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Article
Waste-Derived Fertilizer Acts as Biostimulant,
Boosting Tomato Quality and Aroma

Di Sanzo R, Marra F, Mallamaci C, Carabetta S, Russo MT, Muscolo A * and Maffia A

Department of AGRARIA. “Mediterranea” University. Feo di Vito. 89122 Reggio Calabria. Italy
* Correspondence: amuscolo@unirec.it

Abstract: Tomato quality is intricately regulated by a combination of factors, including the presence of
bioactive compounds referred to as secondary metabolites and various organoleptic characteristics. These
attributes are notably influenced and harmonized by the specific growing conditions, with a particular
emphasis on the type of fertilization employed. Traditionally, chemical fertilizers have been favoured in crop
cultivation due to their cost-effectiveness and ability to accelerate crop growth. However, in pursuit of
sustainable and intelligent agricultural practices, there is a growing need for alternative fertilizers. In this
context, the present study aimed to assess the impact of fertilizers derived from waste materials, specifically
sulphur bentonite and orange residue (referred to as SB), on tomato quality. This assessment extended to
examining qualitative and quantitative alterations in aroma-related volatile compounds and the antioxidant
systems of tomatoes, in comparison to the conventional use of fertilizers such as horse manure and NPK
(nitrogen, phosphorus, and potassium). The results obtained revealed distinct effects of different fertilizers on
tomato quality. Notably, parameters such as TPRO (total protein), TCARB (total carbohydrate), LIC (lycopene
content), TCAR (total carotenoid content), total phenols, total flavonoids, and aroma profiling exhibited
significantly superior values in the group treated with SB fertilizer. These findings strongly suggest that the
novel fertilizer functioned as a bio-stimulant, enhancing the nutraceutical and sensory attributes of tomatoes,
with a pronounced impact on the synthesis of secondary metabolites and the aroma profile of the fruits.
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1. Introduction

Tomato (Solanum lycopersicum L) stands out as one of the most beloved vegetables globally,
belonging to the esteemed Solanaceae family. It takes the second spot in vegetable consumption
worldwide, trailing only behind potatoes and sweet potatoes. Furthermore, it ranks prominently
among canned vegetables, contributing significantly to the economic prosperity of producer nations
[1].

Tomato boasts remarkable culinary adaptability and impressive nutraceutical attributes. This
versatile fruit is enjoyed in both its fresh and cooked forms by a vast and diverse array of consumers.
With just 30 calories per 100 grams and a low-fat profile, it makes for a health-conscious choice. What
sets tomato apart is its abundance of antioxidants and its role as a rich source of essential vitamins (C
and E), carotenoids (such as lycopene and [-carotene), and a myriad of other phenolic compounds
[2,3]. Thanks to its substantial content of bioactive compounds, which remain largely unaffected by
the ripening and cooking processes and, in some cases, even become more pronounced, tomato earns
its place among functional foods [4].

In today's health-conscious society, consumers are increasingly drawn to vegetables brimming
with these bioactive compounds, renowned for their positive impact on human health. These
compounds have been proven to shield cells from oxidative damage and play a preventive role
against the onset of degenerative diseases like cancer, cardiovascular diseases, diabetes, Alzheimer’s,
and Parkinson’s [5].

The global surge in tomato production can be attributed more to increased yield rather than
mere expansion of the cultivated area, as result of an over use of fertilizers in particular chemical
fertilizers. Tomato, that grows more on soil over-fertilized with chemicals, is more subject to pest
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diseases requiring a major use of pesticides which in turn negatively impact on soil and human
health. Crop quality, in terms of nutritional values, is more important than productivity today, thus
there is the urgent need to identify sustainable agricultural practices to produce high quality food
without affecting its productivity.

Crop quality is regulated by the content of bioactive compounds known as secondary
metabolites and by the organoleptic aspects that are affected and balanced by the growing conditions,
and in particular, by the type of fertilization used [6]. Generally, the fertilizers used for crop
cultivation are chemical fertilizers for their low cost and fast-growing inducer crop capacity because
nutrients are more readily available to plants than organic fertilizers. Previous works demonstrated
the effects of different fertilization practice on the quality of diverse crops. Dumas et al. [7] showed
that treatments of crops with chemical fertilizers reduced the quantity of bio-compounds with
antioxidant properties. Young et al., evidenced that cabbage, spinach, and pepper contained more
antioxidants when cultivated with organic than chemical fertilizers. [8]. Verma et al. [9] showed as
the application of bioaugmented compost improved antioxidant properties in tomato. Jin et al. [10]
evidenced that the reduction of chemical fertilizers improved the quality of lettuce. Moradzadeh et
al., [11] showed as the combined use of chemical and organic fertilizers ameliorated agro-biochemical
attributes of black cumin. Additionally, Akiyama et al. [12] showed that nutritional values of
tomatoes grown with organic fertilizers were higher than those amended with chemical fertilizers.

The growth of tomatoes is notably influenced by the presence of sulfur and sulfur-containing
compounds, which serve as vital signaling molecules in normal metabolic processes as well as during
periods of stress. An important study by Silva et al. [13] underscored that the application of sulfur
led to an enhancement in tomato yield and fruit production. However, there is a dearth of
comprehensive information concerning how sulfur fertilization may impact the quality of tomatoes,
particularly in terms of bioactive compounds and their aromatic profiles. Furthermore, no prior
research has delved into the effects of sulfur fertilization when combined with organic components
on tomato quality.

Given the aforementioned knowledge gap, the objectives of this current study were two-fold:

To assess how the utilization of sulfur bentonite in conjunction with orange residue act as bio-
stimulant influencing tomato quality and its antioxidant systems, in comparison to the effects of horse
manure and NPK fertilizer.

To explore both the qualitative and quantitative alterations in the volatile compounds associated
with tomato aroma induced by SB when compared to horse manure and NPK fertilizer.

2. Results and Discussion

Table 1 reveals that SB and HM-treated tomatoes exhibited notably high levels of total proteins
and carbohydrates. Moreover, lycopene and carotenoid content demonstrated a significant lead in
tomatoes cultivated with SB, followed by HM, NPK, and CTR treatments (Table 1). This confluence
of heightened proteins and carbohydrates, coupled with the substantial increase in total carotenoids
and lycopene in SB-treated tomatoes, bestows upon them an enhanced nutraceutical value. These
compounds collectively contribute to the promotion of human health and the prevention of various
diseases, making SB-treated tomatoes a particularly healthful choice.

The remarkable surge in biomolecules observed in SB-treated tomatoes aligns seamlessly with
the findings of numerous other researchers who have emphasized the pivotal role of sulfur (S) as a
key nutrient for crop growth and development. Sulfur is intricately involved in the synthesis of amino
acids and proteins, rendering it indispensable for plant vitality. In today's context, it is imperative to
note that a substantial proportion of soils, approximately 46%, are deficient in sulfur, and crops can
only assimilate a mere fraction of the S compared to nitrogen (N). This underscores the critical
importance of sulfur fertilization, as it not only fills this nutrient gap but also enhances the efficiency
of nitrogen uptake, thereby maintaining a balanced nutrient profile [14-18].

The quality of tomatoes exhibited distinct responses to various fertilizers. The findings, as
presented in Table 1, unequivocally demonstrate that tomatoes treated with SB (sulfur and organic
mix) outperformed other treatments, behaving as a biostimulant and significantly elevating the levels
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of total phenols and total flavonoids. However, it's worth noting that there were no significant
differences observed in the vitamin E content among the differently treated tomatoes (Table 1).

In contrast, a substantial increase in vitamin A and C content was evident in tomatoes cultivated
with SB fertilizer. This suggested that the combination of organic and elemental sulfur may offer a
more effective nutritional boost compared to sole reliance on either organic or inorganic fertilization.
This enhanced nutrient availability is likely attributable to the diverse array of micro and macro
nutrients offered by this mix, in contrast to mineral fertilizers that primarily consist of only three
major elements: Nitrogen (N), Phosphorus (P), and Potassium (K), and organic fertilizers that may
be deficient in sulfur.

Furthermore, when assessing total antioxidant capacity and ABTS levels, tomatoes fertilized
with SB displayed the highest values, while DPPH levels were comparable to those of NPK-treated
tomatoes, being the lowest among the treatments (Table 1).

Two recent research articles shed new light on the role of sulfur in the redox system. Sulfur
emerges as a fundamental nutrient in the biosynthesis of secondary metabolites renowned for their
high nutritional value. It has been convincingly demonstrated that sulfur exerts a positive influence
on the accumulation of total phenols and flavonoids, compounds known for their potent antioxidant
properties and remarkable nutraceutical value. Our data corroborates the findings of numerous other
researchers, underscoring how sulfur fertilization not only augments total phenols and flavonoids in
sulfur-loving crops such as garlic [19], cabbage [20], onion [21,22], and broccoli [15], but also in other
species like artichoke [23] and tomato [24].

The literature consistently reports that total phenols and flavonoids possess significant
antioxidant, anticancer, and antibacterial attributes. They have demonstrated efficacy as
cardioprotective agents, anti-inflammatory substances, immune system boosters, and protective
agents against UV radiation, thus exhibiting substantial potential for applications in the
pharmaceutical and medical sectors [25-27].

The increase in total phenols and total flavonoids justified also the increase in antioxidant
activities in SB treated tomato. Pearson coefficient results, evidenced a positive significant correlation
between total flavonoids, TAC and at minor extent ABTS, and a negative correlation with DPPH.
Total phenols were not significantly correlated with ABTS and TAC, but were negatively correlated
with DPPH. In SB treated tomato, the observed increase in carotenoids known for their ability to
prevent numerous chronic degenerative diseases through an antioxidant action [28] confirmed the
major involvement of total flavonoids than total phenols as antioxidants. Numerous authors reported
results evidencing a correlation between carotenoids and in particular lycopene intake and the
slowing down of cancer and cardiac diseases [29,30]. Single phenolic acids were differently affected
by the diverse fertilizations (Table 3). No significant differences among the treatments were observed
for o-coumaric, 2,5 dihydroxy-benzoic and caffeic acids. Conversely protocatechuic and syringic
appeared only in fertilized tomato in respect to control and no differences between the different
fertilizations were observed. Trans cinnamic acid was induced only by HM fertilizer, while trans-4-
hydroxycinnamic acid was the highest in SB treated tomato (Table 3). These results suggest that the
antioxidant activity found in SB treated tomato could be related mainly and solely to trans-4-
hydroxycinnamic acid. Regarding the single flavonoids, (Table 5), SB increased the synthesis of
apigenin, tocopherol, vitexin, catechin and naringin in respect to control and to the other fertilizers.
A recent manuscript [31] evidenced the important involvement of flavonoids in inflammatory
response highlighting their contribute to pathological pain by promoting plastic changes in the
periphery and central nervous system (CNS) which in turn modify the neuronal phenotype and
function. In particular, it was well demonstrated that these flavonoids diminished the neutrophil
infiltration, had anti-inflammatory effect inhibiting cytokines, and antioxidant activity scavenging
hydroxyl (¢OH) radicals, additionally they showed also effects comparable to the corticoid
prednisolone [32-35]. Kopustinshiene et al., evidenced as the quotidian consume of flavonoid-rich
foods was able to cause beneficial changes in the gut microbiota, diminishing the risk of cancer and
normalizing vital functions at cellular level [36]. In short, data obtained evidenced SB fertilization
increased important phytochemical compounds in tomato enhancing its nutraceutical value. Pearson
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correlation results between single phenolic acids and antioxidant activities evidenced a strong
positive correlation between protocatechuic, syringic, trans-4 hydroxycinnamic acid and ABTS and
TAC (Figure 1). Conversely ferulic acid correlated positively with DPPH. Regarding single
flavonoids (Figure 2) only catechin, naringin, apigenin and at minor extent vitexin positively and
significantly correlated with TAC (Figure 2). ABTS correlated only with catechin, the other flavonoids
were negatively or not correlated with ABTS, TAC and DPPH activities. Considering that SB tomato
contained the highest amount of trans-4 hydroxycinnamic acid, apigenin, catechin, naringin and
vitexin, its antioxidant value may be ascribed to these compounds that are positively and significantly
correlated with TAC and ABTS. PCA analysis of primary and secondary metabolites evidenced
positive effects of SB on vitamin A, ABTS and total phenols (Figure 3). HM influenced the synthesis
of primary metabolites, TAC, TCAR, VITE and C (Figure 3). No positive effects were instead observed
without fertilizations and in presence of NPK (Figure 3). PCA confirmed the positive correlation of
SB with important single phenolic acids such as syringic, protocatechuic and trans-4-
hydroxycinnamic (Figure 4) with proven beneficial effects on human health for their antioxidant
activities as already highlighted by Pearson correlation matrix. Single flavonoid synthesis was also
affected by SB and, as reported in Figure 5, the flavonoids more affected by SB were catechin,
apigenin, vitexin and naringin, those that more correlated with the antioxidant activities.

In short, our results evidenced SB was the fertilizer with biotimulant properties, that influenced
in a prominent way the quality of tomato fruits increasing bioactive compounds with nutritional
value and health benefit.

Regarding the Aroma Profiling, 46 volatile compounds, (Figure 6), were extrapolated from the
chromatographic profiles. The volatile compounds identified in tomato were, primarily aldehydes,
alcohols, ketones, esters, organic acids, terpenes and pyrazine compounds. Their relative intensities
are shown as a heat map (Figure 7).

Aldehydes were the main compounds in all samples with large intra-class variations, followed
by alcohols, terpenes and ketones. HM treated tomato fruits had the highest concentration of
aldehydes. The aromatic fraction of SB treated tomato fruits was characterized by the highest
percentage of aldehydes and high concentration of esters and terpenes. Tomato fertilized with NPK
were characterized by the highest percentage of aldehydes and high concentration of both alcohols
and terpenes. The pyrazine compounds were found only in tomato fruit fertilized with SB and NPK.
The SB treated tomato showed the highest percentage of both aldehydes and pyrazine compounds.

The four tomato samples were clearly distinguishable by their differences in the relative
intensities of these factors. Tomato fruits treated with HM was the highest out of all samples in 1-
Propanol, 2-methyl- and Propanal. Tomato fruits fertilized with SB contained high levels of Hexanal,
followed by Acetaldehyde and Propanal known to have ethereal and pungent characteristics. Tomato
fruits fertilized with NPK showed relatively higher levels of Propanal, 1-Propanol, 2-methyl-,
Acetaldehyde and Ethyl hexanoate than the other treated tomato. Of these volatile compounds, the
ethyl hexanoate is associated with fruity note and, it plays a role in the discrimination of NPK sample
from the others (Figure 8). Tomato control showed relatively higher levels of Acetaldehyde, Propanal,
Hexanal and Ethyl hexanoate than the others. Of the more than 400 volatile compounds found in ripe
tomatoes, only 29 were present at concentrations greater than 1 ng L' or a one part per billion. (ppb)
[37]. Of these, approximately 16 had positive log odour unit values indicating a significant
contribution to the tomato's aroma, including cis-3-hexenal, hexanal, 3-methylbutanal, trans-2-
hexenal, trans-2-heptenal, 2- phenylacetaldehyde, [3-ionone, 1-penten-3-one, [3- damascenone, 6-
methyl-5-hepten-2-one, cis-3-hexenol, 2- phenylethanol, 3-methylbutanol, 1-nitro-2-phenylethane, 2-
isobutylthiazole, and methyl salicylate. Those volatiles that were slightly below the threshold
contribute to the aromatic background [38]. The fingerprint, commonly used to distinguish food
samples [39] showed evident differences between the three differently treated tomato compared to
the control. The UFGC profiles, were analyzed by using PCA. In order to reduce the data set
measurements consisting of all the peak areas of each analyzed chromatograms the most discriminant
peak areas of specific compounds were extrapolated and then treated as an input dataset for PCA
analysis [40]. In Figure 9 the radar chart evidenced the clear differences between the four samples
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analyzed. The differences between the chromatographic finger printings fully reflected the
differences in the contents of some important components.

Acetaldehyde, (Z)-2-octenal, hexanal, 1-nonanol and butane-2,3-dione were responsible for the
fresh and fruity flavor. This compounds also promotes the freshness feeling of the fruit and
participates in the formation of the sweet character [41]. Fruity, green and unripe flavor is related to
the ethyl hexanoate and 3-heptanol. The heat map (Figure 10) showed the differences in the aroma
profile of the samples differently treated. C6 volatile compounds, including hexanal, trans-2-hexene,
cis-3-hexene and corresponding alcohols, were among the most abundant volatile compounds in
tomatoes, giving "green" and "grassy" notes to fruit [42]. The highest value of hexanal was found in
tomato fruits treated with SB. The PCA analysis (Figure 8) showed The first component discriminated
only the samples SB and HM, while NPK and CTR were discriminated by the second ones. SB group
was absolutely different from the other groups. Odorous compounds: acetaldehyde (3,56-1-A) and
an unknow (10,68-2-A) were characteristics of the HM treated tomato and CTR groups, 3-heptanol
(49,70-1-A), ethyl hexanoate (61,40-1-A), (Z)-2-octanal (66,63-1-A), butane-2, 3-dione (38,74-2-A),
hexanal (56,36-2-A) and 1-nonanol (90,80-2-A) of the SB group while ethyl hexanoate (61,40-1-A) of
NPK group.

In short, the comparison of the odor profiles evidenced that SB treated tomato contained the
highest percentage of C6 aldehydes (hexanal) known as ‘green’ compound, that imparts a fresh, green
character to tomato aroma,and induces defence gene that increase tolerance against fungi already at
a considerably low concentration (Wakai et al. [43]).

Table 1. Water content (WC), Dry weight, Fresh weight, Total proteins (TPRO, ug g dw), total
carbohydrates (TCARB, mg glucose g' dw) total phenols (TPHE, mg tannic acid g! dw), total
flavonoids (TFLA, mg quercetin 100g! dw), total carotenoids (CAR, mg 100g! dw), licopene (LIC, mg
100g! dw), Total antioxidant capacity (TAC, mg alpha-tocopherol g' dw 2,2-diphenyl-1-
picrylhydrazyl radical activity assay (DPPHe®, % inhibition) vitamin A (VIT A, mg retinol 100 g-1 dw),
vitamin C (VIT C, mg ascorbate 100g" dw) vitamin E (VIT E, mg alpha-tocopherol g'! dw) in lettuce
leaves cultivated on Motta soils without fertilizer (control, CTR), with
nitrogen:phosporous:potassium (NPK), horse manure (HM) sulphur-bentonite with orange residue
(SB), Data are the means +standard errors of three replicates of three independent experiments (n=36).
*Different letters indicate significant differences per p <0.01.

CTR NPK HM SB
WC 90.7a 89.2a 90.7a 89.7a
Dry weight 9.3a 10.8a 9.3 10.3
Fresh weight 86 b 95 a 93 a 92a
TPRO 12b 1.3 ab 15a 17a
TCAR 17 ¢ 16 ¢ 21b 24a
LIC 14d 19¢ 23b 26 a
TCARB 22b 2.4 ab 26a 28a
TPHE 181.8 b 190.2b 1254 ¢ 204.7 a
TFLA 361.8d 389.9 ¢ 511.3b 5333 a
VITA 132.5b 137.3 ab 1229 ¢ 1804 a
VITC 33 ¢ 35b 38b 44 a
VITE 0.125a 0.116 a 0.125a 0.124 a
TAC 1.83b 191b 2.01b 225a
ABTS 0.018 0.029 0.032 0.035
DPPH % 439 a 36.6 b 455 a 372b

DPPH 7.7b 54c¢ 8.18 a 55¢
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Table 2. Pearson correlation (r) between total proteins (TPRO, mg g-1 DW); total carotenoids (TCAR,
pg 100 g-1 DW); lycopene (LIC, mg 100 g-1 DW); total carbohydrates (TCARB, mg glucose g-1 DW);
total phenols (TPHE, ug GAE * g-1 DW); total flavonoids (TFLA, ug quercetin g-1 DW); vitamin A
(VIT A, pg retinol 100 g-1 DW); vitamin C (VIT C, mg ascorbic acid g-1 DW.); vitamin E (VIT E, mg
alpha-tocopherol 100 g-1 DW.);total anti-oxidant capacity (TAC, mg a- tocopherol *100 g-1 d.w.); 2,2-
diphenyl-1-picrylhydrazyl (DPPH, % inhibition); 1,1-diphenyl-2-picrylhydrazyl (DPPH radical, pM
Trolox g-1 d.w.); 2,2'-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid, (ABTS) Values in bold are
different from 0 with a significance level alpha=0,05.

Variables TPRO TCAR LIC TCARB TPHE TFLA  VITA  VITC VITE TAC ABTS DPO/PH DPPH
TPRO 1 0.956 0.969 0.990 0.044 0.961 0.700 0.987 0.293 1 0.882 -0.273 -0.273
TCAR 0.956 1 0.868 0.908 -0.028 0.943 0.653 0.940 0.559 0.959 0.717 -0.049 -0.048

LIC 0.969 0.868 1 0.994 -0.051 0.953 0.585 0.936 0.118 0.969 0.969 -0.315 -0.315
TCARB 0.990 0.908 0.994 1 0.014 0.957 0.656 0.969 0.178 0.989 0.940 -0.323 -0.324
TPHE 0.044 -0.028  -0.051 0.014 1 -0232 0735 0.199  -0.355 0.020 -0.057  -0.803 -0.801
TFLA 0.961 0.943 0.953 0.957 -0.232 1 0.481 0.907 0.400 0.968 0.865 -0.034 -0.035
VITA 0.700 0.653 0.585 0.656 0.735 0.481 1 0.804 0.050 0.684 0.494 -0.684 -0.683
VITC 0.987 0.940 0.936 0.969 0.199 0.907 0.804 1 0.255 0.984 0.843 -0.379 -0.378
VITE 0.293 0.559 0.118 0.178 -0.355 0.400 0.050 0.255 1 0309  -0.113 0.694 0.695
TAC 1 0.959 0.969 0.989 0.020 0.968 0.684 0.984 0.309 1 0.880 -0.250 -0.249
ABTS 0.882 0.717 0.969 0.940 -0.057 0.865 0.494 0.843  -0.113 0.880 1 -0.417 -0.418

DPPH%  -0.273  -0.049 -0.315 -0.323 -0.803  -0.034 -0.684 -0379 0.694 -0.250 -0.417 1 1
DPPH -0.273  -0.048  -0.315 -0.324 -0.801 -0.035 -0.683 0378  0.695 -0.249 -0418 1 1

Table 3. Single phenolic acids contained in tomato differently cultivated: without fertilizers (Control,
CTR) and with nitrogen:phosporous:potassium (NPK), horse manure (HM) sulphur-bentonite with
orange residue (SB), Data are the means of three replicates of three independent experiments (n=36).
The experimental data are the mean of six replicates. Different letters in the same row indicate
significant differences p<0.05.

CIR NPK HM SB

CTR NPK HM SB
Phenolic acids mg/gSS mg/gSS mg/gSS mg/g SS
Gallic 0.6 0.3b 0.3b
Protocatechuic 0.012 0.022 0.022
Syringic 0.012 0.022 0.022
p-coumaric 0.01
m-coumaric 4a 0.6b nd nd
o-coumaric 0.062 0.04> 0.012 0.052
Trans-cinnamic 2.832
3-hydroxycinnamic
Trans-4-hydroxycinnamic acid  0.46¢ 0.34 1.000 1.582
Synaptic acid 0.022 0.042 0.042
2,5 dihydroxy-benzoic acid 0.032 0.022 0.01= 0.022
Caffeic acid 0.012 0.022 0.01= 0.01=

Chlorogenic acid 0.56° 0.9 0.1 0.02¢
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Ferulic acid 0.2b 0.342
Table 4. Single flavonoids contained in tomato differently cultivated: without fertilizers (Control,
CTR) and with nitrogen:phosporous:potassium (NPK), horse manure (HM) and sulphur-bentonite
with orange residue (SB), Data are the means of three replicates of three independent experiments
(n=36). The experimental data are the mean of six replicates. Different letters in the same row indicate
significant differences p<0.05.
CTR NPK HM SB
mg/g  mg/g  mg/g
mg/ESS g 58 ss
Flavonoids
Procyanidin 2 0.22 0.03v 0.03v
Pelargonidine 0.052
Cyanidine 3 O-glucoside 0.152 0.05> 0.03v 0.02v
Catechin 0.08¢ 0.15v 0.3 0.3
Epicatechin 0.122 0.122 0.03v 0.05°
Delphinidin 0.542 0.522 0.10 0.10
Myricetin 1.162 1.422
Luteolin 0.04> 0.032 0.022 0.032
Punicalagin 0.072 0.072
Naringin 0.022
Quercetin 0.052 0.01a 0.02a
Kaempferol 0.08¢ 2.1a 0.16°
Tocopherol 2.1v 1.81c 2.992
Procyanidin 1 0.162
Vicenin 2 0.01° 0.08p 0.3 0.08v
Erythrocin 0.052
Rutin 0.26¢ 32 0.56° 0.02d
Table 5. Summary of discriminant chromatographic peak and their sensory descriptors (1-A:
MTX5; 2-A: MTX 1701).
Retention
N S descript
times ame ensory descriptors
Ideh
13.56-1-A acet;;;le y Aldehydyc;ethereal; fresh; fruity
49.70-1-A  3-heptanol Green;herbaceous
61.40-1-A ethyl Anise;apple;banana;berry;fruity;fruity(sweet);green;pineapple;strawb
) hexanoate erry;sweaty;sweet;unripe,'waxy;
(Z)2- ot fruitveoroendenfv:
66.63-1-A octenal Earthy;fatty;fruity;green;leafy;walnut

10.68-2-A  unknown

38.74-0-A butane-2,3- Butter;caramelized;chlorine;creamy;fruity;pineapple;pungent;spirit;st
dione rong;sweet

56.36-2-A hexanal Aldehydyc;ethereal; fresh; fruity: green; erbaceus

90.80-2-A 1-nonanol Dusty;fatty;floral;fresh;fruity;green;oily;orange;rose;wet
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Figure 1. Pearson correlation (r) between single phenolic acids and total anti-oxidant capacity (TAC,
mg a- tocopherol *100 g-1 d.w.); 2,2-diphenyl-1-picrylhydrazyl (DPPH, % inhibition); 1,1-diphenyl-2-
picrylhydrazyl (DPPH radical, uM Trolox g-1 d.w.); 2,2"-azino-bis-3-ethylbenzthiazoline-6-sulphonic

acid (ABTS. % inhibition).
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Figure 2. Pearson correlation (r) between single flavonoids, total anti-oxidant capacity (TAC, mg a-
tocopherol *100 g-1 d.w.); 2,2-diphenyl-1-picrylhydrazyl (DPPH, % inhibition); 1,1-diphenyl-2-
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picrylhydrazyl (DPPH radical, uM Trolox g-1 d.w.); 2,2"-azino-bis-3-ethylbenzthiazoline-6-sulphonic
acid, (ABTS, % inhibition).
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Figure 3. PCA (principal component analysis) diagram of primary and secondary metabolites in
tomato cultivated in soils without fertilizer (CTR)and with different fertilizers
nitrogen:phosporous:potassium (NPK), horse manure (HM) and sulphur-bentonite with orange

residue (SB).
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Figure 4. PCA (principal component analysis) diagram of single phenolic acids in tomato cultivated
in soils without fertilizer (CTR) and with different fertilizers nitrogen:phosporous:potassium (NPK),
horse manure (HM) and sulphur-bentonite with orange residue fertilizers sulphur-bentonite with

orange residue (SB).
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Figure 5. PCA (principal component analysis) diagram of single flavonoids in tomato cultivated in
soils without fertilizer (CTR) and with different fertilizers nitrogen:phosporous:potassium (NPK),
horse manure (HM) and sulphur-bentonite with orange residue fertilizers (SB).
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Figure 6. Odor maps or fingerprints obtained by UFGC of tomato samples fruits grown in unfertilized
soil control (CONT) and soils fertilized with nitrogen: phosphorous: potassium (NPK), sulphur-
bentonite with orange residue (SB) and horse manure (HM).
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Figure 7. A heat map of tomato samples fruits grown in unfertilized soil control (CTR) and soils
fertilized with nitrogen: phosphorous: potassium (NPK), sulphur-bentonite with orange residue (SB)
and horse manure (HM) showing area of compounds by UFGC (green color means low peak area and
red color is high in peak area, relatively).
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Figure 8. Biplot PCA of tomato samples grown in unfertilized soil control (CTR ) and soils fertilized

with nitrogen: phosphorous: potassium (NPK), sulphur bentonite with orange residue (SB), and horse

manure (HM ) and discrimination odorous compounds: acetaldehyde (13,56-1-A), 3-heptanol (49,70-
1-A), ethyl hexanoate (61,40-1-A), (Z) -2-octanal (66,63-1-A), unknow (10,68-2-A), butane-2, 3-dione
(38,74-2-A), hexanal (56,36-2-A) and 1-nonanol (90,80-2-A),.

.014

6314

ama 08024

738024

B2

75614

54028

106824 B/7U2A

W TOMATO_CONT
TOMATO_KPK
TOMATOZSTAL

W T0MATOZB

Figure 9. Radar chart of selected discriminant peak of tomato samples grown in unfertilized soil
control (CTR - M) and soils fertilized with nitrogen: phosphorous: potassium (NPK - M), sulphur
bentonite with orange residue (SB - M), and horse manure (HM - -) and discrimination odorous
compounds: acetaldehyde (13,56-1-A), 3-heptanol (49,70-1-A), ethyl hexanoate (61,40-1-A), (Z) -2-
octanal (66,63-1-A), unknow (10,68-2-A), butane-2, 3-dione (38,74-2-A), hexanal (56,36-2-A) and 1-
nonanol (90,80-2-A).
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Figure 10. A heat map of discriminant chromatographic peak of tomato samples fruits grown in
unfertilized soil control (CONT) and soils fertilized with nitrogen: phosphorous: potassium (NPK),
sulphur bentonite with orange residue (5B), and horse manure (HM) showing area of compounds by
UFGC (green color means low peak area and red color is high in peak area, relatively).

3. Conclusions

The fertilization of crops either chemical that organic has been recommended, up to now, to
improve soil productivity and compensate the lack of nutrients. This study, using fertilizers from
agro-industrial wastes containing both single nutrients and organic components can be instead used
as improver of soil but also as improver of crop quality. The aromatic profiles of treated tomato, in
good agreement with the secondary metabolites, have been heavily modified in intensity and
composition by SB that differently influenced the production of bioactive compounds, increasing the
bioactive compounds with antioxidant activity and the main compounds responsible for the best
characteristics of tomato flavor. Taken together these results highlight as the fertilization with
fertilizers produced by wastes can be used as bio-stimulant to strengthen bioactive compounds in
fruits providing a new strategy to ameliorate the nutraceutical power and profitability of crops with
prominent results on bio and green economy.

4. Materials and Methods

4.2. Tomato Cultivation and Experimental Design

Experimental sites were located in Motta San Giovanni, Loc. Liso, Italy in a sandy-loam soil
(11.85% clay, 23.21% silt, and 64.94% sand) according to Food and Agriculture Organization (FAO)
soil classification system [44]. The soils were slightly alkaline and contained 3.09% organic matter
and 0.17% nitrogen. Soil amendment was performed in triplicates in field, separated in parcel of 1 m
square each. In each parcel, 34 plants/m2of tomato were transplanted exactly at the same size (six
leaf stage). The parcels were fertilized with: sulphur bentonite-orange pads (SBO) at the dose of 476
kg S ha-l, nitrogen: phosphorous: potassium, NPK (20/10/10) at 170 kg ha! and horse manure (HM)
at 430 Kg ha'. Unfertilized soil was used as control. Plants were watered regularly to maintain water
content at 70% of field capacity in all the parcels. The experiment was arranged in a randomized
complete block design, the parcels were six for each treatment and the experiment have been
replicated for three consecutive years. The differently treated tomatoes were collected at the same
ripeness state on the basis of the visual characteristics (size, shape, and color). The results reported in
the tables are the mean of the parcel and of three consecutive years n=18.
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4.3. Sample Preparation

A portion of the differently treated tomato samples, harvested at the same state of ripeness, was
stored at -80° C until the preparation of the extracts. Before proceeding, tomato fruit was dried in a
ventilated oven and ground using a mortar and pestle. The analyses of the volatile fraction were
immediately carried out on freshly picked fruits cut into small pieces. The samples were not subjected
to grinding to avoid the development of secondary compounds.

4.4. Preparation of Ethanol and Water Extracts

The extracts were prepared by using the method reported in Kang [45]. with few modifications
as described in Muscolo et al. [46].

4.5. Total Soluble Proteins

Soluble proteins, estimated as mg/g FW, were determined using the Bradford method as
reported in Muscolo et al. [16].

4.6. Total Available Carbohydrates

The total available carbohydrates were measured using the anthrone method with minor
modifications as reported in Muscolo et al. [46].

4.7. Total Water-Soluble Phenols, Ascorbic Acid, Total Carotenoids, Total Flavonoids, and Vitamin E

Total water-soluble phenols were measured using the Folin-Ciocalteu assay [47] with few
changes as reported in Muscolo et al. [46].

Ascorbic acid was assessed in tomato powder (0.10 g) extracted with a solution of meta-
phosphoric acid (3%)-acetic acid (7.98%), centrifuged at 2365 x g (4000 rpm) for 10 min. Ascorbic acid
was detected in the supernatant using Davies and Masten method [48].

Vitamin E, was detected following the method of Prieto [49]. The absorbance was recorded at
695 nm.

Flavonoids were estimated using the aluminium chloride colorimetric method of Djeridane et
al. [50].

For total carotenoids, was assessed as reported by Zhang et al. [51].

4.8. Ultra-Fast Gas Chromatography Analysis

The ultra-fast gas chromatography (UFGC) analysis (mod. Heracles II, Alpha MOS, Toulouse,
France) coupled with an Odorscanner headspace autosampler (mod. HS 100, CTC Analytics,
Zwingen, Switzerland) to automate sampling and injection was used. The Heracles II was equipped
with two metal columns of different polarities working in parallel mode: a non-polar column (MXT-
5: 5% diphenyl, 95% methylpolysiloxane), and a mid-polar column (MXT-1701: 14%
cyanopropylphenyl, 86% methylpolysiloxane), both 10mlong and 0.18mmin diameter, coupled to
two flame ionization detectors (FID1 and FID2). Therefore, two chromatograms obtained
simultaneously, allow a well-defined identification of the chemical compounds. The instrument is
operated through AlphaSoft 2020 7.2.5, software that can be used within the additionally
AroChemBase module (Alpha MOS, Toulouse, France). The analyzes of the volatile fraction were
immediately carried out on freshly picked fruits. The samples were not subjected to grinding to avoid
the development of secondary compounds. For each sample, approximately 2 mL of headspace
delivered at 125 pl/s from the autosampler to the injector, at 200 degrees Celsius. The setting of UFGC
are reported in Muscolo et al. (2020).

4.9. Statistical Analysis

Analysis of variance was carried out for all the data sets. One-way ANOVA with Tukey's
Honestly. Significant Difference test were carried out to analyse the effects of fertilizers on each of

doi:10.20944/preprints202310.0805.v1
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the various parameters measured. ANOVA and T-test were carried out using XLStat. Effects were
significant at p < 0.01. To explore relationships among different fertilizers and tomato parameters
datasets were analysed using Principal Component Analysis (PCA). PCA was also used to process
the UFGC results, where features with the greatest discriminatory power between samples were
selected. For visualization, the native UFGC program AlphaSoft 2020 version 7.2.5 (Alpha MOS,
Toulouse, France) was used. A heat map for relative comparisons for each volatile compound was
generated.

Funding: This research was funded by European Commission, LIFE20 ENV/IT/000229 — LIFE RecOrgFert PLUS
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