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Abstract

Free amino acids-based biostimulants are gaining momentum in Europe for sustainable
agriculture. They stimulate plant growth, improve crop productivity, and reduce reliance on
harmful fertilizers. Enzymatic hydrolysis is used to develop biostimulants from animal by-
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products, such as greaves and protein-rich wastewater from processed animal proteins. The

effectiveness of enzymatic hydrolysis depends on selecting the appropriate conditioning stage
for the by-products, yielding protein in the range of 86% to 97%. These protein hydrolysates,
with optimal amino acid compositions, are evaluated as biostimulants. Promising results show

Abbreviations: PAPs: Processed Animal Proteins;
ABP: Animal By-product; Cat: Category; AA: Amino
Acids

growth improvements of 17% to 31% in Chinese cabbage and lettuce seeds. The optimal dilution

concentration ranges from 0.05% to 0.3%, depending on the protein hydrolysate used. The

M) Check for updates

findings highlight the potential of these biostimulants to enhance plant growth and productivity

while reducing environmental impact by replacing chemical fertilizers. They offer sustainable
alternatives for promoting environmentally friendly practices in agriculture.

Introduction

Modern agricultural practices and future perspectives
for agroindustry are of current relevance and are faced with
improving crop quality and yield as a result of the growing
world population. Therefore, minimising the impact on the
environment and human health caused by the widespread
use of mineral fertilisers and chemical products intended
for improving crop quality and yields must be prioritised
[1]. In this context, the forthcoming regulatory framework is
restricting the use of such chemical inputs due to the growing
demand for organic food and environmental awareness.
Biostimulants have the potential to mitigate these issues and
provide a renewable option for improving crop quality and
yield by simplifying the nitrogen life cycle in plants. In the
conventional nitrogen life cycle, animal proteins (collagenous
residue) are brought into contact with the soil (buried). Then,
they encounter the bacterial population in the soil degrading
the protein that produces organic nitrogen, which is then
transformed into nitrates (nitrification). The nitrates are then
absorbed by plant roots and converted into plant amino acids
by the leaves, and finally, transformed into plant proteins,
which are ingested by livestock, digested, and converted back
into animal protein, thus closing the nitrogen life cycle.
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Presently, only protein recovery from category 3 ABP
such as liver, viscera, bone, intestines, and other by-products
produced in slaughterhouses has been carried out [2-10]
by means of enzymatic hydrolysis and recovery of protein
by means of other applications [11-14]. In addition, a wide
variety of studies have been carried out to obtain high-
added-value products from tannery wastes. Studies have
been carried out using alkaline, acid, and heat treatments
[15,16] with good results for hydrolysed protein from tannery
wastes. Nevertheless, depending on the application of the
hydrolysed product such as food industry, retanning agent,
biostimulants, texturisers, gelatine, or thickness agents,
hydrolysis conditions are different [17-26] and different
properties are required. Therefore, the recovery of category
2 by-products is very innovative as there are no studies
that include this type of transformation to obtain protein
biopolymers for agriculture applications. On the other hand,
there is a patent lack of literature on the recovery of protein
from poultry meal wastewater by enzymatic hydrolysis.
In addition, only literature on wastewater treatments
for protein separation such as ultrafiltration, isoelectric
solubilization, electrocoagulation, etc. can be found [27-34].
Therefore, proteins obtained from enzymatic hydrolysis are
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a valuable source for organic agriculture and help close the
loop of valuable resources. In addition, their recovery process
contributes to the Sustainable Development Goals 6 and 12,
of the United Nations (UN SDGs), preventing and reducing the
management and disposal of wastewater and recovering it for
bioprocesses with higher added value for the industry.

Against this background, biostimulants from animal by-
products or biowaste by means of enzymatic hydrolysis have
been developed as a more sustainable and versatile process
using different slaughterhouse raw materials such as greaves
and wastewater rich in protein from PAPs with a good protein
recovery [35].

Materials and methods

For the purpose of this work, two different types of raw
material were recovered, namely, category 2 Processed
Animal Proteins (PAPs) and category 3 wastewater. To
recover these raw materials, a preparatory step, prior to the
enzymatic hydrolysis process, was required as established by
Regulation (EC) No 1069/2009, which is described hereafter.

Category 2 PAPs (PAP-1), which originate from pig
carcases, were previously pressure-sterilised through method
1, with 50 mm particle size, at 133 °C for at least 20 minutes,
without interruption, at an absolute pressure of at least 3
bar. This raw material was supplied by a rendering company
(Energy Green Gas Almazan S.A., Almazan - Soria, Spain).

Category 3 wastewater is the condensed (protein-rich)
water obtained from the drying of category 3 ABPs to produce
Meat and Bone Meals (MBM). The sterilisation method used
for category 3 ABPs was method 5 with 20 mm particle size, at
809C, for 120 minutes. Once the sterilisation was conducted,
those ABPs could be utilised in PAPs. This raw material was
supplied by a waste management company (Granja Otivar
S.A., Alcala de Guadaira - Sevilla, Spain).

Once the preparatory step was completed, enzymatic
hydrolysis was conducted. This process requires rigorous
control of temperature, pH, and hydrolysis time to obtain
optimal enzyme activity. Nevertheless, due to the diversity
in the composition of the raw materials used in this work, a
conditioning step (defatting pre-treatment) was required to
remove the high fat-content present in animal by-products and
improve the efficiency of the enzymatic hydrolysis process to
be carried out on the animal by-products.

The determination of total amino acids was carried
out according to ISO 13903:2005 by derivatisation of
the amino acids to convert them into chromophores. A
liquid chromatographic separation was also conducted
with a fluorescence detector and diode array detector in
accordance with the previously mentioned standard. The
determination of free amino acids was carried out according
to ISO 13903:2005 with dilute hydrochloric acid 0.01N. The
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co-extracted nitrogenous macromolecules were precipitated
with sulfosalicylic acid and removed by filtration.

This conditioning step consists of the characterisation of
the raw materials used for the purposes of this work (i.e. PAPs
and wastewater) in order to identify their composition and
improve the process (Table 1). It must be noted that the final
values considered as the results have been obtained from the
average values after summing the results of each of the three
times the tests were repeated.

Subsequently, the experimental procedure of this research
(i.e., enzymatic hydrolysis) was carried out following the
process described hereafter and developed in [35,36]
(Figure 1).In this procedure, different enzymes with endo- and
exo-proteolytic activity, working at neutral (7) and alkaline
(8-11) pH, were used to assess the degree of process yield,
total amino acids and free amino acids content of the category
2 PAPs and category 3 wastewater evaluated. The solution
obtained from enzymatic hydrolysis was then separated and
filtered, which resulted in the achievement of the hydrolysed
protein solution with optimal conditions.

Finally, a test to validate the protein solution as a
biostimulant was carried out through the evaluation of growth
by germinationina Petridishaccording to standard ISO 16086-
2:2012 and [35,36]. In this procedure, two different plant seed
varieties [Chinese cabbage (Brassica rapa pekinensis) and
lettuce (Lactuca Sativa)] were watered with 2 mL of different
biostimulant concentrations, 0.01% - 0.3%, and left to grow
at 24 °C for 3 days. Then, water with 2 mL of biostimulant
concentration was added again and the seeds were left to grow
at 24 °C for 3 more days. Finally, the germination length of the
seeds in each Petri dish was measured and compared with the
control sample. In this study, germinated seed lengths of less
than 10 mm were eliminated.

Table 1: Composition of raw materials category 3 wastewater and category 2 PAPs
(greaves).
Parameters Cat 3 Wastewater = Cat 2 PAP
pH 6.29 + 0.05 6.48 + 0.05
Solids content (%) 19.49 + 1.36 9149+ 1.44
Moisture (%) 80.51+1.37 8.81+1.11
Fat content (% in dry matter) 35.44 £ 0.82 39.95 +0.89
Ash content (% in dry matter) 6.84 £ 0.85 7.7+091
Total amino acids content (% in dry matter) 40.31+2.15 43.84 +2.29

)

PROTEIN
SOLUTION

[(WASTEWATER CAT3 |

Figure 1: Process to obtain hydrolysed protein from Category 2 PAPs and

Category 3 wastewater.
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Results and discussion

Different hydrolysis tests were carried out to define
the optimal parameters, such as yield, protein content, and
free amino acids in solution, for different ABPs materials to
achieve optimal hydrolysis results. Table 2 shows the protein
hydrolysates obtained under optimal enzymatic hydrolysis
conditions. It must be noted that the final values considered
as the results have been obtained from the average values
after summing the results of each of the three times the tests
were repeated. The content of total and free amino acids
shows the potential of the extracted protein hydrolysate to
stimulate plant growth by shortcutting the nitrogen cycle of
the plants and rapid absorption of the nitrogen present in
the amino acids. The Regulation (EU) 2019/1009 establishes
the requirement for the total and free amino acid content
of biostimulants to produce plant growth stimulation and
enhancement.

The products obtained show a noticeably high protein
recovery, in the range of 87% - 97%, depending on the ABP
used. This indicates that the enzymatic hydrolysis developed
was efficient for all ABPs. In addition, a high content of total
amino acids is observed in the range of 60% - 70%, with the
results of the products corresponding to category 2 PAPs
being higher than those of category 3 wastewater. This may
be of particular interest for its application as a biostimulant.

Amino acids can improve plant performance. For instance,
glutamic acid, arginine, alanine, glycine, and proline are the
most valuable amino acids for plant growth; glutamic acid,
glycine, and aspartic acid improve nutrient uptake; glutamic
acid, proline, serine, and valine mitigate the effect of high
temperatures; glycine, alanine, glutamic acid, and arginine
improve chlorophyll production, and proline, due to its
chelating effect, mitigates salinity stress [36-40].

Therefore,inorderto evaluate the potential oftherecovered
protein hydrolysates for application as biostimulants, the
amino acids profile of protein hydrolysates was analysed in
Figure 2.

The figure above reveals that the glycine value is
significantly higher in the hydrolysates from wastewater
(14.36%) than in category 2 PAPs (11.79%). Trans-hyp, which
represents the collagenic grade of protein, is also considerably
higher in hydrolysates from wastewater (6.08%) than in
those from PAPs (3.94%), which indicates that the degree of
degradation that protein presents for PAPs is considerably
higher with respect to wastewater. Proline and glutamic

Table 2: Composition in protein yield, and total and free amino acids of a hydrolysed
product of category 3 wastewater, category 2 PAPs (greaves).

Hydrolysed product obtained from ABPs A Cat 2 PAPs @ Cat 3 wastewater
Protein yield (%) 87.50 + 2.33 97.22 £2.45
Total amino acids (% in dry matter) 70.68 £ 2.27 60.72 £ 2.21
Free amino acids (%) in solution 3.53+0.21 5.09 + 0.26

ABPs: Animal By-Products; Cat: Category
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Figure 2: Amino acids profile of different protein hydrolysates obtained from
category 3 wastewater (yellow) and category 2 PAPs (grey). Source: own
elaboration, INESCOP.

acid follow this same pattern. On the contrary, aspartic acid,
alanine, lysine, leucine, and valine present notably higher
results for hydrolysates from category 2 PAPs instead for
those from category 3 wastewater.

Based on the amino acids profile developed, it can be
concluded that the extracted biostimulants will improve
nutrient uptake due to the high content of glycine (12%
for category 2 PAPs - 14% for category 3 wastewater),
glutamic acid (15% for category 2 PAPs -16% for category 3
wastewater) and aspartic acid (7% for category 2 PAPs - 8%
for category 3 wastewater). Furthermore, given the proline
and glutamic acid values, these biostimulants will mitigate
the effect of high temperatures. In this line, it must be noted
that the high proline content, due to its chelating effect,
will also enable the biostimulants to mitigate salt stress. In
addition, serine content (3.73% for category 2 PAPs - 3.56%
for category 3 wastewater) and valine (3.14% for category 2
PAPs -4.16% for category 3 wastewater) show the potential of
the biostimulants to mitigate the effect of high temperatures
[35,36].

Briefly, the amino acids profile shows that both protein
hydrolysates are able to improve stress mitigation caused
by high temperatures and/or salinity, as well as nutrient
uptake. Nevertheless, the protein hydrolysate from category 3
wastewater shows a better composition than category 2 PAPs
to improve plant properties.

In order to validate the plant growth stimulation potential
of the biostimulants developed, their ability to improve the
germination growth of different lettuce and Chinese cabbage
seeds was evaluated (Figure 3).

Growth improvement during the germination of seeds, due
to the biostimulant concentration added, is key to determining
the optimum dilution of biostimulant that produces the best
growth in Chinese cabbage and lettuce seeds.

To determine the optimal range of biostimulant dosage,
a validation test was carried out through the evaluation of
growth by germination in a Petri dish [35]. In this test, two

www.plantsciencejournal.com m



Evaluation of Biostimulants Based on Recovered Protein Hydrolysates from Animal By-products as Plant Growth Enhancers

different plant varieties [Chinese cabbage (Brassica rapa
pekinensis) and lettuce (Lactuca Sativa)] were watered with
2 ml of different concentrations of protein solution (i.e.,
biostimulant), 0.01% - 0.3%, and left to grow at 24 °C for 3
days (Figure 4).

The results from this validation test revealed that
protein hydrolysates from category 2 PAPs provide better
improvement in the germination of seeds as well as an optimal
concentration, lower than that of protein hydrolysates from
category 3 wastewater. This is due to the higher total amino
acid contentinthe biostimulantfrom category 2 PAPs (70.67%)
compared to that from category 3 wastewater (60.72%). This
growth effect of the category 2 PAPs biostimulant is also due
to its high alanine and arginine content, which improves
chlorophyll production, and its serine and valine content
mitigates the effect of high-temperature stress.

For protein hydrolysates from category 2 PAPs, 0.05% was

Figure 3: Study of the growth of Chinese cabbage and lettuce seeds by dosing
different concentrations of biostimulant solution. Chinese cabbage growth using a

dosage of 0.1 % (A). Lettuce growth using a dosage of 0.15 % (B). Source: own
elaboration, INESCOP.
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Figure 4: Comparison of the improvement in growth by germination of (a) lettuce
from category 3 wastewater hydrolysed protein, (b) Chinese cabbage from category
3 wastewater hydrolysed protein, (c) Chinese cabbage from category 2 PAPs

hydrolysed protein, and (d) lettuce from category 2 PAPs hydrolysed protein seeds
due to the dosage of the biostimulant obtained. Source: own elaboration, INESCOP.
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the optimal biostimulant dilution for lettuce (Lactuca Sativa)
seeds, and for Chinese cabbage (Brassica rapa pekinensis)
seeds, optimal results were obtained in the range of 0.1% -
0.15%. On the contrary, hydrolysed protein from category 3
wastewater yielded maximum growth for Chinese cabbage
seeds when the biostimulant solution was in the range of
0.12% - 0.15%, and for the lettuce seeds, when the optimal
biostimulant dilution was 0.1%.

The dosed concentrations of biostimulants in this study
show as biostimulants developed from ABP cat 2 and 3 have
the potential to compete with commercial biostimulants.

The results in Figure 4 show the behaviour of Chinese
cabbage and lettuce seeds in the presence of total and free
amino acids to improve germination speed compared to
the test in the absence of amino acids. Figure 4 shows as at
adequate concentrations of amino acids, the seeds evaluated
have an improvement in germination (17% - 31%) due to the
effect of the amino acids in the solution. Finally, it would be
interesting to carry out in the future a subsequent study of
the amino acid content of the final incubation solution that
has been in contact with the seeds in order to evaluate which
amino acids have been better absorbed.

The results report considerable differences in the
behaviour of the two varieties of lettuce and Chinese cabbage
seeds when different concentrations of the biostimulant
based on free amino acids were dosed, generating two
different profiles. This is due to the fact that lettuce is a plant
profoundly sensitive to the pH of the soil where it is grown,
with a suitable growth pH interval between 6.7 and 7.4. In
addition, an excess of nitrogen can inhibit its growth, therefore,
if a higher concentration of (free amino acids) biostimulant
than the seed is capable of assimilating is applied, pH will be
modified, and growth inhibition will occur. Nevertheless, the
needs of Chinese cabbage differ from those of lettuce, and its
sensitivity to pH is lower, with adequate growth occurring
at pH in the range of 5.8 - 7.9. Thus, the growth interval for
Chinese cabbage is remarkably longer.

Conclusion

Two different biostimulants based on free amino acids
obtained from category 3 wastewater and category 2 PAPs
have been evaluated. A high content of total amino acids has
been observed in the range of 60% - 70%. The free amino acid
content in the solution corresponds to 3.5% - 5.1%.

The total amino acids distribution corresponding to the
high content of glycine, glutamic acid, and aspartic acid shows
that the extracted biostimulants will produce improvements in
nutrient uptake. The alanine and arginine content will enable
these biostimulants to significantly improve chlorophyll
production. Furthermore, given the proline and glutamic acid
values, the biostimulants will also mitigate the effect of high
temperatures. In this line, the high proline content, due to its
chelating effect, will allow biostimulants to mitigate salt stress.

www.plantsciencejournal.com m



Evaluation of Biostimulants Based on Recovered Protein Hydrolysates from Animal By-products as Plant Growth Enhancers

Finally, satisfactory results have been obtained,
producing an improvement in Chinese cabbage (Brassica
rapa pekinensis) and lettuce (Lactuca Sativa) seeds growth
between 17% - 31%, with the optimal dilution concentration
of the biostimulants in the range of 0.05% - 0.2%, depending
on the protein hydrolysate used.
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this paper.
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