A R I
R NS Fr % Rz A

China Food Additives———="—=2__

& ORBCTE SR PV SR A IR 58 B AR BEIR AL o

XN, AT, FXH, AHRA, Had, fotT, BHE, 2290°

(RERHR R mA 5 TR, Kt 300457)

FE . ARCPAKE A BIE -5 WM A R & SO, I R RS, S [FA AR TR BE T BRI T
b, E B SRR R A IRRERER . BHABKERESE, RS URERENT SPI-FG & AT aER g, S5 L%
M, BERE GRS LT BUKPERERE R s BHAERE T, K —40 C R RMME 7 d AR A %
FRPAIL, XA LA PR SO, BRI AL R R R R 0.06%, AR URALBEAH T 1.28% s ZAERIKZE
H1.08%, BRBURA T 2.42% ; PIILTERES A (300.82+2.14) g, #i4 4 0.94+0.03, FEEHEH 0.79+0.04,
MEIEE N 239.53 £4.09, [, GBI A FLAE 7 d PREESZES IR BT R /MR 4k, HA BT AR EE 3L
R, AT A N IE B RO 4R R 6.0 1g CFU/g PAR, pH LT 6.6 (AR TG AE, Hitk, AR
SPI—FG & A7 5 % FCTE v v £ o S50 r 1 7 T B it — e T LA

KR EAM, BN, UMK, KESBEEA; Wi, B

RE4ES. TS202.1 XEkFRIRED: A TERE. 1006—-2513 (2025) 11-0078—0011

doi: 10.19804/j.issn1006—2513.2025.11.0010

Research on freeze—modified protein composite films and their
application in coated meatballs
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YANG Chen, WANG Jianming*

(College of Food Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457)

Abstract : Soybean isolate protein (SPI) and flaxseed gum (FG) were used as raw materials to prepare composite
films. The film—forming solutions were subjected to different freezing durations and temperatures. The effects of
freezing modification on the properties of SPI-FG composite films were investigated by measuring light transmittance,
oxygen and water barrier capabilities. The results showed that freezing increased the water solubility of the films,
water barrier properties increased, oxygen barrier performance declined. When applied to frozen meatballs, the film—
forming solution modified at —40 ‘C for 7 d exhibited the best protective effects. Under this condition, drip loss rate
of the meatballs was reduced to 0.06%, decreased by 1.28% compared to the untreated group ; cooking loss rate was
1.08%, reduced by 2.42% ; hardness was (300.82+2.14) g, elasticity 0.94+0.03, cohesiveness 0.79+0.04, and
chewiness 239.53 £4.09. During 7—days storage, the meatballs coated with the film—forming solution showed no
significant appearance changes, with total viable count remained below 6.0 Ig CFU/g and pH values remaining under
the spoilage threshold of 6.6. These findings provide theoretical foundations for the development of SPI-FG composite
films and highlight their potential application in frozen food preservation.
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A —ERARZLE W, Hik, HHRE A,
Zoid —E AL PR PRI IR Bt Ve RE, DAS B H
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MEHEMEN TORIEER KR, RE
B, TEM 5 ARNE BB Z A A BAE A T
[R5, B T e B A R IV ERE , A ROt
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K E 4B % 1 (soybean isolate protein, SPI)
S R T, T A P A AR,
H BB R0 SRR A iz ) N A, T
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REFREEF 1S KEREHRAREGES=
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PR, SRT, BA—pY SPI EAFTE IR PEBE A 2
FATUIH M BB 42 22 0 e s U120, (G B Y 5 6] <2 3

, R I
TR B G Food Additives

FfR. FrAERER BT, 2R SPL 524,
HE2EW) AT A e 1, AR R A LR RE,
IR S REE . ILJFRF I (flaxseed gum, FG) 3
BAFE TR e m ANz, A difh T e
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MEE, BB R U7

HED T OF B . & E R YRR R
MR %, T v R AL B B A IR i B F 5
B, HEgi L HXE R A B B BF T 45,
MR RECIERT EEH R A R 0, Lai &5 1Y
KBV R A PR OR W UCE B F W H 8 RO
(KGM) — Lok 1 & A B I/ A 073K,
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7% KGM il F oK & A 5 T HEE MUK  1 45 1

HI T SPI BT HAT B R4 80 iU, BEATH A
JTE AT A U, (B SPLIE Y
EEEREA AR, R T2V,
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SPL 5 FG it A7 S WL B, P 4 20 45 DAL 95 L
Kb, SRR A SELAEERE, ¥ T U, ASHRS
PA SPTAE Sy B T, NI FG, DAH il 3 4
Fr UL, DA 25 °C TR R v VR Y B IR A
RN AL, RS RIERE (=5, —20, —40, —80
C)., WURISE (0, 3, 7, 10d) fERZEEIAT
ke, AN E ARG, B, BF,
B ORI MK P 4 BV REVEAT A, BIFSTI8
VRELTE SPI-FG B AR, P 2E R
FA BB e 2 8 A AL T3, T 7R PR
R, RURIR BTN, B 5 B v VR I 1) 22 1%
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*® 1 % SPI-FG E5RAMERA
Table 1 Raw materials for the preparation of SPI-FG
composite films

R4 LHATRAMEE

Table 4 Instruments used in the experiment

B AR
SPI WA R LY B A R A 7
FG WL — I B R R 2 )

il 2% AL BT SE R SRR L3R 2,
R2 HEAARMEIRER

Table 2 Raw materials for meatball preparation

B AR

A R S 5 1 5 A PR ]
FRIER IAREC T RAR A
T=%F EF A=AV R A A R 2 E
SEALE ZEN A Z PR A PR 2 )
A2k FNBRE A A R H]
Bb Hh i bt A BR A

S R ELG L 3,

®3 FEHAF

Table 3 Experimental reagents

Wl 4 5 203 LI 3

Hh B REEAR R E RGN
Eoy/ A WNR JEYiLEN a1 5 LB R A IR 2 )
b VAxIEan FRE RS 2L TR
=S Syl K A= 1R B2 ]
SR st T AR 4 AL T T
Tork EALES VAxiEan FRHETTHBRS AL L5 B
AR ol REETTEGL AL E R A A E
AL E et BREAIE TR R

B fCHL R el REEAR K IERE AR

e AU W 4,
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. B MR — $EH 208 (b
WTIIAT - AB204N ) H B A )
" . , R — FER 2 (F
MEAPHI  PHANO i) # B A A
L TAXT Express s Stablfil\chro System
NS
gEma [ER—
JAL
4 o LR BT AR A e
H s KT 1848 GZX—9030MBE AT R
A IR 2 SR - . \ e
P HI-6A i 5 RALERAT FR A ]
ROV Gioero iz (his) HHAT
Rt
IR KA BCD—175F T 5 R e A B ]
e . LR R ZE T AR
ER%AEH  MPC-5V316 A T
bR vA R DW—40L92 T R IR B B2 )
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1.2 SPI-FG RIEmRIE &

T£ 100 mL ZE 7K H A HERR PRI 5 g SPI,
FFRAAE Z IR T BT R e pEAs EBiRE 30 min 2
SPI 5¢ &V fif, VR pH 2 10, [FIEFAITA 2
mL Hl, RHEEE R E N 80 CJEHiH: 30 min, Ff
3% (#% SPI pyE & 1it) FG M AF|Fedf b 5 SPI 5t
IRAE, ARSI 30 min J5 HI15 BB .

1.3 2FME SPI-FG K IER R E SRR &

5 BT 45 B 1Y BB DAV VR EE (=5, —20,
—40, —80 C). ¥ EfE (0, 3, 7, 10d) A
AERMATIRE, FRGSRE, MAEER (25
‘C), TEiE R A, R AR A 200 mm x 200
mm V5 7 PR b, TR R
1.4 SPI-FG E&5IRIEENE

4 GB/T 6672—2001, i f £ A2 T 4
R, 7£ SPI-FG & B 3570 10 A, SRy
B2 0.001 mm, PAFISEAENIEAERE
1.5 SPI-FG S §IEHIIERENE

R EABEE AR, BT e myy—m,
R8I O EE TR I K B 500 nm, AR
U PP L £ T 25 X R, 0 7 5 4 A O O
TREGR, BERIRE SR EE LR Y,



1.6 SPI-FG £ §RRYIKBEIENE
R A 23 BB 30 mm x 30 mm K/NETHA
IR, HCET TR TREEE, fFRAEET
FrfcdE, FEFILA I A 15 mL (788K, i E
TERIE 3 d )5, KRR RE AL K-
PEATHhDE, RUERPOR A BT 1R 215 5 UEAT AR
B, KEERBOTE AN
WS=(m—m,)/m (1)

X WS KBRS m AR S
R E R, g5 my AT RIS S b & &,
gs m NERRIIRER, g.

1.7 SPI-FG £ §IEHIKZESETENE

FREL 4 g 20 BE S5 i T K EAL B K & 50 mL
Pebhb, BEPHAERTREEE, & SPI-FG & A
BB R /NG G R R By, R T,
3 R 5 B ) 4% BR 4, FREUFRAR ) B
B, R E AR BCE T AR R 50%, 16
h 25 CH)TFIRERS, 7 dEXREMARE, BFE
MEE S IR, KERESRRPOTEA LN

WVP=(4dm xd)/(AxtxAdp) (2)

X WPy K & R O&E T
g'mm/(m*24h-KPa) ; Am. /KZESEHEE (g) ;
d R RERYEREE (mm) 5 ¢ R B E] ] B, h A
SRR TE AR (m?) 5 dp R EPTIKZ8 LR 2 A
3.1671 kPa,

1.8 SPI-FG £ §EMEKETENE

% GB 5009.227-2016 (£ 5t EA(E Y
MEY, K SPI-FG & AR i/ NA Jr, B
MAT 5 g KAy 50 mL 20880, HE0
BRr s bR B, AR B — 4 A 2s E X R,
RS T 60 CHTEAERF 7d, 7dIEMN
BRI 2~3 g KRG (R 2 0.001 g),

AT RAENE, KREE =K, AUELH
WRAR
POV=[(V=V,) x ¢ % 0.1269]/m (3)

K. POV Rk EALME, ¢/100g; V ke
THAE I BB R BN bR HE P TR B, mLs Vo =S
1 125 1 R 1 A B R B s HE T IR R, mL
0.1269 2y 5 1.00 mL i £ &l ¥ 4 A 1 37 7 ¥ T
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[c(Na,8,05) =1.000 mol/L] #H 24 i it ) 7 & 5 m
JyidkEmTR, g5 100 B R,
1.9 RFERFALHIEE

WEHEN S A LA N2 - 8RN, 1B
T 5 AT YIS gid . [R) I AE 100 mL 2 i
IKHF A 10 g + =3t B K, R 48 -5 0REK
30% (LW ERT) BE, A 0.2% HiHl
. 2.5% Bk, 9% FOKTERY, HT SRR &
HIMRAS), TR EHEN I HH&H
SPI-FG R i 5 ek AE A AL R T HEAT AL, RF o
T P ALTA B K R & 29 S min, W& ATE R A
JUFE —40 CHRITKFEHIRAE 3 d,
L1012 HRAALBRERK RN E

RETE —40 C URAE PR A7 B AL AT PR
H, 1E25 CHMIE M 20 min f5, FUEACR
MRURJE P B K T, FREATARE, AR R
FIHEALN:

WS=(m,—m,)/m (4)

Kb WS AIER, % m AFEREIA L
SV ER, g5 m NGNS FILE) E
B, gy m NIRRT ER, g,
L1 R REAAERRKERNNE

FHHE —40 CUKFET R AL, 7TERE
K T ] R A RS S, 4k2EEH 10 min
JE 8. HI B4R R B K W, FHF TR
#H, HEMERTELALH:

WS=(m,—m,)/m (5)

Hrr, WS, j‘j;ﬁ%?ﬁ%ﬁ, % ;s my: A fH]
WAL S FILER, g5 my: BHlIFAILS FILE
&, g om: HHFIAILWER, ¢
L12 R ZFEAILBHIRINE

R M 5E 52 78 A R R AW ALY E 10
mm x 10 mm x 15 mm P74, % &R SE
JG, RTALEYRERE . BER Y. AN E R AT
e,
113 RFEAAREESLR

FEAE 40 C AR 7Td Ry WAL, 22
H, —HIAT O & U AL B, ) — LA
SHME, 7E -5, 20, —40, —80 CHYRRA
T, BTSN, JAT 7 d BPRERSCE P,
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IR
?EI!ESE ﬁﬁﬂﬁw
TERPIS VR A LR BEESE G 25 0, 3, 5, 7 R, X
W AUIRSHEATHA IR XT L,
114 2 FEAABRERNNE

TERLHIVS VR PR ALORBE SRR Y25 0, 3. 5. 7 K,
SRIEE 2 g WALEER, RFRALEEMTES A
K P EGTHRE, BRI, it pH 1
=R AL P,
115 2 FEANEEDEHBNE

TERLIS R LR B L IR 1 25 0, 3, 5. 7
K, A5IHCH 2 g BALEER, RFRAURE e AR 3
oK (1 :5) FEdTHise, HRAER TR
TR A KT, TR . KRR
P53 5 JC B KR RE 10 £%. 100 £%, 1000 1%,
HHRD LB ERESHRRAE KM, *
I mL BEREAIEFRE S, EIMAR 2 =R/
BIEIFES), FREEE RS IR R R AR
Wit 3 h JEE BRSNS IE 12 h JFEUE ST
B, BEAEHBRREWERITE, BHEEE
H=R,
1.16 FIESItHhAE

Fir S 2 /b3 T =R, SR A R DA (E
+ nEIRZENIE X FE R, RH SPSS 27.0 Fffit
TTHREHEE T 0 (ANOVA) #1758 a#r, I
i R E R Ik LB E 2 8] ) 25 57 S
P<0.05 #iA m2 e E W, FI A Origin 2022 # {4
e BARE

2 ZR5WE
21 RFEMMEXS SPI-FG E SRR EEME L&
A

AR RIS AE R R A BRI, &2
AR ENE R 5 A R A4 8A &
RRH K FR, RERBUHEXS SPI-FG & £ H 2 FE 1Y
LA 1,

FITE 1R, v VRO 1 R ) T B A/
FARE A 0.164+0.009 mm, SPI-FG & £ i
BV VRIS RIS AN, RIS E  BEVS R
BERPRAR, BEIEE ISR S, %
VRIRIES —40 C I R

Y URELIEXT SPI-FG & & BEZ 64 1 2 M
K2 FroR.
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Bl 1 &SRS SPI-FG 8 G iR EERIM0
Figure 1 Effects of freezing on the thickness of SPI-FG
composite film

2 REFEHMEXT SPI-FG £ S IEE S ERERT R0
Figure 2 Effects of freezing on the transparency of SPI—
FG composite films

HIE 2 Al DAF Y, i @ iRt &2 &
B R B m T ARG HRA (72.50%+0.98%),
—80 CIFMIE 10 d M GBI e R kR, KF]
78.90% +2.80%, W] fE 2 A Ry ¥4 U 1 (45 SPI
KA TAMRE, BT HS TREITERR
R RERE, HRIOLE TR, &% LT,
SPI-FG & £ [ B 14 U I [B] (38 1, 125016 332 ¥
BTN s BEVS RIRERIMEAR, BOCR 2 BRI
k%, Hiah —40 C, X—EHBS5RERLE
TR, ATREZIEIERZ2E] T BRIZM R, AR
S TR B HES B A mE E, WT AR BE
WEFEA R M, REmUEER AT,
22 REEMEXS SPI-FG € SRR B ERIRM0

BN REN T RS — R, &



RS2 R 22 ORI AR A9 0 L IEAT I 5, e
LERFRE, EHARIM S, « ERRL
£k, ILE MWL b EHAUKTE, IEE NS,
Y R ICIERS SPI-FG & A IR 22 (9 S i Ak 5.
6. 7,

RS RFHM3 A SPI-FGC EREEERFIM
Table 5 Effects of 3—day freezing on the color difference
of SPI-FG composite films

Lr a* b* AE
0d
25 C 40.99+0.24 —1.17+0.05  3.57+0.37 —
3d
—5C 40.94+£0.37 —0.99+0.07  3.45+0.44 0.2885
—20°C  41.06+0.36  —0.99+0.07  3.39+0.42 0.2603
—40 C  40.68+0.18 —1.05+0.08  3.94+0.53 0.4940
—80 °C  41.10+0.30 —0.99+0.07  3.65+0.55 0.2292

R 6 XK TdX SPI-FG ESIRBERHIN

Table 6 Effect of 7—day freezing on the color difference
of SPI-FG composite films
L a* b* AE
0d
25 C 40.99+0.24 —1.17+0.05 3.57+0.37 —
7d
-57TC 40.56+0.29 —1.07£0.07  3.74+0.50 0.4705
—20 C  40.77+0.44 —1.10+£0.07 3.86+0.56 0.3773
—40 C  40.71+0.14 —1.05£0.05  3.41+0.38 0.3453
—80 C  40.92+0.09 —1.06+0.13  3.45+0.13 0.1870

R7T RHRMME10d 3 SPI-FG SR B ERIZM
Table 7 Effect of 10—day freezing on color difference of
SPI-FG composite film

Lr a* b* AE
0d
25 C 40.99+40.24 —1.17+0.05 3.57+0.37 —_—
10d
—5C 40.7240.33 —1.13+0.07 3.57+0.50 0.2777
—20°C  40.90+0.86 —1.10+£0.10 3.80+0.60 0.2575
—40 C  40.65+0.34 —1.10+0.09 3.59+0.47 0.3558
—80 C  40.84+0.27 —1.07+0.11 3.62+0.53 0.1911
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MZES, 6, 7TAIDAE B HSEN T2 G
R BT R S, R VRN S Y SR A RS R 1%
HRATE O B ZEREARTTER WIRDES . 26
eI ERE, WMERSI, X H TR
BHHE) SPTAYRRIRE G ER, RIFTEEL
P E. FEARRVS UR R, AT HoAh e R iR
&, —40 CALBRA S B 5 RS IRAL BRAL R 2 5
RR, —80 CHMAMER&R/N, XGHEESE
TERI P HEA—FL,
23 RFEM MY SPI-FG £ & IRRIK AR RN

ISR E A IRTEK R R e ), 2R
B — BT, IR KL AR A2 S5
P, TEN A, 7 BRI AR R R e B A id
HIKIEPER IR, 72 URECHERT SPI-FG & A IR/KIE
PERY RN 3 FR

=
1007 4 a =3
Ji0d
80- b 2 ¢ b b b
a b
o u ¢ d >
= a a M a — a
~ 604
o
e
ES 404
20-
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5 20 -40 -80
VR /C

3 RFEHMEX SPI-FG £ A EAB MR
Figure 3 Effect of freezing on the water solubility of
SPI-FG composite films
e AR/NGFEFORE—RIVHEZRBE (P<0.05), T

B3R T e R K AR L, X T
F TR AL PR 60.30%+2.79%, ¥R IEE A
KR BB S, £ -5, —20 CH Rk
3d )5, HKEMWES BT T 92.89%+2.07%,
91.16% +2.12%, H SPI-FG & & I 7€ 15 ¥ 3 2
) IRV RIS, HH TR B 0 R A A A5
M, 2R REMIEARTET, SPL5 FG FrEmn &
B G BERE IR, [RIF SPT &k AR R 547, %
MGG, KIEEREE M, HAh, K
Vet 52 R V4 VR IF () ) 3 i T B e B, X2
B A K ] 48 VR AL PR A4S 88 1 0 LB T AR R
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ARG, SR, TEGEAFE T, SPLY
R Z, HFEEE AR R A §Eik 2] F2 e iR
A, FrCABEE RIS TRIZK ST 2 R R . 7E —40,
—80 CHEAMLEEBHAL T, A /KEERAE
A AR X AR AL HE R/, X & A R E B R
BERIREAG, B R E AN EE AN BT P
HZER T Ry B B AR S R R R Ik A
IR, FERMKEERSE, BRKEE
R CE MR 2, (HEAM S 2R LT

o
—_
(=]

—awo
Cana

(o)
1

#/(g-mm/(m?>-d-KPa))
ig
e
o
o

KRR >
S} EN
1

7)

-5 -20 -40 -80
RIRIRE/C

B MR EEA S B WHRSIEENE
I R B B T AR
24 REHEMEXS SPI-FG € & IRHIFAFR M RERI 2
M

TEB M ORECT, RO S0 8 A o
MEZEHEE, HEZRAR5KYRERE, B
XF WVP, POV 5, W] PARZR & VR IR
FIEBELFR PERE RS2 . P 4 R B2 18 VR ST X
SPI-FG & £ I IR TERE R #20

b 2.0 gig’éi%éﬁ
1.8 3d
7d
10d
ab ) b
a %P aff]y -]f-
-20 -40 -80
RIRIE/C

4 RHEMEXT SPI-FG £ /& (a) WVP; (b) POV By520
Figure 4 Effect of freezing on SPI-FG composite membrane (a) WVP; (b) The impact of POV

M 4 (a) TRAEH, BRI R R SRR WVP
PRI R B R AR AH 4.13+0.50 gmm/ (m2-d-KPa),
e —80 C N ¥R 3 d W1y WVP A B &A%, A
4.17+0.17 gemm/(m>-d-KPa), 5K&HAHEA
L., PIREE B TIEEIRE T, EEBEA S
PR BRI, ok SR R T N R B R
ok, SPLEMBI/KMEF &, 5H WM& FG #1T
HEHEEMA T AEINREEK, 15 WVP 5T
RBVRH ., WVP FES VRIS 18]35 0 AR, Wl fE
SERATER BT R VR TS, KR AR, —
SO IR I A S B LR A, IREE A
LR ERITA i N

H & 4 (b) AT, A POV HE /N T A
HBEH 1.43+0.04 g/100g, Ui B A X T A
SYEHEBRR, -5, —20 CREHERERENE
£ B POV {H 35 M o R 1% VR AL B 2H 1.22+0.04
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g/100g, FEZALBLMT, NEE RS FG,
HAR & A e B, BBLALIE B, B g N
TEHEAREL R, £ —40 CTRESME 10 d i,
A HE POV 4 1.2240.02 g/100g, 7£ —80 CF
BOREPE 7, 10 d B, &G E POV {H 73 7l % 2
1.184+0.07. 1.10+0.03 g/100g, 2 H N %G
HRAS BB Ay R () 25 AR BELRS T S E A
2.5 %tk SPI-FG B BE R XT B AL R R 45 2k 2R 1Y
=21

PR AL 4 AR VR 483 5 SR S 3 B A AL VR O o
AL E B AR SRR G SERAR, R PI AL
FIERKPERRAT, M BAREEN, B S RIS R
U BB ROGT R) HLARRA R FR I B

B S AL, BRI -5, —20 C ¥Rk 3
d BB AL A, BT A I 5 oA R i A T 2
R (AR R ZEN 1.95%+0.15%),, X 7] ES2



HPRAAAERS Ui R, RITE KR, AR
BB =R, KA kAR, X

3.0

2.59

FRARIR R/ %

20 -40
BURIRE/ C

Bl S Seke R /E R BRI X Y LR R SR R AR
Figure 5 Effect of coating film solution after freezing on

meatball thawing loss rate

PHALRE i B A B s K, BB Rk v i
TR A 7K, AT (5 75 A O 151 2% S i R
WReH, BEk THE —40, —80 CHRVRILIE T d JFY
ISRV 2L V) R R 2R 03 ) B & 0.06 +0.01%,
0.06% +0.02%, X/ T FEE IR SUE R A
BB BN B, PR TR B W, BRAIC
TRRGIRR, HI, # AR RS R E AR
HERIL, BB ALK, PRIER ALK
i s LR VRMUE R RO BRIk —40, —80 TRk
M 7 d B AL BT IR AR VR
2.6 %tk SPI-FG IR A BB R A ENR
i

PR AL 25 40 R R 2 S I A AL I 55— R
bR, ZRAEARERENZ I EREZZ RS
PIALR 7K B O, S AL B F T
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Figure 6 Effect of freezing treated coating film solution
on the cooking loss rate of the meatball

2.7 5%k SPI-FG R IR &R XS P AL B B 2500
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B X RERE, PR, BERTEAME A E, K
ST R IR SUIE HO0T PAAL SO S0 . BRI S
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RS RMARIRE TR FSME 3 d BIBRRXT A AL B
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Table 8 Effect of freezing temperature in 3 d pre—frozen

of the coating solution on meatball texture

TERE /g Bk SR ML g 44

KM 76.66+£5.90¢  0.83+£0.02¢ 0.71+0.02¢  45.26+3.87¢
0d 263.86+6.17°  0.83+0.03° 0.76+0.03¢ 167.23+7.40°
=57C 243.69+8.24°  0.84+0.03° 0.81+0.03%® 183.82+7.79°
=20 C  250.50+10.22% 0.90+0.03* 0.80+0.02** 179.43+6.61>
—40 C  265.46+6.44d° 0.86+0.02% 0.75+0.03¢ 172.27+5.16™

—80 'C  290.35+10.12* 0.92+0.04* 0.83+0.04* 215.05+8.08"

i FIARFERBIAR TR ZRA G (P<0.05)
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R FEMARRE TR FSME 7 d BIRIRRXT A B
A
Table 9 Effect of freezing temperature in 7 d pre—frozen

of the coating solution on meatball texture

THE /g P SR ML 41

KFMRA 76.66£5.90¢ 0.83+0.02° 0.71+0.02% 45.26+3.87"
0d 263.86+6.17° 0.83+0.03 0.76+0.03* 167.23+7.40°

=57C 176.06+5.94¢ 0.76+0.03¢ 0.69+0.02° 91.35+3.02°¢

—20°C  268.05+9.92° 0.824+0.02° 0.70+0.02° 154.19+6.49¢
—40 'C  300.82+2.14* 0.94+0.03* 0.79+0.04* 239.53+4.09*
—80 C  290.93+4.16* 0.87+0.03* 0.77£0.03* 186.82+6.08"

i FIARFERBIAR TR ZRA G L (P<0.05)

R 10 FEHAELRE TR HRBE 10 d BIRRR R AL B
L2l
Table 10 Effect of the freezing temperature in 10 d pre—

freezing of the coating solution on meatball texture

THRE /g P HERNE LR

HVEMRZE  76.66+5.90¢ 0.83+0.02° 0.71+0.02% 45.26+3.87¢
0d 263.86+6.17° 0.83+0.03" 0.76+0.03* 167.23+7.40¢
—5°C  215.56+7.25° 0.72+0.01¢ 0.75+0.03% 186.82+6.08"

=20 C  266.45+7.38° 0.77+0.02¢ 0.69+0.04° 140.84+8.84¢
—40 'C  310.58+8.33* 0.91+0.05* 0.78+0.01* 199.69+9.45°
—80 C  319.3049.71* 0.91+£0.01* 0.77+0.03* 220.86+10.35*

e FINARRRIER R P ER R 22 R A G (P<0.05)

K

JiE

7 AR FFE
Figure 7 Comparison of meatball preservation using composite film under different freezing conditions
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Figure 8 Effect of freezing treated film solution on the
pH value of meatball
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Figure 9 Effect of freezing treated film—forming solution
on total viable count in meatball
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