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Table 1 Compounds of essential oil of Citrus
aurantium
Constituents Com([;g;ltlon Rete?l\t/llti)r?)tlme
pinene 0.492 8.48
myrcene 2.032 9
Benzylamino 0.304 9.61
Limonene 0.629 10.26
Ocimene 0.985 10.63
Octatriene 2.324 10.99
Terpinolene 0.689 12.37
linalool 34.688 13.02
Benzeneethanamine 0.115 13.10
vinylcyclobutane 0.089 15.58
Cyclohexene 7.530 16.14
Carene 14.757 18.33
vinylphenol 1.822 20.34
Caryophyllene 4.584 23.65
Cycloundecatriene 0.452 24.71
Farnesene 0.133 24.79
Bicyclogermacrene 1.823 26.04
Neophytadiene 5.730 38.81
Benzeneg;:grboxyllc 4361 47.03
Hexadecanedione 0.302 48.23
Heneicosane 0.480 48.51
Eicosane (CAS 0.343 49.39
Octacosane 0.337 40.49
Squalene 0.423 50.42

Nonacosane 0.307 50.92




Table 2 Statistic parameters of Staphylococcus aurous (Log cfu/g) under the influence of pH, salt,
temperature and essential oil of citrus in fish tofu in MAP during 12 days storage at refrigerator

temperature
Salt Essential oil ~ Temperature Standard . .
Mean +SD Variance  Skewness Kurtosis
(%) (%) (°C) error
4 4.11+1.44 0.31 2.090 -0.768 0.360
25 2.68+2.03 0.44 4.154 -0.338 -1.721
55 15 0.025

37 3.04+2.26 0.49 5.132 -0.362 -1.616

4 4.09+1.25 0.15 1.015 -1.293 0.935

6 15 0025 25 3.84+1.16 0.29 2.230 -1.415 -1.615
37 4.08+1.17 0.37 2.107 -1.630 0.722

4 3.62+1.90 0.52 2.800 -1.405 1.545

75 15 0.025 25 4.18+1.62 0.63 3.129 -1.458 -1.405
37 4.84+1.91 0.36 2.282 -1.532 1.925

4 2.48+1.88 0.41 3.553 -0.261 -1.576

55 15 005 25 4.40+1.60 0.34 2.561 -0.709 -1.650
37 4.71+1.60 0.34 2.565 -0.709 0.209

4 3.29+1.26 0.44 2.715 -1.415 -1.597

6 15 0.05 25 3.84+1.12 0.56 1.471 -1.415 -1.493
37 4.48+1.17 0.63 2.457 -1.652 -1.293

4 3.56+1.54 0.23 2.514 -1.230 1.116

75 15 0.05 25 4.00+1.91 0.44 1.291 -1.244 -1.574
37 4.69+1.14 0.68 3.892 -1.574 1.458

4 2.35+1.78 0.38 3.183 -0.307 -1.650

55 3 0025 25 4.12+1.29 0.28 1.680 -1.070 0.256
37 4.22+1.27 0.27 1.638 -0.782 -0.128

4 3.09+1.09 0.25 1.678 -1.493 -1.545

6 3 0025 25 3.88+1.11 0.34 2.713 -1.700 -1.034
37 4.72+1.17 0.35 2.122 -1.415 -1.485

4 3.74+1.57 0.66 1.117 -1.688 1.077

75 3 0025 25 4.26+167 0.72 2.564 -1.528 -0.828
37 4.67+1.51 0.87 2.231 -1.293 1.652

4 1.60+1.58 0.34 2.498 0.163 -1.821

55 3 0.05 25 3.51+0.75 0.16 2.564 -0.702 -0.188
37 3.90+1.16 0.25 1.360 -0/781 -0.256

4 2.82+1.12 0.47 1.017 -1.545 1.225

6 3 0.05 25 3.50+1.53 0.35 2.289 1.708 -1.390
37 3.76+1.21 0.66 2.147 -1.248 1.718

4 3.81+1.47 0.85 1.912 -1.597 1.293

75 3 0.05 25 4.05+1.68 0.97 2.415 -1.695 1.405
37 3.47+2.70 0.81 2.720 -1.644 -1.644
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Table 3 Effect of pH, salt, Citrus aurantium essential oil and temperature on growth of
Staphylococcus aurous (Log cfu/g) in fish tofu in MAP storage at refrigerator temperature during 12

days
pH (S(;:)t Ejﬁe('],}(');’" (J:) 0 2 4 6 8 10 12
4 1.34+0.27"* 3.23+0.05™ 3.83+0.13"° 4.38+0.10"° 4.7740.13™® 5.24+0.21"° 5.97+0.16"°
55 15 0025 25 1.51+0.19°% 3.49+0.10"° 4.19+0.17% 4.71+0.10"° 4.87+0.15"" Overgrowth Overgrowth
37  1.98+0.13%% 3.79+0.08"" 4.75+0.05%° 5.10+0.09%° 5.64+0.09%° Overgrowth Overgrowth
4 155+0.12"% 3.51+0.04"" 4.09+0.08%° 4.52+0.08"° 5.16+0.05% 6.24+0.25% no growth
6 15 0.025 25 2.08+0.07% 3.84+0.05"" 4.25+0.05%° 4.68+0.16"° 5.55+0.15%° Overgrowth Overgrowth
37 1.87+0.13" 4.08+0.08%° 4.79+0.17%® 5.10+0.08% 5.82+0.07% Overgrowth Overgrowth
4 156+0.09" 3.62+0.06™" 4.14+0.16% 4.71+0.12"° 5.38+0.15% Overgrowth Overgrowth
75 15 0025 25 1.99+0.12"* 4.18+0.15% 4.71+0.13% 547+0.11% 6.0040.10° Overgrowth Overgrowth
37 1.80+0.16" 4.84+0.14%° 5.29+0.15°° 5.89+0.06% 6.40+0.09°° Overgrowth Overgrowth
4 153+0.11" 3.12+0.11"" 3.55+0.04"° 4.31+0.07"° 4.7740.10"® nogrowth  no growth
55 1.5 0.05 25 1.36+0.38"* 3.58+0.11"° 3.85+0.05"" 4.72+0.07"° 5.10+0.09%° 5.67+0.11"° 6.52+0.15%¢
37  1.60+0.11" 4.10+0.09%° 4.26+0.06% 4.76+0.11"° 5.45+0.12%° 5.87+0.02"° 6.92+0.12%
4 2.08+0.07% 2.97+0.26%° 3.29+0.07%% 3.87+0.02°* 4.17+0.03"° 4.66+0.05°° 5.15+0.13"°
6 15 0.05 25  1.7740.12% 3.50+0.08"" 3.84+0.07"° 4.26+0.04"° 4.51+0.11"" 5.0040.10"° 5.26+0.12"¢
37 1.87+0.17%% 3.71+0.02"" 4.09+0.08%° 4.48+0.07"° 4.87+0.06"" 5.36+0.04*° 6.00+0.10%¢
4 1.54+0.08" 3.21+0.09"° 3.56+0.14"" 4.85+0.05"" 4.36+0.04"° 4.75+0.05%° 6.31+0.27%¢
75 15  0.05 25  1.91+0.29"* 3.77+0.17"° 4.00+0.10% 4.31+0.03"° 4.83+0.07"" Overgrowth Overgrowth
37  2.14+0.44% 4.00+0.11%° 4.69+0.08%° 4.87+0.08"" 5.36+0.11% Overgrowth Overgrowth
4 1.3940.14" 3.05+0.09"" 3.45+0.05"° 4.13+0.13"° 4.43+0.07"® nogrowth  nogrowth
55 3 0.025 25 1.52+0.24" 3.44+0.10" 3.72+0.10"° 4.66+0.05"" 4.86+0.05"° 5.17+0.05"° 5.47+0.11*
37  1.77+0.20" 3.57+0.11"° 3.77+0.13*" 4.36+0.14"" 5.00+0.10%° 5.36+0.03"° 5.74+0.04"°
4 1.61+0.07"* 3.09+0.08"" 3.52+0.09"° 3.87+0.03® 4.18+0.06"° nogrowth  nogrowth
6 3 0.025 25 2.09+0.07%* 3.56+0.05"* 3.88+0.08"* 4.11+0.11"" 4.43+0.07"° 4.88+0.04%° 5.42+0.11*°
37 1.83+0.08" 3.83+0.05"° 4.27+0.07%" 4.72+0.10"" 5.12+0.11%° 5.28+0.04"° 5.19+0.17*°
4 2.05+0.11" 3.41+0.13*% 3.74+0.12" 4.17+0.15"° 4.74+0.11"" 5.37+0.06"° 6.04+0.16
75 3 0.025 25 1.64+0.10" 3.91+0.03"° 4.26+0.12%° 4.79+0.16"° 5.03+0.15% Overgrowth Overgrowth
37  2.13+0.15% 3.96+0.05" 4.67+0.07%° 5.18+0.09% 5.53+0.07%° Overgrowth Overgrowth
4 1.44+0.21" 2.05+0.16“* 3.20+0.02"% 3.80+0.06® nogrowth  nogrowth  no growth
55 3 0.05 25  2.09+0.09%* 3.06+0.12"* 3.33+0.06™ 3.60+0.15<° 3.85+0.05™° 4.18+0.07%° 4.45+0.17%°
37  1.69+0.16" 3.09+0.09"° 3.64+0.07"" 4.10+0.09"" 4.59+0.12"° 4.90+0.10%° 5.27+0.05*
4 1.35+0.24"% 2.82+0.15% 3.14+0.12"° 3.45+0.12® 4.13+0.13"® nogrowth  nogrowth
6 3 0.05 25  1.94+0.20"* 3.11+0.10"° 3.50+0.03"" 3.82+0.09%° 4.25+0.10"° 4.93+0.03%° 5.37+0.04"°
37  1.96+0.15" 3.53+0.25"° 3.76+0.06"* 3.88+0.06%° 4.67+0.11°° 5.93+0.21"° 6.24+0.14%
4 1.49+0.13" 2.80+0.14% 3.18+0.03"° 3.87+0.02°° 4.31+0.04"° 4.89+0.06°° 5.41+0.11"°
75 3 0.05 25 1.96+0.16"* 3.00+0.11"° 3.26+0.07"" 4.05+0.14"° 4.67+0.32"° 4.79+0.12%° 6.28+0.27%
37  1.94+0.20" 3.11+0.10"° 3.47+0.08"" 4.63+0.14"" 5.00+0.10% 5.31+0.07"° 6.46+0.05%

Different letters (a, b, ¢, d, e, f) in each row show a significant difference (P <0.05)
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Antimicrobial effect of Citrus aurantium essential oil, modified
atmosphere packaging in controlling Staphylococcus aurous in
tofu fish during 12 days of storage
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The aim of this study was to determine the effect of temperature, pH, salt, citrus aurantium L. and
modified atmosphere packaging (50% carbon dioxide, 45% nitrogen and 5% oxygen) on control of
Staphylococcus aurous in fish tofu of type. Descriptive-analytic study was carried out in the year of
2017-2018. In this research, pH was 5.5, 6 and 7.5, and temperature was 4, 25 and 37 ° C, salt at 0,
1.5 and 3%, and orange essential oil at 0.025 and 0.05% was considered. According to the results, it is
found that the lower the pH of the tofu samples is lower, Staphylococcus aureus is more restricted.
For example, at pH 5.5 with 0.025 and 0.05% of orange essential oil in tofu samples, bacteria did not
grow, but at pH 6 and 7.5 there was no growth of bacteria and growth was more than usual. There was
an enormous increase in Staphylococcus aurous at pH 7.5 with 1.5% salts and orange essential oil
0.025% at temperatures of 4, 25 and 37 ° C. Increasing temperature to 25 ° C and 37 ° C, as well as at
pH 5.5, 6 and 7.5, the growth of Staphylococcus aurous in tofu fish has been increased. In this study,
the essential oil of orange herb was stored at 0.05 % at 4 ° C, 3% salt and pH 5.5, to control the
growth rate of Staphylococcus aurous in tofu fish for 8 days.

Keywords: Fish tofu, Modified atmosphere packaging, Citrus aurantium L. essential oil,
Staphylococcus aureus
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