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B, BFAAFEAEEERS ] (0v 1. 24 3+ 4min) XF CPLIEMRME. FLARHE. HRIsem KL 2 M RIAR M. ZRRH: &
SE TR, EWEE B AVART) pH RS, SR, S AR R AR BN E (P<
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JEME S (Cicer arietinum L.) RAMEANEBEE 4,
RMAFZRERER, EREEFEYS, Mz
RAT S AR EE . 7 E i ARG Rl A
WE AR T _ BN S, R R TS, W
JEE W GAH SR L AR D, BRI, KT I S
FEME K Dhae e A st T 8 M SRR T R SR EE
HEZ L. EWEhEAREESRT (18%~30%) , &
FE B AR R AP RIE, ZERARE, RAER&E
VIR 2R B RAF R, fEREras s e The ik &
w2, B HEME. FLPERRR ZE A re i
JEIARE o T ) 75 2, R 1 A8 5L bR = i oA i 3
WS ST JUE, RIS TH AR MBS . R
HEAR . GBS T AR S AR B 1 o 45 R R 5 L ) R 1%
CLCAAR P I T AT FE i 2 — 11, SR, ST
W 43 B AR A T e b B S T AR BB

RIRE & 718 (Cold Plasma, CP) il #iF NI
PIEEVIMAIRES, TRAAFRZER RS (FR. A5 &S
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&), ARAEFTRA AR R W
R INGEAF T TR A, 2 — PRk 2 PR H
Ak, BIER T EASFEKSRET . B+
&, YRR A R AR Rl PR AR E R BT, 3R ]S
2 B LME A B0 B I S RE R 1, Z g1
PRI 55 B R B AR fe AR B AT etk , R i
MAFR SR AE T AN o8 HEM p-ir & & s, AFss
IR, SRACERAARLL, WM S KM 7 sl i v
T 24.8%% 79.6%!"); Sharifian ] A 5 B4 H 2
BT AR A4 A A2 00 104 15, 20 min /5
R, FEI TA) ) A B 2 A 2R R A TR T, R B K
s, AAENE AR E AR AT 10 min BFIA R &HOK
i, EpEERRMEK, BHEMESERD. BRESE
B, EIEMEAEAEZE; Nadia ZU'VR IS5 TAR AR 40
HFEEA 15 min J5, EAM S, =M RAESE,

BR G T s B A RIEEE ) SRR E . AT
FRY, FEFRBARIEM S & H B &N TR
HHRMEERE ), HEAAR, EHMEAAEREZE
Fto HFI T 55 BT Ab G W 7 7 B9 B 1 A5 A A ) e
PRI DA EAT T2 TAAR DA I SO R #E, PRI AR SCR
AL (Dielectric Barrier Discharge, DBD) %52
FARAL PR LS 5 43 5585 (Chickpea Protein Isolates, CPD),
W90 45 B TR A BT CPT VAR  FLALAF MR FD 2544 R 5
Hit— P EB RS CPL 45145 D)RE I AH ELIEE
R, RPRTE G RAE B SN A R T S iR e S
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1 #R57RZ%

1.1 M55

RAREWT, W rEARKEET; &K
S, iR RS AR M A RAR B
W (Na,HPO4/NaH,PO,) « —#i 75§l (DL-Dithiothreitol,
DTT) . 8-ZKfi%-1-Z51# R (8-Anilino-1-Naphthalenesulfonic
acid, ANS). 5,5'- iAW (2-fi FE 2K H R ) (5,5'-Dithiobis-
( 2-Nitrobenzoic Acid) , DINB) . Z &N Z &
(Ethylenediaminetetraacetic Acid, EDTA) . | e
244 (Sodium Dodecyl Sulfate, SDS) Fl = %% FiJL 4 JL
fi (Tris) SRR el L F.

12 5%

APM-400 fIRIREFE AL WAL, ¥E PSM A F;
JA3003N LT Mt RF, Ll E A A IRA A
TU-1810 4N 6B T, db Bl A S & A IR A
F]; LE438PH if, M- LR 23 A R A H; DF-101S
WSy ik, WEA THREARA A Lab-1-50 A%
TN, AR SR AR AF] ;. F-7000 75656
i, HAHI AR, BIO-RAD EHREMZIL, £EH %R
A#]; Chirascan 5 - EHE(C, JC[E N E YR ] 5
Regulus 8100 A3 & 5, HAHARAR .
13 7%

131 EBRanBiEandlés

2% Wang ZPU5E, KW GAE 50 CRHTE
FEAEE, SKEN 3.91%, Wi 80 H i, K
GER S IE kR R R E AR 1D 10 IR A5, iRk
2~3 h FEVE, EE ERDBEBEERENTEET
AN 12 h SRy o K B A 5 2 B T KRR R
BRI 1 8 4A, M 2 mol/L ) NaOH ¥ pH 14
% 9.0, 7£ 6000 r/min F &0 15 min, I HIHHEH
1 mol/L /] HCI ¥ pH {H 1A% 4.9, £ 6 000 r/min &
Or 15 min, SREUE G pHEAE 7.0, &EWT. HiE
PTG R B T AR TIRALTINE 3 h, BT 251k
HAFEIRZ) 40 Pa J5, PRI, k804G TH 15 h
e B3R I & 7 55 88 11 (Chickpea Protein Isolates,
CPD Hf .

132 ARFaigikd & 3 Fha

W Gy B R AR LB T K, TREIRER
0.03 g/mL, ZFEiREHEFE 2~3 h S BB ELE 4 'C FEE
MR (RIESE2KE) , FIAMRESS 7%
APM-400M 402 (B 1), AR GRIESN 350 L/min)
HFIRE 75 °C, L 8 kV. BL 20 mL & T 55 55 Tk 1%
% AP 0y 1. 24 3. 4min, EEEHIE (25+2) C.
CPI VA5 B TR R 5 , — 3 VT e R s
HEATHRFRIGE, IR TR TR .

14 pHE. ESXE. fE

LB T ARANER S VS UE T 4 CUKFE P 20 min,
{RAEIR 5 —BUS AR pH . HS 343020 S0 < R
) pH HAMBE SR, FIHLEETF/KE CPl BlMHRES
1 mg/mL, FRLREEQGI A ShoRiAE,  REASFE Sl & 3 K.
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CTlbE I

- JElectrode L r
CPIZK I
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Solution Hidg | | g ——

| Elesinde | i | SRR
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B1 AREBRLEFSETFHREETE

Fig.1 Schematic diagram of dielectric barrier discharge plasma

1.5 TheEets!E
151 AfRH

FE SR IO 5 2% Wang Z5P0 J5 3%, ITEE e
Bl & 10 mg/mL ] CP1 &M, £ 10 000 r/min &0» 15 min,
¥ 1 mL EEBIIANE] 4 mL XUERAFF, LiRiess s
TR GG RN 30 min J&5, FHEEAM R EETHE 540 nm
AbI 5 CPT I o
152 FLikdsm

%% Nadia ZUSH 5L, FIH 28 7 K H)
0.01 g/mL 1] CPLI&R, WA 5 mL fKEH, 765
B N LA 10 000 r/min, Z3HK 2 min f5 AJERFEIREL 50 ul
FLWNE] 0.001 g/mL, 5 mL SDS &, WiEs s e 1
500 nm ALMIFIRICLE 4g, AEFRE 10 min f5, FHRME
TR H 50 puL FLIE N E] SDS W, 1A 357 J5 7E 500 nm
OISR Ajgo %A (1D« (2) TH5 CPIIFML
W TEFREL (Emulsion Ability Index, EAD MK FALAEE M
#6844 (Emulsion Stability Index, ESI)

EAI(m’/g) _2x2303-N-4, (D
10000-w-C
ESI(min) = — 0 x10x100% 2)

10
K N NFRREEG C NEWE G R E A EIRE,
mg/mL;: o NHHAR 4, AT 20%.
1.6 ZEHIEHR
1.6.1 SDS-PAGE

il £ S5 2 3 B0 12%50 IR SY%IR 4K H4 20 uL+
2 mg/mL [ CPI ¥ 5N E 20 ul IBJEHK (& DTT)
L (&5 DTT) o1, 100 ‘C F/K¥ 5 min. FREEN
10 4L, 7£ 80V FHLJK 20 min, 110V H¥k 1.2 h, FIH%
= R-250 4utf 30 min, B Ttk b it 2 15 5
FE, P B BRAG A AR -

1.62 B =&

I F B R Eh 22 PR (10 mmol/L, pH {4 7.0) ¥ CPI
WARER 0.1 mg/mL, BERRERGEMRENT A, Jailk
ML 190~260 nm, 7% 1.0 nm T X CPIL #E4THIE,
FEANFESE S 3 k. FIH CDNN #4:5t o-12ie, g-475,
B F AT R i B AR B AT T
1.63 A @EHAKM

%% Sharifian 257k, MBS, FFIBER &
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ZEM (10 mmol/L, pH fH N 7.0) K CPI MR =
1 mg/mL, 1fiJ& 43 AFRE 4 0.200, 0.100, 0.050, 0.025,
0.005 mg/mL. F#§R2 542 i (0.01 mol/L, pH {E>~ 7.0)
B 8 mmol/L ANS R FGIREMA W, HL 30 uL ANS ¥ N
ZAFIRERAEE CPLER Y, FR 6o e e B vl 7
o BWORPEAK 385 nm, KT 490 nm. LM H
TR0 AN B R FE T A AR B K P
164 AwzE

FIFH Tris-HCI 22343 (0.086 mol/L Tris, 0.09 mol/L
HZ B A 0.004 mol/L EDTA, J& A 1 mol/L HCI ¥ ik iR
EWOH%E pH HA 8.0) ILE 2 mg/mL ) CPI ¥k,
10 000 r/min N &> 15 min, L 50 L. 4 mg/mL f{] DTNB
hn#l s mL ) CPI_Hi&WH, WRAJEDEXMN 15 min J5,
PL Tris-HCl ZZMBCNZ H, 16 412 nm AL IR
AP AR IR

73.35xD- A4

H i (umol/g) 0 (3)

K D NIRRT A N As-A, FTA35UE; 4,8 CPL
TRIAE 412 nm ARG As v CPI I DTNB J&1E
412 nm MW C NIEWE T B A EIKRE,
mg/mL.
1.6.5 #ALEH

[EWE B EASE N ARG, £ 4 CIKFEF
55 BT AR TENL, 1847 18 h STRE M AT AR T4
BRI TR AR R R B AR B b, BE ek
L 60s J57E SkV HJE NS CPI RO IE S -
1.7 HiELE

e E e 3 IR, SR FHEArEZER R R
F SPSS 22.0 BAFFATHRF R T Z 58 (ANONA)D
Pearson’s Al M 70 B % B4 12547 St 1143 #1» K H Duncan’s
KIS IEE 2 B, FRAFRREFRE (P<0.05);
FIFH Origin 2019 B A2EXTEHE AT £ 5 04T

2 GRS

2.1 DBD ZEF{kx} CPI 8 pH ERESEHEIN

HE TR EWE S S E N pH E AR SRR
A 2 B, S BRI E E pH AE P B R,
L5 TRAIE 4 min J5, VAT pH {EH 6.98 &%
6.58 (P < 0.05) o IXJ& 55 8 704" A4 (I A i
7% M4 (Reactive Oxygen Species, ROS) & i 1 &
(Reactive Nitrogen Species, RNS) 252 B fZilalix5 5
FULEIERIEFAR SN, 40 NO %4k NO, #Ei Atk &
HNO,. HNO; &, AMEMYFuE Ko 155Kl
PH =L ) HyOp RMNAE A HyOF5 12 530 pH B PR
—AEERNE ., GROHEMMAALL, B5RH 388 I
FF% 470 uS/em (P<0.05) , HSFRE ETHEFRA D T2
BEREARNT . IR R A RS, (RIS, KE
RO, WIS A1 E HHEEAERE fh R GBI BT
ST R, FECh SR,
2.2 DBD %&E TR CPIHI{ZHI ST

3 JEANF S B AR A ERI [ CPT RLAR 5,

HE 3 iTLLEH, BEESE ARG LR, CPI
W E R4 N 477 nm FEZ% 418 nm (P<0.05) , 7E
4 min BPRIAR /)N, 1K AT BB AR RSB T AE T8 s
W RE S, mRERL T2 HI 55 5 A T IR R R FH g,
BRI R R LM, FEAREEREL T, R
NUOIB I Ak B A A R b o It 3 AR R VA TR
RN — A SR,

7.0

a
E\E z 480 a
g 68 ~ £ 460
o
S66 \'\‘E %}*"‘é’ 5440 b
e g:¢
< 2420 ¢
e Ejg§4oo q/i
E62 5 e
m 380
60 0 1 2 3 4 0 12 3 4
H [0 Time/min I /7] Time/min
a. pH A b. G
a. pH value b. Electrical conductivity

I BPARNEFRROREEER (P<0.05) .
Note: Different lowercase letters in the figure indicate significant differences
(P <0.05).The same as below.

BH 2 DBD % & THAENEHRZH»BEEE pH A
o3 ) o
Fig.2 Effects of DBD plasma treatment on pH value and
electrical conductivity of chickpea protein isolates

sool 2 b . d .

77 7

400

300 |

$i4% Particle size/nm

200

100

0 1 2 3 4
i [ Time/min

B 3 DBD % & THRAEER 20 & &Gz HH
Fig.3 Effects of DBD plasma treatment on particle size of
chickpea protein isolates

2.3 DBD ZHETFAxt CPI ;AR F 45 1E RS20
VR AU A DR M R AT R AR, FEIAR &
i Dl R BB, Bt — i T E AR E
BRSNS BN AT R 20 pH {H IR
PR 0] R B WP o e S S N T
RS S oy B (MR, BECERN RI I, W
FEPE N 75.60%38 051 92.90% (P < 0.05) , SARAFELIM
P, VARSI T 22.88%, X5 Ji PR FrAE AL, A
EFARAEE 1.5 min f5, EAEEKREMN 341 mg/mL ¥
F]4.17 mg/mL, ¥HINT 22.28%. AW, MG EE
A TRGEEAFER RS, pH EM 6.98 T2 6.58
(K 2a) , BEAR pH EHEHAE TR, (HAHLEY G S EE
MZEH A (pHENS.0) TME, 8 FARLEE 4 min J5,
TR pH EA R S S S RAS . 4 pH (HiT =
TR S, B R AT, S R IR A R
HLHE R ARG AE FORIE T 8 A VR, AR SO S5 Es Fk
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KEERGIRER) pH {EREHL T BRI N 53— 7
M, FR 7T pHfH, WEBEMREEA IR, kit
RMPEF . SRS, EARRD (B3, X
B SR E 2 TAEAE R T AR R R R IT, SR EBOR
RIMAETE R I 2, 358 1 57K 57 [H] HUAR HLAE
Mo EWEEEEAR RGN (& 2b) , EERERIERE
B, B HE R AR T A B TR, s,
SEB T R A RIS AP L R AR TR O B2 U
BRI T R R
31 DBD ZEFIAIEX CPLRMME. FLUEMER
FLUIRE RN

Effects of DBD plasma treatment on solubility,
emulsifying activity and stability of CPI

Table 1

i} ] T AT A FaE
Time/min Solubility/% Emulsion ability Emulsion stability
/% J(m?*-g™) /min
0 75.60+0.18° 29.61+1.48° 15.47+0.32°
1 82.43+0.12¢ 31.67+0.23° 16.2120.06
2 87.97+0.23° 32.05+0.74° 16.1240.39°
3 91.97+0.14° 33.70£0.55° 16.27+0.13°
4 92.90+0.16" 34.58+0.48° 17.68+0.03

E: WA AR NS FRAFRR R EREE (P<0.05) , T,
Note: Different superscript lowercase letters in the same column mean
significant difference (P < 0.05), the same as below.

FUAARFPE R SRR B 0 R B R Fe e L RE I i —Fh
ERT, EFAAERE T, BB K X SR T A
(FKAD 5 SEKXIRERSE TR, ik 2 ATLUEH,
LB TRAE TR 4 min J5 , FULTEHEFREUASRIN 29.61 mP/g
BN 34.58 m*/g (P <0.05) , ALt B2 (P <
0.05) o GBS TIRACHE SR BB T R ALK, (R
AN (B 3D BIEERES 5 WK I T, $EmI g
k. Sharifian 25 W 78R8, WURLF4EEE (4545 k4
10 min J&, FUAREMEAAERE HEES 2T I B
3, HFEFE AL FR A ZE KB 20 min, FALTERE T %, £H
L [y A B T DA B T I DD BRI
2.4 DBD % EF{AXf CPI 8 SDS-PAGE &R 7 #f

JEWE G4y B AR G 1S BREZ 1 B HILTE 10~
14 kDa. 40~41 kDa, 7S Bk H W FEAE 15~18 kDa.
30~34 kDa. 64~72kDa*?", HK 4 WJLUE L, 7EiEJE
MR JF 4 R &S F ARG B A F B AW AR E
Ak, Tt B A B A A R O B A o ) A R
Gy R, EME AT DR A, 7S A 11S BREE A
MV HE ST R B G N, X R A S AR AR B 0 [ CPL
W 7S AL 1S BREE AR, XS EABMAMENEN Gk D
HXo WA, SAEEEME, ERFELGT, BT DIT
IR IR T i, 38R 1 PR R AR R B IR 2R
DR UNINES NI CID's- <18 E SRR
2.5 DBD ZEFK3xt CPI1 ZR &SN

2 T2 S BT AR A AN () [0 o 50 8 e
TREERIIREI, SXTRRAA L, Bl E AR TR K,
a-METEE M 39.37%FHIEINE] 42.45%, BB T EMN
12.34%/N % 10.58%, (P <0.05) , ot il& &/
(P> 0.05) . B-¥TE2 KB A BYERE, pITESE

(I FRAR T BE RS R 55 B AV E TR T30 i, Uk
BERRIT, RARG G, KT HEABNEAT T A,
WEog 7R AR SK T Z R AR, R &S
(¥ BEAIR IR A 31 A R /KL A 2R R 02T, SR TR /K
i (& 5D o MBI R S MK TN EAR TN
T R, FE oI B R AE AR, 514 CPL E
SGEARERENBER. AR, XEEERAMNT o
BRERITE K, 13 CPLI BRI INA R A€ ) — &5
BEATHAL®), Dong A5 LA B AR AL FE FOK S A R
H, ORI FUE S E A, SR T B AR %
gk, NS T EOKEE I B K -

HFR -DTT —DIT
Molecular M 0 1 2 3 4 0o 1 2 3 4
weight/kDa

245

100
75
60 A,

45
A,
35
25

20 A,

15 A,
A,

10

7 M. 0 1424 34 4 43 5L Marker. 45 A4 KB T4 FE 1 min. 2 min,
3 min. 4 min. A;: 11SEREATHE Ay 7SEREAVFE. -DTT HARMA
% #5 ¥EBY ( DL-Dithiothreitol , DTT) , +DTT Jy 0 A Z Tk 75 bl i
(DL-Dithiothreitol, DTT)

Note: M, 0, 1, 2, 3, and 4 represent Marker, blank group, and plasma treatment
for 1 min, 2 min, 3 min, and 4 min, respectively. A;:11S globulin subunit A,:7S
globulin subunit. -DTT means no DL-Dithiothreitol added, +DTT for adding
DL-Dithiothreitol.

B 4 DBD ¥ & THaAEEIFLRALRENTERLSB
% @ t9 SDS-PAGE A #
Fig.4 SDS-PAGE of chickpea protein isolates under
non-reduction and reduction conditions after DBD plasma
treatment

%2 DBD FEFRLIEX CPI ZREHIBI ST
Table 2 Effects of DBD plasma treatment on the secondary
structure of CPI

FiF ] a-18iE s E - £ T th
Time/min o-helix/% [-sheet/% p-turn/%  Random coil/%
0 39.37+0.66°  12.34+£1.72°  15.51+1.39°  34.51+1.45°
1 39.95+0.45°  11.07+£0.13"  14.64+£0.15*  34.35+0.45®
2 40.38+0.97  10.91+0.42°  14.59+0.18"  34.15+0.55®
3 42.13£1.50™  10.59+0.34°  14.84+0.15"  32.08+0.87™
4 42.45+1.18°  10.58+0.29°  14.77£0.07*  32.49+1.22°

2.6 DBD ZE&EFK3t CP1 REH/K RIS

2 TH] B /K PR R AR B 5 = 25 1 AR A Y B
bR, BEFRE, K2 B KMk e T 2 F 5 3,
ARy U e TR AE Sy TR P 5B AR AL FEAS ] I A] X
EARHGKEREmE 5 fix, 558 E4MEt, B
& Ab PRI (] () ZE A, SRTATEE KM 1 536 & nZ 1 777
(P<0.05) . & PRI R A=A G T H IR SR
R AR, 45 AR R AR BT L M g 0%, M
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S5 BP0 T Y AR R LA R 1 S 35

W AKERREN R, TH55 8- FKIk-1- 25K
(8-Anilino-1-Naphthalenesulfonic acid, ANS) £5& 38N
RGP, 8 BRI R F & 575
A2 [ PR PR B LE il e T, (R R A AL A R e PR R
(KD o HHh, EARMEKMEIGIN, FFARWE A7
fRPER T E . SETARRESE, AR RERL,
FEAAL AL HEGELAE N 58 () B /K 2 B 2 R ok, SRk
ZARIERZ | P 0 B RS AN R e 8 | b 34 S U
5Ky ¥Z MM EAER, BEMA R TS5 &
Hamed %51V 7t 3 0 26 88 TR A BRI N T 46 (1 0 R T B
K, A BEE SR T A, W ATE R E . AH
EC R B A XA YR RIPE R, B B BORLAR 72 (R 2E V4
P B EFAERTY. Dong 5B R BIAMILE R

1500: % % % § §

—_
3
(=3
(=}

1200 F

el

(=3

(=}
T

& 7 7K ¥ Surface hydrophobicity
D
8
T

9%}

f=3

(=}
T

AN
0 1 2 3 4
I} 7] Time/min

B 5 DBD % & T3t CPI R @ HAK M4 %o
Fig.5 Effects of DBD plasma on surface hydrophobicity of CPI

2.7 DBD ZEFAxt CPl B HFEHIF NG
FEH S0 2 B 0 SRR D R PR TR I B B E MR 1A,
BN B (] (4 mT DL SR A IR B 1 R R AR
WP, 6 WLLEH, SR, E8riAk
HFAHMENSEREEN (P<0.05 , FE KL
HGAR T CPI 4 Fhife ko (B 3D, EASFIRER 7

\qu‘.

0

0 min

d. 3 min

B 7 DBD % & T4 G CPL ALK L H
Fig.7 Micromorphology of CPI after DBD plasma treatment

2.9 DBD ZBEFk3t CPI B9 X DT
i Pearson 73 M2 0 &5 55 FAR AL PR S5 CPI RIS R

g, SR TR R AR B A A
BLAE R RERL T A SR A BRI, SR 145
ARG RN, N B RE R — e SR IR W R B, IR
F AR 2 B (R 0, i PV S AR AL B R
FJe, B HSEEERET R, P A RS R0 R A
REAR WA A (. R ZEREARBRG ™
AE PR TETERAIZE R .

b o
% =)
T

b

(=2

T
(=

o~
o~
\

[ HH 373 Free sulthydry1/(umol-g™)

42b 4
i/

) — L :
0 I 2 3 4

I [A] Time /min
B 6 DBD % & -F4kst CPI A w33k 698
Fig.6  Effects of DBD plasma on free sulthydryl groups of CPI

2.8 DBD #ZEF{K%f CPL M GBS IT

HETIALEE CPL WSS WA 7 Fizs. RAEE
LA IRIERAFAE, RIEATFEESS], X5 Wang 55
WHoeas R SREE FRLE S, 6B RE
HAFAE, (HERM I 7 AN R R P A L A I 1) 0 3
INFE I AR A RA TS BRARE , AP 4 min I FE IR R
TIRFR R, S5 BSFAR% CPL RO #4155 1
KRR (B 3) WG 1K B T35 B A il f g 7%
AR T BT R At e R T 2 LA U A%
HEER AR RE, G EEURERRRE, BEN
A2 CPI WMIESN, SR AR MRmMER, 2IHEN

FABUEPRS 2,

e. 4 min

PE FUARAE A G54 2 (AT MR T . 3R 3 s,
AR AFE AR F ARG . CP RLAR 5 YE (=
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-0.974, P<0.01) Fl EAI (r=-0.984, P<0.01) i
BT E A, RUFHRARILK CPI HAH 4T
I IRVE R ZAIEE . BEAI 5EAN o8B E. £
H B K PE 2 ] AR 3 IE ARG (P <0.01) , 5HMEMR
HEEBEERFIEHE (P<0.05 , XAlfedH T55
TRAFEG, CPI RAMEYT R, &AM MBI EH R

TEE 1 T 5k I 5 o2 [ %) W B 5 vl 35 2 T, A T R
B AR R, RIS CPI RS EAT (r =
0.983, P<0.01) Z A2 EFIEMIK, UiiHEER
PER SR m A R T FUAL R M 0 o3 o H A Sk A A T
W, SR FARALER S CPI RZE AR Ak 5 s i 1 AL
PR S VA K .
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Table 3 Correlation analysis of CPI various indexes by DBD plasma treatment

_ s 2A R T 2% el v . b N=sl | %»—» :
P pH fi HifE Bl pHAR SR TG B msiE  RMmeKE i AL r% ;chu;'rfl:
Indicators H value Particle achelix  fesheet  f-tumn Random Free Surface Solubilit Emulsifying Emulsifying
P size coil  sulfhydryl hydrophobicity y activity stability
pH 1 pH value 1
Hif% Particle size 0.992%* |
a-82i€ a-helix -0.963%*  -0.959%* |
p-#1% p-sheet 0.909%  0.877 0811 1
- p-turn 0.598 0.566 -0.399  0.855 1
e i Random coil 0.876 0.855 -0.966%* 0.711 0244 1
il ree sul -0. -0. . -0. -0. -0.
HHEEF Ifhydryl 0.934*%  -0.970** 0.928*  -0.745 0.407 -0.814 1
FEHT/KYE Surface hydrophobicity -0.982%*  -0.993%* 0.966** -0.822  -0.475 -0.873  0.980%** 1
ARPE Solubility -0.989** .0.974** 0923*  -0.960** -0.71 -0.823  0.890*  0.948* 1
FUILIEYE Emulsifying activity  -0.986%* -0.984** 0.963** -0.924* -0.621 -0.877  0.928*  0.964%* 0.983*%* 1
F bR E M Emulsifying stability -0.838  -0.898*  0.808 -0.721  -0.496 -0.646  0.945*  0.884* 0.821 0.871 1

T AR Pearson’s K7L %, BFEMK (P<0.05) , **, RMEFML (P<0.0D) .
Note: the correlation is Pearson's type. *, significant correlation (P < 0. 05), **, extremely significant correlation (P < 0. 01).
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I 3 B A e — 2B 0 b 7 8 B T A AL ERAS [ I
()%t CPI 544, Vi tERMAALERE R, 2R A 8a
i, EA 1 RiFTTERE N 85.98%, EESH M.
TG W FUENE. AR e S T %,
TR 1 500 ERTFRIEMIGER, TR 2 Rtz

-0.8 -04 0 0.4 0.8
T T T T
08k 47 p-sheet 1os
a-ﬂ‘%}iﬁﬁ-heligg )
T
L pH{ipH value Free sulfhydryl i
= urface hydrophobicity]
X FLAARETE
c":. 0 Emulsifying stability 0
) - o I T
g i 4% Particle size ﬁmﬁ]g]g‘l“g activity
~ y ViEfitESolubility
o4k TCRN A i {04
- Random coil -
081 1-08
1 L 1 1
-0.8 -0.4 0 0.4 0.8

PC 1(85.98%)
a. B oMk

a. Principal component analysis load diagram

N9.54%, FEG o-d8le. p-Fif. p-IS. FHH KM,
H RSN AR 2 FEMxK. 728 8b 1, TEM 1
SR, 25 FA R RS A 1, 2 min 2R T4
MIEER 1 M, SEEFAbEE 3| 4 min (720 A 7E
AN, TR I JE K 5 8 1 (AR R BRI 8] 25 4 min X CPT (2544
TRRTE . FUACERE B o R

-1.5 -1.0 -0.5 0 0.5 1.0 1.5
1.5 T T T T 1.5
®
1.0[ 0 min q1.0
- . : -
- 0.5 ° 4 min 0.5
3 .
< 3 min
)
s 0 0
o
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1.0 L 1-1.0
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PC 1(85.98%)
b. BT PR

b. Score plots of factors
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Fig.8 Load diagram of principal component analysis and score plots of factors of CPI
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WEE AR TS, AR SRR R R 2
(RO PE AT S R B ok, AR T EE 4 S0 A [ )W
BRI, CPI AT MR BRI 29.61 m*/g
1% 34.58 m*/g (P < 0.05) , FAbREE vt R 8
(P<0.05) .

3) B TARALFRE, CPI M) AR R A NA, %
B RE RN T8 a, SBUKE R, MR
ks, KA TFESHNEATR D THE, WMok T HEAM
5Kk FZ MM EAER, REGKMERH HHRESE =
RAERI AR — DR D RERR I 1 B

4) FEH TIPSR AR, fEiEaE
FIThREME RO TR A EZ/EH , CP1 &% 5 TR0 4 min
Je, TR AR RS B B EGE, TR R R
RERHIAL = e d S bR re sk A EEE .
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Effect of plasma on solubility and emulsifying properties of chickpea
protein isolates

Li Ke®?, Tian Jinfeng"?, Zheng Siyu'?, He Yayue'?, Xiang Qisen'?, Bai Yanhong"**

(1. College of Food and Bioengineering, Zhengzhou University of Light Industry, Zhengzhou 450001, China; 2. Henan Key Laboratory of
Cold Chain Food Quality and Safety Control, Zhengzhou 450001, China)

Abstract: Chickpea protein isolates (CPI) with high nutritional value have promise as a potential source of novel food
ingredients, but the functional properties cannot meet the needs of the modern food industry. It is of great interest to know how
dielectric barrier discharge (DBD) plasma treatments affect the properties of CPI. This work aimed to clarify the impact of
DBD plasma treatments as a function of treatment times (0, 1, 2, 3, and 4 min) on the conformation, physicochemical,
solubility, and emulsifying properties of CPI. Moreover, an evaluation was made on the relation of structural properties of
DBD-treated CPI to functional properties. The parameters of CPI were measured, including the pH value, conductivity,
particle size, the content of free sulthydryl, surface hydrophobicity, secondary structures, sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), solubility, emulsification activity, and stability. A scanning electron
microscopy (SEM) was used to characterize the surface micromorphology of CPI treated by DBD plasma. The results showed
that the pH decreased from 6.98 to 6.58, while the conductivity increased, with the increase of the treatment time from 0 to 4
min. The best solubility and emulsifying properties were achieved in the DBD plasma for 4 min, indicating DBD plasma was
suitable for the increase in the solubility, emulsifying activity, and emulsion stability of CPI. Dynamic light scattering
indicated a decrease in the mean particle diameter of CPI from 477 to 418 nm. The SDS-PAGE showed that the plasma
treatment cannot change the composition and types of CPI, but the band intensity of 7S and 11S increased. The content of
a-helix increased significantly (P < 0.05), while the content of the random coil decreased (P < 0.05), indicating that the higher
structure of the protein changed after plasma treatment. In addition, a combined analysis of reactive sulfhydryl content and
surface hydrophobicity indicated that the CPI may undergo a conformation unfolding, thereby becoming looser and more
flexible, and finally promoting the interactions of protein-water and protein-oil. SEM images showed that the sample size was
reduced, while the surface structure became looser with the extension of treatment time. Pearson's correlation and principal
component analysis showed that a strong correlation between the change of protein structure and the improvement of
functional properties was obtained after DBD plasma treatments. It infers that the DBD plasma changed the conformational
characteristics of CPI, enhancing solubility and emulsifying properties. The better solubility and emulsification properties of
CPI can be achieved after plasma treatment for 4 min. The finding can provide technical support for the utilization of new
chickpea protein products in the actual production.

Keywords: emulsification; solubility; chickpea protein isolates; low temperature plasma; structure; functional properties
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