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ABSTRACT

Three species of kilka (Clupeonella spp.) in thesfglan Sea have a high commercial value. In Irais itise to
produce canned, marinated packs and paste in madngage and nugget. Kilka is a nutritious fisthviigh level

of iron and considerable level of polyunsaturatatyf acids making it prone to auto-oxidation. Thelity of kilka

is the most important factor affects on its produtherefore antioxidants can be used during kikadling and
storage. Since consumers tend to choose produtttsaiural additives, in this study the effects efocopherol on
the kilka fish oxidation is compared with BHT. Kilkvas immerged in 0.1, 0.5 and 1 perecent w/v basis
concentrations ofa -tocopherol and BHT for 15 minutes, and then &dasamples were packed separately and
stored at 4°C. The inhibitory effects af-tocopherol on the outooxidation of kilka was istigated every 24 hours
over a period of 4 days by monitoring changes iropee value, free fatty acid content as well aisithrbituric
acid reactive substances. Results showed that thaseno significant difference ( p>0.05) betweenlg¥%ele ofx -
tocopherol and the same level of BHT. One peroénin -tocopherol is therefore regarded as the preferred
concentration for controlling oxidation of kilkalain the basis of efficacy.
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INTRODUCTION

Kilka is a family of small but common schoolingtsedter plankton-feeding fish. They are found intsrad areas
throughout the world’s oceans. They are concemtratdemperate waters and rare or absent in vely @overy
warm seas.[11]

Kilka is the most numerous fish in Caspian Seae&hkilka species; Cluponella engraulifermis, Chupsla
grimmi, Clupeonella cultiventris are nutritionatipd commercially important [11,12]. Fish oil hakigh content of
long-chain polyunsaturated fatty acid (PUFA) in&uwall cis-5,8,11,14,17- eicosapentaenoic acid (E&A) all cis-
4,7,10,13,16,19-docosahexaenoic acid (DHA). [4]

These are particularly necessary for the developwietie retina and brain; DHA plays an importasierin infant
growth during nervous development in early life.dddition, EPA decreases the risk of cardiovascdiseases
some types of cancer, and immune disorders. Theamgoalso important for cell growth, differentiatjoand
metabolism, as well as for improving resistancsttess and regulating gene expression. The feetusves fatty

acid supply from the mother via active placentaingmission. Since PUFAs of tHe'3 family are essential
nutrients, dietary fatty acid intake must be sidfit to satisfy the needs of both the mother amddéveloping
foetus during pregnancy.[5]
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The high degree of insaturation makes fish oil v@rgceptible to auto-oxidation resulting in breakdoproducts
such as various aldehydes and ketones that rendeceptable colours odours, and flavours. [3]

Due to the health benefits associated with intafkiésh, stabilization of products containing fiaainst oxidation
is required.[7,9,12] Kilka is consumed fresh firednned in oil, brine or tomato sauce, it is atsrketed as paste
for making nugget, sausage and fermented fish sauce

Addition of antioxidants to kilka is done to protét during handling and storage. BHT and tocoplseare primary
antioxidants or chain breaking antioxidants. Theyfeee radical scavengers that delay or inhitgtitiitiation step,

or interrupt the propagation of auto-oxidation. €amers prefer natural additives in foods, thusatidition of
synthectic antioxidant such as BHT has become aitsgn marketing issue even though it is considesate.
Tocopherols are found in many plants and theyparceived as natural. The antioxidant activftyooopherols is
mainly due to their ability to donate their phokndiydrogens to lipid free radicals. Various resbas have done
on protective effect of¥ -tocopherol on fish oils. [8,9,10,15] The aim oé&thpresent study was to compare the

inhibitory effect ofd - tocopherol with BHT on auto-oxidation of kilkever a period of 4 days storage aa.
Peroxide values (PV), free fatty acid (FFA) contentl thiobarbituric acid reactive substance (TBARSYish oil
samples were determined to access the developrheaniadity

MATERIALS AND METHODS

Sample preparation

The kilka samples used for the study were obtafrad local fishery station (Babolsar,Iran) in tmienth of July.
The amount of kilka lipid varies in different seasoKilka catches was made at night using a cohevitle a 1500-
kw light to attract the fish. Fresh kilka immedigtevere placed in chilled sea water (CSW )contafiled with
water and ice and delivered to the research station

Fresh kilka were immerged in emulsified solutiomsitaning different level of antioxidants 0.1% %.&nd 1%
w/v basis for 15 minutes. These treated samples digided into groups of 150 grams and packedrséglg into

polyethylene bags and kept at’@. The control group was packed without antioxidan2s ppm of
polyoxyethylene sorbitan mono oleate (Twin 80) wasd as an emulsifier to dissolve the antioxidantgater and
prepare the oil in water emulsion. Fish oil wag&sted from kilka tissues using a mixture of hexaogropanol
(3:2, viv) solvent system.[10,15] Freshly extradtékia oils were also analyzed for PV, FFA and TB#lues.

Chemicals
The following chemicals used in the study,-Tocopherol, BHT, trichloroacetic acid (TCA) , thiarbituric acid
(TBA) and poly oxyethylene sorbitan mono oleate ifT80) were purchased from Fluka Co., Germany.

Peroxide value (PV)

5gr sampl was placed in a 250ml Erlenmeyer flagsk 20ml mixture of acetic acid/chloroform 3:2 (viwas added
to each flask while stirring to dissolve the sampliquots of 0.5 ml of mixture 2% KI solution wadded to the
samples and the reaction mixtures were left todsfar 1 min at room temperature (about®2pb with occasional

shaking. 30 ml of distilled water was added torttigture and the resulting reaction mixtures werehegrated with

0.1 N standardized sodium thiosulphate to a palewgethen 2 ml of starch indictor was added arhtion was

continued to a colourless end-point. A blank wasied out using a sample containing all the ab@agents except
the fish oil. Triplicate measurements of peroxiddues of each treatment concentration were camigdPV was

calculated as:

PV= (S-B)N*1000/mass of sample(g)

where S and B are the volumes of titrant for thmpa and blank, respectively, and N is the normalft sodium
thiosulphate solution. Proxide value determinedeadiag to the AOAC official method28.022. [2]

Free fatty acids (FFA)
0.1gr sample was dissolved in 50ml neutralized rigpanol in a 250ml flask . Then 5 drops of phentiipkein
solution, as an indictor was added.

The prepared solution was titrate with 0.1N stadidad potassium hydroxide(KOH) to a pink end poiEA was
calculated as oleic acid percentage:
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ml KOH x N x 288
10x g sample

FFA% =

N= normality of potassium hydroxide.
FFA determined by AOAC oficial method 28.029. [2]

Thiobarbituric acid (TBA value)

Oil samples were homogenized with 25 ml of 5% TQ@A distilled water using a Polytron (model PT-MR(B,
Kinematica AG, Littau, Switzerland) at a setting3®00 rpm for 30 s at room temperature (abod€C2=Duplicates
of 2 ml aliquots of the blended samples were miwitth 3 ml of 0.02 M TBA solution in screw cappedtieubes
and vortexed for 30 s. The tubes were incubatédxbilng water for 20 min and cooled under runniag water. The
absorbance of the samples were measured using@peatometer varian Australia AA20 at 532 nm agadnislank
made up of 2 ml 5% TCA solution and 3 ml 0.02 MATBolution. The concentration of TBA reactive saloste
was determind from a standard curve which was oéthifrom 50/ aliquot of 0.99 g/ml solution 1,1,3,3

tetraethoxypropane (TEP) with 5% TCA. Further dilns were made over a concentration range 1@ to
7.9x107 g/ml. Each dilution was incubated, and absorbamesre determined against a blank after cooling. The
concentration was reported as meq malonaldehgdeflsample. This method has been described inl dsta
Egan.[3,12]

Statistical analysis

Data were analyzed by one-way analysis of varigd®¢OVA) using the SPSS versionll to compare themmea
values of each treatment. Significant differencesvieen the means of parameters were determined Dsincan’s
test (p<0.05)

RESULTS AND DISCUSSION

Peroxide value (PV)

Perimery oxidation products (hydroperoxides) westedninde by PV measurment. PUFA autooxidation lves
free radical generation through a reaction catalylag light heat or tracemetals and enzymes. The faglicals
formed propagate autooxidation by reacting withgety to form hydroperoxides, which break down toegete
other new free radicals. The reaction is termindtedhe formation of stable compounds via dimerizabf free
radicals. The hydroperoxides formed can be meadiiradetrically and their concentration shows theent of
oxidation. However, the peroxides are transienttentperature dependent. [5,12,13]

This imposes limitations of peroxide value alosdralicator of oxidation and necessitates compliamnmethod
such as thiobarbituric acid reactive substances.

The data presented in Table 1 shows that theresigagicant difference (g 0.05) between the control and samples
treated witha-tocopherol. There was no significant differenceQ®5) between samples treated with %6
tocopherol and samples with same concentratiorH.B

a-tocopherol quenched peroxy radicals by donatingydrogen atom. This rapid quenching of peroxy raldic
apparently stabilized the carbon-carbon bond wpiglvented formation of trans-trans hydroperoxif&3,15] This

study reveals that time had significant effect (pef oxidation in treated sample. The previous isgidonfirms

this result. [9,10,15]

Free fatty acids (FFA)

The formation of FFA is an important measure ofdfaancidity. FFA formation is due to the hydrolysié
triglycerides; this process may be promoted by rdection of oil with moisture Lipid rancidity givesse to a
number of effects such as hydrolyzed and oxidat@meidity. In particular, polyunsaturated acidsilgasxidized by
air, producing peroxide which breaks down into higkes and ketones. The production of aldehydeskatahes
causes unpleasant taste.[5]Considering Table Bethéts of free fatty acid in presence of 0.1% @rad BHT and
' -tocopherol were very close. At 1% level tocophexals more effective than BHT but the difference was
significant (p<0.05) -tocopherol prevents formation of trans-trans hperoxides, also inhibits the formation of
diperoxides though its H-donating mechanism. [4,3#A comparision of the data between BHT antbcopherol
shows that there was no significant differencesvbeh them. The perevious studies confirms #fatocopherol
minimize auto-oxidation of fish oil. [5,10,15]
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Thiobarbituric acid (TBA value)

The TBA test is based on the formation of malonaydie from unsaturated fatty acid decompositiorimtl
peroxidation products. Malonaldehyde condenses tithmolecules of TBA to form a fluorescent redahogen
with maximum absorbance at 532 nm. [5] TBA is ergphb as an indicator for monitoring secondary prosiaé
oxidation. [5,13,15] The data presented in Tableh8ws the effect of different concentrations of BHand a-
tocopherol antioxidants on the formation of thidbric acid reactive substances in kilka oil.Gohts referred to
kilka without added antioxidant. Results demonstthat there was significant difference (p=0) betwthe control
and samples treated with 19 -tocopherol and BHT was most effective for prevegtiipid oxidation.[9,15]This
experiment shows that time had no significant ¢ffpe0.05) on the formation of oxidation produatstie sample
treated with bothu-tocopherol and BHT during 4 days monitoring. Daeestudies have a valuated the antioxidant
properties of BHA and BHT comparing to herbal axidants confirms this result. [6,7,8]

Table 1: Peroxide value (meq gkg) at different concentration of BHT and a-tocopherol

. BHT % a-tocopherol%
Time (day) Control 01 05 1 01 05 1
1 1.3 0.5 0.2 0.1 0.1 0.11 0.12
2 26 83 569 647 206 10.8 9
3 23.1 752 41 7.68 208 15 12
4 17.5 735 39 986 20 19  13|9

* Values are means of triplicate readings.
* Control is referred to kilka without added antidant.

Table 2: Free fatty acid (mg/100g) at different cocentration of BHT and a-tocopherol

. BHT % a-tocopherol%
Time (day) Control 01 05 1 01 05 1
1 7.05 9.701 7.47 9.90 8.01 7.90 7.30
2 20.88 9.940 7.42 1256 17.62 18.49 15|49
3 19.62 10.790 11.28 1299 21.98 18.14 2101
4 17.11 9.478 10.55 17.063 22.03 18.01 20

* Values are means of triplicate readings
* Control is referred to kilka without added antidant.

Table 3: Thiobarbituric acid value (meq mlonaldehyde/kg) at different concentration of BHT anda-tocopherol

. BHT % a-tocopherol%
Time (day) Control 01 05 T 01 05 T
1 0.307 0.100 0.090 0.069 0.1.1 0.100 0.068
2 0.560 0.140 0.166 0.126 0.187 0.186 0.164
3 0.336 0.170 0.148 0.133 0.177 0.150 0.136
4 0.329 0.121 0.105 0.170 0.177 0.084 0.074

* Values are means of duplicate readings.
* Control is referred to kilka without added antidant.

CONCLUSION

Regarding to penetration of anti oxidant duringditoning into the fish’s texture, and the intédreEconsumers to
natural additives¥ -tocopherol can be considered as a suitable refdadHT to extend the shelf-life of kilka and
it's products. This study confirms pervious oneat thtocopherol could be used to minimize auto oxmabf fish
oil.
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