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SRR BN WG . PO . B OIS ROR BT SPL AL S ZOH ELAE KL
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R T SPLALE R ML AR N UL E AW AMIE. S55RRW: A pH (AL
JUEEXT SPI PO K Iy RN EHASVER, 2 pH{HN 3.5, 5.5, 6.5 0, —H[HAHEAER )
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AR T2 157.09°C. 2 pH {H 7.5 I, E-aWA G VERFLALAR 2 ML LR pH A F X
HB4H SPI 73 7 B EHe = 7.70%H1 13.44% (P<<0.05). AN pH [H AL 48 )L 55 K-SPL B4
Vo, G R pH (E A B RIGFCIER R B A R

RKegw: JLARER: KREDBEA: MEEM: AR pHEAAR; FAb!E

Effects of pH on Structure and Emulsification Properties of Catechin-Soy

Protein Isolate Complexes

Zhao Juyang!, Yuan Huiping?, Yao Hengzhe?, Chen Yiyu*, Gao Shiyong'"*
(1. Postdoctoral Programme of Meteria Medical Institute, Harbin University of Commerce, Harbin 150030, China;
2. School of Food Science and Engineering, Zhengzhou University of Science and Technology, Zhengzhou 450064,
China;
3. Culinary Art Department, Qingdao Vocational and Technical College of Hotel Management, Qingdao 266100,
China;
4. College of Tourism and Cuisine, Harbin University of Commerce, Harbin 150030, China)

Abstract: Soy protein isolate (SPI) was used as raw material to prepare protein complexes loaded




with catechins under different pH conditions. The interaction mechanism was analyzed through
thermal stability, fluorescence quenching type, binding site number, thermodynamic parameters,
and secondary structure content by differential scanning calorimetry, ultraviolet-visible
spectroscopy, fluorescence spectroscopy, and circular dichroism spectroscopy. The binding affinity
between the two and the emulsification of the complexes were analyzed. The quenching type of all
samples was typical static quenching. For the samples separately treated by pH 3.5, 5.5 and 6.5,
electrostatic interaction was the main force. Additionally, hydrogen bonds and van der Waals
forces were the mainly intermolecular forces for the complex lies around pH 4.5. Moreover, at pH
7.0, 7.5, 8.5 and 9.5, respectively, hydrophobic interactions played major roles in the interaction
between catechin and SPI. The thermal stability of the complex gradually increased with the
increase of pH value. Furthermore, for the sample treated by pH 9.5, the protein denaturation
temperature increased to 157.09 °C. The emulsifying activity and emulsifying stability of the
complex at pH 7.5 were 7.70% and 13.44% higher than those of the control group at the same pH
(P<0.05). In conclusion, the catechin-SPI complex structure could be changed at different pH
treatments. Thus, soybean protein food base with good emulsification can be prepared by
regulating the pH value.

Keywords: catechin; soy protein isolate; interaction; different pH treatment;emulsibility;

RESEEA (SPD BAEEREFRMENELF R hRERE, # 2T &k R
2, SRy EA RS, HEEEREEIERR G 7N HVER, B oA KEVT
ESEZMrRe S SPURAAM BAE L SO sAR I R &1, FFRbmfzmE A i sit, R
B v 22 gy ROV SRR R B P B ) LA PR S T RE IR B -0 B P 5 ) e R 12 SR PR A i e L A
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PR R B R S REE -

ILZRRRZWmIN M, S5t h a2 AR, EA BRI, AR TR
HEVIhREMESENY, JFRAME. BiR. REE. SUEALRIZhA. SABIES LA R
DLSFISEAW, KEABEEAM, EFEASMIEMND, B2, pH{EZEEIILRR
5 SPI Z 18] (R AH LA T B RS i ANl 11, HAR AR FIALE] AN BB . ASHIE 7835 EHRTT 1 pH
EXLZRER S SPLMEAF KIS, 73 Hr ANE pH AEX LA 5 SPLE5 & 26 1. SPL R
SENES M =aim . FAPERRZ R, JRRARIT LR RS SPL AR BLAE 7 30, fE AL

SR FIALE, DU 2 Y- 25 (AR AR R B8 B JLZS 26 . SPI 2 &) PSR L3 8 1R 3 5
S,
1 ¥R 55

1.1 P56

LA TR URESH>98%), ZRAEEELEYWERAR: KESEEA RESEN
98.7%), RHESLIEHIR. KOG, M/RESLEHRIMIVERARAR . g HAdil7)
Bt al, A St R a8 A5 A 2B K
1.2 & 5EE

H1850R 2 myidk B.0obL, W Fa il A0 B TF R A BR A ;. UV-800 BLELAMA] W43
FeFETE, Rl THTAER A R A F]; DSC 4000 B, HI&B/REREM B IR AR LS55 B9
WA, 2% PerkinElmer /A ] ; Chirascan B[ — 456 1%4%, J<[H Applied Photophysics A .
1.3 SEW T
1.3.1 SPI #2H¢

2% Speroni SF US| 45 T7 120 0&E B 250 A FTBIIE BRUCH 75 723K B SPL. #4600 g Jii
ARSI 9 L £ B 7K 4, NaOH W (2 mol/L) ¥ pH HZE 7.8, #it#E 2 h T 8681 r/min
B0 20 min, _FIERAERER (2 mol/L) 1Y pH fH % 4.5, 4°CHIEHFE 1 h, #IH &R,
UUVEAE 8681 r/min | #5010 min, B0 J5 BN HUTIE, FH 5 AHRFRZMR/KIE SRS, T 8681 r/min
290> 10 min, NaOH ¥ (2 molV/L) 1 & & H BUAR . $—RIUS I SPLIE R+ -0t
B, BIAI3R45 SPL. FIH 4 B2l e BACE E SPL IS4, i &40 %0 98.32%.
1.3.2 SEWIRE M4

%% Zhou UM 7 LI E L1554 10 g SPL 5 0.4 g JLESZM KB MRAE 49 mL 10

mmol/L IR #h 22 mia i (pH A 7.00 1, 43l FH 2 mol/L ) HCI A1 NaOH 15 ¥ pH



fH% 3.5, 4.5, 5.5, 6.5, 7.0, 7.5\ 8.5 f1 9.5, = FHEIHEFE 15 min, HIREMILER
5 SPI 7870 I o B S NEFE AT 48 h (7T it E AL AR : 8000~14000 kDa), % 6 h B #k 1
VOK AR SE 4SBT, A A3 B T SEEHTIRAE 280 nm AL OIS, BLZFTAH A
IR Z TR e A B, IBHTIRTSE R IF T4 48 h & .
1.3.3 JLZXE S SPI 45455/ )10 5E

SRS E LR R 5 SPLAS &R, & YT 8000 r/min.4°CHAF T B0 20 min,
BOCiEeM NN 5 mL oK LBEIF & THEIH6 2% 58 70 %# 5 min =, - 8000 r/min. 4°C
ZAF B0 20 min, U RN E L 280 nm ARV RE,  FRARYE JLAS R bRAE I 2GR LA
R, JLRROEBEMBEHFELTRE L (D, R Q2.

g =1

XD A, mi AEEWAEE QIR RTEET LR RFE, mg; mo ATNIIIILRR

E@)éx@ﬁ%a mgo.

X Q) H, wNEEWEBILFRNFRRELL, mg/g: m AR GMAM) LR RIS,
mg: ma AMANIIE AR AT R, g
1.3.4 SEYPFEENEN E

HR R Tang 25UV J7 9638 41800, BLE SPIREDECN 10% L ER S SPI B4k
W, FEUEFREL 7 mg WE GWRE T BAREWRZN/NMEEN, . FER L 10°C/min
(R B I 20°CTHIR 2 200°C. 45 A Pyris BAF T, 10K KRR TEIRE (Tma) FIHE(E
(AHD.
1.3.5 S&EMEHIE

10 mM, pHE 7.0 MBEER 22 7R IC B AN H) pH (H LA R 5 SPT R AW,
R AV PR AR EKES 1| mg/mL, FEIMMERE AR LR S SPL E & MR 1
SAMRBOERE, K IEEY 200~400 nm, ARG 1 nm, FE#EEE 100 nm/min.
1.3.6 EE RN &

28 Jiang RO 5%, FH 10 mM, pH A 7.0 FIBERR Eh 5% i iE B N [H) pH )L
KES SPI EEMHI, HHERERE T 9705 t/min F &0 30 min, BUIEWR, FMEREZ

PRV SPI R B RFE RS 0.1 mg/mL, HX 4 mL FBBUINN 40 L ¥R 8 mmol/L 1) 8-



RN FE-1-ZEEIR (ANS), RIS, FEBUK A 390 nm, KB 468 nm, FRE£ %% 5 nm,
FHIEE 10 nm/s FICFRROGIREE . R B /K M 558 B 5 8 E P50 LU
1.3.7 E&W RN E

2% MO Jr i, SRR ST — (i3, T ILA RS SPL E AW g4k
W78, 8 10 mM, pHE 7.0 AR $h 2% vh Al i B R SV, {398 Wb SPI i &=
WIE N 0.1 mg/mL, SiEAM PR ERREK 190~260 nm, 45 1 mm. 45 FANEREMER
X R %, JFiEd CDPro i Ak B A
1.3.8 HEMTAH R

H 10 mM, pH{H 7.0 HIBERRh 22 I G B ANE) pH (E )L 3 5 SPL B SRR,
5 A R AR RN 0.1 mg/mL. RPN RS Ok, wE
BOR WA 295 nm, FEHEIEHE N 300 ~500 nm, KEEFEH S nm, FRGEEH 500 nm/mint?,
S BITE 2931 310K AOEIR A& AF FUCEE TR IE R, 2 BT 5 FIBR G2 13807 AR 1R 5 6
YSC A

JLAEZENT SPI K 77 X T3l Stern-Volmer 75 F2 /MW 58123, |3k (3)

Fp/F=1+4Kr[@l=1+K,0Q] oo (3

B, Fo NAINLZRZRIS SPL ISR F TR IN) LA RN SPI %G5
Kq N5 FHREH (Limol) 5 [QIAME KA, mol/L; Ksv Ay Stern-Volmer ¥ K 4
(L/mol/s) : o AR ILA RIS R T 56, X TEHARSEY RS F, KHHE
i —fh 108 51241,

¥ Stern-Volmer 72 ALNA (4 WIHE—B 00 LR RS SPLAH EAE 45 &0 a8
HORN 25 & 5 A2

(F, — F)
=P

1 =1g K, + nlgl@] oo (4)

X @) T, Ko N SPL HILERRMAEFE, n N EEE NN RS

WRIEAS = SHOPE LA RS SPLZ B EAEM T, B (5~ (D #HHEILER
5 SPI & ST AHAE (AG) . 184 (AH) AU (AS) « AH>0, AS>0 EERILN
BUKTER 1 AH<0, AS<0 LERIAEBAEAEET): AH<0, AS>0 LERIAHFHBE

S8,



R (5~ (7)), RNEERSEEE, 8314 1/(mol'K); T NIRIIRE, K;i Ku N
Ty R E SRS HHG K A To BB N X RIS &% 4 AG a5 Ai i A tifg, kI/mol;
AH J91857%, kI/mol; AS—H§7%, J/(mol-K).
1.3.9 &7 5 X FAEA

HH AutoDock Tools 4.2.6 £ A4 A1 Pymol BXAFAE 7E JL 7% 22 -SPI Fik B AR LI . SPT
M S5 B 25 A U3 B PDB - (Protien Date Bank), 118 2 F4wES 4 10D5. 7S & HwiY )y
1UIK, 2%t N https://www.rcsb.org/pages/search_features. EL/& ) L7 & 45 4B PubChem
Compound, Z%# [ 4 https://www.ncbi.nlm.nih.gov/pccompound®” . 244 & 2 £ & /K7 T
KRB F&H P R R RFE AR IR S AR, BRI GOR AR SUE, @
RO 52 Ak 2 TR A ARBEAE HAE . R AutoDock Tools 4.2.6 B F#E4T JLE &5 SPT 2
] (153 T3, TEXHE RS R A0 10 MR, IS4 B BfER R R,
i Pymol B AF-F & X 45 AT IR N0 A Ab B8, B #0712 ISR 128,
1.3.10 E&AARE 1 E

AR VAT 8 mL, AN 2 mL K G i, i s)H 4% 10000 r/min HE4T
1 min 5, SZRIF28 88 EHFEURE 50 ul, JOANE] 5 mL FAE43ECN 0.1%01) SDS ¥k, R
J& 500 nm AbWIE RS, B SDS W RAE N A IR KA E TR T 10 min J5 FHK

BRI 5 o FLATEME (EAD MAALFREM (BSD #%30 (8). U (9) &R,

EAI :ﬂx/lo xdilution ............... 8

px(1-@)x10*

ESI =ﬂxloo% .............................. D)
4,

X (8). (9 w1, EAI N1 gSPI X, m¥g; pv SPLRERE, gml; ¢
N AR AR > H, ARSI R A S 1/4, #p=0.25; dilution NFEEAEE; 40 4 500 nm 4L 0 min
IR ERE s Aro A 500 nm AL 10 min ARG o

P PR 4 52 UR . FARS MR 20 pL SLIRES,, BT T s B, mirEk
WHIGETEMEEME L, 05 40x. HE 106 BB FATIEE, HAFIAR



Thae A &
1.4 FyEits

TRH IRV E 3 AT AT M SR IEER i 2208« Hdli >R Statistix 8.1 70 #r
ZanE Nk, KR Sigmaplot 9.0 B 2x 4.

2 R 545
2.1 pH X JLZEK-SPI & & BRI

JLA R SPL3E LR R PRk 7 —FH MBS S, W& 1. R
AN, ERRMEZAE N, ZEAG A pH EM TS N, ERE B E AN
B RAE . X T RRYE S5 N 7 RS A A, I REDIE, “MikFREEA
SRR, REMR AR, SFEORE 2 Me A & H 5 SR A Mgk & B silE, R
GHRTHENZHE BRI, SREEASGMNZEHmSERM, MM )L e
MR G B E ARSI LR RN S & AT, 28 M6 20K T 0 B UL
RN EFEE pH E MGG, 4 pH (L H] 8.5 i, AFHARELI. X2 H THk
AN, pHAEMRMEE AL MR, SPI WIMBIK I ERIE A #EE, ILREEREDE
HEZ AR ) AR A B A g S A BAE D, AR 35, —F A AR I 45
A eIt B 2 05 H AL 20 F 100%.

£1 pH EW/LERQEEMATHEEEER/LARREHOLMN

ZH ) A3 2R /% m(E#)/ (mg-gh)

pH3.5 93.38+0.12°¢ 93.38+0.12°¢
pH4.5 96.77+0.20P 96.77+0.20°
pHS.5 96.11+0.12°¢ 96.11+0.12°¢
pH6.5 92.97+0.31¢f 92.97+0.31¢f
pH7.0 92.72+0.12f 92.72+0.12f
pH7.5 95.04+0.20¢ 95.04+0.20¢
pH8.5 99.67+0.12% 99.67+0.12%
pHO9.5 100.00=0.00? 100.00+0.00*

2.2 pH X} JLZR & -SPI #d& & M 52
TR TR LE RN T3 P 5 52 3 vk, 2 1O AR A T e T e i L e R v g A v
B0, 2% 2 & pH M ARG EEE M. B3 2 WA, MMM FILEES SPLEASY



(R PR 22 . IR tH 1% T ILES RS SPL B &MV MBI, 160 25 248
P, HERYE pHAE T, JLAE S SPI45& HEUR, REZIERILFERS SPI EAMHFEE N
FIPERT. hERAE T, JLAER S SPL EEMIANEIREE t 69.42°CT 2 72.34°C, HLHL%
BWART EEYPAENE IR T, ILRERS SPLESWERERERE S, LR
SPI 2 & WIHARTEIR E B 69.42°CTHE & 157.09°C, HLE pH 1 8.5+ 9.5 (46 1F N o — I AH i
FEdRm, B IR RN, RIS T, JLRERYS SPIACHREE R, ST
SPI 4 H, KT EEMFE .
®2 pH EMNESYRREMLNXE

2H ) B H Tk H
ERIYEcS =Rl
/°C /°C

pH3.5 58.72 50.56 71.93 60.17
pH4.5 58.78 50.53 72.04 63.75
pHS5.5 64.54 51.47 74.54 68.35
pH6.5 64.89 51.36 85.54 80.57
pH7.0 72.34 60.46 98.34 94.55
pH7.5 127.65 169.65 147.53 206.47
pH&.5 142.67  200.95

pH9.5 157.09 340.58

2.3 pH {EX} JLFE-SPI MKW

K 1A pH E FEAWEIHEE. B 1 ATk, RUERSE TILEERS SPLESYIN
SCHMR AR A TIPS ), W pHAESE M 1L RS SPLESWMR . X W]
REE I T RRME G Ad SPT 2540 S A SR A, 88 70 07 2 MR Bk ik 4] [ 07 B IR AL e e (0 8, HL
£ SPI 55 HL ST, SPI UTUERIH] 7 LA R S SPI AH BAEF, BEAS 1 &6 K LIk A1) B ig
SRR IEAE AN . BRIEIAEE T, SPI Z5H9ET R, (IAE SPI 4544 N EF I K (L ik A1 B 5%
BHRTILRERS SPLAHEAER, 1X—45 505 G R 1) 45 AR



WL

& (hm)
B 1 AFEpH ETE&EMLE

2.4 pH EXT JLZER-SPI R H B K MR

ANF] pHAEXT LR 5 SPI E &R s K ERIFZman &l 2. SPI. JLZRR-SPI E &Y%
B K P REE pH AE IR 56 T 5 LI, HAES i fi ik B e/ ME . X AT RE 2
B T ERVE S5 AR T SPI R, HAESS b pi M i i 72, SP1 4 FH/K B, &
BULKRER S SPLEEWE/KEEAR, ST IR S SPLIE BUKIEH S & . 24 pH (HTH =
EHRPESAERS, SPTIEMERTR, HBMEIREE N, SP1 o7& RIT, AT Ko THIME,
B 7K B (A1 2 B Ui S AE VAR R, IRV M R T K

18000 - s
| NG S
= 7/}

16000
14000 - B B

12000 -

RN

10000 -

8000

6000 -

35 45 55 65 7 75 85 95
pH

B2 7 pH ExE A WREHRAK TN
2.5 pH &5 LR R-SPI R &5/ IRl

B R ARG 2L RS SPLFTERE W — R4 MG 0, AR pHHE TR
EYE RGN IR 3. TR SRR EIE TR, BEE pH EHE R, o iR eSS



a2 ETHEY, p-rd S BRI PRI RAE, p-HASHTELRELR
e (P>0.05), RN & EETREES . BRIEFM T E YRGS H i m ik,
ZIeE B HEIE NSRS, o BIREMATEE, RINNa-IRIEL & B
MAERRNE 25 E R, (e fl SPIZ5HIFETT, 2 RBE A BT A i K 2k [ 28 i K, 3800 SPT 5L
FEAE AL RS RERE, RBUVEUA AR A5 S I 0, - R S5 # & B3I BT e s
REEHTAEBIRARL, AP PEZRAE T SPLAE S, PRI pH H, MBI H 5
F S BT ERONTIT = AL F AR P, S T B ARG E Ik, 2 I R TLAE P S S AR 8 1 S Y

FLRMEH N 3 o5 45 1 1 25 2k 02,

ZER LR E, XA]

TN it

e

%3 pH ENESWM-REHHRNM

PEARIRYE 26 AF N R R et . Bk 261 o- 1R
HFBIERAE R, JLRRS SPLAT GRS, —HMOEME
HERREMREE, X SUNE A AT 8R w4 R AR L.

253 TIREH SR %
- IR i B-Hr B A TR
i

SPI  21.43+0.12¢ 27.27+0.06°>  22.40+0.10° 29.50+0.00¢
pH3.5 15.67£0.06¢ 27.02+0.06b° 22.20+0.10°  33.2+0.10?
pH4.5 17.13+£0.06" 27.00+£0.10b¢ 22.90+0.00* 33.00+0.10%
pH5.5 17.40+0.10° 26.87+0.06¢ 22.60+0.10* 33.10+0.10°
pH6.5 17.53+0.06° 27.05+0.10>  22.80+0.10* 31.70+0.00°
pH7.0 22.33+0.06° 27.27+0.29%  22.73+0.06* 28.80+0.10¢
pH7.5 22.57+0.06* 26.13+0.15¢ 22.27+0.35% 28.70+0.10¢
pH8.5 24.77+0.12*  25.63+£0.06°  22.40+0.10* 26.30+0.10°
pH9.5 24.83+0.06* 25.63+0.06°  22.1+0.10  26.35+0.15¢

2.6 pH 1%} )LZ5 &-SPI 41 H./E FH g2

K 452 SPILRRE SR KEE (K -

SEh R (n) - BiEEH (K S

CLENZN ST E WL R KBNS K 0 2.0x101° L/ (moles) , — RN U5 K H HiT
g BRI, 3 TA] A KA 2 38 T i B sh 25 07 AORZE /T, TR AE SRS R 9Ot R AN
RN Z I RSP T AR AR, B3R 4 W51, AR pHAE T, SAFAR KB T

2.0x10"°L/ (moles) , JLIRER G SPT VA I 4 iz K B KB A K 18 4 5 B PR



BRIk, JLZRFXT SPI KV KA RONFR SV K, RWILAR RS R ITRE SPL 454, 45
H RNV RAT B, RG2S pH AE N 3.5+ 4.5 5.5, 6.5, Ksv BEIRE R T i
K, ERENEFHKMEEIRE, SN NZS RSB EE KT E, %8RG HRMORE
WAL 3R 5 20 0 B B AR TR 2 RS, RSOV W02 IR, Kq BRI,
PR R AR AS VKO o G, HEMI LIS JL2% 25-SP1 B & W 456 R iR 85 2 (B AEAEBh &
A, AH AR R DA ST KON .

HI3& 4 FIRL RRYESCAT T Ko BEE B MITHE M REAS, BRI T Ko REUAHGES, 3
ATEBRME 26 NI R EE A R T LA R S SPLMMI EAER, H4 pH N 8.5, 9.5 i, JL
FFE 5 SPIAHEAE R ES &AL RBIT N 1, METOCE R SER 4550 R 45 T BT 1.0
i, RPARE—NZMoT5—NMEARS TGP, FIx—45 REW LA ER S SPI U4
HHHEET 1, XWEWECRMEE R EEIESS S, B2 pH AN 8.5, 95/, —FHAMHE
Y FH IR 45 4 e/ th s 2 N i HLAer 8k A 21 100%. MR TESE1E T Ko B 35 180 T 0 11 FAA VA [
THm: —RBYWEFMT, R TEIEANRRIAMN SPI IRAEMURL, FHR B AERE T 7k R 1 #
R, WMMEILA RS SPLRAHEAER: —RMIEFM T, REA®MILERS SPLAHE
TEHIERR LA R -SPI EEMATE, SBEGHBEE G R BB AT T, 5 HFE
PEAR AU ELAEAIE -

52 pH AN ILASZ S SPLAREAE M %280 . 3% 5 WA, 7EAIH pH {E
T, SREAMAG ¥INFE, WHILAES SPI A BAE A pH W, B H Rt
1To AR pHE T, ZHMHBEAEHIEAR. HE ST, 2 pH{EN 3.5, 5.5, 6.5
I, AH<0, AS<<O, BLES)LZEF 5 SPIMAHEAEF R 2R IER 129 4 pH{E N 4.5
i, AH<0, AS>0, 43 FE ) FENE BTG )] AL T p R s 2 AR
AH>0, AS>0, 5 FIER A FEZ NG R EAER . 456 R B K LI 25 R R I M 5% 1
ANFIT SPI v AR, H pH ETES By SPLVAf#VER 2, SPI 4T Bi/K F: A1 4 (3,
SEULRRYE SPI E4WHUKIERAL, ST ILARER S SPLEE BRI S, HIbRN
NRYESRAE T ILERRS SPHKIG T # AE - IM/ER . 24 pH ETHm ERIE %A, SPI
YEER, HBRPERMEE R, SPI 4 F45HRIT, HHRT Ry FHIMEE, (F5iKE: F15 i 57
T, ORI RIS KN, I BB TSR R BUKER, KA a8 T 5 SPI
(IAEAR P R AR K AR BAE . LA 3Tl AERR I pH A T SR S kiR, 52 (i A
AR R FE AP A ), R I 24 pH 76 M BRI 25 A, JLAS RS SPT AR
KA EAE 44



R4 SPLILEREAMMTAEEREN. GolUcE. GaEHR

MH K K Ky R Ko R
(L/mol) (L-moles!) " (L/mol)
pH3.5 293  3.08x10* 3.08x10'2 0.9924 0.8825 1.01x10* 0.9959
310  3.15x10% 3.15x10" 0.9957 0.7909  4.12x10®*  0.9979
pH4.5 293  3.00x10* 3.00x10'2 0.9982 0.9105 1.40x10* 0.9967
310  3.44x10% 3.44x10' 0.9973 0.8707 8.69x10°  0.9986
pH5.5 293  2.62x10* 2.62x1012 0.9863 1.0822 5.37x10* 0.9858
310  3.70x10% 3.70x10' 0.9981 0.8728 1.05x10*  0.9963
pH6.5 293 2.79x10* 2.79x1012 0.9886 0.9539 1.78x10* 0.9955
310  3.67x10% 3.67x10'? 0.9991 0.8208 6.50x10°  0.9984
pH7.0 293  3.10x10* 3.10x10'2 0.9977 0.7773  4.56x103  0.9954
310  2.91x10% 2.91x10" 0.9971 0.7998  5.01x10®  0.9959
pH7.5 293  3.64x10* 3.64x10'2 0.9848 0.8025 4.65x103  0.9982
310  3.39x10% 3.39x10"2 0.9956 0.8297 5.61x10° 0.9974
pH8.5 293  8.41x10* 8.41x1012 0.9969 0.9862 6.98x10° 0.9959
310  8.25x10% 8.25x1012 0.9909 1.0590 1.49x10° 0.9975
pH9.5 293  1.14x10° 1.14x10" 0.9728 1.0895 2.39x10° 0.9912
310  1.08x10° 1.08x10"3 0.9925 1.0915 2.63x10° 0.9965

5 pHEXMNILERS SPIHEERRAN¥SHNTN

AG
AH(K) / AS(/
M K (KJ
mol) mol-'-K1)
mol)
293 -22.47
pH3.5 -39.99 -59.81
310 -21.45
293 -23.29
pH4.5 -21.89 4.80
310 -23.38
293 -26.53
pHS.5 -72.43 -156.64

310 -23.87




293 -23.84

pH6.5 -44.82 -71.59
310 -22.63
293 -20.57

pH7.0 8.38 98.80
310 -22.25
293 -20.53

pH7.5 4.17 84.30
310 -21.96
293 -27.17

pH8.5 33.84 208.20
310 -30.71
293 -30.17

pHO9.5 4.18 117.24
310 -32.16

2.7 BEWMSTFXES T

WRHE IR RECAF, SPI Af 48 28, 7S 11S Al 15S 254, HA 7S #1 11S AL 5 SPI
1) 70% 7545 35 B0 SPL ) DhAetEpT, DK SPI ) 7Sy 11S B 437l 5 LA R AT
STRAERT, K5 RIS EAL 1IS HASURRNEW, Be6. 7R 7SEH. 11ISEAS
JURRMIES R B 6 R, £ 7S A TH 3 NAEREIES S T 5)LR RN,
Hrh K MRS 54 SER275. ALA283. GLN158, ‘B4 Ik 2 IR 47 16 s s Ak AR
HE 77750, £ 11S EANH 2 NEAREREIES H T 5ILRRIXN#E, HAh gk IERIE 7>
AR GLY242. SER248. 5L W], SPI LR ZIEILM T 7 A5, Bty DU E )L
Fa3 5 SPL &Gl ik, Myiekt 5 aR Rk AEE I S B 1 Z S, XA TR
AN TR A S PR R AR R EE YA L b, BRIE LR R S 1IS A 7S HA 4SS
R EKAE R R TR, X —45 R 5504 RAH— 3, pH [H P
PR IL% RS SPLAHEAR F 77 3 3 EONER KA EAE

(a) (b) (c)



B3 7S. USEBS/ILEZNEN
(a) 7SEHR; (b) 11SEH; () JLEE

5 1ISEHS/LERNOIELER

2.8 pH 15T ) L7 ZK-SPI FLAb R i3
2.8.1 pH {EXF ) L2 2 -SPT FLAL R (152

%% 6+ pH fEX SPI G AW AL R AMAR B HERFE I, BH3% 6 AT %N, 7E pH {54 3.5,
6.5 i, JLAE-SPI AW SHIN pH 44~ SPI AL R #E £ R (P>0.05) ; HA& pHE
T, JLEER-SPI E G WFAACTER B2 K T34 (P<0.05) o B4 pH fEIIIE K, JLAEHK-SPI
SEMAANE R BRSBTS, E SPLAH M (pHE 4.5 MHTESIR/ME: 4 pH
EONBRIERY, JLAR RS SPI R EWFL T RHEIEREEZSR (P>0.05) o XATRER I TR
ST, JUHGR SPLAEHL AL, SPI KJLEER S SPI EAMRERIT, MEEI b a5 HEE
MR TR Z , AR TR TR, SPT MMM R, 5ILRFEM
HAEFRREE IR, 2 AR REBRL, AR T2 5K RAMERE K. 24 pHH 7.5
B, EAEMIACTEER FLAGAR E LG [E] pH AE T SPI 73l 3 52 =1 7.70%40 13.44% (P<
0.05) . Hit b, pH EZEHH K, JLIEL SPI HAMEE & IEHR, K RILIM: R 1
K, HET pH ENBMERSE, SPT 5LA R ML & R, HALESM AR EAER,
FEE R T TR R R I S I 2, MIHLAE R SPI H A A MRS T m . BLAh, 45



6 MEERTTH, LR FE T v RBP4 T SPLMFL e vk, W LA RS S
WA RO RS, R TEARMIZES), 3B E VI KA R, gt
4k, pH XL R -SPL &AM 5 R MK R s —5, SRR
SPI B &7 £ 252 BRI B /K /N2, pH E IR LA &R -SPL 544
GER AR, TG & ) Th R PET «
2.8.2 pH fEXF ) LA 2 -SPT FLAGIR 73 A FrI 52

B 4 A pH EXT & Ak RV . I 4 7T, 56 RERERS AL
W RN —, FURIRI ST s e R PR R S, FLABR R BOR, FUIR R
RIS, 7E pH MK 4.5 B, WIIEMIE BIBCRMAIRL, HRMA—, X2EFEAEA
JRFE AL T 0, EEERRMAARIE 5 BEE I, FBRIRAREK. MHIF pH
A, 5 SPLAAMEL, EEMRMIABRR LR E Em, FABRHER . 4R 57
S PRI FLALAR B M 45 R — B8

&6 pH{EX SPI MESMA UM RIA KR EMHIZIT

FLAETE FLALREE

5

SPI

2EY

SPI

25

pH3.5
pH4.5
pHS5.5
pH6.5
pH7.0
pH7.5
pHS8.5

pH9.5

27.474£0.29
18.41+0.70°
17.24+0.81°¢
25.474+0.26°
28.04+1.452
27.78+0.232b
28.20+0.732

27.49+0.732

26.94+0.28°
23.19+0.004
24.57+0.53¢
24.77+0.38°
29.44+0.24?
29.92+0.742
30.57+0.292

30.51+0.16?

10.23+0.18¢
4.16+0.10¢°

9.59+0.08¢

11.12+0.12°
12.24+0.16°
12.65+0.05?
12.70+0.40?

12.51+0.05?

10.36+0.09¢
4.28+0.204
9.59+0.13¢
13.27+0.13°
13.46+0.05%
14.35+0.42?
13.73£0.592b

13.38+0.272

A FRFR R RS EYE =55 B (P<0.05) .

(@) pHE 3.5

5

(b)pH 1H 4.5



(c)pH1H 5.5

(g) pH1E 8.5 (h) pH1H 9.5

6 7F pH EXNEEMAREHIRN

3 g5

RBFFLS BIM L L5 SPL G636 3. M TLAE WL B AL AL MR AL 7 R ) pH ff4b B
L 5 SPLUMITLAEFIIORAM, 45 R ILILZE & 15 SPLAERPERRBEh 45 & A T 38, 3
TR B TRE S O T M AR AEAE 360 G5 6 o — VRN A EL A P BL R B pH
LB 3B L2 AT SPL VK 7, —% 2 A AW R, Ho%gse
(A9 1 e di. 2 pH BN 3.5 5.5. 6.5 I 2 8 A TLAE I J) 28 A e s A ) 7
W pH BN 4.5 i, EIONERAEE S, LA T P BRI PR, A
TARRL. BESh, TRPERREIT LA Ra e BB S . REHUKPER K. pH AT iEIT
WS A KRN . SR TG I AR, R 0 T L R AR TF, 15 SPI
2 IAHAT I A, HETTHR T A 1 R AR M AL b
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