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Abstract; Protein quality, functional properties, physicochemical characteristics and structure
parameters of the chickpea protein isolates were investigated. Amino acid analysis showed that
the protein contained all essential amino acids. In relation to FAO/WHO reference pattern,
tryptophan was the first limiting amino acid, and the chemical score of the protein was 71. 0.
Surface hydrophobicity index 94. 3 was determined by fluorescence probe 1-anilino-8-naphthalene
sulfonate (ANS). Differential Scanning Calorimetry (DSC) showed the thermal denaturation
temperatures of chickpea protein were at 83. 7 C and 95. 7 'C, respectively. The secondary
structure analyzed by circular dichroism (CD) showed that, o-helix, B-sheet, turn and random
coil were 36. 2%, 28. 4%, 10. 3% and 25. 2%, respectively. Chickpea protein isolates were
fractionated into seven fractions with different molecular weights by gel filtration on Sephacryl S-
200, and the two major fractions molecular weights were 170 000 and 110 000, respectively.
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BB R RIS K/ FAKELH . R
(S8R AR A KAEHREETESH.
ZRBENRER S FARS FRXBEURERR
TE IR TR R 9 5 T ek B AR UL (B 40 F ) %0,

& 5 (chickpea Cicer arietinum L),y —%
AREELEAEY . EARSTEEMNARTA
BRERE15%~30020H. BEEH T2 .WRE
B AMETELSAEHABRBETN X LE TR
K, MENE BEAE BEAHE, 2HAE -KHE
RGA, FREEHMAERE=C EREFE. B
WEEAH 2500 EREK PR, 20 4L 80 FERH
= M B Br F 2 X Rl B 5K # .0 (ICARDA) 1
B F B K R b BF X BT (ICRISAT) 5IA T8 H
fr S G AR S FR, B A H N VIR . H S iR,

RGN EARNEERE, E0BE
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ERSMET BN EE TS B EARENEHEE
I MR L ARE.

FAXMEEE RN S R UL H &%
BOABEARNERNMA. BB ER.UHE
FERMEWRLERTOEHR . VERETH
B B R A R LT e .
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1.1 XEHH

EHS . FETHWE ;& RhAaXKEERMW;H
B BT A #3050 8 4 43 T 4.
1.2 FEMNFESGE

835-50 R E MR B 3h 4 #7{ : B & Hitachi /A7)
PR T2 RN EEEERENHRARA
Bl a; 800 AR B LML EFRBR 4T
GL-20B RIA B Ol LR ER 2B £
DDS-T®RHE M. FEBEUM ENHR £
PYRIS-1 ZR A E R : B, PerkinElmer 24 &)
725 ; ULTYA-RURRAX T25 & 2 4804 . 8 H,
FANKE&KUKEL /A &7 & ; Hitachi 650-60 3%
6B B A Hitachi 22 8] = 5 ; JASCO J-715
B — 1% (Y : B 2% Spectroscopic 2 8 7= .
1.3 A&
1.3.1 FoEmREHNERFILERY ER
IBWAR, FITHE.60 CTREHBERERS
B, G 80 HiF, EC kBRI, B8 :ECkk

Jp1:10(g: mL), BIRELHH 60 min, TH HR
ViS5 EEECKRA R, MH ECKH#ETEK B
MEES L ARBREFK. &S EE T h EiEXAE S
FERTHE 12 h, B AEFHBETRERE 4 CKK
R

BRAIBEEGH S5/K1g: 10 mLIES,0.5 mol/
L NaOH # pH {H} 8. 3 #ii#:R M 1 h,3 000 r/min
B0 20 min, FLIEHHREBE AN 1 g 5 mL REBH
KW 3K EBBRES, EEWA 0.5 mol/L HCL
A pH Z% 8 JUEEH,, 28 FKUERIE 3 K,
0.5mol/LNaOH {§ pH E 7. 0, I PHHEVIEEH
J5,20 MPa ¥R TRV ER T A HES.

H&EBINEEILSBREANERRERES
¥k 91,53 % (MEIKERED.
1.3.2 kA

D) KA R 2% CR[10] 388 A B 3h.

5 g BT 50 mL BB, B L0830
mL ZBF K, FRBH 30 s, HE 10 min, A £
B AR B RS T, By ik F 4R A 10 mL 2B FK
YEX B HE,3 500 r/min B L 25 min, il # EEBE B
OB 15°~20°,50 Ci& 38 M T4 25 min, T
B RHBRE, WK,

KRk (gK/g BB =

(FRERGRERE - BARRIERE—H 8RR
HE@RE X0.9153

0.9153 RGP EARS ).

2) PERTTR L. 2% SCER(11 ]9 B8 A 2K 3h.

0.5 g BN 3 mL AHIHTF 15 mL BLEF,
A BERE 1 min, 58S TS, #E 30 min,3
500 r/min B .0 25 min, EHWEE WA ST E, WK
47,

G—WHEmEE)
0.5X0.9153
3) WEME.0.5 g HBWF T 30 mL EHFK
#1,0. 1 mol/L HCI & 0. 1 mol/L NaOH & pH {&
7.0, A ZE 50 mL,#$E 30 min, 10 000 g B.L» 10
min, Follin-Bp 0 ) B P A& &, WP
ﬁ[lzl_

Ji& Wi B W (mL M1 /g BH D =

EERTHERSE. . .
~ERTRARE 00

£) FLALHE S R R A% 0. 2%, pH {8 7. 0
B B W B 20 mL 26 d A 20 mL A T
I, I 5hE 3 A B, #5382 12 500 r/min, 31 3
M AA KD AR, W R b SR, S

R HHNSD



68 £ &

5E £ 4 # K F R

%24 %

SR T REEY A BI 00 B9 R B UCRATU.

FAbBEH (EA)=
L AR

(BHRBEREH+ S mmEsD
1.3.3 ZafAsak HEREBERI2EEA
APBFRMES, WA 6 mol/L & HCl B H, K
FH O, 110 CTKE 24 h, RHEEH L],
#F,HMA 0.02 mol/L #) HCl BEEESH K
B 30 min, MIEREERUINEERSE.

8BS 4.2 mol/L NaOH Wk i, BS
110 ‘CF7kf# 98 ht*d,

1.3.4 @B AR S RAREESEN ANS
%00 BERAEAET pH E 7. 0,0. 01 mol/L #
BERREL R W o, (AR S MK BETE 0. 16~0. 60 mg/
mL Z . $ & B H 390 nm, B EFEK 470 nm. B
AR EHRES 2 mL, 29I E R BRI RE
(FLO)FIRER A 10 uL 8 ANS ¥ % (8 mmol/L,
pH & 7.0,0. 01 mol/L BB #h 2 wh B HL 1) J5 19 3%
JIRE(FI). FI'5 FI {9 2 {High FI LB A T K
RN, FI AP SR EE, IR MR R A&
BV HE AR FRREHKERE S..

1.3.5 #BRXHALARSE BHECR[17 g
.

WHEHE(SH) :BHF 60mg T1omL &% 8
mol/L REK 0. 086 mol/L Tris-0. 09 mol/L gly-
cine 0, 004 mol/L EDTA (Tris-Gly,pH 8. 0) 2
B EEE® 1 h,10 000 g B0 10 min. 2 mL
L#EBEFMA 80 uL Ellman’s 3£ (4 mg/mL DT-
NB(5,5”-ZHif-X-(2- T E R B ER)) , L BIR 57,5
min 5 412 nm R YEBF.

BEFE(SHD) : B ER EE®, A 2 mol/L
FEZBAEER 2LE  MA X=E2Z8
(TCAYPEEHFK 1 h,10 000 g B0 10 min, JLIE
Fi12% TCA %% 4 WIS T 6 mL Tris-Gly &
WL 2 mL NS ES &

A Ellman’ s i —SH B ERBRIE RN
1.36 X 10* - ®H & H R f9—SH & &. pmol/L SH/

(s B = 200w, — g (—ss) =

(SHy—SH;5)/2.

Az : 412 nm W % BE; c: ﬁn”nﬁﬁ!i(mg/
mL)[lZ].
1.3.6 #XHBAT, SHEEEARMIECTF.0L
mol/L WBEMREL B rh P EWE A 20 g/dL, S+ #K
HOERERTHEET, H—SHAENME,DSC

X100%

FH#ERFEEE 25~100 C,AEFEHRI0 C/mint"?,
1.3.7 =4%%&# HEEMKAAET0.01 mol/L.pH A
7.0 BEEEERSE ¥, 10 000 g B0 15 min, FHE R
7£0.01 mol/L.pHH 7. 0 BB Z W P & T
BERASEMBEHEZR 400 pg/mL. B A
KB 190~ 250 nm, F##ZH . 100 nm/min, ¢
2.1 mm, FHFEFTHRE 3 K.

1.3.8 4% &4 BB Sephacryl S-200 7EBER &
B P EEERSHEA 016 mmX 1500 mm HF
H.

0.5 mL,2 mg/mL &) 1 3 8 (2 000 000) ¥
WEEBRERHIKERV,. 1.0mL,1.0 g/dL &
BREWEANKER V., BEER V..

Ve E M- pH 7. 6 MIBERREL B WK, 0. 0325
mol/L K, HPO,,0. 0026 mol/L KH,PO,,0. 4 mol/
L NaCl, B 73R B 0.5,0. 01 mol/L i Z BE.

BR:0.5 g EETAEEARTIOmL pHE
7.6 BIBERRILZE P 10 000 g B0 15 min, B 1
BRIFEZENBE T ENTTE.

THE. FHE 4 mL,BEHRK 46. 4 mg.
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HELITR, SKESEEBR.AHAENH
EAMHEE . EETAEEARAAERNOERE
BkGBEshee, R EE LI HBEORAAER
BEAKM; R, BB BREABRR R
B b sh ee X FLACRE 1, LA EBEE A X R R E B
RERPEBERR, BETERNSERANE
ot 00 A AR e LR R R
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Tab.1 Functional properties of chickpea protein isolates

e BB KA W R
W OMBU/% BB/e Wi/mL  BEH/%
i 2 77.0 2.28 1.69 75.5

SBER

2.2 BEESEFEANSERAR

MEZAMN BRI HBEARSAERALT
FER HATHEAR.RER. FREAR . FHNEAR.
BERSHAEMSERRE. 5 FAO/WHO ## )L
EA0~12 B)FHEESAE, A ERERE —HRH
HEER BERSMERELE _REHEER,
XMEARNLETZR L . EARRBET
KA NEEXREFEBYEOAR,. 5SREEAREMN
Y, H5RTEERRMELEE.
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Tab. 2 Amino acid constitutes of chickpea protein and pro-

tein isolates

B 100 BAR pro/wHO MR

BER *ngimﬁgﬁﬁiﬁﬁﬁﬁﬁ

BER 5.07 5.8

HER 2.83 3.4

HEMR 3.04 3.5
EEM+MRER 2.03 2.5

RREEAR 3.12 2.8

RER 6.73 6.6
FRER+TEER 7.70 6.3

HEM 2.16 1.9

BEM 0. 780 1.1

HAR 7.39

REAR 8. 40

“ER 4.77

BER 13.6

MER 3.87

HER 3.87

RER 3.62

2.3 ZER—_mEsk

Ellman’s 357 & 0 € W8 . 4 B§ B B A9 SHe,
SH:,SS 43§12 12.01,33. 50,10. 75 umol/L H
RRAE D). —HBERRFETEARTHE—H
MR, ERAEAR T, “REHNERE
EHRFTBHER, g —BBR . REMNTR
EEARMGEH, T SHNFERBTEMTLIR
P — BB RS FARS FE . RERO R
id

£3 ARSIMEARNYERLRER

Tab.3 Physicochemical properties of chickpea protein iso-

lates

. 311] A SHy/ SH</ SS/

ikt B@EE/C  (umol/L) (umol/L) (umol/L)
83.7

94.3 957 12.01 33.50 10.75
2.4 RTHERE

OB 1R DR EEELEEERE
BAREHEREH R, 250 83.7 CH 95.7
CIRAEBE A BEEARSARNMEREAD. 5
O. Paredes-Lopez %18 i A B BF 88 CUI R Xk

TREBEANRE R 92 CUY iR,
FEHRMEERARYMESRAOREEE,
AR BEKERERIRE L RKERRN
EAR—MENBRE R 2AERTHEEA
EEERUAMNFEKEEER, AEERAR N
EEHKESCIHENEE S4B EARYEYHK
4 4.4 kJ/mol, 5 11S R 7S W ARG ERE (FH
HiAKHEEA B K 3.99,4. 55 kJ/molt®) 413k,

75 | Onset=80.314C

7.0 Area=0.727 mJ Area=10.198 mJ

6.5 Peak=83.754C Peak=95.754C

6.0 | Peak Height=0.0437 mW Peak Height=0.2578 mW
End=86.254C End=103.799°C

Onset=88.426C
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Fig.1 Thermal analysis chart of chickpea protein isolates
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BEHRMFZIIRERSEA RN RE
BRIV RAE BB R B B R Rk Y 4
A%, FEE TR ANSKHTIER T B EA K
FEPHME 7.0 MREHKEE N 94.3(K 3), 5
KB4 B E E B 14070 48 LR,

B ERITRATE N, BES A EEL RS
EHHAKESKEEBME, MREHRAESKE
EARMERR —FEURENTERIIEE
HREMEERFIIBERKERERRERNSH
Pl FAR B KEEERE NES RRE
FRW_REWQ.6 BR), MEORREEH K
PHBKKER. - EBERE, RAETHE
FHBKEERBE, B HH, REREE L
BLHKX . T ANS B0 & 3= 0 5k ¥ 5 R 8
B ANSHAH 5 EO R REH KK HEES, @
AW EEAIAENRARAMTERRRNRAR
KtE HEREABELRMONEELE D . &%
fdE DL AR K B FL AL BB B R R M Th B R R
AR -REW Q.6 B7), TUNEHER T4 H
B 8 AR B A0 R T KA T AR R 2 — AR
A.
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Fig. 2 CD analysis chart of chickpea protein isolates
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Tab.4 The secondary structure of chickpea protein isolates

24 %
e T mm— 5'6 —
5184 y=-1.6731x+5.:
52F . R'=0.9604
= 48f *
20
<
4.4+ *
*
—— 4.0 L
1.0 0.0 0.5
4 B R BKav

B4 S200 kBEERSEMNSFERRAXE
Fig.4 Relationship between the elution volume of S-200

and the molecular weight

B S-200 % B U8 % (B 3D WL, Y T 4
BEARHMENS TFREARN 7 MHSER &
AMEHBEERSENZE 5. REE 4(S-200 BB &
BE52FREMNXRTEHEMNOHEMN2 FRER
&8 W3 5,5 Sdnchez-Vioque R. &1 FPLC 4
BAMERMEE BRI BEEERIEF, B
Foh B R B 55— A W BE IR, Bl — BT L
BEBEFERSFREWAR, REARMEXMN L TR
B7E330000. RS AT, EE G BBERSAR
AN ERES M4 T EEN 170 000 & 110 000.

®5 BEARENREARE

Tab.5 Protein constitutes and their contents

RGN S8’/%
oSBT 36.2
B 28.4
B-HEsE 10.3
TH & 25.2
2.7 BRIREEIEAN
I ——45BEEA
SRR EA D
0.8 [
0.6 [
g
< 0.4 [
02 F

50

Y B 44 BU/mL

HBIF R 16.5 mL/h,280 nm FSRW; BARIFEMAN S F
R, A ZBMIEMEF 158 000;B. 4 i FH 68 000;C. M E
EEEH 45 000;D. R B E B 25 000; E; IBR C 12

_ BB V. — S KRV,
500; R ARM Kav=" ey S KR Vs

3 S-200 RS i
Fig.3 S-200 Chromatography

=L Kav M FHRE HEIE/ %
1 0 330 000 4,95
2 0.17 170 000 50.8
3 0.28 112 000 28.5
4 0.47 54 000 4,83
5 0.55 39 500 6. 17
6 0.79 15 900 3.05
7 0.98 7 500 1.70
3 % #

BEORNeEEREERERITRY, B
EABEAREAMEYEA RN EERE, BEH
RAFETR & TR &M IR A.

YEAEERSTRY, EBEE s EEERR
AEMHETBKER ZME, BANHHE BRI *R
THEE,SEARNEEREARSHIIREDR
RItER —REWHE X, XERAFRK CD 2+ R/

I UEB.
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EHREESSBEARMNRSTRBIAFRNIREE SPEBARSERCERAS . HWY S THRES 5
BRE, 5SBEARNOBAKERYE, RVEHES 5 170 000 & 110 000.
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