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SDS-PAGE I #r # & 11 ,BIO-RAD A #] ;8-
M ~1-Z8 W R (ANS) . % D i 52 5 R-250 .DTNB
(Ellmann {57 ) . 4 1fiL 7% 25 M (BSA), 3¢ [# Sigma
N 2 T VY 28R (EDTA) , [ 25 4 A1 4k 27 338571
A BRZS T 5 H KR R Tris—H &2 U H L 2 —
¢ (TEMED) | # 1 Marker %5 4 1 3k 2% , b 50 R 3¢
FERHEARAA .,
12 UHBR5EE

HC-3018R & R B0 b, L HOh B &R}
SRR A BRA 7 LGI-25G M B 2= A gk TR AL, b
SRS Factory; FE20K %! pH i1, #4%#h—
FER AN (L) A PR F) s ETS-D5 AU 1H IR # 75
PEPES  f8 1 IKA 1 ;UV-1700 #2401 W43
FEGIE T, H A S HE2 1) 5Q2000 247K i A H
1 (DSC), & [# WATERS 2 ] ; Vetex—70 %Y {ff §
AR 2T AMETEAL (FT-IR), 78 [ £ & 78 3 W
LS55 BN 0L EE T, S5 PE A+ ;GE1DOC
XR+FYEE I A% R 45, 5¢ [E Bio—rad 23 Al
1.3 Fik
1.3.1 FEEW KA I L S5 B S0 Jr
P EEWRANT B AAREE N LE KR 6
h, i TKGEH A ERA NS A SR, & T%E
25 CHY PRl N AT R &, WITA) 4 6 h Mg bk 25 25
FK o 1 LA A Bsf (B o 28 & 2 0,12,24 h Al
48 h MW K BT IE] . W R SRR T FT# G i 80
H i
1.32 HEEEARMERR =% FIERFWN L
FEVEE B PR RGN T  HUGE R E M S IE
CBEHCBHNR LG 103 LRSI, =i~ 1 G
FE2h, dh0E, EE L LR 2 WE, B R A
SRERVEFN 12 h 1H BB IE2E Ky . SRJG 4% 1:10
(BRI LE I A ZE 18K, &R 8T pH {E 2 10, 9
F£ 2 h, 13 500xg &> 30 min FF U4 B, EE
B2 W), E&IF LW WO R pH{EE 45,58
30 min J& 3 300xg 0> 20 min, WA 2B ULTE ,
ZEMAKPES 2 W, =W N IET pHEE 7.0, 8 7
T 5 RIAE 3] QPI,
1.3.3  QPI 2544 5 (g Il o
1.3.3.1 AN E KR TRENELZEAR
BISFR S AE I i g T G m b, K 4r
FE il 2 e, % H R T AT B W S 8 4, PR A U 2

B, FEERRCRAECR 12 000 175 8 4 585 b 5, 240
P8 XY #4128 BIA4E 1.000,3 000, 8 000 Ji KA %
VLSRR i 8 PN AR AR R SEM i i
JEVEE A SkV,

1.3.3.2 Z@EEMINE FERAMET, BETE
MY FEAZ 3 B SR AR Bt Lk 1:100 A9 LEBTE
A)Ja , AT Fh kS R, B FT-IR AaEA T4
SIHERBE N 4 em™, BEL 4 000~400 em™ HEATH
02,

1.3.33 FMHHKENE HREHEKESS L
SEI ANS ZECHREN R R B REREnN  H
0.1 mol/L I 1R £k % V85 YBCH A it Y25 Y0 T o1 it
0.150,0.075,0.038,0.019 mg/mlL 4 4~ 5 & ¥ fF |
T 8 mmol/L i) ANS ¥F W 20 wL = 4 4K H R
WP AR IR A BEEH R 15 min JE IR, 09K 4
PF R & D 390 nm, & S 470 nm , 714 5
%% 5 nm, FAEHEE 10 nm/s . U T E K « B,
PRy MR IR, IR A ERAE R %R R
F R 32 T B 7K P RN,

1.3.3.4  DSC #AHEM T DSC 75 I 2
A5 (1 BE 2 R A TR o PRI 6~8 mg 227
BT, DA HHRE xR A2 80k
B AW 20 mL/min, FHEE 2 10 °C/min, 20~
150 CHH#E 15 3 ih 2k, fr 152045 & ] TA Universal
analysis FAF 40 HT .

1.3.3.5 WIEZOEME KT )51 QP %t T
PR R £R 22 s Wb AL 0.10 mg/mlL i A
JERIRE S . PRSI e 2R 26 otk
THRAREZE 25 & 9 €0 2018 32k A R 96 HRE BT
SE U R S R R, Ok T ke e e A R T
KR ZOET I, WEIIEN LK N
290 nm, DI A4 R E A 300~400 nm,
KRB e B AR A S BN 5 nm

1.3.3.6 SDS-PAGE #t lZ Lk /3 HF  © % Wang
SRR ISR i FRL VI A VR OV IS B R R L A B I
12.5% WRAGIE N 4% R L B S RS WA
TRAECH, (8 F BT B 8 1 mg/ml, 95 C/KIE
JnF 5 min, 76 2 L BERE LUK B AE 10 pl, HLUK
D3 2o R v ] 4 e 4 R FL S R B ERL R 0 i)
80 V I 120 V., LAZEIR/K UKL TR W EE .0.1%% 5
Wt i R-250 [ Fe il e (o 50) i B 58 i 2 5 17
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Yo UK, O LB BE VK SR 78R K I T
070 T Y 0 22 S 0 B3 2 11 R U 1 IS £
1.3.4  QPI TR FePE A I 2
1.3.4.1 gtk

1) FrEMZEAHIE  HEFFREL S mg 2F L%
H# H (Bovine serum albumin,BSA) #3 K T 50
mL 28I, 22 WK E & 3 50 mL il ik 0.1
mg/mL 1) BSA 7% 1, 285 HZE 7K 0.1 mg/
mL Y BSA i 7 # B L 0.01,0.02,0.04,0.06,
0.08,0.10 mg/mL AYREBEF WL . K AN 7] 57 2 vk FE
JE /Y 200 pL BSA U Al 1 mL % 5 3752 i G-
250 5 5 10 min J5 76 3% K 595 nm R
W B

2) BAERABMENINE MR L
M 100 mg F 25 mL FEH P JImA 10 mL 2518
IKJGTERE T FEAL LB RE 1 h, BEFES RS IR G
P BT R A R O AL 20 °C L8 000xg 540> 20
min LLARAS B, &5 H . 200 WL 22 % 85 H i
WA 1 mL % SR W G250 3K S 10 min J&
FEE 595 nm Ab I WO RE . #A(1) TR
BT VA

AR 0= L

100 (1)
1.3.42 FLfbHERF LR EN H0.25 g #EH
FAM T 5 mL ZE 08K T A 5 mL 3k IR A
R O HEAT A T A B R A o — R, A
FRA R E EAMERE, WEIFCHIILZ
1B (H ) M R S s B (H) o # R B4
BT 80 CAB TN 30 min, AHEFEIRFE
L, MEEIFIE SR FLZ S B (Hy) PR SE
(H,). & A BRI R IR E ek (2) F1(3)
T

EEE%%@@@%%ﬂ% (2)

A H——45 1 A% 19 P2 5 L om,
Ho—45 1 WIS B 7 L em,
ﬁaﬁﬂwﬁiﬁwm{%um (3)
4
3 H—— 38R 75 19 LA 2 75 em,

H—— N5 AR R B 5 em,

1.3.4.3 RiEM AR ENE B350 mg 223 &
F 7% T 50 mL Z&4% /K 7, 10 000 r/min ¥ % 2 min,
30 s ZJE e SRR 0V, T3 000 R
15,30,45,60 min J& MR, 8 F 0k i 1k K
T IARTE E 4R = (4) F(5) 5

%Eﬁ@@@wmi%ggggﬁﬁm
(4)

kR b (o)< FHER KA
R e e

100 (5)
A, Vi—— 35S A S R AR R, mL,

2 #ERERH

21 HEAIEX QPI L4 R

2.1.1 B RACEXT QPL HF A
45 L5 43 1 FE 1000 £ .3 000 1% F1 8 000 %
WEE 2 0 R AL RS I BE 2 R I R 451, A
1 ATRVE M, REEFTH &AL FEAY QPT 1Y 3K M 4544
kA Z AL R 2 i R AR Z 5 QPL AR
AR R R Y 51 A5 B, X )
B T LS pg A R R e TR EE A
TR A RN TT o PRI, 2R Y 25 A B 88 15 4 2
S,

2,12 WRALEEXT QPI "R LA — Bk
Ui, B A BERE 145 (1 700~1 600 em™) A1 7 T
C=0 HAT C-N i 1 4 % 3h S 555 19 N-H T N
2Rl W T A % g 9 28 Ak A U,
BN AR R T 3 R R T = D ek il
3 600~3 300 em™ 114 5 W g U6 5 H AT DL SRR B
H AT W S5 7 ) S O-H  C-H # i 45
PRl sR Y 5 N-H $i ff A7 & 0 BEfe 11+ 78
1 575~1 480 cm™ Ju Iy, 1t BLAE 1 400~1 200
em™ S A 08 156 e T+ 0 5 C—-N hz i fn N-H 25
Mg oets ) St & 2 T LAE Y, AR Ab BRA 5 Ab
FZH B B R U X R JE AR 1 400 em™ 1 T 600
em™ PR ANSEAHE TR K257, R, 15 k2
B 5% N-H .C-H .O-H FIE 8R4 Iksh, %
B B A2 Ak, DT 52 M B2 22 25 11 B DR E
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Fig.1 The effect of different germination time on the appearance of QPl aggregates
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Fig.2 FT-IR spectra of QPI after FT-IR

germination treatment

2.1.3  BRANEEXS QPI R B K R #
T 5 7K P T LA S Wl i 7K 0 A R A 4 11 B SR T
oA TG AL, 5 R B Y ) R R B DD AR
Tk R AE B 1 JOT 2R I Y B K PR R R 2 T AR
Jo 114 3R T i K R 43 AR B 2 [R) R AR
J5T— i JBT A9 AF AR FH A 25 i 2 15 A 3R 1T B 7K
PER/IN ., HT B 3 AR, B3 AR Y 3R T B K B R
W R R SE SR TN RE S B TE, fEW K 48 h
J5 iR B B KAA 33X AT BB R T30 1 AR A
S R b YRR AR e R 2 AR 1 BRI T
BT 2B KRR, X5 Lin 2
ZHT BB A R — 2, BV R b AR e TR A
BRI R B K . AN, 2 B K Y 3
55 QPI 1y 414 L Ba 45 SRt 2 A — 30y, RV & 42
fi QPI &5y e It , 3 B0 £ i /K Mk UL R 1) 2
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Fig.3 Effect of germination time on the surface

hydrophobicity of QPI

2.1.4  BRABEXF QPI DSC #i 4 il 52 mi
DSC & F T8 A B A M B 1 # o . &
P15 32 PR AR it | 0B RV A AR T W IR B
B4y F R FE, JC P M 35, X — o R B A PR o
FRERU (IR (Peak temperature , Tp ) 3% 85 H i
WFEME S RAERE, 4 wm 4 HEEE
FE T I A R Tp {E 0T .0 h>
24 h>12 h>48 h, 5 A i & 4b 3 (9 22 42 75 11 o AH
b, W& A B S AR A IR A AR IR E YA R
) B A R AIG . 22 B i R B A2 1) B 1 o R AR AR M
P e D X AT BB W R A S B A R
Jo2H AR | T A B B A R G R T R

2.1.5  BRALBEXT QPI €52 R e 6 i B Y 52 i)
8 2 12 (Tryptophan , Trp ) 5% 5& X {0 ¥4 35 (19 42 46 1+
Sy, R B ERF S H o T =SS
AR A K R F I ) A4 AH AR I R AE S 80, TR Dk
£ 290 nm T ,QPL &S MRS EE kA T
Trp, WA 5 iR, i & A0 H 5 /Y QPL HA M [F Y
TSR, B 25 B A& Ak B E) A4 2E K, QPT Y %€
SR B AL B 22 U/ 4 FORE S FE D 1 340 nm &b T
WU iR B I 4 0 h>12 h>24 h>48 h; %€ 6 1 7
BRA W RITER BRIz Ah, RAEA QP k&
S TE 340 nm Ak H 5058 B ok, 2 WA 2R
FRIEAL T QPI (19 B /K X IR, B 3 W % 1 fi]
O HEK: | B T A0 AR T R R K, B 4 R T
FERIERMN Trp SR L | KO o7 BRE B
T eIl D POt T R AL, B Y

48 h

24 h

12h

Oh

L 1 L L 1 L L 1
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Fig.4 Differential scanning calorimetry analysis

of QPI after germination
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Fig.5 The endogenous fluorescence spectrum

of QPI after germination
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2.1.6  HiAALFEXT QPI BERCHLIK Y FZ I W & Ak
AR A B K5 B9 QPI ) SDS—PAGE Hi ik 25 S
K6 s, BEAZ W8 1 o A EZ AL P e 30~72
ku 1 130 ku B3, 143 BT i /N T 30 ka (9 AH X
b W R EAIA R 24 h )5, 7E 30 ku AT 43 ku 4k
R R 4547 W & 48 h (1 8 11 5T 254
B TIH I o XL E 450 ITH %, AT R IR D ax
SEASE TR L, A AR,
e sk AR v B KA R O, KA R A
/Ny IR BT, BRI RR S5, AT LUE
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LB RS T QP 2 T4 et s | & 4 F i it
EAY Ry FREEA Ko FREEN
BTN S, T 51 QP 45k vk 5 i 28 4k
22 HHEAIEX QPI ThEE4 AT
22,1 WRACERNT QPI I fRPERSE I W A AR
RS2 2 B AE KR FREE A (0 4 HORE ), TR X
EARNIL SR EE w5 7 R
A A TR Y i & Ak B34 2 B 3 (P<0.05) [
IX QPI WS i B . 5 R IEAT 0 & AL SIBEAZ AR L,
WY & 24 h (1) QPL %5 i i A8 Ak d5e /)y 5 FLUCR W & B
] 12 h B2 W5 % 48 h By QPI | R I T 24
2~3 fiF, X ATRESE R TR R A B R B IR T A
e Rt A A B R AE R TR LR 4+
JoT i AR A AT i 2 AR T AR A R X
FE P AFE P2 o BT AR A 25 VR AR DL U R B Y
I 5 5 1 5T 3R T L AT 19 A8 k5 RS 1) B K AR FH 1
PSRRI A Y R AR XA R
TR TR K Ay TR A TS W AR AL Il — sk
SER R AL IR N IRERE R T 51k — &
5RO, A & R T
BCHT R 1, AR 5 A AR Y B ) e LA
TG S KM DRI I i R T ST BB K
REFR 24 h B FE A7 HE 1TV A R 9 AR B K I AT
222 WiRAEEXT QPI AL M K FL AL RS e Tk 1
M LAk SR e AR TR K A B R B
WOR AR T, LR E MR R LIRS Y
PERE . MK 8a il LI i, QPI FL Ak M bl 4 i &
B ] ) B K 52 302 /N I 15 Ky AR Ak a3, Ak
BE TR M B % Ab FE 48 h>24 h>0 h>12 h, X 85 %
AbFRIEK A 24 h A1 48 hoix 2 AN 56 41 FL AL I
(1) 5 3 (P<0.05) 48 & , 3X A REJ& H T4 11 Joe Al i
i 2 TR) 8 B2 AR B AR 5 R ) —— 2 IR BE I 2 &
FOE H BB K BB K B R R, X SR R R
G54 W Bh QPLARAS T B4 AL AR PER X 5
AT QPI ) 2 17 Bt 7K M F 5 245 R AH — 3K

QPI ZL AL e M 1 A2 b fa 34 5 2L AL PE AR AL
QPI 7E& H B VE T, S A o ek A | — 4k
B AR A B P 3 7 T K S T R PR
B, B R R A LA AR T R, W R
K12 h, AR AN R WA TR, b & H

i 1~5 YK RS T B Marker #4081 0,12,
24,48 h,
6 #5% /= QPl B SDS-PAGE Ei%

Fig.6 SDS-PAGE profile of QPI after germination
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Fig.7 The influence of different germination time
on the solubility of QPI

1 24 h F1 48 h, FLALER 8 Pk Bl A B & B[R] Y SE
G 9k (P<0.05) , B AE W] & I 48 h if L4k
FaE Ak 18 B i K, 29 80% (&l 8b) .

ARG AL 5 T i A A 7 A X B A 4y
AR DR RN SOV 45 A4 174 5 el 174 32 4 45 SR AH
BLo AR JE 0 2 s LA R FLAR AR e R S
Iy T EE B DI C  FUARIR R B B B K LRk
L 590 KA AR A FLAL B W & kb B
I T) R BB 0 1 PN R 45 4 Jre I AV IR | X
AR o TR BK X 80 2, #mT
B K BE 5 A A BRI X S R
H BT Y FLAR BB v o BRI 2 A R RV A
EAEFL R R R A EEEH, EARMR T,
QPI Wy FLALRE 1 & A= W & A8 Ak sk A T BE &l T
QP 175 it B AT, A JHC T 30 7 il 7K 7 T R e 9
FRORINIRE B 325 1 0 285 28
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Fig.8 The influence of different germination time on QPI emulsification (a) and emulsification stability (b)

2.2.3  BiRANHLXT QP M A i R AR e T I 5
M) BT R S R R 2R R R KRR
7 B EE TR A I AR T A OC, R AR 1 R
YA AT T B 2 A IORTE A 5 A RO R A3
PESI DKL 9a 7T LU 1, B & 032 27 26 1 i M
w5 AR i AR i, R LSERS KGN
e, Wik 24 h,QPI YR IERE 1A B R ME 75.38%,
LRI 1.5 A5, X AT RE S AR 5T R T B K
PEA BRI OC R W & IR A B 1 T B K,
22 1) 3% T i 7K RH BAE P S 30T Yk v g

W & Ab FR 48 h 21 S v R R 9 R R R A B (P<

0.05) FEACAYJE AT & QPI & & A D m et
100 -
3
I
_ £ 8of
:§_:| (5]
B2 eof
g
]
<
1 1 1 1
409 12 24 36 a8
s i)
Time/h

(a)
B9

3 Hig

A SCIRGE T A TR 2 4k BRI TR) X QPT 4544 5
DNRERFPERYRE IR, SRR, Wi A Ab BT 48 h I,
QPT # A 5 i (0 2 AT Kk FLARE FLALARE 1
(1 [7] Fof s B SR IR A T i J3E | A VR 5 I 5k

AEEE B K3 QPI i (a) RiEKEE M (b)

A Y R e B B i & S U (B R — 2B K
i, — AR e A IR AT B QP A 7 4 A AT
IS,

i & b B ERCKE QP R (14 R K A /N K 42
w7 QPL AR HIRE S, (RIS IR A P A RaE i
TRBH R 5 A VR R e B T R 5 A
AR DA KRR S 2  0TZ [R] A ELAE R
IEER R (pH (E AR ) 55 . WK 9b Th AT DL
QPI 114 7 7 F e 1 Bl e 5 EF [0 (90 2 < g R A1, L
AN TR b B QP I 7K o Mt A7 o 3 2%
5o X szl B IR R I 1 2 1 0 & Ak BRI R A A
FHE R QPI Y % 1B

== 15min
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Fig.9 The influence of different germination time on QPI foamability (a) and foam stability (b)

2 W K AR T 24 h B, QP B AT B 10 R ) A
WK RAE P 40 A | MR 2 AL 4 T
B QPI B T 45 4 , 45 5 4 11 B0 3 11 K A
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Ab PR LA 2 QPL AT MY S5 H Rt A2 4L, Xk
(1 45 K AL G A AL B B 2 W 2 QPT B 4% b 25 14
Rtk MDD REREIE o JR SRR 5T T LA B A 1 A v
QPT Y SE AL ML, Bt xh i A B b 208 1 (BRER
FUAT LA ) 2EAT 70 B SR, AT 90 H A8 SR I P A A
TR

& £ x #

(1] G ST A& E IR LIRS 9 i BE £ i B & [D].
BN BHRE, 2017
HUANG J. Research and development of healthy
food based on quinoa nutrition and functional ingre-
dients[D]. Guizhou: Guizhou University, 2017.

[2] FANALI C, BECCARIA M, SALIVO S, et al

Non -polar lipids  characterization of  quinoa

(Chenopodium quinoa) seed by comprehensive two-—

dimensional gas chromatography with flame ioniza-

tion/mass spectrometry detection and non —aqueous
reversed —phase liquid chromatography with atmo-
spheric pressure chemical ionization mass spectrome-

try detection[J]. Sep Sci, 2015, 38(18): 3151-
3160.

[31 RAM R C V, LA S. Quinoa (Chenopodium quinoa,
Willd.) as a source of dietary fiber and other func-
tional components|[J].
(Campinas), 2011, 31(1). 225-230.

[4] SEMRA N, NEVIN S. Nutritional and health bene-
fits of quinoa (Chenopodium quinoa Willd.)[J]. Jour-
nal of Cereal Science, 2016, 69. 371-376.

[5] ER&, EHfh, &0, EEEANRRS R R
PG B SE ()] & Tl 2017, 38(7): 255-
258.

WANG L F, WANG X W, ZHAO R Y. Research

progress in the characteristics, properties, and ex-

Food Science and Technology

traction of quinoa protein[J]. Food Industry, 2017,
38(7): 255-258.

(6] %R, Dilfd, RMWAK, % HEFEALNERLHIL
D 6 4 P BF 5k (D). RO R R4, 2021, 29
(4): 1-11.
GUAN X, MA Z M, SONG H D, et al. Research
progress on nutrition and functional characteristics of
germinated quinoa[J]. Cereals, Oils and Foods Sci-
ence and Technology, 2021, 29(4). 1-11.

[77 CAO H W, SUN R L, SHI J R, et al. Effect of

ultrasonic on the structure and quality characteristics
of quinoa protein oxidation aggregates|J]|. Ultrasonics
Sonochemistry, 2021, 77. 105685.

[8] YANG Z, DECAMPO L, PAUL GILBERT E, et al.
Effect of NaCl and CaCl, concentration on the rheo-
logical and structural characteristics of thermally—in-
duced quinoa protein gels [J]. Food Hydrocolloids,
2021, 124 0268-005X.

[9]  IRIGHE. APAL B R B T AR IR S ()], &
i AR, 2021(2). 33-37.

SU Q Y. The effect of microwave treatment on the
functional properties of quinoa protein[J]. Food Engi-
neering, 2021(2). 33-37.

[10] BEBLT5, sizid, B, . RN 1 S/ T

B R R4 A KB R R (T, 2 RO R, 2020,
48(19): 30-33.
LIAO Y X, DAI H Y, YANG J, et al. Effects of
temperature on seed germination and seedling growth
of Longliu No.1[]].
Sciences, 2020, 48(19): 30-33.

[11] T3, k3o, Bais, 5. EE AR
H IO RErEFT L)) e R, 2018, 43(2). 228-
234.

WANG D, ZHANG W B, YANG R J, et al. Study

on the extraction of quinoa protein and its functional

Journal of Anhui Agricultural

properties[J]. Food Science and Technology, 2018,
43(2): 228-234.

[12] FF=bl, B, 4, % B KT 118 Bk

OV YA T A M R )] R Rk, 2018,
39(22): 39-44.
QI B K, ZHAO C B, LI Y, et al. Effects of heat
treatment on solubility and secondary structure of
soybean 11S globulin[J]. Food Science, 2018, 39
(22): 39-44.

[13] LI T, WANG C Y, LI T Q, et al. Surface hy-
drophobicity and functional properties of citric acid
cross—linked whey protein isolate: The impact of pH
and concentration of citric acid[J]. Molecules, 2018,
23(9): 2383.

[14] FIBEAR, FhER. RAE. N RN R D451
Lo Dy vk A9 S ma[J]. £ &R, 2019, 40(12):
98-107.

ZHOU L Y, SUN Y F, WU F. Effect of malondi-
aldehyde oxidation on the structure and functional
properties of rice bran protein [J]. Food Science,

2019, 40(12): 98-107.



236 H5M

PRI K BR G LM R e Ha 19

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

WANG X W, ZHAO R Y, YUAN W Q. Composi-
tion and secondary structure of proteins isolated from
six different quinoa varieties from China [J]. Journal
of Cereal Science, 2020, 95. 103036.

XM, ROUIB, ERURT, S5, i 3 B b B X R
SOy e E R E R K R BRI RS )] B S
KBTI, 2021, 47(15). 157-164.

LIU Z W, ZHU M M, WANG F X, et al. The ef-
fect of high temperature and humidity heat treatment
on the structure and functional properties of soybean
protein isolate[J]. Food and Fermentation Industries,
2021, 47(15):. 157-164.

SCHMIDT V, GIACOMELLI C, SOLDI V. Thermal
stability of films formed by soy protein isolate -
sodium dodecyl sulfate[J]. Polymer Degradation and
Stability, 2005, 87(1): 25-31.

MIR N A, RIAR C S, SINGH 8. Structural modifi-
(QPIs) by

variable time sonification for improving its physico-

cation of quinoa seed protein isolates

chemical and functional characteristics|[J]. Ultrasonics
Sonochemistry, 2019, 58. 104700.

B, AR, ERH, FRETRIESNIEL
s S S TN e R F PO A R R 3 i
MR m]. A, 2020, 41(22): 1-7.

JIAAN, LIN S W, WANG L T, et al. Effects of

gallic acid —induced changes in myofibrillar protein

sulfhydryl content and surface hydrophobicity on
protein gel properties [J]. Food Science, 2020, 41
(22): 1-7.

LIU A J, YIN S W, LI L. Structure, trypsin in-

hibitor activity and functional properties of germinat-
ed soybean protein isolate[]J]. International Journal of
Food Science & Technology, 2014, 49(3): 911-919.

PHRE, SFHEE, B, % BIETHR SR E TR
Xf A5 B S BE R PR R SZ R [T]. R R, 2021, 46
(11): 69-73.

RAN L T, GUO D J, XU W,
spray drying and freeze drying on functional proper-

et al. Effects of
ties of egg white powder|J]. Food Science and Tech-
nology, 2021, 46(11):. 69-73.

FRBESE, XIWFT, FRET, 5. A4 75 O 80
3 25 11 BUBE R Pk S SR B2 D], R S R T
Ak, 2019, 45(19): 112-118.

DAI X N, LIU L L, CHEN K, et al. Effects of
different drying methods on the properties and struc-
ture of egg white powder protein gel[J]. Food and

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Fermentation Industries, 2019, 45(19). 112-118.
ERIC D, GASTON H, TOMASZ H. High-pressure
effects on 1>-lactoglobulin interactions with ligands
studied by fluorescence[J]. Biochimica et Biophysica
Acta (BBA) - Protein Structure and Molecular En-
zymology, 1994, 1206(2): 166-172.

RRAN, FBEBE, MR, S K o> R X
SRR PSS M. & Tk R, 2022, 43
(20): 130-136.

ZHANG J J. ZHENG ] C. XIE Y T,

effect of high moisture extrusion temperature on the

et al. The

structure of mung bean protein[J]. Food Industry
Science and Technology, 2022, 43(20): 130-136.
SUN W Z, ZHAO M M, YANG B, et al. Oxida-
tion of sarcoplasmic proteins during processing of
Cantonese sausage in relation to their aggregation
behaviour and in wvitro digestibility[J]. Meat Science,
2011, 88(3): 462-467.

PINAR. e iR 3 7 XS 25 S 1 AL R B AR R T Y B
[T, A Smis, 2021, 34(2): 93-96.

SUN X. The effect of high—intensity ultrasound on
the physicochemical and functional properties of
kidney bean protein[J]. Cereals & Oils, 2021, 34
(2): 93-96.

SIS, XUHT S, WA, . RAEEXI L ES
Dy fg e P RS2 ()], & ah Tk, 2018, 39(3): 39-
43.

YAN S, LIU X X, FENG C P, et al. The effect of
heat treatment on the functional properties of quinoa
protein[J|. Food Industry, 2018, 39(3): 39-43.
e, B, BN, SRR E N
J i BRI T]. B S AL, 2021, 37(4). 143-
149.

PENG W, WANG W Q, WANG P, et al. Effects
of storage conditions on the protein quality of walnut
kernels[J]. Food and Machinery, 2021, 37(4):
143-149.

OICH, FEERE, BAIE, % ORI T A 2
A B S I B R B R ). R R
2022, 43(7). 88-95.

ZHANG W G, DU C T, YANG X J, et al. Effects
of different processing methods on protein structure
and functional properties of quinoalJ]. Food Science,
2022, 43(7). 88-95.

SINGH A, SHARMA S, SINGH B. Effect of germi-

nation time and temperature on the functionality and



20 OE A IR 2023 4E 55 5 1)
protein solubility of sorghum flour[J]. Journal of Ce- [33] Wi, WrAi, Mty S5 IO EXT SOk
real Science, 2017, 76(5). 131-139. A 2 B R 2R K T RE R S (). & A Rk,

[31] SUAREZ-ESTRELLA D, BRESCIANI A, LAMETTI 2018, 43(11): 262-268.

S, et al. Effect of sprouting on proteins and starch YANG H L, CHEN L, LU H M, et al. Effects of
in quinoa (Chenopodium  quinoa Willd.)[J]. Plant extraction methods on the amino acid composition
Foods for Human Nutrition, 2020, 75(4): 635-641. and functional properties of barley protein[J]. Food

[32] FrmNvb, REE, EHM, S OHEELEREE S Science and Technology, 2018, 43(11); 262-268.

B T RE N SOULZS R R S ()], B TR, [34] GHUMMAN A, KAUR A, SINGH N. Impact of

2022, 37(2): 38-43.
YIN L S, ZHU Y Y, DONG J L, et al. Effects of
ultrasonic treatment on the functional properties and

microstructure of quinoa protein isolate[J]. Journal of

germination on flour, protein and starch characteris-

tics of lentil (Lens culinari) and horsegram

(Macrotyloma uniflorum L.) lines[J]. LWT-Food Sci-
ence and Technology, 2016, 65: 137-144.

Light Industry, 2022, 37(2). 38-43.

Effects of Germination Treatment on the Structural and Functional Properties

of Quinoa Protein Isolate

Cai Shuo,
(College of Food Science and Engineering, Northwest Agriculture and Forestry University, Yangling 712100, Shaanxi)

Jin Gaoyang, Gu Ruijuan, Wang Yutang’

Abstract

quinoa with different germination times (0, 12, 24, 48 h), extracted quinoa protein isolate (QPI) using traditional alkali

In order to improve the functional characteristics and utilization rate of quinoa protein, this study treated

solution and acid precipitation method, and analyzed its structural and functional characteristics. The results showed that
compared with the non germinated group, the QPI after germination treatment had a denser structure, significantly re-
duced pore structure, and a uniform and smooth surface. After 48 hours of germination treatment, the surface hydropho-
bicity, emulsification, and emulsification stability of QPI reached their maximum values, which were 6.67, 88.8% and
74.65%, respectively, with the lowest solubility (0.33%). In addition, germination promotes the degradation of the struc-
ture of quinoa protein bodies, and the disappearance of high molecular weight protein bands. The denaturation tempera-
ture of quinoa protein is reduced to varying degrees, and the stretching vibration of functional groups such as amide II
bands is significantly enhanced, which affects the functional characteristics of QPl. These results indicated that germina-
tion treatment could significantly affect the structural and functional characteristics of QPI, providing an effective refer-
ence for the processing of germinated quinoa, and providing a theoretical basis for the modification and application of
plant protein in the future.

Keywords quinoa; isolate protein; germination; structural properties; functional properties



