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Abstract: The enzymatic cross-linking of rice protein (RP) and ferulic acid (FA) and the antioxidant activity of the resultant product in the
aqueous phase and emulsion were studied, and the FA content was investigated by high performance liquid chromatography (HPLC). Changes
in the structural properties of RP were analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), ultraviolet (UV)
spectroscopy, Fourier transformed infrared (FT-IR) spectroscopy, and scanning electron microscopy. HPLC results showed that the FA easily
underwent laccase-catalyzed oxidation, and the oxidation product could react with the subunits of RP, resulting in an increase of RP protein
molecular weight. With increasing FA concentration, the absorbance band between 300 and 350 nm in the UV/visible spectra of RP gradually
increased, and the cross-linked products had an orange-yellow color, indicating that the oxidation products bound covalently to the free amino
groups of RP. After the enzymatic cross-linking of RP and FA, the secondary structure of RP changed, the contents of f-turn and a-helix were
reduced by 13% and 2%, respectively, the contents of random coil and p-sheet were increased by 11% and 4%, respectively, and the
microstructure  of RP  became loosened from the aggregated state.  2,2-diphenyl-1-picrylhydrazyl (DPPH) and
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) free radical scavenging abilities of the RP-FA cross-linked product were
increased from 32.31% to 71.43% and from 3.34 % to 77.61%, respectively, compared to those of RP. RP-FA cross-linked product could
significantly reduce the level of hydroperoxide, 2-thiobarbituric acid reactive substances (TBARS), and hexanal in the emulsion, suggesting that
cross-linking of RP can effectively enhance the antioxidant activity of RP.
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Fig.3 UV/Vis spectra of RP and RP-FA cross-linked product
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Table 1 Secondary-structure contents of RP and RP-FA cross-linked product

s A /% a-$37%/% B-4ER % BT &%
T HRER IR : T T i 1
1638~1640 cm™ 16481659 cm™  1660~1670 cm™  1681~1682cm™  1694~1697 cr”
RP 5.52+1.01° 41.63+1.69° 12.81+0.27° 10.41+0.15° 29.63+0.71°
RP+LAC+0.1 mg/mL FA 7.29+0.09° 37.31£1.15° 11.88+1.11° 10.53+0.46° 32.99+0.46"
RP+LAC+0.2 mg/mL FA 11.67+1.32° 34.23+0.73° 11.06+0.33* 9.87+0.66" 33.17+1.03
RP+LAC+0.4 mg/mL FA 16.53+0.86° 28.42+1.08° 10.71£0.65° 10.24+0.07° 34.10+1.83°

WRYEWERE T (1600~1700 em™) 5 /&8 AR AELL
HMERE X FIRFETR USRS 17, K IEME 1 peakfit
BT R 5 F b AL A T DR R CK R A
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T (1640 cm™), LT EEEEFIANE &8 1) FA 4t
FEJ5, FA 5 RP ZZHME1S 8L A1) o- MR e RN B-F% f 54t
(S BRI, TS R p-4T B S5 & B
WA, 1R JOKRER A I BT ERER IR B IA 2 0.4
mg/mL I, o-BRHEEEA LA RIBEICT 13%F
2%, JoAEHIA p-Hr S i 1 1% 4%, ot
B A R IR RIS T FA 5ACKRE A
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Fig.4 SEM images of RP (a) and RP-FA cross-linked product
(b)
R 2 RP 5RP-FA XYM BIFSY (BE. AEMRE) MHEESR (AE)

7E: E % b A RP+LAC+0.4 mg/mL FA.
2.6 EEFWHEAN

IOKEE A FEE . 2B BEFEEMAE {5 W3R
2. RFEHEBTELRR FA 5OCKREACHE, EANH
FEAEER TR AL FEAE R ARG I, 4 FA 1
WREEHEINE) 0.4 mg/mL B, B2 F1H (AE=16.80)
REmTIKRED, TBGEIFESIEEIEE G,
RMERIHEI AL FA 5SOKEARAERLIE SN
KR A MEERY, IXATRES FA SUAbA AT )
PRI A 2K o

Table 2 Color parameters (L, a, and b) and color difference (AE) of RP and RP-FA cross-linked product

FT3RER IR &aJ& (L) 21/% (a) %% (b) AE

RP 92.83+0.01° -0.16+0.02° 5.49+0.02° 0°
RP+LAC+0.1 mg/mL FA 87.85+1.44° 1.89+0.36° 16.29+0.88° 12.09+1.49°
RP+LAC+0.2 mg/mL FA 88.88+0.07° 1.30+0.02° 18.77+0.09° 13.93+0.09°
RP+LAC+0.4 mg/mL FA 87.57+0.14° 2.3240.03° 19.7140.30°  16.80+0.32¢

27 HAMLEAAE

KoKEAY FA ZBCHT G IPTEAGEPE R 3, K
KA R DPPH H H2ERE JJF1IE B ABTS H HZERE
F153 018 32.31%F1 3.34%. BEE FA KRN, K
KEAS FA IRETRINERE DPPH H H2ERE /I FiE
ABTS HHEREEEER S, FERARTRAR
TR ) FA BA BEPUEEE . Ak Bl AL
FA 5 RP 45 & P A AL RE 1 RP-FA TRV PR
LRI AT R I%, X2 T DPPH [ H3EiERRIEA
ABTS [ HESH BRI 0 E B R R P i 2
g PTERLRE )], FA Gttt dt, BittEa

122 BRI AN HE LA ) A LR AL R 03 38122 (E
BB FA 5K E A BB EE IS E S T 0K
F, M FA MEINEILE 0.4 mg/mL I, ZZEAM
i DPPH H HFERE /1A Bk ABTS H H%EERE /1737
9 T1.43%H1 77.61%, Tt BHERIG A OKERE S FA 1
RSB A B K I BT T B R
AREMR R IOKE 1S FA AR ER 1 BTSRRI PL
AL X 5 BRI AGEAL FA TE R4 (B
) 5FERNE LR I IR R a0 v KN s v
RASANAE FH AR BT A AT PR B =i ) FA-FE ST AE
Wi 4t AU,

7 3 RP 5 RP-FA RZERMIRNITE LAY
Table 3 Antioxidant activity of RP and RP-FA cross-linked product

FA #4938 E 7% DPPH B &1 248 7/% FR ABTS B s3i 58 4/%
/(mg/mL) RP+FA RP+FA+LAC RP+FA RP+FA+LAC
0 3231+137(RP)*  29.73+1.75(RP+LAC) 3.34020(RP)*  3.03%0.12(RP+LAC)
0.1 60.011.22° 56.44+1.78 52.07+2.63 37.44+1.01°
0.2 72.61£0.81° 68.07+0.40° 73.20+1.52° 60.07+0.40°
0.4 80.72+0.31¢ 71.43+0.99¢ 90.20+1.33¢ 77.6120.15¢

E: TR EERTATFHEATEEL, n=3. FI2IPARERRE Aied BA 23 £ F(p<0.05).

2.8 FLT i H A

AR EAC IR Y LR R S A e, Eid )
K A FLIBAE o e v i o o S AR A
Lemrgn (&l 4a), FERERBIIEE 8d, JOKEAILB T
S ik B i RE 11,12 mmoL/kg, VRN FA FgE

g, WP T At = 4E(3.59 mmoL/kg oil),
FHR R T RS SRR FA MEALIEM A Bk
H b, TE LR ) ST Ak B A B P A T

TBARS 1] ELPEAT ANEAN R B S A P P 2 Clnn A
ZEORAR AL, K 4b T TSINEREE AN FA J5 TBARS
{E MBI 0.73 mmoL/kg F#MKF] 0.24 mmoL/kg, 45
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