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Functional Properties of Pea Protein Isolate Subjected to Phenol Removal and Alkali Treatment
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Abstract: Pea protein isolate (PPI) was prepared from defatted pea flour by sequential treatment with methanol followed by
acetone and then subjected to alkali treatment. The effects of phenol removal (with methanol/acetone extraction) and alkali
treatment at pH 12 on the particle size, solubility and emulsifying properties of PPI were investigated. The amino acid profile
and protein subunit changes were examined to elucidate the relationship between protein structure and functionality. Gentisic
acid, hydroxybenzoic acid, coumaric acid and ferulic acid were identified using HPLC with phenolic compound standards.
Decreased protein particle size and improved solubility and emulsifying properties were observed in PPI after both treat-

ments. These processes also selectively removed some polypetides rich in arginine and cysteine. However, alkali treatment

was more effective to improve protein functionality than phenol removal.

Key words: pea protein isolate; phenol removal; alkali treatment; functionality

TS TS229
doi:10.7506/spkx1002-6630-201323001

Wi PR R BE RS, A BT k3K
WAL MR mfER . B S ERECH W T 2 ER
pise, HRAMEEEREEEEH; ST %505
T, EERAEER R G — AR iR A 32
e BEPHEASEEIR TR ~30.7%2 17, TH&EE
22.3%" . WFHIEE A NIhREME AR %, AR
R SR A R . B N AR o0 T 3 540 & 2R (PP Bt 7
HARZ, FE4EA X PPIG] % S JLEE A R T 7T,
Bk, A BTt B AR R 5 o Th e tt, DU 5%
R YE .

Wy KA G W Z AR T YR, YL A7

Wieks H 1. 2013-08-30
HEEWH: EREAREEESTH (30471225);
EH A HH(1982—), <,

kbR ERD: A

YES: 1002-6630(2013)23-0001-05

BT, NN R A R AE A . RATRERL
WA E B PURREN. EEIEEZ . TP O
P B BUR ST S YETETIRE . 53 A R
AT i AR SR, BT LS B AR
SEWTCIRE AW, SN AR, AT B A e
FRNME". Singleton S HRIE T 2 AP K 2590 5
AHENEThRE, T RO B RNV AT — E IR H AT
Xt R R R SRAFAE (1 B S0 i F 9 3 BEAE SR B T . 1
INPRZL AR R AR T SR R i 2 W R R A b i T
A XS TT T R — e A () T A i SR B
2B P ERR, CLGAR F ERTAS RRR 177 4

“ TR EEBHCERIIUE (2012BAD28B04)
YR, -, BFST T A AR R 45 S ThREME . E-mail: jiangjiang0909 @ gmail.com

SEEEE: k1974, B, o, L, SRRSO SHYE . E-mail: foodscilyf@163.com



2 2013, Vol.34, No.23

E6oill=

XAERNBFSE

] 47 27 2556 By 2 4 o 5 ek 1 Jo T P R LA FH DL R Ak
BORAE T — B FC . B nOusE " B AT T 3 B AR Bl
BRI R G BEA MUY, I HES T H T
K PARTE R BT . TongbergZE T Y 1 FI LA 2K
T SR A4 B MPD R REEAEH, AR & B R
TR AR, Bl AE AR, TsaiZ I TS
PR 5B G BE AL A, HAERFMMFM T L
THUAACRE ST R, IR 20 R S ) I 1
R AR E 1 LR F ORI IR LU T

{ARARAR 2 Ry 2K 0 5 B 1 o 1) 45 & B Dhsed
SRR 5 TH RO S0 AR % o A SO0 7 ol oy A0 sk Ak HE
PG o B R A FE AN R CP I RLAE RN . FLAL
PRI REM, 3 e S 5 R 2H I RN i P Sk 025 43T B 1
JREEFI AR, CLIT N 4k 22057 50 Wy 2R W) 5 AL R AR &R
PIFLEMAT R —E IS5

1 WR5HE
L1 ARG

Wi LEHHRANTG.
PIRs BRI . PO 3 2 —J(TEMED). 5.5 i

FOEH R ER(DTNB)  E[ESigman@l; HEE. WL
FiRA( ) EAERFERAERA A

12 K&

TO- 1R P g VLI BRI Deltax R
it RN 2 A (R A R AR UV-2800H
REAN 0] W e R T R A R A A
Zetasizer Nano ZSHUKRLE AT SeE /R SCA A
EEBEHNL  ATS T RS RAF; 650-60% 555y
HObE HAHMAR: Bk EEBio-Rad2
H; B EE S HAREAH.

1.3 ik
1.3.1 B ab e

PRI Agboola ") 7 it It M 5 5 A JEAT Iy Ak
B, BSIESE. R EE IR G A, R T70%
FFEE(1:10, m/V)IEfE, =R FHEE40min, 7E10000 X g¥&
VR E020min, Y& EIBEHRM: HH70% P E(1:10, m/V)
BIRUTTE, = T HEE20min /5 £ 10000 X g4 14 B L
20min, W& HIGWA, FERUTIERIERR KRG T20°ClE
R, FFRREUEE. HICEBIPMAI AR AE30C %1
THZWEREA K, BREAVEN, FRMKER D M
T, RIS T Ry R P
1.32 B B H iR

M4 Ramirez-Suarez 5" T R R BB &40 B R A .
KRR BRI e & i Y, SRECR AT I A
HBi T, 152 KRBT 55 5 1 (PP & & N 93.4%:;

T B2 R AT B oy Ach B2 5 ) 30 5, 15 81 1 o oy 9 5 4 8 2
H(DPPI) &% #496.0% .
1.33  pHI2fmAZAb¥E

SR TR 4 BIEC 1 2g/100mL I £ (AR
BEATpHI2Mm A AL 3 . K 2R 1 0 39 pHLL 248 25 1 45 44 5
SYJEIF, RFELh, BEEKpHAE B R, Bibkih, R
SEApWdCIFEIR
134 FERERFPEIIM E

HRH4EMichalska' " ) 77 5k FUHPLCAS I 8 & 3 By R
M. Rk D ARSI ISS, 100RP-18
FE(4mm X 250mm, Spum), JWEIH: K- L NE-UKEE R
(88:10:2, V/V), ¥Eif: 30°C, ¥ii: ImL/min, H}[A]:
60min, #EFEE: SpL, KEMIPEEK: 280nm.
1.3.5  WEREERIIE

SR FHOSUAR ORI 7 B o B R B o o P AR v 119 4 i
HEABSA)ERMEMZ. RGN ImLE AW T1.5mL
B, 12000r/min B0 10min, R EL0.25mL i T
WEH, MA0.75mL 2 & F /KM B, IIA4mLA 4 IR
A, o EAE, TEEE T RE30min, T K540nmit
MEWROEE . TRHR0.25mLANE B0 & AR, F RIEE
FEAGI SR (R IR . WA SO BB R
P A R TR R B 11 LA
13.6  ZhaGHUR 7 #r

W4 U 0. L mo /L 2 #6 22 i Vs W (pH7.0) B B 2]
Img/mL. K FH9AKAEEE 3 A 5 B 5270 25 2 T P2
FLAE RN, W 5E i B N25°C o
1.3.7 SR R A AR e e R I

AR R S O v ) e AP B 1 LA E 37 C U
e, EEL. 3. 5. TR HIE A KIKE =
[y A EEAAE, RAINDI- Ui L& iH
W E A R R L
1.3.8 SR R BT

FRIC—E ERE A T/KEE F, MA6mol/LIHCI
8mL, 7EH MG TP KME24h, BUHA RS
2SmLAEER, I8, B0, RAZIERR Pz
BEREE.
139  HEABKHEIKS T

SRS B R AR JE 5%, R nesh, 12%
SrEE, 5%WRAENE, HLPKCR FH Imm&E AR, HLIKAE i
A G R ) R B B R R FE N 2mg/mL, kKO AR
3min, HLEEEYE, EREREI0uL, TFAA UK B
N20mA, FREanEE N2> B S BON40mA . 38 SR IR N
NP-5ii 2 LIE(B-ME), i dEIE R B Ik A .



XAERBEE E65o

il =

2013, Vol.34, No.23 3

2 ZHRE5sH

2.1 BEE T EERFRE AN E

K SOHHPLCYR X 8 & () By BR AT A, i ik o
LbZ M AR (R 32 BTERRR . H O, JLRER. &~
T\ IR, KHEE. MR, TR SRR H
LR BE T (], 8 RS AN, i Bk
FH% e, HPLCAS I &3 I 1.

A

AU
COOO0OO0O000S

[lmimilelelelelele el
OO = === —IIN)
ONE RO NCOON

T T T T T T T T T T T T T T 1
0 4 8 12162024283236404448 525660
[ 18] /min

AU
Soooooooo000
O= WA UNAI0OO—

SO0~ —

0 ‘Il é 1I2 1I6 2I0 2I4 2I8 3I2 3I6 4I0 4I4 4I8 5I2 5I6 6I0
Ff 18] /min
1 SRAREHPLCE N70% HE12E (A Fi70%

PERTR R (B) P EYRR I
Fig.1  Reverse-phase HPLC profiles of 70% methanol extract (A) and

70% acetone extract (B)

B P R, R AT B E) R I R ) o R AR A
30min Py 4P B H Ok, X BB T B T R R A L O
IKPER T, A R FH A A 308 I 7] IR 4 5 e i HH ok o AR AR
P R A ity O R N1, IR I R BG I0EF %02, AR AT LA
FESEP R EESH BEIR(6.9min, [M-H] 153.1). 7K
¥ (15.3min, [M-H] 137.1). F 58 (23min, [M-H]~
163.1). FTEEEZ(31.5min, [M-H] 193.1). 4R 5
Mendez 5> 538 25 AR, SNSRI B S G P 2R
B HERR. KRR, &R T3 A,
2.2 JIh T A FE G AL R PPV fife 4 1 52 10

WIRVE R EMEARM— AR mEE MR,
RN E R il 5 AL D REAF M I R 4% . BWIIA R, Wk
&P U B A7 LE, WAL R ARSI L &80T
WIEE A WATLE . DR LR My b G T 2 1 5 PRV A 1k 2
FEAE—E R . A AR B pH 124 F8 AL BE AT DL 1B
WREEARBMAE, e &, B 555
BEOBFIEE SR, EEELTFIAR100%,
RARGE S B B A RN T 18%, SpHI12{m#% 4b 2
JEME SRR A M. A, MELX AP ER Y B EE AR

JE HE BB S (K3), AR id Bt By Ak 22 I PPTIR VAR 3 7%
M, 22 pH12 A2 AL B A g JiE W s it By AL P R PPI
100

TVRATpH 12w F2 Kb 2L /T J5 2755
L a a
C
80
60 |
40
PP, P

Pl DPPIy  DPPL,,
PPI ARt By A HE 1 R IRBE L3 B R 5 PPy, ARG AL 3
FIpH 2B 5 4 B &R (15 DPPL AN it My A #1135
TSR E . DPPLy, 23 [l ab #7 HpH 1205 1 1 9 273 7
HE: B3, 4. B RN ER R E R B #(P<0.05).
B2 SRR TR XA B PP T R
Fig.2  Effects of phenol removal and alkali treatment on the solubility of PPI

b

IRFEI%

APPL; B.PPl,; C.DPPly; D.DPPIL,.

3 BRI EPPIE BILS
Fig.3  Appearance of PPI subjected to phenol removal and alkali

treatment

Siebert¥5*HiiE T 8 AR SMRUA WL S 2 TE R
FRTE R G, MR BRI AL, B “Haze” B
Fs ARLIFARIA & AR KB SH R R4S
VARV L, BRI E R I R K B
i A it oy Kb TS 15 2 11 A P K R i ) B AL T g
=i M, BEEACBEROR T By RS R A B AR
thaf G anssd. GKMEIER), B “Haze” BLRAG2] 1
BBOR, T B PR A L, A %
B T E RS BRI O A A IR S, KR

VBl s Fe=, AL B R A LR — S A
=N 15

2.3 R A AL T PPTRLAR 2 A1 R R )
AR AR KN Hohae v A — s s, 4l
WAL . MY RS R AR LSS S ERAR K,



4 2013, Vol.34, No.23

E6oill=

XAERNBFSE

VR E M . T pH 12 B A HEL 2> A8 45 B 1 7 O A
B, ORARAR /Ny b 3 R B AL B T S PPURLAS 43 A H
R IR,

K1 BERFIORALIE A PPDRL 2 5y A ELAR 45 1

Table1 Particle size distribution of PPI modified byphenol removal
and alkali treatment
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R LRI, B Ak B AT J5 PP AR K/ 22 7 1R
K, HIF RS2 5 R — R, B A 2 PR A I
THE AR E KA EAER, KBURLAS AT 1 SRRk
T IX P AR A AEpH 12 M EE AL BR J5 , 340 m & A6 3 4y 0 3 AR
B, AR R A RN, HRNEA—FE,
2.4 BT FIBRAL R X PPIFL AL 5 AR o 1 A 26 B 1 5

JI5E Py Adh FEE 2 AR B 1 R D) PR A EAE R A3, AT
SO B AR s i pH R A% A 3 2 ik — 0 U B R
() =R ah i, P Ak 9 ol Ak B PPTAL A T R v M P S i
PR AL A AR — B R X B R AL
T P T DI i LA T TR I S v 43 2 A7 O DA R B
ARk s, 25 5 L4

—o0— PPIy —u— DPPI
15 ¢ —2— PPy, —A— DPPL;,
Oo————0
g 12 D/
E D/
® O .
iz
w 6r .
D T —
Ollé;/? 1 1 1 I
0 1 2 3 4 5 6 7
VeSS 1) /d
350 —o— PPl —m— DPPI
_ —2— PPLy, —A— DPPL,;,
<
a
E
Y
&
Eps
®

g 1A /d
F4  [BEEFIGRACERXT PPIFL AL 5 b bk B R E O R

Fig.4  Effects of phenol removal and alkali treatment on the storage

stability and viscosity of PPI emulsion

B 4T, PR B SE g T B JE IR,
R INPPL A E M f 2, F X ADPPIy. DPPILy )+
PPIy,: DPPL,, , MIPPL,, 2 AN K. Si4b, FERSk
53 Hhu] LR PPy, RIDPPL, /53 J5 25 5 RN K, {H 2
PPL, AL BE B, IR AN s T AEDPPL ., 7L
R 2 7d 085 R B MR IB IR 4 . tH3R B T pHI12Mm 8
A BT R T LA TR ) 5 L P Ak P
2.5 BB ALEE X PPIG FE B 4L R

F2  IRECEXTPPISEE IR B KR W
Table2 Effect of phenol removal on the amino acid composition of PPI
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aEm PPI DPPI AE
REGE(Asp) 11.039 11.183 26.331
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IR (Val) 5.047 4816 6.722
FR i & R (Met) 0.706 0.489 0.095
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FE R (Leu) 8.406 8.253 1.060
HHEFR(Lys) 7.390 7.291 1.034
fiti & B (Pro) 4.240 4.365 2.164
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