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Table 1. Test treatments

No Treatments
1 Control
2 Sample containing 50 mg of B. persicum L. essential oil
3 Sample containing 100 mg of B. persicum L. essential oil
4 Sample containing 5 mg of zinc oxide nanoparticles with 50 mg of B. persicum L. essential oil
5 sample containing 5 mg of zinc oxide nanoparticle with 100 mg of B. persicum L. essential oil
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Table 2. Determination of components and elements of Bunium persicum (Boiss.) B. Fedtsch. essential oil

by GC/MS
No Chemical compound Cp(::lcl::nstl;lgoen RI
1 Alpha.-Pinene 0.51 939
2 Beta.-Pinene 0.40 981
3 Beta.-Myrcene 0.40 991
4 Para cymene 17.17 1033
5 Limonene 1.19 1039
6 Gamma.-terpinene 15.14 1051
7 Alpha.-Thujone 0.31 1102
8 Pulegone 0.49 1237
9 Benzene 0.88 642
10 Cuminic aldehyde 25.78 1239
11 Anethol 8.67 *
12 Anisole Trans-anethole 5.27 917
13 Thymol 11.33 1290
14 Karvakrol 1.70 1298
15 Thiophene 0.37 *
16 Benzenemethanol 1.06 *
17 Beta.-F0.arnesene 0.47 1429
18 Cycloheptane 1.29 627
19 Croweacin 1.05 *
20 Caryophyllene oxide 0.54 1581
21 Dill-apiol 0.53 1622
22 Propenoic acid 0.38 *
Total 94.93
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Table 3- Investigation of the physicochemical properties of cheese samples containing zinc oxide

nanoparticles and B. persicum L. essential oil

Treatments Acidity pH Protein Dry matter

Control cheese 1.02 +0.032 4.49 £0.05° 13.12 £0.02° 36.27 £0.044

Cheese containing 50 mg B. persicum L. essential oil 1.12£0.04* 4.57 +£0.03* 13.20 + 0.04* 37.17 £ 0.03¢

Cheese containing 100 mg B. persicum L. essential oil 1.19£0.02° 4.62 +0.04° 13.24+0.07* 38.14 +0.05°

Cheese containing 5 mg zinc oxide nanoparticles along with 50  1.28 +0.05* 4.32 +£0.03° 13.39 +0.04* 39.87 £0.06°
mg B. persicum L. essential oil

Cheese containing 5 mg zinc oxide nanoparticles along with 1.31 £0.07* 4.30£0.022 13.43 £0.07* 42.92 +0.04*

100 mg B. persicum L. essential oil

*Means in a colu mn followed by the diferent superscripts are signifcantly diferent at p<0.05 by Duncan test.
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Table 4-Investigation of counting of Staphylococcus aureus bacteria (log of colony forming unit/gr) of
cheese samples containing zinc oxide nanoparticles and B. persicum L. essential oil

Storage time Control Cheese Cheese Cheese Cheese

cheese containing S0  containing 100 containing 5 containing 5

mg B. mg B. mg zinc oxide mg zinc oxide

persicum L. persicum L. nanoparticles nanoparticles

essential oil essential oil along with 50  along with 100

mg B. persicum mg B. persicum

L. essential 0il L. essential oil
production day ~ 0.00 + 0.004? 0.00 £ 0.008" 0.00 + 0.005" 0.00 + 0.00¢¢ 0.00 + 0.00¢¢
Day 1 2.98 +0.021¢ 1.31+0.048¢ 1.11+£0.03¢ 0.00 + 0.00P¢ 0.00 + 0.00P¢
Day 2 3.87 £ 0.034f 2.27 +0.055F 1.95 £ 0.02¢f 0.00 + 0.00P¢ 0.00 + 0.00P¢
Day 3 421 £0.04%¢ 3.11+0.028¢ 2.93+£0.07¢ 0.00 + 0.00P¢ 0.00 + 0.00P¢
Day 4 5.16 +0.0344 3.48 +0.038¢ 3.16 £ 0.06%¢ 2.12 £ 0.08P? 1.92 £ 0.04%2
Day 5 5.71 £0.094¢ 4.27 +0.065° 3.98 +0.05¢ 1.39 +0.04P° 1.57 +0.02
Day 6 6.96 + 0.024° 4.37 +£0.048° 4.11+0.07° 1.12 +£0.03P¢ 1.31 +£0.03E¢
Day 7 8.18 £ 0.074 4.82 +(.0382 4.68 +0.02¢ 0.98 + 0.06% 0.86 + 0.065

*Mean =+ standard deviation

**Large non-common letters indicate the presence of significant differences in each row, and small non-common letters

indicate the presence of differences in each column (Duncan's test, P < 0.05).
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Table 5-Investigation of counting of Escherichia coli bacteria (log of colony forming unit/gr) of cheese
samples containing zinc oxide nanoparticles and B. persicum L. essential oil

Storage time Control Cheese Cheese Cheese Cheese

cheese containing 50  containing 100 containing S containing S

mg B. mg B. mg zinc oxide mg zinc oxide

persicum L. persicum L. nanoparticles nanoparticles

essential oil essential oil along with 50  along with 100

mg B. persicum mg B. persicum

L. essential 0il L. essential oil

production day ~ 0.00 £ 0.00" 0.00 £ 0.004" 0.00 £ 0.0020 0.00 + 0.00%¢ 0.00 + 0.00"¢
Day 1 3.11£0.044¢ 1.48 +£0.028¢ 1.37 £ 0.04¢¢ 0.00 £ 0.00P 0.00 £ 0.00P
Day 2 3.98 £0.07Af 3.58 £0.035f 3.31£0.07¢f 2.97 £0.09P2 2.47 £ 0.09%2
Day 3 4.67 +£0.024¢ 3.29+0.078¢ 2.99 +0.06%° 2.54 £ 0.04P° 2.17 £ 0.04Fb
Day 4 5.58 £0.0744 3.97 £ 0.048¢ 3.67+0.03% 2.34 £ 0.08P¢ 2.04 £ 0.08F¢
Day 5 6.97 £ 0.034¢ 4.57+0.038¢ 4.25+0.06% 1.72 £ 0.06"¢ 1.97 £ 0.06%¢
Day 6 7.53 £ 0.06%° 5.19 +0.078° 4.94 £ 0.04<° 1.57 +0.08P¢ 1.37 +0.08E¢
Day 7 8.84 & 0.0242 5.57+0.03B8 5.27+0.07< 1.25 £ 0.03°f 1.04 + 0.035¢

*Mean + standard deviation

**Large non-common letters indicate the presence of significant differences in each row, and small non-common letters

indicate the presence of differences in each column (Duncan's test, P < 0.05).
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Table 6- Investigation of counting of Candida albicans yeast bacteria (log of colony forming unit/gr) of
cheese samples containing zinc oxide nanoparticles and B. persicum L. essential oil

Storage time Control Cheese Cheese Cheese Cheese

cheese containing 50  containing 100 containing S containing S

mg B. mg B. mg zinc oxide mg zinc oxide

persicum L. persicum L. nanoparticles nanoparticles

essential oil essential oil along with 50  along with 100

mg B. persicum mg B. persicum

L. essential oil L. essential oil
production day ~ 0.00 £ 0.00A" 0.00 & 0.004 0.00 + 0.004 0.00 + 0.00"d 0.00 + 0.00"d
Day 1 1.24 £ 0.074¢ 1.05 £ 0.048¢ 0.95+0.02¢¢ 0.00 £ 0.00P¢ 0.00 £ 0.00P4
Day 2 2.37 +0.067 1.68 + 0.028f 1.15+0.07¢F 0.00 £ 0.00P4 0.00 £ 0.00°¢
Day 3 3.57 +£0.034¢ 1.97 + 0.048¢ 1.87 £0.07¢ 0.00 £ 0.00P4 0.00 £ 0.00°¢
Day 4 4.36+0.06" 2.48 +0.065¢ 2.24 +0.08% 0.00 + 0.00P¢ 0.00 + 0.00P¢
Day 5 4.95+0.074¢ 2.91+0.038¢ 2.75+0.05% 1.22+£0.020a 1.02 +£0.04 E2
Day 6 5.37 £ 0.06"° 3.48 +£0.025° 3.24 +0.03¢ 1.01 +£0.06P° 0.84 +0.02
Day 7 6.21 +£0.074 3.95 +0.055 3.78 +0.04% 0.88 +0.02 P¢ 0.67 + 0.03E¢

*Mean =+ standard deviation

**Large non-common letters indicate the presence of significant differences in each row, and small non-common letters

indicate the presence of differences in each column (Duncan's test, P < 0.05).
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Figure 1- Investigating the antioxidant property of cheese samples containing zinc oxide nanoparticles
and B. persicum L. essential oil
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*Means in a column followed by the diferent superscripts are signifcantly diferent at p<0.05 by Duncan test.
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Figure 2- The hardness changes of cheese samples containing zinc oxide nanoparticles and B. persicum L.
essential oil
“Means in a column followed by the diferent superscripts are signifcantly diferent at p<0.05 by Duncan test.
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Figure 3- The Adhesiveness changes of cheese samples containing zinc oxide nanoparticles and B.
persicum L. essential oil
*Means in a column followed by the diferent superscripts are signifcantly diferent at p<0.05 by Duncan test.
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Figure 4- Evaluation of the L” color index of cheese samples containing zinc oxide nanoparticles and B.
persicum L. essential oil
*Means in a column followed by the diferent superscripts are signifcantly diferent at p<0.05 by Duncan test.
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a* color index

Treatment

Figure 5- Evaluation of the a" color index of cheese samples containing zinc oxide nanoparticles and B.
persicum L. essential oil
*Means in a column followed by the diferent superscripts are signifcantly diferent at p<0.05 by Duncan test.
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Figure 6- Evaluation of the b* color index of cheese samples containing zinc oxide nanoparticles and B.
persicum L. essential oil
*Means in a column followed by the diferent
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superscripts are signifcantly diferent at p<0.05 by
Duncan test.
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Table 7- Investigation of sensory evaluation of cheese samples containing zinc oxide nanoparticles and B.

Sensory properties ~ Control cheese Cheese Cheese Cheese Cheese
containing 50  containing 100 containing S containing S
mg B. persicum mg B. persicum  mg zinc oxide mg zinc oxide
L. essential oil L. essential oil nanoparticles nanoparticles
along with 50 along with 100
mg B. persicum mg B. persicum
L. essential oil L. essential oil
Color 4.91 +0.03 4.62 % 0.06 4.35+0.04° 4.13 £ 0.02¢ 4.03 £ 0.07°
Flavor 4.03 +0.02° 4.88 +0.03¢ 4.78 +0.05° 4.81 4 0.04° 4.95 £ 0.02°
Texture 4.62+0.07° 4.61 +0.04° 4.60 + 0.06° 4.63 +0.03? 4.68 +0.07?
General acceptance 4.11 £0.03¢ 4.32 +0.06¢ 4.52 £ 0.05° 4.87 £0.03" 4.96 = 0.02%

Means in a column followed by the diferent superscripts are signifcantly diferent at p<0.05 by Duncan test.
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[n this research, enhancement of white cheese quality and shelf life using green
synthesized zinc oxide nanoparticles (ZnONPs) in combination with
B.persicum L. essential oil (control sample, sample containing 50 mg of
B.persicum L. essential oil, sample containing 100 mg of B.persicum L.
sssential oil, sample containing 5 mg of zinc oxide nanoparticles with 50 mg
of B.persicum L. essential oil, and sample containing 5 mg of zinc oxide
nanoparticle with 100 mg of B.persicum L. essential oil). Means were
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compared using Duncan's multi-range test at a significant level of 5% with
SPSS version 22 software. The physicochemical results showed that the
addition of B.persicum L. essential oil and zinc oxide nanoparticles containing
B.persicum L. essential oil to cheese have a no significant effect on acidity, pH
and protein (p>0.05), but it showed a significant increase on the amount of dry
matter (p<<0.05). The results of the microbial test showed that, the effect of zinc
oxide nano particles with B.persicum L. essential oil on cheese on the count of
Candida Albicans yeast, Staphylococcus and Escherichia coli was better than
B.persicum L. essential oil. The antioxidant activity results showed that, the
lowest and highest ICso values were respectively related to the cheese sample
containing 5 mg of zinc oxide nanoparticles along with 100 mg of B.persicum
L. essential oil and the control sample. Histological results showed the
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sssential oil and zinc oxide nanoparticles containing B.persicum L. essential
dil increased and decreased hardness and adhesion, respectively (p>0.05). In
the colorimetric test, L* and b* index of the samples containing zinc oxide
nanoparticles containing B.persicum L essential oil decreased significantly
p<0.05), but the a* index increased (p <0.05). The results of sensory
svaluation showed that, the addition of 5 mg of zinc oxide nanoparticles along
with 100 mg of B.persicum L. essential oil improved the overall acceptance of
the cheese sample (p<0.05).
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