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Abstract : Chickpea seeds were widely used as raw material to extract ferritin. To maximize the extraction yield of fer-
ritin , extraction parameters , including buffer types, buffer pH , solid-liquid ratio, type and concentration of salt were inves-
tigated by single factor experim — ents followed by four factor-three level orthogonal experiments. The extraction yield of
ferritin , total protein and dry weight in chickpea seeds were examined. The results showed that the effect of the investiga-
ted factors on the extraction yield of chickpea ferritin was in sequence of solid-liquid ratio > salt concentration > tem-

perature > pH. The optimal extraction condition was as follows: solid-liquid ratio 1: 4,70 mmol/L MgCl,, extraction

temperature 50 °C,KH,PO,-NaOH buffer solution at pH 7. 5. The optimal extraction yield was 0.002643% .
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Table 1  Factors and levels of L, (3*) orthogonal experimental design for extraction of ferritin
L . B Ehyf r C B | S
KF A FRBRE I CRHEL D
Levels H Salt concentration Solid-liquid ratio T ature( C)

evels p (mmol/L) (W/V) 'emperature

1 7.0 50 1:2 50

2 7.5 60 1:3 55

3 8.0 70 1:4 60
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Table 2 Comparison of ferritin extraction yield, protein extraction yield and dry weight under different buffers

BRAR SR ICR
Ferritin extraction yield( x 10*)
KH, PO, -NaOH £ ik
2 ik 13.78%
KH, PO, -NaOH buffer
- iy
Tris-HCI 5% g 12.39%

Tris-HCI buffer

SAREREE T&E
Protein extraction yield( x 107?) Dry weight(g)
4.63% 0.4011
7.13% 0.5283
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Table 3 Comparison of ferritin extraction yield, protein extrac-

tion yield and dry weight under different pH

BRAERBCE SE RICR TE
pH Ferritin extraction Protein extraction ;
i 4 . 2 Dry weight(g)
yield( x10™) yield( x107)
7 20.08% 12.11% 0.3873
7.5 22.10% 14.11% 0.4722
8 18.83% 13.55% 0. 4095
8.5 18.73% 12.60% 0.3864
9 18.17% 12.36% 0.3927
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Table 4 Comparison of ferritin extraction yield, protein extrac-

tion yield and dry weight under different salt

S BRI PRICR SR SRIR
A i, . : A T
Salt Ferritin extraction Protein extraction Dry weight( )
. yield( x10%)  yield( x102) 0 VO
MgCl, 21.62% 14.87% 0.4257
(NH,),50, 13.75% 10.70% 0.3192
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Table 5 Comparison of ferritin extraction yield , protein extrac-

tion yield and dry weight under different salt concen-

tration
MR pomemcr RESRRE
comcentration Befrltln extraitlon Pr?teln extra(_:ztlon Dy weight( &)
Cmol/Ly Yield(X10%) yield(x10?)
10 15.86% 8.52% 0. 1866
20 16.33% 10.32% 0.2229
30 17.83% 11.40% 0.2589
40 19.27% 16.92% 0.3192
50 19.52% 17.76% 0.3471
60 21.64% 21.12% 0.5187
70 20.43% 24.36% 0.5913
80 19. 14% 21.48% 0.5472

M1 S ml A, HER M ZAE 10 ~ 60 mmol/L 284k

I, B R TR B BB, R AR BRI R, (H 23k
W PEAR 2L 8 It 2 25 4R BCRE T . 60 mmol/L
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Table 6  Comparison of ferritin extraction yield, protein extrac-

tion yield and dry weight under different solid-liquid

ratio
BHE L BRI R PRI
Solid-Tiqui A . N . +&E
Solid-liquid Ferritin extraction Protein extraction ;
: . 4 . 2 Dry weight(g)
ratio yield( x10™) yield( x10~)
1:1 12.83% 14.15% 0.3728
1:2 27.28% 26.37% 0.4431
1:3 30.54% 38.68% 0. 6486
1:4 35.51% 45.03% 0.7106

SCH R, BEH R LRI R, PR W &
B FHRBOCR AR B BUR Y R S A
n, TG IX . OSSR L, A M T
FUBTIIE DIk 3 1 . (FUORL R e i
R R R BE AR, BB s 22 T2 p 4R IOk
A AN o SRR 12 4 D iR RN L
2.3 EXXEW

AR F R R SR 4 R, LA e R rh B A
RO BE AR BOR T E N B SR R, AT L,
(3*) IEAC 54, SR A R IL T 2.
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Table 7-1 Ly (3*) orthogonal array design and results of ferritin
extraction yields
o B 1 TOICR
7&]\}“ N A B C D Ferritin extraction yield
~ (x10%)
1 1 1 1 1 17.73
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2 1 2 2 2 20.96
3 1 3 3 3 26.01
4 2 1 2 3 22.96
5 2 2 3 1 26.36
6 2 3 1 2 18.76
7 3 1 3 2 24.15
8 3 2 1 3 14.90
9 3 3 2 1 24.61

K, 64.70 64.84 51.39 68.70
K, 68.08 62.22 68.52 63.87
K; 63.66 69.38 76.52 63.87
R 4.42 7.15 25.13 4.83

R72 L) EXTRHEARNRHER
Table 72 Analysis of variance for ferritin extraction yield with

different extraction conditions

ety i 75 1l , -
g BETIR g rw e
Source . DOF F value P value
Squares
B 8.737 2 2.451 P>0.05
C 109. 87 2 30.82 P <0.05
D 5.188 2 1.455 P>0.05

H1 28 7-1 #2550 M ol 6, DA R 1 $ BOR S 95
T, 5 ) J W T R 2 P 4R BT 2 PR 3 1 R I Sy
BHELE > FhWR > IE > pH, 275 22 70 Fr, BHR L
Xof R AR R O 2 s . SRR IR 2
ZMh A,B,CD, BN mif pH 7.5,70 mmol/L 5§
FEBEERAT , BHAEL 124 1R 50 CHEHL,

F81 L,(3) EXKRBHRBBORMRER
Table 8-1 L, (3*) orthogonal array design and results of pro-

tein extraction yield

S PRI
Protein extraction yield
(x102)
22.56
24.58
31.92
37.20
40.14
27.51
48.70
27.94
36.29

o
=
o

A B C D

¥
°

—
LW = W N W N e

2
3
1
2 1
3 2

79.06 108.45 78.00  98.99
104.85 92.66 98.06 100.78

O 00 N N R W N =
W W W N NN
—_ W NN = W W N =

Kalite

K, 112.93  95.72  120.77 97.06
R 33.87 15.79  42.77 3.73
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Table 8-2  Analysis of variance for protein extraction yield with

different extraction conditions

i 25777 Fi

2= B T T S O
Source N DOF F value P value
Squares
A 208.6 2 90.08 P<0.05
B 46.78 2 20.20 P<0.05
C 305.2 2 131.8 P <0.05

H1 2% 8-1 #2243 Ml i1, DLEVER EER BBOR S 48
P, S0 T A L A 1 R I T 20 DR R R U SRk
WL > pH > ERHIE > IR, 2207 2250 Fr, pH L R
JE VR T T W T2k AR AR IO BB R B
T 200 AsB,C,D,, B 42 oh i pH 8. 0, 50
mmol/L SACBEERAT , BRI LL 104 HE 55 CHRHL,

ROl L3 EXEREHRTELER
Table 9-1 Ly (3*) orthogonal array design and results of dry
weight
FH A B (0 D Drylw;iight
N ()
1 1 1 1 1 0.8793
2 1 2 2 2 1.1188
3 1 3 3 3 1.0577
4 2 1 2 3 1.1392
5 2 2 3 1 0.9705
6 2 3 1 2 1.0095
7 3 1 3 2 1.1723
8 3 2 1 3 0.8796
9 3 3 2 1 0.8705
K, 3.0558 3.1908 2.7684 2.7203
K, 3.1192 2.9689 3.1285 3.3006
K; 2.9225 2.9378 3.2006 3.0765
R 0.1967 0.2530 0.4322 0.5803
#92 L(3)EXRBFEAER
Table 92 Analysis of variance for dry weight with different ex-
traction conditions
g BETIR g rw P
Source Squares DOF F value P value
B 0.013 2 1.887 P >0.05
c 0.036 2 5311 P>0.05
D 0.057 2 8.487 P>0.05
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