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More than 80% of tomatoes produced in world are
consumed in the form of processed 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 (Singh
et al. 2008). The natural loss of pectin during processing
greatly results in reduced consistency as a result more
serum is separated during storage which affects the
consistency and acceptability in tomato ketchup (Thakur et
al.1996). Among the tomato processed products, tomato
ketchup is very popular in fast food restaurants in India and
abroad. The consumption of sauce or ketchup is increased
significantly as it serves as an important condiment with
fast food as well as with egg, fish, poultry, meat, cheese and
rice dishes (Ghoshal er al. 2009).

The manufacturers use various thickeners in the form
of polysaccharides such as starch, gum, xanthum gum, gum
arabic, guar gum and carboxy methyl cellulose to improve
the consistency and overall acceptability of tomato ketchup
(Ghoshal et al. 2009). Since the acceptability of tomato
ketchup is dependent on flavour, consistency and desired
sourness, the present investigation has been undertaken
towards the selection of chemical thickener, carboxy methyl
cellulose (CMC) and natural plant based thickener such as
cooked bottle gourd, cooked pumpkin and commercial
available thickener corn flour along with desired level of
acidity as acetic acid for manufacture of acceptable tomato
ketchup.

The experiment was planned with 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 tomatoes (100 kg)
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were washed, cut into small pieces and were subjected to
the cooking of 10 minutes in 150 litre capacity of steam
jacketed kettle. The cooked tomatoes were passed through
tomato pulper to remove the seed and peel of tomato from
tomato pulp. Similarly bottle gourd and pumpkin (5 kg
each) fruits after peeling and slicing were separately cooked
to 1-4 minutes with steam under pressure and cooked pulp
were blended in blender for 30-45 sec. Tomato ketchup was
prepared with 13 experimental runs each from corn flour,
cooked bottle gourd, cooked pumpkin and CMC stabilizer
and acetic acid levels using D6 Hoax Response Surface
Methodology (RSM) as per the method of Thompson (1982).
The tomato pulp (80 kg) after addition of 1/3 quantity of
sugar, varying levels of corn flour, bottle gourd, pumpkin
and CMC stabilizer was manufactured according to the
standard process of the manufacture of tomato ketchup
(Singh et al. 2003). The tomato ketchup was hot filled (90-
95°C) in pre-sterilized glass bottles and corked with pre-
sterilized crown cork. The tomato ketchup was stored at
room temperature (29-32°C) and was subjected to sensory
and physico-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 solids, pH, acidity, ascorbic acid
and lycopene were estimated as per the method of Ranganna
(1997). The 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) was reflected
as serum separation.

The maximum acceptance of cooked bottle gourd and
pumpkin was obtained after cooking in steam under pressure
for 2 min with maximum consistency and overall
acceptability score (8.5). Maximum flavour score (8.3) in
tomato ketchup was obtained with 0.4% CMC and 1.75%
acidity and 10% cooked bottle gourd and 1.5% acidity in
comparison to other thickeners for the manufacture of tomato
ketchup (Fig 1d and 1b).
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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 (8-8.3),
consistency (7.8-7.9), sourness (7.3-7.5), colour and
appearance (7.4-7.5) and overall acceptability score of 7.63-
7.75 (Fig 1b). Cooked pumpkin pulp (7%) as vegetable
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thickener and 1.5% acidity as acetic acid in tomato ketchup
was also acceptable to judges (Fig 1c). Maximum flavour
score (8.3) in tomato ketchup was obtained with 0.4%
CMC and 1.75% acidity and 10% cooked bottle gourd and
1.5% acidity as acetic acid in comparison to other thickeners
for the manufacture of tomato ketchup (Fig 1d and 1b).
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Fig 1 Central composite rotatable design matrix and observed sensory values of response variables in tomato ketchup with different

thickeners
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Table 1 Physico-chemical properties of tomato ketchup with different thicners

Formulation Thickener Acid level  Total solids TSS pH  Serum searation Ascorbic Lycopene
level (%) (%) (%) (°Brix) (ml) acid (mg/100g) (mg/100g)
Corn flour
1 2.75 1.15 26.8 26.0 4.2 0.0 32.77 0.54
2 1.50 1.75 26.4 26.0 4.0 1.8 29.07 0.25
3 2.75 1.5 27.6 27.0 4.06 0.0 26.96 0.53
4 2.75 1.85 26.4 26 3.96 0.0 39.64 0.77
5 2.75 1.5 26.6 26 4.05 0.0 26.94 0.53
6 4.0 1.75 27 26 3.98 0.0 32.77 1.31
7 0.98 1.5 27.3 27.0 3.97 14 47.57 0.24
8 2.75 1.5 26.5 26.0 4.06 0.0 26.87 0.54
9 2.75 1.5 26.6 26.0 4.05 0.0 26.9 0.53
10 1.5 1.25 26.4 26.0 4.11 1.2 34.88 0.23
11 4.52 1.5 26.2 26.0 4.03 0.0 24.31 1.37
12 4.0 1.25 27.2 27.0 4.12 0.0 2431 0.8
13 2.75 1.5 26.6 26.0 4.06 0.0 26.91 0.53
Bottle gourd
1 10.0 1.5 27.6 27.0 4.07 2.30 50.74 1.85
2 10.0 1.85 26.8 26.0 4.05 3.0 40.17 1.23
3 10.0 1.5 274 27.0 4.07 23 50.69 1.89
4 10.0 1.5 26.3 26.0 4.07 22 50.71 1.84
5 10.0 1.15 26.7 26.0 4.16 2.6 40.17 1.1
6 15.0 1.25 26.8 26.0 4.16 2.0 4545 1.54
7 2.93 1.5 27.8 27.0 4.06 24 53.91 1.26
8 10.0 1.5 26.4 26.0 4.06 23 50.72 1.85
9 5.0 1.75 26.3 26.0 4.06 2.8 57.08 1.5
10 15.0 175 26.5 26.0 4.05 22 43.34 1.99
11 17.07 1.5 27.8 27.0 4.13 24 44.39 1.5
12 5.0 1.25 27.0 26.0 4.16 2.8 50.74 1.28
13 10.0 1.5 26.8 26.0 4.07 2.30 50.70 1.87
Pumpkin
1 7 1.5 27.8 27.0 4.07 3.0 42.28 0.75
2 7 1.5 27.7 26.0 4.06 3.0 423 0.76
3 7 1.5 27.8 26.0 4.07 3.0 42.29 0.75
4 2.76 1.5 26.2 26.0 4.06 4.0 42.81 0.61
5 7 1.15 27.0 26.0 4.08 3.0 42.28 0.8
6 7 1.5 27.8 27.0 4.07 3.1 42.27 0.74
7 4 1.75 27.8 27.0 4.06 34 47.04 0.82
8 10 1.75 26.8 26.0 4.04 3.0 41.75 0.74
9 10 1.25 26.8 26.0 4.16 2.8 52.32 0.91
10 7 1.85 27.6 27.0 4.02 2.6 47.57 0.47
11 4 1.5 26.8 26.0 4.07 34 51.79 0.47
12 11.24 1.25 26.4 26.0 4.15 3.0 47.57 0.6
13 7 1.5 27.7 27.0 4.06 3.0 42.31 0.75
cMC
1 0.4 1.75 26.2 26.0 4.12 0.0 34.35 1.28
2 0.7 1.5 26.3 26.0 4.25 0.0 38.58 1.19
3 0.7 1.15 28.0 27.0 432 0.0 38.05 1.02
4 0.7 1.5 26.1 26.0 4.23 0.0 38.6 1.2
5 0.7 185 26.4 26.0 4.19 0.0 34.35 1.08
6 0.8 1.5 26.2 26.0 4.25 0.0 38.48 1.17
7 1.12 1.5 26.3 26.0 4.31 0.0 29.07 0.8
8 0.28 1.5 27.0 26.0 4.19 0.0 35.32 1.12
9 1 1.75 27.2 27.0 4.24 0.0 38.58 1.06
10 1 1.25 26.6 26.0 4.35 0.0 333 0.99
11 0.4 1.25 26.8 26.0 4.27 0.0 42.28 1.49
12 0.9 1.5 26.2 26.0 4.24 0.0 38.6 1.20
13 0.7 1.25 26.3 26.0 4.25 0.0 38.63 1.15
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However, tomato ketchup with corn flour and cooked
pumpkin pulp as thickener was least preferred to judges
with minimum flavour score (6.3-7.9 and 6.8-7.8),
respectively as compared to tomato ketchup manufactured
with cooked bottle gourd and CMC as thickener (Fig 1a and
Ic). The corn flour and acid level had shown negative
response on the sensory score for flavour, consistency,
sourness, colour and appearance and overall acceptability
score in tomato ketchup. Similarly the effect of pumpkin as
thickener in tomato ketchup had also exhibited negative
response on consistency, sourness, colour and appearance
and overall acceptability score. There has been no definite
response with the use of CMC thickener on sensory score
of tomato ketchup. Response surface plot of different
thickeners towards sensory score of tomato ketchup had
shown better acceptance to the judges in terms of flavour,
consistency, sourness and overall acceptability score. There
has been mixed response of the judges towards different
thickeners and acid level on sensory score in tomato ketchup.
However, overall acceptability score showed declining trend
in tomato ketchup with increase in corn flour 1.5-4.0%,
cooked bottle gourd 5-15%, cooked pumpkin 4-10% and
CMC 0.4-1.0% and acid level 1.25-1.75% as acetic acid.
The TSS level in tomato ketchup with different
thickeners varied between 26-27% (Table 1). Tomato
ketchup manufactured with corn flour, bottle gourd and
pumpkin as thickeners had pH values in the range of 3.96-
4.2 while tomato ketchup manufactured with CMC stabilizer
had higher pH values in the range of 4.12-4.35. It is
interesting to observe that vegetable based thickener as
bottle gourd and pumpkin in the manufacture of tomato
ketchup had produced maximum serum separation of 2.0-
4.0 ml while negligible or no serum separation was obtained
in tomato ketchup with corn flour and CMC as thickener.
Tomato ketchup with vegetable based thickener of bottle
gourd and pumpkin contained maximum ascorbic acid
(40.17-57.08 and 41.75-52.32 mg/100g), respectively among
all the experimental runs whereas the lower ascorbic acid
content (29.07-38.63 and 24.31-47.57 mg/100 g) was
obtained in tomato ketchup with CMC and corn flour,
respectively (Table 1). The higher ascorbic acid content in
tomato ketchup with vegetable based thickener of bottle
gourd and pumpkin can be attributed with inclusion of
vegetable pulp in tomato ketchup. The maximum lycopene
(1.1-1.99 mg/100g) as antioxidant was reflected in tomato
ketchup with bottle gourd as thickener followed by (0.8-

EFFECT OF THICKENERS ON TOMATO KETCHUP 1017

1.49 mg/100g) CMC added tomato ketchup. It can be
concluded that acceptable tomato ketchup with different
thickeners such as 2.75% corn flour, cooked bottle gourd
pulp at 10%, cooked pumpkin pulp at 7% and 0.7% CMC
alongwith 1.5% acidity as acetic acid can be developed
with good overall acceptability score to consumers.
However, CMC as thickener was recognized as best
thickening materials in terms of sensory, least serum
separation and physico-chemical properties as compared to
other thickeners.

SUMMARY

The acceptability of tomato ketchup is dependent on
desired mouth feel and acceptable sourness. The acceptable
tomato ketchup can be developed with 2.75% corn flour, 7
and 10% of cooked pumpkin and bottle gourd and 0.4%
CMC along with 1.5% acidity as acetic acid based on RSM.
The vegetable based thickener of bottle gourd 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. Tomato ketchup with vegetable based thickener
of bottle gourd and pumpkin contained maximum (40.17-
57.08 and 41.75-51.79 mg/100g) ascorbic acid, respectively
among all the formulations.

REFERENCES

Ghoshal G, Basu S and Shivhare U S. 2009. Effect of hydrocolloids
on rheological, physico-chemical and sensory properties of
carrot-tomato blended sauce. Journal of Food Science and
Technology 46(3): 20206.

Lawless H T and Haymann H. 1998. Consumer field tests and
questionnaire design. (In) Sensory Evaluation of Food, pp
480-518.Chapman and Hall, NY.

Ranganna S. 1997. Hand Book of Analysis and Quality Control
for Fruit and Vegetable Products, pp 9-10. Tata Mc Graw-Hill
Publishing Company Ltd., New Delhi.

Singh S, Singh A K and Patil G R. 2003. Manufacture of tomato
ketchup and tomato sauce. (In) Food Technology Practical
Manual. NDRI, Karnal, pp 19-21.

Singh S, Singh J and Rai M. 2008. Nutritional attributes of
processed tomato. Comprehensive Review in Food Science
and Food Safety T: 335-9.

Thakur B R, Singh R K and Nelson P E. 1996. Quality attributes
of processed tomato products: A review. Food Review
International 12: 375-401.

Thompson D. 1982. Response surface experimentation. Journal
of Food Process Preservation 6: 155-88.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


