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5. Penicillium sp

6. Ganoderma tropicum
7. Ganoderma lucidum
8. Aspergillus sp

9. Rhizopus sp

10. In Vitro

11. In Vivo
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21. Foeniculum Vulgare Mill
22. Ziziphora Clinopodioides Lam
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19. Trans-Anethole
20. Estragol
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Fig 1 Samples of tomato paste with different concentrations of Foeni
; P »

Fig 2 Samples of tomato péste with different concentrations of Ziziphora clinopodfoides Lam extract
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23. Potato Dextrose Agar
24. Minimum Inihibitory Concentration
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27. Perceptron
28. Levenberg-Marquardt
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26. Artificial Neural Networks
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Fig 4 The chromatogram of Foeniculum Vulgare Mill extract

Table 1 The compounds of Foeniculum Vulgare Mill extract

Total% Compound Total% Compound
0.23 y-terpinene 78.23 (E)-anethole
0.22 fenchone 6.48 (E)-anethole
0.19 methyl chavicol 4.53 a-pinene
0.17 trans-carveol 2.18 camphene
0.16 fenchyl acetate 1.12 sabinene
0.06 1,8-cineole 0.98 B-pinene

96.18 Total identified 0.61 myrcene
0.54 a-phellandrene
0.48 camphor

Caromatogram

7Fig 5 The chromatogram of ziziphora clinopodioides Lam. Extract
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Table 2 The compounds of ziziphora clinopodioides Lam. Extract

Total% Compound Total% Compound
3.22 thymol 27.81 pulegone
2.64 neomenthol 12.92 menthol
2.31 alpha-pinene 9.69 menthone
1.89 neomenthol 7.82 limonene
1.69 ortho-cymene 4.58 piperitenone
1.64 1,8-cineole 4.12 n-nonadecane
1.52 piperitone 4 n-octadecane
0.98 gamma-terpinene 3.98 hexadecane
0.95 carvone 3.7 n-heptadecane
96.3 Total identified 0.84 pentadecane
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29. Minimum Bacteriocidal Concenteration
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Table 3 Aspergillus flavus growth variations in terms of log cfu / ml in tomato paste containing
Foeniculum Vulgare Mill and ziziphora clinopodioides Lam. extracts in vitro

Aspergillus flavus growth variations during different weeks

Fifth week Fourth week Third week Second week First week Sample
6.992+0.19%  6.608+0.16"° 6.107+0.427° 5.600+0.09° 5.000+0.00 Control
5.19240. 07%°  4.431+0.57*°  4.303+0.058° 3.676+1.15%° 3.213+1.00"° Treatment 1
4.819+0. 49"°  4.192+0.58*° 3.310+0.99° 2.567+1.10%° 1.104+1.00%° Treatment 2
0.00+ 0.007®  0.00+ 0.00° 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 ° Treatment 3
0.00+ 0.00<° 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 ° Treatment 4
6.626+0.00%  5.566+0.00%° 4.933+0.58"° 4.426+0.00*° 4.266+0.00™ Treatment 5
5.517+0.00%°  5.253+0.00%° 4.293+0.05%° 3.873+0.56*° 3.459+0.58"° Treatment 6

5.121+0.00%°
4.982+0.52"°

4.666+0.00>°
3.899+0.58"°

3.923+0.52¢°
3.024+0.17°°

3.033+0.00%°
2.133+0.00%°

2.185+0.06°
1.130+0.024

Treatment 7
Treatment 8

* Different capital letters in a row represent significant difference (p <0.05).
* Different small letters in a coloumn represent significant difference (p <0.05).

Treatment 1 (containing 0.5% fennel seed extract), treatment 2 (containing 1% fennel seed extract), treatment 3
(containing 2% fennel seed extract), treatment 4(containing 3% fennel seed extract), treatment 5 (containing 0.5%
ziziphora clinopodioides Lam. extract), treatment 6 (containing 1% ziziphora clinopodioides Lam. extract),
treatment 7 (containing 2% ziziphora clinopodioides Lam. extract) and treatment 8 (containing 3% ziziphora
clinopodioides Lam. extract).

Table 4 Variance analysis of Aspergillus flavus growth

P F Mean squares Degree of freedom Source variation
0.000%* 84.997 16.790 4 Storage time (A)
0.000%* 327.300 64.655 8 Sample type (B)
0.000%* 4.210 0.832 32 Interaction (AxB)

R-Sq (R?) 95.8%

*Significant difference at probability level 5%
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Fig 6 Growth changes of Aspergillus flavus mold in
terms of log cfu/ml in tomato paste and different
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ABSTRACT

ARTICLE INFO

The antifungal activity of Foeniculum Vulgare Mill and Ziziphora
clinopodioides Lam. extracts against Aspergillus flavus in tomato paste
containing different percentages of the extracts was tested. To this end,
Foeniculum Vulgare Mill and Ziziphora clinopodioides Lam. extracts with
different concentrations of 0.5, 1 and 2% were prepared and studied during
different storage times(35 days).The effect of extracts of Foeniculum Vulgare
Mill and Ziziphora Clinopodioides Lam with different concentrations was
investigated alone in the environment (in vitro). By injecting 0.1 ml of mold
in Sabouraoud dextrose agar broth culture medium, then placing it in an
incubator temperature of 25°C £ 0.5, it was kept for 5 weeks (35 days), and
one culture was done every week in order for the activity mold to be
investigated in different concentrations of extracts.The results of antifungal
activity of different levels of the extracts indicated that treatments 3
(containing 2% Foeniculum Vulgare Mill extract) and 4 (containing 3%
Foeniculum Vulgare Mill extract) were resistant to the growth of Aspergillus
flavus mold mycelium until the end of storage period.Generally, it can be
concluded that using 2 or 3% Foeniculum Vulgare Mill extract as a natural
preservative in tomato paste has a desirable antifungal activity. Artificial
neural network was used to validate and evaluate the results of the
experiments in predicting the data of Aspergillus flavus mold growth in
tomato paste.In the present study, two hidden layers with 30 neurons were
used. The network had two inputs including extract concentration and storage
time, and the growth of Aspergillus flavus mold was considered as the
target.Evaluation parameters such as correlation coefficient, mean squared
error and maximum error showed very good results with values of 0.9993,
0.10934 and 0.13538. The lower the error and the closer the correlation
coefficient to 1, the better the prediction is.
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