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Abstract: The current study was carried out to evaluate the shelf life of peeled shrimp during ice storage for 14 days
using 125 pg/ml of crude isoflavones extract (CIE), 250 pg/ml of crude moringa extract (CME) and a mixture of both
(62pg/ml CIE and 25pg/ml CME), as an antioxidant and antimicrobial agent. The results showed that using CME
and/or CIE in ice improved the quality of peeled shrimp during ice storage. All treated samples showed; low content of
total volatile nitrogen (TVN), trimethylamine (TMA), Thiobarbituric acid (TBA), cooking loss and free amino acids
compared to the control sample, while the water holding capacity (WHC) of treated samples was increased. CME
and/or CIE had a greater effect on spoilage microorganisms in treated samples of peeled shrimp, whereas the control
sample reached the spoilage onset (10’ log CFU/g) after eight days. In comparison, the treatment with CME and/or CIE
additives prolonged the samples’ shelf life to 14 days. Total bacterial count, Pseudomonas sp., Aeromonas sp. and
Enterobactereace can be inactivated by CME or CIE. Significant differences were observed in mean sensory scores
between treatments and control. The control recorded the lowest scores, while higher scores were obtained from the

sample treated by CME plus CIE.
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INTRODUCTION

Nowadays, consumers became more aware of the
relationship between their health and the food they eat.
Natural plant additives and their antibacterial activity
against food spoilage and pathogenic microorganisms
are noticeable with the synthetic ones. Food spoilage is
determined by physicochemical, microbiological and
sensory changes, making it harmful and unsuitable for
consumption (Kuswandi et al., 2012).

Shrimp is an important type of seafood consumed
on a worldwide scale. They are high in protein, iodine,
calcium and low in food energy (low in total fat).
Consumption of shrimp is considered a healthy diet for
our circulatory system due to its low saturated fat
contentand omega-3 highly unsaturated fatty acids.
Thus, its high cholesterol content improves the LDL to
HDL cholesterol ratio and triglycerides reduction
(Ouraji et al., 2009).

On the other hand, about 15% of outbreaks for
humans are attributed to fish consumption (Pilet and
Leroi, 2011). Shrimp quality and acceptability for
consumption are essentially linked to its freshness,
mainly determined by microbial, physical, biochemical
and sensory parameters (Kuswandi et al, 2012). The
most of seafood products spoilage is caused by
microorganisms giving the associated off-flavors.
Shrimp spoilage as loss of texture, discoloration and
foul odor is attributed to the microorganisms and its
proteolytic enzymes and the autoxidation of
unsaturated fatty acids (Bazemore et al., 2003).

Ice storage alone is insufficient to preserve and
keep shrimp quality after the catch, during handling
and  post-harvest.  Therefore, adding natural
preservatives could retard spoilage and enhance shelf
life. Flavonoids, a group of natural products with
variable phenolic structures, are well known for their
beneficial health effects. Moreover, this is attributed to
their  anti-carcinogenic, anti-inflammatory  and
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antioxidative (Panche et al., 2016). Isoflavonoids are a
subclass of flavonoid phenolic compounds from a wide
plant variety, which are active biologically.
Isoflavonoids and their compounds related have been
applied to many dietary supplements, antioxidant and
antibacterial (Olasupo et al., 2018).

Moringa leaves provide vitamin C higher than in
orange (7 times), higher in vitamin A than carrots (10
times), higher calcium content than milk (17 times),
higher protein than yogurt (9 times), higher potassium
than bananas (15 times) and higher iron than spinach
(25 times). It can be called the tree of life and
multipurpose consumption. Its medical and therapeutic
properties, due to the high phytochemical contents such
as  sterols, tannins, flavonoids, terpenoids,
anthraquinones and saponins, can reduce sugars and
alkaloids. It can work as an antioxidant, antibacterial,
antifungal, cholesterol-lowering, and diuretic activity
(Abdulkadir et al., 2018). Moringa oleifera extract
showed antimicrobial activity against pathogenic
bacteria, including Bacillus sp., Pseudomonas
aeruginosa, E. coli and Staphylococcus aureus, due to
the presence of phytochemicals compounds
(Rajamanickam and Sudha, 2013). The main target of
the current study is to find suitable sources that can
provide reasonable amounts of natural Dbio-
preservatives to be used on a wide scale in the field of
the food industry, such as crude moringa extract
(CME) and crude isoflavones extract (CIE) from
soybean, and study the effect of CIE, CME and CIE
plus CME on the quality of peeled shrimp during
storage in crushed ice.

This study investigates the freshness and spoilage
stage by using determined chemical and microbial
changes in the shrimp's flesh during icing storage and
linking them with sensory changes that influence
consumers' preferences for shrimp products using these
results to guide in processing.
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MATERIALS AND METHODS

Collecting Samples

Soybean (Glycine max) was obtained from the
Agriculture Research Centre, Giza, Egypt, during
season 2018. Moringa leaves (Moringa oleifera) were
purchased from a local herb shop (Ismailia, Egypt).
Shrimp (Penaeus latisclcalus, 40 shrimp per kg) were
brought fresh in crushed ice from a local market at
Ismailia governorate and were then transported to the
laboratory.

Preparation of moringa extract

Plant material (Moringa oleifera) was used to
prepare crude moringa extracts (CME) containing the
polar active compounds as follows; Dry moringa leaves
powder (25%, w/v) were macerated in distilled water
for seven days with occasional shaking (10 times/day).
The extracts were filtered through eight layers of
muslin cloth and concentrated at 40°C under reduced
pressure. The filtrate was subjected to antimicrobial
testing by minimum inhibitory concentration (MIC)
and kept at 4°C until used.

Preparation of crude isoflavones extract from

soybean (CIE)

CIE from soybean was prepared as follows:
Soybean seeds were milled for 3 minutes at a medium
speed in a coffee bean blender. Then, the particles of
the ground whole soy flour passed through a 1mm
sieve. Defatted soy flour (100g) was weighed then
transferred to a round bottom flask, then 400 ml of
distilled water was added to it at ratio 1:4 (weight:
volume, soy flour: water) incubated at 45°C for 5 hrs.
The mixture was transferred to high-speed centrifuge at
5000rpm for 30 min at 20°C. The clarified solution was
transferred to a 2L round bottom flask to be
concentrated under vacuum using a rotary evaporator
until almost reaching the volume of 100 ml of
concentrated soybean extract. The extract obtained was
subjected to antimicrobial testing by (MIC) and were
kept at 4°C until using it.

Preparation of crushed ice

Crushed ice made from clean water mixed with CIE or

CME was then kept at -20°C until used.

Preparation of shrimp samples

Beheaded and shell-less shrimp flesh were
divided into four groups and treated as follows:

(1) Control samples (covered with crushed ice).

(2) The second shrimp group was covered with ice
made from water mixed with CME, 50ug/ml
(MIC).

(3) The third group was covered with ice made from
water mixed with CIE, 125pg/ml (as MIC). The
data not recorded.

(4) The fourth group was covered with ice made from
water mixed with 50 ml/L CME and 62 pg/ml CIE
(V/v).

Physiochemical properties

pH, protein, fat and moisture were determined
according to the methods reported by AOAC (2005).
Free amino acids determination

Free amino acids were determined using HPLC
(LC 3000 Eppendorf Germany) according to the method
described by Cervantes et al. (2006) as follows:

Sample preparation:

10 g of shrimp mixed with 40ml of methanol
(75%) and blended for 2 min. The extract was
transferred quantitatively to a volumetric flask (100ml),
completed the volume up to 100ml by the solvent and
stored at 4°C overnight. The extract was centrifuged at
15000rpm for 40min, and the supernatant was filtered
using a filter membrane (0.2 p) then stored at -20°C.
OPA-thiol reagent preparation:

OPA reagent was made by dissolving 27mg O-
Phthalaldehyde in 500ml absolute alcohol. 5ml of
sodium tetraborate (0.1p) at pH 9.5 was added,
followed by 50ul mercaptoethanol, and then stored in a
closed container in the dark (the reagent was made up
at least 24hrs before use).

Amino acid derivatization:

Added 400pul of OPA reagent to 100ul of diluted
supernatant or standard of amino acids and mixed them
thoroughly using a vortex. The sample was injected
after 2 min of mixing. Sodium phosphate buffer
(0.05M, pH 5.5) was used for the blank and the
standard and diluted supernatants’ preparation.
Determination of total volatile nitrogen (TVN),
trimethylamine (TMA):

About 100 +0.5 g of shrimp flesh sample was
placed in a blender with 300ml trichloracetic acid
(TCA) (5%) until obtaining uniform slurry. The
resulting slurry was centrifuged at 5000 rpm to obtain a
clear extract. Exactly 5 ml of the extract was pipetted
into a semi-micro distillation apparatus (UDK, 130A)
and 5 ml of NaOH (2N) was added. The final steamed
distillate was collected in 15 ml of standard
hydrochloric acid (0.01N). Rosalic acid was added to
the solution as an indicator (1percent rosalic acid in 10
percent v/v ethanol) and the access of acidity was
titrated to a pale pink endpoint with sodium hydroxide.
The amount of TVN was expressed as mg/100g.
Formaldehyde (16%) was added to the solution (1:10
v/v) to block the primary and secondary amines, and
the released acid from these reactions was titrated to a
pale pink endpoint with 0.01N sodium hydroxide. The
amount of TVN and TMA was expressed as mg/100g
(Pearson 1981).

Determination of Thiobarbituric acid value (TBA)

Lipid oxidation was measured by the 2-
thiobarbituric acid distillation method (Pearson 1981);
10g representative sample of shrimp flesh was
macerated with 50ml water for 2 min and washed into a
distillation flask with 47.5ml water. Then 2.5ml of 4 M
hydrochloric acid was added to bring the pH to 1.5,
followed by antifoaming preparation and a few glass
beads. The flask was heated utilizing an electric mantle
so that 50 ml of distillate is collected in 10 min from
boiling commences. 5 ml distillate was pipetted into a
glass-stoppered tube, 5 ml TBA reagent (0.2883 g/100
ml of 90% glacial acetic acid), was added followed by
heat in boiling water for 35 min. A blank was prepared
similarly using 5ml of water with 5ml reagent. The
tubes were then cooled in water for 10 min, and the
absorbance (D) was measured against the blank at 538
nm using lcm cells.

TBA value (as mg malonaldehyde per kg sample)
=78D
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Determination of water holding capacity (WHC):
WHC was determined according to the method
described by (Salvador et al. 2009). Cooking loss of
shrimp was determined through weighting the shrimp
before and after treatment in boiling water for 3 min.

Bacteriological examinations

Preparation of the sample

Ten grams of shrimp flesh samples were
transferred to a sterile blender jar containing 90 ml of
sterile 1% peptone water. The contents were
homogenized for 2 min at 4000 rpm and the mixture
was allowed to stand for 5 min at room temperature.
One ml of the homogenate was transferred into
separate tubes containing peptone water (9 ml each),
from which 10-fold serial dilutions up to 10-6 were
prepared and subjected to plating on nutrient
agar, Aeromonas isolation agar, Pseudomonas isolation
agar and violet red bile agar for total plate count (TPC),
Aeromonas sp., Pseudomonas sp. and
Enterobacteriaceae, respectively. The bacterial colonies
were counted (log CFU/g) after 24 to 48h at 37°C.

Sensory evaluation

Fifteen untrained panels assessed sensory
evaluation for odor, color, texture and appearance on a
seven-point hedonic scale; 1 represented attributes
disliked, 3 represented attributes unacceptable and 7
represented most liked: An average of three shrimp per
treatment were used for evaluation per day.

Statistical analysis

All measurement was done in triplicate and data
were reported as means + standard deviation (SD). The
analysis of variance and significant differences were
tested by one-way ANOVA using SPSS software
(version 16.0 for windows, SPSS Inc., Chicago). It was
considered that p< 0.05 was statistically significant.

RESULTS AND DISCUSSIONS

Physiochemical properties

The cooking loss yield related to control and
different treatments were determined at zero time and

after 14 days of storage (Table 1). The effect of
treatments was measured in terms of cooking yield
loss. The treated ice with (CME plus CIE) was found
more effective in yield loss reduction followed by
CME and CIE, respectively, compared with the control.
The data showed that after 14 days of ice storage, all
treatments decreased the cooking loss pronouncedly
due to boiling; it is previously known that both CME or
CIE had an antimicrobial effect that decreases the
activity of spoilage bacteria and decreases of cooking
loss due to increasing WHC and shelf life of shrimp
samples. Cooking loss reduction is essential as
promoting higher tenderization due to increasing the
WHC. Cooking plays a vital process role in achieving
safe product and palatability, essential for tenderness,
flavor and hygienic quality and inactivates pathogens
(Pietrasik et al., 2005). The water content affects not
only the shrimp’s physical and sensory properties but
also the activity of spoilage bacteria and autolytic
enzymes. According to Yang et al. (2017), chilling and
freezing storage had a negative effect on the structure
of proteins, as well as it could cause a deterioration of
functional properties such as WHC. Therefore,
moisture, cooking loss, and WHC were determined to
evaluate peeled shrimp quality during ice storage. Data
presented in Table (1) showed that WHC of shrimp
samples treated with CIE, CME or a mixture of both
had high values of WHC ranged from 82.51 to 87.32%
when compared with control samples (79.21%) at zero
time. This comparison indicates that both CIE and
CME increase the WHC of peeled shrimp. The data
also showed significant differences among all
treatments; the highest value appeared in treatment D
(CME plus CIE). At the end of the storage period, the
additives’ effect did not differ from that observed at
zero-time storage. Moreover, during storage, some loss
of WHC occurred, possibly due to the association of
some lipids oxidation products with protein, which
decreased somehow its solubility accordingly, WHC
(TBA value, Fig. 1). Decrease of protein capacity’s
ability to holding water may be attributed to the
deterioration of protein by microbial activity.

Table (1): Physiochemical properties of peeled shrimp samples during ice storage (Mean + S.D)

WHC g/100g

At Zero Time

Properties Cooking Loss
Treatment
A 27.28%+0.008
B 20.32°+0.113
C 19.81°+0.001
D 17.35°+0.016
Treatment
A 38.11%+0.019
B 22.31°+£0.033
C 21.95+£0.061
D 19.15°+0.009

79.21%40.111
82.51°+0.001
84.18+0.001
87.3240.119
After 14 days
58.89°40.315
77.32°40.137
78.85°+0.111
79.91°40.131

Moisture g/100g Protein Fat

74.11°£0.116 22.15°0.008 1.01°%+0.082
76.35°+0.316 22.46°+0.033  0.93%£0.009
76.89°+0.008 22.52%0.011 0.92°+0.221
77.01%+0.001 223840316 0.87°+0.196
75.21°+0.116 20.16°+0.321 0.98°+0.311
77.16°+0.001 21.82°40.003 0.89°+0.116
77.65°+0.003 21.88°+0.019 0.84°+£0.302
78.12%+0.101 21.99%0.016 0.81°+0.113

- A: Control samples,B: Shrimp samples treated with (CIE), C: Shrimp samples treated with (CME), D: Shrimp samples
treated with (CME+ CIE).
- Mean with different letter in the same column indicate significant differences between treatments (p <0.05)

- Total phenolic compounds (TPC) of moringa oleifera leaves 51.08% and 41.11% in soybean.
- Antioxidant activity (DPPH) of moringa oleifera leaves (86.31%) and (77.09%) for soybean.
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Simultaneously, the data showed that the initial
moisture values at zero time were 74.11, 76.35, 76.89
and 77.01 for control, CIE, CME and CME plus CIE,
respectively. At the end of 14 days of storage, the
moisture content slightly increased to 75.21, 77.16,
77.65 and 78.12 for control, CME, CIE and CME plus
CIE, respectively. Moisture content indicates the
muscle’s ability for water retaining, which reflects the
breakdown degree of protein, and moisture increased as
well as the days of storage. These results are agreed
with Akintola and Bakare (2013), as mentioned,
increase moisture with direct ice contact of prawn at
the 10th day of storage. After 14 days of ice storage,
the highest moisture content was obtained by CME
plus CIE, CME and CIE, respectively. Moreover, a

lower increase was recorded for the control sample.

pH values increased from 6.60 to 7.0 for control
samples (shrimp stored in crushed ice without any
additives), while it increased from 6.58 to 6.88 in
samples treated with CME and CIE, and from 6.55 to
6.66 in samples treated with (CIE) plus (CME) (Fig. 1).
Similar results were obtained by Ozogul et al. (2011).

The increase of pH value may have resulted from
the proteolysis process, which leads to the increase of
free basic amino acids as well as the accumulation of
ammonia, amines and other basic products of bacterial
breakdown. However, Zeng et al. (2005) noticed that
pH values increase during shrimp samples’ cold
storage.
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Figure (1): Changes in pH, TVN, TMA and TBA values in peeled shrimp samples during ice storage.

Chemical indices

The protein contents at zero time were 22.15,
22.46, 22.52 and 22.38%, whereas, at day 14 of ice
storage, the values were decreased to 20.16, 21.82,
21.88 and 21.99% for control, ice with CIE, CME and
their combinations, respectively. These results may be
due to increased microorganisms during storage and
breakdown of proteins used as nutrients for such
microorganisms. Therefore, the breakdown of protein
could indicate spoilage of the product. A slight
decrease in fat content was observed in all examined
shrimp treatments during ice storage (Table 1). These
results were similar to the results obtained by Ozogul et
al. (2011).

One of the most common methods for studying
the freshness degree of meat and fish is TVN. The data
presented in Figure (1) showed a gradual increase in
total volatile basic nitrogen mg /100g in all examined
samples’ treatments during storage.

There are large variations in the development of
TVN among all treatments. As it is shown in Figure

(1), the amounts of TVN at the beginning of the storage
period were 8.51, 7.60, 7.67 and 7.39 mg /100g, while
at day 14 of the storage period, they reached up to
44.60, 22.65, 21.24 and 21.59 mg /100g for control, ice
with CIE, ice with CME extract and ice with CME plus
CIE extracts respectively. These results are similar to
the results presented by Wang et al (2015), who
mentioned that acidic electrolyzed water (AEW) ice
was more efficient in inhibiting polyphenol oxidase
activity, total bacterial count and TVN formation on
raw shrimp when compared with ice from tap water.
TVN on day 14, for treatments CME and CIE extract
single or combination, was still below the acceptable
limit for TVN in shrimps (ranged from 21.24 to 22.65
mg/100g). The acceptable value of TVN of shrimp is
25 mg N/100g (Tsironi et al., 2009). This phenomenon
may be due to the antimicrobial effect of moringa and
soybean extract (Patel and Mohan, 2018).

The results presented in Figure (1) indicated a
gradual increase in TMA content in all treatments at
the time of storage. As it is shown in the Figure (1), the
highest value of TMA (13.21 mg /100g) was obtained
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from shrimp stored in crushed ice without any additives
(control), followed by samples stored in ice mixed with
CIE (11.23 mg /100g ), shrimp samples stored in ice
mixed with CME (9.22 mg /100g), and finally shrimp
samples stored in ice with the CIE plus CME (7.85 mg
/100g) at day 14 of ice storage. The results showed that
using CME or CIE in ice improved the quality of
peeled shrimp during storage. According to Patel and
Mohan (2018), who reported that moringa leaves had
an antimicrobial effect, these findings explain treated
shrimp samples with CME showed decreased spoilage
by microorganisms. The same results were observed in
the case of using crude isoflavones. Rani et al. (2018)
mentioned that Moringa peregrine was studied for
antifungal, antiviral and antibacterial activities.
According to Khodanazary (2019), the increase of
TMA and TVN compounds might be related to
bacterial spoilage that degrades proteins.

The TBA index is widely used as a biochemical
quality indicator for assessing lipid oxidation in food.
TBA index gives a measure of malonaldehyde formed
in the muscle due to the oxidation of lipid
peroxides.Data illustrated in Figure (1) showed a
gradual increase in Thiobarbituric acid (TBA) value in
all treatments under investigation during storage in ice
made from water mixed with different additives or
control. TBA values of shrimp covered with crushed
ice without any additives (control) increased from 0.21
to 2.08 mg malonaldehyde /Kg at the last day of
storage, while it increased from 0.21 to 1.18, 1.15, and
1.09 mg malonaldehyde /Kg in examined shrimp
samples stored in ice with CIE, CME extract and ice
with CME plus CIE extract respectively.

The values of TBA increased gradually during ice
storage; this increase could be attributed to the
oxidation of lipids and the formation of some TBA-
reactive compounds during the storage period.
According to Lakshmanan (2000), who reported that
TBA value in the range 1-2 mg malonaldehyde/kg of

fish sample is wusually taken as the limit of
acceptability. According to Azim et al. (2017),
methanol extract of Moringa peregrine showed high
DPPH scavenging activity. On the other hand, Yoon
and Park (2014) found a significant effect of
isoflavones alone on fat decreases in TBARS. In the
present study, TBA values were within the acceptable
limit during the storage period for all treatments except
for the control.

The current study investigated the effect of
moringa and isoflavonoids extract addition to ice on
free amino acids in shrimp flesh, which could result
from protein degradation and decomposition by
bacterial proteolytic activity. As shown in Table (2),
treated samples resulted in a corresponding decrease in
free amino acids concentrations. After 14 days of
storage, the minimum values were recorded for CME
plus CIE (954.86mg), CME (964.62mg) and CIE
(964.87mg). Control samples showed significant
increase in free amino acids (1177.56 mg) with
maximum values reached after 14 days of storage for
arginine, glycine, proline, alanine and histidine
compromising 90.41% (1064.67mg) from the total free
amino acids. The rapid spoilage of control samples
could be due to its high-water content, high free amino
acids, and rapid autolysis by existing enzymes and
favor microbial growth conditions, especially with
lower content of its connective tissues (Akintola and
Bakare, 2013). At the same time, the significant
decrease of free amino acids in all treatments compared
to control may be due to the antimicrobial effect of
additives (moringa and isoflavonoids). The results
illustrated in Fig. (1) showed a significant increase in
pH value in the control sample compared to other
treatments during storage. The increase of pH may be
due to some bacterial breakdown with free amino acids
formation and ammonia. Some plants have
antimicrobial properties due to the possession of active
compounds such as flavonoids (Tagousop et al., 2018).

Table (2): Free amino acids content (mg/100g) in shrimp samples during cold storage in ice (Mean = S.D)

Treatments
Amino X A B C D
Acid
Aspartic 2.61°+0.031 5.92* +0.052 3.29° +0.091 3.26° +0.311 2.99°+0.132
Lysine 19.45°£0.001 28.39* £0.052 22.86°+0.007 23.01°+0.331 21.79°+0.112
Valine 16.91°+0.009 19.85% +0.002 17.63°+0.112 17.82° +0.025 17.66° +0.131
Glutamic 18.19°+0.133 22.16*+0.019 20.02° +0.039 19.97°+0.032 19.35°+0.001
Histidine 71.23°40.109 98.528+0.111 80.25° £0.001 79.92°+0.231 79.01°+0.371
Glycine 213.119+0.028 281.63%+£0.233 230.92° +0.058 231.08° +£0.231 229.32° +0.036
Alanine 75.254+0.001 96.58% +0.029 79.82°+0.118 79.71°+0.192 77.98° +0.109
Leucine 15.924+0.007 20.09% £0.132 17.16°£0.123 17.28°+0.008 16.74° +0.123
Isoleucine 9.36%+0.001 16.48*+0.319 11.24°+0.142 10.99°+0.115 10.56° £0.008
Proline 146.20% +0.021 161.80° £0.025 150.28° +0.091 149.57° +0.002 149.26° £0.121
_Arginine 319.224 +0.005 426.14* £0.129 331.40° +0.118 332.01°+0.012 330.20° +0.312
Total 907.45 1177.56 964.87 962.62 954.86

X- Free amino acids content at zero time
A- Control samples after 14 days.

B- Shrimp samples treated with (CIE) after 14 days.

C- Shrimp samples treated with (CME) after 14 days.

D- Shrimp samples treated with (CME+ CIE) after 14 days.
Mean with different letter in the same row indicate significant differences between treatments (p <0.05).
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Figure (2): Changes in microbial population of shrimp during ice storage.

Microbiological evaluation

Shrimp is the most important seafood. Shortage
of transportation, storage and processing plant lead to
rapid deterioration of shrimp quality. Shrimp is highly
perishable and rapidly deteriorates post-mortem,
resulting in an obvious off-taste and soft texture
(Mastromatteo et al., 2010). The data showed that there
was an increase in the total count (log CFU/g) with an
increase of storage time in all treatments over 14 days
of storage when compared with control, while
treatments with CME or CIE was believed that it had a
greater effect on spoilage microorganisms of peeled
shrimp. Treatment with CME plus CIE was the most
effective one used on peeled shrimp. Data indicated
that the control sample reached the spoilage onset (10
CFU/g) after eight days of storage.

On the other hand, the data showed that CME
plus CIE additives prolonged the sample’s shelf life to
14 days compared to 8 days in the control sample (Fig.
2). Phuvasate and Su (2010) reported that acidic
electrolyzed water having strong antibacterial activities
against pathogenic and spoilage bacteria. Shrimp
samples coated with ice made from water mixed with
CME or CIE and their combinations registered a low
bacterial count (10* CFU/g) in all the selective media
tested. In contrast, the control sample showed the
highest bacterial load (107 CFU/g).

Pseudomonas  sp., Aeromonas sp. And
Enterobactereace can be inactivated by CME or CIE

during the ice storage of shrimp. Patel and Mohan
(2018) reported that Moringa peregrina plant parts
were identified and reported as antimicrobial,
antioxidant, anti-inflammatory and herbicidal. Leaf,
seed and extracts of moringa were incorporated as an
ingredient in meat products. It is used as an antioxidant
and preservative additive without affecting the sensory
properties of the final product (Asensi et al., 2017).
Dhayakaran et al. (2015) reported that soy isoflavones
had  antimicrobial  activity  against  Listeria
monocytogenes, Pseudomonas aeruginosa and E. coli.
Vega-Galvez ef al. (2018) found that soy isoflavones
microbial activity was against Saccharomyces
cerevisiae and Listeria sp.

Sensory evaluation

Sensory evaluation for control and treated shrimp
samples during ice storage for 14 days are presented in
Table (3). On days 0, 3, 6, 9, 12 and 14, samples were
graded and evaluated by panelists. The control
recorded the lowest scores compared to treated
samples. At day 9 of the ice storage control sample’s
score 3.0 (unacceptable) and after 14 days was 1.1
(dislike) while higher scores were obtained from the
treated samples as follows 3.5, 3.2 and 3.6 (acceptable)
for CME, CIE and CME plus CIE, respectively after 14
days of ice storage. From the previous results, it can be
noticed that no significant differences were observed at
all samples during storage time between the mean
scores of the treatments.

Table (3): Sensory evaluation scores of shrimp treatments during ice storage (Mean + S.D)

Treatments
Storage A C D
Days
0 6.6+ 0.036 6.8°+0.113 6.8+ 0.122 6.6+ 0.103
3 4.8°+0.001 5.8+ 0.025 5.6+ 0.190 5.9*°+0.111
6 4.1°+£0.126 5.3+ 0.009 5.2°+0.123 5.4°+0.022
9 3.0°+0.121 4.8+ 0.009 4.6+ 0.221 4.8+ 0.007
12 2.3°+0.101 4.1°+£0.129 4.2°+0.001 42°+£0.016
14 1.1+ 0.221 3.5°+0.010 3.2°4+0.035 3.6°+0.024

A= Control, B= CIE, C= CME, D= CIE plus CME

1: attributes disliked, 3: attributes unacceptable and 7: attributes most liked
Mean with different letter in the same row indicate significant differences between treatments (p <0.05).



Extending Shelf Life of Peeled Shrimp Using Moringa Oleifera and Isoflavones 17

On the other hand, significant differences were
found between treatments and control during the
storage period. At the same time, Asensi ef al. (2017)
concluded that moringa is incorporated in final meat
products’ acceptability. These results are agreed with
microbiological and chemical parameters.

CONCLUSION

Crude moringa extract (CME) and crude
isoflavones extract (CIE) were most active as natural
antioxidants and antibacterial in marine products.
These components can delay the chemical changes,
retard the microbial growth, maintain the sensory
characteristics, and extend shrimp’s shelf-life during
storage. CIE, CME and plant extracts can be utilized as
safe methods for preserving peeled shrimp during
storage. Generally, peeled shrimp’s shelf life in all
treatments was found to be 14 days, compared with
eight days in the control sample. Simultaneously, the
data showed that no significant differences were
observed in all samples during icing storage. From the
present study, we need further study to improve the
shrimp’s storage method to mitigate the loss of the
world’s food supply.
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