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EDITORIAL

Uno de los grandes retos que afronta la industria es ser competitiva e innova-
dora, la implementacion de la tecnologia ha permitido la creacion de nuevos
productos basados principalmente en conservar las materias primas su estado
natural durante mas tiempo, con el objetivo fundamental de contribuir a una
mejor calidad de vida de la poblacion. La industria requiere el desarrollo de
productos innovadores para alcanzar una amplia gama de productos con el ob-
jetivo de obtener beneficios sociales, econdmicos y ambientales. Los avances
cientificos permiten crear productos con propiedades mas saludables y nutri-
cionales, de modo que los alimentos que consumimos mejoran drasticamente
en aspecto, color y sabor.

La economia mundial esta dirigiéndose hacia el desarrollo sostenible, lo que se
va plasmando en nuevas y diversas aplicaciones en medicina, agricultura, ali-
mentacion, medio ambiente y también en nuevos descubrimientos cientificos.
La academia y la industria deben empezar el camino hacia el desarrollo integral
de la poblacion, la academia dentro de una de sus actividades debe realizar
procesos investigativos cuyos productos finales beneficien a la sociedad y la
industria realizar procesos productivos con responsabilidad social empresarial
En este nimero de la revista “Alimentos Ciencia e Ingenieria”, se retinen ex-
pertos que comparten sus experiencias investigativas en las areas de la ciencia
de los alimentos y biotecnologia. Enfocados en ampliar y enriquecer esta revis-
ta para fortalecer los vinculos entre la ciencia, tecnologia y sociedad..

Ing. Alex Valencia Silva

Subdecano de la Facultad de Ciencia e Ingenieria en Alimentos y Biotecnologia.
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Resumen

El tequila es la bebida “representativa de México por excelencia”, provenien-
te del Agave tequilana Weber variedad Azul. ;Es benéfico para la salud el uso
de mezclado-res naturales en una bebida? El agave es la materia prima prin-
cipal utilizada en este proyecto, el objetivo primordial fue el desarrollo de un
destilado de agave, adicionado con frutos de ardndano y manzana para degus-
tar la bebida sin el uso de mezcladores comunes ofreciendo al consumidor una
bebida agradable al paladar. El producto obte-nido fue un destilado de aga-
ve adicionado con ambos frutos macerados. La levadura utilizada fue de pa-
nificacion fresca a pH 4.7. Las condiciones de coccion fueron 15 psi, 121 °C
durante 8 h en un autoclave. La molienda se realizd6 en un molino mecénico
obteniendo un rendimiento del 30%. La fermentacion se llevd a cabo en re-
cipientes de plastico. Al término de las destilaciones se adicion6 agua y los
frutos macerados hasta una concentracion final de 35°GL que es lo estable-
cido por la NOM-006-SCFI-2012. El costo por litro del producto final fue de
$326.00 MX, se considera este producto como una alternativa en la disminu-
cion de la cantidad de azucares y por ende benéfico en la salud del ser humano.

Palabras clave: tequila, frutos, destilacion, fermentacion, bebida.
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Abstract

Tequila is a “representative of Mexico par excellence” drink, coming from the
Agave tequilana Weber variety Azul. ;Is the use of natural mixers in a drink
beneficial for health? Agave is the main raw material used in this project, the
main objective was the development of an agave distillate, added with blue-
berry and apple fruits to taste the drink without the use of common mixers,
offering the consumer a pleasant drink on the palate. The product obtained
was an agave distillate added with both macerated fruits. The yeast used was
fresh baking at pH 4.7. Cooking conditions were 15 psi, 121°C for 8 h in an
autoclave. The grinding was carried out in a mechanical mill obtaining a yield
of 30%. Fermentation was carried out in plastic containers. At the end of the
dis-tillations, water and the macerated fruits were added to a final concentration
of 35°GL, which is established by NOM-006-SCFI-2012. The cost per liter of
the final product was $ 326.00 MX, this product is considered as an alternati-
ve in reducing the amount of sugars and therefore beneficial to human health.

Keywords: tequila, fruits, distillation, fermentation, drink.
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1. INTRODUCTION

Tequila (Mexican product) is obtained
from the fermented of sugars and the
distillation of Agave juice (Agave te-
quilana Weber blue variety) [16]. Aga-
ve tequilana Weber is a xerophilous
plant with blue-greenish, thin, and
almost flat leaves; it is approximately
125 cm long and 10 cm wide and has a
2 cm dark red terminal spine [18]. To
be called Tequila, this beverage must
be produced in a specific area well es-
tablished, when it is not produced in
that territory, the beverage is not con-
sidered as Tequila.

Since 1619 there is a history of sma-
11 wineries in Western Mexico, where
the tradition of making agave distilla-
tes arises [7]. In particular “mezcal de
tequila” quickly gained a reputation as
it emerged in a period marked by ca-
pital investments and the prosper-ous
growth of the local industry. Thus, at
the end of the XIX century the mez-
cal of the area was already called by
the inhabitants and visitors as “tequi-
la” [14, 15]. Currently, tequila can be
consumed mixed with high sugar be-
verages known as mixers, increasing
the sugar consumption, which can lead
to health issues as overweight and obe-
sity. These health problems are some
of the most important widely, being the
fifth risk fac-tor into the death causes.
It has been reported that two-thirds of
the world’s population lives in places
where obesity is related to other disea-
ses that cause death, and it has been
reported that 44% of mortality from
diabetes is associated with obesity,
23% with ischemic heart disease, whi-
le 41% is related to different types of
cancer [33].

Fruits juices have 70 — 95% of hu-
midity, sugars, vitamins, and some

enzymes, the recent interest in fruit
juices consumption derives from
the high content of natural vegeta-
bles antioxidants [4]. Recently, red
fruits and berries are consumed due
to their high content of polyphe-
nols compounds, mainly flavonoids
which show antioxidant properties,
and are capable of prevent some de-
generative diseases inci-dence [24].

In the present work, two fruits were
used, Cranberry and Red Delicious
Apple. Cran-berry is a fruit that is wi-
dely recognized for its potential health
benefits, the protective effect is largely
associated with the antioxidant capaci-
ty of different photo chemicals capable
of preventing or slowing down the oxi-
dative processes involved in numerous
pathologies [1]. Chihuahua is the main
apple (Malus domestica Borkh) produ-
cer in Mexico, with 70% of the natio-
nal production, the two varieties most
produced are “Golden Delicious” and
“Red Delicious™, with 54 and 37% res-
pectively. Apple quality characteristics
includes sensory attributes as size, co-
lor, freshness, taste, and texture [29].

The aim of the present work was the
development of a pilot plant level te-
chnology to obtain an agave distilla-
te incorporated with blueberry and
apple juice to reduce the use of mixers.

2. MATERIALS AND METHODS
2.1. Plant material

Agave tequilana Weber var. Azul Aga-
ve hearts were purchased with pro-
ducers from El Arenal, Jalisco and
transferred to the Research Laboratory
I and to the Pilot Plant of Fruits and
Vegetables both at the National School
of Biological Sciences of the Na-tional
Polytechnic Institute. Agave distillate
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was obtained from three Agave te-
quilana  Weber var. Azul hearts
with average weight of 11.66 kg.
Red Delicious
berry
2.2. Chemical reagents

apple and blue-
(Vaccinium  macrocarpon).

Fresh yeast (Saccharomyces cerevi-
siae), distilled water, HC] concentra-
ted, Fehling A (Cu2SO4+5H20 y Mg-
SO47H20) and Fehling B (NaOH y
KNaC406+4H20), NaOH 1N, blue
methylene, phenolphthalein, (NH4)
SO4, (NH4)2HPO4, MgS0O4+7H20.

2.3. pH and acidity determination

Both were measured using a digi-
tal pH meter (OAKTON, Acorn
model, Series pH 6), according
with the AOAC (1996) method [2].

2.4. Soluble solids determination

Wasmeasured withadigital refractome-
ter (HI 96801, Hanna Instruments) cali-
brated with water before each measure
according with NMX-F-527-1992 [9].

2.5 Reducing sugars determination

Reducing sugars were measure fo-
llowing the Fehling method according
with NMX-F-495-SCFI-2012 [10].

2.6 Alcoholometer method (% Alc.
Vol.).

Breathalyzer method. This measure-
ment is since the density (or specific
weight) of a hydroalcoholic solution
decreases inversely proportional to
the amount of alcohol it contains [10].

2.7 Agave pineapple cooking

Cooking was carried out in an au-
toclave (POLINOX S.A.) at a pres-
sure of 15 psi (Ib/in2) and 121
°C of temperature during 8 h.

2.8 Agave pineapple grind

The agave hearts were milling in
a mechanical roller mill, collec-
ting the must obtained for its subse-
quent fermentation and the fiber and
skin obtained was discarded [11].

2.9 Fermentation

The wort obtain after milling was ad-
justed to a pH between 4.5-5. Some nu-
trients as (NH4) SO4, (NH4)2HPO4,
and MgSO4+7H20 were added to
unbalance the medium. Two grams
of fresh yeast were added to 1 L of
wort, sterile aeration was maintai-
ned for 1 h. After this time this wort
with yeast was mixed with the rest
of the wort. A kinetic fer-mentation
was performed taking samples every
24 h for 7 days, samples were taking
by triplicate and kept refrigerated.

2.10 Distillation

A double distillation was carried out
on the volume obtained in the fer-
mentation stage. The distillation pro-
cess was carried out in two stages.
The first distillation is called destruc-
tion, which is done at 45 or 50% al-
cohol, in this first stage a part of the
conden-sate (heads) was removed, and
the second distillation is called recti-
fication, which is done at 75% alco-
hol. According to NOMO006SCF2012,
the sample it should not contain less
than 35% alcohol by volume [10].

2.11 Juice extraction method

Apple and blueberry were scalded be-
fore the juice extraction. The juice was
obtained with a juice extractor, juice
was sieved through 2 mm mesh and af-
ter through 1 mmmesh to eliminate pulp
residues. Soluble solids were quanti-
fied as mentioned in section 2.4 [23].

2.12 Sensory evaluation

Three formulations of distilled from

10
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agave added with blueberry and apple
juice were prepared. Sensory evalua-
tion test was designed to evaluate con-
sumer acceptance to select the sample
with highest ac-ceptance. The evalua-
ted sensory characteristics were color,
smell, flavor, and consist-ence. To this
purpose hedonic scale of five points
was used, each point in the hedonic
scale had a numerical value as follow:
2 = Like very much, 1= Like modera-
tely, 0= neither like or dislike, -1= Dis-
like moderately, and -2= Dislike very
much. The sensory evaluation was per-
formed with 32 untrained judges. Sam-
ples were presented to un-trained jud-
ges in aleatory order, each sample was
codified with 3 aleatoric numbers [22].

2.13 Statistical analysis

All the results were expressed as the
mean values of tree replicates +- the
standard devi-ation. The analysis
of the results among samples were
analyzed with an ANOVA test, sig-
nificant differences were determined
at 95% confidence. Sigma Plot V.12
software to this purpose was used.

3. RESULTS Y DISCUSSION
3.1 Agave hearts cooking

At this stage it is very important to
control the variables of temperature
and acidity. If the temperature is lower
than necessary, consequently, inulin
is not degraded and therefore ethanol
is not produced. At high temperatures
Maillard reactions or carameli-zation
can occurs, lowering the reducing su-
gars concentration, inducing formation
of degradation compounds such as
enols, furfural, and hydroxymethylfur-
fural, which can affect the fermentation
efficiency. During cooking, in addition
to hydrolyzing the inulin, some sugars
are caramelized, and compounds that
contribute to the characteristic tequila

aroma and flavor are developed [34].

The agave process was made in tripli-
cate, the average weight of the agave
hearts be-fore cooking was 11.66 kg.
Few works report the dimensions and
weights of the Agave tequilana Weber;
however, these characteristics allowed
us to compare, corroborate or contrast
differences or similarities [30]. The
agave hearts cooking was carried out
as it mentioned in section 2.7. Cooking
is a critical step in the tequila produc-
tion process because, in addition to ca-
rrying out the hydrolysis of the inulin
present in the agave, a series of che-
mical reactions is carried out that give
rise to the formation of a great va-rie-
ty of organoleptic compounds that in-
fluence in the aroma and taste of tequi-
la [21]. Agave hearts contain an acidic
juice, rich in carbohydrates, which
through cooking becomes a juice with
a high concentration of fermentable
sugars. The residue that re-mains at
the end is known as “bitter honey”
and is used for farmland [19, 28].

Grinding is a critical point in the mezcal
production process, due to its influen-
ce on the finished product yield [12].
Grinding is a complicated process due
to grinding condi-tions and equipment
must be selected according with mate-
rial characteristics such as size, shape,
hardness, moisture, fracture strength,
compression strength, modulus of elas-
ticity, and others [11]. The grinding of
the cooked agave hearts was carried
out with a mechanical roller mill. The
juice obtained is called “wort”. The
quantity of wort obtained was 3.5 kg,
which corresponds to a yield of 30%.

3.2 Fermentation process standardiza-
tion

in a fermenta-
very relevant.

The yeast used
tion process is

11
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Yeast production has several pro-
ducts, such as yeast cells, cellular
compounds, and the products of their
metabolism. Yeast can carried out two
chemoorganotrophic ~ metabo-lisms:
respiration and fermentation. Under
aerobic conditions yeast can grow-
th using sugar producing biomass.
However, under anaerobic condi-
tions, fermentation process occurs,
the yeasts produce less biomass and
high quantities of alcohol and CO2 [8].

Two different yeasts were used for fer-
mentation standardization, lyophilized
brewer yeast and fresh bakery yeast.
For both yeasts, the same fermenta-
tion process conditions were used. The
temperature was controlled at 25 °C
during all the fermentation time. The
fermentation process was standardized
with a sucrose solution and after a so-
lution of piloncillo dissolved in water.
Temperature during alcoholic fermen-
tation needs to be the one that allows
and adequate fermentation process,
right development of the aro-matic
compounds, obtaining a product with
the desire characteristics. Yeast growth
optimal temperature is around 25 °C.
Lower temperatures cause a slower fer-
mentative process, due to a reduction
of the viable yeast population [31]. The
use of specific in-oculum of Saccha-
romyces makes it possible to reduce
the variations due to the devel-opment
of uncontrolled indigenous popula-
tions and to ensure a good develop-
ment of alcoholic fermentation [27].

In addition to temperature, pH is
an important factor that need to be
controlled in alco-holic fermenta-
tion, because it allows the control
of bacterial contamination as well
as the effect on yeast growth, fer-
mentation rate and alcohol forma-
tion. In different industries, specific

flavor compounds are produced throu-
gh the fermentation process. Optimal
pH values for bioprocess are between
the range of 4 to 5. At this pH value is
possible to obtain optimal yeast deve-
lopment. The pH value for the growth
medium of lyophilized and fresh yeasts
was 4.75 and 4.87 respectively [5].

The fermentation time for both yeasts
was 160 h, and the growth medium
was prepared with the same nutrients
at the same concentrations (am-
monium sulfate (0.3 g L-1), di-ba-
sic ammonium phosphate (0.24 g
L-1), magnesium sulfate heptahy-
drate (0.024 g L-1). In Figure 1, the
Brix degrees obtained are shown as
a function of time for both yeasts.

In Figure 1 is possible to observe that
during the fermentation time, the fresh
baking yeast initially consumes the
substrate almost immediately, whi-
le the lyophilized brew-er yeast does
not significantly consume the subs-
trate, even when the process para-
me-ters were adjusted and controlled
all the time, this may be because the
freeze-dried yeast was inactive and
therefore the fermentation process
was not carried out correctly. Therefo-
re, the selected yeast to carry out the
fermentation process at the establi-
shed conditions was the bakery yeast.

3.3 Fermentation process

The material of the containers in which
the fermentation is carry out plays an
im-portant role in the flavor of the mez-
cal. In this work were used 5 L plastic
containers for the wort fermentation.

During the fermentation process,
the sugars are transformed into CO2
and alcohol. This operation lasts
from 2 to 7 days at a temperatu-
re of 25 to 30 °C and is concluded
when the sugars have been spent.

12
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Figure 1. Behavior of soluble solids as a function of time of Iyophilized brewer yeast and fresh
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Figure 2. Soluble solids and pH behavior as a function of time

The Embden-Meyerhof pa-
thway is the metabolic route used
by the yeasts to the fer-menta-
tion of sugars of agave syrup [5].

Figures 2 and 3 show that the sugar
content in the medium (Brix degrees)
and the pH decrease. The slight varia-
tion of pH prevents contamination of
the medium as well as the development
of undesirable metabolites in the pro-
cess that affect the final characteristics

of the product. The yeast consumes
the substrate and ethanol is produ-
ced; after 60 h the consumption of
substrate begins to be slower. As
ethanol concentration increase, the
cellular concentration in the me-
dium decreases. This behavior can
be explained with the Crabtree effect.

According with Pefia and Aran-
go in 2009 [26]. when Saccha-
romyces  cerevisiae  is  under

13
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high dissolved oxygen concentration
conditions and sugar concentration
exceeds 0.16 g L-1 or 9 g L-1, the
yeast converts its oxidative metabo-
lism to oxide reductive or fer-menta-
tive one, increasing the production of
ethanol. At the beginning of fermenta-
tion, strong alcoholic and sweet odors
are perceived, which diminishes over
time until they have a vinegary odor
and a liquid with dark brown color.
The end of fermentation is established
at a point of equilibrium between the
amount of produced yeast biomass,
the sugar content, and the production
of alcohol [19, 28]. After the fermenta-
tion pro-cess, the wort was left to rest
to promote the generation of important
aromatic com-pounds in the product.

3.4 Distillation

Tequila composition is very com-
plex, several compounds have been
reported as re-sponsible for taste
and aroma; these compounds in-
clude alcohols, fatty acids, esters,

aldehydes, terpenes, phenols, sulfur
compounds, and others. Some of these
compounds come directly from the aga-
ve and suffer chemical transformations
during the different stages of the pro-
cess. However, others are developed
because of cooking, fermentation disti-
llation, and maturation processes [20].

Distillation is the process by which
ferments are separated in two groups
by heat and steam pressure. The first
groups are alcoholic richness products
(tequila), and the sec-ond group is
called vinasses or fermentation slu-
dges which includes waste products
as water and yeast. Distillation is ca-
rried out in copper or stainless-steel
pod stills, or in continuous distilla-
tion towers [20]. In the present work,
distillation process was carried out in
distillation apparatus. After fermen-
tation, the wort is distilled twice. The
first distillation is known as smashing;
during this distillation, 3480 g of wort
were intro-duced into the rotary eva-
porator, of which a 10% cut of the

14
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so-called heads (higher alcohols) was
made, followed by obtaining the ordi-
nary distil-late (65%) and finally a cut
of the 25% of vinasses (medium de-
pleted in alcohol, dead yeasts, non-fer-
mentable sugars, and minerals). In this
distillation stage, an ordinary 14°GL
distillate was obtained. The second
distillation, known as rectification,
was car-ried out by differential distilla-
tion to obtain a higher alcohol concen-
tration. During this second distillation,
25% heads cut was made. Distillation
was continued until reach 40-60% of
alcohol volume. Then a 20% of tails
cut was carried out. The final distilla-
te contains 55°GL. After the addition
of the fruit juices, the alcohol content
was diluted to 35°GL, as is establi-
shed by NOM-006-SCFI-2012 [10].

During the distillate agave process ob-
taining, the yields in each of its stages
were calculated. From 3480 g of wort
during the smashing distillation, 348
g of heads (10%), 2262 g of ordinary
distillate (65%), and 870 g of vinasse
(25%) were obtained. During the rec-
tification stage, from 2262 g of ordi-
nary distillate, 565.5 g of heads (25%),
1244 ¢ of white distillate (55%), and
452.4 g of tails (20%) were obtained.
According to the producers who pro-
vided the agave heart, 1 L of tequila is
obtained by processing approximately
7 kg of agave. The theoretical yield
from the agave heart used in this work
showed that is possible to obtained
1.668 L of agave distillate. However,
only 1,569 L of distillate was obtained,
the difference was due to the losses du-
ring agave heart cooking and grinding.
The agave distillate yield was 94.23%.

After the agave distillate was ob-

tained, were developed formu-
lations of agave distillate added
with blueberry and apple juice.

The fruit juices were added, as re-
placers from mixers, due to the high
sucrose content of mixers. Fruit jui-
ces are perceived by the population
and health professionals as healthier
beverages because they come from
natural sources. Also, the adding of
these juices gave the agave distilla-
te special organoleptic characteristics
derived from the added fruits [17].

3.5 Formulations of agave distillate
added with fruit juices

A percentage of the weight of blue-
berry and apple was lost during the
scalding process. This loss was less in
apple than in the blueberry, probably
due to the higher water con-tent present
in the apple. Different formulations of
agave distillate added with fruit juices
were developed, also was developed a
formulation contained agave distillate
and macerated fruits. The following
formulations were proposed: Formula-
tion 1: 20 mL of blueberry juice and
20 mL of apple juice; Formulation 2:
30 mL of blueberry juice and 20 mL
of apple juice; Formulation 3: 20 g of
macerated blueberry and 20 g of ma-
cer-ated apple. Each formulation was
added with 100 mL of agave distillate.

3.6 Sensory evaluation

Sensory evaluation measures and
quantified products or ingredients
characteristics, which can be percei-
ved by the human senses, using their
organs and their integrative capacity
[25]. The persons who carried out the
evaluation are called judges [13]. In
this study, consumer judges were used;
the person who participates as a con-
sumer must be, precisely, a consumer
of the product under study. Judges
must communicate to the researcher
his point of view about his accep-
tance or rejection, the order of his
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preference when confronting several
samples, and the level of satisfaction
of the sam-ples presented to them [25].

The judges evaluated the following
characteristics: color, aroma, flavor,
and consisten-cy. The results ob-
tained for each evaluated and wei-
ghted attribute for each of the three
formulations are shown in Table 1

As it can see in Table 1, there is no
significant difference between the at-
tributes of Formulations 2 and 3 as
aroma, flavor, and consistence. To
the color attribute, the judges indica-
te that reddish is an unusual color of
distillate products. However, 50%
of the total judges liked the color of
formulation 3, obtaining a significant

Attribute Formulation 1 Formulation 2 Formulation 3
Color 2gb 2gb ELE
Aroma 440 342 342
Flavor 180 222 22
Consistence -12¢ 242 242
Weighted 78" 108® 116®
n=32_ different letters in the same row indicates significant difference (p< 0.03) by Tukey's test

Table 1. Sensory evaluation results to the different formulations.

difference with formulations 1 and 2.
For formulation 3, the judges indicates
that the presence of fruit solids is not an
attractive characteristic. Formulation 3
ofagave distil-late with macerated blue-
berry and apple, obtained the highest
value of the weighted, being perceived
as the most accepted among the judges.

3.6 Costs projection

In this analysis only variable costs
were considered, which refer to: raw
material and packaging material, the-
se costs are a function of the produc-
tion volume. The costs of each of the
raw materials were according to the
supplier. The cost to produce 1 L of
agave distillate with blueberry and
apple juice is $326.00 MX, it is ob-
served that this cost is like agave dis-
tillated commercial drinks. The eli-
mination of commonly used mixers
presents a remarkable advantage from

the point of view of human health.
4. CONCLUSION

A distillate of agave added with ma-
cerated blueberry and apple was ob-
tained, as well as the biotechnological
development at the Pilot Plant level.
The developed product in this work is
considered agave distillate, although it
was developed with the raw materi-al
and with parameters established by
NOM-006-SCFI-2012, it is not consi-
dered Te-quila because it was not made
within the territory established by the
statement.

The Agave distillate developed comes
from musts of vegetable origin, the wa-
ter used to make this product was for
human consumption to comply with
regulations. The product contains 12
Bx, this value is like commercial pro-
ducts (mixers), however; the additio-
nal benefits is the qualities offered by
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cranberry and apple macerates due to
their antioxidant capacity as well as
the contribu-tion of vitamins, minerals,
and enzymes. For this reason, the Aga-
ve distillate with notes of blueberry and
apple developed presents a consump-
tion alternative for the elimination of
mixers and provides additional benefits.
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Resumen

El presente trabajo busco elaborar peliculas biodegradables con policaprolacto-
na y almidon-celulosa de la cascara de platano verde (Musa paradisiaca) como
posible alternativa para la sustitucion de fundas plasticas. Para esto, se extrajo
el almidon-celulosa mediante hidrolisis basica. Se usé una férmula base para
las peliculas de almidén-celulosa y se plantearon 12 formulaciones en las que
se modifico la cantidad de glicerina y policaprolactona. Las peliculas se carac-
terizaron en sus propiedades fisicas, mecanicas, dpticas, funcional y biodegra-
dabilidad. Las peliculas presentaron diferentes resultados. Las formulaciones
1, 5y 9 presentaron diferencias significativas en la solubilidad, pero no en la
opacidad y absorcion de agua; la tension y permeabilidad dependen del tipo de
formulacion. Se proyecta una degradacion en un maximo de 30 dias. Se con-
cluye que las peliculas con mayor cantidad de PCL presentan una mejora en
las propiedades mecanicas, funcionales, fisicas y biodegradables y presentan
una biodegradabilidad superior en comparacion a los plasticos convencionales.

Palabras clave: peliculas biodegradables, almidén-celulosa, PCL, caracteriza-
cion.
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Abstract

The present paper sought to produce biodegradable films with polyaprolac-
tone and starch-cellulose from the green banana shell (Musa paradisiaca) as
a possible alternative for the replacement of plastic sleeves. For this purpose,
starch-cellulose was extracted by basic hydrolysis. A base formula was used for
starch-cellulose films and 12 formulations were proposed modifying the amount
of glycerin and polyaprolactone. The films were characterized in their physi-
cal, mechanical, optical, functional and biodegradable properties. The films
presented different results. Formulations 1, 5 and 9 showed significant diffe-
rences in solubility, but not in water opacity and absorption; tension and per-
meability depend on the type of formulation. Degradation is projected to be up
to 30 days. It is concluded that films with the highest quantity of PCL have
an improvement in mechanical, functional, physical and biodegradable pro-
perties and have superior biodegradability compared to conventional plastics.

Keywords: biodegradable films, starch-cellulose, PCL, characterization.
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1. Introduccion

Ecuador es considerado uno de los
mayores paises exportadores de pla-
tano verde a nivel mundial, liderando
con un 29 % lo que a su vez produce
un residuo que fluctia entre el 8 % a
20 %. La mayoria de estos residuos
lignoceluldsicos originados por este
fruto son en ciertos casos, destinados
como alimento para animales; en otras
ocasiones son arrojados a vertederos a
cielo abierto generando gases que con-
tribuyen al tal nombrado efecto inver-
nadero [1].

La policaprolactona o PCL es un po-
limero que se adquiere de fuentes pe-
troquimicas con propiedades atractivas
como su biodegradabilidad, resultando
ventajoso al combinarlo con fibras
naturales [2]. Entre las tantas aplica-
ciones del PCL es conocido por for-
mar parte en la composicion de bolsas
plasticas biodegradables y en el campo
biomédico por intervenir como matriz
en liberacion de medicinas; el origen
de su degradabilidad estd dado por el
grupo éster, que al ser apto para hidro-
lizarse y transformarse en oligdmeros
de bajo peso promoviendo su facil bio-
degradacion [3]. Cabe destacar que en-
tre las propiedades del PCL se encuen-
tra su temperatura de transicion vitrea
(-60°C), su cristalinidad (50°C), facil
miscibilidad y su punto bajo de fusion
(60°C) que al combinarse con otros
polimeros degradables tiene como fi-
nalidad mejorar sus propiedades [2].

Actualmente es innovador el uso de
biopolimeros con PCL por ser conside-
rado alifatico, sintético y biodegrada-
ble [4] teniendo afinidad con formula-
ciones de almidon-celulosa mejorando
asi sus propiedades fisicas, mecanicas,
funcionales, biodegradables y que adi-
cionando sustancias con cualidades

antimicrobianas y  antioxidativas,
dan lugar a la elaboracion de recubri-
mientos comestibles o peliculas bio-
degradables proyectando suplir a los
polimeros sintéticos para una mejora
continua en la industria alimenticia [5].

Tomando en cuenta lo expuesto, en
este trabajo se busca elaborar pelicu-
las biodegradables con PCL y almi-
don-celulosa de la céascara de platano
verde a través de la evaluacion de 12
formulaciones con PCL y glicerina.
y evaluar como influyen estos cam-
bios en el biopolimero. Adicional,
se realizaran pruebas fisicas, meca-
nicas, Opticas, funcionales y biode-
gradables a escala de laboratorio.

2. MATERIALES Y METODOS
2.1. Ubicacion

Los platanos verdes (Musa paradisia-
ca) se adquirieron en un mercado al
sur-oeste de la ciudad de Guayaquil;
el PCL fue adquirido por la empresa
Perstorp Holding AB UK Limited de
Inglaterra. La gran mayoria de los ana-
lisis se realizaron en la Universidad de
Guayaquil- Ecuador en el Laboratorio
de Quimica Analitica en la Facultad de
Ingenieria Quimica. El analisis FTIR
en la Escuela Superior Politécnica del
Litoral y las pruebas de tension se rea-
lizaron en el Centro de Fomento Pro-
ductivo Metalmecanico Carrocero en
la ciudad de Ambato. Adicional a esto,
se establecio un disefio de experimen-
tacion factorial de dos factores entre la
glicerina y el PCL de 3 y 4 niveles res-
pectivamente. Para esto, se uso el sof-
tware estadistico Minitab Inc 2016 y
se expusieron los criterios de respuesta
para las pruebas fisicas (espesor y so-
lubilidad), mecanicas (permeabilidad
y fuerza de traccion), oOpticas (FTIR
y opacidad), biodegradable (pérdi-
da de peso) y funcionales (absorcion
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de agua y prueba de la gota de agua).

2.2. Elaboracion de la pelicula a base
de almidon-celulosa

2.2.1. Procedimiento para la ex-
traccion del almidon-celulosa de la
cascara de platano verde

El almidon-celulosa se obtuvo a través
del método de Jiménez y col [11] me-
diante hidrolisis alcalina. Los platanos
(Musa paradisiaca) se lavaron con una
salvaufias para cocina y 200 mL de
jabon liquido neutro. Posterior se pe-
saron en una balanza digital CAMRY
modelo EI-02H/EI-02HS y cortaron en
tres partes quitando los extremos deno-
minados pedinculos. Las cascaras de la
fruta se separaron y molieron (molino
Corona). La masa obtenida se sumer-
€16 en una solucion de NaOH al 5% en
una relacion (m/v) 1 a 1 durante 24 h
para la extraccion de la lignina. Luego
se lavo y separ6 con un lienzo el almi-
don-celulosa y seguidamente esta masa
se blanqued con una solucion acuosa
de hipoclorito de sodio al 2% durante
48 h. Se lavo con abundante agua eli-
minando por completo los residuos de
NaClO. Para finalizar el procedimien-
to, la masa blanca se filtro, peso, licud,
seco (a 35°C), envaso en un recipiente
herméticamente cerrado y almaceno
en un lugar fresco y seco hasta su uso.

2.2.2. Determinacion de las formu-
laciones para la pelicula biodegra-
dable.

Las formulaciones se establecieron de
acuerdo con la Tabla 1. Cada una de
estas se repitieron 6 veces, mientras
que para los andlisis, por triplicado.

2.2.3. Procedimiento para la elabo-
racion de la pelicula biodegradable
(Método de moldeo) con recubri-
miento de PCL

La pelicula se elaboro a través del mé-
todo de moldeo, se consideraron dife-
rentes aportes de autores como Jimé-
nez y col., Contreras y col., Navarro,
Averous y col., Anchundia y col., Co-
llazo y col. [11-16]. Para ello, se peso
el almidon-celulosa y la glicerina en
las proporciones indicadas. Se afiadio
agua y mezcld con un agitador mag-
nético durante 4 min a una tempera-
tura de £70 °C y 300 rpm. Posterior,
se enfrio a +40 °C, se afiadio glicerina
y la mezcla se emulsiond con un agi-
tador vertical durante 1 min y se tras-
vaso en cajas Petri plasticas (1,5 cm
x 8,5 cm). Estas se colocaron en una
estufa de aire forzado a 50 °C duran-
te 7 h. Después, se desmoldaron las
peliculas y almacenaron en un dese-
cador durante 72 h para estabilizarlas.

El recubrimiento de las peliculas
consistio en la disolucion y adicion
del PCL sobre las peliculas de almi-
don-celulosa. Para ello, segin la for-
mulaciéon indicada en la Tabla 1, en
un Erlenmeyer con tapon de vidrio
se disolvid6 manualmente la PCL con
cloroformo, esta disolucion se ver-
ti6 homogéneamente sobre la pelicu-
la de almidon-celulosa colocada en
una caja Petri de vidrio (1,5 cm x 8,5
cm); se secO a temperatura ambiente
(25+2 °C) durante 48 h, se desmoldo
y almacen6 en un desecador con sili-
ca gel para estabilizarlas durante 72 h.

2.2.4. Pruebas fisicas
Espesor

La medicion se realizd con un mi-
crometro digital marca Mitutoy mo-
delo TPM-H-2781 un total de 10
veces entre superficies lisas y ru-
gosas, a continuacion calcular un
promedio entre las mismas [11].

Solubilidad
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Empleando un agitador magnético
se anadio 80 mL de agua en un vaso
de precipitacion y se coloco el film
en dimensiones de 2 cm x 2 cm pre-
viamente pesados a 100 rpm duran-
te 1 h. Posterior, se filtré6 en un tamiz
N° 200 y el residuo se secoé en una
estufa a 60 °C durante 24 h. Se re-
gistrd este nuevo peso para compro-
bar el porcentaje de solubilidad [17].

—_ F'D
04 Solubilidad =

= 10004

Donde:

P = Peso inicial seco de la pelicula bio-
degradable.

P_O= peso seco final de la pelicula
biodegradable.

2.2.5. Pruebas mecanicas

Permeabilidad al vapor de agua
(PVA)

La PVA se realizo a partir de la norma
E96-80ASTM con algunas modifica-
ciones. Se recortd las peliculas en for-
ma circular hasta obtener un didmetro
de 4 cm, se adapt6 un recipiente plas-
tico como celda; en la parte superior
(tapa) se formd un agujero el mismo
que sera cerrado con la pelicula. Den-
tro del recipiente se colocaron 10 mL
de agua y se lo ubico en un desecador
con un higrometro y silica gel con la
finalidad de mantener la humedad con-
trolada durante 24 h [18].

Am-—-1
A-At—Ap

PVA =

Donde:

Am/(At )= pérdida de humedad por
unidad de tiempo (gs™)

I = espesor de la pelicula (m)

A= Area de la pelicula que estd ex-
puesta a la humedad.

Para el calculo de la variacion de
PVA entre las caras de la pelicu-
la se utiliza la siguiente ecuacion:

Ap=ARH/100*PVAP SAT
Donde:

ARH= gradiente de humedad re-
lativa entre el entorno y la celda.

PVAP SAT = presion del vapor de agua
purasaturada que a25 °Cesde 3160 Pa.

Fuerza de traccion

Estas condiciones corresponden a la
norma ASTM-D882-18. Para este pro-
cedimiento se recortd peliculas de 2,5
cm de ancho x 20 cm de largo colocéan-
dolas en una probeta y situdndolas en
una maquina universal marca Metrotec
modelo MTE-50 aplicando una fuerza
de 200 N y velocidad de 5 mm min'.

2.2.6. Pruebas opticas
Analisis FTIR

La caracterizacion estructural de la
pelicula biodegradable se realizo utili-
zando un espectrofotometro infrarrojo
FTIR de la marca PerkinElmer modelo
Spectrum 100, manejando una espec-
troscopia de absorcion ATR de dia-
mante en un ancho de banda de 3800 a
1000 cm”(-1) con una configuracién de
barrido con una resolucion de 4 cm™.
Estos valores fueron comparados para
posterior lectura de los espectros obte-
nidos y asi establecer los grupos fun-
cionales presentes en la pelicula [11].

Opacidad

Se recortd tiras rectangulares de la
pelicula biodegradable de 0,7 cm
de ancho x 3,5 cm de largo y se de-
termino la absorbancia a 600 nm en
un espectrofotometro visible GE-
NESYS™ 20, Thermo Scientific [16].

Opacidad=A/E
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Donde:
A= absorbancia.

E= espesor de la pelicula en milime-
tros (mm).

2.2.7. Pruebas funcionales
Absorcion de agua

Se cortd pedazos con dimensiones de
2 cm x 2 cm, se pesd cada una de las
muestras de la pelicula (M1) y se las
coloco en un vaso de precipitacion afia-
diendo 50 mL de agua y mediante un
agitador magnético a 100 rpm duran-
te 30 min. Posterior, se saco la mues-
tra y se la coloco en una luna de reloj
y se anotd el nuevo peso (M2) [19].

Capacidad de absorcion de
agua=(M2-M1)/M1*100%

Donde:

M1: Peso de la muestra seca.
M2: Peso de la muestra humeda.
Prueba de la gota de agua

Se prepar6 una solucidon con agua y co-
lorante alimenticio (con la finalidad de
notar el angulo a formarse) y con una
micro pipeta y micro jeringa se dejo
caer a la altura de 40 cm 10 pL sobre la
pelicula. Al pasar 5 s con un gonidome-
tro se observa el angulo que se forma
entre la gota y la superficie de la peli-
cula [I1].

2.2.8. Prueba de biodegradacion
mediante pérdida de peso

Para este procedimiento se adapté un
espacio con condiciones aerobias y se
tomo tres muestras de las formulacio-
nes de la Tabla 1. Para esto se seccio-
nod y colocé tiras de 0,7 cm x 3,5 cm
(previamente pesadas) un recipiente
de una capacidad de 200 mL; se afiadio
150 g de compost hiimedo y a 5 cm se
colocé la muestra, registrando el peso

cada 5 dias y comparando con
el peso inicial. Se evalu6 su de-
gradacion durante 15 dias [20].

% perdida por degrada-
cion=(P-P_)/P*100%

Donde:

P = Peso inicial himedo de la pelicula
biodegradable.

P_O= peso seco final de la pelicula bio-
degradable.

3. RESULTADOS

3.1. Analisis y discusion de resulta-
dos de las pruebas fisicas de las peli-
culas biodegradables

Espesor

De acuerdo con la Norma 2636 (2012),
menciona que las laminas delgadas o
peliculas son aquellas que tienen un
espesor inferior a 0,25 mm, por lo que
todas las formulaciones cumplen con
el espesor adecuado. En la Figura 1
se muestra como en las formulaciones
F6, F7y F11, presentan la misma res-
puesta, al igual que la F4, F9, F10 y
F12 poseen valores similares, lo mis-
mo ocurre con F3 y F8 por lo que no
existe diferencia significativa entre es-
tas formulaciones; por otra parte, entre
F1, F2, F5 si existe diferencia signifi-
cativa por que la dosificacion del PCL
aplicada a en cada pelicula fue variada.

Solubilidad

Para determinar estadisticamente los
factores que tienen un efecto signifi-
cativo en la solubilidad. Se elabor6 un
diagrama de Pareto de efectos estanda-
rizados, tomando un nivel de signifi-
cancia del 5% (a=0.05), como variable
de respuesta los resultados del analisis
de solubilidad obtenidos en el labora-
torio, y como factores a estudiar la gli-
cerina (A), PCL (B), y la combinacion
de ambos (AB). En la figura 2 se obser-
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va que todos los factores exceden
la linea de significancia, lo cual in-
dica estadisticamente que los 3 fac-
tores afectan de manera significa-
tiva a la solubilidad de la pelicula.

3.2. Analisis de resultados de las
pruebas mecanicas de las peliculas
biodegradables

Permeabilidad

ESPESOR

0.188
0.174

| I I
F2 F3 F4

0.200

0.133

F1

0.150
0.105

F5

0.100

ESPESOR (MILIMETROS)

0.050

0.000

0.160

F6 F7

0.188
0176 0173 (1 D178

F8 F9 F10 F11 F12

0.160

FORMULACIONES

Figura 1: Espesor promedio con respecto al numero de formulaciones [21].

Diagrama de Pareto de efectos estandarizados
(la respuesta es SOLUBILIDAD; a = 0,05)

2,064
Lo
1

o 1 2 3 4 5

Factor MNombre
A Glicerina
B PCL

T

& 7 8 k]

Efecto estandarizado

Figura 2: Diagrama de Pareto de efectos estandarizados para la solubilidad.

Para determinar estadisticamente los
factores que tienen un efecto significa-
tivo en la permeabilidad de vapor de
agua (PVA). Se elaboré un diagrama
de Pareto de efectos estandarizados, to-
mando un nivel de significancia del 5%
(0=0.05), como variable de respuesta
los resultados de los analisis realiza-
dos en el laboratorio, y como factores
a estudiar la glicerina (A), PCL (B), y
la combinacién de ambos (AB). En la
Figura 3 se observa que los factores
de glicerina y PCL exceden la linea de

significancia, lo cual indica estadisti-
camente que solo estos 2 factores afec-
tan de manera representativa a la PVA
de la pelicula, mas no su combinacion.

Tension

Para las formulaciones F4, F8 y F12 se
encontrd una capacidad maxima de ro-
tura de 7,15; 8,24; 9,26 MPa respecti-
vamente aplicandose una fuerza maxi-
ma a cada una de las probetas de 42N.
Datos que coinciden con Granday col.,
[22]. La Figura 4 muestra la mayor
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respuesta a la tension dentro de las
formulaciones  evaluadas  coinci-
diendo con la mayor cantidad de
PCL aplicada a la pelicula; donde
la maxima fue de 9,26 MPa y 34%
de alargamiento respectivamente.

Diagrama de Pareto de

3.3.  Analisis de resultados de las
pruebas funcionales de las peliculas
biodegradables

Prueba de la gota de agua

efectos estandarizados

(la respuesta es PVA; a = 0,05)

Factor Nombre
A Glicerina
B PCL

- - - -

00 05 10 15 20 25 30 35
Efecto estandarizado

Figura 3: Diagrama de Pareto de efectos estandarizados para PVA.

10,00
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8.83

7.26
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Figura 4: Prueba de tension de la pelicula biodegradable.

En el diagrama de Pareto de efec-
tos estandarizados, tomando un ni-
vel de significancia del 5% (a=0.05),
como variable de respuesta se tuvo
los resultados de los analisis realiza-
dos en el laboratorio, y como factores

a estudiar la glicerina (A), PCL (B),
y la combinacion de ambos (AB).
En la Figura 5 se observa que los
factores de glicerina y PCL exce-
den la linea de significancia, lo cual
indica estadisticamente que solo
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estos 2 factores afectan de manera re-
presentativa a la hidrofobicidad de la
pelicula, mas no su combinacion.

Prueba de absorcion de agua

En el diagrama de Pareto de efectos
estandarizados, tomando un nivel de
significancia del 5% (0=0.05), como
variable de respuesta los resultados de

los analisis realizados en el laboratorio
los factores a estudiar fueron: gliceri-
na (A), PCL (B), y la combinacion de
ambos (AB). En la Figura 6 se observa
que ninguno de los factores excede la
linea de significancia, lo cual indica es-
tadisticamente que ninguno de los fac-
tores afecta de manera representativa a
la absorcion de agua de la pelicula

Diagrama de Pareto de efectos estandarizados
(la respuesta es Gota; a = 0,05)

Térming

T T
4 &

Efecto estandarizado

L L

Factor Mombre
A GLICERINA

B PCL

T T =T

8 10 12

Figura 5: Diagrama de Pareto de efectos estandarizados para la prueba de la gota de agua
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Figura 6: Diagrama de Pareto de efectos estandarizados para Absorcion en agua
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3.4. Analisis de resultados de las
pruebas opticas de la pelicula biode-
gradable

Analisis de espectroscopia infrarro-
ja

En la posicion 2940,6cm™ presenta
un estiramiento asimétrico del CH,;
en la banda 2869,5 cm’! existe un es-
tiramiento simétrico del CH,. En la
posicion 1745,9cm™ esta presente el
cloroformo, a lado de esta banda esta
ubicada la 1724,3 cm™ donde muestra
un estiramiento carbonilico propio del
almidon-celulosa, asi como en la posi-
cioén 1243,6 cm™ un enlace C-O y C-C
en la fase cristalina y 1193,0 cm™ un
estiramiento asimétrico de COC en la
posicion 1143,9 cm™ y un estiramiento
OC-C en el pico 1171,7 cm™. Adicio-
nal a esto, se observo un pico de 3382,5
cm!  que corresponde a una tension
ejercida por un grupo hidroxilo y en la
posicion 1641,6 cm™! que concierne a
agua retenida en el proceso de obten-
cion del almidon-celulosa. [23,24].

Opacidad

Para determinar estadisticamente los
factores que tienen un efecto significa-
tivo en la opacidad de la pelicula. Se
elabor6 un diagrama de Pareto de efec-

i

tos estandarizados, tomando un nivel
de significancia del 5% (0=0.05), como
variable de respuesta los resultados del
analisis con espectrofotometro obteni-
dos en el laboratorio, y como factores a
estudiar la glicerina (A), PCL (B), y la
combinacion de ambos (AB). En la Fi-
gura 8 se observa que ninguno de los
factores excede la linea de significan-
cia, lo cual indica estadisticamente que
ningun factor afecta de manera signi-
ficativa a la opacidad de la pelicula.

3.5. Analisis de resultados de las
pruebas biodegradables de las peli-
culas biodegradables.

En la Figura 9 se observa la grafi-
ca que relaciona el peso en gramos
que tuvieron las 12 formulaciones en
un periodo de 15 dias. Se evidencia
que existe una tendencia de degrada-
cion ya que pierde peso a medida que
pasa el tiempo. Tomando en cuen-
ta estos resultados, podemos supo-
ner que la biodegradacidon continuara
hasta llegar al punto de una descom-
posicion completa de las peliculas.

2940,6 B e R Ty P

2382,5 2869.5

1724,.3

1745.9 12893

1243,6
1143,9
T 1171,7

1641,6

0 2 0 10 0

Figura 7: Analisis FTIR de la pelicula biodegradable
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Diagrama de Pareto de efectos estandarizados
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Figura 8: Diagrama de Pareto de efectos estandarizados de la opacidad.
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Figura 9: Analisis de degradacion de la pelicula biodegradable.
4. DISCUSION

Los espesores de las muestras, en la
gran mayoria, correspondientes a las
12 formulaciones, no mostraron dife-
rencias significativas en comparacion
al platano macho [25] y a su vez se en-
cuentra cierta similitud con respecto a
las respuestas cuantitativas con todas
las formulaciones a excepcion de la F5

[15]. Por otro lado la solubilidad tam-
bién muestra similitud con los obteni-
dos durante esta investigacion Garcia 'y
col., [26] ya que a medida que aumenta
la cantidad de glicerina se convierte en
un factor decisivo en la solubilidad de
la muestra y que afecta de manera sig-
nificativa influyendo simultdneamente
en la biodegradabilidad, sefialando una
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ventajosa oportunidad cuando se re-
quiere como materiales de empaque
[15].

La permeabilidad al vapor de agua
o PVA en la gran mayoria de formu-
laciones en la que contenian la me-
nor cantidad de PCL fueron mayores
convirtiendo a la glicerina y PCL en
factores determinantes para esta pro-
piedad [15], sin embargo, las muestras
que solamente tenian glicerina, fueron
similares a las reportadas por Jimé-
nez y col,.[11]. Cabe recalcar que esta
propiedad es de suma importancia en
la elaboracion de biopolimeros puesto
que se busca avances significativos en
las propiedades mecanicas por que per-
miten conservar en mejor forma cual-
quier tipo de alimento [26]. Teniendo
presente como indicativo su hidrofobi-
cidad, se realizo la prueba en las todas
las formulaciones, observando asi la
cantidad de agua absorbida durante un
periodo de tiempo de 5 s, dichos datos
mostraron cierta similitud en cuanto a
las formulaciones que contenian glice-
rina 'y PCL, por lo que se complemen-
ta que la cantidad de glicerina y PCL
afecta en la hidrofobicidad reflejada
por la prueba de la gota de agua [11].
Por otro lado, los datos referentes a la
absorcion en agua indican similitud,
exponiendo que a medida que se incre-
menta el PCL la absorcion en agua dis-
minuye, sin embargo también interfie-
re en esta disminucion la composicion
de la cascara de platano verde donde
se ve involucrada la amilosa, por su
capacidad de crear estructuras cris-
talinas y compactas y capas externas
capaces de restringir el paso de agua
[28]. Adicional, en cada una de las pe-
liculas mostraron particulas de color
blanco en su superficie lo que corres-
ponde a la presencia de celulosa en la
muestra, comprobando que interfiere

con la opacidad al igual que el PCL,
siendo similares a los reportados en
las peliculas biodegradables con almi-
don de platano macho [11]. Con res-
pecto a la biodegradabilidad, en cada
una de las formulaciones, se observa la
tendencia a la descomposicion, siendo
esta progresiva y en aumento mostran-
do similitud con Abarca y col., [17] y
reconociendo que el hecho de poseer
almidon-celulosa y PCL es un indicati-
vo de biodegradabilidad [5].

5. CONCLUSIONES

Debido a la gran cantidad de residuos
de platanos generados en Ecuador, se
propuso un método para la extraccion
del almidon-celulosa como lo es la hi-
drolisis basica dando apertura a la ela-
boracion de biopolimeros a partir de
residuos no aprovechados y por ende
convirtiéndose en una atrayente alter-
nativa en la elaboracién de bioplasti-
COS.

En cuanto a las propiedades fisicas, se
cumplié con el espesor requerido por
la norma NTE INEN 2636:2012 para
considerarse pelicula biodegradable y
la solubilidad mostro efectos significa-
tivos en cada uno de sus factores. En
las pruebas mecanicas, la PVA mostré
un nivel de significancia en sus dos
factores pero no en la combinacion
de ambos y la mejor tension fue en la
formulaciéon 12 con 9,26 MPa. En las
pruebas Opticas, la opacidad no reveld
diferencias significativas en cada uno
de los factores y en el andlisis FTIR
se observd la presencia de PCL, cloro-
formo y almidén-celulosa en los picos
1289; 1724,3 y 1745 cm—1 respectiva-
mente. En las pruebas funcionales, la
prueba de la gota de agua mostré un
nivel de significancia en sus dos facto-
res pero no en la combinacion de am-
bos y la absorcion de agua no refleja
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muestras significativas en cuanto a
sus factores; y en cuanto a su degra-
dacion se reflejo una pérdida de peso
progresiva en un lapso de 15 dias.

La mejor formulacion dependerda de
la aplicacion a darse. En el caso de
fundas plasticas conviene utilizar las
formulaciones que mas cantidad de
PCL posean como lo son F4, F8 y F12
porque se comprobd un incremento
significativo en alguna de sus propie-
dades mecanicas, funcionales y fisicas.
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Resumen

Muchas especies de insectos han sido utilizados como comida tradicional por
los pueblos locales, principalmente en la region tropical. En este estudio, los le-
pidopteros comestibles en México se utilizaron como estudio de caso que ejem-
plifica el progreso y los desafios para incorporar a los insectos comestibles a
la nutricion humana a gran escala. Se registraron un total de 68 lepiddpteros
comestibles pertenecientes a 16 familias taxondmicas. Estas especies se loca-
lizaron en 14 habitats diferentes distribuidos a través del pais. Los pobladores
locales generalmente usan las larvas, pupas y adultos de los lepiddpteros como
alimento. Si bien los insectos comestibles han ganado un interés creciente como
fuente alternativa de alimento para el futuro, se debe prestar atencion a algunos
aspectos relacionados con el manejo, la conservacion y la reglamentacion de los
mismos. Este estudio destaca las oportunidades de investigacion sobre la versa-
tilidad de los lepiddpteros como fuente de alimento del futuro.

Palabras clave: alimento; mariposas; polillas; diversidad.

Abstract

Many species of insects have been used as traditional food by local peoples,
mainly in the tropical region. In this study, the edible lepidopterans in Mexi-
co were used as study case in order to exemplify progress and challenges to
incorporate edible insects to large scale human nutrition. It was recorded a
total of 68 edible lepidopterans belonging to 16 taxonomic families. Tho-
se species were located in 14 different habitats distributed across the country.
Local people usually use larva, pupa and adult of lepidopterans as food. Al-
though edible insects have gained increasing interest as alternative food sour-
ce for the future, caution must be paid to some aspects related to manage-
ment, conservation, and regulation of them. This study highlights the research
opportunities on versatility of lepidopterans as source of food for the future
Keywords: food; butterflies; moths; diversity.
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1. Introduccion

El hambre constituye una realidad
que vive uno de cada nueve personas
a nivel mundial y se localiza princi-
palmente en los paises en desarrollo
(FAO, 2019). La causa de esta crisis
alimentaria es multifactorial, por lo
que se ha posicionado el tema en las
diferentes agendas politicas nacionales
e internacionales. Derivado de esta cri-
sis, se han realizado diversas acciones
para combatir la falta de alimentos,
incluido el intensificar la produccion
de alimentos, el empleo de subsidios
a la agricultura, asi como el empleo
y desarrollo de programas sociales de
apoyo para comunidades vulnerables
(DOF, 1984, 1999, 2004, 2005, 2009,
2011). Dentro de estas propuestas des-
taca el retomar las formas alternativas
de alimentacion para combatir el ham-
bre y que tienen que ver con el reco-
nocimiento de los usos y costumbres
de los pueblos originarios, asi como
de las practicas de alimentacion em-
pleadas al principio de la humanidad.

Los insectos y su papel en la historia
de la nutricion humana.

Los insectos han constituido un recur-
so alimenticio basico en la historia de
la humanidad. Se sabe que Australo-
pithecus robustus consumia termitas
a través del uso de herramientas de
hueso localizado en los registros fo-
siles (Broom, 1938). En otros casos,
se ha documentado la presencia de
restos de insectos en las heces fosili-
zadas de grupos ancestros al ser hu-
mano, quienes habitaron la tierra en
periodos anteriores al de la caceria y
recoleccion de alimentos (Hardy et
al., 2017; Govorushko, 2019). Au-
nado a esto, diversas investigaciones
han documentado que el consumo
de insectos es una practica comun y

estrechamente ligada a los pueblos ori-
ginarios.

Alrespecto, Jongema (2017) reconocio
la presencia de 120 paises que consu-
men insectos como parte de su cocina
tradicional a través de los cinco con-
tinentes. Su listado incluye 2100 es-
pecies de insectos identificados como
comestibles en 2017. La mayoria de
esas especies se consumen en la regio-
nes tropicales y subtropicales del mun-
do (México, China, Tailandia e India),
mientras que el 88% de las especies de
insectos comestibles se encuentran en
ecosistemas terrestres y el 12% en eco-
sistemas acuaticos (Jongema, 2017).

Los insectos comestibles como parte
de la gastronomia local.

El valor de los insectos comestibles
como parte del patrimonio culinario
ha sido objeto de investigacion en las
ultimas décadas. En estas investiga-
ciones destaca la relacion que se es-
tablece entre el uso de insectos como
alimento asociado a los usos y costum-
bres de los pueblos originarios dentro
del concepto de cocinas ancestrales
(Garduno, 1993; Soto et. Al., 2008;
Pefia y Hernandez, 2009; Roman et al.,
2012; Contreras et al., 2012). A estas
investigaciones se suman trabajos es-
pecializados y dirigidos a incorporar
a los insectos comestibles dentro de
preparaciones gastronomicas (Pérez,
2017; Cabrera, 2019; Rangel, 2019).
A su vez, se han planteados nuevas
aproximaciones en las que se aborda
el desarrollo de productos derivados
del procesamiento de insectos comes-
tibles para la elaboracion de harinas,
geles y como sustituto de carne para
el consumo humano (Guevara, 2012;
Granados et al., 2013; Losada, 2018;
Padilla, 2018; Harmina et al., 2020;
Tejeda 2021). Lo anterior promueve

37



Alimentos, Ciencia e Ingenieria, 2021: 28 - 2

la valoracion de los saberes y conoci-
mientos tradicionales que cada grupo
socio-cultural posee con respecto al
uso de insectos como parte de su ali-
mentacion. Aunado a la valoracion de
esta herencia culinaria, se suma el re-
conocimiento del valor que tienen estos
insectos como insumos alterativos que
permiten afrontar una crisis alimenta-
ria presente y futura a nivel mundial.

Con base en lo anterior, en este estu-
dio se reviso el uso de los lepiddpteros
como fuente de alimento en el pasado
y en el presente en México, asi como
su potencial uso en el futuro como es-
trategia para afrontar la crisis alimen-
taria presente y futura (FAO, 2019).

2. MATERIALES Y METODOS

La presente investigacion parte de
una revision del estado de conoci-
miento que se tiene con respecto al
consumo de mariposas y polillas (le-
pidopteros) en México. Lo anterior
se hizo con la finalidad de identificar
las areas de oportunidad presentes en
el pais dirigidas a incorporar el uso
de insectos comestibles en programas
estratégicos de investigacion cien-
tifica, tecnoldgica y gastrondmica.

Para ello, se realizo una busqueda, sis-
tematizacion, integracion, revision y
analisis de la informacioén publicada
con respecto al tema de insectos comes-
tibles. Lo anterior se hizo delimitando
el estudio al caso de los lepiddpteros
en el pais. Especificamente, se utili-
zaron los principales buscadores aca-
démicos para localizar la informacion
publicada con respecto al tema de inte-
rés dentro del ambito de Ciencias So-
ciales y Humanidades, asi como den-
tro de las Ciencias Naturales y Exactas
(i.e., Red de Revistas Cientificas de
América Latina y el Caribe, Latindex,
ISI web of Knowledge). Lo anterior,

permitio filtrar la calidad de la infor-
macion publicada, la cual fue genera-
da y sustentada por una metodologia
y rigor de investigacion avalada por el
proceso de arbitraje a los que se some-
te cada publicacion. La revision de los
estudios de caso en los cuales los in-
sectos se utilizaron en gastronomia fue
aquellos en los que se avalo la obten-
cion de un grado académico en algu-
na Universidad dentro y fuera del pais

En los buscadores se utilizaron las pa-
labras clave de ‘“anthropoentomopha-
gia”, “edible insects”, “antropoento-
mofagia” y “insectos comestibles”. El
criterio de seleccion e incorporacion
de los trabajos fue que los estudios in-
cluyeran el uso de mariposas y polillas
como fuente de alimento en México,
ya sea a través de listados de especies
o bien del estudio de los usos y cos-
tumbres de los pueblos originarios. A
su vez, se incluyeron aquellos estudios
que denotan los avances en el estado
de conocimiento del valor nutricio-
nal de los insectos y mariposas como
parte de la discusion y su aportacion
en el ambito de la gastronomia. Auna-
do a lo anterior, se hizo una revision
del marco legislativo en México y su
comparativo con la Union Europea
para identificar los vacios y areas de
oportunidad con respecto al marco re-
gulatorio para el aprovechamiento de
los insectos como fuente de alimento.

3. RESULTADOS Y DISCUSION

La busqueda bibliografica arrojo mas
de 5,000 publicaciones en los principa-
les buscadores académicos. Con base
en los criterios de seleccion, se traba-
jO con la revision de 56 articulos que
abordaron el tema de insectos comes-
tibles en México ya sea desde su reco-
nocimiento taxonomico o bien su valor
nutricional.
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Debido a que varias especies se utili-
zan en distintas regiones del pais, el
analisis incorpord la distribucion de
las especies a nivel de hébitat y las es-
pecies se incorporaron a las bases de
datos previamente reportadas por los
autores. Lo anterior permitié actuali-
zar la informacion en los listados base
y evitar la duplicidad de registros. Por
su extension, solo se reportan algunas
especies representativas de lepidopte-
ros por familia taxonomica y se citan a
los principales autores que aportaron la
informacion base (los registros dupli-
cados no se citan, pero la informacion
se consider6 en el analisis de habitat de
las especies).

¢ El valor nutricional de los insectos
para el ser humano

Si bien las distintas investigaciones
iniciaron por conocer e identificar a
las especies de insectos comestibles,
se han desarrollado estudios paralelos
con la finalidad de reconocer el estado
nutricional de dichos organismos para
la dieta humana. A la fecha, se sabe
que el aporte nutricional del consumo
de insectos es alto en su valor protei-
co (13-77%), con una gran cantidad
de fibra (76-98%), baja proporcion
de grasa (10-50%) y gran cantidad de
vitaminas (riboflavina, acido fodlico,
acido pantoténico) y minerales como
calcio, hierro, fosforo, magnesio, se-
lenio y zinc (Rumpold & Schliiter,
2013; Mlcek et al., 2014; Akhtar & Is-
man, 2017). Ramos-Elorduy y Moreno
(2001) reportaron que los lepidopte-
ros aportan en promedio de 300 a 410
Kcal (contenido calorico). Por ello, el
consumo de insectos aporta menos ca-
lorias con respecto a la carne de puerco
(706 Kcal), soya (466.00 kcal), carne
de res (412 Kcal), lenteja (398 Kcal),
pescado (397 Kcal), frijol (391 Kcal),
maiz (370 Kcal) y trigo (344 Kcal). No

obstante, el aporte calérico del consu-
mo de insectos es superior al de la car-
ne de pollo (164 Kcal). En este senti-
do, se reconoce el gran aporte nutritivo
del consumo de insectos y el bajo valor
calorico del mismo en la dieta humana.

¢ Insectos comestibles en el México
prehispanico

Historicamente, el consumo de insec-
tos se ha relacionado con los grupos
prehispanicos en México. En el Codi-
ce Florentino se describen mas de 96
especies de insectos comestibles, in-
cluidas langostas (acachapoli), abejas
(pipiyoli), cucarachas de agua (ane-
neztli), moscos (axayacatl) y gusanos
de maguey (meocuilin).

Fray Bernardino de Sahagin (1988)
describi6: “...comian unas hormigas
aludas con chiltécpitl. Comian también
unas langostas que se llaman chapolin
chichiahua; quiere decir “cazuela de
unas langostas”, y es muy sabrosa co-
mida. Comian también unos gusanos
que se llaman meocuilti chitecpin mo-
llo; quiere decir “gusanos que son de
maguey y con chiltecpinmolli...”

El consumo de insectos en tiempos
prehispanicos no se limité a su valor
nutricional, sino a su aporte en la medi-
cina tradicional. En este sentido, Con-
coni y Moreno (1988) documentaron
el uso de 43 especies de insectos para
aliviar problemas estomacales, desor-
denes del higado y rifiones, enferme-
dades urogenitales, inmunologicas y
glandulares, asi como crisis nerviosas
descritos en el Codice Florentino. El
uso de los insectos en la medicina tra-
dicional se ha realizado a través de in-
fusiones, pomadas y ungiientos (Con-
coni & Moreno, 1998). Por lo anterior,
existen antecedentes historicos que
demuestran el uso de insectos como
fuente de alimento en el pais.
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Familia taxondmica

Figura 1. Numero de lepidopteros comestibles por familia taxondmica con base en la literatura consultada
y citada. Fuente propia

Familia Especie Tipo de consumo
Arctiidae Estigmene acrea (Dmry, 1773) Adulto
Bombycidae Bombvx mori (Linnaeus, 1738). Larva
Castniidae Sympalamides chelone (Hopffer 1856) Larva
Cossidae Comadia redienbacheri (Hammerschmidt 1848) Larva
Geometridae Acromyciodes mexicanaria (Walker 1860) Larva v pupa
Hepialidae Phassus triangularis (Edwards, 1885) Larva
Hespenidae Aegiale hesperiaris (Walker 1838) Larva
Lasiocampidae Buwlachypiera psidii (3alle, 1837) Larva
Noctuidas Helicoverpa zea (Boddie, 18307 Larva
MNymphalidae Anartia fatima (Fabricius, 1793) Larva
Papilionidae Frotographiuwm philelaus (Boizduval, 1836) Larva
Pieridae Eucheira socialis (Westwood 1834) Larva
Pyralidae Laniifera cyveladss (Druce 1893) Larva
Satumidae Arsenura armida (Cramer, 1779) Larva
Sesiidae Synanthedon cardinalis (Dampf, 1930) Larva
Sphingidae Manduca sexta (Linnaeus, 1763) Larva v adulto

Tabla 1. Especies representativas de lepidopteros por familia taxondmica y su tipo de consumo.

El consumo de insectos se ha transmi-
tido de generacidén en generacion, ya
sea por imitacion o instruccion. Dicho
conocimiento incluye la distincion de
las especies comestibles, su ubicacion
(donde), su temporalidad (cuéando) y la
técnica (como) para encontrarlas/reco-
lectarlas y en su caso saber prepararlas
(Ramos-Elorduy et al., 1988; Moreno
& Reyes-Prado, 2020). En México
se ha documentado el consumo de 68
especies de mariposas y polillas per-
tenecientes a 16 familias taxondmicas

(Ramos-Elorduy et al., 1998, 2011,
2008; Santos-Fita et al., 2006;
Loépez-Gomez et al., 2017; Moreno &
Reyes-Prado, 2020) (Figura 1; Tabla 1).
Las mariposas y polillas comestibles
en México se distribuyen en 14 ha-
bitats diferentes a lo largo de todo el
pais (Figura 2). De las 68 especies co-
mestibles, el 41% se localizan en un
unico habitat, mientras que el 9% se
consideran generalistas al haberse re-
portado en 4 habitats diferentes (Ra-
mos-Elorduy et al., 1998, 2011, 2008;
Moreno & Ramos-Elorduy, 2021).
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tada y citada. A: Acahual, P: Palmar, S: Sabana, C: cultivo de alfalfa, coliflor, brocoli y maiz, D: Desierto,
STH: Selva Tropical Himeda, BE: Bosque espinoso, STC: Selva Tropical Caducifolia, BH: Bosque
himedo, BPE: Bosque de Pino-Encino. Fuente propia.
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Figura 3. Estado de desarrollo en el cual se consumen los lepidopteros con base en la literatura consultada
y citada. Fuente propia

Los pobladores locales consumen estos
insectos principalmente es su estado
larvario (Figura 3). No obstante, Acron-
yctodes mexicanaria, Vanessa annabe-
lla, Vanessa virginiensis y Catasticta
teutila se consumen en estado larvario
y pupa, mientras que Manduca sexta
se consume como larva y adulto (Ra-
mos-Elorduy et al., 1998, 2011, 2008).

* Insectos comestibles como pro-

mesa de alimento del futuro
En la altima década se ha
planteado que los insectos

podrian constituir uno de los pilares de
la alimentacion del futuro debido al in-
cremento en la demanda de proteina en
la dieta humana y la limitada superfi-
cie de tierra disponible para sostener a
la ganaderia extensiva a nivel mundial
(FAO, 2019). En este sentido, Oonincx
y Boer (2012) documentaron que los
gusanos de harina requieren de apro-
ximadamente el 10% de la tierra que
utilizaria su equivalente bovino para
producir 1 kg de proteina. Ademas, los
insectos pueden prescindir de grandes
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cantidades de agua que requiere
el ganado para sobrevivir (Oonin-
cx & de Boer, 2012). Aunado a esto,
las poblaciones de insectos crecen
rapidamente, por lo que aportan
gran cantidad de biomasa en poco
tiempo (Premalatha et al, 2011).

Por las caracteristicas antes descritas,
los insectos podrian incorporase como
fuente de proteina en la dieta humana
con bajos impactos ecologicos, por lo
que pueden contribuir a alcanzar la
meta de seguridad alimentaria y vida
sana para las generaciones presentes y
futuras. No obstante, existen al menos
tres aspectos importantes a consi-
derar cuando se piensa en los insectos
comestibles como fuente de alimento
futuro para la humanidad.

Primero, los insectos comestibles son
recolectados de su hébitat natural y son
extraidos de sus poblaciones silvestres
en escala local y de forma tradicio-
nal en la actualidad (Ramos-Elorduy
et al., 1998, 2011, 2008; Moreno &
Ramos-Elorduy, 2021). Para consi-
derar a los insectos como fuente de
alimento a gran escala, se requiere
conocer la dindmica poblacional de
los insectos comestibles. Del mismo
modo, se requiere asegurar suministros
continuos y confiables de esos insectos
a través de crias masivas y controladas
de insectos en cultivos especificos para
ello. Lo anterior debe realizarse toman-
do en consideracion los programas de
manejo y conservacion para preservar
sus poblaciones originales en condici-
ones silvestres. Es importante recordar
que los insectos comestibles proveen
de servicios ecologicos, incluidos
el control de plagas y polinizacion,
ademas de servir como fuente de ali-
mento para la vida silvestre (insectos
depredadores, peces, anfibios, reptiles,
aves y mamiferos pequefios/medianos)

(Ramos-Elorduy et al., 1998, 2011,
2008, Premalatha et al., 2011; Moreno
& Ramos-Elorduy, 2021). De ahi su
importancia en contar con dichos pro-
gramas de aprovechamiento y conser-
vacion.

Segundo, la introduccion de insectos
en la dieta humana precisa conocer,
monitorear y controlar las toxinas,
macroorganismos nocivos, virus, para-
sitos, metales pesados y residuos de
plaguicidas que podrian estar presen-
tes en sus cuerpos (van der Fels-Klerx
et al., 2018). Lo anterior con fines de
producir alimentos sanos y seguros
que puedan ser comercializados a gran
escala.

Tercero, se requiere un marco normati-
voylegal queregule los procedimientos
de extraccion de insectos de las pobla-
ciones silvestres y su incorporacion
como recurso alimenticio. En México,
el marco normativo relacionado con
los alimentos incluye; la Ley General
de Salud (DOF, 1984), el Reglamento
de Control Sanitario de Productos y
Servicios (DOF, 1999), la Norma Ofi-
cial Mexicana NOM-251-SSA1-2009
(DOF, 2009), la Norma Oficial Me-
xicana NOM-194-SSA1-2004 (DOF,
2004), la Norma Oficial Mexicana
NOM-213-SSA1-2002 (DOF, 2005) y
la Norma Oficial Mexicana NOM-242-
SSA1-2009 (DOF, 2011). Dicho marco
normativo se centra en el control sani-
tarios de alimentos y estd restringido
a la produccion de proteina proveni-
ente de las actividades agropecuari-
as y de pesca. En contraste la Unidon
Europea cuenta con un Reglamento
2283/2015 sobre Nuevos Alimentos
(DOUE, 2015) y sus Reglamentos de
aplicacion 2468/2017 (DOUE, 2017a,
b) y 2469/2017 (DOUE, 2017a, b) que
aclaran y armonizan las normas relati-
vas a los insectos comestibles. Por lo
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anterior, en M¢éxico existe un retraso
para incorporar a los insectos comesti-
bles desde una perspectiva legal y re-
quiere ser atendida antes de considerar
incorporar a los insectos como parte de
la alimentacion a gran escala.

e Uso de lepidopteros como campo
emergente de investigacion y de su
aprovechamiento en la alimentacion.

El conocimiento que se tiene con res-
pecto al uso de lepidopteros como ali-
mento en México constituye una linea
base importante para investigaciones
futuras relacionadas con la industria
alimentaria. Especificamente, las tec-
nologias y métodos que se han utiliza-
do para generar productos procesados
y derivados de chapulines y escaraba-
jos pueden adaptarse y transformarse
para poder ser utilizados con maripo-
sas y polillas (Guevara, 2012; Grana-
dos et al., 2013; Losada, 2018; Padi-
lla, 2018; Harmina et al., 2020; Tejeda
2021). A esta area de investigacion se
suma el desarrollo de patentes como
tema inherente asociado a la innova-
cion metodologica y tecnoldgica.

El uso de lepidopteros como fuen-
te de alimento es versatil comparado
con otros insectos, ya que se utilizan
las especies de mariposas/polillas en
distintos estados de desarrollo (lar-
va/pupa/adulto). Esta versatilidad les
confiere un potencial Gnico que puede
ser aprovechado en investigaciones
dirigidas a conocer las caracteristicas
nutricionales asociadas a los distintos
estados de desarrollo. De esta forma,
el uso de lepidopteros como fuente de
alimento se potencializa con base a el
aporte nutricional que potencialmente
pueda ser utilizado de forma eficiente
como fuente primaria de alimentacion,
o bien como insumo o producto deri-
vado/procesado.

La incorporacion de lepidopteros
como innovacion gastrondmica re-
presenta un area de oportunidad di-
rigida a la creacién de nuevas expe-
riencias (sabores y texturas) para
aquellos consumidores 4avidos en
explorar alimentos exoticos (Pérez,
2017; Cabrera, 2019; Rangel, 2019).

4. CONCLUSIONES

Con base en lo descrito con anterio-
ridad, se reconoce que los lepidopte-
ros constituyen un grupo diverso de
insectos con un alto valor nutricional
y con una larga trayectoria histdrica
de uso en la alimentacion del pueblo
mexicano. Es posible vislumbrar el
uso potencial de los lepidopteros como
alimento en los proximos afios, pero
se requiere trabajar en la generacion
del conocimiento ligado a la historia
natural, biologia y ecologia de las es-
pecies, asi como en las regulaciones
relacionadas con su uso y manejo. Es
importante destacar la importancia de
contar con estudios que evaluen la se-
guridad que otorgan los lepidopteros
como alimento y la proporcion de aler-
genos, toxinas, metales pesados, hor-
monas y residuos de plaguicidas que
pudieran tener en sus cuerpos. Parale-
lamente, el uso de lepidopteros como
alimento representa un campo emer-
gente de investigacion y aprovecha-
miento ligado a la versatilidad en su
uso (larva/pupa/adulto) y a la diversi-
dad de especies de las que actualmen-
te se conoce su uso como alimento.
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Resumen

La albahaca dulce (Ocimum basilicum L.), 1a albahaca verde (Ocimum basilicum
L. cv. green), la albahaca morada (Ocimum basilicum L. var. purpurascens) y la
albahaca clavo (Ocimum gratissimum L.) presentan fragancias similares lo que
ha ocasionado que las personas en general las consideren como la misma planta
a pesar de que desde su taxonomia se establecen diferencias. Sin embargo, son
ligeramente diferentes, al igual que sus aceites esenciales. Este estudio identifica
las diferencias entre estos cuatro tipos de plantas en dos aspectos: primero, sus
composiciones quimicas; y segundo, su aroma. Los aceites esenciales de estos
cuatro tipos de plantas se extrajeron mediante destilacion al vapor. Los compo-
nentes de los aceites esenciales se analizaron y compararon mediante Cromato-
grafia de Gases acoplada a Espectrometria de Masas (GC-MS). Profesionales en
aromaterapia también evaluaron los aceites esenciales en su aroma y llenaron un
cuestionario de preguntas cerradas. El resultado muestra que la albahaca verde y
la albahaca morada son muy similares en términos de composicion quimicay olor
y pueden considerarse la misma planta; el methyl chavicol es el principal com-
ponente presente entre sus aceites esenciales. Mientras tanto, la albahaca dulce,
la albahaca verde, la albahaca morada y la albahaca clavo presentan en general
diferentes componentes quimicos y en algunos casos presentan componentes
quimicos similares que varian en el porcentaje de peso de sus aceites esenciales.

Palabras clave: Ocimum basilicum, Ocimum gratissimum, albahaca, aceites
esenciales, GC-MS, composicion quimica.
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Abstract

Sweet basil (Ocimum basilicum L.), green basil (Ocimum basilicum L. cv.
green), purple basil (Ocimum basilicum L. var. purpurascens), and clove ba-
sil (Ocimum gratissimum L.) smell similarly and have been taken as the same
plant by many for a long time. However, they are slightly different, and so are
their essential oils. This study identifies the differences between these four
types of plants in two aspects: first, their chemical compositions, and second,
their aroma. Essential oils of these four types of plants are extracted by steam
distillation. The components of the essential oils were analysed and compa-
red using gas chromatography-mass spectrometry (GC-MS). Aromatherapists
also evaluated the essential oils on their aroma and filled out a questionnaire
of closed-ended questions. The result shows that green basil and purple ba-
sil are very similar in chemical composition and smell and can be considered
the same plant; methyl chavicol is the main component present in its essen-
tial oils. Meanwhile, sweet basil, green basil, purple basil and clove basil ge-
nerally have different chemical components and, in some cases, have similar
chemical components that vary in the weight percentage of their essential oils.

Keywords: Ocimum basilicum, Ocimum gratissimum, basil, essential oils, GC-
MS, chemical composition.
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1. INTRODUCTION

The genus Ocimum, or its common
name basil, is one of the most abun-
dant genera of the Lamiaceae family
(Sajjadi, 2006). Many cultivars of ba-
sil, which vary in size, colour and aro-
ma are used as culinary or medicinal
herbs (Dudai et al., 2020; Morales &
Simon, 1996; Simon et al., 1999). The
basil that is commonly used as a fla-
vour is typically known as sweet basil,
for example, in the Italian dish pesto
(Formisano et al., 2021). In Taiwan,
basil is a widely used herb. It is one of
the essential spices in traditional cui-
sine (Erway, 2015). In kitchens, basil
is also used for medicinal purposes
and its essential oils (Evans, 1996; Pa-
tel et al., 2018). For example, Taiwan
has seen the rise of growing herbs to
extract essential oils; however, most
farms lack understanding and expe-
rience in extracting essential oils
(Zhang et al., 2010). After extraction,
the content of the essential oils and
their chemical composition might affe-
ct their usage (Ali et al., 2015). Thus,
it is imperative to clarify the contents
of those essential oils. Under the in-
fluence of planting conditions and en-
vironmental factors, the same type of
plants growing in different places will
have a varying chemical composition
(Khalid, 2006; Da Silva et al., 2021).

In 5000 B.C., Indian discover a type
of basil with a luxurious scent. They
treated this plant as the avatar of the
goddess Tulsi, and named that plant
as such. The locals treated this basil
as the god of grass and used it in the
worship of their god Vishnu. They also
use it in traditional Indian medicine
Ayurveda (Javanmardi et al., 2002).
Three thousand years ago, the Egyptian
queen Cleopatra used essential oils for
skin care and gave her body a pleasant

scent. It is known that the smell of es-
sential oils can affect someone’s mind
and feelings (Oumeish, 2001). In 1922,
when the tomb of Egyptian pharaoh
Tutankhamun was excavated, archaeo-
logists learned that the Egyptians used
galbanum, cinnamon, frankincense and
cedar to preserve the bodies. Today’s
science confirmed that mummies, after
almost three thousand years, show the
remarkable antimicrobial properties
of essential oils (Balasubramanian,
2015). Ayurveda, which has been prac-
tised continuously in India for nearly
five thousand years, also describes the
many uses of aromatic plants for reli-
gious and medical purposes (Mukher-
jee et al., 2012). In 1910 scientist Re-
né-Maurice Gattefossé accidentally
burned his hand in a laboratory experi-
ment, and there happened to be laven-
der oil nearby. He immediately put his
hand into it. He felt his pain relieved,
and his wound recovered well without
a scar (Gattefosse, 2012). René-Mau-
rice Gattefossé conducted experiments
in military hospitals during World War
I (1914-1918) and began describing
aromatherapy in 1928 as a branch of
science and therapeutics (Micozzi,
2018). Through Gattefoss¢, it is pro-
ven the effect of essential oils based
on scientific evidence. Besides the
effect on the physical body, basil also
shows successful clinical practice on
long-term psychiatric patients. In 1923
Gatti and Cajola noted that odours pro-
duced an immediate effect on the cen-
tral nervous system, releasing patients’
memories and emotions, proving the
effect of essential oils on psychology
treatment (Agatonovic-Kustrin et al.,
2020; Valnet, 2012). The essential oils
are usually used to suppress bacteria
(Karapinar & Aktug, 1987), to boost
the spirit (Juergens et al., 2003), to
soothe lungs (Xu & Huang, 2007; Fan
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et al.,, 2015) and for relax the mind
(Javanmardi et al., 2002).

The name basil can trace its origin
to the Greek basileus, which means
‘king” (Singletary, 2018). The gre-
at English herbalist John Parkinson
mentioned that the taste of basil is so
good that it is very suitable for being
used in the palace. The main herb of
the bathing gel used by some ancient
royal family in Italy is called ‘the king
of herbs’ (Davis, 1995). Due to inter-
specific hybridisation and adaptation
to the environment, various subspe-
cies/varieties/ forms of basils exist and
have similar appearance and chemo-
type. This hybridisation causes some
problems in the classification of basil,
as it is difficult to understand the he-
redity relation of basil (Grayer et al.,
1996). Burzo and Mihaiescu (2005)
show that different species and types
have a different appearances and differ
physiologically and chemically. Swe-
et basil, green basil, purple basil, and
clove basil are entirely different in ap-
pearance and taxonomical classificati-
on, but the general public usually mix
up these plants. Chuang (2008) used a
molecular marker to decode the DNA
of basils and pointed out that basils in
Taiwan have considerable differences
with species from overseas and specu-
lates that it is caused by geographical
isolation. Usually, basils are classified
based on appearance or their chemical
component. However, the planting en-
vironment and geographical conditions
affect these two classification methods.
Besides that, hybridisation has created
significant confusion in the botani-
cal systematics of the Ocimum genus
(Vieira & Simon, 2006). Therefore, it
is essential to consider the origin of the
plant to overcome the problem of dif-
ferences caused by the adaption ability

of Lamiaceae.

The International Journal of Herbs
in 2002 clearly defines the scientific
name for sweet basil, green basil and
purple basil. They are under the same
family and genus (Mondello et al.,
2002; Sajjadi, 2006). The general pu-
blic tends to confuse the different basil
plants mentioned, but they have diffe-
rent morphology. The leaves of sweet
basil are oval and thicker when com-
pared to green and purple basil. The
green and purple basil leaves are shar-
per, thinner, and feel like paper. Green
basil and purple basil have different
stem colours, but green leaves. Clove
basil, on the other hand, although from
the same family Lamiaceae, is very di-
fferent from that of sweet basil, green
and purple basil. Clove basil and the
other three types of basils have diffe-
rent applications. The previous basils
are used in cooking because of their
distinctive smell, while clove basil is
usually used for liver maintenance in
health care (Hung, 2006; Lin et al.,
1993). In culinary, sweet basil is the
one that is used to make Italian sauce,
pesto. Sweet basil has a lighter flavour
and is suitable with lighter flavour in-
gredients. If green or purple basil is
used, it would taste like grass and has
a much stronger taste (Hsu, 2013).

There are several commonly seen
methods of extraction of essential
oils, such as hydro-distillation (HD),
solvent-free microwave extraction
(SFME), microwave-assisted  hy-
dro-distillation (MAHD), steam dis-
tillation, solvent extraction, supercri-
tical fluid extraction (Chenni et al.,
2016; Da Silva et al., 2021; Tran et al.,
2018). In the Early Middle Ages of Eu-
rope, towns mainly used the steam dis-
tillation method to produce perfumes,
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medical products, and alcohol, and
advances in technology developed
distillation equipment with different
materials such as bronze and stainless
steel (Kockmann, 2014). This method
is currently widespread, and high-qua-
lity equipment can be easily obtained.
Using the temperature and pressure of
steam to destroy the oils capsules of the
plant speeds up the release of essential
oils by plants, both water-soluble and
lipid-soluble components. In this way,
two types of organic material can exist
in the crude extract simultaneously to
obtain complete essential oil extracts.
The solvent extraction method uses
an organic solvent to dissolve plant
tissue. Many types of research on ba-
sil, sweet basil and clove basil also
use this method (Ashish et al., 2021;
Khater, 2020; Ciotea et al., 2021).

As extraction temperature cannot ex-
ceed 40°C, the essential oils are not
affected by high temperature. It will
not deteriorate quickly, but the pola-
rity, boiling point and safety must be
considered. Essential oils labelled ‘ab-
solute’ in the market are produced by
immersing plants in a volatile solvent
such as petroleum ether or hexane to
shift the aroma ingredient (Yih et al.,
2014). However, this method is sus-
ceptible to solvent residue and might
affect the extraction quality. If there
are no specific needs, this method is
not commonly used in the market and
research, and this method also cannot
obtain herbal distillate, and cannot ob-
tain a total crude extract, thus does not
meet the requirement of this research.
The supercritical fluid extraction (SFE)
method uses carbon dioxide as a me-
dium of extraction, adjusting the tem-
perature and pressure to a supercriti-
cal condition. The supercritical fluid
phase is between the gas phase and

liquid phase, the viscosity of the fluid
is nearer to that of gas and its density
nearer to that of liquid; the essential
oils are dissolved out of the plant un-
der this high pressure. The SFE with
carbon dioxide method takes a shorter
time, and there is no chemical reaction
between solvent and essential oils. The
whole process is carried out at a low
temperature and is suitable for essen-
tial oils components that are unstable
at high temperatures. However, the di-
sadvantage is the need for large equi-
pment and high cost, and this is only
used to extract precious essential oils
(Yih et al., 2014; Arranz et al., 2015).
This method cannot harvest liquid
crude extract; it cannot obtain the wa-
ter-soluble component, thus unable
to analyse the fundamental elements.
Comparing the mentioned methods,
solvent extraction and supercritical
fluid extraction method can only ex-
tract lipid-soluble essential oils com-
ponents, but not water-soluble compo-
nents. The solvent extraction method
might have an incomplete solvent re-
action, and solvent residue in the oil
extract, plus these two methods easily
cause incomplete oil extract. Therefore,
steam distillation, the commonly used
technique to harvest complete crude
extract, is used. This distillation ensu-
res that the complete lipid-soluble and
water-soluble essential oil component
is obtained (Arumugham et al., 2021).

This study aims to investigate the com-
ponents of four types of basils com-
monly found in Taiwan: Ocimum
basilicum L. widely known as sweet
basil; Ocimum basilicum L. cv. green
known as green basil; Ocimum ba-
silicum L. var. purpurascens known
as purple basil; and Ocimum gratis-
simum L. known as clove basil. The
general public usually cannot tell the
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differences between these basils and
consider them the same species. How-
ever, they are different, and so are their
essential oils (Hussain et al., 2008;
Patel et al., 2016). For this study, the
plants are carefully selected, and their
flowers and leaves are carefully harve-
sted to be analysed by gas chromato-
graphy-mass spectrometry (GC-MS).
Furthermore, the essential oils of the
four types of plants are evaluated by
experienced aromatherapists through
a questionnaire of closed-ended ques-
tions. The questionnaire is designed
based on the results of GC-MS. This
study aims to describe and give a
further understanding of the chemical
content of basils and hopes to guide
the use of basils in aromatherapy. The
structure of the paper is as follows.
In Section 2, we present the materi-
als and methods. Then, in Section 3,
the results and discussions. Finally,
conclusions are drawn in Section 4.

2. MATERIALS AND METHODS

Before the experiment, a pre-experi-
ment is carried out to observe and re-
cord distillation time, heating tempera-
ture, and the changes in the amount of
extract. The plant used in pre-experi-
ment is purchased readily for distilla-
tion. The essential oils obtained are
analysed using GC-MS (Adams, 2007;
Murarikova et al., 2017; Sacchetti et
al., 2005). The distillation time to get
the extract for each plant is obtained,
and the extract is analysed. After the
analysis, the optimum condition for
extraction and the hypotheses of aro-
ma evaluation is proposed. Based on
the observed optimum condition in the
pre-experiment, a second distillation is
carried out using plants from the exact
origin, and the extract is analysed using
GC-MS. Finally, a questionnaire is de-
signed using the proposed hypotheses

and evaluated by experienced aroma-
therapists to differentiate the four types
of basils.

2.1 Plant material for pre-experi-
ment

Before the distillation, four types of
readily available plants are purchased
to carry out the pre-experiment to de-
fine the optimum distillation time and
heating temperature. The purchase of
the plants was made in the following
places: for sweet basil in Changhwa
Fanwa Farm (address: No.185, Dou-
yuan Road, Ren’ai Village, Fangyuan
Township, Changhua County); for
green basil in Miaoli’s herbs planting
farmer; for purple basil and clove ba-
sil in Jinfutian Organic Farm (address:
No.2, Lane 795, Dongkeng Road,
Dongshi District, Taichung City). The
harvesting part used for distillation is
the flowers and leaves with two kilo-
grams for each plant. First, dust and
dirt are washed off the gathered flowers
and leaves. Then they are dried in the
shade for 12 hours to remove surface
water.

2.2 Plant material for the experi-
ment

Four types of plants planted in the same
place are extracted under the optimum
condition in the experiment. The sour-
ce of seeds and plants are from mer-
chants who previously worked with
research units or experts, to make sure
the herbs are of the right species. Orga-
nic farms planting herbs provide three
types of plants in seeds, and one type
of plant in angiosperms, to make sure
the origin of the species are correct.
The sweet basil angiosperm was obtai-
ned from Tangshan Herb (address: No.
36, Chungwen 3rd Street, Puli Towns-
hip, Nantou County). The clove and
purple basil seeds were obtained from
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Jinfutian Organic Farm (address: No.2,
Alley 795, Dongkeng Rd., Dongshi
Dist., Taichung City). The seeds of
green basil were obtained from Hou-
se of Vegetables (address: No.233-1,
Section 2, Hecuo Road, Hemei Towns-
hip, Changhua County). Then, the four
types of plants are planted in Tainan
City in Taiwan for three months. The
number of sweet basil’s angiosperms
is increased by cutting. Approximately
10-15 cm of the stems are cut and are
placed in a bottle filled with tap wa-
ter. After nearly ten days, the grown
roots are moved to small pots con-
taining soil. The plant is sufficiently
watered every day. Plants are transfer-
red to larger containers when grown
to approximately 15 centimetres tall.
Sweet basil, green, purple, and clove
basil take around 1 to 1.5 months to
blossom. Then, the flowers and lea-
ves are harvested for distillation. The
plants were harvested, ensuring that
the previous ten-day had not rained
to avoid the essential oils being flus-
hed away by rain. The flowers and
leaves collected for the experiment
are directly distilled without washing
and drying. The plants are extracted
on the same day they are harvested.

2.3 Extraction method

As essential oils contain both water-so-
luble and lipid-soluble components, it
is crucial to retain the original elements
as possible. Therefore, a pre-experi-
ment is carried out to determine the
relationship between distillation time
and heating temperature and the con-
tent of the extract. The result of the
pre-experiment is used to determine the
optimum distillation time and heating
temperature for extraction. At the same
time, the result of the pre-experiment
is also used to propose five hypotheses
for the aroma evaluation. This research

uses distillation equipment common-
ly found in the market. The Taishan’s
TS003-10L, all 304 stainless steel ma-
terial made in Taiwan, is used. Two
kilograms of freshly harvested flowers
and leaves are weighed and distillate in
pre-experiment, while three kilograms
are used in the experiment, correspon-
ding to the second distillation. Each
distillation lasts for three hours in the
pre-experiment, and the essential oils
are collected every hour. The amount
of essential oils is observed to decide
the optimum distillation condition for
the experiment. After pre-experiment,
a second distillation is carried out using
the optimum condition based on ob-
servations of the pre-experiment. Both
distillations are in pre-experiment, and
the experiment is carried out using the
same equipment. The same method is
used to extract essential oils in both the
first and second distillation. The distil-
ler is sterilised before distillation. An
induction stove is prepared—the dura-
tion and temperature of the distillation
set. Five litres of distilled water is ad-
ded to the distiller. Flowers and leaves
are weighed and placed on the separa-
tion rack, and the distiller is covered
with its lid. The separation rack separa-
tes the flowers and leaves from the dis-
tilled water to be heated uniformly. For
the first thirty minutes, the distiller is
heated to a temperature of two hundred
Celsius (200°C) and maintained at that
temperature. After that, the essential
oils start to flow out, and the tempe-
rature is maintained at a lower tem-
perature to prevent overheating. The
flowers and leaves are heated for three
hours in the pre-experiment, and their
essential oils are collected every hour.

2.4 Gas chromatography-mass spec-
trometry analysis
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The collected essential oils are diluted
1000 times with ethyl acetate (EA).
Then, it is analysed using gas chro-
matography-mass spectrometry (GC-
MS). GC-MS is carried out using
Shimadzu’s GC-2010 with a GCMS-
QP2010 detector and an AOC-20i
injector, fitted with a GL Sciences’
InertCap-SMS/NP column (0.25 mm
I.D. x 30 m, df = 0.25 pm). 1.5 mL
of the diluted essential oils are filled
into sample bottles. They are placed
accordingly onto a rotating tray for
elution. The pressure of the tank is
set between 0.7-0.8 MPa. Then, the
GC-MS and computer are switched
on accordingly. The results obtained
from GC-MS analysis are examined
and compared with the ISO Standards.

2.5 Aromatherapy evaluation

According to the data obtained from
GC-MS analysis in the pre-experi-
ment, five hypotheses are proposed
to construct the essential oils aroma
evaluation form filled by experienced
aromatherapists. Thirty female aroma-
therapists, aged between 26 and 30,
with more than four years of experi-
ence in aromatherapy, are invited to
evaluate the aroma of the essential oils
extracted. The essential oils are filled
into labelled spray bottles. The bottles
are shaken before spraying, and they
are sprayed at an angle of 45° and a
distance of 30 centimetres away from
the face of the aromatherapist. In bet-
ween each spraying, aromatherapists
inhale coffee beans to clear the scent
left in the nostril and breath, usually
for 20 seconds. All aromatherapists
then mark every five hypotheses in
the evaluation form based on the aro-
ma of the essential oils and their fee-
ling after inhaling. Each hypothesis is
rated on a numeric scale of 1 through

5, with one being strongly disagreed
and five strongly agree. Thus, with 30
aromatherapists, each hypothesis has
the highest score of 150, which is also
a perfect score. The ratings given by
all 30 aromatherapists are summed to
obtain a single actual score. The sup-
porting ratio is obtained by dividing
the actual score by the highest score.

3. RESULTS AND DISCUSSION

Pre-experiment is carried out using
two kilograms of flowers and leaves in
five litres of distilled water to obser-
ve the relationship between duration
of distillation, heating temperature,
and amount of crude extract harves-
ted. The pre-experiment shows that
the optimum time and temperature for
extraction are increased to 200°C for
the first 30 minutes and decreased to
and controlled at 160°C for the next 30
minutes. The plants turn brown after
heating. At this condition, the essential
oils are maintained at a constant flow.
This prevents overheating and the dis-
tilled water from evaporating too quic-
kly. However, the high temperature
will destroy the components of essen-
tial oils. If it is heated at a temperature
lower than 160°C, the flow of essen-
tial oils is obstructed, and the plants
remain freshly green after extraction,
which means the essential oils are not
thoroughly extracted. Table 1 and Ta-
ble 2 show that extract collected after
2 and 3 hours of distillation for sweet
basil shows incomplete components.
This also means that most elements
can be obtained with a distillation of
1 hour. For green basil, it is found that
although the amount of methyl chavi-
col increases with distillation time, the
loss of components also increases. The
main components of purple basil in-
crease with distillation time; however,
the content of other elements decreases
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As for clove basil, its main components
start to slip away after 1 hour. The
yield for purple basil and clove basil
is highest within 2 hours, while sweet
basil and green basil have the highest
return within 1 hour. All four types of
basils are completely extracted within

2 hours through the steam distillation
method. As the aim of distillation in
this research is to obtain essential oils
in their most complete form possible,
it is decided that 1 hour is the distilla-
tion time for all basils in this research.

Weight of flowers  Distilled Amount of extract (L)
and leaves (kg)  water (L) Temperature condition Sweet  Green TPuple Clove
basl  basil  basil  baul
) j 200°C throughout 33 37 33 3.6
- First 30 munutes: 200°C
! Last 30 minutes: 130°C 16 = i 18
) ; First 30 munutes: 200°C 3 3 3 3

Last 30 mimutes: 160°C

Table 1. Temperature condition and extract collected after 3 hours in the pre-experiment

Mplecular Caomposibon {¥&)
Compound weight Hour Swaet Greer  Purple Clove
{Emal) lrasil Trasil bazil asil
First T3 1.01
Eucalyptol 15435  Second 0.59 0.05
I‘C|.H| .‘:l_,' Th.l.['d
First 3054
Lmzloal 15425  Second 124
I‘C|.H| .‘:l_,' Th.l.['d
. l First 3789 739 TE 05
supema. 164204  Zacond 102 1.01 73.58
(Crobli20:) Third 6308
_ . First 5670 GER
hettyl chavicel 1482  Second 9830 9713
e Third 100.00
o First 105
p-/CImERe 12623 Zacond 0.00
(CroHie) Third 0.00
First 700
9,53%’153”"“’-“ 20435  Second 177
st Third 0.00
. First 338
‘:'ég{'*ﬂm 13624  Second 3.42
Wratiin Third 000
First 000
Copaene (2 -Hza) 204 .34 Sacond 4.45
Third 415
. First EE]
F,L:”IEF ophyllene 20436  Second 464
st Third £71
First 7.14
?:H’I’EI*E“’-“E D 20435  Second 13.80
st Third 2185
- First 0.00
?é'zlg‘%m 20435  Sacond 0.00
stz Third 120

Table 2. Results of GC-MS analysis in the pre-experiment
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Table 3 shows the results obtained
by steam distillation of the four types
of basils at the conditions determi-
ned from the pre-experiment, heating
to 200°C for the first 30 minutes and
maintaining at 160°C for the next 30

minutes. Results of GC-MS analysis
are shown in Table 4, and the mass
spectrum of sweet basil, green ba-
sil, purple basil and clove basil are
shown in Figures 1 to 4, respectively.

Weight of Diztilled Temperature Amount of extract after 1 hour (L)
flowers and ~ water (L) Sweet Green Purple Clove
leaves (kg) basil basil biastl basil

First 30 min: 200°C
3 5 0.3 0.3 0.3 0.3

Last 30 min: 160°C

Table 3. Extract collected from sweet basil, green, purple and clove basil after 1 hour in the second disti-

Ilation

Composition (%)

Compound name Sweet basil  Green basil  Purple basil  Clove basil
Eucalyptol 8.56 273
Linalool 40.01 0.70
Methy] chavicol 0.21 9372 9432
Camphor 0.25
EBornyl alcohol 0.93
- Terpineol 1.34
Eugenol 4672 3.08 2341
e-Bergamotene 0.0 0.47 213
Muurolol 0.58
f-Ocimene 283
ciz-Oecimene 6.31
[-Caryophyllene 2.56
Germacrene D 7.62

Table 4. Results of GC-MS showing percentage composition of essential oils in the second distillation

Sweet basil’s essential oils are main-
ly eucalyptol, linalool, and eugenol,
while other trace components such as
camphor and muurolol help regulate
its aroma. Trace component o-berga-
motene gives sweet basil extra orangey
scent and works well with the main
component eucalyptol to offers a fresh,
energetic blend. From GC-MS data, it
is known that the component of sweet
basil is very diverse. It is composed of
many trace components that coordina-
te the overall aroma and is also widely
accepted. Green basil’s main compo-
nent, methyl chavicol, constitutes more
than 93% of its essential oils. The scent
of trace component bergamotene eases
the irritation brought by the main com-
ponent. The main elements of sweet

basil, eucalyptol, and eugenol, are also
found in green basil, with a differen-
ce in content. Both these ingredients
increase the fresh and lively aroma of
green basil. Purple basil has the same
main component as green basil. Methyl
chavicol constitutes more than 94% of
its essential oils. The same trace com-
ponent bergamotene is also found in
purple basil, which slows down the
irritation brought by the main com-
ponent. The other component linalool
gives purple basil’s essential oils a
sense of calmness. Results show that
clove basil has different elements from
the other three basils. Although it has
the same main component eugenol, as
sweet basil, its amount is much higher
than that in sweet basil, other trace
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components found in clove basil com-
bined as the ingredient which soothes
the lungs.

From Figure 5, it is confirmed that the
main components of green basil and
purple basil are almost the same.

sifpomm

While green basil and sweet basil have
a lot of shared components, they are
very different in amount, which means
there is little correlation between the
two. Clove basil and sweet basil have
only one component in common. Other
components found in sweet basil are
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not found in clove basil. From the per-
spective of the analysis of the compo-
nents of essential oils, it is shown that
green and purple basil, sweet basil and
clove basil are different type of plants.
Although the retention times of eugen-
ol of different basil are slightly diffe-
rent, from Figure 6, it is clearly shown

Ingenieria, 2021: 28 - 2

that both eugenols found in sweet
basil and clove basil are the same.
Table 5 shows a vast difference in
the content of green and purple ba-
sil with sweet basil and clove ba-
sil, which further indicates that
these basils are different from the
components of their essential oils.

Main component Eetention Content (%)

- titne (2) Sweet bagil  Green basil Purple basil  Clove basil

Eucalyptol 12.70 2.65 273 0.00 0.00

Linalool 14 86 40.10 0.00 0.70 0.00

Methyl chavicol 17.80 0.21 9372 9432 0.00

Eugenol 22.29 46.72 5.08 0.00 8341

Table 5. The content of principal components in four types of basils
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Figure 5. Comparison of GC-MS analysis of essential oils of four types of basil
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From Figure 5, it is confirmed that the
main components of green basil and
purple basil are almost the same. While
green basil and sweet basil have a lot of
shared components, they are very dif-
ferent in amount, which means there is
little correlation between the two. Clo-
ve basil and sweet basil have only one
component in common. Other com-
ponents found in sweet basil are not
found in clove basil. From the perspec-
tive of the analysis of the components
of essential oils, it is shown that green
and purple basil, sweet basil and clove

Figure 6. Mass s.pectrilm of eugenc;l in sweet basil and clove basil

basil are different type of plants. Al-
though the retention times of eugenol
of different basil are slightly different,
from Figure 6, it is clearly shown that
both eugenols found in sweet basil and
clove basil are the same. Table 5 shows
a vast difference in the content of green
and purple basil with sweet basil and
clove basil, which further indicates
that these basils are different from the
components of their essential oils.

Table 6 shows the comparison of GC-
MS results with ISO Standard. It is
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observed that the components that ap-
peared in the analysis results are also
found in the ISO Standard (Internati-
onal Organization for Standardizati-
on [ISO], 1998). This reflects that the
source of plants, extraction method
and analysis method in this research
are reliable, and the results are credib-
le and can be used as a reference for
aromatherapy and other related appli-
cations. Results of GC-MS analysis
show that the main components of
the essential oils of sweet basil, gre-
en basil, purple basil and clove basil
are different. The main component of
green basil and purple basil’s essential
oils is methyl chavicol, which consti-
tutes 93.72% and 94.32%, respecti-

time of 22.29 seconds represents
46.72%. Sweet basil also contains a
trace amount of methyl chavicol, at
0.21%. The main component of clove
basil’s essential oils is eugenol, which
takes up 83.41% of all compounds,
with a retention time of 22.29 seconds.
Besides that, clove basil has a higher
eugenol content than sweet basil

Summarising the uses of the four types
of basil and the results of GC-MS,
five hypotheses for aroma evaluation
by aromatherapists can be proposed.

« Hypothesis A: Since there is no
distinction between green and
purple basil in cooking, green
basil and purple basil are con-

vely. Mass spectrometry shows that sidered the same plant and
the retention time for both the main have the same components.
components of green basil and pur

Componet Minimun  Maximom Content (%)

()* (%a)* Sweet basil  Green basil Purple basil  Clove basil

Fucalyptol (1.8-cineole)®  1.00 330 3.68 173
trans-Ocimene® 0.90 2.30 285 6.31
Camphor® 015 0.80 0.25
Linalool* 0.30 3.00 40.10 2.13
Terpinen-4-ol* 0.20 0.60 1.34
Methyl chavicel* 75.00 §7.00 0.21 0372 9432
Eugenol* 0.30 250 46.72 3.08 8341
Bornyl alechol 0.93
o-Bergamotene 0.60 047 0.70
Muuralal 0.58
f-Caryophyllene 266
(Germacrene D 162

*NOTE: From chromatographic profile ISO 11043:1993(E). The chromatographic profile is normative, contrary to typical

chromatograms siven for information.

Table 6. Comparison of GC-MS results with ISO Standard

ple basil are the same, which is 17.80
seconds, and they are the same com-
pound. Moreover, both sweet basil
and green basil have eucalyptol and
eugenol, but green basil has a lower
content. There are three main compo-
nents in sweet basil: eucalyptol with a
retention time of 12.70 seconds cons-
titutes 8.68%, linalool with a reten-
tion time of 14.86 seconds constitutes
40.10%, and eugenol with a retention

« Hypothesis B: If green and purple
basil are categorised as the same
plant, and sweet basil and clove ba-
sil are used differently, green basil
and purple basil are considered a
different plant with sweet basil and
clovebasil according to their aroma.

« Hypothesis C: As pesto made
from sweet basil is regarded with
great favour by the general public;
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thus, the aroma of sweet ba-
sil extract is widely favo-
ured by the general public.

Hypothesis D: There is much lite-
rature related to the antimicrobial
property, lungs soothing -effect,
and immunity-boosting properties
of clove basil in the Asia region;
therefore, aromatherapists feel
comfortable in their lungs after in-
haling clove basil’s essential oil.

Hypothesis E: Since the scent
of sweet basil is favoured by the
general public, then the compo-
nent of sweet basil’s essential
oil gave a feeling of happiness
and relaxation after inhaling.

Thirty questionnaires were distribu-
ted and collected. The questionnaire
is shown in Appendix A. Results in
Table 7 support these research hypo-
theses positively. Among 30 aromathe-
rapists, 26 support all five hypotheses
in this evaluation. Hypotheses A and
B received the highest supporting ra-
tio, with 90% and above acceptance.
29 out of 30 aromatherapists prefer the

aroma of sweet basils among all four
essential oils. Only one aromatherapist
does not particularly favour its aroma.
Twenty-eight aromatherapists find
that inhaling clove basil’s essential oils
soothes their lungs, and 29 aromathe-
rapists find that inhaling sweet basil’s
essential oils gives a sense of happiness
and relaxation. This aroma evalua-
tion shows that more than 90% of all
the aromatherapists in this evaluation
think that green basil and purple basil
have the same essential oils compo-
nents. Higher content of methyl chavi-
col is not favoured in the aroma eva-
luation. Most aromatherapists decide
that sweet basil, green and purple basil,
and clove basil are different plants with
different essential oils components.
Components of sweet basil are more
diverse, have higher support, and are
highly favoured by the general public.
Most aromatherapists also agree that
the aroma of sweet basil helps relax
the body and mind. Aromatherapists
also think that inhaling clove basils
essential oils can soothe the lungs.

: Scale Supporting
Hypothesis 1 2 3 1 3 ratio
A a 0 0 15 15 0.90
B a 0 0 12 18 0.9z
C 0 0 | 18 11 0.87
D 0 0 2 13 15 0.89
E a 0 1 16 13 0.88
Table 7. Results of aroma evaluation
4. CONCLUSIONS contain high levels of eugenol

From the chemical components of es-
sential oils of the four types of basil
analysed, it is found that they have simi-
lar chemical elements and similar con-
tent compared to ISO 11043:1998(E)
Standards. Many kinds of research sta-
te that clove basil is a valuable plant,
and it is confirmed that its essential oils

(83.41%), and it is used to soothe the
lungs. Further research should clari-
ty the properties of the plant and its
medicinal value. Analysis data shows
that green basil and sweet basil share
some components such as eucalyptol,
methyl chavicol, eugenol and a-ber-
gamotene. It is suggested that they are

60



Alimentos, Ciencia e Ingenieria, 2021: 28 - 2

related, and further research is required
to find out more evidence about them.
Green basil and purple basil can be
considered the same plant from their
essential oils because they share a high
amount of methyl chavicol (93.72%
and 94.32%, respectively). Sweet ba-
sil, green, purple, and clove basil are
easily confused by the general public.
This research confirmed that these ba-
sils appear differently in the aroma of
their essential oils. The component of
sweet basil is more diverse than that of
the other basils. Its aroma is also relati-
vely gentler and less pungent; therefo-
re, it is generally more acceptable and
commonly used in cooking and aro-
matherapy. Aromatherapists confirm
that clove basil has a lung-soothing
effect, and it is suggested to be added in
lung-soothing products such as incen-
se and oils. Aromatherapists also con-
sistently agree that the aroma of sweet
basil relaxes the mind and body. It can
bring relaxation and a calm to anxious
mood when facing tense situations,
thus helping stabilise performance.
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Resumen

En el presente documento, se analiz6 el efecto de la temperatura en la cristaliza-
cion de peliculas delgadas de perovskita (CH3NH3PbI3-xClx) (las peliculas de
perovskita se utilizan para producir células fotoeléctricas basadas que parecen
ser dispositivos con menores costos de produccion y mayor eficiencia que las
células fotoeléctricas basadas en silicio). Para sintetizar las peliculas de pero-
vskita, se sometio a cuatro muestras, con solucidon precursora, a un proceso de
centrifugado durante 45 s a 2.000 rpm. Después, las muestras se trataron térmi-
camente a tres temperaturas. Asimismo, las muestras se caracterizaron mediante
espectroscopia UV/Vis, espectroscopia de emision y microscopia electronica de
fluorescencia, y se utilizd el software Imagel] para analizar el tamafo de los
cristales. Se encontrd que la muestra tratada a 80 oC present6 la mayor emi-
sion de fluorescencia con 49539,09 CPS y la mejor distribucion de tamafio de
particula. También se calcul6 la brecha energética (Eg), que resulté ser de 1,60
+ 0,01 eV (Una célula fotoeléctrica ideal tiene una energia de brecha de 1.4
eV para absorber la maxima cantidad posible de fotones de la radiacion solar).
Palabras clave: Cristales de Perovskita; Cristalizacion; Células Fotoeléctricas.

Abstract

In the present manuscript, the effect of temperature on crystallisation of pero-
vskite thin films (CH3NH3PbI3-xClx) was analysed (perovskite films are uti-
lized to produce perovskite-based solar cells that appear to be devices with
lower production costs and higher efficiency than silicon-based solar cells).
To synthesise the perovskite films, four samples with precursor solution were
spin coated for 45 s at 2000 rpm. After that, the samples were annealed at
three different temperatures. Likewise, samples were characterised by UV/Vis
Spectroscopy, Emission Spectroscopy, Fluorescence Microscopy, and Ima-
gel software were used to analyse crystal size. It was found that the sample
annealed at 80 oC presented the highest fluorescence emission with 49539.09
CPS and the best particle size distribution. Band Gap Energy (Eg) was also
calculated resulting in 1.60 £ 0.01 eV (An ideal solar cell has a band gap of
1.4 eV to absorb the maximum number of photons from the solar radiation).
Keywords: Perovskite Crystals; Crystallisation; Solar Cells.
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1. INTRODUCTION

Perovskite-based solar cells (PBSC)
appear to be an alternative to sili-
con-based devices due to their signi-
ficantly better performance when it
comes to cell stability and characte-
ristics [1]. Likewise, PBSC have low
production cost, high efficiency, and
a simple production process. More
specifically, perovskite crystals are a
remarkable material that can be des-
cribed by the formula ABX3. Where A
and B are different-size cations and X
is an anion. This material also contains
an organic molecule, a heavy che-
mical element like Pb and a halogen
atom [2]. However, the mixed halide
perovskite CH3NH3PbI3-xClx (MAP-
bI3-xClx) can be synthesised by using
an [- and a Cl- anions. It has been also
proved that MAPbI3-xClIx has an up-
graded stability in air and a long-char-
ged diffusion length compared to
methylammonium lead iodide pero-
vskites. However, chlorine presence
in perovskite crystals is controversial.
It has been discovered that nucleation
dynamics can be affected by chlorine,
yet undetectable in the final perovski-
te film. Nevertheless, the role of chlo-
rine in perovskites is to perform as a
surface passivator and as a dopant [3].

In 2009 Miyasaka et al. [4] developed a
CH3NH3PbI3-based solar cell for the
first time and a 3.8% of efficiency was
reported. Due to this work, PBSC have
been improved and nowadays nume-
rous studies have reported more than
15% of power conversion. Several te-
chniques have been applied to produce
PBSCsuchassolution process (one step,
two steps and vapour assisted), thermal
evaporation [5] and annealing pro-
cess. Nevertheless, one-step solution
process has shown problems that can
be influential for PBSC performance

such as weak crystallisation of
CH3NH3PbI3-xClx, non-uni-
formity and leakage [6].

Crystallisation is the main factor
that determines the PBSC properties
and performance. It has been stu-
died and proved that improving the
annealing fabrication process crys-
tallinity of the perovskite films can
be increased, therefore, electronic
properties can be also upgraded [5].

In the present work, thin films of pe-
rovskite crystals were synthesised by
spin-coating and annealing the samples
at RT, 80, 100 and 125 oC to analyse
the effect of temperature on crystallisa-
tion of perovskite layers. Furthermore,
perovskite films were characterised by
UV/Vis Spectroscopy, Emission Spec-
troscopy, Fluorescence Microscopy,
and ImageJ Software was utilised to
analyse the particle size of the crystals.

2. MATERIALS AND METHODS

Thin-films of iodide/chloride
mixed-halide perovskite CH3NH3P-
bI3-xCIx were synthesised at different
temperatures and characterised by the
following methodology described in
this section.

2.1. Perovskite crystals synthesis

Firstly, a precursor solution was prepa-
red mixing methylammonium iodide
with lead chloride dissolved in dime-
thylformamide (DMF) producing a
mixed halide perovskite as is described
by Equation (1):

3MAI + PbCl, — MAPbI;__Cl,

Where,
MA = CH3NH3

To synthesise the thin films of perovs-
kite crystals, four samples were prepa-
red. Firstly, 100 uL of precursor solu-
tion was pipetted on three peds. After
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that, each sample was spin coated for
45 s at 2000 rpm by using a Laurell
WS-650MZ-23NPPB centrifuge with
the aim of remove exceeding solution
and to create a uniform layer. Then,
the samples were placed on three di-
fferent hot plates at 80, 100, and 125
oC for 25 min to crystallise the pre-
cursor solution. Likewise, the four-
th sample was prepared by pipetting
100 pL of the solution on a micros-
cope slide and another slide was pla-
ced on top to create a semi-thin layer.
This sample was crystallised at room
temperature (RT = 19 oC) for 2 h [6].

2.2. Perovskite crystals characteri-
sation

To characterise the perovskite crys-
tals three techniques were utilised.
Absorbance spectra were measured in
the range of 300 — 800 nm by a Per-
kin Elmer Lambda 9 spectrometer. Si-
milarly, Emission Spectroscopy was
conducted on a FluoroMax—4 spec-
trometer in the range of 650 — 950 nm
to measure the fluorescence emission
spectra. Band Gap Energy (Eg) was
calculated by using Equation (2) [7].

0 200 400

hrgorbance
—
—_ A

600

Eg = %
Where,

Eg = Band Gap Energy

h = Planck’s constant (6.626 x 10-34
Js)

C = Speed of light (3.0 x 108 m s-1)

A = Wavelength at maximum fluores-
cence emission (nm)

Finally, Fluorescence = Microsco-
py was performed on an Olympus
BX51 microscope to determine the
effect of temperature on the size of
crystals and Image] software was
utilised to measure the crystal size.

3. RESULTS AND DISCUSSION
3.1. UV/Vis Spectroscopy

Figure 1 shows UV/vis absorption
spectra of the perovskite layers at
80, 100 and 125 oC. Due to the an-
nealing process, perovskite films
changed its colour from light green/
yellow to dark grey (Figure 2), con-
sequently, their absorbance increa-
sed [5]. Additionally, it is clearly
observed an onset of the absorption
spectra at 374 nm approximately.

80 C

—_— 100 C

125C

800 1000

Wavelength (nm)

Figure 1. UV/Vis absorption spectra of perovskite films.
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126+

20 ~C RT
Figure 2. Perovskite films after annealing process.

3.2. Emission spectroscopy

Figure 3 displays fluorescence emission

spectra of the perovskite films at RT, 80,
100 and 125 oC. The sample that was
annealed at 80 oC reported the highest
fluorescence emission with 49539.09
CPS at 771 nm. Thus, for this study, it
can be concluded that 80 oC is the op-
timum temperature to synthesise pero-
vskite crystals (CH3NH3PbI3-xClx).

Likewise, Eg was calculated by using
the wavelength at the highest fluores-
cence emission for each annealing tem-
perature. The Eg value resulting 1.60
eV £ 0.01 as is shown in Table 1 and
it is corroborated with previous studies
(Anideal solar cell has aband gap of 1.4
eV to absorb the maximum number of
photons from the solar radiation) 8, 9].

GO000
50000
% 40000
5 80
d 30000
< 100
S 20000 125
[=]
=
- 10000 RT
o
600 700 200 300 1000
Wavelength (nm)
Figure 3. Fluorescence Emission espectra of perovskite films
Temperature Wavelength
=C) (nm) Eg (eV)
RT 782 1.59
&0 771 161
100 777 1.60
125 783 1.59
Average 1.60
Standard
deviation .01

Table 1. Band gap energy (Eg) for each sample
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3.3. Fluoresence Microscopy

To evaluate the crystal size, 20 mea-
sures of each sample were taken ran-
domly by using Imagel software and
results are displayed in Table 2. More
specifically, the most consistent values
were shown by 80 oC sample. Stan-
dard deviation for this set of data was
the smallest (0.72 um) which means
that maximum (3.52 um) and mini-
mum (0.79 um) values of crystal size
were not significantly separated from
the average (1.48 um), thus, it can be

(1.48 pum), thus, it can be concluded
that this data presented uniformity and
80 oC is the optimum temperature for
perovskite crystallization (CH3NH3P-
bI3-xClIx). In addition, images taken
from Fluorescence Microscopy are
shown in Figure 4. In this figure, it is
clearly observed that 80 oC sample is
the one with the best crystal distribu-
tion. This is crucial, since it has been
proved that improving the crystalli-
zation process of the perovskite films
can also upgrade their electronic pro-
perties [5]

Temperature (°C)
Cristal
Size RT &0 100 125
(nm)
Min 4. 46 079 (415 6.90
Meax 1545 |352 |1428 |1799
Average | 938 148 (916 10.76
Standard | 3 30 1072 258 [3.22
Deviation

Table 2. Crystal size statics at each annealing temperature

125°C

80°C RT

100°C

Figure 4. Images of the Fluorescence Microscopy at each annea-
ling Temperature
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4. CONCLUSIONS

Perovskite crystal thin films were syn-
thesised by applying the aforementio-
ned methodology. More specifically,
the best sample, which was annealed at
80 0C, presented the highest fluorescen-
ce emission with 49539.09 CPS at 771
nm and the best uniformity for crystal
size with 1.48 £ 0.79 um. Eg was also
calculated resulting in 1.60 + 0.01 eV.
Likewise, for future work, it is recom-
mended to analyse annealing time and
humidity as variables because they can
affect the crystallisation process. Fi-
nally, Scanning Electron Microscopy
and X-ray diffractometry could also be
carried out to characterise the crystals.
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