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Table 1. The treatment studied

Treatment Chitosan Gelatin Emulsion of Bunium Nanoemulsion of
(%) (%) persicum essential oil Bunium persicum
(%) essential oil
(%)
Con 0 0 0 0
CH/G 3 3 0 0
CH/G + BPE 3 3 1.5 0
1.5%
CH/G +BPE 3% 3 3 3 0
CH/G + BPNE 3 3 0 1.5
1.5%
CH/G + BPNE 3 3 0 3
3%
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Table2. Chemical composition of Bunium persicum essential oil.

Compounds Concentration (Peak area %) Retention time (min)
B-Phellandrene 0.50 10.02
B-Pinene 5.30 10.25
a-Phellandrene 1.31 11.47
p-Cymene 10.03 12.11
D-Limonene 6.63 12.62
y-Terpinene 20.15 14.11
Terpinolene 0.56 15.21
4-Terpineol 0.43 19.82
Cuminaldehyde 25.11 21.41
Carbamodithioic acid, formyl- 9.23 23.82

, methyl ester

4. Thiobarbituric Acid Reactive Substances
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1,4-p-Menthadien-7-al 18.36
Carvacrol 0.91
Myristicine 0.39
Total 98.91

24.56
28.31
43.47
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Table 3. Particle size.
Z-average (nm) PDI

125.10+1.95 0.27+0.03
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Table 4. Antimicrobial activity of the studied treatments on beef meat during the
storage period

Treatment Storage time (days)
0 4 8 12 16
(a) Total viable count
Con 3.57+£033€ 512+£027%® 6.61+£029 899=+0.37 10.18+0.19
aC aB aA
CH/G 352+021% 466+032°" 6.18+0.19 7934027 894+0.18b
bC bB
CH/G + BPE 1.5% 3.56£0374F 471+£023%°° 588+004 7.52+027 843+0.11°
bC beB
CH/G +BPE 3% 3.46+£0264F 452+0.11 553+£0.16 730+0.17 8.10+0.109
beD cC cB
CH/G + BPNE 1.5% 3.63+£0.27% 434+0.16 522+£0.10 634+021 7.89+0.179%
beD cC dB
CH/G + BPNE 3% 355+0324E 416+008°° 487+020 5.61+0.12 6.72+0.12¢
dC eB
(b) Psychrotrophic bacteria
Con 255+£0.18°F  452+£032% 635+£023 7.57+£0.17 8.95+0.24
aC aB
CH/G 249022 434+0.17 571+0.14 6.88+0.20 859+0.26%
abD bC bB
CH/G + BPE 1.5% 247+023F 409+£0.13°2 526+0.21 6.42+020 7.70+0.12°<A
cC cB
CH/G +BPE 3% 246+0.27% 355+0.14° 470+0.16 6.09+0.08 7.29+0.119
dc dB
CH/G + BPNE 1.5% 251+£032% 324+£009°° 447+0.18 570+£0.15 6.63+0.14°
dc dB
CH/G + BPNE 3% 248+034°F 290+0.17% 3.40+0.21 507+0.19 6.28+0.13%
eC fB

Values represent mean + standard deviation (n = 3).

Means in the same row with different capital letters are significantly different (p<0.05).
Means in the same column with different small letters are significantly different (p<0.05).

5 Sl Ol bl saas 0L PV Ol
OgpsldnSTad sl e 53 el A 55 (la STy 55 dm
45l gl el pbe W55 L Ls s TBARS 0y 5 A
PV slie (O0F) L3l s ded 56 & senlteaST 51 20

96

90 B S SlaeST ST el ol Y-t
asdlas



VEr 0 5 YT 0,55 O o led

&lﬂl L;l‘j'b GW}C}\FM

[Vl 8 dl S sls 5 i S las
P ol el edd OIS0 sl s S ailes
O 55-0Y5 Gpe3 L L. TBARS 4 PV 0l
A1 3055388 3ol s il gand ol U IY (551
G 4 el pl 3 TBARS 3PV jlude casdlas
03 ey VY mg MDA/kg 5 ¢/ meg/kg Ol e
Slighd sl 05 bl SenS) (ST s
SISt BT el eIV S 5ol plowil (g3 azs
S o ok (:L?LS\ ax)lbo Gi\;} Al sl sl YL
ol ol 50 sl OIS by Glns] 5T b
o 3ls 0L Opalis iS5 sb 05 el
xe sk Aals $sed ;3 TBARS 3 PV ol 2ol 58
@<0.05) o35 ok onls yidg sla € 5al 31 SYL (g4l
(S Loge 4ol o s el O send 5ol 5L 52
53 e [YTI3,S OpltenSt Lyy J S sl
At e A e ol st T el L
5 b b o n Gl O sl S0 (sl anald
SLS 5 e W 48 W5 S Ol (Y0VY) Ol
Sl il g b o s bl 3 GlaS|
03 o5 ShSl ST Cuols ghls sl o5 il
Mo SIS S b (s atey Ulse 4 Ol 0

L¥ Jo 0 eslizal OF 51 lis

o2l ldie .ol sl (54158 0 J s> ;s TBARS
Ol 5 Y+ mg MDA/kg JIV+ meq/ kg oo LS|,
Js3 16 a= Olse 4 0 mg MDA/kg I 25 TBARS
3PV gl Olgee andllae cpl s [YY ]l 0dus S 3,18
oy oa ls W s JlS s s TBARS
OLL ;s 555 /YA mg MDA/kg 5 V/YY meq/kg
ey Y/YY mg MDA/kg 5 4/¢Y meg/kg 4\ s,
33 8 S 0553 sb 53 ols OLES axlllas = s
o g Hiils 205l g g O gl ST 2L
Sl OlS 5 68 e Wl S Jals waes L3 Ll
S 303 0L 3 SVL g (S 5SS
Loodd osls jids sba 440 5 TBARS s PV 5 33
5 Aals Lged 5l S (ol pme sk Ol S s
Sy SS| ml casls stias 0L &S (p<0.05)
Dliie plo ol b s ool (il o O3 5385- 005
SlS 5 ol SlheSt ol canls Slas 5 sl cillas
i Jsbme 4 ol e Gl 033 [Y0)e
clle 05y YU L 5 sl il | Slast 21 casls
o3l b ilad O geed ol 3 2l cioman 5 il
BIEPEREND SR PY{ KW e RO FER TP P
(T OSan 5 (6 el b b Gillas & 3Ll
Sl 5 0 sed ol 56 5 eslizad 45 W3 S 0Ly e o s

Gb el (3l il sl O ged 0l 56 153

Table 5. Antioxidant activity of the studied treatments on beef meat during the storage period

Treatment Storage time (days)

0 4 8 12 16
(a) PV
Con 1.35+0.24 3.95+£0.21°P 5.94 +0.59 ¢ 8.31+0.19%8 9.43+£0.34 A
CH/G 1.27+0.15 ¢ 3.29+033°P 5.14+0.16 ¢ 7.09 +£0.31 B 8.27 +£0.24 ®A
CH/G + BPE 1.5% 1.34+£0.33 E 2.57+0.34 <P 4.16+0.16 ¢ 6.36£0.35°B 7.27+0.18 A
CH/G +BPE 3% 1.44+£0.41%P 2.07+039 4 3.57+£0.29 4 5.60+0.18 98 6.33+0.419%
CH/G +BPNE 1.5% 1.38+0.25% 1.67+£0.024P  2.66+0.15 419+032°E 540+£0.17 A
CH/G + BPNE 3% 1.43+£0.32 %P 1.55+£0.17 P 2.19+£0.12 ¢ 2.89+029 4.61+030 7
(b) TBARS
Con 0.28 £ 0.09 *F 0.86 £ 0.08 *P 1.97+£0.14 € 2.57+0.25%% 3.27+0.16 *A
CH/G 0.26 £0.07 *¢ 0.60 = 0.06 °° 1.48 +£0.25 ¢ 2.00+0.21 %8 2.86+0.17 %
CH/G + BPE 1.5% 0.22+0.03 % 0.49 £0.01 <P 1.10£0.10 <€ 1.58 +£0.09 B 2.30+0.14 A
CH/G +BPE 3% 0.24 +£0.05 *F 0.40+0.04°°  0.82+0.124¢ 1.25+0.07 4 1.98 £0.08 4
CH/G + BPNE 1.5% 0.24 +0.06 ?° 0.30+0.07 ¢ 0.56 +0.10 € 1.01+£0.119 1.59+£0.13 ¢A
CH/G + BPNE 3% 0.23 +£0.23 %P 0.29+0.054P  0.40+0.03 <€ 0.63+£0.10 B 1.30+0.14 A
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Values represent mean + standard deviation (n = 3).

Means in the same row with different capital letters are significantly different (p<0.05).
Means in the same column with different small letters are significantly different (p<0.05).
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antioxidant effect (TBARS and PV) of edible gelatin-chitosan coating
containing emulsion and nanoemulsion of Bunium persicum essential oil
(1.5% and 3%) on beef meat over a 16-day period (0, 4, 8, 12 and 16) at 4 °
C was investigated. Analysis of the essential oil by GC-MS showed that the
effective compounds of the essential oil are Cuminaldehyde and -
Terpinene. The results of the antimicrobial effect of the prepared coatings
showed that there is a significant difference between the control sample and
the coated samples (p<0.05). Adding Bunium persicum essential oil and
increasing the concentration of essential oil increased the antimicrobial
activity. Also, the results of the evaluation of antimicrobial activity showed
that the sample containing gelatin-chitosan coating containing 3%
nanoemulsion of Bunium persicum essential oil had a higher antimicrobial
effect compared to other samples. The results of peroxide index and
thiobarbituric acid showed that there is a significant difference between the
control sample and the coated samples (p<0.05). The addition of Bunium
persicum essential oil due to its antioxidant compounds improved and
increased the antioxidant activity of gelatin-chitosan coating, and the highest
antioxidant activity associated with gelatin-chitosan coating containing 1.5%
and 3% nanoemulsion of Bunium persicum essential oil. The results of this
study showed that the gelatin-chitosan coating containing emulsion and
nanoemulsion of Bunium persicum essential oil has high antimicrobial and
antioxidant properties and can improve the shelf life of beef meat stored in
the refrigerator. Also, this prepared coating can be used as a biodegradable
packaging in the food industry.
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