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RESUMEN

Hoy en dia se buscan alternativas sustentables de algunos alimentos, por lo que los insectos se
han vuelto atractivos. El conocer mas sobre sus posibles aportes beneficiosos a nuestra
alimentacion, como presencia de fenoles y su capacidad antioxidante, es un paso inicial hacia
su uso. En este estudio se hizo una caracterizacion nutricional para proteinas, grasas y cenizas
de Platycoelia lutescens y Rhynchophorus palmarum basdndose en los métodos propuestos por
la AOAC (Asociacion de Quimicos Agricolas Oficiales) para carnes crudas para facilitar su
comparacion con fuentes de proteinas tradicionales. También se uso el método Folin-Ciocalteu
para fenoles totales y el ensayo FRAP (Ferric Reducing Antioxidant Power) para la capacidad
antioxidante, componentes bioactivos no registrados aun en insectos. Se encontraron valores
previamente registrados en ambas especies para sus niveles de proteinas (P. lutescens ~50%,
R. palmarum 27% - 44%), grasas (P. lutescens ~25%, R. palmarum ~50%) y cenizas (P.
lutescens ~4.5%, R. palmarum ~1%), aunque entre muestras no presentan homogeneidad
posiblemente debido a factores externos (sustrato o localidad). Los valores obtenidos de
fenoles totales y capacidad antioxidante son nuevos, por lo que no se puede comparar con otros

insectos, pero indican su gran potencial como alternativas alimenticias a seguir estudiando.

Palabras clave: capacidad antioxidante, Ecuador, entomofagia, fenoles totales, Platycoelia

lutescens, Rhynchophorus palmarum.



ABSTRACT

Nowadays, sustainable alternatives for some foods are being sought, which is why insects have
become attractive. Knowing more about their possible beneficial contributions to our diet, such
as the presence of phenols and their antioxidant capacity, is an initial step towards their use. In
this study, a nutritional characterization for protein, fat and ash of Platycoelia lutescens and
Rhynchophorus palmarum was performed based on the methods proposed by the AOAC
(Association of Official Agricultural Chemists) for raw meats, in order to facilitate the
comparison of the results with traditional meat sources. The Folin-Ciocalteu method was used
for total phenols and FRAP assay (Ferric Reducing Antioxidant Power) for antioxidant
capacity, bioactive components not yet recorded in insects. Previously recorded values were
found in both species for their protein (P. lutescens ~50%, R. palmarum 27% - 44%), fat (P.
lutescens ~25%, R. palmarum ~50%) and ash levels (P. lutescens ~4.5%, R. palmarum ~1%),
although between samples they do not present homogeneity, possibly due to external factors
(substrate or locality). The values obtained for total phenols and antioxidant capacity are new,
so they cannot be compared with other insects, but they indicate their great potential as food

alternatives to be studied further.

Key words: antioxidant capacity, Ecuador, entomophagy, Platycoelia lutescens,

Rhynchophorus palmarum, total phenols.
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INTRODUCTION

Due to constant and current climatic changes and the pressures to change the way we produce
food; humans must find new dietary sources. The unequal distribution of resources, the
excessive consumption of certain products, climate change, and other factors have led
humanity under difficult situations to start looking for alternatives to include in their diets. The
United Nations (UN) has set 17 Sustainable Development Goals (SDG) that will transform the
world in order to make more sustainable food sources (UN, 2015), and one of them is to achieve
zero hunger (SDG 2), which complements the SDG 12 of responsible consumption and
production. For the issue of finding sustainable food sources, different alternatives have been
sought, for example the consumption of insects, also known as entomophagy. Works such as
that of Ramos-Elorduy & Viejo Montesinos (2007) and Huis (2013) show us how insects can
be a potential food source and the use that has been made of them in situations of precisely
combating famine or insufficient resources. Likewise, seeing these animals as a potential
alternative would help in the advancement of achieving responsible production and

consumption, in this case of food (Premalatha et al., 2011; Rumpold & Schliiter, 2013).
Entomophagy in Ecuador

Entomophagy is a millenary practice around the world. Thanks to colonial literary records, it
is known that the great majority of tribes distributed in Ecuador consumed insects during
designated times of the year (Onore, 1997). The most common forms of consumption have
been larvae and some adults after being prepared in a specific way. Over time, both in Ecuador
and around the world, entomophagy became an unusual practice and usually viewed with some

contempt because they are "unpleasant" animals (Borgmeier, 1959; Macedo et al., 2017).

However, just as it is heard in Asia and some specific localities around the world, in Ecuador

there is still the consumption of insects as extraordinary and ancestral dishes in certain places.
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Around the Sierra and Amazon regions of Ecuador, there are several insects that have been
consumed for generations (Barragén et al., 2009). The famous “chontacuros” and “catzos” are
known mainly for being consumed in very specific areas or cities in Ecuador. However, in this
territory there are between 50 up to 100 species of insects that are being consumed by humans

(Jongema, 2017).

Based on the literature, the “catzo blanco” is a single species, Platycoelia lutescens, which was
renamed after a taxonomic revision where it previously could be found as Leucopelea
albencens (Agila Lisintufia, 2020; Carvajal et al., 2011; Darquea Bustillos, 2018; Onore, 1997).
Specifically, in the Andean cities, such as Quito and Otavalo, there is an ancestral food that
continues to be consumed to this day. We are talking about the famous “catzo con tostado”
(toasted corn with toasted beetle), and specifically the consumption of “catzo blanco” which is
the common name given to this species of beetle. Depending on the locality there are other
species of consumption, such as Golofa unicolor (Agila Lisintuiia, 2020; Carvajal et al., 2011;
Izurieta Wong & Jativa Delgado, 2014; Onore, 1997), but undoubtedly in most of the northern
Sierra, more specifically in Quito and Otavalo, P. lutescens is consumed in October/November
for All Souls’ Day (Agila Lisintufia, 2020; Darquea Bustillos, 2018). Although much is known
about this historical consumption, the nutritional information frameworks of this insect are not
well explored, as most studies remain on the general nutritional value and characterization of
fatty acids that cannot be compared due to the unstandardized methodologies (Velastegui

Chavez, 2018; Velsategui C. et al., 2020).

The second species of high consumption in Ecuador is the South American palm weevil or
“chontacuro”, Rhynchophorus palmarum. This is consumed as larvae along the Amazon by
many communities in countries such as Brazil, Peru and Ecuador (Sancho et al., 2015). Unlike

the species presented above, the “chontacuro” has something like a cultivation system, since it
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is one of the most commercialized products between entomophagous regions. Together with
the great demand of local consumers, it has led to the intervention of collectors by knocking
down the palms of chonta (Bactris gasipaes) and morete (Mauritia flexuosa) so these beetles
lay their eggs there and thus obtain larvae directly (Sancho, 2012). While for P. lutescens there
are no standardized records of their nutritional information, for this species there are some
investigations such as the one from Espinosa Matabay (2019) where they present these data in
the same way as the packaged foods that can be obtained in supermarkets. In spite of that, most
studies remain in a more general field where only the results of the analyzes are mentioned

basing their possible benefits as a sustainable food (Vargas et al., 2013).

Information gap

Information about alternative food sources for some animal groups, such as insects, is quite
limited. Considering that entomophagy is currently considered taboo in certain areas, the
generally available information on the subject is very select and scarce. For P. lutescens there
are several types of literature, mostly anecdotal and historical records about its consumption in
the Ecuadorian Sierra (Barragan et al., 2009; Onore, 1997). Additionally, some literature
mentions its taxonomic adjustment and other data such as being an emblematic species for
Quito (Paredes Ponce, 2018). However, when it comes to the nutritional part, the few available
studies work on the same topics: lipid profile, fatty acid analysis, gas chromatography and the
culinary perception of customers, but none of them follow a standardized methodology
(Lamilla Polanco, 2020; Velastegui Chavez, 2018; Velsategui C. et al., 2020). This means we
need more information on its nutritional composition with standardized methods for its

comparison with traditional meats and other studies.

Meanwhile, for R. palmarum there are more studies on its possible nutritional and medicinal

benefits (Ganchala Tigse, 2021). The most common analyses are composition of fatty acids,
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the degree of oil saturation, amino acid composition and bromatological analysis (Espinosa
Matabay, 2019; Vargas et al., 2013). Although these data are also available for the other
species, this species presents a more standardized work on how to portray the nutritional values,

as they appear similar to the labels of already processed products (Espinosa Matabay, 2019).

Nonetheless, although there are records of nutritional values for all these insects, there is not
enough work maintaining a standardized format to present these data. Another factor that was
not found in any work is the analysis of certain beneficial functional components in the human
diet, such as carotenoids, vitamins A, B6, B12, D and E. Also, the existence of little literature
with scientific data on these species in Ecuador may be a limiting factor when trying to see

their potential as alternative foods.

Considering these information gaps, this thesis provides in general data for these fields. The
main objective is to characterize the nutritional properties and the presence of bioactive
substances with functional and chemical potential in samples of “catzo blanco” (P. lutescens)
and “chontacuro” (R. palmarum) from markets located in the Ecuadorian Amazon and Andes
where these species are actively consumed. This has been done by correctly identifying the
species that are being consumed in each of the respective locations and comparing them with
previous records of the species consumed there. Tests were also performed to identify the basic
nutrients (e.g., proteins, lipids, and carbohydrates) and bioactive compounds with functional
potential (e.g., antioxidant capacity and total phenols) that each of the samples of “catzo

blanco” (P. lutescens) and “chontacuro” (R. palmarum).
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METHODOLOGY
Study area

Samples of P. lutescens were collected from markets in two cities in the northern Sierra of
Ecuador. One sample was obtained from a market from the city of Otavalo; while in Quito,
samples were taken from Guamani market (0°19'53"S 78°33'10"W) and San Roque market
(0°13'07"S 78°31'18"W). On the other hand, samples for R. palmarum were collected in the
markets of Puyo (Chapintza and Koyampari,1°29°25°’S 78°0°08°’W), El Coca (0°28°27’S
76°59°04°W), and Archidona (0°54°29°S 77°48°28°°W) (see Table 1). Based on the
information given by the sellers, it was recorded the palm of origin for some samples of R.

palmarum showed in Table 1.

Table 1. Data of collection for Platycoelia lutescens and Rhynchophorus palmarum

Species ?oz;;:c(;ifon Locality Province Bioregion f:g;ple
P. lutescens 2021.11 Otavalo Imbabura Andes Cot
P. lutescens 2021.11 San Roque, Quito Pichincha Andes Csr
P. lutescens 2021.11 Guamani, Quito Pichincha Andes Cg
R. palmarum 2022.03 Puyo, Chapintza (Chonta) Pastaza Amazon 1
R. palmarum 2022.03 Archidona (Chonta) Napo Amazon 2
R. palmarum 2022.03 Puyo, Koyampari (Chonta)  Pastaza Amazon 3
R. palmarum 2022.02 El Coca Orellana Amazon 4
R. palmarum 2022.03 El Coca (Moretel) Orellana Amazon 5
R. palmarum 2022.03 El Coca (Morete?2) Orellana Amazon 6
R. palmarum 2022.03 Puyo, Chapintza (Morete) Pastaza Amazon 7
R. palmarum 2021.11 Puyo Pastaza Amazon 8

Species identification
Taxonomic keys, identification guides, photographs, and specimens in collections were used

to corroborate that the species mentioned in the literature are the ones still consumed in these
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localities. For P. lutescens it was used taxonomic keys presented on pages 30-31 and 38-42 of
Smith (2003) and compared with adults at the entomological collection of the Pontificia
Universidad Catolica de Ecuador (QCAZ). Finally, the larvae of “chontacuro” (Rhynchophorus
palmarum) were identified based on their mouthparts using keys presented by Chamorro
(2019) and Wattanapongsiri (1966), with an additional validation by the specialist Aymer

Viasquez (professor at Universidad del Valle del Cauca).
Nutritional characterization

In a collaboration with a project of Professor José Miguel Alvarez Suérez of the Colegio de
Ciencias e Ingenierias of the Universidad San Francisco de Quito (USFQ), the procedures to
be followed for the analysis of the nutritional composition of the samples were established as

follows.
Sample handling

All samples were collected alive to preserve their nutritional, microbiological and taxonomic
characteristics intact. The organisms were taken to the Instituto de Microbiologia of the USFQ
to take samples for potential pathogens (Salmonella sp., Streptococcus sp., Bacillus subtilis,
Escherichia coli, Enterobacter liquefaciens, E. cloacae and Klebsiella pneumoniae) as part of
another investigation of this institute. Then, between three to 10 individuals were separated for
taxonomic identification of each species and kept at the Museo de Zoologia y Laboratorio de
Zoolgia Terrestre of the USFQ (ZUSFQ). Immediately, the remaining individuals of each
sample were placed in labeled containers (with date and place of collection) to be frozen at
about -40°C until the nutritional analysis. All samples used in this study were collected under

the research permit MAAE-ARSFC-2021-1808.
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Sample preparation

To perform the nutritional characterization correctly, only the parts of the insects that are

consumed are used. The following preparation procedures were used on each sample.

e “Catzo blanco” (Platycoelia lutescens): small portions of individuals were taken from
the frozen samples to maintain the proper cold chain. Legs, elytra, and wings were
removed from each individual. Once each portion was finished, they were returned to
the freezer in a new labeled container ready for the analysis.

e “Chontacuro” (Rhynchophorus palmarum): complete individuals were kept frozen until
further analysis if they were not fresh collected (samples from November 2021 in this
study), or alive individuals were transported directly to the laboratory for processing

the sample (samples from March 2022).

All samples went through lyophilization (freeze drying) for two days. Afterwards, they were
bathed in liquid nitrogen and grinded to help the process and began a second process of freeze-
drying for another two days. In some cases, such as for some R. palmarum samples, extra
lyophilization time was needed up until having the desired consistency. Lastly, all samples

went through a finer grinding process and were kept frozen until further analysis.

Nutritional characterization tests

With the grinded sample tests were performed for moisture content, crude protein, crude fat,
ash, according to the Association of Official Analytical Chemists (de Castro et al., 2018). In
addition to these traditional tests, the aim was to generate a broader nutritional profile with
important nutrients such as polyphenols and antioxidant capacity. For the total phenols analysis

Ciocalteu Method. In addition, for the antioxidant capacity was used the Ferric Reducing
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Antioxidant Power (FRAP) assay (Benzie & Strain, 1996). For further details on the

methodology consult annex A.

Data analysis

The statistical analysis was carried on Excel for calculating the values of each test. Ashes

percentage was calculated with the weight in grams of the empty crucible (A), the sample (B),
and the crucible with sample after muffle furnace (C) in the formula (CB%A) * 100. In the case

of proteins, it was considered the sample weight (S), volume of titration (V1), normality of

HCI (N), volume of blank titration (V0) and the conversion factor (F=6.25 for proteins)
following the formula (1.4 * (V1 —-V0) * %) * F. For fats it was used the sample weight (S)

and the fat obtained (f) in each beaker, (g) * 100. All samples had three repetitions for what

the results of each were averaged. For the graphics of the calibration curves, it was used

RStudio with the library ggplot2 (see annex A).
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RESULTS

For the taxonomic identification, the individuals from the entomological collection that entered
the Museo de Zoologia Terrestre de la USFQ as part of this project were used. All the
individuals of P. lutescens came out of the sample from Guamani, Quito. After using the
previously mentioned key and comparing them with the individuals at the QCAZ collection, it
was confirmed that the organisms collected belong to the species Platycoelia lutescens.
Meanwhile, R. palmarum larvae that entered the collection were part of the November 2021
sample from El Puyo (see Table 1). A dissection of the mouthparts of the larvae was performed
checking with the pre-existing work and corroboration by the expert, it was determined that

the species was Rhynchophorus palmarum.

Regarding the nutritional characterization, Table 2 shows the general values obtained for each
sample. The percentage of ash in P. lutescens samples remains above 4% for each of the
localities, while in R. palmarum it remains at about 3%. P. [utescens samples have a protein
value above 50% while the ones for R. pa/marum from El Coca have less than 30% in its
composition, and the ones from Puyo around 40%. On the other hand, R. palmarum has about
50% fat, which unlike P. lutescens its values are around 25%. In P. lutescens samples, no
significant differences were found between markets for any of the values for ashes, proteins,
and fats. On R. palmarum samples, there was also no significant difference between localities
for ashes and fats, but protein levels highly differ from each other with around 10%. Images

for the whole process are presented on Annex B.



Table 2. Nutritional characterization for P. lutescens and R. palmarum.
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Species  Sample Ash (%) Protein (%) Fat (%) féf;‘]lzl/’ll‘oe;‘g‘;l)s Tf ﬁiﬁ%ﬁ)

P. lutescens Cg 4,65+0,01 53,64+6,41 23,54+3,25 29,18 125,90
P. lutescens Csr  422+037 51,46+2,33 23,38+5,67 29,09 85,65
P. lutescens Cot 4,52+0,34 5490+5,32 25,32+292 29,41 61,15
R. palmarum 1 1,98+0,28 27,75+ 1,26 54,91+ 0,99 38,44 52,03
R. palmarum 2 2,47+0,03 28,48 +1,01 53,79 +0,93 26,25 ND

R. palmarum 3 2,18+£0,10 29,03+0,19 50,88 +1,21 37,23 ND

R. palmarum 4 3,23+0,32 40,20+1,23 52,91+ 1,32 19,55 61,15
R. palmarum 5 2,90+ 0,04 44,00+0,23 49,20+ 2,30 26,46 54,40
R. palmarum 6 2,38+0,31 28,95+0,23 49,40+ 0,60 17,92 55,15
R. palmarum 7 2,52+0,21 31,10+ 0,67 46,07+0,13 21,92 53,15
R. palmarum 8 2,80+£0,22 29,21 +0,44 50,94 +0,99 41,79 89,40

All values are presented as mean = SD. See sample codes on Table 1. GAE: miligrams of gallic
acid equivalent per liter; g*: grams of dried sample.

On Table 6 it shown the results for the Folin-Ciocalteu Method, and its calibration curve is
found on Figure 9. On average R. palmarum samples had 29,07mg of gallic acid per 100g of
dried sample, but there were very different values on the different samples with the highest
being 41,79mg (sample 8) and the lowest 17,92mg (sample 6). P. lutescens samples had a
similar value from 29,23g, but, unlike the other species, all three samples had similar values
(see Table 6). Meanwhile, antioxidants on average were seen on all samples of both species.
R. palmarum presented in general lower values than P. lutescens (see Table 7 for data and
calibration curve on Figure 10). Contrary to total phenols, on samples of P. [utescens there
were very different values of Trolox (antioxidant for measuring antioxidant capacity) per 100g
of dried sample between the localities, from 61,15uM up to 125,9 uM. For R. palmarum
though, most samples were between 52,03 uM and 61,15 uM, except for number 8 with §9,4

puM. Samples 2 and 3 have not been considered for this test since there were not sufficient
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reagents for these two samples and its repetitions. For further details on each test and sample

repetitions, see Annex C.
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DISCUSSION

Within the similar values of P. lutescens samples for nutritional characterization, a slight
difference is noted between the sample from Otavalo and those from the Quito markets. The
proteins and fats of the first one are slightly higher. This may be due to the locality of collection,
since this city is located to the north of Quito, while it is known that in the other markets the
collection sites are in the outskirts of the capital towards the south (Darquea Bustillos, 2018;
Onore, 1997). On the other hand, although the ash values are much closer to each other, this
pattern does not hold true for these samples, raising a question about the factors that may be
affecting these values. To learn more about how the type of soil in which these beetles inhabit
and other variables may directly impact their nutritional composition, more research should be
done, as it is not something that has been considered in this degree work or in other literature

found to this date.

Similarly, in R. palmarum samples, slight differences in protein, fat and ash values can be seen
among them. The highest percentage values in fats are in three different localities (samples 1,
2 and 4, see Table 2), but they share the substrate from which the individuals were collected:
chonta palm, Bactris gasipaes. This is contrasted with the samples belonging to “morete”,
Mauritia flexuosa (samples 5 to 7, see Table 2), where the three lowest fat values are seen.
Likewise, as mentioned for P. lutescens, there is ND on how the substrate or other variables
affect the values found in the nutritional characterization of R. palmarum, therefore more

research should be done in this field.

Comparing these results with other nutritional characterization data, the percentage values of

protein, ash and fat of both species are higher than those recorded for raw beef and pork in

and for pork 12.52%. If we compare the samples of P. lutescens, these have between 23.54%
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and 25.32%, being considerably higher; as well as in all the samples of R. palmarum we see
values ranging between 46.07% and 54.91%. This indicates that the percentage fat levels in

both insects are higher than those of a common protein.

In the same study, values for protein percentage are given, for beef 16.72% and for pork
18.36%. As in fats, the protein values for P. lutescens are higher than these meats (51.46%-
54.90%) and in R. palmarum as well (27.75%-44%) (see Table 2). Although there are samples
of R. palmarum where there are higher values of protein out of all samples (samples 4 and 5),
we can suppose that this may be due to the substrate on which they were on or the time of larval
harvest. None of these reasons have been investigated, so the exact origin of these differences
in protein values cannot be known. On the other hand, the ash tests in P. lutescens are
significantly high (around 4.5%, see Table 2) compared to raw beef and pork (0.65% and
0.83%, respectively). In R. palmarum there are also higher ash levels (1.98%-3.23%), but they
do not present as great a difference with these conventional meats as P. lutescens. This means
that P. lutescens has a greater amount of minerals than R. pa/marum and traditional meats.
These values indicate that, percentagewise, both P. lutescens and R. palmarum represent a
better food source due to their high levels of protein, fat and ash compared to these meats,

which are currently consumed as part of our daily diet.

Meanwhile, when considering other studies conducted on insect species, P. [utescens has a
higher protein value than some species of butterflies (degiale hesperiaris, Comadia
redtembacheri) and ants (Liometopum apiculatum) reported in other locations, such as
Hidalgo, Mexico (Rostro et al., 2012). Its fat values however remain low with respect to others,
and ash values are similar to those of these insect species. On the other hand, as expected from
R. palmarum, compared to other insects that are consumed as larvae, it has similar values of

protein (~35%), ash (~1%) and fat (~40%). Although these values do not vary greatly between
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larvae and adults on those species of ants and butterflies, for R. palmarum the field should be
opened to investigate its potential consumption in the adult stage, since no record of the
consumption of the adults have been found in Ecuador (Ganchala Tigse, 2021). This may
indicate that, depending on the insect, locality, and stage of consumption, it may contain more
or less fat and protein content, providing a greater contribution than conventional meats, but it

remains unknown for this species.

Meanwhile, phenolic compounds were found on all samples of both species, but, as shown on
Table 6, R. palmarum has a broader spectrum of data. The highest value was found in sample
8 belonging to Puyo (from November 2021), while the lowest is from El Coca (collected in
March 2022, sample 6). Although we do not know the substrate on which sample 8 was, we
know that sample 6 is belongs to “morete” (Mauritia flexuosa). Considering all other samples
of R. palmarum that came from “morete” (6, 5 and 7), we can see that all three have lower
values of phenols than those of sample 8. This might not be an indicator of the substrate of
being a deciding factor since there are samples from “chonta” that are also low (see Table 6).
Therefore, these data, unlike the results for protein, fat, and ash, do not clearly indicate whether
there can be a pattern based on locality or substrate to define the presence of total phenols in
R. palmarum. In contrast, the three P. lutescens samples had a greater consistency of data, as
the values did not vary much regardless of locality. This could be a fairly accurate indicator of
the true value of total phenols in P. lutescens, but more research is needed to truly corroborate

this find.

Although there are no defined values of total phenols for R. palmarum, the fact that relatively
similar values were found on average in both species, shows that, as in some foods, phenolic
compounds are present. The presence of these compounds in these species makes them more

attractive for their potential use as an alternative food since phenols are desired in certain



24

quantities. It has been shown that they may have benefits in human health, such as reducing
the possibility of developing cardiovascular diseases, cancer, and Alzheimer's disease (Creus,
2004). However, further research is still needed to generate the phenol profile for these species

and to determine the full contribution they would make to the human diet and health.

In contrast, for antioxidant capacity the data from R. palmarum samples were more consistent,
although due to lack of reagents, samples 2, 3 and a repeat of sample 1 could not be performed
before the end of this thesis. In any case, the results were sufficient to demonstrate that this
characteristic has no real variation by locality or substrate (see Table 7), although as in the total
phenol test, sample 8 indicated the highest value of all. The case of P. lutescens was different,
as here all locations differ with values of 61.15 uM, 85.65 uM, and 125.90 uM of Trolox per
100g of dry sample. This variation is quite high, so it should be something to be further
investigated with more samples from each market to find statistically significant values.
Likewise, it should be considered that in none of these species nor for sister species has this
type of analysis been performed, leaving without real references of the values that would be
expected to be found in these animals. As mentioned for total phenols, despite not having the
exact values for these insects in their antioxidant capacity, the contribution of these data shows
their presence. Antioxidant capacity based on Trolox is used to determine the quality of foods
according to their antioxidant levels (Benitez-Estrada et al., 2020), so for these species future
research work must be done so it could be determined their quality as potential alternative

foods.

As in all research, there were some obstacles encountered at the beginning of the work. Due to
time constraints at the beginning of this project, it was not possible to obtain sufficient samples
from the different markets for P. lutescens. Because of this, there are not enough records to

generate a larger spectrum of exact comparisons between localities, but this may be something
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that can be reviewed in future research. Similarly, regarding the arrival times of R. palmarum
samples to the lab, they did not coincide with the times for taxonomic identification nor were
enough individuals from each locality assigned to the collection destined to the ZUSFQ, to
carry out a more detailed taxonomic identification. These aspects should be considered for
future research related to these species, because as they are market samples there are certain
limits to the number of individuals to be obtained; and in the case of P. lutescens there is also
the seasonality of its sale that must be considered. More work along the same lines is
encouraged in order to obtain more information on the “harvest” and sale periods of both
species, as well as to include other factors such as the lack of habit of collecting them on other
seasons, as it may be for P. lutescens, or the substrate on which they are found, as in the case

of R. palmarum.

In addition to the species presented in this project, we tested a sample of “hormiga culona”
(Atta ct. cephalotes) collected in November 2021 in the city of Puyo (see preliminary data in
Figure 11). As this sample also belonged to a market, only queens were obtained as part of the
individuals used. This implied that, at the time of taxonomic identification, a major problem
was encountered: it is not possible to identify A#fa species only with queens. This, together
with the fact that they are seasonal and therefore only one sample was found in markets, meant
that this species had to be left aside for this study, but work will continue be done when more
samples are obtained for further analysis. Also, to facilitate identification, it should be ensured
that workers are obtained as part of the sample, either by getting them in the market itself
trapped in the legs of the queens or by gaining access to the nest where these ants were collected

and thus, being able to take a specific sample for identification.
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CONCLUSIONS

It was determined that both P. lutescens and R. palmarum have higher ash, fat, and protein
values than conventional beef and pork, as well as other insects that have been studied in other
countries. Similarly, it was possible to confirm the presence of antioxidant capacity and total
phenols in both species, which are desired characteristics in foods because they demonstrate
their quality and their potential benefits to human health. Even with this information, more
studies for these characteristics are encouraged in order to better understand their possible use
as an alternative food in our diet. Consecutively, this may trigger a greater interest in continuing
the search for new alternatives to traditional food sources and follow the SDGs, and thus lead

to a transformation of the current human lifestyle.



27

REFERENCES

Agila Lisintufia, C. D. (2020). Importancia de los escarabajos nativos como fuente de alimento
local en el canton Pedro Moncayo en el periodo 2016—2017, a través del andlisis de
las percepciones de la gente y de datos observacionales de las poblacionales de catzos.
http://www.dspace.uce.edu.ec/handle/25000/23507

AOAC. (2019). Official Methods of Analysis of AOAC (21st ed.).

Barragéan, A. R., Dangles, O., Cardenas, R. E., & Onore, G. (2009). The History of Entomology
in Ecuador. Annales de La Société Entomologique de France (N.S.), 45(4), 410-423.
https://doi.org/10.1080/00379271.2009.10697626

Benitez-Estrada, A., Villanueva-Sanchez, J., Gonzdlez-Rosendo, G., Alcantar-Rodriguez, V.
E., Puga-Diaz, R., & Quintero-Gutiérrez, A. G. (2020). Determinacion de la capacidad
antioxidante total de alimentos y plasma humano por fotoquimioluminiscencia:
Correlacion con ensayos fluorométricos (ORAC) y espectrofotométricos (FRAP). TIP
Revista Especializada en Ciencias Quimico-Biologicas, 23.
https://doi.org/10.22201/fesz.23958723e.2020.0.244

Benzie, 1. F. F., & Strain, J. J. (1996). The Ferric Reducing Ability of Plasma (FRAP) as a
Measure of “Antioxidant Power”: The FRAP Assay. Analytical Biochemistry, 239(1),
70-76. https://doi.org/10.1006/abi0.1996.0292

Borgmeier, T. (1959). Revision der Gattung Atfa Fabricius (Hymenoptera, Formicidae). Studia
Entomologica (N.S.), 2, 321-390. https://doi.org/10.5281/zenodo.26900

Carvajal, V., Villamarin-Cortez, S., & Ortega, A. (2011). Escarabajos del Ecuador,

Principales Géneros.



28

Chamorro, M. (2019). An Illustrated Synoptic Key and Comparative Morphology of the Larvae
of Dryophthorinae (Coleoptera, Curculionidae) Genera with Emphasis on the
Mouthparts. Diversity, 11(1), 4. https://doi.org/10.3390/d11010004

Creus, E. G. (2004). Compuestos fenolicos. Un analisis de sus beneficios para la salud. 23, 5.

Darquea Bustillos, E. N. (2018). Patrones de uso de insectos en dos mercados del Distrito
Metropolitano de Quito, Ecuador. Ethnoscientia - Brazilian Journal of Ethnobiology
and Ethnoecology, 3. https://doi.org/10.18542/ethnoscientia.v3i0.10213

de Castro, R. J. S., Ohara, A., Aguilar, J. G. dos S., & Domingues, M. A. F. (2018). Nutritional,
functional and biological properties of insect proteins: Processes for obtaining,
consumption and future challenges. Trends in Food Science & Technology, 76, 82—89.
https://doi.org/10.1016/j.tifs.2018.04.006

Espinosa Matabay, A. G. (2019). Estudio del valor nutricional y caracterizacion de los dacidos
grasos del chontacuro de la especie Rhynchophorus palmarum L.
http://www.dspace.uce.edu.ec/handle/25000/19286

Ganchala Tigse, D. P. (2021). Etnobiologia de invertebrados con interés médico de la
nacionalidad  kichwa, en el canton Cascales, Sucumbios, Ecuador.
http://www.dspace.uce.edu.ec/handle/25000/24520

Huis, A. van. (2013). Edible insects: Future prospects for food and feed security. Food and
Agriculture Organization of the United Nations.

Izurieta Wong, J. C., & Jativa Delgado, L. A. (2014). Investigacion y propuesta para impulsar
los nuevos sabores de la Gastronomia entomofaga en la Ciudad de Guayaquil.
http://repositorio.ug.edu.ec/handle/redug/17373

Jongema, Y. (2017, April 1). List of edible insects of the world (April 1, 2017). WUR.
https://www.wur.nl/en/Research-Results/Chair-groups/Plant-Sciences/Laboratory-of-

Entomology/Edible-insects/Worldwide-species-list.htm



29

Lamilla Polanco, G. J. (2020). Determinacion de la calidad nutritiva del catzo blanco
(Platycoelia lutescens) como producto industrializado (snack) a modo de alternativa
comestible.

Macedo, I. M. E., Veloso, R. R., Medeiros, H. A. F., Padilha, M. do R. de F., Ferreira, G. da
S., & Shinohara, N. K. S. (2017). Entomophagy in different food cultures | Entomofagia
em diferentes culturas alimentares. Revista Geama, 58—62.

Onore, G. (1997). A brief note on edible insects in Ecuador. Ecology of Food and Nutrition,
36(2—4), 277-285. https://doi.org/10.1080/03670244.1997.9991520

Orozco, H. (2013). Elaboracion y control de calidad de hamburguesas con carne de res y
cerdo deshidratada y determinacion de las instrucciones para su rehidratacion y uso.

Paredes Ponce, G. C. (2018). Red de manejo de la fauna silvestre en el Distrito Metropolitano
de Quito. http://www.dspace.uce.edu.ec/handle/25000/15409

Premalatha, M., Abbasi, T., Abbasi, T., & Abbasi, S. A. (2011). Energy-efficient food
production to reduce global warming and ecodegradation: The use of edible insects.
Renewable  and  Sustainable  Energy  Reviews, 15(9),  4357-4360.
https://doi.org/10.1016/j.rser.2011.07.115

Ramos-Elorduy, J., & Viejo Montesinos, J. L. (2007). Los insectos como alimento humano:
Breve ensayo sobre la entomofagia, con especial referencia a México. Boletin Real
Sociedad Espariola de Historia Natural. Seccion Biologia, 102(1-4), 61-84.

Rostro, B. R., Salazar, B. Q., Ramos-Elorduy, J., Pino, J. M., & Campos, S. C. A. (2012).
Andlisis quimico y nutricional de tres insectos comestibles de interés comercial en la
zona arqueologica del Municipio de San Juan Teotihuacdn y en Otumba, en el Estado

de México. 37, 8.



30

Rumpold, B. A., & Schliiter, O. K. (2013). Nutritional composition and safety aspects of edible
insects.  Molecular ~ Nutrition &  Food  Research, 57(5), 802-823.
https://doi.org/10.1002/mnfr.201200735

Sancho, D. (2012). Rhynchophorus palmarum (Coleoptera: Curculionidae) en la Amazonia, un
insecto en la alimentacion tradicional de las comunidades nativas. Revista Amazonica
Ciencia y Tecnologia, 1, 51-57.

Sancho, D., De, M., Gil, J., Del, L., & Sanchez, R. (2015). Insectos y alimentacion. Larvas de
Rhynchophorus palmarum L, un alimento de los pobladores de la Amazonia
Ecuatoriana. Entomotropica, 30, 135-149.

Singleton, V. L., Orthofer, R., & Lamuela-Raventdés, R. M. (1999). [14] Analysis of total
phenols and other oxidation substrates and antioxidants by means of folin-ciocalteu
reagent. In Methods in Enzymology (Vol. 299, pp. 152-178). Elsevier.
https://doi.org/10.1016/S0076-6879(99)99017-1

Smith, A. (2003). A Monographic Revision of the Genus Platycoelia Dejean (Coleoptera:
Scarabaeidae: Rutelinae: Anoplognathini). Bulletin of the University of Nebraska State
Museum, 15, 1-202.

UN. (2015). Take Action for the Sustainable Development Goals. United Nations Sustainable
Development. https://www.un.org/sustainabledevelopment/sustainable-development-
goals/

Vargas, G. E., Espinoza, G., Ruiz, C., & Rojas, R. (2013). Valor nutricional de la larva de
Rhynchophorus palmarum L.: comida tradicional en la Amazonia peruana. Rev Soc
Quim Peru., 8.

Velastegui Chavez, C. G. (2018). Determinacion del valor nutricional y caracterizacion del

tipo de dcidos grasos en el contenido lipidico del catzo de especie Platycoelia lutescens



31

recolectado en los cantones Cayambe y Pedro Moncayo de la provincia de Pichincha-
Ecuador. http://www.dspace.uce.edu.ec/handle/25000/16775

Velsategui C., C., Batallas Z., K., Hidalgo A., A., & Mayorga LI, E. (2020). Determinacién
proximal de los componentes nutricionales y caracterizacion del tipo de acidos grasos
en el contenido lipidico del catzo (Platycoelia lutescens). infoANALITICA, 8(1), 113—
125. https://doi.org/10.26807/ia.v8i1.120

Wattanapongsiri, A. (1966). A revision to the genera Rhynchophorus and Dynamis (Coleoptera

Curculionidae). Oregon State University, Corvallis, Oregon, USA, 431.



32

ANNEX A: DETAILED METHODOLOGY

Protein analysis procedure (Kjeldahl Method)

1. For each sample it was used the weight indicated on Table 4 of grinded and
lyophilized insect. Each sample was made by triplicate. It was transferred to a VELP
glass tube.

2. 15 ml of sulfuric acid was added to each sample, and a Kjeldahl tablet and a defoamer
tablet too.

3. Place each tube on the DKL Automatic Digestion Unit, start the program and let the
digested sample cool afterwards.

4. With a Semi-Automatic Kjeldahl Distillation Unit each sample was extracted into a

250ml Erlenmeyer with 30ml of boric acid and three drops of Tashiro’s indicator.

After distillation, all samples must look green.

6. It was titrated with 0,1N HCI solution until each sample returned to a fuchsia color.

N

Ash analysis procedure

1. For each sample it was used the weight indicated on Table 3 of grinded and
lyophilized insect. Each sample was made by triplicate. It was transferred to an empty
crucible that was previously weighted.

2. They were burned on a muffle furnace until calcinated (over 12 hours).

3. Each crucible was weighted after cooling.

Fat analysis procedure

1. For each sample it was used the weight of grinded and lyophilized insect indicated on
Table 5. Each sample was made by triplicate.

2. The empty Soxhlet Laboratory Extractor beakers were weighted before starting the
new samples cycle.

3. For each sample and its triplicate was used 50ml of ethanol on a Soxhlet Laboratory
Extractor.

4. After the fat extraction of each sample, the beakers with fat were left to cool down
before weighing them.

Folin-Ciocalteu Method for total phenols analysis procedure

1. Each sample was prepared with 0,5g of grinded and lyophilized insect and 10ml of
ethanol. Kept on refrigeration until needed.

2. The samples went through centrifugation all night, and before using them another 5
minutes centrifuge at 5000 rpm.
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3. For each sample triplicate it was separated 100 pl of the supernatant liquid on a 1.5ml
Eppendorf.

for each triplicate.

Ferric Reducing Ability of Plasma (FRAP) for antioxidant capacity analysis procedure

1. Each sample was prepared with 0,5g of grinded and lyophilized insect and 10ml of
ethanol. Kept on refrigeration until needed.

2. The samples went through centrifugation all night, and before using them another 5
minutes centrifuge at 5000 rpm.

3. For each sample triplicate it was separated 100 pl of the supernatant liquid on a 1.5ml
Eppendorf.
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for each triplicate.

RStudio code for the calibration curves

# TOTAL PHENOLS CALLIBRATION CURVE
# English
Tibrary(ggplot2)
ggp10t(data=X2CALIBRAR_FENOLES_ACIDO_GALICO, aes(uM,ABS)) +
geom_point() +
geom_smooth(method = "1m") +
ggtitle("calibration curve of gallic acid”) +
x1ab("Concentration in pm") +
ylab("Absorbance (760 nm)")

# ANTIOXIDANT CAPACITY]
# English
Tibrary(ggplot2)
ggplot (data=Xx1CALIBRAR_ANTIOXIDANTES_TROLOX, aes(uM,ABS)) +
geom_point() +
geom_smooth(method = "1m") +
ggtitle("calibration curve of Trolox") +
xlab("Concentration in pm") +
ylab("Absorbance (593 nm)")
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ANNEX B: IMAGES OF THE PROCESS OF IDENTIFICATION AND
NUTRITIONAL CHARACTERIZA

TION

Figure 1. Specimen of Platycoelia lutescens (“catzo blanco”) collected for this project found

on the ZUSFQ.



]
Figure 2. Mouthparts of Rhynchophorus palmarum (“‘chontacuro’) after the dissection.

Figure 3. Prepared sample of P. lutescens before the lyophilization.

35
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B

Figure 4. R. palmarum samples before lyophilization. A: frozen larvae due to the difference

between collect date and analysis date (see Table 1), B: living larvae from R. palmarum.
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Figure 5. Grinded and lyophilized sample of P. lutescens.

Figure 6. Fat test for two samples (8 and Cot, see Table 1) with three repetitions each. Start of

immersion step.
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Figure 7. Ash test for samples of R. palmarum, three repetitions each. A: preheated samples

before entering the muffle furnace, B: chilled samples after muffle furnace.
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Protein digestion =~ + NaOH

1 CHP2 CHP3

€ 2 . =4

Figure 8. Protein test for 8 (CH P) repetitions and all P. lutescens samples. A: steps for the
protein test after protein digestion with Tashiro’s indicator; B: all titrations for these samples,

not labeled samples are for “hormiga culona” samples not presented in this study.



Table 3. Results of ash test for each sample of P. lutescens and R. palmarum.

ANNEX C: TABLES AND FIGURES OF THE DETAILED RESULTS

40

Sample El}lpty Crucible + Sample Crucible +sample after Ash  Ash Average SD
crucible (g)  sample (g) (2) muffle furnace (g) (2) (%) (%)
Cgl 19,76 20,75 0,99 19,81 0,04 4,55 4,65 0,01
Cg2 16,95 17,95 1 17,00 0,05 4,50
Cg3 17,74 18,35 0,61 17,77 0,03 4,92
Csr 1 17,34 18,35 1,01 17,38 0,04 4,32 4,22 0,37
Csr 2 19,34 20,36 1,02 19,38 0,04 3,81
Csr3 18,83 19,85 1,02 18,88 0,05 4,54
Cot 1 17,17 18,19 1,02 17,22 0,05 4,90 4,52 0,34
Cot 2 15,91 16,92 1,01 15,95 0,04 441
Cot 3 27,17 28,21 1,04 27,21 0,04 424
1.1 27,20 28,28 1,08 27,22 0,02 2,10 1,98 0,28
1.2 27,43 28,41 0,97 27,45 0,02 1,66
1.3 27,44 28,47 1,02 27,47 0,02 2,18
2.1 16,95 17,83 0,88 16,97 0,02 2,51 2,47 0,03
2.2 20,33 21,35 1,02 20,35 0,02 244
23 21,47 22,50 1,03 21,49 0,03 246
3.1 15,91 16,91 1,00 15,94 0,02 2,16 2,18 0,10
3.2 27,17 28,17 0,99 27,19 0,02 2,10
33 17,54 18,54 0,99 17,57 0,02 2,29
4.1 19,18 20,27 1,09 19,21 0,04 3,40 3,23 0,32
4.2 17,03 18,20 1,17 17,07 0,04 343
4.3 19,69 20,61 0,93 19,71 0,03 2,85
5.1 19,76 20,99 1,23 19,80 0,04 293 2,90 0,04
5.2 18,98 19,95 0,97 19,00 0,03 291
53 18,71 19,77 1,06 18,74 0,03 2,85
6.1 19,34 20,40 1,06 19,36 0,03 2,37 2,38 0,31
6.2 17,35 18,34 0,99 17,37 0,02 2,08
6.3 17,78 18,77 1,00 17,80 0,03 2,70
7.1 17,18 18,30 1,12 17,21 0,03 2,73 2,52 0,21
7.2 20,41 21,71 1,30 20,44 0,03 2,30
7.3 17,75 18,82 1,07 17,78 0,03 2,53
8.1 17,03 18,02 0,99 17,06 0,03 2,59 2,80 0,22
8.2 19,17 20,15 0,98 19,20 0,03 3,03
8.3 16,82 17,81 0,99 16,85 0,03 2,80

For the sample codes see Table 1. For each sample three repetitions were made.
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Table 4. Results of protein test for each sample of P. lutescens and R. palmarum.

Sample N V0 (ml) - . Total
Sample weigILt :i]tlr(;tlilgl; (normality blgmk) F (cf(; Igs::)s ton protein (%) A‘;ﬁ;ﬁ;ge SD
(£4) (HCD) titration MS
Cgl 1 57,00 0,1 0,12 6,25 49,770 53,64 6,41
Cg2 1 57,40 0,1 0,12 6,25 50,120
Cg3 0,5 35,00 0,1 0,12 6,25 61,040
Csr 1 1 57,30 0,1 0,12 6,25 50,033 51,46 2,33
Csr 2 1 57,50 0,1 0,12 6,25 50,208
Csr3 1 62,00 0,1 0,12 6,25 54,145
Cot 1 1 59,10 0,1 0,12 6,25 51,608 54,90 5,32
Cot 2 1 59,60 0,1 0,12 6,25 52,045
Cot 3 0,5 35,00 0,1 0,12 6,25 61,040
1.1 1 33,50 0,1 0,12 6,25 29,208 27,75 1,26
1.2 1 31,00 0,1 0,12 6,25 27,020
1.3 1 31,00 0,1 0,12 6,25 27,020
2.1 1 34,00 0,1 0,12 6,25 29,645 28,48 1,01
2.2 1 32,00 0,1 0,12 6,25 27,895
23 1 32,00 0,1 0,12 6,25 27,895
3.1 1 33,24 0,1 0,12 6,25 28,980 29,03 0,19
3.2 1 33,54 0,1 0,12 6,25 29,243
33 1 33,12 0,1 0,12 6,25 28,875
4.1 1 47,20 0,1 0,12 6,25 41,195 40,20 1,23
4.2 1 46,50 0,1 0,12 6,25 40,583
4.3 1 44,50 0,1 0,12 6,25 38,833
5.1 1 50,50 0,1 0,12 6,25 44,083 44,00 0,23
5.2 1 50,10 0,1 0,12 6,25 43,733
53 1 50,60 0,1 0,12 6,25 44,170
6.1 1 33,50 0,1 0,12 6,25 29,208 28,95 0,23
6.2 1 33,10 0,1 0,12 6,25 28,858
6.3 1 33,00 0,1 0,12 6,25 28,770
7.1 1 35,50 0,1 0,12 6,25 30,958 31,10 0,67
7.2 1 35,00 0,1 0,12 6,25 30,520
7.3 1 36,50 0,1 0,12 6,25 31,833
8.1 1 33,00 0,1 0,12 6,25 28,770 29,21 0,44
8.2 1 34,00 0,1 0,12 6,25 29,645
8.3 1 33,50 0,1 0,12 6,25 29,208

For the sample codes see Table 1. For each sample three repetitions were made.
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Table 5. Results of fat test for each sample of P. lutescens and R. palmarum.

Beaker + fat Fat onl Sample Average
Sample Empty beaker (g) (@ (@ y (g;) Fat (%) (% )g SD
Cgl 73,02 73,80 0,78 3 25,90 23,54 3,25
Cg2 72,45 73,20 0,75 3 24,90
Cg3 72,21 72,80 0,59 3 19,83
Csr 1 72,56 73,45 0,89 3 29,67 23,38 5,67
Csr 2 72,66 73,22 0,56 3 18,67
Csr3 72,35 73,00 0,65 3 21,81
Cot 1 73,25 74,08 0,83 3 27,75 25,32 2,92
Cot 2 72,9 73,56 0,66 3 22,07
Cot 3 72,21 72,99 0,78 3 26,14
1.1 73,29 74,95 1,66 3 55,23 54,91 0,99
1.2 72,21 73,88 1,67 3 55,69
1.3 73,03 74,64 1,61 3 53,80
2.1 74,63 76,22 1,59 3 52,90 53,79 0,93
2.2 76,74 78,35 1,61 3 53,71
23 72,34 73,98 1,64 3 54,77
3.1 76,75 78,28 1,53 3 50,88 50,95 1,21
3.2 73,29 74,78 1,49 3 49,78
33 74,64 76,21 1,57 3 52,19
4.1 72,69 74,26 1,57 3 52,29 52,91 1,32
4.2 73,36 74,99 1,63 3 54,43
4.3 73,28 74,84 1,56 3 52,02
5.1 74,29 75,74 1,45 3 48,30 49,20 2,30
5.2 75,15 76,57 1,42 3 47,48
53 74,69 76,24 1,55 3 51,81
6.1 73,29 74,75 1,46 3 48,73 49,40 0,60
6.2 75,14 76,64 1,50 3 49,92
6.3 74,68 76,17 1,49 3 49,54
7.1 74,32 75,70 1,38 3 46,02 46,07 0,13
7.2 73,36 74,74 1,38 3 45,97
7.3 72,68 74,07 1,39 3 46,22
8.1 73,05 74,54 1,49 3 49,80 50,94 0,99
8.2 74,33 75,88 1,55 3 51,57
8.3 73,28 74,82 1,54 3 51,45

For the sample codes see Table 1. For each sample three repetitions were made.
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Table 6. Results of total phenols test for each sample of P. lutescens and R. palmarum.

Sample Repl Rep2 Rep3 Average Iglzl g Ga/LL GAE/g* GAE/100g* Average SD
1 0,760 0,969 0,760 0,830 | 0,565 0,096 0,19 38,44 29,07 9,18
2 0,534 0,601 0,568 0,568 | 0,386 0,066 0,13 26,25
3 0,808 0,804 0,801 0,804 | 0,547 0,093 0,19 37,23
4 0,457 0,437 0,379 0,424 | 0,287 0,049 0,10 19,55
5 0,666 0,621 0,623 0,637 | 0,433 0,074 0,15 29,46
6 0,379 0,384 0,404 0,389 | 0,263 0,045 0,09 17,92
7 0,480 0,456 0,489 0,475 | 0,322 0,055 0,11 21,92
8 0,989 0,973 0,745 0,902 | 0,614 0,104 0,21 41,79
CG 0,608 0,611 0,674 0,631 0,429 0,073 0,15 29,18 29,23 0,17
Cot 0,622 0,607 0,678 0,636 | 0,432 0,074 0,15 29,41
Csr 0,663 0,609 0,614 0,629 | 0,427 0,073 0,15 29,09

For the sample codes see Table 1. Ga: gallic acid; GAE: miligrams of gallic acid equivalent
per liter; g*: grams of dried sample. For each sample three repetitions were made.



Table 7. Results of FRAP assay for each sample of P. lutescens and R. palmarum
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pM uM uM uM

Sample Repl Rep2 Rep3 Mean | trolox/ trolox/ Trolox/ Trolox/ Mean SD
L mL g* 100g*

1 0,203 0,202 ND 0,203 | 130,06 0,130 0,26 52,03 60,88 14,33
2 ND ND ND ND ND ND ND ND
3 ND ND ND ND ND ND ND ND
4 0,212 0,257 0,247 0,239 | 152,88 0,153 0,31 61,15
5 0,214 0,203 0,22 0,212 | 136,00 0,136 0,27 54,40
6 0,224 0,215 0,207 0,215 | 137,88 0,138 0,28 55,15
7 0,210 0,202 0,209 0,207 | 132,88 0,133 0,27 53,15
8 0,323 0,356 0,378 0,352 | 223,50 0,224 0,45 89,40

CG 0,477 0,537 0480 0,498 | 314,75 0,315 0,63 125,90 90,90 32,69
Cot 0,247 0,240 0,229 0,239 | 152,88 0,153 0,31 61,15
Csr 0,236 0,250 0,526 0,337 | 214,13 0,214 0,43 85,65

For the sample codes see Table 1. g*: grams of dried sample. For each sample three repetitions
were made. In samples 1 —repetition3, 2 and 3 are not enough data for this analysis due to lack
of reagent before the end of this investigation (represented with “ND” for “No Data” and
colored with orange).
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Figure 9. Calibration curve for total phenols test.
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Figure 10. Calibration curve for FRAP assay.
Empty crisol Crisol + sample after Average
Sample (ing) Crisol + sample (in g) Sample (ing) muffle furnace (in g) Ash (ing) Ash (%) (%) SD
H1 18,7 19,7 1 18,76 0,06 6,43 6,24 0,18
H2 19,68 20,69 1,01 19,74 0,06 6,08
H3 20,5 21,54 1,04 20,56 0,06 6,21
Total
Sample VO (ml) - blank F (conversion protein (%) Average
Sample weight(ing) V1(ml)-titration N (normality (HCl)) titration factor) MS (%) SD
H1 1 45,50 0,1 0,12 6,25 39,708 41,17 2,91
H2 1 45,00 0,1 0,12 6,25 39,270
H3 J; 51,00 0,1 0,12 6,25 44,520
Empty
Sample beaker(ing) Beaker+fat(ing) Fat only (ing) Sample (ing) Fat (%) Average (%) SD
H1 74,59 75,56 0,97 3 32,24 30,21 1,77
H2 73,30 74,18 0,88 3 29,26
H3 76,75 77,62 0,87 3 29,11
Sample |Average |mM Ga g Ga/L GAE/g* GAE/100g*
0,665 0,452 0,077 0,15 30,76
Sample |Average ImM Ga gGa/L GAE/g* Trolox/100g*
0,392 248,50 0,249 0,50 99,40

Figure 11. Preliminar data for “hormiga culona”, Atta cf. cephalotes.



