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Abstract

The objective of this research is to compare the chemical profiles of the essential oils of Lippia origanoides leaves collected in Santa Marta
and Sincelejo at different hours. The leaves were harvested at 6:00 a.m., 12:00 p.m., and 6:00 p.m., the essential oils were extracted by
hydrodistillation assisted by microwave radiation and the chemical profiles were determined by gas chromatography coupled to mass
spectrometry. The results showed Thymol as the major metabolite in all samples, however, Sincelejo presented the highest percentages of
Thymol with 68.02% at 6:00 a.m., while in Santa Marta at 6:00 p.m was 63.19%. In all cases, the lowest concentrations of Thymol were
found at 12:00 md., because high temperatures can volatilize this compound and in the case of Santa Marta, because it is a coastal area and
temperature at noon is higher than in Sincelejo. Therefore, concentrations of 33.12% and 59.06% were found respectively. A similar case
occurs with Ocimeno and 3-Tujeno, which showed a decrease of concentration in this period.

Keywords: gas chromatography; natural products; terpenes; thymol.

Comparacion quimica de los aceites esenciales de Lippia Origanoides
en dos zonas agroclimaticas de la costa caribe colombiana

Resumen

Esta investigacion tiene como objetivo la comparacion de los perfiles quimicos de los aceites esenciales de hojas de Lippia origanoides
colectadas en Santa Marta y Sincelejo a diferentes horas. Las hojas fueron cosechadas a las 6:00 a.m., 12:00 md., y 6:00 p.m, los aceites
esenciales se extrajeron por hidrodestilacion asistida por radiacion de microondas y los perfiles quimicos se determinaron por cromatografia
de gases acoplado a espectrometria de masa. Los resultados arrojaron como metabolito mayoritario al Timol en todas las muestras, sin
embargo, Sincelejo presentod los porcentajes mas altos de Timol con un 68.02% a las 6:00 a.m., mientras que en Santa Marta a las 6:00 pm
fue de 63.19%. En todos los casos las concentraciones mas bajas de Timol se hallaron a las 12:00 md., esto es debido a que las altas
temperaturas pueden volatilizar este compuesto y para el caso de Santa Marta por ser una zona costera la temperatura al medio dia es superior
que en Sincelejo. Por lo tanto, se hallaron concentraciones de 33.12% y 59.06% respectivamente. Caso similar sucede con el Ocimeno y 3-
Tujeno que mostraron disminucion de la concentracion en este periodo.

Palabras clave: cromatografia de gases; productos naturales; terpenos; timol.

1. Introduction oregano are known: Mediterranean or European oregano and the
Mexican. The first comes from various species of the genus

Oregano is the common name for the aroma and flavor in  Origanum vulgare subs. hirtum (Greek oregano) and O. vulgare
general derived mainly from more than 60 species of plants used  subs. gracite (Turkish oregano). Mexican oregano comes from
throughout the world as a condiment or spice; two large groups of  two species of the Verbenaceae Family: Lippia palmeri and
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mainly from Lippia graveolens. Oregano from genus Origanum
(European) is generally extracted from well-established
commercial plantations, while Mexican oregano is obtained from
wild populations of almost the entire territory without any
management plan. In Colombia, the so-called Mount Oregano
Lippia origanoides is found in the wild, which is of Neotropical
origin and all its characteristics indicate that it is specific with
Lippia suaveolens, which grows from the south of the United
States to Guatemala [1]. Most oregano species have remarkable
medicinal properties, which are explained by the extraordinary
and complex chemical composition of these plants.

In Colombia, L. origanoides is usually found in the
departments of Guajira, Magdalena, Cauca (Alto Patia),
Cundinamarca, Norte de Santander and Santander. In the
latter it is found at altitudes between 500-800 m.a.s.l forming
plant associations with other species characteristic of the
region [2]. The L. origanoides species are small shrubs with
larger leaves than the Origanum species and come mainly
from Mexico, they are wild plants. The basic composition of
the oil varies with the source of the plant and the geographic
area of growth.

The essential oils studied in this project were extracted
from the plant species Lippia Origanoides collected in two
agro-climatic zones of Colombia (Sucre and Magdalena) in
three periods of the day (Morning 6:00 a.m., noon 12:00 m.d.
and afternoon 6:00 p.m.). In order to determine if the
agroclimatic conditions of these two areas of Colombia
influence the yield and concentration of said essential oil as a
pesticide bio-input for yam plantations.

2. Methodology
2.1 Obtaining plant material

Samples were collected in two Agroclimatic Zones of
Colombia in three periods of the day (Morning 6:00 a.m.,
noon 12:00 m.d. and afternoon 6:00 p.m). The first area is the
Department of Magdalena, specifically in the Taganga
Municipality and the second in the Sucre Department,
specifically in the Municipality of Sampués district of
Segovia. Similarly, georeferencing data, data on climatic
parameters and soil samples were taken.

2.2 Sampling

Samples of plant material (leaves) of Lippia Origanoides
in good phytosanitary condition were taken. Plant tissue
samples were stored in Styrofoam refrigerators, labeled with
the sampling date, sampling time and georeferencing of the
site. Later, these were transported to the Microbiological
Research Laboratory of the University of Sucre for the
respective oil extraction procedures.

2.3 Sample preparation
110 gr of fresh material were taken and placed in a

distillation flask with 300 ml of distilled water. This was done
for the samples from each sampling area in defined periods.

2.4 Essential oil extraction process

After the sample was prepared for the extraction of
essential oil, it was subjected to the hydrodistillation assisted
by microwave radiation for fifteen minutes during three
cycles. This procedure was performed for the samples from
each analysis zone collected in defined periods.

2.5 Yield calculation
Percentage of yield from the volume of the oil in milliliters
divided by the weight of the vegetable matter in grams per one

hundred, as shown in the eq. 1.

Oil volume (ml)

_ x 1009 1
Initial sample mass (g) % M

2.6 Chemical analysis

Chemical components present in the extracted essential oils
were characterized with an Agilent 6890N gas chromatography
equipment coupled to an Agilent 5973N mass selective detector.
Kovats indices were determined in a slightly polar capillary
column DB_5MS length of 30 m x 320 um x 0.5um Helium with
a pressure of 0.27psi and an average flow velocity of 40 cm/sec
was used as carrier gas Initial oven temperature was 150 °C and
the final 350 °C. The injector temperature was 250 °C and the
detector temperature was 300 °C [3].

2.7 Variables

Variables identified in this study are the following:
e Agro Ecological Zone
e Sampling Time
e Yield
e Chemical composition

3. Results and discussion
3.1 Yield

Lippia Origaniodes essential oils were obtained with yields that vary
between 1.29% w/w t0 2.03% w/w as shown in Table 1.

The yield calculations in the extraction of essential oils from
Lippia Origaniodes, the highest yield was obtained in the city of
Santa Marta at 6:00 pm with a value of 2.03%. In Table 1 can be
observed that the lowest yield value in both cities is reported at
12:00 m, which indicates that high temperatures do affect the
performance of essential oils.

Table 1.
Percentage (%) oil yield for the two agroclimatic zones and three hours of
sampling
Zones Hour Yield %
6:00 a. m. 1,48
Sincelejo 12:00 m 1,29
6:00 p. m. 1,83
6:00 a. m. 1,50
Santa Marta 12:00 m 1,41
6:00 p. m. 2,03

Source: Authors.
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When making the comparison between the yield values
obtained in Sincelejo and Santa Marta, it is observed that there
are differences between the two areas since Santa Marta
reports higher yield values, which agrees with the theory since
the yield of the essential oils of the species has variations even
within the same families, depending both on the origin of the
plant, the place and time of production as well as the age and
care that it has had [4].

Yield results of L. origanoides reported for the Santander
Department in two different locations, Pie de Cuestas with
4.4% and Los Santos with 1.5% [3], show that the zone where
the sample is collected does influence. In the same way, yields
0f2.92% [5], 3.1% [3] have been obtained for L. origanoides.
However, these results indicate that these plants in either of
the two ecological zones can be proposed as raw material for
industrial exploitation since their yields are above the
minimum value allowed which is 0.1% [6].

3.2 Chemical composition

Analysis by gas chromatography coupled to mass
spectrometry allowed the identification of more than 120

different substances in the different samples of essential oils
of L. origaniodes collected in the two agro-ecological zones,
as shown in Tables 2 and 3.

From Tables 2 and 3 it can be inferred that the compound
with the highest concentration in the chemical profile of the
essential oil samples of L. origaniodes for the two zones and
the three collection times is thymol. Sincelejo presented the
highest percentages of thymol with 68.02% at 6:00 am,
59.063% at 12:00 md and 64.023% at 6:00 pm; while in Santa
Marta values of 63.036% are reported at 6:00 am, 33.124% at
12:00 md and 63.19% at 6:00 pm.

In all cases, the lowest concentrations of Thymol were found
at noon, this is due to high temperatures can volatilize this
compound [7] and in the case of Santa Marta, because it is a
coastal area the temperature at noon is higher than in Sincelejo,
therefore, concentrations of 33.12% and 59.06% were found
respectively. A similar case occurs with Ocimeno and 3-Tujeno,
which showed a decrease in concentration in this period.

Thymol has been identified in the species L. origanoides
with a percentage between 34% to 58% [8] and 71.1% [5] and
carvacrol with 26% [8] and 33% [9].

Table 2.
Chemical composition of the essential oils of L. origanoides in Sincelejo.
SINCELEJO
6:00 am 12:00 md 6:00 pm
(Tr)Min _ Identification % Zone (Tr)Min Identification % Zone _ (Tr)Min Identification % Zone
4,893 3-Thujene 1,038 4,909 b-Thujene 1,018 4,909 3-Thujene 0,926
5,105 o-Pinene 0,335 5,121 pinene 0,652 5,119 2-Pinene; 0,503
5,578 Camphene 0,161 5,593 Camphene 0,262 5,593 Camphene 0,418
6,443 Sabenene 0,077 6,457 Sabenene 0,39 6,457 Sabenene 0,653
. Bicyclo[3.1.1]heptane, 6,6-
6,531 B-Pinene 0,067 6,548 homopolymer 0,222 6,548 dimethyl-2-methylene-, (1S)- 0,219
6,67 1-Octen-3-ol 0,086 6,689 1-Octen-3-ol 0,115 6,688 1-Octen-3-ol 0,1
7,109 B-Myrcene 2,552 7,128 B-Myrcene 2,44 7,125 B-Myrcene 2,37
7,53  C-Phellandrene o, 365 7,558 B-Phellandrene 1,802 7555 o-Phellandrene 0,32
7,745 3-Carene 0,16 7,764 3-Carene 0,138 7,765 3-Carene 0,131
8,002 a-Terpinene 1,442 8,019 a-Terpinene 1,436 8,017 a-Terpinene 1,176
8,324 0-Cymene 8,324 8,349 o-Cymene 9,033 8,333 0-Cymene 6,908
8453 D-Limomene 0522 8477 D-Limonene 1273 8471 D-Limonene 1,009
8,534 Eucalyptol 0,466 8,561 Eucalyptol 3,693 8,562 Eucalyptol 5,37
8,877 trans-f-Ocimene 0,089 8,893 trans-f-Ocimene 0,115 8,891 trans-f-Ocimene 0,164
TRANS- . .
9,26 OCIMENE 0,174 9,275 B-Ocimene 0,156 9,275 TRANS-OCIMENE; 0,17
9,63 y-Terpinene 4,654 9,647 y-Terpinene 4,479 9,639 y-Terpinene 3,648
Bicyclo[3.1.0]he
xan-2-ol, 2- Bicyclo[3.1.0]hexan-2-ol, 2-
9,916 methyl-5-(1- 0,261 9,928 a-Terpinene 0,35 9,927 methyl-5-(1-methylethyl)-, 0,404
methylethyl)-, (10,2B,50)-
(10,2B,50)-
10,738 Terpinolene; 0,171 10,745 Terpinolene 0,196 10,748 Terpinolene; 0,203
11,233 Linalool 0,35 11,241 Linalool 0,41 11 Myroxide 0,093
Bicyclo[3.1.0]hexan-2-ol, 2-
14,067 Terpinen-4-ol 0,469 13,616 endo-Borneol 0,308 11,103 methyl-5-(1-methylethyl)-, 0,235
(10.2B.50)-
14243 Umbenone 0253 14,014 Terpinen-4-ol 0,697 11242 Linalool 0,461
16,23 Benzene; 2,603 14,229 Umbenone 0,332 13,616 endo-Borneol 0,385
18,562 Thymol 68,015 16,24 Benzene; 2,687 14,072 Terpinen-4-ol 0,583
18,561 Thymol 59,063 14,188  Dicyelol3.1.0Jhex-3-en-2-one, - 04

4-methyl-1-(1-methylethyl)-
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Phenol, 5-methyl-2-(1-

20,356 methylethyl)-, acetate 1,736 14,577 a-Terpineol 0,196
22,364 Caryophyllene 2,95 14,67 Terpineol 0,369
23,419 Humulene 1392 16235 Benzene; 1,644
24,164 y-Muurolene 0,18 18,541 Thymol 64,023
24,28 Germacrene D 0,592 20,35 Thymyl acetate 1,257
Phenol,3-(1,1-
24,473 dimethylethyl)-4- 0,198 22,357 Caryophyllene 2,315
methoxy-;
(3R,3aR,3bR,4S,7R,7aR)-
4-Isopropyl-3,7-
24,703 dimethyloctahydro-1H- 0,281 23,416 Humulene 1,348
cyclopenta[1,3]cyclopropa
[1,2]benzen-3-ol
25,589 d-Cadinene 0,321 24,279 Germacrene D 0,647
27,282 Caryophyllene oxide 0703 24472  Phenol3-(lI-dimethylethyl)}- -, 559
4-methoxy-;
(3S,3aR,3bR,4S,7R,7aR)-4-
Isopropyl-3,7-
27,749 Guaiol 0,379 24,702 dimethyloctahydro-1H- 0,225
cyclopenta[ 1,3]cyclopropa[1,2
]benzen-3-ol
27,278 Caryophyllene oxide 0,545
Source: Authors.
Table 3.
Chemical composition of the essential oils of L. origanoides in Santa Marta.
SANTA MARTA
6:00 am. 12:00 md. 6:00 pm..
(Tr)min Identification % Zone (Tr)min Identification % Zone _ (Tr)min Identification % Zone
5,5-Dimethyl-1- .
4,664 vinylbicyclo[2. 1?/1 Jhexane 0,01 7,982 8,179 4.908 3-Thujene 0,752
4.907 b-Thujene 0,714 8,214 27,607 5.120 pinene 0,65
5.119 pinene 0,55 11.413 pinene 0,338 5.595 Camphene 0,289
5.482 Thuja-2,4(10)-diene 0,01 11.605 b-Thujene 0,697 6.548 d-b-Pinene 0,239
5.592 Camphene 0,221 17.734 B-Myrcene 3,475 7.121 B-Myrcene 2,194
5.990 Benzaldehyde 0,017 18.487 Terpilene; 1,149 7.554 o-Phellardrene 0,641
6.454 Sabenene 0,013 19.398 D-Limonene 0,898 8.015 Terpilene 0,822
6.548 beta-Pinene; 0,178 19.848 B-Phellandrene 0,374 8.337 o-Cymene 10,403
7.128 B-Myrcene 2,303 19.977 Eucalyptol 2,017 8.472 D-Limonene 0,448
7.556 a-Phellandrene 0,484 21.674 y-Terpinene 3,571 8.556 Eucalyptol 0,587
7.764 3-Carene 0,104 21.894 TRANS-OCIMENE; 0,151 9.628 y-Terpinene 1,621
Byciclo(3.1.0)hexan-2-
8.018 Terpilene 0,846 22.853 o0-Cymene 7,969 9.921 ol,methyl-5-(1-methylethyl- 0,355
), (10,2B,50)
Bicyclo[3.1.0]hexan-2- Byciclo(3.1.0)hexan-2-
8356 o-Cymene 997 31728 OIIfegll;tgghlyf)(l 0334 11.09% ‘ﬁlgtlﬁty}gtlh;(; 0,164
(10.2B,50)- (1a,2B,50)
8.477 D-Limonene 0,343 35.052 Linalool 0,354 11.240 Linalool 0,381
8.561 Eucalyptol 3,193 35.303 Sabinene hydrate 0,234 13.614 endo-Borneol 0,239
8.889 trans-b-Ocimene 0,083 36.745 trans-o-Bergamotene 0,162 14.071 Terpinen-4-ol 0,39
9.276 TRANS-OCIMENE 0,097 37.015 Benzene; 1,932 14.154 Umbenone 0,037
9.634 y-terpinene 2,267 37.378 Caryophyllene 1,975 14.563 a-terpineol 0,062
9.924 Sabinene hydrate 0,307 37.499 1-4-Terpineol; 0,6 14.649 L-o-Terpineol 0,128
10.757 p-Menth-1,4(8)-diene 0,176 39.110 Umbenone 0,442 16.232 Benzene 0,731
10.996 Myroxide 0,073 40.243 Humulene 1,345 18.519 Thymol 63,188
11.092 Sabinene hydrate 0,068 41.221 a-Terpineol 0,199 18.660 Carvacrylacetate 0,215
11.241 Linalool 0,342 47.572 O-Acetylthymol; 1,397 20.354 Thymyl acetate 3,854
13.619 d-Borneol 0,18 52.559 Caryophyllene oxide 0,545 22.353 Caryophyllene 2,33
14.074 Terpinen-4-ol 0,809 54.291 Humulene oxide IT; 0,168 23.416 Humulene 1,44
14.317 Umbenone 0,265 57.578 Eugenol 0,292 23.633 1-Caryophyllene 0,147
14.722 a-Terpineol 0,449 57.960 Thymol 33,124  24.160 y-Muurdene 0,22
Phenol, 3-(1,1-
16.234 2-isopropyl-5-methylanisole 1,67 58.699 Carvacrylacetate; 0,196 24.446 dimethylethyl)-4- 0,187
methoxy-
18.602 Thymol 63,036  65.033 Phenol,3-(1,1- 0276 25295 Naphthalene, 0,24

dimethylethyl)-4-

1,2,3,4,4a,5,6,8a-
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methoxy-; octahydro-7-methyl-4-
methylene-1-(1-

methylethyl)-
(1a,4ap,8aa)

18.713 Carvacrylacetate 0,208 25.585 d-Cadinene 0,49

20.739 Thymyl acetate 3,934 159,348 27.279 Caryophyllene oxide 1,146

(IR,3E,7E,11R)-

20.978 a-Copaene 0,059 53,116 28.035 Lfailiyz‘fg[g“}eg]‘glgfc 0,407
a-3,7-diene

21.265 a-Terpineol 0,031

21.959 Benzene 0,106

1H-3a,7-Methanoazulene,
2,3,4,7,8,8a-hexahydro-
22.092 3,6,8,8-tetramethyl-, [3R- 0,03
(30,3aB,7B,8a0)]

22.360 Caryophyllene 1,946

22.537 Cubenene 0,087

22.661 cis-b-Copaene 0,032

22.920 cis-a-Bergamotene 0,174

23.101 p-Cymene-2,5-diol 0,185

23.420 Humulene 1,201

Source: Authors.

Significant amounts of thymol and carvacrol have been
identified in the genus Lippia, which important effects such as
antioxidants, antifungals and antibacterial have been attributed
[10,11] since they have the property of increasing the ATP
permeability of the cell membrane, altering the pH gradient, the
membrane potential and disintegrating it [12], joining the
hydrophobic proteins of the membrane by means of hydrogen
bonds allowing the exit of K ions, ATP, proteins and causing the
loss of homeostasis of the cell [13].

4. Conclusions

The best yields of the extraction of essential oils of L.
origanoides were presented by the agroclimatic zone of Santa
Marta at the time of collection at 6:00 p.m., with 4.91%. The
results of the chemical profile of all essential oils of L. origanoides
report thymol as the major metabolite with an area percentage of
68.02% at 6:00 for the one collected in Sincelejo, while that
collected in Santa Marta at 6:00 was 63.19%.

Acknowledgment

Authors thank the UNIVERSIDAD DE SUCRE for the space
provided and for the accompaniment in carrying out the chemical
analyzes, in the same way they thank ASOPROAGROS for
contributing to the conduct of this research.

References

[1]  Carrefio, D.R., El orégano de monte (Lippia origanoides) del Alto Patia:
efecto del método de obtencion de sus extractos sobre la composicion y la
actividad antioxidante de los mismos. Bogota, 2012.

Ruiz, J. y Fandifio-Orozco, M.C., Plantas lefiosas del bosque seco tropical
de la Isla de Providencia, Colombia, Caribe sur occidental. Biota
Colombiana, 8(1), pp. 87-98, 2007.

Stashenko, E.E., Martinez, J.R., Duran, D.C., Cordoba, Y. nd Caballero, D.,
Estudio comparativo de la coEstudio comparativo de la composicion
quimica y la actividad antioxidante de los aceites esenciales de algunas
plantas del género Lippia (Verbenaceae) cultivadas en Colombia.
RACCEFYN, 38, . 89-105, 2014. DOT:
https://doi.org/10.18257/raccefyn.156

Orihuela, R.P., Rendimiento y composicion quimica de aceites esenciales de
Eucalyptus archeri y Schinus molle -Valle del Mantaro. Huancayo-Peru,
2015.

De Medeiros F.G.F., Fungicidal activity of essential oils from Brazilian
Cerrado species against wood decay fungi. International Biodeterioration
and Biodegradation, 114, pp- 84-93, 2016. DOIL:
https://doi.org/10.1016/j.ibiod.2016.06.003

Pérez-Cordero, A., Vitola-Romero, D. and Marquez-Castillo, M., Chemical
profile and antifungal activity against Phytophthora cinnamomi of essential
oils from Lippia alba and Lippia origanoides. Indian Journal of Science and
Technology, 11(25), pp- 1-8, 2018. DOL:
https://doi.org/10.17485/ijst/2018/v11i25/127786

Arango, O, Bolafios, F., Villota, O., Hurtado, A. y Toro, I., Optimizacion del
rendimiento y contenido de Timol de aceite esencial de orégano silvestre
obtenido por arrastre de vapor. Biotecnologia en el Sector Agropecuario y
Agroindustrial, 10(2), pp. 217-226, 2012.

Vicuiia, G.C., Stashenko, E.E. and Fuentes, J.L., Chemical composition of
the Lippia origanoides essential oils and their antigenotox-icity against
bleomycin-induced DNA damage. Fitoterapia, 81(5), pp. 343-349, 2010.
DOI: https://doi.org/10.1016/j.fitote.2009.10.008

Sen-Sung, C., Ju-Yun, L., Ed-Haun, C. and Shang-Tzen, C., Antifungal
activity of cinnamaldehyde and eugenol con-geners against wood-rot fungi.
Bioresource Technology, 99(11), pp. 5145-5149. 2008. DOL
https://doi.org/10.1016/j.biortech.2007.09.013

Vasquez, D., El orégano de monte (Lippia origanoides) del Alto Patia:
efecto del método de obtencion de sus extractos sobre la composicion y la
actividad antioxidante de los mismos. Bogota, 2012.

Teles, S., Pereira, J.A., Muniz-de Oliveira, L., et al, Organic and mineral
fertilization influence on biomass and essential oil production, composition
and antioxidant activity of Lippia origanoides H.B.K. Industrial Crops and
Products, 59, pp- 169-176, 2014. DOL
https://doi.org/10.1016/j.indcrop.2014.05.010

Nazzaro, F., Fratianni, F., De Martino, L., Coppola, R. and De Feo, V.,
Effect of essential oils on pathogenic bacteria. Pharmaceuticals, 6(12), pp.
1451-1474,2013. DOL: https://doi.org/10.3390/ph6121451

Helander, .M., Alakomi, H.-L., Latva-Kala, K., Mattila-Sandholm, T., Pol,
1., Smid, E.J., Gorris, L.G.M. and von Wright, A., Characterization of the
action of selected essential oil components on gram-negative bacteria.
Journal of Agricultural and Food Chemistry, 46(9), pp. 3590-3595, 1998.
DOI: https://doi.org/10.1021/1980154m

(10]

(11]

[12]

[13]

L.M. Torres-Sierra, is a BSc. Eng. in Agroindustrial Engineer in 2009 from the
Universidad de Sucre, Colombia. Sp. in Project Management, Master's Student at
the Universidad de Sucre, currently secretary of economic development and
environment of the Department of Sucre, Colombia

ORCID: 0000-0002-1836-4262

176



Torres-Sierra et al / Revista DYNA, 89(220), pp. 172-177, January - March, 2022.

A. Perez-Cordero, is a BSc. Eng. in Agronomic Engineer from the Universidad de
Cordoba, Colombia in 1991, Sp. in Educational Management in 1997, MSc. in
Microbiology, from the Universidad de los Andes, Colombia in 2003, PhD in
Agricultural Microbiology from the Universidad Federal De Vigosa, Brazil in 2008.
Extensive experience in research in the lines of ecology, biodiversity conservation,
agricultural and food biotechnology. Teaching staff at the Universidad de Sucre and
senior researcher.

ORCID: 0000-0003-3989-1747

A.M. Torregroza-Espinosa, is a BSc. Eng. in Agroindustrial Engineer in 2008
from the Universidad de Sucre, Colombia, MSc. in Agrifood Sciences in 2013 from
the Universidad de Cérdoba, Colombia. Currently is carrying out Doctorate studies
in Projects at the Universidad Americana de Europa, Cancin-México. Research
professor at the Corporacion Universitaria del Caribe-CECAR, in the Industrial and
Systems Engineering programs, belonging to the Faculty of Basic Sciences,
Engineering and Architecture. Research associate.

ORCID: 0000-0002-8948-0914

D.C. Vitola-Romero, is a BSc. Biologist from the Universidad de Sucre in 2015,
experience in research in the lines of ecology, biodiversity conservation, agricultural
and food biotechnology. He is currently a supporting researcher at the Universidad
de Sucre.

ORCID: 0000-0001-5000-9976

177



