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ABSTRACT

In this study the influence of different conceritnag of three gas mixture (carbon dioxide, nitrogemgen) ,and
also vacuum conditions and flexible multi-layem#l on growth of anaerobic bactewd smoked kutum figiRutilus
frisii kutum) at ambient condition (T= 2%C) were evaluated. Ordinary condition as contralckagingwere
compared with four kinds of modified atmosphere kpging: (N70%+ CG30%), (N30% + CG70%),
(45%C02+45%N2+10%02),and vacuum conditions, instktudy. These samples(smoked kutum fish) were
packaged in 3 types of flexible multi-layer filmander modified atmosphere packaging,3-
layers(PET2yALu2yLLDuog)and 4-layers (PET/ALzyPETq2/LLD10g) )and 3- layer( PE{2fALzyLLD 100).
Packed samples were performed microbial tests (Autée bacteria count), in different times during @ays, with
15 treatment,3 run, statistical analysis and congm of data, were done by software SAS (Ver:&t) Duncan’s
new multiple range test, with confidence level %P <0.05).The usage of MAP was not adequetdatrolling
spolage but the spoilage process was delayedshiék life of smoked kutum fish(according to anaer bacteria
count) in 4-layers , under conditions 2 & 3were reported60,58,45 days and in vacuum conditions aboutewer
40 days, in 3-layers (AL:12) , under condition? &3 and in vacuum conditions were 55,50,40,8%sd with 3-
layers(AL:7),underconditions 1,2 &345,40,35 days and in vacuum conditions were&8&.dAnaerobic bacteria
count showed that increasing CO2 concentrationdgased shelf life. According to these results chaldoncluded
the best condition for anaerobic bacteria countongled to treatment under modified atmosphere CQO2 &Ad 4-
layers due to thickness (131 ), low steam perntigain this 4-layer container and antibacterial qgerties of
more amount of carbon dioxide.

Keywords: modified atmosphere packaging (MAP), anaerobic drat flexible multi-layer films, smoked kutum
fish (Rutilus frisii kutun).

INTRODUCTION

Smoked fish, is a processed fish which preparetivoysystem, smoke in cold condition (25%T) or smoke in hot
condition (80°C) [4,12], smoking process have usually be doneold system, as an economically efficiency and
30 % weight loss of initial products so must be sidared that smoked kutum fishes are potential ceof
pathogenic microorganisms especially, the preseAinaerobic bacteria’s in these smoked marine petdwhich
are too dangerous [4]. Smoked kutum fish be usymbyared by steam in short time or even serve ttzat,can be
poisoned people. These foods are ready to seradyte-eat), which are not prepared by too much Hed2]. The
modified atmosphere packaging (MAP) is well knowratt there is a non-thermal method for inactivation
microorganism and is widely used for shelf-life lorggation and improvement the quality of perishdbleds stored

at refrigeration temperatures [6-8,19, 33-36]. Hawv¢here is no degradation of flavor and taste witat
denaturation of objectives [14]. The ability of nifeed-atmosphere packaging for extending the slifelfof foods
has been known for many years [1-3,19,33-36]. Medifatmosphere packaging is the enclosure of a, food
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package which the atmosphere has been changedédoyn@lthe proportions of carbon dioxide, oxygeit;ogen,
water vapor and trace gases. The process limitsooniganism as well as biochemical activity. Thisdifioation is
performed by gas flash packaging which air is reatoand replaced by a controlled mixture of gaseg9[83-36].
MAP inhibits some microorganisms, so can increasequality of variety foods [5]. Kutum fish withdtscientific
name Rutilus frisii kutumbelongs to the Cyprinids family and has a higmeeercial value. The main distribution
of this species from Turkmenistan to Azerbaijamglthe Caspian Sea. It is one of the economicaifortant fish
in the region [9]. These products (smoked kutunm)fiwithout an efficient processing are potentialirse of
pathogenic microorganisms, since the low acidity #5) and suitable water activity of these packeshls, create
an ideal environment for rapid microbial spoilagehis package [13,14,33-36]. Although, thermaatneent (12F
C, 20 min) effectively destroys these microorgamsigin 33-36], has been used widely, proteins andesother
physiological substrates are inactivated, and apresgtly the sensory properties and contents ofemni in foods
are lost [15,19,33-36]. For that reason, significafforts are leading to the development of novektpssing such as
MAP [18,19,34,36] ,which is proving to be able tactivate spoilage microorganisms without signifity affect
nutritional and sensory properties of several fof2ls However the growth of microorganisms deperus
temperature, pH and water activity as the main gnedetermining factors, other factors can signifibainfluence
the growth characteristics of the microorganism14R All mentioned in this study include the iaitiCO2/ N2/ 02
concentration (%) in the head space of poucheseaismitiependent variable for the gas atmosphere nigtnaded that
CO2 exerts as an antimicrobial effect in the wateaise of the food product [5,8,21,33-36], therefexeept the
effect of intrinsic, extrinsic and processing paetens on the CO2 solubility, the concentrationigsdlved CO2 in
the water-phase of the food product should be pm@ted in this study as independent variable [7,8@rogen
(N2) is a non-reactive gas that has no smell aetamlike carbon dioxide, is not absorbed in famdwater
[18,19,33-36]. It is used as a filler gas to replagygen and thus prevent spoilage or to repladsooadioxide and
prevent package collapse, and also oxygen (O2epts\anaerobic bacteria growth [1,5,33-36]. Anaierbhcteria
countis unequivocally assigning in the scientific methotl is one of the oldest means of quality contbait in
principle is an essential part of the mandatorgsssent of food quality [2,15]. Other hand the iMaiter films
have been used for packaging these meal are pfsticlaminated with aluminum for packaging cookadat and
cooked poultry instead of can [16,17, 24-30]. Thésminated packages with some metal component can
considerably change the food temperatures andnailsmwave transparent with a high melting point,[28-32].
The most common packages that have been triedhdivédual pouches made of microwave transparegidl films
such as polyethylene (LLD), and polyethylene tetieplate (PET) , which are barrier films [20, 1728; and
aluminum foil [18,22-24,31,32]. In this study, wevestigate about the effects of modified atmospipaekaging
with different concentrations of CO2/N2/02, and tlsage of three multilayer flexible pouches [1822231,32] on
anaerobic bacteria count of smoked kutum fish dusitorage times (60 days) [21]. We try to prove MRl these
multilayer flexible films are able to control theogvth of Anaerobic bacteria, and can extend thdf diie of
seafood [16,17,19,33-36].

MATERIALSAND METHODS

Preparation of smoked kutum fish

5, smoked kutum fish (prepared by cold smoke régeatch weighing 1.5 kg from a distribution cendéifish in
Tehran were bought for this experiment. The heatltaih of samples, were isolated and then samdidistg were
divided into small pieces (60 g) and placed underile conditions inside the containers. Tempegmtwas
controlled in order to decrease to ambient tempegafT=25 °C). Analytical parameters such as pHs@@r 2001
pH meter; Crison Instruments, SA, Barcelona, Spaatyible solid content (Atago RX-1000 refract me#&tago
Company Ltd., Japan), were measured accordingettstiRl regulation [19,24-30,33-36].

M odified Atmospher e Packaging

Henkelman packing machine, model Boxer-200A wasl irs¢his study. Samples were packed into thredilayér
flexible pouch 3-layer (PE&LyAL2fLLDqoo), 4layer  (PETR2fAL#/PETa2/LLD 1oy ) , and 3-layer(
PETu2fAL (7/LLD 100) under modified atmosphere [16,17,21]. After packggisamples were put in at ambient
condition (T= 25°C) immediately, for anaerobic bacteria countiffecent times (19, 33-36).

=

Fig 1.(A) Modified atmospher e packaging, (B) gas analyzer, (C) gasflash tank(Model: Boxer-200A) (19, 33-36)
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Microbial Culture

Total count of anaerobic bacteriain PE 2 & BHI culture

BHI (Beef heart infusion solids 17.5 g/litre , Protepsgetonel0.0 g/litre , Glucose2.0 g/litre , Sodicimoride5.0
gllitre , Di-sodium phosphate 2.5 g/litre , pH 8.2 @25°C ). BHI is a general media for anaer@oiunt.

PE 2(Peptone digest of animal extract 20 g/1000 ml, sYelaxtract 3g/1000 ml ,2%Alcoholic solution of
bromocresol purple 0.04g/1000 ml,Cicer arietinunb@4no, Distillated waterl000 ml) Peptone Yeast &ottr
Bromocresol Purple is an enrichment media for atserbacteria(10,11,19,24-30,33-36).

First, 1 g sample under the hood of microorganigmshe laboratory was weighed and was crushed inml0O
Ringer's solution, then PE 2 (10 ml) was added whvas a culture for enrichment and with gas pagle th in
anaerobic jar, for 3 days was incubated at 37 Ad€prding to CFU method, divided into one seridsetsix tubes)
which contain 9 cc sterile distilled water. Firstd of the sample added to tube no one and traedféube by tube,
main sample was prepared by serial dilution (0.@D,0...). Finally pour plate method were done indbeble BHI
culture ,too in order to count Anaerobic bacterfdoh was incubated for 4 days at 37 ° C (19,24-333).

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 [19,2483¢B6].

Table 1- Analytical characteristics of containers[18, 19, 25]

Sample Layers Thickness | Tensileof sealing film OT.R| WV.T.R

(w) (N) (ml/m*day (g/ 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 Dengtgly Ethylene; AL: Aluminum

Statistical Analysis

In order to describe the variables of this expenitne/e must design a model to analysis relationbkeigveen type
of samples, type of treatments, and growth of arzerbacteria. Statistical analysis of data, wadopmed by
software Statistical Analysis System (SAS : 9/1)hwAnowa test, and comparison of data was donBurycan’s
new multiple range test, with confidence level 6%®(P <0.05) (26-30,33-36).

RESULTS

Total count of anaerobic bacteria in different conditions
Analysis of variance (table 2) showed that the nfastors between (layers, gas, time) of anaerohitdria had
significant difference (P<0.01). The interaction@és x time) had also significant difference (40.

Table2-Analysis of variance mean squarestraitsin response to treatments

Total count of Anaerobic bacteria | Degreesof freedom Variables
0.749 2 Layers
1.889 4 gas compasition
0.0006¢ 8 L ayer*gas
4.105 3 Time(days)
0.0011¢ 6 Layer* days
0.146 12 gas*days
0.001* 24 L ayer *gas* days
0.0008 120 Errors

3.429 - Variance Index (CV)

Table 3-Comparison of the mean traitsin response to different films

Anaerobic bacteria variousfilms
3.704 Film1l 3 layers(AL:12)
3.843 Film2 3 layers(AL:7)
3.613 Film3 4 layerg

Figure 2 and table 3 were shown, the effect ofed#iit layers on anaerobic bacteria count of smdksuaim fish.
Different layers were separated in different color layers:1 (PE{2fAL 12/LLD 100){blue}; layers:2(
PETu2/AL 7y/LLD og){red}; layers:3 (PETi2fAL 7y PETu2/LLD 100) {green}. The lowest amount of anaerobic
bacteria in packed smoked kutum flsblonged to layer:3(4-layer) and then layer :1{gta) ,because of thickness
(131 W), low permeability of water vapor in thisadrer container.
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Fig 2-The effect of different layers on anaerobic count ( log cfu/ml)

Table 4-Comparison of the mean traitsin response to different gas compositions

Anaerobic bacteria various gases
3.390' CO, 70% +N 30%
3.809 CO; 30% + N 70%
3577 CO,45% + N 45%,+ 10% Q@
3.920 vacuum
3.91F control

Figure 3 and table 4 were shown, the effect ofedififit gas compositions on anaerobic bacteria aofusinoked
kutum fish. Different gas composition were sepatate- CO2 70%,N2 30%({ red }; c-CO2 30%,N2 70%{dl}; d
- CO2 45%,N2 45%{green}; b-Vacuum{ pink }; a-contreample{ black }. The lowest amount of anaerobic
bacteria belonged to gas combinations 1 (70% €@0% N2), and then (45%C0O2+ 45% N2+ 10% 0O2), and

highest amount observed in vacuum and ordinangliion because of gas atmosphere (antibacterigdgsties of
carbon dioxide gas).
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o
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Gas1 Gas 2 Gas 3 Vacuum Control

Different gases

Fig 3-The effect of different gas compositions on anaer obic bacteria count ( log cfu/ml)

Table5- Comparison of themean traitsin response to different days

Anaerobic bacteria | various days
3.41F Day 15
3.5632 Day 30
3.863 Day 45
4.08F Day 60
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Figure 4 and table 5 were shown, the effect ofediffit days on anaerobic bacteria count of smokéairkdish.
Different days were separated in different colay d5 {red}; day 30{blue}; day 45 {green}; day 6Mkack}. the
lowest amount of anaerobic bacteria in packedkseh&utum fish was observed after 15 days anbdsg after
60 days ,which caused bacteria increased rapidtiidtimes

Anaerobic Bacteria log cfu/ml

4.2

4.0

3.8

3.6

3.4

3.2

15

30 45 60

Time (day)

According tofigure 5, the effect of

Fig 4-The effect of different days on anaerobic bacteria count ( log cfu/ml)

different gas compositiaon different days on anaerobic bacteria count of

smoked kutum fish were shown. Different gas contpms were separated in different color, CO2 7092 ,30%
{ White }; CO2 30%,N2 70%({ red }; 45%CO02, 45% N2%002{green}; vacuuny Violet }; control sample{ blue
}. The lowest amount of anaerobic bacteria coubrged to gas combinations (70% £® 30% N2), and then
(45%C02, 45% N2,10% O2) after 15 days but highestuat observed in ordinary condition and vacuunddamn

after 60 days.
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Fig 5-The effect of different gas combinations and different days on anaerobic bacteria count ( log cfu/ml)

According tofigure 6, the effect different gas combinations atifffierent layers oranaerobic bacteria count of
smoked kutum fish were shown. Different layer wegparated in different color, {3-layers(P&JAL (12/LLD (100)-
blue,4-layers (PET2JAL 7/PET12/LLD 100)-green, and 3—layer (PEJ/AL 7/LLD 1o0p-red} The lowest amount of
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anaerobic bacteria in packed smoked kutum fisonged to layer:3(4-layers) under gas composiG®2 70%,
highest amount belonged to layer:2(3-layers) undginary condition then vacuum condition.
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4.0
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3.6
34
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2.8
2.6
2.4
2.2
2.0

Anaerobic Bacteria log cfu/ml

2670 280 ¥AS vacomamcortrol 2670 PG04S vacomum omdol 2670 26530 9445 vvacwam cordxol
Layerl Layer2 Layer3

Different layer & Different gases

Fig 6-The effect of different gas combinations and different layerson anaerobic bacteria count( log cfu/ml)
DISCUSSION

The results of this study showed that CO2 had aotaohial effect and its mechanism could be describg its
solution in water of food tissue and producedoaic acid which the carbonic acid arrived to eaimbrane of
microorganisms and ionized into the cell and thkapsed electrical balance within the cell in arde killing

microorganisms . The difference between microbdividies in the samples was significantly deperidem the
concentration of nitrogen and carbon dioxide, adl we the role of nitrogen gas, indirectly couldlaenced
perishable foods by decreasing the growth of atmdenmicro-organisms. The second role of nitrogemiodified

atmosphere packaging, was a gas filler and progthie development of flexible packaging againsuuan.

1- The lowest amount of anaerobic bacteria in padmoked kutum fisihelonged to layer:3 (4-layers) under gas
composition CO2 70%,but highest amount belongedayer :2(3-layers) under ordinary condition anderth

vacuum. Because of the thickness and of type gagsg@there, which were prolonged the shelf life obked kutum
fish till 60 days.

2- Anaerobic bacteria counf samples in various conditions, had significaiffedences between (layers, gas, time)
(P<0.01) and also there was significant differeritsveen (gas and time) (P<0.01).

Nortje et al, 1989, due to research about the effect of agaiegtment on the microbiology and storage
characteristicof beef in modified atmosphere packs containing @&92+75%02, the result wereorresponded
with these results. Blackistone, B.A. , 1998, doerdésearch about principles and applications ofdifid
Atmosphere Packaging of different foods , the lteson growth of anaerobic microorganisms , wergilar to
these results .Erkaet al, 2006 , indicated that due to effet of Modifiatmosphere Packaging on shelf life and
growth of anaerobic bacteria in packed fresh isag] the results were similar to these resultsouéra &
Karatapanis, 2007, indicated that due to combieffdct of oregano essential oil and modified atphese
packaging on shelf-life extension of fresh chickeeast meat , the results of anaerobic bactewantc were
corresponded with these results. Bingol & Ergui 2, due to effect of two different type gas carldioxide and
oxygen had been perform on ostrich meat, the ieshlbwed that the shelf life of ostrich meat undé60 CO2
prolonged till 7 days , the results on growthaoferobic count were similar to these resultsdZallahyari ,
2013, conducted due to the influence of MAP aiffibrent multilayer flexible films on shelf life @&nsion of
candy bread during 20 days , the results und@?2 @70 in 4-layer container ,were corresponded widse
results.
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Zand & Sotoudeh , 2013 , indicated that due toffece of MAP and multilayer flexible pouch for sldife
prolongation of chicken meal , the results of aobie bacteria count ,were corresponded with thesailts.
Sotoudetet al, 2013, due to research about usage of MAP fdf Bfeeextension of packed spicy chicken meal in
multilayer flexible pouches 4-layer container wastér than 3-layer during 20 days, best conditielofged to CO2
%70, that the results were similar to this studand, 2013 , indicated that due to shelf lifee@ston of mashroom
meal in multilayer flexible pouches 4-layer conti was better than 3-layer during 60 days ,theltesvere
corresponded with these results .Zand, 2013 tauvesearch about the shelf life prolongationadked vegetables
meal in multilayer flexible pouches 4-layer contxi was better than 3-layer during 60 days , tiselt® were
similar to this study.

CONCLUSION

The use of modified atmosphere packaging not leastdp spoilage completely, but postponed it. THece of

MAP was not adequate but using this technique ivetetd anaerobic microorganism of smoked kutum fighout

a significant adverse effect on food propertieshin present study, it was concluded that, anaemlfroorganism
of packed smoked kutum fish have been affecteddifferent flexible multi-layer pouches and ditert

concentrations of three gas mixture (carbon digxidkeogen, oxygen), and also vacuum conditionsndu60 days.
Our results confirmed, substitution of MAP and theseribacontainers instead of traditional packagingéafood
packaging industries, due to a lot of privilegeh®m for shelf life prolongation of smoked fishlémg times.

Acknowledgements

The authors appreciate, Dr. Mohammad Reza EshagtiDr. Bijan khorshidpour (Department of Food Scee
and Technology, Faculty of Agriculture, VaraminiRia Branch, Islamic Azad University, Varamin, lyagng.
Hamid Reza Taheri and PMA Com (Plastic Machine AJveehran-Iran) for supplying equipment and matsri

REFERENCES

[1] Athina, G., Ntzimani, M., Evangelos, K., Palegbs, N., loannis, N., Savvaidis,B., and Michael, Féod
Microbiology, 2008; 25(3): 509-517.

[2] Bingol EB.,Ergun O.Meat sciencg2011; 88(4): 774-85.

[3] Blackistone, B.A. , Principles and Application$ Modified Atmosphere Packaging of Food, Secodiian,
Washington D. C.: Blackistone, US2998; page 293.

[4] Cai, P., MA. Harrisson, Y.-W. Huang, and J.lilv8, J.food protect1997; 60:1358-1363.

[5] Cameron-Ac.et. alJournal of Food sciencd989; 54(6): 1413-1416.

[6] Chouliara, E. Karatapanis, Akood Microbiology 2007; 24: 607-617.

[7] Daniels J.A., Krishnamurthi R. and Rizvi S.S.Bburnal of Food Protectiar985; 48:532-537.

[8]Erkan N., Ozden O., Alakavuk DU., Yildirim S.¥and Inugur M. European Food Research Technolpg06;
222:667- 673.

[9] Hoseini ,M,Arabi,G, Sedaghat, S,Hoseini ,S,&@khri , A, Age and Growth of Kutum, Rutilus fiigutum
(Kamenskii 1901) in Tajan River (Southern Caspiaa 8 Iran)2012; 9(2): 211-214.

[10] Institute Of Standards And Industrial Resean€hiran (ISIRI), No 2326, Canned food- Specificatiand test
methods, 1 nd. Revision, Karaj — Ir&@03.

[11] Institute Of Standards And Industrial ReseaotHran (ISIRI), No 3139, Low acid canned food t8as of
microbial spoilagd nd .Revision, Karaj — Irai2003.

[12] Institute Of Standards And Industrial Reseaothran (ISIRI), No 5558, smoked Fish-specificasoand test
methods, 1 nd .Revision, Karaj — Ir&913.

[13] Jay, J.M., Vilai, J.P., Hughes, M.Ent. J. Food Microbial 2003; 81: 105-1113, 587-60.

[14] Mortazavi A, Kasshani N, Ziaolhagh H., Fooddwibiology (WC Frazier), Ferdowsi University Pre230)2.
[15] Nortje,G., Land Show.B.GJournal of meat scienc&989; 25(4): 43-58.

[16] O'Meara, J. P., Farkas, D. F. and WadsworthK.CFlexible pouch sterilization using a combimagtrowave-
hot water hold simulator. Natick, MA. US Army, Nekti Research& Development Lab, Unpublished Rep&il)(
DRYNM, 1977; 77-120.

[17] Paine Y. Frank ,A. Moddified atmosphere pagkg. In: A Hand Book of Food Packachirk®92; PP. 242-
246. Chapmané& Hall.

[18] Sivertsvik,M,et al.j.food sci 2003; 68: 1467-1472.

[19] Sotoudeh,B. Zand,N.Tajabadi, E.NMuropean Journal of Experimental Biolg@13; 3: 617-623.

[20] Taylor, A.A., Packaging fresh meat. In Devetmmnts in Meat Scienc& ed. Lawrie, R. (ed). Elsevier Applied
Science publishers, Londo2008 .

[21] Vanderzant, C. Hanna,M.O.Ehlers, J.G. Sawl,JBmith, G.C. Griffin, D.B. Terrell, R.N. Lind,K.DAand
Galloway, D.E.J.Food Sci2000; 47:1070-1079.

630



Nazanin Zand et al Der Pharma Chemica, 2016, 8 (19):624-631

[22] Zand,N. and Mailova, E., The study of The marproperties of the combined films.Annals ofragan

Science.(Article in Russian) Republic of Georg@®9; 7(3): 94-95.

[23] zand,N. and Mailova, E., Combined packagingeral flexible packs characteristics dependencelmnges
of components composition and quantity. Processirag Engineering Academy of Armenia(Article in Riasg

Republic of Armenia2010; 7(1): 129-132 a.

[24] Zand,N. and Mailova, E., The strength of theld seams of flexible packages depending on tladénge
mode.Agro science.(Article in Russian) Republidafhenia.2010; No 1-2:73-77b.

[25] Zand, N. and Mailova, E., The influence of etimal processing on hermit city of flexible packapi,

Agronomy and Agroecology.(Article in Russian) Rbijixiof Armenia.2010; No 2: 96-99c.

[26] Zand N.JForoudi F., Mailova Eand V.Voskanya#., African Journal of Microbiology ResearcP010; 4(19):

2011-2021a .

[27] Zand N., Foroudi F., Mailova Eand V.VoskanyaA., African Journal of Microbiology ResearcR010; 4(23):

2010. 2468-2478 b.

[28] zand,N.,Annals of Biological Research011,.2(2): 488-501a.

[29] Zand, N.,Annals of Biological ResearcB011; 2(3):442-552b.

[30] zand,N.,Annals of Biological Research011; 2(4):398-407c.

[31] Zzand,N.,Trends in Food Science & Technold#i1;13.2002:319-324b.

[32 zand, N., Correlation of plastic multilayer Baging films mechanicals properties with compositiand

percentage of their composition. Information tedbgies and management.(Article in Russian) Repubfic
Armenia2011; 1: 232-234f.

[33] zand, N., Sotoudeh, BEuropean Journal of Zoological Resear@d13; 2(2): 26-33.

[34] Zand, N. ,Sotoudeh, BAnnals of Biological Researcf013; 4(6): 175-181b.

[35] Zand, N. ,Allahyari A. S.European Journal of Zoological Resear@hl3; 2(3): 29-38a.

[36] Zzand,N., Allahyari,A.S.Annals of Biological Research013; 4(7): P:243-251b.

[37] Zand, N. European Journal of Experimental Biolog@13; 3(2): 598-607a.

[38] Zand, N.,European Journal of Experimental Biolog@p13; 3(3): 246-253b.

631



