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Abstract

Pomegranate is a functional food of great interest and it has a multiple beneficial effects on human health. Moringa oleifera leaves have a high
content of essential amino acids, iron protein and Vitamin B complex so the pomegranate and Moringa oleifera were used to improve the nutritional
and hygienic quality of food products by using their extracts. Different ratio (1% and 2%) from ethanolic extract of pomegranate peels and from
ethanolic extract of Moringa oleifera leaves were used in production of yoghurt and stored at 4 + 1°C for 14 days then were analyzed for sensory
evaluation and other groups of yoghurt with the same treatments were evaluated for the viability of EHEC 0111:H2 count experimentally. The results
showed that the sensory analysis of all treatments and control yoghurt were acceptable for all judgment members either fresh or during storage. The
concentration 2% of both pomegranate peels and Moringa oleifera leaves had the highest inhibitory effect against the tested bacteria population
(p<0.05) during the storage periods. It was concluded that the ethanolic extracts of both pomegranate peels and Moringa oleifera leaves can be used
for yoghurt preservation to improve its quality.
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Introduction

Recently, new trends in food processing to use the natural
bioactive substances as antioxidants and antimicrobials to support
dairy products for improving their hygienic quality and to safeguard
human health. Plants are the cheapest and safer alternative sources of
antimicrobials which may be added to food [1].

There are various natural antioxidants, antimicrobials, sweeteners
and coloring agents that are derived from animals, plants and
microorganisms. Bacteriocins, natamycin, reuterin from microbial
sources; lysozyme, lactoperoxidase, lactoferrin from animal sources;
polyphenols and essential oils from plant sources can be named as
examples of natural preservatives [2].

Pomegranate (Punica granatum Linn.) is a potential medicinal
plant of family punicaceae [3]. Pomegranate juice was used as a
healthful beverage since it is a natural rich source of polyphenols,
flavonoid and other antioxidants. It could be considered as functional
ingredients for its anti-radical activities and it is a good supplement
for food and dietetics [4].

Polyphenols, mainly ellagitannins and ellagic acid, are an important
class of compounds well represented in pomegranate. These molecules
are particularly abundant in pomegranate peels and are responsible

for the antioxidant, anti-mutagenic, anticancer, anti-inflammatory,
and anti-diabetic and health promoting role of this fruit. They act
as radical scavengers, both in preventing the degradation of food
and in protecting human body towards Reactive Oxygen Species
(ROS), whose role in the pathogenesis of human diseases is widely
recognized [5].

Administration of yoghurt supplemented with pomegranate
juice is acceptable as functional food alleviates the harmful effect of
CC1, induced liver injury and offers a pleasant and effective route in
increasing the total phenolic compound and antioxidant intake in our
daily diet [6].

Moringa oleifera is known as “the tree of life”. It is native to India
and Africa and considered one of the most useful trees in the world
because every part of the tree can be used for food, medication
and industrial purpose [7]. Moringa oleifera leaves possess high
concentration of protein, vitamins, potassium, calcium and iron,
in addition to their contents of essential amino acids at acceptable
concentration [8].

Several Moringa oleiferaleaves extracts are important agents against
many species of pathogenic bacteria, such as Staphylococcus aureus,
Psedomonus aeruginosa and Bacillus cereus [9], Moringa oleifera or its
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extracts had been used to improve the nutritional quality of yoghurt,
cottage cheese [10] and bakery products with special reference to
protein, fiber and minerals [11].

Yoghurt is a very popular fermented dairy product in Egypt. Its
production and consumption is growing continuously due to its
health benefits beside its high nutritive value; being nutritionally rich
in protein, calcium, riboflavin, Vitamin B6 and B12 [12].

Yoghurt is one of the fermented dairy products obtained from
lactic acid fermentation by two species of lactic acid bacteria
that are, Streptococcus thermophilus and Lactobacillus delbrueckii
subsp. bulgaricus. This fermentation leads to acidification and milk
coagulation [13].

Yoghurt shelf life is based on the organoleptic, chemical and
microbiological characters that will be decreased if there are any
changes in these characters during storage [14]. So, application of
natural preservation is useful for yoghurt industries to produce new
variety of functional and high quality yoghurts [15].

The purpose of this study was to investigate the effect of ethanolic
extracts powder of pomegranate peels and Moringa oleifera at
concentration 1 and 2% from each extract and their inhibitory effect
on EHEC (O111:H2).

Materials and Methods

Chemicals and reagents

Plant materials: Pomegranate fruits were collected at November
from the local markets in EL Gharbia province, Egypt. Fresh leaves of
Moringa oleifera were collected from different nurseries in EL Gharbia
province, Egypt during the summer season.

Solvent: Ethanol (HPLC grade) was obtained from Merck
(Darmstadt, Germany).

Milk: Fresh full fat buffalo’s milk was obtained from Faculty of
Agriculture, Tanta University.

Bacterial strain: E.coli strain O111:H2 was isolated from a previous
study on some dairy product and serologically identified in Animal
Health Research Institute (AHRI), Egypt.

Media: Eosin Methylene blue agar (Oxoid, UK).

Preparation of the ethanolic extract of pomegranate peel
(16]

Pomegranate fruits were collected at November from the local
markets, EL Gharbia province, Egypt. Pomegranate outer peels
were separated. Collected peels was rinsed with tap water, dried and
ground separately in a blender. Fifty grams of blended peels or arils
were placed in 250 ml Erlenmeyer flasks, followed by adding 100 ml
of solvent 95% ethanol (HPLC ethanol grade) as a solvent to extract
polar and non-polar part of phytochemicals from pomegranate peels.
The flasks were then shaken at room temperature for 18 hrs prior to
filtration. The filtrates were concentrated under reduced pressure with
a rotary evaporator at 40°C for evaporation of ethanol. These crude
extracts were kept at 4°C until use.

Preparation of ethanolic extract of Moringa oleifera leaves
(17]

Fresh leaves of Moringa oleifera were collected from different
nurseries in EL Gharbia, Egypt during the summer season and dried in
shade at room temperature (27 to 30°C) to constant weight (to calculate
the % yield of the plant extract=dry weight of extract (g)/initial

weight of plant sample x 100%). leaves of the plant were powdered by
mortar and pestle and further reduced to a fine powder using blender.
Powdered sample were transferred to closed flasks. Each flask sample
was extracted with 95% ethanol (HPLC ethanol grade). Where each
sample (50 g) was mixed with 500 ml of 95% ethanol, kept for shaking
at 120 gravity unit for half an hour and allowed to precipitate at room
temperature for 72 hrs, then each extract was filtered by Whatman
filter paper. The obtained filtrates were then concentrated in rotary
evaporator at 40°C for evaporation of ethanol then these crude extracts
were kept at 4°C until use in the next day.

Preparation of E.coli inoculum [18]

E.coli strain O111:H2 was isolated from a previous study on some
dairy products and serologically identified in Animal Health Research
Institute (AHRI), Egypt.

E.coli was sub-cultured from stock cultures in sterile bottles
containing nutrient broth incubated over-night at 37°C. Directly,
prior to the experiment, fresh microbial cultures were adjusted to 0.5
McFarland to be equivalent to about 10° CFU/ml.

Preparation of yoghurt [19,20]

The buffaloes’ milk was heated to 85°C for 15 min followed by
cooling at 43°C. The buffaloes’ milk was divided into five portions. The
first group is considered as control. The second, third using of (1% and
2%) pomegranate peel extracts. The fourth and fifth were (1% and 2%)
of Moringa oleifera leaves extract respectively, all groups infected with
E.coli O111:H2 (EHEC) culture, and then inoculated with 2% (v/v)
starter culture and allowed to incubate at 43°C for 3 hrs till complete
coagulate. Experimental Yoghurt samples were stored at 4 + 1°C.
The samples are examined at zero, 3, 7, 10 and 14 days. E. coli was
enumerated on its selective media Eosin Methylene Blue (EMB). The
experiment is repeated 3 times independently.

Statistical analysis

The data were analyzed and the mean and Standard Error (SE) were
calculated by one way ANOVA test according to Statistical Analysis
System Users Guide SAS (2004) software and probability of (p<0.05)
[21].

Sensory evaluation

Ten trained panelists from the staff members of the Dairy Science
Department used a quality rating score card for the evaluation of flavor
(50 points) body and texture (40 points) and appearance (10 points)
[22].

Results (Tables and Figures)

Discussion and Conclusion

Results in table 1 indicate that treatment with Moringa oleifera
leaves extract (2%) had lower score of appearance among other
treatments and control yoghurt. On the other hand, all treatments had
more than 60% (6/10) of total scores for the appearance at the end of
storage and were accepted.

The treatments and control yoghurt gained high scores in flavor.
On the other hand all scores decreased through the progress in storage
periods. There were not obvious differences among all treatments
during the early stages of storage but was obviously in the end of
storage period. In addition, all treatments and control yoghurt had a
lot of 60% (30/50) from the total scores of flavor at the end of storage
period and were still acceptable for the judgments.
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Table 1: Organoleptical properties of yoghurt fortified with different ratios of pomegranate fruit peels extract and Moringa oleifera leaves extract.

Item Treatment Storage period

Zero day 3 day 7t day 10t day 14t day

Control +ve 6.5+0.28 9.1+0.23 9.27+0.14 8.77£0.29 8.1+0.29

A 6.17£0.16 7.840.15 8+0.17 8.23+0.23 7.5£0.35

Appearance (10) B 5.3£0.15 7.6740.35 7.73£0.18 767403 7.310.24
c 4.67£0.17 6+0.12 6.3£0.38 6.43 £ 0.34 6.1+0.26
D 4.47£0.29 574031 6.1+0.4 5.93+0.35 5.97 +0.48
Control +ve 44.240.44 47.540.29 46.2£0.6 45.7£0.5 43.8+0.16
A 43£0.29 450,57 44.3£0.72 44.510.8 42.5240.4

B 42.5+0.49 452104 45.510.76 438106 424057
Flavor (50) C 40.8+0.70 412+1.1 41.5+0.86 40.740.72 40.3£0.73
D 40.6+1.3 41+1 412404 40£0.70 40.2 £ 0.44

Control +ve 37+0.49 38+0.29 38405 36.540.29 354057

A 36.6 £ 0.44 36.840.4 38+0.57 37.6+0.83 36+0.99
Body a;‘;"t”re B 37+0.58 37.3+0.4 38.5+0.28 384057 35.5+0.29
C 36.5+0.57 37+0.58 37.7+0.6 37.3+0.88 35.6+0.33

D 37+0.28 37.5+0.28 38+0.29 37.8+0.4 36+0.58

The values represent Mean + SE of three experiments.
A=Inoculated with E. coli and pomegranate fruit peels extract 1%
B= Inoculated with E. coli and pomegranate fruit peels extract 2%
C=Inoculated with E. coli and Moringa oleifera leaves extract 1%
D=Inoculated with E. coli and Moringa oleifera leaves extract 2%

Table 2: Antimicrobial activity of pomegranate fruit peels extract and Moringa oleifera leaves extract on E.coli count inoculated in yoghurt during
refrigerated storage.

D;:z:;:/ Zero day 3" day 7t day 10t day 14t day

Control +ve 2.87x10%+0.15x10° |2.33x10%+0.12x10°| 2.07 x 10%+0.22 x 10° 6.60 x 10°+ 0.34 x 10° | 4.13 x 102+ 0.24 x 10°
A 2.50 x 10%*+0.16 x 10° | 1.83 x 10%*+ 0.2 x 10° 9.33x10%+0.17 x 10° 5.60 x 10*°+ 0.31 x 10* 2.97 x 10*°+ 0.2 x 10*
B 2.10 x 10%+ 0.21 x 10° | 6.37 x 10>+ 0.41 x 10° 5.80 x 10>+ 0.21x 10° 3.47 x 10*°+£0.29 x 10* | 1.83 x 10*°+ 0.08 x 10*
C 2.83x10%+0.12 x 10° | 1.82 x 10°+ 0.09 x10° 9.97 x 10°°+ 0.52 x 10° 6.17 x 10*°+ 0.44 x 10* | 2.20 x 10*+0.23 x 10*
D 2.53 x 10%°+ 0.08 x 10° | 1.55x 10%°+ 0.14 x 10° | 8.13 x 10°*°+ 0.24 x 10° 1.77 x 10%+ 0.43 x 10° 2 x10%+ 0.28 x 10?

The values represent Mean * SE of three experiments. Means within a column followed by different letters are significant differences (p<0.05)
A = Inoculated with E. coli and pomegranate fruit peels extract 1%.
B = Inoculated with E. coli and pomegranate fruit peels extract 2%.
C = Inoculated with E. coli and Moringa oleifera leaves extract 1%.
D = Inoculated with E. coli and Moringa oleifera leaves extract 2%.

Table 3: Reduction % of E.coli counts artificially inoculated into yoghurt.

Duration (hrs)/ Groups Zero day 3 day 7th day 10t day 14t day
Control +ve 00 18.80 + 3.5 27.80+4.9 77£9.5 85+4.1

A 12.89+4.3 36.23+7.1 67.49+53 98.04+23 98.96 +2.7

B 26.80+7.2 77.80+6.3 79.70£5.5 98.80+3.1 99.36+2.2

C 1.40+0.75 36.58 £5.7 65.26+5 97.85%2.1 99.20+2.9

D 11.84+2.9 46+7.5 71.67 £2.8 99.93 +3.8 99.99 +3.9

The values represent Mean * SE of three experiments
A=Inoculated with E. coli and pomegranate fruit peels extract 1%
B= Inoculated with E. coli and pomegranate fruit peels extract 2%
C=Inoculated with E. coli and Moringa oleifera leaves extract 1%
D=Inoculated with E. coli and Moringa oleifera leaves extract 2%
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Figure 1: Antimicrobial activity of pomegranate Fruit peels extract and Moringa oleifera leaves extract on E.coli count inoculated in yoghurt
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Figure 2: Reduction % * SE of E. coli inoculated into yoghurt during storage.

The scores for body and texture were not affected by the treatments
on the beginning of storage, where, all treatments and control yoghurt
had a lot of 75 % (30/40) of total score through storage period
and were accepted. El-Batawy, et al. [23] found yoghurt with 1%
pomegranate peel powder had higher flavor score and sensory quality
of yoghurt product compared with yoghurt samples supplemented
with 2% pomegranate peel powder. El-Gammal RE, et al. [24] found
that the scores for sensory evaluation of the samples were showed
for appearance and flavor, the addition of Moringa oleifera extract at
mentioned concentrations had no unfavorable effect on appearance

and flavor of the yoghurt samples. Akajiaku LO, et al. [25] evaluated
the quality of yoghurt enriched with Moringa oleifera leaves powder
at different ratios (0.5, 1, 1.5, 2.0 g) incorporated in the production
of yoghurt. Results showed that the control was the best choice and
gained highest mean score for all sensory attributes (color, taste,
flavor, mouth-feel and general acceptability). Sample with 1 g ratio
had the highest score for general acceptability when compared to other
treatments and was second in overall preference. Al-Ahwal RIH, et al.
[26] examined flavored yoghurt like products with Moringa oleifera
at concentration of 2,4,6,8 and 10% (w/w) compared with control.
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Results revealed that 2 and 4% of the extract did not affect any of the
sensory, texture and chemical parameters compared to control but it
increased the antioxidant capacity by up to 40%.

It could be concluded that Moringa oleifera could be used at 2 and
4% in the preparation of made yoghurt-like, which resulted in an
increase in the health benefits and the acceptability sensory attributes.

All treatments and control yoghurt were acceptable for all
judgment members either it was fresh or stored. This means that the
pomegranate peel extract and Moringa oleifera leaves extract can be
used in making of yoghurt to enhance its antibacterial, functional
and healthy properties. These results were in agreement with those
reported by Madukwe EU, et al. [27].

Pomegranate peels are characterized by an interior network of
membranes comprising almost 26-30% of total fruit weight and
are characterized by substantial amounts of phenolic compounds,
including flavonoids (anthocyanins, catechins and other complex
flavonoids) and hydrolyzable tannins (punicalin, pedunculagin,
punicalagin, gallic and ellagic acid). These compounds are
concentrated in pomegranate peel and juice, which account for 92% of
the antioxidant activity associated with the fruit [28].

Results recorded in tables 2 and 3 and figures 1 and 2 showed that
pomegranate fruit peels 1% and 2% extracts reduced E. coli count
that inoculated in yoghurt during storage to 2.97 x 10*+ 0.2 x 10*
and 1.83 x 10*+ 0.08 x 10*with reduction percent reached to 98.96%
and 99.36 % after 14 days storage, respectively, pomegranate fruit
peels extract 2% had more antimicrobial activity than 1% extract.
Hussein ZG, et al. [29] found that the pomegranate peel extract
showed antibacterial activity against E.coli ATCC 25922 which was
exhibited by the formation of 14 and 25 mm zone of inhibition when
62.5 and 250 pg/ml of the extract was tested respectively by the agar
diffusion method. Nuamsetti T, et al. [16] found all different extracts
of pomegranate fruit peels had antibacterial effect against E.coli and
they also mentioned that pomegranate extract contained high levels
of phenolics and which had exhibited antibacterial activity against the
bacteria tested. Pagliarulo C, et al. [30] extracted pomegranate arils
and peel by-products in 50% (v/v) aqueous ethanol, in order to test
antimicrobial activity against clinically isolated human pathogenic
microorganisms their results showed that both pomegranate aril and
peel extracts have an effective antimicrobial activity, as evidenced by
the inhibitory effect on the bacterial growth of two important human
pathogens, including Staphylococcus aureus and Escherichia coli, which
are often involved in food-borne illness.

Malviya S, et al. [31] tested the antibacterial activity of pomegranate
peel extracts against four bacterial strains, Staphylococcus aureus,
Enterobacter aerogenes, Salmonella typhi and Klebsiella pneumoniae
and the extracts demonstrated remarkable antibacterial activities
against all the tested bacterial strains, they also reported that P
granatum contains large amount of tannins (25%) and antibacterial
activity may be indicative of the presence of secondary metabolites.
Abd El-Aziz ME, et al. [19] studied using of 1%, 0.75%, 0.5% and
0.25% of Pomegranate fruit peels on yoghurt processing and the
data indicates that 1% of extract was appropriate for the viability of
Lactic acid bacteria which was above 30 x 10° CFU/ml. In addition,
was acceptable for the chemical, microbiological and organoleptical
properties of the resultant yoghurt. And all the extracts had inhibitory
activity against all bacteria tested, S.aureus and E.coli. The inhibitory
effects were augmented with increase in extract concentrations.
The reason of the inhibition might be due to the high content of
phytochemical and phenolic compounds in pomegranate peels hot
water extract.

Khan JA, et al. [32] stated that the antimicrobial activity of
pomegranate peel against E. coli could most probably be related to
its oxidizing property since the active compositions of pomegranate
peel (phenolic acids) act as oxidizing antimicrobial agents, while
Fischer UA, et al. [33] mentioned that pomegranates have the highest
concentration of punicalagin among the most commonly consumed
fruits. Studies have shown that punicalagin has antioxidant, antifungal
and antibacterial properties.

Results recorded in tables 2 and 3 and figures 1 and 2 showed that
Moringa oleifera leaves 1% and 2% extracts reduced E. coli count
which was inoculated in yoghurt during storage to 2.20 x 10*+ 0.23
x10*and 2 x 10%+ 0.28 x 10*>with reduction percent reach to 99.2%
and 99.99% after 14 days storage, respectively. The results showed
that 2% Moringa oleifera leaves extract had the highest antibacterial
effect against the tested bacteria. Bukar A, et al. [34] investigated
the chloroform and ethanolic extracts of the seeds and leaves of
Moringa oleifera for antimicrobial activity against some selected
food-borne microorganisms. They found that the ethanolic extract
of Moringa oleifera leaves exhibited broad spectrum activity against
the test organisms like Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus and Enterobacter aerogenes. Lar PM, et al. [35]
studied the antibacterial activity of aqueous and ethanolic extracts of
Moringa oleifera seed against some Gram negative bacteria (Escherichia
coli, Shigella flexneri and Salmonella typhi). The concentration of the
extracts used was between 50 mg/ml and 400 mg/ml. The results
evaluated by zones of inhibition showed that the ethanolic extract at
400 mg/ml, 200 mg/ml and 100 mg/ml were inhibitory to Escherichia
coli, while Badmos AHA, et al. [36] assayed the bacterial status and
nutritional-cum sensory properties of West African Soft Cheese
treated with 3 levels (1%, 2% & 3%) of ethanol and ether extracts of
Moringa oleifera leaves. The results indicated that 2% and 3% Moringa
oleifera leaves ethanolic extracts had the highest inhibitory potential
against bacteria population It can thus be concluded that the use of
ethanol extract of Moringa oleifera leaves as a Cheese preservative
leads to improved microbial stability and nutritional quality, as well as
higher sensory acceptability. El-Sayed SM, et al. [37] added Moringa
oleifera to Labneh at concentration 1 mg/ml, 1.5 mg/ml and 2 mg/ml
and the results showed that increasing the concentration of Moringa
oleifera increase the count of Lactic Acid Bacteria while Hassan FAM,
et al. [38] found that the addition of Moringa oleifera leaves powder
during yoghurt manufacture at ratio (0.5, 1, 1.5 and 2%) did not alter
the acidification profile of yoghurt this reflects that the starter was not
affected by the fortification and Shokery SE, et al. [39] mentioned that
Moringa oleifera extract had a little stimulated effect on the growth
of starter cultures in yoghurt, but not significant. Mohamed FA, et al.
[40] studied the effect of Moringa oleifera leaves extracts with different
solvents and water at varied concentrations on the growth of probiotics
bacteria. The results showed that increasing the concentration of
different extracts from control to 4 mg mL"' medium lead to raise the
probiotic bacterial growth. Also, it could be recognized that all studied
probiotic bacteria significantly propagated well when using ethanol in
the extraction compared with the aqueous extract. Kasolo JN, et al.
[41] reported that Moringa oleifera leaves contain alkaloids, nitrogen
containing naturally occurring compound that has the ability to
intercalate with DNA of microorganisms which could be responsible
for the much acclaimed medicinal values and Onyekaba TC, et al. [42]
mentioned that generally, mechanism of action by the phytochemical
constituents of Moringa oleifera is the reason for antibacterial activity
thereby causing bacterial enzyme inhibition such as the sortase
inhibitory effect, DNA replication, bacterial toxin action and causing
the lysis of bacterial cells. It had been suggested that pterygospermin
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acts by the inhibition of the transaminase enzyme and through cell
membrane perturbations. El-Gammal RE, et al. [24] stated that
the aqueous extract of Moringa oleifera contained a bioactive
compounds namely tannins, flavonoids, saponin, alkaloids and
terpenes, and therefore the addition of Moringa oleifera extract to
yoghurt enhances the nutritional value of the resultant yoghurt and
had no unfavorable effect on appearance and flavor of the yoghurt
samples. They also studied the antimicrobial activity of different
concentration (0.1, 0.2, 0.3 and 0.4%) of water-based Moringa
oleifera extract against some microorganisms and they found that
the extract exhibited antibacterial activity against Gram positive
bacteria (S. aureus, E. faecalis and B. cereus), in contrast to Gram
negative bacteria (E.coli and S. Typhimurium) were more resistance to
extract of Moringa oleifera.
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