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Table 1 Characteristics of seed and canola meal

Characteristic Moisture% Protein% 0il% Fiber% Phytate% Glu:gf;llgate
Whole Seed 9.5 252 393 12.1 3.24 6
Meal 8.8 43.5 0.1 4.9 4.87 11
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Table 2 Coded levels and actual values of the variables in centeral composite design

Variable Levels

Experimental results (Response)

Run pH Extraction pH Sedimentaion WA% FA % NSI% EC% FC%
1 10 (-1) 45 (-1) 195 165 30 46 138
2 12 (1) 5.5 (0) 225 190 41 64 165
3 11 (0) 6.5 (1) 215 176 37 58 147
4 11 (0) 5.5 (0) 221 180 38 60 150
5 10 (-1) 5.5 (0) 210 174 34 52 144
6 11 (0) 5.5 (0) 220 175 37 65 155
7 10 (-1) 6.5 (1) 207 169 34 50 140
8 11 (0) 45 (-1 198 171 36 57 142
9 11 (0) 5.5 (0) 215 183 39 58 148
10 11 (0) 5.5 (0) 225 184 41 59 153
11 12 (1) 4.5 (-1 201 181 38 59 155
12 12 (1) 6.5 (1) 220 184 38 61 160
13 11 (0) 5.5 (0) 217 179 39 63 157
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Table 3.Analysis of variance and coefficient estimates for second-order model

Protein Yield Water absorption Fat absorption
Source DF Coef SS P>F Coef SS P>F Coef SS P>F
Model 5 -388.6 490.2 0.0001 -332.8 1140.7 0.0004 42.9 530.4  0.0015
A: pH Ext 1 22 206.5 0.0001 27.9 192.6 0.0003 -24.5 368.1  0.0002
B:pH Sed 1 112.7 54 0.0002 125.6 384 0.0005 81.3 24 0.0149
A2 1 -0.25 18 0.701 -1.4 5.8 0.475 1.5 6.5 0.379
B2 1 -8 179.2 0.0001 -12.4 427.9 0.0003 -6.9 134 0.003
AB 1 -1.9 14.82 0.0084 1.7 12.2 0.309 -0.25 0.25 0.859
Residual 7 7.8 71.2 51.8
Lack of fit 3 4.18 0.34™ 12 0.84"™ 1 0.99"™
Pure error 4 3.6 59.2 50.8
Cor total 12 498.1 1212 582.3
R? 0.98 0.94 0.91
R’-Adj 0.97 0.91 0.88
Continued Table 3
Nitrogen Solubility Index Emulsifying Capacity Foaming capacity
Source DF Coef SS P>F Coef SS P>F Coef SS P>F
Model 5 -302.5 101.4 0.0013 -546.9 334.1 0.0019 200.3 730.3  0.0008
A: pH Ext 1 39.3 60.1 0.0003 80 216 0.0003 -55.9 560.6  0.0001
B:pH Sed 1 38.1 42 0.123 47.8 8.17 0.245 73 24 0.133
A2 1 -1.3 5.4 0.701 -3.2 29 0.0480 2.8 21.5 0.152
B2 1 23 15.9 0.0865 -3.7 38.6 0.0288 -7.2 143.4 0.004
AB 1 -1 4 0.0112 -0.5 1 0.670 -0.75 2.25 0.619
Residual 7 9.5 355 58.3
Lack of fit 3 0.69 0.95™ 1.51 0.97™ 5.19 0.93™
Pure error 4 8.8 34 53.20
Cor total 12 110.92 369.6 7.78
R? 0.92 0.90 0.93
R%-Adj 0.88 0.86 0.89
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Fig 1 Contour plot and 3D response surface curves for the effect of extraction and precipitation conditions on
the protein yield
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Fig 2 Contour plot and 3D response surface curves for the effect of extraction and precipitation conditions on
the water absorption
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Fig 3 Contour plot and 3D response surface curves for the effect of extraction and precipitation conditions on

the fat absorption
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Fig 5 Contour plot and 3D response surface curves for the effect of extraction and precipitation conditions on
the emulsifying Capacity

s H . e = sl el aml el - .t .. .. S A
e PH s 5 S ol Pl el A8h B g,_g}bﬁ‘}w‘sbwj|wjﬁ A=Y
b 5038 KaS S L oolasl 4 Ylos!

B J IR SR ! .
e us/ 1S S
S SIS e Csda-o e sl S
VJG ;JMS s C,.:.éjlé Q‘J::&T L;\S)}l’ o [\V] szfda Lv K] G]pw'" | pH ol Olis Laesls u""’LL)‘J }al?l‘—'“ 5 C’"b
ars bl e s e D b cline 5 g B e PH e s s o
St Cul o Ll (gols pme U 5 L;.,\.\.5

2 @3k 6 2l pH oS 5y O 51 (Sbss e

5 Lol 555 5 o 5 pH o2 A=, M Osg ols pme wy

03 gd>e CWL; Ol Olype oS ‘cwt G, S

A3l 0/0 1y PH ssim 53 6 esp il Ol b PH s o8 osb & ol sy S8 o 2t
FC
6.50
166
158.75 6.00—
1515 g
£
144.25 E %07
I
[=%
137
5.00 —
6.50 12.00
6.00 11.50
11.00 450
pH Sediment 50 1050 pH Extract 10.00 1050 1100 150 12.00
4.50 10.00
pH Extract
Fig 6 Contour plot and 3D response surface curves for the effect of extraction and precipitation conditions on
the foaming Capacity

Yav



J}m.ﬁuﬂ.l&}ub_kwgbkz

S S 5 S O ol b b (3 Sles
LB PH e gt ol 1S 2 4yl
i T sols e 5 PHL 5 il £ s
SN olsm 5 bl iy il d e e BLS )
PH 5 gl pH gl foole 5l eslinad Ll o 0255 5
ozl oo, Shes ol 35 5 it S U e S

S al b O 3 1S @ a5 LIS 2y

GL’..& -0

[1] Shahidi, F. 1990. Canola and rapeseed
production  ,Chemistry, Nutrition and
Processing Technology. Van Nostrand
Reinhold New York. pp: 291-350.

[2] Dong, X. Y., Guo, L. L., Wei, F., Li, J. F.,
Jiang, M. L. & Chen, H. 2011. Some
characterstics and functional properties of
rapeseed protein prepared by ultrasonic,
ultrafiltration and isoelectric precipitation.
Journal Science Food Agriculture, 91: 1488-
1498.

[3] Wu, J. & Muir, A. D. 2008. Comparative
structural, emulsifying, and biological
properties of 2 major canola proteins,
cruciferin and napin. Journal of Food
Science, 73: 210-16.

[4] Gerzhova, A., Mondor, M., Benali, M. &
Aider, M. 2015. A comparative study
between the electro-activation technique and
conventional extraction method on the
extractability, and physicochemical
properties of canola protein concentrates and
isolates. Food Bioscience, 11: 56-71.

[5] Wajira, A., Manamperi, R., Dennis, P. &
Chang, S. 2011. Effects of protein separation
condition on the functional and thermal
properties of canola protein isolates. Journal
of Food Science, 76: 266-273.

[6] Ragaba, D. M. & Babiker, E. E. 2004.
Fractionation, solubility and functional
properties of cowpea proteins as affected by
pH and salt concentration. Food Chemistry,
84:207-212.

[7] Singh, P. Kumar, R. & Bawa, A.S. 2008
Functional and Edible uses of soy protein
products. Comprehensive reviews in food
science and food safety, 7: 14-28.

[8] Siong, H., Rodney, J. & Christopher, L.
2014. Emulsifying properties of protein
extracted from Australian canola meal.

YaA

J 00 58 el (Sastyy Jols s slse s S
Coolt Ll gy il e B S L ol LS
ke (S35, Sl gt sl 3 Viens SuiS iS
e 3 OF 0 O3 LS OL ol il S sl s
5 e 5SS L s IV syl el B
T 03 el o obel Cle 4 Ol ol b
LSl S LSS 3 ege i Sl e IO il
cilime Ll yd 3 s 3pdpe e S il 05 e
LS EJl gl ol S e S Ol 4 pH L
R L S i A P TSR E O A
DAT AL o 855 03 e bl Sl s

e (omm slael 5 (ol acg 4T

Seslial b 8 onl o s gl a5
PH s Lls 55 5Sde S5 o5 ote oL wwe s
el b 0/OV il i PH 5 VAT ol
Sl parli e wdr ol Cdr bl sl
A SHSS S b5 O geed pol Sllad O35 50
sl S el S 4 Ao 3 10 58 £ (VAD (YYO
S UL LSS a3 wig BB (5206 oLl e
lie G b ye (235 250 G5 53 Sles ol
Cld O3s s el paslh (ol o Ol
DAY FYe QY o5 SaSas cub by O ged 5ol
3lie VU Gkt am 3 a5 S ol ds s VWV 570

s o Ol el s e edlie L 1y g 2

(S S 4oms 4
Py ey Sladls CiS g s b e g L
s s ) LA mlo fls g a5 b 508 s 15lS
Slosms oLl 5l 0 adlwS 5 eyl 5l ags oalin
Al e s mla (A 015 DL S Al e Sls 55
S S0 sla Jale (3l g 0> el Cabge b @
63 Ses Dl a5 SLkily e s 2l el pH
et s el Sl Jol ke s, U 4 1S 5
il Ll s s Lags el fo R 53 Jde (VL Ol
SVVAY iy s PH gy Ll 3 ll ol 5

ool e sl s 4 0/0V Ll o s pH



Y41 J\JJ5- N 092 At G)La..j:

[15] Gerzhova, A., Mondor, M., Benali, M. &
Aider, M. 2016. Study of total dry matter and
protein extraction from canola meal as
affected by the pH, salt addition and
turbidimetry analysis to optimize the
extraction conditions. Food Chemistry, 201:
243-252

[16] Mahajan, A. & Dua, S. 2001. Functional
properties of rapeseed protein isolate. Journal
Food. Science and Technology, 32 : 162-
165.

[17] Siong, H., Rodney, J. & Christopher, L.
2014. Gelling and foaming properties of
protein fraction and protein isolate extracted
from Australian canola meal. Food Research
International, 62: 819-828.

[18] Lawal, O. S. 2004. Functionality of
African locust bean protein isolate: effects of
pH, ionic strength and various protein
concentration. Food Chemistry, 86: 345-355.

[19] Fidantsi, A. & Doxastakis, G. 2001.
Emulsifying and foaming properties of
Amaranth seed protein isolate. Journal of
Colloids and Surfaces, 21: 119-124.

[20] Lee, H., Yildiz, G., Santos, L.C.,
Andrade, J.E. & Feng, H. 2016. Soy protein
with improved functional properties prepared
by  sequential pH  treatment and
ultrasonication. Food Hydrocolloids, 55:
200-2009.

Yaq

LWT- Food science and Technology, 57:
376-382.

[9] XU, L. & Diosady, L. L. 2002. Removal
of phenolic compound in the production of
high quality canola protein isolates. Food
Research International, 35: 23-30.

[10] Ghodsvali, A., Khodaparast, M. H. H.,
Vosoughi, M. & Diosady, L. L. 2005.
Preparation of canola protein materials using
membrane technology and evaluation of
meals functional properties. Food Research
International, 32: 223-231.

[11] Association of  Official Analytical
Chemists (AOAC). 2005. In Williams, S
(Ed.), Official method of analysis of AOAC
International. Arlington: AOAC
International.

[12] Febles, C. & Arias, 1. 2001 . phytic acid
level infant flour. Food Chemistry, 74: 437-
441.

[13] Wetter, C. R. & Youngs, C. G. 1976. A
thiourea U.V assay for total glucosinolate
content in rapeseed meals. Journal of the
American Oil Chemists Society, 53: 162-
165.

[14] Cumby, N., Zhong, Y., Naczk, M. &
Shahidi, F. 2008. Antioxidant activity and
water-holding capacity of canola protein
hydrolysates. Food Chemistry, 109: 144—
148.



JEST No. 64, Vol. 14, June 2017 ABSTRACT

Effects of extraction and precipitation conditions on efficiency
and functional properties of rapeseed protein isolates

Mohammadzadeh, J. **, Ghodsevali, A. R. 2

1. Assistant Professor, Agricultural Engineering Research Department ,Golestan Agricultural and Natural
Resources Research Center, AREEO, Gorgan, Iran
2. Associate Professor, Assistant Professor, Agricultural Engineering Research Department ,Golestan
Agricultural and Natural Resources Research Center, AREEO, Gorgan, Iran
(Received: 2015/09/13 Accepted: 2016/07/09)

High protein content and well-balanced essential amino acids in rapeseed meal have increased
importance of this oil seed in recent years. The presence of complex protein compounds of rapeseed
meal caused the extraction and precipitation of proteins depend on pH, which can also affect the
efficiency and functional properties of protein. In this study, response surface and face central
composite design were used to evaluate the effect of independent variables. i.e. alkaline protein
extraction pH, (10-12) and acid protein precipitation pH (4.5-6.5) on the efficiency and functional
properties of rapeseed (cv.Hyola) protein isolates. The determination coefficients of the fitted
regression models were 0.98, 0.94, 0.91, 0.92, 0.90 and 0.93 for efficiency, water absorption, fat
absorption, solubility index, emulsifying capacity and foaming capacity, respectively. The results
showed that the effect of protein extraction and precipitation pH on efficiency, and water and fat
absorptions was significant and the index of solubility, foaming and emulsifying properties were
only affected by extraction pH. The optimum conditions for extraction and precipitation with
maximum yield and functional properties of protein isolate at pH of 11.93 and 5.57 for extraction and
precipitation, respectively. Under these conditions, yield, water absorption, fat absorption, solubility
index, emulsifying capacity and foaming capacity were 89, 225, 185, 41, 64 and 165 percent,
respectively.
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