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ABSTRACT
Tomato pomace (TP), utilized improperly is not namely causes a waste of valuable resources but
also increases environmental pollution. In this study, possibilities improving nutrient composition
by fermenting dry TP with Aspergillus niger was investigated for the value-added utilization of this
pomace in animal feed. The TP, dried at 65°C for 8 hours with a simple layer and under a laminar
airflow drying oven, was subjected to solid-state fermentation. After unfermented and fermented
dry pomaces were milled in 2 mm sieve, proximate analysis and the analysis of cellulosic fractions
were performed. Roughage quality indices were calculated using cellulosic fractions. Fermentation
of TP with Aspergillus niger inoculant increased the amount of dry matter (82.98 vs 91.47%), crude
fiber (21.71 vs 23.00%), neutral detergent fiber (29.70 vs 35.92%), acid detergent fiber (25.22 vs
26.84%), acid detergent lignin (7.91 vs 10.77%), hemicellulose (44.71 vs 90.78), crude protein
(13.70 vs 21.37%), ether extract (2.82 vs 3.52%) and ash (10.57 vs 13.24%) compare to
unfermented TP. Fermentation process decreased nitrogen-free extract (51.19 vs 38.86%), non-fiber
carbohydrates (46.03 vs 29.47%) and quality index as relative feed value (216.9 vs 176.1) and
relative forage quality (242.5 vs 195.5) and metabolizable energy (2.66 vs 2.60). Ferric reducing
antioxidant power (FRAP), DPPH free radical (2,2-diphenyl-1-picrilhydrazil) and total phenolic
content of TP did not increase by fermentation. Concentration of β-carotene and lycopene of TP
decreased after fermentation with A niger. The results indicate that the selected strains of A. niger
can be used to enrich the chemical composition of TP, except for cellulosic fractions and also
carotenoids and antioxidant activity.
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Introduction
The tomato is one of the most widespread fruits in the
world and is produced around 1.8-2.0×108 tonnes per
annum (FAO 2019). A small portion of tomato, which is a
seasonal fruit, is consumed as fresh by humans. The
majority of tomatoes is processed to tomato paste, ketchup,
fruit juice, sauce, puree etc. (Kaur et al., 2008). In this way,
the remaining tomato pomace (TP) compose of around 37% of tomato, that consists mainly of peels, seeds and a
small amount of pulp (Zuorro et al., 2011). All of the TP
produced worldwide (estimate 5.4-9.0 × 106 tons, Lu et al.,
2019) have to evaluate at the time required as feed or food,
because TP with high water content (about 95%) is not
suitable for long-term storage (Demiray 2009). This not
only increases environmental pollution, but also causes
waste of valuable resources (Lu et al., 2019).
TP is a good source of protein, oil, lycopene,
carotenoids, dietary fibre, pectin and polyphenolics (Nour
et al., 2018). The high fiber content results in poor
digestibility, worse feed utilization and low metabolizable

energy value of animal and especially poultry diets (Ozturk
2017). Solid-state fermentation (SSF) is one of the
alternatives and effective methods that can be used to
obtain richer nutrient-containing ration components
(Gungor and Erener 2020a). By fermentation, the
antinutritional elements of the feed can be removed,
reducing the amount of tannins, degrading cellulose
structures, enriching with enzymes, phenolic compounds,
organic acids and color substances and increasing
nutritional composition (Gungor et al., 2017; Altop, 2019a;
Gungor and Erener, 2020b).
As a result of solid-state fermentation of tomato
pomace with A. niger, it was found that acid detergent fiber
(ADF), crude fiber (CF), lignin and neutral detergent fiber
(NDF) content decreased significantly and dry matter
(DM), nitrogen-free extract (NFE), ether extract (EE), ash,
crude protein (CP) and metabolizable energy (ME)
increased (Tosun 2017). It was reported that tannin, which
is one of the antibacterial factors, decreased by 86-89%.
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The optimization of some parameters such as the choice of
suitable microorganisms and substrates in the isolation and
purification of the product has a beneficial effect on the
efficiency and yield of the SSF (Altop, 2019b). In previous
studies, it has reported that ATCC 9142, ATCC 200345
and ATCC 52172 strains decreased CF, NFE, NDF and
ADF amounts (Gungor et al., 2017), but the ether extract
content did not change (Aguilar et al., 2008; Okpako et al
2008; Lawal et al., 2010). In contrast, in some studies, SSF
decreased ether extract (Kayode and Sani, 2008; Apata,
2011) and ash content (Kayode and Sani, 2008). Moreover,
it is known that microorganisms reduce the NFE content of
the substrate using easily soluble carbohydrates in the
substrate. However, ATCC® 9029™ strain increased the
content of NFE in TP (Tosun, 2017) and in Terminalia
catappa fruit meal (Apata et al., 2011), respectively. These
reports indicate that the efficiency of SSF depends on
mainly two factors with, related to SFF such as
microorganism type or strain, pH and moisture of culture
medium and with substrates such as cultivars, season, or
processing, including the nutritive value. There is no
enough information on whether SSF application using A.
niger (ATCC® 200345 TM) affects the nutrient content
and quality of the pomace from Tokat tomato, one of the
most quality cultivars in terms of marketable food products
and nutritive value. Therefore, in this research, it was
puposed to determine how the nutrient content of dry
tomato pomace was affected by SSF application using A.
niger (ATCC® 200345 TM).
Materials and Methods
Collection of Samples
Freshly harvested tomatoes were collected and put in
the container, washed to remove dirts, chopped into small
pieces with a knife. In order to remove the juice of the
roughly crushed tomatoes, it was squeezed through a sieve
with a diameter of 1 mm. The remaining part of the sieve
was used as tomato pomace.
Drying and Nutrient Analysis of Tomato Pomace
The TP was dried in an air-circulating oven in trays at
65°C for 8 hours. The dried TP was milled through a 2 mm
hole diameter sieve and mixed homogeneously. Three
samples of tomato material were put to the laboratory and
stored at -20°C until further proccess for determination of
antioxidant level and total phenolic content.
Fermentation of Dried Tomato Pomace
In solid state fermentation, dry TP from Tokat tomato
and Aspergillus niger (ATCC® 200345 TM) obtained from
the American Type Culture Collection was used as a
substrate and inoculant, respectively. In the study, 6 kg
pomace with a DM content of 90% were divided in 6 equal
parts and allocated to 2 treatment groups with 3
replications. These TP samples were ground and then
sterilized in an autoclave at 121°C for 15 minutes. After A.
niger microorganism was cultured for 7 days at 24°C in
potato dextrose agar (PDA), the bacteria count was made
by a Thoma slide and a suspension of 10 4 spores /ml was
prepared. Then A. niger spore was propagated to ferment
the second TP group in a sterile cabinet. In order to provide
an environment suitable for the operation of A. niger, a

mixture of nutritional salt with 60% humidity was applied.
A nutritional salt ((NH4)2SO4: glucose: KH2PO4: urea:
MgSO4.7H2O: peptone = 6:4:4:2:1:1) of 180 g was added
to 1600 cc of distilled water to ensure that the mixture
contained 60% moisture. This fermentation media was
calibrated to pH 5 using 1 N NaOH and HCl. Thus TP
samples were incubated at 30°C for 72 hours. Then they
spread on polyethylene paper and dried to 90% dry matter
at room temperature. At the end of the drying process, they
were ground to 2 mm for proximate analyses.
Analysis of Proximate
The samples obtained at the end of fermentation were
dried in the oven (30-50°C) and then, DM, ash, CP, EE, CF
analyzes was made according to Weende analysis method.
Also, these nutrient ingredients were analysed in the dried
TP before fermentation. ADF, NDF and acid detergent
lignin (ADL) analyzes were performed (A2000, Ankom)
considering Van Soest et al. (1991). Hemicellulose was
calculated as NDF minus ADF. Quantity of NFE was
calculated on a dry weight basis by subtracting the
percentages of CP, EE, CF and ash from 100%. The
Relative Feed Value (RFV) index assumes digestible dry
matter (DDM) of the alfalfa from ADF, and calculates the
DM intake potential from NDF. The index is then
calculated as DDM multiplied by dry matter intake (DMI
as a % of BW) and divided by 1.29. This index sorts the
forages according to the digestible DMI of full bloom
alfalfa (Jeranyama and Garcia, 2004). Total digestible
nutrients (TDN) substitutes and DDM is used for the
Relative Forage Quality (RFQ) calculation. Feed intake
and TDN values are estimated from fiber digestibility
provided in the laboratory. The RFQ was calculated as
follows (Undersander 2003):
RFQ = (DMI, % of BW) × (TDN, % of DM) /1.23.
The value of 1.23 ensures the equation has an average
and range similar to that of RFV. TDN, DE and ME were
calculated according to Alves et al. (2011).
TDN = 102.56 - (1.14 × ADF).
DE = TDN × 0.044. ME = DE × 0.82.
Determination of Total Phenolic Content
Dried plant materials were extracted with 75 mL (95%
v/v) ethanol at 40°C for 10 min; the extraction process was
repeated thrice. The solvent was evaporated at 40°C under
reduced pressure. Dried extract was used in later analysis.
The total phenolic content of TP and fermented tomato
pomage (FTP) extracts was determined using Folin and
Ciocalteu reagent, following the spectrophotometric
method described by Singleton and Rossi (1965) via small
modifications. The test sample (200 µL of diluted extract)
was mixed with 1 mL of 0.2 N Folin-Ciocalteu’s phenol
reagent and left in the dark for eight minutes. Then 2 mL
of saturated sodium carbonate (75 g / L, 7.5% w/v in water)
was added, the mixture was shaken and kept in the dark.
After a 2-2.5 hour reaction at room temperature, the
absorbance of all samples was measured at 760 nm with a
UV-spectrophotometer. The phenolic content was
calculated as gallic acid equivalents (GAE/g) of dry plant
material on the basis of a standard gallic acid curve (5–500
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mg/L, 𝑌 = 0.0027𝑥 − 0.0055, 𝑅2 = 0.9999). All
appointments were done three times.
Determination of Total Flavanoids
The total flavonoid ingredient of the unfermented and
fermented dry tomato pomages was made according to the
aluminum chloride colorimetric method with some
modifications (Verzelloni et al., 2007). One mL sample
was mixed with 0.3 mL of 5% NaNO2 solution, and after
kept for five minutes, 0.5 mL of 2% AlCl3 was added. This
mixture was neutralized with 1M NaOH, and after 10
minutes, the optic density at 510 nm was measured. The
results are expressed in terms of catechin equivalent.
Determination of Antioxidant Activity
The extracts were dissolved in 80% methyl alcohol to
obtain a 20 mg/mL stock solution. The antioxidant activity
of the extracts was measured at a concentration of 500
𝜇g/mL by following two methods. The percentage of
antioxidant activity of the substances was assigned by
DPPH free radical (2,2-diphenyl-1-picrilhydrazil) testing.
The measurement of the DPPH radical scavenging activity
was executed according to the methodology defined by
Brand-Williams et al. (1995). A stock solution of DPPH
(200 𝜇M) was prepared in methanol. The reaction mixture,
containing 100 𝜇L of DPPH and 100 𝜇L of the diluted test
sample, was incubated at 20°C for 120 min. The
absorbance expressed as the trolox equivalent was
measured at 515 nm. Percent DPPH radical scavenging
activity was calculated as follows: Percentage of radical
scavenging activity = {1 − (sample − blank) (control −
blank)} × 100. Ferric reducing antioxidant power (FRAP)
analysis was performed to the method proposed by Benzie
and Szeto (1999) for determining the antioxidant status, the
calculation was made by using the standard curve drawn
with iron sulphate.
Statistical Analysis
The data provided in the study were analyzed by t test
and the values are explained as the mean ± standard
deviation (SD). The normality assumption of the data and
the homogeneity of the variances were evaluated by the
Shapiro Wilk test and evaluated by Levene test,
respectively. SPSS 21.0 program was used in all statistical
analyzes.
Results and Discussion
Since the dry matter levels of the fermented and nonfermented pomace were different, the comparison of both
products was carried out on a 100% dry matter basis (Table
1). When the nutrients of the fermented tomato pomace
were compared to the non-fermented pomace, significant
increases were observed in all the examined nutrients
(P<0.001). In the TP fermented by A. niger, CP, ash and
EE contents increased 56%, 25% (P =0.004) and 25%
(P=0.056), respectively. Also, this fermentation increased
the CF, ADF, NDF and ADL contents at the ratios of 5.9%,
6.4%, 21.0% and 36.2% respectively (P<0.001). However,
the NFE and non-fiber carbohydrates (NFC) amounts
decreased by 31.7% and 54.4%, respectively (P<0.001).
Some energy values such as TDN, DE, ME and net energy
lactation (NEL) and some quality parameters (RFV and

RFQ) of the TP decreased by fermentation (approximately
2.5% of energy values and 23% for quality parameters
(P<0.001, Table 2). Total phenolic content was slightly
higher in FTP (96.36.73 mg GAE/g dry wt.) than in TP
(87.20 GAE/g dry weight). While total phenolic content
and antioxidant level did not increase, concentration of βcarotene and lycopene of TP decreased after fermentation
with A niger (Table 3).
The result of the present study indicated that solid state
fermentation resulted in significant change in the nutrient
content and nutritive value of TP. In general, nutrient
contents of TP except for NFE and NFC increased, whereas,
nutritive value decreased by A. niger fermentation. These
results suggested that solid-state fermentation using A. niger
was not enough effective in the substrate with high nutrient
content due to the fact that an increase in the cellulose
compounds such as ADF, NDF, ADL, hemicellulose and
CF. Our results agree with Altop et al. (2019) who reported
that the corresponding contents of sunflower meal and
cottonseed meal increased by A. niger fermentation. Similar
results have been reported in the studies on mango kernel
(Kayode and Sani, 2008) and sour cherry kernel (Güngör et
al. 2017). The increase in NDF and ADF of TP caused a
decrease in feed consumption due to increase its volumetric
capacity when used in animals, as determined herein. As
such, it can be said that if the feed is rich in other nutrients
as well as high CF content, the effect of fermentation may
not be efficient on cellulosic ingredients. The results in some
studies about the effect of SSF on sunflower meal
(Jannathulla et al., 2018; Altop et al., 2019) and TP (Tosun,
2017) did not support this argument. The discrepancies
between the results of previous studies and the present study
may be attributed to substrate (particle size, initial moisture
content and pretreatment), incubation conditions (pH,
relative humidity, temperature, agitation and aeration,
additional N, P and C supply) and microorganism used in the
fermentation (strain, amount and sowing time), as reported
by Pandey (2003) and Elibol and Moreira (2005). In a study
relating to fermentation of TP with A. niger (Tosun, 2017),
incubation parameters such as humidity, temperature, pH
and fermentation duration were 91%, 28°C, 4-5 and 72
hours, respectively, whereas corresponding parameters in
our study were 60%, 24°C, 5 and 168 hours.
While Assi and King (2008) reported that SSF
increased the CP content of TP as reported herein, Tosun
(2017) reported did not affect this nutrient. The increase in
CP content of fermented TP may be resulted from the
advanced mycelial growth of fungi used. Indeed, Altop
(2019a) attributed that an increment in the CP content of
the fermented sunflower meal and the hazelnut kernel meal
resulted from increased A. niger spores during
fermentation.
Microorganisms can derive energy from carbohydrates,
alcohols, and amino acids (Sandle, 2016). Based on this
information, it can be explained why there is an increase in CP
and EE content. Indeed, in our research, NFE and NFC which
were used as sources of energy by microorganisms reduced.
The energy of the pomace could be enhanced proportionally
due to the increase in the content of crude oil by fermentation,
in contrast to our findings, EE levels of sunflower meal,
cottonseed meal and soybean meal were reported to have
decreased by the fermentation (Kumar and Kanwar, 2012;
Jannathulla et al., 2018). Diminishing of EE contents could be
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attributed to lipase enzymes, which can be produced by A.
niger in SSF (Kumar and Kanwar, 2012).
The ash content of the fermented TP was also
increased. This increase was parallel to the increase in
organic matter. At the end of the fermentation process, an
increase in ash level of many products (olive leaf, tomato
pulp, pomegranate peel and Larrea tridentata leaves) has
been reported in the literature (Altop, 2019a; Assi and
King, 2008; Aguilar et al., 2008). However, the results of
this study are in contradiction with the study of Indian
almonds (Apata, 2011) in which ash content decreases and
TP (Tosun, 2017) and palm seed (Lawal et al., 2010),
where ash content does not change. In this study, as a result
of fermentation of dried TP with A niger inoculant, the
amount of mineral substance increased due to increase
protein and possibly enzyme production.
A. niger is known to be able to produce cellulase
enzyme under fermentation conditions (Xie et al., 2016). It
is thought that CF is used as an energy source and the
decrease in CF and ADF content may be caused by this.

Many researchers have reported a decrease in the CF
content of the products (Ginkgo biloba leaf, rapeseed meal,
olive leaf) as a result of the fermentation process (Zhang et
al., 2013; Shi et al., 2015; Xie et al., 2016; Altop, 2019a).
However, our findings are similar to the studies on
increasing the CF content of pomegranate bark and Larrea
tridentata leaves (Aguilar et al., 2008), cassava bark
(Okpako et al., 2008) and mango seed (Kayode and Sani,
2008). In SSF process, it is possible to decrease the amount
of cellulose of tomato pomace and increase the amount of
digestible nutrients. In addition, the cellulosic parts in the
feed create a cage effect and reduce the digestion of amino
acids, fatty acids, vitamins and minerals in digestive
system of poultry (Ozturk, 2017).
The peel component of TP is rich in dietary fibre and
lycopene, while the seed component contains high levels
of oil and protein. All parts of TP, smashed, fermented or
silage, can be used in animal nutrition (Lu et al., 2019).
According to the reported results, the level of dietary fibre
in tomato peels ranges from 62.8 – 88.5%.

Table 1. Nutrient contents (g kg-1 DM) of tomato pomace (TP) before and after fermentation with Aspergillus niger (X ±𝑆𝑥− )
Nutrients
Unfermented TP
Fermented TP
Change, %
t-value
P-value
DM (%)
829.8± 1.50
914.7±0.40
+10.23
-56.642
<0.001
CP
137.0 ± 2.53
213.7 ± 12.36
+55.99
-6.079
0.004
EE
28.15 ±0.9
35.23 ± 2.50
+25.15
-2.663
0.056
Ash
105.73 ± 3.73
132.39 ± 0.39
+25.22
-7.171
0.002
CF
217.11 ± 0.36
230.01 ± 1.76
+5.94
-7.180
0.002
NDF
296.95 ± 0.96
359.19 ± 1.59
+20.96
-33.352
<0.001
ADF
252.24 ± 0.85
268.41 ± 0.13
+6.41
-18.756
0.001
ADL
79.08 ± 0.53
107.71 ± 1.13
+36.20
-22.959
<0.001
Hemicellulose
44.71 ± 0.70
90.78 ± 3.39
+103.04
-13.889
<0.001
NFE
511.98 ± 6.87
388.64 ± 12.71
-31.74
8.539
<0.001
NFC
460.29 ± 7.34
294.69± 11.13
-54.39
12.952
<0.001
Digestible DM
69.26 ± 1.49
68.00 ± 1.15
-1.85
0.666
0.542
Digestible DM of unfermented TP and fermented TP were calculated the formulation to “DDM % = 88.9– (0.779 x % ADF)”.

Table 2. Feed quality parameters and energy values of tomato pomace (TP) before and after fermentation with Aspergillus
niger (X ±𝑆𝑥− )
Variables
Unfermented TP
Fermented TP
Change, %
t-value
P-value
DMI
4.04 ± 0.013
3.34 ± 0.015
-20.95
35.516
<0.001
DDM
69.25 ± 0.066
67.99 ± 0.010
-1.85
18.759
<0.001
RFV
216.94 ± 0.492
176.09 ± 0.753
-23.20
45.418
<0.001
RFQ
242.48 ± 0.464
195.46 ± 0.824
-24.06
49.717
<0.001
TDN
73.81 ± 0.097
71.96 ± 0.015
-2.56
18.756
<0.001
DE
3.25 ± 0.004
3.17 ± 0.001
-2.56
18.756
<0.001
ME
2.66 ± 0.004
2.60 ± 0.001
-2.58
18.756
<0.001
NEL
1.69 ± 0.0024
1.64 ± 0.0004
-2.74
18.756
<0.001
DMI (% of body weight): dry matter intake, DDM (%): digestible dry matter, RFV: relative feed value, RFQ: relative forage quality, TDN (%): total
digestible nutrient, DE (Mcal kg -1): digestible energy, ME (Mcal kg -1): metabolizable energy, NEL (Mcal kg -1): net energy lactation

The primary valuable components in the seed and peel
are extremely different. The peel is rich in dietary fibre,
lycopene and phenols and the seed mainly comprises of oil
and protein (Lu et al., 2019). The decrease in total dietary
fibre content is composed of soluble dietary fibre and
insoluble dietary fibre content which are important for
digestion and absorption of the nutrients in human and
animal nutrition. Navarro et al. (2011) showed that tomato
peel fiber is rich in insoluble fiber and can be used as a food
supplement to improve the physical, chemical and
nutritional properties of potentially added foods. Despite this
information, it has been reported that tomato peel (1: 5)

values are not high in terms of soluble dietary fiber /
insoluble dietary fiber (Navarro-Gonzalez et al., 2011).
These levels are mainly calculated for ruminant animals, so
excessive addition of TP may negatively affect the growth
of non-ruminant animals (Lu et al., 2019).
Increase in NDF and ADL levels may be due to the
effect of the fungal strain, the medium used and the
environmental factors in the fermentation. Because of the
presence of cellulose and chitin in the cell wall structure of
fungi (Arda 2000), it is thought that fermentation causes an
increase in NDF, ADL rates and the strain used as an
inoculant does not work enough on hemicellulose and
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lignin. Also Beauvais et al. (2014), reported that cellulosic
components increased by the fermentation because of the
fact that the cell wall of A. Niger contains chitin, cellulose
like component. However, Altop et al. (2019), reported that
SSF increased the CF, ADF, ADL content of sunflower
meal and NDF, ADF and ADL content of cottonseed meal.
Similar results were reported in the studies on sour cherry
kernel (Güngör et al., 2017), mango kernel (Kayode and
Sani, 2008). The increase in the NDF level is not lined with
the results reported for tomato pomace (Tosun, 2017), olive
leaf (Altop, 2019a) and rapeseed meal (Shi et al., 2015).
In this trial, a reduction in the NFE content of fermented
tomato pomace may be related to the fact that fungi prefer
primarily easily soluble carbohydrates such as glucose,
sucrose and starch as a carbon source (Papagianni, 2007).
However, it is concluded that the increase in the cell wall
elements may increase proportionally due to the decrease of
NFE used to meet the energy needs. The present study
contradicts the study of Tosun (2017), who reported that the
NFE content of tomato pomace increased. This alteration in
nutrient composition caused by SSF application may be due
to different types of tomato and growing environment, as
well as the proportion of peel, seed or pulp inside the fruit
(Savadkoohi and Farahnaky, 2012; Fuentes et al., 2013). The
quantities of nutrients such as cellulose, as well as the
fractions they contain, can cause large differences in the
nutritive value of TP (Fuentes et al., 2013; Giuffrè and
Capocasale, 2016; Mechmeche et al., 2017). These fraction
differences can also greatly alter the digestibility of the
product and affect the use of TP. Not every TP is expected
to have similar nutrient content, but there are also
considerable variations in research at a particular component
level. Del Valle et al. (2006) reported fiber, protein, ash and
oil values in tomato pomace as 59.03, 19.27, 3.92 and 5.85
respectively, the same ingredients were 39.11, 24.67, 5.29
and 9.87 respectively according to research by Savadkoohi
and Farahnaky (2012). Also, Fuentes et al. (2013) indicated
that these nutrient ingredients of TP were 46.00, 16.00, 4.00
and 2.00. Furthermore, variations in the variety, maturity
and growth conditions create differences in the chemical
composition of TP.
While fermentation increases the dry matter, protein,
fat, ash values from 25% to 55%, the increases in CF, NDF,
ADF and ADL did not positively affect the digestibility of
the feed. In order to clarify this conflicting situation, it is
necessary to determine how the feed value changes. For
this purpose, relative feed value (RFV), which the index
ranks forage relative to the digestible DMI of full bloom
alfalfa, was determined (Table 2). RFV index calculates
DDM of the alfalfa from ADF, and estimates the DM
intake potential from NDF (Jeranyama and Garcia 2004).
Since the digestive level of ADF is very slow, it is desirable
to have low amounts in the diet. When the RFV numbers
of 216.94 and 176.09 calculated in the unfermented and
fermented TP are compared to full bloom alfalfa hay,
which has a RFV of 100%, it is seen that TP is a high
quality plant. A comparison, according to RFV shows that
the application of solid state fermentation does not improve
feed digestibility. RFV is a measure of forage intake and
energy value. Relative feed value increases as forage
quality increases. But, RFV of a forage does not take into
account the protein content of the forage. On the other
hand, when feeds with a similar RFV index are fed,

differences in the digestibility of cellulosic compounds be
able to result in a difference in animal performance. The
RFQ index was developed to eliminate this difference. This
index allowances the differences in digestibility of the
cellulosic compounds and to be able to use to more
effectively estimate animal performance and satisfy animal
needs (Jeranyama and Garcia 2004). As in TDN, energy
value calculation methods are more reliable methods for
determining the nutritional value of feeds, taking into
account nutrients such as CP, EE, ash and NDF. However,
when considered the value TDN, DE, ME, NEL and RFQ
of TP proves that the application of SSF didn’t increase the
digestibility of the feed and contributes positively to its
usability as feed material in animal nutrition (Table 2).
Energy values (TDN, DE, ME and NEL) of the feed
decreased by 2.5%, DMI and DDM decreased by 20.95%
and 1.8% by fermentation method, respectively. On the
other hand, RFV and RFQ values decreased by 23.20% and
24.06, respectively. Although there is a decrease in RFV
and RFQ values, it shows that TP, which already has very
high RFV and RFQ values, does not need SSF treatment
compared to alfalfa.
Tomatoes and its byproducts are also a potentia source
of carotenoids, especially lycopene. Lycopene as
antioxidant agent and coloring in the cosmetics, and its use
in pharmaceutical and food industries has expanded in the
recent years. There has been demonstrated that tomatoes
and its derivatives, rich the lycopene content to be in the
range of 2.62 to 629 mg/100 g (Baranska et al., 2006) fresh
weight basis. While lutein content could not detect,
lycopene and β-carotene contents decreased when
fermented the tomato pomage in this trial. Total phenolic
content, antioxidant status and antioxidant levels of TP did
not increase after fermentation with A niger (Table 3).
Total phenolic content was slightly higher in FTP (96.36
mg GAE/g dry wt.) than in TP (87.17 GAE/g dry weight).
In contrast to our study, extraction of lycopene was
increased effectively under SSF process (Jamal et al.,
2017). Thus, cellulase produced from fermentation was
used to disrupt the cell wall components that facilitate the
separation of intracellular components (Ranveer et al.,
2013). Also Tosun (2017) reported that total phenolic
content and antioxidant capacity of apple and TP increased
by fermentation with A. niger and P. Chrysosporium.
Fermentation increases the phenolic compounds of feed,
thereby reducing tannins, fibres and enriching with
enzymes, organic acids and color substances (Gungor et
al., 2017, Gungor and Erener, 2020b). However, Altop
(2019a) reported that although the oleuropein content of
fermented olive leaves was decreased, it’s catechin and
hydroxytyrosol contents were increased by SSF. This
increase in the starch and sugar contents might be
attributed the sugars released from the hydrolysis of
phenolic compounds during fermentation (Altop 2019a).
The increased concentrations of protein after fermentation
are thought to have a relation to the increased antioxidant
level (Amadou et al., 2011). Concentrations of phenolic
ingredients also improve in SBM after fermentation,
thereby increasing metal chelating activity and antioxidant
(Moktan et al., 2008). On the other hand, bacterial,
fermentation has ahigher antioxidant activity, too (Jemil et
al., 2016). Aguilar et al. (2008) reported that pomegranate
peel and creosote bush leaves are good sources of SSF and
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antioxidants. As a result of fungal fermentation, it was
determined that high level of gallic acid and catechin in
creosote bush leaves and ellagic acid accumulation in
pomegranate peels (Aguilar et al., 2008). The maturation
stage of the tomato fruit affects the antioxidant level,
whereas antiplatelet activity can act independently of fruit
maturity. Fuentes et al. (2013) stated that tomato and its byproducts may be sources that provide highly effective
antioxidant and antiplatelet activity. Contrary to
antiplatelet activity, it has been determined that the
antioxidant activity change indpentdently from ripening of

tomato. According to these findings, extracts from both
seed mucilage and pomacecan be used as functional
components. These can be added as supplements to provide
unprocessed foods with antioxidant and antiplatelet
activities in preventing noncommunicable chronic diseases
(Fuentes et al., 2013). Tomato peel could be noted as the
source of insoluble hemicelluloses and compounds with
antioxidant properties like lycopene, rutin, and chlorogenic
acids. Tomato fiber can be used as a thickening or
texturizing, fiber source and / or as an antioxidant enhancer
with its low-fat content (Navarro et al., 2011).

Table 3. Total phenolic content, antioxidant status and antioxidant levels and carotenoid contents of tomato pomace (dry
matter basis) before and after fermentation with Aspergillus niger (X ±𝑆𝑥− ), n = 3
Nutrients
Unfermented TP
Fermented TP
t value
P-value
Total phenolics*
87.17± 1.61
96.36±3.81
-1.852
0.138
Antioxidant status**
49.86±1.68
48.43± 0.35
0.025
0.981
Antioxidant level ***
38.08±1.04
38.35±0.36
0.082
0.939
Lycopene (µg/100g)
14478.80 ±142.89
2876.00 ± 4.12
81.170
<0.001
β-carotene (µg/100g)
2460.0 ± 30.57
1861.97 ± 12.36
18.965
<0.001
Lutein
ND
ND
*: gallic acid (mg GAE/g dry wt), **: as FRAP (mmol FeSO4 E/g), ***: as DPPH, (mmol TE/g) trolox equivalent, ND: No determine TE

These findings from the literature showed that TP can be
used in animal feed and food components in various ways,
as it is rich in nutrients and functional components such as
lycopene, dietary fiber, pectin, fat and protein. The
contradictory results mentioned above showed that the
effectiveness of TP as a feed ingredient may vary depending
on many factors. Numerous factors such as animal species,
relative feeding quality of basal feeds, TP forms such as
fresh, dried and ensiled and length of feeding time should be
reviewed in the evaluation of TP (Lu et al., 2019).
Conclusion
The results of the present study indicated that: i) the A.
niger strain used as inoculant in the study worked in
harmony with the dried tomato pomace used as substrate
for CP, EE and minerals. ii) Increasing in CP content by
55.99% due to fermentation is thought to be largely due to
microbial protein. It has been found that A. Niger may be a
suitable fermenter to increase the crude protein content in
TP. iii) Increasing the EE content of the pomace (25.15%)
by A. niger fermentation, the energy value of tomato pulp
can be increased slightly. iv) NFE and NFC values of
tomato pomace decreased by 31.74% and 54.39%,
respectively. This decrease is thought to occur because the
microorganism prefers easily soluble and digestible
carbohydrates as carbon and energy sources. v) The
amount of CF and ADF increased around 6% with
fermentation of tomato pomace. Also, the unexpected
increase in NDF and ADL rates is thought to be due to the
cell wall composition. vi) While total phenolic content and
antioxidant level did not increase, concentration of βcarotene and lycopene of TP decreased after fermentation
with A niger. Total phenolic content was slightly higher in
FTP (96.36 mg GAE/g dry wt.) than in TP (87.17 GAE/g
dry weight).
This experiment showed that TP can be used as a high
value added product in animal feeds by enriching with
protein, ether extracts and minerals. However, the A. niger
strain used in this experiment was not able to reduce

cellulosic products and therefore did not positively
contribute to digestibility. However, TP have good
nutritional and functional qualities, not only due to their
high vitamin and mineral content, but also because of
phytochemicals, notably the lycopene and also the high
RFV and RFQ values, it can be interpreted as TP does not
require SSF application.
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