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ARTICLE INFO ABSTRACT
Article type: Background: Pomegranate peel extract in yogurt increases the shelf life of the
Research Article product due to its antimicrobial and antioxidant properties. This extract

improves the taste and color of yogurt and, as a natural additive, can enhance
the health properties of the product. Also, the use of peel extract is considered
a suitable alternative to synthetic preservatives.
Aims: The aim of this research is to extract phenol and anthocyanin from
pomegranate peel powder and select the optimal concentration of pomegranate
peel extract to produce yogurt containing natural food coloring with
antioxidant and antimicrobial properties during the yogurt storage period.
Methods: First, an extract containing phenol and anthocyanin was extracted
Keywords: from pomegranate peel, and then the optimal concentration of pomegranate
Yogurt, Pomegranate peel extract was determined and used in the formulation of molded yogurt.
peel extract, Syneresis, | The physicochemical and microbial properties of molded yogurt containing
':‘r%'g;?t'i’e'g‘”;'hoe’;'gﬁzt pomegranate peel extract were compared with those of control yogurt during
Compounds the storage period (8 _days). N _
Results: The extraction efficiency of pomegranate peel anthocyanin extract
was 23.80+0.30%. The measured amount of anthocyanin and total phenol was
recorded as 57.59 mg of cyanidin 3-glucoside per hundred grams of
pomegranate peel powder extract and 1973.02 mg of gallic acid per 100 grams
of extract. During storage (8 days) of yogurt containing pomegranate peel
extract, parameters such as acidity, water content, and antioxidant activity
(beta-carotene: linoleic acid bleaching) increased significantly (p<0.05). The
antimicrobial activity of yogurt containing pomegranate peel extract was
appropriate.
Conclusion: In general, the results showed that yogurt containing
pomegranate peel extract, in addition to increasing its shelf life and improving
its physicochemical properties, has antioxidant properties, which, in addition
to its valuable nutritional properties, play a significant role in the health of
consumers.
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Extended Abstract

Introduction: Yogurt is considered one of the
most widely consumed fermented dairy products,
which is rich in nutrients. Yogurt is one of the most
popular fermented dairy products produced
worldwide. It enjoys high consumer acceptance
due to its nutritional value and potential health
benefits (Weerathilake et al., 2014). In general,
yogurt is considered a nutritionally rich food, rich
in protein, calcium, milk fat, potassium,
magnesium, vitamins B2, B6, and B12 (Ayar and
Gurlin , 2014). Recently, synthetic colors have
been used to diversify yogurt, which harms the
body. Therefore, it is necessary to use edible color
compounds that have antimicrobial and antioxidant
properties and can also cause variety in the
product's taste. Extracts obtained from waste plants
such as pomegranate peel are rich in compounds
with antioxidant properties, which, in addition to
increasing the shelf life of the product, have a
positive effect on the health of the consumer. On
the other hand, pomegranate fruit is one of the
native products of Iran, and its waste, such as peel,
can be used as a valuable compound containing
antioxidants and antimicrobials in the formulation
of food products, especially fermented dairy
products such as yogurt.

pomegranate peel reported the amount of
anthocyanin in the extract to be 40.2 mg cyanidin
3-glucoside, which is consistent with the results of
this study (Azarpazhooh et al., 2019). It was also
shown in other studies that the extract of
pomegranate peel extracted with ethanol solvent
has a higher amount of phenolic compounds than
ethanol-water and water solvents (Zahed et al.,
2023). The highest antioxidant activity in the beta-
carotene: linoleic acid bleaching test, minimum
bacterial inhibitory concentration (MIC), and
minimum bactericidal concentration (MBC) were
related to the concentration of 600 ppm, 300 ppm,
and 400 ppm of pomegranate peel extract,
respectively. Therefore, a concentration of 600
ppm of pomegranate peel extract was used in
yogurt  formulation. By increasing the
concentration of extract in pomegranate peel, the
antioxidant and antimicrobial properties also
increased. During storage (8 days) of yogurt
containing pomegranate peel extract, parameters
such as acidity and antioxidant activity (Bleaching
of beta-carotene: linoleic acid) increased (p<0.05).
Phenolic compounds have greater antioxidant
activity in acidic solution (El-Said et al., 2014)
because pH affects the ionization state of bioactive
phenolic compounds (Kharchoufi et al., 2017). The

Materials and Methods: First, an extract was
obtained from pomegranate peel with the help of
ethanol solvent, and then the amount of phenolic
and anthocyanin compounds was measured. Also,
its antioxidant properties were measured in
different concentrations through the Bleaching of
beta-carotene: linoleic acid. The minimum
inhibitory concentration (MIC) and the minimum
microbicidal concentration (MBC) of anthocyanin
extract were evaluated. Then the best concentration
to add to the yogurt formulation was
determined. After the preparation of yogurt
containing extract, the characteristics of yogurt,
such as pH, acidity, antioxidant properties, and
antimicrobial properties, were investigated during
the storage period (8 days).

Results and discussion: The extraction efficiency
of pomegranate peel extract was 23.80+0.30%. The
amount of anthocyanin and total phenol measured
was equal to 59.57 mg of cyanidin3-glucoside per
hundred grams of pomegranate peel powder extract
and 1973.02 mg of gallic acid per 100 grams of
extract. Ethanol solvent has a higher performance
in  extracting phenolic compounds than
anthocyanins, which is related to the polarity and
ionicity of phenolic compounds and anthocyanins
(Zahed et al., 2023). Researchers in a study on
lowest and highest syneresis were for the control
sample on day 1 (28.95%) and yogurt containing
the extract on day 8 (47.18%), respectively
(p<0.05). Jani et al. (2024) reported syneresis of
control yogurt and yogurt mixed with pomegranate
peel extract as 68% and 59%, respectively, which
is higher than the syneresis of yogurt in this study
(Jani et al., 2024). Factors such as dry matter
percentage (protein), starter bacteria strain, and
yogurt acidity play a key role in reducing syneresis
(Zahed and Esmaeilzadeh Kenari, 2025). The
antimicrobial activity of yogurt extract containing
extract of pomegranate peel was suitable so that
Staphylococcus aureus bacteria were not observed
during the storage period (8 days). The effect of the
antimicrobial activity of yogurt extract containing
pomegranate peel extract was different against
Pseudomonas aeruginosa bacteria. So this
bacterium was not observed on the first day, but it
was observed on the 8th day of storage. The effect
of yogurt containing extract had greater effect on
inhibiting the activity of Staphylococcus aureus
bacteria. Because this bacterium is gram-positive
and its wall does not have a peptidoglycan layer, it
was more sensitive to the extract. (Dufay et al.
2001). In a study by Alirezaloo et al. (2015) on
functional colored yogurt enriched with blackberry
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and carrot extracts, they stated that during the
storage period of 21 days, the pathogenic bacteria
Staphylococcus could not grow, which they
attributed to acidic conditions and control of
sanitary conditions in the production process, as
well as the antimicrobial activity of the extracts in
the yogurt (Alirezaloo et al., 2015).

Conclusion: In this study, after extracting
pomegranate peel extract, it was used in the
formulation of molded yogurt, and then the various
properties of yogurt were examined during storage.
The results showed that ethanol solvent caused
good extraction of anthocyanin and phenolic
compounds from pomegranate peel. Pomegranate
peel extract showed good antioxidant and
antimicrobial properties. Pomegranate peel extract
in yogurt during storage increased acidity, water
retention, and decreased pH of yogurt. It also
increased antioxidant and antimicrobial properties
in molded yogurt. So that at the end of the eighth
day, unlike the control yogurt, no Staphylococcus
aureus bacteria were observed. Considering that
plant waste (such as pomegranate peel) has
potential antimicrobial and antioxidant properties,
and pomegranate fruit is one of the native fruits in
our country, it is a suitable alternative to synthetic
additives, including pigments, antioxidants,
flavors, and antimicrobials in various food
products, including widely consumed fermented
dairy products such as yogurt. In addition to
increasing antioxidant and antimicrobial properties
that play a positive role in consumer health, it can
also be considered as a compound to diversify the
product in terms of color and flavor.
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Table 1: Total phenol content and total

anthocyanin content of pomegranate peel
anthocyanin extract

Values are presented as mean+SD, n=3. Different letters
in the row indicate significant differences (P<0.05).
TAC: Total anthocyanin content, TPC: Total phenol
content, GAE: Gallic acid equivalent, C3G: Cyanidin-3
glucoside, E: Extract.
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Table 2: Bleaching of p-carotene: linoleic acid by pomegranate peel extract in different concentrations

and synthetic antioxidant TBHQ (100 ppm).

Concentration 100 ppm 200 ppm 400 ppm 600 ppm 800 ppm 100 ppm TBHQ
Bleac}ﬁ‘;ﬁlgfcﬁégﬁgc’te”e: 18.23+2.419  33554#372°  61.48+3.31° 83.18+3.59°  84.16+3.39° 84.50+4.31°

Values are presented as mean+SD, n=3. Different letters in the row indicate significant differences (P<0.05).
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Table 3: Minimum inhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC) of extract of pomegranate peel on
twotypes of bacteria Pseudomonas aeruginosa
and Staphylococcus aureustypes of bacteria
Pseudomonas aeruginosa and Staphylococcus
aureus

Bacteria MIC MBC

Pseudomonas aeruginosa 300 400
Staphylococcus aureus 300 400
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Table 4: pH, acidity, and syneresis of control yogurt and yogurt containing pomegranate peel extract

during storage (8 days)

pH Acidity Syneresis (%)
Yogurt with . Yogurt with
Day Control extract Control Yogurt with extract Control extract
1 4/11+0.04° 4.53+0.022 105/39+1.65% 72.11+0.34° 28/95+0.63° 41.12+0.72°
4 3.92+0.04° 4.39+0.022 116.72+0.28? 80.51+0.90° 36/49+1.03° 44.55+0.80?
8 3.94+0.04° 4.35+0.012 132.18+0.28° 91.31+0.82° 38.35+1.03° 47.18+1.05°

Values are presented as mean+SD, n=3. Different letters in the row indicate significant differences (P<0.05).

(oS5 ) Sist osle Lo s ibe lalse (Y0 VY O, K0
2SS B cle anded 5 ST las SL s
LY Y0 ,LS o5l Juslansl 5 dal3) Ljls o i JalS

S gl 105 5,81 003 K5 g O o5
55 2V Slaest w1 casls ojlas gl Cils 4 ges
S ol goas LS &S sl 0L 555 5l O e300l
e mal Ul g ojlae (ol cule Slu ]
J:;TwuﬂA,g,u@wi;J}b);;u ot s
ols 5 (p<0.05) (\ o) el anl ol 3l glans)
D03 (g i ST 5T Cdlad gl Jgloes 3 J g
O gl g CI= o PH 15 (VVF O 5l dD)
5 Bl 5,08 e 5l s ey s oS
55 oSl ml el (il el ol (YOI O
L.szomfle,_;lw,ﬂﬁ.ﬂadﬂ@,;)31“5)1,\&@);
s Cmbe 3l 2 sy (VYY) O 5 J S
Celior b a3y € 0ss5l Gy IS LAY -0) eas
OML_MJUM.X_MJSJ)J Dle 53 wlze 20580
Lol s SaS cule gl oSt o1 cdlas 4 XL S

SN T Ol s 0903
S5 Ole3 338 L (3180 T sls 0L (F J i) s
Rt 3 r S Sl Rl elas (gl Conle 4isel
Js 3o 0 dals osad & b e o35 4 s3I O ltde
CLXYNA) A 555 53 ojlas sl cle 5 (YAL/40)
WL 5 Jlode buy gladlas s (p<0.05)s,
GG D) desgud 2 S csle g5, » (1YAY)
Gl e cdals conle €0 (I O (G, VY e
Sk Gl Bl s olae ol Cls 5 D58 ol o slas
(Yo ) 0Len 5 SIS (7Y OLKes 5 5ils o)
53 Ul esee ilime glaclale U ) lanlllas o 5
Gl o Laalo 4 35 S Ol 03 o 5 B glacls
Solg o S L PH el 4 e s B § 15 0
OLer 5 SIS w cle glul O il csl
OLen 5 Sl a)ls Glsnen (fags nl s Las (VY
L bylte conle 5 J 28 conle (3l o Olgae (Y2YY)
L5 8 Sol8 Aoy 08 5 PA Ly LUl s o )las

5 S Sl Jiasn ol s cale () O Sl ris oS



A¥ SRS S )3 Ul Cagy ojlae g5l (B el (SaST (T 5 (05,500 pliond 503 ol o)

Coile 53 33 30 6 5la 35 Listfo ] olipass e 55l gl
550 03 Listia il olisess g 6 5SL OAES dalie Easl
o s eoler ool 5o siosl eSS kbl e sler 5 !
Cdles el Jlowsiy sles s conle 5,106 (p<0.05) az
o glo o 68U s A st fo T oligesd s i
b slis) pesSsSsbilin] 580 Ll 3L
Conle 500 5o Ll cdll Cllad a5 o)l Conlus
ol cnle 36 s e 4 aJ.ALi..a(al/\)'j))bJ.aLi
Do 55 i sl s sS AS ] § SSG e olas
Sl SL @ o Cote 5 Gl SL el el 0L
Al e Comle SLS 5 opl 4 Cad e 0 S
s WIS sy oY Sl e S sl St
5 ) Ll s o Jske ol o ol slis
3ol e a8 elisesse (Yer) 0L
GASL amD 5o Sl Site 0 5 st sl e sSS sl
Sl g oslas Sl 5Tl & o wligo 03 5
oslazal g 53 (YOIA) O 5 Jby il Feslie
5 O 5ol 1 (k5D kb K gl Al iy 55
Of 55 a8 sls olis Gi\:l L3S ol 5 ol 3,8
23 55 e 5 B b IS e (S5 s S sla U
5 e hug ladllas o ails 13 slee s
Lok b dasul b Sy cnls (535 » (V7AF) O, Ken
Sde by 5 W S 0L A S ol glao lae
S S Akl sl3sslan 6L G YY) e 4 (IS
Lol o J 28 5 ol gl 2 1,5 0T o o8 S ) il 5
Sbroslas o5 Seeds Clad o0 5 A5l s il

Ly laadlas (YYY 0 0S0n 5 LKg ) das ol 58l
Sbleslas cg 35 4 1 (YA 0L 5 Ll
ol SiS (5ol 5 53 Shas ol 2 0T 3 S5
Ul g olas chale 515l b Slaws o7 el 0
G gy olas (sl S (8L Dol .l il 53
(13 Bl a3 0 glos 53) dals @i 5ed b a3 LU

Bleaching (%)
E R NNW®WDD
ocunowowown
| I I N SN I N )
o
o
o
Q
[}
>

N
RS RS RS
RS RS RS

(]
1

o

1 4 8

Storage time (time)

Fig 1: Bleaching of B-carotene: linoleic acid
percentage in of control yogurt and yogurt
containing pomegranate peel extract during
storage (8 days) .Different letters indicate
significant differences (p< 0.05).
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Table 5: Antimicrobial activity of of control yogurt and yogurt containing pomegranate peel extract
during storage (8 days) on Pseudomonas aeruginosa and Staphylococcus aureus during storage (8 days)

Pseudomonas aeruginosa

Staphylococcus aureus

Day  Control Yogurt with extract Control Yogurt with extract
1 0'66f0'47 0.0+0.00° 0.0+0.00° 0.0+0.00°
4 1.0+0.812 0.0+0.00° 0.0+0.00° 0.0+0.00°
8 1'66?}'94 0.33+0.47° 2.0+0.812 0.0+0.00°

Values are presented as mean+SD, n=3. Different letters in the row indicate significant differences (P<0.05).
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