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Structure and Properties of Gallic Acid Epoxy Modified Gelatin

HAN Qinggang, ZHANG Xi, GAO Shiyu, LI Kexin, HUANG Ganhui’

(State Key Laboratory of Food Science and Technology, Nanchang University, Nanchang 330047, China)

Abstract: In this study, gallic acid (GA) was used to synthesize the gallic acid epoxy (GAE) for the chemical modification
of gelatin. The chemical structure, hydration properties, thermal stability, and mechanical properties of GAE modified
gelatin (GAEG) were evaluated. It was found that the epoxy group of GAE reacted with the primary amine group of gelatin
to form C-N bond and covalent cross-linking. The swelling ratio of GAEG in water was increased by about 5 times. With
the cross-linking degree increased from 41.13% to 72.68%, the swelling ratio decreased from 7831% to 6448%. While the
gelatin dissolved completely in water within 24 h, the GAEG film remained intact for 7 days, and the disintegration rate
decreased significantly with the increase of cross-linking degree. The water contact angle decreased from 88.01° to 59.87°
after the modification, indicating increased hydrophilicity. The reduction of dehydration rate and the increase in total
dehydration ratio suggested that the water retention capacity has been improved after the modification. The denaturation
temperature increased from 55.0 °C to 61.7 °C, and the thermal decomposition temperature increased from 240 °C to 274 °C,
with a relative decrease in thermal weight loss. The modification treatment led to a slight decrease in mechanical properties.
This study demonstrated that GAE improved the hydration properties and thermal stability of gelatin, contributed to the
application of gelatin as water retaining agent and stabilizer in food industry.
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Al 2E TR A A BE, Ehan e o L
PS5, (H B PR o) JHC At R s 245 40l g g FH 100,
REE ALY T R LR — ORGSR, DR L far B AL FER 5K
FT1 5 TPER, SHe2s | BE2s s RIREL G WA =
S IEPEN T2, Zeng AESUBK AR AL SR ERFI ST A
RGE UG R, M T — DRSS 2%, 42
ERE AT 7K . DARTROIFST Fh s & B, it 2R
Berh R I Se SR I R A W, Zheng 451K
Ji2 SR 1 5 N SR A 2 B SE B G e TR . 1R ERE
SRAKPESE S, AR T s AR R A ek . S5AAHSE
BHFFE T LB, F I B A 2SI vk B i 5L B
WATATES

WL A BRI SEA g A2 B A )12 R S
JE, SRTABTFE I X A X AARMEREA 17 T 520,
PRI SR TEF AL G R A B —FMsY 7
e, SEATEEE . JOHE . WA A TER AR L
A G A EAC G B2 BT e, IS
=L /T3 I VAL g 1S L7 N < i e N [ L7
EEFIR(Gallic acid, GA) J&=—F T FH 19 4K
2y, 16 A SR PP P ART, HAA—E A Fit
BEA — LB B TR b T B S | AR I
HI3RAS T 484 | ToREMI RIR Z I B A AP0,
IRAG AL T LA TCHE A AR, (0 B AR %A il
P E AR IAIF ST, K P 45 S A B e R B A v
T B . BG40

AT e LA BT A EEHE  T BTk
ALY (Gallic acid epoxy, GAE), SR 51 HAE ek
PEFIXT BB TR, BEEE T GAE 5 B AN ] FH 4
e Eb X Es A A ERR AR M, A A BA e i e P A —
FhFET A8 L
1 ST
1.1 MRS

A TURE e B (~300 g Bloom)  PH A% ¥ BAL 428 B
A () A G A RS w5 B IR IR Rl&ad
LA E R (= 85%, m-CPBA) . 4,440 (6-4F T it
R EY) g3 e AR AR AR BRA B Jo/KIRIR
B EAREN . IEREREN . BRIREN . Jo/KIREE . A Ak
AL NON- T I H i (DMF) . —40H

Oy _-OH

K,CO,
+ /\/Br - .

HO OH DMEF, 0 C to 1t 48 h

OH 0\k
GA ~

AGA

e, PR ZUBR . ATMBRSEEPLER airal, E25i
s GF254 #HZE Ak . A2 2T aEIR (200~300
H) H&gEeT) .
LC-WB-2+fg Ty Ht PR R i S R
PR A BRN Bl PHS-25 SEfGme it  HiE OBk
HALBRREASA FR A 7] 5 F-4500 985650 66T H
7 H 372\ F'; Nicolet is50 {8 HL I AR 2T A SE %Y
K-Alpha X JIZOGHFREREY  FEBR CHH/RBHEA
PR\ F]; D8 ADVANCE X HH£RATEHMY i E A4 o
25Tl OCA20 4= H shiZful Al E&{Y  #8E Dataphy-
sics 2V F]; STA449 F3 [F20 S0 FEE i 3t 2>
F); CMTS5205 L HI 7 aeiledl  —JEUKE
BHE (W TDOA R A
1.2 XWFHE
1.2.1 GAE #il4 i S E AR S b P25 I
Rl GAERY, I B R UK 1 Fis . SB—0N
Fefl: B 3.4 ¢ GA JIA 100 mL DMF #5 £E% Ao n
A 11.06 g REREH . Bf)S, W 12.10 g IR TN M,
FE 30 min J5THEZE 30 °C W 48 ho W 58S,
InAZEIB /KRR FH .M e . A LA A
NaCl IF R PEEIF Has weds T8, F= il i e A =2
B Cf i/ 2,88 Z.05: 90/10) alifk . 25 23R4 k.
B L —EASR AP 3.3 g ITA 50 mL & &%
WP . 1% 15 g m-CPBA F1 0.11 g 4,4'-fi A AL
(6-4F T HEM BT 200 mL — 45 EE)57E 30 min
P I RN AR R iR 1 h, B FHEZE 40 °C X
R 48 ho N SERUS, {3 VAL IR EN . BRIREN AN AN
SN DR IE T FLZS HRAE T, PG A 20T
(fa i 2.2 Z.l8: 50/50)4tifk.. GAE MRS (E
ERFR-TIERTRINE S 0.9, BRIS(EN 1.01.
1.2.2 GAEG miil#s  JBEURHEC L W3R 1 o, W
SERRANE 2 Fion . BAIRER /S5 1 mol/L NaOH
WEWRVENT pH 2 10.0, 5 B FE M GAE Wiz
F* 1 WIKY GAEG HyEURHEL 1L

Table 1 Formulations of gelatin and GAEG
s e
‘ Gel GEAG, GEAG, GEAG,
WK (g) 3 3 3 3
GAE(g) — 0.1 0.2 0.4
7K (mL) 50 50 50 50

m-CPBA, Hi 45

CH,C1,,40 C48hto-5°C6h

Bl 1 GAE M4 iz
Fig.1 Reaction route of GAE
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WARZE . 45 °C T 10 h, 52 EH 8] 4R/
BE—K pH I E 10, W SENET3E] GAEG %
Wo MAHM(0.3 g/g BB HEEE 30 min IR G514,
IRSEFEIA S EHEFEIL, 30 °C HEEH T8 12 h 155
REAE N, B S T 2521 °C FIAERHEE 50%+2% 1Y
R4 48 h FHTF RS2,
1.2.3 TGN ARG I BEIFIT S Ag e
JHZEN G a2 H 2R AN B RS A e e e, LA
385 nm MR I, 486 nm Sk &K, ¢
55 8 5 H SRR BE 00 S RIS HIFRERRZR, B5
HEZR TN Y=-0.40559+12.30497X (R?>=0.99965 ).,
ARIFASBN A H ERRARER LR 13345 H A s o Bk
SN IEA BE T IV DG ZR, THAS S BH RS XA e S v
B ARPELLF AT IR S GAE MIZCHERE:
SEHRPE (%) = (1 - %)x 100

0

A (D

o Cg J&: GAE Bl I RS I i 1A 22 38 ok B
(mmol/g); C, J22li B A ZIEHE (mmol/g) .
1.2.4 £U5MGIESrPT AR B AR e T AR
XRE ST 0T . s BER 4 em ™, HEIK
A 4000~500 cm !, A 42 S 2 (ATR) B4 71
1. i PeakFit 4.12 FRAEXEAAE 1600~1700 cm™
(PpeRE 107 JE RS PN P SR TR IE . 2268, —
WS EC A AR 2B R?>0.999, 15 5] 11k K3 5
PR/ T v SUTESTETY SASA B0 G D IVA £ e oy S E2E Do
1.2.5 X GIERAgt ot Al X SHERAT MO st
B IS ISR & AT 00 BT o S AA R A A6 0, TR R
40 kV, TAEHJE 50 mA, =5 YEEl 5°~30°, 453
J& 2°/min,

1.2.6 X SHEOGHFRERE ST fHUH X L0t T
AEREASUT A BH S SR S A T 53 MT . ST s s 1
5x107" Pa, AWK A Al ka 512k (hv=1486.68 eV),

TAEHEJE 15 KV, kKT22H5E 10 mA, EGEGE N 50 eV,
A1 0.05 eV, L C1s=284.80 eV NRERARAEVEFT faf
RS IE S

1.2.7 BIKFME ¥ GAEG JHEK 1 cmx1 cm 1
FIEIFFRE, SRIE K HIZ AZE KT, F 37 C T
M, Z )5 R — e BRI RREE — IR . KRR YE DA R 2
A

= (2

) =

0

x 100

Kot W, B A KR I T ()5 W A
TR T (e)
1.2.8 KCHfl IS P A A DS S
KB AR . K5 3 cmx3 om A IERE S 5 T4k
b ETACPREIT-A L, i O G 2 oL
Sl T T 25 T
12,9 ARG AR SR 1 emx1 om 1977
IR, SRIFH LB T 105 °C BURTHIBK, 45—
B IEAR TV, KSR T AR5

M K (%) = % % 100 £ 3

K G, MIRAIGE R (g); Gy SRR KIS
Hig(g),
1.2.10 [FIE#GHT 3 FH RGBT SO BT T34
TN AIZ M EHR . B4 mg 24 BIEE R DL
10 °C/min MJFHRZEEEMIE 30 °C #] 600 °C 1924k -
1.2.11 MUEPERENE (AT BRI LI a4 hr
{5 EE (TS) AT 2K 3 (EAB) . M4 EPr GB/T
1040.3-2006 P50 45 A 7000 . 85 IR 5
25 mm, K~ 115 mm, Z83E 7555358 6 mm, 1 33 mm.
MRS W IR 33 mm, PR3 ) 50 mm/min,
TS #1 EAB RYE LA T A=A
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Fmax
TS(MPa) = - A 4
EAB(%) = % x 100 & 5

o Fo IRWIREET A9 J3 (N 5 S A B A4 48 1T
AL (mm?*); L AW Y 2 (mm) s Ly IR
FE SR EA T (mm) o
1.3 HELIE

REA S 2 /DA N E UK, S SR A (EEAR
HEZEFRR ., fH1H IBM SPSS Statistics 26 A4
PEAT BRI 2R 7 225547, i Tukey 325047 35 PEAG
5, ANE R LA RO W35 M 22 5 (P<0.05) o fdi
origin 2022 FM1 Adobe Illustrator 2022 #Af4-HF T4 & .
2 HBRESH
2.1 XEE

LS HEEIRE, W AR ESH >/ 0.3 mmol/
go MHRHARAP IR GAE M4 {EHI145, GAEG, .
GAEG,. GAEG; HAZIL S EILEE/R LR 101
1:2, 1:4, ZMEFSHF] GAEG,. GAEG,. GAEG; Y
ACHRFEST M 41.13%. 58.47%. 72.68%. 1] LA H
B GAE #SH 930, GAEG FYASHBE LB Wi .
MU BAARZIE S GAE PRAEILAYEE IR FUAH 25 B 22 1
BE EEERI T SAEAR, X2 GAE 43 T3/, R4
FLO AT L A, 25 [ BHAE K, R T I 322 ik 1,
BELAS T IR SAAREIE N P 7o PRI, (ST &
I SE AV E Ry A e ehe P 751 e 2 P Al e (Y R 4 b
Wk 5 RSN o
2.2 FTIR &3#h

GAE & it BRI 2L/ i an 15l 3 fion . GA
TE 3493 Fll 3272 cm™' 445 1 -OH 175 iR -OH 14 RF
NEWE, P AL S I I O . [RIRT, I b &
F 2 (Allylated gallic acid, AGA)7E 3083 cm ' &b3#T
LA IR C-H 43R 3lgE, 1587 Fi1 987 cm™!
Kb 53 SRR C=C M4a s g1 C-H 4+
HHHR SR, 28 203G, R RRAE I 55
BRI g, B S Y . GAE £L4MG% A3 B
TE 1250, 910, 863 cm™' MYUELE IR A AL IR 2 AL
%, FHH GAE & B>,

GA

MW
3493 3272

AGA

I
3083

B (%)

N
1587
GAE 387

/ N
910 863

1250
4000 3500 3000 2500 2000 1500 1000 500
B (cm™)
K3 GA.AGA #l GAE W41t
Fig.3 FTIR spectra of GA, AGA and GAE

BHIZFN GAEG MILTAMGIEANE 4 fis, F2 24T
SRR RARAL AN TR 2 BT . IR LT AN G
7N, 3312 em ' SRR A Y SR N-H figadcsh =4
#J; 3086 cm ™! JEMEAE B A -CH, fi4i RN 5| 2™,
1652 cm™ R WERE 145183 C=0 1 4 ¥k 3l /&0
1558 cm ' SAEAE T A7 f& i N-H Z iR sh A1 C-N {1
APRBNSHLAY; 1246 ecm™ HBERE T A7 N-H 25
HH¥REIFN C-N fdadRsh s 227,

GAE
o1 63

g Ry | 1250

W o

&%g Gel
mide 08¢ Amide | “Amidelll
- A33|z AmideB 520558 Amige I

4000 3500 3000 2500 2000 1500 1000 500

PE (em™)

Kl 4 GAE. WIHI GAEG IILLAMERE
Fig.4 FTIR spectra of GAE, gelatin and GAEG

#2 WA GAEG (LT oMeFfiFI
Table 2 FTIR characteristic peaks of gelatin and GAEG

e Ea

PR Gel GAEG, GAEG, GAEG,
Fkfie Aty 3312 3296 3292 3280
Pk REBY 3086 3082 3079 3074
[Nk 1652 1646 1645 1635
312 1558 1551 1543 1540
RN 1246 1245 1245 1241

24 GAE WA IR )5, GAE AR & 7E 1250, 910,
863 cm ' Kb AYFR A ILARAR Y IS, R A PR A IL WY I
RS AT I A S O-H Al GAE Lg%
S5 mAE i N-H BT O-H L2 (AT il U, vk
/N VN-H 1 vO-H I 5# 775 5 K, {1153 GAEG Pt i
A IR B W WSS IR BT s 3 . IR
A I S AN SR B S N AR S A B, SRR 1
IS5 0859, [FE] vC=0 T8 2 S N T 3 )y
K, [RG5S IR O A8 Bl . EE 11 Y
FFpERE 11 w5 (S S IR O 311, 3O R 6
EHWEIL S AR L A3 B w, TE T C-N A,
LEA KRBT LI E IR S GAE &4 T 16242886, 18
SRS T A SRS R .

FH BB 1 GAEG Bt 10745 209 g &5/
2 3 Fiin. 4 GAE )5, GAEG H g-9T& . ToHL
Ml . a-RBEIE BT B, B-EL MBI, X R T
GAE 5z AT i He i 32 e 2 1 B RS 19 — 4%
ES S
2.3 XRD #th

B FT GAEG 9 XRD SGig & 5 ffisn. GAE
S ARG, 7E 20=22°KT B RHMIE D, 20=21°
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Table 3 Secondary structure composition of gelatin and GAEG
o -]
SHE s X
PATE(%) TR (%) o-BRIE(%)  B-Ef(%)
Gel 32.34 29.55 30.07 8.04
GAEG, 29.30 22.89 24.27 23.54
GAEG, 26.90 23.15 25.19 24.76
GAEG; 27.85 22.28 24.52 25.35
2
iz
5
£
5 10 15 20 25 30
20 (%)

K5 GAE. Wl GAEG iy XRD Jti
Fig.5 XRD spectra of GAE, gelatin and GAE
ZeAaAk R T IR BA BUAE SRS SRR A SEIRERT
GAE PP, P AR FEI5E 45 5 1Y 55 I 9] IR

I RES, 28R 17°~15°, BEHHFE S g i oG
PR . X2 N GAE 764 T4 ] HE al
M AEHR, o BA R oy F- R i R I S5 A BT
2.4 XPS ot

A AT GAEG H XPS Stigunla 6 Fias. & 6a
BB FN GAEG 1Y Sa 33 615, 32 10 T 3R 40 A
2 4, BAE GAEG PUZZBREERS NN, C oo & BB
/b, O JTEBEWIHG N, X &K GAE 4rF 1. O 76
FEEmEE . SRS T LA b AE B e B
=T OJLEME R, Ml N JuEBAA EE I,
PEHED LN GAE Btk IS Bl 2 1T B IR Y 43
MG FEANTRI LR TR . & 6bl. & 6b2 AEAMK
B Cls ii%ilde, rTLILLE M 284.80. 286.33 Fl1288.17 eV,
S¥BIERETF C-C/C-H., C-OH/C-N #1 C=07%, [& 6b3 .
%l 6b4 & GAEG i Cls %, Kb i 7k C-OH/C-N
Qb B GAEG AZHREE MG Iy om . a2 Pl
R FE S AN I S N 5 TP B =22 BE-OH A1 C-N £,
C=0 &b it m& s i, X /& 2 GAE 43 F L A
H C=0, BEsCHR I W A BB 4 F Lo S5 RHT
XU GAE MR EIE SRSy T EARE L &2 T
AN SR o

C-Cor C-H
o) G (b2) @450
Ols
@) ‘ Cls
| Nls
- | GAEG; C-OH or C-N
- C-OH or C-N (286.27)
c-0 (2(2%5615;) C-0 (288.15)
GAEG,
292 290 288 286 284 282 280 292 290 288 286 284 282 280
ST (eV) Z5EHE (eV)
(b3) C-C or C-H, (b4)  ccocH
/\“J’\/\""’_—\L—J/V GAEG, R C-OH or ch
| (286.36)
C-OH or C-N
(286.32) C-0 (288.17)
C-0(288.11)
Gel
1400 1200 1000 800 600 400 200 0
AT (eV) 292 290 288 286 284 282 280 292 290 288 286 284 282 280
ZEGTE (eV) Z5ETE (eV)
K6 KA GAEG fy XPS Yi%
Fig.6 The XPS spectra of gelatin and GAEG
4 WA GAEG HYICE 4R WIKEAGEIESE . B 70 MWIKYS GAEG 7E/KH
Table 4 The elemental composition of gelatin and GAEG G R I . gl R S3-T 4t 8] 2 B S 4
s TRV VR I S 2, AR AR 7K
L Gel(%)  GAEG,(%)  GAEG,(%)  GAEG,(%) Hh W EOE O, TS R S BE i W o e K
Cls 79.95 75.73 71.49 64.27 PEETPE ML . GAE SHIREA B, 7T LA
Nls 4.44 5.93 7.86 9-29 FEASTR]BA B2 43F4% Ma] L C-N AN LSS S 44 -
Ols 15.60 18.34 20.65 26.43

ARG FEIR

PHIZ AN GAEG FE/K 622 e anfE] 7a
iR o BAIKA 7 d Jm, MBI S % GAEG
BRI R e B IE A, R GAEG B4 2 B Jie 5
A E TR . BEE GAEG ZCHREE Y T+, B

2.5

FHELT20 I B FEE R AR EAEFE 1, C-N gt
TEKH R S RasE, BRIk Aot B RS IR /K H B 2
Ey
2.6 AKENZE

BHEAI GAEG FEZK HP A7 A 2 006 45 S an
P 8 Ftan . BHCHE/KR T 10 min A4 FEARSE K K I
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a Gel

GAEG,

GAEG, GAEG, b

(2l

7d

K7 WIRH GAEG /K g ik rt it Ko 218
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Table 5 Mechanical properties of gelatin and GAEG

R JE B (mm) TS(MPa) EAB(%)
Gel 0.24::0.0092° 12.7740.82° 6.96+0.63"
GAEG, 0.25+0.0130° 10.4041.03° 10.2840.94°
GAEG, 0.24+0.0084° 8.61:0.73¢ 6.98+0.64"
GAEG; 0.25+0.0058" 7.03+0.80° 5.4940.53¢
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