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ABSTRACT

The usage of different concentrations of two gagurg (Carbon dioxide, Nitrogen), and also vacuuonditions
and the effect of flexible multi-layer pouches haen studied othe growth of anaerobic bacteria in fresh ostrich
meat at refrigerator (T=4°C). Ordinary condition as a control packaging wasnpared with three types of
modified atmosphere packaging: {(N270% + CO2309)230% + C0270%)} and vacuum conditions in this
project. Ostrich fresh meat were packaged intorgi&iof polymeric flexible pouch” 4-layers with tkiess 131y,
{PET (12) / AL (7) / PET (12) / LLD (100)}, 3-laywith thickness 124p {PET (12) / AL (12) / LLD (}oénd 3-
layer with thickness 119 p {PET (12) / AL (7) / L{IDO0)}. Samples were performed microbial testdgTecount of
anaerobic bacteria), in different times with 12amment ,3 run, statistical analysis and comparisbrdata, were
done by software SAS (Ver:9/1) and Duncan’s neltiptfeurange test, with confidence level of 95%<@R05). The
usage of MAP was not adequate for controlling el but the spoilage process was delayed. Anaehmzteria
population of ostrich meat under (% 30 CO2 +% 70 IdAd also vacuum conditions in this container werare
than 1d (not acceptable).However, the best condition bgdohto ( N2 30% + CO2 70% ) ,and was acceptable til
15 days. Maximum anaerobic bacteria s which werewgr in these meat samples was related to % 30 CO2
conditions in 3-layer Al(74), and the lowest growth belonged to treatment ur¥de70 CO2 in 4-layer. The
Characteristic of this multi-layer flexible pouch-fayers) with less water vapor and oxygen permaglznd also
increasing more percentage of CO2 due to antibélteproperties of carbon dioxide gas, caused to toun
microbial growth in samples, so could be extensleelf life of fresh ostrich meat.

Keywords: modified atmosphere packaging (MAP), growth of aobi bacteria, fresh ostrich meat, flexible multi-
layer films .

INTRODUCTION

The modified atmosphere packaging (MAP) is well wnothat there is a non-thermal method for inacibrat
microorganism and is widely used for shelf-lifeendion and improvement the quality of perishabtelfostored at
refrigeration temperatures [2,4,15,29-32]. Howdrere is no degradation of flavor and taste with ldeaaturation
of objectives [11]. The ability of modified-atmosgrke packaging for prolonging the shelf life of feodas been
known for many years [3,5,16]. Modified atmosphpagkaging is the enclosure of a food, in a packelgieh the
atmosphere has been changed by altering the propedf carbon dioxide, oxygen, nitrogen, wateroragnd trace
gases. The process limits microorganism as webiashemical activity. This modification is perforthdy gas
flash packaging which air is removed and replacgé lzontrolled mixture of gases [2,9,15,29-32]. Mi&Ribits
some microorganisms, so can increase the qualitsanéty foods. These products (fresh ostrich medttiout an
efficient processing are potential source of pa#mbg microorganisms, since the low acidity (pH 5)5.and
suitable water activity of these packed meats,teream ideal environment for rapid microbial spodaig this
package meals [9,12]. Although, thermal treatmd@®0( C, 20 min) effectively destroys these microorgarmsism
[15,29-32], has been used widely, proteins and soimer physiological substrates are inactivated,@nsequently
the sensory properties and contents of nutrienfsads are lost [15,17,29-32]. For that reasomifigant efforts
are leading to the development of novel processureh as MAP [2,16,17, 29-32], which is proving ® dble to
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inactivate spoilage microorganisms without sigwifily affect nutritional and sensory propertiesseferal foods
[9,11] However the growth of microorganisms depeodgemperature, pH and water activity as the ngainwth-
determining factors, other factors can significantifluence the growth characteristics of the macganism. All
mentioned in this study include the initial CO2/ N@&ncentration (%) in the head space of pouchethas
independent variable for the gas atmosphere denadedtthat CO2 exerts as an antimicrobial effedchewater-
phase of the food product [8,15,29-32], therefoteept the effect of intrinsic, extrinsic and progiag parameters
on the CO2 solubility, the concentration of diseadlvCO2 in the water-phase of the food products lehba
incorporated in this study as independent varigh 15]. Nitrogen (N2) is a non-reactive gas thas no smell or
taste, unlike carbon dioxide, is not absorbed iodfor water [14,15,29-32]. It is used as a fillasdgo replace
oxygen and thus prevent spoilage or to replaceocadioxide and prevent package collapse [29-32hs&e/
analysis is unequivocally assigning in the sci@ntifiethods. It is one of the oldest means of gualitntrol, but in
principle is an essential part of the mandatorgsssent of food quality, while also examining teemer study of
the interdependence between physiological and pdygital phenomena in the very process of perceptib
sensory qualities [30-32]. Ostrich meat due to fatvmeat (saturated fat), the lowest cholestenle too much
iron is a good source of vitamins A;,Bg, B 1, can be substituted as a new red meat insteathef presented
meats [1,10,13]. Red meat such as beef and sheap anethe floor, with a taste close to veal andf lzge in
accordance with consumer tastes. Fresh Ostrich imaatually sold before 24-48 hours after deathcadd and
immediately vacuum packed [1,10]. Packaging oftfr&sd frozen ostrich meat (crushed and mincedheeeed for
shelf life prolongation [1, 10]. Other hand the tirldyer films have been used for packaging thesat are plastic
films laminated with aluminum for packaging cooketkat and cooked poultry instead of can [18-28].sEhe
laminated packages with some metal component casiderably change the food temperatures and alsmwave
transparent with a high melting point [18-21,27,Z8}e most common packages that have been triedndividual
pouches made of microwave transparent rigid filmshsas polyethylene (LLD), and polyethylene terbplite
(PET), which are barrier films, and aluminum fdiB[19,20,27]. In this study, we evaluate the effexftmodified
atmosphere packaging; different concentrations @212 growth of anaerobic bacteria [17, 29-32], #melusage
of 3 types of multilayer flexible pouch and MAP [28-32] of fresh ostrich meat during storage tirfles days) .
We want to promote MAP can substitute thermal peirgy in conservation industries, and control ghowt
anaerobic bacteria [18-20, 28-32].

MATERIALSAND METHODS

Preparation of fresh ostrich meat

Ostrich fresh meat (10 kg weight) were chosenfitx éxperiment bought from local supermarket in Mgl -Iran.
The samples were washed, fat were isolated and $laemples were cut into small pieces (7cm *15 cm).
Temperature was controlled in order to decreasamdbient temperature (T=20 °C). Samples were ready f
packaging. Pouches contained 100 g, fresh ostrieait i20,21,23 25]. Analytical parameters such as(@kson
2001 pH meter; Crison Instruments, SA, Barcelonzil§ soluble solid content (Atago RX-1000 refrawtter;
Atago Company Ltd., Japan), were measured accotditige ISIRI regulation [6,7,20-23, 29-32].

M odified Atmospher e Packaging

Henkelman packing machine, model Boxer-200A wasd use this project. Samples were packed into three
multilayer flexible pouches: 3-layer (PEHAL (12/LLD (100),and 4-layer (PETYAL 7y/PET2/LLD (10)), and 3-
layer( PETi2fAL (7/LLD 100) under modified atmosphere (16,17,21). After paakggisamples were put in at
refrigerator (T= £C) immediately, for evaluation second contamimagnd growth of anaerobic bacteria [15,29-
32].

Fig 1.(A) Modified atmospher e packaging, (B) gas analyzer, (C) gasflash tank(M odel: Boxer-200A)
[15, 25-28]

Microbial culture

Total count of anaerobic bacteriain PE 2 & BHI culture

BHI (Beef heart infusion solids 17.5 g/litre, Protepsptonel0.0 g/litre , Glucose2.0 g/litre , Sodiumoade5.0
g/litre, Di-sodium phosphate 2.5 g/litre, pH 7.2 @25°C). BHI is a general media for anaerohictdéria count.
PE 2 (Peptone digest of animal extract 20 g/1000 mlasteExtract 3g/1000 ml ,2%Alcoholic solution of
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bromocresol purple 0.04g/1000 ml,Cicer arietinunb@4no, Distillated waterl000 ml) Peptone Yeast &ottr
bromocresol Purple is an enrichment media for arfaetbacteria [6,7,20-23, 29-32].

First, 1 g sample under the hood of microorganigmshe laboratory was weighed and was crushed inml0O
Ringer's solution, then PE2 (10 ml) was added whwvels a culture for enrichment and with gas pacle tfpin
anaerobic jar, for 3 days was incubated at 37 “€@ofding to CFU method, divided into one serieet(gix tubes)
which contain 9 cc sterile distilled water. Firstd of the sample added to tube no one and traadféube by tube,
main sample was prepared by serial dilution (0.@D...). Finally pour plate method were done indbeble BHI
culture ,too in order to count anaerobic bactetiéctvwas incubated for 4 days at 37 °C [6,7,2022332].

Samples packaging and storage
All pouches (unprocessed and processed samplesg pug¢ at refrigerator temperature (T= 4° C). Atiabl
characteristics of these barrier containers weoavehn table 1 [15,29-32].

Table 1- Analytical characteristics of containers[15,19-23,25-28]

Sample Layers Thickness | Tensile of sealing film O.T.R W.V.T.R
(D) (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 Denstyly Ethylene; AL: Aluminum

Statistical Analysis

In order to describe the variables of this expenitneie must design a model to analysis relationbeipveen type
of samples, type of treatments in different storges on growth of anaerobic bacteria, Statistégslysis of data,
was performed by softwargtatistical Analysis System (SAS: 9/1) with Anovest; and comparison of data was
performed by Duncan’s new multiple range test, withfidence level of 95% (P <0.05) [15,29-32].

RESULTS

Total count of anaerobic bacteriain different conditions

According to analysis of variance table 1, the ciffef different layers, gas compositions, times #mel double
interactions (layers, gases), ( layers, times) @ades ,times), and the triple interactions (layegases, times) on
anaerobic bacteria were significant (p< 0/01) e Trimary effects of layers, gas compositions antkg on
anaerobic bacteria were significant at %1. Accagdmanalysis of variance table 1, as you obsenvedcoefficient
of variation (CV) was in the range of 2 -3 (2.73which means we had high accuracy trials and lowrsr

Table 2-Analysis of variance mean squar estraitsin response to treatments

Resour ce (Variable) Fredom Degree | Total count of anaerobic bacteria

Container 2 713.213
Gas Composition 3 "5.11
Container * Gas Composition 6 "0.55

Time 3 74.884

Container * Time 6 70.079

Gas composition * Time 9 70.234
Container * Gas Composition * Time* 18 0.07
Error 98 0.007
Coefficient of Variation (CV) - 2.737

-** *and " significance at 1% and 5% and non-significanespectively

Table 3-Different concentration of gases, multi-layersand storage times

Gas Number Layer Number
CO2 70% and N2 30% 1 3 layer (Al:12) 1
CO2 30% and N2 70% 2 4 layer 2
Vacuum 3 3 layer (Al:7) 3
Control packaging 2 4 Glassy containe 4

Control packaging 1 (initial day)

According to total count of anaerobic bacteria idIBnedia, the lowest growth of these bacteria warserved in
control sample in initial control as a glassy @mer. Howere the most growth of bacteria werseoked in 3-
layer (AL:7 W) , after 15 days and , then in 3relia(AL:12 W),which had not significant level ,asuysee in figure 2
.The best condition belonged to 4-layers and vgsficant level in comparison with other contais@ue to less
permeability.
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Fig 2-The effect of different layerson anaerobic bacteria( log cfu/ml) (Singleinteraction)
{1: 3- layer (AL:12 p); 2:4-layer; 3: 3- layer (AL:u); 4:Control 1}.

According to total count of anaerobic bacteria idIBnedia, the lowest growth of these bacteria wiyserved in
control sample as an initial control. Although thest growth of bacteria were observed in conditiader ( 30%
CO2+70% N2) , and then in vacuum condition, as $®e in figure 3 .The lowest growth of bacteielonged to
ordinary condition as a control , and ( 70% CO2+302 too, which had not significant level due tdiamicrobial

properties.
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Fig 3-The effect of different concentration of gases on anaerobic bacteria( log cfu/ml) (Singleinteraction)
{1:CO2 70% + N2 30%;2:C0O2 30% + N2 70%;3:Vaccungeahtrol}.

As you see in figure 4, total count of anaerobictéda s in BHI media were reported, the lowestghoof these
bacteria in initial day as a control 1. But the ng®wth of bacteria were observed, after 15 daysés.model (y =
0.341x + 2.282) was described the relation betw@ae and growth of microorganism which had sigmifitdy
level.

As you see in figure 5,the results showed thatefifects of double interaction between differenb@entration of
gases ,and layers on total count of anaerobic hadtad significant level (1%).The best result dogled to control
and combination (% 30 N2 +% 70 CO2) in 4-layerahhihe total count was observed at its limit, ihat éffect of
gas composition 2 (% 70 N2 +% 30 CO2) in 3-layep),/was higher than the other gas compositions sasinet
acceptable for this study. However, the compositibthe gas composition 1 (% 30 N2 +% 70 CO2) amtrol
and also vacuum condition could be a great helgetmrease anaerobic bacteria of fresh meat ostichtainer 2
(4-layer ) had better effect due to the thicknd$ (1) low permeability of water vapor and gas cosition 1 after
initial control condition have the lowest numberbaicteria (similar to control ) due to the antileai@l properties of
carbon dioxide gas
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Fig 4-The effect of different storage times on anaerobic bacteria( log cfu/ml)
(Single interaction)
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Fig 5-The effect of different concentration of gases & multi layers on anaerobic bacteria( log cfu/ml)
(Doubleinteraction)

As you see in figure 6,the results showed thatefffiects of double interaction between differentels over the
time on total count of anaerobic bacteria durimgagje times (15 days) had increased slower ratmirtainer 2 (4-
layers). The total number of anaerobic bacterithéthird - seventh - tenth — fifteenth days wesslincreased, so
could inhibited better than other layers. But aob&r bacteria of samples in 3-layers (AL: 7) ing@@ rapidly, and
had less effect on growth of anaerobic bactenmmllff concluded the number of anaerobic bacterifiegh ostrich
meat after 15 day in 3-layers (AL: 7) was highestl ahe lowest total count of anaerobic bacteriahis day
belonged to 4-layers which was acceptable for shisly. Total counts were shown that samples hadatigyest
amount after 15 day and the lowest amount aftea\3 @hich caused bacteria to grow and multiply dapby the
times.
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Fig 6-The effect of different storagetimes & multi layers on anaerobic bacteria( log cfu/ml)
(Doubleinteraction)

As you see in figure 7, the results showed thectdfof double interaction between different gammosition over
the time on total count of anaerobic bacteria dyritorage times (15 days) had increased slower gas
composition 1 (% 30 N2 + % 70 CO2) after initiahtm! condition than other gas composition 2 andi&d total
count of anaerobic bacteria in container with gamposition (% 30 N2 + % 70 CO2) and ordinary canditafter
15 day storage time was not increased rapidly wae acceptable for consumption ,but container \ggls
compositions 2 and gas composition 3 in day 15 waseeased rapidly ,and un countable . The gas ositipn
(70% CO2 + 30% N2) after ordinary treatment had, ltwest number of an anaerobic bacteria afteraysdiie to
the antibacterial properties of carbon dioxide gas.
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Fig 7-The effect of different concentration of gases & storage times on anaerobic bacteria( log cfu/ml)
(Doubleinteraction)

As you see in figure 8,the conclusion showed tihat triple interaction between different layersffatient
composition of gases in different time on total moof anaerobic bacteria had increased slowegdas composition
1 (% 30 N2 + % 70 CO2) after ordinary conditiodiiayer ,so had the best effect on the total cofirinaerobic
bacteria , over the storage time, which numbeanaferobic bacteria were in limit (the*lnd was not increased
, then 4- layers under composition of gas 3 (vaguibad been effective. The sample under gas cotipod (%
70 N2 + % 30 CO2) in container 3 after 15 days, m@sacceptable (un countable). The effect of daata2 during
storage times after 3,7,10,15 days, on the grodtnaerobic bacteria under mixture of gas 4 gaspasition 1 gas
composition 3 had not a lot of significant difflace. The overall growth of anaerobic bacterithencontainer 3
during storage times after 3,7,10,15 days ,undsrcogaposition 1 and gas composition 4 there hadigoificant
difference, and had the lowest number of theseebactthen gas composition 3 (vacuum) in conta®eras
reported. The use of container with greater thisknand less permeability with the composition of ¢sigher
amount of CO2), gas composition 1 (% 30 N2 + % TRLafter control condition was more effective dnadl the
best inhibitory effect on growth of anaerobic baeteAs the above results, were shown, the totahbrer of
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anaerobic bacteria s affected by antibacterialceffef percentage of CO2 and thickness of contaimbich have
decreased.

i
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Fig 8-The effect of different concentration of gases, multi layers & storage times on anaerobic bacteria (Tripleinteraction) (log cfu/ml)
DISCUSSION

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

microorganisms. The difference between microbidivdies in the samples were significantly depertden the
concentration of nitrogen and carbon dioxide, adl &e the role of nitrogen gas, indirectly couldlwenced
perishable foods by decreasing the growth of amsemmicro-organisms. The second role of nitrogemiodified

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

1- The lowest amount of Anaerobic bacteria in pdckesh ostrich medielonged to layer: 2 (4-layers) under gas
composition CO2 70% after control condition, bughest amount belonged to layer: 3(3-layers) und2g G0%,
and then vacuum. Because of the thickness angefdgs atmosphere, which were affected on grow#maérobic
bacteria till 15 days.

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

Stieret al,1981 , due to research about effect of modifiedosphere storage on clostridium botulium growtt a
spoilage micro flora of salmon fillets, the resultsf anaerobic count were similar to these resbiig, 1983 ,
indicated that due to microbial growth in diffetgpacked meat using multilayer films under vacurondition in
0°c during 12 week , the results of anaerobicdyict count were corresponded with these resOltdssonet
al.,2002, due to research about Modified Atmospheaek&ing, (minimal processing technologies in food
industry),results of this investigation were rbl& Vanderzangt al, 2000 indicated that due to the shelf life and
growth of anaerobic bacteria of packaged beef stemkler vacuum and MAP condition in different rrie
containers during 30 days were significant diffeenwith ordinary condition as a control , theutssof anaerobic
bacteria count were similar to these results. Beyt al, 2006, due to the shelf life and growth of anh&
bacteria of packed ostrich meat under vacuum and®Mandition, the results of anaerobic bacteria towere
corresponded with these results.

Zand & Allahyari, 2013, concluded due to the inflae of MAP and different multilayer flexible filmen shelf life
extension of candy bread during 3 week days ,re¢kalts of anaerobic bacteria count under CO2 ¥ ZBlayer
container were corresponded with these resultsd ZaSotoudeh ,2013 , indicated that due to, ¢ffédIAP and
multilayer flexible pouch for shelf life prolongati of chicken meal , the results of anaerobicdyéctcount were
corresponded with these results. Sotoueledl, 2013, due to research about usage of MAP felf &ife extension
of packed spicy chicken meal in multilayer fle@hpouches 4-layer container was better than 3-ldygng 20
days,the best condition belonged to CO2 %70, asultse of anaerobic bacteria count were similah&se results.
Zand, 2013, concluded due to shelf life extensibrmashroom meal in multilayer flexible pouchesagdr
container was better than 3-layer during 60 dagsults on anaerobic bacteria were corresponded thith
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investigation. Zand, 2013, due to research abbatshelf life prolongation of packed vegetablesIrreanultilayer
flexible pouches 4-layer container was better tBdayer during 60 days , results on anaerobicdvactwere
similar to this study.

CONCLUSION

The effect of MAP was not adequate but using #éifimique inactivated anaerobic microorganism gramithout a
significant adverse effect on food properties dfiols meat samples. In the present study, it waxloded that,
shelf life and growth of anaerobic bacteria of patlostrich meahave been affected by different flexible multi-
layer pouches and different concentrations of was mixture (carbon dioxide, nitrogen), and alscuuan
conditions during 15 days. Owesults confirmed, the modified atmosphere paclka@wAP) was not lead to stop
spoilage completely but postponed it. These parrmetould be promoted substitution of MAP and theseier
containers instead of other traditional meat paitiaglue to a lot of privilege for shelf life ext@an of meat in two
week.
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