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ABSTRACT

The effect of fortification of low fat milk with pomegranate pomace powder on the chemical, rheological,
antioxidant and sensory properties of low fat (1% fat) probiotic yoghurt was studied. Pomegranate pomace
powder was added to low fat milk yoghurt at levels of 1, and 2%., low fat yoghurt was analyzed when fresh and
during the passage of 5, 10 and 15 days of storage at the temperature of the refrigerator. The results showed that
fortification of reduced-fat milk used in the manufacture of probiotic yoghurt significantly affected the chemical
composition of the resulting yoghurt as it increased the contents of total solids, protein, ash, dietary fiber and
phenolic, pH and viscosity values, and these increases were proportional to the supplementation ratio. While the
values of acidity and whey separation decreased as a supplementation ratio increased. Supplementation of
reduced fat yoghurt with the pomegranate pomace powder improved the viability of probiotic starter culture. Low
fat yoghurt containing 2% pomegranate pomace powder had the highest scores of the sensory evaluation was
gained in the presence of 2% pomegranate pomace powder, compared to other low fat yoghurt treatments
.Through the results, it can be recommended to fortify the low-fat milk used in the manufacture of yoghurt with
pomegranate pulp powder by 2%, as this fortification improved the chemical, rheological, antioxidant and sensory
properties of the resulting low-fat yoghurt.
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INTRODUCTION

Yogurt is produced as a result of the fermentation of
milk by a starter of lactic acid bacteria such as (Lactobacillus
delbrueckii ssp. bulgaricus and Streptococcus
salivarius ssp. thermophilus). Yogurt is better digestible than
milk and provides the human body with many health benefits
through prebiotic and probiotic bacteria. (Dabija et al., 2018
and Pakseresht et al , 2019).

During the last two decades, consumers have trend to
use of reduced fat dairy products (Ozer et al. 2007) but the
functional role of fat in fermented milk makes this difficult.
The fat content of yoghurt causes enhancement of viscosity
and decreased of whey syneresis (Ramchandran and
Shah 2008). Fat also improves the sensory properties in
yoghurt (Pakseresht et al, 2019). However, since using
stabilizers such as natural or synthetic gums in fermented milk
production is not allowed in many countries, therefore
alternative methods should be used to obtain an appropriate
consistency of low-fat dairy products (Ozer et al. 2007). One
of the advantages of using dietary fiber to fortify dairy
products is that it increases the content of dietary fiber in the
product, acts as a substitute for fat and solves some
technological problems, probiotic or synbiotic effect, bulking
agent or micronutrient premixes, (Arora et al, 2015).

The importance of probiotic containing products for
maintaining health and well-being is becoming a key factor
affecting consumer choice, resulting in raped growth and
expansion in the market for such products. The majority of
probiotic food already on the market such as, fermented milks
and yoghurt are fresh products which consumed within days
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or weeks of manufacture. The potential health promoting
effects of dairy products which incorporate probiotic
organisms such as lactobacillus and Bifidobacterium spp has
stimulated a major research effort in recent years (Bal et
al ,2014 :Atwaa et al, 2020). The general trend is increasing
towards the use of by-products such as some agricultural crop
residues as by-products in food processing around the world
(Abd Rabo et al., 2019).

Fruit and vegetable wastes are naturally rich with
bioactive compounds like minerals, vitamins, antioxidants,
phenolic compounds and fiber. The peels, seeds and other
wastes of numerous fruit can be used as functional foods
(Sagar et al, 2018) .As a result of the food insecurity
associated with malnutrition and the possibility of infectious
diseases. The consumer has taken great interest in the health
and nutritional components of diets and has identified good
strategies to tackle malnutrition and alleviate the various
health disorders associated with it. (Akhtar et al., 2013).

During the pomegranate juice manufacture,
significant quantities of pomace are produced, and they
account for about 50% on average fresh weight. In recent
years, attention has been paid to the inedible portions of
pomegranate (Hasnaoui et al. 2014), mainly due to their high
phenolic and flavonoids content. In this way, the reuse of
pomegranate pomace obtained from the juice manufacture to
take advantage of the vast amount of beneficial compounds,
can be of significance in products that require viscosity
development, antibacterial agents, hydration, and freshness
preservation in foods products (Gullon et al., 2016; Akhtar et
al., 2015). Moreover, pomegranate pomace can be used as a
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antimicrobial against pathogenic bacteria (Kang and Song
2017).

This study aims to studying the effect of
supplementation low fat probiotic yoghurt with pomegranate
pomace powder on its rheological, microbiological and
sensory characteristics.

MATERIALS AND METHODS

Standardized milk containing 3% fat was obtained
from Faculty of Agriculture, Zagazig University, Egypt.
Pomegranate was purchased from local market. Pomegranate
pomace was obtained after extraction of juice, washed and
dried in thermostatically controlled oven with air fan at 40-
45°C for 48 hrs., milled using a laboratory disc to pass
through a 40 mesh/inch sieve, stored at 3-4°C until used.

Probiotic starter culture (ABT-5) containing
Streptococcus thermophilus, Lactobacillus acidophilus and
Bifidobacterium  bifidum were obtained from the
Microbiological Resources Center (MIRCEN), Faculty of
Agric. Aim Shams Univ., Egypt. Gallic acid, 1, 1-diphenyl-2-
picrylhydrazyl (DPPH), and other chemicals and reagents
were purchased form Sigma-Aldrich (MO,IL USA) .

Total phenolic content (TPC) was determined
according to Kaur and Kapoor (2002) .

Antioxidant activity was evaluated by the DPPH
assay according to Brand Williams et al,(1995).

Making low fat yoghurt: milk containing 3% fat was
used in the preparation of probioitc yoghurt and served as a
control (C). Low fat buffaloe’s milk having 1% fat was
divided into 3 portions. The first portion was left without
additive as a control (C1), pomegranate pomace powder (PPP)
was added to the other two portions at the rate of 1 and 2%
(T1, and T2). All milk treatments were heated to 90 °C for 15
min., then, cooled to 42 £ 1 °C, inoculated with 2% of yoghurt
probiotic cultures, filled in plastic cups and incubated at 42 °C
until a uniform coagulation was obtained. The probiotic
yoghurt samples from all treatments were stored at 5 + 1 °C
and analyzed when fresh and after 5, 10 and 15 days.

Methods of AOAC (2016) were used to determine fat,
total protein, total solids, fiber contents and titratable acidity
of yoghurt treatments. A laboratory pH meter with glass

electrode (HANNA, Instrument, Portugal) was used to
measure changes in pH values of yoghurt treatments.

Whey syneresis and viscosity of yoghurt treatments
were measured according to the method of Aryana (2003).

S. thermophilus, L. acidophilus and Bifidobacterium
BB-12 count were determined previously described by
Martin-Diana et al. (2003). Total bacterial count was
determined according to Houghtby et al., (1992). Counts of
coliforms, bacteria, yeasts and moulds were determined
according to Marshall (1992).

The sensory properties of yoghurt samples were
assessed by 10 panel members of the Dairy Sci., Dep., Fac.
Agric., Zagazig, Univ. They evaluated 20 g portions of each
yoghurt sample and used a quality rating score card for
evaluation of color & appearance (9 points), flavor (9 points),
body& texture (9 points), consistency (9 points) and overall
acceptability as described by Nelson and Trout (1981).

Statistical analysis of the obtained results was carried
using analysis of variance as reported by McClave & Benson
(1991).

RESULTS AND DISCUSSION

Chemical and phenolic content of pomegranate pomace
powder

Chemical composition of pomegranate pomace
powder (PPP) is illustrated in Table (1). Moisture, protein, fat,
ash and fiber contents of pomegranate pomace powder (PPP)
were (8.40, 8.60, 1.80, 8.90 and 31.70 g/100g, respectively.
This result agrees with Cano-Lamadrid et al, (2018).

Data in Table (2) reveal that, the TPC of PPP were
590.30 mg/100g. While the radical scavenging activity
(RSA %) was 90.60. Similar results were obtained by Cano-
Lamadrid et al, (2018).
Table 1. Chemical composition, total phenolic contents

and radical scavenging activity of pomegranate

pomace powder
Chemical composition

Pomegranate pomace powder

Moisture (%) 8.40£0.09
Total protein (%) 8.60+0.9
Fat (%) 1.80+0.04
Ash (%) 8.90+0.7
Fiber (%) 31.70+1.2
Total phenolic content(mg/100g) °4+,Y+49.6
Radical scavenging activity (%) 90.60+2.5

Table 2. Effect of supplementation low fat probiotic yoghurt with pomegranate pomace powder on chemical
composition during storage at refrigerator temperature for 15 day

Components Storage period Treatments
(%) (Day) C C1 T1 T2
Fresh 12.26+0.50% 10.32+0.44¢ 11.08+0.52° 11.94+0.41°
TS 5 12.40+0.482 11.06+0.30° 11.66+0.32° 12.06+0.42%
10 13.05+0.422 11.18+0.40° 12.04+0.38° 12.50+0.35%®
15 13.48+0.402 11.84+0.32° 12.42+0.44b 13.03+0.42®
Fresh 3.10£0.142 1.20+0.07° 1.24+0.05° 1.32+0.04°
Fat 5 3.20+0.122 1.30+0.10° 1.34+0.11° 1.38+0.09b
10 3.40£0.10% 1.58+0.18° 1.60+0.16° 1.64+0.12b
15 3.65+0.142 1.90+0.22° 1.94+0.18° 1.98+0.12°
Fresh 3.52+0.18° 3.8710.14° 3.95+0.12° 4.16%0.14%®
Protein 5 3.64+0.22° 4.12+0.16° 4.36+0.12° 4.54+0.12%
10 3.85+0.25°¢ 4. 34+0.14° 4.52+0.15° 4.7010.14%
15 4.10+0.28° 4.50+0.22° 4.68+0.20° 4. 86+0.18%*
Fresh - - 0.45+0.01° 0.92+0.02°
Fiber 5 -- - 0.80+0.05° 1.56+0.03°
10 - - 1.00+0.06° 1.90+0.05°
15 - - 1.30£0.04°¢ 2.14+0.04°

* Values (means £SD) with different superscript letters are statistically significantly different (P < 0.05).

C: Control full fat yoghurt (3% fat )
Ta: Low fat yoghurt containing 1%pomegranate pomace powder

C ;: Control low fat yoghurt (1% fat).
T,: Low fat yoghurt containing 2%pomegranate pomace powder
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Effect of supplementation low fat probiotic yoghurt with
pomegranate pomace powder on chemical composition:

Results illustrated in Table (2) show that the highest
total solids (TS) were observed in full fat yoghurt (3% fat)
compared with reduced fat yoghurt treatments.
Supplementation low fat yoghurt with PPP increased
gradually the TS contents with increase the supplementation
ratios.

With storage period progressed the TS content of all
yoghurt treatments were increased.

On the other said the lowest protein content was
observed in control full fat yoghurt (C) compared to low fat
treatments. Supplementation low fat yoghurt with PPP
increased slightly increased protein content with increase
the supplementation ratios. With the storage period
progressed total protein content is slightly increased for all
yogurt treatments.

Regarding fat content, addition of PPP to reduced fat
milk did not affect the fat content of reduced fat yoghurt
treatments, and this might be due to the low fat content of
PPP (Cano-Lamadrid et al., 2018). With respect to fiber
content supplementation low fat yoghurt with PPP increased
fiber content and these increments were proportional to the
supplementation ratio. These results are the line with those
reported by Hasani et al., (2017) and Atwaa et al,(2020).
Effect of supplementation low fat probiotic yoghurt with
pomegranate pomace powder on acidity, pH, whey
syneresis and viscosity:

Data obtained in Table (3) reveal that control low fat
yoghurt contained the highest acidity, compared with full fat
yoghurt, supplementation of low fat yoghurt with PPP
decreased the acidity, and the decrease was proportional to the

concentration of PPP used. With storage period progressed
the acidity of all yoghurt treatments were increased

The pH values of the PPP fortified yoghurt samples
took an opposite direction to the acidity values. Similar results
were reported by Al-hamdani et al (2015),Hasani et al.,
(2017) and Atwaa et al, (2020).

The supplementation of low fat yoghurt with PPP
significantly decreased whey separation, compared with
control low fat yoghurt, and this decrement was proportional
to the level of PPP used. .Control low fat yoghurt had the
highest whey separation compared to other treatments. As the
storage period increased, the rate of syneresis increased for all
yoghurt treatments. This may be due to the high content of
dietary fiber in PPP, which has a great ability to water holding
capacity of resultant curd (Cano-Lamadrid et al., 2018).

Results in Table (3) also show that control low fat
yoghurt (C1) was significantly lower viscosity, compared
with full fat and supplemented low fat yoghurt.
Supplementation of low fat yoghurt with PPP increased the
viscosity of reduced fat yoghurt. These increases were
proportional to the PPP supplementation ratio. With the
storage period progressed the viscosity of all yoghurt
treatments is increased. The current data align with Dabija et
al, (2018) and Atwaa et al, 2020) .

Effect of supplementation low fat probiotic yoghurt with
pomegranate pomace powder on antioxidant activity:

Data presented in Table 4 show that TPC (mg /200 g)
and RSA % of reduced fat yoghurt enriched with PPP
increased by increasing the supplementation ratio. Total
phenolic content and radical scavenging activity of all samples
decreased with storage period progressed. These results have
been confirmed by Jambi (2018) and Atwaa et al, (2020).

Table 3. Effect of supplementation low fat probiotic yoghurt with pomegranate pomace powder on acidity, pH, whey
syneresis and viscosity during storage at refrigerator temperature for 15 day

Storage period Treatments
Parameters (gDaf/)) c ol T1 ]

Fresh 0.82+0.04ab 0.85+0.02a 0.80+0.05h 0.75+0.07c

Acidity % 5 0.90+0.05ab 0.9440.02a 0.85+0.04b 0.82+0.06bc
10 1.08+0.09b 1.17+0.05a 0.96+0.07c 0.90+0.10cd

15 1.20+0.11b 1.28+0.09a 1.05+0.08¢c 0.95+0.07d

Fresh 4.6410. 05b 4.30+0.08¢c 4.62+0.06b 4.6610.04a

H 5 4.55+0.03b 4.10+0.06¢ 4.58+0.05b 4.75+0.02a
P 10 4.48+0.07b 3.96+0.09¢c 4.52+0.05b 4.6010.04a
15 4.35+0.09b 3.72+0.10c 4.40+0.07b 4.52+0.05a

Fresh 23.00+1.22d 32.00+1.18a 30.00+1.24b 27.00+1.24c

Whey syneresis 5 25.00+1.18d 36.00+1.32a 33.00+1.18b 30.00+1.25¢
(ml/100gm 10 29.00+1.24d 40.00+1.18a 35.00+1.26b 34.00+£1.32¢
15 31.00+1.14d 43.00+1.26a 40.00+1.22b 36.00+1.34c
Fresh 5510+112a 4310+77.0d 4470+90.0c 4710+100.0b
Viscosity 5 5600+124a 4390+94.0d 4500+95.0c 4760+114.0b
(C.PS) 10 5620+136a 4420+86.0d 4550+85.0c 4910+120.0b
15 5690+144a 4500+95.0d 4610+90.0c 4980+140.0b

* Values (means £SD) with different superscript letters are statistically significantly different (P < 0.05).

Table 4. Effect of supplementation low fat probiotic yoghurt with pomegranate pomace powder on antioxidant
activity during storage at refrigerator temperature for 15 day

Storage period

Treatments

Parameters (Day) c C i T
Fresh 60.30+1.32¢ 58.20+1.26° 66.40+1.68° 72.50+1. 552
Total phenolic content 5 52.70+1.46° 50.70+1.13° 57.20+1.75° 63.10+1.622
(mg /100 g) 10 46.50+1.44°¢ 45.30+1.25°¢ 50.80+1.82° 56.20+1.73?2
15 40.20+1.55¢ 48.80+1.22¢ 46.50+1.84° 51.40+1.76?
Radical scavenging Fresh 20.30+1.20° 19.70+1.28° 32.40+1.14° 40.20+1.10?
activity 5 18.10+1.22¢ 17.90+1.32¢ 28.60+1.18° 35.80+1.222
RSA 9% 10 16.00+1.28° 15.20+1.36° 25.20+1.24° 30.60+1.28?
15 11.70+1.24° 11.20+1.44° 18.70+1.28° 22.90+1.322

* Values (means +SD) with different superscript letters are statistically significantly different (P < 0.05).
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Effect of supplementation low fat probiotic yoghurt with
pomegranate pomace powder on microbiological quality:

Table (5) showed that addition of PPP to reduced fat
yoghurt increased the counts of total bacterial, and this
increment was proportional to the supplementation ratio. With
the storage period progressed the total bacterial count of all
yoghurt treatments is increased.

Yeast and moulds could not be detected in all
treatments up to 5 days of storage, and then appeared at 10
days of storage. Addition of PPP to low fat yoghurt treatments
decreased yeast and moulds counts, and this decrement was
proportional to the supplementation ratio. With the storage
period progressed the yeast and mould counts of all yoghurt
treatments were increased

Coliform bacteria could not be detected in all yoghurt
treatments up to the end of storage period. These results have
been confirmed by Elsanhoty et al, (2009) and Habib et al,(
2018).

Addition of PPP to low fat yoghurt treatments
increased the counts of Bifidobacterium. bifidum
,Streptococcus thermophiles and Lactobacillus acidophilus
and this increment was proportional to the supplementation
ratio. Streptococcus thermophiles and Lactobacillus
acidophilus counts increased gradually in all treatments up to
10 days form storage and then decreased at the end of storage
period. While Bifidobacterium bifidum counts decreased as
storage period progressed.The addition of PPP improved the
viability of probiotic starter culture. The current data align with
Phuapaiboon et al. (2013), Elsanhoty and Ramadan, (2017)
and Atwaa et al, 2020).

Effect of supplementation low fat probiotic yoghurt with
pomegranate pomace powder on  organoleptic
characteristics:

From data presented in Table (6) , it can be seen that,
the lowest organoleptic characteristics scores was observed in

control low fat yoghurt (C1), while adding PPP to low fat
yoghurt enhanced its organoleptic properties and this
enhancement was proportional to the supplementation ratio,
low fat yoghurt enriched with 2% PPP was similar to the
control full fat yoghurt (3% fat). The Organoleptic
characteristics of all yoghurt treatments decreased as storage
period progressed. Similar results were obtained by Al-
hamdani et al (2015) and Atwaa et al, (2020).

Table 5. Effect of supplementation low fat probiotic
yoghurt with pomegranate pomace powder on
microbiological quality during storage at
refrigerator temperature for 15 day.

- Storage period (days)
Properties Treatments Fresh 5 10 15
C 40 34 32 28
TB.C C1 51 45 41 37
cfu/10” g T1 55 51 4 40
T2 62 54 50 44
C ND ND ND ND
Coliform C1 ND ND ND ND
cfu/l0 g T1 ND ND ND ND
T2 ND ND ND ND
C ND ND 10 13
Yeasts & Moulds % “B “g ; 3
cfu/10? g
T2 ND ND 2 5
Streptococcus ¢ 0 56 62 46
thermophiles % 23 ?8 ;2 gg
cfu/10” g
T2 64 74 80 60
Lactobacillus ¢ 40 a4 48 3
p : C1 48 52 56 42
2]9[:?10(5’7“6'“5 T1 60 66 70 55
T2 66 71 76 60
o . C 42 35 30 26
Bifidobacteriu. c1 5 32 24 20
cfu/l0’ g T1 53 41 40 33
T2 59 50 44 36

ND= not detected.

Table 6. Organoleptic characteristics of low fat yoghurt supplemented with pomegranate pomace powder during

storage at refrigerator temperature for 15 day

- Storage period Treatments

Properties (gDag) C n T T
Fresh 9.30+0.22% 7.50+0.32° 7.40+0.30° 7.00+0.28°
Appearance 5 9.00+0.282 7.20+0.36° 7.00+0.35° 6.60+0.34¢
pp 10 8.70+0.26% 6.90+0.44° 6.70+0.28° 6.20+0.32°
15 8.40+0. 322 6.50+0.52° 6.30+0.20° 6.00+0.25°¢
Fresh 8.60+0.182 7.20+0.28° 7 .6040.22¢ 7.90+0.20°
Flavour 5 8.80+0.14% 7.50+0.25¢° 7.8040.20°¢ 8.20+0.18°
10 8.70+0.142 7.30+0.25° 7.50+0.22° 8.10+0.22°
15 8.40+0.207 7.00+0.30° 7.2040.28° 7.70+0.25°
Fresh 8.60+0.222 6.20+0.309 6.70+0.32° 7.20+0.34°
Texture 5 8.20+0.26% 5.90+0.34¢ 6.50+0.34¢ 7.00+0.33°
10 7.90+0.302 5.70+0.40° 6.20+0.38° 6.70+0.30°
15 7.60+0.322 5.40+0.36° 5.80+0.36° 6.40+0.32°
Fresh 8.10+0.222 5.90+0.30¢ 6.30+0.26° 7.30+0.22¢
Consistency 5 7.80+0.242 5.60+0.32¢ 6.10+0.32¢ 7.10+0.26°
10 7.60+0.322 5.40+0.42¢ 5.80+0.30° 6.80+0.33¢
15 7.3040.30% 5.30+0.40° 5.60+0.33° 6.60+0.30°
Fresh 8.70+0.222 5.90+0.28° 6.70+0.28° 7.90+0.24°
Overall 5 8.50+0.282 5.60+0.33 6.40+0.25°¢ 7.70+0.28°
acceptability 10 8.40+0.30? 5.40+0.35° 6.20+0.32°¢ 7.40+0.30°
15 8.20+0.322 5.20+0.32° 6.00£0.30° 7.30+0.32°

* Values (means +SD) with different superscript letters are statistically significantly different (P < 0.05).

CONCLUSION

Pomegranate pomace powder having a high content
of phenolic component and dietary fiber. Therefore,
pomegranate pomace powder could be used as a source of
bioactive components and dietary fiber in manufacture of
low fat yoghurt which enhanced its nutritional, chemical,

rheological, microbiological, antioxidant and sensory
characteristics.
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