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Research on Sodium Alginate-based Intelligent-Active Film
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for Shrimp Freshness Monitoring

ZHANG Bin, HOU Xiaozhen, LU Yangxue, HUANG Yuqin, DUAN Xin, LI Zhuo, LIAO Jiaqi

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

Abstract: In the present study, sodium alginate-based intelligent cross-linked films were prepared using cinnamon essential
oil (CEO, 2.0wt%) as the antibacterial component and vacuum-freeze-dried purple sweet potato anthocyanin (PSPA) at
concentrations of 0%, 0.2%, 0.6%, 1.0%, 1.4%, and 1.8% w/v as the indicator. The effects of PSPA addition on the film
properties (including dissolution, barrier, optical, and antibacterial performances) as well as the response to ammonia
compounds and pH were tested. In addition, the effect of the films on real-time monitoring of shrimp freshness was
evaluated. The results showed that the addition of CEO and PSPA endowed the films with notable growth inhibitory effects
against Escherichia coli and Staphylococcus aureus. The films containing PSPA had greater thickness, water vapor
permeability, and oxygen permeability than the control films, whereas the water solubility, water content, swelling ratio,
and light transmittance decreased with increasing PSPA concentration. Additionally, incorporation of PSPA enhanced the

ultraviolet barrier performance of the films and resulted in clear color responses to concentrated ammonia water,

i EHEE: 2025-02-20
BEEWME: ;A4 TS ARA A (2022ZDIS069 ) ; /A A48 HEAFEIHA A (2023KTSCX081) 57 A A B RAGRTRAMAS
BARBITREEEIRET (2021B1212040015) 5 L8223 B (QD2024215) ;7 A A AR SKE RA K F AR H) 4T XA B
(202310578014,202310578015,202410578002 ) 5/~ & 4 AA S H AKX A F ) 4% A (202310578023)
EERIN: Rk (1981-) , B, ¥4, 8143%, HF70F @ e be L5 78 %4, E-mail: 10282361@qq.com.


https://doi.org/10.13386/j.issn1002-0306.2025020161
https://doi.org/10.13386/j.issn1002-0306.2025020161
https://doi.org/10.13386/j.issn1002-0306.2025020161
mailto:10282361@qq.com

CHETE SRR ] B, % BRI R RE R TR L RE PN S T SR e B AT - 389 -

dimethylamine, trimethylamine, and pH1~13 buffer solutions. The results of the shrimp freshness monitoring test indicated

that the SA-based films containing PSPA exhibited good color indication effects on the volatile nitrogen-containing

compounds produced during the refrigeration process of shrimp and could be used to effectively monitor the changes in

freshness of shrimp in real time. Moreover, under the synergistic effect of CEO, the pH, thiobarbituric acid reactive

substances (TBARS), volatile basic nitrogen (TVB-N), and total bacterial count (TVC) of shrimp samples during storage

were reduced, and the shelf life of shrimp was prolonged. These results indicate that the developed film has significant

potential as a packaging material for nondestructive monitoring of the freshness of aquatic products.

Key words: intelligent indicating film; sodium alginate; purple sweet potato anthocyanins; cinnamon essential oil; shrimp
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1.2.2 VB BEEIRENSCERBELN T 25 B 2.00 g SA FE43
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B 25%, w/w) -G 18 FE 5 min, SR 5530 A
0%. 0.2%. 0.6%. 1.0%. 1.4%. 1.8% w/v ] PSPA.
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B 0%, 0.2%. 0.6%. 1.0%. 1.4%. 1.8% PSPA 1)
RSy 1 6 44 S SA-CEO JIFE | SA-CEO-0.2%PSPA
JI5i. SA-CEO-0.6%PSPA I, SA-CEO-1.0%PSPA [,
SA-CEO-1.4%PSPA Ji#. SA-CEO-1.8%PSPA Ji5,
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RN 0.001 mm, EEEVE N T RIE
1.2.3.2 & 7K # ( Moistrue content, MC) . 7K & Pk
(Water solubility, WS) . # Ikt (Swelling ratio, SR)
ME  FRIBCEBFFE A5 A Sy W, 19
IEAE S 3 4y (n=3), Hrp— {3 HiIERE S T 105 °C #4
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T 50 mL ZEM/K PR 8 min, SRJE BRI 76
JEER e == IR T T A G R XU 45 (25 °C)
TREF 24 h 5, FRE (W,) 31740 2) THEKREM: WS,
AR, 55 = AR TEIERE SN T 50 mL #5408 /K P20 3 min
J& K AU B0 IR T K 53, FRE W, #220(3)
AT SR,

W, -W,

MC(%) = x 100 = (D
WS(%) = =W 100 ®
SR(%) = Wg,w‘ x 100 x 3
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SEIOXTIR 1, LASASE S 3 EAEsin CEO #1 1.8% w/v
PSPA HJ SA HEiIEEAE S SLEXf R 2 FISL 56 X 1R 35
EGIRUNA 3 1 e 2 O Tl W SO S B2 3 s L g o L TR L
PP TERE
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1.2.7.3 #HEREIHRILA(TVB-N) M E Rz GB
5009.228-2016K & v &4 E ZbrtE & h ¥k MR
FEAAIMZE DY 28 3k H ShdLICE &S0 27
R, FHE=R (935 TVB-N H.
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B 1 mL 25 RS BRI A P55 37 LAY ES P X RE
SR ) B S5FR LA AL 15~20 mL SRR HE0ms
B R BT, B3 FE LT 30 °C 8537 72 h J5 AT VS
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1.3 IR

FEAFEARIE 220 3 YOPAT, Pl 4h I FoR
R ARUEIR 25 o 5] SPSS 22.0 SEit 43k
14, & Duncan 22y B, P47 BRI 225087
(ANOVA), XA FBHEZ M) 22 2 i 7824
EMERGLS, K9Gk P<0.05,
2 BR5SH
2.1 SEERAIYIIEIERE
2.1.1 FEERERIREE . SKEMC) L JKIEHE(WS) | %
B (SR HEASE Y L3 5 S TR L, H R RS A 4 B
HE, WI/KZES A ARIE E M L G THEIL S8
BB, DA R Rl P RB A H s .
21 050, A S E /MY SA-CEO fi%(0.173 mm),
PSPA MBSINHE R T WSS, HE PSPA it A
MG 22, R R B AL B 2 B K, & SA-CEO-1.8%
PSPA JIFE(1% 0.229 mm, iX 1] GEJ& T PSPA 1A
BN T RS W v AR BT i, R T AR AR
rmARLE A, (i AR L R A2 Rl BE B g fint' >l

IR« 5 7K S RIS A 2 DV SR RS 7K R L
IKVERERI R Z S R, 3 1 n[EH, PSPA AUTIIARE
I T A MC. WS FI1 SR, HE#H PSPA #RIIHry14
JINTZHT R RE . o, AR PRI IR BRI AT HE 2
Kl 2 PSPA H & 1Y 28 24 3k A1 HLA i Ak pEUe), 24
PSPA 5 SA-CEO 455G T, B T 3K SA 5

1 WREYREE . SKE(MC) . KIEHE(WS) | Bk (SR)

Table 1 Thickness, moisture content, water solubility and swelling rate of the films

THENRRE JE ¥ (mm) MC(%) WS(%) SR(%)

SA-CEO 0.173+0.005° 12.83+0.09° 0.2210.005" 323.43+8.21°
SA-CEO-0.2%PSPA 0.186+0.004" 11.94+0.03° 0.196+0.006° 246.47+0.79°
SA-CEO0-0.6%PSPA 0.196+0.009° 11.75+0.03° 0.170£0.004° 189.15+4.91¢
SA-CEO-1.0%PSPA 0.218+0.015* 11.52+0.03° 0.161+0.002¢ 174.72+1.73¢
SA-CEO-1.4%PSPA 0.219+0.027° 10.5120.04° 0.1390.002° 167.56+4.22¢
SA-CEO-1.8%PSPA 0.229+0.017° 10.19+0.03¢ 0.1290.003" 150.61£5.57¢

TE: R R NG FREFORFAE BB M2 5 (P<0.05), F2~K4, K7, K8,
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IKG TRk, PSPA BN AAR, SA H54MNIK 10
A AR, [RIB SR B A B I R AIR T SRk 45
TR PRSI AIRCE, DL S B AR A K A RS
AP TR TR S K B BRI R A AT GBS PSPA
F R ¥R Sk 5 L B v g 25 2K P S D 45T TR A
BREDT DT (A5 S b i 25 5 K 0 A YR SRR
B, FEGENRE AR REREAIL

2.1.2 MEESMIREECSE * 2 G5REOR,
JIT i) 25 A RS NI ZE K 320 5], AT 25 B, SR B4y
B GRS R B, SA-CEO IEEFLH A,
M PSPA MINAfHE AR IR, 285 PSPA Bita
F—8AR b, HiX AR AR S PSPA BYITE S IE
A, BB LT LT LT, [AI), BEZE PSPA
PRSI 14 0, TR Y S BE LB B W R, AN SA-
CEO JIE =l 72.42 [%Z SA-CEO-1.8%PSPA JI&
A 46.14, 156 BH PR 2 H B AR, 13X — 25 R AH N
b BRAE WI BB TR AE (BB R 221k
B WA, A o B RN bE N BE PSPA BRONE 1Y
B8 R B I K, B PSPA Y Al v IR R AR
HWRLT AR B R AR, 1SS MRS (1) 22 5 5n
AH 2, 3X SHAEE A TR MULE A AH—3 TR, G —E)
Sl PSPA 5 SA B3 B 4r-nura s, ditknl
AT PSPA PSS IR T~ RS -1 ko

*2 WEREOSEASNI

Table 2 Color performance and appearance of the films

HERRE L a b AE wi - TSN

7242+ 0.06+ 691+ 2546+ 71.56+

SA-CEO 039 003 025 043" 042°

67.58+ 1.46+ 8.56+ 30.59+ 66.44+

SA-CEO-0.2%PSPA 0.60° 020° 028 065 0.64°

61.12+ 699+ 13.34+ 38.85+ 58.30+

SA-CEO-0.6%PSPA " 76 g6t 0320 0870 087

56.39+ 937+ 14.71+ 4421+ 53.03+

SA-CEO-LO%PSPA “)79i" 375 037° 089 0.89°

50.96+ 13.71+ 1691+ 50.19+ 46.33+

SA-CEO-L4%PSPA “1ygc 087" 052° 1.63° 1.62°

46.14+ 16.17+ 20.30+ 57.04+ 40.21+

SA-CEO-1.8%PSPA “"7c0 “ye e 1800 1810

EEENE

2.1.3 IR AYEAARE CER AN ERHBREE T . BRI
AFBEHE)  SBAMNCEAREREIER, Gl
HR B AR BT A A AR A, T LIS HR B R TR
K REAE, RS AN TR, PRI, B s
AARHIEE SN EBHFREE 71 (Tago nm) FBE (T 60 nm ) F2
WEPERERY R EENR . R 3 W, A Y Tago nm
(B4 0.00, FKEAXTEAMEAT B IBHIRRE S, X 7T RE
JE[KIA CEO Hil PSPA 44 BIIZAL &1 n] K 5 BH.
FFEEHM R HR IS [RIEE, 434 7E SA FJiih iy CEO
W E—E AR R AR T OEHU, b T8RSN
ZEBE0, (S PSPA AUIDACRI A BRI, SRR

A% UH AR N 38, A SA-CEO IR 3.82(mm™")
HWaNE] SA-CEO-1.8% PSPA JIEi14 5.04(mm™), %7
MIBETEFRM 22.73% FFEF] 6.87%, X 1] GREJZH 16
T2 ISR BH B XA IPY, PSPA ik
15, SR BH B O 2, XA IACRE st i
XL GLIA) 5 RS ) SR TR B (S BOAN S AR fh gl 2R
—3

3 WIEAAEIIE  SIMDERFRRE S (T,g) o)
IR (T4 )
Table 3  Opacity, ultraviolet blocking ability (Tyg) )
and transparency (T, ,,,) of the films

WL AP (mm™)  Tyge(%)  BHERTee(%)

SA-CEO 3.82+0.06" 0.00 22.73+0.40°
SA-CEO-0.2%PSPA 4.16:0.09° 0.00 18.16+0.36"
SA-CEO-0.6%PSPA 4.19+0.03° 0.00 16.77+0.18°
SA-CEO-1.0%PSPA 4.20+0.05° 0.00 13.38+0.20°
SA-CEO-1.4%PSPA 4.89+0.12° 0.00 9.840.18°
SA-CEO-1.8%PSPA 5.04£0.10° 0.00 6.87+0.04"

2.1.4 PSR EAMEBTYIRE ST B R AR g
SR RE 1 % BB S AT B (AT — 2R
Fo ME 1 0T F H, BEEREE P S0 A MR BES A R TR]
B, p-HARE N FE MBI HIE R, HXTIR CK A
M REfR R S SA SL I £ A FH 4 A T 3 25 7
(P<0.05), 3] CEO Fl1 PSPA HIINARTARLBHP L4
LRTE SA FEHR YR, X —ING SR A AN
JE R SE R KA CEO F1 PSPA 111 43 5l 36 K 5 [
KA EE IR —2K . [AIET, #HLE SA-CEO %, PSPA 119
I —A S M G 5 T R I Y SR AN LR BT B RE

(P<0.05), HiXFh b PSPA EsHIHE: 38 R AR,
g, X FEEUE T PSPA FUSEIR T A SEIA F
TE SR AR AT UG X A s KRR B2, H PSPA JiE
T IS E Y B B 1 SR A MR IR P fE -

40 --cK -= SA-CEO
——SA-CE0-0.2%PSPA —& SA-CEO-0.6%PSPA a
35 [ - SA-CEO-1.0%PSPA —— SA-CEO-1.4%PSPA
-s- SA-CEO-1.8%PSPA a
30 F
— a b
X 25+ b
~ b C
t@t 20
4 a .
- L d
& 15 b c < Al f;
€
10 1 a . dc & f g
L b
b - H
0 » ef g | | L |
0 30 60 90 120 150 180
RS I (min)

P 1 ANIA] PSPA WREERY SA SEHIIEAY S A i RE
Fig.1 UV protection ability of SA-based films
with different PSPA concentrations
T [Al— ]GO [F)NE SRR R AR 1 2 M 22 53 (P<0.05) .
2.1.5 MK ZE BB E(WVP) | B E M (OP)
IR 78 B 375 M I 5 Wi Y 5S40 2 BH K P BE Y HE 22 2
B UNFR 4 FroR, PSPA [N A B G4 KT R Y
WVP(P>0.05), iX—J5 1 ] GEJ& i1 T PSPA BT £
AR PRI R LR, JE5R T SA-CEO HEiIE 14 e 7K
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PERE, MR B A2 Sk 23T B9 BE I ULkl
Z ISR, 3T PSPA BSINHEZ, WVP UL AH I ik
KIIEDL. 53—, PSPA BYHIA AT ES [EHEHE
ML EPEEL, (07 SA HE5TT (Rl E A TPLIghn 1 HEE] 1]
BEANGY TR, I TTHE ARG W0 EE vh i 25 B, (2045
IRGFTAREE G NI, T WVP 3= w5
R, KRBT /R (P A5 i A
L fy 710 SR A REL IR P BE 2200, (EL AT B DN D in A
PSPA fiiyif [l N AL A LA G AL, S BUBEIE T 2R /Y
FLBL W 1 S0 T B Rl IE s Pk, 20
WVP 9221k, WiEERY OP {HEE PSPA HYNILATIIIE K
X5 E OGN AR APAERY pETEA AR .
F4 WUBERBH KR ERE . B MERE

Table 4 Water vapor and oxygen permeability performance

of the films
-10 . -6 .

wane IO oo

SA-CEO 3.14+0.03* 4.29+0.06°
SA-CEO-0.2%PSPA 3.24+0.08* 4.35+0.22°
SA-CEO-0.6%PSPA 3.28+0.05% 4.59+0.16°
SA-CEO-1.0%PSPA 3.2940.11° 5.09+0.04°
SA-CEO-1.4%PSPA 3.30+0.16" 5.64+0.08"
SA-CEO-1.8%PSPA 3.34+0.14° 5.66+0.02°

2.2 SERRAY pH MRz RE
5 BYEEANULE (AR SR I : PSPA BTN INIIK
T T SA FHEIFEXIAN[E pH(1~13) By S0, S8
H IR AT UL LT (3 - M- 55 - (k) e -SRI (e A8 Ak
SRR, X FPE AR T PSPA YEAE] pH AP
FUEELELERE: TR S5 T IR FH 2R Bt
5K . B9ORSR A T R . R ERET Horp, PSPA
TE pH1~2 B DAFEFEER BH & I A8 e, SR (o
pH3~6 B 5575 Sy Jo e 1 Ak, 20 €6, 0] A5 Shy e Aoy /
VRLL A pHT B S BLFEAS 1Y 52 (0; pH8~9 A AE iRt
Bidl, SLE (0 pH10~13 B S BB A (o Fgg s (al'e), 5l
NS AE (E T 5, SA-CEO TS Z N6 pH 28 ik

AP IARLR R E , FRH IO HL4E pH i RE
P, 28 5 iR BUTERS A N ULEN (2 5 33X — 25 SRARAE; 1
AR EER) PSPA Jim, HEEXSASIE] pH 1922 i A
BUHA B BB AR R, AE {H 523544 (P<0.05), HIEE
ZZPWE pH G, KA B SERRAINS BT
(El 2), XX R TR AEAN[R] pH 454 T AR E B 2
A3fb. AR, FEAAEIEY pH 5544 F, PSPA YU NS K
R, WEIBESTHIE (LR, X, AE {ERAHR B, TEH]
FREE Y PSPA T T3 s i) (o 2 i iU
90 —=— SA-CEO —— SA-CEO-0.2%PSPA

c ~&— SA-CEO-0.6%PSPA  — SA-CEO-1.0%PSPA
80 & = SA-CEO-1.4%PSPA —e- SA-CEO-1.8%PSPA

704
60  §
5 50
40+
30
207
10
1 23 45 6 7 8 9 1011 12 13
pH
F 2 A[A PSPA BRANER SA JEAEARR pH FAY AE HAR L
Fig.2 Changes in AE of SA films with PSPA addition amounts
at different pH
TE: [7]— pH AR NG PR 2 125 5 (P<0.05)

2.3 CEHERERRBURMRE

&l 3 F2BH, R TSI PSPA 1 SA-CEO JI5 X i 4
IR RN R R AR R B B, B2
B AR 2 Fll AE {H JL-FJCECAS ; T il A PSPA B
SA-CEO FEL X ik /K (B 3A) . g (E 3B)
FI = e (18] 3C) FR B H B 52 09 B0 (o 37, i IR
B0 R AE {H 3K (P<0.05), H - FLKE PSPA %
JEE RN i A N B SR BB (AR Ak . bAb, WEEAE
BIf 10 min S2EEKA AE (3N, FEISRSA ISR, 13X
T RESEBEAE B A A ZE K, PSPA & 5 &K A1k
N, T3 SA-CEO JLFHEAE iz B 71 AR 551, i
SEOERI R AL EIEINFREEAT T . A,

# 5 AN[E PSPA USHIHER SA LR pH i i P e
Table 5 pH-Responsive performance of SA-based films with different PSPA addition amounts

WERRAE pHl pH2 pH3 pH4 pHS

pH6 pH7 pH8 pH9 pHIO pHIl pHI2 pHI3

SA-CEO

SA-CEO-0.2%PSPA

SA-CEO-0.6%PSPA

SA-CEO-1.0%PSPA

SA-CEO-1.4%PSPA

SA-CEO-1.8%PSPA
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EEENE
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—8— SA-CEO —o— SA-CEO-0.2%PSPA B —&— SA-CEO —o— SA-CEO-0.2%PSPA —&— SA-CEO —o— SA-CEO-0.2%PSPA
85.00 ——=— SA-CEO-0.6%PSPA —— SA-CEO-1.0%PSPA 75.00 ~—2— SA-CE0-0.6%PSPA —<— SA-CEO-1.0%PSPA 75.00 ~—*— SA-CEO-0.6%PSPA —>— SA-CEO-1.0%PSPA
: —— SA-CEO-l.4%PSPAf+ SA-CEC{{-I.S%PSPA : —%— SA-CEO-1.4%PSPA —@— SA-CEO-1.8%PSPA : —%— SA-CEO-1.4%PSPA —— SA-CEO-1.8%PSPA
f e ¢ 4 < f f f f
75.00 500k &5 o f
’ e ¢ e e e 6500 e el el el el ¢
e M d d e%/T X T ¥ T T
6500 @ d 4 d = W_%___gfg—-g
5 5 5500 ¢ —% 5 g ss00f § d 4 d d d d
55.00 b b & ¢ © . x/g/g"g,,_k_g——&
c b b
4500 b 2 4500Fp b b b b b
45.00 - b,
a a a a a a a
-, i3 & 3 2 & 3 10— ol 8 & ¢
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
[ [E] (min) [ [E] (min) 5[] (min)

M AE {EYZEARIREE Al Y, A0 I (AE {E0 T

B3 BT EK (A) . e (B) A= e (C) R b7 (1 €825 AE {7 ARNE 0
Fig.3 Changes in AE value of film responding to ammonia (A), dimethylamine (B) and trimethylamine (C)
T 7] — IR SR F)NG SRR R AP 7R #2257 (P<0.05) .

42.57~68.17 Z[a]) . =W (AE {HATF 41.73~67.60 N
Za]), MR E K (AE {EAT 43.09~78.25 2= Jd])

BT € M 7 B R, Xt T AR 6 S B BEA L

BT BIAHRL A A
24 HIEAVIEMERE

FH2 7 AT, AH EEAS S RS SA iAo
WEZH, CEO MBS 25 3 55 1 SA Sl IR I 1

P BRI (P<0.05 ), 32 S Sk RIS T AT R A B
FUANHLEE, &N g, HHE S A PR T 3
F AT 375 i A A B AN B S5 A A ) PSS AR 1 SR R
K AEAEFRO, EANBE AR NG, MR EINEEAH . FET,
BAPMERIN 1.8% w/v i PSPA WIKT T SA HiRAH R
SR PR A/E A (P<0.05) . k4h, AHEL SA-CEO JIE,
AN 0.6% S LA i PSPA X iE— 358 1 Wi fIE Ay
PURAEH, HaX PR 50y 2 B AT PSPA SN

R R IEAE DG

2.5 SEREEISMERERTEE S AN ABERITN

*7

WRSEAEAR A R v o T RCEY S AN ) S

AN TR it ) T

Table 7 Bacteriostatic effect of different film samples

SRR E. coli BVEHL S. aureus HIEEL

(x10° CFU/mL) (x10” CFU/mL)
AR 2.48+0.06 1.17+0.05°
SAHE5E 2.70+0.06" 1.26+0.03°
SA-CEO 1.89+0.04° 0.80:£0.08¢
SA-1.8%PSPA 1.91+0.05° 1.02+0.05°
SA-CE0-0.2%PSPA 1.85+0.03¢ 0.78+0.05%
SA-CEO-0.6%PSPA 1.76+0.02¢ 0.70:£0.04<"
SA-CEO-1.0%PSPA 1.71£0.03% 0.65+0.05"
SA-CEO-1.4%PSPA 1.64+0.04° 0.62:£0.04'
SA-CEO-1.8%PSPA 1.54+0.04° 0.560.02¢

F 6 WIEAE 30, 60 min IXFHEK . R = e 15 64 S UL

Table 6 Appearance of film responding to ammonia, dimethylamine and trimethylamine at 30, 60 min

0 min
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SA-CEO-1.8%PSPA
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5 | SRS T TG 7 A= R MR RIS A5 AR, XA
MHRAZS H 28 R T I 70 e A 335 3 L P 58, DT
SA-CEO-PSPA HRI I, & BB AE T 2 45 e 2T,
(A9 BB (0 % A o 2E . LA pH. TBARS. TVB-N,
DR B B0 0 S R 14 59T £F BE s A, TF AT SA-CEO-
PSPA JESZHT W FIE 7= MR PR B2 i RE T o

MR 8 14 v IR B e AR A A T L, R ES N
PSPA 1] SA-CEO H5& 3 [ B 0 A8 Ab AN K, W73 [\]
B AEHASERNA S, HHELT AE1H T FMEIIE B,
X AT AERR SR K AR FIAT 5C. TES I PSPA 15
LIPS AR Tk, AHR B AE {EBE PSPA MY
B8R 3R (P<0.05), HINES 6 d 24T HE,
A 52 HH B A B (- 58 ) S0, /NS 43 X U2 BT 41
£0,, 31X F=BER p AR PG R A PLIR AR TR, [
TR IR PRI Aot ) X SR S A R, T A i X dul PR TR
VU™ A R R PR RR, SRR (A AR b .

Rt =5 s B 9] (9 S 4, RSB (20 IR, AE {HAH
REE, Forb o i 22 S W Wi S SA-CEO-1.0%

PSPA 5, i 519 AE {EAHZEIT 16, ¥k SA-CEO-
1.4%PSPA J5; iX R MR PSPA & i AIRAY, R
Pt HEM K[ 2 P RS SR, Bt AR {655, 1M PSPA
TS AT, AR ITRR M IES R 2, i
S HAATEN R A, BASKUL, &% PSPA B SA-
CEO TIEFERFI AR 0 AE (HISKF 5, FIF AR
o} e A 2 T B €0 A WAL I X 4325 [RIAF, A H PSPA
BEF AR AR X N B B A4, B PSPA FE pH7 B 5
PRIEAS B E2 (0, 7E pH8~9 Fll pH10~13 Hf43- 1] 5 ¥ s
{0, B O/AR B0, 28 7 BUSE SR UL B AS R o8 B il 45
Y] SA-CEO-PSPA 74 Ik BB A5 25 b W 00 e (1) g e i
B, IR RS WA ] B RS & A AT I T TR
%6 d A (-HE-50) g a,

2.5.1 URAIR) pH e &l 4 F8H, BE R E] A3
B, i A B (P ARAE S Y pH YAz T, {H X RE
ZH ) TR EE RO, MRRIY 6.98 S s 25 6 d B
ELEUT 7.7 JE W), i 4 SA-CEO-PSPA JIE7E 354k
HAYERE) pH S 8 d B A BT AT ERIRAS, X T fE

#* 8 IR AR P B SN A R B (AR S AE B

Table 8 Appearance change of shrimp and color change and AE value of films during storage

Jlse 1ibNo] 0d 2d 4d 6d
CRAEFSMIE L @ ) Q Q
. ‘ I
SA-CEO 2 | po—
36.21+0.34* 36.76+0.20° 34.09+0.16*

37.22+0.60°

SA-CEO-0.2%PSPA

47.09+0.58°

53.65+2.93¢

58.424+0.84¢

43.2440.53°

SA-CEO-0.6%PSPA

50.40+0.06¢

SA-CEO-1.0%PSPA

52.89+0.25¢

SA-CEO-1.4%PSPA

62.67+0.14¢

64.17+£0.16°

57.50+0.14¢

SA-CEO-1.8%PSPA

60.79+0.76°

34.04+0.49°

47.09+0.58° 51.98+1.99° 50.66+0.79°

54.71+0.32¢ 54.65+1.29¢ 59.50+1.07¢

61.27+2.734 68.36+0.10¢ 68.03+0.46¢

69.38+0.09" 70.63+0.434 70.43+0.54¢

64.70+0.89¢

69.38+0.38¢ 71.23+0.24¢
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8.00 1 gck SA-CEO

BSA-CEO-0.2%PSPA @ SA-CEO-0.6%PSPA 2
7.80 | mSA-CEO-1.0%PSPA & SA-CEO-1.4%PSPA
@ SA-CEO-1.8%PSPA a
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o 740
[=F

720t
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TS TE] (d)
El 4 BRI pH AR 1L
Fig.4 pH Change of shrimp during storage

e B — R S AR F NG PR R R AR EEES
(P<0.05), & 5~ 7 [d],
SRV SR AP A A — R T RH R B i 4R
Al A= 0 X W 0 AS 5 i 5 [E) BF, an 3R 7 T Y
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CEO 1] A3 %l i 2= Py sk MR BV A, v/ b e A Qi
FEYHERNI RELE pH (9 T, BESE, PSPA tnn] P
RS IE 5T v 22 B, 55 RS AN PR M PN 2R A BELAE T,
T 20 PR A R A, T R AER AR PRI 1 4 S R E
ZRERAY pH T} X f#i75: SA-CEO-PSPA fIEAMTFHZH 1Y
WREE PSR 2 d ENSEES R W Y pH 182K T SA-
CEO MEAbFRLA ML, . HAREILT hEsin PSPA T |
EAEREE pH I — 25 BRI A 285 PSPA &
IR IEAHSCIILRPESC R, BRI SA-CEO-1.0%
PSPA AN FESEZZ pH I Ft B SCR B fE; X nl ES
PSPA P\ FRFEE BT R 104 B SR 52 1 T Fl I AT RS T 1 Y
BRI G,
2.5.2 HFPYHY TBARS (EHINE K7 e & ANHRAN

BIWITR, Ty was AR AE R B N I, I
RS X AV N e e % SN W S YA S EA R =R 7/ T B b a Rl
REZ A& ERIAN A A LR DY, A 5
Ji7N, 25U pH MASL AT, Bl BT A A B, 4%
ALFHZH REE 5 Y TBARS HIZ i 5, H CK XFHEZH
FESH ) TBARS {H 7E3E I8 6] 34 40l 2575 F SA-
CEO HX Al SA-CEO-PSPA AR 7 75 A0 B 19 £E & (P<
0.05) (%5 0 d B&4bM), #£58 8 d iA & = ¥ 0.83 mg
MDA/kg; kb Z ', SA-CEO i Fll SA-CEO-PSPA
JIEE AL BEAS ) TBARS EAESS 8 d {53512 0.77 mg
MDA/kg F1 0.67~0.76 mg MDA/kg, 3% —4% F3% H
JSEAd 2 A b BT S SRR ) B L, 355 TR T R s A B
ISEL B LA YR & NS AR SRR Y AR i B SR A R B E
A, LI SERF ) CEO BA BRI EA LG
PEA SCBT, IEAh, PSPA &4 5 RO FRIE, IR T
TSR R BT B RE, AT TR A S A b T3 1]
I8 BT AL R, i SA-CEO-PSPA JIF A B 2H (1) KR
REAERE A A A (55 0 d B&4M) 19 TBARS {EAK T
SA-CEO gzl , H ARAARZ I BILFT PSPA %%
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Fig.5 TBARS value change of shrimp during storage
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HEAEE | IRBNPPE AR W ) BT B e R BRAE 30 mg/
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IINXT SA I AR FE L2 W A 88 TUCAS SR AT — 72 BRI, o
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Fig.6 TVB-N value change of shrimp during storage
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Fig.7 Total colony count change of shrimp during storage
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