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Spiny eel (Mastacembelidae) had good nutritional value. As fatty fish, spiny eel could not be stored for
long time under cool storage. It became spoilage quickly not only by lipid oxidation but also microbial
invasion. Hurdle effect by combining physical technique and chemical agent could be considered as an
emerging alternative to overcome these matters. This research evaluated the feasibility of gamma
irradiation and peracetic acid to form a synergistic effect in prevention against rancidity and
microorganism proliferation on spiny eel. The fish was irradiated with 0+10 kGy, peracetic acid with
10+30 ppm and kept under refrigerated temperature at 4°C for 20 days. In 5 day-interval, samples were
taken to analyze the total volatile base nitrogen (TVB-N), trimethyl amine nitrogen (TMA-N),
thiobarbituric acid reactive substances (TBARS), total plate count (TPC) and overall acceptance.
Results showed that A combination of gamma irradiation at 5+10 kGy and peracetic acid at 10+30 ppm
created a synergistic effect to extend fish quality and stability for long-term consumption in acceptable
limit.
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INTRODUCTION rancidity could happen even in low-fat fishes,

Rancidity was a serious problem in oily fish
storage. In fact, the stability of frozen oily fish
normaly ended with the onset of rancid flavors.
Volatile components derived from the breakdown
of lipid hydroperoxides were responsible for rancid
flavors and aromas. An increase in free fatty acid
lipolysis resulting from the enzymatic hydrolysis of
esterified lipids happened in fish tissue post-
mortem  (Bremner, 2002). The rate of
hydroperoxide formation correlated to lipid
oxidation in its early stages. Aldehydes, ketones
and secondary compounds were created by
hydroperoxide reaction which would be
determined by using the thiobarbituric acid test
(Rodriguez-Turienzo et al. 2011). Oxidative

depending on the fatty acid composition. It also
occured in raw, refrigerated and frozen storage
(Monteiro et al. 2012; Indergard et al. 2014; Qiu et
al. 2014).

Gamma irradiation was a physical treatment
involving direct exposure to electron or
electromagnetic rays (Muhammad and Hesih,
2017). DNA molecules underwent swelling and
broke alongside the chain, preventing them from
functioning normally (Lacroix and Ouattara, 2000).
It had been proven as non-thermal process not
only satisfying the food safety but also extending
its shelf-life in inactivating pathogens without any
degradation in product quality (Mahapatra et al.
2005; Ozden and Erkan, 2010). The combined
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effect of low dose irradiation (1 and 3 kGy) and
refrigeration on the shelf-life of vacuum-packed
sea bream (Sparusaurata) fillets was identified by
monitoring microbiological, chemical, and sensory
changes of control and irradiated samples
(Chouliara et al. 2005). It's demonstrated as an
effective alternative to prolong the shelf life of fish
commodities of fish by limiting microbial
proliferation  qualitatively and quantitatively
(Arvanitoyannis and Stratakos, 2010). The effect
of gamma radiation (1, 3 and 5 kGy) on microbial
quality of farmed rainbow trout
(Oncorhynchusmykiss) fillets was studied (Oraei
et al. 2011). Sea bass (Dicentrarchuslabrax L.)
irradiated up to 3 kGy and stored at 1°C was
protected from degradation of membrane lipids
(Cheou, 2014).

Peracetic acid (C2H4O3) was an aqueous
combination of acetic acid and hydrogen peroxide.
Its a promising sanitizer to replace chlorine.
Peracetic acid reacted quickly leaving minor
residue and relatively harmless to naturally-
occurring elements (Evans, 2000). Mechanism of
its disinfection was worked on oxidizing the H-S
and S-S bonds of the cell wall and outer cell
membrane of vegetative bacterial cells,
endospores, yeast and mold spores.
Microorganisms are unable to function and die
rapidly (Gawande et al. 2013). It was
demonstrated to be useful emerging candidate
superior to ozone as well as a powerful oxidant
capacity in removing biofilms beneficial for water
treatment (John et al. 2018).

Spiny eel (Mastacembelidae)was a natural
fish species locating at the bottoms in the fresh
water rivers of Southeast Asia, including the
Mekong, Chao Phraya, and Mae Klong. Its flesh
had excellent nutrients due to feeding insects,
crustaceans, and worms in wild life. Its maximum
length could achieve 30 centimetres (Tyson,
1986). Spiny eel (Mastacembelidae) was
distinguished from all other congeners by the
following specific properties: lack of rostral tooth
plates, dorsal-fin spines 15-19, dark spots like
imperfect ocelli along the base of dorsal soft
branched fin rays 7-11, dark blotches at the mid-
lateral sides of body 22- 27, dorsal fin rays with
two rows of parallel greyish streaks, caudal fin
rays with 4-6 striated greyish streaks and body
width 59.0- 67.4% of its depth (Arunkumar, 2016).
The genetic difference  of spiny eel
(Mastacembelidae) was affected by immigration
and isolation events as well as by surrounding
variables (Takagi et al. 2011). One study verified
the processing of spot fin spiny eel into the

curcumin-dry-salted product by salting and drying
method. By 0.75% of curcumin supplementation,
drying at 50°C in 4 hours, preserving under
vacuum at 4°C, the curcumin-dry-salted spotfin
spiny eel products had the good physicochemical,
microbiological and sensory characteristics.
Product shelf life could be lasted for 12 months
without any deterioration (Minh et al. 2018). Minh
and Nghia (2019) studied the feasibility of
chitosan coating in preservation of dried spiny eel.
They concluded that the incorporation of 2.5%
w/w chitosan could control microbial spoilage and
lipid oxidation for 12 months. In oder to prolong
shelf-life and improve quality of this fatty fish
during refrigerated storage, our study investigated
the possibility of gamma irradiation and peracetic
acid in combination to create a synergistic effect
in control of rancidity and microorganism
proliferation on spiny eel during refrigerated
storage..

MATERIALS AND METHODS

Material

Spiny eel (Mastacembelidae) fishes were
naturally collected from HauGiang province,
Vietham. After collecting, they must be preserved
in flake ice and quickly move to laboratory for
experiments. They were washed and sanitized by
peracetic acid under washing tank with a support
of air bubble blowing to remove foreign matters.
Chemical reagents were all analytical grade.

Researching method

Spiny eel (Mastacembelidae)fishes were
irradiated with 0+-10 kGy as well as peracetic acid
with  10+30 ppm. The treated fishes were
refrigerated at 4°C for 20 days. In 5 day-interval,
the fishes were sampled to analyze the total
volatile base nitrogen (TVB-N), trimethyl amine
nitrogen (TMA-N), thiobarbituric acid reactive
substances (TBARS), total plate count (TPC) and
overall acceptance.

Chemical, microbial and sensory evaluation
The total volatile base nitrogen (TVB-N, mg
N/100g) and Trimethyl amine nitrogen (TMA-N,
mg N/100g) content were estimated by the
Conway micro-diffusion method described by
Manjanaik et al. (2018). Thethiobarbituric acid
reactive substances (TBARS, mg
malonaldehyde/kg) was measured by method
described byRaghavan and Hultin(2005). Total
plate count (TPC) expressed as the number of
viable bacterial colonies per gram of fish (log
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CFU/g)was measured by 3M-Petrifilm.
Acceptability (sensory score) was evaluated by a
group of panelists using 9 point-Hedonic scale.

Statistical analysis

The experiments were run in triplicate with
different groups of samples. The data were
presented as meanzstandard deviation. Statistical
analysis was performed by the Statgraphics
Centurion version XVI

RESULTSAND DISCUSSION

Lipid oxidation and proteolytic activities were
responsible for major changes in spiny eel (Minh
and Nghia, 2019). The combined total amounts of
ammonia and trimethylamine (TMA) in fish was
measured as the total volatile base (TVB-N)
nitrogen content of the fish. TVB-N was commonly
used as an estimate of spoilage. With the
increase of spoilage bacteria after death in fish, a
subsequent increase in trimethylamine oxide
(TMAO) reduction to trimethylamine (TMA) took
place. The increase in the TVB-N was mostly
created by the formation of TMA, which was
prevalent in spoiled fish (Heising et al. 2014). The
effect of gamma irradiation (kGy) and peracetic
acid (ppm) on TVB-N (mg N/ 100g) of refrigerated
spiny eel during 20 days of storage was clearly
presented in table 1. During refrigerated storage
the TVB-N value of spiny eel was significantly
higher in the non-treated samples than in the
treated ones. It could be explained by the
elimination of the microbial density (Venugopal et
al. 1999). By gamma irradiation and peracetic acid
sterilization, TVB-N values of refrigerated spiny
eel were in acceptable limit not over 35 mg N/ 100
g (Huss, 1988). Mbarki et al. (2009) mentioned
that TVB-N concentrations in horse mackerel
irradiated with a dose of 1 and 2 KGy lower than
the control group. El-Ghafour and Zakar (2017)
reported that TVB-N values significant increased
but still within the permissible level after 12 days
of storage of treated tilapia samples.The
untreated samples reached to onset of spoilage
after 8 days of storage.

TMA-N was a valuable parameter to define
the fish quality because of its rapid accumulation
in the muscle under refrigerated conditions
(Gokodlu et al. 1998). Under enzymatic reactions
and microbial activities, nitrogen components like
trimethylamine oxide were decomposed to
ammonia, formaldehyde and trimethylamine
(measured as TMA-N). These might cause protein
aggregation, thus limiting the capability of protein
to bind water (Barraza et al. 2015). In the current

study, the TMA-N levels increased in all the
samples during 20 days of storage. Fortunately,
the TMA-N values of treated spiny eel were
significantly lower than the non-treated ones
(table 2). Ahmed et al. (1997) concluded that the
reduction of TMA-N and TVB-N emission was
recorded in the irradiated fish compared with the
non-irradiated samples. The radiation sensitivity of
microorganisms was responsible for the
degradation of trimethylamine oxide (Manjanaik et
al. 2018). TMA-N values should be below 10 mg
N/100 g of fish muscle to meet customer
requirement. In the current research, all spiny eel
samples treated by gamma irradiation (5+10 kGy)
or peracetic acid (10+30 ppm) had the TMA-N in
acceptable limit. Mbarki et al. (2009) mentioned
that TMA-N concentrations in horse mackerel
irradiated with a dose of 1 and 2 KGy lower than
the control group. El-Ghafour and Zakar (2017)
reported that TMA—-N values significant increased
but still within the permissible level after 12 days
of storage of treated tilapia samples.The
untreated samples reached to onset of spoilage
after 8 days of storage.

Malondialdehyde was a secondary product
from lipid oxidation causing a great risk of
dyslipidemia, insulin resistance and high blood
pressure (Zaki et al. 2014; Carlos et al. 2016).
Low temperature alone could not -effectively
control lipid oxidation due to the action of
endogenous lipoxygenases even under frozen
conditions (Karlsdottir et al. 2014). In the current
study, the TBARS levels increased in all the
samples during 20 days of storage. Fortunately,
the TBARS values of treated spiny eel were
significantly lower than the non-treated ones
(table 3). The ideal TBARS value should be < 3
mg malonaldehyde/kg (Connell, 1990). Our
results were contrary to finding by Manjanaik et al.
(2018), TBARS values of the irradiated samples
were higher than the control group due to lipid
oxidation under gamma irradiation. It might be the
possitive effect of peracetic acid in prevention
against lipid oxidation, decomposition of the
peroxides, formation of carbonyls, and the
interaction compounds  with nucleophilic
molecules (Aubourg et al. 2004). ElI-Ghafour and
Zakar (2017) reported that TBARS values
significant increased but still within the permissible
level after 12 days of storage of treated tilapia
samples.The untreated samples reached to onset
of spoilage after 8 days of storage (Aubourg et al.
2004).
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Table 1: Effect of gamma irradiation (kGy) and peracetic acid (ppm) on TVB-N (mg N/ 100g) of
refrigerated spiny eel

Gamma Peracetic Storage (days)
irradiation (kGy) acid (ppm) 1 5 10 15 20

10 4.22+0.172 | 6.17+0.092 | 8.45+0.142 | 11.8940.30® | 17.43+0.252

0 20 3.15+0.09° | 5.46+0.15° | 6.73+0.19° | 8.47+0.21%¢ | 13.71+0.14°
30 2.07£0.12° | 4.93+0.24° | 5.61+0.07% | 6.85+0.15% | 10.39+0.09¢
10 3.64+0.23%° | 5.68+0.11% | 7.20+0.36%° | 10.33+0.33° | 14.25+0.132°

5 20 2.73+0.38° | 5.04+0.08*° | 6.04+0.15° | 7.49+0.16¢ | 10.80+0.27¢
30 1.61+0.41% | 4.21+0.20% | 5.13+0.08¢ | 6.02+0.24° | 8.69+0.34%
10 2.87+0.25% | 5.07+0.16° | 6.49+0.11° | 8.95+0.13¢ | 11.36+0.16"

10 20 1.95+0.34° | 4.34+0.30% | 5.07+0.269 | 6.73+0.11% | 8.94+0.19%
30 0.74+0.119 | 3.81+0.13¢ | 4.26+0.12¢ | 5.11+0.09f 7.29+0.21¢

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted
above), the difference between them was not significant (a = 5%).

Table 2: Effect of gamma irradiation (kGy) and peracetic acid (ppm) on TMA-N (mg N/ 100g) of
refrigerated spiny eel

Gamma Peracetic Storage (days
irradiation (kGy) | acid (ppm) 1 5 10 15 20
10 2.95+£0.24% | 4.92+0.132 | 7.51+0.172 | 9.35+0.232 | 12.69+0.122
0 20 2.03+£0.15° | 4.30£0.072° | 6.17+0.36° | 8.22+0.19" | 10.44+0.27°
30 1.44+0.08¢ | 3.97+0.21° | 5.55+0.28¢ | 7.19+0.06° | 9.15+0.05°
10 2.27+0.37%° | 3.85+0.19 | 5.99+0.15° | 7.46+0.14° | 9.36+0.21°
5 20 1.49+0.14"¢ | 3.06+0.30° | 4.75+0.09¢ | 6.30+0.22¢¢ | 8.23+0.09%
30 0.82+0.22° | 1.93+0.19% | 3.41+0.14° | 5.61+0.08% | 7.14+0.11¢
10 1.53+0.36"° | 3.01+0.08" | 4.84+0.33°¢ | 6.07+0.21¢ | 8.07+0.17
10 20 0.79£0.21° | 2.24+0.15° | 3.66+0.18° | 4.81+0.17° | 6.62+0.38%
30 0.17+0.07¢ | 0.96+0.09¢ | 2.89+0.167 | 3.75+0.31" | 5.39+0.20°

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted
above), the difference between them was not significant (a = 5%)

Table 3: Effect of gamma irradiation (kGy) and peracetic acid (ppm) on TBARS (mg

malonaldehyde/kg) of refrigerated spiny eel

Storege (dayq
(KGy) acid (ppm) 1 5 10 15 20
10 4.87+0.08% | 7.33£0.112 | 13.49+0.062 | 18.70+0.15% | 25.96+0.112
0 20 3.1740.12P° | 5.41+0.06°° | 9.25+0.12° | 13.42+0.27° | 18.39+0.36°
30 2.63+0.21°¢ | 3.86+0.17¢ | 6.87+0.24¢ 9.67+0.099 | 13.24+0.22°
10 3.75+0.13° | 5.79+0.24° | 8.14+0.19° | 11.53+0.12° | 12.90+0.07¢
5 20 2.31+0.09% | 4.67+0.13° | 6.45+0.35% | 8.79+0.06° | 10.16+0.25¢f
30 1.83+0.18% | 2.55+0.07f 4.91+0.08¢ 6.12+0.24f 7.05+0.199
10 2.09+0.24¢ | 3.69+0.05% | 6.86+0.239 | 9.04+0.19% | 10.33+0.33°
10 20 1.15+0.16° | 2.83+0.29¢ | 4.57+0.14°" | 7.21+0.30°¢f 8.74+0.26f
30 0.37+0.05f 1.06+0.34f 2.63+0.09f 3.95+0.27¢ 5.11+0.11h

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted
above), the difference between them was not significant (a = 5%).
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Table 4: Effect of gamma irradiation (kGy) and peracetic acid (ppm) on total plate count (log
CFU/qg) of refrigerated spiny eel

Gamma . Storage (days
irradiation aPCei(rjaE: thn(;) 1 5 10 15 20
(KGy) PP
10 2.59+0.272 | 4.73£0.142 | 6.87+£0.22% | 8.45+0.072 | 9.69+0.242
0 20 2.03+0.35% | 3.95+0.09% | 5.13+0.17°° | 6.73+0.36" | 8.06+0.16°
30 1.70+0.19° | 2.88+0.30° | 4.21+0.18Y | 5.39+0.19% | 6.85+0.08%¢
10 2.07+0.082° | 3,94+0.1420 | 5.69+0.26° | 7.15+0.26P | 8.41+0.14°
5 20 1.42+0.27°¢ | 2.92+0.05P | 4.58+0.15% | 5,98+0.13° | 7.03+0.19¢
30 0.95+0.16° | 2.03+0.23¢ | 3.64+0.299% | 4.69+0.09¢ | 5.47+0.23%
10 1.63+0.19° | 2.84+0.17° | 4.97+0.13° | 6.06+0.18° | 7.14+0.07°
10 20 1.01+0.34° | 1.65+0.08¢ | 3.22+0.24° | 4.73+0.12¢ | 6.01+0.20¢
30 0.17+0.229 | 0.59+0.16¢ 1.98+0.17° | 3.05+0.31¢ | 4.72+0.16°

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted
above), the difference between them was not significant (a = 5%).

Table 5: Effect of gamma irradiation (kGy) and peracetic acid (ppm) on overall acceptance
(sensory score) of refrigerated spiny eel

Gamma . Storage (days
irradiation Pgracetlc
(KGy) acid (ppm) 1 5 10 15 20
10 7.04+0.069 | 6.88+0.00% | 6.53+0.05¢ | 6.24+0.02¢ | 5.33+0.03¢
0 20 7.82+0.02° | 7.54+0.04° | 7.21+0.03% | 7.03+£0.01° | 6.54+0.00¢
30 8.16+0.03P | 8.03+0.01° | 7.82+0.02P | 7.42+0.00° | 7.16+0.02%°
10 7.89+0.07° | 7.66+0.03° | 7.34+0.00° | 7.01+0.03% | 6.89+0.04%
5 20 8.03+0.04b¢ | 7.93+0.02"¢ | 7.65+0.01P° | 7.39+0.05° | 7.11+0.01b°
30 8.35+0.013" | 8.22+0.06%* | 8.01+0.03% | 7.78+0.02" | 7.48+0.002"
10 8.01+0.02° | 7.94+0.04"¢ | 7.81+0.04° | 7.63+0.01°° | 7.03+0.03°
10 20 8.14+0.00° | 8.09+0.03° | 7.95+0.012 | 7.844+0.02%° | 7.32+0.00°
30 8.57+0.03% | 8.39+0.012 | 8.13+0.00% | 8.01+0.032 | 7.65+0.012

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted
above), the difference between them was not significant (a = 5%)

Surendra et al. (2018) reported that
thiobarbituric acid levels in tilapia muscle
increased up to the 28" day of storage, and then
underwent reductions by low-dose gamma
irradiation.

In the current study, the microbial load
increased in all the samples during 20 days of
storage. Generally, the total plate count of treated
spiny eel were significantly lower than the non-
treated ones (table 4). Gamma irradiation and
peracetic acid created a synergistic effect to Kill
microorganism. Chen et al. (1996) and Mendes et
al. (2005) showed that the mesophilic bacterial
counts of irradiated shrimp, crab, and fish were
lower than those in the non- irradiated samples
during storage at 4°C. Abreu et al. (2009)
confirmed that 6 kGy dose was highly efficient in
inhibiting V. cholerae O1 and S. enteritidis and in
decreasing lipid oxidation in shrimps compared

with the nonirradiated product. Manjanaik et al.
(2018) proved that irradiation doses of 3 and 5
kGy produced an immediate reduction of 2 and 3
log units of aerobic plate counts in squid.
Peracetic acid propably reduced the pH of fish to
cause an adverse effect for microorganism grwoth
and proliferation (Tajkarimi and Ibrahim, 2011; In
et al. 2013). A reduction 0.4+1.4 log CFU/g of
Escherichia coliPangasius fish after sanitizing with
peracetic acid solution 10+150 ppm in 10+240
seconds (Anh et al. 2015). Peracetic acid was
superior to sodium hypochlorite in eliminating L.
monocytogenes (Lizziane and Martinis, 2015).
Surendra et al. (2018) reported that coliform on
tilapia muscle stored at 0°C was eliminated by 1
kGy irradiation.

In the current study, the overall acceptance
decreased in all the samples during 20 days of
storage. It's clearly notice that the acceptability of
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treated spiny eel were significantly higher than the
non-treated ones (table 5). A fish irradiation dose
ranging from 1 to 5 kGy has been suggested for
shelf life extension (Venugopal et al. 1999; Jo et
al. 2004). Minh (2020) showed that 75ppm
peracetic acid was appropriate to maintain
physicochemical, microbial and sensory
characteristics of fresh Pangasiusfillet during
storage. Surendra et al. (2018) confirmed that
shelf-life of 3 kGy irradiated Tilapia was extended
to 70 days, and 1 kGy irradiated tilapia had a
shelf-life of 56 days. Meanwhile, control samples
had a shelf-life of 7 days. Gamma irradiation at
dose 0.5, 1.0 and 2.0 kGy and cold storage at 4°C
was adequate to extend the shelf-life of Scylla
serrate for 14 days (Arshad et al. 2015).

CONCLUSION

By perfect nutritional benefits, there was a
great demand of spiny eel consumption. As one
kind of fatty fish, spiny eel was highly sensitive to
lipid oxidation during preservation. Gamma
irradiation utilized field of high energy radiation to
be directly to inactivate pathogenic bacteria so as
to keep the freshness, quality and nutritional fish.
A combination of gamma irradiation at 5+10 kGy
and peracetic acid at 10+30 ppm created a
synergistic effect on the limitation of TVB-N, TMA-
N, TBARS, microbial load and enhancement of
overall acceptance during refrigerated storage of
spiny eel for 20 days. Hurdle effect derived from
irradiation and low acidity provided better
improvement to control lipid oxidation, bacterial
proliferation in fish processing and preservation..
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