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The Effect of Chitosan Coating Combined with Carvacrol and
Thymol on Microbial and Quality Characteristics of
Litopenaeus vannamei during Cold Storage
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ABSTRACT - In this study, we stored frozen shrimp (Litopenaeus vannamei) at 4°C during 12 days and investi-
gated the effect of chitosan coating with natural preservatives (0.05% carvacrol, 0.05% thymol) on the growth of
microorganism (mesophilic bacteria, psychrophilic bacteria, Pseudomonas spp., H,S producing bacteria) and physio-
logical characteristics (total volatile basic nitrogen and pH) and sensory evaluation (appearance, odor and general
acceptance). Chitosan coating with natural antimicrobial compounds (0.05% carvacrol and 0.05% thymol) had inhibited
the growth of all the target microorganism and showed the significant antimicrobial activity (p < 0.05) to mesophilic bac-
teria, psychrophilic bacteria and H,S producing bacteria until 12 day (the last day of this study). These treated groups
had showed the significant difference (p < 0.05) in total volatile basic nitrogen and all the sensory characteristics but
not in pH. Therefore, chitosan coating combined with natural antimicrobial compounds (0.05% carvacrol and 0.05%
thymol) showed the effective antimicrobial activity on major spoilage microorganism on shrimp and could be used to

elongate the shelf life of refrigerated shrimp.

Key words : Antimicrobial Activity, Shrimp, Litopenaeus vannamei, Carvacrol, Thymol, Chitosan Coating

A 715A0] HoluiL 7 Eake] EXEA FHirelol
Jyow o, FALUE A, I 48, W
F7h 2 A 2 Eues o 5o e 2 s
7RG, B, ey 2, vgple] Fhste] g2 A
52 Bo| AFEEAY A Y985R AMEEE F A
Aol T}, SR RE, Aj o= mAEe] Ao R AT
% %)= non-protein nitrogenous compounds’} T EA)

o FE BHEE Eob AR o3 Halsh W
AYAP, £ Ay T B AR oge
e HAste] A FEIS GHAN,

P EE] et ARl akE AIEES]

-

*Correspondence to: Se-Wook Oh, Department of Food and Nutri-
tion, Kookmin University, Seoul 02707, Korea

Tel: 82-2-910-5778, Fax: 82-2-910-5249

E-mail: swoh@kookmin.ac.kr

363

8 R dle|tP. nAEe] AFeE Estal v
ShA] k& ubat dke] amine, sulfides, alcohol 2 aldehyde
ol Z7t=o] Aol Aol FA &S el zE "o
nAEe] A 257t woldd wEt gl JA ==

3ol = W, Pseudomonas spp.2} Shewanella spp.

3 e ag g4 ALre W AHelE 4gsiel
Rolg WA,

Potassium sorbatel} sodium benzoate”, mixed phosphates®
O] thFe A BEATE kRN mAESY] A
FA2E A flsted ARS-EH

Q HEA = FAAA 54 3

N
ol

-
S

oX [‘.?ﬂ
ot 2 K
o

o

=

ok tite g HA BEA Bk A7t
A= Aoy, dAA B2 HE

A% thymol¥} carvacrol> Z+7¢

o o on
X

o)l
AT

N

1A

(2 jo Al o 12
[e]
13

T

ol
=y

[o>

=5



364 Bong Soo Ko, Mi-Jung Park, Seung-Hae Gwak, and Se-Wook Oh

8] FAEOH, AfolM FEF e PEEA B2
A7 RIEATHY, Dorman?t Deans ¥2] 33} Q.8
7o) FdEel E coli 3l dFEF7E vkl B
39 o™ Singh o]Yol= EE AEL thymol}
carvacrol®| Listeria monocytogenes®] 73°¢ Ao @37}
Aokl B IS EH?. Thymol3 carvacrol2 M2 BHE I}
3L M Eere] F3444-8 Z7FA 7M., membrane potential
< GEFAA MAES APEATE WA R Y

JET T ST,

& AYste B
2 A7F K= Y. 2§ AH 7E AV &
Hell HEshe AlZHE 58 d9aHE =ole ol 2
o), 214 FEAR Ho] AR-EE chitosan[B-(1,4)-2-amino-

2-deoxy-d-glucopyranose]2 Al-$-1} Ale] Ao EA)3t=
718S 7HrRslete] Aol BrslEEA, A, T
54, A ARt o} 3ty 9 bt S TR
o, B8 Aol chitosan 2§ I FAoA AR
< AT, v Ak 9o A b %
=0 B AE AT 38 chitosan 4)& <
AhEollA] A A qksh 9 5
ATH?.
£ A= AAFAQ] thymols} carvacrol2- chitosan
coating®l] H7}ste] &S St A9 8717
Agstarzt sk A E A-E 4°CoA 129 FF A
et A E (T, A2, Pseudomonas spp., H,S
producing bacteria)®] 47 HH-& A sH o FESE o]
slekA, #54 F4 ¥skE A8 fE71E 9% 7t

542 eRstaa s,

o
2
Lo
L
rlo
R

Materials and Methods

z

S t}2] A|$-(Litopenaeus vannamei)= &l X3 =
A WE dEIE skl AREEATE A
Y F I A SEHEZ vkl do] A3
SHRAAL Al§-o] FAIe Aol 747t 2623+2.17 g
8+ 0.64 cmO| T, A-2ollA] °F 2417} S &3 AL
b ZE= Bl AAL 30% T A2eA 2
Aol AM&3199T. 71 EAHmedium molecular weight, degree
of deacetylation 75%-85%), carvacrol (98%), thymol (99.5%)
I} oM EARE Sigma Aldrich co. (St. Louis, MO, USA)
oANM FuistATt.

e

o 41 b

o]

6.

-

S Ko oo

B
ofr

[ot

RS

F|EL IHH M| X2 carvacrol Y thymol2] ¥olixid]

7IEAE 15 g8 oFEAE 894(1.5% w/w) 1000 mLol| ¥
3 60°Col A 3A1ZF B wrRkEE 3 25 mLe] glycerolS
A7ske] 71 B4 IR NS A Z3H9 T Carvacrol¥) thymol
2 feh&(95% viv)ell X 5%92] carvacrol 823} thymol
LA BE F A3 7B IY A EFSIe], carvacrol
3} thymole] zHz} H7kd 71 B4 Z8A(0.05% wiw)S T
EQT A= THlE ZE A 11 5 '@t Z"S
8HA] kS & (Control), 71 EAF I8 2] F(Chi), 7)
EAF 3183} carvacrol W8 2] 7H(Chi-Car), 7] EAF 518
3} thymol 3] *2]7-(Chi-Thy)E FH|sIth ZEE XA
22 A5t ZHE A EF FHHA oA 308
S ZH § Hpulo] g 4°Cel] 127 Baal A
o AR&-3FAT.

opdE 24

welet A2 E AAG A 10 goll 2 A(0.85% v/v)
90 mLE #7I3+ & stomacher 400 circulator (Seward, MO,
USA)Z 227t @43t st A8 o= ARgaint. A
Ag&HoZ 108) GA M NS WEIL T Tl A] o
S AT T3 A2 plate count agar (PCA,
Oxoid, Basingstoke, Hampshire, England)ol] =3}e] 74z}
37°CollA 24417F, 7°CellA] 797 MiAIZl & FHE =
ZYE A3t Pseudomonas spp.= cetrimide fusidine
cephaloridine agar (CFC, Oxoid, Basingstoke, Hampshire,
England)oll =319, H,S AJ/d+2 iron agar (IA, Conda,
SA, Madrid, Spain)ll =34t} Pseudomonas spp.2t H,S
AT 20°CoA 4L 7 viget & PAE S2EYE A
Sk AL 22Y S5 log CFU/ge 2 YERNSITH
HE A A 71 F 0,1, 3,6, 9 S 1224 A

AlskaAT

ol EXM

Z 34 F712 % FEE(TVB-N)S Conway & &
2HS AMEEte] A5k HeElek aElE A AT 10g
Aol 6% TCA &4 50 mLE H7fsta 287 72
tf. 723 A" NS 2mL tubed] 1.5 mLA
Z 4oCol A 10%7F 9000 rppm o= A2 5 A
S F 3l th. Conway2] WA= 1 mLe 0.01
2 gag W, oA 3 Feole 23 K,CO, £
wolon, 9ae] e 3 Foe dAZE AY
1 mLE 2Ath 9] §H48 412 §F 37°ClA 30
W17 5L, el brunswik AA9FS ¥ - 0.01
SPMEF 898 AHgste] AA shalth. ARz
0 g3 EA3t= TVB-N2| mgl = e ATt pH
2o} 2P & A AT 59 A9l 10mLe] SHTE
127F #2313 3 pH meterS AH&-3lo] =431t}

Lo

Lo
>
ol

o br

—~ Z
ooy & AL

3

i

8
v
il

[

—_
S

o, flf o Z Hr oo
2 o il 4 R L



The Effect of Chitosan Coating with Carvacrol and Thymol on Shrimp 365
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Table 1. Inhibitory effect of chitosan coating and antimicrobial agent on mesophilic bacteria in shrimp stored at 4°C for 12 days

Thye] A d44= 242 8.28, 7.47, 7.03, 6.76 log CFU/g
2 RE A7 izl vlal o4 eI (p <0.05)
£ HYom E3] Chi-Thye Chioll & 2|2 Z}o(p<

Total viable count (log CFU/g) "

Treatment
0 day 1 day 3 day 6 day 9 day 12 day
Control 1.33+0.58* 1.00 + 0.00* 1.00 + 0.00* 4.07+0.21* 5.17+0.43% 5.25+1.034
Chi? 1.33+0.58* 1.00 + 0.00* 1.00 + 0.00* 2.65 +0.4948 3.47+1.13%8 3.59+0.018
Chi-Car” 1.33+£0.58* 1.00 = 0.00* 1.00 £ 0.00* 2.00 £ 0.00® 1.90 = 1.55" 3.29 +£0.55"
Chi-Thy? 1.33+£0.58" 1.00 + 0.00* 1.00 + 0.00* 1.65+0.92"8 1.49 + 0.85% 1.97 £ 0.95%

ABDifferent capital letters indicate significant differences (p < 0.05) among storage times for each treatment.
DMeans + standard deviation obtained in three experiments (n = 3)

IChitosan coating

)Chitosan coating + Carvacrol

“Chitosan coating + Thymol

Table 2. Inhibitory effect of chitosan coating and antimicrobial agent on psychrophilic bacteria in shrimp stored at 4°C for 12 days

Treatment

Total viable count (log CFU/g) "

0 day 1 day 3 day 6 day 9 day 12 day
Control 2.38+0.43* 3.07+£0.52* 3.73+0.26" 6.68 +0.144 7.87+0.124 8.28 £ 0.36"
Chi? 2.38 £ 0.43* 2.15+0.21° 2.20+0.17° 4.67+0.18" 5.85+0.71" 7.47 +0.38"
Chi-Car” 2.38+0.43* 245402148 2.10+0.178 4.40 + 0.498 5.71+0.638 7.03 £0.125¢
Chi-Thy? 2.38 +0.43* 2.72 £0.03*8 1.92 £ 1.30° 4.07 + 1.40° 5.66 % 0.62° 6.76 £ 0.30°

ACDifferent capital letters indicate significant differences (p < 0.05) among storage times for each treatment.
YMeans + standard deviation obtained in three experiments (n = 3)

IChitosan coating

IChitosan coating + Carvacrol
“Chitosan coating + Thymol
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Table 3. Inhibitory effect of chitosan coating and antimicrobial agent on Pseudomonas spp. in shrimp stored at 4°C for 12 days

Total viable count (log CFU/g) "

Treatment
0 day 1 day 3 day 6 day 9 day 12 day
Control 2.66+0.334 3.09+0.19* 426+ 0.454 6.74 £ 0.354 7.63 +£0.26" 8.30 = 0.29%
Chi? 2.66 +0.33* 1.74 + 1.04* 2.23 +£0.40° 5.11+0.70° 6.91 £ 0.6348 8.14+0.01*
Chi-Car” 2.66 +0.334 1.65+0.92* 1.85+1.20° 5.32+0.35" 6.68 +0.30° 8.16 £ 0.34%
Chi-Thy? 2.66 +0.33* 2.00 = 0.00* 1.50 £0.71" 4.82 £ 0.40° 5.73 £ 0.40° 8.07+0.13%

ACDifferent capital letters indicate significant differences (p < 0.05) among storage times for each treatment.

YMeans + standard deviation obtained in three experiments (n = 3)
IChitosan coating

)Chitosan coating + Carvacrol

“Chitosan coating + Thymol

Table 4. Inhibitory effect of chitosan coating and antimicrobial agent on H,S producing bacteria in shrimp stored at 4°C for 12 days

Total viable count (log CFU/g) "

Treatment
0 day 1 day 3 day 6 day 9 day 12 day
Control 1.00 + 0.00* 2.66 £ 0.26* 3.27 £0.05* 5.18 £0.20* 7.84 £ 0.03* 8.35+0.28*
Chi? 1.00 + 0.00* 224 +0.344 1.53 £ 0.928 3.79 £ 0.29%¢ 5.32+£0.098 7.08 +0.188
Chi-Car” 1.00 &+ 0.00* 1.33 £0.58* 1.33 £0.58" 4.52£0.3748 5.31+0.23" 7.25+0.67°
Chi-Thy? 1.00 £ 0.00* 1.95+1.35% 1.33 +£0.58" 3.04£0.37¢ 5.27 +£0.44" 7.23+0.41°

ACDifferent capital letters indicate significant differences (p < 0.05) among storage times for each treatment.

YMeans + standard deviation obtained in three experiments (n = 3)
IChitosan coating

)Chitosan coating + Carvacrol

“Chitosan coating + Thymol

0.05)2 HJth Zdtol| ChiolA A&ao] 7HAad AL
Bl o}, 39 o] FRE] Chirth Chi, Chi-Car 2 Chi-Thy
oA A&eto] AR AA e AS AT F U
™, 12¥9]E Chi-Thyeldl 7F4 &350 g A 24o] o
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3 A+t BHE Bl AL SAAHF AF-olA carvacrolZ}
thymol®] €<l M3}, 7t BHE 7|EA Z-H
WA oS o v a9E Bl A XA,
o] Y E clove Ao 7I1EAF AR WPAE 3k
S o g aFE B A= AT

A5 71EAY @5 Z"-EAY A A G A (carvacrol,
thymo)E 7|EAF F®F Wl AHsiis o WdAd Al
%1 Pseudomonas spp. 5 W3+E Table 30| HERHA
t}. Pseudomonas spp.o EE AHIFAA %27] F=7F
2.66 log CFU/geI L ¥ A Al dlx1et g BE
AT A AT AR F 64 A o, Control,
Chi, Chi-Car ¥ Chi-Thy®] Pseudomonas spp.s+= 27t
6.74, 5.11, 532, 4.82 log CFU/g2 RE 2|77} 2T
of Hlal 4 AHaH(p<0.05)F BAL 53] 99A
o= Chi-Carz} Chi-ThyollA Chioll B]&)] F2]4 Z}o](p <
0.05) Ho, 7|EAM A sarAle] Haxe7F a4
O 2 Pseudomonas spp.2l FAS JAT= AL &3S

th. Pseudomonas spp.8l 745, Z2|¥ Holl tair= 7]
B4} Thyme oil 9 WalA 2] a7t Iyt B
AE QA R, B Ao A= carvacrol®] Y thymold} 7] &
ko] WA 2] 7} Pseudomonas spp.© Wl #2182 a4
2945 Btk ol A% 523 FEolA™, carvacrol
3} thymole] F48<2 287 ©do] FojZl I+
HE Bel Aol U5

NS5 71EAF @5 A" aAY A3 A (carvacrol,
thymol)E 71E4F €3} W8 X2|etalS o H,S A8+
9] W3S Table 4° YERAATE H,S AXHHFS BE A
gTolA %7] %7 1.00 log CFU/gRI AL W A% 3
AR FE A+ 7+ 24 Zel(p <0.05)7F YERSTE A
A7y Z 78 vk @2l 1294 9], Control, Chi, Chi-
Car @ Chi-Thy®] H,S A 7zt 835, 7.08, 7.25,
7.23 log CFU/g2 RE X317} vzl vls] 98 8
#E(p <0055 HATh 3HARE Chi-Car¥} Chi-Thy7}
Chioll Hlall &3449 daaxs Holxe Atk & A
oA W gd thx2To] H,S A 12940 8log
CFU/gZHA Z7F38IA L ol A2 HE o] &l mAE
o] ¢S F= HS Al oF Aolghs Bl
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Table 5. Changes in TVB-N values on control shrimp and coated shrimp with chitosan and antimicrobial agent during ice storage for 12

days at 4°C
TVB-N value (mg %)"
Treatment
0 day 1 day 3 day 6 day 9 day 12 day

Control 15.68 + 1.624 17.55 £ 1.99* 23.87 +2.11* 35.11£0.99* 47.98 £ 7.734 90.57 + 1.294
Chi? 15.68 +1.62* 16.62 +3.53* 25.28 + 6.95* 3440+ 421 42.83 +5.62"8 61.55+9.35"
Chi-Car” 15.68 +1.62* 16.15 +0.00* 24.57 +0.994 28.08 + 1.404P 35.81 £2.98%¢ 51.96 £ 1.62°
Chi-Thy? 15.68 = 1.62* 24.11 £ 0.81* 22.47 + 4.96* 23.87 £2.98" 25.98 £ 1.99¢ 4423 +3.97°

ACDifferent capital letters indicate significant differences (p < 0.05) among storage times for each treatment.

DMeans + standard deviation obtained in three experiments (n = 3)

IChitosan coating
)Chitosan coating + Carvacrol
“Chitosan coating + Thymol

. Control

=1 Chitosan coating

I Chitosan coating + Cawvacrol
[ Chitosan coating + Thymol

pH

0 1 3 6 ] 12
Time(day)

Fig. 1. Changes in pH on control shrimp and coated shrimp with
chitosan and antimicrobial agent during ice storage for 12 days at
4°C.

ol Y

NS5 71EA @5 Z®sEAY A A gt Al (carvacrol,
thymo)E 71EAF ¥} B H2]stdS wf TVB-N
W3S Table 59 VFERARATE TVB-NS 5-10 mg% < uj
¢~ AlAEHS on|El| 1525 mg%e EE, 30-40 mg%
oA w 27] 73, 50mg% ol’FelH Ag Frt AP
ojujgitt, wEbA 2] A Aol AdEle B FEolH,
Ag F 3d7AE BE ATt BE FES fAEE
ok A2 5 7P mEA R 2Rl 12979l Control, Chi,
Chi-Car ¥ Chi-Thy2] TVB-N2 Z}Z} 90.57, 61.55, 51.96,
4423 mg%= BE A7t izl vlE] {94 Aol
(p<0.05% RATE 6 ©]F TVB-N¢| 571319, Control
3 Chizh 71 A 271 Fof @Al Eol3 3L, Chi-Car
9gdA o] Z715-3E YERHAIRE, Chi-Thy= 9Y7HA] K
GAE FAEIA T TVB-N2 drole} olgloz -
9 SgER 2534 FE Ueille A=2 39
SHAl ARE-E AL AP o] 9] STk Fof Al i &
o] SF3 A Aok el Aok, & AFA Chi-

A

l“>‘ {0 ox OFH Fll‘
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A7l Aow BT,
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£ Fig. 19 YepAATE pHe A7 717ko] Z st ot
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2 Zpol7F gl et tix9] pHIF AWHA o= E=9ht).
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3l=5 Table 691 YJERNQITE HALS 7] A& 9oz
AR ¥ A 6dAFE AT ZF KA Aol
(» <0.05)7F Yeistth. A4717F 5 78 e gl o
dAjll, Control, Chi, Chi-Car ¥ Chi-Thy2] &J&# HHL
717} 4.80, 6.00, 6.40, 6.608 22 BE P77} x
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Table 6. Changes in appearance on control shrimp and coated shrimp with chitosan and antimicrobial agent during ice storage for 12

days at 4°C
Score (1-9 scale) ”
Treatment
0 day 1 day 3 day 6 day 9 day 12 day

Control 9.00 + 0.00* 9.00 + 0.00* 8.80 + 0.45% 7.00 +£0.714 5.60 + 0.89% 4.80+1.10*
Chi? 9.00 + 0.00* 9.00 + 0.00" 8.80 + 0.45* 7.80 £ 0.84"8 6.60 £ 1.14"" 6.00£0.71%
Chi-Car” 9.00 + 0.00* 9.00 + 0.00* 8.80 + 0.45% 8.40 +0.55° 7.40 £ 0.55° 6.40 £ 0.55"
Chi-Thy? 9.00 + 0.00* 9.00 £ 0.00" 9.00 + 0.00* 8.40 £ 0.55" 7.60 £ 0.55® 6.60 £ 0.55%

ABDifferent capital letters indicate significant differences (p < 0.05) among storage times for each treatment.

DMeans + standard deviation obtained in three experiments (n = 3)
IChitosan coating

)Chitosan coating + Carvacrol

“Chitosan coating + Thymol

Table 7. Changes in odor on control shrimp and coated shrimp with chitosan and antimicrobial agent during ice storage for 12 days at 4°C

Score (1-9 scale) "

Treatment
0 day 1 day 3 day 6 day 9 day 12 day
Control 9.00 + 0.00* 9.00 + 0.00* 6.80 + 0.84* 5.60 + 0.554 4.60 +0.89" 2.40 + 0.89*
Chi? 9.00 + 0.00* 9.00 £ 0.00" 7.80 +0.84" 6.40 + 0.89P 5.20 £ 0.84"P 4.00 = 1.00®
Chi-Car” 9.00 + 0.00* 9.00 + 0.00* 8.40 £ 0.55" 6.80 + 0.84" 6.20 + 0.84" 4.80 +0.84"%
Chi-Thy? 9.00 + 0.00* 9.00 + 0.00* 8.40 +0.55" 7.20 +0.84° 6.40 £ 1.14° 5.20 + 0.84"

*BDifferent capital letters indicate significant differences (p < 0.05) among storage times for each treatment.

YMeans + standard deviation obtained in three experiments (n = 3)
IChitosan coating

IChitosan coating + Carvacrol

“Chitosan coating + Thymol

Table 8. Changes in overall acceptability on control shrimp and coated shrimp with chitosan and antimicrobial agent during ice storage

for 12 days at 4°C

Score (1-9 scale) V

Treatment
0 day 1 day 3 day 6 day 9 day 12 day
Control 9.00 + 0.00* 9.00 + 0.00* 8.40 £ 0.554 5.80 +0.45% 4.60+1.14* 2.80 + 0.45*
Chi? 9.00 £ 0.00* 9.00 + 0.00* 8.60 £ 0.55" 6.40 + 0.89*" 5.20 +0.84*% 4.00+0.71%
Chi-Car” 9.00 + 0.00* 9.00 + 0.00* 8.60 + 0.55" 6.80 + 0.84° 6.20 + 0.84" 5.00 + 1.00°
Chi-Thy? 9.00 £ 0.00* 9.00 + 0.00* 8.60 + 0.55" 7.20 + 0.84" 6.40 +1.14" 5.40 £0.55"

ABDifferent capital letters indicate significant differences (p < 0.05) among storage times for each treatment.

DMeans + standard deviation obtained in three experiments (n = 3)
IChitosan coating

)Chitosan coating + Carvacrol

“Chitosan coating + Thymol

ztol(p <0.05)7F et A7 F 7P A e @l
12¢4A)9l] Control, Chi, Chi-Car ¥ Chi-Thye] ZWk4 A
F% Hye zkzt 2.80, 4.00, 5.00, 540802 RE g
7t el vl 94 ZFol(p <0.05)8 B3tk A
2 64AHE Chi-Thy Chi-Car, Chi®] =02 %9k

2229

2 A= Y5 MS-(Litopenaeus vannameiys 4°C

A 1295t A2 A7FshH, 7| EAF AR I A AR EA
o] W8 212](0.05% carvacrol, 0.05% thymol)7} P8 E(F
23, A2, Pseudomonas spp., H,S A3d)e] 4733}

O

A9 olslerd EX(F U FAIFE, pH) ¥ #
T4 FH @, HA, AR 8 x)o riA s FEe A
HHUT J|EA ZE I carvacrol HE A ], 7|EAF =
"3 thymol Hal A RE A nAE] A4S o
AR 53 T, A, HS AT B9 2d

o] wiAjel Gl 129A7HA] oAl At 8 (p < 0.05)
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