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Optimization of preparation process of fish gelatin/carboxymethyl
chitosan composite film

ZHENG Yan-Zhao, CHEN Fu—Sheng*, LI Xin-Xin

(College of Food Science and Engineering, Hennan University of Technology, Zhengzhou 450001, China)

ABSTRACT: Objective To optimize the preparation process of fish gelatin/carboxymethyl chitosan composite
film. Methods The film forming solution concentration, the mass ratio of fish gelatin to carboxymethyl chitosan,
the mass ratio of glycerol to sorbitol, pH, plasticizer ratio, plasticizer concentration, heating temperature, heating
time and other factors were selected, and the optimal preparation process parameters were obtained by taking the
tensile strength and elongation at break as the optimization indexes, combining single factor and orthogonal test.
Results The concentration of the film forming solution was 5%, the mass ratio of fish gelatin to carboxymethyl
chitosan was 8:2, pH 7.9, the concentration of plasticizer was 40%, the mass ratio of glycerol and sorbitol was 1:1, and
the heating under the conditions of temperature 60°C and heating time of 80 min, the tensile strength of the composite
film was (22.83+0.80) MPa, and the elongation at break was 138.36%=1.53%. Conclusion In this study, the optimum
preparation process conditions of the composite film are determined, and the composite film meeting the strength
requirements of the food inner packaging in GB/T 21302—2007 General principles of composite film and bag for
packaging is obtained. The breaking force reaches the national level 4 requirements, and the elongation at break reaches

the national level 3 requirements, which provides a new reference for the protection of the ecological environment and
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the development and utilization of the by-products of aquatic resources.

KEY WORDS: fish gelatin; composite film; tensile strength; elongation at break
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Table 1 Single factor design
WBSROKEESS  FG:CMCS (mm) pH Eﬁﬂwmf”“m’ ROUBAVKIE G NRIEPC TR /min
m:m
2 9:1 59 3:0 30 40 40
3 8:2 6.9 2:1 40 50 60
4 7:3 7.9 1:1 50 60 80
5 6:4 8.9 1:2 60 70 100
6 5:5 9.9 0:3 70 80 120
133 BE&ME T REH, HAREAFFHEFRIR . KA Origin 2018 i

27 GB/T 6672—2001  BRHEEFHE R RN E
HUBIN 7L ), BRGNS S I B A IR
Wi o FETHERSEIN JEEASCIN 7 FLJRERE o A AR S X ARE L 9 A~
SO 1 AR G R, 803 OPAT, DLREMENE S
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LO
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22 LEBYEXEFKFER
Table 2 Lo(3*) Orthogonal factor level table
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KY TFG.eMes BEBANKIE O WARIE AR
(A) (m:m) (B)/% (0)/°C (D)/min

1 9:1 40 40 40

2 8:2 50 50 60

3 7:3 60 60 80

1.4 HIEIE
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T -0 X T B LA BE, TS F1 EAB JZAH BRI,
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TS J9(33.45+1.36) MPa, H{ikf% EAB N 46.46%%5.97%, 7]
AR FG 5 CMCS ZIfEE—E M ERNLE, M5
CMCS IAKA, ATL5 FG f-OH, -NH,, -C=0 %}t
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SIS T, AR TR AR EAB Bk, 52
B, CMCS &R ME G BRBOR B, HRRE S
BoRERE, FNIBAA, B4 EE FG/CMCS s
Feh 9:1, 8:2, 7:3 PEATIEAC ST
2.1.3  pH T A A AU I 68 09 B 7R

CMCS J&7e R A Wb G iR Ay, B RIFRAEY
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FG Y5 CMCS 85 8 s B pH Ry 7.9 RS
M A R B LA RE, TS A(16.77+0.43) MPa,
EAB y 134.96%+8.95%. 24 pH M 7.9 B AR}, 524 1K
) TS B IEAIL, 11 B2 A B 5 B R B 0 I, At i
K. FERBRMBS, T RE EEmER ., X pH
M 7.9 BT, AN ERERA S, (HEE A
1) TS HIB Wik, FTREZ M T pH 28k e B 2l 2

HIAEAL, TRAEMFREAR EAE A, BRART B S 20 1A
AR, ST BUR SR RTE AL, 5 A B AL RE
KA, AT T s, AR ™ iAs,
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— 8 S AIE HL S0 T KRN 2 B 0 rp 20 e Hopth R %
(R HE K 5%, FG 5 CMCS R L 8:2, BABIF|ve )
50%. pH 7.9, INHGEEE 50°C., AnFnta] 60 min)ASAE A1
BT, HhS ILBLES A e FG/CMCS & & FEALPE BE
2 UL 2-1. Bl LW RLEE LB 55, FG/ICMCS &
A TS B K, EAB B #iFFAL. BRI 194> 4544 .
Iy F RN BRI B S RE A AN R R M S e 5 2R
JF L 22 WA B R A A LR ORI AR 4
WK, HINBFEN 4T 450 58 B 4 F S5 1AL,
REHERZ, HKARAES S CMCS RAEMEAE,
TR TR 45 254 AR, T G Y TS 1531 . Y
TRA B Tl Ee BB e, 524 5 EAB AR b
BRI AT UL i 2 A B S S e O B L A
WFFE I, 38 98 55 A o~ B/ N 8 YR A SR i s L8 50
BLEEAE LG, H Ol 3 i N, BRI T DL G b RV L
SRS R v, BRI A W S, B AR 43 B AH LA
H, (H5FEE M PR, WahtigsR, &6 5 EAB
R R PO 3 ek B R AT R B, AE H i LD B
Hoh 11 M4, ar DLt WA A P iR, i HL AR
8 TS WM E G, FG/CMCS Z & TS K
(20.42+1.67) MPa, EAB 2/ 135.35%+3.23%. Bl tt, k&1
S IBEE A R O 11 MR R SR 45

I oog, A 1200 Mg A 1160 120¢ A A g 1150
by I
' ]
L B | L + b /all 15 :
21 A 150 27 120 i1
£ c ¢ AT s g e g | b b 10
S 4D+ b 11002 = el c lgg® Spol b P E
Z 14t § c 1002 =13 /} D 802 210 2
= [S3 [S3 [ AW 53]
T TN
Tr € ——TS§ 150 9r ¢ —a—TS 40 5 —s—EAB
—=EAB —=—EAB
0l— : o 0l— - : - 1o ol— - . - —Jo
2 3 4 5 6 91 82 73 64 55 59 69 79 89 99
R /% FG:CMCS (m:m) pH

H: BIPARR KRS FRAR EAB ZRESF B3, AR/NGFRALE TS ZIMZER B, P<0.05; K 2 JF.
BT BB, B bk, pH ()X} FG/CMCS & A ML BE A5 1 (n=6)
Fig.l Effects of film-forming solution concentration (I), mass ratio (II) and pH (III) on the mechanical properties of FG/CMCS composite films (n=6)
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HIRHE] 60 min) AARMTEALT, HEBIFIRIEXT FG/ICMCS &4
HCHTLB I R A4 LI 211, RiISEERmoT 26, 43 M5k
JETE 30%LA TS, X4 B AR A &, "TRREH T
HIEF) Ak AE—i 4 FG Fl CMCS KA FHRINIESSH . B
FE R e B R TR, FG/CMCS B8 EAB #2855, TS T
R, FIRER T H AN LA B, 2 e G R, 20w
IMASEER AV GRS, ZooRaE AR TR
RREYHFHEZIN, HA S5 FG Al CMCS 43 H#-OH.
NH, TR (I, FG-Z 0 . CMCS-Z 02 1] i 4
BERBIA T FG 5 CMCS ZMIpEEHER, oAk
b, RECRUIREE T AR BRI B, BRI Fis sl
TAIRBEL, $&m KRR FIBs sl . SCIGmis R, gy
FHEE R 30%KT, HAMBEABARN TS H(31.23+0.13) MPa
RN EAB N 60.68%+0.13%, WEEIEIHFIMETHE 60%HT,
AR TS W2 F%E(12.9241.00) MPa, 1fii EAB i FTIE
169.88%+7.85% H M1 LLI 2454 22 ST RIS 1 9 50 LA 50
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1
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a
21 | B 1
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o X
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<
~ £ m
7t da TS 150
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I
20 ¢ 4 160
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16 | \E\E 1120
g | a\% s
S .1l a 180 2
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—a-TS 140
81 —=—EAB
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SRz /°C

I

B IRAE, 23 IARIR B T, S s R IG5 7k 58
R, (RS R AR AR AL, BT H W BRI, B
FTRR R BUE MR SR 1B DL 2, e S MRk
9 40% ., 50%. 60%EFT IS .
2.1.6 AR I A TR AL 69 B oh

B A% 8 BRI A T K U AR A B, A ] ARSI R AR K
Ay F A BRERAS & PLEE, PR B B, AT H A
Ak ELAET" . HALE R (RS 5%, FG 5
CMCS Jiri b 8:2, HGIHFI LG 11, B3R 50% . pH
7.9, JNFAETE] 60 min) A4, & 2-ILET R R fin Rl B Xt
FG/CMCS & A IEHUMIERE B2 o BE TINHER EE A2,
BTN TS . EAB 2 52 30 56 8 FH 5 I 38 e AR A9 175 00 o
S R, 75 60°CH, HEGRAEE N TS K
(16.68+1.53) MPa, £ 50°CH}, & & B HAT b 4 ik,
EAB 4 130.89%= 9.94%. 1] BES& 1 T AEBARM IR E T,
FG 1 CMCS %Rz 8iAGER, FG 43 F T H-NH,.,
-COOH 453 /K M BB R FEA 4TI, 4 F A BAE 455
Rt IR B TR, R R F A B s B, [
R A S R AR AR R, AR EAB
Tt i, )BTRS ) P4 25 K SR I, TS i T
2ANPIREE L E I, L T FG il CMCS B A S Ik 7 1 14
PVIEPEIRLE (75°0), 1T 8-S 30 A BN BE A REARDY,
B, FEFEAE BN HIEREE AT USR5 P9 B4 8] B AR
fER, PR BRI RE, AT REEN
ML, 1SRINUBMEREIL R E A, Fe2, i
BSR40, 50, 60°CHEATIEAS L ITSLE .

36 A 1220
27 ¢ {165
=ty {110 2
= 53}
91 155
0 i L L L L 0
30 40 50 60 70
BEIHFN A %%

Vo, a 1180
A A A& A
N
sl FoA ——4——L {120 ¢
s b b 2
A i
6 s 160
—=—EAB
ol . . . . .o
4 60 80 100 120
AT ] /min

B2 SEEGRLI(D . SE BRI () BRI (LD . N ] (V)X FG/CMCS & 43 AU BE A 5211 (n=6)
Fig.2 Effects of plasticizer ratio (I), plasticizer concentration (II), heating temperature (III) and heating time (IV) on the mechanical
properties of FG/CMCS composite films (n=6)
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2.1.7 e AR 18] A SLA R AU R840 3R

ko R BAE ST R, 2 A AR (] Ah B AT B AR
SR RE AL R 19 52 G BERA R o 7 A PR 38 (B ik vk
5%, FG 5 CMCS Fife L 8:2, M| el 1:1, H
FIHEEE 50% . pH 7.9, JNHIRE 50°C)RAERIIHLLT, ik
i [ %F FG/CMCS 524 1B TS F EAB FI R 40 2-IVT/R
A IS A SE R, &GN TS SIeTm fE R
HF YN E] N 60 min B, A EEA B TS,
(15.33+2.50) MPa. H] BB A Py, KARKZr—F A B
YERIDL S B W A58, AR AW, 4 18] & 4 50 Bk
N, TS BN . (AREE IR I, 2 [F] i 385k
SCR AT BRI W IR, TS BT FAR, M2 A Y EAB #4144
AR, WRAPRFRE— AR [, 761 fhig
St e R T S AR R A SR AR [0 R, BEPE A A B
Bf Al oG, R, AT 40, 60, 80 min
TR S ARS8

22 EXZWER

TR ZE LI RSt -, AR IR B . VAR B
1], pH X & A AL BE A2 il BT S, o] DA o it
Ko i FG 45 CMCS BIBR L (4) . HEEFIIE(B) .
TP (C) AR ] (D) 4 NN R Z B fEE L HAER, %
B BT IE S8 S A A5 R R 3R 1 B KT o AR
EASEI R, LIE A AT TS .EAB W15 bR, R4
B, e AR RS T A S8 WS i
FHH) Lo(3hHIE AL IR 4 AN 3 FiR

3T, LLTS R RiF AR, B2 520 32 7
N B>D>4>C, 143 A AN 4:B,C,Ds, UL EAB
N AERE, BRIFRSE E R T R B>A>C>D, 138
G N A:B3CsD,. SLHGEE IR, B AW TS #1 EAB M:fg
A7 BB YETR R, SRR A PR R R SR 5T
ER B N T I TE BT S R T {5 B, X FG/CMCS
E AW TS, EAB BIESCEE T 2= in sk 4 s .

#3 LGHEXEZRER
Table 3 Lo(3%) orthogonal test results

ST A B c D TS/MPa EAB/%
1 1(9:1) 1 (40%) 1 (40°C) 1 (40 min) 18.00 116.06
2 1 2 (50%) 2 (50°C) 2 (60 min) 12.50 177.24
3 1 3 (60%) 3 (60°C) 3 (80 min) 10.97 269.73
4 2 (8:2) 1 2 3 15.82 135.90
5 2 2 3 1 14.18 185.85
6 2 3 1 2 9.48 246.53
7 3(7:3) 1 3 2 19.55 121.08
8 3 2 1 3 13.14 136.74
9 3 3 2 1 10.26 160.61
ki 13.82 21.12 13.54 14.15
TS 15} 16.49 13.27 16.19 13.84
ks 14.32 10.24 14.90 16.64
R 2.67 10.89 2.65 2.80
ki 187.67 124.35 166.44 154.17
ks 189.43 166.61 157.92 181.62
EAB
ks 139.48 225.63 192.22 180.79
R 49.95 101.28 34.30 27.44
R4 HEDW
Table 4 Analysis of variance
B2 FI 75 F B
A 36.309/14462.641 2/2 18.155/7231.321 13.594/175.410 HE X
B 568.058/46579.315 2/2 284.029/23289.658 212.670/564.937 *E[EE
C 31.713/5741.693 2/2 15.856/2870.846 11.873/69.638 *x[xx
D 42.475/4386.662 2/2 21.238/2193.331 15.902/53.204 HE[EE

T ##P<0.01, FREFWEZE.
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T E
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R DN LRSI EE R, Hh S i AR TS
T, EAB N E;, A n 325, EGHM TS mKMEN
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80 min. {HJE MG ER T2 AR EAC LI A
B, 25 7 56 UE SC 0 S TR T
friil & M E S B TS, EAB 845,

UESCIG R, LLOTS miiEAr, mILAA KM
(A:B,CoD)JIF I & WA EAB 9 135.90%%3.77%. LA
EAB NN FEHE, FAGH A 51 (4.8:C3D,) il & I &
JIE TS AN M (7.36+1.15) MPa, GB/T 21302—2007 { 1%
BAAE, AN ) FHLE TS 408 S &, 5 5 %8 5 N/mm,
SHAEAE R EERS 4 RBOR, HHUWEGEXE L
SRR PR e d 4 T 22 80(4,8.C:D5) T, il &
B A TS 29(22.8340.80) MPa, EAB Jy 138.36%+1.53%,
L, g A R Al AR R SE B 45 SR B B AL T
— Wi R FEAR AL ZE R . 2% GB/T 21302—2007, X £
P BE 8 5 R 1 S ) 4y, il # FG/CMCS & A R
TS i53 4 P E5R, EAB 353 3 SBR, w LI L 2 & i
FEfd K .

3 4 1

FG/CMCS & & B fefEil s L2400 0 Bk
K 5%, FG 5 CMCS Jii= It 8:2. pH 7.9, MHIGRI S
40% ., HIMANNZEER R 11, InGEEE 60°C ., It
(6] 80 min, FEULAH T LKL MBAZ A TS H
(22.83+0.80) MPa, EAB }j 138.36%+1.53%. XF TS MR
FREE Ay HEVEFMR B> ] >FG 5 CMCS )5t & He>in
PUELEE, X EAB MURZIMFRRE . BEIHAVEEE>FG 5 CMCS
P A Ee > IR > I B [a], fEAk )R, BEA R TS $2
T 29 20.03%, EAB 4255 T 2 7.11%. 7] FAf 52 45 IR A BF
FE] DA RLGE 25 4+ 23 BT T 1< 1 €075 Yo S IR
J1, ASBIESE g AT B AR 52 IS I IF 9 T R B AL P Rl
HARE T 8@ R 2, S B8R 09 1 & R A 42
HTHHNS%,

(1

[10]

[11]

[12]

[13]

EEPES

HASSAN B, CHATHA SAS, HUSSAIN Al, et al. Recent advances on
polysaccharides, lipids and protein based edible films and coatings: A
review [J]. Int J Biol Macromol, 2018, 109: 1095-1107.

CAO N, FU YH, HE JH. Preparation and physical properties of soy
protein isolate and gelatin composite films [J]. Food Hyd, 2007, 21(7):
1153-1162.

R, PR A RSB E AT R DF I E R[], & IFoE
5Tk, 2022, 43(9): 198-204.

ZHENG YZ, CHEN FS. Progress in research on soybean protein
isolate-based degrable films [J]. Food Res Dev, 2022, 43(9): 198-204.
ZHANG WL, ZHANG YQ, CAO JK, et al. Improving the performance of
edible food packaging films by using nanocellulose as an additive [J]. Int J
Biol Macromol, 2021, 166: 288-296.

MOHAMED SAA, EL-SAKHAWY M, EL-SAKHAWY MAM.
Polysaccharides, protein and lipid -based natural edible films in food
packaging: A review [J]. Carbohyd Polym, 2020. DOI: 10.1016/j.carbpol.
2020.116178

MARINIELLO L, DI PIERRO P, ESPOSITO C, et al. Preparation and
mechanical properties of edible pectin-soy flour films obtained in the
absence or presence of transglutaminase [J]. J Biotechnol, 2003, 102(2):
191-198.

YAO F, GAO Y, CHEN F, et al. Preparation and properties of electrospun
peanut protein isolate/poly-L-lactic acid nanofibers [J]. LWT-Food Sci
Technol, 2022, 153: 112418.

EAFEE, BT, MO, G5 FORIERY R BT A A R A e AR
T B2 Fraiailir], 2022, 13(3): 799-804.

WANG CT, LI ZY, LIN X, et al. Study on the optimal film forming
process of corn starch/carrageenan/glycerol composite film [J]. J Food Saf
Qual, 2022, 13(3): 799-804.

ZHENG YZ, YAO F, CHEN F, et al. Curcumin-loaded electrospun peanut
protein isolate/poly-L-lactic acid nanofibre membranes: Preparation and
characterisation and release behaviour [J]. LWT-Food Sci Technol, 2022.
DOI: 10.1016/j.1wt.2022.113978

XA, AR W0 BETR AN A A R T 4 . MR BURINFIRITSE (D). &
JE: AR T A, 2018,

LIU QJ. Preparation, properties and application of fish skin gelatin-sodium
alginate composite films [D]. Hefei: Hefei University of Technology,
2018.

SAID NS, SARBON NM. Physical and mechanical characteristics of
gelatin-based films as a potential food packaging material: A review [J].
Membranes, 2022, 12(5): 442.

OTALORA MC, WILCHES-TORRES A, CASTANO JAG. Preparation
and physicochemical properties of edible films from gelatin and Andean
potato (Solanum tuberosum Group Phureja) starch [J]. Int J Food Sci
Technol, 2021, 56(2): 838-846.

ZHOU W, HE YX, LIU F, et al. Carboxymethyl chitosan-pullulan edible
films enriched with galangal essential oil: Characterization and application
in mango preservation [J]. Carbohyd Polym, 2021. DOI: 10.1016/j.carbpol.
2020.117579



2

HER, 2 M WIRR P ESE R SR & T2 121

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

JIE YL, CHEN FS, ZHU TW, et al. High internal phase emulsions
stabilized solely by carboxymethyl chitosan [J]. Food Hyd, 2022. DOI:
10.1016/j.foodhyd.2022.107554

HESE, PR, Xk, 55 SRR K-S I AL A T R R il A R
PEWFIELT]. &R Bk R R 244R, 2019, 37(2): 88-93, 101.

DONG YH, CHEN H, LIU SY, ef al. Preparation and properties of sugar
beet pectin-fish gelation edible composite film [J]. J Food Sci Technol,
2019, 37(2): 88-93, 101.

WANG HX, DING FY, MA L, et al. Edible films from chitosan-gelatin:
Physical properties and food packaging application [J]. Food Biosci, 2021.
DOI: 10.1016/j.bi0.2020.100871

LUO QY, HOSSEN MA, ZENG YB, ef al. Gelatin-based composite films
and their application in food packaging: A review [J]. J Food Eng, 2022.
DOI: 10.1016/j.foodeng.2021.110762

AR, R A, TR, G5 TER-B OB MR R A T2
TTAREBEN H, 2022, 50(2): 69-77.

LI XX, CHEN FS, ZHANG Q, et al. Optimization of preparation process
of starch-polyvinyl alcohol water-soluble film [J]. Eng Plast Appl, 2022,
50(2): 69-77.

LU Y, LUO Q, CHU Y, et al. Application of gelatin in food packaging: A
review [J]. Polymers, 2022. DOI: 10.3390/polym14030436

HOSSEINI SF, REZAEI M, ZANDI M, et al. Preparation and functional
properties of fish gelatin-chitosan blend edible films [J]. Food Chem, 2013,
136(3—4): 1490-1495.

SegnTE, IILHR, et YRR T oK B A 1 BRI B LA I
FISZIRI]. LT 244K, 2010, 61(1): 137-145

WU LY, WEN QB, YANG XQ. Effect of plasticizer on surface and
mechanical properties of zein films [J]. J Chem Eng, 2010, 61(1):
137-145.

AR e R W PEIT AT . O R T B MR S A IR ) £ (D],
B e, 2016.

LI'Y. Study on The properties and modification of gelatin from skin of
silver carp (Hypophthalmichthys molitrix) and preparation and properties
of gelatin-based edible films [D]. Wuhan: Huazhong Agricultural University,
2016.

ZHONG QP, XIA WS. Physicochemical properties of edible and
preservative films from chitosan/cassava starch/gelatin blend plasticized
with glycerol [J]. Food Technol Biotechnol, 2008, 46(3): 262-269.
SCHESE, BRARTT, FIRBE, SF. OR[RIHEIN R T AL R LR
RERVE TEISEM[T]. AP, 2018, 39(3): 245-251.

ZHI YW, ZHANG HJ, WANG XQ, et al. Effect of different plasticizers on
mechanical stability of soybean protein packaging films [J]. Food Sci,
2018, 39(3): 245-251.

JIE. TR PEE AT RS R R T A B U B RIS [D).
SR U )1R#, 2006.

[26]

[27]

(28]

[29]

[30]

[31]

[32]

FANG Y. Development and property characterization of konjac
glucomannan-chitosan-soyprotein isolate edible compound film [D].
Chengdu: Sichuan University, 2006.

Forfh, BACE, SeoR, A5 R RGN T B R T
PEAISEImT]. TR Tk K224 (B ARRHEMD), 2020, 41(6): 15-19.
WANG XW, ZHAO RY, MA ZS, et al. Effects of different plasticizers on
the selective permeability of soy protein isolate films [J]. J Henan Univ
Technol (Nat Sci Ed), 2020, 41(6): 15-19.

I, AR, RIS, AE. RIS THE T AR S )], fE
THIRIRIEL 2017, 45(2): 10-12.

WU TT, LI YF, ZHAO PF. Development of edible film based nature
polymer [J]. New Chem Mater, 2017, 45(2): 10-12.

RUI S, BI J, ZHANG Z, et al. The effect of citric acid on the structural
properties and cytotoxicity of the polyvinyl alcohol/starch films when
molding at high temperature [J]. Carbohyd Polym, 2008, 74(4): 763-770.
ARVANITOYANNIS IS, PSOMIADOU E, NAKAYAMA A, et al. Edible
films made from gelatin, soluble starch and polyols [J]. Food Chem, 1997,
60(4): 593-604.

REH. B —TC ML A= YR B i o . 459 S PERERIT A [D].
KM KK, 2015,

SONG HJ. Preparation, structure and properties of gelatin-chitosan based
biodegradable films [D]. Zhengzhou: Zhengzhou University, 2015.
OLIVEIRA RD, ASB S, CGA L, et al. DC conductivity and dielectric
permittivity of collagen-chitosan films [J]. Mater Chem Phys, 2006,
99(2-3): 284-228.

kiR, BRMH, BREE. L-BTRIARE . BRI Aok BT & ]
& T AR 0]. B 5FF R, 2021, 42(12): 90-96

ZHANG Q, YIN LJ, CHEN FS. Studies of preparation methods for fish
skin gelatin edible film modified with L-arabinose and plasticizer [J]. Food

Res Dev, 2021, 42(12): 90-96.

riEsmit: T KEE)

fE& T

MEL, MLMRE, TEARFE
AEBRFEREFLSFA
E-mail: 18338187509@163.com

HEE, B, 8R, EZEMRFEA
EARFRFLSFIA.

E-mail: fushengc@haut.edu.cn



