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ABSTRACT

The effect of different concentrations of two gastume (Carbon dioxide, Nitrogen), and also vacuoanditions
and the usage of flexible multi-layer films hasrbetudied orthe growth of aerobic bacteria in fresh meat ostric
at refrigerator (T=4°C). Ordinary conditions as a control packaging wemmpared with three types of modified
atmosphere packaging: {(N270% + C0230%), (N230% @2Z0%)} and vacuum conditions in this study. Fresh
ostrich meat were packaged into 3 kinds of polyoeixible pouch” 4-layers {PET (12) / AL (7) / PET2) / LLD
(100)}, 3-layers {PET (12) / L (12) / LLD (100)} dr8-layers {PET (12) / AL (7) / LLD (100)}. Samplssre
performed microbial tests (Total count of aerobacteria), in different times during5 days, with 12 treatment ,3
run, statistical analysis and comparison of dat@re done by software SAS (Ver:9/1) and Duncaeig multiple
range test, with confidence level of 95% (P <0.05The usage of MAP was not adequate for controllimgjlage,
but the spoilage process was delayed. Aerobic badegrew in fresh ostrich meat, and their popiudat under (%
30 CO2 +% 70 N2) and also vacuum conditions in ¢hesntainers were more than®i@ot acceptable).However,
the best condition belonged to (N2 30% N2+ 70% C@®)ch was acceptable. The Characteristic of thesdti-
layer flexible pouches (3-4 layers) with less watgpor and oxygen permeability, caused to contoohe chemical
reactions and microbial growth in samples. Maximaenobic bacteria’s which were grown in these meahgles
was related to control conditions, then treatmemsler vacuum and % 30 CO2 in 3-layers Alujf7 and the
lowest growth belonged to treatment under % 70 @ORlayer because of thickness and low steam padvitity of
this 4-layer container and anti-bacterial propegief more percentage of CO2.

Keywords: modified atmosphere packaging (MAP), aerobic b#cgowth, fresh ostrich meat, flexible multi-layer
films.

INTRODUCTION

Ostrich meat due to low fat meat (saturated f&®, lowest cholesterol levels, too much iron is adysource of
vitamins A, B, Be, B 1, can be substituted as new red meat instead ef ptesented meats [1,3,11]. The smell and
taste of fresh ostrich meat are similar to red meath as veal and sheep meats according to consastes [1,
14]. Fresh ostrich meat is usually sold before 8%durs after death, and must be cold immediakdygkaging of
fresh and frozen ostrich meat (crushed and mineeglneeded for shelf life prolongation [1,11,14heTmodified
atmosphere packaging (MAP) is well known for vasiotesearchers which there is a non-thermal metbod f
inactivation microorganism and is widely used fael&life extension and improvement the qualitypafrishable
foods stored at refrigeration temperatures [16,2R-However there is no degradation of flavor aaste with heat
denaturation of objectives [12]. The ability of niftet-atmosphere packaging for extending the slifelfof foods
has been recognized for many years. Indeed, ov@ryg@rs ago [2,4,5]. Modified atmosphere packagsnthe
enclosure of a food, in a package which the atmegphas been changed by altering the proportiorsaxdfon
dioxide, oxygen, nitrogen, water vapor and tracgegaThe process limits microorganism as well ashgmical
activity. This modification is performed by gassiapackaging which air is removed and replaced bgrdrolled
mixture of gases [5,16,29-32]. MAP inhibits somecroorganisms, so can increase the quality of wafiebds.
These products (fresh ostrich meat) without ancieffit processing are potential source of pathogenic
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microorganisms, since the low acidity (pH 5-5.5) awitable water activity of these packed meatsater an ideal
environment for rapid microbial spoilage in thesekages [10,13]. Although, thermal treatment (120 20 min)
effectively destroys these microorganisms [6,182B- has been used widely, proteins and some other
physiological substrates are inactivated, and apregtly the sensory properties and contents ofemifr in foods
are lost [5,16,29-32]. For that reason, significeffivrts are leading to the development of novekpssing such as
MAP [5,7,16,29-32], which is proving to be ableitactivate spoilage microorganisms without sigmifity affect
nutritional and sensory properties of several fofd12]. However the growth of microorganisms degse on
temperature, pH and water activity as the main gredetermining factors, other factors can signiitbainfluence
the growth characteristics of the microorganisml Aentioned in this study include the initial CORI2
concentration (%) in the head space of poucheseamtiependent variable for the gas atmosphere mEnated that
CO2 exerts as an antimicrobial effect in the watggise of the food product [7,17,29-32], thereforeept the effect
of intrinsic, extrinsic and processing parametarsttee CO2 solubility, the concentration of dissdveO?2 in the
water-phase of the food product should be incotedran this study as independent variable (5,7, 18jogen (N2)
is a non-reactive gas that has no smell or tastikeucarbon dioxide, is not absorbed in food otex§l15,16,29-32].
It is used as a filler gas to replace oxygen antg threvent spoilage or to replace carbon dioxidé @revent
package collapse [29-32]. Other hand the multifdilmis have been used for packaging fresh ostneat are
plastic films laminated with aluminum [19-28] .Tleesaminated packages with some metal component can
considerably change the food temperatures andnails@wave transparent with a high melting pointéasl of can
[27,28]. The most common packages that have bésuh @re individual pouches made of microwave fransnt
rigid films such as polyethylene (LLD), and polydtne terephthalate (PET), which are barrier filrasd
aluminum foil [19,20,27]. In this study, we invegiie about the effects of modified atmosphere paogawith
different concentrations of CO2/N2 and vacuum oowgn of aerobic bacteria [16,29-32], and the usaf&
multilayer flexible pouches [15,16,29-32] for pagk®y ostrich fresh meat during storage times (lysdaNe try to
prove MAP can substitute thermal processing in eoraion industries, and control growth of aerobacteria
[19,20,16, 28-32].

MATERIALSAND METHODS

Preparation of fresh ostrich meat

Ostrich fresh meat (10 kg weight) were chosentitr éxperiment bought from local supermarket in Mesl -Iran.
These samples were washed and cut to slices (1&ntrh). Temperature was controlled in order to eiese to
ambient temperature (T=20 ° C). Samples were réadpackaging. Pouches contained 100 g, freshobstrieat
[20,22,23, 25]. Analytical parameters such as pHs@D 2001 pH meter; Crison Instruments, SA, Banca] Spain)
soluble solid content (Atago RX-1000 refract metstago Company Ltd., Japan), were measured acaptdithe
ISIRI regulation [8,9,20-23, 29-32].

M odified Atmospher e Packaging

Henkelman packing machine, model Boxer-200A wagd use this project. Samples were packed into three
multilayer flexible pouches (3 and 4 layers) undevdified atmosphere. After packaging, samples vprein
refrigerator immediately, for evaluation secondteomination and growth of aerobic bacteria duringlags [17,29-
32].

A

Fig 1.(A) Modified atmospher e packaging, (B) gas analyzer, (C) gasflash tank(M odel: Boxer-200A)
[17,29-32]

Microbial culture

Total count of aerobic bacteriain PCA & CMM media

PCA(Peptone from casein 5g/1000 ml; glucose 1g/1000Yehst Extract 2.5 g/1000 ml, Agar 14g/1000 ml,
Distillated water 1000 ml),Plate Count Agar is ang@l media for aerobic bacteria couBMM (Beef heart
4549/1000 ,Protease peptone 20 g/1000 ml, glucosg/1B00 ml, Sodium chloride 5g/1000 ml, Sodium
hydrochloride 2 454 g/1000, Distillated water 10008ooked Meat Media is an enrichment media forohir
bacteria [8,9,20-23, 29-32].
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First 1-2 g samples was put in CMM (3-4day) whilegg bf enriched sample was weighed under the miakob
laboratory hood, and was crushed in 10 ml of rilsgeolution. According to CFU method, divided imoe series
tube (six tubes) which contain 9 cc sterile distlllwater. First 1 cc of the sample added to tubeom® and
transferred tube by tube, main sample was preplayeserial dilution (0.01,0.001...). Finally pour mamethod
were done in the PCA culture ,too in order to coamtobic bacteria which was incubated for 3 day87af C

[8,9,20-23, 29-32].

Samples packaging and storage
All pouches (unprocessed and processed samplesg pue at refrigerator temperature (T= 4° @nalytical
characteristics of these barrier containers weogvehn table 1 [17,29-32].

Table 1- Analytical characteristicsof containers [16,29-32]

Sample Layers Thickness | Tensileof 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 expenitne/e must design a model to analysis relationbleigveen type
of samples, type of treatments in different stortiges on growth of aerobic bacteria. Statisticalgsis of data ,
was performed by software Statistical Analysis 8ys{SAS: 9/1) with Anowa test, and comparison atdvas
performed by Duncan’s new multiple range test, withfidence level of 95% (P <0.05) (17,29-32).

RESULTS

Total count of aerobic microorganismsin different conditions

According to analysis of variance table 1, the cffef different layers, gas compositions, times #mel double

interactions (layers , gases), (layers ,times) (@ades , times) and the triple interactions (layagases, times) on
aerobics bacteria count were significant level (p&1). The primary effects of layers, gas compasgiand times
on aerobic bacteria were significant at %1. Acaogdio analysis of variance table 1, as you obserteel

Coefficient of variation (CV) was in the range o21(1.448), which means we had high accuracy tdald low

errors.

Table2-Analysis of variance mean squarestraitsin response to treatments

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

Container 2 737.531

Gas Composition 3 737.023
Container * Gas Composition 6 "0.46

Time 3 747553
Container * Time 6 "0.47

Gas composition * Time 9 "0.385
Container * Gas Composition * Time* 18 0.495
Error 98 0.005
Coefficient of Variation (CV) - 1.448

** * and ", significance at 1% and 5% and non-significanesspectively.

Table 3-Different gases, multi layersand storage times

Gas Number L ayer Number
CO2 70% and N2 30% 1 3 layer (Al:12) 1
CO2 30% and N2 70% 2 4 layer (Al:7) 2
Vacuum 3 3 layer (Al:7) 3
Control packaging 2 4 Glassy container 4
Control packaging 1 (initial day)

According to total count of aerobic bacteria in P@#&dia, the lowest growth of these bacteria wérgeved in
control packaging 1 in initial day. Although the sh@rowth of bacteria were observed in controldibon , after
15 days ,and then in vacuum and 30% CO2 comdiis you see in figure 2 .The lowest growth aftéida
belonged to condition under 70% CO2+30% N2 as &rbacterial effect.
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Fig 2-The effect of different concentration of gases on aerobic bacteria( log cfu/ml) (Singleinter action)
{1:CO2 70% + N2 30%;2:CO2 30% + N2 70%;3:Vaccungehtrol}

According to total count of aerobic bacteria in P@wdia, the lowest growth of these bacteria wéagenved in
control packaging 1 as an initial control ( glassytainer). Howere the most growth of bacteraerobserved in
3-layer (AL:7 p), and then in 3-layer (AL:12 &8s you see in figure 3 .The best condition beddnip 4-layers
due to low steam permeability.
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Fig 3-The effect of different layerson aerobic bacteria( log cfu/ml) (Single interaction)
{1: 3- layer (AL:12 p);2:4-layer ;3: 3- layer (ALiZ); 4:Control 1}

As you see in figure 4, total count of aerobic bdetin PCA media were reported, the lowest grouwftlihese
bacteria’s in initial day as a control 1. But thesnhgrowth of bacteria were observed, after 15 dalgis model (y =
0.274x + 3.88) was described the relation betweea &and growth of microorganism which had signifita level.
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Fig 4-The effect of different storage times on aerobic bacteria( log cfu/ml) (Singleinteraction)

As you see in figure 5, the results showed thatefifects of double interaction between differentaentration of
gases and layers on total count of aerobic bactesid significant level (1%).The best result bgtah to
combination (% 30 N2 +% 70 CO2) and 4-layer wtiled total count was observed at its limit, buteffect of gas
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composition 4 in 3- layer(jd), was higher than the other gas compositions aa& vot acceptable for this study.
However, the composition of the gas mixtures (%N2D+% 70 CO2) and (% 70 N2 +% 30 CO2) and vacuum
packaging could be a great help to increase thi Kfeeof fresh meat ostrich. Container 2 (4-layehad better
effect due to the thickness (131 u) low permeabdit water vapor and gas composition ( 70% CO2 % 302)
have the lowest number of bacteria due to the act#vial properties of carbon dioxide gas
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Fig 5-The effect of different concentration of gases & multi layerson aerobic 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 aerobic bacteria during ager times (15 days) had increased slower rateoimtainer 2 (4-
layers). The total number of aerobic bacteria m tthird - seventh - tenth — fifteenth days were liegreased, so
could inhibited better than other layers .But a@rddacteria of samples in 3-layers (AL: 7) increasapidly ,and
had less effect on growth of aerobic bacteria,llfir@oncluded the number of aerobic bacteria @sffr ostrich meat
after 15 day in 3-layers (AL: 7) was highest almel lowest total count of aerobic bacteria in thay Belonged to 4-
layers which was acceptable for this study. Totalnts were shown that samples had the largest anadtgn 15

day and the lowest amount after 3 day, which cabseteria to grow and multiply rapidly by the times

10 ®layer1 @ layer2 o layer 3 y=0.33x+4.19
R?=0.923

Aerobic Bacteria Log cfu/ml

6 Y =0.29% + 3.87
R2=0.97
4 y=0.21x + 3.69
$ R?=0.97
2
0 2 4 6 8 10 12 14 16

Time (days)

Fig 6-The effect of different storagetimes & multi layerson aerobic bacteria( log cfu/ml)
(Doubleinteraction)

As you see in figure 7,the results showed thectffef double interaction between different gas position over
the time on total count of aerobic bacteria dustarage times (15 days) had increased sloweragmcgmposition 1
(% 30 N2 + % 70 CO2) than other gas compositiom@® Zand 4. And total count of aerobic bacteriaantainer
with gas composition (% 30 N2 + % 70 CO2) afterddy storage time was not increased rapidly so was
acceptable for consumption ,but container witha@@spositions 4 and gas composition 3 in day 1%ewesreased
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rapidly ,and un countable . The gas composition TWO2 + 30% N2 had, the lowest number of bacteter &f5
day due to the antibacterial properties of carbioride gas
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Fig 7-The effect of different concentration of gases & storage times on aerobic 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 aerobic bacteria had increased slower is aganposition 1
(% 30 N2 + % 70 CO2) and 4-layer, so had the bfstt on the total count of aerobic bacteria erothe time,
number of aerobic bacteria were in limit (thé€)l&nd was not increased , then 4-layers and csitipo of gas 2
(% 70 N2 +% 30 CO2) and 4-layers and vacuum hauh ledfective so the shelf life had evaluated mbentl10
days (according to amount of aerobic bacteria). ddmrol sample in all three containers have bespt knly 3-4
day, which the total number of aerobic bacteria masacceptable for consumption (un countable). (Basnwere
packed in 3 layer (AL: 12) was acceptable afteray df storage. The use of container with greatiktitess and
less permeability with the composition of gas (leighmount of CO2), gas composition 1 (% 30 N2 +O&£D?2) is
more effective and had the best inhibitory effectgnowth of aerobic bacteria. As the above resuwtse shown,
the total number of aerobic bacteria s affectedahiibacterial effects of percentage of CO2 andktigss of
container, have decreased.
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Ctrl 1 2 2
Fig 8-The effect of different concentration of gases, multi layers & storage times on aerobic bacteria
(log cfu/ml) (Tripleinteraction)

DISCUSSION

The results of this study showed that CO2 had aotohial effect and its mechanism could be describg its
solution in water of food tissue and producedaoaic acid, which the carbonic acid arrived to eeimbrane of
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microorganisms and ionized into the cell and thkapsed electrical balance within the cell in arde killing
microorganisms . The difference between microbdiviies in the samples was significantly deperidem the
concentration of nitrogen and carbon dioxide, adl &e the role of nitrogen gas, indirectly couldlwenced
perishable foods by decreasing the growth of aeraticro-organisms. The second role of nitrogen indified
atmosphere packaging, was a gas filler and progdtie development of flexible packaging againsuuan.

1- The lowest amount of aerobic bacteria in packegh ostrich meabelonged to layer:2 (4-layers) under gas
composition CO2 70%, but highest amount belongedayer :3(3-layers) under ordinary condition andiert
vacuum. Because of the thickness and of type gassphere, which were affected on growth of aerbhitteria of
fresh samples till 15 days.

2-Aerobic bacteria coumtf samples in various conditions, had significaffedences between (layers, gas), and
(layer , time) and also ( gas, time) (P<0.01).

Stieret. al.,1981, due to research about amount of aerobi@aadrobic microorganism in packed salmon fillet,
the results of aerobic count were corresponded thiélse results and reliable. Grua, 1983, due teareb about
microbial growth in different packed meat using tiayer film in 0°c, under vacuum condition, thesuéts of
aerobic bacteria count were corresponded withitivisstigation.

Ozbaset al,1997, due to effects of modified atmosphere aacuum packaging on spoilage and inoculated
pathogenic bacteria on fresh poultry, the resoltaerobic count were corresponded with these tesBill, 2000 ,
due research about effect of modified atmosphedevasuum packaging on the growth of pathogeniddsacon
fresh poultry, the results of aerobic bacteriaintowere similar to these results.

Vanderzanet al, 2000 indicated that due to the shelf life growftaerobic bacteria of beef steak packaged under
vacuum and MAP condition in different barrier cangas during 30 days were significant differencéhvardinary
condition as a control and the results were comedpd with these results. Chouliara & Karatapa2§7, due to
combined effect of oregano essential oil and mediitmosphere packaging on shelf-life extensionesh chicken
breast meat , the results of aerobic bacteriantcaere similar to these results .Bingol & Erg@011 , indicated
that due to effect of two different types gas carbimxide and oxygen had been perform on ostrichtntke results
showed that the shelf life of ostrich meat % 8D2C prolonged till 7 day, were corresponded withse results.
Sotoudehet al , 2013, concluded due to research about usad¢Adt for shelf life extension of packed spicy
chicken meal in multilayer flexible pouches 4-lagentainer was better than 3-layer during 20 dbgst condition
belonged to CO2 %70, results were correspondechéset results. Zand & Sotoudeh, 2013,due to efféct o
packaging under gas combination(%30 N2 + %70 Co2}-layer flexible films (1311) on shelf life and aerobic
bacteria of chicken meal, was better than &idlexible films (124u) during 20 days that the results were
similar to this investigation. Zand & Allahyari, 28, due to research about effect of packaging muds
combination (%30 N2 + %70 Co2) in 4-layers fldgibfilms (131u) on shelf life and aerobic bacteria of candy
bread ,was better than 3-layer flexible films 414® during 20 days that the results were similarthis
investigation. Zand, 2013, indicated that due tbelfslife extension of mashroom meal in multilayexible
pouches 4-layer container was better than 3-layeing 60 days, results were corresponded with thesalts .
Zand, 2013, concluded due to the shelf life pro&dimyn of packed vegetables meal in multilayerifiexpouches
4-layer container was better than 3-layer duringl@gs, results were corresponded with these results

CONCLUSION

In the present study, it was concluded that, difelf and growth of aerobic bacteria of packedioktmeathave
been affected by different flexible multi-layer mhes and different concentrations of two gas méxticarbon
dioxide, nitrogen), and also vacuum conditions myrl5 days. Ouresults confirmed, the modified atmosphere
packaging (MAP) was not lead to stop spoilage cetap} but postponed it .The effect of MAP was ndéguate
but using this technique inactivated aerobic ndoganism without a significant adverse effect oodf@roperties
of ostrich meat samples. These parameters coulgrdr@oted substitution of MAP and these barrier aiomrs
instead of other traditional meat packaging, due lat of privilege for shelf life extension of ntéa long times
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