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ABSTRACT

In this study the effect of different concentrasiari two gas mixture (carbon dioxide, nitrogen)dalso vacuum
condition and flexible multi-layer films has beeandied on sensory evaluation of fresh ostrich na¢aefrigerator
condition (T= 4°C) . Samples were packaged in 3 kinds of flexibulti-layer containers under different
gases,{3-layerPEI;/AL12/LLD1oo)  ,and  4-layer  (PEf/AL7y/PETu12/LLDuoey ) and  3-layer(
PET12/ALzyLLD00) }. Ordinary condition as a control packaging wasngeared with three type of modified
atmosphere packaging: §R0%+ CQO,30%), (N30% + CG,70%), and vacuum conditions, in this project. Fresh
ostrich meat were performed sensory evaluationliffierent (15 days), with 12 treatment 3 run, istatal analysis
and comparison of data, were done by software 8A8:9/1) and Duncan’s new multiple range testthwi
confidence level of 95% (P <0.05). The shelf difdresh meat ostrich (according to organoleptioperties) were
reported in 4-layer under gas compositions 1 &15,and 13 days and under vacuum conditions it viaddys. In
3-layer (AL:12) the shelf life was 14 and 10,7 daysler the gas compositions 1 & 2 and vacuum dimmdi.
Under gas compositions 1 & 2 ,with 3-layer (AL:fFe shelf life was 10 and 7 days and under vaccmmditions it
was 6 days. Sensory evaluation showed that inarga802 concentration increased shelf life. Durihg period of
this experiment sensory properties (appearanceyrcoéxture, smell, taste, dripped water) of sarapte various
conditions, had significant differences. Accorditig these results, the best condition for sensorgluesion
belonged to treatment under modified atmosphere GO0% with flexible pouch 4-layer,since water vapor
permeability in this 4-layer was less than 3-laged increasing percentage of CO2, maintained l@rgatshelf life
and organoleptic properties of fresh ostrich meat.

Keywords. Modified atmosphere packaging (MAP), fresh ostriobat, sensory properties, flexible multi-layer
films (3-layer and 4-layer).

INTRODUCTION

The objective of any system of food packaging lEadrevent or delay adverse changes in appeartaste, smell
and texture [26,28]. Enzymatic reaction that affébe sensory quality of raw meat cause undesirabldts, so this
reaction should preferably be reduced or stoppetl [86,28] Ostrich meat is valuable products from birds used
include: meat, skin, feathers and eggs [1,3,14fridsmeat due to low fat, low sodium and high imsaturated fatty
acids which, in comparison with beef and chickeotgin, the lowest cholesterol levels compared teoted meat
such as veal and sheep, a lot of iron (red meat)gsod source of vitamins A, B1, B6, B 12 can blestituted as
new red meat instead of other presented meats3]1Ftesh ostrich meat is usually sold before 243d8rs after
death and must be cold immediately. Packagingestfrand frozen ostrich meat (crushed and mincedheeded
for shelf life prolongation [1,2,10]. Modern techjoes of meat packaging are considered to maintainmicrobial
quality and appearance of the product [14,16]. gtnedf life of products can be increased by inhilgjtor retarding
the growth of undesirable flora [11,15,25-28]. Tk&n be achieved by manipulating the environmenineht
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packaging [9]. Vacuum and modifying atmosphere pgelg (MAP) is techniques which can be used inftioel
industry to extend shelf-life of food products [1¥odified atmosphere packaging (MAP) is also gulsgechnique
for various researches. Also, chemical, enzymatit ricrobial activities are controlled so that thajor risks that
may occur are avoided or reduced [12,17]. Ostrigkatmwithout efficient processing is a potential reeuof
pathogenic microorganisms, aerobic and anaerolmtebia and Salmonella and a pH close to neutral 3g8) and
the suitable water activity cause the packed dstneat become an ideal environment for microbialilage
[11,13,16]. Although, heating and freezing meagetffimicroorganisms effectively, it deactivates pimg and some
other physiological reactions, thus causes unddsirehanges in flavor, texture, and nutrients conta meat
[4,5,26,28]. However, modified atmosphere packadMé@P) which is a non-thermal method for food staand
deactivates microorganisms is widely used to pmlibre shelf life and improve the quality of periskeafood stored
in the fridge temperature [4,5,25-28]. All mentidnia this study include the initial CO2/ N2 conawitibn (%) in
the head space of pouches as the independent leafteitthe gas atmosphere demonstrated that CO2sexe an
antimicrobial effect in the water-phase of the fqmdduct [12,15,25-28], therefore except the effacintrinsic,
extrinsic and processing parameters on the COd#ibjuthe concentration of dissolved CO2 in thater-phase of
the food product should be incorporated in thigdgtas independent variable [12,17]. Nitrogen (N2)inon-
reactive gas that has no smell or taste, unlikbazadioxide, is not absorbed in food or water [B,1i5s used as a
filler gas to replace oxygen and thus prevent sgeilor to replace carbon dioxide and prevent packafapse
[6,17,25-28]. Other hand the multi- layer films balveen used for packaging fresh ostrich meat astiplfiims
laminated with aluminum [18-24]. These laminatedka@es with some metal component can considerdiayge
the food temperatures and also microwave transpangm a high melting point instead of can [18-24he most
common packages that have been tried, are indivislhuaches made of microwave transparent rigid fisush as
polyethylene (LLD), and polyethylene terephthal@&T), which are barrier films and aluminum foiB[24-28]. In
this project, we investigate about the effects @&Mwith gas composition s (%30,M %70 CQ), (%70 N + %30
CO,) and vacuum with 2 kinds of flexible multilayerde8er (Al:7 & Al:12),and 4-layer in 15 days on seny
properties of fresh ostrich meat [26,28]. We tryprove MAP can substitute thermal processing inseoration
industries, and these multilayer flexible films aaxtend the shelf life of fresh meat, and also meprthe sensory
properties of samples [25-28].

MATERIALSAND METHODS

Preparation of fresh ostrich meat

Ostrich fresh meat (10 kg weight) were chosenlie ¢éxperiment taken from local supermarket in Ntash-Iran.
These samples were washed and cut to slices (7éntrfl) .Temperature was controlled in order to desmeto
ambient temperature (T=25 ° C). Samples were réadpackaging. Pouches contained 100 g , freshichsineat
.This research was conducted to 5 treatments irrud{(N,70% + CQ30%), (N-30% + CQ70%), vacuum
condition, ordinary condition)}. Samples were pagé&d into three multilayer flexible filmg7,8, 20-23, 25-28].

M odified Atmospher e Packaging

Henkelman packing machine, model Boxer-200A wasd use this project. Samples were packed into three
multilayer flexible pouches (3-4 layers) under niiedi atmosphere. After packaging, samples were iput
refrigerator immediately, for evaluation sensorgperties during 15 days [15,26,28].

Fig 1.(A) Modified atmospher e packaging, (B) gasanalyzer, (C) gas flash tank(M odel: Boxer-200A) [15,26,28]

Samples packaging and storage
All pouches (fresh ostrich meat), put at refrigerdemperature (T= 4° C). Analytical characteristid these barrier
containers were shown in table 1 [15,19-23,25-28]

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

Sample Layers Thickness | Tensileof sealing film O.T.R W.V.T.R
W (N) (ml/m?day) | (g/ m’.day)
PET/AL/LLD 1001212 124 58.88 0 0.11
PET/AL/LLD 1007/12 119 48.89 0 0.50
PET/AL/PET/LLD | 10012/7/12 131 61.03 0 0.089

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

Evaluation of sensory properties (appearance, ctaature, Smell, taste) has been designed acgptdinumerical
parameter for each samples of ostrich meat, assgeuin table 2. These properties have been dedcvilth
marking system. Best Marking System was 1-5 (1-\@popd; 2-Good; 3-Medium; 4- Weak; 5- Very Weak). At
least 100 members of panel (tester) were chosethifostudy. The usage of multiple comparison wste studied
simultaneously, and specific test (marking syst@aneach samples, had done after 3,7,10,15 dagacKaging. In
multiple comparison test, samples with the code bemwere given to panel, and they were asked togpaoenthe
control ostrich meat (ordinary condition samples) aoded ostrich meat (under modified atmosphedevaouum),
and filled application form (table below) [26,28].

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

Sensory properties Products
NOTE | Smell | Dripped Water | Texture | Color | Appearance

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

STATISTICAL ANALYSIS

In order to describe the variables of this expenithere must design a model to analysis relationbbigveen fresh
ostrich meat, and type of treatments during diffestorage times on sensory properties. Statisdicalysis of data,
was performed by softwargtatistical Analysis System (SAS: 9/1) with Anovesti and comparison of data was
performed by Duncan’s new multiple range test, withfidence level of 95% (P <0.05).

RESULTS

Sensory properties of fresh ostrich meat in different conditions

According to the variance analysis table 3, theaftf the type of containers, and the effectmies, and also the
effect of different gas compositions on sensorypprties (appearance, color , texture , smell, édpwater) have
been significant level (P <0/01). The main effetthe containers, and times on the sensory prigsenve been
significant at 1%. As were observed in table 3, ¢ffect of gas compositions on sensory properégpdéarance,
color , texture , smell, dripped water) has beagniicant (P <0/01), and the effect of the diffetgas compositions
on the trait (texture) has been significant (P $P/&nd double interactions (layers and gas compagiaind (layers

and time) according to the variance analysis tabl@roperties (appearance, color , texture , srdepped water)

and also double interactions on (gas compositiod time) on the traits (texture-appearance) showed- n
significant level; however, it has been significdevel at (P <0/01) on traits (smell ,color). Tepnteractions

effected on (layers, gas composition and time)raitst (appearance, color , texture , smell, drippeder) were

shown non-significant level.

Table 3-Analysis of variance mean squar estraitsin response to treatments

smell Dripped | Texture | Color Appearance | Degreesof freedom Variables
Water

1.77 191 246 1.69° 1.07% 2 Container

1.05 29.17 0.08 1.74* 0.63 2 Gas Composition
0.02* 0.07¢ 0.08" 0.02* 0.02¢ 4 Container * Gas Composition
111.23° | 169.62° | 104.80° | 102.30° 99.55 3 Time

0.25 0.09" 0.13¢ 0.21* 0.18* 6 Container * Time

0.56 2.67 0.27 0.84" 0.165" 6 Gas composition * Time
0.02* 0.21 0.09* 0.03* 0.03* 12 Container * Gas Composition * Time*
0.143 0.12 0.181 0.145 0.167 148 Error

13.03 10.03 14.87 13.54 14.83 - Coefficient of Variation (CV)

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

According to table, 4 & 5, The best mark of segsproperties except dripped water belonged toayé4
container, with (70% CO2 + 30%,N) after initial control sample (day zero), and therst mark of sensory
properties except dripped water observed in 3erl@L:7) with vacuum condition and (30% CO2 + 70¢) too,
due to the thickness and type of gas compositidasyou see in table 4 , layer 2 had the bestesfmrhaving a
desirable texture, and color in containers 1n#, & Samples of container 2 in control condifiday zero) had the
highest score for a desirable color and appearamzkthere was no significant difference in corggsnl, 2 and 3.
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However, it had significant difference with thetial control sample (day zero). Samples of contalheafter the

control (day zero) had the highest score for ardbk appearance.

Table4: Comparison of sensory properties (appearance, color, texture, smell, dripped water) for different layers

B Treatments
Smell Dvrvlgfe?d Texture | Color | Appearance
layers
1° r 1° 1° 1° Da
control
2.89F | 3.550 2.953 | 2.93P 2.87" layer1: 3-layers(AL:12)
2.82F | 3.644 2.89F | 3.897 2.79F layer 2: 4-layers
3.453 | 3553 3.384 | 3.960 2.894 layer 3: 3-layers(AL:7)

As you see in table 5, In trait smell, there wassignificant difference between the gas compasstid , 2 and 3,
but there were significant difference between thbsee compositions and control sample (day zen, samples
under gas composition 1 had the best score ageralo control sample for having a desirable sraelll then, the
gas composition 3 had a desirable score. In thidysthe trait texture, there was no significanfedénce between
the three gas compositions, but generally, thereansignificant difference between these threecgagposition and
the initial control sample (day zero). Samples urghess composition 1, after the initial control sdenfday zero)

had the best score for having a desirable texané,then samples under gas composition 2 withghtdiifference,

had the best score for having a desirable textargrait color, there was a significant differerioetween the gas
composition 1 with the gas compositions 2 & 3. Smpmunder gas composition 1 after the initial cointample

(day zero) had the best score for having a desiredior, and gas compositions 2 & 3 had almostlairscores. In

traits appearance, there was no statistically igmt difference between the gas composition 1 Zrahd 3, and
generally, there was a significant differences leetwthe gas compositions 1,2 and 3 with the inithatrol sample
(day zero), and the samples under gas compositiaftet initial zero control had the best score laving a

desirable appearance, and then gas compositioacBm) had a better score for having a desiraljeapnce.

Table5: Comparison of sensory properties (appearance, color, texture, smell, dripped water) for different gas compositions

Treatments
. ases
Dripped 9
Smell Water Texture | Color | Appearance
1 1 1 1° 1 Da
control
2.80 4.05 2.30F 2.650 2.653 CO, 70% +N, 30%
3.05 3.60F 2.96 2.96Z 2.850 CO, 30% + N, 70%
3.0F 3.4%8 3.03 | 2.97F 2.71F vacuum

According totable 6 , In this study trait smell, there was mgnificant difference between day 0 and day 3.
However, between the days 0, 3, with days 7 andntD15 there was a significant differences, andescimcreased
from day 0O to day 15. In trait texture, there wasignificant difference between day 0 and day 3,tbere was a
significant difference between days 0 and 3 andsdayand 10 and 15. In trait color, there was naiggnt
between the days 0 and 3, but there was a signifatiference between days zero and 3 with the dagsd 10 and
15. In trait appearance, there was no significafierénce between days 0 and 3, but there was mifis@nt
difference between days 0 and 3 with days 7 ananti015.

Table 6: Comparison of sensory properties (appearance, color, texture, smell, dripped water) for different days

Drinped Treatments
Smell pr Texture Color Appearance
ater
Days
d
41 1 dq dq dq Day(0
control

1° 19 1° 1° 1° 3
2.560 3.140 2.590 2.45 2.480 7
3.68F 3.67F 3.67F 3.59F 3.213 10
4.690 4473 4.550 4.46F 4.332 15

According tofigures 2-5, Effect of different multi-layer filmsere observed after 3,5,7,10,15 days of on sensory
evaluation, The lowest mark of sensory propefiienged to 4-layers and then 3-layers (AL:12).tidatments of
ostrich meat after 3 day of storage had obtaineilasi score (3: very good), was similar to init@ntrol (zero-
day). The lowest mark of all sensory properbiefonged to 4-layers except dripped water aftesy/af storage. The
lowest mark of all sensory propertieslonged to 4-layers, and then layer 3-layers (2).:After 10 day of storage.
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The lowest mark of all sensory propertiedonged to 4-layers, and the highest mark wasafar 3-layers (AL:7)
after 15 day of storage.

Smell
3 Day 3
Dripped Water Texture
Layer 1
Layer 2
Appearance Color Layer 3
Figure 2: Effect of different layersafter 3 dayson sensory evaluation
Smell
3.5 Day 7
Dripped Water Texture
Layer 1
Layer 2
Layer 3
Appearance Color
Figure 3: Effect of different layersafter 7 dayson sensory evaluation
Day 10
Dripped Water
Layer 1
Layer 2
Layer 3
Appearance

Figure4: Effect of different layersafter 10 dayson sensory evaluation
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Dripped Water
Layer 1
Layer 2
Layer 3
Appearance Color

Figure5: Effect of different layersafter 15 dayson sensory evaluation

According tofigures 6-9, the effect of different gas compositiovere observed after 3,7,10,15 days on sensory
evaluations. The lowest mark of all sensory properexcept dripped water belonged to gas cortibimd (70%
CO2 + 30% N2) after 3,7,10,15 days .But highestknodoserved in (30% CO2 + 70% NZ2) after 7, andraftD
days highest mark reported in (30% CO2 + 70% NA@jl vacuum conditions too. Maximum mark of all segso
properties except dripped water belonged to vacafien 15 days

Smell
3

Day 3

Texture

C02 70% & N2 30%
C0O2 30% & N2 70%

=== \Vacuum

Figure 6: Effect of different gases after 3 days on sensory evaluation

Smell
Day 7
3.0
Dripped
Water 2 / Texture
0
C02 70% & N2 30%
/ CO2 30% & N2 70%
Appearance Color === yacuum

Figure 7: Effect of different gasesafter 7 dayson sensory evaluation
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Day 10
Dripped
Vr\|/2$:r . Texture
C02 70% & N2 30%
CO2 30% & N2 70%
Appearance Color === yvacuum

Figure 8: Effect of different gases after 10 days on sensory evaluation

Day 15

Dripped

Texture
Water

C02 70% & N2 30%
CO2 30% & N2 70%

= === Vvacuum

Appearance Color

Figure9: Effect of different gases after 15 dayson sensory evaluation
DISCUSSION

After fifteen days of storage, the difference betw¢he sensory properties in the samples werefisignily related

on gas compositions and containers, thus 4-layetsatbetter performance than 3-layers (AL: 12) auhamlyers (AL:

7) for preservation the quality of ostrich meats@laccording to sensory evaluation of differenitdraffected by
different gas combinations in different times, wekeserved that the best sensory properties in tefmgsolor) ,
(texture) , (smell) ,(appearance) after fifteengjdelonged to gas composition 1 (N2 %30 , CO2)%udin terms

of the amount of dripped water, the packages coimigiigas under vacuum and then the gas compo&it{d2 %70

, CO2 %30), had a better score than the gas cotipogi (N2 %30 and CO2 %70). However, type of atphese
(CO2%70) and the thickness of the package, affectedhentrait of smell and had the highest changes in
comparison with other traits, which accrued byhhigncentration of CO2 and the low permeabilityhef package,
caused reduction of pH and producing an acidic Istinaf was desirable .

Stieret. al,1981, due to research about amount of aerahit anaerobic microorganism in packed salmdet,fil
the results ,were corresponded with this studyndéazantt al.,2000 ,indicated that due to the shelf life groath
aerobic bacteria of beef steak packaged underuwacand MAP condition in different barrier comeis during
30 days were significant difference with ordinagndition as a control ,the results were similathiese results .
Chouliara & Karatapanis, 2007, indicated that daeeffect of modified atmosphere packaging on slifelf-
extension of fresh chicken meat, the results of@gnproperties, were corresponded with these tedetrnandez-
Lopezet al, 2008, due to research about effect of packagomglitions on shelf-life of ostrich steaks, theutts
were similar to this investigation.

Zandet al, 2010, indicated that due to shelf life extensidrcooked chick and chick meal in multilayer flee
pouches 4-layer container was better than 3-lagsylts were corresponded with these results. ZaMhilova,
2010, due to research about the shelf life prolbogaf packed meals in multilayer flexible poustenducted 4-
layer container was better than 3-layer, for prest@n sensory properties, these results werebieliaZand &
Sotoudeh, 2013, indicated that due to the imiteeof MAP in multilayer flexible pouches on sery properties
of chicken meal,the best result belonged to 4-layeter CO2 %70+N2 %30 ,that the results were spmaded
with these results. Zand & Allahyari, 2013 , congdcdue to the influence of MAP and different titayer

621



Nazanin Zand et al Der Pharma Chemica, 2016, 8 (19):615-623

flexible films on sensory evaluation of candy lwteduring 20 days, the results under CO2 %70 layér
container ,were corresponded with these resultandZ2013, due to shelf life extension of mashraueal in
multilayer flexible pouches 4-layer container wasdtér than 3-layer during 60 days, results on sgnsealuation,
were corresponded with these results. Zand, 20ificdted that due to the shelf life prolongatidnpacked
vegetables meal in multilayer flexible pouchesyer container was better than 3-layer during 8@ deesults on
sensory evaluation, were corresponded with thesdtse

CONCLUSION

In the present study, it was concluded that, sgngmperties and shelf life of packed fresh oktriceathave been
affected by different flexible multi-layer contanse and different concentrations of two gas migtgcarbon
dioxide, nitrogen), and also vacuum conditions myrl5 days. Ouresults confirmed, the modified atmosphere
packaging (MAP) was not lead to stop spoilage cetepy} but delayed it .The effect of MAP was notqubite but
using this technique inactivated microorganism witha significant adverse effect on food propertiesl also
controlled organoleptic properties of ostrich meaimples. These parameters could be promoted, tetiosti of
these barrier containers and MAP and insteathdftional packaging in food industries, due totdf privilege of
them for shelf life extension of ostrich meat indatimes.
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