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Effect of Antimicrobial Paper Coated with Thymus Vulgaris L. and Ocimum
Gratissimum L. Essential Oil on Preservation of Strawberry

LIU Guang-fa, SONG Hai-yan, LUO Wan-ru, TANG Xue-zheng, ZHANG Zheng-jian, ZHU Zi-rui
(Tianjin University of Science & Technology, Tianjin 300222, China)

ABSTRACT: The work aims to study a kind of antimicrobial paper coated with essential oils and its effect on the
preservation of strawberry. Essential oils with strong antimicrobial activity against 4 kinds of microorganisms such as
Botrytis cinerea were screened out from 5 kinds of natural plant essential oils such as Thymus vulgaris L., and their com-
ponents were identified by GC-MS. The screened essential oils were coated on paper combined with polyvinyl alcohol to
prepare antimicrobial paper. The antimicrobial activity of antimicrobial paper against tested microorganisms was tested by
the method of fumigation, and the effect of the antimicrobial paper on the preservation of strawberry was studied. The
results showed that the antimicrobial activity of Thymus vulgaris L. essential oil and Ocimum gratissimum L. essential oil
against the 4 kinds of tested microorganisms was the strongest. The main components of Thymus vulgaris L. essential oil
were thymol and carvacrol, and their peak area percentages in GC were 77.04% and 16.46%, respectively. The
main components of the essential oil of Ocimum gratissimum L. were eugenol and B-caryophyllene, and their peak area
percentages in GC were 77.95% and 18.80%, respectively. The antimicrobial paper with essential oil concentration of 4%
(volume fraction, double coating, the same below) presented the strongest antimicrobial activity, followed by antimicro-
bial paper with essential oil concentration of 3%. Antimicrobial paper with essential oil concentration of 3% presented
the best effect on maintaining strawberry sensory quality, inhibiting strawberry decay and deferring the increase of the
total number of colonies, which was significantly better than the antimicrobial paper with essential oil concentration of
4%, 2% and 1% respectively and the base paper (P<0.05). The effect of antimicrobial paper on total soluble solids of
strawberry was not obvious. In conclusion, the antimicrobial paper coated with 3% (volume fraction) Thymus vulgaris
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L.-Ocimum gratissimum L. essential oil has better effect on the preservation of strawberry.
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PR G ROl (LoE =25 AR A BR A 7 5
FREBNE, U RERAYEANR; A, RITR
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3 # K 10 150~24 850 cm’/(m?-d-atm), 4B ALHRIBE
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17.4~42.6 g/(m*-d), ' 1 atm=101.325 kPa.
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TERRIRE) ), BEJSTETR AN TR R i 3 9 4 s — A
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DA TR P AR

1.3 il % GC-MS o7

KA - B AL (GC-MS) X H B A&
T 7 28R AT o i, 2% 5k SCR G
FHHATE S, KM FEESHENT . R
DB-5 (A% FE (HA% A 30 mx0.25 mmx0.25 pm ), S
AT A HERE IR 250 °C, ARl 20 15 2
SN He; WITAFEN N 60 C (445 3 min), BFETH
IRAYEH R A 8 C/min, F+ZE 250 CIHAREF 10 min,
ik EEET ST . B FIRIRE N 220 C, f&
LRI A 220 °C, gy LR 43~500. FF
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B2,C2,D2 4, TEIRASE IR B (2843 )C,
AR (45£5) % ).
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TEGHIC 10 g BigE ( NFLEE Y TH0H H JC I J0 HURE
B OR B R BURE AR AR T iE—30 ) 5 90 g LA B
ERKAETC R AR 2 i 2~3 min, 2R 54T 10 5 R
IR RS, e 2~3 AN IE AR BB 1 mL {8 A G
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DU 5 g/ it 500 4 T 1 LU AL AT DR )
Fra T AR ARG R, 3 )28
BrR SR, R F RS eAE  TI, RE R
i 3 AN AT IR
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P<0.05 B FETE B ZEH £ R

2 ZER5iTe

2.1 EYREHNERR L
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Tab.1 Diameter of inhibition zone of 5 kinds of plant
essential oils against 4 kinds of tested

microorganisms mm

ZFR K% R HH A

AR 68+2.6  6.5£0.9 352+1.9 8.4+1.4

WETHREM 65£3.0  63+2.6  5242.6  14.4+2.5
A= ZEH T 0+0 124425 00 0+0

HEEEH 80444  80+5.0  80+4.4  65+4.6

THEDKEM 48444 44435  50+3.0 42426

22 HEEBHNTED SHBEHBRS ST

W AT GC-MS 4, %5E
10 Fhosl 43, 06 T B =22 R0 o ORG ol s T AR R Y
99.89%, H.H7E H R[] 8.181, 13.094, 13.248,
14.260 min B 3 KRR, 20 K6 2 ik 14 A
XiF b2 2% SCRR Y, e X IO A4 A 43 ) kg 408 Y
HEER . FAWA T EFE, HiEmE o haslh
1.11%, 77.04%, 16.46%F1 3.63%. H H&EH &0 H
AR i 0 2 A S Y, LA AR R R R R
F, B AR 5% 4, #% GB 1886.139—2015 %]
h—FE S

THED R HE ST GC-MS %5 11 Fhkisy, 1
Ve TR AR 2 A RS T T ARG 99.93%, Ak R
J i A RN E 2 ek U, g 0 ) R
14.323, 15.593, 16.206 min WY 5K T &y . p-A 47T
WM o- AP0, g BUE 2 ol 77.95%,
18.80%F01 2.39%. T F i E—M Ltk i, HA%
SE AR RN ol BRI S Rk E T T
F X b T A 0 A E 4y o 83.12%~
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U 48 B R A b, R B EAE A . Bl
B2 LR AT UE YA — 2 B HIE R, RS IhERE
ks LTE, IRESCRI B, C2 PUEEatT 4 Fhil
AW R TR B AR T C1 BT 4R ( P<0.05 ), EE
A C2 PLE AU h BRI AR T CL T4,
it R kv B A _E T DT FI D2 70 4R A4 1 R AR
ST C1FD C2 BT 4t (P<0.05). H4k DI 4
ACHRG TR B v T C2 PLEE4L, (HJE D1 FLE 4 4
Tolv 5 BT O 0 7 Pl ELARAR T C2 U AR, X2 R A BT
YR A BRSO AN S R T R A O, S TR A )2 4L
K (C2 IRUZURAT, DI NHERA ).
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Tab.2 Diameter of inhibition zone of antimicrobial paper
against 4 kinds of microorganisms mm

PiEaR K% e A GE
Al 00 00 0+0 0+0
A2 00 00 00 00
Bl 6+0.5 6+1.0 5+0.5 7+0.5
B2 10£2.0 12420 8+1.0 11+1.01
Cl 20£2.0  2242.6 11£1.7 20£2.0
C2 40£3.6 4226 2342.6 43£3.0
DI 25£1.0  27£2.6 14+2.0 21£1.7
D2 4440  46%53 2542.0 48+2.6
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Fig.1 Effect of antimicrobial paper on sensory quality of
strawberry

242 JERER

FREAEN R . Az A o R R B A K KA
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Fig.2 Effect of antimicrobial paper on decay
percentage of strawberry
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0T IE) A TR B LR 3. RERERIPI LR TR TR BB 2.30
1g(CFU/g), it 12 hJi, CK, A2, B2 4 %)
FVETT 0 B, VK B A BT, e C2
1 D2 21 RS I PR VR B X AT B G s ) 34
JNZ 60 h, C2 A FLAE I T ¥ BB URAIK, W& KT CK,
A2, B2 41 ( P<0.05 ). £%2H470 b 4534 Rl 10 ] 2 A 1
S BT, R PR AR R 2 T A
T B PR T AR 22 B IR AR A ) B R AR
FAU2, Ganil 'R B 28 A b B B A 0 % BT 2540
FIBLGE, Ui B R FH A% B A B M AR 174 BT R B
AN, D2 21 B 0 TR T A BRIV S e = T C2
2, TR DR Sk v VA RS T T TR AR R R e A 4
WA THE. B R B Guerreiro' VR HL, K
FH v e BE A A I b B B AR A O TR AR
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Tab.3 Total number of colonies of strawberries
during storage 1g(CFU/g)

Fhk 8¢ :%:) 12h 36h 60 h

CK 2.30+£0.06  3.28+0.12 7.70+0.05 7.94+0.06
A2 2.30+£0.06  3.15+0.06 7.66+£0.04 7.88+0.05
B2 2.30+£0.06  3.04+0.05 7.35+0.05 7.81+0.03
Cc2 2.30+£0.06  3.00+0.09 6.52+0.03  7.73+0.05
D2 2.30+£0.06  2.85+0.05 6.59+0.03 7.74+0.03

JoT e R R
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X HLAE ST AR G R RE M DL R 3. B b B[] f
K, BHEM TR REEE S, CK 4R,
TR LG O R, RS RIR,
FHEOK R LB, N B PRI 4 HE Rl (7
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MES, A2, B2 ARENIEIIAFEST C2 4,
OB Rik 2 21 B A g v ) A K BB T
FRF IR EZ AL, N 1 HAE K o Bk o
D2 ZH B AR B RAE 48 h i B B BT, &
BOERIN BRI R R A EEN], S EER A
PR, KB . TR 60 h JF, CK, A2,
B2, C2, D2 ZHH % MBI FEDHH 16.28%,
15.1%, 15.16%, 13.25%, 14.92%, Hrr C2 #H#i%;
0T R R B AR H A & 4l (P<0.05 ).
Bozkurt!"* % F S Ak N B R £, Tk AL BB AE i B T
TR PR R BRCIE L. SRR IR, C2 AR A
B BT i R Ak, EER IR BN 3% MK

244

TSRS TR 470 T 20 AT L5 e 2 R 0 SR B R, AT
AT C2 2 F g By R 7 R A R e b

18
16 L +CK

14+ - A2
12L —B2

RE/%

10F —<C2

;ﬁ gl —e-D2
HE

6
4l
2

0 12 24 36 48 60
P3RS ] /b
Bl 3 0 40X R B P 2 R 5

Fig.3 Effect of antimicrobial paper on weight loss
of strawberry
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Fig.4 Effect of antimicrobial paper on total soluble
solids of strawberry
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18.80%, 2.39%.
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