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Summary In this study, a new process was proposed to make the yellow tomato puree more sustainable, avoiding
any waste during production and including peels and seeds in it. In addition, as raw material tomatoes
grown without irrigation and fertilisation procedures were used to increase the sustainability. With respect
to a traditional puree, the whole-fruit yellow tomato puree contained more B-carotene and polyphenols,
exhibiting greater antioxidant capacity, and showed greater consistency due to the high content of pectin
in peels. Moreover, a higher content of glutamic acid, responsible for the umami taste, was detected par-
ticularly in products from GiaGiu ecotype. Sensory analysis assessed that whole-fruit yellow tomato puree
has good acceptability and consumers preferred it for the texture. In conclusion, the whole-fruit yellow
tomato puree is not only a sustainable product but can be also used as an excellent ingredient in food for-

mulation with antioxidant properties.

Keywords

Introduction

Tomato (Solanum lycopersicum L.) is among the most
economically important horticultural crop species
worldwide, second only to potato (Saeed et al., 2014;
Pishgar-Komleh et al., 2017).

Yellow tomato cultivars are attracting much interest
among consumers as fresh products or ingredients for
cooking purposes.

Several yellow tomato varieties are currently avail-
able in Italian markets. Most of these varieties are
hybrids because compared with pure lines, they fre-
quently exhibit heterosis in terms of yield-related,
pathogen resistance, and fruit quality traits (Mishra
et al., 2021). However, because of the pedoclimatic,
cultural, and political differences among Italian envi-
ronments, many tomato ecotypes have been selected
from farmers based on their high performances in spe-
cific areas of the country, thus increasing consumer
demand (Sacco et al., 2020; Farinon et al., 2022).
Among these varieties, ‘GiaGil’, an autochthonous
cultivar from the Campania region in southern Italy,
is of considerable interest for its interesting organolep-
tic and nutritional qualities (Sacco et al., 2013; Rug-
gieri et al., 2014). Compared with the other genotypes,
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the GiaGiu ecotype contains the highest content of
titratable acid, organic acids (particularly glutamic
acid), and pectin. The chemical-physical properties are
preserved even after heat treatment, as reported by
Raiola et al. (2018).

Through these features, yellow tomatoes can be suc-
cessfully used to produce juices, sauces, and purees with
specific viscosities and taste. Tomato consumption, in
fact, has increased in recent years with the development
of new processed products (Raiola et al., 2018; Chabi
et al., 2024). Tomatoes contain 93-96% water on aver-
age. All other components represent the dry matter (4—
7%). The latter contains soluble and insoluble organic
compounds and mineral salts. Soluble organic com-
pounds are mainly sugars and organic acids. Insoluble
organic compounds are mainly pectin and cellulose. Sol-
uble sugars, organic acids, free amino acids, and salts
contribute to the taste of tomatoes, while pectin affects
the consistency (Causse et al., 2010; Raiola et al., 2018).
Among the amino acids, glutamic acid is of great impor-
tance from both functional and organoleptic perspec-
tives. It was studied from several authors that have
highlighted its relationship with the total sugar content,
consumer acceptability of fruit, and umami taste (Carli
et al., 2011; Zhang et al., 2015; Raiola et al., 2018). The
genotype strongly affects the amount of this compound
(Cebolla-Cornejo et al., 2011). GiaGiu cultivar exhibited
a high content of glutamic acid (Raiola et al., 2018) and
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its specific trait may explain the unique flavour of this
yellow genotype (Moschetti, 2016). Pectin content influ-
ences the viscosity that is an important feature for many
food products, and therefore, new food processing tech-
niques have been emphasised to reduce pectin degrada-
tion during processing and adverse effects on texture
(Christiaens et al., 2012; Raiola et al., 2018). The break-
ing temperature strongly affects the content of pectin
and the consistency of the product during tomato pro-
cessing (Anthon & Barrett, 2012). Fruit genotypes with a
high pectin content, such as GiaGiu, may contain
a higher amount of this compound after natural degra-
dation during processing (Raiola et al., 2018).

During traditional tomato puree processing, seeds,
peels and small amounts of pulp are discarded as
waste, but they still contain valuable nutritional com-
pounds. The waste composition for dried fruit was as
follows: 35-55% seeds (containing hemicellulose, cellu-
lose, lignin, and lipids), 30-60% peels (containing
cutin, pectin, hemicellulose, and cellulose) and 0-15%
pulp (containing cellulose, hemicellulose, and lignin),
as reported by Casa et al. (2021). In addition, tomato
peels are a valuable source of carotenoids, which are
important antioxidant sources (Gheonea et al., 2020).
Tomato peels also contain flavonolic glycosides (quer-
cetin and kaempferol) in concentrated form (Savatovié
et al., 2012; Nour et al., 2018; Lu et al., 2019). Tomato
seeds have a high content of bioactive compounds,
such as polyphenols, carotenoids, proteins, minerals,
fibre and oil (Szabo et al., 2019).

The waste from the traditional tomato puree process
results in the loss of important resources and repre-
sents an environmental issue. Moreover, the rational
disposal of tomato waste is an economic problem.
From a sustainable point of view, waste management
is a moral challenge for society (Lu et al., 2019).

With the goal of developing new and environmen-
tally friendly tomato purees, in this work, we created a
new type of yellow tomato puree by utilising whole
fruits, not excluding peels and seeds. Two types of cul-
tivars, GiaGiu and hybrid were used to produce
whole-fruit yellow tomato puree. Chemical composi-
tion, antioxidant properties, and sensory parameters
were monitored during storage for 6 months at 25 °C,
the temperature commonly used in grocery stores for
tomato purees.

Materials and methods

Raw materials

The yellow tomatoes used in this study consisted of
two Italian cultivars from the Campania Region: the
miniplum F; combination with indeterminate plant
habitus (Hybrid) and the GiaGiu ecotype, which was
previously phenotypically characterised by Graci
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et al. (2022). Both cultivars were purchased by Gae-
tano Romano farm located in Somma Vesuviana
(Naples, Italy). The plants were transplanted to an
open field during the first week of April and cultivated
according to a randomised design with 30 plants per
replicate and three replicates in 2022. The plants were
grown without irrigation or fertilisation. The tomato
fruits were harvested during the first week of July from
the second to the fourth truss. All tomato samples
were subjected to subsequent physicochemical analysis
and were processed within 7 days from collection.

Tomato puree

Both tomato cultivars were processed to generate
whole tomato puree and traditional tomato puree
according to the procedures reported in Fig. 1.

Briefly, after the tomatoes were washed for 5 min
with water, they were divided in two aliquots of 2 kg.

The first 2 kg — aliquot was placed into a machine
that cooks food in a vacuum state (Robogbo, Bentivo-
glio, Bologna, Italy) to obtain the whole tomato puree.
The rotating system was set at 3000 g, and the vacuum
was set at —850 mbar. Under these conditions, the
hot-break thermal treatment was set at 92 °C for
3 min, and homogenisation was carried out at 90 °C
for 5 min.

WHOLE-FRUIT
TOMATO PUREE

TRADITIONAL
TOMATO PUREE

Fresh yellow tomatoes

1 1}

Fresh yellow tomatoes

Washing Washing
T )
Hot-break by rotating Hot-break
at 92°C for 3° " blade = at92°C for 5°

1 (3000 % g) .l.

Homogenization at Homogenization, refining|| I PuIPer
-850 mbar for 5° machine

at90°C for 5°

 }

Heated filling of jars Heated filling of jars Waste
(at 90°C) (at 90°C) part of peels
‘ and seeds

Pasteurization Pasteurization
at 98 °C for 30’: F,!%=6 at 98 °C for 30’: F,!%=6

| 1 |

Cooling Cooling
(T<35°C at hottest point) (T<35°C at hottest point)

|

Storage at 25°C

Storage at 25°C

Figure 1 Flow sheet of the whole-fruit puree and the traditional
puree process applied to Hybrid and GiaGiu yellow tomatoes.

7669

95UB017 SUOLLLIOD SIS0 9|l dde au Aq pausnob 812 sajo1e YO ‘88N J0 S9N o} AR1q1T8UIIUQ AB]IA UO (SUONIPUOD-PUE-SLUISYW0D" A3 1M Afe.q]1|BU1|UO//:SANL) SUONIPUOD pue S | 8U) 89S *[7202/60/8T] UO AeiqiTauliuo A8|im * tlode IQ 1] 001epse4 1un - 0Buojozzid eueided Aq 695/ T'SHI/TTTT OT/I0p/LOS A8 AReIq iUl U0 s} 1//:Sd1y Wouy pepeojumoq ‘0T %20z ‘T292S9ET



7670

Whole-fruit yellow tomato puree F. Pizzolongo et al.

The second 2 kg — aliquot was subjected to heat
treatment (92 °C for 5 min) and refined in a pulper to
obtain a traditional puree excluding peels and seeds.

Glass jars were filled with 500 g of tomato puree
(whole-fruit and traditional) and subsequently
vacuum-sealed. The jars were pasteurised at 100 °C
for 10 min in water, cooled, and stored at 25 °C for 6
months.

All samples were subjected to chemical analysis after
1 day (t0) and 6 months of storage (t6).

Dry weight

This parameter was determined as reported by
Romano et al. (2020b). It represents the total solids
and was calculated as the percentage of total solid
weight/sample fresh weight.

Total soluble solids

This parameter was determined by using a portable
refractometer from SperScientific (Scottsdale, AZ,
USA) according to the official method as reported by
Romano et al. (2020b). The values were expressed in
°Brix, which is defined as the concentration (%) of
total soluble solids in solution when measured at
20 °C.

pH

This parameter was carried out by a Crison Basic 20+
pH meter (Barcelona, Spain) according to the official
method as reported by Romano et al. (2020b).

Titratable acidity

This parameter was determined according to the offi-
cial method as reported by Romano et al. (2020b). It
was expressed as the percentage of citric acid monohy-
drate weight/sample fresh weight.

Reducing sugars

This parameter was determined on diluted and filtered
samples by Fehling’s method according to the official
method as reported by Romano et al. (2020b). The
results were estimated as the percentage of reducing
sugar weight/sample fresh weight.

Analytical index

The analytical index was calculated for fresh tomatoes
as (R**Z)/(a*10), where R is the total soluble solids
(°Brix), Z is the reducing sugar content (%), and « is
the titratable acidity (%) as reported by Marini &
Balestrieri (1990).

Moisture

This parameter was determined in a hot air oven at
60 °C until a constant weight was reached according
to the official method as reported by Romano
et al. (2020b). The results were calculated as the
weight/weight percentage of water (% w/w).

Viscosity

This parameter was measured in processed tomatoes
according to the Bostwick method (Raiola ef al., 2018)
using a Bostwick LS100 consistometer. The results
were expressed as Bostwick degree (cm/30 s).

Extractions of hydrophilic and lipophilic fractions

The two fractions, hydrophilic and lipophilic were
obtained according to Raiola et al. (2016).

For the hydrophilic extraction, 30 mL of methanol
was added to 3 g of samples of fresh tomatoes or
purees (70% methanol). The mixture was centrifuged
at 3500 g using a PK 131 (ALC International Srl,
Milano, Italy) for 10 min, and the supernatant (hydro-
philic fraction) was stored at —20 °C until total pheno-
lic compound, organic acid, ABTS, FRAP, and DPPH
assays were performed.

The pellet was subjected to further extractions to
obtain the lipophilic fraction. It was subjected three
times to extraction with 16 mL of a solution of aceto-
ne/hexane (40/60, v/v) using an Ultraturrax 115VAC
IKA T 25 high-speed homogeniser (Cole-Parmer, Ver-
non Hills, IL, USA). The mixture was centrifuged at
3500 g for 5 min according to a modified procedure
reported by Zouari et al. (2014). The supernatant
phases (lipophilic fraction) were collected and stored
at —20 °C until the determination of total carotenoids,
ABTS, and FRAP assays.

Total carotenoids

Total carotenoids were determined in the lipophilic
fraction under reduced light conditions. The extracted
fat, taken with hexane, was suitably diluted after read-
ing with a Shimadzu UV 1601 spectrophotometer
(Milan, Italy) at a wavelength of 471 nm for total
carotenoids (expressed as P-carotene eq.), 475 nm for
B-carotene and 502 nm for lycopene (Luterotti
et al., 2015).

The absorbance value is derived from the respective
concentration by applying the Lambert-Beer equation,
using a molar extinction coefficient of 3150 dL g~ '*cm
for hexane for lycopene, 2049 dL g~ '*cm for B-carotene
and 2049 dL g~ '*cm for total carotenoids (expressed as
B-carotene eq.). The results were calculated as mg/100 g
of sample fresh weight (mg/100 g fw).
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Organic acids

The organic acids were determined by using the
method described by Manzo et al. (2018) with slight
modifications as reported by Raiola et al. (2018).
High-performance liquid chromatography (HPLC)
analysis were performed on extracts diluted to 30%
w/v h deionised water, filtered through a 0.45 nm fil-
ter. The results were expressed as mg/100 g of sample
fresh weight (mg/100 g fw).

Total polyphenols

The total phenolic content in the hydrophilic fraction
was determined by the Folin—Ciocalteu assay with
modifications reported by Sacco et al. (2019) and
Rigano et al. (2014). The standard curve was obtained
in the range of 0-70 ug mL™' gallic acid. The results
were expressed as mg gallic acid equivalents (GAE)/
100 g of sample fresh weight (mg/100 g fw).

Antioxidant activity by ABTS+

Hydrophilic and lipophilic fractions of fresh tomatoes
and purees were submitted to the 2,2’ azino-bis (3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS ") radical
cation decolorisation assay to measure the free
radical scavenging capacity as described by Bianchi
et al. (2023). The decolorisation resulting from cation
reduction by antioxidants in the sample was measured
at 734 nm using a UV-1601PC UV-visible scanning
spectrophotometer (Shimadzu). Trolox (6 hydroxy-
2,5,7,8-trimethyl-chroman-2-carboxylic acid) (0-15 pm)
was used for the standard curve. The results were
expressed as Trolox equivalent (TE) pmol /100 g of
sample fresh weight (umol TE/100 g fw).

Antioxidant assay by FRAP

Determination of ferric-reducing antioxidant power
(FRAP) was conducted according to Fuentes
et al. (2013). The FRAP reagent preparation and the
incubation conditions used were those reported by
Fuentes et al. (2013). Trolox was used for the standard
curve. The results were expressed as Trolox equivalent
(TE) umol /100 g of sample fresh weight (umol TE/
100 g fw).

Antioxidant assay by DPPH

The hydrophilic fraction of fresh tomatoes and purees
was submitted to the 2,2-diphenyl-1-picrylhydrazyl
(DPPH-) assay. The test is based on the scavenging
activity of this free radical dissolved in methanol and
was performed as described by Espinosa-Pardo
et al. (2017), with some modifications. The results were

Whole-fruit yellow tomato puree F. Pizzolongo et al.

expressed as Trolox equivalent (TE) pmol/100 g of
sample fresh weight (umol TE/100 g fw).

Acceptability test

The acceptability test was carried out on the tomato
puree according to Lavelli et al. (2014) with some
modifications. Ninety-four consumers (18-65 years
old) participated in the test. Briefly they were asked to
evaluate the overall acceptability, the texture, and the
colour liking in a hedonic scale ranging from 1 to 9
(extremely disliked = 1, extremely liked = 9). Samples
of 20 g puree were served at 40 °C in randomised
order in coded plastic 40 mL-cups.

Colour measurement

The colour of tomato puree was determined using a
colorimeter (Chroma Meter, model CR-300; Minolta,
Osaka, Japan). The samples were poured into 90 cm
diameter Petri dishes and L* (lightness), a* (green-red
direction), and b* (blue-yellow direction) colour
parameters were recorded.

Statistical analysis

Three purces from the two tomato varieties and the
two processing methods were produced. Each measure-
ment was performed in triplicate, and the results were
reported as the average values (+ standard deviations).
The data were submitted to analysis of variance
(anova) and Tukey’s test (P < 0.05) by using XLSTAT
software version 2023 (Addinsoft, New York,
NY, USA).

Results and discussion

Tomato puree process

Figure 1 shows the process of pureeing the yellow
whole tomato, which was reported and compared with
the traditional process. In both types, the hot-break
process at 92 °C was applied. Through this process,
the enzymes pectin methyl esterase, endopolygalacturo-
nase, and exopolygalacturonase were completely inac-
tivated, and a consistent paste was obtained. If a
coldbreak process (<66 °C) was used, these enzymes
were partially inactivated, and a puree with low consis-
tency was obtained (Krebbers ez al., 2003).

The main difference between the two processes was
that, first, the whole tomatoes were simultaneously
heated at 92 °C in a vacuum at —850 mbar and then
were finely homogenised in a rotating blade system at
3000 g. The whole processed tomatoes (including peels
and seeds) were placed in the jars, and no waste was
produced. In the traditional process, the hot-break
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and the homogenisation steps were carried out sepa-
rately in the presence of air. After refining, some of
the peels and seeds were discarded as waste.

Preliminary analysis of fresh and processed tomatoes

In Table 1, preliminary analyses of fresh tomatoes,
whole-fruit, and traditional puree from the Hybrid (H)
and GiaGiu (G) cultivars after 1 day (t0) and
6 months (t6) of storage are reported.

The parameters were all significantly different for
fresh tomatoes. The values of dry matter, total soluble
solids and reducing sugars in the hybrid cultivar
(12.12%, 9.47 °Brix and 5.94%, respectively) were
greater than those in GiaGilu. These parameters, par-
ticularly total soluble solids (which are the sum of
sugars, acids and other minor components) are eco-
nomically valuable for the processing tomato industry
since small increases of these parameters can signifi-
cantly increase yield. Acidity is the most important
quality parameter because it influences the thermal
processing conditions required for producing safe
tomato puree. Acidity was greater in the GiaGiu sam-
ples (0.94%) than in the hybrid samples (0.87%), and
the pH decreased. There is an inverse relationship
between pH and titratable acidity, although sometimes
the relationship is inaccurate (Wasim & Singh, 2015).
These results correspond with previous studies (Raiola
et al., 2018) in which this cultivar was found to have
greater acidity than other yellow tomato ecotypes
because of its high glutamic acid content. The analyti-
cal indices obtained by converting the values of the
total soluble solids, reducing sugar content and titrat-
able acidity were 61 and 42 in the Hybrid and GiaGiu
media, respectively. In both cases, a value greater than
25 indicates good quality of the fruit (Marini &

Balestrieri, 1990). Therefore, even though the tomatoes
were grown without water and fertilisers, they have
good technological characteristics.

Regarding the puree, the dry matter content and
total soluble solids ranged from 12.40% to 10.50%
and from 9.80 to 9.20 °Brix, respectively, in whole
tomato puree (Table 1). Both parameters were greater
than those of traditional puree due to the presence of
peels and seeds in the first type of puree, which con-
tributed to increased dry matter and °Brix values. No
significant differences between the cultivar and during
storage were found for either type of puree. Similar to
that in fresh tomatoes, the sugar content at t0 was sig-
nificantly greater in whole tomato puree from hybrids
(6.40%) than in whole tomato puree from GiaGiu
(5.20%). The content slightly decreased during stor-
age, possibly because it was involved in reactions such
as the Maillard reaction. However, the sugar content
of whole tomato puree was greater (6.40—4.72% vs.
5.00-3.46%) than that of traditional puree. The pH
values were not significantly different among the sam-
ples at t0 and decreased in GiaGiu whole tomato
puree during storage from 4.31 at t0 to 4.15 at t6.
Similarly, the titratable acidity at t0 was significantly
greater for the GiaGiu samples (0.68-0.94%) than the
Hybrid samples (0.49-0.72%). In addition, the titrat-
able acidity was greater in whole tomato puree than in
traditional puree from both cultivars. This could result
from the presence of fatty acids in seeds that are
included in the whole tomato. The consistency, which
is measured in °Bostwick as the speed (cm/30 s) at
which a viscous liquid runs along a slope, was gener-
ally lower (range 9.50-11.50 °Bostwick) in whole
tomato puree samples with higher pectin contents in
their peels (lower Bostwick consistency values, higher
viscosity). Several studies (Moelants et al., 2013)

Table 1 Dry matter (%), total soluble solids (°Brix), pH, titratable acidity (%), reducing sugars (%) and viscosity (°Bostwick) in fresh
tomatoes, whole-fruit and traditional yellow tomato puree obtained from Hybrid (H) and GiaGiu (G) cultivar after 1 day (t0) and

6 months (t6) of storage

Time of Dry matter Total soluble solids Reducing Titratable Viscosity
Samples Cultivar storage (%) (°Brix) sugar (%) pH acidity (%) (°Bostwick)
Fresh H t0 12.12 + 0.00*°  9.47 + 0.42° 5.94 + 0.21° 4.09 + 0.02°  0.87 + 0.03°
tomatoes G t0 11.20 + 0.00°  8.67 + 0.12° 5.35 + 0.13° 4.02 + 0.01°  0.94 + 0.03%
Whole-fruit H t0 12.40 + 0.85°  9.80 + 0.28° 6.40 + 0.41° 4.25 + 0.01°  0.72 + 0.01° 9.50 + 0.54%
puree H t6 12.00 + 1.41%°  9.45 + 0.07° 472 + 0.01° 4314+ 0.01* 0.83 + 0.01¢ 10.45 + 0.07°¢
G t0 11.10 + 1.13%*  9.20 + 0.57° 5.20 + 0.47° 4.31 + 0.01°  0.94 + 0.04° 10.00 + 0.04%
G t6 10.50 + 0.71®  9.40 + 0.28° 4.95 + 0.01° 4.15 + 0.01°  1.11 + 0.01° 11.50 + 0.71b°
Traditional H t0 8.40 + 0.57¢  7.20 + 0.28° 4.12 + 0.23% 4.27 + 0.03°  0.49 + 0.04 9.00 + 0.06°
puree H t6 9.00 + 1.419  8.00 + 0.28% 3.46 + 0.03¢ 4.15 + 0.07°°  1.43 + 0.01? 13.05 + 0.21°
G t0 8.10 + 0.42¢  6.80 + 0.28° 4.70 + 0.49%¢ 4.23 + 0.04> 0.68 + 0.03° 10.30 + 0.16°¢
G t6 8.50 + 0.719  7.00 + 0.14° 5.00 + 0.21%° 4.23 + 0.00°  1.04 + 0.01*° 12.50 + 0.00%°

2-¢Different letters in the same column indicate statistically significant differences (P < 0.05).
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reported an increase in the serum viscosity of tomato
products with increasing pectin content. Considering
the storage time, the traditional puree showed higher
°Bostwick values after 6 months for pectin degrada-
tion processes, such as depolymerisation (Moelants
et al., 2013). A similar trend was observed for the
Hybrid and Giagiu cultivars. This result indicates that
compared with traditional puree, whole tomato puree
can be better stored because their consistency is
preserved.

Carotenoids, organic acids and polyphenols

The content of carotenoids in fresh and processed
tomatoes was investigated (Table 2). The main carot-
enoid detected was P-carotene. Lycopene was detected
in trace amounts (<0.1 mg/100 g fw). In fresh toma-
toes, the content was 0.33-0.44 mg/100 g fw, and the
value of the hybrid cultivar was significantly greater
than that of GiaGiu. These results correspond well
with those of Georgé et al. (2011), who detected
0.3 mg/100 g fw in cultivar 6205, Séminis, a yellow
tomato.

For the processed tomatoes, the concentrations ran-
ged from 0.69 to 1.44 and 0.19 to 0.61 mg/100 g fw
for the whole tomato and traditional puree, respec-
tively. With respect to fresh tomatoes, the range
increased for whole tomatoes but not for traditional
purees, probably because different processing parame-
ters were used (hot-break, ultrahomogenisation, and
vacuum). Similar results were obtained by other
authors (Pénicaud et al., 2011), who reported increased
levels of cis-B-carotene when processed tomatoes
underwent hot-break processing. In addition, the use
of a vacuum during the process can prevent the oxida-
tion and loss of PB-carotene. The higher PB-carotene

Whole-fruit yellow tomato puree F. Pizzolongo et al.

content in whole tomato fruits than in traditional
puree fruits is mainly related to the presence of peel,
which is included in whole tomato puree fruits rather
than wasted. Peels and seeds are important sources of
natural carotenoids (Strati & Oreopoulou, 2014). The
amount of B-carotene increased during storage in all
samples except in GiaGiu whole-fruit puree. This
result occurred due to the simultaneous isomerisation
and degradation of PB-carotene, which may lead to
inconsistent changes or slight increases in concentra-
tion (Lin & Chen, 2005).

Glutamic acid was the most abundant organic acid and
was detected at concentrations ranging from 415 to 561
and 48 to 207 mg/100 g fw in fresh and processed toma-
toes, respectively (Table 2). This compound produces the
fifth taste, which is known as the umami taste. The values
were greater for fresh GiaGiu tomatoes and decreased for
processed samples of both cultivars, corresponding with
the findings of Raiola et al. (2018). The parameters used
during the processing strongly impacted the content of
this acid, with reductions of more than 60% at t0. Similar
to fresh tomatoes, processed tomatoes from GiaGiu (both
types) contained more glutamic acid than those of the
hybrid products. With respect to processing, glutamic acid
was more abundant in the whole tomato process than in
the traditional process. During the 6 months of storage,
the values were stable in the processed GiaGiu samples
(from 207 to 202 and 133 to 139 mg/100 g fw in the whole
and traditional puree samples, respectively), but they
strongly decreased in the processed hybrid puree samples,
with values of 48 and 59 mg/100 g fw in the whole and
traditional puree samples, respectively. This loss can occur
during processing due to oxidation or reactions with other
food components. Glutamic acid is an amino acid, and
during thermal treatment, it can react with the reducing
sugars, of which hybrid is more effective than GiaGiu. A

Table 2 Carotenoids, main organic acids (glutamic and ascorbic acid), and total polyphenols of fresh tomatoes, whole-fruit, and
traditional yellow tomato puree obtained from hybrid (H) and GiaGiu (G) cultivar after 1 day (t0) and 6 months (t6) of storage

Carotenoids (mg/100 g

Organic acids (mg/100 g fw)

fw)
Time of Ascorbic Total polyphenols (mg GAE/100 g
Samples Cultivar storage p-Carotene Glutamic acid acid fw)
Fresh H t0 0.44 + 0.06% 415.48 + 12.10° 54.37 + 6.84° 79.01 + 11.28°
tomatoes G t0 0.33 + 0.03° 561.96 + 7.93°  50.60 + 5.29° 61.79 + 3.03°
Whole-fruit puree H 0 0.69 + 0.03° 157.82 + 6.51° 29.12 + 0.44° 84.07 + 1.13°
H 16 1.44 + 0.62° 48.41 + 2.37° 3.05 + 0.01° 77.74 + 0.04°
G 10 0.70 + 0.012 207.26 + 2.83° 32.39 + 0.25°° 91.24 + 1.47°
G 6 0.66 + 0.31° 202.71 + 1.07° 2.50 + 0.42° 58.96 + 0.00°
Traditional H 10 0.19 + 0.03° 126.70 + 4.38¢ 23.41 + 1.40° 79.82 + 0.37°
puree H 6 0.45 + 0.07°° 59.81 + 0.54° 2.30 + 1.63° 75.71 + 0.01°¢
G 10 0.22 + 0.04° 133.40 + 2.12° 23.97 + 0.55° 72.65 + 2.26%
G 6 0.61 + 0.01° 139.87 + 0.44° 2.66 + 0.40° 50.68 + 0.009

@ 9Different letters in the same column indicate statistically significant differences (P < 0.05).
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similar trend was also observed for sugar content during
storage.

The ascorbic acid concentration was in the range of
54-50 mg/100 g fw, without statistically significant dif-
ferences between the hybrid and fresh GiaGiu toma-
toes. These values were greater than those reported by
Georgé et al. (2011) (17.1 mg/100 g fw) and Simonne
et al. (2007) (35.0-44.8 mg/100 g fw) for yellow toma-
toes. As expected, the content strongly decreased in
both processed samples (23-32 mg/100 g fw) and after
6 months of storage (2-3 mg/100 g fw). Ascorbic acid
is highly sensitive to elevate temperatures and various
processing conditions.

The total polyphenol (TPC) content in fresh toma-
toes was 61-79 mg GAE/100 g fw for the GiaGiu and
hybrid cultivars. It increased significantly after whole
tomato thermal processing at t0 (up to 91 and 84 in
GiaGiu and hybrid, respectively) and after traditional
thermal processing at t0 (up to 72 in GiaGiu). This
increase may result from the increased release of phe-
nolics from the matrix due to thermal treatment. Our
results are consistent with the findings of Kamiloglu
et al. (2014) and Bugianesi et al. (2004), who also
noted that cooking improved the TPC content and the
bioaccessibility of chlorogenic acid, one of the main
phenolic compounds in tomatoes. In all processed
samples, the TPC decreased during the 6 months of
storage. Comparing the two types of puree at the same
storage time, the TPC was greater in whole tomatoes
than in traditional puree. This is because peels, which
are rich in polyphenols, are present in the first type.

Hydrophilic and lipophilic antioxidant activity

Antioxidant activity represents the capacity of food
extracts to delay oxidation processes. The activity of

both the lipophilic and hydrophilic fractions was deter-
mined by the free radical scavenging ABTS and ferric
ion-reducing FRAP assays (Table 3). In addition,
hydrophilic fraction was also submitted to DPPH assay.

The antioxidant activity of lipophilic extracts from
tomato purees is mainly due to B-carotene, which is a
lipophilic molecule well known for its antioxidant
properties and its ability to act as a quencher of singlet
oxygen and reactive free radicals (Polyakov
et al., 2001; Polivka & Sundstrom, 2004; Sandhiya &
Zipse, 2022). The lipophilic ABTS values in fresh
tomatoes (48-45 ummol TE/100 g fw) were similar to
those found in the Albertovské zluté yellow tomato
variety (6.2 pmmol TE/g of dry matter) studied by
Kotikova et al. (2011). The TE was in the range of
142-180 pummol TE/100 g fw in whole tomato puree,
which was significantly greater than that of traditional
peeds (112-172 pmmol TE/100 g fw); this increase was
due to the presence of B-carotene in the peels and high
percentages of unsaturated fatty acids in the seeds
(Romano et al., 2020a). Both the whole and tradi-
tional hybrid purees exhibited significantly greater
values than those of GiaGiu. This result is consistent
with the finding that the highest B-carotene content
was detected in the hybrid cultivar. The difference was
not confirmed by the FRAP test, which ranged from
5.7 to 4.8 and from 13 to 39 pmmol TE/100 g fw in
fresh and processed tomatoes, respectively, without
significant differences. Both the ABTS and FRAP
values increased in the processed tomatoes due to ther-
mal treatment. The increase during heating may result
from an increase in the bioavailability of the main
antioxidant substances and was also reported by
Dewanto et al. (2002).

The hydrophilic antioxidant activity of the samples
is mainly related to the polyphenol content. The ABTS

Table 3 Antioxidant activity (ABTS and FRAP assay) in the lipophilic and hydrophilic fractions of fresh tomatoes, whole-fruit, and
traditional yellow tomato puree obtained from hybrid (H) and GiaGiu (G) cultivar after 1 day (t0) and 6 months (t6) of storage

Antioxidant activity in lipophilic
fraction (umol TE/100 g fw)

Antioxidant activity in hydrophilic
fraction (umol TE/100 g fw)

Samples Cultivar Time of storage ABTS FRAP ABTS FRAP

Fresh tomatoes H t0 48.38 + 8.40° 5.71 + 1.31° 308.32 + 3.13° 37.51 + 3.01°
G 10 4555 + 2.76° 4.81 + 1.66% 290.23 + 5.49° 24.38 + 2.32°

Whole-fruit puree H 10 166.94 + 4.24%° 14.47 + 3.14¢ 624.46 + 9.90° 95.06 + 1.27¢
H 16 180.37 + 0.06° 36.55 + 0.46°° 659.25 + 12.74° 246.64 + 3.15°
G 10 142.54 + 4.38¢ 21.17 + 3.28° 300.36 + 4.38° 96.89 + 1.56¢
G 6 158.28 + 3.09°° 39.88 + 0.18° 343.59 + 2.37° 257.43 + 2.03°

Traditional puree H 10 146.45 + 5.23%¢ 17.45 + 2.12° 596.54 + 9.48° 58.58 + 1.74°
H 16 172.34 + 2.63° 18.39 + 3.19° 617.49 + 2.78° 193.17 + 0.43°
G 10 112.14 + 3.11° 13.60 + 3.73¢ 261.54 + 4.81° 60.81 + 1.23°
G t6 139.59 + 2.89¢ 27.17 + 0.41%° 294.92 + 5.71¢ 196.55 + 5.32°

2-°Different letters in the same column indicate statistically significant differences (P < 0.05).
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values were 308 and 290 ummol TE/100 g fw in the
hydrophilic fraction in fresh tomatoes and were nota-
bly greater than those found in the Albertovské zluté
yellow tomato variety (27 pmmol TE/g of dry matter)
studied by Kotikovd et al. (2011). The hydrophilic
fraction increased in processed tomatoes due to the
increase in the bioavailability of antioxidant sub-
stances during thermal treatment. These substances
were in the range of 300-659 ummol TE/100 g fw in
whole tomato puree and were significantly greater than
those found in traditional methods (261-617 pmmol
TE/100 g fw). The results were correlated with the
higher TPC values found in the whole tomato puree.
The results were confirmed by the FRAP assay, which
revealed higher values in whole tomato puree (95—
257 pmmol TE/100 g fw) than in traditional puree
(58-196 pmmol TE/100 g fw), with the highest value
(257 pummol TE/100 g fw) in GiaGiu whole tomato
puree stored for 6 months. The values of the processed
hybrid tomatoes measured by ABTS were significantly
greater than those measured by GiaGiu, but no statis-
tically significant differences were detected by FRAP.
The DPPH results followed the same tendency as
those of the previous tests and showed values very
close to those of ABTS (Table S1).

The ABTS and FRAP antioxidant activities mea-
sured in the hydrophilic fraction were greater than
those measured in the lipophilic fraction. This result is
similar to the findings of Cano et al. (2003), Kotikova
et al. (2011) and Toor & Savage (2005), who reported
lower antioxidant activity of lipophilic antioxidants.

Considering the storage time, the antioxidant activ-
ity measured by all the assays significantly increased
during the 6 months, indicating that antioxidant sub-
stances were released during storage.

Sensory analysis

The acceptability test was performed on puree samples
to detect if the different processing, the storage time and

Whole-fruit yellow tomato puree F. Pizzolongo et al.

types of cultivars could affect the pleasantness perceived
by consumers. In Table 4 is reported the liking test esti-
mating the overall acceptability, the texture and colour
liking. The overall acceptability was on average 8 (very
much liked) for all samples except for traditional puree
stored for 6 months that received a score of 7. The tex-
ture was better in whole-fruit puree (7.7-8.3) than in
traditional (7.1-7.7). This parameter is correlated to the
particle sizes of puree and can be influenced by the pro-
cessing (Moelants et al., 2013). In the new process, the
homogenisation by rotating blade at 3000 g determined
small particles that are preferred by consumers. Also,
the colour can be influenced by the processing (Lavelli
& Torresani, 2011), but in our case, no differences were
found by consumers with all samples receiving the score
of ~ 8. The colour was well preserved during the new
process because it was carried out under a vacuum. This
finding was confirmed by the colour measurements
(Table 4) that showed no significant differences among
the samples for all the parameters (L*, «* and b*)
recorded. In conclusion, the new product, the
whole-fruit puree, was particularly appreciated by con-
sumers for its texture.

Conclusion

The process we proposed to make the whole-fruit yel-
low tomato puree allowed us to easily include seeds
and peels in the puree. The new type of puree showed
improved antioxidant capacity due mainly to P-
-carotene and polyphenols contained in seeds and
peels. Compared with traditional puree, it also exhib-
ited greater consistency for the high content of pectin
in peels and a higher content of glutamic acid. Its
chemical parameters were well preserved after storage
at room temperature of 25 °C for 6 months.

Both the yellow cultivars used, Hybrid and Giagiu,
well suited to being processed, with GiaGiu exhibiting
a higher content of glutamic acid, which is responsible
for the umami taste.

Table 4 Acceptability test (overall acceptability, texture, and colour liking) and colour measurement (L*, a* and b*) of whole-fruit
and traditional yellow tomato puree obtained from Hybrid (H) and GiaGiu (G) cultivar after 1 day (t0) and 6 months (t6) of storage

Acceptability test

Colour measurement

Samples Cultivar Time of storage  Overall acceptability  Texture liking  Colour liking  L* a* b*

Whole-fruit puree  H t0 7.91 4+ 0.292 8.22 4 0.42? 7.91 4+ 0.292 455 +7.3° 7.1 +£27% 2284 4.9
H t6 7.87 + 0.347 7.74 + 0.45° 7.87 + 0.347 41.4 +53* 6.9 +26% 210+ 4.8°
G t0 7.74 £ 0.45° 8.30 + 0.47° 8.00 + 0.30° 46.8 + 6.0% 7.2 +£25° 22.9 + 4.7°
G t6 7.70 + 0.47° 7.70 + 0.47° 7.83 + 0.397 44.6 +5.2° 7.1 +£28* 2184+ 4.9°

Traditional puree H t0 7.70 £ 0.47° 7.70 + 0.47° 7.83 + 0.49° 44.5 + 6.9? 7.0 + 2.6° 22.0 + 4.6°
H t6 7.17 + 0.39° 7.13 + 0.34° 7.70 + 0.47° 40.3 + 5.3 6.8 +28" 208+ 4.8°
G t0 7.78 + 0.42° 7.22 + 0.42° 7.87 + 0.46° 45.4 + 6.9? 7.1 +2.3° 21.1 + 4.3°
G t6 7.22 + 0.42° 7.17 + 0.39° 7.74 + 0.54° 44.1 + 5.77 7.0 + 2.8% 21.0 + 4.8°

a°Different letters in the same column indicate statistically significant differences (P < 0.05).
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Sensory analysis assessed that the whole-fruit yellow
tomato puree has good acceptability during all the
storage time and consumers preferred it for the
texture.

Considering that the puree process avoided any
waste and that fruits were grown without irrigation
and any fertilisers, the environmental pollution was
reduced, making the whole-fruit yellow tomato puree a
sustainable product.

Moreover, given the antioxidant properties and the
peculiar consistency and taste, the whole-fruit yellow
tomato puree can be used as an excellent ingredient in
food formulation.
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and 6 months (t6) of storage.
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