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Processing tomato waste as a potential bioactive compounds source: phenolic
compounds, antioxidant capacity and bioacessibility studies
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ABSTRACT: 4 comparative study was perfomed with conventional and ultrasound assisted extraction on tomato processing waste. Ultrasound
extraction exhibited slightly higher phenolic and flavonoids content, as well as higher ABTS * radical scavenging capacity (4.63 mg GAE.g",
0.96 mg RUE.g" and 27.90 umol TE.g ' respectively). On both extracts, a high percentage of flavonoids was lost during simulated digestion,
resulting on a bioacessibility of approximately 13 %. Extracts presented good stability during storage conditions, which indicates a possible
technological application.
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Residuo do processamento do tomate como potencial fonte de compostos bioativos:
compostos fendlicos, capacidade antioxidante e bioacessibilidade

RESUMO: Foi realizado um estudo comparativo com a extragdo convencional e assistida por ultrassom em residuos do processamento de
tomate. A extragdo ultrassénica exibiu teor de fendlicos e flavondides ligeiramente maiores, bem como maior capacidade antioxidante ABTS
+ (4,63 mg AG.g", 0,96 mg RUE.g" e 27,90 umol TE.g ', respectivamente). Em ambos os extratos, uma alta porcentagem de flavondides
foi perdida durante a digestdo simulada, resultando em uma bioacessibilidade de aproximadamente 13%. Os extratos apresentaram boa

estabilidade durante as condi¢ées de armazenamento, o que indica uma possivel aplicagdo tecnolégica.
Palavras-chave: tomate, compostos bioativos, extragdo assistida por ultrassom, extragdo convencional, bioacessibilidade.

In tomato (Lycopersicon esculentum Mill.)
industrial processing, large amounts of waste (peels,
seeds and pulp residue) are generated and account for
5 to 10 % of the total tomato weight which represents a
major environmetal and economical problem. Currently,
feeding animals or its use as fertilizer are the most
valuable way of re-usage of these residues (SENGAR
et al., 2020). Although these wastes have no commercial
value, they are a rich source of nutrients, colorants
and highly biologically active compounds such as
phenolics, flavonoids and carotenoids (COELHO
et al., 2019). The extraction of these compounds
represents an alternative for obtaining products with
high added value, which can be used as ingredients
in food, pharmaceutical and cosmetics industries. For
example, phenols and carotenoids can be applied as
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natural colorants or natural antioxidants, antibrowning
and antimicrobials agents in food and beverages
(AYALA-ZAVALA&GONZALEZ-AGUILAR,2011).

The most common methods for extracting
bioactive compounds from agroindustrial processing
wastes are based on the use of organic solvents
(STRATI et al., 2014). However, ultrasound assisted
extraction, a non conventional extraction has been
used successfully with this purpose (PAINI et al.,
2016). This method is recognized for being of lower
process cost, of easy operation and faster extraction
(WANG et al., 2006). In this way, the present study
aimed to obtain extracts from tomato byproduct,
using ultrasound and conventional extractions,
and compare the bioactive potential, stability and
flavonoids bioacessibility of the extracts.
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The tomato processing waste was
obtained by depulping fresh tomatos (Lycopersicon
esculentum Mill. cv. Carmem) (purchased at the local
market of Rio de Janeiro - Brazil) in a Bonina 0,25 dF
horizontal depulper (Itametal, Itabuna, Brazil) with
a 1.5 mm diameter sieve. After depulping, the wet
residue (peels and seeds) was dried in a convective
dryer (Solab, Sdo Paulo, Brazil) at 60 °C for 24 hours.
Seeds from dried byproduct were separated from the
peels and simultaneously grounded into a powder
using the Bonina 0.25 df depulper. Peel powder was
used for further analysis, and was characterized for
particle size, moisture, antioxidant capacity, total
phenolic compounds and total flavonoid content.

Particle size was determined in a SDC-
Microtrac  S3500 (Microtrac, Montgomeryville,
PA, USA) using water as dispersant (AACC, 2010)
and the results were expressed as mean diameter.
Moisture was measured in a vacuum oven at 105 °C
for 24 hours (AOAC, 2016). The chemical analysis
performed were: antioxidant activity by ABTS"™
radical scavenging capacity method (RE et al., 1999)
and by ORAC method (Oxygen Radical Absorbance
Capacity) (ZULUETA et al., 2009), total phenolics
content (SINGLETON & ROSSI, 1965) and total
flavonoid content (PEIXOTO SOBRINHO etal.,2008).

Extraction of bioactive compounds were
carried out by two different methods using 70 % (v/v)
ethanol:water as extraction solution. Conventional
(C) extraction was performed according to THOO et
al. (2013), on a thermostatic bath with a 430/RDBP
orbital shaking (Nova Etica, Sdo Paulo, Brazil) at
57 °C and a solid/liquid ratio of 1:25 for 40 minutes.
Ultrassound assisted (UA) extraction was performed
on a 1000 W ultrasound equipment model UIP1000hd
(Hielscher Ultrasonics, Teltow, Germany), with a
titanium sonotrode BS2d18 (18 mm diameter) and
a booster B4.18. The sonotrode was immersed 2 cm
into the solution, with fixed parameters of 15 min,
power of 150 W, frequency ranging between 60-62
kHz and initial temperature of 20°C. Extractions
were performed in triplicate and the extracts were
vacuum filtered on qualitative paper for removing the
suspended solids. The hydroalcoholic extracts were
stored at (6 +1 °C) for subsequent analysis.

The in vitro static simulation included
oral, gastric and intestinal digestion steps (GARRET
et al.,, 1999) and was carried out in both extracts.
The extract (7 mL) was mixed with a saliva solution
containing digestive enzymes a-amylase and mucin.
For the gastric phase, the pH was adjusted to 2.5 +
0.1 and a pepsin solution was added (Porcine Pepsin,
Sigma). The final intestinal phase had pH adjusted to

6.0, and addition of a bile (4 %), pancreatin (1 %) and
lipase (0.5 %) solution. Results were expressed as
percentage of total flavonoids bioaccessibility and was
determined by the ratio between the total flavonoids
concentration after in vitro digestion and the total
flavonoids concentration in the undigested extract.
For evaluation of storage stability, the extracts
were placed in glass bottles and stored at two different
temperatures: - 2 °C and 6 °C. Flavonoids content was
evaluated for a period of 28 days. Results were expressed
as the ratio between the flavonoids content at each time
and the initial flavonoids content (C/CO0).
Data were subjected to Analysis of Variance
(ANOVA) and Tukey test, with a significance level
of 5% (P < 0.05), using the Statistica 10.0 software
(Statoft, Tulsa, USA). Analysis were made triplicate.
Peel powder exhibited a mean particle
diameter of 483.4 = 15.7 um (Table 1). The particle
size bimodal distribution indicated a heterogeneity of
the tomato peel powder. VARDANEGA et al. (2019)
observed that powder particle size distribution can be
affected by the drying technique used. A larger size
was expected since no grinding technique was used.
The low moisture content of tomato powder
(1.27 %) suggested stability to the product and reduce
the chance to microbiological degradation. According
toREZAEI & VANDERGHEYNST (2010), the limit
for moisture content that inhibit microbial activity on
tomato pomace ranges from 16 to 21 % (dry basis).
Tomato residue, composed basically by
peels and seeds, have been a rich source of phenolic
compounds, being the phenolic acids and flavonoids
the most abundant as reported by CETKOVIC et al.
(2012). In this study, tomato peel powder presented
584.63 £ 1.78 mg GAE.g"! of phenolic content. The
total amount of phenolic compounds was found in the
range of 43.43-1042.60 mg/100 g GAE.g! in tomato
byproduct of different tomato varieties (PEREA-
DOMINGUEZ etal.,2018; ROBLES-RAMIREZ et
al., 2016; NAVARRO-GONZALEZ et al., 2011).
Antioxidant capacity of peel powder was
found as 700.67 and 186.98 umol TE.g-1 for ORAC
and ABTSH, respectively. This difference between the
methods used was expected since characteristics such
as chemical structure, molecular size, concentration
of each compound in the sample interfere in electron
transfer or hydrogen atom transfer which are the main
mechanisms that measures the radical quenching
capability of antioxidants (SCHAICH et al., 2015).
Phenolic  content  obtained  using
conventional extraction represented 76 % of total
phenolics recovery. The significant result is in
accordance to the utilization of organic solvents, less
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Table 1 - Physical and chemical characterization of tomato peel powder and extracts.

Analysis Peel powder

D[4,3] (um) 483.4+15.7
Moisture (/100 g™) 1.27% +0.23
TPC (mg GAE.100 g 584.63 + 1.78°
TFC (mg RUE.100 g™) nd

ABTS" (umol TE.g™) 186.98 + 1.78°

ORAC (umol TE.g") 700.67 + 17.47*

Conventional extract (C) Ultrasound extract (UA)

na na

na na
445.95 +0.95° 463.16 = 1.58°
9425 +0.01° 95.75+0.07°
25.92+0.11° 27.90 +0.10°

97.13 + 12.44° 109.82 + 15.03°

D[4,3] - volume mean diameter; TPC - total phenolic content; TFC — total flavonoids content; GAE - gallic acid equivalents; RUE —
rutin equivalents; ORAC - Oxygen Radical Absorbance Capacity; ABTS *~2,2"-azinobis-(3-ethylbenzothiazoline-6-sulphonate), TE -
Trolox equivalents. Values are the mean of three replicates of three independent experiments. Same letter within the same line are not
statistically different (Tukey test; P <0.05); na: not applicable; nd: not determined.

polar than water, which improves the polyphenols
extraction (HAMINIUK et al., 2014). Ultrasound
extraction achieved a recovery of phenolic compounds
slightly higher (P <0.05) than conventional extraction
in a shorter time (10 min) (Table 1). The temperature
probe achieved 82 °C in ten minutes, so the extraction
was interrupted. In this study, 10 min of ultrasound
assisted extraction was enough to extract similar
phenolic content than the obtained in 40 min of
conventional extraction. The ultrasound waves cause
disruption in the plant tissue through physical forces
developed during acoustic cavitation and helps the
release of extractable components in very less time
by enhancing the mass transfer of the analyte to the
solvent (ASHOKKUMAR, 2015).

As the ground residue, higher ORAC
values in comparison to ABTS +. method were
obtained for the conventional and ultrasound extracts.
The antioxidant capacity of tomato byproduct can not
be attributed to a specific phenolic compound or to a
class of phenolic compounds. This ability could be
related to the mutual interactions of all hydrophillic
antioxidants and other constituents of the tomato
extracts (CETKOVIC et al., 2012).

Aproximately 21 % of the phenolic
compounds presented in the conventional and
ultrasound assisted extracts in the present research is
represented by flavonoids (94.25 and 95.75 mg RUE
.g !, respectivelly), in accordance to previous studies
which indicated that tomato peels are an interesting
source of several flavonoids like rutin, naringenin and
quercetin that have been associated to health promoting
effects(SAVATOVICetal.,2012). Inthis case rutin was
chosen to be the compound tested for bioacessibility.

After simulated gastrointestinal digestion,
the total flavonoids bioacessibility were 13.59 and
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13.72 % for the US and C extracts, respectively.
These values are considered quite low, in comparison
to other studies for plant extracts, where flavonoids
bioaccessibility vary from 30 to 100% (NETO et al.,
2017). The loss observed may have ocurred during
oral digestion step due to the formation of insoluble
aggregates, caused by an interaction between salivary
proteins and polyphenols (PINEDA-VADILLOetal.,
2016; SARNI-MANCHADO et al., 1999). LI et al.
(2014) observed a complete degradation or significant
reduction of major phenolic compounds, including
rutin on tomatoes during gastric digestion. Finally,
the transition from acidic gastric conditions to the mild
alkaline intestinal environment, containing bile acids
and pancreatin may also induce the degradation of
phenolic compounds (GUNATHILAKE etal.,2018).

The storage stability of the ethanolic extracts
obtained by conventional and UA extraction was evaluated.
Although, significative differences (P < 0.05) were
observed, no remarkable changes in total flavonoids
content occurred throughout the time (Figure 1).

Flavonoids content of conventional
extracts stored at -2 °C remained stable for 21 days of
storage. After 28 days, a percentual retention around
94 % was observed. In contrast, the conventional
extracts remained stable in the refrigerated storage
for 7 days, but, at the end of the storage, flavonoids
retention was still 92 %.

UA extracts stored at -2 °C did not show
significant differences (P > 0.05) in the flavonoids
content throughout time. A slightly decrease in
total flavonoids content was observed for the extracts
stored at 6 °C after 28 days. After this time, the extracts
presented a percentual retention of 94.5 % and total
flavonoids content was not directly affected (P >
0.05) by the storage temperature used in the study.
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significant differences (Tukey test, a=0.05).

Figure 1 - Relative flavonoids content in (a) Conventional and (b) UA extracts along storage at — 2 °C and 6 °C. Different lower case
letters indicate significant difference (Tukey test, P < 0.05) between different samples. Same capital letters indicates no

Ultrasound showed to be a promising
alternative for the extraction of total phenolic compounds
from tomato byproduct, allowing the production of
extracts rich in these compounds, with antioxidant
potential. Besides, ultrasound could be claimed as more
efficient due to a shorter extraction time.
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