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Summary
Tomato ketchup with corn flour at 2.75% level and 1.5% acidity as acetic acid was most acceptable to judges. Tomato
ketchup manufactured with cooked bottle gourd having 10% bottle gourd pulp and 1.5% acidity as acetic acid had maximum
sensory score for flavour, consistency, colour and appearance and overall acceptability score. Cooked pumpkin pulp (7%) and
1.5% acidity as acetic acid in tomato ketchup was most acceptable to judges. However, tomato ketchup manufactured with
the chemical thickener, CMC at 0.7% and 1.5% acidity as acetic acid was also most acceptable to judges. The vegetable
based bottle gourd thickener and pumpkin in manufacture of tomato ketchup yielded maximum serum separation of 2.2-3.0
ml while negligible serum separation was obtained in tomato ketchup with corn flour and CMC stabilizer. Maximum (50.71
mg/100g) ascorbic acid in tomato ketchup was obtained with bottle gourd thickener which was followed by 42.3 mg/100g in
tomato ketchup with pumpkin as thickener

lkjka'k

VekVj dh pVuh esa eDds dk vkVk 2-75 izfr'kr rFkk ,lfVd ,flM 1-5 izfr'kr Mkyus ij T;knk ilan fd;k x;kA ykSdh iYi 10 izfr'kr
rFkk ,lfVd ,flM 1-5 izfr'kr Mkyus ij T;knk lqxfU/kr ,oa ilan fd;k x;kA 7-5 ykSdh mckydj rFkk 1-5 ,flV ,flM feykus ij lcls
vf/kd ilan fd;k x;kA ykSdh dk fFkduj dn~nw ds fFkduj ls T;knk vPNk ik;k x;kA

Introduction

Food processing now allows increasingly sophisticated
control of processing conditions to achieve the aim of
reduction in processing costs as well damage to the
sensory and nutritional quality of food. India is world’s
second largest producer of fruits and vegetables. The
varied agro-climatic diversity in India resulted into
growing all types of temperate, sub-tropical and
tropical fruits and vegetables.  Due to poor post harvest
management, storage and lack of processing facility
fruits and vegetables to the extent of 20-30% are lost
which is valued at Rs. 230 billion as per the estimate
of Planning Commission (Mangaraj and Singh, 2008).
Among the vegetables, tomato is high valued crops
with maximum losses of 16-50% (Singh and Singh,
2003).  Enhanced bioavailability of lycopene from
processed products and increased antioxidant activity
after processing further advocates consumption of
processed tomato products (Singh  et al. 2008).  The
extracted tomato juice is also good source of vitamin
A, D, E and K (Davies and Hobson, 1981).

More than 80% of tomatoes produced in world are
consumed in the form of processed products such as
tomato juice, paste, puree, ketchup and salsa sauce.
Thermal and mechanical treatments are often involved

in processing of tomato which affects the tomato
product quality to a greater extent (Kaur et al. 2004).
Among the tomato processed products, tomato
ketchup is very popular in fast food restaurants in India
and abroad (Thakur et al. 1996). However, the quality
of tomato ketchup varies from manufacturer to
manufacturer. The natural loss of pectin during
processing greatly results in reduced consistency as a
result more serum is separated during storage which
affects the acceptability of tomato ketchup. There has
been wide variation towards the sensory perception
of tomato ketchup from manufacturer to manufacturer.
The variation exists in terms of flavour, consistency,
sourness, colour and appearance and overall
acceptability score. The manufacturers use various
thickeners in the form of polysaccharides such as
starch, gum etc. to improve the consistency and overall
acceptability of tomato ketchup (Sidhu et al. 1997).
Furthermore the acceptability of tomato ketchup
depends on the desired acid and sourness level.
Among the various organic acids, acetic acid is very
cheap, easily available and it increases the palate due
to its unique flavour which greatly increases the
acceptability of tomato ketchup (Singh et al. 2005).
The present has been undertaken towards the selection
of chemical thickener, carboxy methyl cellulose
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(CMC) stabilizer and natural plant based thickener
such as cooked bottle gourd, cooked pumpkin and
corn flour along with desired level of acidity from acetic
acid for manufacture of acceptable tomato ketchup.

Materials and Methods
In the present study, two levels each of four variables
such as corn flour (1.5-4.0%), cooked bottle gourd (5-
15%), cooked pumpkin (4-10%), CMC (0.4-1.0%) and
acidity level(1.25-1.75%) as acetic acid, were
standardized for the development of acceptable tomato
ketchup.  Fully ripened red colour hybrid tomato
”Sartaj” was collected from vegetable research farm
of IIVR, Varanasi. Forty kg harvest tomatoes were
washed thoroughly in running water. The fruits were
cuts into small pieces and were subjected to the
cooking time of 10 minutes in 75 litre capacity of steam
jacketed kettle. The cooked and softened tomatoes
were passed through tomato pulper to remove the seed
and peel of tomato. Similarly bottle gourd and pumpkin
were peeled, sliced and seeds were removed from the
pulp. The bottle gourd and pumpkin pulp were
separately cooked to 3-4 minutes with steam under
pressure and cooked pulp were blended in blender
for 1 minute. Tomato ketchup was prepared with 13
formulations each from corn flour, bottle gourd,
cooked pumpkin and CMC stabilizer and acetic acid
levels using D6 Hoax Response Surface Methodology
(Thompson, 1982). Tomato ketchup manufactured
with varying levels of corn flour, bottle gourd,
pumpkin and CMC stabilizer with varying acid levels
were subjected to sensory and physic-chemical
analysis. Sensory evaluation was carried out by a panel
of 10 trained judges on flavour, consistency, colour
and appearance and overall acceptability score on 9
point Hedonic scale (Lawless and Haymann, 1998).

The total soluble solid in tomato ketchup was
determined by ERMA hand refractometer (0-32%) and
the values were expressed as percentage. The pH of
the finished ketchup was measured by digital pH
meter. Serum separation in tomato ketchup was
measured by centrifuging   tomato ketchup (10g)
samples in 25 ml graduated centrifuge at 3000 rpm
for 10 min in refrigerated centrifuge. The supernatant
(ml) in the centrifuge tube was reflected as serum
separation. The content of ascorbic acid was estimated
as per the method of Sadasivam and Manickam, 1996.
The estimation of total carotenoids and lycopene in

tomato ketchup was carried out as per the method of
Ranganna (1997).

Results and Discussion

Sensory score of tomato ketchup with different
thickener: The sensory score of tomato ketchup with
different thickeners from 13 different trials each
thickener was subjected to sensory evaluation. It was
observed that tomato ketchup with corn flour
formulation of 2.75% corn flour level and 1.5% acidity
as acetic acid was most acceptable to judges. Tomato
ketchup manufactured with cooked bottle gourd
having 10% cooked bottle gourd pulp and 1.5%
acidity as acetic acid had maximum sensory score for
flavour, consistency, colour and appearance and
overall acceptability score. Cooked pumpkin pulp (7%)
as vegetable thickener and 1.5% acidity as acetic acid
in tomato ketchup was also most acceptable to judges.
However, tomato ketchup manufactured with the
chemical thickener, CMC at 0.7% and 1.5% acidity
as acetic acid was also most acceptable to judges.

The comparative sensory score of most acceptable
tomato ketchup with each thickener is presented in
Table 1. Tomato ketchup manufactured with 10%
cooked bottle gourd and 1.5% acidity as acetic acid
was most acceptable in terms of   maximum (8.3)
flavour score in response to other thickeners for the
manufacture of tomato ketchup (Table 1). However,
tomato ketchup with cooked pumpkin pulp as
thickener was least preferred to judges with minimum
(7.6) flavour score. Judges expressed the perception
of vegetable flavour with cooked pumpkin as thickener
which has resulted into least flavour score. The
maximum (8.6) consistency score in tomato ketchup
was reported with  CMC thickener by the judges and
minimum (7.1) consistency score was obtained with
tomato ketchup manufactured with cooked pumpkin
pulp followed by 7.9 consistency score with cooked
bottle gourd pulp (Table 1).  Sidhu et al. (1997) also

Table1. Consumer sensory score of tomato ketchup with
different thickeners*

· Each value represents the mean ± SD

Thickener Attributes 
Corn flour Bottle gourd Pumpkin CMC 

Flavour 7.8±0.3 8.3±0.7 7.6±0.3 7.8±0.7 
Consistency 8.2±0.2 7.9±0.3 7.1±0.5 8.6±0.8 
Sourness 7.5±0.4 7.4±0.6 8.1±0.3 7.7±0.6 
Colour and appearance 7.5±0.5 7.4±0.8 7.9±0.4 8.2±0.7 
Overall acceptability 7.75±0.3 7.75±0.4 7.68±0.5 8.08±0.9 
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Fig. 1. Response surface plot of sensory score with different thickeners
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highlighted the importance of hydrocolloids in the
manufacture of tomato ketchup. Response surface plot
of different thickeners towards sensory score of tomato
ketchup showed the better acceptance to the judges
in terms of flavour, consistence, sourness, colour and
appearance and overall acceptability score (Fig.1). The
lower consistency score with pumpkin and bottle
gourd pulp in the manufacture of tomato ketchup can
be reflected due to less moisture retention in tomato
ketchup. Judges had shown most preference towards
colour and appearance score of 8.2 to tomato ketchup

manufactured with CMC chemical stabilizer and
minimum (7.4) preference was shown with bottle
gourd as thickener (Table 1). Tomato ketchup with
CMC stabilizer was most preferred to judges in overall
acceptability score of 8.08 whereas, judges expressed
similar overall acceptability score for tomato ketchup
manufactured with corn flour and bottle gourd with
overall acceptability score of 7.75 (Table 1).

Physico-chemical properties of tomato ketchup with
different thickener: The TSS level in tomato ketchup
with different thickener varied between 26-27%.
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Table2.  Physico-chemical properties of tomato ketchup with
different thickeners

· Each value represents the mean ± SD

Thickener Attributes 
Corn flour Bottle 

gourd 
Pumpkin CMC 

TSS (%) 27±0.4 26±0.3 26±0.6 26±0.7 
pH 4.06±0.5 4.07±0.3 4.06±0.2 4.25±0.8 
Serum separation (ml) 0.0 2.2±0.1 3±0.1 0.0 
Ascorbic acid 
(mg/100g) 

26.96±0.8 50.71±0.4 42.3±0.6 38.48±0.4 

Total carotenoids 
(mg/100g) 

1.09±0.3 3.06±0.9 1.41±0.7 2.2±0.3 

Lycopene (mg/100g) 0.534±0.6 1.84±0.8 0.76±0.5 1.17±0.7 

 

Maximum (27%) TSS was obtained in tomato ketchup
with corn flour whereas, tomato ketchup
manufactured with bottle gourd, pumpkin and CMC
thickener exhibited TSS level to 26% (Table  2). Tomato
ketchup manufactured with corn flour, bottle gourd
and pumpkin thickener had similar pH level (4.06-
4.07) while the pH level of tomato ketchup with CMC
stabilizer had higher pH level of 4.25. It is interesting
to observe that vegetable based bottle gourd thickener
and pumpkin in manufacture of tomato ketchup
yielded maximum serum separation of 2.2-3.0 ml
while negligible serum separation was obtained in
tomato ketchup with corn flour and CMC thickener.
The occurrence of negligible serum separation with
corn flour and CMC stabilizer can be reflected with
more water binding capacity as compared to vegetable
based thickener of bottle gourd and pumpkin.
Maximum (50.71 mg/100g) ascorbic acid in tomato
ketchup was obtained with bottle gourd thickener
which was followed by 42.3 mg/100g in tomato
ketchup with pumpkin as thickener (Table 2). Higher
ascorbic acid content can be attributed with
introduction of vegetable based thickener. The total
carotenoids ranged 1.09-3.03 mg/100g in tomato
ketchup manufactured with different thickener.
Lycopene content in tomato ketchup was maximum

91.84 mg/100g) with bottle gourd thickener followed
by CMC (1.17 mg/100g), pumpkin (0.76 mg/100g) and
corn flour (,0.534 mg/100g), respectively (Table  2).

It can be concluded that bottle gourd and pumpkin as
thickener can serve as good source of thickening
materials in tomato ketchup. However, CMC as
thickener was recognized as best thickening materials
in terms of sensory and physic-chemical analysis.
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