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Summary: Plant  species  synthesize
biomolecules that combine with each other
and form complex mixtures that produce
antimicrobial biological activity derived from
their secondary metabolism (Rodriguez et al.,
2012; and Adirano et al., 2018). The extraction
efficiency of secondary metabolites depends
to a large extent on the type of solvent and
technique to be used (Hussam et al., 2013;
Zulkafli et al., 2014; Setyaningsih et al., 2015).
The objective of the article was to estimate
the efficiency of extraction of secondary
metabolisms of 10 plant species with ethanol
and acetone by ultrasound-assisted extraction
in Oaxaca, Mexico. The methodology used
was adapted from Guerrero et al, (2007).
Approximately 10 kilograms in fresh weight
were collected from each species and placed
in paper bags, disinfected and dehydrated for
30 days. They were ground in a Krups brand
coffee grinder. Branson model 3800 ultrasonic
equipment was used, distilled water was
applied attheindicatedlevel. Three Erlenmeyer
flasks filled with 350 mL of solvent (acetone or
ethanol depending on the extract) and 25 g of
dehydrated and crushed plant material were
placed, obtaining a concentration of 71.43
mg mL-1. This mixture was processed with
ultrasonic waves for 3 hours. The extract was
placed in a pear flask, for the separation of the
solvent-extract in a Buchi model B-100 rotary
evaporator, they were deposited in labeled
Petri dishes, exposed in a Novatech brand
extraction hood, model: CE- 120BE. Finally,
the resulting extract was collected with a
spatula, weighed, placed in amber flasks and
stored in a refrigerator. The results obtained in
this investigation show a difference between
treatments due to the technique and solvents
evaluated, the extraction efficiency varies
according to the plant and the solvent used.
Keywords: coffee, spices, plant extract.
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INTRODUCTION

It is clear that the industrial-conventional
agricultural model and its questionable
biotechnological derivations is exhausted
and will not be able to provide answers to the
current challenge. Given this circumstance,
a process of conversion from conventional
systems to diversified systems with
ethnoecological rationality and transitional
character is necessary (Nicholls and Altieri,
2012).

Plant extracts have become an ecologically
sustainable ~and  economically  viable
alternative in the control of pests and diseases
(Rodriguez et al., 2012). This is due to the
fact that various plant species synthesize, as
part of their secondary metabolism, a large
number of biomolecules that, combined, form
complex mixtures that have demonstrated
antimicrobial biological activity (Adirano et
al., 2018; Rodriguez et al., 2012), carvacrol,
eugenol, thymol, borneol and phytol are
some of them (Garcia et al., 2010; Kalemba
and Kunicka, 2003). However, the yield and
efficiency of metabolite extraction is a question
when trying to implement this technique in
the field.

The efficiency and yield of extraction of
secondary metabolites depends to a large
extent on the type of solvent and technique to
be used (Bruneton, 2001; Hussam et al., 2013;
Luque-Garcia and Luque de Castro, 2004;
Setyaningsih et al., 2015; Zulkafli et al., 2014).
The variation can also be determined by the
amount of compounds or by the difference
between them (Sefidkon et al., 2006).

Ultrasound-assisted extraction is, together
with Soxhlet, the most accepted conventional
leaching technique (Luque de Castro and
Garcia-Ayuso, 1998). Although they are
two different techniques, their efficiency has
been shown to be very similar (Dunnivant
and Elzerman, 1988). However, the process
is faster in ultrasound-assisted extraction
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(Luque de Castro and Garcia-Ayuso, 1998).
In many cases the ultrasound technique is
advisable for thermolabile analytes that are
altered when Soxhlet is used (Jenkins and
Walsh, 1994).

For thisreason, the objective of this research
is to estimate the efficiency of extraction of
secondary metabolites of 10 plant species with
ethanol and acetone by ultrasound-assisted
extraction, in Oaxaca, Mexico. The work is
presented in two sections. The first presents
the materials and methods used during the
development of the research, the second
shows the results obtained accompanied by
the discussion, the conclusions derived from
the analysis of the results found and finally the
cited literature are presented.

MATERIALS AND METHODS

STUDY AREA

The collections were taken in the Valles
Centrales region of Oaxaca (map 1). The
experimental species were: garlic (Allium
sativum L.), solder with solder (Anredera
vesicaria Lam.), thyme (Thymus vulgaris L.),
Toloache (Datura ferox L.), yellow caltrop
(Tribulusterrestris L.), Garlic (Adenocalymma
alliaceum Lam.), Ginger (Zingiber officinale
Rosc.), Poton xihuite (Cestrum sp L.), Castor
(Ricinus communis L.) and yellow aroma
(Acacia farnesiana L.).

Extraction of secondary metabolites was
performed, with acetone and ethanol, on 10
plant species: garlic (Allium sativum), solder
with solder (Symphytum officinale), thyme
(Thymus vulgaris), toloache (Datura ferox),
yellow caltrop (Tribulus terrestrials), garlic
vine (Adenocalymma alliaceum), ginger
(Zingiber officinale), xihuite squid (Cestrum
sp.), castor (Ricinus communis) and yellow
aroma (Acacia farnesiana). The collection
was made in various sites in the state of
Oaxaca. The methodology used was from
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Map 1. Central Valleys of Oaxaca, own elaboration on digital map version 6.3.0
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Figure 2. Acetone extraction yield




Guerrero et al, (2007) with modifications.
Approximately 10 kilograms in fresh weight
of each species were collected and placed
in paper bags for transfer to the laboratory.
They were washed with drinking water and
later with distilled water, for dehydration
they were spread on sheets of brown paper
under shade for 30 days. They were ground in
a Krups brand coffee grinder. Subsequently,
Branson model 3800 ultrasonic equipment
was used and distilled water was applied at
the level marked by the equipment. Three
Erlenmeyer flasks previously filled with 350
mL of solvent (acetone or ethanol depending
on the extract) and 25 g of dehydrated and
crushed plant material were placed, obtaining
a concentration of 71.43 mg mL-1. This
mixture was processed with ultrasonic waves
for 3 hours. The extract was placed in a pear
flask, for the separation of the solvent-extract
in a Buchi model B-100 rotary evaporator.
Once the process was completed, the extract
obtained was placed in Petri dishes labeled
with the symbology of the corresponding
flask, for its total separation, it was exposed
in a Novatech brand extraction hood, model:
CE-120BE. Finally, the resulting extract was
collected with a spatula, weighed, placed in
amber flasks and stored in a refrigerator.

Approximately 10 kilograms in fresh
weight were collected and placed in paper
bags for transfer to the laboratory, dehydrated,
and subsequently ground.

RESULTS AND DISCUSSION

The data obtained from the extraction
process of the different plant species were
analyzed by means tests using the TUKEY
method, in order to obtain the extraction
efficiency and standard error (Figure 1 and 2),
which were analyzed using the program SAS
statistician. Statistical Analysis System.

Regarding the extraction efficiency, the
best results with ethanol were expressed by

the species of Ricinus communis, Datura ferox
and Acasia farnesiana, with 1.51g, 1.14g and
1.09g respectively, being Tribulus terrestrial
with 0.18g the lowest result. In the case of
extraction with acetone, the best plant species
were: Ricinus communis, Allium sativum and
Zingiber officinale, with results of 1.97g, 1.40g
and 1.26g respectively, Tribulus terrestrial
with 0.18g expressed the lowest result.

Species CEOE CEOA EPE% EPA%
Ricinus 1'5 éggf 1'3 gggf 605  7.88
Datura Liosy 090 457 3m
Acasia lbégﬁf 06?33365 439 385
Cestrum 1('%;;? 0.(; gqgf 429 3.04
Zingiber O(fg 1323bi 1(')%326;,? 389 5.07
Symphytum 009(?;:;:; Ogg;zci 3.85 341
Adenocalymma O(ffgff 00000 384 368
Allium 0'& g;zf 1&*8;’;} 281 561
Thymus Oégng Oééggf 117 085
Tribulus 0.0138;;; O'&gggf 0.75 0.72

Table 1. Yield obtained from 25 g of dehydrated
matter and 350 mL of solvent.

different columns indicate
statistically significant differences (Tukey
0.05), gtransformed variable (SQRT) CEOE =
amount of extract obtained with ethanol, CEOA

= amount of extract obtained with acetone,

Letters in

EPE = percentage extraction efficiency, EPA =
percentage extraction efficiency. The mean +
standard error is included.
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CONCLUSIONS ferox and Acacia farnesiana with 6.5%, 4.5%
and 4.3% respectively with ethanol and
acetone, Ricinus communis, Allium sativum y
Zingiber officinale were the most efficient with
7.9%, 5.6% and 5.0% respectively. The highest
extract yield with ethanol was 1.51 g and with
acetone 1.97 g per 25 g of dehydrated plant.

The results obtained show that with the
technique and the solvents evaluated in this
investigation there was a difference between
treatments, the extraction efficiency varies
according to the plant and the solvent used.
The highest biomolecule extraction efficiency
was recorded for Ricinus communis, Datura
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