3 £ 0/074¢ 8/85 + 0/02 A 8/33 + 0/24¢
T1 13/8+ 0/12Ad 13/47+ 0/15A4 13/68+ 0/23 A 13/16 + 0/21Ad
T2 25/41 + 0/72A¢ 25/35% 0/514¢ 25/73+ 0/414¢ 25/85+ 0/524¢
Ts 29/63 +0/444° 29/15+ 0/254° 29/53+ 0/21 40 29/62 + 0/43A°
T 32/37 + 0/53~2 32/85+ 0/41 42 32/7+ 0/542 32/44 £ 0/4172

DPPH Scavengin Activity (%)

Control 41/23 + 0/624¢ 42/81 + 0/24%¢ 42/68 + 0/714¢ 42/33 + 0/28%¢
T, 52/7+ 0/58 Ad 52/62+ 0/86 A 52/97+ 0/28A 52/44 + 0/46”4
T, 61/43 + 0/86A¢ 62/15+ 0/33A° 62/62+ 0/96 A¢ 61/78 + 0/77A¢
Ts 68/15 + 0/437° 68/13+ 0/81A° 69/32+ 0/43A° 68/5 + 0/23A°
T 74112 + 0/83~2 75/59+ 0/1142 75/83+ 0/88 42 75/22+ 0/814¢

@ Samples were included Control (0% Malva extract), T1 (0/5% Malva extract), T2 (1% Malva extract), Ts (1/5% Malva extract), Ts

(2% Malva extract)

b Different small letters indicate significant differences between treatments and control samples (p<0.05), while capital

letters indicate significant differences in storage days (p<0.05)
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Figure 4- Viscosity of yogurt samples during
storage time
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Figure 3- Syneresis (%) of yogurt samples during
storage time

aDifferent uppercase letters indicate significant
differences between treatments and control samples
(p<0.05), while lowercase letters indicate significant
differences in storage days (p<0.05)
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Table 2. The parameters of Herschel Bulkley model and Power law of yogurt samples during storage

t=k(y)" Power law model

t=to + k(y)" Herschel-Bulkley model

k(Pa.s") n R? to n K(Pa.s") R?
Control 4/590 0/288 0/988 0 0/258 5/292 0/968
T1 5/705 0/252 0/991 0 0/252 5/731 0/990
T, 6/128 0/255 0/993 0 0/248 6/368 0/992
Ts 6/706 0/227 0/988 0 0/249 6/016 0/986
T: 6/862 0/219 0/981 0 0/252 6/874 0/977

a Samples were included Control (0% Malva extract), T1 (0/5% Malva extract), T» (1% Malva extract), Tz (1/5% Malva

extract), T4 (2% Malva extract)
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