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Analysis of the Release Characteristics of Ginger Essential Oil
from Agar-Sodium Alginate Bilayer Film and Its Effect
on the Quality of Refrigerated Grass Carp

ZHANG Bin, HOU Xiaozhen, HUANG Yisheng, LIANG Shiqing, GAO Que, LI Zhuo, LIU Jianliang

(College of Life Science and Food Engineering, Hanshan Normal University, Chaozhou 521041, China)

Abstract: In the present study, agar-sodium alginate bilayer films were prepared with ginger essential oil (GEO) as the
antibacterial agent. Representative water-based and fatty food simulation solvents were selected for immersion and unilat-
eral release experiments of the films to explore the behavior of essential oil diffusion and release from the film matrix. In
addition, four classical mathematical models were selected to fit the primary release mechanism of GEO. The effect of the
antibacterial film on the microbial quality of grass carp during refrigeration was evaluated. The results showed that the
immersion release and unilateral release of GEO in simulated solvents (distilled water, 10% v/v ethanol, 50% v/v ethanol,
and 95% v/v ethanol solution) for water-based and fatty foods exhibited a behavioral pattern of rapid release, followed by
stable and sustained release, which could enable the achievement of good sustained release from the film matrix. The model
fitting results of the GEO release behavior indicated that the GEO release from the film matrix was primarily based on

Fickian diffusion, and that the Peppas-Sahlin model could better explain its release mechanism, followed by the Peleg
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model. The results of the refrigeration of grass carp showed that the antibacterial effect of GEO on the bilayer film and its

rapid and sustained slow release from the film matrix could effectively inhibit microbial growth and production of volatile

salt based nitrogen compounds of the grass carp, and based on the comprehensive detection results of sensory, physico-

chemical, and microbiological indicators, it was found that the addition of GEO could extend the shelf life of grass carp

with the agar-sodium alginate bilayer film packaging by approximately 3 d during refrigeration compared with the PE treat-

ment group and the control group without packaging.
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Fig.2 Release curve of S-A-g film immersed
in stimulant solvent
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Fig.3 One-way release curve of S-A-g film in stimulant solvent
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Table 2 Cumulative release profile of GEO from S-A-g films in different stimulant solvent

T S5 ZEIIK 10% 2.1 50%Z. 1 95% .1 ke
k 49.534 28.473 36.591 51.629 2.696
Rigter-Peppas n 0.077 0.106 0.081 0.090 0.419
Adjusted R 0.62371 0.96251 0.94044 0.72684 0.98376
ky 40.938 21.581 40.715 47.429 1.904
Peppas-Sahlin k, —5.552 7.239 —5.165 —6.582 —0.025
n 0.239 0.080 0.109 0.214 0.533
Adjusted R 0.96296 0.99408 0.99386 0.96307 0.99044
ky 0.00126 0.00077 0.00092 0.00136 0.00022
Kopcha k, —4.838E-5 —2.784E-5 —3.431E-5 —5.090E-5 —2.703E-6
Adjusted R 0.77713 0.78230 0.74174 0.77622 0.99079
k, 705.187 1256.596 817.956 706.802 23264.019
Peleg k, 129.553 194.197 174.027 115.892 271.144
Adjusted R 0.97979 0.96635 0.98178 0.97609 0.97753
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WSS Ry GEO MIREIA 10, HARk N Peleg 15i4; 3
SR w5 45 R — 3. Ak, 7E Rigter-
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TG IR G, HAb G S S5 2
SRR R BE 55 M) JH A R B 3 IO R R e FH A
Wby #, TR SRR R, FRE— 20 HE B
N E NN NE 2o RINEYEE 2 S o S 7 R S = =
il AN g e TP i TS L, SRACARN R SE PR se /4%
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K3 S-A-g WA FBAIA TR GEO B R BVR R
Table 3 Cumulative release profile of GEO from S-A-g films
in different stimulant solvent

RELLRIZE A
P ZH

95% .1 ECHE
k 37.80037 1.52344
Rigter-Peppas n 0.0392 0.27415
Adjusted R? 0.59612 0.93035
k, 26.20852 1.32267
Poppas-Sahlin k, 11.63105 0.30367
n 0.02948 0.20416
Adjusted R? 0.99172 0.97499

k, 0.00378 3.06823E-4

Kopcha k, —1.99095E-4 —1.02874E-4
Adjusted R? 0.79009 0.95309

k, 70.93064 8249.00297

Peleg k, 59.01473 409.74094

Adjusted R? 0.98712 0.93087

2.3 S-A-g EREREES PARIEREITN

2.3.1 HEERE(TVOMESS R A AP,

1) TVC I BEN A 18] 2B R i (1] 4), JRHIE
CK ZHAE, H TVCEAESE 6 d ifikEl 6.87 1g CFU/
o, VT HERFBRAIA 7 1g CFU/gP7; T PE 4H . S-A-0 4H .
S-A-GEO ZHFESH Y TVC {HZY53 5SS 11,10, 13 d
AT IZ RN E . R, S-A-GEO 4HAES Y TVC
B 7E A I g 3] 17 5 25 I8 F CK 4 A1 S-A-0 4
(P<0.05), b BFEMLT PE 21 (%5 15 d Boh), X &
KT BOATAE O A 8 o) 2 PR 2 T A A A M A R R ¢

5, HZMEHEFFIRIA, S-A-GEO R AbFREY CK 20
PE 2071 S-A-0 ZHR] 53 AIGELZ A R 2 6. 2 A1 3 d 1Y
ey, [FIRF, S-A-GEO ZHEESHAY TVC {HYERT 6 d
PN RN B AR Ak AR /)N, IXFT RES GEO TR AR
L5 ) DRHURE A G, TTANER 9 d F IV HA 45 ae,
GEO AL 7222218 B H Ae fa PR F i 4ERFAH X
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Fig.4 TVC changes in different treatment groups
T [ ] AR RN G FRERIR A AE 5122 57 (P<0.05) 5
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n, H CK ¢HE 8 B mg R A K, 7E58 0 d
BRI R S 2 0 & T S-A-GEO £H.(P<0.05),
XKW GEO PHRMILIEXT & & B i A K 2 2] T

FRAE RN IR, REA Iy 2 % &0 IR (X B VK 45 A5

A, S-A-GEO HFEMEE 6 d 19 PTC {EHAHLILES 0 d
P4 384 I A R 5.53%, 33 i — A5 I SI2 9 5 356 J5 1
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B, MES 9 d I IEHALE B, S-A-GEO 4 faFErge
PRECEEECES 0 d IYMEYR BB 43 53 T 22.84% .
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T GE 7 BERT Bl RS T B Wi, X454 GEO TE %
LT RS W W B AR e ks e, b4, S-A-

GEO ZHFEAA Y PTCIEMES 3 d FFUR AU PN ol 52
1T PE 2BF0 S-A-0 £ (P<0.05), X5 GEO FESZ5
SRS R HUIT A3 19 R A BTG G, Bl

A3 S-A-GEO Wi bt b Mk HE 5 B P& 4 BE 14 5
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Fig.5 PTC changes in different treatment groups

2.3.3 IERVEERIFEE(TVB-NME shbEashren
JIITA], FLPT S 3 S N TR R E A R 2
A S RN AETR M & BT, 3R] IAE U RS
JEP=ah T EERE B FE AR . AR GB 2733-2015¢EAh %L
SE bR UE B YRS TEK S ), TVB-N (B AR L
25 mg/100 g i}, I R/K IR WA AR R, & 6 i
7, B A TH] P 2R K, A AL BRZEAE Y TVB-

N {HZ s Horp, CK 2HAEN Y TVB-N {8 _E T3
e, 55 9 d BRTELIR 27.69 mg/100 g, HIK A PE 2H
FI S-A-0 £HFE N, HIXPLEFENAY TVB-N {HAE3E4>
I SRS HA R A 3E30E , I97EEE 9 d B A TFAS Bk 2 (4351
“ 26.45 mg/100 g F1 26.36 mg/100 g); Ifii S-A-GEO
ALFHZHAE LY TVB-N {EF S AEXT 2208, 55 9 d BHMY
b 19.36 mg/100 g( P<0.05), ZJ7E 11 d Bf4EVT A8 i
RS T X 7 1 i SR, 3 AT IS B g AR 3 5
GEO X1 PAY T 22 T HS B4 40 B 2 80 HH A A Pl
BUORE, PNIMTAESE AR BT . FIRgEIRER
BH, LI TVB-N{H #5845, CK 41 . PE 4. S-A-0 41 .
S-A-GEO ZHAf f 58 28 B 24943 512 8. 8. 9. 11 d,
H S-A-GEO Ji5i £ 266 4b $H ) B £ A i ik B [A] 48 CK
ZH . PE ZHF1 S-A-0 LHn[ 4344 3. 3. 2 d 245, Ik
Sh, FALERLH Y TVB-N {E IS 6 d FFR e
BH W3O, XA e S& i TR T GEO FE R bk
BB b MY 2 T £, P ASE o S 448 BT 5- i B P BT I
7R P R PR B A SRR R, i MY GEO 2%
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pH [ F-5I YR M 2H U I B 00 3G Ja R, T E—
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Fig.6 Changes in TVB-N of different treatment groups
during refrigeration

2.3.4 JEETEN Skl S B SRR
PR TR B A) AR T 422 B S5 5T 2 38 %
BZME ., NE 47 F/ B, AR ARE 5 093
AT 22 22 A I 5 B TR 04 2 < T R T e, R HR
CK ZH 1 S-A-0 41, HiXPHHAEEMAESS 6 d B A3k
TEZ VRS EART 3 43, AT AT H2324RAS; PE 4%

F 4 IR LRI o 0 PG B R A

Table 4 Sensory evaluation of grass carp sheet with different packaging treatments during refrigeration

I a] (d)

Sb e
0 3 9 12 15
CK 4.4320.16° 3.54+0.12° 2.66+0.33" 1.64+0.25° 0.74+0.22" 0.53+0.23°
PE 4.47£0.14° 3.98+0.17° 3.0240.33 2.68+0.19° 1.97+0.39° 1.26+0.18"
S-A-0 4.4120.13° 3.78+0.14° 2.99+0.13° 2.0120.19° 1.49+0.25" 0.68+0.23"
S-A-GEO 4.4420.11° 4.23+0.18° 3.73+0.24° 3.19+0.15° 2.53+0.18¢ 1.99+0.29°

TE: [Al— 8B AN R 7R R 22 57 135 (P<0.05)
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