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Abstract.

Tomato (Solanum lycopersicum L.) is one of the most important crops that is extensively used in the food processing industry.
During tomato processing, abundant by-products such as skins, pulps, seeds, and waste are generated and cause environmental
burdens. To solve this problem, tomato pomace was subsequently used as a material for making tomato sauce. However, it
is essential that the production of tomato ketchup meets the required standards. Therefore, it is important to analyze the
physicochemical and sensory characteristics of the product. We aimed to study the effect of corn starch addition on the
physicochemical and sensory properties of tomato ketchup made from tomato waste and to assess the acceptability of tomato
sauce formulated with different concentrations of corn starch.

Tomato ketchup was cooked at 90°C for 15 min and then hot-filled into a sterile glass bottle. It was then analyzed for
physical properties (color, viscosity, and total dissolved solids), chemical properties (pH, titratable acidity, moisture content),
microbiological quality (total bacteria, mold, and yeast), and sensory acceptance.

The results showed that corn starch influenced the color characteristics of the tomato sauce. Adding more than 4% of corn
starch increased the viscosity and total solids content significantly (p < 0.05). Also, corn starch addition decreased the water
content and acidity, as well as increased the pH of the tomato sauce. Microbiological analysis showed no growth of bacteria,
mold, or yeast in any of the test samples. According to sensory analysis, the tomato sauce with 1% of corn starch had the
highest acceptance, while higher concentrations of corn starch decreased the texture acceptance.

Our findings may indicate that, with proper formulation, tomato by-products can be used as raw materials to develop sustainable
alternative value-added products that consumers accept organoleptically. Further investigations can be conducted in the
pilot-scale studies to enhance the feasibility of tomato pomace ketchup as a commercial product.
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AHHOTAIUA.

Tomars! (Solanum lycopersicum L.) SBISIOTCS BaKHOM CEIBCKOX03sHiCTBEHHON KyIbTypoil. [Ipu nepepaboTke ToMaToB 00pa3yroTcst
O0OYHbIE TIPOAYKTHI (KOXKHUIA, MIKOTh, CEMEHa, OTXO/IbI), KOTOPBIE BEIOPACHIBAIOTCS IPOU3BOAUTENSIMUA. UTOOBI CHU3UTH OTEPH,
TOMATHBIE BEDKUMKH HCIIONB3YIOT JIUISI IPUTOTOBJICHUSI TOMAaTHOTO KeTuyna. KagecTBo roToBOro TOMAaTHOTO KETUyIIa JOJKHO
COOTBETCTBOBAThH TPEOYEMBIM CTaHAAPTaM, 0COOCHHO (PU3UKO-XUMHUYECKUM M OPTraHOJICITHYECKUM XapaKTEPUCTHKAM ITPOIYKTa.
Lens paboTHI — N3yUUTh BIMSHUE KyKyPy3HOTO KpaxMana Ha (pu3nKo-XUMHIECKUE, MUKPOONOIOTHIECKHE i OPTaHOIETITHIECKHE
CBOMCTBAa TOMAaTHOTO KETUyHa, IPUTOTOBICHHOTO U3 TOMAaTHBIX OTXOJI0OB, H OI[CHUTH ITOTPEOUTEIHCKYIO IPUBIEKATEILHOCTD
TOTOBOTO MPOAYKTA.

Keruym rotoBmiIm u3 TOMaTHBIX BEDKUMOK. JUIs 3arymieHus coyca q00aBIsIN KyKypy3HBIH KpaxMall B KOHIEHTpanusx 1, 4
u 7 %. Coyc Bapwiu npu temieparype 90 °C B TeueHue 15 MUH U TOPSYUM pa3IUBald B CTCPUIbHBIC CTEKISHHbBIC OAHKH.
Ananu3 Qpusndeckux (IBET, BA3KOCTh, OOLIMIA CyXOH 0CTAaTOK), XUMU4eckuX (pH, TUTpyemast KHCIIOTHOCTb, COJCpKAHHUE BIIaru),
MHUKPOOHOIOrHYecKuX (00mIee KoJINIecTBO OaKTepHH, IUIECEHN U POXKIKEH) U OPraHOJENTHYSCKUX CBOHCTB IIPOBOAMIH IO
OOIIETTPUHATHIM METOAUKAM.

Pe3ynbTaThl HccineioBaHMUS MOKA3aldH, YTO KyKypy3HBIH KpaxMal BIUSCT HA I[BETOBBIC XapaKTEPUCTHKH TOMATHOTO coyca.
Jlo6aBnenue Oonee 4 % KyKypy3HOTo Kpaxmalsia Mo3BOJIHIIO OBBICUTH BSI3KOCTh M 001IHil cyxoi octaTok (p < 0,05). Beenenue
KyKypy3HOTO KpaxMaJla B pelenTypy MO3BOIMIO CHU3UTh KOJTHIECTBO BOJBI M KHCIOTHOCTD, a TaKkKe MOBBICHIIO pH ToMaTHOTO
coyca. MUKpOOHOIOrMYECKHil aHAIM3 He BBISIBUII pOCTa OAKTEPHi, IJIECEHH HIIH APOXIKEH B TECTUPYeMbIX 00pasnax. TomMaTHbIH
coyc ¢ 1 % KyKypy3HOTO Kpaxmaja MOJydusI caMyl0 BBICOKYIO OIIEHKY 110 OPTraHOJIENTHIECKNM TOoKa3aTensiM. bomee BeIcOKHe
KOHIIEHTPAINH KYKypy3HOTO KpaxMaJla HeTaTHUBHO BIIMSUIH HAa KOHCHCTEHITHIO ITPOTYKTa.

IIpaBunbHO Mo00paHHas pelenTypa MO3BONIAET UCIOIb30BATh MOOOUHBIE MPOJYKTHI MEPEPAOOTKN TOMATOB B KAYECTBE ChIPhS
JUTSL TPOU3BOJICTBA HKOJIOTHYHBIX IPOIYKTOB C JOOABICHHOH CTOMMOCTBIO M XOPOIIIMMH OPTaHOJIENTHIECKIMH XapaKTepPUCTHKaMU.
OpnHako JAJsl MOBBILICHUS d(PPEKTHBHOCTH MPOU3BOJCTBA KETUYIA M3 TOMATHBIX BBDKMMOK B IMPOMBIIIICHHOTO YCIOBHUSAX
TPeOyIOTCSI IOTIOHUTENBHEIE HCCIIEOBAHMNS.

KuroueBsie ciioBa. Solanum lycopersicum L., keTuymn, TOMaTHbIE OTXO/bI, KYKYpYy3HbII KpaxMall, KauecTBO, 0€30MaCHOCTh
Jas nurupoBanusi: Xepusuro C., Pomyno A. KeTuyn n3 ToMaTHOr0 XMbIXa: pU3HKO-XMMUYECKHE, MUKPOOHOJIOTHYECKHE U

opraHoJenTHYecKue mokazareny // TexHuKa U TeXHOJIOTH MUIIEeBBIX mpou3BoacTB. 2023. T. 53. Ne 4. C. 766—774. (Ha anrun.).
https://doi.org/10.21603/2074-9414-2023-4-2477

Introduction tomatoes with improving immune responses and redu-

Tomato (Solanum lycopersicum L.) is one of the cing the risk of cardiovascular diseases and certain can-
world’s most economically important and widely culti- cers [7-10]. Therefore, tomatoes and tomato-derived
vated crops [1, 2]. It is considered a multi-function products are considered a good source of nutrients.
ingredient and is frequently utilized to improve the According to the Food and Agricultural Organization,
flavor, color, and texture of various food products [3]. approximately 200 million tons of tomatoes are produ-
Tomatoes have been reported to have advantageous ced annually worldwide [11]. Of the total production,
nutritional and health benefits due to their components around 75% is used for direct consumption, while the
such as vitamin C, carotenoids (mainly lycopene, lutein, rest is utilized as an ingredient in processed tomato-

and fS-carotene), as well as phenolic compounds [4—6]. based products [11, 12]. It is expected that 30% of fresh
Previous studies have associated the consumption of tomatoes will be wasted along the production chain.
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Significant losses and waste are generated during
harvest, fruit handling, and industrial processing [13].
In industrial processing, tomatoes are used to produce
ready-to-eat products such as ketchup, paste, juice, and
jams. It generates significant residues such as tomato
peels and seeds [14, 15]. These tomato pomaces have
been proven to contain abundant amounts of nutrients
and phytochemicals [16, 17].

Indonesia produced around 1.1 million tomatoes in
2020, and the production level is expected to increase
gradually in the next few years [18]. The gradual rise
in the production and consumption of tomatoes also
increases waste generation. Therefore, the recycling of
tomato waste is currently the leading solution among
the top environmental stakes. The valorization of the
product through developing a sustainable product is
greatly encouraged, and tomato sauce can be one of
such products [19]. To the best of our knowledge, there
has never been a product produced from tomato waste
and sold in Indonesia.

Among tomato-based products, tomato sauce or
tomato ketchup is one of the most widely consumed
food products in the world, and its production requires
simple unit operations [20]. Some previous studies have
shown the success of using tomato pomace as raw mate-
rial for making tomato sauce [20, 21]. Tomato pomace
is prone to microbial deterioration due to its high water
content (approximately 80-90%); therefore, the proces-
sing must be conducted as soon as possible [22]. More-
over, this high water content could lead to a signifi-
cantly diluted sauce [23]. Therefore, it is crucial to add a
thickening agent to improve the rheological and sen-
sory properties of the product, such as corn starch [24].
Corn starch has been widely used in food industries as
an affordable thickener and a preferable choice due to
its high thickening capacity, swelling properties, and
paste clarity [25]. The addition of corn starch has been
reported to have pasting properties comparable with
other starches, which can prevent the separation of
tomato ketchup serum and aggregation of solid particles
during storage [26, 27]. The tendency of people to
consume natural products has boosted the use of native
corn starch and given rise to research on the use of
native starch in food applications. Tomato ketchup is
generally produced from tomato paste. We, however,
used tomato pomace as a sole base for tomato ketchup.
The amount of corn starch added to the formulation is
crucial for the body texture and other characteristics
of the product. Thus, we aimed to study the effect of
corn starch on the physicochemical properties of tomato
sauce and to assess the acceptability of tomato sauce
formulated with different concentrations of corn starch.

Study objects and methods

In this study, we used tomato waste (FoodCycle,
Indonesia), native cornstarch (Maizenaku, Indonesia),
and other ingredients for making tomato sauce. The

chemicals used for the experiment included sodium
hydroxide (NaOH), phenolphthalein, phosphate buffer
saline, ethanol 96%, tartaric acid, potato dextrose agar,
and plate count agar (Merck, Germany).

Tomato sauce preparation. Tomato waste fraction
was first collected. For this, around 500 g of tomato po-
mace was blanched at 90°C for 3 min and crushed using
a blender for 5 min until forming a slurry pulp. The pulp
was mixed with other ingredients (fixed percentage
concentration, not mentioned) to make tomato sauce,
except for corn starch used at different concentrations
(Table 1). After the texture was thickened, the acidity
of the tomato sauce was adjusted using the acidifying
agent. The sauce was heated until the final total soluble
solid was obtained. The ketchup was hot-filled into a
sterile glass bottle and then heated at 90°C for 15 min.
No other tomato products (such as paste) were added
to the tomato ketchup.

Color analysis. The color of the tomato sauce was
evaluated using a Chromameter NH310 (Shenzhen,
China) [28]. In this experiment, three color matrices
were measured: pixel value of lightness L, pixel value of
a (greenness to redness), and pixel value of b (blueness
to yellowness). The L, a, b, and AE between the test
samples and the control sauce were calculated using
the following Eq. (1):

AE =\(AL)’ +(Aa)’ +(Ab) (1)

Viscosity analysis. The viscosity analysis of the samp-
les was carried out using a Brookfield DV-1 viscometer
(Ametek Brookfield, USA) at room temperature [29].
The spindle RV-07 was immersed into the sample and
stirred at 10, 50, and 100 rpm for 3 min. The data shown
in the display of the viscometer was then recorded.

Total dissolve solids analysis. The total dissolved
solids of the tomato sauce were measured using a Brix
refractometer [30]. The sample was homogenized and
then centrifuged. The resulting clear liquid was then
dropped onto the refractometer prism. The data shown
in the refractometer was then recorded and expressed
as °Brix.

pH and titratable acidity measurement. The aci-
dity (pH) of the tomato sauce was measured using a
pH meter following the procedures of the Association
of Official Analytical Chemists [30]. pH meter was

Table 1. Corn starch concentrations in tomato sauce

Tabmuna 1. Konnentpanus Kykypy3HOTro Kpaxmaia
B TOMaTHOM COycCe

Formula Corn starch, %
1 0
2 1
3 4
4 7
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calibrated with a standard buffer solution of pH 4.0,
7.0, and 10.0 before being used.

The titratable acidity, %, of the tomato sauce was
determined using the acid-base titration method [31].
The sample was diluted, filtered, mixed with 0.1% phe-
nolphthalein, and titrated with 0.1 N NaOH solution.
The percentage of acidity was calculated as acetic acid
using the following Eq. (2):

Vx NxBxFP
w

where V' is the volume of 0.1 N NaOH solution used
for titration, mL; N is the normality of NaOH solu-
tion (0.1 N); B is the equivalent weight of acetic acid
(60.052 g/mol); FP is the dilution factor; W is the
sample’s weight, g.

Moisture content analysis. The moisture content, %,
of the tomato sauce was determined by drying the sam-
ple in an oven at 105°C until a constant weight was
achieved [32]. The water content was calculated using
the following Eq. (3):

TA= )

Moisture content = % x100 3)
where W is the sample’s weight before drying, g; W, is
weight loss after drying, g.

Total microbial analysis. The total microbial ana-
lysis of the tomato sauce was carried out using the pour
plate method [33]. The sample was diluted up to 1073
and cultured into Plate Count Agar (Merck, Germany).
The colony was observed on each plate after 48 h of
incubation at 37°C.

Enumeration of mold and yeast. The enumeration
of mold and yeast in the tomato sauce was carried out
using the spread plate method [34]. The sample was
diluted up to 102 and cultured into Potato Dextrose Agar
(Merck, Germany). The colony growth was recorded
on each plate after 5 days of incubation at 25°C.

Sensory analysis. The sensory analysis of the tomato
sauces was conducted using a hedonic rating test [35].
The analysis was performed in a sensory laboratory
with separate spaces for the panelists. The tomato sau-
ce parameters (color, aroma, taste, texture, and overall
acceptance) were assessed using a 9-scale hedonic

rating test (1 = dislike extremely, 2 = dislike very much,
3 = dislike moderately, 4 = dislike slightly, 5 = neither
like or dislike, 6 = like slightly, 7 = like moderately,
8 = like very much, 9 = like extremely).

Statistical analysis. The data were statistically analy-
zed using the IBM SPSS Statistics 25.0 software. The
One-Way ANOVA and HSD Tukey’s at 95% confidence
interval (p < 0.05) were used to analyze the differen-
ces in physicochemical and sensory properties of the
tomato sauce.

Results and discussion

The production of tomato sauce from tomato waste
is one of the solutions to valorize tomato waste from
industrial processing. The formulation of tomato sauce
with corn starch was intended to obtain the best for-
mula with high acceptability in terms of physicochemi-
cal and sensory characteristics.

Effect of corn starch on the color of tomato sauce.
Color properties are the most essential physical cha-
racteristics in the acceptability of tomato sauce. The
CIE L*, a*, b* color model was used to measure the
color of the tomato sauces with different concentra-
tions of corn starch (Table 2).

We found that the addition of corn starch changed
the color of the tomato sauce. Particularly, adding up
to 7% of corn starch changed the L*, a*, b*, and AFE
values significantly (p < 0.05), compared to the control.
Corn starch has a pure white color and produces a
transparent gel. The higher the concentration of corn
starch, the more transparent starch crystals and the
higher the brightness level of the tomato source [36].
All the samples also had positive a* and b* values,
which means the colors tended to be red and yellow.
The main component responsible for the tomato’s red
and yellow colors is the natural content of carotenoid
pigments. The amount of carotenoid pigments depends
on the variety, fruit maturity level, and environmen-
tal conditions where the fruit ripens [37]. The value
of total color differences (AE) can be classified as
very obvious (AE > 3), obvious (1.5 < AE < 3), and
not noticeable (AE < 1.5) [38]. According to Table 2,
corn starch affected the samples’ color significantly.
In particular, adding 7% of corn starch resulted in very

Table 2. Instrumental color parameters L*, a*, b*, and AE of tomato sauce with different corn starch concentrations

Tabnuna 2. [TokazaTenu nBeTa TOMaTHOTo coyca L*, a*, b* u AE: 06pa3usl ¢ pa3HOH KOHLIEHTpalHeil KyKypy3HOTro Kpaxmaia

Formula L* a* b* AE
1 34.52 £0.522 14.27 £ 0.54¢ 8.08 £0.722 02
2 35.42+0.26° 15.59£0.58" 9.80 +£0.32% 2.48 £0.68°
3 36.55+0.85° 14.61 £ 0.46° 9.51 £ 1.04° 2.81 £0.82°
4 37.61 £0.25¢ 16.00 £+ 0.50° 11.51 +£0.48¢ 5.00 £0.58¢

Values are expressed as mean + SD. The numbers followed by different letters in the column are statistically different (p < 0.05).

3HaueHUs BBIPAXKAIOTCS KAK CPeJIHEe + CTaHJAapTHOE OTKIOHeHue. L{ndpsl, 32 KOTOPBIMH CIIEAYIOT pa3Hbie OyKBbI B CTOJIOIE, CTATHCTHYCCKH

paznuuatorcs (p < 0,05).
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Figure 1. Effect of corn starch on the viscosity
of tomato sauces
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Figure 3. Effect of corn starch on moisture content
of tomato sauces

Pucynok 3. Bausaue KyKypy3HOro Kpaxmajia Ha CoepKaHue
BJIaTM B TOMaTHOM coyce

obvious color differences, while 4% of corn starch pro-
duced obvious color changes.

Effect of corn starch on viscosity and total dissol-
ved solids of tomato sauce. The viscosity of the tomato
sauces manufactured with different corn starch concen-
trations is shown in Fig. 1. According to the results, the
addition of corn starch increased the viscosity of the to-
mato sauce significantly (p < 0.05). In particular, adding
7% of corn starch resulted in the highest viscosity of the
tomato sauce (104.07 Pa-s), compared to the control.
During the heat treatment process in the production of
tomato sauce, corn starch undergoes gelatinization and
swelling, increasing the sauce’s viscosity [23]. Due to
water absorption during gelatinization, the prevention
of syneresis and stable texture in tomato sauce could
be achieved [39].

The increased viscosity of the tomato sauce may also
be affected by the content of total dissolved solids (Fig. 2).

Our results showed that the addition of corn starch
increased total dissolved solids significantly (p < 0.05).

770

45
40
35
30
25
20
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10

4033 +0.52¢ 40.83+041°
37.17£0.41°

] I I l
0 1 4 7
Cornstarch concentration, %

Figure 2. Effect of corn starch on total dissolved solids
of tomato sauces

Total Dissolve Solids, °Brix

Pucynok 2. BausiHue KyKypy3HOTO Kpaxmaia Ha OOIIHi
CYXOii 0OCTaTOK B TOMaTHOM COYycCE

In particular, adding up to 4% of corn starch increased
the total solids content to 31.00—40.33°Brix. However,
higher concentrations corn starch did not improve the
total solids content in the tomato sauce. This is one of the
critical quality parameters in tomato sauce production.
The higher the content of total dissolved solids in the
tomato sauce, the better its quality and consistency [40].
According to the Indonesian national standard for the
production of tomato sauce, good quality tomato sauce
must have at least 30°Brix (SNI 01-3546-2004). All
the samples tested in our study met this requirement.
Effect of corn starch on moisture content, pH,
and acidity of tomato sauce. Figure 3 shows the results
of moisture content analysis. Significant differences
were observed in all the tomato sauces with corn starch
compared to the control. The lowest moisture content
was detected in the tomato sauce formulated with 7% of
corn starch (56.77%). Our data were in line with those
in the previous research where higher concentrations
of corn starch in tomato sauce lowered its water con-
tent [41]. On the other hand, our results were opposite
to those in a study by K. Alam et al. who stated that ad-
ding a thickening agent could increase the water con-
tent [42]. The disparity between the data in the previous
research and our results could probably be due to the type
of thickening agent used and its water-binding ability.
As can be seen from Fig. 4, the addition of corn starch
influenced the pH of the tomato sauces. In particular,
their pH values ranged from 3.47 to 3.57. A slight incre-
ase in pH was observed in the tomato sauce formu-
lated with more than 1% of corn starch. The pH values
in our study met the pH requirements for tomato
sauce (pH 3-4) (SNI 01-3546-2004). Our results were
consistent with those in a previous study, where pH ran-
ged between 3.40 and 3.84 [42]. The pH values were
mainly influenced by the number of acids contained
in the samples. The titratable acidity (Fig. 5) of the to-
mato sauces ranged from 3.57 to 3.73%. The addition
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Figure 4. Effect of corn starch on pH values
of tomato sauce

Pucynok 4. BausiHue Kykypy3HOTo Kpaxmania Ha 3HaueHust pH
TOMAaTHOI'O coyca

b
4.00 7 3-73+0.08° 357, 0100 3.57£0.10° 3.570.09°

3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00 - T T T
0 1 4 7

Cornstarch concentration, %

Titratable Acidity, %

Figure 5. Effect of corn starch on titratable acidity
of tomato sauce

Pucynok 5. Biusitnue kykypy3HOro kpaxmalia Ha TUTPYEMYIO
KHMCJIOTHOCTh TOMAaTHOTI'O cOyca

Table 3. Microbial analysis of tomato sauce

Tabnuna 3. MUKpOOHBI aHATTU3 TOMAaTHOTO coyca

Formula Total microbes, CFU/g Mold and yeast, CFU/g
1 <2.5x10% (0) < 1.0x10%(0)
2 <2.5%10% (0) < 1.0x10%(0)
3 <2.5%10% (0) < 1.0x10%(0)
4 <2.5x10% (0) < 1.0x10%(0)

Table 4. Tomato sauce acceptance by hedonic rating
Ta6nnua 4. HOTpeGI/ITeHBCKaﬂ TIPUBJICKATCIBHOCTE TOMATHOTO Coyca I10 FeI[OHHCTP[‘{eCKOﬁ IIKaJje

Formula Color Aroma Flavor Texture Overall
1 5.95+1.62® 4.65 £2.02¢ 5.08 £1.83* 5.70 £ 1.47% 5.10 £1.55*
2 6.90 £ 1.28° 6.18 + 1.60° 6.43 +1.55° 6.45+1.48¢ 6.50 = 1.50°
3 6.60 £ 1.26 5.78 £ 1.46° 590+ 1.61* 5.33+1.86° 5.70 £ 1.49*
4 570+ 1.77° 5.60 £ 1.60% 5.50 + 1.84® 418 £2.232 5.03 +1.86*

Values are expressed as mean = SD. The numbers followed by different letters in the column are statistically different (p < 0.05).

3HavyeHUs BBIPAXKAKOTCA KaK CPEAHEE + CTAaHAAPTHOEC OTKJIOHEHHUE. HI/I(prJI, 3a KOTOPBIMH CIECAYIOT Pa3HbIC 6yKBI>I B CTOJ'I6L[C, CTaTUCTUYECCKHN

paznuuatorcs (p < 0,05).

of corn starch reduced the acidity of the tomato sauce
(p < 0.05). The titratable acidity values in our study
were in line with the Indonesian national standard,
which requires a minimum of 0.8% acidity in tomato
sauce (SNI 01-3546-2004).

Microbiology analysis of tomato sauces. The re-
sults of the microbiological tests are shown in Table 3.
As can be seen, none of the samples was found to
be contaminated by microorganisms. Furthermore,
the counts were lower than the maximum standard,
which is 2x102 CFU/g for total microorganisms and
5x10" CFU/g for molds and yeasts (SNI 01-3546-2004).
The results confirmed that the tomato sauces were pro-
duced in accordance with good manufacturing prac-
tices for producing processed foods. In particular, the
tomato sauces were produced promptly after the receipt
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of tomato waste, which prevented its decomposition
and minimized the proliferation of microorganisms [43].
In addition, the low bacterial and mold yeast counts in
our study could be related to the low pH of the tomato
sauces and the heat treatment process during tomato
sauce production [44].

Sensory analysis of tomato sauces. The results of
the sensory analysis are shown in Table 4. The addition
of corn starch showed the variation in sensory attri-
butes acceptance. The panelists preferred the tomato
sauce with 1% of corn starch in terms of color, aroma,
flavor, texture, and overall acceptance. The statistical
results showed a significant difference between the 1%
corn starch sample and the control (p < 0.05). Among
the test samples, adding more than 1% of corn starch
showed no differences in color, aroma, or flavor but
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tended to decrease the texture acceptance. This decrease
is probably due to the capability of corn starch to weaken
the distinctive aroma and flavor of tomato sauce [23].
A similar result was observed in the study by Singh ef al.,
where the tomato sauce with a higher concentration of
thickening agent tended to have a lower sensory score
on aroma and flavor [45]. Besides, higher concentrati-
ons of corn starch reduced the acceptance of color in
the tomato sauce. As for overall acceptance, adding
more than 1% of corn starch did not cause a significant
difference compared to the control (p > 0.05). These
results showed the potency of tomato waste in Indo-
nesia to be utilized into acceptable products through
proper formulation.

Conclusion

To sum up, our study provided information on the
effect of corn starch formulation on the physicochemical
and sensory properties of the tomato ketchup made from
tomato waste. According to our results, adding corn
starch in certain concentrations can affect the physical
characteristics of the tomato sauce. In particular, the
addition of corn starch reduced the acidity and increased
the pH of the tomato sauce. All the test samples were
free from bacterial (< 2.5%10* CFU/g) or mold and yeast
(1.0x10? CFU/g) contaminations. The sensory analysis
showed that the tomato sauce formulated with 1% of
corn starch had the highest acceptance by the panelists.
Our results indicate that with proper formulation, tomato
waste can be employed as raw material to develop an
organoleptically acceptable and sustainable value-added
product in Indonesia. To increase the feasibility of tomato

pomace ketchup as a commercial product, additional
research should be undertaken in the pilot-scale trials.
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