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Abstract
The present study focused on the full valorization of the tomato by-product, also known as tomato pomace consisting mainly of
tomato peels and tomato seeds, by recovering natural antioxidants and edible oil, and subsequently reutilizing the leftover solid
residues for the production of low-cost biosorbent. The tomato peel extract recovered using ethanol as food-grade solvent
contained high phenol and flavonoid contents (199.35 ± 0.35-mg gallic acid equivalents (GAE)/g and 102.10 ± 0.03-mg quer-
cetin equivalent (QE)/g, respectively). Even its lower content of lycopene (3.67 ± 0.04 mg/100 g), tomato peel extract showed
potent antioxidant activity and can be therefore used as natural antioxidants either for food or cosmetic applications. High
nutritional quality edible oil (17.15%) was extracted from tomato seeds and showed richness in unsaturated fatty acids
(74.62%), with linoleic acid being the most abundant polyunsaturated fatty acid (49.70%). After recovery of these valuable
compounds, the extraction solid leftovers were used to produce low-cost biosorbent tested for dye removal. Results showed that
the highest biosorption yields were increasingly attributed to the acidic, direct, anthraquinone, then reactive dyes. Overall, the
obtained results strongly support the complete utilization of tomato pomace for the recovery of valuable compounds and the
sequential production of low-cost biosorbent.
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Introduction

Nowadays, the problem of food wastes is getting considerable
interest since they present an incessant threat to the environment
and a serious operational problem for the food industries when
suitable management strategies are lacking (Goula and

Lazarides 2015). However, many food by-products could serve
as source of potentially valuable compounds to be processed
inside the food chain as functional additives in different prod-
ucts (Augustin et al. 2020; Azabou et al. 2017; Azabou et al.
2016; Grassino et al. 2019; Kumar et al. 2018; Szabo et al.
2019). Thus, the effective reprocessing of these by-products
by adopting the circular economy approach could lead to the
notion of zero waste and reduce their environmental impact.

Tunisia is ranked between the top ten global manufacturers of
processed tomato products with annual processing capacity of
almost 650,000 to 950,000 t of fresh tomatoes, which results in
almost 20,000 to 30,000 t of solid waste material called “tomato
pomace.” This by-product consists mainly of peels and seeds, is
unsuitable for direct human consumption andmostly disposed of
as a solid waste (Heguy et al. 2015), or is partially used as a food
ingredient in animal feed (Arco-Perez et al. 2017; Biondi et al.
2020). However, the analysis of tomato pomace composition
shows that it could constitute an alternative source for the recov-
ery of high value-added compounds. As recently reviewed by Lu
et al. (2019), a great variety of biologically active substances are
present in both tomato peels and tomato seeds. In fact, tomato
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peels are rich in dietary fiber (62.76–88.53 g/100 g), lycopene
(288 mg/100 g), and phenolic compounds (157.8-mg gallic acid
equivalents (GAE)/100 g), whereas tomato seeds are mainly
composed of oil (17.8–24.5 g/100 g) and protein (23.6–40.9 g/
100 g). Recent strategies were proposed for the recycling and the
valorization of tomato pomace by the extraction of high value-
added compounds such as phenolic compounds and lycopene
(Abid et al. 2017; Bakić et al. 2019; Grassino et al. 2019;
Perea-Dominguez et al. 2018; Szabo et al. 2018), pectin
(Grassino et al. 2016), and fatty acids (Grassino et al. 2019;
Szabo et al. 2019). The possibility of using these valuable com-
pounds for innovative functional food products has become late-
ly of great interest. They were successfully incorporated in meat
products (Savadkoohi et al. 2014), wheat flour-based foods (Isik
and Topkaya 2016), and fats (Abid et al. 2017; Kehili et al.
2018). Besides to the abovementioned valorization routes, toma-
to by-products were used as material to produce biosorbents for
bioremediation applications (Najafi et al. 2016; Yargic et al.
2015), biodiesel (Giuffrè and Capocasale 2016), and biogas
(Allison and Simmons 2017; Li et al. 2016).

Regardless of the type of the targeted bioactive compound
to recover from tomato pomace, an extraction solid residue is
usually generated. In compliance with the circular economy

concepts, this residue must be further valorized. Allison and
Simmons (2017) as well as Scaglia et al. (2020) have recently
reported the valorization of the extraction solid residue
remained after lycopene extraction from tomato pomace into
methane by using the anaerobic digestion process. During the
present study, a set of approaches was investigated for the full
valorization of tomato pomace (Fig. 1). Polyphenols and ly-
copene were recovered from tomato peels, while edible oil
was extracted from tomato seeds. After this step, the extrac-
tion solid leftovers from tomato peels and tomato seeds were
mixed and used to produce low-cost biosorbent for further
application in dye removal. To the best of our knowledge,
the sequential utilization of these extraction solid residues as
biosorbent has not been before attempted.

Material and methods

Tomato by-product preparation

Tomato pomace was collected from a local tomato paste fac-
tory (SICAM, Mdjez Elbeb). It was open air dried at 45 °C ±
3 °C for 3 days. The dried tomato pomace was then sieved to
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Fig. 1 Proposed process for the full valorization of tomato pomace
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prepare two different fractions: tomato peels (40%) and toma-
to seeds (60%). These by-products (tomato pomace, tomato
peels, and tomato seeds) were ground into fine powder using a
laboratory mill (Grindomix Retsch, Fisher Scientific,
Waltham, MA, USA) before being transferred into hermetic
storage glass containers and stored at − 20 °C until use.

Chemicals

Folin–Ciocalteu’s reagent, sodium carbonate anhydrous, gal-
lic acid, sodium hydroxide, aluminum chloride anhydrous,
2,2-diphenyl-1-picrylhydrazyl (DPPH), β-carotene, linoleic
acid, trichloroacetic acid (TCA), ferric chloride anhydrous,
ascorbic acid, quercetin, and dyes were purchased from
Sigma-Aldrich (Germany). Potassium ferrocyanide and potas-
sium acetate were obtained from Merck (Darmstadt,
Germany), whereas HPLC-grade ethanol, chloroform, and n-
hexane were supplied by Sigma Chemical Co. (USA). All
used chemicals were of analytical grade (purity > 95%) and
were used as received without any further purification.

Physicochemical analysis of tomato pomace, tomato
peels, and tomato seeds

The proximate composition of tomato pomace, tomato peels,
and tomato seeds was undertaken by analyzing moisture, pro-
tein, lipid, and ash contents according to the AOAC official
methods (AOAC 2000). Iron, zinc, copper, sodium, calcium,
potassium, and magnesium were determined using an atomic
absorption spectrophotometer (Hitachi Z6100, Tokyo, Japan)
according to Luten et al. (1996). Total, soluble, and insoluble
dietary fibers were determined with the enzymatic and gravi-
metric methods described by Prosky et al. (1988).

Extraction procedure of bioactive compounds from
tomato peels

Powder of tomato peels was extracted using the shaking meth-
od with absolute ethanol (purity ≥ 99.8%) in dark flasks at a
sample to solvent ratio of 1:60 (w/v), at 150 rpm and 25 °C for
an extraction time of 6 h. Afterwards, the extracts were filtered
using Whatman No. 1 filter paper (Whatman, Fisher
Scientific, Schwerte, Germany). Ethanol was removed in a
vacuum rotary evaporator at 40 °C, and the extract was kept
in a refrigerator at 4 °C until further analyses.

Quantification of bioactive compounds in tomato
peel extract

The lycopene content of tomato peel extract was measured at
472 nm using a UV/vis spectrophotometer (UV mini-1240,
Shimadzu, Kyoto, Japan) according to Strati and Oreopoulou
(2011a). The lycopene concentrationC (mg/L)was calculated as:

C ¼ A� 104=E

whereA is the absorbance of the extract atλmax specified for each
solvent and E is the absorption coefficient (absorbance at a given
wavelength of a 1% solution in a spectrophotometer cuvette with
a 1-cm light path) of lycopene in the respective solvent (Strati
and Oreopoulou 2011b). The extraction yield was calculated as:

Lycopene mg=100 gð Þ ¼ C � V=M

where C is the lycopene concentration in the solvent, V is the
liquid volume, andM is the amount of tomato peel powder.

The total phenol content (TPC) of tomato peel extract was
determined according to Cicco et al. (2009). TP ethanolic ex-
tract (20 μL) was mixed with 100 μL of Folin–Ciocalteu’s
reagent. Afterwards, the mixture was shaken and then incubat-
ed for 2 min at 25 °C. A total of 800 μL of sodium carbonate
solution (5%) was added, and the mixture was shaken once
again for 1 min, incubated in the dark for 20 min at 40 °C,
and then immediately cooled in ice bath. The absorbance of
the resulting color was measured at 760 nm against a distilled
water/sodium carbonate/Folin–Ciocalteu’s reagent blank.
Gallic acid (GA) was used as the standard for the calibration
curve. TPC was expressed as mg GAE per gram of extract.

The total flavonoid content (TFC) of tomato peel extract was
determined using the method described by Chang et al. (2002).
Briefly, 500 μL of tomato peel extract was mixed with 1.5 mL
of ethanol, 100μL of potassium acetate (1M), 100μL of AlCl3
(10%,w/v), and 2.8mL of distilled water. Themixture was well
mixed and then incubated for 30 min at 25 °C. The absorbance
of the mixture was then measured at 415 nm. TFC was
expressed as mg quercetin equivalent (QE) per gram of extract.

Antioxidant assays

Different methods have been tested to assess the antioxidant
potential of the ethanolic extract prepared from tomato peels.

DPPH radical scavenging activity

The antiradical ability of tomato peel extract was evaluated
according to Bersuder et al. (1998). Tomato peel extract
(500 μL) was mixed with 375 μL of ethanol and 125 μL of
an ethanolic DPPH solution (0.02%). The mixture was stirred
vigorously and then placed for 1 h at 25 °C in the obscurity. The
decrease in absorbance was measured at 517 nm using a UV-
vis spectrophotometer. The radical scavenging activity (RSA)
was calculated as a percentage of DPPH∙ inhibition as follow:

RSA %ð Þ ¼ Acontrol þ ADPPH
•
blankð Þ−ADPPH• sampleð Þ

� �
=Acontrol

� ��100

where Acontrol is the absorbance at 517 nm of 875 μL of ethanol
mixed with 125 μL of ethanolic DPPH solution, ADPPH

∙
(sample)

is the absorbance at 517 nm of 500 μL of tomato peel extract
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mixed with 375 μL of ethanol and 125 μL of ethanolic DPPH∙

solution, and ADPPH
∙
(blank) is the absorbance at 517 nm of

500 μL of tomato peel extract mixed with 500 μL of ethanol.

Reducing power assay

The Fe-reducing power which measures the change of Fe3+ to
Fe2+ was determined according to Yildirim et al. (2001).
Tomato peel extract (1 mL) was mixed with 1.25 mL of phos-
phate buffer (0.2 M; pH 6.6) and 1.25 mL of potassium ferro-
cyanide [K3Fe(CN)6] (10 g/L). After incubation for 30 min at
50 °C, 1.25 mL of TCA (10%) was added. A total of 1.25 mL
of the obtained mixture was added to 1.25 mL of distilled
water and 0.25 mL of FeCl3 (1 g/L). After 10 min, the absor-
bance at 700 nmwasmeasured. A higher absorbance indicates
a better Fe-reducing power and thus a better reducing power
of the tomato peel extract.

β-carotene bleaching assay

The antioxidant activity of tomato peel extract was also eval-
uated by using the β-carotene linoleate model system accord-
ing to Koleva et al. (2002). β-carotene solution and linoleic
acid were prepared with Tween 80 and chloroform (≥ 99.5%).
The solvent was then evaporated, and the residue thus obtain-
ed was dissolved in 100 mL of bi-distilled water. A total of
500 μL of different dilutions of tomato peel extract was added
to 2.5 mL of the prepared solution. The mixtures were then
incubated for 2 h at 50 °C, and the absorbance was measured
at 470 nm before and after incubation. Controls and blanks
were prepared for each dilution of tomato peel extract by using
the same procedure, but the control contained 500 μL of bi-
distilled water instead of the tomato peel extract and the
blanks were β-carotene-free. The zero sample was prepared
with 500 μL of ethanol and 2.5 mL of the solution without β-
carotene. The antioxidant activity was measured using the
following equation:

β−carotene bleaching inhibition activity %ð Þ
¼ 1− A0sample−A0bð Þ � A120sample−A120bð Þð Þ
= A0c−A120cð Þ � 100

where A0sample, A0b, and A0c are absorbances of the sample,
blank, and control, respectively, at 470 nm before incubation,
and A120 sample, A120b, and A120c are those of the sample, blank,
and control, respectively after incubation for 120min at 50 °C.

Extraction and analysis of oil from tomato seeds

Tomato seeds (25 g) were placed in a 1-L dark flask and
homogenized with 250 mL of n-hexane (purity ≥ 99.0%).
After mixing for 4 h in a shaker at a rate of 180 rpm/min,

the mixture was centrifuged for 15 min at 1000g at room
temperature (20 °C). The supernatant was then filtered
through a Whatman No. 2 filter paper (Whatman, Fisher
Scientific, Schwerte, Germany). The extraction procedure
was repeated twice, and the collected solvent was removed
using a rotary evaporator at 40 °C. The obtained seed oil
was finally drained under a stream of nitrogen and then stored
in a freezer (− 20 °C) for subsequent physicochemical analy-
ses (Cheikh-Rouhou et al. 2007). Peroxide, iodine, saponifi-
cation, and acidity values were determined according to the
AOCS official methods (1997). Determination of refractive
index (at 40 °C) was determined with a refractometer (type
Abbe optic system, Germany). K232 and K270 extinction coef-
ficients were calculated from absorbances at 232 and 270 nm,
respectively, with a UV/vis spectrophotometer (UV mini-
1240, Shimadzu, Kyoto, Japan), using a 1% solution of oil
in cyclohexane and a path length of 1 cm. Fatty acid (FA)
composition of tomato seed oil was determined using gas
chromatography after conversion of FA to fatty methyl esters
(FAMEs) according to the AOAC method 965.33 ( 2000).
Analyses of FAMEs were carried out using a Hewlett
Packard 5890 Series II gas chromatograph (Hewlett Packard
Co., Amsterdam, Netherlands) equipped with a hydrogen
flame ionization detector (Shimadzu, Japan) and a capillary
column (3 m × 0.25 mm, Agilent, Machelen, Belgium). The
column temperature was programmed from 180 to 240 °C at
5 °C/min, and the injector and detector temperatures were set
at 250 °C. Identification and quantification of FAMEs were
accomplished by comparing the retention times of peaks with
those of pure standards purchased from Sigma and analyzed
under the same conditions. The results were expressed as a
percentage of individual FA in the lipid fraction.

Biosorption study

Preparation and characterization of the biosorbent

The extraction solid residues that remained after the extraction
of bioactive compounds and oil respectively from tomato peels
and tomato seeds were mixed and used to produce biosorbent.
In order to increase their surface area, these solid residues were
pretreated (activated) by carbonization at 500 °C for 1 h. The
thermally treated solid residues were then immersed in a sodi-
um hydroxide aqueous solution (0.5 N) at the solid-liquid ratio
of 1/50 (w/v). The biosorbent was finally washed with distilled
water until the pH of water was neutral. The obtained
biosorbent has a particle size ranged from 13 to 445 μm.

FT-IR spectroscopy was used to identify the chemical
groups in the biosorbent. The infrared spectra of biosorbent
were recorded with a light source in the middle infrared range
(650–4000 cm−1) in a NICOLET spectrometer (Cary 630
Agilent, Germany). The particlemorphology of the biosorbent
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was examined by using a scanning electron microscope JEOL
(JFC-1100E, USA) with an accelerating voltage of 15 kV.

Adsorbates

Several dyes, purchased from Sigma-Aldrich (Germany),
were used in the present study. They are belonging to different
families namely; reactive black 5 (di-azoic), acid orange 51
(acidic), direct red 75, direct blue 86 (direct), and remazol
brilliant blue R (anthraquinone). Dyes stock solutions were
prepared by dissolving 5 g/L of each dye in distilled water.
The working concentrations were obtained by diluting the
stock solutions, and dye concentrations were measured at the
λmax 597, 592, 520, 446, and 614 nm respectively correspond-
ing to reactive black 5, remazol brilliant blue R, direct red 75,
acid orange 51, and direct blue 86.

Biosorption experiments

Biosorption assays were conducted in 50-mL flasks at a fixed
biosorbent concentration (1 g/L), dye concentrations (50 and
100 mg/L), pH (3.0), temperature (30 °C), incubation time
(1 h), and speed stirring (150 rpm). The solution pH was
adjusted using a 0.1-M HCl solution. The concentration of
the remaining dyes in the adsorption mediumwas determined,
after incubation, by measuring the optical density at the ap-
propriate λmax of each dye, using an UV/vis spectrophotome-
ter (UV mini-1240, Shimadzu, Kyoto, Japan).

Biosorption yields corresponding to the different used dyes
were calculated using the following equations:

Biosorption %ð Þ ¼ C0−Ceq

� �
=Ceq

� �� 100 ð1Þ
qeq ¼ C0−Ceq

� �
=r ð2Þ

where:
C0 (mg/L): initial dye concentration
Ceq (mg/L): dye concentration at equilibrium
qeq (mg/g): quantity of biosorbed dye per unit mass of

biosorbent at equilibrium
r (g/L): mass of biosorbent per liter of aqueous solution.

Statistical analysis

All analytical determinations and measurements were per-
formed at least in triplicate. Values were expressed as the
mean ± standard deviation (n = 3). Analysis of variance was
conducted, and differences between variables were tested for
significance by one-way analysis of variance using the
SPSS software, 17.0 (Professional edition, SPSS Inc.,
Hong Kong, China). A difference was considered statis-
tically significant when P < 0.05.

Results and discussion

Chemical composition of tomato pomace, tomato
peels, and tomato seeds

Proximate composition, dietary fiber, and mineral content of
tomato pomace, tomato peels, and tomato seeds are summa-
rized in Table 1. All these by-products were characterized by
the predominance of carbohydrates followed by proteins and
lipids. Crude proteins in tomato seeds (25.50 ± 0.53%) were
almost twice of that in tomato peels (14.47 ± 0.50%).
Moreover, tomato seeds were particularly rich in fat
(17.15%) compared with tomato peels, which depicted a very
low fat content (1.77%). Both oil and protein average contents
in tomato seeds are in the interval of those reported by Lu et al.
(2019) that varied from 17.8 to 24.5% and from 23.6 to
40.9%, respectively. The mineral composition of tomato
peels and tomato seeds showed that the major elements were
K, Ca, Na, Fe, and Mg, while Zn was noticeably present in
tomato seeds. These results agree with those of Elbadrawy and
Sello (2016) and Navarro-González et al. (2011) who also
suggested that tomato by-products could be used as protective
agent for cardiovascular diseases, taking into account the low
Na/K ratio. On the other hand, both tomato peels and seeds
contained most of the antioxidant minerals especially Ca, Mg,
Zn, Fe, and Cu (Navarro-González et al. 2011). Regarding the
total dietary fiber content, results showed that crude fiber con-
tent was much higher in tomato peels than in tomato seeds.
The present values are lower than those reported by Navarro-
González et al. (2011), which could be due to the genetic
diversity and climatic variations of the tomato fruits. The ratio
of insoluble dietary fibers/soluble dietary fibers was around 8/
1 and 4/1 for tomato peels and tomato seeds, respectively. In
fact, these compartments of vegetables are usually rich in cel-
lulose, hemicellulose, and lignin that make the insoluble die-
tary fibers. Unlike tomato seeds, the TPC was higher in toma-
to peels (46.83 ± 0.73-mg GAE/g against 27 ± 0.03-mg GAE/
g, respectively). These values were much higher than those
reported by Navarro-González et al. (2011), but lower than
TPC stated by Bakić et al. (2019) in tomato peels
(53.12-mg GAE/g). On the other hand, Toor and
Savage (2005) have already shown that peels of some
tomato fruits contain significantly higher levels of poly-
phenols, flavonoids, and lycopene, and thus a higher
antioxidant activity than pulp and seed fractions.

Extraction of bioactive compounds from tomato peels

Tomato peels were investigated as potential source of natural
antioxidants such as polyphenols and lycopene. These com-
ponents were simultaneously extracted after the maceration of
tomato peels with 99.8% ethanol as an eco-friendly conven-
tional solvent extraction technique. Ethanol was chosen to
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extract antioxidant compounds since it is a non-toxic, food-
grade, cheap, and environmentally friendly solvent (Azabou
et al. 2020; Butsat and Siriamornpun 2016). Ethanolic extract
recovered from tomato peels was red colored revealing the
presence of the red-colored pigment lycopene. The total phe-
nol content and total flavonoid content in tomato peel extract
were about 199.35 ± 0.25-mg GAE/g and 102.10 ± 0.03-mg
QE/g of extract, respectively (Table 2). Further studies should
be performed to enhance the extraction of polyphenols from
tomato peels, using newer extraction procedures rather than
the traditional methods like maceration. In fact, Bakić et al.
(2019) have obtained remarkable amounts of polyphenols
from tomato peel waste with minimal time expenditure by
applying the microwave-assisted extraction as an emerging
technique. In the same vein, Coelho et al. (2019) have reported
that ohmic heating can significantly increase flavonoid
(naringenin, rutin, and kaempferol) extraction from tomato
by-products. Juric et al. (2019) showed that treatment of to-
mato peels by high-pressure homogenization increased the
release of intracellular compounds including polyphenols.

Regarding the lycopene content in the tomato peel extract,
its value was in the range of 3.67 ± 0.04 mg/100 g. Several
attempts have been performed for the lycopene extraction
from tomato pomace and tomato peels, using either conven-
tional or non-conventional extraction techniques. In summary,
the lycopene extraction was enhanced by using non-polar sol-
vents such as hexane (Lu et al. 2019) and olive oil (Kehili et al.
2019), which are suitable to extract lipophilic compounds.
However, due to the defects of conventional solvent methods,
innovative approaches were suggested with promising per-
spectives, such as ultrasound-, pulsed electric fields-, and en-
zyme assisted methods as well as supercritical carbon dioxide
extraction (Allison and Simmons 2017; Lu et al. 2019; Pataro
et al. 2020; Scaglia et al. 2020).

Tomato peel extract was examined for its antioxidant po-
tential, owing to the high levels of bioactive compounds,
mainly polyphenols. Results from Table 3 showed that tomato
peel extract showed potent antioxidant activity particularly in
terms of the inhibition of the β-carotene bleaching, which
reached 80.64% at 400 μg/mL of extract. Moreover, it should

Table 1 Chemical composition
of tomato pomace, tomato peels,
and tomato seeds*

Parameters Tomato pomace Tomato peels Tomato seeds

Moisture (%) 7.90 ± 0.78b 10.53 ± 0.6a 8.14 ± 0.07b

Ash1 7.01 ± 0.50a 5.74 ± 0.03b 4.61 ± 0.04c

Potassium2 808.54 ± 14.30a 559.56 ± 12.50b 375.13 ± 11.54c

Sodium2 191.68 ± 4.25b 128.53 ± 2.36c 812.8 ± 3.76a

Calcium2 371.52 ± 6.01b 240.83 ± 4.34c 148.0 ± 5.23a

Magnesium2 3.08 ± 0.07b 1.66 ± 0.07c 37.4 ± 0.05a

Iron2 10.98 ± 0.98b 6.16 ± 0.78c 24.5 ± 0.64a

Zinc2 1.83 ± 0.07b 1.21 ± 0.05c 19.4 ± 0.06a

Copper2 0.09 ± 0.00a 0.09 ± 0.00a 0.8 ± 0.01a

Proteins1 20.14 ± 0.25b 14.47 ± 0.50c 25.50 ± 0.53a

Fats1 8.83 ± 0.24b 1.77 ± 0.04c 17.15 ± 0.86a

Total dietary fibers1 64.12 ± 0.56a 48.52 ± 0.67c 54.24 ± 0.66b

Soluble dietary fibers1 5.56 ± 0.34b 5.12 ± 0.21b 9.48 ± 0.47a

Insoluble dietary fibers1 58.54 ± 0.75a 43.40 ± 0.68b 44.76 ± 0.86b

Total phenol content3 55.10 ± 0.42b 46.83 ± 0.73b 27 ± 0.03a

*Data are mean values of triplicate determination ± standard deviation
1 In %, dry matter basis
2 In mg/100 g of dry matter
3 In mg GAE/g of dry matter
a,b,c, Different letters in the same line indicate significant differences (a > b; p < 0.05)

Table 2 Total phenol content
(TPC), total flavonoid content
(TFC), and lycopene content in
the ethanolic extract of tomato
peels

Characteristics TPC (mg GAE/g) TFC (mg QE/g) Lycopene content
(mg/100g)

Mean value 199.35 ± 0.35 102.10 ± 0.03 3.67 ± 0.04
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be noted that tomato peel extract showed a dose-response
behavior in all the tested antioxidant assays. Therefore, tomato
peels showed a promising source for natural food additives to
replace synthetic antioxidants, avoiding the lipid oxidation
and extending the food shelf life.

Characterization of tomato seed oil

The oil content of tomato seeds was about 17.15%. It has a
strong odor recalling the odor of sun-dried tomatoes and a
yellow orange color as shown in Fig. 1. Basing on the data
presented in Table 4, tomato seed oil presents worthy qualities
conformingly to the Codex standard for vegetable oils (CAC
1999). In fact, its refractive index determined at 40 °C is
1.4655, which is comparable with soy bean oil and olive oil
(Cheikh-Rouhou et al. 2007). Its higher iodine value expresses
its particular nutritional quality, owing to the high unsaturated
fatty acid content as shown in Table 5. The acid value of
12.8% indicates that the proportion of the free fatty acid con-
tent was in the interval range of those in the edible oils soy-
bean oil, mustard oil, and palm oil (CAC 1999). In fact, at free
fatty acid percentage below 1.5%, oil could be supposed as
suitable for edible purposes. Tomato seed oil showed peroxide
value of 1.74-meq O2/kg and specific extinction coefficients
of 2.357 and 0.605 as calculated from absorbance at 232 and
270 nm, respectively.

Table 5 shows the FA composition of tomato seed oil that
involves particularly unsaturated fatty acids (74.62%). In fact,
oleic acid occurs in the greatest amounts among

monounsaturated fatty acids (23.64%) and linoleic acid as
the prominent polyunsaturated fatty acid (49.70%). This result
is in good agreement with that reported by Yilmaz et al.
(2015). Therefore, tomato seed oil could be considered as an
up-coming edible oil due to its high nutritional quality, owing
to its high polyunsaturated fatty acid content as recently
reviewed by Lu et al. (2019). In fact, linoleic acid may have
favorable nutritional implications and beneficial physiological
effects in the prevention of coronary heart disease and cancer.
Thus, tomato seed oil could be very appealing for food and
pharmaceutical industrial applications.

Biosorbent production from the extraction solid
residues

Agro-industrial wastes may have a potential as inexpen-
sive sorbents. They could be assumed as “low cost” since
they derived from by-products which are easily available
in large quantities, renewable, non-toxic, and generally
require little processing, and some of them can be regen-
erated and reused (Yargic et al. 2015). In this section, the
extraction solid residues that remained after the recovery
of bioactive compounds and edible oil respectively from
tomato peels and tomato seeds were mixed to produce

Table 3 Antioxidant potency of
tomato peel ethanolic extract Extract concentrations

100 μg/mL 200 μg/mL 400 μg/mL

DPPH radical scavenging activity (%) 29.06 ± 0.91 31.72 ± 1.23 52.50 ± 1.23

β-carotene bleaching inhibition activity (%) 44.46 ± 0.12 56.34 ± 0.86 80.64 ± 2.11

Reducing power (absorbance at 700 nm) 0.170 ± 0.02 0.366 ± 0.044 0.866 ± 0.105

Table 4 Physicochemical characteristics of tomato seed oil

Characteristics Mean value

Relative density at 20 °C (g/mL) 0.88 ± 0.02

Refractive index at 40 °C 1.4655 ± 0.005

Iodine value (g I2/kg of oil) 148 ± 6.86

Saponification value (mg KOH/g of oil) 175 ± 3.6

Acid value (mg/kg of total fatty acid) 12.8 ± 0.02

Peroxide value (meq O2/kg of oil) 1.74 ± 0.64

K232 1.805 ± 0.05

K270 0.605 ± 0.03

Table 5 Fatty acid
composition of tomato
seed oil

Fatty acid Mean value (%)

C14:0 0.20 ± 0.02

C16:0 17.08 ± 0.15

C16:1 0.47 ± 0.01

C17:0 0.13 ± 0.01

C17:1 0.40 ± 0.03

C18:0 5.97 ± 0.12

C18:1 23.64 ± 0.32

C18:2 49.70 ± 0.65

C18:3 0.33 ± 0.02

C20:0 2.00 ± 0.01

C20:1 0.08 ± 0.02

SFA 25.38

MUFA 24.59

PUFA 50.03
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low-cost biosorbent by activation using a cascade of ther-
mal and chemical treatments.

Biosorbent characterization

The FT-IR spectroscopy performed in the range of 650–
4000 cm−1 was used to identify functional groups at the
biosorbent surface that may be responsible for dye binding.
Figure 2 showed a large band at 3226 cm−1, which may be
assigned to the O–H stretching vibration of carboxylic acids.
The sharp bands at 2920 cm−1 and 2851 cm−1 are attributed to
the C–H stretching. The peak at 1707 cm−1 mainly refers to
the characteristics of the C=O stretches of the carbonyls such
as those of ketones and esters. Peak at 1517 cm−1 could be
explained by the presence of amide I and amide II stretching,
corresponding to the proteins on the biosorbent surface. The
band at 1161 cm−1 is attributed to the C–O stretching vibration
of esters. The important band at 1099 cm−1 is due to the C–O
stretching of the aliphatic ether. Peaks in the wavenumber
region below 800 cm−1 can be attributed to the presence of
N bioligands. These spectra indicate that the studied
biosorbent contains a wide variety of functional groups such
as hydroxyl, carboxyl, amides, ethers, ketones, and esters that
play important role for binding dyes through different mech-
anisms (Barka et al. 2013a, b; Peláez-Cid et al. 2013). Figure 3
shows the SEM micrographs conducted to examine the phys-
ical morphologies and surface properties of the biosorbent.
Results demonstrated that the biosorbent surface retained the
famous structural characteristics of the activated carbon, thus
is mostly irregular in shape and porous with irregular and
broken edges. The whole surface porosity and roughness in-
crease due to the presence of pores, and reliefs confer to the
biosorbent to interact with different dye molecules.

Fig. 2 FT-IR spectrum of the
biosorbent

Fig. 3 SEM images of the biosorbent at a 500 and b × 5000
magnification
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Performance of biosorbent for dye removal

Differences in biosorption yields were observed when varying
the dye family at the same batch conditions. The highest
biosorption yields were increasingly attributed to the acidic,
direct, anthraquinone, then reactive dyes (Fig. 4a). The
biosorption percentages of acid orange 51 (AO51), direct blue
86 (DB86), direct red 75 (DR75), remazol brilliant blue R
(RBBR), and reactive black 5 (RB5) were respectively of
90.11%, 63.19%, 47.19%, 24.28%, and 13.13%. Quantity of
dye adsorbed per unit mass of biosorbent at equilibrium qeq
corresponding to AO51, DB86, DR75, RBBR, and RB5 at
initial dye concentration of 100 mg/L varied from 66.5 to
12.18 mg/g (Fig. 4b). The obtained results were found to be
comparable with those of many other low-cost biosorbent in
literature such as dried prickly pear cactus (Opuntia ficus
indica) cladodes powder and fruit wastes, orange peel, modi-
fied zeolite, and high-lime fly ash (Barka et al. 2013b; Gupta
and Suhas 2009; Peláez-Cid et al. 2013). Batch experiments
confirmed the previous findings of Gupta and Suhas (2009),
relating the biosorption efficiency to the structure of dye

molecules. In the same vein, Yargic et al. (2015) reported that
tomato waste could be used as an alternative and low-cost
biosorbent for the removal of copper(II) ion from aqueous
solutions, when suitable conditions were performed.
Therefore, in-depth studies of the biosorption parameters in-
cluding biosorbent particle size and batch conditions (pH,
temperature, dye concentration, biosorbent concentration,
etc.) are needed in order to design and carry out a pilot
plant-scale study and to check the industrial-level feasibility.

Conclusion

The present study aimed at developing a sustainable path to-
wards a zero-waste exploitation of tomato pomace, showing
that it could represent a potential feedstock for the extraction
of valuable compounds and the sequential production of low-
cost biosorbent. In fact, significant amounts of natural antiox-
idants like polyphenols and lycopene were simultaneously
extracted from tomato peels using a food-grade solvent (etha-
nol), while high-quality edible oil with high content of linoleic
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acid was extracted from tomato seeds. Subsequently, the ex-
traction solid residues (i.e., the solid leftovers after the extrac-
tion of valuable compounds from tomato peels and tomato
seeds) were mixed and pretreated to produce a biosorbent that
was successfully applied for the removal of acidic dyes. In
conclusion, this study demonstrated that tomato pomace can
be entirely valorized as antioxidant compounds and edible oil
as well as a sequential low-cost biosorbent. This would not
only result in economic benefits for processed tomato pro-
ducers but also contribute to environmental protection and
resource conservation.
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