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A B S T R A C T

The objective this study was to assess the effect of gamma radiation and 2% potassium sorbate with low tem-
perature (4 �C) for shrimp (Penaeus monodon) preservation. Fresh samples were prepared for treatment with
gamma radiation at 1.0 and 1.5 kGy doses and potassium sorbate (2%) soaked for 30 s (PS 30 s) and 60 s (PS 60 s).
Organoleptic score (OS), biochemical composition and microbiological analysis were performed to evaluate the
shelf-life extension and quality changes during the storage periods. Data showed that combination treatment of
gamma irradiation at 1.5 kGy with low temperature was the most effective in extending shelf-life of shrimp. The
isolated bacteria associated with shrimp samples were identified through PCR technique. Antibiotic sensitivity
test was examined using ten commonly used antibiotics against these pathogenic isolates. Gentamicin and Imi-
penem showed up to 50% resistance on Gram-positive (Bacillus cereus and Staphylococcus aureus). This study
indicates that gamma irradiation treatment with low temperature was most effective way for shelf-life extension
of shrimp which might reduce the wastage of this important nutritional source.
1. Introduction

In Bangladesh, there are 401 species of marine fish and ranked as the
fifth-largest aquaculture producing nation [1]. Fish farming has shown
rapid growth with a critical role in Bangladesh's economy, becoming the
second-largest export industry after garments [2]. The shrimp culture
contributes 71.4 % to the total national production [3] which is one of
the key exports items of Bangladesh and makes up about 70% of the total
agricultural exports. That is why shrimp is usually referred to as “White
Gold” in Bangladesh. Total shrimp and prawn production has been
increased from 1,60,000 metric ton in 2002-03 to 2,41,000 metric ton in
2019-20 and its growth rate is 0.59%. At present, the world market de-
mand for shrimp is increasing day by day. A significant area of the
southern part is under cultivation of shrimp culture, contributing 3.78%
of GDP [4]. Various methods have been proposed to preserve shrimp
such as, chilling and ice storage, organic acids, modified atmosphere
packaging [5], and ionizing radiation [6]. In order to preserve fish and to
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extend their shelf-life effectively, new technologies must be developed.
Gamma irradiation is used as a safe and effective treatment for fish
preservation as basic compositions are not significantly affected at ra-
diation doses up to 10 kGy [7]. Use of gamma irradiation with low
temperature might be useful to extend the shelf life and to improve the
quality of shrimp. Generally, food preservatives are used for prevents
mold and yeast growth and ultimately increase the shelf-life of the
products. Potassium sorbate has been widely used as a food preservative
that does not affect color, taste, or flavor of the food samples. It has been
reported as an effective chemical preservative against yeasts, molds, and
selected bacteria to extend the shelf-life of certain seafood [8, 9].

On the other hand, refrigeration processes slow down the enzymatic
activities of the spoilage organisms and decrease their biochemical re-
actions [10]. Freezing temperature kills some but not all of the micro-
organisms. Therefore, the combination of irradiation, potassium sorbate
and low temperature treatments for shrimp preservation may result in
synergistic effects on microbial status. The purpose of this study was to
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understand the effect of gamma radiation and potassium sorbate at low
temperature on the sensory quality, biochemical composition, tyrosine
value (TV) and microbial load to extend the shelf-life of shrimp. This
study was also included isolation, PCR identification as well as antibiotic
sensitivity tests to characterize isolated spoilage pathogenic bacteria
from the tested shrimp sample.

2. Materials and methods

2.1. Collection and preparation of samples

The shrimp (Penaeus monodon) sample was from a local market in
Patuakhali, District at 22.3542�N, 90.3181�E.. All the samples were
brought in to the laboratory of Food Safety and Quality Analysis Division
(FSQAD), Institute of Food and Radiation Biology (IFRB) in a sterile
icebox under aseptic condition. After that, all the shrimp samples were
cleaned, de-headed, peeled out the shell and removed intestines and tails.
Then total shrimp samples were allotted into five different groups
(control, 2% potassium sorbate treated for 30 and 60 s and irradiated
with 1.0 and 1.5 kGy) and packed in a zip lock poly bag. Each bag con-
tains 10–12 pieces (approx. 60–65 gm) of shrimp. One part of the samples
were irradiated such as 1.0 kGy and 1.5 kGy. Another parts were applied
with 2% potassium sorbate dipping processes with 30 s and 60 s. All
treated and control samples were stored at 4� C. The applied radiation
doses were selected from reference articles [11].

Biochemical, chemical, microbiological and organoleptic analyses
were carried out at weekly intervals.

2.2. Irradiation

The irradiation process was carried out at the Gamma Source Divi-
sion, Institute of Food and Radiation Biology (IFRB), AERE, Savar, Dhaka.
To administer 1.0 and 1.5 kGy gamma radiation, shrimp samples were
placed in an irradiation box (20 � 8 � 18) cm3, covered with ice packs.
These does were selected based on previous studies that showed irradi-
ation with low doses were effective to extend shelf-life of fish and fishery
products [12]. The box was taken to the irradiation room and subjected
to irradiation at one side due to its low density.

Ceric-Cerous dosimetry system was used and the doses were
measured by Potentiometer [13]. The dose rate was 8.34 kGy/hrs and the
dose uniformity ratio was 1.04.

2.3. Proximate analysis

2.3.1. Estimation of moisture
Moisture content was determined by AOAC, 2005 [14]. About 5.0 gm

of sample was taken into petri dishes dried in a hot air oven (Noberthem,
30–300� C) maintained at 105 �C for about 6–8 h till two successive
weighing gives a constant weight. The moisture content (%) was calcu-
lated by the following equation Eq. (1):

Percentage
�
%
�
of moisture ¼ Initial weight � Final weight

Sample taken
� 100

(1)

2.3.2. Estimation of protein
The protein content of shrimp sample was determined by using the

Micro-Kjeldahl technique. This involves the oxidation of the sample with
Iron ð gm
100 gm

Þ ¼ OD of sample � 0:1 � Total volume of ash so
OD of standard � 5 � weight of sample taken f o

2

sulfuric acid in the presence of a catalyst and then the formation of
ammonium salts and amines from the nitrogen components of the sam-
ple. The solution thus obtained in alkaline containing amines and
ammonia and is distilled into standard acid. The solution is then back
titrated with standard alkali and the amount of nitrogen of ammonia was
calculated. The nitrogen value is multiplied by 6.25 to give the value for
crude protein.

2.3.3. Estimation of lipid
The lipid content was determined using AOAC 2005 [14] method.

Five grams of the sample with an adequate number of powders were
ground gently by a pestle. Ten milliliter of chloroform-methanol (2:1)
mixture was added to the above sample and homogenized properly.
The sample was then collected into a pre-weighted test tube after being
filtered with a filter paper. Subsequently, 4% CaCl2 (1 ml) solution was
added and kept it overnight. Then the supernatant was separated from
the upper portion of the test tube and kept in the oven till up to drying
of the mixture. After drying out the solution, the test tube was again
weighted. The lipid content was calculated by using the following Eq.
(2):

Percentage
�
%
�

of Lipid ¼ Initial weight�Final weight of the test tube
Weight of sample taken

�100

(2)

2.3.4. Estimation of ash
Ash was determined by incineration of shrimp at 600 �C for 4–5 h,

depending on the method used [15]. About 5 gm of the sample was
weighed into a pre-weighed crucible over a low flame till completely
churned. Then the churned sample was kept in an electric muffle furnace
for 3–5 hrs at about 600 �C to ash completely white or grayish-white in
color. Then, cooled in a desiccator and weighted again. This was repeated
until two consecutive weights for each sample were the same in weight.
The ash content was calculated by using the following Eq. (3):

Ash content ð gm
100 gm

Þ ¼ Weight of the ash
Weight of the sample taken

� 100 (3)

2.4. Preparation of mineral solution

The ash (obtained from the previous experiment) in the crucible was
moistened with 1 ml of distilled water added with 4 ml of HCl. In a hot
water bath, the mixture was then evaporated until dry. Another 4 ml of
HCl was added and the solution was evaporated to dryness as before then
4 ml of HCl and a few ml of distilled water were added and warmed the
solution over a boiling water bath. Then, the solution was filtered into a
100 ml volumetric flask. After cooling the volume is made up to 100 ml
with distilled water. For the estimation of calcium and phosphorus, this
mineral solution was used.

2.4.1. Estimation of iron
Iron determination in the shrimp sample, was measured by convert-

ing the iron to ferric compound. Sample (5 ml) was taken with 0.5 %
concentrate sulfuric acid, then 1 ml potassium persulphate, 2 ml potas-
sium thiocyanate and 6.5 ml water were added which made the volume
at 15 ml in total. Then the final solution was measured of iron density at
480 nm [16] and calculated by using the following Eq. (4):
lution
r ashing

� 100 (4)
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2.4.2. Estimation of calcium
Calcium was determined by precipitating it as calcium oxalate and

following by titration the solution of oxalate in dilute sulfuric acid
against standard potassium permanganate [16]. At the first, 25 ml so-
lution was diluted in 100 ml of distilled water. Subsequently, 2 drops of
methyl red indicator were added, andmixedwith neutralizing agent until
the pink color changed into yellow color. After that 5 ml of 6% ammo-
nium oxalate was added and allowing boiling for a short while, then
added few drops of glacial acetic acid until became yellow to pink. The
mixture was kept in a warm place to settle down the precipitation. Then
precipitation was filtered through filter papers and rinsed in warm water
until the oxalate was removed. A drop of ammonium oxalate solution was
added to the supernatant to ensure that the precipitation was completed.
Then precipitate was filtered and transferred into a beaker and diluting
about 10 ml (2 N) H2SO4. The solution was heated to about 700C and
titrated against N/100 KMnO4 solution to deep brown color. The calcium
content was calculated by using the following Eq. (5):
Calcium content ð gm
100 g

Þ ¼ Titrating value � 0:1 � Total volume of ash solution
Volume taken f or estimation � wt: of sample taken f or ashing

� 100 (5)
2.4.3. Estimation of phosphorus
One milliliter of mineral solution was taken and was added to 1 ml

ammonium molybdate, 1 ml hydroquinone and 1 ml of Na2SO3 solution.
Then, the solution was mixed well by shaking. The volume is then made
up to 15 ml with distilled water and mixed properly. After 30 min, the
optical density of the solution was analyzed by using a photoelectric
colorimeter, at 660 nm. The phosphorus content was calculated with a
standard phosphate curve which ranges from 0.01–0.1 mg.
Table 1. The hedonic scale (Nine-points) for assessment of organoleptic score of
2.5. Organoleptic score (OS)

Organoleptic study protocol was checked and approved by the
Research Ethical Committee (REC), Department of Food Microbiology,
Patuakhali Science and Technology University, Bangladesh (Project No:
FMB:01/07/2017:0011). Sensory analysis to assess the freshness or shelf
life of the preserved shrimp and consumer's acceptance was determined
by five skilled food scientists and performed through nine point's hedonic
scale according to the Qualitative Content Analysis of QDA method [17].
The samples were presented to them without being informed about the
treatments and requested to scoring them according to their physical
characteristics such as appearance, color, odor, and texture. Finally,
average data of acceptability by the panelists on individual attributes
were determined. The hedonic scale was as follows: 1—Dislike
extremely; 2—Dislike very much; 3—Dislike moderately; 4—Dislike
slightly; 5—Neither like nor dislike; 6—like slightly; 7—like moderately;
8—like very much; and 9—Like extremely, where the limit of accept-
ability was set as a 5 (Table 1).
food samples.

Sl. No. Grade Score

1 Like extremely 9

2 Like very much 8

3 Like moderately 7

4 Like slightly 6

5 Neither like nor dislike 5

6 Dislike slightly 4

7 Dislike moderately 3

8 Dislike very much 2

9 Dislike extremely 1
2.6. Estimation of tyrosine value (TV)

Tyrosine value was used to evaluate the degree of autolysis and
bacterial proteolysis in shrimp. Tyrosine value was calculated using the
method of Wood [18]. Two gram of sample homogenized with 40 ml of
5% trichloro acetic acid solution. After homogenization for 2 min, the
macerated mixture was filtered through Whatman filter No. 1. Then, 10
ml of 0.5 (N) sodium hydroxide and 3 ml of diluted Folin Cioculteau's
reagent was taken in to 5 ml of diluted filtrate mixture. Following, 5 min
of waiting, the optical density (OD) was measured at 660 nm. The TV
value was calculated from the standard curve as mg/l00 g.
3

2.7. Estimation of microbial count

To evaluate microbial loads, 10 g of shrimp samples were transferred
into 90 ml of (0.9% NaCl) normal saline solution and homogenized.
Serial dilutions were performed from 10�1 to 10�8 by transferring 1 ml
of each sample to 9 ml of NaCl solution (0.9%). There were three
different selective agar media were used to isolation of microbial loads
such as Nutrient agar for TBC, MacConkey agar for TCC, and Mannitol
Salt Phenol Red Agar media for TSC were prepared following manu-
facturers' recommendations. Hundred μl or 0.1 ml from the dilution was
inoculated onto specific culture media and incubated plates at 37 �C for
24 h to 48 h. After incubation, individual colonies had been counted
and multiplied with the average number of colonies through the dilu-
tion factor to calculate the microbial load. Total counts were determined
by standard spread plate technique described by Cappuccino and
Sherman [19]. All analysis was done in triplicates and expressed as
log10 (cfu/g).
2.8. Physiological and biochemical identification of bacterial isolates

For proper identificationof the isolatedbacteria, different biochemical
tests were applied. The Catalase test for catalase enzyme activity, Methyl
Red test, Voges-Proskauer test for determination of fermentation pathway
where glucose was used in the mixed acid fermentation pathway process,
and Citrate utilization test were performed to determine the organism's
ability to utilize citrate as its carbon source. Indole test was applied for
determining the ability of the organism to convert tryptophan into indole,
Carbohydrate fermentation test for utilized certain types sugar, Nitrate
reduction test was used for differentiating bacterial species according to
their capacity to convert nitrate to nitrite or nitrogenous gases, Starch
Hydrolysis test used for to observed starch degradation ability, and
Hydrogen Sulfide (H2S) production test was used for determination the
sulfide compound during their metabolisms [19].

2.9. Molecular identification of bacterial species

2.9.1. DNA extraction and purification
Bacterial genomic DNA was extracted from found bacterial isolates

(1.50 ml) using the Phenol: Chloroform: Isoamyl alcohol (25:24:1)
extraction of boiling method [20]. Obtained pellet was completely dried
and then added 50 μl TE buffer and 7 μl of RNAse which produce a total
volume of 57 μl. Extracted DNA was stored at -20 �C until required for
PCR. DNA concentration was measured by using of a NanoDrop™ 2000



Table 2. Biochemical compositions of collected shrimp.

Moisture
(%)

Protein
(%)

Lipid
(%)

Ash
(%)

Iron
(mg/
100 g)

Calcium
(mg/100
g)

Phosphorus
(mg/100 g)

78.0 � 00 22.93 �
0.23

0.86 �
0.23

1.0 �
0.00

3.83 �
0.67

728.0 �
43.10

567.5 � 9.2
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spectrophotometer (Thermo Scientific™) at 260 nm wavelength. Rratio
of absorbance at 260 nm– 280 nm was used to measure isolated DNA
purity.

2.9.2. PCR amplification
Polymer chain reaction (PCR) was performed for all of the extracted

DNA samples using a thermocycler (Eppendorf, Germany). The universal
primer 27F (50-AGAGTTTGATCATGGCTCAG-30) as forward and 1492R
(50-GGTTACCTTGTTACGACTT-30) as a reverse primer was used for the
amplification of DNA fragment for nine isolated bacteria. PCR was per-
formed in volumes of 20 μL, containing PCR master mix 10 μL, nuclease-
free dH2O 6 μL, 1.0 μL of forward primer, 1.0 μL reverse primer, and 2 μL
DNA template. PCR was running following the setup as initial denatur-
ation for 5 min at 95 �C; 30 cycles of denaturation for 30 s at 95 �C,
annealing for 1 min at 57 �C, and extension for 3 min at 72 �C; the final
extension at 72 �C for 15 min, followed by cooling at 4 �C until the
sample was recovered. PCR products were separated in the 2% gel
electrophoresis and finally DNA bands were visualized with ethidium
bromide by using UV transilluminator. A Promega PCR clean-up kit was
used to remove primers and extra nucleotides from the amplified DNA. .

2.9.3. Sequencing of B. cereus 16S rRNA
BigDye Chain Terminator version 3.1 Cycle Sequencing Kit (Applied

Biosystems, USA) and ABI PRISM 310 automated sequencer (Applied
Biosystems, USA) used to detect the species specific sequencing regions
of PCR products according to the manufacturers’ instructions. In brief, a
master-mix was prepared in a tube and mixed by a vortex machine. A
volume of 2.0 μL of 5X sequencing buffer and 1.0 μL of BigDye ready
reaction mixture and 0.32 μL of individual primer (forward or reverse),
3.5 μL of PCR products and 13.18 μL of nuclease-free water was added
into the volume and make 20 μL in total. Samples were vortexed and
centrifuged and then PCR strip was placed in a cycle sequencing machine
(Mastercycler® gradient, USA Scientific) and the PCR cycling profile were
pre-denaturation at 94 �C for 1 min; 25 cycles of denaturation at 94 �C for
10 s, annealing at 58 �C for 5 s and extension at 60 �C for 4 min; and a
final extension at 60 �C for 10 min. The tubes were subjected to capillary
electrophoresis through (denaturing) POP-6TM polymer sequencing
machine (ABI PRISM® 310 Genetic Analyzer).
Figure 1. Organoleptic score (OS) of control, irradiation (1.0 kGy and 1.5 kGy)
and potassium sorbate (PS 30 s and PS 60 s) treated samples during storage at
4 �C.
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2.10. Antibiotic sensitivity test

All isolated bacteria were tested for antimicrobial susceptibility tests
on Mueller–Hinton agar through using a standard disc diffusion method.
The protocol was performed as follows: a 24 h bacterial culture broth was
swabbed in Mueller-Hinton agar's whole surface with a sterile cotton
swab and then antibiotic disks were placed in to the specific placed on the
media. After that all plates were incubated at 37� C for 18–24 h. A
Standard scale was used measure the clear zones of growth inhibition
surrounding each antimicrobial agent disk in millimeters. Each bacterial
species which was cultured on specific culture media was classified as
Sensitive (S) and Resistant (R) in Mueller-Hinton agar against commer-
cially available antimicrobial (10) sensitivity discs including gentamycin
(30 μg), ampicillin (10 μg), erythromycin (30 μg), amoxicillin (10 μg),
ciprofloxacin (10 μg), amikacin (30 μg), chloramphenicol (20 μg), peni-
cillin (6 μg), tetracycline (30 μg), and imipenem (10 μg).

2.11. Statistical analysis

Descriptive statistics were done for all of the data obtained. All in-
vestigations were performed three times with triplicates of each sample
and expressed as average with a standard deviation (SD). One way-
ANOVA was done to see the differences among the samples. Significant
differences among the averages were performed by the Duncan test and
least significant difference (LSD) with a significance level of P < 0.05.
Correlation coefficients among the entire samples were performed using
Pearson's correlation with the help of Microsoft software SPSS version 25
(SPSS Chicago, IL).

All methods are completely supervised under all the authors’ full
supervision and contributions. So, it is informed consent was obtained
from all participants for our experiments.

3. Results and discussion

3.1. Proximate analysis of shrimp samples

Proximate composition of raw shrimp was performed. Data is shown
in Table 2.

Moisture content of shrimp was found to be 78.00 � 00%. It has been
reported previously that fresh shrimp contains up to 75–80% moisture
[21]. Similar results were reported in other experiments with moisture
values ranging from 73.91 to 78.2% [22, 23]. Nisa and Sultana (2010)
were found 74–77% moisture in the muscle of matured shrimp (Fenner-
openaeus penicillatus) [24]. In contrast, Abdel-Salam et al. (2013)
observed the moisture content near about 42.88 and 40.68 � 2.28% in
male and female of P. indicus respectively [25].

The Protein content was found to be 22.93 � 00.23% in the tasted
shrimp. In previous studies, the protein content of shrimp reported to be
ranges from 17% to 21% depending on their species [21, 26]. Similarly,
17.70–18.71% of protein were found in four different species of shrimp
[27] In contrast, Liu et al., (2021) was found lower protein content
(12.33–15.09%) in five different species of shrimp [28]. High crude
protein content in shrimp indicates its premium quality. Enhanced pro-
tein synthesis during the active growth period of shrimp might be
responsible for the higher protein content [29, 30].

Meanwhile, the lipid content was found to be 0.86 � 00.23%. Fresh
water prawns are regarded as very low fat contained seafood (less than
5%). Bragagnolo and Rodriguez-Amaya (2001) found lipid levels ranging
from 0.9% to 1.0% of shrimp [32]. Whereas, the higher level of lipid
1.78%was found in E. annandalei species of shrimp [33] compared to the
lipid content obtained in the present study. On the hand, lower level of
lipid (0.10%–0.30%) was found in shrimp (A. antennatu) [34]. The lipid
content of shrimp could vary due to their unique food consumption and
environmental conditions [33].

In the present study, 1.0 � 00% ash was recorded. Yanar and Celik
et al. (2006) obtained 0.95 and 1.47% of ash in black tiger and white



Figure 2. Tyrosine value of control, radiation ion (1.0 kGy and 1.5 kGy) and potassium sorbate (PS 30 s and PS 60 s) treated samples during storage at 4 �C.

Table 3. Average scores (mean � SD) of microorganisms of shrimp (Penaeus
monodon) during storage. Duncan test was performed according to a,b,c,d,e ¼
Day wise, A,B,C,D,E ¼ Treatment wise. Different superscript letters indicate
statistically significant (p < .05) result.

Sample Count of viable
microorganism (cfu/g)*

Storage period (Days)

0 7 14 21 28

Control TBC 4.07aE 5.11aE 6.32aC 7.47bC 8.67cE

TCC 2.00aD 2.74aD 3.50aC 3.69bE 4.71cE

TSC 2.49aC 2.65aD 3.81bE 3.84cD 4.57dD

Rad
1.0kGy

TBC 3.49aB 4.56aB 5.30aA 6.39bA 7.23cB

TCC 1.49aA 1.77aA 2.25aA 2.63bB 3.46cB

TSC 1.23aA 1.83aA 2.49bB 2.85cB 3.77dB

Rad
1.5kGy

TBC 3.25aA 4.17aA 5.20aA 6.32bA 7.11cA

TCC 1.00aA 1.60aA 2.00aA 2.27bA 3.00cA

TSC 1.04aA 1.82aA 2.11aA 2.69bA 3.74cA

PS 30
sec

TBC 3.90aD 4.84aD 5.39aB 6.46bB 7.54cD

TCC 1.60aC 2.11aC 2.81bB 3.17bD 3.46cD

TSC 1.38aB 1.97aC 2.79bD 2.99cC 3.86dD

PS 60 TBC 3.77aC 4.74aC 5.34aB 6.43bB 7.47cC
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shrimps respectively [21]. While, Nguyen et al. (2019) found 1.35 �
0.05% in male and 1.46 � 0.21% in female freshwater prawn [31]. In
L. vannamei and L. stylirostris contained higher level of ash such as 2.26�
1.66% and 2.30 � 0.71% respectively [35]. The wide range of ash con-
tent is likely related to the inclusion of bone or shell as edible parts in
some species [23].

In our study, calcium (Ca) content was found to be as 728.0 mg/100g
in shrimp muscle and shell which was much higher than other research
findings [23, 36, 37]. However, Ca quantity may vary according to their
sex, size, eating habits, molting stage as well as reproductive stage of the
life cycle within and in between species to species [34].

The phosphorus (P) content was found to be 567.5 mg/100g in
shrimp muscle and shell. P content of L. vannamei and F. indicus, the P
ontent were found to be 215.39 to 251.46/100g respectively in tissues
[36]. But P ranges 82.4 mg/100 g to 91.5 mg/100 g in shell and flesh of
P. indicus species [38].

In this study, the iron content was found to be 3.83mg/100g in tested
shrimp. Previously, in the study of Bogard et al. (2015) observed the iron
content 2.6 mg/100 g in Harpiosquilla raphidea. Iron contents in shrimp
might vary due to accumulation of iron based on different environmental
conditions [23].
sec TCC 1.47aB 2.00aB 2.77bB 3.07cC 3.92dC

TSC 1.59aB 2.07aB 2.87bC 3.14cC 3.96dC

Duncan test was performed according to a,b,c,d,e ¼ Day wise, A,B,C,D,E ¼
Treatment wise.
*TBC ¼ Total bacterial count; TCC ¼ Total coliform count; TSC ¼ Total staph-
ylococcal count; PS 30 s¼ 30 s dip in 2% potassium sorbate; PS 60 s¼ 60 s dip in
2% potassium sorbate; Rad 1.0¼ Radiation dose 1 kGy; Rad 1.5¼ Radiation dose
1.5 kGy.
3.2. Organoleptic score (OS)

The organoleptic score of control, PS 30 s and PS 60 s, as well as irra-
diated (1.0 kGy and1.5 kGy) sampleswere investigatedduring the storage
periods based on hedonic scores. Overall acceptability was determined
through a 9-point hedonic scale, as appearances, colors like reddishwhite
to fade blue-green color; odours changes from no odour to strong off-
odour, textures (from firm to soft) were evaluated. Hedonic scale data is
shown in Table 1. Scores below 5 points were considered unacceptable.
Initially, all the samples showed higher OS, during the storage period in-
creases the organoleptic score values were decreased significantly due to
the autolysis, and proteolytic changes of shrimp as a result off-color, and
off-odour. For instance, the highest OS was found in 1.5 kGy treated
sample, whereas the lowest score was obtained in the control (Figure 1).

The OS was significantly different for both treatments [4.99 (p ¼
0.009)] and days [33.62 (p < 0.001)]. The OS evaluation thereby
revealed that the irradiated samples had more acceptability than other
samples which was supported by Sheuty et al. [8]. The OS of potassium
sorbate treated shrimpwas less than the irradiated samples. This could be
as a result of protein and lipid related chemical interactions that resulted
in negative modifications to the nutritional and sensory qualities [39,40].

The acceptable limit of the sensory score is 5 for storage periods,
according to Miyachi et al. [41]. In the case of shrimp, control, radiation
5

(1 kGy and 1.5 kGy) and potassium sorbate (PS 30 s and PS 60 s) treated
samples were remained acceptable for up to 7, 21, 21, 14 and 14 days of
storage at 4 �C, respectively.

3.3. Chemical (tyrosine value) change of shrimp

Tyrosine value (TV) is an indicator of protein degradation in fish
samples. Therefore, we conducted this experiment to assess protein
degradation (autolytic and bacterial proteolysis) during preservation of
shrimp. Data is shown in Figure 2. The tyrosine content was found to
increase with the increasing of storage periods. It was observed that the
increasing of tyrosine value was lower in irradiated sample (1.5 kGy).
Tyrosine concentrations could have increased as a result of shrimp
hydrolysis caused by bacterial proteolysis and inborn tissue enzymes
[42].



Table 4. Correlation among OS, TV, TBC, TCC and TSC of Shrimp (Penaeus monodon) at different treatments during storage at 4 �C temperature.

Control PS 30 s PS 60 s 1 kGy 1.5 kGy

OS TV TBC TCC TSC OS TV TBC TCC TSC OS TV TBC TCC TSC OS TV TBC TCC TSC OS TV TBC TCC TSC

Control OS 1

TV �.830** 1

TBC �.937** .971** 1

TCC �.948** .961** .998** 1

TSC �.750* .990** .933** .919** 1

PS 30 s OS 1

TV �.951**

TBC �.994** .964** 1

TCC �.960** .996** .975** 1

TSC �.959** .997** .974** 1.000** 1

PS 60 s OS 1

TV �.975** 1

TBC �.995** .962** 1

TCC �.942** .923** .966** 1

TSC �.935** .919** .960** .997** 1

1 kGy OS 1

TV �.868** 1

TBC �.971** .959** 1

TCC �.914** .983** .975** 1

TSC �.956** .959** .988** .991** 1

1.5 kGy OS 1

TV �.748** 1

TBC �.945** .920** 1

TCC �.914** .918** .977**

TSC �.891** .925** .974** .989** 1

Abbreviations: OS: Organoleptic score, TV: Tyrosine value, TBC: Total bacterial count, TCC: Total coliform count, TSC: Total Staphylococcus count.
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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Figure 3. Phylogenic tree of B. cereus.
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3.4. Microbiological analysis

Standard plating methods were used to determine the TBC, TCC, and
TSC loads. The obtained data is shown in Table 2. The TBC value was
found to be 4.07 log cfu/gm in control at zero-day. After 28 days of
storage TBCwere increased and excessed the acceptable range as 8.67 log
cfu/gm of control. Meanwhile, the treated samples of both radiation and
potassium sorbate with low temperature showed lower count which were
3.49 log cfu/gm (1.0 kGy) and 3.25 log cfu/gm (1.5 kGy), 3.90 log cfu/
gm (PS 30 s) and 3.77 log cfu/gm (PS 60 s). The results showed that TBC
were reduced gradually in both irradiated and potassium sorbate treated
samples than that of control (untreated) sample which has similarity with
previous studies [42, 43]. For the purpose of extending the shelf-life of
fresh fish, radiation doses between 1 and 3 kGy have been proposed [44].
The bacterial count of irradiated fish samples were lower than
non-irradiated samples at 4 �C storage times, which is similar result of
previous study [45]. The antibacterial effect of potassium sorbate, which
prevents bacterial spore production in fish fillets, may account for the
decreased count of TBC in the samples [45].
Figure 4. Antibiotic Sensitivity Test against
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On the other hand, TCC values of 2.0, 1.60, 1.47, 1.0 and 1.49 log cfu/
gm was observed in control, PS 30 s, PS 60 s, 1.0 kGy and 1.5 kGy
respectively. During 21 days of storage, TCC values were increased
gradually for all samples. TCC values were significantly different among
the treatments [3.44 (p¼ 0.023)]. Obtained results in this study revealed
that irradiation has good impact on the elimination of TCC. The
decreasing effect of radiation on TCC load in shrimps is in agreement
with several studies [46, 47].

In this study, potassium sorbate treated samples also reduced TCC
values than control samples. Similar data of potassium sorbate treated
samples observed in reducing the growth of TCC after 7 days storage time
[48]. According to ICMSF (1986) guideline, acceptable total coliform
count for fish is less than 500 cfu/g [49].

In this study, the TSC values were 1.23 log cfu/gm and 1.04 log cfu/
gm for irradiated samples of 1.0 kGy and 1.5 kGy, respectively. Mean-
while, 1.3 log cfu/gm and 1.59 log cfu/gmwere found for PS 30 s and for
PS 60 s respectively (Table 3). The TSC value was significantly different
among the tested treatments [3.04 (P ¼ 0.037)] for shrimp preservation.
All of the treated samples remained acceptable up to 21 days of storages
isolated bacterial strains from shrimp.
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in case of TSC. These data was in agreement with previous studies that
reduced TSC level and complete reduction during irradiation treatment
[50].
3.5. Correlation analysis

Correlation coefficients among all the treated and untreated samples
were performed by the Pearson's correlation. A strong significant corre-
lation among OS, TV, TBC, TCC and TSC were found during storage
(Table 4). OS was negatively correlated with TV. All the samples showed
an increased level of TV with the decreased level of OS that might be due
to protein oxidation. A positive correlation among TV, TBC, TCC and TSC
were found in all the samples. Furthermore, TBC, TCC and TSC have been
showed a strong negative correlation with OS (p > 0.01) which leads to
quality degradation of shrimp.
3.6. Polymerase chain reaction (PCR) assay

In this study, molecular technique including PCR was performed to
identify isolated strains responsible for shrimp spoilage. PCR data is
shown in supplementary SF Table 1. Gel electrophoresis image showed a
1492 bp length DNA amplified PCR product in Lanes 1–9 for isolated
bacterial strains.

3.6.1. 16S rRNA sequence of for conform identification of strains
A total of 11 bacterial isolates had initially been identified using 16S

rRNA molecular markers. These identified genera, there was a wide
range of spoilage bacteria such as Gram-negative rods, cocci as well as
Gram-positive cocci including Lactococcus lactis, Klebsiella pneumonia, E.
coli, B, cereus, Enterobacter, Staphylococcus aureus, Pseudomonas, Salmo-
nella, Shigella, Micrococcus, and Alcaligenes. Each strain yielded a set of
high-quality 16S sequences, for example 1495 bp for B. cereus (Figure 3).
3.7. Antibiotic sensitivity test

In this study, antibiotic sensitivity test was conducted to evaluate the
resistance of isolated bacteria associated with shrimp for their further
disease formation as well as treatment management. Obtained data is
shown in Figure 4. Results showed that more than half of the Gram-
positive isolated strains showed up to 75 % resistance to Ampicillin,
Amoxicillin, and Amikacin. All of them are second-third generation an-
tibiotics (Figure 4). In contrast, all of the Gram-negative bacterial isolates
gave 75% sensitivity to these antibiotics. However, only Erythromycin
and Penicillin were found to be 100% resistant to all Gram-positive and
Gram-negative bacteria.

In the previous study, all of the Gram-negative strains isolated from
shrimp showed resistance to Ampicillin and Amoxicillin, Chloramphen-
icol and Tetracycline [51, 52].

4. Conclusions

P. monodon is a nutritionally enriched fish containing low-fat, good
protein as well as minerals. In this study, the best method for increasing
shelf-life of shrimp was found to be irradiation (1.5 kGy) with low
temperature (4 �C). Irradiated samples stored at low temperature were
acceptable up to 21 days based on OS and Tyrosine values as well as
microbial data. Shrimp samples showed the presence of pathogenic
bacteria. Antibiotic sensitivity test data showed resistance for all of the
Gram-positive isolates with third-fourth generation antibiotics. This
study revealed that irradiation treatment with low temperature was
effective for shrimp preservation in terms of safety and quality perspec-
tive. However, further research should be done to evaluate cost effective
analysis of these techniques for commercial shrimp preservation in large
quantity.
8
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