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Abstract

Agroecological transition is a major societal challenge and it is urgent to support technical solutions to answer farmers demand towards the
necessary changes. The project RESTORE - biopReparados Em SisTemas prOducdo agRoEcoldgicos aimed to study and validate the production,
conservation, and use of seven biopreparations by characterizing and testing them in lettuce nurseries. The biopreparations used include prickly
pear vinegar, purslane vinegar, fermented orange juice, garlic extract, nettle infusion, horsetail decoction and a biopreparation of garlic and chilli.
The in vitro microbiological characterization and chemical analysis of the biopreparations, which included phenolic composition and antioxidant
capacity, allowed us to understand their properties and to propose the most appropriate conservation strategy. The tests were conducted in four
different moments: during the biopreparations’ manufacturing, after six months of frozen storage, and after three and six months of fresh storage.

One-Way ANOVA in SPSS 29.0 and PCA comparison tests were used to analyze the results. Fermented orange juice and vinegars were the
biopreparations that showed the greatest outcomes in terms of antioxidant capacity and phenolic composition. Purslane vinegar had the highest
average inhibition against germs.

The concentration of phenolic compounds, the antioxidant capacity, and the antibacterial activity of the biopreparations varied with time and
type of conservation. It is crucial to conduct more trials, using different species and recipes, to support farmers’ decision making and adoption of
agroecological solutions.

Keywords: Agroecology; Antioxidants; Microbiology; Phenolics; Horsetail; Chilli; Nettle; Prickly pear; Purslane; Garlic

Abbreviations: BAP - Biopreparation of garlic and chilli; DC - Horsetail Decoction; EA - Garlic Extract; [U - Nettle Infusion; SFL - Fermented
Orange juice; VB - Purslane vinegar; VF - Pricky Pear Vinegar

Introduction

which they have in their farming [3]. Plants are the living beings
Due to the use of plant protection products and the metabolites

' o ] ) with the highest production of chemical substances known, which
produced by all agricultural activities, agriculture is one of the

_ ] i ) is why it is important to study them, as well as their compounds,
economic sectors that most contributes to environmental pollution . . - . . .

to understand their functionalities and their uses, particularly in
agriculture [4]. The effect of different biopreparations is related to

its phenolic content and antioxidant capacity. Phenolic compounds

and climate change [1-2]. Using biopreparations-mixtures of
made from natural resources found on the farm-as alternatives

to synthetic pesticides and fertilizers, could be a game changer in
agriculture and its environmental impact, especially if the farmers
could produce and storage their homemade products with plants

frequently have fungicidal and bactericidal properties, directly
affecting microorganism resistance [5].
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In this context, biopreparations emerge as solutions to reduce
agricultural impacts on water, soil, and food, while maintaining
productivity. Depending on the biomaterial used (plant species,
organic residues), recipe, storage, and lifetime, biopreparations
effects can go from biostimullation to crop protection [6-7].
Biopreparations can be an alternative to the use of synthetic
pesticides or fertilizers, but they require studies to prove their
effectiveness and a lower social, economic and environmental
impact, especially on the health of the farmer and the environment
[8-9].

Plants can have different compositions according to the soil
and climate conditions in which they are raised and collected, as
well as different compositions according to the plant organ in use
and/or being analysed [10-11]. On the other hand, the compounds
that are extracted from different plants depend on the extraction
method and the solvent [10-11]. Also, after some time of
fermentation, and depending on the method of fermentation, the
content of phenolic compounds and antioxidant capacity grows

Table 1: Results in other studies.

when comparing with extracts without fermentation [12]. The
content of the extracts can change during time in different phases
of fermentation [13]. On other hand, the type of conservation
is important for the results obtained of phenolic content and
antioxidant activity [14]. Some studies show that nettle extracts
could be an answer to control Escherichia coli [15-17], but not
for Penicillium sp. [16]. In terms of inhibiting microbial activity,
ethanol and methanol extracts perform poorly, while water
extracts (nettle infusion) achieve more promising results in terms
of inhibiting E. coli [18]. For horsetail extracts, some studies
demonstrate that could be a possibility for controlling E. coli [19,
20], but some others do not [21]. About orange extracts, there are
studies that indicate that this biopreparation is a support for the
growth of acid lactic bacteria [22]. The same work demonstrated
that orange fermentation with acid lactic bacteria has phenolic
compounds and antioxidant capacity [22]. About antimicrobial
activity by fermented juice orange, we did not find studies like
ours.

Results

Conditions of extrac-

Extract .
tion

Total Phenolic
Content

Antioxidant Capacity
(DPPH or ABTS)

Antimicrobial Reference

activity

Temperature: 80°C

Time: 10 min.

Yes
Concentration: no

data

Solvent: water

Yes

[10]

Temperature: 802C

Time: 10 min.
Yes

Concentration: no
data

Nettle Solvent: water

Yes [15]

Concentration: 100

Yes

mg of nettle for each
mL of solvent

[16]

Solvent: ethanol and

methanol Yes

[18]

Temperature: 80°C

Time: 10 min. Yes

Concentration: 20 g
of nettle for 200 mL
of water

Yes [32]
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Solvent: ethanol or
methanol Yes (19]
Solvent: water Yes Yes Yes [20]
Horsetail Solvent: ethanol | = ---------memeomeeees Yes No [21]
Solvents: methanol Yes Yes | e 33]
and water
Solvents: ethanol and Yes Yes | e 34]
water
Orange Yes Yes Yes [22]
]u1ce/puree.by centri- Yes Yes | e [24]
fugation
Main solvents: water
Purslane (25°C and 90°C) and Yes Yes Yes [25]
ethanol
Solvent: methanol Yes D (U — [27]
Vinegar fermentation Yes Yes Yes [13]
Vinegar fermentation Yes D (3 B [28]
Prickly Pear
Yes Yes Yes [29]
Maceration .and fer- Yes Yes | e 35]
mentation
Solvents: methanol Yes Yes Yes [30]
and water
Garlic Various Yes Yes Yes [31]
Various Yes Yes | ceeemeesecceeeee- [36]
Solvent: methanol Yes Yes Yes [37]
Solvent: methanol Yes Yes Yes [37]
Chilli
Solvent: ethanol Yes Yes | ecemmemmmeeee [38]
Yes Yes Yes [39]

Purslane has some compounds which have antioxidant and
antimicrobial activities, namely against E. coli [23-27]. Studies
show that this plant is very versatile, and it has important
capacity to inhibit bacteria [27]. Prickly pear vinegar has been
studied because of its importance on food and human health and
there are studies with some information about antioxidant and
antimicrobial activities [13,28,29]. Depending on the method of
extraction and the cultivar, antioxidant capacity could be more
expressive, but some works indicate that it is important to smash
garlic because the inner substances transform themselves in
others with antioxidant potential [30,31].

The current study is part of the RESTORE - biopReparados
Em SisTemas prOducdo agRoEcolégicos project, which aimed to
identify the main biopreparations used by Portuguese farmers;
detail the preparation methods; chemical characterization and
microbiological activity of biopreparations; evaluate of its effects
in vivo; and provide farmers with technical information on how
to prepare and use biopreparations. Based on the most used by
Portuguese farmers, seven biopreparations were selected, namely
purslane vinegar (PV), prickly pear vinegar (PPV), fermented
orange fruit juice (FJO), garlic extract (GE), nettle infusion (NI),
decoction of horsetail (HD), and garlic and chilli biopreparation
(GCP).

How to cite this article: Joana S, Ana P, Claudia M B N, Daniela V T A C, Helena E C, et al. Antioxidant and Antimicrobial Activity Characteristics of
Seven Biopreparations Used in Organic Farming. Agri Res & Tech: Open Access J. 2025; 29(1): 556437. DOI: 10.19080/ARTOAJ.2025.29.556437


http://dx.doi.org/10.19080/ARTOAJ.2025.28.556437

Agricultural Research & Technology: Open Access Journal

Methods

The biopreparations under study were produced according to
the farmers recipes, collected in 2023 in six farms (Table 2). All
were preserved fresh and by freezing.

The tests were conducted in four different moments: during
the biopreparations’ manufacturing, after six months of frozen
storage, and after three and six months of fresh storage.

For the chemical study of biopreparations, the analysis of total
phenolic compounds was carried out, using the Folin-Ciocalteu

method and the analysis of antioxidant activity, using the ABTSe+
(2,2'-Azino-bis(3) -Ethylbenzothiazoline-6-Sulfonic Acid)) and
DPPH (2,2-Diphenyl-1-picrylhydrazyl). For each method, it was
necessary to proceed with the calibration line, so gallic acid was
used for the calibration line for the Folin-Ciocalteau method and
trolox for the ABTSe+and DPPH methods as a standard antioxidant.
The results of total phenolic compounds are presented in relation
to the corresponding gallic acid concentration. ABTSe+ and DPPH
results were presented in correspondence with the percentage of
inhibition.

Table 2: Protocol for the biopreparations elaboration.

Biopreparation Material Preparation method Preparation time Dilution
1kg Prickly pear Put the prickly pear and sugar to
Prickly pear vinegar (PPV) 1 kg Brown sugar ferment for 15 to 20 days. Strain. 15+90 days 1:16
3 L Water for each kg of Add water to the remaining solid, (3L:1Kg).
leftover material Let it ferment for 90 days.
— 1kgPurslane Put the purslane and sugar to
- 1 ksgu]?égiwn ferment for 15 to 20 days. Strain.
Purslane Vinegar (PV) 15+90 days 1:16
= 3L Water for Add water to the remaining solid (3L:1Kg).
each kg of left- .
: Let it ferment for 90 days.
over material
Fermented fruit juice of orange 1kg Oranges Cut the oranges with the peel into pieces
. 7 days 1:1000
(FJO) 1kg Brown sugar and layer them with the sugar for 7 days.
110g unpeeled garlic
Chop the unpeeled garlic and add it to the
Garlic extract (GE) 2 spoonfuls of colza or oil and leave to macerate for 24 hours. Fllt'er. 24 h + 21 days in a dark 1:20
rapessed oil Add a spoonful of potassium soap and mix and cold room
everything. Add 1 L of water. Filter.
1 spoonful of potassium
soap
1 L water
250g dry leaves ] ] ]
Nettle infusion (NI) Put water in a pan.w1t.h the. leaves, without 30 min. 1:20
letting it boil.
10 L Water
1 kg Horsetail g ]
Horsetail decoction (HD) Place water in a pan fo.r 24 hours. Then boil 24h + 29 min 15
for 20 minutes.
10 L Water
50 g garlic
Garlic and chilli bioprepara- Grind the garlic and chilli in a mortar. Mac-
) Prep - 50g chilli erate with 1 L of alcohol for 7 days. Filter 7 days 1:200
tion (GCB) . -
and store in an airtight bottle.
— 1L de ethyl alcohol a
902
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In terms of microbial activity, the impregnated disc technique
was performed. It used sterilized paper discs with a diameter
of five milimeters, and it had used three repetitions for which
biopreparation and per microorganism. Gram negative bacteria
(Escherichia coli), Gram positive bacteria (lactic acid bacteria),
fungi and yeasts (Penicillium spp.), and red-pigmented yeasts
(Rhodotorula spp.) were selected for the in vitro tests.

Data was analyzed using the Statistical Package for the Social
Science (SPSS) 29.0. Normality tests were carried out using the
Kolmogorov-Smirnova Test, the homogeneity test was carried out
using One-Way ANOVA and mean comparison tests were carried
out to understand possible significant differences between the
means, using the LSD tests for tests with homogeneous variances

and Tamhane for inhomogeneous variances. For results that do
not respond to normality, the Kruskal-Wallis non-parametric
test was performed. Regarding microbiology evaluation and time
and treatment, data were analyzed using principal components
analysis (PCA) for understanding the correlation between time
and treatment.

Results
Total phenolic compounds and antioxidant capacity

In average terms of total phenolic compounds, PPV has the
highest phenolic content, followed by PV and FJO. All others show
residual results. The biopreparation with the lowest average
content of phenolic compounds was HD (Figure 1).

e N
A Total phenolic compounds B
a bl
a0 .. .. . . ..
— | — - — = = [ ] -
C D
Ill--.f--; |I|
— o -5 - — — - —_— —-—
Figure 1: Total phenolic compounds, during the preparation phase (A), after three months of fresh storage (B), after six months fresh storage
(C) and after six months frozen storage (D). *Different letters correspond to significant differences between data. PPV - Prickly pear vinegar;
PV - Purslane vinegar; FJO - Fermented Joice of Orange; GE - Garlic extract; NI - Nettle infusion; HD - Horsetail decoction; GCP - Garlic
and chilli biopreparation; CW - Control with water.
\ J

In Figure 1, we can see that the biopreparations with the best
results over time and in all analyzes were PPV, PV and FJO; only
after six months of conservation (Figure 1C), PPV did not obtain the
highest phenolic content, demonstrating a small decrease in the
phenolic content. PV has the third highest phenolic composition,
at the time of preparation (Figure 1A), behind FJO, but after
three months of fresh storage, like PPV, it presents an increase in
phenolic compounds, which results in a higher content than FJO.
The PV loses around 2/3 after six months of fresh storage, 1/6 of
the content through freezing after six months (Figure 1D). All the

others show, in general, a decrease in their phenolic compounds
over time, except FJO, which shows an increase in phenolic
content after six months of freezing. GCB appears very stable over
time. HD and GE presented the lowest phenolic contents, except
for three months of fresh storage, when NI presented the lowest
phenolic content.

Regarding the antioxidant capacity by the ABTSe+ method
and by the DPPH method, on average, the biopreparations with
the highest capacity, in descending order, are F]JO, PV and PPV. All
others have residual antioxidant capacity (Figures 2 & 3).
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Figure 2: Antioxidant capacity by ABTS<+ method, during the preparation phase (A), after three months of fresh storage (B), after six months

fresh storage (C) and after six months frozen storage (D). *Different letters correspond to significant differences between data. PPV - Prickly

pear vinegar; PV - Purslane vinegar; FJO - Fermented Joice of Orange; GE - Garlic extract; NI - Nettle infusion; HD - Horsetail decoction;

GCP - Garlic and chilli biopreparation; CW - Control with water.
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Figure 3: Antioxidant capacity by DPPH method, during the preparation phase (A), after three months of fresh storage (B), after six months

fresh storage (C) and after six months frozen storage (D).
\ J

The specific results obtained by ABTSe+ method are in
the Figure 2. FJO is the biopreparation that presents a greater
antioxidant capacity in all ABTSe+ analyses, despite its decrease
over time. At the time of finalizing the preparation (Figure 2A),
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when fresh, improving better than when frozen. PPV and PV
biopreparations have the next highest antioxidant capacity, around
1/7 of the FJO, but, at the time of biopreparation completion, they
are the ones that demonstrate the lowest antioxidant capacity. All
biopreparations, with the exception of these, show that after three
months of fresh storage they lose their antioxidant capacity; PPV
and PV increase your antioxidant capacity to practically triple.
At six months (Figure 2C), and compared to the initial moment,
both increase their antioxidant capacity, but present greater
antioxidant capacity, double and around triple when fresh than
when frozen (Figure 2D), respectively for PPV and PV.

The specific results obtained by DPPH method (Figure 3)
show that F]O is the biopreparation with the highest antioxidant
capacity in all analyzes carried out, except in the analysis of fresh
conservation six months after preparation (Figure 3C), in which
PV has the highest antioxidant capacity. FJO decreases antioxidant
capacity from the time of preparation (Figure 3A) to the three
months of fresh storage (Figure 3B). However, after six months,
both in fresh (Figure 3C) and frozen (Figure 3D) storage, the
antioxidant capacity increases to values higher than at the time
of preparation. Although both are beneficial, freezing storage,

in terms of antioxidant capacity, is twice as good as keeping it
fresh for six months. PPV and PV biopreparations, over time and
regardless of the type of conservation, increase their antioxidant
capacity. The best results are obtained after six months when kept
cool. For the remainder, the antioxidant capacity is significantly
lower in any of the analyses.

Microbiological activity inhibition

Regarding the correlation between data obtained using
principal components analysis (PCA), between the microbiology
evaluation and time and treatment, it is indicated that the greatest
relationship established is precisely with the treatment and that
time will have little or no effect on the results, which also justifies
the results presented above. The PCA produced two interpretable
components that together explain 81.115% of the total variance
of the variables (Figure 4). The parameters were associated in
two groups (KMO = 0.762). The most important component
(PC1) explained 63.976% of the total variance. PC1 and is related
to the antimicrobial effect on red pigmented yeasts, penicillium
treatment, Gram negative and Gram-positive bacteria. PC2
explained 17.138 of the total variance and correlates over time.
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1.0 45 0o os 10
Component 1 (63976%)
Figure 4: Positions of PCA scores for the treatment, time, Gram negatives, Gram positives, Penicil-lium and Yeasts, based on PC1 and PC2.
The percentages represent the variance of each principal component.
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Generally speaking, PPV and PV have the greatest average
values, while FJO and GCP show little variation. There are variations
between these and GE, NI, and HD, but nothing noteworthy is
shown. Practically minimal inhibitory activity is shown by HD.

At the time of preparation (Figure 5A), only PV and GCP show
microbial inhibition. After three months of fresh storage (Figure

007

5B), only HD shows no inhibition. All the rest show inhibition,
with PV and GCP standing out as those with the greatest inhibition.
PV increases inhibition in the first three months of storage but
decreases after six months of storage (Figure 5C). FJO shows
inhibition after 3 months of fresh storage and decreases in the
following months; Frozen (Figure 5D) is its biggest inhibition. VVP
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shows the best results after six months of fresh storage and the fresh and does not show any inhibition when frozen. HD shows
same inhibition as FJO when frozen. GE presents its best inhibitory  only residual inhibition after six months of freezing.
result after three months of fresh storage, which decreases when

4 A

Microbial activity inhibition on Gram negative bacteria

A [Escherichia coli) B
b b I b " ¥ ! I
r - « 0 am . . u
D

Figure 5: Microbial activity inhibition on Gram negative bacteria (Escherichia coli), during the preparation phase (A), after three months
of fresh storage (B), after six months fresh storage (C) and after six months frozen storage (D). *Different letters correspond to significant
differences between data. PPV - Prickly pear vinegar; PV - Purslane vinegar; FJO - Fermented Joice of Orange; GE - Garlic extract; NI -
Nettle infusion; HD - Horsetail decoction; GCP - Garlic and chilli biopreparation; CW - Control with mercury bichloride.

Microbial activity inhibition on Gram positive bacteria
A [lacticacid bacteria) B

Figure 6: Microbial activity inhibition on Gram positive bacteria (lactic acid bacteria), during the preparation phase (A), after three months
of fresh storage (B), after six months fresh storage (C) and after six months frozen storage (D). *Different letters correspond to significant
differences between data. PPV - Prickly pear vinegar; PV - Purslane vinegar; FJO - Fermented Joice of Orange; GE - Garlic extract; NI -
Nettle infusion; HD - Horsetail decoction; GCP - Garlic and chilli biopreparation; CW - Control with mercury bichloride.
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Regarding the general average results, for Gram positive
bacteria and lactic acid bacteria, PV presents the highest average
inhibition, seconded by PPV, GE and GCP. DC shows a residual
medium inhibition and FJO and NI show no inhibition (Figure 6).

Only PPV, PV, and GCP exhibit inhibition of Gram-positive
activity at the time of biopreparations finalization (Figure 6A),

with PPV exhibiting persistent inhibition. The highest levels of
inhibition are seen by GPC, HD, and GE after three months of fresh
storage (Figure 6B); it should be emphasized that HD only exhibits
inhibition during this period for Gram positives. FJO now exhibits
highly residual inhibition, which is maintained under the same
circumstances for up to six months (Figure 6C). NI never shows
any inhibition.

e N
Microbial activity inhibition on Penicillium spp.
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Figure 7: Microbial activity inhibition on Penicillium spp., during the preparation phase (A), after three months of fresh storage (B), after
six months fresh storage (C) and after six months frozen storage (D). *Different letters correspond to significant differences between data.
PPV - Prickly pear vinegar; PV - Purslane vinegar; FJO - Fermented Joice of Orange; GE - Garlic extract; NI - Nettle infusion; HD - Horsetail
decoction; GCP - Garlic and chilli biopreparation; CW - Control with mercury bichloride.
J
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Figure 8: Microbial activity inhibition on yeasts, during the preparation phase (A), after three months of fresh storage (B), after six months
fresh storage (C) and after six months frozen storage (D). *Different letters correspond to significant differences between data. PPV - Prickly
pear vinegar; PV - Purslane vinegar; FJO - Fermented Joice of Orange; GE - Garlic extract; NI - Nettle infusion; HD - Horsetail decoction;
GCP - Garlic and chilli biopreparation; CW - Control with mercury bichloride.
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When it comes to the findings on fungi, assessed as the average
inhibition of Penicillium spp., GCP exhibits the best results; in
contrast, NI and HD show either no inhibition at all or very little
inhibition. Results from PPV, PV, FJO, and GE are similar (Figure 7).

As shown in Figure 7A, only FJO, GE, and GCP exhibit inhibition
to Penicillium at the time of production. Following three months
of conservation, FJO completely lost its ability to inhibit, while NI
and HD continue to display no inhibition, and GE exhibits a modest
reduction in its inhibitory activity (Figure 7B). After six months in
fresh storage, only PPV, PV, and GCP exhibit Penicillium inhibition
(Figure 7C). Only NI exhibits no inhibition at all after six months
of freezing (Figure 7D); DC exhibits very residual inhibition; GE
exhibits the same inhibition as it did during preparation; GCP
exhibits its largest inhibitory halo; and F]O exhibits less inhibition
than it did at first. Results from PPV are superior to those from
three months of fresh storage, however.

Overall, they all exhibit yeast inhibition, which is very residual
in the case of HD. GCP is the biopreparation that exhibits the
highest level of inhibition, followed by FJO and PPV in that order
(Figure 8).

At the time of preparation (Figure 8A), PV, NI and HD do not
show any inhibition to yeast. FJO presents the greatest inhibition
of yeast at the time of preparation and loses this capacity over
time, including through freezing. HD only shows an inhibition,
albeit residual, after six months, both frozen and fresh. PV shows
inhibition frozen for six months and fresh after three months of
storage (the latter with the greatest inhibition). When stored fresh
for three months (Figure 8B), PPV (greatest inhibition) and GCP
(second greatest inhibition) increase their inhibitory capacity,
compared to the initial one. However, three months later (Figure
8C), they show slightly lower results than those obtained at the
time of preparation. In terms of freezing conservation (Figure 8D),
PPV and GE do not show any inhibition.

Discussion

Vinegars contain many phenolic and antioxidant compounds,
some of which have properties that inhibit microbial development
[13,40], such as acetic acid. Purslane can be used to treat bacterial
infections [27,41] and has a high content of phenolic compounds
and substances with antioxidant capacity [26,27,41]. The same is
indicated in the literature about oranges [5]. During the different
phases of the process of fermentation of the prickly pear vinegar,
the content of total phenolics and antioxidant capacity changes
[13], which this study can show. Thus, this could explain the
results and the different effects in microorganisms. PPV, PV and
FJO are the biopreparations with the best results in terms of total
phenolic composition and antioxidant capacity, which were those
that included sugar in their composition and went through a
fermentation process, lasting at least one week to ninety days. The
results obtained on FJO, PPV and PV find similarities with other
studies [22,26-28].

Regarding conservation, PPV can be stored for at least six
months in a dark, cool environment maintaining its phenolic
content; PV and FJO exhibit superior performance following a six-
month freeze, so it might make sense to store them in this manner
as well. Although garlic and chilli are described in the literature
as a product with components capable of inhibiting microbial
development and as a bactericide and fungicide [5,31,37], some
indicate that garlic extract with water or methanol or ethanol
as solvents do not have any antimicrobial effects on E. coli [31].
The results obtained were less expressive than expected, but
they are consistent at the preparation moment and after freezing
conservation on E. coli with GE, but GCP do not demonstrate
a big difference for this biopreparation. However, GE and GPC
demonstrate more antimicrobial effects against fungi. About the
total phenolic content and antioxidant capacity, although studies
show that garlic and chilli extracts have some [5,30,31,37], our
results show low content and antioxidant activity for GE and GCP
and the results has decreased after fresh and frozen conservation,
which is according to other studies [14,36].

Compared to other studies, the results in terms of phenolic
compound content and antioxidant capacity of the nettle infusion
were at least ten times higher, as can be seen when comparing the
results of this study with Table 1. According to the results obtained
in studies on the extraction of compounds from extracts with
ethanol or other solvents than water, it may make sense to use
extracts based on ethanol and/or methanol in studies to further
verify the potential effects, as it shows better results in terms of
antioxidant capacity [18].

Studies indicate that horsetail extracts with water or ethanol
as solvents have antioxidant capacity and phenolic compounds
[19,20,33,34,42]. However, the horsetail decoction, in oxidising
terms, fell short of our expectations. Regarding horsetail decoction,
studies indicate that horsetail extract can have antimicrobial effect
[19,20,42], but there are some that demonstrate that horsetail
extract does not have antimicrobial activity for E. coli [19]. In our
case, horsetail decoction does not have a significant antimicrobial
effect. Most of the studies indicate that horsetail should be dried
and/or sterilized [19-21,33,42], which it could be an important
factor for a major extraction of its compounds and antimicrobial
effects. In our studies, the horsetail was not dried before the
procedure to the extraction with decoction.

Conclusion

The concentration of phenolic compounds, the antioxidant
capacity, and the antibacterial activity of the seven studied
biopreparations vary with time and depending on the type of
conservation. Given the rise in phenolic compounds in PPV
cases, fresh conservation is preferred; nonetheless, the use of
the biopreparation is always more intense after some time of its
elaboration.

About antioxidant capacity, only PPV and PV are worthy of
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keeping fresh over time. All the rest, even though they seek to
preserve their antioxidant capacity over time, are not worth using
over time due to their antioxidant capacity, as they are being lost.

Oneofthebestbiopreparationsintermsofantibacterial activity
is PPV. Conversely, HD and NI are among the biopreparations that
exhibit the poorest outcomes across nearly all evaluations.

Only these two biopreparations are worth keeping fresh
over time. All the rest, even though they seek to preserve their
antioxidant capacity over time, are not worth using over time due
to their antioxidant capacity, as they are being lost. It is important
to continue the study of these and other biopreparations, focused
on seed germination and plant growth, use of other plant species
and natural substances, test other recipes, effects on different
ecosystem components, such as soil, water and biodiversity.

Nevertheless, this work was an important step towards in the
search for proven information to be systematized and compiled
for better understanding and use in agriculture.
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