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FE. DIZEERTMER, TERNRIIEM E, KA Box-Behnken BEit i 2248 4 I8 T 24 hkAT
fk, ZETRIE ., BkE . WM pH XEEZEA R E LR, R AW I
AERFIEEAT TS . SRIMIIL T 2540 . IR 35 °C, pH 4.0, #ik 260 mL, RHE L 0.3 g/L, TEIZ&M
THESBHEZEA, EEEAWEISCERN 95.68%, BHEE N 7.89; M EMEIMNEEZEEHEA MM ST FREs
A4 50, 32~39., 22~23 Fl 8~9 kDa HYIEAW I, 7E 60 °CT, EEHHAMESERI/KIEHR 9.733 g/g, mEFFMLEE
9 5.848 g/g; BEERZRAFTRIKENIGIN, #ERABRMILEE) . FURREN. ZIse ) Ak etk
PR e K E NS H DPPH A LGB R SR B IEAH%, FEREFEEARERE R 2.5 gL i, X 3 mL
0.2 mmol/L ¥ DPPH I &) DPPH A H1 B0 15 2] 56.01%+1.34%,
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Optimization and function characteristics analysis of
foam fractionation of quinoa protein
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Abstract: The foam separation conditions of quinoa protein from quinoa seeds were optimized via
Box-Behnken design based on single-factor test. The effects of material to solvent ratio, loading liquid
dosage, temperature and pH on recovery and enrichment ratios of quinoa protein were then investigated,
followed by analyses on its subunit distribution and functional characteristics. The recovery and enrichment
ratios of quinoa protein reached 95.68% and 7.89, respectively, under the optimum process conditions of
temperature 35 °C, pH 4.0, loading dosage of 260 mL and ratio of material to solvent 0.3 g/L. The quinoa
protein obtained were composed of basic subunits with relative molecular mass of 50, 32~39, 22~23, and
8~9 kDa, respectively. Moreover, the highest water- and oil-holding capacities of quinoa protein were found
to be 9.733 g/g and 5.848 g/g, respectively, at 60 °C. Meanwhile, with the increase material to solvent ratio,
the emulsifying capacity, emulsion stability, the foaming capacity, and foam stability of quinoa protein
showed an initial increase then decrease tendency. The scavenging rate of DPPH radical was positively
correlated with the quinoa protein dosage. The scavenging rate of DPPH radical in 3 mL 0.2 mmol/L DPPH
solution reached 56.01%+1.34% at a mass concentration of quinoa protein of 2.5 g/L.

Key words. foam seperation; quinoa protein; response surface method; subunits; functional properties;
food chemicals
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Fig. 1 Schematic diagram of foam fractionation apparatus
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WA, SRJE TP IRK A 72 G0 8 2 0r s 1 I B
JE44 260 mL WA ( BP0 ) BB > B AL, I
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WU, /L Vo. Vio VoorRIJERIIR U . IR
JE MG WAAT, mL,
14 BAFRSBEEZFELRINE LML LS

M Box-Behnken BEIFAIEN I 7 A7 BB, >R H]



© 2314 -

A% 4m 4 T FINE CHEMICALS

%39 %

DU PR 2R = 7K M g T 76 X B 27 B (IR 0 B T A
TTiffl. 7ERRRE S HeAt B, B pH M 4.0, &
JER 35 °C. #HE N 250 mL . BHE N 0.3 g/L
0 KV, BARZEWLEAFSAA-1. 0. 1 47
i (3R 1), 0t 29 A scged, He 24 A~ F
FONEARZIE R = 4TS E R RE, 5 A4
SR DX A i R B A B A B AR B R
EE

1 R B B PR KR

Table 1  Factors and levels of response surface design
% il
-1 0 1
A IREE/SC 30 35 40
B pH 3.5 4.0 4.5
C B E/mL 200 250 300
D BHE Ib/(g/L) 0.2 0.3 0.4

15 FEEXZEAREHFEMNNE
1.5.1 #FKpeHme
KEWAFR A 6 7 0.1 g B2 S VMR AL B B0 4
o, BRI 10 mL ZE08UK, 43 HiIAE 20, 30, 40, 50,
60, 70 °C R/ 1 h, #RJ5LL 3000 r/min B0
15 min, A BIEWOFFRE TRV . fKE
k& /(g/g) = (3)

Hry m BREEZEARFESR, g5 m EEO0E
FURE S BT R, g5 my 2 ESO B FITITEY ) S T
H, g
152 #Hehaz
HERfFR I 6 7 0.1 g ZE A S UM Al A B 048
o, BAIA 10 mL S, 435I07E 200 30, 40, 50,
60. 70 °CHZAK ik 1 h, R/5LL 3000 r/min &5
A 15 min, ZH R, & FEUHEY R, F
mah (4) IE
FRE /(g/g) = (4)

Hor: m' BREEEAMHEMLOTE, g m ZE0
BRFES B RR A, g5 mb 2B O MUTTEY B B
i, go
1.5.3  FUALE o 5Lk AS 2 b 2

Ay BIECH R 5.0, 10.0, 15.0. 20.0,
25.0, 30.0 g/L MWEEZE B UKW, HH 2 mL,
FnA 20 mL K &3, 485 LA 10000 r/min #JJ5 2 min,
FE A 2 BURE FFLIE 0.1 mL, 7 RIHA 25 mL i 4%
R 0.1%M T Zhi Jeai R e (SDS) Wl fH A
TR 0.1%0) SDS AR XA’ JF7E 500 nm

my —m

’

’
m, —m
’

=i

Qb S W WO . FLAkRE ST (EC) MK (5)
T
EC/ % = sy x100 (5)
P34 AL LR E 30 min, FHAHRE D7 EE00 &
WHCRE, FRic o ECsoo FLUMEAREYE (ES) X (6)
T
ES/% = (EC;, / EC)x100 (6)
1.5.4 AR Aol KAE R N 2
- BIECH R EE A 5.0, 10.0, 15.0, 20.0,
25.0. 30.0 g/L MEEEHE AW, BHI 20 mL, A&
J& 2L 10000 r/min 25 2 min, 05345 AL SE g Y
WIRIARR, Kiufe s (FC) il (7) 8.
FC/%=(V;/V)x100 (7)
s vy 2B LSS R AT R IR AR, mL; V&Y
FEHT R IR, mL,
FEIR T YEACFLIEEE 30 min S50 SRR
L ke rE (Fs) it (8) 8.
FS/% = (V, /¥;)x100 (8)
Horpe v, E#E 30 min J5AIEIARIAFR, mL,
1.6 HMSFRESHNE
el -+ = e 2 i TR N - B DS M T Mg 5 B PR UK
( SDS-PAGE ) > 2 #2242 i 11 A AH X 43 o i (]
Frorrat) oAl TSR 12% 09 B i
BT HCR A% P IR HEFRBEI , UEFERE S uL,
PR E 60 V IR IR HIK o Y HFE S 1A D I e 3
TR, BEWN 100 V, BIKZ A 8 E 500
2% Sl s2 i G250 Yefa,
1.7 mEAENE
L DPPH H H 5385 BR R P 22 22 85 TR
etk AT mL BT 0.5, 1.0, 1.5, 2.0,
2.5 g/L WA HER (8 Ve) W, 3 mL DPPH
(0.2 mmol/L ) KiEW, AN 90 s, 7E
517 nm AbWERA R ROLE, IR (9) iHE
YA ALY ok DPPH [ A0 7 B R 24
DPPHIE R /% =[1-(A4y — 4y)/ A]x100  (9)
Hir, A Z2IRBUR S DPPH IR S IIWOGREE ; 40 2
AWM (RBOR S/KPRAW R, A& DPPH)
FIW GRS A J& DPPH %W B WOGRE
1.8 HEAIE
ARSI SEE-FATHE T 3 R, WO EESE T 45
Mr, i Origin 8.5 FEATWLGFEHE 530, JE(HH
Design-Expert V8.0.6.1 %I T. S 8711k

2 HRSIE

21 ZEFEERBAAXANBIZERAEZILR
2.1.1 BRu#ETEKEfY EEGYHA
A TR TR L FEE 2 32 ) Y TR 4 S R R B B R
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Fig.2 Effect of pH on enrichment ratio and recovery ratios
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Fig.3 Effect of temperature on enrichment and recovery ratios
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Fig. 4 Effect of loading liquid dosage on enrichment and
recovery ratios
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Fig. 5 Effect of ratio of material to solvent on enrichment
and recovery ratios
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WK s fros, A EHE ARG, ZEEAR
AR R RN, ORI B RN
LER s, TE A AR 2, IR AR T T
T N B TR R, VIR JE A VR AR LT AN FE ]
Ui, [FEE K SR, AN E EER
FRAG, R T e 26 % B R 4
B, HEEE 0.3 g/ BRNE LR it — D09 S5
22 BEEAEKRSBILZNMEERE
22,1 ZRE5FE5H

KR B LA B A A, ERNERELE
Feaf b, DUREE . pH. #HlhE . BHEL 4 MHER
HARG, BAEAEORS FEE b, wit
Fri A 525 . HR1E Box-Behnken 1563 F1E T 4347 1)
JRE, HeHE T 29 AL, SR 2 s,

2 WA AR A R

Table 2 Response surface design and experimental results
No. RE/,C  pH K E/mL KR LH(g/L) [BICR/Y% BERE

1 35.0 3.5 250.0 0.4 95.0 5.3
2 30.0 4.5 250.0 0.3 96.0 4.2
3 35.0 4.0 300.0 0.4 96.8 4.0
4 35.0 4.0 250.0 0.3 97.0 5.0
5 40.0 4.5 250.0 0.3 93.6 4.3
6 35.0 4.5 250.0 0.4 97.8 2.5
7 30.0 4.0 300.0 0.3 97.9 3.6
8 35.0 4.0 300.0 0.2 96.9 6.9
9 35.0 4.0 200.0 0.4 96.7 3.8
10 40.0 4.0 250.0 0.2 90.4 8.0
11 35.0 4.0 250.0 0.3 96.6 7.1
12 30.0 4.0 250.0 0.4 97.0 2.9
13 35.0 4.0 250.0 0.3 97.4 7.6
14 35.0 4.0 200.0 0.2 93.7 8.7
15 40.0 4.0 200.0 0.3 94.7 6.8
16 30.0 3.5 250.0 0.3 93.9 4.1
17 30.0 4.0 250.0 0.2 933 6.2
18 30.0 4.0 200.0 0.3 94.5 5.0
19 35.0 4.5 250.0 0.2 91.2 7.1
20 40.0 4.0 300.0 0.3 94.1 6.9
21 35.0 4.5 300.0 0.3 97.6 4.4
22 35.0 4.0 250.0 0.3 96.8 8.3
23 40.0 3.5 250.0 0.3 92.0 7.7
24 40.0 4.0 250.0 0.4 96.9 4.5
25 35.0 3.5 250.0 0.2 91.2 7.2
26 35.0 4.0 250.0 0.3 96.2 7.8
27 35.0 3.5 200.0 0.3 93.6 8.0
28 35.0 4.5 200.0 0.3 95.8 4.7
29 35.0 3.5 300.0 0.3 96.2 5.3

K H 8T 8 14F Design-Expert V8.0.6.1 JE 17
LA, BB TELEZEARKRE (R) MEEE
CE) Byma B E o FEXFRIE S RRIHEAT 1708, 50
B ZR B A KB 1Ry, 5 PR 3 X0 iz L ) 52 i G

IE R B e TR B 18P0, InEE 3. 4 Bk,
R=—117.29+4.744+50.17B+0.18C+22.58D—0.054B—
4.00x10 %% 4C+1.404D-8.00x10 " BC+14.00
BD—-0.16CD-0.064>-6.12B>*+1.18x10 %% -
115.42 D?
E=-142.36+4.224+40.068-0.07C+56.72D—
0.354B+1.50x10 *%4C-0.104D+0.02BC-
13.50BD+0.10CD-0.044-3.94B°-2.29x
10 *%C*-69.67D°

3 IR W 7 25 o b
Table 3 ANOVA for response of recovery ratio

KL P B@ME ¥HE O FME  PHE  BFEME
(el 117.29 14 8.38 9.86 <0.0001  **
AR 9.90 1 9.90 11.65  0.0042  **
B pH 8.50 1 8.50 10.01  0.0069  **
C #Hk it 9.19 1 9.19 10.81  0.0054  **
DEELIL  46.02 1 46.02 54.17 <0.0001  **
AB 0.062 1 0.062 0.074  0.7902
AC 4.00 1 4.00 471 0.0477 %
AD 1.96 1 1.96 231 0.1510
BC 0.16 1 0.16 0.19  0.6709
BD 1.96 1 1.96 231 0.1510
CD 2.40 1 2.40 2.83  0.1148
A? 14.19 1 14.19 16.71  0.0011  **
B 15.17 1 15.17 17.85  0.0008  **
c 0.57 1 0.57 0.67  0.4274
D? 8.64 1 8.64 10.17  0.0066  **
¥ 2% 11.89 14 0.85
RARI 11.09 10 1.11 555 0.0566
ali Rz 0.80 4 0.20
pEg il 129.18 28

T * R (P < 0.05); W R M B E(P<0.01),
Tl

R 3 FiFk 4 Pros, MBI P {E34<0.0001,
PIASBE I ) FAE34>0.05, 2 B [o] IR 5 ELAT & )3
FhE XTI, B R (RP=0.9079 )
FEoRBRI AT LU R 90.79%Mi 7 (8 1925 4k, 3% 5
DL RN ( Rag=0.8159 ) F WM RI A HU A FE 4 4t
ST TR ZE /N, AT B L P 4. B CL
D. AC. A4*. B*. D’ X EERIA W85 m, R &
KANT A BHE > T 2 > 30 s >pH o % T & 4R B2
R0 ok 5 B2 80 ( R*=0.9123 ) e n 1581 m] D it B¢
91.23% M I {H 19 A8 b, 8 3% J5 1 R K
( RAg=0.8246 ) FHIMRI LA L, SRRz
BoN, ATHTROGHEE A, 4. B. C. D.
AB. A, B>\ D* XA W E R, R &R K
G A BB EE >k >p H> 30 i
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Table 4 ANOVA for response of enrichment ratio

KIE CFM oAmE ¥WE O FE PH RBEME
LAY 81.95 14 5.85 10.40 <0.0001  **
AR JE 12.40 1 12.40 22.04  0.0003 **
B pH 9.01 1 9.01 16.01  0.0013 **
CEWRE 290 1 2.90 515 0.0395 *
D RHE L 37.10 1 37.10 65.92 <0.0001 **
AB 3.06 1 3.06 544 0.0351 *
AC 0.56 1 0.56 1.00  0.3344
AD 0.01 1 0.01 0.018 0.8959
BC 1.44 1 1.44 256  0.1320
BD 1.82 1 1.82 324 0.0935
CcD 1.00 1 1.00 1.78  0.2038
A2 7.28 1 7.28 1293 0.0029 **
B 6.28 1 6.28 11.16  0.0048 **
c? 2.12 1 2.12 3.77  0.0727
D? 3.15 1 3.15 5.59  0.0330 *
2% 7.88 14 0.56
AR 1.31 10 0.13 0.080 0.9993
a2 6.57 4 1.64
paviil 89.83 28
222 R &S HT

Xp3e 3 P EUE AT Ik Z oA RE, 153
TR ENE RN I, K 6 i, Hidr, %
FAE 1 MWCRTE S E IR EERT, BE pH TH i Jehg o w

Wb B R OB S RHR L R AR AL
SRR, IR PR LR, B
DR & 6 UMb R B T TR S i i
rh 2% B 22 T 1 58 AR O B 2 B T ROR 1) R
M, FEHC s E, B E A RCRR S, 5% 3
IrHTEE R —E

X% 4 BRI T R Z ot A A A )
WEE RN E, R 7 s, b, #EE
M A e AR A R R, B TR T v S
ARG P L = A Y R L VAT AR S| B R
AN BE R R, BEAZ B VR AR R L BT 7 EOU M
B T LR 43 B A R P A5 TR 2 2 ) 1 38 B RN 2 27
BEEEENR, fEdul mihr, #EEAEE
Ehr, 534008 R—5.

Wl AT — KA, & SECZ S R
WEEDY , A HAEH B, SmSigminT WL, Uil 4
MHRAZEAAEMNEE . it Design-Expert
V8.0.6.1 S i [ 4 B H it T s RS AR,
T2 09 6 3530 °C,pH 3.98, ik it 259.61 mL,
BHELL 0.29 g/L, FEILARM MR HE AWM IR S
96.71%, EEREHR 7.27,

223 FRMALA 6 3hiE

o AN VAR g e e e S DT E T I iR
B bR TS, WhE TRAETZEHKM N HE
35 °C, pH 4.0, ##i= 260 mL, RHE L 0.3 g/L,
FE IS5 T 3822 1 [DSCR N 95.68%, B4R N
7.89, SCHEE S WG AR F T, 3R I N 1R %
TN TR 22 B R IR 8 T2 2 AT AT .

40
36 38 0.40 o 40
200 32 4 e vy 42'3_5 030 o34 36%
30 .@2 Mg, 025 32 1C
A Uy, 02030 77\ ¥
%) o A

Pl 6 S DR ZOGH UL TR T AL 58 £ e i ]

Fig. 6 Response surface diagrams of experimental factors to foam separation recovery ratios
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Fig. 7 Response surface diagrams of experimental factors to foam separation enrichment ratios
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#EHE 1Y SDS-PAGE & LI 8.
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T al~a3 APIREEHE AR, bl~b3 LIRS B RE L & 1 44
Kl 8 FAHEHM SDS-PAGE i [4l
Fig. 8 SDS-PAGE profils of quinoa protein

WiE 8 fifk, a2, a3. b2, b3 ¥ NG AL
FEEAKA, IR A HE O KN SR B E®R
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