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Abstract: In order to enhance the mechanical properties of gelatin gel and expand its application value, gelatin-citric acid-stearic acid
composite gel was prepared by using gelatin as raw material, citric acid as cross-linking agent and stearic acid as additive. The preparation
conditions of composite gel were optimized with compressive strength as the response value. The morphology of the composite was observed
with a scanning electron microscope (SEM), the chemical structure was characterized by infrared spectroscopy (FT-IR), and the cytotoxicity and
curcumin release were studied. The results showed that the optimized process conditions were as follows: the quality of stearic acid was 0.013
g/mL, the quality of citric acid was 0.015 g/mL, and the temperature was 69 ‘C. The mechanical strength of the gelatin-stearic acid composite
gel (99.05 kPa) prepared under the optimal conditions was 117% higher than that of the single component gelatin gel (45.55 kPa). The FT-IR
spectrum analysis showed that the secondary structure of gelatin was changed due to the cross-linking effect of citric acid, resulting in the
formation of GA-CA-SA composite gel. The hydrophilic gelatin was arranged outside and the hydrophobic stearic acid was wrapped in it. Inside,
a regular pore structure was formed. It has no cytotoxicity and has a good slow release effect on curcumin.
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Fig.1 Schematic of the GA-CA-SA composite gel preparation
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Table 1 Box-Behnken factors and levels

X, X, X3
SARE/gmL) CA HRE/gmL) BE/SC

-1 0.008 0.01 60

0 0.012 0.015 70

1 0.016 0.020 80

124 GA-CA-SA B 45Nk 45 5% M3,

B EAR 10 mm, 5 10 mm RORSIREERRE B T
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WIfie-22 i BB (GA-Cur) AN,

2 MR ST IR 22 1) 22 2% (R b A £ 45 R 1 [ )
HFE (3). FTHEMIKE (C) BB R

A =0.00956C:—0.00392(R> =99.9) (3)

IEHNERZEE RS20 FREL 1 g () GA-Cur BER
F1 GA-CA-SA-Cur B A ER % B T 2K Z i rE
b, B THEEHES, IO 50 mL 2. 7537 C
ERIEZ %, LA 100 r/min KERED, &E—T
BTV 3 mL 229 (RIS 3 mL Rt b e b HE T
D 7E 425 nm WEBOLEE, HBAL 3), HH
FWRIRE, SRIERANAR ). (5). (6) K
BRI R R (Q, il E- EBVRHR thk,
R IM AR

W, =50xC,+3xYC,, (4
i=1
W.,=malb (5
0 =2 100% (6)
0
AF:

W,——% i REAH BBRBREEEE, g
C——5% i R AT 2 RFRE, pg/mL;
a—— 2 HENRE, ug

173



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.10

m——EXREMANEE, ng

Wyy——8IR Y £ Z R EREE, pg;

O——% 1 RBEFHBRERFNTOE,
128 ZIEAHE

A Minitab 17 ZE47 BUSG 7347, p<0.01 Jy[E]
VAT REIS LT

2 ZR51He

2.1 g Rrd T SRR AR

2.1.1  SA Xt AR EYE R A AR

TEFTAEIRUCTE 0.015 g/mL, IRFE 70 ‘CHIZME T
FUIE AR R (0.004- 0.008.0.012.0.016.0.020 g/mL)
X GA-CA-SA EEERIEAGREER2m, 255 Wi 2
Fi7me

105
100 -
95
90 -
85+
80
75

Compression strength / kPa

0.004 0.008 0012 0016 0.020
Mass concentration / (g/mL)
(&2 SA FREXf GA-CA-SA & &R AR ELRREHIRAR
Fig.2 Effect of SA mass on the compression strength of
GA-CA-SA composite gel
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B, KoTAGBERER N RIS P4, TR
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1.49 wt%hf, FEARE AR . X A] e Tt
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2.2 g R SRR AR

R2 TWHRSHER
Table 2 The experimental scheme and results
Factor Xi/g Xo/g X3/C  Y/kPa

1 1 0 -1 79.688
2 1 0 1 83.459
3 0 1 1 75.621
4 -1 0 -1 73.950
5 0 0 0 95.560
6 0 1 -1 74.832
7 -1 1 0 68.056
8 0 -1 1 69.887
9 0 0 0 98.654
10 1 1 0 77.925
11 -1 1 0 70.955
12 0 1 -1 80.236
13 1 1 0 72.550
14 -1 0 1 71.256
15 0 0 0 100.580

FIH Box-Behnken®"RE& 1511 15 AMRLE, 45 5,

Y / kPa

F2o H 12 MR AL 3 AR R

HIF Minitab 17 BEAT VA& 7007, #5210 54005
JER AT R -

Y=98.26+3.676X,+2.427X,-1.060X5-11.97X,%-13.9
2X57-9.20X57+0.62X,Xo+1.62X,X5+0.08X,X5 . Xof A5 7Y
JIREREATRIA TN 3, J7 TR 4.

HIE 3 AT A DR300 S A B LR 4 o A S
WUCh: TRERRBR E>F R B> . Horh, X%
XA X W R E (p<0.0l). £ 4 A A
F=25.60>F,05(9,3)=8.81, p=0.001<0.01, % %A
B, BAEGE R RN 97.88%, FHABLHE
TN A BT, A SR R AT BAR T -

PR R 3558 AT FHOGT 52 oI I A PR s i
i Bl 5 Fros. BB S iTRVE HAEER AR 58
HAE R 525 S A it FEE PR SR Sl T 8 i AT, Wi
NAE S ILESS, TR R, AT AT
RN, FIF Minitab SRR SAE T 205
ikl 6 frs.

% 3 @YAFIEREIR KA
Table 3 Test of partial regression coefficients of regression

equation

H)EAH AHIME TIE PAE
A 9826 6595 0.000
X, 3.676 403 0.010
X, 2427 266 0.045
X, -1.060  -1.16  0.298
X 21197 891 0.000
X, 21392 -1036  0.000
X’ 9.20 -6.85  0.001
XX, 0.62 048  0.652
X X3 1.62 125 0266
X,X;3 0.08 006 0951

5 FERZE/ER X ESEEE R R AhE E
Fig.5 Response surface plots for operating parameters on compression

175



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.10

x4 EEAREERAES

Table 4 Analysis of variance of regression equations

7 ERR g R 2Ty An PRI T 2 F1& P1&

AEA 9 1534.51 170.501 25.60 0.001

— KRR 3 164.18 54.727 8.22 0.022

X, 1 108.08 108.082 16.23 0.010

X, 1 47.10 47.103 7.07 0.045

X3 1 9.00 8.995 1.35 0.298

KRR 3 1358.32 452.773 67.98 0.000

X 1 529.27 529.269 79.47 0.000

X, 1 715.12 715.124 107.38 0.000

X3 1 312.53 312.525 46.93 0.001

TER 3 12.01 4.003 0.60 0.642

XX, 1 1.53 1.533 0.23 0.652

X X; 1 10.45 10.449 1.57 0.266

X,X5 1 0.03 0.027 0.00 0.951

R? 97.88% R?adj 94.05%

TR IR TR o (X1 FrERRR T (X2 REEX3

" 0.160 0.20 80.0

D:0.9415 jj 44 [0.1261] [0.1545] [69.4949]

B 0.080 0.10 60.0

Y

RORME
y=98.6781
d=0.94152

6 MILIRIETZH&M

Fig.6 Optimized technological condition

HI& 6 FT%0, GA-CA-SA & AT I FEIH 45 5%
R RENRRRIREE . AFIEIRIREE . IR0 0.013
g/mL.0.015 g/mL.69 ‘CI, F4f58 2 1 Tl {4 98.68
kPa. fEZEAT FRAT 3 UCTAT SEREATIE, ITSH)
GA-CA-SA B EER R4 BT 3{E N 99.05 kPa, 5
B TRIMME AR IR ZE R 0.38%, TRMMETFT4E, S
TIFEA R, TR N IAS B ] B AR €, 2 4.85 mm,
GAIAINAS g, 04 13.12 mm, XFRLFTARALE p=e,/e=2.71.
e RTINS GA B 48 N 45.55 kPa,
HZ MW, GA-CA-SA H & B L4 4 & T
117%. 1% 55 Michael Di Guiseppe 25 A2Vl & I 50
SR EERAE R HON 10 wtOel Il 5E (i
FALLHRIE 43 kPa AHEL, [E4iHREASE) 7 BRI,
AT H AR N o
23 B AW G AT
23.1 GA-SA #HMLLE M H7
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Fig.7 SEM images of GA gel and GA-CA-SA composite gel
JE: a. b: GABUK; c. d: GA-CA-SA A &#UK.,

GA BT GA-CA-SA E & HER i B an K
7a- b fin. B 7a AT, GA BERBOK 1000 f5 24
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Fig.8 Infrared spectrum of GA gel and GA-CA-SA composite
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O-H $# 41 N-H B 4aHRa i, GA-CA-SA B4
M I R AR AU B GA s W A U B S 448 5, X
AR T AT IR AR 5 W o ot A ) i 7 AR
HLE P DA B P 5 P 2 T S B FE 45 5 . 881 e
A& C-C BRI I, GA-CA-SA H &kt
IR RIREAEIZ AR i R B G i, i3E— 2P AUE W EFT TR AR
F N AEARTR 5 W IR R A A8 R  BER TR K B b ke 3
EVGHESE S
B AR 2T MBSO 32 22— R A A 2R i

O, OH

COOH

COOH

NH, OH OH OH

. 8 &
| o) & o
0. O'NH,” COOH 00, %% co®

(¢} (6]

0. OH
0 0 f f
+ |+ —— NH,;Or |

e XK. HdhfE 1600~1700 e 9 amide 1, it
—IRIHE A GA-CA-SA HEBR G a2
b, % GA BRI GA-CA-SA St 41 A A ik
Jie 1 o P ARSI T 2B AR i 26 Tl A b 2,
ZEANE 9a. 9b ATz, 1% Byler A1 Susi Bl 1H 2
T REERTRINTTER (1600~1630 cm’, B A E
1630~1650 cm™, FEHMIEH; 1645~1665 cm™, « 42
JiE; 1665~1685 cm™, pHEf1) HHAT TIWRIEAITJE, it
HEFIETIAE ST A I E 0 & B8 RS
BINE 5.

a
0.06 -

GA gel
0.05
0.04 -
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0.02 -

Transmittance / %

DEEERAN
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9 GA EEALHN GA-CA-SA BAEIECAIERRS | THLIIMIABhE:
Fig.9 Infrared fitting curve of amide | about GA gel and
GA-CA-SA composite gel

COOH 25 3

ONH,*
0o } WO

] 10 GA-CA-SA FZRRH1IE
Fig.10 The formation mechanism of GA-CA-SA composite gel

S aTLLEH, Al GA-CA-SA B &6,
TR A T R AR, Foh B AR R N %
AJIA 27.12%, o BRHEEIN T 3.97%. B FrEfIcin]
LG RIAHNRD 73N 2.02% 21.72%.

3T 5L R AT e A2 BT BRI R ] 1 3 AR
FH 1% ]y SR T B, o, Gly-Pro-+
Pro- (8¢ HPro). -Gly-Pro-Pro ZEFIHNN BRI
R AL RaE T BRI e A RO, 2 A
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Table 5 The relative percentage of secondary structure of GA

gel and GA-CA-SA composite gel (%)

p-sheets Unordered o-helix fS-turns

GA gel 12.83 39.94 39.88 7.35
GA-SA gel 10.81 18.22 43.85 27.12
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Fig.11 The relative growth rate of cells at different

concentrations of GA-CA-SA composite gel
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