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Table 1Independent variables and levels used

to optimize degree of hydrolysis of Tomato
seed protein hydrolysate
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1. Response Surface Method
2. Central Composite Designs
3. Linear Effects

4. Quadratic Effects

5. Interaction Effects
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Table 2 Chemical properties of tomato seeds

(%)Moisture (%) Oil (%)Ash (%)Protein Sample
6.23 £0.35 26+0.17 5.23+ 0.2 27.254+0.14 whole
5.7+0.04 9.95+0.2 3.7£0.5 34.07+0.03 de-oiled

*All data were expressed as a mean of 3 replications + standard deviations.

# The meanings of the same letters in each column indicate no significant difference at the level of (P <0.05).
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Fig 1 The effect of reaction time on the degree of
hydrolysis
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Table 3 Amino acid content of tomato seeds

g/100g of protein
Amino acids Seeds
Lysine* 423 +£0.18
Histidine 2.12+0.09
Arginine 8.24+0.19
Aspartic acid 10.04 £0.22
Threonine* 2.97+0.07
Serine 456+0.3
Glutamic acid 18.35 £0.42
Proline 5.06+0.12
Glycine 4.87 £0.22
Alanine 3.27+0.15
Cysteine 0.48 + 0.04
Valine* 3.69+0.13
Methionine* 0.56+0.05
Isoleucine* 3.62+0.09
Leucine* 6.04 £0.16
Tyrosine 3.97 £0.13
Phenyl alanine* 3.46+0.08
Tryptophan* 1.08 + 0.04

*Essential amino acid
All data were expressed as a mean of 2 replications

s+ standard deviations.

Table 4 Experiments set up for antioxidant activity (DPPH free radical scavenging) and Nitric oxide
reducing power in the Central composite design

Nitric oxide DPPH free radical Enzyme to Temperature Time
Reducing power scavenging activity  gybstrate ratio o) (tmim) Treatment
%) %) (%)
68.13 55.40 1.5 40 210 1
59.84 84.50 1.5 50 210 2
61.74 65.08 2 45 270 3
64.42 79.01 2.5 50 210 4
59.49 40.66 1.5 40 90 5
58.54 52.90 2 35 150 6
62.08 69.95 2 55 150 7
54.23 36.28 2.5 40 210 8
52.33 55.02 2.5 40 90 9
45.85 34.79 1.5 50 90 10
44.55 35.47 3 45 150 11
53.36 75.01 2.5 50 90 12
44.30 57.21 2 45 30 13
53.28 51.46 1 45 150 14
45.33 73.45 2 45 150 15
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Table 5 Regression coefficients of estimated
model by analysis of multiple regressions in
order to predict the equation model of
independent variables in DPPH free radical
scavenging activity

Variable model Coefficient
Intercept 71.42
X;-time 4.09

X,-tem 7.50
X;3-¢/s -0.12
X; X5 7.21
X X3 -9.90
X, X3 493
X’ -2.82
X5’ -2.85
X5’ -7.24
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Table 6 Analysis of variance (ANOVA) of quadratic model resulted by response surface method for
DPPH free radical scavenging activity

Source ]?regree of Sum of Mean square F value P
eedom squares

Model 9 325.14 361.13 3.49 0.0911
A-time 1 276.81 276.81 2.59 0.1686
B-tem 1 900.75 900.75 8.70 0.0319
C-e/s 1 0.25 0.25 2.413 0.9672
AB 1 416.36 416.36 4.02 0.1012
AC 1 784.09 784.09 7.58 0.0402
BC 1 194.79 194.79 1.81 0.2284
A? 1 88.22 88.22 0.85 0.3982
B’ 1 83.88 83.88 0.81 0.4092
C? 1 580.81 580.81 5.61 0.0640
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Fig 2 Contour plots for the effect of variables on
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function of different hydrolyzing conditions: time
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Table 7 Regression coefficients of estimated
model by analysis of multiple regressions in
order to predict the equation model of
independent variables in Nitric oxide reducing

power

Variable model Coefficient
Intercept 50.06
X;-time 4.40
X,-tem -0.23
X;3-¢/s -1.65
X X 1.81
X X5 -1.21
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X’ 133
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Table 8 Analysis of variance (ANOVA) of quadratic model resulted by response surface method for
Nitric oxide reducing power

Source Degree of Sum of Mean square F value P
freedom squares

Model 9 700.36 77.82 3.08 0.1142
A-time 1 310.34 310.34 12.28 0.0172
B-tem 1 0.82 0.82 0.033 0.8640
C-e/s 1 43.64 43.64 1.73 0.2459
AB 1 26.31 26.31 1.04 0.3544
AC 1 11.69 11.69 0.46 0.5266
BC 1 137.45 137.45 5.44 0.0670
A’ 1 19.63 19.63 0.78 0.4185
B’ 1 110.30 110.30 4.36 0.0910
c’ 1 1.04 1.04 0.041 0.8475
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Fig 3. Contour plots for the effect of variables on
Nitric oxide reducing power (%) as a function of
different hydrolyzing conditions: time (min) and
enzyme ratio (%) (a). time (min) and temperature
(°C) (b). Enzyme ratio (%) and temperature (°C)
(©).

\kA%

el 4Bl il e SIS 25 3T ISl [ Susals
a0 53 Lo s s SIS S nlS i
Sl S @l wsline Ll slaoley L s i ol
V0r 5l S e gdome 53) 5ol oll g0l oo &S
osSdie LSl Saimls onds sl Ly iul580 b o(aisds
(1,8 ol a3 £0 550>) Jla glabes 5l 5 asl ials
JLSGal,y Saals ool ol uss cl anly 2l e
(43210 5l i 1o 5d) VU 5l s odes sladles 5o S
Sl adll Ghiar ss Gl sl les Ol eas Ll s
L P L IS TDISER TR E PR AT
DM o iy 35 g odalie S5 53 &S shilen &S 5
Olej 5 a3 00 slas 55 SIS 1 Il Sals
230 et S5 ol o5l BLET ids Y+ 355008
sladlsaly Suals oy o cble 5 Las byl o
sesios K5 55 oS Hghilen das o QLA | SIS 1S
a3 80 U g o gles eagdees) ol slales 5 ool
sl Ladlsisly Gl 2ol a4 e o5l il 2l 3l
G 80 ) sVL oles o3 gdoes 53 aS sl S 5 ol o
SAalS S, (o 3T cble I8 GLS Sl s o0
S s e 0L 30 ojlad K0 L e il AlSISG 20
0 s 55 SIS, 23 LSl SalS Olie S
a5 Lol oslisl Bl ds s V/0 (,ij-jcﬁ.]él.b)@);
Clodd e sdalnts L LaST 5 Lals e 51 oS aall
Col s Oles Ll LIS Sl s S S Ol
Sl rals el VST o pl e gl 58l
Ol s sdaodes 3 SIS 15 G, (Saals
R R e T PR WANP- P CIWA I Ko S PR3
JLGal,y Saals s 6;(,..;3 LG 56 58 sl 4 s
Sl 555 ke slaasil 6 a5 b ol SLE SIS 25 sl
Wids VN0 e a0l e deSIS 8 Il Sals
Obes glm s i o Ve 50l S sl a8
Olse ay YLSIT ol ke 5 pdgsun glos sl
c— b O 5 LS55 3 4 e e pslie
Sy el eyl ae a1y o sl Saals
Cb o g ba Sa sbol iy S )y
so3p b ol glachle s ey b IS, gl

)AJ._JJZ_A:;QT CJ)J._g cé)l—&@-]ﬂk?ﬁ‘ﬁ‘b@)&


https://fsct.modares.ac.ir/article-7-14632-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-25 |

wahB Lol S gsdea s M5 e bl S s

O 5 ke oy 23 Lo

Do Ol g mla ) 3 sad Bl SIS 5
b S 5 eslial sy s dite ol g el g Ll
oo Ll 038 g Gk Sl S sls 0L Sl G
- =B 5 YL SlesT ST s b pladsy W5 O
o Sl Sl G @l ks sy 248 slse 5o eslin
e s ity s Sl iy 3 S
00 las SIS 25 JLCsl, s DPPH 5151 JLCsl,
VAS 55T Ol 5 aids YV o Oloy ol S Sla (g4
Sl 5,8l s by (S5 ax S Wl glp s
0151 0l e (S pa S sl 3 058l Gl T
o Gl et IS b 5 g5m b OS] ST gl

3 505 o3litul O gl denST ot Il 20 4y g

clﬂc 0
[1] Bougatef, A., Hajji, M., Balti, R.,
Lassoued, 1., Triki-Ellouz, Y. and Nasri, M.
(2009). Antioxidant and free
radicalscavenging activities of smooth hound
(Mustelus  mustelus)  muscle  protein
hydrolysates obtained by gastrointestinal
proteases. Food Chemistry, 114:1198-1205.
[2]Tang, C.H. and Ma, C.Y. (2009). Effect of
high pressure treatment on aggregation and
structural properties of soy protein isolate.
LWT Food Science Technology, 42:606-611.
[3]Korhonen H., Pihlanto-Leppdld  A.,
Rantaméki P. and Tupasela T. (1998). Impact
of processing on bioactive proteins and
peptides. Trends in Food Science and

Technology, 9: 307-319.

[4]. Taha, F.S., Mohamed, S.S., Wagdy, S.M.,
and Mohamed, G.F. (2013). Antioxidant and
antimicrobial  activities of  enzymatic
hydrolysis products from sunflower protein
isolate. World Applied Science Journal, 21:
5.651-658.

[5]Clement, A., Vioque, J. and Millan, F.
(1999). Vegetable Protein Hydrolysate in
Nutricion y Obesidad. Food Science, 2:289-
296.

[6]Ovissipour, M.R., Abedian Kenari, A.,
Motamedzadegan, A. and Nazari, R.M.
(2010). Optimization  of  Enzymatic
Hydrolysis of Visceral Waste Proteins of
Yellowfin Tuna (Thunnus albacares). Food
and Bioprocess Technology, 5(2): 696-705.

[7]Mendis, E., Rajapakse, N., Kim, SK.
(2005). Antioxidant properties of a radicals

VEA

sladlsl,y gl e s OLLSan 5
(Lx\ CL_§L59_5_: wﬁé;}e)w 348 3 b CA—’J::—)
Q.JYL_: C.A_:.sLx.é Q]J_.:A e)L& aS JJ:JS sdalin 3 Josls
L8810l e il chale mlpl L of lais 5 sl
Goler Clad i Ol 50 DL Sn 5 ol 4 S55
L i SLadSosly plp 53 &5 4658 4 slo sl 3
Cod b aS Al edalie Lad gad S 53 sy I3 ) 3500
Lobyer L a5 ol il ojliae vy oy 2 Slen

[t0] J"’L’LSA u:..:b_e\ e)L& skl u;.:b_e\

Jo ' om0l 5 (55 lutingy VY
el cewsas Design Expert Al b wg Ll s
o Sl L eld slasda S Gl oot kil
Jsl,  Sawls 5 DPPH ST Gladssl, e
a3 00 glos @ids Vv Oy Ll b b il ASICSG 20
LS el Cowsa Aoy VA sl clale 5 ol 8 sl
Sl osys AS/OY L late dsss AV T sde 4 s
Sles S8 doys WY 5 DPPH 55T sladosl, s
gy Ll s Wb pslen sy SIS 8 SbJISGl,
Lilys e Lol glanbesl (ol bl g edd
8 aS GG aw 3) Lo S ol e e el iy
2SIz JGsly (Sals 5 DPPH 3T JIGsly e
A= b ilesl polis 5y doys VFE S ALY LS5 w
SOl & 55 die by el ety ol b Gillae L
ol bedd slods (55, WS S ag bl

By e S Sl L5;IJ“_M51L5:3T

S S domi 4
23 ke bl Ul5 e AlS Olals 5 sl
db e 03 sV CdS 5 55 5 b olde SV e 5
S S Sl a3l L & e S (a0l
S oo i dlE s 53 D GOl o
S5 okt s asden S WS S Ll ST e
Loyl s sleel oS sls OLES 5, i axdlle 5.8 13 eslinl
S B osb 4 015 e SIS 5T 5 eslinal b ag
sl Saals s DPPH 51 sladlSisl) sles 4 oo

1 Validation
2. Desirability


https://fsct.modares.ac.ir/article-7-14632-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-25 |

W’Q\/ JQ.GJ ‘\O 092 ‘/\in)l.a.:r

[18]Amiri, M., Motamed zadegan, A.,
Hosseini parvar, H. (2015). Comparison of
Alkali and Enzymatic Methods of Extraction
in  Characteristics and Efficiency of
Hydrolysis of Tomato Seed Protein. Food
Industry Research. 26 (2): 333-343.

[19]Bezerra, M.A., Santelli, R.E., Oliveira,
E.P., Villar, L.S., Escaleira, L.A. (2008).
Response surface methodology (RSM) as a
tool for optimization in analytical chemistry.
Talanta, 76: 965-977.

[20]Sumaya-Martinezl, T., Castillo-Morales,
A., Favela-Torres, E., Huerta-Ochoal, S. and
Prado-Barragan, L.A. (2005). Fish protein
hydrolysates from gold carp (Carassius
auratus). A study of hysolysis parameters
using response surface methodology. Journal
of the Science of Food and Agriculture, 85:
98-104.

[21]AACC. (1999). Approved method of the
American Association of Cereal Chemists.
St. Paul: American Accosiation of Cereal
Chemists. Ins.

[22]Liadakis, G.N., Tzia, C., Oreopoulou, V.,
and Thomopoulos, C.H. (1995). Protein
Isolation from Tomato Seed Meal, Extraction
Optimization. Food Science. 3, 477-482.

[23]Parvaneh V. (2004). Quality control and
chemical analysis of foods. Tehran Univ.
Press, 332p.

[24]Jamdar. S. N., Rajalakshmi, V., Pednekar,
M. D., Juan, F., Yardi, V., and Sharma, A.
(2010). Influence of degree of hydrolysis on
functional properties, antioxidant activity and
ACE inhibitory activity of peanut protein
hydrolysate. Food Chemistry, 121, 178-184.

[25]Volkman, H., Imianovsky, U., Oliveira, J.
L. B., Sant Anna, E. S. (2008). Cultivation of
Arthrospira  platensis  in  desalinator
wastewater and salinated synthetic medium:
protein content and amino acid profile.
Journal of Microbiology. 39:1-4.

[26]Tsai, P.J., Tsai, T.H., Yu, C.H., and Ho,
S.C. (2007). Comparison of No-scavenging
and NO-suppressing activity of different
herbal teas with those of green tea. Food
Chemistry, 103:181-187.

[27]Carlson, B. L., knorr, D., and Watkins, T.
R. (1981). Influence of tomato seed addition
on the quality of wheat flour breads. J. Food
Science. 46: 1031-1042.

[28]Kristinsson, H. G. & Rasco, B. A. (2000).
Fish  protein  hydrolysates:  production,
biochemical, and functional properties.

AFA

scavenging peptide purified from
enzymatically prepared fish skin gelatin
hydrolysate. Food Chemistry, 53, 581-7.

[8]Wu, H.C., Chen, HM., and Shiau, C.Y.
(2003). Free amino acids and peptides as
related to antioxidant properties in protein
hydrolysates  of  mackerel  (Scomber
austriasicus). Food Research International,
36: 949-957.

[9]Mccann, K.B., Shiell, B.J., Michalski, WP.,
Lee, A., Wan, J.,, Roginski, H. (2006).
Isolation and characterization of a novel
antibacterial peptide from bovine Asl-casein.
International Dairy Journal, 16, 316-23.

[10] Jia, J., Maa, H., Zhao, W., Wang, Z.,
Tian, W., Luo, L. (2010). The use of
ultrasound for enzymatic preparation of
ACE-inhibitory peptides from wheat germ
protein. Food Chemistry, 119, 33642,

[11]Meisel, H., FitzGerald, RJ. (2003).
BiofunCtional peptides from milk proteins,
mineral binding and cytomodulatory eftects.
Current PHarmaceutical design, 9, 1289-95.

[12]Gauthier, SF., Pouliot, Y., Saint-Sauveur
D. (2006). Immunomodulatory peptides
obtained by the enzymatic hydrolysis of
whey proteins. International Dairy Journal,
11, 1315-23.

[13]Nourani, M. and Sharifi, A. (2015).
Investigating the sensory properties and color
changes of the acne cake made with tomato
peel fiber during storage. Twenty-third
National Congress of Iranian Food Science
and Technology. Islamic Azad University,
Quchan Branch.

[14]Sogi, D. S. (2001). Functional properties
and characterization of tomato waste seed
proteins. PhD Thesis. Amritsar, India: Guru
Nanak Dev Univ. 69-95.

[15]Piyakina, G.A., Maksimov, V.V., and

Yunusov, T.S. (1998). Some properties pf the

protein fraction of tomato seeds. . Chemistry

of natural compounds. 34(4): 492-497.

[16]Liadakis, G.N., Tzia, C., Oreopoulou, V.,
and Thomopoulos, C.H. (1998). Protein
Isolation from isolation of Tomato Seed
Meal protein with salt solution. Food
Science. 63, 450-4453.

[17]Moayedi, A., Hashemi, M., Safari, M.
(2016).Valorization of tomato waste proteins
through production of antioxidant and
antibacterial hydrolysates by
proteolytic Bacillus subtilis: optimization of
fermentation conditions. 53(1):391-400.


https://fsct.modares.ac.ir/article-7-14632-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-25 |

wahB Lol S gsdea s M5 e bl S s

OLes 5 sske Cm i Lo

[38]Sun Q, Shen H, Luo Y. (2011).
Antioxidant activity of hydrolysates and
peptide fractions derived from porcine
hemoglobin. Journal of food science and
technology, 48(1): 53-60.

[39]Rajapakse, N., Mendis, E., Byun, H.G.,
and Kim, S.K. (2005). Purification and in
vitro antioxidative effects of giant squid
muscle peptides on free radical-mediated
oxidative systems. Nutritional Biochemistry,
16: 562-569.

[40]Mehrgan nikoo, A., Sadeghi mahoonak,
A.R., Ghorbani, M., Taheri, A., & Aalami,
M. (2014). Optimization of different factors
affecting antioxidant activity of crucian carp
(Carassius carassius) protein hydrolysate by
response  surface  methodology.  Food
Processing and Preservation Journal, 1, 95-
110.

[41]WiriyapHan  C,  Chitsomboon B,
Yongsawadigul J. (2012). Antioxidant
activity of protein hydrolysates derived from
threadfin bream surimi byproducts. Food
Chemistry 132: 104-111.

[42]Zhonggao, C., Felgines, O., Texier, C.,
Besson, D.J., Liu, J. and Wang, S. (2005).
Antioxidant activities of total pigment extract
from blackberries. Food Technology and
Biotechnology, 43(1): 97-102.

[43]Menaga, A., RaJakumar, S. and Ayyasamy
P.M. (2013). Free rdical scavenging activity
of methanolic extract of pleurotus Florida
mushroom. Pharmacy and Pharmaceutical
Sciences. 5: 975-1491.

[44]Yu, L., Zhao, M., Wang, J.S., Cui, C.h.,
Yang, B., Jiang, Y. and Zhao, Q. (2007).
Antioxidant, immunomodulatory and anti-
breast cancer activities of pHenolic extract
from pine (Pinus massoniana Lamb.) bark.
Innovative Food Science and Emerging
Technologies, 9: 122-125.

[45] Nikkhah, A., Khayami, M., Heidari, R.
(2010). Evaluation of nitric oxide scavenging
activity of anthocyanins from black berry
(Morus nigra L.), strawberry (Fragaria vesca
L.) and berry (Morus alba L. Var. nigra)
extracts. Scientific and Research Journal of
Iranian Medicinal and Aromatic Plants.
25(1): 120-128. 28.

K

Critical Reviews in Food Science and
Nutrition, 40(1): 43-81.

[29]0vissipour, M., Abedian, A. M.,
Motamedzadegan, A., Rasco, B., Safari, R.,
& Shahiri, H. (2009). The effect of
enzymatic hydrolysis time and temperature
on the properties of protein hydrolysates
from persiansturgeon (Acipenser Persicus)
viscera. Food Chemistry. 115: 238-242.

[30]Souissi, N., Bougatef, A., Triki-Ellouz, Y.,
Nasri, M. (2007). Biochemical and functional
properties of Sardinella By- Product
hydrolysate. Food Technology. Biotechnol.
45 (2): 187- 194.

[31]Gad, A. M., El-Khalafy, H. M. ; Hassan,
M. M.; Shoeb, Z. E. (1968). Grasas Aceites.
19, 139.

[32]Lech, W.; Muszkatowa, B., Kakowska-
Lipinska, I. Trzebska-Jeske, 1. (1969). Przem.
Spozyw. 23, 161.

[33]Bhagya, B., Sridhar, K.R., Seena, s., and
Bhat, R. (2007). Nutritional qualities of
ripened beans of mangrove wild legume
Canavalia cathartica Thouars. Agricaltural
Technology. 3(2): 255-274.

[34]Klump, S.P., and Allred, M.C. (2001).
Determination of isoflavones in soy and

selected foods containing soy. AOAC
international. 48: 1865-1883.
[35]Taheri, A., Abedian Kenari, A.,

Motamedzadegan, A. and Habibi-Rezaei, M.
(2011). Poultry By-Products and Enzymatic
Hydrolysis:  Optimization by Response
Surface Methodology Using Alcalase® 2.4L.
International Journal of Food Engineering,
7(5): 1556-3758.

[36]Meshkinfar, N., Sadeghi Mahoonak, AR.,
Ziaiifar, AM. Ghorbani, M., and Kashani
Nejad, M. (2014). Optimization of the
production of protein hydrolysates from meat
industry by products by response surface
methodology. Tabriz, Journal of Food
Researches 24(2): 215-225.

[37]Hosseini, SH., Garghi, A., Jamalzadeh, H.,
and Safari, R. (2012). Comparison of
produced fish protein hydrolysete from
viscera and head of Silver carp
(HypopHthalmichthys molitrix) using
Alcalase enzyme and internal tissue
enzymes. Fisheries Science. 21(3): 55-62.


https://fsct.modares.ac.ir/article-7-14632-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-25 |

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

Determination of Optimum Conditions for Production of
Hydrolyzed Protein with Antioxidant Capability and Decrease of
Nitric Oxide from Tomato Wastes by Alcalas

Shariat alavi, M. 1, Sadeghi Mahoonak, A. R. 2*, Ghorbani, M. 2, Alami, M.}
Mohamadzade, J. 3

1. Msc student, Faculty of Food Science and Technology, Gorgan University of Agricultural Sciences and
Natural Resources
2. Associate Professors, Faculty of Food Science and Technology, Gorgan University of Agricultural Sciences
and Natural Resources
3. Assistant Professor, Agricultural and Natural Resource Reseacrch Centre of Golestan

(Received: 2018/02/13 Accepted:2018/08/30)

Tomato waste can be used as a new protein source for the production of hydrolyzed protein. Free
radicals are among the most important factors in the development of cancer and genetic mutations,
which have become one of the greatest threats for human health in recent centuries. In this research,
enzymatic hydrolysis condition of tomato seed protein (temperature, time and amount of alcalase
enzyme) to achieve maximum antioxidant activity and nitric oxide reducing power in hydrolysed
product were investigated. The values were evaluated using Design Expert software and analyzed by
the response surface methodology. Results showed that with the optimimizing hydrolysis conditions
using the alcalase enzyme, it is possible to achieve a products with high DPPH radical scavenging
activity and nitric oxide reducing power. The results indicate that optimum conditions for achieving
the maximum DPPH free radical inhibition activity and nitric oxide reducing power is temperature of
50 © C, hydrolysis time 210 min, and the amount of enzyme 1.85%. Under these condition the amount
of DPPH free radical inhibition activity and nitric oxide reducing power was 85.53 and 61.17,
respectively. The results showed that the hydrolyzed protein produced from tomato seed could be used
as a natural additive in the foods formulation and pharmaceutical uses with high antioxidants and
nitric oxide reducing activity.

Keywords: Alcalase enzyme, protein hydrolysate, Response Surface Methodology, Antioxidant
activity, Nitric oxide inhibitory
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