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FLACHE BRI B iAo TR ;. WQPT, RQPI FBERPERA 0L T BQPI, FUimikE R 120 g/L A WQPI,
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Physicochemical characteristics and functional properties of white,
red and black quinoa protein isolates
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Abstract: White quinoa protein isolates (WQPI), red quinoa protein isolates (RQPI) and black quinoa
protein isolates (BQPI) were isolated and extracted from white, red and black quinoa, respectively, after
degreasing with n-hexane, alkaline dissolution with NaOH and precipitation with hydrochloric acid. The
effects of pH (2.0~10.0) and NaCl concentration (0~0.6 mol/L) on the physicochemical properties and
functional characteristics of WQPI, RQPI and BQPI were evaluated through polyacrylamide gel
electrophoresis, Zeta potential and particle size determination, as well as surface hydrophobicity, protein
solubility, water-holding capacity, oil-holding capacity, emulsifying activity, foaming property and gelation
property tests. The results showed that the main components of WQPI, RQPI and BQPI were all 11S
globulin and 7S globulin cross-linked via acidic subunits and basic subunits through disulfide bonds, but
with significant difference in their contents. The average particle size and surface charge of the three
proteins were highly dependent on pH, and their surface hydrophobicity significantly decreased as pH
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increased. The pH far from the isoelectric point (about 5.0) could significantly improve the solubility,

emulsification and foaming property of the protein, but reduce the stability of the foam. Under neutral
conditions, WQPI and RQPI exhibited better gelation and interfacial properties than BQPI. The influence of
NaCl on the solubility, emulsification and foaming properties of proteins was correlated to its concentration.
The gelation properties of WQPI and RQPI were significantly better than those of BQPI. The gel structures
formed by WQPI and RQPI with a mass concentration of 120 g/L were complete and had good standing

properties, while only BQPI with a mass concentration of 180 g/L could form a gel with standing properties.

Key words: quinoa protein isolate; ion content; pH; physicochemical characteristics; functional properties;

food chemicals
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10 min, WERVIESR M. &5, VIEEALSWIRE
BTOKUEV, IR 1 mol/L HYERAR MY
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1.3 HHMRMESHERENIK
1.3.1 H&iEikbed

¥ 3 Fh QPT By A2 Moy HIFE 8 ok, 1%
PR A 10 g/L 19 QPI /0 H0k, KAkt s T
4 °Chitifrs -

¥ NaCl ¥ T 25 8 77K P13 3 NaCl i &,
JK: 3 Flr QPI My A A1 M4y HUAE NaCl i &,
A4S 3] QPI B IR E M 10 g/L, NaCl ¥R JE 5k
0.1, 0.3 1 0.6 mol/L [y A [] NaCl 1 QPI R &,
T4 CromKtbit, &M
1.3.2 5 7 M Bk iz % I e, vkl 9%,
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2 /L, a5l 53R E 550 (kg 0.125 g/L 1)
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VKGR T 8 7. 5% AV ) A TI £8 Z 4A1 T -
1.3.3 Zeta B fafo 5 i2m] 2

S CHR[161A9 77 D 2 QPI 1) Zeta HL AV FIKL
12 {f M EE A 1 mol/L (ERHR 5 NaOH A, K 3
B QPT 4 U JE = AN [F] pH( 2.0.4.0.6.0.8.0,10.0 ),
SR XS R pH BAT A6 TR - 1R 5k 2% i i 4 JHL A
E RN 1 g/L HEATIE .
1.3.4 k@B E

SHCER T T, R 8-7R Ik -1-Z8 B4 iR
( ANS ) IEDE R 1Y R K . X R pH
PR Y468 TR -l PR R % WP S 7 AN [R) NaCl vk B 1 2% o
VAWK 3 R QPL AR oy A R R MR
0.1. 0.2, 03, 0.4, 0.5 g/L, it 2 mL FRrEM S
20 uL ) ANS 1R G, #EGR N 15 min, 7 HIFET A
WK 365 nm Flk SHE K 484 nm 4L 2 IR A 5 BE 5
R . AR (p) RIS QP By &
WBE (x, g/L) J9Abr R Ak bR il 4G M 42
RN HARPE AT R (y=krte ) BIRER (k) BN
F1 F4) 32 T 7K 1 36 2
1.3.5 &G R EnE

2 SCHR14) 7%, I E AN TR] pH X8R 5T 3% g
FER . 4 3 B QPI /3 H W BE R 1 mol/L 1Y
ERFR e NaOH A AT pH=2.0~10.0, =&~ H#E
T RE 2 h J5, T4 °CY2 0 12 h, P48 8000xg
B0 10 min R KRR E VP R
&= (g/L),

S SCER81 T ¥, E B+ % & 0 A 1 T
il BERYSZ I o B NaCl Al QPLIR A WK 4 8000xg B .L»
10 min, P FHOBU4H IR 2 00 e b ¥ b 2 O i
(g/L),

W= (1) WWEEAREHE (%),

SO b 7. 4 L S )

HATRIBIRE | % = SEAR R
1.3.6 #HKmnz

275 SCHR[ 19177 15 DU 2 RF S I Rek e, Jf i A
Bk, ¥ 1 g QP15 25 mL 25 F/KIRSHAE,
BATE B IR E 2 min, WEEE Lh)E, K5
BORAE 13000xg B> 20 min, F L5, LA 45°
51 10 min, CSETUEY S E.OE MR, RE
X (2) WHEFKE (WHC, g/g)s

WHC = (my—m;)/m (2)
s my ARG O MPIEE R ST, g
my B AR RSB TR, g5 me NEEH Y
BEAMTE, g
1.3.7  #Habbal iz

22 SCHR 19107 00 8 FF S I RETM P . K 1 ¢
QPI 5 15 mL KRG HWAE, BABOE DR
€ 2 min, HIRHEE 1 h5, HOBORTE 6000xg
B0 20 min, FF LRI, 10SRUIEY S E O IR
o MR (3) AR (0AC, g/g).

OAC = (mbm})/m} (3)
s m W 5 B0 8E MDTTE SR R S BT, g
miR B ORI R S R i, g5 mehBEAZ A B
EHMEE, g
1.3.8 FLiE M4 40m 2

27 SCHR[20] 77 15 D0 2 B b 1 ZL A I PR 8 28,
FEREVEB N, WA N 1 mol/L AIERAREL NaOH %
T, K 3 FhEHE N 20 g/L A9 QPI A3 245 2
pH (43514 2.0, 4.0, 7.0, 10.0), Jf¥ NaCl I QPI
TRA R pH=7.0, HL 15 mL £ 5IATREE AT,
B 5 mL K&, S BHLEL 13500 r/min 78
SHRAYI 3K, HIR 40 s, PHIRIAIRG 5s. HL 25 uL
FURB R 54 5 mL (JREWIE 1 g/L) SDS M
HFE SRR IE , (0 FHE A A S0 2 A B J LR AE 500 nm
AEHIWERE (Ao ) 130 min JGHIOERE (As0)o HIHE
X (4) AR IE S (BAL, mYg), HRIE (5)
IR LR E e %L (ESL, % ).

A0 A gmmmm (4
px(1-p)x10
L p MELRIRE S TTREIREE, 10 g/L; o R0
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x100 (1)
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1.3.9 AEkaen

225 SCHR[21] 7 36 00 58 B 0 S P B . iR
25 mL IR EE R 10 ¢/L B9 QPI 40k, FHMWRE R
1 mol/L AYER AR Bk NaOH ¥ , ¥ H 248 =2 pH( &
Mk 2.0, 4.0, 7.0, 10.0 ), ¥ NaCl fil QPI R &
P& pH=7.0, SRJF% A 100 mL BRHRE N, T4
Y5 2 min, 43517E 0 A1 30 min 12 5% 10 7K F4EFH
WRIE= (6) F1 (7) AR (FC, %)
MR EYE (FS, % ).

FC/% = Vy/V % 100 (6)
FS/% = V1/Vy % 100 (7)

b Voo V239 0. 30 min BRSO IRIAFRL, mL;
VIR WARF, mL,
1.3.10 & s ARk E ] 52

225 SCHR[22] 7 1 00 52 B i 14 I A T vk
(LGC ). ¥ QPI MR 4 HLAE 5 mL £ 87K 15 2
A FEEE (60~180 g/L) BYZrH, JHHE N
1 mol/L (I ERFRKs pH VI £ 7.0, FE 00 fit )5 7K & 12 h,
R BRRRLE L T, TR THER S min, I E T 90 °C
7KV H 30 min, UK IXE R 2 FE, B Tk 4 °C
PRAE 12 he BB, (0 SRFR R BETE ol s
RV rgpin a7 di
1.4 HELE

Fr A SE E AW E 3 K, /N T2 ik
(LSD) AR EMadr, BEMKFN a=0.05,
i [ Statistix 9 #XfF, W20 (ANOVA ) Xf
SRR TSI S 5T

2 #HR5WE

2.1 QPI AL 4

& 1 4 WQPL. RQPI 1 BQPI 7EIEiJF 4514 F
FA I 4514 T 1Y SDS-PAGE K.

MK 1A AT LI, WQPL, RQPI 1 BQPI 7£3E
R, AR 0FEE (M) RINEHA
R AEAEBE RS THER , BQPI A5 i W i, 767355
e, R A B R A X R LAY, Al
11S BRE . 7S BRE . 1S BRTEWIE (11SA) A
2S VEH L, KPR ARXT S i o A 61.3 . 52.4.
33.8~41.9 F1 11.8 kDa, i AREIEA—F>],
WQPI 1 RQPI #y 7S BK&H M %= A M BQPI 5,
{H WQPI #1928 W8 1 & A X8 2, 1 RQPI
1 7S BREE L 2S T ER A S i L O AN AN A IR

ME 1B A LLE H, FEMA R R f-ME J& i if
JifeH, WQPI. RQPI A1 BQPI K R AETE M 45 X
VAR 43 5 e I g P R 1) SR AR AR I S5 R R I 3
i, 7S BREE IR B0 KRR B0/ o XFRi i, 11S A

K118 BREAMMETE (1S B, MX4F e N
22.2 kDa) W WL, AL, RQPI MY 2S {EEAA
FEEGHN, i WQPL. BQPI XY 2S 2H 43 TG i A8
fb, 45580, WQPI. RQPI #1 BQPI H, 11S (
FRTENE L 11S A SO 5L 11S B i — it fil 22 Bk
M) R EEEAA S 7S B R A R R
o HA T ik, (B ERG; 2SEEAS
ERAK, XATRES U A %, GITERU %P
R, TERLZWS/ mEEA&RAss T, 11S A
K 11S B &HFEF, W 7S BREH K 2S HEHEAK
/b, R4E WQPI, RQPI il BQPI 3 Filt 2 1 41 4 Fh 25
AEARL, AH A B i S R S T AR AR R
)25 5%

116.0
66.2

45.0
35.0

25.0

18.4
144

o o

+B-ME

Kl 1 WQPI. RQPI #1 BQPI fE3EiR 5L (A ) FIik )i (B)
%A F 1) SDS-PAGE [&l
SDS-PAGE patterns of WQPI, RQPI and BQPI
under non-under reducing (A) or reducing (B)
conditions

Fig. 1

22 pHEBREN Zeta BALHI MG

WA RS SO IR R (R g
JEAR . M . BKE . R AR N R A A )
B T HE AR REN, Wi, /o2
A pH=2.0~10.0 i, WQPI. RQPI F1 BQPI 7E43#k
TR 2 H H)SF- YR AR R Zeta B o

MK 2A ATLIFE H, WQPL #il BQPI - Y ki 2
TE pH~4.0 Bl kB Rk, XATRe2l R, W pH T,
HEASEEER A, WREALEAWR, o1 E
HEF /N, TR SRR AR R T RQPI £
pH =~ 6.0 I 25007 42 H Bl KAE .

M E HAFEAR pH N Zeta FLA7, ML
HPeRerE, SHHN R HEZ% . E 2B AT LA
Fi, 78 pH=2.0 if, WQPI. RQPI Il BQPI ¥ i/~
W KIEH ], Zeta A2 30 mV., Bf#E pH 1Y
M, Zeta AL FFE; 4 pH #2iL 5.0 B, 3 A
JLFARW . Y pH dh2kThem, S A& g

=R,
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}J\Pﬂ 2 %%ﬂb‘lﬁtﬂ , Zeta EETﬁE@j(/J\XEjQ%EEI ggg LAb a mm WQPI
JE Bk TR IR KON, BRI LB RO, . 0 N = Borl
RARER/N . JEATT DB E, X 3 A 55 Ry izﬂ 400 |
%599 5.0, 5 YANG %Lt HeA 5L, 2ol
' 7
=
4000
A mm WQPI #® 60F
a = RQPI 40 t
: 3000 | == BQPI 20|
S 0
NG b
& 2000 ced
Y d o 100
B . B mm WQPI
i = RQPI
1000 . £ £ s 80 - @ BQPI 2
X b
% 60 - c bc c
E |4
40 de d
B2 a . WQPI : e ¢ 1
30 F = RQPI
20 - == BQPI 20 ¢
E 10 | gds 0 0.1 0.3 0.6
% ol anf NaCI¥&JE/(mol/L)
s ol lUl Kl 3 pH(A)F NaCl ¥ £ ( B) %I WQPI, RQPI #1 BQPI
Y ol g et LA 0
30 Fig. 3 Effects of pH (A) and NaCl concentration (B) on
30 hydrophobicity of WQPL, RQPI and BQPI
_40 1
2 4 ) y N 3y,
pH M 3B HTRAE i, B NaCl #RKRIE (0~

MR AR NG 7 8 R I e 22 5 B3 (P<0.05), T
B 2 pH Xf WQPI, RQPI A1 BQPI [y F-Hhife (A)
Zeta AV (B ) AU

Fig. 2 Effect of pH on average particle size (A) and Zeta
potential (B) of WQPI, RQPI and BQPI

23 pH MBEFEEXNEBRERKEN N

TG B F B R E R, BT
O FRANFIIEAR . SCHRAR B A I B2 R 1) 4 ok A o
FFFIPT, pH A1 NaCl %W IEXT WQPI, RQPI
1 BQPI 2 11 i 7K 1 3 5% e DL &1 3

MIE 3A AT LI 1, WQPI, RQPI Al BQPI K%
TG K PERI RS pH (2.0~10.0 ) A i 52 30 F [
K 3A ), X, 78 pH=2.0 R PERMF T,
B PR IE AT . B Z B HER 1 SR BUR
HRZSF T, IR A /K X2 25 21 e, (A
FEMHKPER S o MY pH #2630 8 Y 45 H
HEE BT RN, R 1, Bk X
B, SECRIEFKIERFRE, wifE pH>45
MM, AT 5K FAERIE KA 2,
s 7K X, FEGRHGUK R —L TR, b
BOWE, ME pH BT, REGUKESEIHT N
BQPI>WQPI>RQPI,

0.6 mol/L ) M7+, WQPL. RQPI 1 BQPI [ f
B K S R BT B 5 THm B, 24 NaCl ¥R N
0.1 mol/L i, 3 Fhak [ R B /K Pk 3434 B A AR E
X5 ZHANG PR or 25 R —3 XM, K
WP NaCl WA ER AN, BEAEHE 8 1 SE /KM, [
{EEEFI%%EPUK P 5 T = v NaCl s 800l B £
Mrsns, $E T AR K, iR E . NaCl
W PE AR AL X RQPI Y 2R 1T B 7K 1 5% I /)N
24 pH MBEFEEXNEQBRMBENII

FLSCE SR R H P S pH Mo dh B vk BE A N
THZEPY, & 4 Jy pH Fl NaCl B E X WQPI,
RQPI 1 BQPI ¥ fift & B 5210 .

MIE 4A PTLLEH, BEE pH (2.0~10.0) Y3
Jir, WQPI, RQPI il BQPI [ i B 24 52 B S A%
JETFER R, 2 pH=5.0 I, 3 Fh AR F BV A% BE )
e fffo MR pH 24T, 3 FhE (A A7 I
25, XAREEH R, 3 FhEE AR LA
B LR E IR AR B2 i R R A B R (R
ST ES AT A LNE 3 - A S PR TR
PEPH, S0 3 MR IR A R

MIE 4B W LLE 1, pH=7.0 I}, [ NaCl i5HK
WM TS, 3 ﬁ%ﬁﬂﬁmﬁ’ﬂ“i’]zﬂwﬁﬁ%,
X RE R TR EZ EAARRIA RS . ERTRUN
UEESE e S
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h .
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Fig. 4 Effects of pH (A) and NaCl concentration (B) on
solubility of WQPI, RQPI and BQPI

g Lk, pH BYVENY AT i R AR AT R
BE, T NaCl 38 AN AR T 31X 3 FhE 1 A1 i o
25 F|BWFAKYERERYESS

FroK 6 1 JE 46 8 1 3L S 1 5 S R A TSR B
BRI I RN B K A B RE T, RO T R RSk =2 1A
B 2 M B AR FPY, R SN T2 R ) S B A
LA B i F5 K BE T A 86 (S RERS 7 1 RN A T A5
PEE MR R P R EEZERA, AR0ANER AR
JiE R KB 25 1 % WQPIL. RQPI Hl BQPI 57k
PR

21 WQPI. RQPI 1 BQPI fy /K It Fn ik

Table 1 Water-holding capacity and oil-holding capacity
of WQPI, RQPI and BQPI
Urelm ik WQPI RQPI BQPI
Rk A(g/g) 0.05+0.01° 0.59 +0.02° 1.67 +0.04*
FrtE (@) 2.24+0.02° 3.87 £ 0.06" 2.80+0.10°

W EARARR/NG FRFR AR 225 B (P<0.05), T,

MZE 1 ATLLE S, WQPL., RQPI 1 BQPI Hy#F
KPR T RENEEN (4.36 g/g) P, M,
WQPI H# /K 8, 4(0.05+0.01) g/g, BQPI 7K
P, H(1.67+0.04) g/g. 3 P A AR KPELEAE
WEES,

FRm R E AN S — P EZEN R, 7ER
R FIE TR N AR R A

REMEAR T AY R, IR RERESR A AY BRES .
F 1 RLAEH, RQPI MIHrimtEfim, N(3.87+
0.06) g/g, BT RKEGENA (243 g/g) FMEHE
F(2.81 g/g) P WoR s i i 415 BQPI Y
ek [(2.80+£0.10) g/g ] SEBRE AL, & TR
G WQPL UREIYE R(2.24£0.02) g/g, MEALTF
KEFEAMZEHEA .

Xof A — 2 R KRR v R A, P
REAY R /NFEAR SR A S o AR (2 LR AL AL
(RIEEUKMERER 22 5 ) JEARJEdee 2 A B K
AR ML T s K R T e — R &, Horp
RO ZE F 2 DA PR R B L A R . R
FIELGK (1), FERiAE . Zeta AL (8] 2), %
B 4) S5 R AR T thah
26 pH MBEFEENEZEAIALERERNRME

MR EREAN - NEZEDRMER, W
B E A RER O — 2% | 5 o pH
H1 NaCl ¥k BExF WQPL, RQPI Al BQPI L4kt
ESp AT

10

A . EE WQPI

.l 1 RQPI
C, 3 BQPI
% b
E’ 6 d c d c
\ig e £ de f
= 4 g
3
e

2 -

70

B 2 BN WQPI

60 | [ RQPI
< b b = BQPI
#50F I
%}@i 40 t ; 2 cdde
< e e
=3 €
30t .

£
20 f
10

HALTEHE/(m?/g)

0.1 0.3 0.6
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