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ABSTRACT

In this study the effect of different concentragiari three gas mixture (carbon dioxide, nitrogegigen) ,and also
vacuum conditions and flexible multi-layer filmsshiaeen studied on sensory evaluation of smokedmnkiith
(Rutilus frisii kutum) at ambient condition (T= 26) . Ordinary condition as control packagimgere compared
with four types of modified atmosphere packaging\,70%+ CG30%), (N30% + CG70%),
(45%C02+45%N2+10%02), and vacuum conditions, iis fhroject. Smoked kutum fish were packaged in 3
kinds of flexible multi-layer containers under rifigdl atmosphere packaging,{3-layers(REJAL12/LLD00), 4-
layers (PET2yAL7yPET12/LLD0g) ),and 3- layer( PE{#2/ALzyLLDuog) }. Samples were performed sensory
evaluation, in different times, with 15 treatmedtryn, statistical analysis and comparison of datere done by
software SAS (Ver:9/1) and Duncan’s new multiplege test, with confidence level of 95% (P <0.0Bhe shelf
life of smoked kutum fish according to organoleptioperties were reported under conditions 1,2iB4+ilayers ,
60,58,45 days and in vacuum conditions were ad0udays, in 3-layers (AL:12) , under conditiong,13 and
vacuum conditions were 55,50,40,35 days, with 8+&(AL:7),under conditions1,2,3 were45,40,35 days and in
vacuum conditions were 30 days. During the peabthis experiment (60 days) sensory propertiesanfiples in
various conditions, had significant differencesn&ey evaluation showed that increasing CO2 comegion
extended shelf life, and could affected texturerc@ppearance ,smellaste of smoked kutum fish. Especially taste
& texture had better result. under gas composi(iNs80%+ CQ,70%) with 4- layers , since steam permeability of
4-layer was less than 3-layer According to thessults could be concluded the best condition forsesn
evaluation belonged to treatment under modified osiphere CO2 70% with flexible pouch {PET
(12/AL7yPETu2/LLD 100}

Keywords. modified atmosphere packaging (MAP), sensory evi@oaflexible multi-layer films, smoked kutum
fish (Rutilus Frisii Kutum)

INTRODUCTION

The modified atmosphere packaging (MAP) is a uskftthnique for various researches. However, itéi lknown
that there is a non-thermal method for inactivatitinroorganism ,which is widely used for shelf-lgeolongation ,
improvement the quality of perishable foodstuffetsias meat, fishery, vegetables, and packed bakeducts
[2,6,19,29-32], and also there is no degradatiofia@br and taste with heat denaturation of obyai[6,18,19,29-
32]. The ability of modified-atmosphere packagitng éxtending the shelf life of foods has been recod for
many years [1-3,19, 29-32]. Modified atmospherekpging is an enclosure of food, in a package whuh
atmosphere has been changed by altering the propedf carbon dioxide, oxygen, nitrogen, wateroragnd trace
gases. The process limits microorganism as welbiashemical activity [6-8,19, 29-32]. This modiftan is
performed by gas flash packaging which oxygennsowed and replaced by controlled gas compositid8s MAP
inhibits some microorganisms, so can increase tiadity of variety foods such as sea foods [5,129%82]. Kutum
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fish (Rutilus frisii kutum)is a famous fish which is distributed from Turkmstan to Azerbaijan and Iran along the
Caspian Sea. It is one of the economically imparfish in the region [9]. Kutum fish is constitutedbout 78% of
bony fish harvest and about 76.6% of the whole imeof fishermen in the 2008-2009 during fishingseeain the
southern part of Caspian Sea [9]. Smoked fish kisé of processed fish that is prepared by coldlgm(25-3¢° C)
or hot smoke [80 C) [4,12].Smoked kutum fish (cold type) has stsbelf life. For this reason, significant efforts
are leading to the development of novel processirgh as MAP [4,13,14,19,29-32], that is proving&able to
inactivate spoilage of microorganisms without sfigaintly affect nutritional properties of severabfls. Although
CO2 is not known to be lethal to microorganisméais shown both bacteriostatic and fungistatic @rtigs and will
hinder the growth of certain micro-organisms [13-1%0 there is an increasing demand for storagehef fish in
modified atmospheres, which is most often compafe@O2 alone or mixtures of CO2 and N2 [2,5 ,195329-
However the growth of microorganisms depends onptrature, pH and water activity as the main growth-
determining factors, other factors can significantifluence the growth characteristics of the macganism. All
mentioned in this study include the initial congatibn (%) of three gas CO2/ N2/ O2 in the headcspas the
independent variable for the gas atmosphere denadedtthat CO2 exerts as an antimicrobial effedchewater-
phase of the food product [3,7,19,29-32], theretoreept the effect of intrinsic, extrinsic and mssing parameters
on the CO2 solubility, the concentration of disgglvCO2 in the water-phase of the food product shdd
incorporated in this study as independent varigifjleNitrogen (N2) is a non-reactive gas that hasmell or taste,
unlike carbon dioxide, is not absorbed in food @tev [1]. It is used as a filler gas to replace gty and thus
prevent spoilage or to replace carbon dioxide aredgnt package collapse, and also oxygen (O2) ptegrowth
of anaerobic bacteria [2,8,19,29-32]. The multidlayfilms have been used for packaging this fispléstic films
laminated with aluminum [22,23,27,28,19,29-32]. IRaying materials need to be microwave transpamhthave a
high melting point; packages with some metal congmbrcan considerably change the food temperateréas4l
process factor) [24-26].The most common packagatshilive been tried are individual pouches madeiafomwave
transparent rigid films such as polyethylene (LLEnd polyethylene terephthalate (PET) ,which aneidr films
[16,17,19,29-32], and metallic components presemt package, such as aluminum foil , can dramétiosfluence
on heating rates of the packaged food [18, 19,2&2-32]. The Analytical characteristics of thbéserier container
(3 & 4 layers) caused to control some chemicaltieas in samples and preserved sensory properpesignged
shelf life by less water vapor and oxygen permégli?2,23,27,28,19,29-32]. In this study, we intigate about
the effects of modified atmosphere packaging witfeent concentrations of CO2/N2/02 , and thegasaf three
multilayer flexible pouches (3 & 4 layers) on senysproperties of smoked kutum fisRtilus Frisii Kutum)during
60 days [30,32]. We want to promote MAP and theséilayer flexible films can extend the shelf lit¢g smoked
fish products [22,23,27,28,19,29-32] , and alsorowup the sensory properties of samples [19,24-2&2.

MATERIALSAND METHODS

Preparation of samples (smoked kutum fish)

5, smoked kutum fish (prepared by cold smoke régeaach weighing 1.5 kg from a distribution cendéffish in
Tehran were bought for this study. The head aildbtasamples, were isolated and then samples sif, fivere
divided into small pieces (60 g) and placed undienile conditions inside there multilayer contamerhis research
was conducted to 5 treatments in 3 runf{B + CQ30%),(N45% + CQ45%+ Q5%), (N.30% + CQ70%),
vacuum condition , ordinary condition}. Tempera&uwras controlled in order to decrease to ambienpé&zature
(T=25 °C). Analytical parameters such as pH (Cri2001 pH meter; Crison Instruments, SA, Barcel@zain)
soluble solid content (Atago RX-1000 refract metsiago Company Ltd., Japan), were measured acaptdithe
ISIRI regulation [19,24-26,29-32].

Modified Atmosphere Packaging

Henkelman packing machine, model Boxer-200A wasd use this project. Samples were packed into three
multilayer flexible pouches 3-layer (PEIHAL (12/LLD 100) ,and 4-layer (PETYAL 7)/PET12/LLD (100), and 3-
layer (PET12/AL 7y/LLD (100) under modified atmosphere . After packaging, dempf smoked kutum fish were put
in ambient condition (room temperature), for evébrasensory properties during 60 days [19, 29-32].

A

Fig 1. (A) Modified atmospher e packaging, (B) gas analyzer, (C) gasflash tank(M odel: Boxer-200A) (19, 29-32).
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Samples packaging and storage
All pouches (smoked kutum fish), were put in at @nbcondition (T= 25'C).Analytical characteristics of these
barrier containers were shown in table 1 [19,222&2].

Table 1- Analytical characteristics of containers (19,24-26,29-32).

Sample Layers Thickness | Tensileof sealing film O.T.R W.V.T.R
() (N) (ml/m? day) (gl m?.day)
PET/AL/LLD 100/12/12 124 58.88 0 0.11
PET/AL/LLD 100/7/12 119 48.89 0 0.50
PET/AL/PET/LLD | 100/12/7/12 131 61.03 0 0.089

PET: Poly Ethylene Terephthalate; LLD: Low Denstyly Ethylene; AL: Aluminum

Sensory properties

Evaluation of sensory properties (appearance, ctdmture, Smell, taste) has been designed acaptdinumerical
parameter for each samples, as you see in taflaede properties have been described with markisigis. Best
Marking System was 1-5 (1-Very Good; 2-Good; 3-Mdli 4- Weak; 5- Very Weak). At least 100 members of
panel (tester) were chosen for this investigatidie usage of multiple comparison test, were studied
simultaneously, and specific test (marking systeameach samples, had done after 15,30,45,60 dgyaakaging.

In multiple comparison test, smoked kutum fish vilie code number were given to panel, and they asked to
compare the control smoked kutum fish (Ordinaryditton samples) and coded smoked fish (under medlifi
atmosphere and vacuum), and filled application f(sable below) [24-26,30,32].

Table 2 .Evaluation of sensory properties (appear ance, color, texture, taste, smell) of samples[30,32]

Notes Sensory properties Product

color | Smell | Taste | Texture | Appearance

Very Weak Medium Good Very
Weak Good
5 4 3 2 1

STATISTICAL ANALYSIS

In order to describe the variables of this expenitn&e must design a model to analysis relationg@fween
smoked kutum fish, and type of treatments on sgngmperties during different storage times. Stiatid analysis
of data, was performed by Statistical Analysis 8ys{SAS: 9/1) with Anowa test, and comparison dadsas
performed by Duncan’s new multiple range test, withfidence level of 95% (P <0.05) [24-26,29-32].

RESULTS

Sensory properties of smoked kutum fish in different conditions

According to table 3, the effect of storage timday§) and the effect of different gas compositiand also the
effect of different containers on sensory propsrtiad significant level (P <0.01), although thesefffof layers on
smells and colors had a significant difference I1¢Re<0.05).

Table 3-Analysis of variance mean squarestraitsin response to treatments

Smell Taste | Texture | Color Appearance | Degrees of freedom Variables
0.43 1.917 2.46° 0.60 1.86* 2 layer
25.54" | 29.17" | 28,54 | 26.06** 27040 4 gas
0.051" 0.07" 0.08" 0.13* 0.08" 8 Gas*layer
151.0T | 169.67° | 167.99 | 171.24 172.75 3 Time(day)
0.34 0.09" 0.07¢ 0.171¢ 0.16" 6 L ayer*time(day)
2.47 2.67 2.94 2.67° 2.88 12 Gas*time(day)
0.07¢ 0.27 0.10" 0.10" 0.06" 24 L ayer*gas*time(day)
0.11 0.12 0.14 0.14 0.12 239 errors
9.23 10.03 10.89 10.56 9.97 - Variance Index (CV)

According to tables, 4 & 5,the best mark of sengwoperties (appearance, color , texture , sradte) belonged
to 4-layers , under (70% G@ 30% N ) conditions , and the worst mark observed in geta(AL:7) with ordinary
condition due to the thickness and type of gaspmsition.
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Table4: Comparison of sensory properties (appearance, color, texture, smell, taste) on different layers

Smell Taste | Texture | Color | Appearance Treatment layers
3.70F [ 3510 | 3.403 | 3.567 3.430 layer1: 3-layers(AL:12)
3.85F | 3.644 | 3.66F | 3.697 3.66F layer 2. 3 layer(AL:7)
3.69% [ 3.373 | 3.383 | 3.560 3.424 layer 3. 4-layers

Table5: Comparison of sensory properties (appearance, color, texture, smell, taste) on different gas compositions

Smell | Taste | Texture | Color | Appearance Treatm gas
2.652 | 240 | 3.38F | 2.520 2.423 CO, 70% +N, 30%
3.877 | 3.60F | 3.550' | 3.707 3.650 CO, 30% + N, 70%
3.75F | 3.35 | 3.343 | 3574 3.35P CO, 45% + N, 45% ,+ 10% O,
4.17F | 408 | 3.98F | 4.02F 4.00F vacuum

4303 | 413F | 4.130 | 4.220 4.100 control

According totable 6, the effect of different storage times oroked kutum fish were shown. The lowest mark of
sensory properties (appearance, color, texturell sa&te) of samples was observed after 15 dagishaghest mark
after 60 days.

Table 6: Comparison of sensory properties (appearance, color, texture, Smell, taste) on different days

Treatment
Smell Taste | Texture | Color | Appearance
days
1.672 1353 | 1.31F | 1.41% 1.330 15
3.990 3.640 3.720 3.832 6.630 30
4512 4377 | 4.26F | 4.407F 4.313 45
4.834 4673 | 4640 | 4.77F 4,752 60

Figures 2-5 were shown, the effect of differenttaarers on sensory properties (appearance, cexiyre, smell,
taste) of smoked kutum fish. Different layers wergeparated in different color , layers 1
(PET(lz)/AL(lz)/LLD(100)){blue}; Iayers 2( PEEz)/ALU)/LLD(loo)) {red}, Iayers 3 (PEEz)/ALU)/PET(lz)/LLD(100)) {
green }.According tdigure 2 , effect of different multilayer films wadbserved after 15 days on sensory evaluation,
The lowest mark of sensory propertiedonged to layer : 3 (4-layers) and then layerlag@rs).

Layer 1 Layer 2 Layer 3

Day:15

Appearance
2.00

Color

taste Texture

Figure 2: Effect of different layersafter 15 dayson sensory evaluation

According tofigure 3, the effect of different containers on smy evaluation (appearance, color, texture, smell,
taste) of smoked kutum fish after 30 days wasvshd he lowest mark of sensory propertiedonged to layer:
3(4-layers) and then layer:1(3-layers).
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s gy 1 e Layer 2 Layer 3 Day30
Appearance
4.5
4.0
Smell Color
taste Texture

Figure 3: Effect of different layersafter 30 dayson sensory evaluation

According tofigure 4, the effect of different containers on s@y evaluation (appearance, color, texture, smell,
taste) of smoked kutum fish was observed afteras.dThe lowest mark of sensory propertietonged to layer:
3(4-layers) and then layer:1(3-layers).

e | gyer 1 | qyer 2 Layer 3 Day 45
Appearance
4.5

Smell Color

taste Texture

Figure 4: Effect of different layersafter 45 dayson sensory evaluation

According tofigure 5, the effect of different containers on sy evaluation (appearance, color, texture, Smell,
taste) of smoked kutum fish was shown after 60 dalge lowest mark of sensory propertdonged to layer: 3(4-
layers) and then layer:1(3-layers),but highest mreak for layer: 2(3layers).

el ayer 1 — em—|ayer 2 Layer 3 Day60

Appearance
5.0

Smell Color

taste Texture

Figure5: Effect of different layersafter 60 dayson sensory evaluation
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Figures 6 -9 were shown, the effect of differens gampositions on sensory properties of smokednkuiah.
Different gas composition were separated in difiemlor, (1- CO2 70% +N2 30%) {dark blue}; 2- C3R2% +N2
70% {red}; 3 - CO2 45% +N2 45%+ 10% O2 {green}; dewum {Violet}; 5-control sample {blue}). Accordintp
figures 6, the effect combination of different gasdterl5 days on sensory evaluation was shownlohirest mark
of sensory propertieselonged to gases combination 1 (70% CO2 + 30%a¥x#) then condition 3 (45% CO2 +
45% N 2+10%02), highest mark observed in ordinag/\acuum conditions.

Appearance
3 Day:15
2
Smell Color
taste Texture
e 035 ] e g3s 2 gas 3 e===\/acuum Control

Figure 6: Effect of different gas combinations after 15 days on sensory evaluation

According tofigure 7, the effect of different gas compositiomsre observed after 30 days on sensory evaluation.
The lowest mark of sensory propertibelonged to gases combination 1 (70% CO2 + 30% &#) then condition
3(45% CQ + 45% N2+10%02) ,highest mark observed in ordirend vacuum conditions.

Appearance
6 Day:30
5
Smell /2/\: Color
taste Texture
gas1 gas 2 gas 3  emm=\/acuum Control

Figure7: Effect of different gas combinations after 30 days on sensory evaluation

According tofigure 8,the effect of different gas compositionsrevobserved after 45 days on sensory evaluation.
The lowest mark of sensory proper(@spearance, color , texturésmell tastg belonged to gas combination 1
(70% CQ + 30% N2),and then condition 3(45% €®45% N2+10%02) , highest marked showed in orgiaad
vacuum condition.

Appearance
Day: 45
Smell Color
taste Texture
gas1l gas 2 gas 3  e===\/acuum Control

Figure 8: Effect of different gas combinations after 45 days on sensory evaluation
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According tofigure 9, the effect of different gas combinatiomss shown after 60 days on sensory evaluation. The
lowest mark of sensory propertibslonged to gas combination 1 (70% £©30% N2), highest mark observed in
ordinary conditions.

Appearance
o Day:60
V.
Smell Color
taste Texture
e 035 ] e o35 2 gas 3 emm===\/acuum Control

Figure9: Effect of different gas combinations after 60 days on sensory evaluation
DISCUSSION

The best condition belonged to samples in contaé@ndr layer under conditions (70% gavhich were prolonged
the shelf life of smoked kutum fish till 60 daysrokection of these samples in 4-layers was betian t3-
layers(AL:12) and 3-layers (AL:7), because of stgeermeability of 4-layers was lower than 3-laysisthe usage
of this container was better for preserving sndokaetum fish in long time. Especially taste & tendthad better
result in this technique

Vanderzangt al.,2000 , due to Centralized packaging of beef limalss with different oxygen-barrier films under
vacuum and MAP condition during 30 days were ssgnificant difference with ordinary conditiondnthe
results were corresponded with this investigatienkanet al. 2006, indicated that due to effet of Spoilage dmalfs
life of sardines $ardina pilcharduspacked in modified atmosphere, results were aimd these results. Chouliara
& Karatapanis, 2007, due to research abouhbawed effect of oregano essential oil and modifiétiosphere
packaging on shelf-life extension of fresh chickerast meat during 11 days , the results of sgresealuation
were similar to these results. Athiea al, 2008, due to research about microbial flora aedsory changes in
smoked turkey breast fillets stored under varioaiskpging conditions at at 4°C, the results of sgnswaluation
were corresponded with this investigation.

Zandet al ,2010, indicated that due to shelf life extensidrcooked chick and chick meal in multilayer fllebe
pouches 4-layer container was better than 3-lagsults were corresponded with this study. Zand &iliwa ,2010,
due to research about the shelf life prolongatibpacked meals in multilayer flexible pouchesdweted 4-layer
container was better than 3-layer, for preservagiemsory properties, the results were similar ézehresults. Zand
& Sotoudeh ,2013, indicated that due to the infaeeof MAP in multilayer flexible pouches on sery
properties of chicken meal,the best result belonged-layer under CO2 %70+N 2 %30, that the reswise
corresponded with these results. Zand & Allahy2éi13, due to the influence of MAP and differentltitayer
flexible films on sensory evaluation of candy loté@ 3 week, the results under CO2 %70 in 4-laypetainer, were
corresponded with these results. Zand, 2013,coadutite to shelf life extension of mashroom meamialtilayer
flexible pouches 4-layer container was better tBdayer during 60 days, results on sensory evalnativere
corresponded with these results. Zand ,2013, duesearch about the shelf life prolongation of packegetables
meal in multilayer flexible pouches 4-layer contzi was better than 3-layer during 60 days, resqntsensory
evaluation, were similar to this study.

CONCLUSION

Our results confirmed, the modified atmosphere paclpag@MAP) was not lead to stop spoilage completely bu
postponed it .The effect of MAP was not adequateusing this technique inactivated microorganisnthait a
significant adverse effect on food properties amatmlled sensory properties of fish samples as agelpossible. In
the present study, it was concluded that, sensmgeapties and shelf life of packed smoked kutush fRutilus
Frisii Kutum) have been affected by different flexible multi-lay®ntainers and different concentrations ofehre
gas mixture (carbon dioxide, nitrogen, oxygen), alsd vacuum conditions during 60 days. These petenscould
be promoted, substitution of MAP and these baw@rtainers instead of traditional packaging in faodustries,
due to a lot of privilege of them for shelf lifetersion of seafood in long times.
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