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Abstract: Protein hydrolysates are widely used in agricultural crops for improving plant nutrient
uptake, growth, yield, and fruit quality. Tomato (Lycopersicon esculentum Mill.) is one of the most
important vegetables consumed around the world both for its good taste and rich content in vitamins,
minerals, lycopene, and (3-carotene. The objective of the present study was to assess the effect of
new stimulant products based on protein hydrolysates obtained from animal tissue by-products on
tomato seedlings. Given the increased intake of amino acids, it is expected that this treatment will
exert beneficial effects on the development of certain vigorous seedlings, representing the premise for
obtaining superior tomato plants and the improvement of the production and quality of tomato fruit.
Two variants of protein gels based on gelatin and keratin hydrolysates were obtained by processing
bovine hide and wool and were used for periodical root applications on tomato seedlings cultivated
in a greenhouse. During the experiment, the biometric characteristics of seedlings were measured
weekly. The content of photosynthetic pigments, dry weight, sugars, and polyphenols were analyzed,
and the antioxidant activity was assessed in the leaves. The research performed showed that applied
biostimulant treatments increased the content of photosynthetic pigments by 10%, the content of
sugars by 75%, and the content of polyphenols by 16% compared to the control untreated variant.
Between the variants of protein gels tested, the best results were obtained by applying a mixture of
bovine gelatin and keratin.

Keywords: protein gels; tomato seedlings; photosynthetic pigments; polyphenols; antioxidant activity

1. Introduction

In recent years, plant biostimulants have been considered a sustainable approach to
improve the growth and productivity of field crops, being an alternative to chemical fertiliz-
ers. Protein hydrolysates represent a category of plant biostimulants defined as mixtures of
polypeptides, oligopeptides, and amino acids obtained by the partial hydrolysis of protein
sources [1]. Increased interest in protein hydrolysates was noted due to their beneficial
effects on crop performances, especially under environmental stress conditions [2]. Essen-
tially, more than 90% of the products based on protein hydrolysates used in horticulture
are obtained through the chemical hydrolysis of proteins from animal residues (such as
collagen from leather by-products in Europe, India, and China or fish by-products in the
United States), and the market size for biostimulants is estimated to reach USD 4.14 billion
by 2025 [3,4].

The effects of foliar and root applications of protein hydrolysates on plants include
the stimulation of carbon and nitrogen metabolism, an increase in nutrient uptake, and an
improvement of water and nutrient use efficiencies [3,5]. The higher nutrient uptake in
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protein hydrolysates-treated plants has been attributed to an increase in nutrient availability
in the soil solution resulting from the complexation of nutrients by peptides and amino
acids along with enhanced microbial and enzymatic activities in soil [6]. Furthermore,
modifications noticed in the root of plants, in terms of their length, density, and the number
of lateral roots, as an effect of protein hydrolysates application, are supposed to contribute
to the improvement of the nutrient supply in the plants [3,7].

Research carried out in recent years concluded that, due to the presence of specific
peptides and precursors of phytohormone, such as tryptophan and proline, protein hy-
drolysates could interfere with the phytohormone balance of the plant [3]. Francesca
etal. [8] also reported growth-stimulating effects exerted by protein hydrolysates on tomato
plants subjected to combined abiotic stress, likely by promoting endogenous phytohor-
mones biosynthesis.

It can be stated that the chemical properties of fruit and vegetables are positively
affected by biostimulant application. The use of several types of plant-derived biostim-
ulants in research performed on different plant species, such as tomato [9], rocket [10],
zucchini [11,12], and lettuce [13] has shown potential effects on their growth and quality.

The current research was performed on tomato seedlings, focusing attention on the
effects of protein hydrolysates on plant metabolism and physiology.

Tomato (Lycopersicon esculentum Mill.) is one of the most important vegetable crops
cultivated and consumed around the world both for its attractive taste and for its high
content of health-benefiting compounds. In addition to their role in the human diet,
tomatoes also represent a food source of chemical compounds that may positively influence
health since they are rich in vitamins, minerals, lycopene, 3-carotene, and anticancer
agents [14,15].

Positive results have been observed in terms of yield and fruit quality by using
biostimulants in tomato crops, especially under abiotic stress conditions [8,16,17].

Taking this into account, the objective of the present study was to assess the effect
of tomato crop treatment with new stimulant products based on protein hydrolysates
obtained from animal tissue by-products. Bovine hide and wool were processed by hy-
drolysis, obtaining some gelatin and keratin gels (protein hydrolysates), which were used
for periodical root applications on tomato seedlings cultivated in a greenhouse. During
the development of experiments, observations and measurements of plant growth were
performed in different stages: Biometric characteristics of seedlings were measured weekly,
while biochemical determinations in the leaves were performed when the seedlings reached
the optimal point for successful planting in the field. The content in photosynthetic pig-
ments, dry weight, sugars, and polyphenols were analyzed, and the antioxidant activity
was assessed. The applied biostimulant treatments determined differences regarding the
growth and biochemical parameters of tomato seedlings. This innovative treatment is
expected to induce the development of vigorous seedlings, representing the premise for
obtaining superior tomato fruits in terms of production and nutritional qualities.

2. Materials and Methods
2.1. Biological Material

Tomato seeds (Solanum lycopersicum) of the Qualitet F1 hybrid supplied by Marcoser
SRL (Matca, Galati, Romania) were selected for the research.

The experiment was installed in an experimental greenhouse of the USAMV Bucharest
(44°26' N and 26°06’ E latitude and longitude, respectively). It was established as a
monofactorial experiment with 3 variants, considering the application of stimulant gels on
the tomato seedlings. The experimental variants were as follows: V1—untreated seedlings
(control); V2—seedlings treated with bovine gelatin gel; V3—seedlings treated with a
combination of bovine gelatin and keratin gels. Sowing was performed on 10 February.
Fourteen days later, on February 24, the transplant operation was performed in two phases:
I—in alveolar pallets (alveolar @ = 5 cm) of 100 mL volume (60 seedlings); II—on 17 March
(thirty-five days after sowing), 27 seedlings were selected and transplanted in polyethylene
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plastic pots of 300 mL volume (diameter 10 cm and height 9.5 cm). Both types of containers
were filled with a professional nutrient substrate Kekkila BP peat, characterized by a high
content of mineral nitrogen and phosphorous and optimum content in potassium. The ratio
of N:P:K was 1:0.6:0.7. Plants were arranged in a completely randomized block design with
nine biological replicates (in this experiment, a biological replicate means a plant) for each
experimental variant (treatment). During the growth period, specific agrotechnical practices
for seedling production were applied: Daily ventilation, watering, and weeding weeds. The
temperature was maintained at 24-26 °C to 30 °C during the day and 22-24 °C at night, and
the air relative humidity was 65-80%. During the experiment, the light that prevailed was
only natural (11-12 h and 13-14 h of daylight in March and April, respectively). Watering
of the seedlings was performed once a day to maintain the soil at the appropriate humidity,
starting with 100 mL of water/plant/day in the alveolar pallets. After transplanting the
seedlings into the pots, we started with 100 mL/plant/day, and then the amount of water
was progressively increased during the growth period of the seedlings in the pots, finally
reaching 500 mL/plant/day. No other fertilizing applications were administered except for
biostimulant treatments with protein gels in all the experimental variants. The application
of the treatment started one week after the seedlings’ transplantation into the pots. The
protein gels were applied as a substrate-drenching treatment with diluted solutions of gels
(30 g in 60 mL of water) freshly prepared at a rate of 10 mL per plant during the experiment
on 24 March (forty-two days after seeds sowing), 31 March (forty-nine days after seeds
sowing), and 7 April (forty-nine days after seeds sowing).

2.2. Obtaining Gels (Protein Hydrolysates)

Bovine hide and wool were bought from a local slaughterhouse and a sheep farmer
from Romania, Lumina village, district of Constanta (44°18'09.2” N and 28°33/31.1"” E
latitude and longitude, respectively) For the treatment of the tomato plants, we used two
variants of protein gels: Bovine gelatin and a combination of bovine gelatin with keratin
mixed in a 1:1 ratio.

Bovine gelatin was obtained by thermal hydrolysis as previously described [18]. Bovine
delimed hide mixed with a certain amount of water was heated at 80 °C for five hours. pH
was adjusted between 5.5 and 6 using a solution of 1 M acetic acid. pH was controlled and
adjusted every hour. The obtained gelatin was filtrated and dried in an oven at 60 °C.

Keratin hydrolysates were obtained by alkaline hydrolysis at 80 °C by a previously
described method [19]. Briefly, after washing and degreasing using NaOH 4% w/w,
Na,;CO3 1% w/w, and Boron SE 0.6% w/w for 2 h at 40 °C, wool was washed to neutral pH,
cut into small pieces using a grinding machine, and then mixed with a solution of NaOH
2.5% w/w in a stainless-steel vessel equipped with automatic temperature control and a
mechanical stirrer for four hours at 80 °C. The obtained keratin hydrolysates were filtrated
and dried in an oven at 40 °C.

The obtained gels (bovine gelatin and a combination of bovine gelatin with keratin
mixed in a 1:1 ratio) were analyzed regarding certain chemical characteristics. Standards in
force were used for the determination of the dry substance [20], total ash [21], total nitrogen
and protein content [22], pH [23], bloom test [24], and viscosity [25].

2.3. Determination of Free Amino Acids in Protein Gels

Determination of the free amino acids content was performed by the ninhydrin as-
say [26,27], a spectrophotometric method based on the reaction between x-amino acids
and ninhydrin involved in the development of a purple-colored compound known as
Ruhemann’s purple. The color intensity of the formed complex is proportional to the
concentration of amino acids in the solution, so absorbance was measured at 570 nm.

2.4. Biometric Measurements of the Tomato Seedlings

Biometric measurements of the seedlings were performed after seven days of each
treatment on the 9 biological replicates from each experimental variant (treatment).
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During the development of experiments, observations and measurements on seedling
growth were performed after the treatments were applied, as follows: Plant height; the
number of true leaves, and leaves frequency (number of leaves/plant height).

2.5. Biochemical Analysis of the Tomato Seedlings

Biochemical determinations in the leaves were performed when the seedlings had
reached the optimal point for successful planting in the field. The robustness of seedlings
was conferred by a large root system capable of exploring deep soil layers so the tomato
seedlings can be transplanted into the field when the root system is sufficiently developed
and can be seen outside the pot. Four biological replicates from each experimental variant
were selected in order to perform biochemical determinations at the end of the experimental
period (7 April).

Determination of photosynthetic pigment content was performed after chlorophyll and
carotenoid pigment extraction in 80% acetone and spectrophotometrically measured at 663
nm, 647 nm, and 480 nm with a UV-VIS Spectrophotometer ThermoHelios Alpha pur-
chased from Thermo Spectronic, Cambridge, UK. The extinction coefficients and equations
described by Schopfer (1989) [28] were used for calculation. The results were expressed in
mg/100 g fresh weight.

The dry substance content was analyzed by the gravimetric method: Samples had been
dried to a constant mass in a Venticell oven purchased from the MMM-Group, Germany,
at 105 °C, and the loss of weight was used to calculate the dry substance content of the
sample.

The determination of total soluble sugars was performed according to the Somogyi-Nelson
method described by Iordachescu et al. [29]. Non-reducing sugars were first transformed
into reducing sugars by hydrolysis with hydrochloric acid. The reducing sugars heated with
alkaline copper tartrate reduced the copper, thus cuprous oxide was formed. The addition
of arsenomolybdenic acid led to a reduction of molybdic acid to molybdenum blue. The
measurements of absorbance were achieved at 510 nm with a UV-VIS Spectrophotometer
ThermoHelios Alpha purchased from Thermo Spectronic, Cambridge, UK. The results were
expressed in g% fresh weight.

The total polyphenols content was determined according to the modified Folin—Ciocalteu
assay described by Singleton et al. [30]. The method consists of the chemical reduction of the
Folin-Ciocalteu reagent and measurement of the intensity of the obtained blue color at 750
nm. The measurements were achieved with a UV-VIS Spectrophotometer ThermoHelios
Alpha purchased from Thermo Spectronic, Cambridge, UK. Total polyphenols values were
expressed in terms of gallic acid equivalents (mg GAE/g fresh weight).

The total antioxidant capacity (radical scavenging activity) was determined using the
stable free radical diphenylpicrylhydrazyl (DPPH) method according to the Blois [31]
procedure adapted by Brand-Williams et al. [32] for complex matrices. Briefly, a 100 uM
solution of DPPH in methanol was prepared, and 2 mL of this solution was mixed with
1 mL of different concentrations of tomato leaf extract in 80% aqueous methanol. After
30 min incubation in the dark at room temperature, absorbance (A) was measured at 515 nm.
The percentage of radical scavenging activity (RSA) was calculated as follows:

% RSA = (1 - [Asample/ Acontrol t:O])/ 100

DPPH solution in 80% methanol was used as a control. The ECsy parameter for each
sample, defined as the concentration of the sample required to scavenge 50% of DPPH free
radicals, was calculated from the linear regression curve of the sample extracts (mg/mL)
against the percentage of the radical scavenging activity.

2.6. Statistical Analyses

All measurements were carried out in at least three repetitions, and the results are
presented as means + standard deviation (S.D.). The significance of the influence of the
biostimulant treatment on the measured parameters was assessed by one-way ANOVA. The
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comparisons of means were calculated using the Duncan test at the 5% level of significance
(p < 0.05). Regression analysis was performed to fit a linear equation to the data of the
tomato seedling parameters examined using Microsoft Excel Office 2019 for Windows.

3. Results and Discussions
3.1. Protein Gels Characterization

Two protein gels, bovine gelatin and a combination of bovine gelatin with keratin,
mixed in a 1:1 ratio were obtained and chemically characterized according to the standard
in force. The physico-chemical characteristics of protein gels are presented in Table 1. It can
be seen that the results are very similar. The differences in the bloom test and viscosity are
due to the combination of gelatin with keratin.

Table 1. Physico-chemical characteristics of the used gels.

Bovine Gelatin and Keratin

Characteristics Bovine Gelatin 1)
Dry substance (%) 2.26 1.71
Total ash (%) 0.44 0.34
Total nitrogen (%) 0.24 0.21
Protein content (%) 1.35 1.18
pH 7.08 7.21
Bloom test (g) 130 <50
Viscosity (mPa-s) 1.25 1

3.2. Determination of Free Amino Acids Content in Used Gels (Protein Hydrolysates)

Animal-derived protein hydrolysates usually contain a high amount of total amino
acids, but the major amino acids differ according to the source of proteins. Collagen-
derived protein hydrolysates’ composition is dominated by amino acids such as glycine
and proline [3,5].

The analysis performed on the tested protein gels shows a higher content of free amino
acids in the variant containing a mixture of bovine gelatin and keratin (1:1) than in the
variant with bovine gelatin only (Table 2). Significant differences between variants were
noted in this regard.

Table 2. Total free amino acids content in protein gels.

Total Free Amino Acids

Variant (mg/g)
Bovine gelatin 0.35+0.02°
Bovine gelatin + keratin (1:1) 1.49 +0.05P

Data expressed as mean values (1 = 3) £ standard deviation; different superscript letters indicate significant
differences between variants (p < 0.05).

Amino acids are involved in plant physiology, playing roles in stimulating growth and
the biosynthesis of important molecules such as auxin and chlorophyll [33]. Furthermore,
amino acids and amides represent the principal transport form for organic nitrogen in
most plants, and they can be used directly for protein synthesis [34], therefore providing
ready-for-uptake amino acids and representing an advantage for plants. The research
performed in this study aimed to test whether protein gels containing a high amount of
free amino acids exert positive effects on tomato seedlings” growth.

3.3. Influence of the Treatment on the Biometric Parameters of the Tomato Seedlings

During one month, treatments were made once a week via root applications of the
solutions of protein gels. Biometric measurements of the seedlings were performed seven
days after each treatment. Tomato seedlings showed uniform behavior regarding growth
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and development one week after the first treatment (Table 3). Regarding the number of
leaves, no significant differences were noted between variants at this analysis stage. Instead,
the plant height registered a significant increase in variant V3 compared to the control
plants. Moreover, in relation to the untreated variant V1, the frequency of leaves showed
no large variation in variant V2 but did show significant differences compared to variant
V3.

Table 3. Growth of tomato seedlings at one week after the first treatment.

. Plant Height Leaves Frequency
Variant Number of Leaves (cm) (Number of Leaves/Plant Height)
V1 (Control) 52240442 16.53 = 1.132 0.32 +0.032
V2 5.114+0.332 17.32 £0.742 0.30 £ 0.03 b
V3 5.00 4 0.00 2 18.09 + 0.56 P 0.28 +0.01P

Data expressed as mean values (n = 9) & standard deviation; different superscript letters within the same column
indicate significant differences between variants (p < 0.05).

To determine the overall effect of the treatment applied to the tomato seedlings,
observations and measurements were also made one week after the second application.
Similar results were obtained regarding the growth parameters of all experimental variants
(Table 4). In fact, no significant differences were noted between the control plants (untreated
variant V1) and the variants treated with protein gels. An exception is the V3 variant, treated
with the mixture of bovine gelatin and keratin, which recorded a significantly increased
plant height in relation to the other two variants.

Table 4. Growth of tomato seedlings one week after the second treatment.

. Plant Height Leaves Frequency
Variant Number of Leaves (cm) (Number of Leaves/Plant Height)
V1 (Control) 6.44 £0.53° 26.67 £2.08° 0.24 £0.032
V2 6.11+0.332 27.88 +£1.482 0.22+0.022
V3 6.44 +0.532 29.88 +1.34P 0.22+0.022

Data expressed as mean values (n = 9) & standard deviation; different superscript letters within the same column
indicate significant differences between variants (p < 0.05).

Comparing the two variants of treatment used, the data accumulated through biomet-
ric measurements show that tomato seedlings treated with a mixture of bovine gelatin and
keratin were found to have increased plant height and number of leaves in relation to the
variant in which only bovine gelatin was used. These experimental results are consistent
with the findings of previous studies. Popko et al. [35] evaluated the influence of new
products stimulating plant growth based on amino acids on crop yield in winter wheat and
also reported no statistically significant differences between the control and treated plots.
In contrast, protein hydrolysate and other protein-based product applications were found
to enhance plant growth in greenhouse tomatoes [36]. Mironenko et al. [37] also reported
an increase in the biometric indicators of growth in spring wheat plants after treatment
with a fish protein hydrolysate.

3.4. Influence of the Treatment on the Photosynthetic Pigments Content

Chlorophylls are the most important photosynthetic pigment in plants, therefore
changes in the chlorophyll content will influence photosynthetic efficiency and, hence,
plant growth. Furthermore, carotenoids play an essential role in photosynthesis, and in
addition to this, they are an important class of antioxidants involved in the protection of
plants against photo-oxidative processes [38,39]; their destruction through oxidation may
reduce the efficiency of the antioxidant defense system [40]. Generally, increased amounts
of N and other macroelements (P, K) in the leaf are positively correlated not only with leaf
dry weight but also with leaf bioactive contents [41], so it is expected that the application
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of protein hydrolysates, representing sources of amino acids, will improve the attributes of
the leaves.

The research performed shows an increase in photosynthetic pigment content in plants
grown under protein gel treatment relative to the control plants in all experimental variants
(Figure 1). In relation to the values obtained in the control variant (0.95 & 0.06 mg/g
for chlorophyll A and 0.44 £ 0.04 mg/g for chlorophyll B), the effect of gel application
was not significant on the chlorophyll B content (0.45 + 0.04 mg/g in variant V2 and
0.48 £ 0.02 mg/g in variant V3), but the accumulation of chlorophyll A improved most in
variant V3 (bovine gelatin + keratin) (1.08 & 0.01 mg/g). Therefore, significant differences
regarding the content of chlorophyll A and total chlorophyll were noted for the experimen-
tal variants treated with protein gels in relation to the control plants. Regarding carotenoids,
the obtained results indicated no significant differences between variants after the applied
treatments.

1.8
1.5

z 1.2

" 0.9

oD 0.

b

g 06
0.3

0

1.55b
1 3 9a 1.48ab
1.08b
0. 95 1.03ab
0.44a 0.45a 048a
I
. 0.035a0.036a0.038a
Total chlorophylls Chlorophyll A Chlorophyll B Total carotenoids
V1 (control) mV2 mV3

Figure 1. Variability of photosynthetic pigments in the tested seedlings. Data were calculated as
mean values (n = 4) & standard deviation; bars marked with the same letters between variants are
not significantly different (p < 0.05).

A common effect of the application of plant biostimulants containing amino acids,
macro, and microelements is the increase in photosynthetic pigments such as chlorophyll
A, chlorophyll B, and carotenoids, which play a significant role in chlorophyll biosynthe-
sis [13,42]. The increase in the content of chlorophyll A and B in plants can be attributed
to the high percentage of free amino acids in biostimulants [43]. Amino acids perform
numerous functions in plants: Stimulating growth, precursors of auxin and chlorophyll,
and the stimulation of seeds germination [33]. Plants are able to synthesize amino acids,
but this process consumes a great deal of energy; therefore, the application of ready-to-use
amino acids allows plants to save energy and intensify their development [44].

The present study revealed the highest chlorophylls content in the tomato seedlings
treated with the protein gel containing keratin added to bovine gelatin (V3), which releases
higher amounts of amino acids compared to the other variant (V2 bovine gelatin). Previous
studies reported increased amounts of assimilatory pigments under applications of certain
growth biostimulators in tomato leaves [45], wheat plants [46], and rosemary cuttings [47].
Moreover, Xu and Mou [48] found that fish-derived protein hydrolysates significantly
enhanced chlorophyll content in lettuce leaves, which could be responsible for an increase
in their photosynthetic activity plant and consequently to greater production and quality
of fruits [8,45].

The total amount of leaf chlorophyll content directly influences the photosynthetic
capacity of plants, making it an important parameter for measuring plant photosynthesis
and growth potential.
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3.5. Influence of the Treatment on the Biochemical Compounds Accumulation in the Leaves

Sugars are considered important metabolites, not only as the first organic complex
compounds formed in the leaves as a result of photosynthesis but also as a major respiratory
substrate. Furthermore, sugars are involved in plant protection against wounds and
infections, as well as in cell detoxification [49].

A significant effect (p < 0.05) of protein gel treatment was noted on the dry weight and
total soluble sugar content of tomato seedling leaves (Table 5). The results showed that
the values obtained were affected by the different treatments with the protein gels used.
Both treatments with bovine gelatin (V2) and with a mixture of bovine gelatin and keratin
(V3) increased the dry weight and sugar content of the leaves, but the effect was higher for
variant V3 in relation to variant V2.

Table 5. Variability of some biochemical parameters in the tested seedlings.

Variant Dry Weight Total Soluble Sugars Total Polyphenols
(g%) (mg/100g FW) (mg GAE/100 g FW)
V1 (Control) 1991 +£0.052 1923 +0.61°2 214.54 £11.83%
V2 20.43 +0.27° 49.03 +3.02° 225.56 £8.112
V3 21.49 +0.60 © 81.22 +£10.84°¢ 255.29 + 12.98 P

Data expressed as mean values (1 = 4) & standard deviation; different superscript letters within the same column
indicate significant differences between variants (p < 0.05).

Biochemical analyses performed revealed the lowest content of total soluble sugars
in the leaves of the untreated variant of tomato seedlings (19.23 £ 0.61 mg/100 g FW),
while the highest value was noted as an effect of the mixture of bovine gelatin + keratin
application (81.22 + 10.84 g/100 g FW) (Table 5).

Treatment with the tested protein gels induced a high content of total chlorophyll and
exerted a positive influence on plant capacity of photosynthesis and sugar biosynthesis.
The best result in this regard was obtained after the application of a protein gel containing
a mixture of bovine gelatin and keratin. The higher content of free amino acids compared
to the other variant may help to increase the biosynthesis of chlorophyll in the leaves and
achieve better accumulation of the metabolites in plants.

The biostimulant products allow for achieving significant increases in the quality and
quantity of yield by improving the efficiency of fertilizer nutrient uptake. The enhance-
ment in growth in tomato plants treated with protein hydrolysates was attributed to the
stimulation of nitrogen uptake and assimilation, which may improve the CO, assimilation
and enhance the translocation of photosynthates (i.e., soluble sugars) via the phloem to po-
tential sinks [5,50]. This way, the biostimulant-mediated positive effects on plant nutrition,
photosynthesis, and secondary metabolism can increase vegetable quality [51].

The results reported in the present study are in accordance with Ertani et al. [52], who
noted an increase in content in sugars, antioxidant activity, lycopene, phenolic content,
and ascorbic acid for greenhouse chili pepper (Capsicum chinense L.) as a result of the foliar
application of certain protein hydrolysates.

Polyphenols are bioactive compounds with potent antioxidant activity widespread
in many vegetables. Antioxidants are compounds that protect cells against the damaging
effects of reactive oxygen species involved in producing oxidative stress, leading to cellular
damage.

Table 5 shows that the application of the gel protein treatments improved the total
polyphenol content of tomato seedling leaves compared to the control variant. The obtained
values were between 214.54 + 11.83 and 255.29 + 12.98 mg GAE/100 g FW. Significant
differences were found between the V3 variant, which accumulated the highest amount of
polyphenols, and the other experimental variants.

The polyphenol content in the leaves of tomato seedlings increased as a result of the
tested protein gel treatments. These findings are in accordance with the report of Rouphael
et al. [53], which found increased total phenolic contents, antioxidant activity, and nutrient
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contents of tomato plants compared to the control as a result of a legume-derived protein
hydrolysate foliar application. Furthermore, these results are in accordance with those
previously reported on spinach, broccoli, and zucchini [12,54,55], which also concluded
that the use of biostimulants enhanced the polyphenol content.

3.6. Influence of the Treatment on the Antioxidant Activity

The rich content of polyphenols and others compounds with antioxidant potential,
such as chlorophylls and carotenoids, could induce the high antioxidant capacity of tomato
seedling leaves. Samples of leaves from all experimental variants were screened for their
possible radical scavenging activity, and the ECsj values were calculated for further com-
parison, indicating significant differences between all analyzed variants (Table 6).

Table 6. ECsg values of DPPH scavenging activities of the analyzed variants.

Variant EC50 (mg/mL)
V1 (Control) 48.19 £3.96 2
V2 43.09 £ 0.17°

V3 33.03 +2.16°

Data expressed as mean values (1 = 4) £ standard deviation; different superscript letters indicate significant
differences between variants (p < 0.05).

The highest antioxidant activity was noted for the plants treated with the bovine
gelatin + keratin mixture (33.03 & 2.16 mg/mL expressed as the ECs, value), confirming
the expectations due to their higher content in total polyphenols compared to the other
experimental variants. The lowest scavenging capacity was recorded in the leaves of the
untreated variant, which required a higher concentration (48.19 & 3.96 mg/mL) to scavenge
50% of DPPH free radicals.

Furthermore, a correlation study (using Pearson’s correlation coefficient) was per-
formed between the radical scavenging activity (expressed as ECsp) and the content of
total polyphenols, chlorophylls, and carotenoids in order to reveal the contribution of these
biochemical compounds to the total antioxidant capacity of the tomato seedling leaves
(Table 7). The antioxidant capacity of tomato plants varies in inverse proportion to the
content of biochemical compounds.

The total biochemical compounds analyzed have a very strong correlation with the
ECs5g values in the seedling leaves (R = —0.9112, p < 0.05). The strongest correlation among
biochemical compounds was noted for total polyphenol content (R = —0.8659, p < 0.05),
indicating that these phytochemicals are the major contributors to antioxidant capacity. The
results also revealed strong correlations between the antioxidant activity of the leaves and
their contents in total chlorophyll (—0.7412), largely due to the content of chlorophyll A and
less so due to chlorophyll B. For carotenoids, we found a lower value of the coefficient of
correlation of —0.4424, which indicates a moderate correlation between carotenoid content
and antioxidant capacity.

Table 7. Statistical dependence between biochemical compounds and antioxidant activity (ECsg) of
tomato seedlings extracts.

Biochemical Compounds R (Coefficient of Correlation) R? (Determining Coefficient)
Chlorophyll A —0.6804 0.4629
Chlorophyll B —0.5236 0.2742

Total chlorophylls —0.7412 0.5494
Total carotenoids —0.4424 0.1957
Total polyphenols —0.8659 0.7498
Total biochemical compounds —0.9112 0.8302

As in the case of polyphenols, DPPH scavenging activity was significantly influenced
by the protein gel application. Colla et al. [6] noted that the biostimulant effects of protein
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hydrolysates on antioxidant enzyme biosynthesis may be responsible for increasing the
antioxidant activity in the host plant. These findings are in accordance with research
performed on several plant species, such as cowpea [56], pepper [57], zucchini [12], and
lettuce [13], which reported higher antioxidant activity after biostimulant treatments. More-
over, the linear correlation of the increase in polyphenol content with antioxidant capacity
found in the present study is supported by previous research [13].

The high activity of antioxidant defense enzymes is correlated with high stress toler-
ance [58,59]. Previous research on that topic reported that treatment with growth regulators
containing free amino acids and microelements enhanced antioxidant activity and in-
creased tolerance to various abiotic stresses [59-61]. Similarly, it seems that the application
of protein hydrolysates can alleviate the negative effects of abiotic plant stress [6,62,63].

4. Conclusions

Protein hydrolysates are widely used in agricultural crops as a promising treatment
that increases plant growth and the efficient use of available soil resources.

The research performed in this study showed the beneficial effects of the biostimulant
product application on the analyzed parameters in tomato seedling leaves. The content in
photosynthetic pigments and in sugars, primary metabolites, were increased consequently
the treatments with the tested protein gels. The content of polyphenols and the antioxidant
capacity were higher in the treated tomato seedlings compared to the control variant
(untreated), and are expected to improve the ability of plants to cope with abiotic stress.

Between the variants of protein gels tested, the best results were obtained by applying
the mixture of bovine gelatin and keratin, which can be attributed to a higher amount of
amino acids released in the soil compared to the variant containing only bovine gelatin.

Further investigations are considered to confirm the positive effect of biostimulants
based on protein gels on the production and quality of tomato fruits.

Author Contributions: D.B.; methodology, investigation, writing—original draft preparation, G.L.;
methodology, formal analysis, investigation, writing—review and editing, M.S.; methodology, in-
vestigation, visualization, O.].; data curation; investigation, M.N.; data curation; investigation, C.G.;
supervision, visualization, S.J.; supervision, visualization, A.M.; funding acquisition, project adminis-
tration. All authors have read and agreed to the published version of the manuscript.

Funding: The present work was supported by the Romanian Ministry of Research, Innovation
and Digitalization, CNDI-UEFISCDI, project number 260/2021, PN-III-P3-3.5-EUK-2019-0249, GEL-
TREAT, E!13432.

Institutional Review Board Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

1.  Schaafsma, G. Safety of protein hydrolysates, fractions thereof and bioactive peptides in human nutrition. Eur. J. Clin. Nutr. 2009,
63,1161-1168. [CrossRef] [PubMed]

2. DuJardin, P. Plant biostimulants: Definition, concept, main categories and regulation. Sci. Hortic. 2015, 196, 3-14. [CrossRef]

3. Colla, G,; Nardji, S.; Cardarelli, M.; Ertani, A.; Lucini, L.; Canaguier, R.; Rouphael, Y. Protein hydrolysates as biostimulants in
horticulture. Sci. Hortic. 2015, 196, 28-38. [CrossRef]

4. Madende, M.; Hayes, M. Fish By-Product Use as Biostimulants: An Overview of the Current State of the Art, Including Relevant
Legislation and Regulations within the EU and USA. Molecules 2020, 25, 1122. [CrossRef] [PubMed]

5. Ertani, A.; Cavani, L.; Pizzeghello, D.; Brandellero, E.; Altissimo, A.; Ciavatta, C.; Nardi, S. Biostimulant activity of two protein
hydrolyzates in the growth and nitrogen metabolism of maize seedlings. J. Plant Nutr. Soil Sci. 2009, 172, 237-244. [CrossRef]

6. Colla, G.; Hoagland, L.; Ruzzi, M.; Cardarelli, M.; Bonini, P.; Canaguier, R.; Rouphael, Y. Biostimulant Action of Protein
Hydrolysates: Unraveling Their Effects on Plant Physiology and Microbiome. Front. Plant Sci. 2017, 8, 2202. [CrossRef]


http://doi.org/10.1038/ejcn.2009.56
http://www.ncbi.nlm.nih.gov/pubmed/19623200
http://doi.org/10.1016/j.scienta.2015.09.021
http://doi.org/10.1016/j.scienta.2015.08.037
http://doi.org/10.3390/molecules25051122
http://www.ncbi.nlm.nih.gov/pubmed/32138206
http://doi.org/10.1002/jpln.200800174
http://doi.org/10.3389/fpls.2017.02202

Agriculture 2023, 13, 54 11 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.
29.
30.

31.
32.

33.

34.

35.

Halpern, M.; Bar-Tal, A.; Ofek, M.; Minz, D.; Muller, T.; Yermiyahu, U. The use of biostimulants for enhancing nutrient uptake.
Adv. Agron. 2015, 130, 141-174. [CrossRef]

Francesca, S.; Najai, S.; Zhou, R.; Decros, G.; Cassan, C.; Delmas, F.; Ottosen, C.; Barone, A.; Rigano, M.M. Phenotyping to dissect
the biostimulant action of a protein hydrolysate in tomato plants under combined abiotic stress. Plant Physiol. Biochem. 2022, 179,
32-43. [CrossRef]

Souri, M.K.; Bakhtiarizade, M. Biostimulation effects of rosemary essential oil on growth and nutrient uptake of tomato seedlings.
Sci. Hortic. 2019, 243, 472-476. [CrossRef]

Di Mola, I; Ottaiano, L.; Cozzolino, E.; Senatore, M.; Giordano, M.; El-Nakhel, C.; Sacco, A.; Rouphael, Y.; Colla, G.; Mori, M.
Plant-based biostimulants influence the agronomical, physiological, and qualitative responses of baby rocket leaves under diverse
nitrogen conditions. Plants 2019, 8, 522. [CrossRef]

Hassan, H.S.; Mohamed, A.A.; Feleafel, M.N.; Salem, M.Z.M.; Ali, HM.; Akrami, M.; Abd-Elkader, D.Y. Natural plant extracts
and microbial antagonists to control fungal pathogens and improve the productivity of zucchini (Cucurbita pepo L.) in vitro and in
greenhouse. Horticulturae 2021, 7, 470. [CrossRef]

Abd-Elkader, D.Y.; Mohamed, A.A.; Feleafel, M.N.; Al-Huqail, A.A.; Salem, M.Z.M.; Ali, H.M.; Hassan, H.S. Photosynthetic
Pigments and Biochemical Response of Zucchini (Cucurbita pepo L.) to Plant-Derived Extracts. Microbial, and Potassium Silicate
as Biostimulants Under Greenhouse Conditions. Front. Plant Sci. 2022, 13, 879545. [CrossRef] [PubMed]

Asadi, M; Rasouli, F.; Amini, T.; Hassanpouraghdam, M.B.; Souri, S.; Skrovankova, S.; Mlcek, J.; Ercisli, S. Improvement of
Photosynthetic Pigment Characteristics, Mineral Content, and Antioxidant Activity of Lettuce (Lactuca sativa L.) by Arbuscular
Mycorrhizal Fungus and Seaweed Extract Foliar Application. Agronomy 2022, 12, 1943. [CrossRef]

Dias, J.S. Nutritional Quality and Health Benefits of Vegetables: A Review. Food Nutr. Sci. 2012, 3, 1354-1374. [CrossRef]
Fernandes, A.; Chaski, C.; Pereira, C.; Kostic, M.; Rouphael, Y.; Sokovic, M.; Barros, L.; Petropoulos, S.A. Water Stress Alleviation
Effects of Biostimulants on Greenhouse-Grown Tomato Fruit. Horticulturae 2022, 8, 645. [CrossRef]

Koleska, I.; Hasanagic, D.; Todorovic, V.; Murtic, S.; Klokic, I.; Paradikovic, N.; Kukavica, B. Biostimulant prevents yield loss and
reduces oxidative damage in tomato plants grown on reduced NPK nutrition. J. Plant Interact. 2017, 12, 209-218. [CrossRef]
Kalozoumis, P.; Vourdas, C.; Ntatsi, G.; Savvas, D. Can Biostimulants Increase Resilience of Hydroponically-Grown Tomato to
Combined Water and Nutrient Stress? Horticulturae 2021, 7, 297. [CrossRef]

Niculescu, M.; Epure, D.; Lasoni-Rydel, M.; Gaidau, C.; Gidea, M.; Enascuta, C. Biocomposites based on collagen and keratin with
properties for agriculture and industrie applications. EuroBiotech ]. 2019, 3, 160-166. [CrossRef]

Gaidau, C.; Epure, D.G.; Enascuta, C.E.; Carsote, C.; Sendrea, C.; Proietti, N.; Chen, W.; Gu, H. Wool keratin total solubilisation
for recovery and reintegration—An ecological approach. J. Clean. Prod. 2019, 236, 117586. [CrossRef]

SR EN ISO 4684:2006; Leather—Chemical Tests—Determination of Volatile Matter. ASRO (Romanian Standardization Association):
Bucharest, Romania, 2006.

SR EN ISO 4047:2002; Leather—Determination of Sulphated Total Ash and Sulphated Water-Insoluble Ash. ASRO (Romanian
Standardization Association): Bucharest, Romania, 2002.

SR EN ISO 5397:1996; Determination of Nitrogen Content and Dermal Substance. ASRO (Romanian Standardization Association):
Bucharest, Romania, 1996.

STAS 8619/3:1990; Determination of pH in Aqueous Solutions. ASRO (Romanian Standardization Association): Bucharest,
Romania, 1990.

European Pharmacopoeia. Gel strength. In Standard Testing Methods for Edible Gelatin; Official Procedure of the Gelatin Manufac-
turers Institute of America Inc.: Sergeant Bluff, IA, USA, 2019; pp. 9-12.

European Pharmacopoeia. Viscosity. In Standard Testing Methods for Edible Gelatin; Official Procedure of the Gelatin Manufacturers
Institute of America Inc.: Sergeant Bluff, IA, USA, 2019; pp. 13-17.

Rosen, H. A modified ninhydrin colorimetric analysis for amino acids. Arch. Biochem. Biophys. 1957, 67, 10-15. [CrossRef]
Panasiuk, R.; Amarowicz, R.; Kostyra, H.; Sijtsma, L. Determination of x-amino nitrogen in pea protein hydrolysates: A
comparison of three analytical methods. Food Chem. 1998, 62, 363-367. [CrossRef]

Schopfer, P. Experimentelle Pflanzenphysiologie; Springer-Verlag: Berlin/Heidelberg, Germany, 1989; pp. 33-35.

Iordachescu, D.; Dumitru, LF. Biochimie Practica, 2nd ed.; Universitatea Bucuresti: Bucharest, Romania, 1988; pp. 205-206.
Singleton, V.L.; Orthofer, R.; Lamuela-Raventos, R.M. [14] Analysis of total phenols and other oxidation substrates and antioxi-
dants by means of Folin-Ciocalteu reagent. Methods Enzymol. 1999, 299, 152-178.

Blois, M.S. Antioxidant determinations by the use of a stable free radical. Nature 1958, 181, 1199-1200. [CrossRef]
Brand-Williams, W.; Cuvelier, M.E.; Berset, C. Use of a free radical method to evaluate antioxidant activity. LWT—Food Sci.
Technol. 1995, 28, 25-30. [CrossRef]

Paleckiene, R; Sviklas, A.; Slinksiene, R. Physicochemical properties of a microelement fertilizer with amino acids. Russ. J. Appl.
Chem. 2007, 80, 352-357. [CrossRef]

Rentsch, D.; Schmidt, S.; Tegeder, M. Transporters for uptake and allocation of organic nitrogen compounds in plants. FEBS Lett.
2007, 581, 2281-2289. [CrossRef]

Popko, M.; Michalak, I.; Wilk, R.; Gramza, M.; Chojnacka, K.; Gérecki, H. Effect of the New Plant Growth Biostimulants Based on
Amino Acids on Yield and Grain Quality of Winter Wheat. Molecules 2018, 23, 470. [CrossRef]


http://doi.org/10.1016/bs.agron.2014.10.001
http://doi.org/10.1016/j.plaphy.2022.03.012
http://doi.org/10.1016/j.scienta.2018.08.056
http://doi.org/10.3390/plants8110522
http://doi.org/10.3390/horticulturae7110470
http://doi.org/10.3389/fpls.2022.879545
http://www.ncbi.nlm.nih.gov/pubmed/35665186
http://doi.org/10.3390/agronomy12081943
http://doi.org/10.4236/fns.2012.310179
http://doi.org/10.3390/horticulturae8070645
http://doi.org/10.1080/17429145.2017.1319503
http://doi.org/10.3390/horticulturae7090297
http://doi.org/10.2478/ebtj-2019-0019
http://doi.org/10.1016/j.jclepro.2019.07.061
http://doi.org/10.1016/0003-9861(57)90241-2
http://doi.org/10.1016/S0308-8146(97)00164-7
http://doi.org/10.1038/1811199a0
http://doi.org/10.1016/S0023-6438(95)80008-5
http://doi.org/10.1134/S1070427207030020
http://doi.org/10.1016/j.febslet.2007.04.013
http://doi.org/10.3390/molecules23020470

Agriculture 2023, 13, 54 12 of 13

36.

37.

38.
39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Koukounararas, A.; Tsouvaltzis, P.; Siomos, A.S. Effect of root and foliar application of amino dcids on the growth and yield of
greenhouse tomato in different fertilization levels. J. Food Agric. Environ. 2013, 11, 644-648.

Mironenko, G.A.; Zagorskii, .A.; Bystrova, N.A.; Kochetkov, K.A. The Effect of a Biostimulant Based on a Protein Hydrolysate of
Rainbow Trout (Oncorhynchus mykiss) on the Growth and Yield of Wheat (Triticum aestivum L.). Molecules 2022, 27, 6663. [CrossRef]
Stahl, W.; Sies, H. Antioxidant activity of carotenoids. Mol. Asp. Med. 2003, 24, 345-351. [CrossRef]

Gramza-Michatowska, A.; Stachowiak, B. The antioxidant potential of carotenoid extract from Phaffia Rhodozyma. Acta Sci. Pol.
Technol. Aliment. 2010, 9, 171-188.

Chedea, V.S,; Jisaka, M. Lipoxygenase and carotenoids: A co-oxidation story. Afr. J. Biotechnol. 2013, 12, 2786-2791. [CrossRef]
Karimuna, S.R.; Aziz, S.A.; Melati, M. Correlations between Leaf Nutrient Content and the Production of Metabolites in Orange
Jessamine (Murraya paniculata L. Jack) Fertilized with Chicken Manure. J. Trop. Crop Sci. 2015, 2, 16-25. [CrossRef]

Carillo, P; Colla, G.; El-Nakhel, C.; Bonini, P.; D’Amelia, L.; Dell’Aversana, E.; Pannico, A.; Giordano, M.; Sifola, M.I.; Kyriacou,
M.C.; et al. Biostimulant application with a tropical plant extract enhances Corchorus olitorius adaptation to suboptimal nutrient
regimens by improving physiological parameters. Agronomy 2019, 9, 249. [CrossRef]

Carillo, P,; Colla, G.; Fusco, G.M.; Dell’Aversana, E.; El-Nakhel, C.; Giordano, M.; Pannico, A.; Cozzolino, E.; Mori, M.; Reynaud,
H.; et al. Morphological and physiological responses induced by protein hydrolysate-based biostimulant and nitrogen rates in
greenhouse spinach. Agronomy 2019, 9, 450. [CrossRef]

Popko, M.; Wilk, R.; Gorecki, H. New amino acid biostimulators based on protein hydrolysate of keratin. Przem. Chem. 2014, 93,
1012-1015.

Avila-Pozo, P; Parrado, J.; Caballero, P; Tejada, M. Use of a Biostimulant Obtained from Slaughterhouse Sludge in a Greenhouse
Tomato Crop. Horticulturae 2022, 8, 622. [CrossRef]

Vician, M.; Kovacik, P. The effect of folic application of MG-Titanit fertilizer on phytomass, chlorophyll production and the
harvest of winter wheat. In Proceedings of the MendelNet, Brno, Slovak, 20-21 November 2013; pp. 162-168.

Vasca-Zamfir, D.; Balan, D.; Luta, G.; Gherghina, E.; Draghici, E. Influence of the rizogene substances on rooting and on
biochemical composition of Pelargonium peltatum plants. Lucr. Stiintifice Ser. Hortic. 2012, 55, 297-302. [CrossRef]

Xu, C.; Mou, B. Drench Application of Fish-derived Protein Hydrolysates Affects Lettuce Growth, Chlorophyll Content, and Gas
Exchange. HortTechnology 2017, 27, 539-543. [CrossRef]

Kaur, S.; Gupta, A.K,; Kaur, N. Effect of GA3, kinetin and indole acetic acid on carbohydrate metabolism in chickpea seedlings
germinating under water stress. Plant Growth Regul. 2000, 30, 61-70. [CrossRef]

Colla, G.; Cardarelli, M.; Bonini, P.; Rouphael, Y. Foliar applications of protein hydrolysate, plant and seaweed extracts increase
yield but differentially modulate fruit quality of greenhouse tomato. HortScience 2017, 52, 1214-1220. [CrossRef]

Battacharyya, D.; Babgohari, M.Z.; Rathor, P; Prithiviraj, B. Seaweed extracts as biostimulants in horticulture. Sci. Hortic. 2015,
196, 39-48. [CrossRef]

Ertani, A.; Pizzeghello, D.; Francioso, O.; Sambo, P.; Sanchez-Cortes, S.; Nardi, S. Capsicum chinensis L. growth and nutraceutical
properties are enhanced by biostimulants in a long-term period: Chemical and metabolomic approaches. Front. Plant Sci. 2014, 5,
375. [CrossRef]

Rouphael, Y,; Colla, G.; Giordano, M.; El-Nakhel, C.; Kyriacou, M.; De Pascale, S. Foliar applications of a legume-derived protein
hydrolysate elicit dose-dependent increases of growth, leaf mineral composition, yield and fruit quality in two greenhouse tomato
cultivars. Sci. Hortic. 2017, 226, 353-360. [CrossRef]

Fan, D.; Hodges, D.M.; Zhang, J.; Kirby, C.W.; Ji, X.; Locke, S.J.; Critchley, A.T.; Prithiviraj, B. Commercial extract of the brown
seaweed Ascophyllum nodosum enhances phenolic antioxidant content of spinach (Spinacia oleracea L.) which protects Caenorhabditis
elegans against oxidative and thermal stress. Food Chem. 2011, 124, 195-202. [CrossRef]

Katuzewicz, A.; Gasecka, M.; Spizewski, T. Influence of biostimulants on phenolic content in broccoli heads directly after harvest
and after storage. Folia Hortic. 2017, 29, 221-230. [CrossRef]

Vasantharaja, R.; Abraham, L.S.; Inbakandan, D.; Thirugnanasambandam, R.; Senthilvelan, T.; Jabeen, S.A.; Prakash, P. Influence
of seaweed extracts on growth, phytochemical contents and antioxidant capacity of cowpea (Vigna unguiculata L. Walp). Biocatal.
Agric. Biotechnol. 2019, 17, 589-594. [CrossRef]

Ashour, M.; Hassan, S.M.; Elshobary, M.E.; Ammar, G.A.G.; Gaber, A.; Alsanie, W.F.; Mansour, A.T.; El-Shenody, R. Impact of
Commercial Seaweed Liquid Extract (TAM®) Biostimulant and Its Bioactive Molecules on Growth and Antioxidant Activities of
Hot Pepper (Capsicum annuum). Plants 2021, 10, 1045. [CrossRef]

Hasanuzzaman, M.; Nahar, K.; Fujita, M. Extreme Temperature Responses, Oxidative Stress and Antioxidant Defense in Plants. In
Abiotic Stress-Plant Responses and Applications in Agriculture; Vahdati, K., Leslie, C., Eds.; InTech: Rijeka, Croatia, 2013; pp. 169-205.
[CrossRef]

Gaveliené, V.; Pakalniskyte, L.; Novickiene, L. Effect of growth regulators and their mixtures on winter wheat growth, cold
resistance and productivity. In Proceedings of the VII International Scientific Agriculture Symposium, “Agrosym 2016”, Jahorina,
Bosnia and Herzegovina, 6-9 October 2016; pp. 1208-1214.

Bélan, D.; Dobrin, E.; Lutd, G.; Gherghina, E. Protective effects induced by growth regulators treatment on eggplant (Solanum
melongena L.) seedlings. Rom. Biotech. Lett. 2018, 23, 13447-13456. [CrossRef]


http://doi.org/10.3390/molecules27196663
http://doi.org/10.1016/S0098-2997(03)00030-X
http://doi.org/10.5897/AJB12.2944
http://doi.org/10.29244/jtcs.2.1.16-25
http://doi.org/10.3390/agronomy9050249
http://doi.org/10.3390/agronomy9080450
http://doi.org/10.3390/horticulturae8070622
http://doi.org/10.13140/RG.2.1.4051.8162
http://doi.org/10.21273/HORTTECH03723-17
http://doi.org/10.1023/A:1006371219048
http://doi.org/10.21273/HORTSCI12200-17
http://doi.org/10.1016/j.scienta.2015.09.012
http://doi.org/10.3389/fpls.2014.00375
http://doi.org/10.1016/j.scienta.2017.09.007
http://doi.org/10.1016/j.foodchem.2010.06.008
http://doi.org/10.1515/fhort-2017-0020
http://doi.org/10.1016/j.bcab.2019.01.021
http://doi.org/10.3390/plants10061045
http://doi.org/10.5772/54833
http://doi.org/10.26327/RBL2017.104

Agriculture 2023, 13, 54 13 of 13

61. Luta, G,; Balan, D.; Gherghina, E.; Dobrin, E. Effect of Foliar Bioactive Treatments on the Oxidative Stress Tolerance in Tomato
Seedlings. Sci. Pap. Ser. B Hortic. 2018, 62, 423-429.

62. Rouphael, Y,; Cardarelli, M.; Bonini, P.; Colla, G. Synergistic action of a microbial-based biostimulant and a plant derived-protein
hydrolysate enhances lettuce tolerance to alkalinity and salinity. Front. Plant Sci. 2017, 8, 131. [CrossRef] [PubMed]

63. Francesca, S; Cirillo, V,; Raimondi, G.; Maggio, A.; Barone, A.; Rigano, M.M. A Novel Protein Hydrolysate-Based Biostimulant
Improves Tomato Performances under Drought Stress. Plants 2021, 10, 783. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3389/fpls.2017.00131
http://www.ncbi.nlm.nih.gov/pubmed/28223995
http://doi.org/10.3390/plants10040783
http://www.ncbi.nlm.nih.gov/pubmed/33923424

	Introduction 
	Materials and Methods 
	Biological Material 
	Obtaining Gels (Protein Hydrolysates) 
	Determination of Free Amino Acids in Protein Gels 
	Biometric Measurements of the Tomato Seedlings 
	Biochemical Analysis of the Tomato Seedlings 
	Statistical Analyses 

	Results and Discussions 
	Protein Gels Characterization 
	Determination of Free Amino Acids Content in Used Gels (Protein Hydrolysates) 
	Influence of the Treatment on the Biometric Parameters of the Tomato Seedlings 
	Influence of the Treatment on the Photosynthetic Pigments Content 
	Influence of the Treatment on the Biochemical Compounds Accumulation in the Leaves 
	Influence of the Treatment on the Antioxidant Activity 

	Conclusions 
	References

