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Abstract

One of the most widely grown and consumed vegetable, tomato (Lycopersicon esculentum Mill.) is valuable both for
their rich taste and for their nutritional value and antioxidant properties. Vitamin C, carotenoids (lycopene, fi-carotene)
and polyphenols are the main bioactive compounds present in tomato, their regular consumption being correlated with
a low risk of various cancers and some cardiovascular diseases. Biostimulants products represent nowadays a
sustainable alternative to the chemical fertilizers used for improving crop yields and quality. A product obtained from
fish gelatin and collagen hydrolysate was physicochemically characterized and used for foliar application on tomato
crop in the fruiting stage. The objective of this study was to assess the effect of the biostimulant treatment on
antioxidant activity of tomatoes. The tomatoes were analyzed regarding carotenoids, ascorbic acid, phenolic
compounds content and antioxidant activity. The treated tomatoes presented higher content by 26.64% for lycopene, by
12.8% for ascorbic acid and by 17.25% for total phenolics. These positive effects can be attributed to the
supplementary amino acids amount provided by the biostimulator product.
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INTRODUCTION biomarkers. Research performed by Abete et al.
(2013) demonstrated that daily consumption of
Recent research has reported protective effects 160 g of tomato sauce rich in lycopene
on human health of a diet rich in vegetables and ~ produces a decrease in oxidized LDL
fruits, among which tomatoes occupy an cholesterol levels. Consequently, a diet rich in
important place. One of the most widely grown  tomato was correlated with a low risk of
and consumed vegetable, tomato (Lycopersicon various cancers and some cardiovascular
esculentum Mill.) is valuable both for their rich  diseases (Collins et al., 2022).
taste and for their nutritional value and The nutritional content of the tomato fruit
antioxidant properties. The main bioactive  depends on the cultivation conditions and on
compounds present in tomato are antioxidants the growth environment that must ensure the
such as carotenoids (lycopene, zeaxanthin, = maximum potential accumulation of the
B-carotene), vitamin C and polyphenols which  bioactive compounds under organic farming
are involved in inhibition of the harmful effects = conditions. Since the EU Council Directive
of free radicals, preventing oxidative damage in ~ 91/676/EEC called for a significant reduction
DNA and proteins. The health-beneficial  in the amount of nitrogen-containing fertilizers
properties of tomato have been proven by  used in agriculture and  horticulture,
epidemiological evidence that suggests their  environmentally friendly agricultural
role in reducing serum levels of oxidative stress  techniques to improve crop yields and quality
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were adopted. As an alternative to chemical
fertilizers, biostimulants began to be used on a
large scale to promote plant growth, so that the
market size for biostimulants is expected to
reach USD 4.14 billion by 2025 (Madende &
Hayes, 2020). Although they do not supply
nutrients directly to plants, the biostimulants
can facilitate the nutrients achievement by
supporting metabolic processes in plants
improving the general health and vitality of
plants.

Hydrolysates of food by-products such as
animal tissue (Cristiano & De Lucia, 2021;
Luta et al., 2024) or fish waste (Chalamaiah et
al., 2012; Madende & Hayes, 2020) have been
used as biostimulants provided by animal
sources. Fish processing produce large
quantities of waste (head, skin, bones, tail,
viscera) representing a source of environmental
pollution if improperly disposed. Only about
30% of the 91 million tons of fish harvested
every year is transformed into fishmeal
(Madende & Hayes, 2020). But fish by-
products have potential applications as plant
biostimulants. The residues rich in collagen and
gelatin are processed by chemical or enzymatic
hydrolysis and converted into protein
hydrolysates containing free amino acids,
short-chain peptides and proteins as active
agents that positively influence some
physiological processes, including
photosynthesis, assimilation and translocation
of nutrient in plants, and also accumulation of
valuable compounds (Malécange et al., 2023).
Various studies have shown that fish
hydrolysates can improve nutrient utilization by
plants, achieving beneficial effects on root and
leaf growth, inducing flowering, improving
fruit set, and also reducing fruit drop
(Chalamaiah et al., 2012; Yakhin et al., 2017;
Xu & Mou, 2017).

The present study was focused on testing a
product obtained from fish gelatin and collagen
hydrolysate with inorganic potassium added.
This protein gel was physico-chemically
characterized and used for foliar application on
tomato in the fruiting stage. The aim was to
assess the effect of the tomato plants treatment
with the biostimulant product on the
antioxidant compounds content and on the total
antioxidant capacity of tomato fruit compared
to the plants grown in conventional cultivation.
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MATERIALS AND METHODS

Obtaining of biostimulant gel
hydrolysate)

A new product representing a protein gel made
from fish gelatin and collagen hydrolyzate
enriched with macroelements (K) with a ratio
of NPK 1:1:3 was obtained and tested for
biostimulant properties by application on
tomato plants during the fruiting stage.

Fish gelatine was obtained from fish scales
treated for 1 h with 0.1 M NaOH to remove
non-collagen proteins, then demineralization
using 1 M HCI (1.5 hours) have been made.
The demineralized fish scales were subjected to
a hot water extraction to produce gelatin, which
was then filtered in several stages to obtain a
clear gelatin solution. The biostimulant product
was obtained by mixing equal parts of fish
gelatine with collagen hydrolysate and
inorganic potassium. The collagen hydrolysate
was obtained from the residues of bovine hide
after extraction of gelatine, which were
dispersed in water in a ratio solid to liquid 1:2
at pH 8 and 50°C. Then a hydrolysis with
Protamex (edopeptidases) added in a ratio of
1.6 to residue weight was made for two hours.
The potassium was added in a ratio of 3:1 to
total nitrogen. The obtained gel was analyzed
regarding certain chemical characteristics
(Table 1). Determination of the dry substance,
total ash, total nitrogen and protein content, pH,
bloom test, and viscosity were made using
standards in force.

(protein

Table 1. Physico-chemical characteristics
of protein gel

Characteristics Analytical methods Parameters
value
Dry substance | SR ENISO 4684:2006
o 15.18
(%)
Total ash (%) | SR ENISO 4047:2002 27
Total nitrogen | SR ENISO 5397:1996
o 1.20
(%)
Protein content | SR EN ISO 5397:1996
0 6.74
(%)
pH STAS 8619/3:1990 7.02
Bloom test (g) | European
Pharmacopoeia. 54
Gel strength
Viscozity European 1.75
(mPa*s) Pharmacopoeia.
Viscosity.




Biological material

The experiment was conducted in the
experimental greenhouse of the University of
Agronomic Sciences and Veterinary Medicine
from Bucharest in 2023 on pink tomato crop
from BPK 16021 hybrid (Lycopersicon
esculentum Mill.), provided by Marcoser SRL
(Matca, Galati, Romania). The experimental
variants were: V1 - untreated plants (control)
and V2 - plants which received treatment with
fish gelatin based gel. The substrate used for
cultivation was Traysubstrate, a well structured
mixture of blond peat and black peat, with
addition of macro and microelements and a pH
of 5.5-6.5. Three successive foliar treatments
with dilluted solution of protein gel (10% v/v)
were applied, once every seven days, between
May 22 and June 5, 2023. No treatment with
other fertilizers was administered except for
biostimulant applications with tested protein
gel. The tomato harvests started on June 26,
2023. Random tomato samples were collected
from each variant and were analyzed in
laboratory regarding bioactive compounds.

Biochemical analysis of the tomato fruit
Tomato fruit harvested at the red-ripening stage
were subjected to biochemical analyses. The
extractions were made according to the
protocol provided by the analysis method used.
Carotenoids (lycopene and f-carotene) were
determined according to the protocol described
by Anthon & Barrett (2007). An amount of
blended tomatoes was homogenized with a
triple mixture of hexane: ethanol: acetone
(2:1:1), then sonication and shaking were
applied so that two phases were separated. A
sample was collected from the upper phase and
the absorbance was measured at two
wavelength (503 and 444 nm). Using the
extinction coefficient lycopene and -carotene
contents has been calculated. Results were
expressed as mg/100 g FW.

Vitamin C content was determined using
titration with potassium iodate solution by
volumetric method described by Elgailani et al.
(2017). A 2% solutrion of oxalic acid was used
for the extraction of vitamin C with the purpose
to prevent the oxidation. The extracts were
treated with KI solution, hydrochloric acid and
starch solution, then were subjected to titration
with iodate KIO3 until the a blue color appears
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indicating the end of the reaction. Results were
expressed as mg/100 g FW.
Total polyphenols content was performed using
the modified Folin-Ciocalteu method as
Singleton et al. (1999) described. The
determination is based on the reduction of the
Folin-Ciocalteu reagent, obtaining a blue
colored compound, followed by measuring the
absorbance at 750 nm. The results were
expressed as gallic acid equivalents (mg GAE/g
FW).
Total antioxidant activity was measured
according to the method adapted by Brand-
Williams et al. (1995) after Blois (1958), using
the stable free radical DPPH. 100 uM solution
of DPPH in methanol were mixed with
different concentrations of a tomato extract in
80% aqueous methanol, then were maintained
30 min in a dark place at room temperature.
After that the absorbance (A) was measured at
515 nm. The percentage of the radical
scavenging activity (RSA) was calculated as
follows:

% RSA = (1 -[Asample/Acontrol t=0])/100
A DPPH solution in 80% methanol was used as
control. The linear regression curve of the
sample extracts (mg/mL) against the percentage
of the radical scavenging activity was made and
used for calculating ECso for each sample. The
ECso parameter is defined as the concentration
of sample which is required to scavenge 50%
of DPPH free radicals.
Statistical analysis was performed with the
one-way Analysis of Variance (ANOVA) using
Microsoft Excel Office 2019 for Windows.
Comparisons of means were calculated using
the Duncan’s test at the 5% significance level
(p < 0.05). All measurements were carried out
in five replicates, and results are presented as
means £ standard deviation (S.D.). In charts,
values marked with different letters show
significant differences (p < 0.05).

RESULTS AND DISCUSSIONS

Effect of the biostimulant treatment on the
antioxidant compounds of the tomato

Biostimulants act by inducing a physiological
response in the treated plants, influencing
metabolic ~ processes of  plants  and
consequently, their growth and development.
The current research aimed to assess the



response of the tomato crop to the application
of tested protein gel regarding the antioxidants
content of the fruit.

Vitamin C is the most commonly found
vitamin in tomato fruit. Considered as a major
natural antioxidant, vitamin C is involved in
limiting the damaging effects of free radicals
therefore it is supposed to help prevent or delay
the development of certain diseases caused by
oxidative stress. Besides that, vitamin C
stimulates the immune system and improves
the absorption of iron and calcium (Bianchi et
al., 2023).
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Figure 1. Vitamin C content in the analyzed
tomato samples

The application of the biostimulant protein gel
resulted in increased vitamin C content in
tomato fruit. Significant differences were noted
between the control and the treated variant
(Figure 1), which recorded a 12.8% higher
vitamin C content than the untreated plants.
Also previous research performed by Luta et al.
(2024) found that the biostimulant treatment of
tomato plant with a bovine gelatine based gel
stimulated the accumulation of vitamin C,
which was 1.29 times higher compared to the
untreated plants. These results are in according
to Tallarita et al. (2021), which reported an
increasing of vitamin C in tomato fruit when
applied 9 times the biostimulant treatment with
an enzymatic protein hydrolysate. On the
contrary, evaluating the effects of three
biostimulants (protein hydrolysate, plant and
seaweed extract) on the nutritional quality of
greenhouse tomato, Colla et al. (2017) noted no
influence of the treatment on the total ascorbic
acid.

Lycopene and f-carotene are the main
carotenoids  detected in tomato fruit,
representing almost 75% of tomato carotenoids
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(Hernandez-Herrera et al., 2022). Lycopene
and other carotenoids are suggested to protect
against carcinogenesis through antioxidant
mechanisms. Thorough studies demonstrated
by in vitro experiments that both lycopene and
[-carotene manifest anticancer activities, being
able to induce apoptosis in cancer cells and to
inhibit their proliferation (Jayappriyan et al.,
2013; Arathi et al., 2016).

The analysis of the obtained results highlighted
a 26.64% increase in the lycopene content from
7.17£0.2 mg/100 g FW in the untreated tomato
fruit to 9.09+0.11 mg/100 g FW in the variant
treated with fish gelatin based gel (Figure 2).
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Figure 2. Lycopene content in the analyzed
tomato samples

And the B-carotene synthesis in the tomato
increased by 20.37% under the same
biostimulant treatment (Figure 3).
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Figure 3. B-carotene content in the analyzed
tomato samples

Tallarita et al. (2021) noted also that lycopene
content recorded a quantitative improvement
(from 11.05 to 14.13 mg/g FW) after repeated
application of the tested protein hydrolysate on
the tomato crop.



An increased by 125% accumulation of
lycopene has been reported by Colla et al.
(2017) under the foliar application of a
commercial legume-derived protein
hydrolysate. =~ Consequently, a  positive
correlation between lycopene and potassium
concentration was suggested, reporting that
biostimulant application appeared to stimulated
lycopene accumulation through the increase in
mineral absorption.

Polyphenols are bioactive compounds with
major role in free radical scavenging activity
and in plant protection against stress.

Moreover, polyphenols are involved in plant
development and growth (Sun et al., 2024) and
also a correlation between total phenols of
plants and antifungal activity has been reported
(Mohamed et al., 2017).
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Figure 4. Total polyphenols content in the analyzed
tomato samples

Figure 4 shows a stimulating effect for the total
polyphenols biosynthesis under the treatment
with the tested fish gelatin based gel. The
obtained values were between 21.16+0.37 and
24.80+0.75 mg GAE/100 g FW, indicating a
17.25% increase in the average content of total
polyphenols in the treated tomato compared to
the untreated control.

Also previous studies reported that using of
biostimulants enhanced the polyphenol content
in tomato (Ali et al, 2021), broccoli
(Katuzewicz et al., 2017), and zucchini (Abd-
Elkader et al., 2022).

Effect of the biostimulant treatment on the
antioxidant activity of the tomato

Various  studies  have  reported  that
biostimulants facilitate plant resilience, mainly
by increasing antioxidant activity in the plants
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under unfavorable environmental conditions
(Colla et al., 2015; Gonzalez-Morales et al.,
2021; Malécange et al., 2023). The antioxidant
capacity in plants is correlated with the content
of compounds with antioxidant potential, such
as carotenoids, flavonoids, vitamin C,
polyphenols. Furthermore, a linear correlation
of the increase in polyphenol content with
antioxidant capacity is reported by previous
research (Asadi et al., 2022; Balan et al., 2023).
Samples of tomato collected from the
experimental variants has been screened for a
potential radical scavenging activity, and the
EC50 values were calculated. Significant
differences between the analyzed variants were
noted (Figure 5).

The result indicated that variant V2 (tomato
treated with protein gel) recorded the highest
antioxidant  activity (91.21+0.81 mg/mL
expressed as the EC50 value), as expected due
to the higher content in total polyphenols
compared to the untreated variant, which
required a higher concentration (121.39+0.80
mg/mL) to scavenge 50% of DPPH free
radicals.

EC50

140 121.39 a

120 =
. 100 91.21b
s 80
B3
g 60

40

20

0
V1 (Control) V2
Experimental variants

Figure 5. ECsg values of DPPH scavenging activities in
the analyzed tomato samples

Overall, the treatment with biostimulant protein
gel positively impacted the tomato plants
growth and an improved fruit quality has been
obtained.

These beneficial effects can be attributed to the
supplementary amino acids amount provided
by the new biostimulant product. Positive
effects of the foliar application of amino acids
and biostimulants based on amino acids on
quality parameters have been reported also as a
result of research performed on Foeniculum
vulgare Mill. (Elsayed et al., 2022), Achillea



millefolium L. (Shafie et al., 2021), Nigella
sativa L. (Ayyat et al, 2021), Ocimum
basilicum L. (Aghaye et al., 2019). Amino
acids are molecules essential in metabolite
synthesis promoting cell growth and plant
development (Sun et al., 2024). The free amino
acids present in the tested fish gelatin based gel
represent a support for the development of
tomato plants, helping the rapid biosynthesis of
different types of proteins. Important for plant
is not only the presence of these free amino
acids, but also their accessibility for use in
biosynthesis processes (Rentsch et al., 2007)
therefore providing ready-for-uptake amino
acids represents an advantage for plants,
especially during critical periods of plant
development such as the flowering or the
fruiting stage (Bulgari et al., 2015).

CONCLUSIONS

Biochemical determinations performed in this
study revealed beneficial effects of the
treatments with biostimulant fish gelatin based
gel on the tomato fruit quality.

Applications of the tested protein gel resulted
in a good accumulation of the antioxidant
compounds and a high radical scavenging
activity of the tomato fruit, increasing their
potential in preventing oxidative stress.

The tested new biostimulant could be
considered better alternative for chemical
fertilizers in obtaining vegetable with valuable
nutritional and health-related properties.

This research also encourages the reuse of
waste products supporting the circular economy
in favor of a healthier environment.

ACKNOWLEDGEMENTS

This research was funded by 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.

REFERENCES

Abd-Elkader, D.Y., Mohamed, A.A., Feleafel, M.N., Al-
Hugqail, A.A., Salem, M.Z.M., Ali, HM. & Hassan,
H.S. (2022). Photosynthetic =~ Pigments and
Biochemical Response of Zucchini (Cucurbita pepo
L.) to Plant-Derived Extracts. Microbial, and

398

Potassium  Silicate as  Biostimulants  Under
Greenhouse Conditions. Frontiers in Plant Science,
13, 879545.

Abete, 1., Perez-Cornago, A., Navas-Carretero, S.,
Bondia-Pons, 1., Zulet, M.A. & Martinez, J.A.
(2013). A Regular Lycopene Enriched Tomato Sauce
Consumption Influences Antioxidant Status of
Healthy Young-Subjects: A Crossover Study. Journal
of Functional Foods, 5(1), 28-35.

Aghaye Noroozlo Y., Souri M.K. & Delshad M. (2019).
Stimulation effects of foliar application of glycine
and glutamine amino acids on growth and quality of
sweet basil. Advances in Horticultural Science, 33,
495-501.

Ali, M. M., Jeddi, K., Attia, M. S., Elsayed, S. M.,
Yusuf, M., Osman, M. S., Soliman, M-H. & Hessini,
K. (2021). Wuxal amino (Biostimulant) improved
growth and physiological performance of tomato
plants under salinity stress through adaptive
mechanisms and antioxidant potential. Saudi Journal
of Biological Science, 28(6), 3204-3213.

Anthon, G. & Barrett, M.D. (2007). Standardization of a
rapid spectrophotometric method for lycopene
analysis. Acta Horticulturae, 758, 111-128.

Arathi, B.P., Sowmya, P.R.R., Kuriakose, G.C., Vijay,
K., Baskaran, V., Jayabaskaran, C. &
Lakshminarayana, R. (2016). Enhanced Cytotoxic
and Apoptosis Inducing Activity of Lycopene
Oxidation Products in Different Cancer Cell Lines.
Food and Chemical Toxicology, 97,265-276.

Asadi, M., Rasouli, F., Amini, T., Hassanpouraghdam,
M.B., Souri, S., Skrovankova, S., Mlcek, J. & Ercisli,
S. (2022). 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, 12, 1943.

Ayyat A.M., Kenawy A.G.M., Aboel-Ainin M.A. &
Abdel-Mola M.A.M. (2021). Improving growth,
productivity and oil yield of Nigella sativa L. Plants
by foliar spraying with some
stimulants. International ~ Journal of  Plant
Production., 12, 339-344.

Balan, D., Lutd, G., Stanca, M., Jerca, O., Niculescu, M.,
Gaidau, C., Jurcoane, S. & Mihalcea, A. (2023).
Effect of Protein Gel Treatments on Biometric and
Biochemical Attributes of Tomato Seedlings in
Greenhouse Condition. Agriculture, 13, 54.

Bianchi, A.R., Vitale, E., Guerretti, V., Palumbo, G., De
Clemente, .M., Vitale, L., Arena, C. & De Maio, A.
(2023). Antioxidant Characterization of Six Tomato
Cultivars and Derived Products Destined for Human
Consumption. Antioxidants, 12, 761.

Blois, M.S. (1958). Antioxidant determinations by the
use of a stable free radical. Nature, 181, 1199-1200.

Brand-Williams, W., Cuvelier, M.E. & Berset, C. (1995).
Use of a free radical method to evaluate antioxidant
activity. LWT-Food Science and Technology., 28,
25-30.

Bulgari, R., Cocetta, G., Trivellini, A., Vernieri, P. &
Ferrante, A. (2015). Biostimulants and crop
responses: A review. Biological Agriculture &
Horticulture, 31, 1-17.



Chalamaiah, M., Dinesh Kumar, B., Hemalatha, R. &
Jyothirmayi, T. (2012). Fish protein hydrolysates:
Proximate composition, amino acid composition,
antioxidant activities and applications: A review.
Food Chemistry 135, 3020-3038.

Colla G., Nardi S., Cardarelli M., Ertani A., Lucini L.,
Canaguier R. & Rouphael Y. (2015). Protein
hydrolysates as biostimulants in horticulture. Scentia.
Horticulturae, 196, 28-38.

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

Collins, E.J., Bowyer, C., Tsouza, A. & Chopra, M.
(2022). Tomatoes: An Extensive Review of the
Associated Health Impacts of Tomatoes and Factors
That Can Affect Their Cultivation. Biology, 11, 239.

Cristiano, G. & De Lucia, B. (2021). Petunia
Performance under Application of Animal-Based
Protein Hydrolysates: Effects on Visual Quality,
Biomass, Nutrient Content, Root Morphology, and
Gas Exchange. Frontiers in Plant Science, 12, 890.

Elgailani, I.LE.H., Gad-Elkareem, M.A.M., Noh, E.A.A,;
Adam, O.E.A. & Alghamdi, AM.A. (2017).
Comparison of Two Methods for The Determination
of Vitamin C (Ascorbic Acid) in Some Fruits.
American Journal of Chemistry, 2(1), 1-7.

Elsayed A.A.A., El-Gohary A.E., Khalid K.A. & Ahmed
A.M.A. (2022). Changes in bitter fennel essential oils
exposed to foliar spray with L-
phenylalanine. Egyptian Journal of Botany, 62(1),
241-253.

EU Council Directive 91/676/EEC (1991) concerning the
protection of waters against pollution caused by
nitrates from agricultural sources. Official Journal of
the European Communities No 1. 375, 1-8.

European Pharmacopoeia. Gel strength. (2019). In
Standard  Testing Methods for Edible Gelatin,
Official Procedure of the Gelatin Manufacturers
Institute of America Inc.: Sergeant Bluff, 1A, USA,
9-12.

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

Gonzalez-Morales S., Solis-Gaona S., Valdes-Caballero
M.V., Juarez-Maldonado A., Loredo-Trevino A. &
Benavides-Mendoza A. (2021). Transcriptomics of
biostimulation of  plants under abiotic
stress. Frontiers in Genetics, 12, 36.

Hernandez-Herrera, R.M., Sanchez-Herndndez, C.V.,
Palmeros-Suarez, P.A., Ocampo-Alvarez, H.,
Santacruz-Ruvalcaba, F., Meza-Canales, 1.D. &
Becerril-Espinosa, A. (2022). Seaweed Extract
Improves Growth and Productivity of Tomato Plants
under Salinity Stress. Agronomy, 121, 2495.

Jayappriyan, K.R., Rajkumar, R., Venkatakrishnan, V.,
Nagaraj, S. & Rengasamy, R. (2013). In Vitro
Anticancer Activity of Natural B-Carotene from
Dunaliella Salina EU5891199 in PC-3 Cells.
Biomeicine & Preventive Nutrition, 3, 99-105.

399

Katuzewicz, A., Gasecka, M. & Spizewski, T. (2017).
Influence of biostimulants on phenolic content in
broccoli heads directly after harvest and after storage.
Folia Horticulturae, 29, 221-230.

Luta, G., Balan, D., Stanca, M., Jerca, O., Jurcoane, S.,
Niculescu, M., Gaidau, C. & Stanculescu, LR.
(2024). Innovative Protein Gel Treatments to
Improve the Quality of Tomato Fruit. Gels, 10, 10.

Madende M. & Hayes M. (2020). 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,
25(5), 1122.

Malécange, M., Sergheraert, R., Teulat, B., Mounier, E.,
Lothier, J. & Sakr, S. (2023). Biostimulant
Properties of Protein Hydrolysates: Recent Advances
and Future Challenges. International Journal of
Molecular Sciences, 24(11), 9714.

Mohamed M.S.M., Saleh A.M., Abdel-Farid I.B. & El-
Naggar S.A. (2017). Growth, hydrolases and
ultrastructure of Fusarium oxysporum as affected by
phenolic rich extracts from several xerophytic
plants. Pesticide Biochemistry and Physiology, 141,
57-64.

Rentsch, D., Schmidt, S. & Tegeder, M. (2007).
Transporters for uptake and allocation of organic
nitrogen compounds in plants. FEBS Letters 581,
2281-2289.

Shafie F., Bayat H., Aminifard M.H. & Saeid Daghighi
S. (2021). Biostimulant effects of seaweed extract
and amino acids on growth, antioxidants, and nutrient
content of Yarrow (Achillea millefolium L.) in the
field and greenhouse conditions. Communications in
Soil Science and Plant Analysis, 52, 964-975.

Singleton, V.L., Orthofer, R.& Lamuela-Raventos, R.M.
(1999). Analysis of total phenols and other oxidation
substrates and antioxidants by means of Folin-
Ciocalteu reagent. Methods in Enzymology, 299,
152-178.

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

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

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

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

Sun W., Shahrajabian M.H., Kuang Y. & Wang N.
(2024). Amino Acids Biostimulants and Protein
Hydrolysates. Plants, 13(2), 210.

Tallarita, A.V., Vecchietti, L., Cozzolino, E., Sekara, A.,
Mirabella, A., Cuciniello, A., Maiello, R., Cenvinzo,
V., Leone, V. & Caruso, G. (2021). Biostimulant
application improves tomato (Solanum lycopersicum
L.) fruit yield and quality during the autumn-winter
season. Research Journal of Agricultural Sciences,
53(4), 1-8.



Xu, C. & Mou, B. (2017). Drench application of fish- Yakhin, O.I., Lubyanov, A.A., Yakhin, [.A. & Brown,
derived protein hydrolysates affects lettuce growth, P.H. (2017). Biostimulants in plant science: A global
chlorophyll ~ content, and gas  exchange. perspective. Frontiers in Plant Science, 7, 2049.
HortTechnology, 27, 539-543.

400





