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. Plate Count Agar

. Violet Red Bile Agar

. Eosin Methylene Blue Agar
Parker medium

. de Man, Rogosa and Sharpe
. Cooked Meat Broth

. Sabouraud Dextrose Agar
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Table 1 Formulation of beef bologna with different levels of CCEO and chitosan.

Ingt;ﬁ/dol)ents Treatments
T, T, T; T, Ts Ts T, Ty Ty Tio Ty T,
CCEO 0 0 0 1 1 1 2 2 2 3 3 3
Chitosan 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
Sodium nitrite 0.01 0 0 0 0 0 0 0 0 0 0 0
Beef 60 60 60 60 60 60 60 60 60 60 60 60
Oil 8 8 8 8 8 8 8 8 8 8 8 8
Starch 4 4 4 4 4 4 4 4 4 4 4 4
Albumin egg 4 4 4 4 4 4 4 4 4 4 4 4
Wheat flour 2 2 2 2 2 2 2 2 2 2 2 2
Salt 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Sodium lactate 1 1 1 1 1 1 1 1 1 1 1 1
Fresh garlic 1 1 1 1 1 1 1 1 1 1 1 1
Spice 1 1 1 1 1 1 1 1 1 1 1 1
Sugar 1 1 1 1 1 1 1 1 1 1 1 1
STPP 035 035 035 035 0.35 0.35 035 035 035 035 035 0.35
Ascorbic acid 0.04 0.04 004 004 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Water 16 15.5 15 15 14.5 14 14 13.5 13 13 12.5 12
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Table 2 Chemical composition of essential 0il(C. copticum)

content(%) Retention Chemical
Time(minute) composition

0.4 9.61 a-Phyllanderene 1
1.98 11.4 a-Pinene 2
0.57 12.06 a-Myrcene 3
0.29 12.96 Cis-4-carene 4
25.92 13.39 m-Cymene 5
0.52 13.46 (E)-3-Caren-2-ol 6
24.68 14.67 y-Terpinene 7
0.22 18.69 Artemiseole 8
45.85 23.69 Carvacrol 9

99.58% -
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Table 3 Chemical analysis of bologna with 60% beef.

Chemical properties Content Iranian Standard (No. 2303)
Moisture (%) 57.66+0.67 <4P+10
Protein (%) 13.76+0.21 >12
Fat (%) 20.28+0.68 <22
Carbohydrate (%) 5.83+£0.11 <6
Ash (%) 2.11+0.08 <25
pH 6.06+0.05 5.6-6.2
Salt (%) 1.62+0.06 <2
STPP 0.47+0.01 <05
Residual sodium nitrite 32 674252 <80

on day 4 (ppm)
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Table 4 Changes in microbial population (Log CFU.g™") of prepared beef bologna stored at 4 °C for

30 days
Total count Time (day) Coliforms Time (day)
Treat 1 10 20 30 1 10 20 30

T, 2.30+0.08"°  3.14+0.18®°  4.88+0.09°  5.64+0.12°°  0.00+0.00 0.000.00¢ 0.53+£0.12°  1.08+0.15°
T, 2.38+0.1% 3.0940.1%°  4.79+0.25®  5.91+0.08®  0.00+0.00 0.33+0.11b 0.67+0.1° 1.43+0.1°
T, 2.05:0.2°¢  2.83+0.07%¢  3.95+0.22%  4.77+0.25° 0.00:£0.00 0.00£0.00¢  0.00+0.00¢  0.00+0.00°
T, 2.4440.12° 3.28+0.2° 5.22+0.3° 6.12+0.2° 0.00+0.00 0.47+0.08° 1.23+0.05*  2.18+0.2°
Ts 2.0240.15%  3.0240.16™  4.66+0.18°  5.38+0.14°¢  0.00+0.00 0.00+0.00¢  0.00+0.00¢  0.54+0.1¢
Te 1.9540.1¢  2.7240.15°%°  3.85+0.13° 4.61+0.1° 0.00:£0.00 0.00£0.00¢  0.00+0.00¢  0.00+0.00°
T, 2.15+0.05%  3.15+0.10°  4.73+0.12®  5.61£0.11™  0.00+0.00 0.3+0.1° 0.98+0.2° 1.48+0.13°
Tq 1.8240.12%  2.7120.15%%°  4.48+0.24°¢  4.93+0.23%  0.00+0.00 0.00+0.00¢  0.00+0.00¢  0.78+0.09¢
T, 1.48+0.15%  2.53+0.1¢ 3.81£0.14°  4.56+0.17°F  0.00+0.00 0.00£0.00¢  0.00+0.00¢  0.00+£0.00°
Tho 1.98+0.2%  2.91+0.11%¢  4.58+0.3% 5.32+0.28%  0.00+0.00 0.00+0.00¢  0.00+0.00¢  0.64+0.1¢
T 1.5540.13%"  2.65+0.14%  3.98+£0.22°®  4.67£0.19°  0.00+0.00 0.00+0.00¢  0.00+0.00¢  0.00+0.00°
Ty, 1.41x0.1° 2.28+0.13f 3.42+0.17° 4.2140.22f 0.00:£0.00 0.00+0.00¢  0.00+0.00¢  0.00+0.00°

LAB Time (day) Molds and Y easts Time (day)

Treat 1 10 20 30 1 10 20 30

T, 1.66+0.1%° 2.25+0.1%  3.87+0.15%° 5.33+0.4° 0.34+0.05%  1.12+0.11% 1.910.3*  2.62+0.21°
T, 1.74+0.08°  2.18+0.06®  3.91£0.05™  5.08+£0.2%® 0.41£0.1%  0.89+0.08%  2.05+0.21*  2.91+0.3*
T, 1.41£0.12%¢  1.89+0.12%  3.11x0.12%  4.23+0.31°¢  0.00+0.00" 0.5+0.1% 0.95+0.16°  1.93+0.2%
T, 1.80+0.15*  2.46+0.15° 4.26+0.3% 5.61+0.24° 1.02+0.2% 1.78+0.2% 2.11+0.11*  3.42+0.35%
Ts 1.38+0.1°¢  1.94+0.25®°  3.74£0.4°  4.8+0.16™ 0.97+0.1% 1.22+0.14% 1.88+0.2°  2.69+0.24°
Te 1.31£0.05%  1.78+0.2° 3.15+0.3 4.05+0.18%  0.00+0.00° 0.31+0.1% 0.94+0.1° 1.7120.2¢
T, 1.51£0.03%  2.41+£0.3®  4.0240.25®  5.1120.29®  0.31+0.02° 0.9240.2¢ 1.67+0.15*  2.85+0.15%
Tq 1.18+0.1%  1.9120.31™  3.5120.3%¢  4.35+0.4°¢  0.62+0.15%  0.75+0.15%  1.7240.18*  2.33+0.2"¢
T, 0.8440.2°7  1.85+0.35°¢  3.21+0.5°  3.98+0.42°¢  0.00+0.00°  0.00+0.00° 0.78+0.2° 1.33+0.1¢
Tho 1.3440.22%  2.29+0.28%  3.81+0.2%°  4.74+0.35®°  0.71+0.18" 1.28+0.12° 1.76+0.1*  2.25+0.22"¢
Tu 0.91+0.18%"  1.44+0.25%  3.42+0.33°¢  4.09+0.25%  0.00+0.00° 0.3+0.04% 0.69+0.12° 1.4240.3¢
T 0.77+0.13f 1.22+0.1¢ 2.86+0.12¢ 3.67+0.4¢ 0.00£0.00°  0.00£0.00%5  0.00£0.00°  0.00+0.00°

Different letters (a—z) within a same column (different batches) differ significantly (P< 0.05).
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Table 5 Changes in WHC values of beef bologna stored at 4 °C for 30 days

WHC Time (day)
Treat 1 10 20 30

T, 84.6+0.4% 84.5+0.6°7 82+0.08° 80.25+0.75™
T, 85.9+0.6° 85.3+0.35° 84.1+0.2¢ 82.8+0.85%
T, 88.5+0.33° 87.9+0.4 86.5+0.3%® 85.3+0.65"°
T, 83.9+0.2¢ 81.5+0.5° 80.9+0.18° 79.1+0.3%
Ts 86+0.12° 85.2+0.3° 83.75+0.3¢ 81.9+0.1°
Te 88.3+0.2° 88+0.28" 85.88+0.4 84.6+0.9°¢
T, 84.5+0.55% 84.2+0.18% 81.9+£0.11° 79.8+0.88
Ts 85.8+0.7° 85.4+0.1° 84.1+0.4¢ 83.75+1%
Ty 88.1+0.35° 79.840.22f 87.3+0.6™ 85.9+0.4%
Tio 84-0.45¢ 83.6+0.11¢ 82.25+0.5° 81.95+0.55°
T 85.5+0.25 85.1+0.1% 84.6+1% 83.97+0.68°
T, 89.1+0.22° 1.42+0.08" 87.95+0.9° 87.2+0.3°

Different letters (a—z) within a same column (different batches) differ significantly (P< 0.05).
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Table 6 Changes in pH values of beef bologna stored at 4 °C for 30 days

pH Time (day)
Treat 1 10 20 30

T, 6.1+0.02" 6.00+0.05" 5.95+0.1™° 5.71+0.11°
T, 6.15+0.01%¢ 6.08+0.1% 6.01+0.08 ™ 5.97+0.1%
Ts 6.2+0.05% 6.15+0.01 ® 6.05+0.1% 6.08+0.02
T, 6.12+0.01%¢ 6.03+0.02 ® 5.85+0.05° 5.81+0.04¢
Ts 6.17+0.02°¢ 6.12+0.05 ® 6.04+.01% 6.00:£0.1%
Te 6.21+0.01% 6.14+0.08 ™ 6.05+0.07® 6.04:+0.05"¢
T, 6.08+0.03" 6.00::0.04° 5.91+0.03" 5.86+0.12
Ts 6.15+0.01%¢ 6.1+0.02% 6.06:+0.04™ 6.05+0.03%¢
To 6.23+0.04 6.17+0.01° 6.12:£0.05° 6.05+0.01%¢
Tuo 6.05+0.05° 6.02:0.06™ 5.97+0.01%¢ 5.94+0.09°
T 6.09:+0.07" 6.010.09® 6.00+0.01% 5.98+0.02%¢
T 6.2+0.1%° 6.12+0.02 6.08+0.05™ 6.1+0.03"

Different letters (a—z) within a same column (different batches) differ significantly (P< 0.05).
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Due to the importance of consuming meat and meat products especially
sausage and bologna and the adverse effects of using synthetic preservatives
used in them, this study aimed to investigate the effect of natural preservative
on shelf-life of cooked beefbologna and comparison with sodium nitrite as
synthetic preservative. the effect of chitosan (0, 0.5 and 1%) added
individually or in combination with CCEO nanoemulsion (0, 1, 2 and 3%) as
an alternative for sodium nitrite on microbiological (Total Viable Counts,
Coliforms, Lactic acid bacteria (LAB), molds and yeasts), pH and water
holding capacity (WHC), of beef bologna stored at 4 °C for 30 days was
investigated. The experiment was performed in completely randomized based
on factorial in 3 replication. Duncans test at 5% probability level was used to
determine the significant difference mean between the data. Results indicated
that chitosan addition resulted in significant (p< 0.05) inhibition of microbial
growth, so that the lowest microbial counts were obtained in the samples
containing both chitosan and CCEO nanoemulsion indicating a possible
synergistic effect. Chitosan also improved the WHC and reduced the synersis
of the samples during shelf-life respect to the control, while CCEO
nanoemulsion had no significant effect on these parameters (p>0.05). The
combination of chitosan (1%) with CCEO nanoemulsion (2-3%), which
showed the best results, could have a valuable potential for commercial use in
order to improve preservation of meat products without the use of nitrites or
other synthetic additives.
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