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17. Plate Count Agar (PCA)

18. Pseudomonas agar

19. TryptoneSoya Broth (TSB)

20. EosinMethylene Blue

21. Sorbitol MacConkey Agar (SMA)
22. Triple Sugar Iron Agar (TSI)

23. Tween 80

S op dby 4 sy SLS Sl 8 e 13 eslizd
rgse DS 5 Ass 40 5 e a5 Lpd e 5
e SLS 5 K il e B (S50
Tl 5 e e s 4 e Sy SIS
PRI S VR K VWU { R RGOV PR W PN
Ul 4 SlS 5 ol db s 5 i Cadl Slao s
03 Sipsed G eslal Sl eslasal oS PV ]l sdew,

Al e 5 1y Jled sl i g sl
bl el e Gl Ve
53 sep b lole &S (65 38 Ols 5l VL glackile
S el Jles e3le i3l o 0T dide S50 stme iz
Al O Jloys Do sast 5 oo Jgeme A5 55 Jolo
Bl e 2 s ol eSS oSy
ot L= WIS 5 T s Ll JS-LE
Slegty O5e 4 SLS 5 ol il e (oD LS4
55 S DS S e Joe 5 Ko S5 ek

[P Ut SN V5 P K VWK { -1 GO VI WA POy

Ghls ol opl sl

S oSS 58 S 53 5o e OS] dﬂduwﬂ
el Wpd e srde ol 51 as TSIl T 5 e sl
WS el ol ealy QLIS gl e Waasee A Sl (68 sl
eSSl St e oy St Clled gLl pl s s jlas

DYTEL e SU glos 55 i p S 5 e
Jls Shysseids sleslamal Jiags ol 51 Cds 5,000 5
S S S s e L sl il b
Cleo g wsp 5 o Pl ald BLb e (L1
Joy bld cou O (o 5 28 (alard S0 5

il e

6. Monoterpene hydrocarbons
7. Limonene

8. Hesperidin

9. Naringenin

10. Garlic

11. Liliaceae

12. Allicin

13. Gamma-glutamyl-s-allyl-cysteine
14. S-allyl-L-cysteinsulfoxide
15. Alliin

16. Allyl alcohol
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28. Trichloroacetic acid

29. 1,1,3,3-tetramethoxypropane

30. Thiobarbituric acid index

31. Malondialdehyde

32. Psychrophilic bacteria

33. Lekjing

34. Pseudomonas fluorescens bacteria
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24. Peroxide index

25. Acetic acid: chloroform 3:2
26. Potassium iodide

27. Thiobarbituric acid (TBA)
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35. Cetrimide-Fucidin-Cephaloridine
36. Escherichia coli (E. coli) bacteria
37. Novobiocin

38. Cefixime

39. Potassium tellurite
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Table 1 Analysis of chemical compounds in garlic essential oils using GC-MS apparatus

Percent composition Retention time (min) Compound Row
1.26 7.24 1-propene 1
2.72 7.69 1-pentane 2
644 7.80 Hexane 3

2441 791 n-hexane 4
1.62 8.20 Cyclopentane 5
0.84 11.82 1,2-dethiacyclopentene 6
7.65 12.29 3,3 -thiobis 7
5.07 14.42 Methional 8

37.28 17.70 Disulfide 9
1.58 19.19 1,3,5-trithiane 10
0.99 2.07 3,4-dihydro-3-vinyl-1,2-dithiine 11
1.18 20.22 1,2,3-thiadiazole 12
591 2247 Trisulfide 13
3.07 23.75 5-Methyl-1,2,3 A-tetrathiacyclohexane 14

Table 2 Analysis of chemical compounds in lemon peel essential oils using GC-MS apparatus

Percent composition Retention time (min) Compound Row
0.8 7.87 Hexane 1
2.13 14.52 a-pinene 2
0.84 15.38 Sabinene 3
6.10 15.56 B-pinene 4
1.11 16.41 Benzyl alcohol 5
4411 16.78 Limonene 6
1.19 17.38 y-terpinene 7
1.93 18.11 Linalool 8
18.96 1.15 Cis-limonene oxide 9
0.37 19.04 Trans-limonene oxide 10
0.52 19.21 Benzyl acetate 11
0.42 19.60 Tricyclo undecan-1-ol 12
3.63 20.24 Linalylpropanoate 13
0.37 20.77 Carveol 14
8.19 21.07 z-citral 15
1.37 21.45 Tricosane 16
11.97 21.66 Geranyl 17
0.46 22.41 Undecanal 18
0.8 23.43 3-cyclohexane-1-methanol 19
0.49 23.63 Decanoic acid 20
0.74 25.39 Undecanoic acid 21
2.73 25.66 Tetracosane 22
0.69 26.51 Naphthalene 23
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Table 3 Changes in pH values of various treatments of fish fillets during storage time at 4°C

12 o 6 3 ! Treatment Time (G
7.98+0.01*%  7.66£0.01°®  7.35+£0.01°  7.07£0.02¥  6.34+0.01F Blank
7384001 7.0940.01® 6894001  658£001°  6.11£0,01"  Coating containing 1%

garlic essential oil
71840.00%  6.9140.00®  6.54:0.00C 6324000  6.12+0,00"  Coating containing 2%
garlic essential oil
6784001  655:001®  6412001€  625:000° 6114001  Coating containing 3%
garlic essential oil
75810.01"  726£001"™  7.014001  6.66£001"°  6.11£0,00"  Coating containing 1%
lemon peel essential oil
73120.00%  7.03£0.00®  6.71£0.00°C 6424000  6.12+0.00" lcoa““g containing 2%
emon peel essential oil
71560007  6.93:0.00% 6594000  630£0.02°  6.10£0,00"  Coating containing 3%

lemon peel essential oil

Different lowercase and uppercase letters represent a significant difference (p < 0.05) at a confidence level of

95% per column and row, respectively.
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Table 4 Changes in Peroxide index values of various treatments of fish fillets during storage time at 4°C

12 9 6

3 1

ime (days)
Treatment

0.692+0.001**  0.386+0.001°%  0.244+0.000° 0.152+0.001*°  0.079+£0.001°F Blank
0.602:0.000%  0315£0.000®® 0212+0.001<  0.127+0.000® 0.078+0.001%  Coating containing 1%
garlic essential oil
050440000  0287+0.001® 0.196+0.001C  0.114+0.001®  0.080£0.000%  C0Aling containing 2%
garlic essential oil
041200002  0203£0.000%  0.14420.000 0.095:0.001L 0.079+0.001  CoAting containing 3%
garlic essential oil
0.62140.001"  0327+0.000"® 0218+0.000C 0.13420001"™ 0.081+0.001°F  Coating containing 1%
lemon peel essential oil
0.53740.001% 02990001  0.202£0.001C 0.119£0.001® 0.079+0.001°F  C0alng containing 2%
lemon peel essential oil
0466-0.000*  0251£0.001®  0.176£0.000C 0.104£0.000" 0.080+0.00]%  Coating containing 3%

lemon peel essential oil

* Different lowercase and uppercase letters represent a significant difference (p < 0.05) at a confidence level 0f 95%
per column and row, respectively.
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Table 5 Changes in TBA values of various treatments of fish fillets during storage time at 4°C

12 9 6 3 1 Time (days)
Treatment

0.984+0.001**  0.753+0.002"®  0.561+0.001°°  0.375+0.002  0.265+0.002°" Blank

0.948£0.001%  0.712£0.000®  0.5140.001°C 0.355£0.002° 0.267+0.001% C0ating containing 1%

garlic essential oil

0.8950.001  0.662+0.000% 0.474£0.001°C  0.366:0.001° 0.266+0.001% COAINg containing 2%

garlic essential oil

0.796:0.0002  0.623£0.0022® 04210.001< 030900022 0.265:0,002% COAng containing 3%

garlic essential oil

Coating containing 1%

0.967+0.001™  0.731£0.000°®  0.521+0.000™  0.362+0.001"°  0.265£0.003*"  lemon peel essential
oil

Coating containing 2%

0.932+0.000%  0.694£0.000"®  0.492+0.000°  0.341£0.001®  0.266£0.002*®  lemon peel essential
oil

Coating containing 3%

0.811+0.000™  0.631+0.001®  0.442+0.001 0.319+0.001™  0.267+£0.001°®  lemon peel essential

oil

* Different lowercase and uppercase letters represent a significant difference (p < 0.05) at a confidence level of 95%

per column and row, respectively.
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Table 6 Changes in color indices values of various treatments of fish fillets during storage time at 4C

Time (days)
12 ? 6 3 1 Treatment
L*
61.5240.04"  6630£0.077  69.41+0.09°C 7221+0.06™  75.78+0.05* Blank
62.53:0.08F  677140.04°  692140.04% 71542005  7345:006°  COAing containing 1%
garlic essential oil
63355005 66494002 67384005 69714003  7154+0,05%4  Coating containing 2%

garlic essential oil

64514006  65.68:0.02%  66.5240.04°C  67.192002%  68.63+0,07%  Coating containing 3%
garlic essential oil
62494003 6775£005%  6925:0.06°  7149+4004%® 73404003  Coating containing I%
lemon peel essential oil
6332£005  6645:0.06™  6743£0.05C  69.68£0.05%  7147:006%  COaling containing 2%

lemon peel essential oil

64455004 65644004  66.56:0.05C  67.15£006% 685810040  Coating containing 3%
lemon peel essential oil
a
561125 5524135 550+136™ 5524145  5.48+1.45%" Blank
5564132 SA2E1.63%  S36£130%  SAIL1.62% 536kl  Coating containing 1%
garlic essential oil
55451510 547H151°0  549+130°%  536x141%  545:141e4  (oating containing 2%
garlic essential oil
55041620 5545135 551:150° 56141524  §523+1 5o  Coatingcontaining 3%
garlic essential oil
55301 44%  55041.60  SAGL]S4™  5424134% 55641340  Coating containing 1%
lemon peel essential oil
5504123 SA3L1A47  544£121" 5394126 5414126  Coating containing 2%
lemon peel essential oil
5.5141.14%  546+1.05% 5404119 538+1.19% 5394 ]5%  Coating containing 3%
lemon peel essential oil
b
46.49+0.54  3937+0.42F  34.68+035C 29.52+028™  24.48+045T Blank
45.612032%  4252:037%  3833:033°C 33412042  2836:062F  COXINg containing 1%

garlic essential oil

bD . .. o
443840510 43474035®  39.504040°C 03035y 45, 4q  Coating containing 2%
garlic essential oil
40294062 3946:025®  3848:029°C  36.55:032°  3423+0.5p%  Coating containing 3%
garlic essential oil
Table 6 (continued)

Time (days)

12 ? 6 3 1 Treatment
44,6440 64 4276:024%  3828+036°C  3346:030° 28561034 Coating containing 1%
lemon peel essential oil
44344056 43524026  3947+026°C 356620220 31412020 Coating containing 2%
lemon peel essential oil
4026£025%  39424035%  3843:043°C  3649+0.19 343940 15® Coaling containing 3%

lemon peel essential oil

per column and row, respectively.

Yy

* Different lowercase and uppercase letters represent a significant difference (p < 0.05) at a confidence level 0f 95%
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Table 7 Total viable count of microorganisms (log CFU/g) in various treatments of fish fillets at 4°C

12 0 6 3 1 Treatment Time (days)
Total count of microorganisms
9.9240.07™ 7.8940.04° 5974005 4.76+0.08" 3.65+0.09°" ~ Blank _
78240067  677x004" 5795003  456:005P  362:008%  Coatingcontaining 1%
garlic essential oil
6320.04%  5625005% 4882004 43120030  358:00¢" ~ Coalingcontaining 3%
garlic essential oil
: tial oil
4.84+0.05% 4.58+0.03% 4.27+0.02% 3.76+0.04% 3.56:0.04° Coating containing 3%
garlic essential oil
; tial oil |
7.96:0.06" 6.840.06" 5884004  4.67£0.05"™ 363+007%  Coating containing 1%

lemon peel essential oil

6.48+0.03% 5 890,04 5.02:0.05% 4.42+0.03 3.59+0.05°F Coating containing 2%
lemon peel essential oil

5.06::0.04™ 471£0.03® 439006 3.87£0.07™ 3.55:0.06° Coating containing 3%
lemon peel essential oil

Count of psychrophilicbacteria

7 6450037 5255006 3.96+0.04° 3.45£0.05™ 27120.04° ~ Blank _
5.8240.04% 4.77+0.05® 3.79+0.03C 3.30+£0.03P 2.7240.05% Coating containing 1%
garlic essential oil
4.42+0.05% 3.99+0.02°8 3.62+0.06°C 3.16+0.04°P 2.70+0.03%F Coating containing 2%
garlic essential oil
321+0.03% 3.10£0.04% 2.98+0.05% 2.79+0.06% 2.68+0.04°F Coating containing 3%

garlic essential oil

5.98+0.05% 4.90+0.04°" 3.87+0.03%C 3.41£0.02%° 2734004 Coating containing 1%
lemon peel essential oil

4.65+0.02% 4.09:£0.05% 3.77+0.044 3.28+0.04% 27140.06% Coating containing 2%
lemon peel essential oil

3.38+0.05™ 3.2040.02® 3.08+0.05 2.88+0.04 2.69+0.03% Coating containing 3%
lemon peel essential oil

Count of pseudomonas fluorescens bacteria

37120.05™ 3362004 2.6720.03% 1.7920.00™ [122002"  Blank
Table 7 (continued)
12 i 6 3 1 Treatment Time (€ys)
3.6940.04 3.1240.03® 2.46£0.01<C 158002 1144003  Coating containing 1%
garlic essential oil
eD . .. o
3.1340.03% 2.99:0,02°® 2624001 1.42+0.03 1104002 ~ Coating containing 2%
garlic essential oil
1 .86+0.03% 1670022 1 450,045 124£0.012 11120012  Coating containing 3%
garlic essential oil
3.82:£0.04% 3.24+0.03" 2.570.02C 1.68+0.01° 1132003  Coating containing 1%
lemon peel essential oil
T mi 0,
3.26£0.03% 3114001 2.5240.03% 1.5020.02% ] 14£0,0p®  Coating containing 2%
lemon peel essential oil
1.98+0.02™ 1.75£0.01™® 1584002 13320.03™ 1122003  Coating containing 3%
) ) ) lemon peel essential oil
Count of E. Coli bacteria
3.89+0.02% 2.87+0.05%8 1.98+0.04C 1.43+0.027 0.73+0.03°F Blank
T mni 0,
3.34:0.04% 249003 730,02 124+0.01° 0754003  Coating containing 1%
garlic essential oil
2.9320.03¢ 2214002 1 424001 1.09£0.02¢° 0.72:0.02% Coating containing 2%
garlic essential oil
1.8620.02%* 1.584+0.018 1.16+0.02€ 0.87+0.01° 0.7120.04°F Coating containing 3%
garlic essential oil
3.500.01" 236002 1.65£0.02°C 132002 0.7320.02% Coating containing 1%
lemon peel essential oil
3.0420.02%4 230001 1.56£0.01% 1.16£0.03% 0.740.02% Coating containing 2%
lemon peel essential oil
2.0520.03% 168002 12940017 0.96:0.01™ 0.73+0.02°" Coating containing 3%

lemon peel essential oil
* Different lowercase and uppercase letters represent a significant difference (p < 0.05) at a confidence level 0f 95%
per column and row, respectively.
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Table 8 Changes in sensory properties of various treatments of fish fillets

General acceptance Stench Tissue Color T Property
reatment
6.00+0.00" 2.00+0.00° 2.00+0.00" 2.00+0.00" Blank
. o
7.50£0.04¢ 2.00+0.00¢ 2.50+0.06¢ 3.0040.00° Coating containing 1%
garlic essential oil
: tial oil
10.5040.05¢ 3.00£0.01¢ 3.5040.05¢ 4.00+0.00¢ Coating containing 2%
garlic essential oil
. tialoil
15.00£0.00° 5.00+0.00" 5.00£0.00" 5.00£0.00" Coating containing 3%
garlic essential oil
. tialoil
7.50£0.05¢ 2.00+0.00¢ 2.5040.04¢ 3.00£0.00° Coating containing 1%
lemon peel essential oil
! ential o
9.00+0.04¢ 2.50+0.05° 3.00£0.00° 3.50+0.06° Coating containing 2%
lemon peel essential oil
! ential o
13.00£0.06" 4.00£0.00° 4.50+0.05" 4.50+0.05" Coating containing 3%

lemon peel essential oil

* Different lowercase letters represent a significant difference (p < 0.05) at a confidence level of 95% per

column.
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1,1,3,3-tetramethoxypropane, 10
a-Phellandrene, 13

A

Acetic acid: chloroform 3:2, 9
Aldehydes, 5

Allicin, 6

Alliin, 6

Allyl alcohol, 6

B

Barred mackerel, 4

C

Cefixime, 11
Cetrimide-Fucidin-Cephaloridine, 10
D

Diallyl disulfide, 13
Diallyltrisulfide, 13

E

Eosin Methylene Blue, 7
Escherichia coli (E. coli), 11,26,28
G
Gamma-glutamyl-s-allyl-cysteine, 6
Garlic, 6

H

Hesperidin, 6

Hydroperoxides, 20

K

Ketones, 19

L

Liliaceae, 6

Limonene, 6

M

Malondialdehyde, 10
Microorganisms, 27
Monoterpene hydrocarbons, 6
N

Naringenin, 6

Novobiocin, 11
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This study aims to evaluate the effect of active edible starch-based coating
containing garlic and lemon peel essential oils with 0, 1, 2 and 3% levels as
biopreservative to maintain the microbial quality of Barred mackerel
(Scomberomoruscommerrson) fillet during 12 days at 4 °C. The relative
influence of active starch coating on pH, peroxide value (PV), thiobarbituric acid
(TBA), color parameters (L*, a and b), microbial characteristics (total viable
count, psychrophilic bacteria, Pseudomonas fluorescens and E. coli O157: H7)

essential oils and storage time, the growth of microorganisms diminished and
increased, respectively.Based on the sensory evaluation, using the high levels of
essential oils increased the sensory properties. In conclusion, utilization of 3%
garlic essential oil as biopreservative in the structure of active edible starch-
based coating resulted in desirable physicochemical, microbial and sensory



