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ABSTRACT
The study was done to utilize the tomato seed waste since, the tomato seed is having good source
of vegetable oil with higher antioxidant activity. This research is giving solution towards
enhancing the oil yield by using ohmic heating. The influence of the electric field strength (10 –
14 V/cm), end point temperature (40 – 60 0C), and holding time of 5 to 15 mins on tomato seed
oil extraction was determined. The optimal condition for oil extraction was found by using BoxBehnken Design. The optimization of process parameter was done based on higher extraction of
tomato seed oil and process parameters were identified as, electric field strength of 14 V/cm, end
point temperature of 50 0C, and holding time of 5 mins. The oil yield was significantly increased
upto 10.84 % as by Ohmic treatment as compared to control sample (i.e. without treatment). The
quality evaluation of ohmic assisted extracted oil was found and compared with the control
sample. The quality of oil obtained by ohmic heating pretreatment was determined and its as
equvalent as control sample. The range of all physicochemical quality parameters namely
reftractive index, color, specific gravity, free fatty acids, saponification value, peroxide value,
and iodine value fall under within the acceptable limits as stated by international standard for
edible oils. From this study it can be conclueded that the tomato seed oil yield and quality can be
improved by pretreatment of ohmic heating prior to oil extraction.
Key word: Tomato seed waste, Optimization of process parameters, Oil yield, Ohmic heating,
Quality parameters.

INTRODUCTION
Tomato is considered to be the most popular
fruity vegetable all over the world. These
tomatoes underwent various processing stage
to improve the economic values and for
making plenty of products such as sauce,

ketchup, and juice. Tomato skins and seed are
considered to be the main waste in the tomato
processing industry. This waste having serious
economic and environmental problems in
terms of handling and disposal of waste.
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The tomato processors demand to find the
waste utilization techniques for maximizing
the profits and minimizing the environmental
pollution. Extraction of oil from tomato seed
waste is one of the processing techniques to
handle the waste of tomato processing
industries. The tomato seed has good oil
content around 20 to 36 % with high
antioxidant properties than soybean and olive
oil24,25,26,. The fatty acid composition present in
the tomato seed oil was confirmed to prevent
the various diseases like atherosclerosis, dilate
blood
vessels
thrombosis
and
high
22
cholesterol .
Pressing and solvent extraction are the
two important process for defatting of the oil
bearing materials. Pressing is beneficial when
plant material having relatively higher oil
content (> 25 % by weight) with 4 to 5 %
residual oil content in the meal. Extraction
with organic solvents are suitable for the lower
oil content of the plant materials results in less
residual oil in the meal at most <1% by
weight6,11. Cellular layer is the resisting factor
for oil extraction which can be overcome by
giving
adequate
pretreatment.
Higher
solubility and mass diffusion rate is achieved
by the solvent assisted extraction process for
improving the oil extraction yield. The
auguring method for food processing which
consume the inherent electrical resistance of
the sample to generate thermal energy is called
ohmic heating11. This innovative method used
to enhance the mass transfer effect and
improving diffusion due to electroporation
effect. Sucrose extraction from sugarbeat was
improved by using electri field strength15.
Application of ohmic heating improves the oil
regaining from rice bran8,18, soybean20,
sesame14, rapeseed7, mustard seed27,28,.
Based on research can hypothesize
that the oil yield improved by ohmic heating
technology used as a pretreatment before oil
extraction. Experiments were conducted to
determine the effect of process parameters of
ohmic heating namely ectric field strength
(EFS), endpoint temperature (EPT) and
holding time (HT) on oil recovery from tomato
seed and compare the oil yield with the control
sample.
Copyright © May-June, 2019; IJPAB
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MATERIAL AND METHODS
2.1 Raw materials:
The tomato seeds (PKM 1) were procured
from T Stanes and company limited, Trichy
and stored at room temperature until it is used.
Tomato seeds were cleaned, ground and
passed through the 0.5 mm sieves. Soxhlet
apparatus (Model SOCS PLUS SIX PLACE 6,
Pelican equipment) was used to quantify the
oil content of raw tomato seeds powder4. Hot
air oven method was used to found the
moisture content of tomato seeds12.
2.2 Experimental Design:
Box-Behnken Design (BBD) was employed
for optimization of processing condition for
ohmic assisted extraction (OAE) of tomato
seed oil (TSO) with three-level and threefactor. Table. 1 demonstrate that the range and
center point values of the three independent
variables. The experimental design comprised
of 17 treatments with five replicates of the
central point Table. 2. The EFS (10 –14
V/cm), desired EPT (40– 60 °C), and HT (5–
15 min) were selected as the independent
factors. Oil yield of TSO (%, Y) was selected
as the response for the combination of the
independent variables given in Table. 3.
Variability in the observed responses was
minimized by randomizing the experimentasl
runs.
2.3 Ohmic heating:
The ohmic heating setup developed at IIFPT,
Thanjavur was used for the experiment trials.
Distilled warer was added to the raw tomato
seed powder inorder to facilitate uniform
conduction of electric current throughout the
sample. The moisture content of slurry was
brought in to 40 % (w.b.). based on the
preliminary study. The tomato seed slurry was
subjected to ohmic heating and stated EFS was
applied. The slurry was heated homogeniously
in such a way that the geometric center reaches
the desired EPT and the temperature was
maintained at different HT. Optic fiber sensor
probe (Opticon optical sensors) was inserted
into the tomato seed slurry in the ohmic
heating tray to monitor temperature during
heating. After the treatment the slurry was
dried under shade to attain the moisture
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content of 10 to 12 % (w.b.). The dried seed
powder was used to extract the oil.
2.4 Determination of Oil yield:
The oil was extracted from tomato seed
powder using hexane as a solvent in soxhlet
apparatus (Model SOCS PLUS SIX PLACE 6,
Oil yield=
2.5 Physicochemical evaluation of extracted
oil:
Hunter Lab Colorimeter (color Flex EZ
color
spectrophotometer,
serial
No
CFEZ0925) was used to found the oil color.
The reftractive index (RI) was measured using
an Abbe refractometer at 20 °C9. The free fatty
acid (FFA) (% of oleic acid) and peroxide
values (PV) determined according to14.
Saponification value (SV) was determined
by12. Iodine value (IV) was determined by12.
2.6 Statistical analysis:
For the optimization part of this study, DesignExpert (version 11.1.2.0) was used for analysis
the variance. (ANOVA) tables and the
regression coefficients of individual linear,
quadratic and interaction terms. The
experimental data were evaluated to fit a
statistical model (Linear, Quadratic, Cubic or
2FI). The coefficients of the model were represented by constant terms, A, B and C (linear
coefficients for EFS, EPT, HT respectively),
AB, AC and BC (interactive term coefficient),
A2, B2 and C2 (quadratic term coefficient).
Correlation
coefficient
(R2),
adjusted
2
determination coefficient (Adj-R ) and
adequate precision were used to check the
model adequacies; the model was adequate
when its P value ˂ 0.05, lack of fit P value ˃
0.05, R2 > 0.9 and Adeq Precision > 4.
Differences among means were tested for
statistical significance using analysis of
variance
(ANOVA).
The
statistical
significance level was set at P < 0.05.
RESULT AND DISCUSSION
3.1 Effect of electric field strength on
extraction of tomato seed oil
The influence of three EFS (10, 12, and 14
V/cm) at 50 0C for 10 min on tomato seed oil
yield was studied as given in Fig. 1. which
Copyright © May-June, 2019; IJPAB
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Pelican equipment). The oil yield was
calculated using the following formula. The
ratio of weight of the obtained oil to that of the
sample used for the extraction was the
percentage of oil yield.

×100

........Eqn. (1)

shows EFS had a noteworthy effect on tomato
seed oil recovery. When the EFS increased
from 10 to 14 V/cm, the yield of tomato seed
oil was increased considerably and linearly
from 18.415 to 29.25%. The oil yield was
increased 10.84 % as compared to control. The
increase in oil yield at higher EFS may be due
to the effect of electroporation of the tissues21.
It was hypothesized that an increase in tissue
permeability may promote an accessibility of
the solvent or extraction medium to the
essential oil inside oil glands. This further
enrich the rate of mass transfer and increases
the leaching of cellular components into the
the solvent23. This would be decisive from the
literature13 in which degree of tissue
permeabilization significantly increased from
0.16 to 0.33 (p < 0.05), as the field strength
increased from 25 to 50 V/cm, thus enhances
the oil yield. This result is comparable with13
and14 on ohmic assisted extraction of oil from
lime seed and sesame seed respectively.
3.2 Effect of end point temperature on
extraction of tomato seed oil
A range of EPT from 40–60 0C was employed
for 10 min HT with EFS of 12 V/cm to
evaluate the effect on TSO extraction. As the
temperature increase from 40 to 50 0C the oil
yield was increased (Fig. 2) which would be
because of the increased solubility of TSO.
The crucial parameters of solvent deciding the
TSO solubility such as, viscosity and density
are decreased with the increase in
temeperature. This inturn results in an
increased mass transfer30. Nevertheless, when
the EPT surpassed 50 0C, the oil yield
exhibited a decrease. Therefore, 50 0C was
chosen for subsequent treatment optimization.
3.3 Effect of holding time on oil yield:
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The effect of HT: 5, 10, and 15 mins at desired
EPT of 50 0C with 12 V/cm EFS was
evaluated for oil yield. Fig. 3. demonstrates
the increase in oil yield with reduced holding
time. The tomato seed cells ruptured entirely
within 5 mins HT during ohmic heating
process, conferring higher solvent penetration
through the cellular structures and boosting up
the oil transfer out of the cell20. Besides, the
redundant matters like cytosol, lipids and other
insoluble substances hinders the permeability
of the solvent5,16. Furthermore, the extracted
oil may re-adsorb into the disrupted cells of
increased surface area. Thus, lowering the

ISSN: 2320 – 7051

yields of TSO5. Therefore, a longer extraction
time is dispensable once it reach the maximum
oil yield. Hence, 5 min HT was designated as
optimum for higher oil extraction.
3.4 Optimization of ohmic extraction
conditions:
The conditions of OAE of oil from tomato
seeds was optimized for higher oil yield using
Box-Behnken Design. Table. 2. shows the
levels and factors (EFS, EPT, HT) involved in
this study along with the response variable (oil
yield). The quadratic regression model for
yield is given below:

Y= -19.73813 - 3.86281 A + 2.34069 B + 1.68650 C + 0.073875 AB - 0.095875 AC -0.001925 BC + 0.083125
A2 - 0.032900 B2 - 0.037450 C2
........Eqn. (2)

Where, Y is the response variable; A, B, and C
are the independent factors; AB, AC, and BC
are the interactive terms; A2, B2, and C2 are the
quadratic terms. The adequacy of the
established model was estimated on the basis
of correlation coefficient (R2). The R2 value
was found to be 0.9880 i.e. quite nearer to
unity. This explains that, better compliance is
existing between the model predicted and
experimental value. Similarly, the significancy
of the model was analysed using ANOVA is
given in Table. 4. The established model was
found to be significant with F value of 59.07
and P-value < 0.0001. Also, independent
variables, interaction terms (AB and AC), and
quadratic terms (B2 and C2) are significantly
influencing the response variable (P < 0.01) as
given in Table. 5.
The influence of processing variable
on the extraction yield of TSO was
investigated using response surface plot and
contour plots as given in (Fig. 4. and Fig. 5.).
By fixing the HT for 10 mins, the optimal
yield was achieved in the EFS of 12 to 14 at
the temperature of 45 to 55 0C. Here, the
highest TSO yield was achieved using EFS of
12 V/cm with EPT of 50 0C for 10 mins
HT(Fig. 4. and Fig.5. a). By setting the
extraction temperature 50 0C as constant value,
the optimal value TSO yield falls in the range
of 12.3 to 14 V/cm EFS with HT of 5 to 13
Copyright © May-June, 2019; IJPAB

mins. but the hightest oil yield can be obtained
at 14 V/cm EFS, holding at 5 mins and the
EPT of 50 0C (Fig.4. and Fig.5.b). The EFS of
12 V/cm as constant value, the optimal value
can be obtained from 46 to 52 0C with 5 to 8
mins HT. In this the highest yield was
obtained at the EFS of 12 V/cm with end point
temperature of 50 0C holding at 10 mins
(Fig.4. and Fig.5.c).
The optimum conditions of extraction,
as predicted from the model, were 13.99 V/cm,
51.45 0C, and 5.27 min for EFS, EPT and HT
respectively. The maximum predicted yield of
TSO was 29.27 % under optimal conditions.
The predicted optimum condition was
analysed for reliability with a number of
experimental runs (N = 5) and average oil
yield of 29.25 % was obtained (Table. 6).
Thus, the predicted model and optimum
conditions were observed to be in accordance
with laboratory trials.
3.5 Physicochemical property of extracted
tomato seed oil.
The physicochemical properties of extracted
TSO was found and depicted in the Table. 7.
The extracted oil has RI of 1.4450 ± 0.04 and
1.4496 ± 0.01 for the control and OAE sample
respectively. On comparing conventional
methods with modern extraction technologies
like ohmic heating, the major physical
attribute of oils i.e. RI remains the same10. The
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color value (L*) was 2.293 ± 0.03 for
untreated sample and 4.12 ± 0.02 for OAE
sample respectively. This variation can be
because of the damage of plant tissues during
treatment given before extraction leading to
more extraction of the pigments into the oil3.
The specific gravity of extracted oil was
0.8037 ± 0.23 for untreated sample and 0.814
± 0.02 for OAE treated sample. This increased
value might be the consequence of
polymerization by the thermal pre-treatments
making the oil denser2. The FFA value (Oleic
acid %) of the extracted oil was 2.312
for untreated sample and 2.712
0.12 for
OAMH treated sample respectively. The
increasing in the FFA is due to the Hydrolysis
of triacylglycerol with higher temperature2.
The SV of extracted oil was 195 1.52 mg
KOH/g for untreated and 198 1.63 mg

KOH/g for OAE treated sample respectively.
This maybe due to the infringement of oil
triglycerides into smaller fragments of FFA
and carbonyl compounds with lesser molecular
weight1,29. The PV values were relatively low
0.73 ± 0.03 meq/kg for untreated sample and
0.86 ± 0.06 meq/kg for OAE treated sample
respectively. This reveals the action of low
degree of oxidation during combined
treatment. The IV of the tomato seed oil
obtained are 125±1.36 g I/100 g oil for control
sample and 119±1.61 I/100 g oil for OAE
treated sample respectively. The reduction of
iodine value in the treated sample was due to
reduction in the number of unsaturation sites
due to additive and subtractive chemical
reactions2. The obtained values are within the
range authorized by codex standard 21026.

Table 8:
The levels of variables employed in the present study for the construction of Box– Behnken design (CCD).
Factor

Name

Units

Coded Level
-1

0

+1

A

Electric field strength

V/cm

10.00

12.00

14.00

B
C

End Point Temperature
Holding Time

C
mins

40.00
5.00

50.00
10.00

60.00
15.00

Table 9: Design and Results of Box-Behnken Experiments
Factor 1

Factor 2

Factor 3

A: Electric field strength

B: Temperature

C: Holding Time

Response 1
Oil yield %

12

40

5

24.22

14

60

10

25.305

14

40

10

23.25

10

50

5

23.585

12

50

10

25.64

10

40

10

23.015

14

50

5

29.25

12

50

10

25.64

12

50

10

25.64

12

40

15

20.99

12

50

10

25.64

12

50

10

25.64

14

50

15

24.57

12

60

15

18.415

12

60

5

22.03

16

10

60

10

19.16

17

10

50

15

22.74

Run
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
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Table 10: ANOVA for Quadratic model testing the fitness of the regression equation
Source

Sum of Squares

df

Mean Square

F-value

p-value

Model

111.84

9

12.43

59.09

< 0.0001

A-Electric field strength

24.06

1

24.06

114.43

< 0.0001

B-Temperature

5.39

1

5.39

25.62

0.0015

C-Holding Time

19.13

1

19.13

90.95

< 0.0001

AB

8.73

1

8.73

41.52

0.0004

AC

3.68

1

3.68

17.48

0.0041

BC

0.0371

1

0.0371

0.1762

0.6872

A²

0.4655

1

0.4655

2.21

0.1804

B²

45.58

1

45.58

216.71

< 0.0001

C²

3.69

1

3.69

17.55

0.0041

Residual

1.47

7

0.2103

Lack of Fit

1.47

3

0.4907

Pure Error

0.0000

4

0.0000

Cor Total

113.31

16

significant

R² : 0.9870 Adjusted R² : 0.9703 Predicted R² : 0.7921 Adeq Precision : 30.2105

Table 11: Coefficients in Terms of Coded Factors
Coefficient
Estimate
25.64

Factor
Intercept
A-Electric field strength

1

Standard
Error
0.2051

df

95% CI Low

95% CI High

25.16

26.12

VIF

1.73

1

0.1621

1.35

2.12

1.0000

B-Temperature
C-Holding Time

-0.8206
-1.55

1
1

0.1621
0.1621

-1.20
-1.93

-0.4372
-1.16

1.0000
1.0000

AB
AC

1.48
-0.9588

1
1

0.2293
0.2293

0.9353
-1.50

2.02
-0.4166

1.0000
1.0000

BC
A²

-0.0963
0.3325

1
1

0.2293
0.2235

-0.6384
-0.1960

0.4459
0.8610

1.0000
1.01

B²

-3.29

1

0.2235

-3.82

-2.76

1.01

C²

-0.9362

1

0.2235

-1.46

-0.4078

1.01

Table 12: Predicted Values and Experimental Values
Electric field strength

End point temperature

Holding time

Predicted yield %

Desirability

Experimental yield

13.993
14.000
13.983
14.000
14.000

51.456
50.000
51.366
48.437
49.869

5.269
5.000
5.061
5.000
7.750

29.265
29.276
29.279
29.078
28.635

1.000
1.000
1.000
0.984
0.943

29.5
28.9
29.1
28.75
29.25

Table 13: Physicochemical property of extracted tomato seed oil
Parameter
RI
Color (L*)
Specific gravity
FFA % Oleic acid
SV mg KoH/g
PV meq/kg
IV g I/100 g

Oil obtained without ohmic heating
1.4450± 0.04
2.293 ± 0.03
0.8037 ± 0.23
2.312
195 1.52
0.73± 0.03
125±1.36

Copyright © May-June, 2019; IJPAB

Oil obtained with hmic heating as pretreatment
1.4496± 0.01
4.12 ± 0.02
0.814 ± 0.02
2.712 0.12
198 1.63
0.86± 0.06
119±1.61
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Fig. 6: Effect of Electric Field strength (V/cm) on oil yield with the end point temperature of 50 0C and
holding at 10 mins

Fig. 7: Effect of end point temperature (0C) on oil yield with the Electric Field strength of 12 (V/cm) and
holding at 10 mins.

Copyright © May-June, 2019; IJPAB
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Fig. 8: Effect of holding time (mins) end point temperature ( 0C) on oil yield with the Electric Field
strength of 12 (V/cm) and end point temperature of 50 0C

Fig. 4 a

Fig. 4 b

Fig. 4 c
Fig. 9: Tri-dimensional response surface contour plots showing the experimental factors and their mutual
interactions on oil extraction: (a) Y = f (A, B, 10); (b) Y = f (A, 50, C); (c) Y = f (12, B, C)

Copyright © May-June, 2019; IJPAB
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Fig. 5 a

Fig. 5 b

Fig. 5 c
Fig. 10: Two-dimensional response surface contour plots showing the experimental factors and their
mutual interactions on oil extraction: (a) Y = f (A, B, 10); (b) Y = f (A, 50, C); (c) Y = f (12, B, C)

CONCLUSION
The effect of different process variable
involved in ohmic assisted extraction on the
oil yield of tomato seed waste was investigated
and the higher oil extraction yielding
parameter were optimized using advanced
experimental design (BBD). Ohmic treatment
significantly increases the oil yield by 10.84 %
with regards to the control. The extraction
conditions providing the highest oil yield
(29.27 %) were identified as, electric field
strength of 14 V/cm, end point temperature of
Copyright © May-June, 2019; IJPAB

50 0C, and holding time of 5 min using the
developed regression model. The model and
the optimal conditions were verified by
ANOVA for their efficacy. And the oil yield at
the optimum conditions was affirmed to be
29.25 % at the laboratory trials. The
physicochemical properties of extracted
tomato seed oil were analysed and all the
values were falls within the range. This study
helps to explore the potential of novel thermal
technique in magnifying the utilization of
tomato seed waste into a valuable product.
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