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ABSTRACT

Objectives: To study the effect of ohmic heating and lye-salt concentrations on quality
characteristics of tomato puree. The quality characteristics of tomato puree by using ohmic heating
and lye-salt concentrations were investigated. Ohmic heating is also termed as ‘resistance heating
or electro heating’ in which an alternating electric current is passed through a food, and electric
resistance of the food causes the power to be translated directly into heat. Electroporation has
been regarded as the main mechanism of ohmic heating.

Study Design: Full factorial design.

Place and Duration of Study: Department of Post-Harvest Process and Food Engineering and
department of Chemistry, GBPUAT, Pantnagar (UK), India, between September 2016 and April
2017.

*Corresponding author: E-mail: sanketsawant476@gmail.com;
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Methodology: Tomato fruit has remarkable concentration of vitamin E, vitamin A, folate, vitamin C
and vitamin A as leading source. The quality characteristics of final product were evaluated in
terms of g —Carotene, vitamin A (retinol) and vitamin C (ascorbic acid) of tomato puree.

Results and Conclusion: The value of g —Carotene was observed ranking first in salt (NaCl)
solution followed by KOH and NaOH lye solutions for all experimented concentrations. Therefore it
reveals that as the temperature of puree increases it resulted increase in f —Carotene which has
been computed as vitamin A. The percentage range of retention of ascorbic acid was observed
ranking first in NaOH solution (86.01-91.35%) followed by KOH (61.91-77.06%) and Nacl (34.64-
56.12%) for all experimented concentrations. It reveals that as the temperature of puree increases
it resulted decrease in ascorbic acid which has been computed as vitamin C. No previous work
dealing with the comparison of the impact of ohmic heating processing on bioactive components of
tomato products has been found therefore this study aims to address this deficiency.

Keywords: Ohmic heating; lye and salt concentrations; field strength; B —Carotene; retinol ascorbic

acid.
1. INTRODUCTION

Tomatoes (Lycopersicon esculentum) are an
important food crop worldwide. In terms of dollar
value, tomato ranks second to potatoes among
all vegetables produce [1]. More than 80% of
tomatoes produced are consumed in the form of
processed products such as tomato juice, paste,
puree, ketchup, sauces and soups. However, the
nutritional value of tomato products depends on
processing and storage conditions [2]. Vitamins
are organic compounds that are indispensable in
very small amounts in the diet. Vitamins form a
heterogeneous group of substances and are vital

nutrients. They are regulate metabolic
processes, control cellular functions, and prevent
diseases, such as scurvy and rickets.

Conventional nutritional science now recognizes
13 vitamins divided into two categories, the fat-
soluble vitamins of which there are four, and the
water-soluble vitamins of which there are nine
[3]. Vitamins are unstable in foods. Processing
and cooking conditions causes loss of vitamins.
The losses vary widely according to cooking
method and type of food. It is degradation
depends on specific parameters during the
culinary process, e.g., temperature, oxygen, light,
moisture, the few authors expressed vitamin A as
-carotene, retinol or retinol equivalent. Hence,
to clarify, B-carotene provides 80% of vitamin A
value. Ascorbic acid is one of the more reactive
compounds present and, thus, it is particularly
vulnerable to treatment and storage conditions

[4].

Ohmic heating is also termed as ‘resistance
heating or electro heating’ in which an alternating
electric current is passed through a food, and
electric resistance of the food causes the power
to be translated directly into heat. The principle of

ohmic heating is dissipation of electrical energy
into heat which results in internal energy
generation [5]. The food product is heated rapidly
as the rate of heating is only relevant to the
electrical resistance of the particular food and not
limited by the heat transfer coefficient [6]. The
physical effects of ohmic heating are caused by
the phenomenon referred to as electroporation.
Electroporation is defined as the formation of
microscopic pores on the cell membrane. Due to
alternating current and forces exerted on these
ions by the electrical field, the formation of
microscopic  pores may  occur. Since
electroporation has been regarded as the main
mechanism of ohmic heating, [7].

No previous work dealing with the comparison of
the impact of ohmic heating processing on
bioactive components of tomato products has
been found. This study aims to address this
deficiency. One major characteristic of
antioxidant vitamins, carotenoids and
polyphenols is their antioxidant potential in either
lipophilic or hydrophilic compartments [8]. In this
sense, there is no previous work that evaluates
the antioxidant activities of tomato puree
hydrophilic and lipophilic fractions when
comparing different technologies of tomato
processing Thus, the aim of this study was to
compare the effect different field strengths and
lye or salt concentrations on B -—Carotene,
vitamin A (retinol) and vitamin C (ascorbic acid)
of tomato puree. In addition, the range of
changes temperature during treatments was
assayed. Therefore this study will deal with the
effect of ohmic heating, salt and lye solutions on
quality characteristics of ohmically heated tomato
puree. Keeping all above cited issue in mind, the
present work has been undertaken with the
objective to study the effect of ohmic heating and
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lye-salt concentrations on quality characteristics
of tomato puree. The full factorial design
experiment was used to analyze the dependent
parameters. Statistical analyses of the data
obtained from experiments run were performed
by using stpr 2 software.

2. MATERIALS AND METHODOLOGY

Standard methods for measurement of quality
attributes were followed for entire experiments.
Some of these methods were modified as per
literature review to provide better, more precise
quality estimation. Analytical grade chemicals
and glass wares (borosil make) were utilized for
conducting the experiments. Applied field
strength, salt levels and lye levels were taken as
independent variables for the study and their
ranges were finalized based on the observations
and results obtained in preliminary experiments.

2.1 Raw Materials

Fresh, fully matured, red in colored cherry type
tomatoes of variety pant bahar was selected as
the raw material for ohmic heating. The tomatoes
were washed in clean water to remove dust or
other foreign materials on it and then wiped with
cotton cloth.

2.2 Experimental Plan

Certain constant parameters were fixed for entire
experiments, decided on the basis of trial runs.
The Conclusive lists of these parameters are
number of tomato (one), Variety of tomato (pant
bahar) and Weight of sample (60 gm App).
Standard ohmic heating variables consisting of
salt concentration, lye concentrations and field
strength were selected. The levels of the
variables have been chosen based on
preliminary runs and literature reviewed. The
levels and values of each of these variables are
4, 4, 4 and 0.1%, 0.2%, 0.3% and 0.4%
respectively. The applied field strength levels and
values are 3 and 1214.28 V/m, 1071.42 V/m and
928.57 V/m respectively. Full factorial design was
selected for the present study.

2.3 Preparation of Salt and
Concentrations Solution

Lye

Salt and lye concentrations were prepared on the
basis of weight / volume percentage. For 0.1% of
salt concentration dissolved 0.1 g of salt in 100
ml of distilled water similarly for 0.2%, 0.3% and

0.4% dissolved 0.2g, 0.3g and 0.4g of salt in 100
ml of distilled water respectively. For 0.1, 0.2, 0.3
and 0.4% of Lye concentrations (NaOH and
KOH) dissolved 0.1, 0.2, 0.3 and 0.4 g of lye
powder in 100 ml of distilled water respectively.

2.4 Experimental Setup

The laboratory type ohmic heating setup was to
carry out the experiments was designed and
fabricated by Kautkar in 2016 [9]. The ohmic
heating chamber is very important for efficient
heating employed a circular geometry was
constructed by PVC pipes of 7 cm diameter, 16.8
cm in length and 2 mm in thickness. The
electrodes have well grade, non-corrosive and
chemically inert made from stainless steel (SS)
with 5.5 cm diameter. The distance between two
electrodes has kept 14 cm to pass maximum
voltage gradient of 16.5 V/cm from Indian
household electric supply of 230 V. Bestronics
made digital temperature controller with stainless
steel probe was used monitor the temperature
inside the heating chamber. Teflon coated, J type
thermocouple which can withstand a temperature
of 0-600°C is placed at the geometric centre of
the ohmic heating cylinder to control the
temperature during ohmic heating. A base is
used to fix entire ohmic setup and control panel.

2.5 Analytical
Parameter

Techniques for Quality

2.5.1 Vitamin A

Vitamin A called as retinol which is precursor of
B —carotene. Extraction of vitamin A was
accomplished by HAE method [10]. The method
utilizes reagent like acetone, anhydrous sodium
sulphate and potassium ether. The concentration
of which can be identified by spectrophotometric
analysis at 452 nm.

2.6 Sample Preparation and Measurement

The sample preparation was done by taken 5 g
of tomato puree sample in a beaker and crushed
in 10-15 ml of Acetone. Then waiting for some
time few crystals of anhydrous sodium sulphate
(ASS) were added simultaneously for absorbing
the water present in the tomato puree. Then
allowing the mixture to settle for some time the
supernatant was decanted into the beaker
without disturbing the sediment. The process
was repeated twice. The supernatant obtained
from the two processes were combined and
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transferred to a funnel.10- 15 ml of petroleum
ether was added to the funnel and the contents
were mixed thoroughly. The upper layer hence
formed was collected in a 100 ml conical flask
and the volume was making up with Petroleum
ether to 100 ml. The Optical Density (OD) at 452
nm was read using Petroleum ether blank. The
extraction of vitamin A is shown in Plate 1.

0D x 13.9 x 10* x 100
Wtof sample x 560 x 1000

(2.1)

B Carotene (mg/100mg) =

P Carotene (mg/100mg)
0.6

Vitamin A = (2.2)

2.6.1 Vitamin C

The amount of ascorbic acid provides an
estimate of the vitamin C content in food.
Ascorbic acid retention in food is therefore, a
necessity. There are many techniques to
estimate ascorbic acid content the most common
method was proposed by Ranganna [9].
Standard indophenol method was used as
described by Ranganna (1986). The dye acts as
an indicator and reduces to a colorless solution
on addition of ascorbic acid. The end point of
titration is indicated by a rose-pink color due to

excess unreduced dye. The preparations of the
chemicals required for the procedure has been
shown in Table 1.

Ascorbic acid standard was titrated against 2, 6-
dichlorophenol-indophenol. The titre value
obtained was used to calculate the dye factor
using the following expression:

Titre Value
0.5

Dye factor = (2.3)
The dye factor obtained is later used in the
calculation of total ascorbic acid content.

2.7 Sample Preparation and Measurement

A known amount of ohmically heated tomato
puree sample for which the ascorbic acid content
was to be determined was first taken to form a
liquid. 10 mL of 3% metaphosphoric acid was
then added to it and kept in stable condition for
thoroughly mixed for 10 min at room
temperature. The solution of 5 mL of the aliquot
was taken for ftitration against the standardized
dye. The chemical preparation of indophenols
method for determination of ascorbic acid as
shown in below Table 1.

Table 1. The chemical preparation of indophenols method for determination of ascorbic acid

S.No Chemical anditis Preparation method
concentration
1 2,6-dichlorophenol- Dissolve 50 mg sodium salt of 2, 6-dichlorophenol-indophenol
indophenol in warm 150 mL distilled water containing 42 mg sodium
bicarbonate. Cool and dilute by volume make up to 200 mL
2 Ascorbic acid standard Weight 100 mg L-ascorbic acid and make up volume to 100
mL with 3% HPOj;. Dilute 10 mL to 100 mL of 3 % HPO4
3 3% metaphosphoric acid Dissolve 15 g crushed methaphosphoric acid crystal in
(HPO3) distilled water and make up volume to 500 mL

The total ascorbic acid content is determined using the following formula:

__ Titrexdye factorxvolume make upx100

Ascorbic Acid mg/100 g =

Aliquot of extract takenxweight taken

(2.4)

T . &

. w ob‘QA HM"I‘

Plate 1. Ohmically heated tomato puree
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Plate 2. Extraction of vitamin A from ohmically heated tomato puree

3. RESULTS AND DISCUSSION

The quality of ohmically heated tomato puree

with different field strengths and lye-salt
concentrations were evaluated in terms of
quality parameters namely, [ —Carotene,

Vitamin A (Retinol) and vitamin C (Ascorbic
acid). The ohmically heated tomato puree was
evaluated and compared. The results of
experimented data along with discussions are
presented below.

3.1 Effect of Electric Field Strength and
Concentrations on g —Carotene and
Vitamin A

The study evaluated the levels of g —Carotene
and vitamin A in tomato puree. The g —Carotene
extraction was carried out using the
spectrophotometric analysis method [11]. The
range of rise in temperatures for various
solutions of NaOH, KOH and NaCl
concentrations at different field strengths were
found 77°C to 83.1°C; 79°C to 93.3°C and 78°C
to 93.7°C respectively. Tomato puree was
analyzed for their g-carotene content because it
is the precursor of vitamin A [12]. It is observed
from the experiment that the values of g —
Carotene and vitamin A varied from 0.547 to
0.867 mg/100 g and 0.913 to 1.445 mg/100 g
respectively. The maximum value of g —Carotene
(0.867 mg/100 g) and vitamin A (1.445 mg/100 g)
were observed for the sample treated with 0.3%
NaOH at 1214.28V/m field strength.

Figs. 1, 2 and 3 shows the relationship between
lye-salt concentrations and vitamin A at
1214.28V/m field strength, relationship between
lye-salt concentrations and vitamin A at
1071.42V/m field strength and relationship
between lye-salt concentrations and vitamin A at

928.57V/m field strength respectively which
supported by the experimented data. The
reported f—Carotene were observed in the range
of 0.638 mg/100 g (minimum value) to 1.284
mg/100 g (maximum value) for 0.1% KOH at
928.57 VIm and 0.3% KOH at 1214.28 V/m
respectively. The higher (1.422 mg/100g) and
lower values (0.694 mg/100g) of B —Carotene
were recorded under the conditions of 0.3% NaCl
at 1214.28 V/m and 0.1% NaCl at 928.57 V/m
respectively. The value of g —Carotene was
observed ranking first in salt (NaCl) solution
followed by KOH and NaOH lye solutions for all
experimented concentrations. The similar trends
were also observed at 1214.28V/m, 1071.42V/m
and 928.57V/m respectively. From the figures it
reveals that as the temperature of puree
increases it resulted increase in B —Carotene
which has been computed as vitamin A. Similar
observations has been recorded by slimestad
and verheul in 2005 [13].

From the figures it was observed that the values
of vitamin A increased from 0.1% to 0.3%
concentration for experimented field strengths
(1214.28V/m, 1071.42V/m and 928.57V/m)
further the values of vitamin A decreased from
0.3% to 0.4% concentration for NaOH, KOH and
NaCl solution. The increase and decrease trend
of vitamin A was found similar in 1214.28V/m,
1071.42V/m and 928.57V/m which are supported
by experimented data and figure.

A comparative study of effect of Ilye-salt
concentrations and field strengths on vitamin A is
shown in Fig. 4. The ohmically heated tomato
puree with higher concentration of NaCl at high
field strength gave highest values of vitamin A
(2.371 mg/100 g) as compared to KOH (2.141
mg/100 g) and NaOH (1.445 mg/100 g)
concentrations.
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3.2 Effect of Electric Field Strength and
Concentration on Vitamin C (Ascorbic
Acid)

Indophenol titration method was used for
determination of vitamin C (ascorbic acid) in
ohmically heated tomato puree samples. Fresh
sample showed 39.77 mg/100 g vitamin C while
after treatment, vitamin C ranged between 13.78
— 36.33 mg/100 g. the percentage retention of
vitamin C was in the range of 34.64-91.35%
which was in accordance with the results
obtained by Ismail et al in 2016 [14] who reported

an 82% retention for the same. The range of rise
in temperatures for various solutions of NaOH,
KOH and NaCl concentrations at different field
strengths were found 77°C to 83°C; 79°C to
93.3°C and 78°C to 93.7°C respectively. It is
observed from the experiment that the values of
vitamin C varied from 34.20-36.33 mg/g. The
maximum value (36.33 mg/100 g) and minimum
value (34.20 mg/100 g) of vitamin C were found
for the sample treated with 0.1% NaOH at
928.57V/m and 0.4% NaOH at 1214.28V/m field
strength respectively.

N
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W KOH
NacCl
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Fig. 1. Relationship between concentrations and vitamin A at 1214.28V/m field strength
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Fig. 2. Relationship between concentrations and vitamin A at 1071.42V/m field strength
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Fig. 3. Relationship between concentrations and vitamin A at 928.57 V/m field strength
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Fig. 4. Comparative effect of concentrations and field strengths on vitamin A
Key: - %w/v- weight per volume percentage basis.
NaOH: Sodium hydroxide, KOH: Potassium hydroxide, NaCl: Sodium chloride.

The reported vitamins C were found in the range
of 24.62 mg/100 g (minimum value) and 30.65
mg/100 g (maximum value) for 0.4% KOH at
1214.28 V/Im and 0.1% KOH at 928.57 V/m
respectively. The higher (22.32 mg/100g) and
lower values (13.78 mg/100g) of vitamin C were
recorded under the conditions of 0.1% NaCl at
928.57 ViIm and 0.4% NaCl at 1214.28 V/m
respectively. The percentage range of retention
of ascorbic acid were observed ranking first in
NaOH solution (86.01-91.35%) followed by KOH
(61.91-77.06%) and NaCl (34.64-56.12%) for all
experimented concentrations. The similar trend
was also observed at 1214.28V/m, 1071.42V/m

A graphical representation of relationship
between lye-salt concentrations and vitamin C at
1214.28V/m field strength, relationship between
lye-salt concentrations and vitamin C at
1071.42V/m field strength and relationship
between lye-salt concentrations and vitamin C at
928.57V/m field strength shown in Figs. 5, 6 and
7 respectively which supported by the
experimented data. As indicated in Figs. 5, 6 and
7 that the retention of ascorbic acid maximum
under NaOH concentrations at different field
strengths  (1214.28V/m, 1071.42V/m and
928.57V/m) having temperature range was 77 °C
to 88.3°C while the retention of ascorbic acid

and 928.57V/m respectively. From the decreased under NaCl concentration at different
experiment it reveals that as the temperature of field strengths (1214.28V/m, 1071.42V/m and
puree increases it resulted decrease in ascorbic  928.57V/m) having temperatures range was
acid which has been computed as vitamin C. 79.7°C to 93.7°C.
similar observations has been recorded by
slimestad and verheul [13].
50 @ NaOH
2045 B KOH
g 40 NaCl
%" 35 L g —— & *
30
© .\l\l\.
= 25
g 20 —_ .
= 15
10
0.0 0.1 0.2 3 0.4 0.5
Concentartions (%, w/v)

Fig. 5. Relationship between concentrations and vitamin C at 1214.28 V/m field strength
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Fig. 6. Relationship between concentrations and vitamin C at 1071.42 V/m field strength
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Fig. 7. Relationship between concentrations and vitamin C at 928.57V/m field strength
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Key: - %w/v- weight per volume percentage basis.
NaOH: Sodium hydroxide, KOH: Potassium hydroxide, NaCl: Sodium chloride.
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A comparative study of effect of Iye-salt
concentrations and field strengths on ascorbic
acid is shown in Fig. 8. The ohmically heated
tomato puree with lower concentration of NaOH
at low field strength gave highest values of
ascorbic acid (36.33 mg/100 g) as compared to
KOH (30.65 mg/100 g) and NaCl (22.32 mg/100
g) concentrations. Ascorbic acid is a heat
instable vitamin; thus, high temperatures led to a
loss of vitamin C.

4. CONCLUSIONS

Ohmic heating keeps the g —Carotene and
vitamin A of tomato puree well within the
acceptable range. The optimal values of
independent variables in terms of lye, salt and
electric field strength for B —Carotene and
vitamin A are 1.422 mg/100g and 2.371 mg/100g
at 0.3% NaCl/1214.28V/m respectively. The
ohmically heated tomato puree with higher
concentration of NaCl (0.3%) at high field
strength (1214.28 V/m) gave highest values of
vitamin A (2.371 mg/100 g) as compared to KOH
(2.141 mg/100 g) and NaOH (1.445 mg/100 g)
concentrations. The value of g —Carotene was
observed ranking first in salt (NaCl) solution
followed by KOH and NaOH lye solutions for all
experimented concentrations. Therefore it
reveals that as the temperature of puree
increases it resulted increase in g —Carotene
which has been computed as vitamin A. Ascorbic
acid is a heat instable vitamin; thus, high
temperatures led to a loss of vitamin C. It was
indicated that the independent parameters play
major role on the ascorbic acid. The percentage
retention of ascorbic acid was in the range of
34.64-91.35%. The percentage range of
retention of ascorbic acid was observed ranking
first in NaOH solution (86.01-91.35%) followed
by KOH (61.91-77.06%) and NaCl (34.64-
56.12%) for all experimented concentrations. It
reveals that as the temperature of puree
increases it resulted decrease in ascorbic acid
which has been computed as vitamin C.
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