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Table 1. The materials used in this study

Material country Manufacturer
Company
Tomato paste Iran Yek O Yek
Ziziphora Iran Zanjan area
clinopodioides Lam.
Fennel seed Iran Atary
Ethanol Germany Merck
Normal soda 0.1 Germany Merck
0.1 Silver nitrate Germany Merck
Phenolphthalein Germany Merck
Potassium chromate Germany Merck
Buffer 4 Germany Merck
Buffer 7 Germany Merck
Table 2.Equipment required in this research
Country Manufacturer device
Germany Memert Bain marie
Germany Memert Oven
Germany heidolph Rotary
Germany Sartorios laboratory-balance(0.001)
America Unige Refractometer
South Korea IKA Magnetic stirrer
England Jenway pH Meter
Germany Shimadzu sampler
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Figure 1. Vacuum rotary device
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1-Artificial Neural Network
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Table 3. pH variations in tomato paste containing different percentages of plant extracts

Sample First Second Third Forth Fifth
Control 0.05**+4.44  0.02**+4.42 0.05*"8+435 0.07%+4.34  0.29%°+4.24
Treatment 1  0.02%44.41  0.07%%14.34 0.20™B14.32  0.00®®+4.10 0.03°¢+£3.85
Treatment2  0.03*'+4.38  0.00"+4.36  0.08""+4.33 0.22*4+4.30 0.01°®+3.86
Treatment3  0.00™"+4.32  0.00*"+4.31  0.00°*+4.27 0.16*+4.26  0.02°+3.81
Treatment4  0.00"+4.32  0.02*"+4.31  0.01"+4.30 0.00*+4.25  0.00"+3.86
Treatment5  0.00%+4.42  0.00*+4.40 0.00*+4.40 0.00*2+4.28  0.01"°+3.91
Treatment6  0.01%+4.45  0.00*+4.41 0.00+4.41 0.01%8+4.24 0.01°+3.92
Treatment 7 0.01+4.47  0.00*+4.42 0.01%+4.41 0.01°8+4.21 0.01°°+3.79
Treatment8  0.01%+4.44  0.02*+4.41 0.01°+4.19 0.05%+3.86 0.01°°+3.86

* Different letters a-d represent significant difference at probability level 95% (p <0.05).
* Different letters A-C represent significant difference at probability level 95% (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
clinopodioides Lam. extract).

Lam. extract) and treatment 8 (containing 3% ziziphora

Table 4. pH variance analysis

Variation Degree of Mean F P
source freedom squares
Storage time (A) 4 0.933 176.039 0.000*
Sample type (B) 8 0.063 11.869 0.000*
Interaction(A 32 0.043 8.032 0.000*
xB)
R-Sq (R?) 92.1%

* Significant difference at probability level 5%.
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Table 5. Acidity variations in tomato paste containing different percentages of extracts during
the storage period

sample Acidity variations during different weeks
first Second third fourth fifth
Control 0.00°°+0.400 0.00°°+0.406 ~ 0.00°°+0.415  0.02°+0.476  0.00°*+0.506
Treatment1  0.00°+0.415 0.000°°°°+0.423 0.00°°+0.433  0.01°+0.483  0.01"+0.510
Treatment2  0.00°+0.413  0.00°°+0.446 0.00°°+0.463  0.01"°+0.492  0.00™"+0.510
Treatment3  0.03°°+0.470  0.00°°+0.486 0.00°°40.498  0.04*°+0.513  0.00*+0.526
Treatment 4 0.01°+0.465 0.02%°°+0.474 0.02°°10.488  0.04**®*+0.509  0.01**+0.520
Treatment 5 0.00°+0.418  0.00°°°+0.426 0.00°°+0.434  0.00°*+0.480  0.00™"+0.510
Treatment 6 0.01°°+0.437 0.00°°°+0.444  0.00°°+0.459  0.00°®+0.490  0.01*"+0.513
Treatment 7 0.01°°+£0.467  0.00°°+0.485 0.00°°+0.501  0.01**®*+0.516  0.00*'+0.527
Treatment 8 0.01°+0.464  0.02*°°+0.476 0.02°°10.487  0.01**+0.503 0.01**+0.519

* Different letters a-c represent significant difference at probability level 95% (p <0.05).
* Different letters A-E represent significant difference at probability level 95% (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 6. Acidity variance analysis

Source variation Degree of freedom Mean squares F P
Storage time (A) 4 0.051 251.357 0.000*
Sample type (B) 8 0.002 7.701 0.000*
Interaction (AxB) 32 0.000 1.327 0.150
R-Sq (R?) 92.5%

* Significant difference at probability level 5%
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Table 7. Brix variations in tomato paste containing different percentages of extracts during the
storage period

Sample Brix variations during different weeks
firth second third fourth fifth
Control 0.00%+£27.50 0.00®°+27.81 0.01°°+28.13 0.06°°:28.50 0.10%+27.84

Treatment 0.00°5+27.20  0.13°+27.42
'1I'reatment 0.11°°5+27.16  0.10"P+27.32
'2|'reatment 0.01°°+26.96  0.00°°+27.16
?’reatment 0.01°°+26.94  0.12°+27.02
4Treatment 0.05"+27.18  0.10°°+27.39
?’reatment 0.15"+27.13  0.13°°+27.34
'fls'reatment 0.11°6+£26.92  0.10°°+27.18
'7I'reatment 0.20°°+26.95  0.12°+27.05
8

0.07°°+27.62
0.17°°+27.53
0.12°8¢427.29
0.06%°+£27.11
0.05"°+27.64
0.14"¢+27.56
0.05%+27.33

0.11%+27.14

0.07°+27.86  0.05"+27.08
0.12°®£27.71 0.45"+27.92
0.05%*%+27.63 0.07*/+27.81
0.09°%:27.38  0.06%+27.62
0.16°°+27.89  0.02""+28.12
0.10°®£27.74  0.10°+27.96
0.03°®+27.66  0.12/+27.85

0.11%8+27.41  0.06%A+27.65

* Different letters a-d represent significant difference at probability level 95% (p <0.05).
* Different letters A-E represent significant difference at probability level 95% (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).
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Table 8. Brix variance table

Source variation Degree of freedom Mean squares F P
Storage time (A) 4 1.006 28.846 0.000*
Sample type (B) 8 3.597 103.099 0.000*
Interaction (AxB) 32 0.154 4.414 0.000*
R-Sq (R?) 92.3%

* Significant difference at probability level 5%
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Table 9. Color variations in tomato paste containing different percentages of fennel seed and
ziziphora clinopodioides Lam. extracts during the storage period

LBJ)‘W;-)L:J‘CJ\ [ Lg)‘JW)ije)w

s K

Sample Color variations during different weeks
First Second Third Fourth Fifth

Control 03421466  0.34+ 466 057*+4.33 0.64™2+:3.66 0.00+4.00
Treatment 1 0.00*+5.00 0.57%48+4.33 0.57%%+4.33 0.57®+4.33  0.57**+3.66
Treatment 2 0.00*+5.00 0.57™48+433 0.57%°44.33  0.57°°+4.33  0.44*°+3.66
Treatment 3 0.36°A+£4.33  0.00°°®+4.00  0.00?®+4.00 0.00°°+4.00  0.44°°+3.66
Treatment 4 0.00+4.00 0.002£4.00  0.44*%+366  0.00°%°+4.00 0.44°°+3.66
Treatment 5 0.00+5.00  0.57**+433 0.57*+4.33  4.33+057*® 0.57%%+4.33
Treatment 6 0.00*£5.00  0.57**®1433 0.57+4.33 0.57°°+4.33  0.00°°+4.00
Treatment 7 0.57°244.33  0.00**£4.00  0.64%®+3.66 0.44*°+366 0.57°°+3.33
Treatment 8 0.00%+4.00 0.64°2+£3.66 0.44*®1366  0.00°®£3.00 0.57°%¢+3.33

* Different letters a-c represent significant difference at probability level 95% (p <0.05).

* Different letters A-D represent significant difference at probability level 95% (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).
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Table 10. Smell variations in tomato paste containing different percentages of fennel seed and
ziziphora clinopodioides Lam. extracts during the storage period

Sample Smell variations during different weeks
First Second Third Fourth Fifth

Control 0.57""44.33 0.00+5.00 0.00"+4.00 0.64"°+3.66 0.64°"+3.33
Treatment 1 0.00*+5.00 0.00*:5.00 0.00*£5.00 0.57*®:4.33 0.57%%+4.33
Treatment2 0.00*+5.00 0.00***+£5.00 0.00**¢+5.00 0.57*°+4.33  0.44*°+4.66
Treatment3 0.00*+5.00 0.00®+5.00 0.00**+£5.00 0.00°°£5.00 0.00?°+5.00
Treatment4 0.00*+5.00 0.00**+5.00 0.00**+5.00 0.00°®*“+5.00 0.00°“+5.00
Treatment5 0.57°244.33  0.64°°:3.66  0.00°®+4.00 0.44"®:3.66 0.57°%+4.33
Treatment6 0.00*+:5.00 0.44*®:4.66 0.44*°:4.66 0.44°°:4.66 0.57°°+4.33
Treatment 7 0.00*+5.00 0.00**+5.00 0.00*+5.00 0.44°%:4.66 0.44°C+3.66
Treatment8 0.00*+5.00 0.00**+5.00 0.00*+5.00 0.44°°:4.66 0.57°®+4.33

* Different letters a-b represent significant difference at probability level 95% (p <0.05).

* Different letters A-D represent significant difference at probability level 95% (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).
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Table 11. Taste variations in tomato paste containing different percentages of fennel seed and
ziziphora clinopodioides Lam. extracts during the storage period

Sample taste variations during different weeks

First Second Third Fourth Fifth
Control 0.00°2:4.00 0.00:5.00 0.00%:4.00 0.54°*:3.66 0.57**"+3.33
Treatment1 0.00%+5.00  0.00*B+5.00 0.64°®+4.66 0.57*%+4.33 0.64%°®+3.66
Treatment 2 0.11*45.00  0.00*815.00 0.44°%°:4.66 0.57%+4.33 0.002°°+4.00
Treatment3 0.57°°:£4.33  0.44%®®:466 0.00°®°:4.00 0.34%:4.66 0.572°+4.33
Treatment4 0.00°“+£3.00  0.00“£4.00 0.44*®+3.66 0.34%8°:4.66 0.57%¢+4.33

'Y
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Treatment5 0.00°°+5.00  0.00*45.00 0.64*+44.66  0.57**°+4.33 0.57%°°+3.33
Treatment 6 0.00*°+5.00  0.44°**B14.66 0.57*%+4.33  0.57%+4.33  0.44*P+2.66
Treatment 7 0.00°*+4.00  0.47°°+4.33  0.00%%+4.00 0.34°°+2.66  0.44°°+1.66
Treatment8 0.54°°+2.66  0.00%+3.00 0.44*®1366 0.57®+2.33 0.579%¢+1.33

* Different letters a-c represent significant difference at probability level 95% (p <0.05).

* Different letters A-D represent significant difference at probability level 95% (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).
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Table 12. Consistency variations in tomato paste containing different percentages of fennel seed
and ziziphora clinopodioides Lam. extracts during the storage period

Sample Consistency variations during different weeks
First Second Third Fourth Fifth

Control 0.00%+5.00 0.44:4.66 0.00:4.00 0.57%:4.33  0.57%+4.33
Treatment1 0.34%44.66 0.57*®:4.33 0.44%®:466  0.00°°:4.00 0.57%+4.33
Treatment2 0.57*':4.33  0.57%'®14.33 0.44°%°14.66 0.00™°:4.00 0.00%°+4.00
Treatment3 0.57*:4.33  0.57*%:4.33  0.00°®+4.00 0.57°°£3.33  0.57%P+3.33
Treatment4 0.00*:4.00 0.57*+4.33  0.44*®:366 0.57°°+3.33 0.54%“+3.33
Treatment5 0.34%44.66 0.57*44.33  0.44*44.66  0.00°°:4.00 0.44%®+4.33
Treatment6 0574433  0.57*%:4.33 0.57%%:4.33  0.44%C°:3.66 0.54°°+4.33
Treatment7 0.57*:4.33  0.57*:4.33  0.57°®14.33  0.54°°£3.33  0.57%P+3.33
Treatment8 0.00*+4.00  0.00*+4.00  0.00***+4.00 0.57°°:3.33  0.57%8¢:+3.33

* Different letters a-B represent significant difference at probability level 95% (p <0.05).

* Different letters A-D represent significant difference at probability level 95% (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).
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Table 13. Appearance variations in tomato paste containing different percentages of fennel seed
and ziziphora clinopodioides Lam. extracts during the storage period

Sample Appearance variations during different weeks
First Second Third Fourth Fifth

Control 0.57°:4.66  0.00"+4.00 0.64*+4.33 0.57"%:3.66 0.00*+4.00
Treatment1 0.57*':4.66  0.57**®14.66 0.57*°:4.66  0.00°°:4.00 0.00%8+4.00
Treatment2 0.64*':4.33  0.64*°:4.66 0.57*°°+4.66 0.00°°°£4.00 0.00%°+4.00
Treatment3 0.00*+4.00  0.00%®:5.00 0.57%%:4.66  0.57°°°+3.33  0.64%°+3.66
Treatment4 0.64*43.66  0.57*%:4.66 0.57**+4.33 0.57°%°43.33 0.57%+3.33
Treatment5 0.57'+4.66  0.57*":4.66 0.64*+4.66 0.57*®+4.33 0.00%8+4.00
Treatment6 0.65*+4.33  0.57**%:4.66 0.44*°:4.66  0.00°°£4.00 0.00%°+4.00
Treatment 7 0.00*+4.00  0.00*45.00  0.44%%:4.66  0.44*°13.66 0.44%°+3.66
Treatment 8  0.54°°+3.66  0.64°°+4.66 0.57*"°+4.33 0.00°°+3.00 | 0.57%"°+3.33

* Different letters a-c represent significant difference at probability level 95% (p <0.05).

* Different letters A-D represent significant difference at probability level 95% (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).
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Figure 3. The obtained values of the correlation coefficient(R?) for training, validation, test and all data from the
artificial neural network (acidity)
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This study aimed to produce tomato paste using natural preservatives as an
alternative to chemical preservatives. Fennel seed extract (Foeniculum
vulgare Mill) and Ziziphora clinopodioides Lam. were used as natural
preservatives.Physicochemical properties of tomato paste such as pH,
acidity and total soluble solids (Brix) were measured during 5 weeks of
storage at 4°C. Sensory properties of tomato paste were assessed using
trained and untrained sensory evaluators using a 5-point hedonic scale.To
predict the data from an artificial neural network of topology 2-37-1,
storage period and different concentrations of fennel seed extract and
Ziziphora clinopodioides Lam. were considered as inputs and acidity as the
target parameter.The results showed that using different concentrations of
fennel seed extract and Ziziphora clinopodioides Lam. significantly
reduced (p <0.05) the pH and increased the acidity of tomato
paste.Increasing the level of extracts in tomato paste samples significantly
(p <0.05) increased Brix during storage period.Sensory evaluation showed
that in terms of color, appearance and consistency treatments containing
low concentrations of the extracts (0.5 and 1% of both extracts) scored
higher.In terms of taste and smell, treatments 3 and 4 (containing 2 and 3%
of fennel seed extract, respectively) had the highest score.In general, it can
be concluded that using 2 or 3% fennel seed extract as a natural
preservative in tomato paste leads to desirable physicochemical and
sensory properties.The results of acidity prediction showed that the
correlation coefficient and the mean squared error for the total data were
0.99232 and 0.00002, indicating a successful prediction.
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