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Table 1 ANOVA response surface quadratic model for yield
source Som of df Mean square F value P-Value
Squares
model 29.58 5 5.92 3091 0.000l*s*
A-Water Ratio 6.41 1 6.41 33.47 0.0007**
B-Alkaline Ph 3.23 1 3.23 16.86 0.0045**
AB 11.56 1 11.56 60.40 0.0001**
A’ 6.89 1 6.89 35.99 0.0005**
B? 0.017 1 0.017 0.091 0.7720
Residual 1.34 7 0.19
Lack of Fit 0.66 3 0.22 1.29 0.3913 ns
Pure Error 0.68 4 0.17
Cor total 30.92 12
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Table 2 ANOVA response surface quadratic model for purity
source Som of df Mean square F value P-Value
Squares ~
model 608.62 5 121.72 27.33 0<0.0002
A-Water Ratio 468.17 1 468.17 105.12 0.0001**
B-Alkaline Ph 64.68 1 64.68 14.25 0.0066™
AB 16.00 1 16.00 3.59 0.0999 ns
A? 8.01 1 8.01 1.80 0.02217 ps
B’ 31.06 1 31.06 6.97 0.0334
Residual 31.17 7 4.45
Lack of Fit 11.17 3 3.72 0.74 0.5789 ns
Pure Error 20.00 4 5.00
Cor total 639.79 12
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Table 3 ANOVA response surface quadratic model for emulsifying function
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source Som of Squares df Mean square F value P-Value
model 30.29 5 6.06 12.65 0.0021*
A-Water Ratio 3.84 1 3.84 8.02 0.0253
B-Alkaline Ph 7.15 1 7.15 14.93 0.0062**
AB 18.49 1 18.49 38.62 0.0004 "~
A’ 0.08 1 0.80 1.68 0.2360ns
B? 0.15 1 0.15 0.32 0.5896ns
Residual 3.35 7 0.48
Lack of Fit 0.94 3 0.31 0.52 0.6896 ns
Pure Error 241 4 0.60
Cor total 33.64 12
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Table 4 ANOVA response surface quadratic model for fat absorption

P-Value F value Mean square df Som of source
Squares
0.0001" 50.00 0.71 5 3.56 model
0.0001™ 156.10 2.22 1 2.22 A-Water Ratio
0.0001" 70.33 1.00 1 1.00 B-Alkaline Ph
0.0019 23.24 0.33 1 0.33 AB
0.7587 ns 0.10 0.001452 1 0.001452 A?
0.7587ns 0.10 0.001452 1 0.001452 B?
0.014 7 0.100 Residual
0.9500 ns 0.11 0.002524 3 0.007573 Lack of Fit
0.023 4 0.092 Pure Error
12 3.66 Cor total
G=0.01G}=0.05@=ﬂ/ B )b W j)].) W ﬁi" v::]:; @ ,**,*,ns
Sid. Dev. 012 R-Sgquared 0.9728
Mean 1.05 Adj R-Sguared 0.9533
CM. % 11.31 Pred R-Squared 0.59435
PRESS 0.21 Adeq Precision 25.095
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Fig 4 Effect of alkaline pH and water ratio on fat
absorption
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Table 5 ANOVA response surface quadratic model for water absorption

P-Value F value Mean square df Som of source
Squares
0.0001 34.18 0.72 5 3.60 model
0.0001 * 140.81 2.97 1 2.97 A-Water Ratio
0.0010* 28.85 0.61 1 0.61 B-Alkaline Ph
0.4003 ns 0.80 0.017 1 0.017 AB
0.7104 ns 0.15 0.003154 1 0.003154 A’
0.7514ns 0.11 0.002920 1 0.002920 B?
0.021 7 0.15 Residual
0.9199 ns 0.16 0.005182 3 0.016 Lack of Fit
0.033 4 0.13 Pure Error
12 3.75 Cor total
G=0.01G}=0.05@=ﬂ/ B )]J W j)\) W ﬁi" ga.::ﬁ Q,**,*,ns
Std. Dev. 0.15 R-=guared 0.9606
Mean 244 Adj R-Sguared 0.59325
CW. % 595 Pred R-Squared 0.9004
PRESS 0.34 Adeq Precision 20717
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Table 6 ANOVA response surface quadratic model for total color change

P-Value F value Mean square df Som of source
Squares
0.0028™ 11.55 117.16 5 585.78 model
0.0105" 11.98 121.50 1 121.50 A-Water Ratio
0.0003™ 42.74 433.50 1 433.50 B-Alkaline Ph
0.2005 ns 2.00 20.25 1 20.25 AB
0.5885 ns 0.32 3.26 1 3.26 A’
0.5885ns 0.32 3.26 1 3.26 B?
10.14 7 70.99 Residual
0.7493ns 0.42 5.66 3 16.99 Lack of Fit
13.50 4 54.00 Pure Error
12 656.77 Cor total
G=0.010}=0.05d=..v BEIBIEIEC VIT IS Fe VRS W g m.,**,*,ns
31d. Dev 3.18 R-Squared 0.8919
Mean 4783 Adj R-Squared 8147
C. % 6,63 Pred R-Squared DE344
PRESS 240.08 Adeqg Precision 12.018
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Table 7 physicochemical property prediction of optimized process of kidney bean protein extraction

Total
I Water Fat Emulsifying . . Alkaline ~ Water
D bilit | Purity(%)  Yield(% Numb
estrablity Cch(;r?;e Absorbation(%)  Absorbation(%)  Function(%) urity(%) ield(%) Ph Ratio umber
0.700 46.2633 2.90088 1.25875 21.5026 84.951 12.7667  8.80981 15 1
0.700 46.1125 2.8942 1.24807 21.5499 84.8659 12.7806  8.77788  14.9999 2
0.700 46.0438 2.89115 1.2432 21.5714 84.8265 12.787 8.76325 15 3
0.700 45.9323 2.88617 1.23528 21.6064 84.7615 84.7615  8.73953 15 4

b 5l cllas Ol s &sed o3 pH Ol 5 5]
L;.»'L:B pH)J Cb}r_:.ml Ls‘ d}f&&}) )\ abu.'.'..ﬂ\l.: _ _
e ol VU gl el 5o 5 s <l W, ol Ll el
Shls & 5500 M5 285 508 Gladd Bl OS5 e il
o= < d'l] RS0 PSS A CA:.»J.UG.A Q,ZALSWPH Qlﬂ QJ}.’ YL’
sy OLiS C’"b J...::L» L;.'.L:'“'.?":’}gijtj wLA Ql.;.,ajﬁa}
_ _ Q.)Js JJ.LMJJJQ‘M L;LL:BPH J:JU &Ju YL«»I °J“‘.’.J“.’.
e s ol s dpame 550 CdS a8 5 S5, 6 Gzl ple
s donl el Sheser e ok . . . . .
" 5 gt 5 e © P el WS Glells Slass s ae s plaly s
05 gl A e s e sl Sl el 2l .. )
c _ _ c .JJJeJLﬂLwld}JAw‘)J&:Sjﬁ:C‘J&J)}k;A
PH 5 V0 550 & O cod 3l a8 s bl 3
e X . - _ Lg:w.,] MA L | Design-Expert® Software
O S s ol s siS e Y Ar iy
1

Z. - .

. e X1=A: water Ratio

X L;\S &) e u'lj"“s J ‘." J X2 = B: Alkaline pH 2%
"""':210:;'."

"oq 2%
:,/,::,;,,:.,0,/,::,:.,',::::?:::: 82
IR R IRIIRKEK

RS,
s oa ot e toaeretesoetoct RN

B SIS
ke -0 s 4
[1] Zhang, B. Y., Yuan, Y. L., Gao, Y. J., Su, o Qe
X. Y., &Ren, H. W. (2010). Study on
nutritional  assessment and  functional ° '
properties of kidney bean protein. Science
and Technology of Food Industry, 31(11), B AlkanepH  ° " '°  A:water Ratio
347¢350.
[2] United States Department of Agriculture Fig 7Effect of alkaline pH and water ratio
Agricultural Research Service, (2017). ondesirability

yan



\Yav e No 093 L/\io)la...i-

point,Journal of innovation in food science
and technology, 4. (In Persian).

[14] Paraman, 1., Hettiarachchy, N. S,
Schaefer, C., & Beck, M. L, (2007).
Hydrophobicity, solubility, and emulsifying
properties  of  enzyme-modified rice
endosperm protein. Cereal Chemistry, 84(4),
343-349.

[15] Ravaghi, M., Tehrani, M., Asoodeh, A.
(1389). Evaluate the functional properties of
four types of soybean production in Iran,
Journal of Iranian food science, 6(3), (in
Persian).

[16] Tagqi, A., Askar,K,A., Khaled, N., Lucia,
M ., and loanStamatin., (2011). Effect of
different concentrations of olive oil and oleic
acid on the mechanical properties of
albumen (egg white) edible films., African
Journal of Biotechnology Vol. 10(60), pp.
12963-12972, 5 October,

[17] Fu, M.C. Handbook of simulation
optimization. (2015). Vol. 216. New York:
Springer.

[18] Soltani, M. and Soltani, J., (2016).
Determination of optimal combination of
applied water and nitrogen for potato yield
using response surface methodology (RSM).
Journal of Bioscience Biotechnology
Research Communication 9(1): 46-54.
Online Contents Available at:
http//www.bbrc.in

[19] Adebowale, K. O. and O. S. Lawal
(2004). Comparative study of the functional
properties of  bambarra  groundnut
(Voandzeia  subterranean), jack bean
(Canavaliaensiformis) and mucuna bean
(Mucunapruriens) flours." Food Research
International 37(4): 355-365.

[20] Adebowale, Y. A., I. A. Adeyemi (2005).
Functional and physicochemical properties
of flours of six Mucuna species." African
Journal of Biotechnology 4(12): 1461-1468

[21] Chau, C. F. and P. C. K. Cheung., (1998).
Functional properties of flours prepared from
three Chinese indigenous legume seeds.
Food Chemistry 61(4): 429-433.

[22] Farhoosh, R. (1374). Investigate the
possibility producing soy protein
isolat,M.Sc. Thesis, TarbiatModarres
University of Tehran (in Persian).

[23] Fatemi, H. (1378). Food Chemistry.
Tehran, Enteshar publication (in Persian).

[24] Fuhrmeister, H., &Meuser, F., (2003).
Impact of processing on functional properties
of protein products from wrinkled peas.

Yav

National Nutrient Database for Standard.
Reference Release 28.

[3] Vadivel, V. and K. Janardhanan., (2001).
Nutritional and anti-nutritional attributes of
the under-utilized legume,Cassia floribunda
Cav. Food Chemistry 73: 209-215.

[4] Mune M, Alain, M., Rene S., Minka,
(2008). Response surface methodology for

optimisation  of  protein  concentrate
preparation from cowpea
(Vignaunguiculatal.) Walp), Food

Chemistry 110 735-741.

[5] Tiezheng Ma, Qiang Wang, Haiwen Wu.,
(2010). Optimization of extraction conditions
for improving solubility of peanut protein
concentrates by response surface
methodology, Food Science and Technology
43, 1450-1455.

[6] Wang H, Johnson LA and Wang. (2004).
Preparation of soy protein concentrate and
isolate from extruded-expelled soybean
meals. Journal of American Oil Chemists'
Society 81: 713-717.

[7] Horax, R., Navam, H., Kannan, A., Chen,
P., (2011). Protein extraction optimisation,

characterisation, and functionalities of
protein  isolate  from  bitter = melon
(Momordicacharantia) seed, Food

Chemistry 124, 545-550.

[8] Horax, R., Hettiarachchy, N. S., Chen, P.,
&Jalaluddin, M., (2004). Preparation and
characterization of protein isolate from
cowpea (Vignaunguiculata L. Walp.).
Journal of Food Science, 69, FCT114-—
FCT118.

[9] Ju, Z. Y., Hettiarachchy, N. S., &Rath, N.,
(2001).  Extraction, denaturation, and
hydrophobic properties of rice flour proteins.
Journal of Food Science, 66, 229-232.

[10] Sadeghian, L. (1389). Optimization of
Pea protein isolate production using response

surface methodology. , MsC. Thesis.,
Sabzevar Islamic Azad University (in
Persian).

[11] AACC, (1983). Approved Method of Am.
Assn. of Cereal Chemistry.

[12] Agboola S., Ng D., & Mills, D. (2005).
Characterization and functional properties of
Australia rice protein isolates. Journal of
Cereal Science, 41, 283-290.

[13] Meshkani, S.M., PoorFallah, Z., Beheshti,
R., Feizi, J. (1391). Functional properties of
chickpea protein concentrate extracted using
deposition technique in the isoelectric



wp A s e n gl 1l L s

Q\)&MA)&))}M

protein and oil and water absorption capacity
of the of various cereals flour, Journal of
Iranian food science, 6(3), (in Persian).

[31] Heywood, A.A., Myers, D.J., Baiely, T.B.
and Johnson, L.A. (2002). Functional
properties of low fat soy flour produced by
an extrusion-expelling system. Journal of
American Oil Chemist' Society, 79(12),
1249-1253

[32] Kaur, M. and N. Singh.,(2005). Studies
on functional, thermal and pasting properties
of flours from different chickpea
(Cicerarietinum  L.)  cultivars.  Food
Chemistry 91(3): 403-411.

[33] Najafi, M.A. (1378). Preparation of
cottonseed meal protein concentrate for
human consumption,MSc. Thesis,
TarbiatModarres University of Tehran (in
Persian).

[34] Taskaya, Latif, Yi-Chen Chen,
JacekJaczynski. , (2010). Color improvement
by titanium dioxide and its effect on gelation
and texture of proteins recovered from whole
fish using isoelectric
solubilization/precipitation, Food Science
and Technology 43, 401—408.

YaA

Journal of Food Engineering, 56(2-3), 119—
129.

[25] L‘Hocine, L., Boye, J. 1., &Arcand, Y.,
(2006).  Composition and  functional
properties of soy protein isolates prepared
using alternative defatting and extraction
procedures. Journal of Food Science, 1(3),
C137-145.

[26] Kinsella, J.E.,(1979). Functional
properties of soy proteins. Journal of
American oil society chemists 56: 242-258.

[27] Spadoro,JJ., Gardner  homer ,KJ
.,(1979).,Food uses for cotton seed protein ,
422-424,

[28] Guan, Xiao a, Huiyuan Yao. (2008).
Optimization of Viscozyme L-assisted
extraction of oat bran protein using response
surface methodology, Food Chemistry 106,
345-351.

[29] Abu, J. O., & K. Muller. (2005).
Functional properties of cowpea
(Vignaunguiculata L. Walp) flours and
pastes as affected by gamma-irradiation.
Food Chemistry 93: 103-111.

[30] Asadpour, E., Jafari, S.M., Mahounak, A.,
Ghorbani. M. (1389). Evaluation of soluble



JEST No. 84, Vol. 15, Feb 2019 ABSTRACT

Kidney bean (Phaselous vulgaris L.) protein extraction process
optimization by response surface methodology
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The extraction of proteins from plant sources, in areas of the world where access to animal protein is
limited, because of cost and availability is very important. Kidney beans are good sources of protein
and contain a good profile of amino acids that can be used in this field.In this study the effect of
different ratios of water to flour (5, 10 and 15 times)and different pH (8, 10 and 12) in alkaline
extraction stepon the physicochemical properties of the protein was investigated. The results showed
significant effect (P <0.05) independent variables on efficiency,Purity, emulsifying properties, water
and fat absorption and also total color change of produced protein. Process optimization showed that
the use of water to flour ratio of 15 times,and pH of 8.8 to produce the extraction of proteins from
kidney beans with 12.76 percent efficiency,which contains a 84.95 percent purity, power emulsifying
21.5 percent, 2.9 percent fat absorption, water absorption 1.2% and 46.26 of overall color change in
the 0.700 level of desirability.
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