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Abstract: Flavonoids has been well recognized to possess biological and pharmacological
properties, including antioxidant, anti-inflammatory. However, the extremely low solubility in
water and low bioavailability of curcumin greatly limit its application in food or drug formulations.
The changes of function (solubility, emulsification, gelation) and digestibility of soybean protein
isolate were analyzed. The interaction mechanism was studied by UV-vis spectroscopy and
fluorescence spectroscopy. Then, the interaction information of fluorescence quenching type,
binding site number and thermodynamic parameters were analyzed. It was found that two types of
flavonoid could improve the functional properties of SPI. With the increase of quercetin (except
addition of 8%), the gel properties of SPI had no significant difference (P<0.05). With the increase
of rutin addition, SPI gel increased first and then decreased. When the addition of quercetin and
rutin were added at 8%, the SPI gel strength could be increased by 23.23% and 187.18%
respectively. With the increase of quercetin, the EAI and ESI of SPI increased first and then
tended to be flat. With the increase of rutin, the EAI and ESI of SPI increased first and then
decreased slightly. When quercetin was added at 6% and rutin were added at 4%, the emulsifying
activity of SPI increased by 20.84% and 26.17%, respectively. With the increase of quercetin, the
solubility of SPI increased first and then tended to be flat. With the increase of rutin, the solubility
of SPI increased first and then decreased. When quercetin was added at 4% and rutin were added
at 6%, the solubility of SPI could be increased by 10.06% and 19.27%, respectively. In addition,
the interaction of quercetin and rutin interacts with SPI can also improve the bioavailability of
protein. The fluorescence spectra of the two interaction complexes had a slight blue shift of the
maximum wavelength. The interaction mechanism between two types of flavonoid polyphenols
and SPI were studied. Quercetin and rutin spontaneously combine with SPI were mainly driven by
hydrogen bond and van der Waals force. The interaction mechanisms between rutin and SPI were
a dynamic quenching and a static quenching, respectively.
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12.1 REFEHERARK

R4 Speroni ZEU I 7T 7%, SR FABRIERRYTIEIRIUK G2 B . 400 g AR TR 6
L Z&1#H7/K, F 2 mol/L NaOH ¥ % pH 7.8, #itfk 2h 5, H¥EW T 4000 g &0 15 min,
HOH B 2 mol/L $hIR R 52 pH 4.5, T 4 CHIEEHE 2 h, 515 RIEW, KRR 1I0
JET 8000 g NEL» 10 min, BOJFHUREITIE, M 5 BAERZEEAOKEE, T 4000 g &L
10 min, A 2 mol/L NaOH ¥ 1717 28 (AW pH 7 BP AT, I TeA R B2 1% 48 h
&R, RIFEREAESSEA.
1.2.2 SPI-#fft 2 ZF1 SPI-7 | & &1l #%

SPI-Hif Bz AN SPI- T AW 2l i RS E B & 102, & T e e s o
1 g SPI ¥##AE 49 mL 0.01 mol/L BEFREhZZrhEr (PBS, pH 7.00 H, [MHZIEG Y+ BINANE
LB (0% 2% 4% 6% 8% 10%) FIF T A B 22 1 25°CHE i #F a it 4E 2 he H5 /%
LA SRIERT 48 h (4 FEEIL{E: 8000-14000 Da), 4 6 h BH#— UK CLfR e 4N, 1§
FE 53 FE B T SEBMTIAE M B 5 374 nm, 79T 266 nm A 30A I, BT A B
(I T e 4 5B, BTG A VR 2 T4 48 h &
123 ZEThREER T
1.23.1  ERERIE

FREGE R 2 2. 25T 5 SPI Z44%T pH 7.0 1) 0.01 mol/L PBS, f#4ilF SP1 ¥k Z A 10
mg/mL, - 8000>g, 15 min &5.C», HX 0.1 mL &0 5 0 _E3EW, TIN5 mL 25 B2 577,
FOMEA, BB 10 min, PLARZS EOARTIE, WEB K 595 nm AR BOBEE, AT =R R
5 FR bR e R AR E R 2 A X (y=0.0788x-0.1063, R?=0.9930), SRAFZANAS [FIU EEH
RS TR SPI IR KN,
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&), PRAE SPLIKEE Y 10 mg/mL, HX 8 mL BC il 47 AR i INA 2 mL f) K 523, BA 12000 r/min
ER I 1 min J5, SEZE BV IR 50 uL #EA, SRS IIAZE] 5 mL0.1%SDS Wil H, T
500 nm AbWIE FLR G ME, A EURE S R T SR N AR E 10 min,  FERUCHURE, e 71T
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EAI (m7)= 2>2.303 7 %A, xdilution (1)
97 Cx(1—¢)x10



A
EST (%) = f x 100% (2

0

X EAL: 1g BEABMMAANKEL, A8 m2g, CEANKE AN g/mL; ©: i
ARARAR T (viv) 5 BEVHAR SO LE], ARSZIG AR 5 1/4, 0 9=0.25; dilution: AT
#: Ao: 500 nm 4L 0 min OB Ago: 500 nm 4t 10 min (MR G1E .
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REGERMZ Z. T 5 SPILE AW, {RE SPIKIE N 120 mg/mL, &R 90 °C/K
HINF 30 min, W HEHCE T 4 CCUKFE IR 12 he WEADEA I, =R FRugikE
30 min, FEE T HBRMAGETIE, M P05 ERL, CLEERER BT E, AT
60 mm/min, PWEEEZ: 120 mm/min, WEHEE: 300 mm/min, KRR 40%, ic3x
ISR, RIAIIE B (ND. BEH = UCP 7L, BOrEnsl.
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FREGE S & 2T 5 SPLEAY, fRIE SPTIKEN 10 mg/mL, KBRS HIL
IR S 52 K23 B AR I A A, 2% Brodkorb 25U ALY, 2% Mao 2507y i
H AR AT, &S BM. B (4% 2 ¢/LNaCl. 7mL/LHCI A1 3.2 /L BEAR) A1
mol/L HCI /75 % pH 1.2, Ti# % 37°Cl5, HTi#E 37 °CHIRE UL 1:1 MIATEIR G, K
F 1 mol/L NaOH ¥R A1 R pH iGH T4 2.0, T 37°CE# (100 r/min) Wik 2h. 7£H
JH4k 0 min. 30 min. 60 min. 90 min. 120 min 4 SHHLFEM, T 8000 g, 15 min &0y
43 5 E FLAE 520 nm 2544 T FINOEE . BL 30.0 mL B Ak 5 A& B, 2 mol/L NaOH it
KRG G RIAZE pH 6.8, 73l 5 1.5 mL FARFAER (/K& A5 36.70 mg/mL. L
54 218.70 mg/mL), 2.5 mL AH#E: 7 (IEER 0.08 mg/mL)F1 3.5 mL B 7R RS 0.02 mg/mL.
JENE G 0.02 mg/mL) JBE%5), H 1 mol/L NaOH ¥R &4 & pH il & 7.0, T
37 °CHE## %% (100 r/min) JHAL 2 h, 737 AL 0 miny 30 min. 60 min, 90 min. 120 min
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MRS A T AT I FLA R E MERS), MR R KR I 6% 8% 10%0, LS SPI ]
EAI LREMZER (P<0.05), AIRERHT SPI 25 175 & & LW AR A F 3

WmEFR (Bla. b), BEEF T ISR, SPIF EALF ESI #S 53 Ja 38 N 5w A
NEERGESS, BINT ) SPI R EAL AT ESI 2 & T BRZL (P<0.05), 27 TR INEN 4%
i, FIXTRRALAHLE, SPI ) BAT AI4 5 26.17%. SP1 572 T HI EAEH 5 IR R AL S5 3
RMVER, MR E TR ARS, ik, SPI-A TR R E LT SPI U
FUM o JREER GE R I TU LS R I R AN T S I U RO A A . BRIk SPI SR T
VER IR AL SR P RE L3 . Li SRR R R Bl SIEH KA, /KREE AN EAI
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Bl 3 Fontit i 2 -SPI &AL T -SPI AW B MBI IR, Mt RN E (B
NI 89%41) X SPI Bt IRE i G i P 22 5 (P<0.05) , it B & S N & AE 8%, Al
XFHERALAHEL, SPIBERRVER] $Ri5 23.23%, ME SPI fRRER I 2 2 & T HAm A (P<0.05) , X
T2 BT R R R R D, SUBEAR AR FH AR 059, (BRI ELTE 8% K 3% T A It
R F5 SPI I ABEAH ELVEF 77, TSEMREERR 3R AE . BEE T U 3G in, SPI e IE
SIS HINE B AR, RRGSINE R T SPI Bk R B3 TR AL, 2T RN
7E 8% s}, Xt HAZHAHLL, SPIEARIREE SPI eIV nlHE 15 187.18%. X2 T/ T 5&E A
JRAH EAE G, R oy 1 IR R LS G A FE N, SUBEFEFH R o 3n, AT 385 1 e
R REE . BEE 2 T IREEMIIG N, 5 SPI 45 & MR B EGRE Mg n, 1218 TR, 2RM
Pt SRR IR AL AR S N, R T B BE IR I 2% S R R L, PRIk — 3 S S D i i
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B4 MWEE-SPI EEYMAT-SPI E4YHEENBHIEK
4 AR B R-SPL & WA T-SPLEE Y h A B iEi. Bt =T

(1 SPT A= 47K FH FE 2 2 v T4 HBRE (P<0.05), X FHEIL R AT LLIHITA T~ SPT 4 kI 1k ) 7] 1R
AR AR R, M ER . T S IIET LAGRY SPL B AR ERRRAA, MR F . T RO T BASR
= SPLAEMIR I FE . (HRA RV IR R . ™ T Z 8B A R cf B 2= 7

(P<0.05). SPT A4 FI FEAE AL 30 min I 5 AL A BB PE 22 5, X2 BRUARITTF AR B,
HEAMTEE, WL SPLHMKIZI, FEEHAR R, B &AM, MM SPI
LRI EE RS A RGBT B, BRIAE T AL 240 min I, SPT AR FH L TG i 4
Z£5t (P<0.05). Stojadinovic S5Vt 5 & L2 My AR AE CR 97 3 15 452 18 SR A B AL RO S2 i
M 5 1157 0 P T A AR R B IR . Ozdal SECOWF T8 R I, 1684 4 A 57 AR
HEREZMCSDNEL T, &EEBE R, X5 2 @& YRt B 1A fH) g
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SR AR RSO i — Rl (4 A R T, E A TR R E AR M 45 i AL A
FF I k- B R 5 (KT Pl o SPT A AN R A e - by 2 1 JER B 5 2 1 SRR 00 € 220 i)
FTER 25 B R E LR 5 A 55 il (280 nm) BY. B 7 FRon TR 2. B T nExt
KEFBEEEERI AT WG . BEEW R 7T R9%IN, SPI/E 280 nm M #
W 5% FEE SR TRk /)N » TSP AE 220 rum F3T (O WR AT IS 53 2 ST 48 O, it E 3R < 7 T 4E 200-300 nm
VO ABCE R, BRI, SPT MR B B BRAIR AT et B 2R . 7 T 5 SPL AHELA/E T4 R
AW B ZR . T JE, IEAE 220 nm MEILRE N, EMEETUKESES TER. M TS
SPIHHEAE RS AE, Bl =R T 5 SPI IE& 51 1 SPIHIF R AL .
2.6 RGERHLH 7

K 6 AREAFME R 7 T U InERRE 7> B & B 7661 & Stern-Volmer KRR,
FEIRZ 298 K, 310K Z6MF T, BEEMRER. 7T RN, #ikZFomti ek, 7 T i M
0-10%, SPI HI%IGHm A W Rk, HSRE FHRIEA R RIS, R K
. T SPLRA TAHEAE R ER A IR . IR AR N RIR IS R TR, Bk
ek ss, BRKVERGIN, R AR AR R Bk gs B2, ANTTa&n 1 8 A 70 1 ki A L2
MEEEREEMEIER RS, BRRRERR NS, W E-SPL 5. T -SPL Z5Y)
BT B K G0 FL A58 A A e, SPLE AR . FLAGHE . BERYETS 2 T 32

RAACEM B R, 77T 5 SPI RN K FE R LR # 28GR, B3k 1 T aRyE A
RIS AR 2L 5 T 1Y Stern-Volmer 24 3 AT 15 B2 P [ IS4, & 75 82 T 03 F1 L ) ek
BN PERFHN 2.0x10'0 Lmol s 133, i Bz 32 512 A SPI VA K 28 1 2/ T Sh A K g
HURBR, HUL, MR 51 SPL A KL RO K, H Ky BEIELEE R T @
R HNUHI SISV K o TP T 51 SPT VA K Id 22 H0ze KT Bl K I 1 4 O R
DRIt 75 T % SPI A KA SN ERASTE R, HL Ko BEIELE A0 TR T FRAR DY, 2B LML A



e R AR KM R T 5 SPLZIAJE LI 2N 1: 1 E 5. AH>0. AS>0
TERINGKIERJ1; AH<0. AS<0 EERIUVABAEEET]; AH<0, AS>0 TERI]
NEFRAER ). 2R AG<<0, WM —F Z A EAEH B R #ET, WEER AH>0, AS
>0, 71 AH>0, AS>0, KMHERIRE TR 715 SPI 2R ILAER T A
BANEAER T, RN R 2 TS SPL Z 2Rt A BAEH . BT A AL )
AIAAAEDURR T 8 BT =4, RN 5038 1 B B A R A5k, 3 BUs K I A
B SRKPERE 5 7K B P 9, 30t T R0 B 1 B AR VA R R S At DD e PR B AR A . 2
WSEBTIAG H 2R 4518, MR EAE O 52 G 8 A B B1E st S e 7).
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6 HER. BTARFRMEMNAESBEARICKIER Stern-Volmer ERIFNE
R1 WMER. AT5 P REIRERRERRANFEHIER

EA T Ksv Kq R Ka n AH AS
(KD (102 (10'L/ L/mol (KJ/mo  (J/mol/
L/mol)  mol/s) 1) K)

Wil & 293K 1.84 1.84 0.9845 206.87 1.0317 -82.19 -4.27
W& 310K 1.87 1.87 0.9993  242.16 1.0473
T 203K 3.72 3.72 0.9953  307.75 09613 -18.93  -0.68

T 310K 3.29 3.29 0.9961 347.14 1.0155

3 4w

R 9T R SPIIUTIRERAE AR, FLALTE. BERTED, il B 3A n i
I, WA R SPL BEIRGRIE  FUAIE I ALAERE VE IR E D eI BT 23 AR =y 23.23%
20.84%. 11.44%. 10.06%. 7 T W EARLIIER], s nsd iy, wfE SPI &R |
FULIEE . FURRENE . AMRPEIR R 187.18%. 26.17%- 23.54%. 19.27%, MAM & .
PR AR SPLEYIRIE, 454 Stern-volmer M Hr & BUMH B2 = . 79T 5 SPI i K AL
JBET BT R ES TR, HMRER-SPL 7 T -SPL Z & MFOW ik R AR I, HiK
BRI DRSS, Bk YERG N, PREE MR FRREA Frkase # A%k, e, /T
5 SPI 4542 AT, MR EAEEEYIRIEZIER 1SRG BT R
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