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2. a-Pinene
3. y-terpinen
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Fig 1 GC/MS chromatogram of black caraway

extracted by Clevenger.

Table 1 The composition of black caraway
extracted by Clevenger method, Retention
time and area (from less to high amount).

Retentio
Compound n time Area; Sum

(min.) (%)

1 2-thujene 3.956 0.37
2 a-pinene 4.099 1.21

4 sabinen 4.812 0.8
5 B-pinene 4.934 1.94
6 B-myrcene 5.097 0.57
7 P-cymene 5.891 13.46
8 D-limonene 6 6.06
9 y-terpinen 6.672 30.03
10 -4-Terpineol 9.727 0.56
11 3'p'Me;thm'7' 10.113 138
12 Cuminal 11.369 29.31
13 a-terpinen-7-al 12.496 7.23
14 y-terpinen-7-al 12.612 7.08
Total 100
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6. Retention time
7. Retention index
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Fig 2 GC/MS chromatogram of black caraway
extracted by ultrasound assisted (80/100).

Table 2 Composition of black caraway
extracted by ultrasound assisted (80/100),
retention time and area
(from less to high amount).

Retention Area
Compound time Sum
(min.) (%)
1 2-thujene 3.956 0.37
2 IR-0-pinene 4.106 1.33
3 sabinen 4.812 0.83
4 B-pinene 4.934 2.02
5 B-myrcene 5.097 0.63
6 O-Cymene 5.891 14.38
7 D-limonene 6 6.49
8 y-terpinen 6.672 31.04
9 (-)-4-Terpineol 9.733 0.44
10 3-p-Menthen-7-al 10.113 1.2
11 Cuminal 11.363 25.85
1o  p-Menth-2-en-7- 12.021 0.32
ol,trans-
13 a-terpinen-7-al 12.496 7.16
14 y-terpinen-7-al 12.612 7.2
Total 99.26
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Fig 4 Effect of Ultrasound assisted method on the
total phenolic compound of caraway essential oil
(TPC EO) and extract (TPC Ex).
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Fig 3 Effect of Ultrasound assisted method on the
extraction efficiency of caraway essential oil (Rand
EO) and extract (Rand EX).
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Fig 5 Effect of Ultrasound assisted method on the
antioxidant activities of caraway essential oil (EO)
and extract (Ex).
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Table 3 MIC and MBC results for E.coli and
S.aureous in terms of mg/ml.

S.aureous E.coli
ST/EC MIC MBC MIC MBC
Clevenger 25000 50000 50000 50000
Ultrasound
assisted (80/100) 25000 50000 25000 50000
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Table 4 Evaluation of inhibition of essential
oil on the growth of E.coli and S.aureous.

Replication Essential oil
Ultrasound Clevenger
80/100
E.coli 14 18
S.aureous 10 12
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Essential oils and extracts of black cumin have been attracted researchers in the field
of protection of raw and processed food due to their antimicrobial and antioxidant
compounds. In the current study, the chemical composition, antibacterial and
antioxidant properties of black cumin essential oil extracted by Clevenger and
ultrasound assisted (frequencies 37 and 80 kHz and 70 and 100% power)
methodswere performed and the optimization of extraction conditions according to
the chemical properties of the essential oil. Antibacterial properties of black cumin
essential oil against E.coli and S.aureus were measured by measuring the minimum
inhibitory concentration and the minimum lethal concentration of pathogenic bacteria
using micro-plate method. The antioxidant activity of essential oil was measured by
examining the percentage of DPPH free radical scavenging. The results of analysis of
black cumin essential oil by GCMS showed that the main composition of black
cumin essential oil extracted by Clevenger method was y-terpene with 30.03% and in
ultrasound method was 31.04%. The highest efficiencies of essential oils and extracts
obtained by Clevenger method were 2.04 and 0.75%, respectively, and in ultrasound
method (80/100) for essential oils and extracts were 2% and 1%, respectively. The
results showed that S.aureus was the most sensitive and E.coli the most resistant
bacteria to cumin essential oil. Therefore, it can be stated that the extraction of black
cumin essential oil by ultrasound method (80/100) could have the greatest effect on
the extraction of essential oils and extracts and can be used to protect food against
various systems. Benefit from oxidative and microorganisms that cause infections
and food poisoning.
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