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Table 1- Analytical characteristics of multi-layer pouch (3-layer) used in this research

Thickness  Tensile of sealing film  Oxygen transmission rate Watgr vapor
Samples Layers o) (N) (ml/m?.day) transmission rate
M ay (g/m?.day)
PET/AL/LLD 100/12/12 124 58.88 0 0.112

PET: Poly Ethylene Terephthalate; LLD: Linear Low Density Poly Ethylene; AL: Aluminum

! Cooked Meat Media 2 Plate Count Agar
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Table 2- Results of total aerobic bacteria count (log cfu/ml) of fresh veal meat packed in flexible
multilayer films under modified atmospheres and rosemary and Cuminum essential oils

AY

Treatment Day 5 Day 10 Day 15 Day 20
E1G1 4.602 + 0.000' 5.101 + 0.038¢ 5.694 + 0.079" 6.694 + 0.079°
E2G1 3.996 + 0.033 4.465 +0.117' 5.123 + 0.038™ 5.314 + 0.145'
E3G1 5.066 + 0.021°" 5.465 + 0.112f 7.101 + 0.038° 8.101 + 0.038°
E1G2 5.012 + 0.050 5.422 + 0.150 6.648 + 0.079" 7.088 + 0.053f
E2G2 4.101 + 0.038’ 4.892 +0.043" 5.602 + 0.000 5.864 + 0.033"
E3G2 5.550 + 0.089° 6.101 + 0.038% 8.066 + 0.021° 8.602 + 0.000%
E1G3 4.845 + 0.000" 5.544 + 0.000f 6.397 + 0.000' 6.680 + 0.553°
E2G3 4.079 + 0.000’ 4.845 + 0.000" 5.397 + 0.000' 5.840 + 0.007"
E3G3 5.315 + 0.012¢ 6.041 + 0.000° 8.013 + 0.023° 8.602 + 0.000%
E1G4 5.123 + 0.038° 6.230 + 0.145% 7.534 +0.117 8.465 + 0.117¢
E2G4 4.928 + 0.025%" 5.101 + 0.038¢ 5.945 + 0.000" 6.740 + 0.000°
E3G4 5.815 + 0.105" 7.053 + 0.021° 8.534 +0.117° 9.076 + 0.060°
E1G5 5.534 +0.117° 6.983 + 0.050° 7.883 + 0.033¢ 9.012 + 0.050%°
E2G5 5.123 + 0.038° 6.313 + 0.145° 7.694 + 0.079° 8.775 + 0.060™
E3G5 6.864 + 0.033 8.101 + 0.038? 8.726 + 0.023 9.234 + 0.038°

G1) 80% CO, + 20% N, G2) 20% CO, + 80% N,, G3)%48.5 CO,+48.5% N, + 3%0, G4) vacuum , G5) ordinary condition
E1) cuminum essential oil, E2) rosemary essential oil, E3) without essential oil

Different letters showed a significant difference in each of the four columns (p<0.05).
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Table 3- Results of total anaerobic bacteria count (log cfu/ml) of fresh veal meat packed in flexible multilayer films
under modified atmospheres and and rosemary and Cuminum essential oils

Treatment Day 5 Day 10 Day 15 Day 20

E1G1 3.480 + 0.000' 3.550 + 0.010F 3.840 + 0.000F 4.304 +0.000"
E2G1 3.051 + 0.020' 3.097 +0.020" 3.309 + 0.020" 3.770 +0.000°
E3G1 3.840 + 0.000f 3.920 + 0.000 4.231 +0.000° 4.691 + 0.000/
E1G2 3.650 + 0.000° 3.791 + 0.000" 4.132 +0.000' 4.740 + 0.000'
E2G2 3.171 + 0.000! 3.305 + 0.021' 3.631 + 0.010' 4.274 +0.000™
E3G2 3.951 + 0.000¢ 4.115 + 0.000° 4.441 +0.000° 4.991 + 0.000"
E1G3 3.601 + 0.000" 3.710 + 0.000' 4.042 + 0.000" 4581 + 0.000
E2G3 3.081 + 0.010" 3.161 +0.010™ 3.470 £ 0.010™ 3.990 + 0.000"
E3G3 3.910 + 0.000° 4.024 +0.000° 4.342 +0.000f 4.883 + 0.000°
E1G4 3.840 + 0.000" 4.019 +0.000° 4.541 + 0.000 5.131 + 0.000"
E2G4 3.471+0.01 3.650 + 0.000! 4.170 + 0.000" 4.760 + 0.000"
E3G4 4.041 + 0.000° 4.210 + 0.000° 4.740 + 0.000° 5.330 + 0.000°
E1G5 3.990 + 0.000° 4.304 + 0.000° 4.840 + 0.000° 4.473 +0.000°
E2G5 3.601 + 0.000" 3.910 + 0.000° 4.442 + 0.000° 5.070 + 0.000°
E3G5 4.304 + 0.000 4.601 + 0.000% 5.14 + 0.000% 5.890 + 0.000°

G1) 80% CO, + 20% N, , G2) 20% CO, + 80% N, , G3) %48.5 CO,+48.5% N, + 3%0, ' G4) vacuum , G5) ordinary

condition

E1) cuminum essential oil, E2) rosemary essential oil, E3) without essential oil
Different letters showed a significant difference in each of the four columns (p<0.05)
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and Table 4- Results of PV of fresh veal meat packed in flexible multilayer films under modified atmospheres

essential oils rosemary and Cuminum

Treatment Day 5 Day 10 Day 15 Day 20
E1G1 2.302 +0.055 2.721 +0.045" 4.897 + 0.045° 5.796 + 0.088%
E2G1 1.089 +0.035' 1.233 +0.072' 3.067 + 0.000' 3.993 +0.001'
E3G1 3.218 +0.026¢ 3.625 + 0.020° 6.030 + 0.035¢ 7.106 +0.101%
E1G2 3.054 + 0.000% 3.234 + 0.058% 5.988 + 0.035% 6.991 + 0.55¢
E2G2 1.806 + 0.096 9 2.307 +0.077" 4.965 + 0.000° 6.010 + 0.055"
E3G2 3.157 +0.023¢ 3.385 + 0.035¢ 6.104 + 0.016¢ 7.795 +0.031¢
E1G3 2.513+0.061 2 3.076 + 0.040" 4.879 +0.032° 5.848 + 0.078%
E2G3 1.158 + 0.045" 1.885 +0.026™ 3.637 £ 0.052" 4.989 +0.072'
E3G3 3.119 + 0.036¢ 3.406 +0.017% 5.935 + 0.035¢ 6.786 + 0.092°
E1G4 3.223+0.000°¢ 4.088 + 0.000° 6.703 +0.031° 8.667 + 0.029°
E2G4 2.340 + 0.077¢ 3.877 +0.000° 5.943 + 0.000¢ 7.346 + 0.026°
E3G4 3.765 + 0.000° 5.966 + 0.000° 6.872 + 0.021° 9.993 + 0.013°
E1G5 3.425 +0.035° 4.675 +0.109° 7.736 + 0.041° 8.675 +0.101°
E2G5 2.938 +0.101° 3.997 + 0.009° 6.961 + 0.055° 7.757 £ 0.052°
E3G5 3.859 + 0.000 ? 5.448 +0.035% 8.908 + 0.055° 10.339 + 0.026°

G1) 80% CO, + 20% N, G2) 20% CO, + 80% N, , G3)%48.5 CO,+48.5% N, + 3%0, G4) vacuum , G5) ordinary condition

E1) cuminum essential oil, E2) rosemary essential oil , E3)without essential oil
Different letters showed a significant difference in each of the four columns (p<0.05).
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Table 5- Results of pH of fresh veal meat packed in flexible multilayer films under modified atmospheres and

rosemary and Cuminum essential oils

Treatment Day 5 Day 10 Day 15 Day 20
E1G1 5.670 £ 0.131° 5.630 + 0.120° 5.740 + 0.130° 5.36 + 0.050"
E2G1 5.630 +0.1312 5.580 + 0.120° 5.700 + 0.130° 5.020 + 0.050’
E3G1 5.710 +0.130° 5.650 + 0.120° 5.790 + 0.130%® 5.380 + 0.050"
E1G2 5.760 +0.1302 5.740 + 0.130° 5.820 + 0.130% 5.750 % 0.050
E2G2 5.720 +0.130 ? 5.706 + 0.130° 5.786 + 0.130%® 5.720 + 0.050
E3G2 5.780 +0.1202 5.760 +0.1302 5.900 + 0.130% 5.870 + 0.050°
E1G3 5.701+0.130 ? 5.690 + 0.130° 5.800 + 0.130%® 5.700 + 0.05
E2G3 5.660 + 0.130 ? 5.660 +0.1202 5.760 + 0.130° 5.240 + 0.050°
E3G3 5.730 +0.130 ? 5.710 +0.120 ? 5.860 + 0.120% 5.701 + 0.050f
E1G4 5.780 +0.130% 5.760 + 0.120° 5.890 + 0.130% 5.920 + 0.050%%
E2G4 5.740 £ 0.130? 5.720 + 0.120° 5.830 + 0.140% 5.540 + 0.050'
E3G4 5.820+0.120 ? 5.801 + 0.130° 5.961 + 0.130%® 5.972 + 0.050%°
E1G5 5.820 +0.150 ? 5.820 + 0.130° 5.940 + 0.130%® 6.000 + 0.10%
E2G5 5.760 +0.130 ? 5.750 + 0.130° 5.920 + 0.130%® 5.880 + 0.050%
E3G5 5.860 + 0.150 ? 5.83 +0.1302 6.040 +0.1402 6.090 + 0.080°

G1)80% CO, + 20% N, G2) 20% CO, + 80% N, , G3) %48.5 CO,+48.5% N, + 3%0, G4) vacuum , G5) ordinary condition
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E1) cuminum essential oil, E2) rosemary essential oil , E3)without essential oil
Different letters showed a significant difference in each of the four columns (p<0.05).
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Table 6- Analytical variances of effect of type of essential oils, packing conditions and storage times on total count of
aerobic bacteria, total count of anaerobic bacteria, pH and PVof fresh veal meat packed in flexible multilayer films

Total aerobic Total anaerobic PV pH

Variables (F) (P) (F) (P) (F) RENG) (P)
Effect of Essensial Oils(E) 4764.335” 0.000 110497.739™ 0.000 304.844™ 0.000 26.550"* 0.000
Effect of Packing Conditions (G) 2340.842™ 0.000 55510.198™ 0.000 257.915"° 0.000 30.193"" 0.000
Effect of Storage Times(Z) 6364.692” 0.000 142269.112" 0.000 2518.457"" 0.000 20.490"* 0.000
Interaction(GxE) 38.405™ 0000 6764307  0.000 3.888""  0.000 3.846"  0.000
Interaction (ExZ) 118.347"  0.000 11.483™ 0.000 23.110 0.000 6.522"" 0.000
Interaction(Gx2) 38.770"  0.000 1650.182™  0.000  9.507*"  0.000 5.816™ 0.000
Interaction (ExGxZ) 59.929"  0.000 11.018™ 0.000 0.306™ 0999 3.550™ 0.000

€ "ON / 6T "[OA / 220 J8Wwing / uoinN % ABojouyda L poo-

AF

The sign ** represents a significant difference (p<0.01).

The sign * represents a significant

difference (0.05<p<0.01).

The sign ™ represents no significant difference (p<0.01

03U dlwes Cudgs 13 owd 23yl Wlao (MS) il ylg 43005 glis — A Jou

Table 8- Analytical mean-square(MS) of effect of type of essential oils, packing conditions and storage times on
sensory properties of fresh veal meat packed in flexible multilayer films

MS
Variables Odor Taste Color Appearance  Texture
Effect of Essensial Oils (E) 6.048** 3.223** 5.525** 8.586** 6.289**
Effect of Packing Conditions (G) 9.918** 7.803** 7.150** 4.077** 4.787**
Effect of Storage Times (Z) 114.274**  89.277** 104.134** 87.372** 84.746™*
Interaction (GxE) 0.296** 0.437** 0.346** 0.360** 0.161**
Interaction (ExZ) 0.784** 0.075** 0.651** 0.324** 0.567**
Interaction (GxZ) 1.168** 0.645** 0.631** 0.384** 0.552**
0.162** 0.312** 0.333** 0.572** 0.330**

Interaction (ExGxZ)

The sign ** represents a significant difference (p<0.01).
The sign * represents a significant difference (0.05<p<0.01).
The sign ™ represents no significant difference (p<0.01)
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Results of sensory properties of fresh veal meat packed in flexible multilayer films under modified Table 7-
essential oils and rosemary and Cuminum atmospheres
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Appearance Texture Taste Color Odor
Treatment
20 day 5 day 20 day 5 day 20 day 5 day 20 day 5 day 20 day 5 day
3.95+ 1.01+ 3.96 + 1.00 + 398+ 103+ 397+ 100+ 3.99 + 1.01+
0.05° 0.03° 0.04° 0.00° 0.02° 0.00° 0.04° 0.00° 0.01° 0.07° ElG1
297+ 1.00 + 2.94 + 1.00 + 294+  1.00+ 295+ 100+ 2.96 + 1.00 + E2G1
0.03° 0.03° 0.06° 0.00° 0.06° 0.00° 0.05° 0.00° 0.04° 0.00°
498+ 2.00 + 398+ 201+ 398+ 104+ 399+ 106+ 3.99 + 1.03 + E3G1
0.02° 0.00° 0.02° 0.05° 0.02° 0.00° 0.01° 0.04° 0.01° 0.00°
497 + 2.00 + 497 + 2.00 + 399+ 104+ 399+ 104+ 498 + 1.04 + E1G2
0.03* 0.00° 0.03? 0.00° 0.04° 0.08 0.02° 0.08° 0.02? 0.08°
3.98+ 1.00 + 3.99 + 1.03+ 396+ 101+ 398+ 103+ 400+ 1.02 + E2G2
0.02° 0.00° 0.01° 0.00° 0.01° 0.02° 0.01° 0.08° 0.00° 0.08°
497 + 2.00 + 497 + 1.99 + 498+ 105+ 399+ 104+ 499 + 1.05 + E£3G2
0.03 0.00* 0.03* 0.00% 0.03* 0.07° 0.01° 0.08° 0.01% 0.08°
4,96 + 2.00 + 4.96 + 1.98 + 497+ 196+ 400+  1.09+ 498 + 1.09 + E1G3
0.02 0.00° 0.022 0.00° 0.02 0.05° 0.00° 0.08° 0.022 0.08°
402+ 1.00 + 4.02 + 1.04 + 402+ 100+ 400+  1.08+ 4.96 + 1.06 + £2G3
0.04° 0.00° 0.04° 0.04° 0.04? 0.00° 0.00° 0.08° 0.04? 0.08°
498 + 2.00 + 4.98 + 2.00 + 498+ 193+ 500+  1.09+ 499 + 1.09 + E£3G3
0.04% 0.00* 0.04° 0.00% 0.04° 0.11° 0.00? 0.08° 0.01% 0.08°
499 + 2.00 + 4.99 + 2.00 + 499+ 196+ 500+  1.09+ 5.00 + 1.09 + E1G4
0.02 0.00° 0.02? 0.00° 0.02 0.00° 0.00° 0.08° 0.00° 0.08°
498 + 1.04 + 4.98 + 1.04 + 498+  1.00+ 500+  1.08+ 5.00 + 1.08 + E2G4
0.01° 0.06° 0.01? 0.06° 0.02? 0.00° 0.00° 0.08° 0.00° 0.08°
499 + 2.01+ 4.99 + 2.00 + 499+ 193+ 500+ 109+ 500+  1.095+ E3G4
0.05° 0.09* 0.04° 0.00% 0.02? 0.11 0.00% 0.08° 0.00* 0.08°
498 + 2.00 + 4.99 + 1.99 + 500+ 197+ 500+ 1.933+ 500+  1.095+ E1G5
0.03° 0.00° 0.01? 0.08° 0.00° 0.05° 0.00° 0.05 0.00° 0.08°
498 + 2.01+ 4.98 + 1.96 + 500+ 196+ 500+  1.09+ 500+  1.095+ E£2G5
0.00° 0.04? 0.02? 0.07° 0.00° 0.022 0.00° 0.08° 0.00° 0.08°
5.00 + 2.04 + 5.00 + 203+ 500+ 2.05% 500+  207% 5.00 + 2.00 + E3G5
0.00% 0.006° 0.00* 0.007° 0.00° 0.12* 0.00* 0.03 0.00* 0.006°

G1)80% CO, + 20% N, G2) 20% CO, + 80% N, G3) %48.5 CO,+48.5% N, + 3%0,' G4) vacuum , G5) ordinary condition
E1) cuminum essential oil, E2) rosemary essential oil, E3) without essential oil
Different letters showed a significant difference in each of the four columns (p<0.05)
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Abstract

Introduction: In this study, the effect of different concentrations of three types of gas
mixtures (carbon dioxide, nitrogen, oxygen), as well as vacuum and also ordinary
conditions as control and essential oils of rosemary and cuminum to increase shelf life of
the fresh veal meat at 4°C in a 3-layer pouch(124 ) were evaluated.

Materials and Methods: Ordinary conditions as control packaging, were compared with
four kinds of modified atmosphere packaging 1)80% CO, + 20% N, , 2) 20% CO, + 80%
N2 , 3)%48.5 CO,+48.5% N, + 3%0, and 4) under vacuum condition along with injection
of rosemary and cuminum essential oils (1.5 % Wg/Ws), and samples without essential
oils.Microbial test concerned with aerobics and anaerobic count were peformed on the
samples during 20 days of storage , chemical tests concerned with pH and peroxide as well
as sensory evaluation were due conducted.

Results: The results indicated that the shelf life of veal meat with rosemary essential oil
under gas compositions , 80% CO, ; 48.5% CO; & 20% CO, ; 20, 18 ,15 days,
respectively, in vacuum and ordinary conditions were 12 , 8 days, with cuminum essential
oil in gas compositions, 80% CO, ,17 days , in conditions 48.5% CO, & 20% CO, 15 and
13 days, in vacuum and control were 10 , 6 days, without essential oil injection, under gas
compositions 80% CO; ; 48.5% CO, & 20% CO, ; 13, 11, 10 days in vacuum and ordinary
conditions were 8 , 4 days, respectively.

Conclusion: The best condition belonged to the samples containing rosemary essential oil
under the condition 80% CO, after 20 day, and had desirable effects on microbial
population (aerobics bacteria "5.314 logcfu/ml”, anaerobic bacteria "3.77 logcfu/ml”), pH
(5.42), PV (3.993) and also sensory properties of the samples.

Keywords: Cuminum Essential Oil, Fresh Veal Meat, Modified Atmospheric Packaging,

Rosemary Essential Qil.
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