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Abstract

The effect of gamma (cobalt-60) irradiation (3 and 5 kGy) on the microbial safety and biochemical
quality of fermented Phassya Shidal, which was vacuum-packed in polyethylene bags and stored under
ambient temperature was studied by measuring microbiological and biochemical changes in six months
of storage. Gamma irradiation had significant effects (P<0.05) on the reduction of microbial populations
making the product safe and free from the possibilities of food poisoning. Coliform count was detected in
the case of irradiated samples, only after the fourth month of storage. No yeasts and moulds were
detected in irradiated samples at 3 kGy until the end of 5" month and at 5 kGy at the end of the 3 month
of storage. Salmonella spp. were not detected in all irradiated and control samples throughout the storage
period. The moisture content of control and irradiated Shidal samples (3 kGy & 5 kGy) was recorded as
38.80%, 35.86% and 34.46%, respectively and showed significant decrease (P<0.05) after irradiation.
There is increase of protein, fat and ash content after treatment. Though the biochemical analysis showed
little loss in the nutritional quality of Shidal after treatment and the subsequent storage period, yet the
products remained in an acceptable condition. As the higher doses of gamma irradiation effect the
changes of nutritional quality more, therefore, low dose irradiation i.e. 3 kGy may be recommended as a
safe preservation method for the fermented fish product Shidal.

Keywords: Irradiation, microbial safety, nutritional quality, fermented fish product, Phassya Shidal,
storage

Introduction

Fermented fish product Shidal is popular in the North eastern part of India, because of its
unique falvour and aroma, which is prepared exclusively from soft fin swamp barb, Puntius
sophore (Hamilton, 1822). But recently, it is also prepared from one estuarine dried fish
product prepared from the Gangetic hairfin anchovy, Setipinna phasa (Hamilton, 1822), and
become popular in the region, because of comparatively less price without compromising its
typical flavor and taste. Fermented Setipinna phasa is locally known as Phassya Shidal, Telash
maach etc., which is available in the markets of the region M. Phassya Shidal available in the
markets of the North eastern states of India had a high nutritive value and could serve as a
significant source of essential amino acids and polyunsaturated fatty acids, particularly n-3
series of essential fatty acids (EPA and DHA). But, the problems encountered with the market
sample of Shidal were their susceptibility to spoilage mainly due to high microbial load,
contamination with spoilage and pathogenic microorganisms like Staphylococcus aureus,
Streptococcus spp. and Escherichia coli, which are generally, associated with public health
hazards and lipid oxidation 21,

At present, there is the need to apply a technique that could yield high quality product of
Phassya Shidal with low microbial load to minimize the problem of spoilage, food poisoning
and to increase the shelf life of the product. Food irradiation carried out under conditions of
good manufacturing practice, was recommended as an effective, widely applicable food
processing method, judged to be safe on extensive available evidence that can reduce the risk
of food poisoning, control food spoilage and extend the shelf-life of foods without detriment to
health and with minimal effect on nutritional or sensory quality. This view has been endorsed
by international bodies such as the World Health Organization, the Food and Agricultural
Organization and Codex Alimentarius I,
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Radiation sensitive gram negative bacteria are mostly
responsible for spoilage of fishery products. Therefore, the
reduction of spoilage causing microorganisms by low level of
radiation leads to an extension of shelf life of fishery Products
[, Food irradiation provides safety and extends the shelf life
of fisheries products because of its high effectiveness in
inactivating pathogenic and spoilage microorganisms without
deteriorating product quality 1. The aim of this study was to
determine the effect of gamma irradiation on microbial safety
and nutritional quality in low-dose (3 and 5 kGy) during six
months storage of Phassya Shidal in vacuum packed in
polythene bag at ambient temperature.

Materials and Methods

Collection of sample & treatment of gamma irradiation
Phassya Shidal was collected from the production centres of
Nagaon and Morigaon district of Assam and brought to the
laboratory in aseptic condition. The samples were divided in
to three lots for different treatments (3 kGy and 5 kGy gamma
irradiation), sealed in vacuum packed polyethylene (300
gauge) bag. The samples were then placed separately in a
styrofoam boxes which were placed in single layer around in
irradiated chamber. One sample was kept untreated and
considered as control. Irradiation was done in a %°Co irradiator
at Bhabha Atomic Research Centre (BARC), Tromby,
Mumbai, India and samples were subjected to 3 kGy and 5
kGy irradiation. After irradiation, samples were stored at
ambient temperature for further study. The different irradiated
fermented Phassya Shidal was then analyzed for their
proximate composition (protein, fat, minerals and moisture),
biochemical and microbial quality at one month interval for
six months storage time.

Microbiological analysis

An amount of 10g of muscle from different parts of the
sample was collected aseptically and macerated with 90 ml
sterile saline (0.85%). The microbial quality of the samples
was determined after making serial dilution in the same
diluents. The microbial quality of Phassya Shidal was
determined by the methods of APHA and USFDA &7,

Total plate count on Nutrients Agar (NA) for 48 hours at 37°
C, yeast and moulds on Potato Dextrose Agar (PDA)
incubated for 72 hours at 37° C, for MPN Coliform by
multiple tube fermentation procedure using EC broth and
Lauryl Sulfonate tryptose (LST) broth, Escherichia coli on
Tergitol-7 (T-7) Agar for 48 hours at 37°C, For enumeration
of Salmonella spp., 259 of fish sample homogenized with 225
ml of lactose broth and incubated at 37°C for 24 hours for pre
enrichment. 1 ml of pre-enriched sample will be transferred to
10 ml of Selenite cystine broth and 10 ml of Tetrathionate
broth and incubated at 37°C for 24 hours for enrichment. A
loopful of enriched sample is streaked on Bismuth Sulphite
Agar (BSA) or Xylose Lysine Deoxycholate Agar (XLDA)
and incubated at 37°C for 48 hours.

Biochemical analysis

Moisture, crude protein, crude fat, ash and non protein
nitrogen (NPN) content of the Phassya Shidal were
determined by AOAC methods €1, standard methods were
used for the determination of salt soluble nitrogen (SSN) P,
total volatile base nitrogen (TVB-N) content according to the
Conway’s micro diffusion method 1%, peroxide value (PV)
was determined from the lipid extract using iodometric
method [Y, free fatty acids (FFA) value was estimated
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following chloroform extraction method 4. pH was
determined using a pH meter (Sartorius Make), after
homogenizing 59 of fish sample with 45ml distilled water.

Statistical analysis

Statistical analysis was done by performing one way ANOVA
at 5% level using SPSS-16.0 software and differences
(P<0.05) among the means were compared using the
Duncan’s Multiple Range Test (SPSS for Windows. Release
11.5. Chicago: IL: SPSS Inc, 2000) 131,

Results and Discussion

Microbial quality

The values of total plate count, coliforms count, yeasts and
moulds count, MPN E. coli and Salmonella spp. detection of
non-irradiated (control) and irradiated (3 kGy and 5 kGy)
Phassya Shidal during storage at ambient temperature are
shown in Table 1. Initial total bacterial count of the control
sample was 4.90 log cfu/g, whereas the counts in irradiated
samples at 3 kGy and 5 kGy, were not detectable. Microbial
load of irradiated samples at 3 kGy until the end of the first
month and in case of 5 kGy, until the end of the second month
were below detection level. The lowest microbial load at the
end of the sixth month of storage was related to irradiated
samples at 3 kGy and found 2.35 log cfu/g. There was a
significant differences (P<0.05) in total bacterial count
between the treatments and between storage days of the
samples. The alteration in microbial population and
composition as a result of irradiation depends on the dose of
irradiation, storage temperature, packaging conditions and
fish species used 4. Total bacterial count of degutted fresh
Pampus chinensis was affected by gamma radiation (3, 5 and
8 kGy) in combination with low temperature (- 20°C) storage.
In their study, initial bacterial load of control was maximum
(1.3x10* cfu/g) followed by 3 kGy irradiated fishes (2x102
cfu/g) and at 5 kGy and 8 kGy, the samples were completely
sterilized resulting in no bacterial growth %1, Further, the
combination of frozen storage plus irradiation resulted in
greater overall reductions of microbial loads, extending shelf
life of chicken meat for commercial application and critical
conditions 6,

In the present experiment, yeasts and moulds were not
detected in irradiated samples at 3 kGy until the end of 5™
month and at 5 kGy until the end of the 3 month of storage.
Because of some metabolite production in lipid oxidation and
bacterial growth reactions in 3 kGy and 5 kGy, the population
of yeasts and moulds increased in the fourth and fifth months
of storage. Significant differences (P<0.05) was observed in
yeast and moulds count between the treatments and between
storage days in the Shidal samples. Similarly, yeasts and
moulds were not detected in farmed rainbow trout
(Oncorhynchus mykiss) fillets irradiated at 3 kGy throughout
the frozen storage time and in irradiated samples at 1 and 5
kGy, until the end of the third month of frozen storage 1. It
has been stated that yeasts and moulds are sensitive to the
irradiation process because of their large genomic structure
(181 But, It was also reported that the gamma irradiation (3, 5
and 8 kGy) in combination with low temperature (-20° C)
storage of degutted fresh Pampus chinensis, the total mould
count (TMC) increased with the increase of storage period 91,
In the present study, coliform were detected at the end of the
second month and showed the count to be <1 log cfu/g in
control samples the product, whereas the coliform count were
detected in case of irradiated samples, only after the fourth
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month of storage. But, the count was less in irradiated Shidal
samples at 3 kGy (<1) compared to irradiated at 5 kGy (1.15
log cfu/g). Salmonella spp. we’re not detected in all irradiated
and control sample throughout the storage. There was
significant differences (P<0.05) in the coliform count
between the control and irradiated samples and between
storage days.

It was reported that no coliforms were detected in irradiated
(1.5 and 3 kGy) camel meat during refrigerated storage at -
3+1°C 9, The optimum dose of gamma radiation in order to
decrease coliforms and especially for elimination of
Salmonella spp. of red meat was obtained at 3 kGy. With an
increase in irradiation, the number of coliform decreased [,
Radiation sensitivity of non-spore forming pathogenic
bacteria such as Salmonella in meat and fishery products is
well documented [17: 19201 | ike other gram negative bacteria,
Salmonella and coliforms have a very low resistance to
radiation. Therefore, elimination of these bacteria by radiation
could be beneficial to the preservation of fish products in
view of the major role that these species play in the spoilage
of fish [7],

Biochemical quality

The proximate composition of non-irradiated and irradiated
samples of Phassya Shidal is presented in Table 2. The
moisture content of control and irradiated Shidal samples (3
kGy and 5 kGy treated) was recorded as 38.80%, 35.86% and
34.46%, respectively and showed significant decrease
(P<0.05) after irradiation. Whereas, the protein, fat and ash
content was increased after treatment, but there were no
significant differences (P>0.05) between control and
irradiated samples, with exception in ash content in the
sample. It was reported that no significant differences were
observed in moisture, protein, fat and ash content, when
meatballs were irradiated using a ®°Co irradiation source (with
the dose of 1, 3, 5 and 7 kGy) and stored (1, 2 and 3 weeks) at
4°C B, In another experiment, no significant changes in the
protein, fat, carbohydrate and ash content had been observed
in shrimp, exposed to low-dose irradiation 2. Irradiation
could lead protein to multiple excitations/ionizations within
the molecules. The absorbed energy could be transferred that
may make one site more sensitive and thus may induce bond
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breakage, thus leading to the formation of more soluble
protein. Therefore, the greater the irradiation dose applied, the
greater the protein that will be extracted 221,

The biochemical quality of control and irradiated Phassya
Shidal samples were evaluated by determining salt soluble
nitrogen (SSN), non protein nitrogen (NPN), total volatile
base nitrogen (TVB-N) & pH to know the protein quality
(Table 3) and peroxide value (PV), free fatty acid (FFA) for
lipid quality (Table 4). The SSN value was lower in the case
of irradiated Shidal samples compared to control and showed
significant difference (P<0.05) between treatments. The
higher the doses of irradiation, the lower the SSN value.
Again, the SSN content decreased significantly (P<0.05) with
the storage period (Fig 1). The NPN and TVB-N content
showed significant (P<0.05) increase after irradiation and
similar trend was observed during the storage period (Fig. 2 &
3). But, the value was more in case of 5 kGy irradiated sample
than 3 kGy and non-irradiated sample indicating the effect of
irradiation on protein quality of Shidal. Lower the dose of
irradiation, lower effect on protein quality.

In the present study, Phassya Shidal samples were vacuum
packaged before irradiation to minimize the oxidative
changes. The peroxide value and free fatty acids value were
higher in irradiated Shidal samples than non-irradiated Shidal
and the values of PV and FFA were increased significantly
(P<0.05) with storage time (Fig 4 & 5). Irradiation of lipids
and fats may produce carbonyl groups and other oxidation
products, such as peroxides. It is generally assumed that
irradiation in the presence of oxygen increases oxidative
changes. Rancidity is a sensory effect markedly perceptible
when lipids are irradiated in the presence of oxygen [,

The pH value of control sample was increased significantly
(P<0.05) during storage. It might be due to production of
volatile bases during biochemical and microbiological
changes in the samples. The pH values remain acidic in all
samples throughout the storage period. Irradiation effect on
pH of control and irradiated Phassya Shidal was not
significant (P>0.05) during treatment (Fig. 6). Irradiation
works mainly on water molecules present in the food matrix.
It does not interfere the acidity or alkalinity of the food
product 24,

Table 1: Microbial flora count fermented Phassya Shidal (0, 3 and 5 kGy treated) during storage at ambient temperature

Microbial flora ([Izgs;) - - 5 Storage tln;es (month) - - -
Total count (log 0 4.90+1.04% | 4.70+0.87% | 4.80+0.473 | 4.90+0.40%% | 517+1.02% | 5.00+0.75* | 5.47+0.65%
cfulg) 3 ND ND 1.32+0.30°Y | 1.00+0.00% | 2.00+0.17% | 2.20+0.14* | 2.35+0.25%
5 ND ND ND 2.20+0.15% | 2.80+0.16% | 3.17+0.12% | 3.70+0.28%
MPN Coliform (log 0 ND ND ND <1 1.10+0.00° | 1.30+0.10° | 1.47+0.00%

cfu/ 100 g) 3 ND ND ND ND ND <1 <1
5 ND ND ND ND ND 1.00+0.00® | 1.15+0.06%
veasts and Moulds 0 ND ND ND 1.21+0.20° | 1.14+0.08" | 1.27+0.19% | 1.30+0.30%
(log cfulg) 3 ND ND ND ND ND ND 1.00+0.00¥*
5 ND ND ND ND 1.00+0.00% | 1.14+0.00°Y | 1.23+0.11%

MPN E. coli and Salmonella spp. were absent in the irradiated Phassya Shidal throughout storage period at ambient temperature

ND = not detected; a-c means within a row, which are not followed by a common superscript letter (s) are significantly different (P<0.05); x-z
means within a column, which are not preceded by a common superscript letter(s) are significantly different (P<0.05).

Table 2: Proximate composition of non-irradiated and irradiated Phassya Shidal

Proximate Composition (%), N=3 Control Treated with 3 kGy Treated with 5 kGy P value
Moisture 38.80+1.202 35.86+0.95° 34.46+1.10° 0.03
Protein 28.15+0.802 28.31+0.282 28.55+0.602 0.85
Fat 23.25+1.15% 24.76+0.66% 25.58+0.512 0.43
Ash 7.95+0.25° 8.02+0.18° 8.56+0.66% 0.05

All values are the mean + standard deviation; Different letters (a - ¢) in the same line indicate significant differences (P<0.05).
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Table 3: Quality changes of protein of non-irradiated and irradiated Phassya Shidal during storage at ambient temperature

Parameters N=3 Storage days Control 3 KGY treated 5 KGY treated
0 6.4+0.03% 6.3+0.05% 6.1+0.02%
30 6.3+£0.02° 6.2+0.02b 6.0+0.04%
60 6.4+0.07¢ 6.1+0.06 5.9+£0.07%
pH 90 6.2+0.110p 6.0+0.05* 5.9+0.10%
120 6.4+0.03% 6.0+0.02"" 5.8+0.02%
150 6.5+0.06% 5.940.04bd 5.6+0.06%
180 6.7+£0.02° 5,8+0.070 5.4+0.08%
0 46.5+0.25% 45,2+0.32bs 43.7£0.41%
30 45.4+0.42" 44.7+0.27 42.6+0.25%¢
60 44.8+0.33 43.6+0.44> 42.0+0.21%
SSN (% of total N) 90 44.1+0.28bd 42.7+£0.61% 41.8+0.36%
120 42.9+0.15bP0 42.1+0.10ber 40.8+0.44%
150 41.4+0.350 40.8+0.41ba 38.1+0.32%
180 40.3+0.67°° 38.7+0.52° 36.9+0.75%
0 2.5+0.25% 2.6+0.37% 2.9+0.18%
30 2.8+0.5421 2.8+0.75% 3.0£0.27%
60 3.1+0.4721 3.1+0.85% 3.3+£0.6224
NPN (%) 90 3.240.22% 3.3+0.60% 3.6+0.45%
120 3.3+0.51% 3.5+0.582d 3.8+0.66%
150 3.6+0.75% 3.8+0.632d 4.0+0.35%"
180 3.7+0.408" 4.1+0.48% 4 5+0,752"
0 105.0+0.65% 106.3+0.47% 108.0+0.53%
30 107.540.29% 108.240.65% 110.4+0.65
60 110.1+0.41¥ 112.3+0.80% 114.6+1.230
TVB-N (mg%) 90 112.5+0.55% 115.0+0.39" 118.0+0.70°
120 117.4+0.35% 118.5+0.67% 121.5+0.75
150 120.0+0.722 121.8+0.44% 126.0+1.10
180 121.4+0.45% 124.4+0.50 130.7+£1.21¢Y

All values are the mean + standard deviation; a-d means within a row, which are not followed by a common
superscript letter (s) are significantly different (P<0.05); p-t means within a column, which are not preceded by a
common superscript letter(s) are significantly different (P<0.05).

Table 4: Quality changes of fat of non-irradiated and irradiated Phassya Shidal during storage at ambient temperature

Parameters N=3 Storage days Control 3 kKGY treated 5 KGY treated

0 52.6+1.10% 54.5+0.40°% 57.0+0.63%

30 53.8+0.85% 56.2+0.55" 59.2+0.31%

60 55.4+0.76% 59.0+0.65" 61.6+0.52¢

PV (meq O2/kg of fat) 90 57.8+1.05% 61.1+1.18" 64.5+1.30%
120 59.1+1.118%r 64.3+1.35b 67.7+0.35%

150 60.3+0.45% 67.0+0.50 70.2+0.41

180 59.6+0.35%" 66.5+0.47" 69.7+£0.20%

0 75.0£1.21% 76.6+0.65% 79.4+1.15%p

30 76.3+0.48% 78.1+0.52° 80.4+0.57°P

60 78.7+0.57%1 81.2+0.57P4 83.0+0.78%

FFA (% as oleic acid) 90 80.1+1.05% 83.3+0.742™ 87.5+0.49%
120 82.4+0.65% 85.5+0.66" 88.3+0.84

150 85.5+0.49% 87.0+0.70% 90.7+0.74"

180 87.2+0.60% 89.2+0.47bs 92.6+0.37%

All values are the mean + standard deviation; a-d means within a row, which are not followed by a common
superscript letter (s) are significantly different (P<0.05); p-t means within a column, which are not preceded by a
common superscript letter(s) are significantly different (P<0.05).
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Conclusion

Gamma irradiation as a preservative method has been gaining
popularity in the recent years, as it produces safe food product
for consumers. In the present experiment, gamma irradiation
with doses of 3 kGy and 5 kGy, had a significant effect on the
keeping quality of Phassya Shidal during storage in vacuum
packaged polythene bag at ambient temperature. Irradiation
process reduced the microbial load in the treated Shidal to a
greater extent, making the product safe and free from the
possibilities of food poisoning. As the higher doses of gamma
irradiation effect more in the changes of nutritional quality,
therefore, low dose irradiation i.e. 3kGy may recommended
as a safe preservation method for fermented fish products
Shidal and irradiation may be a good alternative of fish
preservation method.
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