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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+0.17 523+ 0.2 27.25+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

2/100g 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

#+ 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) (min) Treatment
o) o) (%)
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
Xs-e/s -0.12
X X, 7.21
X X;3 -9.90
X, X3 493
X2 -2.82
X,? -2.85
X;5? -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 I?:gree 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
DPPH free radical scavenging activity (%) as a
function of different hydrolyzing conditions: time
(min) and enzyme ratio (%) (a). time (min) and
temperature (°C) (b). Enzyme ratio (%) and
temperature (°C) (¢).
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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
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Table 8 Analysis of variance (ANOVA) of quadratic model resulted by response surface method for
Nitric oxide reducing power

Degree of

Sum of

Source froedom squares Mean square F value P
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
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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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