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Optimization on foam separation process for spinach leaf protein
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Abstract; In order to develop and utilize spinach leaf protein
resources effectively, the spinach leaves were used as raw material in
this work. Based on the single factor experiments, Box-Behnken de-
sign was adopted to investigate the influence of four factors: the dilu-
tion ratio, gas velocity, temperature and pH on recovery rate and en-
richment ratio of leaf protein from spinach leaves. The optimum con-
ditions for the foam separation of spinach leaf protein were found: di-
luting time of 16 times, gas velocity of 260 mL/min, temperature of
40 °C, pH value of 7.5. Under these conditions, the recovery and en-
richment ratio reached to 81.56% and 14.94, respectively. The
results show that foam separation technique is an effective method to
separate leaf protein from spinach.

Keywords: spinach leaf; protein; foam separation; recovery; enrich-

ment ratio
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Figure 2 Effect of dilution fold on foam fractionation

Il g
Recovery/%

S

from spinach protein

2.1.2 REHRER S B R E AR 3 R
K 200~450 mL/min B, Bl 25 SO 0 K, 0 UK S 58
32 SR DA 77.4 0018 K B 86.0 %0, 1 & 4E LL A 13.8 B
IRE 5.8, 3k B N S 3 A, B0 I i 7= A 30 VR B 22
B ESF R A5 0 R YRR B T L R A S R R N UK 4 S
SR ISR RN B A E A R, B R T R 300 mL/min
iR — 2 BF T 251 .

86: —a— [ 114
—— EAEIL /
84 112 ¢
% 3 Zs
¥ 2 82t l10E=
T < {1l
= 80 \ 14 5
78 - /
R — s
76 L L L
200 250 300 350 400 450
S
Gas velocity/(mL + min™)
B3 ARNERSBERTEEUH R
Figure 3 Effect of gas flow on foam fractionation
from spinach protein
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Figure 5 Effect of pH on foam fractionation from
spinach protein
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Table 1 Factors and levels of Spinach protein used in

response surface

K/
KV A R REAEEL (m 1y Cii/C  DpH
—1 10 250 40 6.5
0 15 300 45 7.0
1 20 350 50 7.5
2.2.2 Wi N T X 5 2 Mg o T X 18 it A e 4 R WL
2, R 2R EARHIT Z o0 mIB G 15 B IR 58k

SR [ AR (RO L 46 BE CED W 05 7
R=80.90—4.37A+1.59B—4.93C+0.16D —0.45AB —

0.58AC+0.41AD+0.17BC —2.41BD —2.36CD — 3.45A" —

2.83B”+0.17C* —3.19D?, 3
E=7.39+3.31A—2.05B+0.61C +0.89D — 1.28AB+
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0.16 AC+0.82AD —0.69BC —0.21BD —0.28CD — 0.019A* +
0.96B*—0.22C*+2.04D*, (4)
2.2.3 AR 2 5 ARG S Oy Z 00 i3k 3 T A,
MR F =16.88,P<C0.000 1,3 B Jir g 57 455 A0 S8 i 8 2 149 5 (]
THMEEAERZAMEMERE R =0.944 1, BIER
2L RH Ray, =0.888 2, UL WA 94.41 % iy i i (L J& ok B+
LRt 5 JRAUI F =3.44,P>>0.05 , 15 B 2% U000 21 152 25 5
VEAREN B EZH i PETLEH, — kI AB,
C, I A® B \D* 2 il 3% . 28 BAE B BD.CD 22 5 i
FOHRBARZE . BWERKRDY H:C>A>A>D >
B*>B>BD>CD,

% 4 AL AR F=146.51,P<C0.000 1,335 7 1y 7l
DETAB Rt AR B s R =0.979 0.8 IEE MIZE R E Riy =
0.957 9. ULWIA 97.90 Y0 1A i Sy (B2 oK B T BT 678 5 2k 10T
F=1.41,P>0.05, 15t W & $61 300 X} 4l 152 22 2 it 2 R 2 38 1
—WIMA.B.C.D, ZKIWB D, &8 H/E AW AB% 7l i

x2 MEEmRBETRER
Table 2 Designing and experimental results with

response surface
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Table 3 Regression analysis ofthe recovery rate

kU R AME ¥ Fi P i B#H

KI5 A B C D M/ EAELL
1 0 1 0 —1 76.03 8.31
2 0 —1 0 1 77.51 13.39
3 0 —1 0 —1 70.08 12.32
4 1 —1 0 0 71.45 15.17
5 —1 —1 0 0 76.53 5.70
6 0 0 0 0 79.81 7.46
7 0 1 1 0 75.74 6.91
8 —1 0 —1 0 85.99 3.88
9 0 0 1 1 70.93 10.55

10 1 0 1 0 67.06 11.24
11 0 —1 1 0 69.91 10.67
12 0 0 1 —1 75.85 8.90
13 1 0 0 1 68.66 14.42
14 0 0 0 0 82.61 7.84
15 —1 0 0 1 77.83 6.41
16 0 0 0 0 80.17 7.71
17 0 1 0 1 73.81 8.52
18 1 1 0 0 73.48 8.41
19 0 0 0 0 80.86 6.48
20 1 0 —1 0 76.91 10.10
21 0 1 —1 0 85.65 5.24
22 1 0 0 —1 69.26 10.29
23 —1 0 1 0 78.47 4.36
24 0 0 —1 1 86.29 10.08
25 0 0 —1 —1 81.76 7.30
26 —1 0 0 —1 80.07 5.95
27 —1 1 0 0 80.34 4.04
28 0 —1 —1 0 80.49 8.73
29 0 0 0 0 81.07 7.45

iRl 757.164 5 14 54.08 16.88 <C0.000 1 % *
A 229.108 4 1 229.11 71.52 <£0.000 1 % %
B 30.374 7 1 30.37  9.48 0.008 2 % %

C 291.305 5 1 291.31 90.93 <C0.000 1 * %

D 0.324 8 1 0.32 0.10 0.754 9
AB 0.794 0 1 0.79 0.25 0.626 3
AC 1.354 9 1 1.35 0.42 0.526 0
AD 0.675 5 1 0.68 0.21 0.653 1
BC 0.112 2 1 0.11 0.04 0.854 3
BD 23.270 9 1 23.27 7.26 0.017 4 *
CD 22.311 2 1 22.31 6.96 0.019 4 *
A? 77.138 2 1 77.14  24.08 0.000 2 * %

B? 51.824 3
Cc? 0.198 5 1 0.20 0.06 0.807 0

k2% 44.8506 14 3.20
I 40.174 9 10 4,02 3.44 0.1227 R
iR 4.6756 4 1.17

EF 802.0150 28

tox ZREFP<0.05);: x x ZRKEF (P<0.01);R? =
0.944 1; R4, = 0.888 2,

®4 BELEERPSHER

Table 4 Regression analysis of the enrichment

KRIE O POM AmE ¥y F PE B
iR 239.2020 14 17.09  46.51 <C0.000 1 * %
A 1313816 1 131.38 357.65 <C0.000 1 x %
B 50.2835 1  50.28 136.88 <<0.000 1 x %
C 4.4383 1 4.44  12.08  0.003 7 x %
D 95213 1 9.52  25.92  0.000 2 x %
AB 6.5202 1 6.52 17.75  0.000 9 x %
AC 0.1075 1 0.11  0.29  0.597 0
AD 26764 1 2.68  7.29  0.017 3 *
BC 0.0190 1 0.02  0.05  0.8233
BD 0.1818 1 0.18  0.49  0.493 3
CD 0.3180 1 0.32  0.87  0.367 9
A? 0.0023 1 0.00  0.01  0.9381
B2 5.996 4 1 6.00 16.32  0.001 2 * %
C? 0.3094 1 0.31  0.84  0.374°3
D2 27.0519 1 27.05 73.64 <C0.000 1 %
k% 5428 14 037
I 4.0080 10 0.40  1.41  0.3953 AR

M 2443449 28

1.134 9 4 0.28
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3D Plot of the recovery rate with response surface
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