I ) : 2017-10-27 _én':'niﬁﬂﬁ bl 2% Fill % 4

=FAEYREAR pH 4 TERITALHE
SR E A SRR

R, R, MiEE
CREMOL R R R B2 S TR, R KA RN THEX TR S, #iE K 410004)

W OB DUEGIIARRUUH S A B AT RO I, SRATE AR SRR AR =M A VLR
JrHITE pH 4.01 3.5, 3.0+ 2.0 A FRRUTHIE KR 1, WHTAHLIRIRITN KM (L5 I RomT . 45
BB, [FRAHURIE AR pH 264 FERYT, RRUT pH (H N FRR, KSR F 2SR o2 E 5 R0
BEAAL, WESREMTTE M B T, B B S R N, RSO RR AN I B K P
WIS . MHELERRRIRYC, AHURRAEAI pH 261 T RRUTHI oK MR (IS SEE . R4
RMGUKYETC R 257, (HFEMRESE TE. WIRIOCGRET &, 2 TR KA &K
SRR, BUK pH & T IRRYTAT S EOKMEER A 45 K AR T B i B MR, (BB T BRI ) T2
Mo T ERER.

REEWH: KMEA: A BRI SHRHE

Effects of Acid-precipitation at Different pH by 3 Kind of Organic Acids on the Structure of Rice

Bran Protein

WU Wei, WU Xiaojuan, YANG Taotao
(School of Food Science and Engineering, National Engineering Laboratory for Rice and By-product Deep
Processing, Center South University of Forestry and Technology, Changsha, 410004, China)

Abstract: Compared with hydrochloric acid used in traditional alkaline-extraction and acid-precipitation method,
rice bran protein was prepared by the acid-precipitation at condition of tartaric acid, malic acid, and citric acid at
pH of 4.0, 3.5, 3.0, and 2.0, respectively. Effects of acid-precipitation by organic acids on structural characteristics
of rice bran protein were investigated. The results indicated that when the same organic acid was used to
acid-precipitate at different pH, as acid-precipitation pH value decreased, total sulphydryl and a-helix content of
rice bran protein changed insignificantly, free sulphydryl and random coil content gradually increased, f-sheet and
B-turn content decreased, intrinsic fluorescence intensity and surface hydrophobicity of rice bran protein firstly
increased, then decreased. There was no significant difference in total sulphydryl, secondary structure composition,
and surface hydrophobicity of rice bran protein between hydrochloric acid and organic acids acid-precipitation at
the same pH. Compared with hydrochloric acid, rice bran protein which acid-precipitation by organic acids had
lower free sulphydryl content and higher intrinsic fluorescence intensity. The results of molecular weight
distribution, particle size distribution, and electrophoresis indicated that acid-precipitation at low pH resulted in
partial dissociation and aggregation of rice bran protein, but not form new subunits and high molecular weight
aggregates.
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KA RER N TR K FE P R IR 2 AMEFLE . M2 R BRCKIR G . B
FUR R AP K, RBRAE R BT 1400 J3mi, KBS FRER, & 14%24%807 . 12%~16%HE A
Jfis 23%~30%HE B AR 4N 2 R AR BEPEMIBR . W ELIF R FIRAER . 7 T, SRR B T4
OB AR A0 KR AR RIS 4, 40P, Ban @B R, EEAH
HERELT . FURE bk s i, AT N R4 L S AR RO, — bR BRI A 4 R 1 R

AR, HTRELAS RS RIE RN, BaknES SRS E™ E ., ERA R
H, WEESMEERASERICKEE, KIS BLNRB PR, Rk W, KEEAEIT
RFAZ B FTATHRRAES . — SRR, W WA, ¥RR. FERS, kt58EET
TR AT &, W EE AR iEEST RS “BRIERIT” IRBCKEE A E TS
MERFR B oA HLIR, TEAF pH A FRRUTHI & KRN, KA. ¥R IrEREA R
IBRER AR, (B 5RMEER AT REME R e AE . & A Th et 5 L4 M 2 D0 AR o, Thig
P A SR 06 SR P S MR AR AR S R A E R IE AT 5% T MUBRRR TN 2. (3 o 485 WA R A B
TS . ASCERI AR ¥R AR MEAR pH &4F FERUTH & KRRE R, UERN
SHHE, BF ST HLERBR U KM B A 5 AR HE A R2 R, DU T R A LR e ke A R v Kb 2 1 B
ESR AL [ HIR KA

1 MEEGE

L1 MRS

R JEKHE B LR RIER AT 5,5 - B R 2K FF R (5,5'-dithiobis(2-nitrobenzoic
acid), DNTB). [-ZKZFEZE-8-ffiE2 FE[H Sigma-Aldrich AF]; HER. WA, IER. FERRKR. =
PR ER S, SO 24-TWERHE UGB . NN-TE BN L . B-3ikE LR
Tl AR RSN E BRI IR A R AR s i
1.2 U5 E%

F7000 %/ %68 HAHSL /A ; IRTracer-100 {8 BLH-ZL 4GB HA /A 75 Nano
ZS YKRiE AT FEE Malvern /A 7]; Healthcare SE260 HLykAX S5 GE A#; LC-20A &%
WAREIESC  HARREAF.

1.3 Jjik
1.3.1 KHRE A&

SH IR TET SRR TR 7 RS S KR A, BRSO B 60 H 6746 T, BX 100 g fi A
5900 mL BT /KIEA, 40 °C TR 1BEEE 4 h, FFH 2 mol/L ESAEALN pH £ 9.0, Z/GTE4°CF
8 000 r/min &5.0» 20 min, B EIEWRERDT, FrAIMIRR D A v . WA . SRR, rER, pHES
B 2.00 3.0 3.5, 4.0, FHHEHEE2h 5T 4°CTF 8000 r/min &0 15 min, BUTRKEE =K, 4L
TRBEFKFHE pH £ 7.0, BEEENT 72 h LZERBIETRYULFE I SRR, -20°CA % 24 h LA
b, AHETRAARRES.

132 KR AW S, Bt Emmle

%7 Huang "5, FREX 120 mg KBEEA, 28T 20 mL 0.1 mol/L &4 1 mmol/L Z &MU
IR 1% + ZFed B4l pH 8.0 MIWERR SR 22 rP i, # iR 2 AF NRAJI 9+, 2 h 5 10 000 r/min B0 10
min, KHE D G-250 VAN E RIS AR R SR, SRELDNTB HE7E7E 412nm K4t
WEWIEEE, LA 13 600 mol/ (L-em) JHG RECUTH FKMREE A liF S i A AL B AL 5 & .

1.3.3  KMREE 8 B 20 A il i il e

B 2 mg KA FIRE R AT 200 mg TR &, BFESIR SIS R RGE I A . =i TR T
HBEAT (8 B 2D AN, R FRTEE 400~4 000 em™, 2 EER 4 em, FESLIIHE 128 K.
1.3.4  KMRER BORLAZ 1

+
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PR VA AET 0.01 mol/L pH 7.0 BEERERZZMR T, WL UHiH: 2 h JFE I 10 000 r/min 250 20
min (8 BIEOERRE, BURIEW 1 mL, R Nano ZS 44K RE 43 T I 5 KA 2 1 K42 43 o
1.3.5  KHRER A IR S 66 i e

22 Lin 507k . WK (AT pH 7.0 (11 0.01 mol/L BERR &L vyl b, S FHE I Ht#E: 2
h J5 10 000 r/min B5-C» 20 min, W& B PAE Ll G-250 VL€ Bl b B B i BT E IR,
T T A R A R SR SRR A # 0.1 mg/mL. SR F-4600 2475 6 AR BUR I K 280 nm R4
300~500 nm Z [ 1) K $HGEE, Bl pH 7.0 0.01 mol/L HIBERR E 2N A H .
1.3.6  KHRER (B 3R T /K P A i

KT ARETE M R KM DL 1SR R IEZE-8- TR AN IR SR e, 5 AN ) R Ao
KRR EE I 7E 370 nm BUR KA 490 nm RIGHEK N AISOGHREE . DAY BENT 8 1 00T &k AR
B, Rt B Dy B R T B K R
1.3.7 ¥ 6l I e KB 2 1 PR AR R 401 o = 4 A

%% Fang!"& 0778 . ¥ KR E 40T 0.05 mol/L &4 0.05 mol/L S ALHY pH 7.2 FBEER £ 28
W, BEHBSGOR BN 10 mg/mL & HIE R, iR FRAZI9FE 2 h 5 10 000 r/min 550> 30 min, B L
WHIFLAE 0.45 pm FESERLTAE RO IE, WCERIEM, R LC-20A S uliil (uilk Rttt A7 70 i . (il
F: TSKgel SW G4000 SWXL; #ll2%: Waters 996 Yo H AR B BRSNS JishH: 0.05 mol/L &
0.05 mol/L SUALHN pH 7.2 MIBERR R 2l SEAMG A : 280 nm; Jiiik: | mL/min; AH: 25 °C.
1.3.8 o Jor B R BA- 3R A M I g e PRk

S Wul VB IRESE IR TR D BGIRIE 12.5%, WRARIKIE 4%, pH 8.3 MIHRZEr &
0.1% T e 2L EL AN, 0.05 mol/L =F2 AL Z AL F I, 0.384 mol/L HZEER, FFESMIEMEE (NF 5% B-
I, 2%+ REREERERAN, 0.02% IR, 10%H 3, 0.01 mol/L pH 8.0 [ =% FF L& ik Fi e 2k
FRZZ M T & R EIR A 2.0 mg/mL [AFE S FEIKCRA 0.75 mm MBI FAERN 12 uL;
FEMAERAE I A 10 mA, FFFEA N B G BRI 2 25 mA, SR E Bl R-250 Jufi.
1.4 BAERAFE S50

BT SER-FATINE 3 TR Hied K ] Microsoft excel 2003 1 Origin 7.5 #EATALER, 45 5 1P {E+
W ZE TG RNF IR . FEbR LR F /N i35 22 ik, B 95% B 5% (P<<0.05).

2 SRESN

2.1 BRUTACBN KR B H 3L & A5

R 1 fw, RAFEFAVIEREAR pH 564 TERUTN, FEERRUT pH TR, K& SRR
LS EWT B, BSAE S BT B SE 1 B I — U7 TH T Re R R D B R A5 R R T 3 5L
PWERSRIE TR, T — 71 AT B R A O SR, (ER SR A R R S B SR Y, &
1 oK LSS B B B, AU Ui B BRI pH AE N B3 A 36 IO BR B 1 I B 1 I 2,
A KR (5B R TT, SEGRER BN . Lo 2SS 7E0 7T pH s A B K T 4 B R
HEE MR R, BAREE (pH 1.5, 3h) Ja RE/EE AN LSS BERA BEBL, MikFE5n
SR, IR mEAERESAE PR E, AOWR. ML TR, RAAVIBREME pH %
AR R 4 FR KA AR 1 B S ik B B 3B /)N, X AT RS R =M HLBR IR T 055, XK B
SERIIRE )N o

£1 FAEEIBBIMKREALSSRE. BERESRIOEN

Table 1 Effect of acid-precipitation by different organic acids on the contents of total sulphydryl and free sulphydryl of rice

bran protein

A FIBRBR U & KRR A S B2 . IS & (nmol/mg)
WA SRR PRI

pH

By
=

=3
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20  50.65£0.86"  21.61+0.96°  50.56+1.78"  20.09+0.56"  51.02+1.83"  17.56x0.86"  51.54+3.03"  17.84=0.57"
3.0 49.66£1.91°  20.09+0.56°  49.37+127°  19.10£0.41°  51.5342.33"  15.44+£047° = 50.69+1.18"  15.24+0.51°
3.5 5035£2.37°  18.75+0.86°  52.49+1.74°  17.78+0.13°  51.84x1.02°  14.3120.33°  51.63:1.20°  13.65£0.41°
40  50.80+1.75°  16.59+0.68°  50.67+2.90"  13.45+0.46°  50.19£3.19"  11.83£041°  51.04+£1.76"  11.90+0.22°

s R R RRNG T REERE P<0.05 KPR R,
22 RRUTACBG KBRS H = R A5 M 5200

S T A R R A BB A 1A B (D T %58, BT 45 1617~1618,
1626~1627. 1637~1638. 1695~1696 cm™; o-8ZHELEH: 1646, 1651~1653 cm™; T Hh &5
1660~1661 cm™; B-EfMZEH: 1670~1672. 1681~1683 cm™ . i& ] Peak Fit 4.12 F 4R 1 47 &
WHHT GRS, BEKEE A R (B 2). SRR E VIR TEA R pH 2510 FERULAT,
BEERRDL pH ER I, KBRE A R p-IrS M B A S TR, TGS E BT, iR
S BN LT R 3EA. HIL EIR IR TR R R, TERRTEIA S A ORR B R EEM h  B-HT B A
B-e o n) a-WRNEAN TR th e f, ELBEE pH A TR, RALFERERS N, % pH FIAIE 7.0 B KA S
FIRARSE, o R TCHE tha) B-FrS il B- M, (HREASMAERITICRERERE S, K
WA AL e L M Ty N, B T m G AE, HREERRDT pH H T %,
KB 1 RIS GRE B RROR, TO MU Hl o iy o XU PO SR P 5 e R A AT M 2% £ e
KESBEEA R R, BRI S8R AR SRR, R o &= B
KN A VLR A SRR R AH [F) pH 26 AF FRRUTI , KRR M M s B 2 5 .

b
pH4.0
pH3.5
pH 3.0

pH2.0
1600 1620 1640 1660 1680 1700 1600 1620 1640 1660 1680 1700
P Hr/om’! P H/om!
c d
pH 4.0
pH3.5 pH 4.0
pH3.0 pH3.5
pH2.0 pH3.0
pH2.0
1600 1620 1640 1660 1680 1700 1600 1620 1640 1660 1680 1700
PoH/em WeH/em'!
E1 TRAAINBRBRIHEERREORE RN RS EIEBERE I (as b, oo dSHRRFER. BAR. FRBAN

RERRIUKERED)

Fig.1

Amide I band of Fourier transform infrared spectra of rice bran protein which precipitated by different organic

acids
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Fig.2 Effect of acid-precipitation by different organic acids on secondary structure contents of rice bran protein
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Fig.3 Intrinsic emission fluorescence spectra of rice bran protein which precipitated by different organic acids
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Wl 3 Pos, RAEMAYERIEAR pH 2 4F PRI, FEETRYT pH AT EE, KR AR5
JEHRE S INE T RE, HRRYT pH A 3.0 I, KRB A ITOEIRE R AR, REEE AR RK
ORI BB e K I KT MR Eh (4088), RIS MR K T R (). Jiang VS /EHFFT pH
fi A% b B0 K 8 A S5 A 2RI A B, BRACER A K B8R AR ) (L BR VA B R AR, S8R
FTESRERN, BRI R AR . IhAh, Dong™ 45 7E R TERR M 4% A T TEAE 4 B8 2R 1 T AL 4
F AR KL, AERRRIR PR SR AF T (pH<<3.0), HEJ: 1 W) o 7 0 D8 2 7 L BRI s, R
FBUR LR TI S AT R, Bl TR KIS BRI R b . DRI, KR (1 (IR pH 1
H1 4.0 TFEZE 3.0 I, KEERASWZERIT, WBOERBEREREZANIEE, FEIOCREA
Wi, K TOCIERL K AELLRE s T AIRYT pH BN 2.0 I, 2 A B2 18] (A 5 ool b i A e 4k
FECRHE A PO6REREAC, HoRBOulE Rk A e . MEEERIRYT, KM 3 MANLERAEAAR
pH Z&AF NRRUUIN, KRR A RS0 B W R0, SR IR A RE R AH L ERBRIR YT, AR pH 280 1 3 Ry
HUBR R 1T A5 A5 K B i 19 2 I ) 00 e R e i 2 A FEE 1
2.4 BRUTARELXS KM A 1 2R i ik (152

2500 OpH2.0 BpH3.0
OpH3.5 OpHA4.0
2000 r 5
H
%, 1500
E
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B4 REHHERBRYUT KRS E R Gk R
Fig.4 Effect of acid-precipitation by different organic acids on surface hydrophobicity of rice bran protein
i 4 fos, RAFEFAHIEREAR pH 24 FERUTN, BEERRUT pH IR, KR AR
B PRSI G R B, ML pH [E8 3.0 B, KBS (A IR TH K M B sy X A REAE R Y pH
FRUUE R 4.0 TREE 3.0 B, RMREE S5 R ITREBE AN, 55 22 B /K 1 SRR TR vk 2k 3 e ok
24 SECKIEER AR M BUKYER I TRRYT pH (H4kSE FRRZ 2.0 B, 25 (5T 2 I HF 702
KRR AR A T RER NP, R TR ARUKIE RN R BT . 3 A HLERYE pH 2.0 4
HRBRYUR, Hil & KR A IR IR K BN T (P<0.05) IR T HBRERYUHI & F KR (1%
Mg AKM, 3 Fa LRI EERTE pH 3.0 3.5 1 4.0 &4 FERULI, KMREE ARG KERA ©E %=
5t (P>0.05).
2.5 FRUTAL IS KARER 1 7315t & 53 A ) 5
#2 OKREARSTIREN R ETRE 4

Table 2 Peak area percentage in molecular weight distribution of rice bran protein

ANFIAHUBR R U 28 AR 11 19 737 B A B I AR B 20 B (%)

pH R AR PRI FPEIR

LRGSR (min)

5.58 10.62 11.65 5.58 10.62 11.65 5.58 10.62 11.65 5.58 10.62 11.65

2.0 0.48 99.52 0 0.48 99.52 0 0.81 99.19 0 0.43 99.57 0

3.0 0.61 65.86 33.53 0.56 65.13 34.32 0.86 64.52 34.63 0.31 66.99 32.70
3.5 0.60 64.12 35.28 0.51 60.95 38.54 0.38 61.86 37.76 0.48 63.45 36.08
4.0 0.73 55.22 44.06 0.72 51.21 48.07 0.91 52.47 46.63 0.93 53.34 45.73

W 2 pia, R 3 M MR EREREANF) pH 26 AF FERUIRT, 4BRYUT pH v 4.0. 3.5, 3.0 i,



I ) : 2017-10-27 _én':'niﬁﬂﬁ bl 2% Fill % 4

KW B 1R A B P = ANE, CREFI K 5,580 10.624 11.65 min, X REFFER 543
TR IR . R FIFERER DU, BEE BT pH EIK FFE, CREZETIE] 5.58 min &b fr0&THIFL 7 4 Lk
B R, PREEIFIE] 10.62 min AbfR U THIFR 5 20 LA I, CREA ] 11.65min Abf¥ & THIFR 4>
Lz, RIS FECRIRE AT 2 T R R AR, (AR /N1 & 5 B R o1
JRRE . MERYL pH N 2.0 B, 3 R HLER AN ER TR IR YL £ K MR AR 11 3 1 03 it 43 A B b T s e
AN, {RBIRER YN 5.58 10.62 min, TOfREI RST8] 11.65 min AbATUET 2, RIABAE pH 444 FHY
FRUTAT SECKRE A4 MR AE T B MRE . EAHFBRYT pH 264K, 3 M HLER A SR BRER U H
wABEO S TESMEAEEZIIL, ®H 3 FAVNRRITEASNZRBEAON S TES .
Lakemond 21 78 pH %1 K 540 B 2R (140 FAE M E I R B, BRALFE (pH 2.0) SHUKH & AH
Sy TR PR AR A S, T A S H R R pH PRI 7.0 Ml AR R AE T BAYE, SEEAY
TR RA T A ik, ATHENSERYT pH M 2.0 B, KBS QR4 T WM, NrTHE
(¥ 5 1 5 U (] PP T RO TR R R 0 T, S BRI ) 11.65 min AR frug i 0T

2.6 BRUTAL BT AR 2 1 RLAE 5 1

25 - —a—pH4.0 —pH3.5 25 r —a—pH4.0 —pH3.5
a ——pH 3.0 —%—pH 2.0 b ——pH 3.0 = pH 2.0
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#1571 15 f
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10 | =i
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5 I 5 |-
0 0
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hifz/nm K42 /mm
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30 F € —a—pH3.0 =x—pH2.0 25 | d ——pH3.0 —pH2.0
)
< > x20
& 20 =
R 2%15
KI5 =
= |
0 - & 10
5 ™ 5 |-
0 0
1 10 100 1000 1 10 100 1000
K4z /nm Fif2/nm

B5 ARAAIBRBITMNKEERANESAOEE (as by oo dRKNAR: HE. BOR. ERRATBRBITKEE
B)
Fig. 5 Effect of acid-precipitation by different organic acids on particle size distribution of rice bran protein
W s Frow, RAFEIFEREAF pH 54 FRRUIK, FEERRYT pH B TR, KBS A1k
SPRLARANWIIE K. IX AT R R Bl BRI pH B TR, KRR 25 MR BORE B 3 I, IRBE AN T Je T
FEEFA B TYE (pH 7.00 Wl i, HEBARSKARSE, HEAHELIKE BIRMRKIEEBIREG K, P
SRR, SRARFERRERYT, 24 pH (E 2.0 B, B PR ERER DT £ KA R A IR 2 A
A Z S IRYT pH fE8 3.00 3.5 1, HSERER . A IRIRUTHI 4 IR BR 8 FORLAS /N T3R8
PARRIRUOKIRE . thah, KBE AR A A RE — /Mg, RTEHERIRYTH & PR E %
A RS T I B B R S
2.7 BRUTAL NS KA AR 1 V2 254 1) 520
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Fig.6 Effect of acid-precipitation by different organic acids on subunit structure of rice bran protein

w6 frax, RHIFEFRAEANR pH 264 FRRUTIT, BEHEMRYT pH ALK T FE, KSRk EHh
FMI O IRIRTC R A, WA IR B R LG, KA R 2 R AT AR A
FERRVEIRE T, EA T AT 080, BASRAETEEE, ERERKEIEE pH iR
IRAREE, ANHLMEBRIRA e Brel, KBREAERYT pH fH T, FR{RMERRRED
MRS, JFRA N RS — P IR, TR, . R FBRAEARR pH 54 FRRUTK, Kbk
ARG B E R

3 &»

KAWL SERBE . IR 5ITE pH4.04 3.5, 3.0. 2.0 &M FRRUTHI S KME A, @idile
FRAEER A SRR, RRANIRIRUTAE B KR A 45 RHE R . S5 R, R RF AL
PRAEANH] pH 26 FRRUII, FEHTRYT pH EK TR, AKEEAFERESE LT, SRESELE
FAAM; MBS E LT, BB p-HMEE T, olB e BEREZN, WIETOLMEME
B A YES e NG N, £ pH 3.0 IR R AE . X RUIAHPIRRIRITAE R B 3E ORI B —hi
SERWTER, (EAEER AL IZEIRIT, 2 pH FIRE 7.0 B4R, SKBEE AR —HE MR — I
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R T A . ML T ARG ERRRIR YT, FEAHIR] pH 2640 N RAAHLERRRUTH & KK R H, e
RS ELREERN, FERESTERIK “HAWARmGKYET 825, WIETOLMREIEME. 2
TR M RARI AT S IR T 85 SRR, A LBRIRYUAC B AR b, KRR A a5 A2k T B 00 Ak 5
MEREE, (HEATEEH RTINS 7 T RERER . AT HARR. SRR FERRREAR pH %4
YU RN B A5 A B T RN TE AR B Bk b e BRI T EIE 255

B MR
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