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Abstract

The objective of the work was to determine the content of protein and dry matter in the seed
(%PROTsemc, %MATSsemc), shell (%PROTcasc, %MATScasc) and pulp (%PROTeuLc,
%MATSpuLc), and percentage of carbohydrates (%CARBca), fat (%GRAScru) and ash (%CENca)
in the seed of six accessions of chihua pumpkins (Cucurbita argyrosperma Huber), native to the
Yucatan Peninsula. The accessions evaluated were: Becal, Edzna, Pixoyal, Chihua local, CACAO
and CECHET. The sowing was carried out in June 2017 in Pocyaxum, Municipality of San
Francisco de Campeche, Mexico, in a randomized block design with three repetitions, analysis of
variance and mean comparisons were performed with the Tukey test (p< 0.05). The experimental
unit consisted of three rows of 6 m in length, separated at 2.40 m and 1.25 m between plants. For
the determination of proteins, the Kjeldahl method was used, and following the process described
in AOAC (2000). The CECHET accession showed higher (p< 0.05) %PROTEsemc, %PROTcasc,
%MAT Ssemc and %MAT SpuLc with 33.6, 14.4, 64.9 and 4.29%, respectively. Edzna, Becal, Local
Yucatan presented 3.8% PROTpuLc less (p<0.05) compared to the CECHET, CACAO and Pixoyal
accessions. Edzna presented higher (»p<0.05) % GRAScruWith 45.3%. Becal, presented the highest
(»<0.05) %CARBca with 34.7%. The % MATScasc of the CACAO accession (12.5% MATScasc)
exceeds (p< 0.05) those obtained in the rest of the accessions. There were no differences (p<0.05)
for the %CENCca. The accession that stood out was CECHET, with the highest percentage of protein
in seed, peel, pulp and dry matter in seed and pulp. Accessions with nutritional intake for
consumption were identified that can be an alternative for preparing different foods.
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Introduction

The cultivated species of the genus Cucurbita (Cucurbitaceae) in Mexico and the rest of
Mesoamerica are the plants that, in general, are called pumpkins and chilacayotes (Mera et al.,
2011). Cucurbita (Cucurbitaceae) is a relatively recent genus, which emerged in North America
16 million years ago and its cultivated species maintain a high genetic variation; Cucurbita pepo
is the species with the greatest genetic variation, variation associated with two independent
domestications, one in the north of Mexico, and the other in the Southeast of the United States
of America (Eguiarte et al., 2018). In another species, Cucurbita argyrosperma, its populations
in the Yucatan Peninsula represent a genetic pool differentiated from the rest of the species
(Eguiarte et al., 2018).

Studies carried out on pumpkin species, especially research directed at the physical and chemical
characteristics of the fruit, have received considerable attention to diversify the final products
(Rossel et al., 2018). From these products, the seed can be used because they are rich in beneficial
compounds for health such as polysaccharides, carotenes, mineral salts, vitamins and others (Fu et
al., 2007). Vastag et al. (2014) indicate that the largest fraction of these proteins is represented by
cucurbitins. Pumpkin seed proteins are desirable ingredients in food products, exhibiting
antimicrobial, anti-carcinogenic effects and alleviating the detrimental effects associated with
protein malnutrition (Bucko et al., 2016).

The nutritional value of pumpkin seeds is based on a high protein content (25-51%) and a high
percentage of oil (40 and 60%), 46.9% of the oil comes from oleic fatty acids, 40.5% linolenic,
17.4% of palmiotic and stearic and 0.60 to 0.75 g of monounsaturated and polyunsaturated acids
(Rezig et al., 2016). Consequently, plant proteins are increasingly used as unconventional sources
of protein to perform functions in food formulations (Abdel, 2006).

Protein-based ingredients from pumpkin have not yet been introduced on a significant scale
into food applications and although there is a large flow of data on the functional properties of
various proteins from pumpkin species, little data is currently available. It is probably due to
limited information on the structural and functional properties of pumpkin proteins (Rezig et
al., 2016).

Particularly in the Yucatan Peninsula, the information on pumpkins and especially on native
chihua pumpkins species and their protein content is insufficient. Therefore, the objective of
the present work was to determine the content of protein and dry matter in the seed, shell and
pulp and percentage of carbohydrates, fat and ash in the seed of six accessions of chihua
pumpkins (Cucurbita argyrosperma Huber), native to the Yucatan Peninsula.

Materials and methods
The experiment under field conditions was carried out on a surface area near the community of

Pocyaxum, Municipality of San Francisco de Campeche, Camp., Mexico, whose geographic
coordinates are: 19.7333 north, -90.3583 west and at an altitude of 30 meters above sea level. In
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the spring-summer 2017 cycle under storm conditions, on deep red-clay soils, called Kancab or
K’aancab in the classification of soils elaborated by the ancient Mayans and called Luvisols in the
FAO-UNESCO classification (1970).

The study evaluated six accessions of chihua pumpkins (Cucurbita argyrosperma Huber) used at
the regional level, three of them belong to the state of Campeche named: Becal, Edzna and Pixoyal,
from Yucatan the Chihua local accession was included and from Quintana Roo it was added to
CACAO and CECHET.

The different cultivars were sown in June 2017. A randomized complete block experimental design
with three replications was used. The experimental unit consisted of three rows of six meters in
length, separated at 2.4 m one from the other and 1.25 m between plants, by depositing two plants
per bush in moist soil at a depth of 3 cm and subsequently, three days after emergence, thinning to
one plant, respectively.

It was fertilized with the formula 27N-69P-60K by applying manually 15 days after sowing (dds)
with 150 kg of diammonium phosphate (18-46-00) in a mixture with 100 kg of potassium chloride.
Before the emergency, glyphosate was applied at a dose of 2 L ha™.

Regarding the laboratory phase, all the fruits of the experimental plot were harvested at 93 da in
physiological maturity stage and transported to the laboratory of the Technological Institute of
China, Campeche, Mexico. Then, five fruits were randomly selected from each of the accessions
evaluated. Subsequently, the fruits were dissected into the pulp of the shell, the seeds were also
obtained, weighing 100 g of shell, pulp and seeds in a Highland® digital scale and later they were
placed in a Memmert® natural convection oven for dehydration, they were placed in previously
identified aluminum trays for 96 hours at a temperature of 65 °C.

Once dehydrated they were placed in a desiccator until cooled, weighed and ground in a Pulvex®
mill. The samples, already in powder, were placed in transparent plastic bags and kept at room
temperature until the moment of analysis. In this context, the work integrated the evaluation of the
protein content of the chihua pumpkins accessions in the seed, shell and pulp. For the determination
of proteins, the Kjeldahl method was used, using the Kjeldahl equipment and following the process
described in AOAC (2000).

This method consists of three steps: a) digestion of the sample; b) distillation of nitrogen (N); and
c) titration, which are described below: a) digestion: 1 g of selenium and 1 g of sample were
weighed and placed inside the test tubes of the compact digestion system (Raypa MBC-12 TB
26300 700), subsequently 10 ml of H2SO4 was added to the same tubes.

The technique was standardized using a total digestion time of 3 hours and 15 min divided
according to the following activities: 15 min to reach 150 °C, which was maintained for 30 min;
15 min to reach 270 °C, which was maintained for 30 min, 15 min to increase to 370°, which was
maintained for 90 min (AOAC, 2000).
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At the end, it was allowed to cool for 20 to 30 min to begin the distillation process. b) Distillation:
at the end of the digestion, the sample, also 25 ml of NaOH and 75 ml of distilled H2O, were added
to the distillation tube.

However, the equipment (N-protein flash still, Raypa DNP-1500-MP brand) adds 25 ml more of
H>O H20 during the process. Previously, 25 ml of 4% H3BO3 and 3 drops of the Tashiro indicator
were placed in a 250 ml flask.

Subsequently, the process was configured with a waiting time of 30 s, steam at 100% and 8 min of
distillate to collect 250 ml of sample. c) Titration: the process was carried out with HCI at 0.25%
N, the sample obtained from the distillation was subjected to titration until it made the first color
change (slightly pink). The calculation of N obtained was carried out using the following formula.

% N= (Sample expenditure-blank expenditure) (acid normality) (1.4) x 100
Sample weight (9)

The % protein was calculated in relation to the %N with the following equation: %protein = (% N)
(6.25). Where: %N = percentage of N; 6.25= constant for vegetables (AOAC, 2000). Each variable
was subjected to a variance analysis with the SAS program for Windows Version 9.0 (SAS, 2002)
individually.

The comparison of means was carried out with the Tukey test (p< 0.05). The Shapiro-Wilk test and
t-student were used for the assumptions of data normality and homogeneity of variance.

Results and discussion
Percentage of protein in pumpkin seed (%PROTsemc)
The protein content in the seeds of the chihua pumpkins accessions is statistically different (p<
0.05). The accession that showed the highest (p< 0.05) % PROTsemc was CECHET with 33.6%

compared to Becal, Pixoyal, CACAO, Edzna and Local Yucatan, which obtained in that order 26.9,
29.6, 30.3, 30.5 and 32.7% PROTsewmc, respectively (Figure 1).

Local Yucatan

CACAO
" J
S  CECHET [ R
L] Pixoyal
Q
8 ]
< Becal HH

Edzna [EE

0 10 20 30 40
Protein in the seed (%)

Figure 1. Percentage of protein in native pumpkin seed; means with the same letter(s) between
treatments are statistically equal with a= 0.05.
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The variability in the content of PROTsemc is due to the functionality of the proteins of vegetable
origin that depend on the chemical characteristics inherent to the seed (Mattil, 1973). The
functional properties are the result of the physicochemical properties of proteins, which specifically
influence their behavior (Hernandez et al., 2014).

Percentage of protein in pumpkin shell (%PROTcasc)

The study data show that the CECHET accession from the state of Quintana Roo presented the
highest (p<0.05) %PROTcasc with 14.4%. Applequist et al. (2006) conducted a study on pumpkin
accessions in the field and observed that an accession from the state of Campeche presented 8.6%
PROTcasc; data very close to the native accession called Local Yucatan and Becal, which
presented a %PROTcasc of 9.3. and 9.4%, respectively (Figure 2). Young et al. (2012) points out
that the %PROTcasc of pumpkin depends on the species cultivated in the region and the conditions
that are cultivated, since it has been observed that the shell of Cucurbita maxima contains more
protein than Cucurbita pepo or Cucurbita mochata.

Local Yucatan F————————— e

CACAO Py b
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Accessions
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Edzna

15 20
Protein in the shell (%)

Figure 2. Percentage of protein in native pumpkin shell. Means with the same letter(s) between
treatments are statistically equal with a= 0.05.

Studies conducted by Ziaul et al. (2019) reveal that there are native Cucurbita maxima pumpkins
cultivars that present higher protein content in the shell compared to hybrid varieties and these
differences are attributed to the differences between the species and varieties Cucurbita spp., grown
in different areas of the world.

Percentage of protein in pumpkin pulp (%PROTpuLc)

Studies by Kim et al. (2012) in the field, observed that a pumpkin material (C. pepo) presented an
average of 1% PROTpuLc. While in the present work a variation (p< 0.05) was obtained in the
amount of% PROTpuLc; al observes that Edzna, Becal, Local Yucatan presented 3.8% PROTpuLc
less than the CECHET, Cacao and Pixoyal accessions (Figure 3).

The variation that the CECHET, Cacao and Pixoyal accession presented in the %PROTpuLc

compared to the rest can be attributed to the differences in the chemical components that persist in
each of them, which in turn is related to the region where it is grown (El and Mulhieddine, 2019).
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Figure 3. Percentage of protein in native pumpkin pulp. Means with the same letter(s) between
treatments are statistically equal with a= 0.05.

Percentage of crude fat in pumpkin seed (%6GRAScru)
The %GRAScru in the accessions was statistically different. The Edzna accession presented a greater

(p< 0.05) amount of %GRAScru, than CACAO, Local Yucatan, Pixoyal, Becal and CECHET with
a variation in that order of 3.3, 5.6, 12.6, 13.1 and 15.1% GRAScru less than Edzna (Figure 4).
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Figure 4. Crude fat percentage of native pumpkin accessions. Means with the same letter(s) between
treatments are statistically equal with a= 0.05.

The results on %GRAScru of the present study coincide with those obtained by Stevenson et al.
(2007), who observed values between 36.0 to 40.1% GRAScru in pumpkin cultivars (Cucurbita
maxima D). While in the studies by Jarret et al. (2013) obtained 13.5% (24.4 to 32.9%) more crude
fat in the seed than those obtained in the present work.

Among the aspects that influence the variability in %GRAScru, it is pointed out that the seed
contains different amounts of minerals such as Fe, Ca, Mg, Zn, P, K and Cu, as well as anti-
nutrients such as oxalates, cyanides, thianines and phylates, which cause a variation in the %
GRAScru of the buido pumpkins (Telfairia occidentalis) (Ekpedeme et al., 1999).

Another factor that could influence the variation of %GRAScru is the origin of the accessions,
since the physical characteristics of fat and oil are dependent on factors such as the seed or plant
of origin, degree of unsaturation, size of the chains of carbon, isomeric forms of fatty acids and the
molecular structure of triglycerides (Lawson, 1999).
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Percentage of ash in pumpkin seed (%6CENCca)

In relation to the %CENCcAa, there were no significant differences p< 0.05 between the accessions
(Figure 5). The highest ash values obtained in this research surpass by 1.8% that obtained by Gohari
et al. (2011) in pumpkin (Cucurbita pepo), obtaining 5.3% CENca. Belitz and Grosch (1997)
indicate that among the factors that influence the variation in %CENca is the content of minerals
(P, Zn, Cu and Mg) that is given by genetic factors, climatic, cultivation practices, soil composition
and fruit ripening period at harvest.
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Figure 5. Ash percentage in the seed of native pumpkin accessions. Means with the same letter(s)
between treatments are statistically equal with a= 0.05.

Percentage of carbohydrates in pumpkin seed (%6CARBsE)

The %CARBse of the Becal accession is higher (p< 0.05) than the rest of the accessions evaluated.
Simultaneously in the present study, it was observed that Becal obtained a higher variation (p<
0.05) in the %CARBse over Pixoyal, CECHET, Local Yucatan, CACAO and Edzn4, with a record
in that order of accessions of 3.2, 5.6, 11.8, 14.4 and 22.1% CARBca (Figure 6)
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Carbohydrates in the seed (%)
Figure 6. Percentage of carbohydrates in native pumpkin accessions. Means with the same letter(s)
between treatments are statistically equal with a= 0.05.

It is possible that the %CARBse of the accessions was related to the origin and subsequent
management of the crop in Quintana Roo, Yucatan and Campeche, similar to those observed in 13
Cucurbita cultivars belonging to various agroecological regions of eastern and central Kenya,
where it is shown that there is a variability in %CARBse (Karanja et al., 2014).
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Ceron et al. (2010) indicates that, according to the genetic diversity, the nutritional quality and
quantity of the pumpkin seed is heterogeneous and this is verified with the results obtained in
the studies carried out by Terazawe et al. (2001) when observing that the pumpkins Cucurbita
maxima Duch and Cucurbita moschata Duch, as their fruits grow, differ in the content of
carbohydrates (sugars) and this total sugar content of Cucurbita maxima Duch. increased
gradually after 30 days from flowering, while Cucurbita moschata Duch. increased steadily
during fruit growth.

Percentage of dry matter in pumpkin seed (Y%MAT Ssemc)

The dry matter content in the seed of the native pumpkin cultivars of the region is variable, this
allows some native pumpkin species to prevail in the region. For example, orthodox seeds in
some cases reduce their moisture content to values lower than 10 and 15%, which allows them
to survive in the face of changes in the environment and be stored for long periods (Kermode,
1997).

In this sense, in the present work an average value of 55% of MATSsemc was observed among the
pumpkin accessions. While the individual content of MATSsemc, the accession named CECHET
surpassed (p< 0.05) Edzna, Local Yucatan, Becal, CACAO and Pixoyal with a difference in that
order of 23.5, 12.5, 11.5, 7.3 and 6.8% more than MAT Ssemc (Figure 7).

Local Yucatéan
CACAO
CECHET

Accessions

Pixoyal b

Becal

60 90
Dry matter in the seed (%)

Figure 7. Percentage of dry matter in native pumpkin seed. Means with the same letter(s) between
treatments are statistically equal with a= 0.05.

Percentage of dry matter in pumpkin pulp (%0MATSpuLc)

In the present work, the %MAT Spucc fluctuated between 1.9 to 4.3%. In this context, the CECHET
accession presented higher (p< 0.05) %MATSpuLc than Edzna, Becal, Pixoyal, Local Yucatan and
CACAO with a difference in that order of 2.4, 2.3, 2.0, 1.7 and 0.8% MATSpuLc (Figure 8).

On the nutritional characteristics of the pumpkin, except for sugars and acidity. The present study
reveals that in the Yucatan Peninsula there are native accessions that present a greater amount of
dry matter in the pulp compared to others cultivated in the region and this variation is attributed to
the fact that in some of the accessions the nutritional characteristics of the pumpkin are negatively
affected by the moisture content of the fruit, which is around 90% (Ortiz et al., 2008), becoming a
perishable fruit, short-lived, with diluted nutrients, where the longevity of the fruit and its ability
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to be stored for long periods depends on the percentage of dry matter (Lacuzzo and Dalla, 2009).
Therefore, the identification of genotypes with high levels of dry matter is essential to strengthen
genetic improvement from an agro-industrial perspective (Ortiz et al., 2013).
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»n CACAO BEEEEEE oo oo o Lo ST ab
@ i
2 CECHET [ e a
2 i
8 Pixoyal
. Becal

3 4 5
Dry matter in pulp (%)

Figure 8. Percentage of dry matter in native pumpkin pulp. Means with the same letter (s) between
treatments are statistically equal with a= 0.05.

Percentage of dry matter in pumpkin rind (20MAT Scasc)
The values observed in the percentage of dry matter in the shell of the accession called CACAO

exceed (p< 0.05) those observed in the Pixoyal, Becal, Edzna, Local Yucatan and CECHET
accession with a variation in that order of 6.8, 5.5, 5.4, 4.9 and 4.4% MAT Scasc (Figure 9).
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Figure 9. Percentage of dry material in the native pumpkin shell. Means with the same letter(s) between
treatments are statistically equal with a= 0.05.

These results contrast with those obtained by Lorenzo et al. (2019) by obtaining 13.71% of
MATScasc with pumpkin pulp. Dorantes et al. (2016) in accessions of native pumpkin (Cucurbita
argyrosperma Huber) from the state of Campeche observed values of 6.45% of MATScasc and
pumpkin pulp. Rossel et al. (2018) point out that the shell of the pumpkin is composed mostly of
crude fiber (3 403 g 100 g* sample), carbon (19.79 g 100 g sample) and calcium (30.057 mg 100
gt sample).
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Conclusions

The nutritional content of the chihua pumpkins (Cucurbita argyrosperma Huber) accessions grown
in the Yucatan Peninsula is variable. The accession that presented the highest nutritional content
in the parts of the fruit was CECHET from Quintana Roo, obtaining a higher percentage of protein
in the seed, shell, pulp and percentage of dry matter in the seed and pulp. Edzna de Campeche stood
out in the content of crude fat in the seed. Becal of Campeche was superior to all accessions in
carbohydrate content.

The CACAO accession from Quintana Roo presented better results for the dry matter content in
the shell. Accessions with nutritional contribution were identified for their consumption, which in
turn can be an alternative to diversify their use in the preparation of different foods.
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