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Abstract 
 

In this research, color, content of bioactive compounds and antioxidant capacity were analyzed in 

collections of guajillo chili native from Durango and Zacatecas, Mexico. The experimental design 

was completely randomized with four repetitions. The study was carried out at the Autonomous 

University Chapingo, Texcoco, State of Mexico. The variables evaluated were color, vitamin C 

(VC), total anthocyanins (AT), total phenols (FT), as well as antioxidant capacity (CA). No 

significant variation was found for brightness and color chromaticity; however, the °hue was lower 

in collection 25 (33.77°). With respect to the content of bioactive compounds, collections 19 and 

25 stand out for their high content of VC (200.02 and 196.19 mg ascorbic acid100 g-1 ps, 

respectively). The 96.6% of the collections (29/30) showed similar values of AT and FT, whose 

values were between 1 and 1.97 mg cyanidin-3-glucoside 100 g-1 as well as from 72.00 to 129.54 

mg gallic acid 100 g-1 ps, respectively. Additionally, the CA in 26/30 of the collections showed 

values between 4 991 and 10 607 mol eq Trolox g-1; however, they were greater than collections 

8, 20, 21 and 28 (3 068, 3 063, 2 559 and 2 054 mol eq Trolox g-1, respectively). On the other 

hand, the greater variability between collections was due to the concentration of VC, AT and FT, 

in addition to showing a positive linear correlation with CA, which represents an opportunity for 

genetic selection and breeding. 
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Introduction 
 

Chili or chile (Capsicum spp.), as well as corn (Zea mays L.), pumpkin (Cucurbita spp.), beans 

(Phaseolus vulgaris L.), cocoa (Theobroma cacao L.), avocado (Persea americana Mill. ) and 

tomato (Solanum lycopersicum L.), its consumption has a millenary tradition that dates back to pre-

hispanic times and is a fundamental part in the generation of an enormous gastronomic diversity 

(Vera-Guzmán et al., 2011; 2012; Chávez-Servia et al., 2016) and among the domesticated species, 

C. annuum has the greatest morphological variation (Moreno-Pérez et al., 2011). 

 

There is a great diversity of types of chili types within C. annuum, and its use, in most cases, is as 

a fresh product; however, it is also common to find it dehydrated and the guajillo chili (mirasol) is 

one of them, which is used as the main ingredient for the preparation of marinades, moles and 

sauces in different regions of Mexico (Cruz-Crespo et al., 2015; Toledo-Aguilar et al., 2016), as 

well as in the extraction of natural dyes (Moreno-Pérez et al., 2006). According to Aguilar y 

Esparza (2010), 83.7% of the total production of this type of chili is found in Chihuahua, Durango, 

San Luis Potosí and Zacatecas, however, there is no precise information 

 

Currently, there is an increase in the suffering of neurodegenerative diseases, cardiovascular and 

some types of cancer, as a result of the intake of foods with high caloric content and low nutritional 

value (Tangkanakul et al., 2009; Hernández-Ortega et al., 2012), which is why the production and 

consumption of foods that have one or several characteristics related to their constitution or 

function in the prevention of some disease is sought (Hernández-Ortega et al., 2012). 

 

In this sense, the intake of guajillo chili (Capsicum annuum L.), has allowed to incorporate into the 

daily diet various bioactive compounds such as anthocyanins, ascorbic acid, phenolic compounds, 

carotenoids (α and β-carotene), capsaicinoids (capsaicin, nordihydrocapsaicin and 

dihydrocapsaicin) and vitamin E (α-tocopherol) (Hervert-Hernández et al., 2010; Hernández-

Ortega et al., 2012; Toledo-Aguilar et al., 2016; Ramírez et al., 2018), which implies ability to 

inhibit, delay or significantly reduce the activity of reactive oxygen species (superoxide radical 

anion, hydrogen peroxide and hydroxyl ion, among others) (Rodríguez et al., 2017), which are one 

of the main causes that are attributed to the development of diseases (Kantar et al., 2016). 

 

The existence of diverse studies, where the synthesis and concentration of bioactive compounds in 

the fruit of chili is approached from diverse perspectives (Hernández-Ortega et al., 2012; Toledo-

Aguilar et al., 2016), suggest the importance of this culture from the nutritional point of view and 

health care (Figueroa et al., 2015), however, in Mexico there is a huge genetic and phenotypic 

variability of this species (Moreno-Pérez et al., 2011), which makes fundamental the initial 

physical-chemical evaluation of specific materials of chili present in a native way in diverse regions 

of our country, with the purpose of detecting those that are susceptible of being used as a base for 

genetic improvement and the obtaining of improved varieties (Vera-Guzmán et al., 2011; Ramírez 

et al., 2018), where not only agronomic aspects are included, but also parameters of functional 

quality are considered. The objective of this research was to analyze the color, content of some 

bioactive compounds and antioxidant capacity in collections of guajillo chili native from Durango 

and Zacatecas, Mexico 
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Materials and methods 
 

Plant material and location of the experiment 

 

In the course of the months from September to October 2014, a tour of some localities of Durango 

and Zacatecas was made, and samples of guajillo chili (mirasol) fruits were collected with uniform 

epidermis color, absence of burns and mechanical damage. Likewise, its geographical location was 

registered by means of a global positioning system (GPS) (Table 1). 30 guajillo chili materials were 

collected (natural drying at 32 °C), which according to the collection number (1-17, 19-26, 28-30) 

were native genotypes and where 18 and 27 were the commercial varieties ‘Castilla’ and ‘Minero’, 

respectively. Physicochemical quality analyzes were carried out in the laboratories of fruit 

physiology and multiple uses, located in the Department of Plant Breeding of the Autonomous 

University Chapingo, State of Mexico, Mexico (19° 29’ 43” North latitude and 98° 53’ 12” West 

longitude, at an altitude of 2 240 m with an average temperature of 15.9 °C. 

 

Table 1. Origin of the collected samples of guajillo chili fruits (Capsicum annuum L.), analyzed 

in this study. 

Collection 

number 
Location North Latitude West longitude Altitude (m) 

1 La Joya, Poanas, Durango 23° 50’ 20.9” 104° 00’ 36.4” 1 838 

2 El tobe, Nombre de Dios, Durango 23° 48’ 00.2” 104° 02’ 35.1” 1 804 

3 Vicente Guerrero, Durango 23° 48’ 00.2” 104° 02’ 35.5” 1 795 

4 La Joya, Poanas, Durango 23° 53’ 0.45” 103° 54’ 47.6” 1 820 

5 La Joya, Poanas, Durango 23° 53’ 0.15” 103° 59’ 24.6” 1 880 

6 Vicente Guerrero, Durango 23° 47’ 58.6” 103° 58’ 31.2” 1 871 

7 Nombre de Dios, Durango 23° 47’ 19.5” 104° 00’ 00.8” 1 840 

8 Vicente Guerrero, Durango 23° 43’ 31.3” 104° 00’ 32.1” 1 8 00 

9 Nombre de Dios, Durango 23° 43’ 27.7” 104° 00’ 24.7” 1 802 

10 Nombre de Dios, Durango 23° 47’ 35.2” 104° 06’ 0.50” 1 807 

11 Nombre de Dios, Durango 23° 47’ 32.1” 104° 06’ 11.2” 1 812 

12 Vicente Guerrero, Durango 23° 39’ 09.0” 104° 01’ 12.3” 1 918 

13 Vicente Guerrero, Durango 23° 39’ 03.3” 104° 00’ 59.4” 1 921 

14 Vicente Guerrero, Durango 23° 39’ 24.5” 104° 01’ 15.8” 1 916 

15 El Pardillo, Fresnillo, Zacatecas 23° 47’ 19.5” 104° 00’ 00.8” 1 983 

16 El Pardillo Segundo, Fresnillo, Zacatecas 23° 08’ 43.4” 102° 40’ 58.9” 1 983 

17 El Pardillo Segundo, Fresnillo, Zacatecas 23° 08’ 38.6” 102° 40’ 21.6” 1 981 

18 Bañon, Fresnillo, Zacatecas 23° 12’ 38.6” 102° 25’ 13.2” 1 928 

19 Bañon, Fresnillo, Zacatecas 23° 12’ 38.6” 102° 25’ 13.0” 1 928 

20 Bañon, Fresnillo, Zacatecas 23° 12’ 38.8” 102° 25’ 13.4” 1 932 

21 Santiaguito, Fresnillo, Zacatecas 23° 06’ 20.4” 102° 28’ 37.0” 2 028 

22 Potrero de Ojuelos, Fresnillo, Zacatecas 23° 06’ 20.4” 102° 38’ 37.4” 2 039 

23 El Pardillo Segundo, Fresnillo, Zacatecas 23° 08’ 37.3” 102° 40’ 42.0” 1 996 

24 Las Auras, Calera, Zacatecas 23° 04’ 29.6” 102° 38’ 35.4” 2 005 

25 Las Auras, Calera, Zacatecas 23° 05’ 02.9” 102° 38’ 28.8” 2 014 

26 Las Auras, Calera, Zacatecas 23° 02’ 01.4” 102° 38’ 55.4” 2 029 
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Collection 

number 
Location North Latitude West longitude Altitude (m) 

27 Calera, Zacatecas 23° 02’ 01.4” 102° 38’ 55.4” 2 131 

28 Calera, Zacatecas 23° 56’ 27.6” 102° 44’ 26.3” 2 145 

29 Rio Frío, Zacatecas 23° 56’ 27.9” 102° 44’ 26.4” 2 155 

30 Rio Frío, Zacatecas 23° 56’ 27.9” 102° 44’ 26.4” 2 155 

 

Experimental design 

 

A completely randomized experimental design with 4 replications was used, where for the 

evaluation of fruit color and vitamin C (ascorbic acid), the experimental unit consisted of a set of 

15 fruits. On the other hand, with 20 fruits per experimental unit the content of total anthocyanins, 

total phenols, as well as the antioxidant capacity were determined. 

 

Parameters evaluated 

 

Colour. It was determined on the epidermis of the fruit, by means of a Color Tec-PCM® portable 

colorimeter (Cole Palmer, Illinois, USA), in which the Cielab color coordinates (CIE 1976 

(L*a*b)). were obtained. Subsequently the chromaticity values = (a2+b2)1/2 and tonality or °hue= 

arctan-1 (b/a) were calculated. 

 

Vitamin C (ascorbic acid). It was estimated according to the method proposed by Jagota and Dani 

(1982), for this, 4 g of tissue were taken and homogenized with 5 mL of 20% trichloroacetic acid, 

the mixture was left to rest for 5 min in cold (ice) and centrifuged at 15 000 rpm for 20 min at 4 

°C. An aliquot of 0.2 mL of the supernatant was taken and 1.8 mL of distilled water and 0.2 mL of 

10% Folin-Ciocalteu were added. The mixture was stirred vigorously and allowed to stand for 10 

min to subsequently perform the absorbance reading at 760 nm, using a Genesys™ 10S UV-Vis 

spectrophotometer (Thermo Fisher Scientific, Florida, USA). The calculation of the concentration 

of this compound was made based on a standard curve of ascorbic acid and the results were 

expressed mg ascorbic acid 100 g-1 dry weight (ps). 

 

Total anthocyanins. Its evaluation was carried out according to the method proposed by Craker 

(1971), which consisted of taking 0.5 g of tissue and grinding in mortar with 1% methanol-HCl 

and then filtering on Whatman® paper with GF6 grade and recording the reading of absorbance at 

525 nm with the Genesys ™ 10S UV-Vis refractometer (Thermo Fisher Scientific, Florida, USA). 

The results were calculated with the expression. 

 

-1 AxPMxFDx1000
AT (  mg cianidina-3-glucós pido 100 g s ) =  x 21

 x L

 
 
 

 

 

Where: A= is the absorbance at 525 nm, PM corresponds to the molecular weight of the cyanidin-

3-glucoside (449.2); FD= is the dilution factor; ε= is the molar absorptivity for cyanidin-3 

glycoside (26 900); L= is the optical path of the cuvette (10 mm). 

 

 



Rev. Mex. Cienc. Agríc.   vol. 10  num. 1   January 01 - February 14, 2019 
 

39 

Total phenols. The quantification of these compounds was carried out with the method proposed 

by Litwack (1967), with some modifications: 1 g of tissue was taken and homogenized with 25 mL 

of distilled water, from which a 2 mL aliquot was taken that 0.4 mL of extractant solution composed 

of methanol, chloroform and water (2:1:1) was added and centrifuged for 15 min at 11 400 rpm. 

To the supernatant was added 10 mL of Na2CO3 (10%), to be maintained at 38 °C for 15 min. 

Subsequently, 1 mL of this solution was taken and the Folin-Ciocalteu reagent (1 mL) was added, 

allowing it to stand for 15 min in conditions of complete darkness and the absorbance reading was 

taken at 660 nm using the UV-Vis spectrophotometer. Genesys™ 10S (Thermo Fisher Scientific, 

Florida, USA). The concentration data were obtained by reference to a standard curve of gallic 

acid. The results were expressed in mg gallic acid 100 g-1 ps. 

 

Antioxidant capacity. The determination of this variable was carried out with the N, N-dimethyl-

p-phenyl-N-diamine dihydrochloride (DMPD) method modified by Fogliano et al. (1999). The 

method consisted of preparing a solution of DMPD (209 mg of this compound dissolved in 10 mL 

of distilled water), from which 1 mL was taken and 100 mL of a 0.1 M acetate buffer solution (pH 

5.25) was added. To this solution was added 0.2 mL of 0.05 M ferric chloride, with a final 

concentration of 0.1 mM. The absorbance reading was recorded at a wavelength of 505 nm (UV-

Vis Genesys™ 10S (Thermo Fisher Scientific, Florida, USA)), which corresponds to the 

uninhibited signal (Ao). Likewise, a standard antioxidant curve of Trolox was constructed for 

which it was necessary to dilute various concentrations of this compound (obtained from a solution 

of Trolox in methanol at a concentration of 1 mg mL), to which 0.2 mL of extract was added. The 

mixture was stirred for 10 min and the absorbance reading at 505 nm (Af) was recorded. The results 

were expressed as a percentage of the solution of the uninhibited radical cation and for its 

calculation the expression was used. 

 

A505(%) = (1 )  x 100
Af

Ao

 
 

 
 

 

Where: Ao= is the absorbance of the non-inhibited radical cation; Af= corresponds to the 

absorbance value recorded 10 min after adding the standard solution of Trolox or the sample of the 

juice extract. 

 

Statistical analysis of the data. The data obtained were analyzed by variance of simple classification 

(Anova) and multiple comparison of means with the Tukey test (p≤ 0.05). In addition, with the idea 

of grouping the different collections with similar characteristics, a multivariate analysis was carried 

out with which a grouping was made based on the statistical square distances (standardized data) 

and a dendrogram was constructed with the minimum variance method Ward (Dallas, 2000) and 

in all cases the statistical analysis package SAS® version 9.0. (SAS Institute, 2002) was used. 

 

Results and discussion 
 

Colour 

 

One of the parameters of quality with greater practical utility in fruits and vegetables, 

constitutes the color, which undergoes relatively few alterations in dehydrated (dry) fruits 

during storage (Pérez-López et al., 2010) and the changes that have occurred are consequence 
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of the variation in the concentration of some natural pigments (anthocyanins and carotenoids) 

or in the worst case, caused by reactions of enzymatic obscuration (Moreno-Pérez et al., 2006; 

Agostini-Costa et al., 2017). 

 

In this work, no significant variation was found (p≤ 0.05) in relation to the luminosity and 

chromaticity of the color, whose values fluctuated from 12.47 to 21.58 and between 24.96 to 41.96, 

respectively (Table 2). With respect to these results, several authors have indicated that the 

characteristic color of the chili fruit is highly correlated with the synthesis and accumulation of 

carotenoids (β-carotene, xanthophylls, β-cryptoxanthin, zeaxanthin, violaxanthin and capsanthin) 

(Hernández-Ortega et al., 2012; Figueroa et al., 2015; Agostini-Costa et al., 2017), where their 

concentration is strongly influenced by the intensity or absence of various crop management 

practices (irrigation, use of plastic covers in the soil, sources of fertilization, among others) (López-

Pérez et al., 2007; Chávez-Servia et al., 2016), without counting whether the type of drying is 

natural or artificial (Rochin-Wong et al., 2013). 

 

On the other hand, the °hue was statistically similar for 96.6% of the collections (29/30), in which 

the commercial varieties ‘Castilla’ and ‘Minero’ were included, with values that fluctuated between 

39.42 and 173.05°, in which highlights the 19 native collection of Bañon, Fresnillo, Zacatecas with 

the maximum value for this variable, which showed fruits with intense red color and statistically 

exceeded collection 25 (Las Auras, Calera, Zacatecas) with 33.77°, being the latter, which 

presented the fruits with less hue (Table 2). 

 

Table 2. Mean values related to the components of color and content of vitamin C, evaluated in 

collections of guajillo chili (Capsicum annuum L.) native of Durango and Zacatecas, 

Mexico. 

Collection number 

Colour 
VC (mg ascorbic 

acid 100 g-1 ps) Brilliance (L) 
Chromaticity 

(color purity) 
Tonality (°hue) 

1 16.35 a* 29.13 a 39.42 ab 169.93 a-c 

2 16.85 a 33.1 a 88.96 ab 123.3 bc 

3 15.52 a 33.42 a 53.58 ab 146.31 a-c 

4 16.86 a 30.88 a 45.84 ab 115.62 c 

5 19.18a 40.98 a 64.13 ab 127.13 bc 

6 15.37 a 24.96 a 120.46 ab 150.15 a-c 

7 16.15a 34.18 a 71.78 ab 157.82 a-c 

8 16.42 a 41.65 a 98.59 ab 138.64 a-c 

9 17.87 a 30.65 a 81.58 ab 161.66 a-c 

10 18.8 a 30.51 a 55.74 ab 123.3 bc 

11 17.68 a 26.35 a 62.16 ab 138.64 a-c 

12 16.81 a 32.09 a 105.91 ab 150.15 a-c 

13 18.78 a 25.38 a 129.04 ab 150.15 a-c 

14 16.46 a 31.66 a 58.94 ab 157.82 a-c 

15 14.44 a 26.9 a 60.73 ab 146.31 a-c 

16 17.01 a 32 a 127.88 ab 177.01 a-c 

17 18.51 a 35.81 a 67.45 ab 169.33 a-c 
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Collection number 

Colour 
VC (mg ascorbic 

acid 100 g-1 ps) Brilliance (L) 
Chromaticity 

(color purity) 
Tonality (°hue) 

18 17.01 a 42.82 a 49.52 ab 123.3 bc 

19 17.88 a 38.05 a 173.05 a 200.02 a 

20 16.36 a  35.97 a 54.01 ab 184.68 ab 

21 14.06 a 26.6 a 75.97 ab 173.17 a-c 

22 12.47 a 40.71 a 67.08 ab 169.33 a-c 

23 15.59 a 41.87 a 52.08 ab 127.13 bc 

24 21.58 a 25.34 a 74.6 ab 169.33 a-c 

25 15.99 a 29.6 a 33.77 b 196.19 a 

26 15.4 a 34.76 a 79.32 ab 150.15 a-c 

27 17.26 a 35.34 a 90.45 ab 157.82 a-c 

28 15.05 a 31.4 a 98.58 ab 138.64 a-c 

29 18.24 a 36.79 a 68.77 ab 119.46 c 

30 14.36 a 35.56 a 103.14 ab 115.62 c 

DMSH 8.94 32.54 135.21 64.77 

VC= vitamin C; *= values with the same letter inside columns, are equal according to the Tukey test (p≤ 0.05); DMSH= 

honest significant minimum difference. 

 

Among the quality parameters considered of paramount importance for the various types of 

dehydrated (dried) whole chilis (guajillo or mirasol, ancho, mulato, de arbol, puya and pasilla) 

is associated with color, for this the Official Mexican Standard 107 (NMX-FF-107/1-SCFI-

2006) (Anónimo, 2006) states that values between 47.33 and 56.96° indicate the presence of 

fruits with an intense red or dark uniform epidermis, that is, without presenting discoloration 

problems, burns and scrapes, which can largely be caused by abiotic factors (excessive solar 

radiation, nutritional deficiencies and inadequate harvest index) and biotic (attack by pests and 

diseases) (Moreno-Pérez et al., 2011). 

 

In this study, with the exception of collections 1 and 4 (La Joya, Poanas, Durango) and 25 (Las 

Auras, Calera, Zacatecas), the rest of the collections, including commercial varieties, 

satisfactorily comply with this quality index. important for producers and marketers of this 

product, since their values fluctuated between 49.52 and 173.05°. On the other hand, 

Hérnandez-Ortega et al. (2012); Rochin-Wong et al. (2013), point out that during the storage 

period there is a variation in the content of carotenoid pigments present in the shell, due to an 

oxidation process, which is increased by the action of external factors of a physical nature, such 

as temperature, humidity and luminosity levels or also of a chemical nature, with the presence 

of metal ions, enzyme peroxidase and free oxygen (oxidants) (Pérez-López et al., 2007; 

Chavez-Servia et al., 2016). 

 

Vitamin C (ascorbic acid) 

 

Among the nutritional components of the guajillo chili, it is linked to its content of vitamin C 

(ascorbic acid), which presents variations along the growth and development of the fruit, however, 

in physiological maturity (maximum accumulation of biomass) it is reported that it has between 

150 and 180 mg ascorbic acid 100 g-1 (Kantar et al., 2016; Agostini-Costa et al., 2017). The 
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collections analyzed showed significant variation with respect to the content of ascorbic acid, in 

which collections 19 (Bañon, Fresnillo, Zacatecas) and 25 (Las Auras, Calera, Zacatecas) were 

unleashed with values of 200.02 and 196.19 mg ascorbic acid 100 g-1, which exceeded that 

observed in the fruits of collections 2, 4, 5, 10, 17, 23, 29 and 30 whose values ranged between 

115.62 and 127.62 mg ascorbic acid 100 g-1 (Table 2). 

 

In contrast, Figueroa et al. (2015) indicate for different varieties of bell chili (Capsicum annuum 

L.) values that fluctuate between 274.3 and 355.5 mg ascorbic acid 100 g -1. On the other hand, 

Cruz-Crespo et al. (2015) indicate a maximum value of 41.19 mg 100 g-1, for the variety 

‘Tampiqueño’ of serrano chili (Capsicum annuum L.) cultivated with different concentration of 

nutrients and proportions of substrate (volcanic rock and vermicompost) Additionally, Cruz et 

al. (2007) in Manzano chili (Capsicum pubescens L.) mention a content between 455 and 238 

mg ascorbic acid 100 g-1, the variation between the findings of this work and that of other authors, 

may be associated with a variety of factors, among them, the degree of maturity at harvest, 

because fruits where the green color prevails, generally contain a higher concentration of ascorbic 

acid in relation to those of color yellow and red (Hervert-Hérnandez et al., 2010), climatic 

conditions (radiation, temperature and relative humidity) prevailing in pre-harvest, cultural 

practices of agronomic management (Agostini-Costa et al., 2017), conditions of post-harvest 

management has during the storage period (the water content decreases between 5 and 12%, 

which leads to the loss and degradation of between 10 and 50% of ascorbic acid) (Kantar et al., 

2016) and if in the analytical methodology used was used in fresh or dehydrated tissue (Rochin-

Wong et al., 2013). 

 

Total anthocyanins 

 

The guajillo chili fruit has a considerable content of polyphenolic compounds (secondary 

metabolites), which may include several functional groups, such as flavonoids (Arnnok et al., 

2012) and among the most important subgroups of this functional group are find anthocyanins 

(Kantar et al., 2016), which is attributed to the presence of the typical red color in fruits and 

vegetables, including chili (Hervert-Hernández et al., 2010; Arnnok et al., 2012). In this study, 

as shown in Table 3, 96.6% of the collections (29/30) showed statistically similar values with 

respect to the concentration of anthocyanins in the fruits, whose values were between 1.0 and 

1.97 mg cyanidin-3-glucoside 100 g-1; however, collection 22 (Potrero de Ojuelos, Fresnillo, 

Zacatecas) was the one with the lowest concentration of this pigment with 0.87 mg cyanidin-3-

glucoside 100 g-1. 

 

In contrast, Moreno et al. (2006), when evaluating mature fruits of 162 collections (plants) of 

guajillo chili, native of Jalisco, Zacatecas and Durango, they report a lower average value (0.22 mg 

100 g-1) which was detected in a plant from the municipality of villa union in Durango, however, 

also reported values of 1.97 mg 100 g-1 in fruits of a collection of Luis de Moya, Zacatecas, similar 

to that found in collections 1, 21, 17 and 9 with values of 1.89, 1.90, 1.91 and 1.97 mg 100 g-1, 

respectively. Variability attributed according to Moreno et al. (2006) with the genotype and the 

prevailing edaphoclimatic conditions of the localities during the growth and development of the 

collected materials (Rochin-Wong et al., 2013), as well as with the management during the 

dehydration process (Hernández-Ortega et al., 2012). 
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On the other hand, Arnnok et al. (2012) evaluated the content of anthocyanins in the pericarp 

of chili (Capsicum annuum L.) and indicate values in fresh weight of 0.79 to 2.78 mg kg -1 and 

6.62-19.9 mg kg-1 in dry weight, where said variation according to authors were attributed with 

the duration in the storage period and the intense activity of the nonenzymatic system (reduced 

glutathione, vitamin E (α-tocopherol), vitamin A (trans-retinol/β-carotene) and ascorbic acid 

(vitamin C) which is activated against browning and oxidation caused by the activity of the 

polyphenoloxidase enzyme and catechol oxidase (Rodríguez et al., 2017). 

 

Total phenols 

 

It was found that 96.6% of the materials analyzed were statistically similar in their content of 

total phenols (72.00 and 129.54 mg gallic acid 100 g-1); however, if they exceeded collection 

3 (Vicente Guerrero, Durango) who showed the lowest value for this variable (40.09 mg gallic 

acid 100 g-1) (Table 3). With respect to these results, Menichini et al. (2009) in a study where 

they evaluated the effect of the state of maturity on the phytochemical content in Capsicum 

chinense Jacq. ‘Habanero’, reported values of total phenols well above those found in this 

work, with 782 (immature-green) and 759 (mature-red) mg 100 g-1, respectively. However, 

Figueroa et al. (2015) indicate lower values for six commercial varieties and three fruit 

colorations (mg gallic acid 100 g-1): ‘Magno’ (orange) (8.51), ‘Moonset’ (yellow) (9.72), 

‘California’ ( yellow) (7.16), ‘Triple 4’ (red) (6.55), ‘Triple Star’ (red) (10.98) and ‘Viper’ 

(red) (9.98), and without finding differences by effect of varieties and coloration, behavior 

which was associated with the maturation period (change from green to red, yellow and orange) 

(Shahidi and Naczk, 2004), therefore, it is suggested that the consumption of chili should be 

done during physiological maturity, when they have not yet completed your maturity process. 

Additionally, authors such as Arnnok et al. (2012) indicate that exposure to high temperatures 

(55-65 °C) and in which the ventilation levels in the drying tunnels are not adequate, has a 

negative impact on the degradation of secondary metabolites, among these, the phenolic 

compounds. 

 

Antioxidant capacity 

 

As shown in Table 3, 26/30 of the collections (including commercial varieties) showed 

statistically similar CA values between 4 991 and 10 607 mol eq Trolox g-1, however, they were 

higher than those shown by the collections 8, 20, 21 and 28 with 3 068, 3 063, 2 559 and 2 054 

mol eq Trolox g-1, respectively. Results that exceed the indicated by Hervert-Hernández et al. 

(2010) who when evaluating antioxidant capacity in guajillo chili with the FRAP (ferric 

reducing/antioxidant power) and ABTS (2, 2’azinobis (3-ethylbenzthiazolin-6-sulfonic acid) 

methods indicate no statistical variation with values of 63.9 ±0.9 and 26.6 ±1 μmol eq Trolox 

100 g-1, likewise, the same authors also reported in de arbol chili and chipotle (Capsicum annuum 

L.) values antioxidant capacity 82.3 ±1.3 and 80.6 ±1.2 μmol eq Trolox 100 g -1, respectively, 

which also do not exceed what is found in this research. 
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Table 3. Content of anthocyanins, total phenols and antioxidant capacity evaluated in collections 

of guajillo chili (Capsicum annuum L.) native of Durango and Zacatecas, Mexico. 

Collection number 
AT (mg cyanidin-3-

glucoside 100 g-1 ps) 

FT (mg gallic acid 

100 g-1 ps) 
CA (mol eq Trolox g-1) 

1 1.89 a* 92.53 ab 6 047 a-d 

2 1.59 ab 73.59 ab 5 834 a-d 

3 1.82 ab 40.09 b 9 095 ab 

4 1.05 ab 91.75 ab 8 882 a-c 

5 1.28 ab 81.5 ab 5 488 a-d 

6 1.46 ab 90.26 ab 5 011 a-d 

7 1.74 ab 91.64 ab 5 61 a-d 

8 1.67 ab 116.88 a 3 068 b-d 

9 1.97 a 86.92 ab 4 991 a-d 

10 1 ab 88.13 ab 8 255 a-d 

11 1.74 ab 94.55 ab 7 863 a-d 

12 1.67 ab 91.64 ab 9 759 a 

13 1.73 ab 111.81 a 8 692 a-c 

14 1.8 ab 89.69 ab 10 607 a 

15 1.4 ab 86.64 ab 9 531 ab 

16 1.35 ab 78.34 ab 9 902 a 

17 1.91 a 85.83 ab 5 075 a-d 

18 1.18 ab 93.02 ab 8 927 a-c 

19 1.47 ab 82.85 ab 7 437 a-d 

20 1.35 ab 106.07a 3 063 b-d 

21 1.9 a 129.54 a 2 559 cd 

22 0.87 b 82.88 ab 7 201 a-d 

23 1.62 ab 84.69 ab 8 693 a-c 

24 1.43 ab 117.1 a 5 364 a-d 

25 1.46 ab 106.82 a 9 161 ab 

26 1.79 ab 125.11 a 7 749 a-d 

27 1.81 ab 107.13 a 7 596 a-d 

28 1.25 ab 89.37 ab 2 054 d 

29 1.58 ab 72.00 ab 6 671 a-d 

30 1.17 ab 83.41 ab 7 558 a-d 

DMSH 1.004 63.18 6 484.1 

AT= total anthocyanins; FT= total phenols; CA= antioxidant capacity; *= values with the same letter within columns, 

are equal according to the Tukey test (p≤ 0.05); DMSH= honest significant minimum difference. 

 

Likewise, Figueroa et al. (2015) for six commercial varieties, three fruit colorations and with the 

same method of chemical analysis, indicate values between 729 and 1281 μmol eq Trolox 100 g-1, 

where the yellow varieties were the most outstanding. There is sufficient evidence to suggest a high 

correlation between the content of ascorbic acid, flavonoids and total phenols with respect to the 

behavior of the antioxidant capacity (Menichini et al., 2009; Kantar et al., 2016), in such a way 

that the level of antioxidant capacity is presented in a differentiated way, considering the method 

of analysis (Arnnok et al., 2012), state of maturity and agronomic management (Pérez-López et 



Rev. Mex. Cienc. Agríc.   vol. 10  num. 1   January 01 - February 14, 2019 
 

45 

al., 2007). In this work, collections 12, 14 and 16, presented values of antioxidant capacity that 

surpass those reported in species such as tamarind (Tamarindus indica L.) and potato (Solanum 

tuberosum L.) (Tangkanakul et al., 2009). 

 

Principal component analysis 

 

The principal component analysis (CP) indicated that 65.5% of the total variation was explained 

with three CPs (Table 4). Of this, 26.2% corresponds to CP1 and according to the Pearson 

correlation coefficients (R2) (Table 5), this component was related to the content of VC and AT, 

16.2% corresponded to CP2 that was related to the purity color (Chroma), brightness (L) and CA; 

hue (°hue) and FT with 14% of the variation constituted CP3. These results are similar to those 

obtained by Moreno-Pérez et al. (2011) in a study of morphological diversity of 162 collections of 

native guajillo chili, from the states of Jalisco, Zacatecas and Durango, Mexico, indicate that with 

two CP explained 75.5% of the total variation, and that CP1 was formed by the brightness, 

chromaticity and °hue and the CP2 by the content of AT. Likewise, Ramirez et al. (2018) when 

evaluating the morphological diversity in 11 populations of chili piquin (Capsicum annuum L.) 

native to the Sierra Gorda (Guanajuato and Querétaro, Mexico) conclude that 56.6% of the total 

variation was explained with three CPs, whose integration was given by the characteristics of 

weight, width and length of the fruit, as well as by the density of leaves, diameter of seed, shape of 

the fruit and color of the anthers. 

 

Table 4. Characteristic value and variance of the main components (CP). 

CP Characteristic value Proportion of variance Accumulated variance 

CP1 2.095 0.262 26.2 

CP2 1.301 0.162 42.4 

CP3 1.124 0.14 65.5 

 

Table 5. Characteristic vectors and determination coefficients (R2) of the main components (CP). 

Variable CP1 CP2 CP3 
R2 

CP1 CP2 CP3 

Brilliance -0.19 -0.448 0.196 -0.276 -0.511** 0.208 

Chromaticity -0.287 0.579 0.138 -0.415** 0.661** 0.146 

Hue (°hue) 0.161 -0.068 0.809 0.234 -0.077 0.858** 

Vitamin C 0.473 -0.18 0.283 0.685** -0.206 0.3 

Total anthocyanins 0.473 0.347 0.127 0.684** 0.396 0.135 

Total phenols 0.46 -0.146 -0.409 0.666** -0.167 -0.434** 
yCA -0.384 -0.404 0.083 -0.557** -0.461** 0.088 

yCA= antioxidant capacity; **= highly significant (p≤ 0.01). 

 

Conglomerate analysis 

 

The cluster analysis is presented in Figure 1, which is corroborated with the cubic criterion of 

clustering and the pseudo-statistics T2 of Hotelling (first value <20% of total collections) and the 

formation of four groups is observed , where group I was formed by collections 1, 6, 7, 8, 9, 17, 

20, 21, 25, 26 and 28, group II was integrated by 2, 29, 5, 18, 23, 30 , 4, 10, 11 and 14 and 
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collections 12, 27, 13, 24, 16 and 19 corresponded to group III, with groups II and III where the 

commercial varieties ‘Castilla’ and ‘Minero’ were included, respectively. On the other hand, it is 

important to point out that group I was integrated by a similar number of collections with respect 

to the collection sites Durango (6) and Zacatecas (5), where it is important to mention that among 

the climatic conditions in common that they have among their collecting sites, are the average 

annual temperature and precipitation with values between 16.9 °C and 500 mm, respectively 

(INAFED, 2010), conditions can be linked to the development of color purity (chromaticity), 

product of synthesis and accumulation of VC, AT and FT (Moreno-Pérez et al., 2006), as observed 

the values of the characteristic vectors of this main component. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Dendrogram of collections of guajillo chili (Capsicum annuum L.) based on color characters, 

vitamin C, total phenols, total anthocyanins and antioxidant capacity. 

 

Canonical discriminant analysis 

 

In order to verify that the number of groups considered in the analysis of principal components is 

adequate a canonical discriminant analysis was carried out, where the three groups were 

categorized as categorical variables. It was found that with two canonical discriminant functions 

(VC) it was possible to describe 100% of the variability of the groups (Table 6), with an individual 

variation of 62.5% and 37.4%. 

 

Table 6. Values of the canonical discriminant functions evaluated in collections of guajillo chili 

(Capsicum annuum L.) native to Durango and Zacatecas, Mexico. 

Variable canonical yVC PV PVA  

VC1 5.408 62.5 62.5 

VC2 3.232 37.4 100 
yVC= characteristic value; PV= variance proportion; PVA= proportion of cumulative variance. 
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When performing the linear correlations between the generated discriminant functions, it was 

determined that the canonical discriminant variable 1 (VC1) correlated positively with the content 

of VC and °hue and negative with the CA and chromaticity, with values of -0.293 and -0.064, 

respectively. On the other hand, with values of 0.733 and 0.579, CA and L showed a high positive 

linear correlation in VC2, while the content of VC, AT and FT was negative (Table 7). These 

results indicate that 62.5% of the total variation is explained by the increase in VC, AT and FT 

(Dallas, 2000); however, if the presence of these compounds decreases, the CA of fruits increases 

(Arnnok et al., 2012). 

 

Table 7. Total canonical structure of discriminant variables defined with three groups of 

collections of chili guajillo (Capsicum annuum L.) 

y= Canonical variable. 

 

Conclusions 
 

Among the color components analyzed, tonality was the one that showed the greatest variability 

among the fruit samples. It was found that the 19 and 25 native collections of Zacatecas showed 

the highest values of VC with 200.02 and 196.19 mg ascorbic acid 100 g-1 ps. The 96.6% of the 

collections (29/30) showed similar values of AT and FT, whose values were between 1 and 1.97 

mg cyanidin-3-glucoside 100 g-1 and 72 and 129.54 mg gallic acid 100 g-1 ps, respectively. A total 

of 26/30 of the collections showed similar values of CA between 4 991 and 1 0607 mol eq Trolox 

g-1; however, they exceeded that observed in collections 8 of Vicente Guerrero, Durango and 20, 

21 and 28 of Zacatecas. On the other hand, based on three main components 65.5% of the total 

variation between the collections could be explained, where the content of VC, AT and the color 

components (bright and chromaticity) were the ones that contributed most to the explanation of 

said variation. 
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