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Effect of pH- Shifting Treatment on the Emulsification Characteristic of Porcine Liver Protein

LIU Yuying'2,PENG Songlin'-?, SHANG Yongbiao'->*
(1. College of Food Science, Southwest University , Chongqing 400715, China ;2. Chongqing Key Laboratory of
Speciality Food Co-Built by Sichuan and Chongqing , Chongqing 400715, China )
Abstract: To explore the method and mechanism of pH-shifting-induced refolding modification of the porcine
liver protein (PLP) ,and to lay the theoretical foundation for the high-value development and utilization of por-
cine liver. The solution of porcine liver protein was treated with pH-shifting (pH3-11)and then adjusted to neu-
tral. After lyophilization, the solubility , emulsification activity ,emulsion stability, surface hydrophobicity , emul-
sion size, Zeta potential , active sulfhydryl groups, endogenous fluorescence spectra, and infrared spectra of the
modified porcine liver protein were measured. The results showed that the solubility, emulsification activity,
and emulsion stability of PLP decreased after acidic pH-shifting treatment , the emulsion particle size increased
and the absolute value of Zeta potential decreased, while the alkaline pH-shifting treatment increased the solu-
bility and emulsification activity and emulsion stability of PLP, and the emulsion particle size decreased and
the absolute value of Zeta potential increased. The fluorescence intensity and active sulfhydryl content of PLP
decreased after modification, indicating that the pH-shifting treatment had a significant effect on the tertiary
structure, while the infrared spectroscopy results showed that it had less effect on the secondary structure. The
alkaline pH-shifting treatment can effectively improve the functional properties of porcine liver protein such as
emulsification and solubility.
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BERTE TEABRFLRE . 7ESh IR F ekt
J7 1, Kristinsson %lGJE}]ﬁ;‘{ T pH i #%2 Ab 3 (lel g
pH2.5 )% i £ JULIsk 2 11 AU T 48 28 1 D RE R PR 1 52
M, 25 S F B, T0 IR I I 1 A 2 Pk A5 14 T 1 D A% Ak
B, B REAT S84 e UK AR A LI 21 4E 2 Y LA
fig. Ak, Li FEVHRSE T pH i #% 40 3N 0K A
(pale soft exudative meat, PSE) JJLIR 2T 468 5 5 3
AR B2 0, i LB O #6175 5 T 47 28 n] LA R4
Pe i HFLAL R . Chen 5581 Yu %0053 JIHR 1T T pH
D 7% Ak B LI AR 11 R AR R D RERR M RS2 e
BUER, 35 B8 pH e s £ X6 L A0 e PR A 0 2 1 el 3
YER o TEs W N IERY pH i % &b B85 1 e Ve F 5 9t
B, A [ 0% BURR PE (pH2.0~3.5) 1B 1 (pH10.5~
12.0) B Ak B JF 28 1 B 2 B, P A £l X85 1 2 1
FUAL RS 3 7 ks . 242 &5 50 DL R P (pH2.2~
3.0) BB (pH11.0~12.0) fii #% 4b FERS T2 11, 45 R 3R B
B i 7% Ak P R i v 5 T 2 0 08 L A A e R R G
PR TR PE A A% A0 38 45 SR AR I . BB 9T R W, pH
B AR B A BB A 4 P S AR 4 25 1 ) L AR AR RS DA B
(AR R R A F B pH R PE O A% Ak BESCR 20 A
TRK 2 5. AR, NTTIFG S AR F A et
BORWIIE, O FE BRI T HAL PR P A BRSNS
K A FLARRR RS2 o Rl A ISR AR T
300 W M A B R, pH {E R 3.0 A1 9.0 44 £% Ab BE
XA L FLAR R 520, BT ST 45 R R W] P il
Bl pH9.0 B f #6400 2L 25 52 T 18 I AR 1 A LA Ry
PEo BRI, 2ol 75 P B pH3.0 BRTE Im B Ab 21, 4% I
R FLREENSZ B FITZ 00 o ARSI 1L AN
PIHEI T 1Y pH G T B A 336 4 2 11 A9 25 4 RN Ty
REARFPEHEAT THRIE , K ILAE 50 CHIE SR 4 B LA
pH11 A AL B, SOCR o B35 . HET, A R IR
F pH i B8 Ab B A 0 B 5830 8 A R, JCH Bl = Xf
J IR R A AN [R] pH i B A0 BRI (93508 22 0015

BT LIS T FOA PR, 25 5¢ pH RRBROUL ) i 72
(pH3~11) Zh B3 JTF 4 1 LA R A9 2, 1B fE A4 5T
ST 1 pH fi £ A0 BEIL AR BF 5, (5] O8 £ dh
P TAAT B2 T REEE AP RIIT A fit 7275 .

1 #Rl5H%
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BB T A28 000~ 14 000 Da) : JETTAFELRE
FABRA A — AR - AR =2 FORBHAA R A A

TCKBERR — 4N TC/K B A 0 FBRER A AL T
A RRAW S A R ERE T A FRA R ;5,5 -
TRAR - (2-Tl FEZE H R ) [S, 5 -dithiobis- (2-nitroben-
zoic acid) , DTNB]. Z, & P4 TR (ethylene diamine tet-
raacetic acid, EDTA) : 3PS & A W R R A FR A &) 5 38
B - T KNG 404 T A BRZN H] 5 8- 2R M -1 - 25t i it
(8-anilinonaphthalene-1-sulfonic acid, ANS) : |- 411
AR FRA R FOKBR RS - PR 24 EAbBE A
H2 R (glycine, Gly) . =58 B 3 2 3 B ¢ (tris hydroxy-
methyl aminomethane ,Tris) « H PJOAKBESE B AU 2R A PR
Al TR b4t
1.2 5%

BSM220.4 L F K-« [ ifg kG R A R 2
F] s PHS-4C+ R B3t pUAR 22 75 FERH A PR
TGL-16 = 3 ¥ VR B0l DU )1 B R 25 A BR A 7 5
LGJ-10 B2 A VR TR - b 5T IR AR 4R & TR AT R
NG| ; Spectrum100 LLAMGTEAY - 35 E 314 B IR BRAN 4%
A RS 7] 5 TU-195003040426 RUGH 48 8 A] WL 43560
FETE b s B iE AT BR 53 4EA R 3 ZEN3690 3Ok
AIATA : JE ) I IR SCAL AR A Wl 5 F-4700 285600 Yt
P HAHSIAH.
1.3 Hik
1.3.1 HFEARRK

Z: MR Aroeira SEUSI I VL IFRIAEE . 58 T
SRRk, 5 3 A5 (R 0 W R 2% b %5 K (0.05 mol/L,
pH7.4)IRA 157,10 000 r/min 57 30 5,4 CARE L
20 min(9 000 xg) , Bt L5, B2 R0 IR 2 1k, i&AT
48h R R T 60 h, RGP E A, B EH AT
18 CokAH , LML R 2Lk g ffi
1.3.2 MR A e

27 Cui VR 7% R IR X PLP
HEATER TR B
1.3.3  FESL AL

i il 200 mL. 10 mg/mL %% IF 8 AW . K T
pH {HIM £ 3.4.5.6.8.9.10. 11 J5 7% J13%FF 30 min, H
B pH {BEIEZ P ERFE 15 min, £5 20 FRAE S 3 905 R
pH3-7 .pH4-7 .pH5-7 .pH6-7 . pH8-7 . pHI9-7 . pH10-7 .
pHI11-7, %5 FIXF B R 28 pH i B2 A0 B0 26 PR T -



ERFrR

RRtASHR

202445 A
FasEE 108

Hf L A A B AR S A R TS AR AR
1.3.4  VAfRBEI 2
2% Agyare FEUSR I IE  IFRMEB . Kb BRIS
B A TR S C ) A 2.5 mg/mL BB AL TE 4 CF
L5 500 r/min [ 3 BV PR 250 15 min, B W, F
FH R 3 000 s L v (1 8 1 W, 4R e A R
BRI . BB IR (X, %) T E AT,
Cl
X = C—O x 100
K€ AE LG B WA A B EE , mg/mL; Cy
SR ATV TR AR A SR I mg/m Lo
1.3.5  FLALTEPE 2
%% Agyare U Pearce 2619 1 )5 7 , FAE &
Mo EEB RS ECH R 2.5 mg/mL B9 EE AW, AR R
B 2.0 mL KR IIIA 6.0 mL & AR, BEPE 4,
JEFE 10 000 r/min 5 T 519K 30 s, HL 50 wL (9L
TR, I 0.1% + B LB FR NI 5 mLo I 5E
FEGAE 500 nm B Y GAE 18R A PLP ZLALTE M
(emulsifying activity , EAD [T FEAZANTF .
Y= 2 x 2.303
p % (1 - ¢)x 10000
Y RS YE , mYg; @ AR FR A%, Th
PR BUZLAL IR R IR T p ER UK, g/mL; Ay
FLALWE 500 nm AR SGAA 5 101 R BEAE AL
1.3.6  FLyRR e M
2% Lu FPNY I R IEREVEAE 2, LATCE: 30 min
S FLIRA A R LIRS E M o BB S LR A
10 mL 38, § 8 30 min, 7F 500 nm 3% 1K A0 ) 52
FEABIC 5 M FLIR A I RE L (Asoo) , B2 3 0 L R 1)k
BHEOET 4°CHVH 7 d, 3R IRE  id5¢ 7d
Je BT 43 21 DL
1.3.7 RiAL53AG B Zeta HLA I SE
S 2 AR O B FEAE B B KR C A
1 mg/mL (488 IR, FDRLEE 43 BT AR T 0 2 |, T s b
i RPREAR S AT A Zeta HLAV
1.3.8 RGP
Z7% Benjakul 55220 ik HEATHE & k. SR
8- AN -1-ZR M R (ANS) DOCHRET R E PLP (193K 1H
B KA o B O ARV BE R 0.25 me/mL 1 2R 1
T, B 20 WL 1Y 8 mmol/L ANS A 4.0 mL AYEE S
W IETEREC S T T IR % 150, FFEE 15 min,
LB ANS 58 H 48 6o POt 08
TIXTRE i B 9 G0 B SR AT o I AR M i B
390 nm , & 5% K G A 400~600 nm, 3 & F1 % 5k
ZETEE N 5 nm, LR 400 mV .,
1.3.9 G HESRELD
7% Cui FP5 Nie P Iy ik, 4718 B0 .

X A, % 101

2% 0Pt (4 mmol/L EDTA ,0.086 mol/L Tris ,0.09 mol/L
Gly, pH8) X #f fib HEATHG B, B il b 1 mg/mL 14 25
Wi HL0.03 mL 4 4 mg/mL DTNB ZZ Wi A 3 mL i
EHBER TR IRES L 30 CHI &1 BE47 86K
30 mino £ 412 nm W@ W SEAE , AR A =T
TEPES R & (M, pmol/g) , HHEARINT .
73.53 X A,, x D
- C

J—Et':,j :A412j‘:’EE?§:{@iE 412 nm ﬁﬂ‘]ﬂﬂj\lﬁﬁ,l) ﬂ‘:’
FiBEH ¢ AE AR , mg/ml; 73.53 #1 10/1.36%
1043154, 1.36X10% M FE R ISR
1.3.10  WIRZEEGTE I 2

Z:7% Nie S50 J7 35, HEATIE 8 . FFAE A I
il B 0.25 mg/mL W8 FE R . 20560 EE T
EHLNIR D OEEE, (USRS HRE MR EK R
290 nm, & Pt CHEIL Fl R 300~460 nm, 3§ & 1 & 5 5k
B G5 YO S nm, LK S 700 mV, $ 6l E R
300 nm/min,
1.3.11 il 20 AR

2% Hou S 75 35 3047 B g e, BUR T HF
2 mg, 1] 15 mg T4 KBr B H 7 5 LI, 94
TR 4 000~600 cm™, 43 HER A 4 em™, AT 32 IKHH
o Xk T4 (1 700~1 600 em™) 3% KI5 5 4T 55
W BRAULG, I8 Ao e L I 2 FR T 45 0 A R
7 T AR, DU S A 2 0 G s i 4
AW R FR A3 T FRA T A5 A4 o-BEIE BT
B A1 L S TE R
1.4 EdEkb e

BRI EL 3 K, I3 AR, g0 25 R
S E PR E 2R R . Bt Excel 2019 3R 3E1 T84
AbF, Origin 2022 H 4 H T 56 22 K], SPSS Statistics
17.0 H1 7 Duncan 5 V730 #7 , P<0.05 KU 45 A
EER,

2 BRESH
2.1 pH WESAbFEXT PLP ¥ fiff B 1) 52 i

pH (A ALFLX PLP ¥ i B 52 m an sl 1 s .

BV A B /NS B B Bl BRI R G AR
WA, B B VA f P A 1R 2 26 1 T R B A5 T
RetE BT A S AR, B 1 AT AR A T X REAE Y pH
1% M s B b BB, PLP F9 3 7 B2 f 28 T B (P<0.05) o
Wi 25 T P Al B R 2 T AN DRI T ), L fie 3 S B e
KA # (P<0.05) 5 pH U1 I B A0 3 AE 1 2 44 %5 PLP
(R A B (P<0.05) , ELVA i B B pH B PE I B 72
) 8 A T AN BT AR 5 (P<0.05) o I 45 LR W, pH R
P i B Ach B 255 0 PLP (R 7K AP o, (50 2 1 3 [ A1
R AT B SR AE 5 AT ok AR v R R A K A
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60} 2 ] pH RS AL T PLP LIRS a2 M (9 5 i G P 3 o
_sof =[] /R, pH i B b B8 PLP FLWCI A 7 d R 19 50 0L
E 40t E . WL 4,
ﬁ% 301 h . 030
20 i a  a .
:Hafl TN 1
0 . # 0.20-‘[‘ . ]
AR G\ A A A A {H I
Aﬁ&x\”‘&x\ FEISE B o015

ARG FREFOR 225 %, P<0.05,
E 1 pHRBLIEN PLP BRERZE
Fig.1 Effect of pH-shifting treatment on solubility of PLP

Wiz, 54 pH B PR w8 122001 45 f AR B, /K S TR
BCER AR, (75 i 2 3 — 2D RRAIC s pHL B v B2 Ak 3 AR 2%
AR, AT g B oA A A = g S o 3 B
IKHE A 2 5 | TR 5 K 5 ARS8 A AH I 35, 28 1
5K F Mg G RER Z 3, K& E b, it
M T = R, Jtt% PLP & R0 42 9l /)N 1 fig 5
ﬁzﬁaﬁ%tﬁ%ﬁ% o 8, AT 5 T K B AEH

X T BT A R ii""?ﬁ Yongsawatdigul S 7E fiff
5% pH i B b RO 4 4k LI AR 1A 52 e B 0 & R
pH PR M B BEAIR T WUIE B 1 A R 2, 5 AR oF
FEERA—3
2.2 pH fwFZAL BT PLP FLALTE M 4 20

pH fRFEXT PLP ZLALIE RS2 ma an &l 2 fios .

187 L oa
) =
C C  —E

161 L=
+

il |

121
101
N ANEEA A WA WA WA WA
N A TR A N A TP SN S
NG AU AR AU AP AU RN AN
TSI ILY

FULTEYE (m?e)

S N B O ®
T T T

AENG FRER IR 28 5 B, P<0.05.
B2 pH{RFEAIERS PLP FLUE IR0
Fig.2 Effect of pH-shifting treatment on emulsifying activity of PLP

FL AL BE 738 F Al FLAL I MR AL . m B 2 AT
0,5 %0 BRZE AR (1014 m¥g) , pH BV I B 40 B 45 3%
A T PLP AYFLALTE 1 (P<0.05) , pH B P fiw % 40 31
J& , PLP [ FLAL 6 PEAS 2 T B 1 203% (P<0.05) o Va-
reltzis SEEIZEMRGY W5 (4 05 DL 2 RO D BEPE R A, i & B
BT A B% Ak B 1 2 1 AT B A FLAR MR AR 5
HAF 75 25 T — 2L

d
e
0.10 f
0.05r ’_x—‘
0

S A A A A A A A A
Q& 40 A A A A A A A
NR ) U e} o <) O \Q \\
B 52» Q«b §~ §~ QQ‘ Q«b > 52»

ANTF/ING SRR 22 57 1 3 L P<0.05
3 pH RBLERT PLP ik E AN
Fig.3 Effect of pH-shifting treatment on the emulsion stability
of PLP

A
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4;\ &&&x\b&Qé\x\\

El4 pHRHAEX PLP LS BRI
Fig.4 Effect of pH-shifting treatment on the layering of PLP

emulsion

H I 3 A 4 vl 50, 55 B AH E , pH R B2
AbHRIE , PLP ZLIR A FLACRR E M 8 3 PR AIK (P<0.05) , 7L
AT 7 d J5 4y 2 3 mB , B pH Fe WAL i
A LR A R M A2 5 pHL B i A Ak T DU A I
B pH8-7 AbHELH A1, pH B 1 I #5 4k B 5 1 PLP FLAk
e Ik 3 H R (P<0.05) , B A A7 I 7 d J5 Bk pHS-7
Ab BEAREWE A E AN e A BRI AR T R FLE
KA
2.4 pH fii % Ab B XF PLP K742 23 A Al Zeta HL A7 Y
A

A pH M F% A FRR PLP %742 43 A F1 Zeta HL A
WKl s fos .

WE SA Fros , M T X RE AL, pH R 1 1 B Ak 2
SRR PLP BORLAR , pH TR i F% I 3B PLP 14 kr
P MK s pH Bl IR RS 208/ PLP Ak A%, H pH Atk
TR F% IR B2 B K PLP B A8 /N . anEl 5B FTR , ik
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IR 5%

ZetaFi 3 /mV

-20 -
T
-25*- ab
ANFNG FREF R 22 5 15, P<0.05, A, i B. Zeta L,
5 pH RBLLIENS PLP K257 0 Zeta FEALHYRSAE
Fig.5 Effect of pH-shifting treatment on particle size distribution
and Zeta potential of PLP

.
a

17 pH3-7 .pH4-7 .pH5-7 & AL PRI , Zeta HLAV 28 XEL
A Tt B4 15 i 2% F [ (P<0.05) , 7E pH6-7 i #% Ak
PRI, Zeta BV 8 XHE S X IRAIMIF LR FHHEE R
(P>0.05),1Mi[%: T pH8-7 AbHRZA AN, Bl (m A% A #1 1Y 5
BT Zeta HLA 48 XA Y 25391 (P<0.05) o

P TORLAR 1) /DN R T FEL A 48 % {1 e 15 5 2R
H R I FLALER A BRI E R R /N B T4
P 5 A b I 2 T R, A T L A7 4 X e DU R
NEWAER Z [ B HER J1, PIRIAZ /N Zeta B3 A 46 XHE K
W2 5 A FLAR R T A . AR 45 R Zeta HUNY
A XHE 0 AR 16 -5 R0 A8 10 A8 Tl S — B, R B — 3 1
P A AR R B R A LA RN LA RS P S Ry
AR — S0, UL pH (S AL BB Zeta HLAT 45 %)
B B84 5ok A2 (R AR 1k 1] BE S 25 B D et AR Ak i
JRHZ—
2.5 pH WAL FXT PLP 2 @ /K P Y 5 0

pH i £% 4k BEXT PLP 3 I 67 /K Pk 19 52 i 4 /&1 6
FER o

TG /K M B T 8 1T R R LA R g 7K S A
FEH R AR ERERE . XA o S 5 2R 52 R A
B KR EAE T, [R5 88 1 0 00 2L AR R 2 DA G, X
AR5 A 8 W B VR A S e A B (&l 6 Jir

1000 [ e
Y —— pH3-7

800 A T

600 [

FEH K

400

200

0 1 1 1 1 -
400 450 500 550 600
WAl /mm
Bl 6 pH{RBAIEN PLP REHKMERZIN
Fig.6 Effect of pH-shifting treatment on surface hydrophobicity
of PLP

7, Bt 2 PR A% T BE 104 40 ST 1 e , PP 174) 3 T gt 7K
Wi T, HL X B2, Horp R B8 T 5 [
{14) 2 1T B 2K P B R O B X R AR R MR B T,
PLP [ A PR o0 i 5 . HL D PR o] BB pHL 1A [m]
Pk B P R E AT S G, 8 FUR RE S K A B L
AR, M DA —F IS BR S (IR 2N A, K S 1A
IR Z  JEm AR T R B K. A, pH MRt
T % Ak B8 75 7 22 1) i 7K 5 A 7 S5 H S A AR SR 4R
TE BT PR AR K A g K S A0 i DA pHL 2 2 i A% Ak
PR 2 1 R T K P 3 AR B T R 2
2.6 pH WFLALBEX; PLP 15 51 152 1R

pH TRFE AL FEXT PLP 36 PEFR L 52 &l 7 i .

127 ab

ab a ah
_d abe I—a]:— (,
I c

—_
o O
o

WEPEFEL/ (umol/g)

A A A N S A NA RRATIIGAN
AR AR AN S AP AN RN AN
TRISIFITITILER

ARNG TR RIR 2857 %, P<0.05,
B 7 pH{EHLERS PLP EHESEMN NG
Fig.7 Effect of pH-shifting treatment on active sulfhydryl group
of PLP

R THEBHS TR FIEIOIE TSR, B
HEH B EEA DR Z — T PSR i e
YA A 5 AR 2 TR R G A ST 5 1] 4 s s e 11y
FEHR=HE R a7 fros, 285 pH IR
B AL , 5% BEZEAR HE , PLP BTG VS & 1A A
[FIFEIE A28 AL , pH RO A2 A BEZH B pH3-7 2354
ik i W E VRSN, AR A B P T W 22 5
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1M pH P et 7 &b FHL2H T B pH8-7 241, HoAth b R 21
GRS B D (P<0.05) o pH R B #% 18 J3
MR TEPESIEE S AR O B . TEE
B pH PR b6 I B Ah B 25 3080 | i UUBRER 1 TG PR S 3
Tl TR AN S S BRI, AT R 2
P& FEIT S FNERE A &L TR A, &
P& 5 ANBESE AR IR IR A 484, 1 3% 32 B 5 SR AL AR
TR, PRI, T R S R R 2 U
2.7 WIRZSEI SR L 4B

pH (i F A BEXT PLP YIRS 1% i 5% 4n 5] 8
# 1R

5000 —— XFHH
—— pH3-7
4000 —— pH4-7
—— pH5-7
w3000 —pH67
o8 —— pH8-7
R —— pHY9-7
® 2000 —— pHI107
—— pHI11-7
1000
%80 300 320 340 360 380 400 420 440 460
P /am
B8 pHRFAIEXT PLP 3t a2
Fig.8 Effect of pH-shifting treatment on fluorescence spectrum of
PLP

# 1 pH REHBLIEXS PLP R ER N

Table 1 Effect of pH-shifting treatment on fluorescence intensity

of PLP

L) Ao/ ZENCIRE

pOPI 332.83+0.29 4.419.67+29.26*
pH3-7 337.000.50 2916.33+28.10¢
pH4-7 334.50+0.50 3 332.67+33.98"
pH5-7 334.25+0.35 3712.00+14.14¢
pH6-7 333.17+0.58 3999.33+38.81°
pH8-7 333.75+0.35 4373.00+32.53%
pHO-7 334.00+0.71 4 189.00+48.08"
pH10-7 334.83+0.29 3 924.00+39.89¢
pHI11-7 334.83+0.29 3 730.00+34.39¢

T - R Rl INE R R R 28 57 B35 (P<0.05) ¢

TR S 6 1S 43 BT S R 5% 2R 1 B A 2 A AT
2, B RENS 1 B X G AR Ak 14 43 B A I 1 2R 1 254
I BE ) ARk, DT T4 o2 B 2 11— R 285 4 ) i A 01
WiE 8 fEk 1 s, 40 pH R b RS (55 T8 11,
o K S AR (N ) AR T X R 38 A 1 B i i
LIRS . TERR pHS-7 Ab B Hh ik HAt b B v, 5%
S5 B Y i 2 R % (P<0.05) o Bl pH FR B I A5 72 i

FOBE T, T R AR B b 2 8 0 . ARAR T pH
BB PR IR AL AL 38, pH R P I A% A 385 RS A 2 R B I [
oMW R NIRSOE FE R A T A AR
(Trp) s N KA TR LTS, AR A S BE0E IR,
BT 22 1t S R DN 11 0T 53 PR AR A B % v i i
#E ok . MR TR RE SRR M B A R A T
Pr& , F oA 10 L P g R il 3 s 48
2.8 [HHEM-LIANEEAR L T
pH IR ALHXF PLP 2L G52 UL 9.
oy

pH3-7

pH4-7

pH5-7

pH6-7
pH8-7

4000 3500 3000 2500 2000 1500 1000 500
P em™!
9 pH R AIENT PLP LI 502200

Fig.9 Effect of pH-shifting treatment on Fourier transform
infrared spectra (FTIR) of PLP

(LA AW S o N A EI I i = = 327 Fa )
RWEAL . WA 9 Fron A B BOOLTE 5 0 IR N
FAAL, 3K R W] PLP B G E5 40 n] BER R LR W A2 AL
Lok S TR ISR R 2, R T X IR
5B T R AR AR

£ 2 pHIRBLE PLP —REMENSEBHEM
Table 2 Effect of pH-shifting treatment on relative content of

PLP secondary structure

WYL B-EI/%  IMEN/% o E%  B-EfaI%
X e 41.94+0.03¢  14.41+0.02* 25.85+0.03* 17.80+0.03"
pH3-7 40.70+0.02¢  13.81+0.03"  25.34+0.04¢  20.15+0.03*
pH4-7  41.57+0.04" 14.05£0.02¢ 25.82+0.01" 18.56+0.04°
pH5-7  41.94£0.03° 13.96+0.01" 25.69+0.01¢ 18.400.02"
pH6-7 41.88+0.04" 13.87+0.03¢  25.66+0.02¢ 18.59+0.03"
pH8-7 41.60+0.05¢  14.27+0.02¢  25.86+0.02* 18.27+0.02¢
pH9-7  41.94£0.02° 14.37+0.03> 25.63+0.03° 18.06+0.02¢
pHI0-7  42.38+0.03* 14.03£0.02° 25.46+0.01'  18.14x0.01'
pH11-7  42.05+0.05" 14.31+0.02¢ 25.47+0.02" 18.17+0.02

T A )N B 3R 28 5 .35 (P<0.05)
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