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Diisiik Doz Isinlamanin, Sogukta Muhafaza Sirasinda Vakumla Paketlenmis Sicak "l:iitsiilenmis
Alabalik (Oncorhynchus mykiss) Filetolarinda Lipit Kalitesi ve Yag Asidi Bilesimi Uzerine Etkisi

Oz: : Farkli dozlarda (0, 3 ve 5 kGy) gama 1smnlamasinin, sogukta (2 °C) depolanan vakum paketli sicak tiitsiilenmis gokkusag1 alabalig
(Oncorhynchus mykiss) filetolarinda lipit kalitesi ve yag asidi bilesimi iizerine etkileri arastirilmistir. Baslica yag asitleri palmitik, oleik,
linoleik ve dokosaheksaenoik asitler (DHA) olarak tanimlanmistir. Yag asidi bilesimleri baslangigta 1sinlama isleminden
etkilenmemistir. Ancak depolama sonunda isinlanmig filetolarin toplam doymus yag asitleri (SFA) artis1 kontrol grubuna gore daha
yiiksek oldugu tespit edilmistir. Depolama sonunda toplam goklu doymamis yag asitleri (PUFA) miktarinda kontrol grubunda 6nemli
bir azalma gozlenirken, 3 ve 5 kGy dozlari ile 1sinlanan gruplarda herhangi bir degisiklik gézlenmemistir. Depolama sonunda 0, 3 ve 5
kGy 1sinlanan gruplarin TBA degerleri sirasiyla 1,27, 1,46 ve 1,58 mg MA/kg, PV degerleri 6,12, 9,18 ve 9,97 meq/kg, FFA degerleri
ise %5,36, %5,67 ve %6,10 olarak belirlendi. Cesitli islenmis veya taze su fiiriinlerine yonelik tekniklerin bir kombinasyonunun
kullanilmasi, uzun raf dmriine sahip giivenli yiyeceklerin {iretiminin arttirtlmasinda muhtemelen énemli bir rol oynayacaktir.

Anahtar kelimeler: Tsinlama, sicak tiitsilleme, Oncorhynchus mykiss, yag asitleri, lipit kalitesi
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Introduction

The great increase in foodborne poisoning and
infections in recent years has revealed the need for
investments in this area. Changes in consumer
lifestyles and the demand for ready-made food,
especially in developed and developing countries,
have accelerated research on food processing and

preservation methods. If appropriate additives are not
added to ready-made foods, especially ready-to-use
meat products, their shelf life is limited. Since meat
and seafood products create an ideal environment for
microorganisms, pathogenic organisms that may
occur in these products pose a great risk to human
health. Due to the recent trend towards foods that do
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not contain food additives and the frequent problems
in cold chain applications, the desired shelf life
cannot be achieved in the final products and
microbial risks are observed.

Consumers' preference for fresh products and
their unwillingness to eat products with additives or
frozen and thawed products has led producers to
adopt methods that ensure food safety with minimal
changes to the product. Since there is no significant
temperature increase in the product during the
"irradiation application" of foods, this method is
called "cold sterilization™. Irradiation causes minimal
changes in the appearance of the food and can
preserve the nutritional properties of the food better
than other food processing methods. No chemical
residue formation is observed in the environment
with irradiation. For this reason, it enables the
reduction of the use of additives used in foods today
or the processing of foods of very different sizes and
shapes (Yagiz 2008).

Food irradiation, in its simplest definition, is the
treatment of any food substance with a certain type of
energy. In this application, the food item in a package
or box is exposed to ionizing radiation for a certain
period. In this process, no matter how long the food
is exposed to radiation or how much of the dose used
is absorbed, the normal radioactivity in the food's
own structure does not increase (ICGFI 1999). It has
been proven that irradiated foods are safe for health
and do not have any effects on humans (Tauxe 2001).
The safety of food irradiation has been confirmed by
the studies of many organizations such as USDA,
FDA, FSIS, IAEA, FAO and WHO, and its effect on
maintaining food quality safety has been
demonstrated.

Smoked trout exports in Tiirkiye are just over
4000 tons according to TUIK (2021) data. The
application of gamma irradiation to increase the
export of healthy and reliable products with a longer
shelf life without changing the taste of the smoked
product brings to mind the idea that these products
can create an attractive product class in the foreign
market. Therefore, in this study, the combined effect
of low doses (0, 3 and 5 kGy) irradiation with
methods used in food preservation such as smoking
and vacuum packaging on the shelf life of trout fillets
was focused. For this aim, the effects of low-dose
irradiation on lipid stability (TBA, FFA and PV) and
fatty acid compositions in vacuum-packed hot
smoked trout (Oncorhynchus mykiss) fillets during
cold storage (2 °C) were investigated.

Materials and Methods
Fish Samples
Preparation, packaging and storage
The trout samples (Oncorhynchus mykiss) were
obtained from a local processing company (Sasu

A.S., Adana, Tiirkiye). The mean weight of the fish
was 238.784+21.00 g. After gutting, beheading and
skinning, the fish was filleted for the smoking
process. The fillets were then kept waiting in a brine
solution of 8-9 % salt for 12 hours and smoked at 60-
70 °C in a smoking oven. After smoking, samples
were divided into 150 g of fillets, wrapped in
polyethylene bags and sealed under a vacuum
(Ozkiitiik 2002).

Irradiation Process

Packed samples were placed in styrofoam boxes
(50x30x35 cm) surrounded with cooling cartridges
and transported to the Saraykdy Nuclear Research
and Training Center (SANAEM, Ankara) within 24
hours under cold conditions (0-2 °C). Control group
samples were transported under the same conditions
but were not subjected to irradiation. The fillets were
irradiated with doses of 3 and 5 kGy using ®°Co
source irradiator (PX-g-30 Issodovateji, dose rate
2.72 kGy/h and power 316,000 curries). Absorbance
rate was measured by dosimeters (3042 Harwell
Amber acrylic, polymethyl methacrylate, PMMA)
stuck to the surfaces of the boxes. The absorbance
rates measured for 3 kGy were 3.10, 3.08 and 3.52
and for 5 kGy, 5.17, 5.27 and 5.24 (Etyemez 2011).
All groups were returned to seafood processing
laboratory at University of Cukurova, Faculty of
Fisheries, without breaking the cold chain.

Sampling

Samples stored in cold storage (2 °C) were
analyzed on storage weeks 0, 2, 4, 6, 8, 11, 14, 17, 20
and 23. On each analysis day, three randomly chosen
packages from all groups were evaluated chemically.

Analytical Methods

Thiobarbituric acid (TBA) value was determined
according to Tarladgis et al. (1960) by using a
spectrometer (Perkin Elmer Lambda 25 UV/VIS
Spectrometer). The samples were analyzed in
triplicates for each treatment group. 10 mg
homogenized samples weighed out and 97.5 mL of
distilled water and 2.5 mL of 1:2 HCI were added on
to the samples. The mixture was distilled until 200
mL of distillates were gathered by using a distillation
unit (Buchi Distillation Unit B-324). The distillates
and TBA reactive were added in capped tubes in
equal measures of 5 mL in duplicates and boiled in
water for 35 minutes until the solution turned to a
reddish color. After cooling at room temperature, the
solutions were measured by using a spectrometer
under 538 nm wavelength. The results were
expressed as values of mg malonaldehyde in 1000 g
of samples.

Peroxide value (PV) was determined according to
AOCS 1994 method Cd8-53. The samples were
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analyzed in triplicates for each treatment group. 50
mL of acetic acid: chloroform (60:40) solution was
added and the samples were shaken until the lipid was
dissolved. After adding 1 mL of satiated potassium
iodide and shaking the solutions for 20 seconds, the
solutions were kept waiting for 30 minutes in an
enclosed dark closet. The samples were titrated with
0.002 M sodium thiosulphate until an opaque
solution was observed, after adding 100 mL of
distilled water and 4-5 drops of 1% starch solution.
Calculations for PV content were carried out as
follows:

Peroxide Value =

2(C-B) 02/k
—y meq /kg

C: Spent 0.002 M sodium thiosulphate (mL)
B: Spent 0.002 M sodium thiosulphate for null (mL)
W: Sample weight

Free fatty acid (FFA) analysis was determined
according to AOCS 1994 method Ca 5a-40. The
samples were analyzed in triplicates for each
treatment group. Initially, 0.5 g of lipid samples were
dissolved in 50 mL of diethylether:ethanol (50:50).
After that 1 mL of 1 % phenolphthalein indicator was
added to the samples. The aliquots were titrated
under 0.1 M sodium hydroxide until a pinkish color
was obtained (at least 15 seconds). % of free fatty
acids in oleic acid were calculated as follows:

(C — B) x 2.805
W

% Free fatty acids =

C: Spent 0.1 M sodium hydroxide (mL)
B: Spent 0.1 M sodium hydroxide for null (mL)
W: Sample weight

2.805: Conversion factor

Lipid samples (extracted by the method of Bligh
and Dyer 1959) were converted to their fatty acid
methy! esters as described by Ichihara et al. (1996).
Transmethylation was carried out by 20 mg of
extracted lipid sample (in duplicate) dissolved in 4
mL of n-heptane and mixed with 4 mL of 2 M KOH
in methanol. The mixture was vortexed for 10 s and
then centrifuged for 10 min at 4000 rpm. After the
process n-heptane layer was taken for GC analyses.
The fatty acid composition was analyzed by using a
Clarus 500 gas chromatography with an autosampler
(Perkin Elmer, Shelton, Conn., U.S.A.) equipped
with a flame ionization detector and a fused silica

capillary SGE column (30 m x 0.32 mm ID X 0.25 m
BP20 0.25 UM; SGE Analytical Science Pty. Ltd.,
Victoria, Australia). Initially, the oven temperature
was held at 140 °C for 5 min. After that, the
temperature was increased to 200 °C at a rate of 4
°C/min and then to 220 °C at a rate of 1 °C/min. The
injector temperature was set at 220 °C and the
detector temperature was at 280 °C. The carrier gas
was controlled at 16 ps. The split used was 1 : 100.
Fatty acids were identified by comparing the
retention times of fatty acid methyl esters (FAMES)
with the Standard 37-component FAME mixture
(Sigma-Aldrich Chemie Gmbh, Munich, Germany).
Two replicate analyses were performed and the
results were expressed as gas chromatographic area
(%, mean + standard deviation).

Statistical Analysis

Statistical analyses were performed using SPSS
14. The mean values and standard deviations were
calculated from data obtained from the samples for
each irradiation dose and storage time treatments.
Data were subjected to analysis of variance (one-way
ANOVA), Duncan’s multiple range test and t-test at
5% confidence level.

Results

The fatty acid composition of smoked rainbow
trout fillets irradiated at different doses (0, 3 and 5
kGy) is shown in Tables 1, 2 and 3. It was determined
that the essential fatty acids of control and irradiated
(3 and 5 kGy) smoked rainbow trout fillets were
palmitic acid (C16:0), oleic acid (C18:1®9), linoleic
acid (C18:2w6) and docosahexaenoic acid (DHA,
C22: 6m3). Similar results for rainbow trout were
reported by Haliloglu et al. (2004), Oraei et al. (2011)
and Yildiz et al. (2006).

Initially, fatty acid values of control, irradiated at
3 and 5 kGy doses generally showed no statistically
significant differences (p>0.05). Fluctuations in fatty
acid values in all groups were observed during cold
storage. The main saturated fatty acids (SFA) were
palmitic acid (C16:0), myristic acid (C14:0) and
stearic acid (C18:0) (Table 1). Palmitic acid was
observed to be significantly (p<0.05) higher in the
group irradiated with a dose of 5 kGy throughout the
storage period than in the other groups. While the
palmitic acid values of the control group were higher
than the 3 kGy group at the beginning of storage, it
was observed that the palmitic acid contents of the 3
kGy group were higher towards the end of storage.
Similarly, it was observed that stearic acid rates were
significantly (p<0.05) higher in the 5 kGy group
throughout the storage than in the other groups. In
addition, it was observed that the stearic acid values
of the 3 kGy groups were generally higher than the
control group during storage period. At the end of the
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storage period, no significant change was observed in
the myristic acid values of the control, 3 and 5 kGy
dose irradiated groups (p>0.05). It was determined
that the myristic acid values of the 5 kGy group were
significantly higher than the group irradiated with a
dose of 3 kGy in the 23rd week of storage (p <0.05).
While no change was observed in palmitic acid

values at the end of storage in the control group
(p>0.05), a significant increase was observed in the
irradiated groups (3 and 5 kGy) (p<0.05). Therefore,
it can be concluded that there was an increase in total
saturated fatty acid values in parallel with the
increase in the irradiation dose applied during
storage.

Table 1. Saturated fatty acids (SFA) changes during cold storage of non-irradiated (0 kGy), 3 kGy and 5
kGy irradiated smoked trout fillets

Storage Period (Weeks)

Fatty

i Day 0 2 4 6 8 11 14 17 20 23
0.34 0.43
) 0.68 . 0.17 e 0.49 0.47
Clz 0 (0.01)® (0.00) o7 (@08 go1)a  (0.01)®
0.53 0.23 0.28 0.35
0.14 0.44
- eA - ab - be bc _
3 (0'051) (0.9\1) (0.08) (0.(/)\4) (0.03)% (o.g)Al)
0.42 0.38 0.27 0.39 0.27 0.42 0.43 0.35 0.51
5 (0.01)¢ (0.06)® - 0.03)*  (0.05)* . 0.05)® ' 0.06)*  (0.06)°
(0.017  (0.06) (0.03) (005 (iovn (005 (ivn (0.06)°  (0.06)
2.50 2.66 2.41 2.24 2.72 2.72
2.20 2.21 2.81
ab bed ab aA cd cd _
Cl4 0 (o.gAs) (0.01) (0.1E9) (0.9\4) (0.02) (0.180) (0.(14) (0.06)® (0.2As)
2.58 2.30 2.73 2.41 2.48
2.35 2.27 2.35 2.90 2.38
ab a bc ab ab
3 (OOA4) (005)aA (006)aA (029) (006)aA (0‘?‘;0) (007)CA (Olg)abA (0(;6) (0(,)0\4)
2.99 2.44 2.45 2.40 2.35 2.49 2.85
2.08 3,14 2.59
de bc bcA bc b ! bcA d
5 (0.1AS) (0.089) (0.081) (0.9\1) (0.29) 0112  (0.06)® (0.0&) (0.06) (0.%3)
12.8 12.5 12.4 114 12.4 12.5 13.7
c16 0 3 0 12.26 6 6. 5 3 13.30 4 i
(1.00)*c  (0.01)  (0.38)A (0.13)b A (0.23)  (0.09)¢  (0.40)% A  (0.05)°
dA B B (008) A A A
12.0 11.9 11.6 12.8 13.0 13.1 13.8 13.1
3 6 5 11.78 4 9 3 6 14.03 8 7
(0.27)® (0.13)® (0.18)*  (0.06)* (0.43)c (1.29)¢ (0.20)® (0.25)%*  (0.00)  (0.01)
A A A B dA AB A A
12.4 12.6 12.6 135 12.6 13.7 144 14.0
5 3 4 12.42 9 0 7 3 14.94 3 7
aA bc eB de cd
057 o4 OO goze iz @ospa @3D* (009 (0.18)%  (0.30)
1 . .
o (g of)b 009 010 009 006 (ooo%gab 009 009 (Ooools;ab ]
A (0.00)°  (0.01)"®  (0.00)° (0.03)A (0.01)°A  (0.01)®A V¥
0.10 0.09 0.09 0.09 0.10 0.09 0.09
0.08 0.10 0.09
3 (0.01) (0.00)® 0.00)® (0.01)*® (0.01)™ 0.06)®  (0.00)
( A ) ( CA) (Ooo)aA ( CA) ( A ) ( A ) (Ooo)cA (0_01)abA ( CA) ( cA)
5 0.09 0.09 (00(')%?% ((())g(?)a 0.08 0.10 0.10 0.08 0.12 (8'0102)a
(0.00)** (0.00)2 ‘"5 D (0.00)* (0.09)** (0.01)* (0.00)** (0.00)> “"';
3.78 3.5 3.74 3.77 3.73 3.88
3.27 3.96 3.34
Cis 0 0.01)* (0.06)* (0.14)*® (0.12)* (0.05)*¢ (0.11)"™
(0.51)aA (0l01)cB (0_34)abA ( s ) ( cA) ( cA) ( cA) ( A) ( " )
3.89 3.41 3.82 3.46 3.91 4.10 4.12
4.09 bc 3.51 a ab ab cA cA 4.08 c
3 (O.OG)CA (0288) (O_ls)abA (010) (OEZ) (0:14) (O.OBY) (0.189) (O_Os)cA (Oio)
: (04'111(;ab 376 374 388 (04'3%S;ab 381 (04(%@ 438 463 (04'2%5)‘,,6
N (0.01)**  (0.06)* (0.09)® (0.45)~  \Vr g (0.21)B  (0.11)8 ‘g
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0.12 0.11 0.12 0.11 0.12
0.11 0.10 0.13 0.10
ab ab ab ab ab _
C20 0 (0.9\1) (0.9\1) (0.01)A (0.9\0) (0.3\0) (0.(10) QO™ (002"  (0.00)
0.11 0.13 0.12 0.14 0.11 0.15
» 0.0 0.10 " 0 e 0.5 0.11 b .
3 (OOAO) (Oos)aA (Ooo)aA (093) (O(,)Al) (Ogl) (Ooo)cB (Oos)abA (OOAO) (020)
. (Oobllz)ab (00(')133)'ab 0.12 (006113)’% 0.11 (006115)bc 0.11 0.12 0.10 0.17
A A (0.01)A 7% (0.01)A U (0.01)* (0.01)®A (0.01)* (0.01)B
0.05 0.05 0.06 0.06 0.05 0.05
0.04 0.07 0.06
ab ab bc bc ab ab
Cc23 0 (0.9\1) 000  (0.01)® (0.9\0) (0.9\0) (0.(10) (0.(/10) (0,01 (0.(/10)
0.06 0.06 0.06 0.07 0.06 0.06 0.06
ab ab abA b ab ab 0.05 0.07 0.07 ab
3 (0.9\0) (o.oBO) (o.og) (0.31) (0.3\1) (0.(11) 000 (QOLM  (0.01)® (0.(/10)
. (Oogab 0.08 0.05 (ggg’)b 0.05 0.05 0.08 0.05 0.05 (883)6
A (0.01)  (0.00) ‘5’ (0.00)*A (0.00)*A (0.00)B (0.00)* (0.00) ‘.
0.62 0.59 0.55 0.59 0.72 0.56
0.71 0.65 0.52
bc ab ab ab d ab _
c24 0 (0.9\9) (0.(10) .01 (0.(2\1) (0.9:1) (o.oAz) (0.9\0) Q0D (0.01)%
0.62 0.69 0.62 0.63 0.68 0.60 0.96
0.60 0.59 0.73
ab be ab ab abc ab d
3 (0.(11) (0.(3:1) 008 (0,01 (o.cis) (0.05) (0.(13) (o.(l)g) (O.%O) (0.21)
0.75 0.63 0.66 0.58 0.70 0.89 0.81 0.77 0.61 1.02
5 (0.06) (0.01)® (0.02)*¢ (0.00)* (0.05)bc ) 0.08)¢f . 0.01)®  (0.01)¢
( eA) ( 5 ) ( AB) ( AB) ( dA) (005)fB ( B ) (0.01)deB ( B ) ( B )
194 19.7 195 215
>SF 0 8 2?1'1 19.24 9 183'0 8 2%'2 21.24 4
bc bB be be dA d -
A (0.&3\2) (0.06)% (0.15) (0.188) (0.06) (0.3\3) (0.06) (0.36) (0.11\0)
19.9 19.6 18.4 19.9 20.3 21.2 215 21.0
3 9 4 18.39 5 3 7 5 21.88 9 2
(0.18) (0.32)* (0.30)* (0.03)* (0.82)" (1.41)" (0.05)¢ (0.38)*A (0.09)% (0.16)™
A A A B dA eB A eA
(table continues)
21.2
5 20.1 19.52 20.1 21.2 20.0 22.5 2325 22.8 23.1
S osep 4 ©iee 0 S 0 ! ©o3ne 2 6
DY (0.0~ (0.11)®8 (0.06)"® (0.54)** (0.34)c ' (0.16)°B  (0.67)B

" The values are expressed as mean + standard deviation, n=3.

&€ Values in a same row followed by different letters indicate significant differences (P<0.05) during storage periods.
A-CValues in a same column followed by different letters indicate significant differences (P<0.05) of the parameter with respect to the

irradiation treatment

It was found that the dominant fatty acids among
monounsaturated fatty acids (MUFA) were
oleic acid (18:1w9), palmitoleic acid (C16:1) and
vasenic acid (C18:1w7) (Table 2). At the beginning
of storage, palmitoleic acid, oleic acid and
vasenic acid values, which were 3.35%,
21.27% and 2.76%, respectively, in the control
group, were determined as 3.13%, 25.23% and
2.61%, respectively, in the irradiated group

at a dose of 5 kGy. While palmitoleic and oleic acid
values  were  detected as 343% and
24.51%, respectively, in the 3 kGy dose irradiated
group, vasenic acid could not be detected. The
differences observed in palmitoleic and oleic acid
values because of irradiation treatment were not
found to be statistically significant (p>0.05). The
values of all fatty acids in MUFA fluctuated during
storage (Table 2).



114

Ozkiitiik et al. 2024- LimnoFish 10(2): 109-125

Table 2. Mono unsaturated fatty acids (MUFA) changes during cold storage of non-irradiated (0 kGy), 3 kGy and 5

kGy irradiated smoked trout fillets

Storage Period (Weeks)

;ifg’s Day0 2 4 6 8 11 14 17 20 23
0.04 0.01 0.06 0.02 0.05 0.05 0.01 0.04 0.04
Cl4:1 (0.000® (0.00)* (0.03)° (0.01)® (0.03)®® (0.03)® (0.00)° (0.00)*  (0.00) -
A A A A A A A A A
0.04 0.04 0.06 0.07 0.05 0.03
0.04 . . 006 . . . 004 0.04 .
0.04 0.08 0.03 0.04 0.07 0.04 0.06 0.04 0.04
(0.00)  (0.01)! (0.02* (0.01)® (0.01)« - (0.00)®  (0.02)" (0.00)® (0.01)
A C A A A cB dA A A
0.03 0.03 0.17 0.04 0.07 0.02 0.03 0.01 0.03
C15:1 (0.00)® (0.00)® (0.02)° (0.01)® (0.06)° (0.00)® (0.01)® , % . (0.01)® -
A A A A A A A (OOO) A
0.05 0.20 0.03 0.06 0.02 0.03
- (0.02)>  (0.08)"° 2 . (0.01)* (0.01)° (0.01) - - -
A A (003) A A A
0.04 0.01 0.11 0.06 0.08 0.04 0.02 0.02 0.01
(0.00)*  (0.000* (0.03)° (0.00) (0.02)% (0.00)> (0.00) - (0.00)®  (0.00)
A A A A A B A A A
2.89 3.29 3.16 331 3.24
_ 3.35 . . 323 . . . 319 2.92 )
c16:1 ©aopa OO0 (137 (Frou. (0447 (0387 (009 (Toua (oo
3.43 2.94 3.04 3.66 3.81 3.91 4.26 3.79 3.58 3.27
(0.04)%  (0.06)* (0.06)* (0.31)* (0.50) (0.38) (0.33)¢ (0.77)%¢ (0.14)® (0.01)®
dA A A dA dA A B dA dB cA
3.13 3.60 3.60 3.25 3.08 3.22 3.76 3.45 3.40 3.37
0.01)* (0.10)® (0.49)* (0.02)® (0.16)* (0.45)® (0.14)° (0.48)® (0.11)* (0.10)®
A B A A A A AB A B B
0.12 0.10 0.13 0.11 0.11 0.11 0.14 0.12 0.11
c17:1 (0.01)® (0.01)* (0.00)°° (0.00)® (0.01)® (0.01)® (0.03)° (0.01)® (0.01)® -
A A B A A B A A A
013 0.10 0.12 0.11 0.10 0.13 0.12 0.12 0.11 0.12
0 (0.00)®  (0.01)® (0.01)® (0.02) (0.02)* (0.00)* (0.01)®¢ (0.00)%¢ (0.00)
(OOO) A cA A A B cA A AB cA
0.10 0.13 0.13 0.11 0.11 0.06 0.13 0.11 013 0.12
) 0.01)° 0.00)° 0.00)  (0.00)*  (0.00)? 0.01)° 0.00)bc ) 0.00)b¢
0oy ©O0F (000F (000 (00 (OO0 (001 (000 o (000
21.3 20.3 21.3 22.3 22.3
c18:1 2L 7 1 2%'4 7 0 7 213'9 21.81
a a a a a aA -
®9 @ooye OO (OIS o7 (004 (028 (073 () gam (0.28)
24.2 21.8 23.6 23.1 204 23.5
21'5 6 1 2%'9 6 8 4 2%)'7 23.53 2
a a a a a aB a
Osgps  O8  (O51°  ope (0967  (A757  (040¢ 4o (039 (0.01)
25.1 23.1 234 24.6 24.1 25.1
22'2 1 0 2%'5 6 7 3 23;['6 24.28 1
a a a a a aB a
wagpn QO (05 ope (LI (0347 (0200 o0 (006°  (226)
c181 2.76 2.71 2.38 2.81 2.93 2.82 2.89 2.59 214
: (0.01)% (0.01)% (0.04)® (0.04)¢ (0.26)¢ (0.09)¢ (0.04) (0.08)™ N -
o7 B A A A A A B A (0.10)
2.58 2.48 2.89 2.89 2.81 2.39 2.66 2.82 3.07
- (0.08) (0.15)0 (0.11)% (0.28)¢ (0.01)> (0.04)* (0.01)® (0.02)>¢ (0.01)¢
A A A A dA A A B B
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table continue
2.61 2.61 2.59 2.93 3.02 2.82 2.46 2.71 2.88 2.79
5 (0.01)%c (0.21)® (0.01)® (0.06)" (0.05) (0.01)% (0.06)* (0.06) (0.08)% (0.06)%
A cA A A A fA A dA B eA
0.78 0.63 0.84 0.71 0.83 0.82
_ 0.88 oo . » b o o 0.80 0.80 ]
C20:1 0 (0.06)% (0.(11) (0.24) (0.9\1) (0.20) (0.9\4) (0.9\1) 0053  (0.01)<
0.85 0.88 0.75 0.85 0.80 0.98 0.99 0.86 0.77 0.80
3 (0.01) (0.03)° (0.00)* (0.01) (0.06) (0.01)¢ (0.01)¢ (0.01)* (0.00)®  (0.00)%
A B B A cA A B A B cA
0.81 0.77 0.78 0.85 0.82 0.96 0.84 0.90 075 0.83
5 (0.08)® (0.03)* (0.02)* (0.02)* (0.05)*® (0.01)c (0.01)® (0.01) S oa (0.04)2
A A B A A A A A (000) A
C22:1 0.09 0.07 0.09 0.09 0.08 0.10 0.07 0.09 0.09
=0 (0.01)* (0.00)* (0.01)* (0.00) (0.00)* (0.01)° (0.00)* (0.01)%c  (0.00) -
©9 A A cA A A A A A A
0.10 0.10 0.09 0.08 0.08 0.11 0.11 0.10 0.08 0.08
_1ab _1ab . ab . 01)2 .2b ) b .lab . 01)2
3 (0 (l )>® (0 0B )>® (0 9\0) (0.01) © 2 Y (Y g ) (0 30) © g ) (0.00) © 2 )
0.09 0.09 0.09 0.08 0.08 0.10 0.09
0.08 0.11 0.09
ab ab ab a a ab a
5 (0.(10) (0.(;0) (0.9\0) (0.01) (0.20) (0.20) (0.%1) 002"  (0.01) (0.21)
0.04 0.08 0.06 0.04 0.06 0.04 0.04
C24:1 0 (0.00% (0.01)° 0.01)b - 0.01)2 0.01)b - i ) -
0.03 0.05 0.04 0.03 0.05 0.05 0.06 0.04 0.04
. cd ab _ a bc bc ' ab ab
3 (0.00) (0-30) (0-39) (0-20) (0-%1) (0-9A1) (0.01)% (O-fil) (0-9/9)
0.05 0.04 0.05 0.04 0.05 0.06 0.03 0.04
01 bc . ab 01 bc _ . ab _ 01 be ' . . ab
28.0 27.0 28.6 29.5 29.5
sMUF 250 4 8 e 5 8 6 A7 2196
a a a a a aA -
A (2.86) (0.27) (0'3\8) (0.28) (o.§4) (0.}\1) (0.334) (1.09) (0.28)
30.9 28.5 31.6 31.2 28.4 30.9
3 298'0 9 6 311'6 9 4 2 2%'3 30.96 2
a a a a a aB a
(0,72 (0.34) (OEBZ) (0.21) (2.}\1) (4.3\2) (o.gg) (3.50)% (0.52) (0.21)
324 30.4 30.7 31.8 315 32.3
. 3 6 08 4 5 2 N ame 8
21)2 1.10)2 1.65)2 .05)2 .04)2 01)%8  (2.33)®
(146)aA (O 5 ) ( BO) (0_45)aB ( 25) (0 25) (0 g ) (022)aA (0 O ) ( 13)

*The values are expressed as mean + standard deviation, n=3.

&€ Values in a same row followed by different letters indicate significant differences (P<0.05) during storage periods.
A-CValues in a same column followed by different letters indicate significant differences (P<0.05) of the parameter with respect to the

irradiation treatment

The dominant fatty acids among polyunsaturated
fatty acids (PUFA) were docosahexaenoic acid
(DHA, C22:6w3), linoleic acid (18:2w6), linolenic
acid (C18:3w3), arachidonic acid (C20:406) and
eicosapentaenoic acid (EPA, C20:5w3) (Table 3). As
a result of irradiation, no statistically significant
difference was observed in PUFAs except linoleic
acid (p>0.05). Linoleic acid rate in the control group
was found to be significantly higher than the
irradiated groups at 3 and 5 kGy doses (p<0.05). The
effect of irradiation on linolenic  acid
varied between groups during storage, but generally,

no difference was observed between groups.
Generally, no difference was observed in EPA values
between the control and irradiated groups
during the storage period (except for the 17" week).
The  effects of irradiation  on DHA
were remarkably observed and it was determined that
the control group had generally higher values than the
group irradiated at a dose of 5 kGy (Table 3). In this
study, 6 series fatty acids in total PUFA in rainbow
trout fillets at the beginning of storage were
determined as 19.12%, 17.01% and 16.20% in the
control, 3 and 5 kGy dose irradiated groups,
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respectively. Likewise, o3 series fatty acids were
determined as 20.77%, 18.49% and 17.97% in the
control, 3 and 5 kGy dose irradiated groups,
respectively. It is observed that the initial irradiation
treatment was effective on the w6 series fatty acid
ratios, and the w6 series fatty acid values of the
control group were significantly higher than the

group irradiated at a dose of 5 kGy (p<0.05). No
significant effect of irradiation application was
observed on the total w6/w3 ratios. While the lowest
value of w6/®w3 ratios was determined as 0.75 in the
2" week in the control group, the highest value was
determined as 1.03 in the 14" week in the 5 kGy dose
irradiated group (Table 3).

Table 3. Polyunsaturated fatty acids (PUFA) changes during cold storage of non-irradiated (0 kGy), 3 kGy and 5 kGy

irradiated smoked trout fillets

Storage Period (Weeks)

Fatty
oy Dayo 2 4 6 8 11 14 17 20 23
w7 1 138 126 . 139 118 134 134
Ci8206 0 6 9 L 4 8 > ! 0 0
. d bc de ab cd cd -
(0.96)  (0.01) (0-9681) (0-5A0) (0.13)% (0-2A6) (0-?/:3) (0-19) (0-1(:3)
129 125 123 129 123 . 131 128 130 119
;3 5 9 1 2 . 0 2 > 0
(0.16) (024 (030 (0.16)% (0.17)® (00D (120 (0.00)* (0.01)
cA B bA cA AB (1'23) B cA B B
124 120 11 126 . 126 .. 124 124 115
s 4 2 9 8 - 9 > 5 6 4
0.08)¢ (0.18)* (0.09) (0.50)" 0.14) 0.28)¢ (0.09)¢ (0.31)"
009 (19 OO0 O (s OLF (Ao 0299 00 (03
0os 024 028 024 025 026 026 026 027
C18306 0 024 (001)® (001 (0.00)® (0.03)* (0.00)® (0.00® (0.03® (0.00)® -
(002) A B A A A A A A
, 026 025 (ggg)a 028 026 029 028 028 (g'gg)a (8§g)a
©oon= @on» OO qgooa os (004 03 o000 (00 0
024 028 024 027 o . 024 026 028
5 (0.0L)® (003 (0.00¢ (003 O ' 0.00)® (0.03)® (0.08> -
( A) ( A) (bA) ( A) (0.10)M (0.01)bB ( A) ( A) ( A)
250 242 245 240 249 266
, 264 223 . L 224 . N . .
cis3e3 0 (. o ©O0BF QOD®  (REL. (00BP (0067 (008 (0.03)
, 248 237 (g'g’é)a 2.45 (0263;))&’* 257 232 (g'gg)a (g'gf)a (ggg)a
0022 (0.022 Q00 (gogma (OO goguwa (1o (02 0 0
237 246 216 241 246 .. 255 225 247 251
5 (000 (0.02% (0.017 (002 (.02 =¥ (009 (0.0® (0.00% (0.09)
A C A A B (0'09) A A A A
0.70 0.70 0.68 063 060
202 . 083 . 069 070 . 068 N .
is O OO gore Q00 goiype gogpe OO (gogpe ©OOD (0.00)
;059 (0066130(1 (ggf)a 060 060 057 073 (006%7)“ (006%1)% (ggf)a
(0.02 g bea.  (0.01)* (0.01)* (0.01)* (0.01)%¢ g A beA
062 057 065 .. 058 062 .. 06l 065 060
5 (0.00® (0.00)® o1 0,03 (0.01® O 0.01)® (0.04) (0.11)°
( CA) ( A) ( cA) (Ooo)cB ( A) ( CA) (Ooo)aA ( cA) ( A) (bcA)
0.26 0.29 025 023
0.25 024 023 025 026
. ab b a a _
C20:306 0 (0.03)%  (ogya (002 55018 000y (000 (0op (©ODT  (0.00)
027 027 024 025 025 029 027 027 023 024
3 (001 (00L* (0.01° (0.00® (0.00® (0.02° (0.000 (0.02 (0.00) (0.00)
dA dA A cA cA A A dA A bA
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table continue

026 025 023 025 025 027 026 026 024 025
5 (0.02® (0.00® (0.00) (0.01)* (0.01)® (0.01)° (0.01)® (0.00)° (0.00)* (0.01)®
A A A A A A A A B bA

3.87 597 38 oo 3.81 3.97 451 363 324
. b . b . b b . b a -
C20:406 0 (033 (onue (OO (ogea (012 (003 Toee (018 (0.04
3.56 342 346 4. 3.20 3.42 371 357 307 291
3 (0.03)° (0.09)® (0.54) (0,08 (0.27)  (0.49)® (0,047 (0.26)°  (0.08)* (0.08)
A A bA . A A . A A A

3.51 3.36 3.74 3.64 3.49 3.29 3.51 3.13 2.83 2.86

5 (0.39) (0.01)¢ (0.11)° (0.13)% (0.24)¢ (0.37)* (0.04) (0.17)® (0.23)* (0.18)
dA eA A A eA deA deA cA A bA

291 241 2.81 2.58 2.48 3.03 2.73 2.66 2.25
C20:503 0 (0.30)% (0.01)® (0.40)° (0.03)® (0.01)® (0.03)" (0.10)* (0.15)* (0.01)* -
A A cdA cA cA A dA cdB A

3.12 3.97 2.64 269 2.77 3.18 3.14 2.69 2.19 1.87
3 (0.11)« . 0.01)° . 0.36) (0.20)¢ (0.01)« (0.13)° 0.17)*  (0.05)%
O11° (e (OOD°  (Fogua (036 (020° (Q0D)* (013 (0177 (0.05)

3.28 3.04 2.73 2.65 3.06 3.34 3.11 2.24 1.97 1.96
5 (0.51)¢ (0.00)¢ (0.11)° (0.01) (0.23)® (0.40)¢ (0.04)® (0.01)® (0.06)* (0.04)

A B cA A A A B A A B

c22 (g'gg)b 0.06 (g'gf)b 007 006 008 006 ((?gg)b (8'8g)a ]
cis 0% 0o0pa OO gogpa (000 000y (.00 OO0 0
oos 007 010 006 o 007 008 009 007 007
3 0 0.01)® (0040 (000 O 0.01)® (0.00)® (0.01)® (0.000® (0.00)"
oo OOD® (008 0 S ©OP (00D* (0P (©00® (0.00)
006 006 008 007 .. 007 006 006 007 007
5 (0.00)® (0.00)® 000)° on® 9% (oo (0.00)® (0.00® (001X (0.01)
cA A A cA (000) AB A A A bcA
148 .. 164 12 159 . ... 135 128
C22:603 0 , 2 9 8 / > 4 0 8 !
. b c be be a a -
(0§8) (0.01)dc (0334) (0286) (Oﬁf) (033)aA (0.74)bB (Oil) (0§7)
128 ., 145 144 124 . 138 137 123 128
;9 : 5 9 3 A 5 0 5 8
0.57) 045)°  (0.44)% (1.20)® 042)% (022 (0.48)° (0.01)°
O30 ey O O QDT gy O 0227 08 O
123 129 185 440 158 113 110 2 129 126 122
5 2 / 5 6 8 0 7 0 3 0
a a a a a
@25y (0067 (069 gnem (150 (07ap oz (0227 (020 (0.25)
4%'6 37.9 4%8 378 370 377 378 369 358'5
SPUFA 0 .7 .0 8 0 0 5 .-
(286 oozpe OO g3z (082m (62 (0358 (025 (037
361 .. 365 .. 342 31 ., 365 342 332
;4 : 7 A 5 0 ! 8 9 8
ab a ab ab ab ab a
348 349 345 ... 37 339 334 341 335 32
s 5 9 5 > 4 6 9 2 8 5
2,68 (011)® (0.57) o (LO4)Y® (045 (0.35) (0.24)y® (0.18)® (0.31)°
cA cA bcA (O g 1) A cA A cA cA A
181 990 12 178 184 160 178 62 151
EPAD 3 ) 9 [ : 0 ! 4 2
b b a a -
HA (1.26)° o ozpe O74° (oagpe (0878 (025 (0.6aye (060 (0.38)
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table continue

16.0 17.9 171 171 151 15.2 16.9 16.3 145 147
3 1 2' 9 8 9 6 9 9 4 4
(0.46)® e (047 (0.35)c (0.83)® (2.24)® (0.42)* (0.09)* (0.31)* (0.06)
cA (064) cA AB A A B cA A B
15.6 16.0 16.2 16.4 15.9 14.6 141 151 14.6 141
5 0 1 ! 0 4 4 7 3 0 6
a aA a a a
@7aps oer O3 s (2D (g qgm g (0217 (033 (0.21)
PUFA/S 2.0 (016%§°A (g'ol,f)d 1.91 2.06 1.93 1.87 (g'gf)b (g'gg)a ]
FA (0.06)® g o (0.03)°A (0.05)% (0.05)® (0.01)¢ ‘2 5
181 1.91 1.99 202 1.72 1.77 177 1.67 1.59 1.59
3 (0.01)® (0.06)* (0.00) i 0.13)>  (0.09)A i 0.03)® (0.01)* (0.02)?
( AB) ( B) ( B ) (OOS)dB ( N ) ( B) (004)cB ( B) ( B ) ( B )
1.64 1.77 1.77 181 1.68 1.70 1.53 1.47 1.47 1.39
5 (0.17)" (0.05)¢ (0.04)c o4 (0.06)  (0.03)9  (0.04)% (0.01)2 (0.01)* (0.06)
A A dA (004) A A A A A A
19.1 15.8 18.2 16.7 156 18.4 16.8 175 17.1
Ym6 0 2 5 2 8 6 3 3 3 4
c ab cd ab bc bc -
17.0 16.4 16.3 17.0 16.0 176 17.3 16.9 16.5 15.3
3 1 8 4 3 2 5' 7 4 9 5
(0.20)°¢  (0.16)® (0.23)* (0.18)>¢  (0.14) a  (0.06) (0.11) (0.07)® (0.09)?
AB cB bcA A A (1'77) A AB cB B
16.2 15.9 15.3 16.8 16.7 16.4 171 16.0 15.7 14.9
5 0 1 9 0 2 6 8. 8 9 3
(0.16)  (0.16) (0.01)* (0.10)°F (0.23)%  (0.60) o (0.45)%  (0.11)  (0.08)
eA A bA A B eA (031) A A A
19.1 15.8 18.2 16.7 156 18.4 16.8 175 17.1
Ym3 0 2 5 2 8 6 3 3 3 4
c ab cd ab bc bc -
18.4 20.2 195 19.6 175 17.8 19.3 18.8 17.0 15.3
3 9 8. 0 3 8 2 1 9 2 5
(0.42) & (040)°  (0.40) (0.92)® (2.52)* (0.52)* (0.18)® (0.27)* (0.09)
cdA (062) dA AB cA cA dB cdB A bA
179 184 8% 188 183 168 167 /3 170 166
5 7 6 3 1 9 2 2 8 ! !
a a a a
8apr o4 O3 e (1244 (105 oae (0227 (03497 (012)
0.92 0.83 0.83 0.76 0.94 0.96
T06/Z0 s 075 b b » 100 0.84 de d ]
3 0 (O(A)O) (Ooo)aA (OCOAG) (0(11) (OOAS) (Ooo)eA (004)CA (OOAS) (OE\);L)
0.92 0.82 0.84 0.87 0.90 0.98 0.89
0.91 0.99 0.90
3 (0.03)% (0.04)* (0.01)* (0.01)* 0.00)° (0.01)% (0.00)°
( N ) ( 5 ) ( ba ) ( cAB) (014)CA (0_04)eA (001)CA ( A ) ( B ) ( oA )
0.92 0.86 0.84 0.90 0.91 0.98 103 0.93 0.93 0.90
5 (0.13)® i 0.02* (0.02)® (0.07)® (0.10)® i 0.04)® (0.02)* (0.01)2
O1)®  oppe (002 (002 (OO (010 (orie (004" (0.02)* (0.01)
5.25 5.93 5.92 6.45 5.54 5.13 5.72
DHA/E 6.88 431
0 (0.22)° 0.73)> (0.03)* (0.38)« 0.47)* (0.59)® (0.13)*
PA ( N ) (Oos)dB ( A ) ( A ) ( A ) (O.Zl)aB ( B ) ( A ) ( A )

415 450 551 541 4.56 379 442 510 567  6.91
3 (0.320% (0.47)* (0.14)° (0.35) (1.03)* (0.40)* (0.14)® (0.33)* (0.66)¢ (0.18)°
A cdA dA A cdA B cA dA A B
388 428 498 520 4.25 357 577 642 623

5 (L5 (0.00)® (0.43)° (0.24¢ (0.8 40 004y (0.41)7 (0.05¢ (0.26)
cA cA cdA A cA (018) A A A A
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table continue
N/A 0 1131 13.85 12.82 12.84 16.25 13.15 12.40 13.04 14.93 -
3 14.79 11.86 16.50 12.63 14.14 12.30 12.86 12.25 13.17 14.79
5 1181 12.45 15.49 12.68 12.28 14.20 11.43 11.65 11.98 12.22

*The values are expressed as mean + standard deviation, n=3.

&€ Values in a same row followed by different letters indicate significant differences (P<0.05) during storage periods.
A-CValues in a same column followed by different letters indicate significant differences (P<0.05) of the parameter with respect to the

irradiation treatment

PUFA/SFA ratios in this study were determined
as 2.09, 1.81 and 1.64, respectively, in the control and
irradiated groups at 3 and 5 kGy
doses after irradiation. While the PUFA/SFA ratio of
the control group was observed to be
statistically higher than the irradiated group,
especially at the 5 kGy dose (p<0.05), it was
observed that there was no change in the PUFA/SFA
ratios of the 3 kGy and 5 kGy dose irradiated groups
(p>0.05). Statistical decreases in PUFA/SFA ratios
were observed in all groups during storage (p<0.05)
(Table 3). A similar picture was observed at the end
of storage, and in general, the PUFA/SFA ratios of
the 5 kGy dose irradiated group were observed to be

low, while the control group was found to have
higher ratios.

In this study, the initial TBA values of the control
and the fillets that were irradiated with
doses of 3 and 5 kGy were found as 0.96, 0.83 and
0.72 mg MA/kg (Table 4). Initially, while the group
irradiated at 5 kGy had the lowest level of
TBA, TBA values of 5 kGy dosed group increased
quickly  during storage and reached to
higher values than the other groups. In addition, 3
kGy group had significantly higher values than the
control group (P<0.05). Therefore, it can be said that
gamma irradiation accelerated lipid oxidation in our
study.

Table 4. The changes on thiobarbituric acid value (TBA, mg MA/kg) for smoked trout fillets irradiated with
different doses during cold storage

Storage Period

(Week) Control (0 kGy) 3 kGy 5 kGy
0 0.96 £0.01°C 0.83 £0.12%® 0.72 £0.102
2 0.99 +0.029A 1.04 £0.01°8 1.22 £0.02°¢
4 0.90 +0.04°A 0.94 +0.04%® 1.50 £0.02°¢
6 1.21 +£0.03™® 1.00 £0.02°¢A 1.49 £0.09%C
8 1.26 £0.0194 1.26 £0.05°A 1.23 £0.11°
11 0.76 £0.02%A 1.19 £0.04% 1.36 £0.01°C
14 0.75 £0.01%A 0.97 £0.048 1.38 £0.01°C
17 1.13 £0.03¢A 1.30 £0.058 1.40 £0.01¢4¢
20 1.27 £0.03194 1.40 £0.03™® 1.45 £0.02%C
23 1.46 £0.03% 1.58 +0.01™®

" The values are expressed as mean + standard deviation, n=6.

&9 Values in a same column followed by different letters indicate significant differences (P<0.05) during storage periods.

A-CValues in a same row followed by different letters indicate significant differences (P<0.05) of the parameter with respect to the

irradiation treatment
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The PVs of the control and irradiated groups
during cold storage are shown in Table 5. Initially,
the peroxide values of control, 3 kGy and 5 kGy
groups were found to be 6.84, 7.03 and 5.63 meqg/kg
and fluctuations were detected in the following
weeks. At the beginning of storage, it was seen that
irradiation did not affect the peroxide value.
However, peroxide values of the irradiated groups at

3 and 5 kGy doses at the 20" week of storage (11.35
and 12.08 meg/kg, respectively) were significantly
higher than the control group (6.12 meg/kg) (p
<0.05). There was also a difference between the
irradiated groups at 3 and 5 kGy doses at 23" week
(9.18 and 9.97 meg/kg, respectively) (p<0.05) and
the peroxide value of irradiated group at 5 kGy dose
was found to be higher.

Table 5. The changes on peroxide value (PV, meq/kg) for smoked trout fillets irradiated with
different doses during cold storage

Storage Period

(Week) Control (0 kGy) 3 kGy 5 kGy
0 6.84+0.83% 7.03+1.76%4 5.63+1.89%A
2 7.99+0.3928 7.09+0.5628 4.99+0.55%
4 8.41+1.08 9.18+1.012A8 10.74£1.01°¢8
6 10.39+1.47% 11.12+2.20°A 12.06:+1.90P¢A
8 7.48+1.03%A 9.25+1.31%A 13.13£1.08°B
11 10.67+1.51A 11.94£1.430A 12.69:1.10°A
14 10.82+1.66%A 11.74+1.59%A 9.80+0 84PA
17 8.22+0.95%A 10.92£0.29°4 10.40:£1.990A
20 6.12+0.73% 11.35+1.20°8 12.08+1.07°°8
23 9.18+1.562A 9.97+2.61%

*The values are expressed as mean + standard deviation, n=3.

&¢ Values in a same column followed by different letters indicate significant differences (P<0.05) during storage periods.
ABValues in a same row followed by different letters indicate significant differences (P<0.05) of the parameter with

respect to the irradiation treatment

As can be seen in Table 6, the FFA values of
control and irradiated groups at 3 and 5 kGy doses
were 1.89%, 2.40% and 2.54%, respectively, at the
beginning of storage. Even if there were no
significant  differences  between irradiated
groups of 3 and 5 kGy doses, there was a significant
difference between the control group and
irradiated groups (3 and 5 kGy) (p <0.05). The FFA
values of the control group were significantly
lower than the irradiated groups except for

the 11", 14" and 17" weeks of storage. The control
group (5.36 %) had similar FFA values to the
irradiated group at 3 kGy dose (5.62 %) at the 20™
week (p> 0.05) but the 5 kGy irradiated group (5.95
%) had a significantly higher FFA value than the
other groups (p <0.05). Similarly, in the 23rd week of
storage, the FFA values of irradiated group
at 5 kGy dose (6.10 %) were found to be significantly
higher than the irradiated group at 3 kGy dose (5.67
%) (p <0.05).
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Table 6. The changes on free fatty acids (FFA, % oleic acid) for smoked trout fillets irradiated with
different doses during cold storage

Storage Periods

(Week) Control (0 kGy) 3 kGy 5 kGy
0 1.89+0.1334 2.40+0.06%8 2.54+0.33%8
2 1.98+0.13%A 2.47+0.12%® 2.63+0.28%8
4 2.12+0.08%A 2.76+0.29%8 3.06:£0.45%¢8
6 2.3620.14%A 3.15+0.30°¢B 3.16+0.220¢8
8 2.53+0.13bA 3.18+0.270¢B 3.160.36"¢8
11 3.16+0.83%A 3.55+0.15%A 3.51+0.15%
14 3.51+0.27¢A 3.82+0.20%A8 4.19£0.16%
17 3.86+0.27% 4.21£0.50°A 4.57+0.15%
20 5.36+0.07%A 5.62+0.14™ 5.95+0.08°8
23 - 5.67+0.46™ 6.10+0.09¢°8

*“The values are expressed as mean + standard deviation, n=3.
&t Values in a same column followed by different letters indicate significant differences (P<0.05) during storage periods.
A-BValues in a same row followed by different letters indicate significant differences (P<0.05) of the parameter with

respect to the irradiation treatment

Discussion

Surendra et al. (2018a) investigated the fatty acid
changes in tilapia muscles irradiated at 1 kGy and 3
kGy levels. The researchers reported that while no
change was observed in saturated fatty acids in the
control and 3 kGy groups, there was a significant
decrease in the samples irradiated at 1 kGy. In
addition, a significant increase in PUFA was
observed in tilapia samples irradiated with 1 kGy,
while a decrease was reported in samples irradiated
with 3 kGy. Therefore, researchers reported that the
safest irradiation level for tilapia during ice storage
was 1 kGy. El-Ghafour et al. (2018) studied the
effects of commercially used gamma irradiation (0,
0.75, 1.5, 2.25 and 3 kGy) on fatty acids in mullet fish
(Mugil cephalus). They observed that total SFA and
MUFA values increased in direct proportion to the
increase in irradiation dose. Significant decreases
were observed in PUFA values between control and
irradiated samples. Asamoah et al. (2022) observed
on smoked Atlantic chub mackerel, that SFA and
PUFA values increased significantly with smoking,
but MUFA values decreased significantly.
Researchers attributed the cause to dehydration. Al-

Kuraieef (2021) irradiated fresh bolti fish and
smoked herring and mackerel at different levels (1.5,
3.0 and 4.5 kGy). The researcher found that the total
PUFA percentages decreased slightly with increasing
radiation dose and reported that this may be due to
lipid oxidation. It was also determined that there were
no significant differences between control and
irradiated samples in terms of saturated or
unsaturated fatty acids.

Oraei et al. (2011), irradiated rainbow trout fillets
at0, 1, 3 and 5 kGy levels and found that irradiation
did not initially cause any change in fatty acid levels.
In our study, no statistically significant effect of
irradiation was observed on other fatty acids except
linoleic acid under initial 3 and 5 kGy doses of
irradiation. In addition, researchers found that initial
irradiation did not affect total SFA, MUFA and
PUFA values, similar to the results obtained in this
study. Oraei et al. (2011) found that low temperatures
reduce the production of free radicals and thus slow
down fatty acid changes. Mbarki et al. (2008)
irradiated bonito fish (Sarda sarda) at 0, 1.5, 4.5, 6
and 7 kGy levels and stored them at 2 °C. They
detected an increase in SFA values and a significant
decrease in PUFA values of the control and irradiated
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groups during 21 days of storage. It was observed that
irradiation was initially effective on EPA+DHA
values, and as the amount of irradiation increased,
there was a decrease in EPA+DHA values.
Researchers stated that there was a decrease in
EPA+DHA values during storage and that this
decrease was high in the control group, but as the
irradiation dose increased, the amount of decrease
decreased. In our study, while a decrease was
observed in the EPA+DHA values of the control
group during storage, it was observed that storage did
not cause any change in the groups irradiated at 3 and
5 kGy doses. Etyemez (2011) reported that
irradiation did not cause any change in SFA and
MUFA wvalues in frog legs (Rana esculenta)
irradiated at 4 and 5 kGy levels While some decrease
was observed in PUFA values with irradiation, it was
stated that there was no difference in PUFA values in
the groups irradiated at a dose of 4 or 5 kGy.

It is stated in HSMO (1994) that the most
appropriate 6/®3 ratio should be below 4.0. A low
omega-6/omega-3 ratio has been linked to a lower
risk of breast cancer in women and has been shown
to benefit asthmatic patients. It was crucial to lower
the ratio of w6 to w3 fatty acids in the human diet in
order to lower the risk of cancer and coronary heart
disease. (Durmus 2019) The obtained m6/®3 ratios
were included in these values. Yildiz et al. (2006)
found the ©w6/w3 ratio to be 0.80 for rainbow trout.
Likewise, Senadheera et al. (2012) found the w6/®3
ratio to be 0.98 in their study on rainbow trout.
Similar results to our study of PUFA/SFA ratios were
reported by Mbarki et al. (2008) and Gecgel (2011).
It was also reported that the PUFA/SFA ratio
recommended by HMSO (1994) should be at least
0.45. An index called PUFA/SFA is typically used to
evaluate how food affects cardiovascular health
(CVH). The theory suggests that while all SFAs
contribute to elevated serum cholesterol, all PUFASs
in the diet can suppress LDL-C and lower serum
cholesterol levels. Therefore, the effect is more
favorable the larger this ratio (Chen and Liu 2020).
The lowest PUFA/SFA ratio detected in this research
was 1.39.

Lipid oxidation is one of the main factors that
affects fatty acids, especially PUFA and causes the
spoilage of the food (Fernandez et al. 1997; Pearson
et al. 1983). Lipid oxidation in fish can increase or
decrease by several factors. Species, gender, size,
process and storage conditions, prooxidants and
antioxidants in fish, packaging methods and some
other factors are quite effective on lipid oxidation
(Polat and Tokur 2000; Ju-Woon et al. 2002; Mbarki
et al. 2009). The first stage of the lipid oxidation
starts with the connection of oxygen to the double
bonds between carbon atoms on PUFA and the
occurrence of peroxides. After that the second stage

starts and peroxides degrade to aldehydes, ketones
and carboxylic acids (Porter et al. 1992).
Malonaldehyde, which was generated at this stage,
reacts with thiobarbituric acid and a reddish pigment
occurs (Fernandez et al. 1997). Rancidity can be
determined by measuring this reddish pigment by
calorimetric methods. Thiobarbituric acid value
(TBA) is an important parameter that shows the
rancidity levels of lipids (Piranavatharsan et al.
2023).

Many studies on gamma irradiation have
obtained similar results (Lakshmanan et al. 1999;
Cozzo-Siqueira et al. 2003; Chouliara et al. 2004;
Ozden et al. 2007; Mbarki et al. 2009). Moini et al.
(2009) reported that ionizing radiation increases the
formation of free radicals in lipids. Some researchers
also reported that smoking has a significant effect on
lipid oxidation and increases the TBA level by
twofold or higher (Goulas and Kontominas 2005;
Tokur 2007; Koral et al. 2009). Al-Kuraieef (2021)
examined the effects of gamma irradiation (1.5 kGy,
3 kGy and 4.5 kGy) on raw tilapia and smoked
herring and mackerel. Increases were observed in the
TBA values of smoked fish compared to raw tilapia.
In addition, TBA values increased in parallel with the
increase in irradiation. The highest increase was
observed in samples irradiated with 4.5 kGy (tilapia:
0.592 mg MDAV/kg; herring: 0.635 mg MDA/kg and
mackerel 0.722 mg MDA/kg) and thus it was
concluded that peroxides and hydroperoxides
decomposed more quickly into lower molecular
weight compounds. Mbarki et al. (2009) stated that
when low doses of radiation were used, an oxygen-
impermeable form of packaging should be used to
increase the storage life of fish in the refrigerator or
on ice. Surendra et al. (2018a) examined the quality
changes of tilapia stored in ice as a result of gamma
irradiation (1 kGy and 3 kGy). The researchers
reported that TBA values were between 0.014 and
0.003 mg MDAV/kgduring ice storage and did not
exceed the consumption limits.

One of the most important factors in the
deterioration of the quality of the fish is the decrease
of the polyunsaturated fatty acids and consequently
an increase of the peroxide value (Oraei et al. 2012).
In some studies, the peroxide value of 5 meg/kg or
less was reported as fresh fish and between 5 meg/kg
and 10 meqg/kg as the start of the deterioration
(Javanmard et al. 2006; Oraei et al. 2012).
Additionally, Connell (1995) reported that over 10
meqg/kg was marked as not suitable for human
consumption. Egan et al. (1997) in their studies
suggested that, deterioration in flavor perceived
when the peroxide value reached between 20-40
meqg/kg.

Many researchers have reported that gamma
irradiation increases peroxide values (Hussain et al.
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1985; Hampson et al. 1996; Javanmard et al. 2006;
Al-Bachir and Zeinou 2009; Gecgel 2011). Reale et
al. (2008) reported that one of the factors that
increase lipid oxidation is microbial enzymes. The
decrease in microbial load in the environment by
gamma irradiation positively affected lipid oxidation.
Al-Kuraieef (2021) observed the effects of gamma
irradiation (1.5 kGy, 3 kGy and 4.5 kGy) on raw
tilapia and smoked herring and mackerel. In the
study, it was determined that the peroxide values of
gamma-irradiated raw tilapia, smoked herring and
mackerel fish (14.3, 15.9 and 13.9 meq O2/kg at 4.5
kGy, respectively) were statistically higher than the
control values (5.7, 7.5 and 8.3 meq O/kg). The
researchers reported that peroxide values increased
with increasing doses. However, Surendra et al.
(2018a) found that there were fluctuations in the PV
values of tilapia fish gamma irradiated (1 kGy and 3
kGy) during storage, and there was no statistically
significant change in terms of the irradiation doses at
the end of the study.

Hydrolytic degradation is caused by lipase
enzymes and triggers the formation of free fatty acids
(FFA). The FFA then undergoes oxidation to form
low molecular weight compounds which produce
unpleasant odors and taste in fish and seafood
products (Pacheco-Aguilar et al., 2000). The
development of lipid hydrolysis  depends
considerably on the hydrolytic enzyme contents
under the influence of different internal and external
factors. Separation of free fatty acids from the
triglyceride matrix can increase the rate of lipid
oxidation and unpleasant odor development (Jasour
etal., 2011).

The observed values show that irradiation affects
the FFA values of the smoked trout fillets and raises
the FFA values. However, it was found that different
irradiation doses (3 and 5 kGy) did not make a
significant difference until the last 2 weeks. The
study conducted by Surendra et al. (2018b) reported
that the FFA values of control and yellowfin tuna
(Thunnus albacares) irradiated at 10 kGy levels were
quite high, but the samples irradiated at 5 and 7 kGy
levels were at very low levels. Hussain et al. (1985)
studied Indian mackerel (Rastrelliger kanagurta)
irradiated at 0, 1, 1.5, 2 and 3 kGy levels and
examined the free fatty acid change. While they
found the FFA value to be 1.82% in the control
group, they found the FFA values to be 1.63%,
1.95%, 2.65% and 2.26% in the groups irradiated at
1, 1.5, 2 and 3 kGy levels, respectively.

It was determined that irradiation did not cause a
statistically significant difference in the fatty acid
components of smoked trout fillets However, there
was a statistical increase in the myristic,palmitic and
stearic acid values of the irradiated groups during
storage. The highest increase in total SFA level was

observed in the 5 kGy irradiated group, while the
lowest increase was in the control group. On the other
hand, irradiation did not affect PUFAs except linoleic
acid. As for linoleic acid, it was determined that
linoleic fatty acid levels in the control group were
higher than those irradiated at 3 and 5 kGy doses. It
was determined that the total PUFA values of the
groups irradiated at 3 and 5 kGy doses during storage
were lower than the control group. In this study, it
was observed that the lipid stability of the control and
3 kGy irradiated groups was better than the 5 kGy
irradiated group. In addition to gamma irradiation,
the use of other processing methods such as smoking
and vacuum packaging was effective in reducing the
effect on lipids. With this research, it is thought that
the application of combined methods including low
dose irradiation to different processed or fresh
seafood products will bring important contributions
to the production of safe foods with longer shelf life.
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