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Abstract: To enhance the solubility of rice bran protein (RBP) and thereby improve its application performance in food
processing, the pH-driven method was employed in this study, under which RBP was treated at pH conditions of 1.5, 2.5,
3.5, 10, 11, and 12, and structural and functional properties before and after modification were compared and analyzed. The
results showed that the solubility of RBP was observed to be gradually increased with rising pH, with the optimal effect
achieved at pH12, where a solubility of 70.57% was reached, representing a significant improvement of 63.85% compared
to the untreated group (6.72%). The average particle size, absolute (-potential value, and surface hydrophobicity of RBP
were found to be significantly altered as the pH increased; After treatment at pH12, the average particle size was reduced to
the minimum (140.47 nm), the absolute {-potential value was increased to the maximum (14.8 mV), and the surface
hydrophobicity was elevated to the highest value (2289), along with a marked enhancement in intrinsic fluorescence inten-
sity and a red shift in the maximum emission wavelength. Following pH12 treatment, the relative content of S-sheets in
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RBP was increased by 10.43%, while the relative contents of a-helices and fS-turns were reduced by 3.29% and 9.13%,

respectively. These findings indicate that pH-driven method can induce depolymerization of RBP molecules and strengthen

intermolecular electrostatic repulsion, thereby significantly improving its solubility. This study offers a new approach to

promote the widespread application of RBP.
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Fig.1 Effects of pH-driven processing on RBP particle size
distribution(A), average particle size, PDI (B), and Zeta poten-
tial (C)
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IO BRBE TR, MG ARG T &
P 2 T 4 £ H Ay i, [RIBSHEE S T IRl i e HE
YEFE, A 20m®) TR AR RE T . X— R
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Fig.2 Effect of pH-driven processing on surface
hydrophobicity of RBP

s AN R B s 22 57 8. 35 (P<0.05) .
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pH b BEXT FA M PERE AU SR o SRMEMESERY YEAFSY
FEREE AL, pH SXShikim i sk 25K F
A oA 5 A PR o X 3R A 3R i g K MR R AR Dl 3R AR
pH AL HEXSHE B i RERZ A B A R E b
2.3 pH IRFIALIEXT RBP MR AIFN

H AN IR C T ZoRIE T H 1 a1 57
AR S IR, I T TR AP o — 2/
SEA AR Kl 3 BT, X RRLH B ORIt K
Sy 342 nm. SXTRRLHAH LY, Z2AN[H] pH AL BE
A HR BRSO AR R A A2 W i U2, {HHHR R
HKHHFAS M BRLI AL LA, H P Com A AR RERE
AOIE R . XAPELSR AT BEJE: pH ARBRAEIR T 8 H Bt
—HE G, SECEE ARSI, s AT R K
PG P a9 2R (Trp ) R B B B T HMNES SR K B T
B AEARERAYIE, DIPRS00 AL A s 22
WL R T IR YRR, X AT RESE PR R FER RS
JSCHE Dy @ R AS TR IR, (385 1 SR g /K 24
L ] P2 kel /L, K Sk A B 22 i HH ok, 3K
PR GTRE P M B AR B8 A AR RS . ixX 53R
T B 7K PE RPN E 45 2R (] 2) —34, E—2PESE T pH
UR B S8 A AR A A 25

4000 e — XJ
3500 T s
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Fig.3 Effect of pH-driven processing on intrinsic fluorescence
of RBP
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FEHE, WEe T AP AEIE M 1625 cm™ B2 % 1634 cm™!,
T2 DX IO A BT R A AR S AT A B AN, PRIHeR
JH Feakfit 4.2 %] FTIR JGig iy miiE 1472547 S
BAG o ARYESCHR [37], BEe T 7 AP AR NE T B 1
TEREER SN o-12iE (1650~1660 cm ) | p-Pr
(1610~1640 cm™) , p-F1(1660~1700 cm ™) FIJCIL
1 (1640~1650 cm™) o il 43 B 45 R AIE 14 TaT A
LU AT e PP AN R — e ahpa it & AR Ak, BN S e,
H B IR AR TR e Y . Horp - I8 B-3T
=@ AT BB, IS p-FE &
TCIFAAELEEARP . FHER 1 ] D, XFREZH RBP 19 24
FILH R s a-12 8 (11.44%+0.06%) . B-377E(17.12%
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+0.08%) . B-5% £ ( 13.46%=0.12%) F1 JC #i & Hh

(20.55%=+0.03%) . £t pH ALBHJ5S, RBP *F Y o-1&jiE
BRI, iX 5 Tian 51 HOBERRAGUKMES a2
HE S 2 UM S U ST 45 SR — 3, tSGE T AR 5T Y
BRI A 25 5 p-HT S & R B N BN FR i R
fIG, 33X AT B JRAE A S B W 2L T30 p-FEfa ) p-Yrstik
1k, R BKAVE R SRE | & 105 F R W2V -
Pr&IE e JOHE A M 2t EO A B B R 3k i 2K
oo IRZEIR AU, pH ALTHIE i AR T T Y
A HAE I3, A g g 4 kA HR 3R KR Y
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EHFL (%)
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Fig.4 Effect of pH-driven processing on fourier transform
infrared spectroscopy of RBP

F 1 pHIKSHALHENT RBP 454 A2

Table 1 Effect of pH-driven modification on the secondary
structures of RBP

e a-BBE(%)  pITE(%)  pEEMA(%) RN (%)
YIRS 11.44£0.06°  17.12+£0.08°  13.46+0.12° 20.55+0.03"
pH1.5  9.86+0.13"  19.47+0.11°  11.47+0.09° 20.64+0.05
pH2.5  887£0.1°  19.08£0.07° 11.75+0.11° 20.62+0.05
pH3.5  8.33+0.07°  16.15£0.08°  12.88+0.1° 20.61+0.08"
pHI10  1.16£0.08¢  16.64+0.13°  9.15+0.07° 20.63+0.02°
pHI1  3.93£0.05"  22.98+0.09"  8.26+0.09" 20.62+0.06
pHI2  8.15£0.06°  27.55+0.1°  4.33+0.11* 20.65+0.06"

TE: RIS R T RERR 22 53 .35 (P<0.05) .

2.5 pH IFEHALIEXT RBP TWELEARIS M
SDS-PAGE H 3k 437 Al DA ULER 51] RBP 7E A [F]
pH AbFE R 4F i B AR b, UniEl 5 i, HHEEIS AL,
14 A GALATHT AT 0 RBP 32 B30 3L (14 AH X 4 o F
4y A5 M 43.0~66.2 kDa. 31.0 kDa, 14.4~22.0 kDa,
<14.4 kDa, S5XFFEZH (PKiE 1)A4H Lk, HoAh AL HHZH 1)
RBP HHX 43 F B8 434 7E>31.0 kDa 4 55717 Bl (L A8
¥%; <14.4 kDa 5517 FEVE M, B inee, EadiEab2e
PO PR A A AT TV T . 3 AT BE S 7R SR RS AR A5 1)
T, YERER PSS B0 S SRR, (1757 S fir
&, TEHL K P IR NIV, X R i 50 o i ) 50
PRIV 32 P el T B O A VR L SR 2, IR T
FEAY SO B0 AS IR L 28 H BT 5, ELBRAb B He Ak
YA TE N R, SRR T e R—2L, PR brdish
HA] L EL AR A FREE G-t R i RBP A%V 2% 25, 39

HP R . AR, 28 pH it 5 2 5w
LD SR N AR

kDa Marker 1 2 3 4 5 6 7

66.2 T >
43.0—
31.0 —
220=—

97.4 —_— l

14.4 —>

K5 pH 3RShAEERR KRS SDS-PAGE [4]
Fig.5 SDS-PAGE pattern of RBP treated by pH-driven
e 1~7 AT pH Ak BEAYAE 5. X4 HR L pH10, pHI11, pH12,
pH1.5. pH2.5, pH3.5,

2.6 pH IEEHALIEST RBP [BEE RIS

B BTV P 2 B AR P 5 R A R B 1 OG5
FakR, WSSz RBP N A o9 85 B a7, n
& 6 Fi7~, &2 pH ALFRIY RBP A5 %85 R AL P 2H 14
W F T (P<0.05), JUHE pH W 2 12 B, 3l i
A 6.72% i E = E 70.57% iX FE SRR S AERK
uity pH 250F F, B A TS F a5 I, PSRk 34
Rk P ESRE A 52, A nidgsm 1 /RAEVEFM 4, BiA
57X W], RBP I BRI AT B 5 HAE G AR . 274k
AT R, b, Bl S5 4 RBP BYHfr-E
TR S 1, BN AT GE7E THmps A e 6 i A sl
BEfHFR AR IR S5y, W5 HS RBP mIZs &1EH, i
T4EE RBP Y% ftE.

80 a

70: b b j—

20 e

10_ %

2 /

X 15 25 35 10 11 12
pH

Kl 6 pH BKZab BT RBP #1525
Fig.6 Effect of pH-driven processing on solubility of RBP

3 g

AHFTE LAKBERR 11 (RBP) X4, RS %51
pH SR ENEAL T Hgh A R e s i s e . F
FEGERWoR, BiZE pH THE, RBP 7 EPRIARE i 250
INCEAREE 140.47 nm), C-HLA 4 XHE S K (e ik
14.8 mV), KM Hi/K R _ LI R RIE 2289)
{8 HL AR HR 2T A6 5 T RE i 2R B, et S
RBP 19 2 F = 2k 2518 K AR B B AR b, BRFEE A
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B-IT B AT Er BN, a-B8E S B-FE AT & %
%, BN IR 2 Gom B 5 . 76 pH12 451/F ', RBP
PV R BE IR ] 70.57%, BEARANTELH (6.72% ) i 32
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