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Abstract 

Mexico has an important diversity of cacti. Coryphantha species are abundant in Lagos de Moreno, 

located in the highlands of Mexico, in the state of Jalisco. However, little is known about their 

chemical composition. In this research work, three Coryphantha species (Coryphantha bumamma, 

C. clavata and C. cornifera) were studied to determine their chemical composition of primary 

metabolites (proximate analysis) and to identify the presence or absence of some secondary 

metabolites (phytochemical profile). Results showed a higher concentration for moist, ash, fat and 

fiber in C. bumamma and C. clavata. Coryphantha clavata and C. cornifera presented higher 

content of protein and carbohydrates. Alkaloids, saponins, flavonoids and sterols (triterpenes) were 

detected in all three species; while tannins and quinones were absent in all samples. The results 

were compared to chemical information reported for other Cactaceae. The information here 

presented is valuable in order to establish a database for the potential use of these species as 

phytochemical source. 

 

Keywords: Coryphantha bumamma, C. clavata, C. cornifera, proximate analysis, phytochemical 

profile.  

 

Introduction 

Mexico is known for being home of the largest number of endemic genera and species of cacti in 

America (Dicht and Lüthy, 2005; Guzman et al., 2003; Robles del Valle, 1998). Some of them play 

important roles as source of food, feed and herbal medicine, especially for the inhabitants of the arid 

and semi−arid areas of Mexico (Benitez and Davila, 2002); other species have ornamental uses.  

 

Lagos de Moreno, located in the highlands of Mexico in the state of Jalisco, has a diversity of 

species of Cactaceae, among them Coryphantha is one of the most notable (Arreola−Nava, 1996). 

The name Coryphantha originates from Greek koryphe = apex and anthos = flower and means 

“flowering from the apex”. They are small to medium−sized globose to short columnar and 

tubercled; the plant bodies are not partitioned into ribs. Their flowers are yellow, white or pink; 

3−10 cm of diameter and arise from the new growth, which is the center of the plant. Tubercles of 

Coryphantha have a groove in their upper surface, which usually reaches from the areole to the axil. 

Different types of areole exist; they are often used in systematics (Dicht and Lüthy, 2005). 

However, only a small portion of the Jalisco‟s cacti has been studied as mentioned in „The 

vegetation of New Galicia‟, in which Rzedowski and McVaugh (1966) described the major plant 

associations in the region of the Altos de Jalisco, and refer to its components, including: the pasture 

lands in which they emphasize the presence of Opuntia robusta and several species of Mammillaria 
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(Arreola−Nava, 1996). Recently, Gallegos and Medina (2008) described anatomical features of 

Coryphantha bumamma, C. clavata, C. cornifera, and Mammillaria uncinata, contributing to the 

knowledge of these species of cacti. Botanical and chemical studies about Coryphantha are scarce; 

and changes in land use and expansion of industrial and residential areas are threatening the 

existence of some of these endemic cacti. As an example, Coryphantha elephantidens, present in 

the municipality of Lagos de Moreno, is included in a risk category (NOM−059−ECOL−2001).  

 

Only a few published studies on the chemical characterization of components in Coryphantha 

species exist (Below et al., 2006; Bruhn and Agurell, 2006; Hornemann et al., 2006; Meyer et al., 

1983). In order to contribute to the understanding and conservation of the cacti species, endemic to 

the region of Lagos de Moreno, this study was conducted to evaluate the proximate analysis 

(moisture, ash, protein, fat, and fiber) and the phytochemical profile [alkaloids, sterols (triterpene), 

flavonoids, quinones, tannins, and saponins] of the stem and root of three Coryphantha species: C. 

bumamma, C. clavata and C. cornifera. 

 

Materials and methods 

Plant Material  
Adult plants of Coryphantha clavata (Scheidweiler) Backeberg and C. cornifera (de Candolle) 

Lemaire were collected at the area of the dam "El Cuarenta" located on the road from Lagos de 

Moreno, Jalisco to San Luis Potosi, México; meanwhile, C. bumamma (Ehrenberg) Dicht and Lüthy 

was collected on the slopes of “Cerro de la Mesa", located within the municipality of Lagos de 

Moreno, Jalisco, México (21° 53‟ North, 21° 10‟ South, 101°34‟ East, 102°10‟ West). All the 

samples were collected during the months of May to July, 2008. Plant specimens were transported 

to the laboratory. Once there, the areoles with spines and trichomes were removed as well as any 

foreign material. Stem from each cleaned−plant was separated from root and divided into three 

portions: apical, middle and basal (Figure 1). All sections were cut into 1 cm cubes and processed 

according to the method to use. 

 

 

Figure1. Stem and root portions of cactus plant were separated for analysis. 
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Proximate analysis 
Proximate analysis was carried out according to the procedures of Association of Official 

Analytical Chemists (AOAC, 1990). This constitutes the main chemical components in plant tissue 

such as moisture, ash, fat, protein, fiber and free nitrogen extract (which corresponds to an 

approximation of the carbohydrate content). Three individuals (plants) per species were analyzed 

and each analysis was performed by triplicate. Results are showed on dry basis, except for moisture. 

 

Phytochemical profile (Qualitative analysis of secondary metabolites) 

The secondary metabolites (alkaloids, sterols (triterpene), flavonoids, tannins, quinones and 

saponins) were determined in a qualitative way, according to Dominguez (1973) and Tecanhuey 

(2005). Analysis were carried out on three different polarity extracts prepared from air dried apical, 

middle, basal (stem) and root of Coryphantha cactus. Prior to extracts preparation, all cacti portions 

were dehydrated to constant weight under environmental conditions (14−28 °C; 44−58 % RH) 

during 8 days until loss of 85 to 95 % of moisture. Dry samples were ground in a mortar and the 

obtained powder was used for the preparation of extracts according to del Castillo−Ochoa et al. 

(2004). Five to nine g of plant material were mixed with n−hexane (70 mL) and the mixture was 

refluxed during 30 min. After cooling at room temperature, n−hexane extract was decanted and 

plant material was mixed with 70 mL of 80% aqueous ethanol and refluxed during 30 min to give 

the ethanol extract. Finally, the aqueous extract was obtained from plant material previously 

extracted with n−hexane and aqueous ethanol, by the same procedure.  

 

All extracts were placed into plastic bottles, which were covered with foil and stored under 

refrigeration until analysis. Chemical reactions with change of color or precipitates formation 

indicated the presence of secondary metabolites. The presence of alkaloids was determined 

according to Domínguez (1973). Ten mL of each extract were evaporated; the residue was mixed 

with 5.0 mL of 10% HCl. After 10 min of warming on a hot plate, each mixture was filtered at 

room temperature and divided into four test tubes. The extracts in the tubes were treated with 0.25 

mL of Dragendorff‟s, Mayer‟s, Warner‟s and Hager‟s reagents. Turbidity or precipitation in at least 

three of the four reagents was taken as evidence of the presence of alkaloids. The presence of sterols 

(triterpens) was determined following the method described by Tecanhuey (2005), using 

Libermann−Burchard‟s and Salkowski‟s reagents added to each plant extracts dissolved in 

chloroform. The test was considered positive when presenting blue, purple, red or green color on 

the Libermann−Burchard reaction; and brown or reddish on the Salkowski‟s. Flavonoids 

identification was done using two methodologies reported by Domínguez (1973) y Tecanhuey 

(2005). In the first test, flavonoids were detected by the presence of reddish to brown color in the 

extract following the addition of zinc powder and 0.25 mL of 5N HCl. In the second reaction, 0.25 

mL of aqueous NaOH were added to 5.0 mL of each extract in a test tube, the appearance of yellow 

to orange−ocher color was considered indicative of the presence of flavonoids. 

 

For tannins detection, 10.0 mL of the extract were evaporated to dryness, and taken up in water, 

filtered and divided into four test tubes; 0.25 mL of 10% FeCl3 solution was added to one tube, a 

blue−black or green color was taken as evidence of tannins presence (Tecanhuey, 2005). The 

presence of tannins was confirmed by the formation of precipitate in the extract when tubes two and 

three were treated with 1% gelatin solution, and 1% gelatin solution in 1% NaCl, but not precipitate 

was formed in tube four when 1% NaCl solution was added. For quinone identification, 5.0 mL of 

each extract were mixed with 1.0 mL 20% H2O2, and 1.0 mL 50% H2SO4, and heated for 15 min. 

After cooling at room temperature, 5.0 mL toluene were added and mixed thoroughly. Two mL of 

toluene phase were mixed with 1.0 mL 5% NaOH and 2% NH3. The mixture was stirred and 

observed: A reaction was considered positive when the aqueous phase turned pink to red 
(Domínguez, 1973). The saponins were determined by two tests (Domínguez, 1973; Tecanhuey, 



J. PACD (2011) 13: 36−47  

 

39 

2005). The extracts were evaporated to dryness and made up with hot water. The appearance of 

foam that remained consistent for 20 min. after manual agitation of the aqueous extract was taken as 

evidence of saponins presence. For Rosenthaler‟s reaction; 5.0 mL of each extract were evaporated 

to dryness, and 0.1 mL of Rosenthaler‟s reagent and 0.1 mL of H2SO4 were added. The appearance 

of violet color was considered as an indicative of the presence of saponins. 

 

Statistical analysis  
A completely random experimental design was used by considering three plants per species with 

three replicates each. For the quantitative analysis (moisture, ash, protein, fat and fiber) variance 

analysis and the Tukey comparison of means (α≤0.05) were performed with the Statistical Analysis 

System, version 9.1 (SAS Institute, 1989). 

 

Results 
 

Proximate analysis 

Proximate composition of the analyzed Coryphantha species is given in Table 1. Moisture content 

in Coryphantha species studied was in the range from 78.56% to 93.97%. Root samples presented 

the lower values for moisture; while in aerial parts, middle portions presented the highest values for 

this parameter. In general, C. cornifera showed the lowest moisture values. The ash content was 

8.63% (dry matter basis) for the root of C. clavata and 18.24% for the middle portion of C. 

bumamma. In general, root samples of the three species presented the lowest values for ash content; 

while middle portions the highest values. Coryphantha clavata presented the lowest values for ash. 

Content of fat was relatively high in C. clavata compared to C. bumamma and C. cornifera. The 

lowest content of fat was present in C. cornifera (1.08%, in middle and basal stem portions), 

whereas the highest content of fat was determined in the stem middle portion of C. clavata (6.99%).  

 

Fiber determination values were in the range of 11.21% to 29.40%. The highest values for fiber 

content were present in the root samples of all plants of Coryphantha analyzed; while the lowest 

values were for the stem apical portions. In general, C. bumamma presented the highest fiber 

content and C. cornifera the lowest values for this parameter. Protein content of Coryphantha 

species analyzed was low, it ranged from 0.63% to 1.56%; middle portions presented the lowest 

protein values; and the highest protein quantities were determined in root and apical portions. 

Coryphantha bumamma presented the lowest protein content, whereas C. clavata had the highest 

values. Free nitrogen extract (FNE), which corresponds to an approximation of the carbohydrate 

content in sample material, was calculated by subtracting to 100% the percentages determined for 

ash, fat, fiber and protein. FNE values ranged from 54.58% to 72.85%. The lowest content was for 

C. bumamma middle stem portion and the highest value was found in basal portion of C. clavata. 

 

Phytochemical profile (Qualitative analysis of secondary metabolites) 

Table 2 shows the results of secondary metabolites detected in three different polarity extracts from 

the three stem portions and root of C. bumamma, C. clavata and C. cornifera. Alkaloids were 

present in the three Coryphantha species studied and in all plant fractions analyzed. Reaction to 

alkaloid identification reagents was abundant in aqueous extracts, moderate in 80% ethanol extracts, 

and absent in hexane extracts. The results indicate that alkaloids in Coryphantha species studied are 

in the form of organic acid salts (Arango, 2002). Coryphantha cornifera showed the highest 

amounts of alkaloids, while C. clavata presented the lower quantities of these secondary 

metabolites. Alkaloids were present in higher quantities in aerial parts of plants, whereas C. 

cornifera and C. clavata roots presented the lowest contents of these compounds. Sterols occurred 

in low quantities in all three species analyzed. The presence of these phytochemicals was evident in 
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80% ethanol extracts. Coryphantha bumamma presented, relatively, the highest amounts of sterols 

in all stem portions compared to C. cornifera and C. clavata. 

 

Flavonoids were present in the three Coryphantha species studied; C. cornifera protrude between C. 

bumamma and C. clavata for its high content of flavonoids; meanwhile C. clavata showed the 

lowest contents. Because of their solubility, flavonoids were present in aqueous and ethanol (80%) 

extracts, and absent in hexane extracts. The medium and basal portions presented more abundant 

flavonoids than the apical portions of the three species. Saponins were abundant in all portions of 

the three Coryphantha species analyzed. Coryphantha clavata showed the highest amount of 

saponins in all three extracts of the four different portions, whereas C. bumamma presented the 

lowest amounts in the aqueous and hexane extracts, and in the 80% ethanol extracts of these species 

saponins were absent. The results suggest that different kinds of saponins are extracted according to 

solvent polarity and depending on the presence or absence of saccharides residues and other polar 

groups. Notably, tannins and quinones, widely distributed in plants, were no detected in the 

Coryphantha species studied. 

 

Table 1. Proximate analysis of different stem portions and root of Coryphantha bumamma, C. 

clavata and C. cornifera. 

                                   Moisture 

Species Apical Middle Basal Root 

C. bumamma 91.46 ± 0.001a 93.97 ± 0.005a 91.93 ± 0.018a 86.39 ± 0.005bc 

C. clavata 93.42 ± 0.007a 93.12 ± 0.008a 92.77 ± 0.021a 85.32 ± 0.058cd 

C. cornifera 92.60 ± 0.123a 90.90 ± 0.032ab 81.07 ± 0.044de 78.56 ± 0.021e 

                               Ash 

C. bumamma 12.49 ± 0.004b 18.24 ± 0.017a 14.15 ± 0.024ab 13.22 ± 0.14ab 

C. clavata 14.23 ± 0.003ab 13.91 ± 0.006ab 13.12 ± 0.013ab   8.63 ± 0.000c 

C. cornifera 16.00 ± 0.150a 17.42 ± 0.018a 15.02 ± 0.021ab 12.92 ± 0.003b 

                                     Fat 

C. bumamma 4.43 ± 0.005ab 3.60 ± 0.005ab 4.55 ± 0.004ab 3.53 ± 0.005ab 

C. clavata 6.22 ± 0.003a 6.99 ±0.009a 6.33 ± 0.010a 3.28 ± 0.000ab 

C. cornifera 2.56 ± 0.006b 1.08 ± 0.002b 1.08 ± 0.006b 1.19 ± 0.003b 

                                      Fiber 

C. bumamma 20.97 ± 0.017b 23.16 ± 0.009b  21.26 ± 0.017b 22.08 ± 0.001b 

C. clavata 11.70 ± 0.025c 21.00 ± 0.006b 15.19 ± 0.023bc 29.40 ± 0.001a 

C. cornifera 11.21 ± 0.005c 15.56 ± 0.009bc 15.85 ± 0.012bc 24.12 ± 0.015b 

                                         Protein 

C. bumamma 0.84 ± 0.003bc 0.63 ± 0.000c 0.74 ± 0.002c 0.81 ± 0.001bc 

C. clavata 1.14 ± 0.001b 0.92 ± 0.000bc 0.88 ± 0.001bc 1.56 ± 0.001a 

C. cornifera 1.12 ± 0.001b 0.70 ± 0.001c 1.34 ± 0.001ab 1.02 ± 0.002b 

                                                Free nitrogen extract 

C. bumamma 61.56 ± 0.024a 54.58 ± 0.027ab 65.85 ± 0.104a 60.15 ± 0.021a 

C. clavata 66.04 ± 0.030a 57.20 ± 0.003ab 72.85 ± 0.075a 57.14 ± 0.001ab 

C. cornifera 70.59 ± 0.013a 65.36 ± 0.019a 67.52 ± 0.030a 61.85 ± 0.018a 
Results are the mean of three determinations ± SD, expressed on dry basis (except for moisture).

   
Different 

letter on the same variable indicate statistically significant difference (P≤0.05).  
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Table 2. Phytochemical analysis data of different polarity extracts from four portions of 

Coryphantha bumamma, C. clavata and C. cornifera. 

Species Portion 

Secondary metabolites 

Alkaloids Sterols Flavonoids Saponins 

W E H W E H W E H W E H 

C. 

bumamma 

Apical ₊₊₊ ₊₊ ₋ ₋ ₊₊ ₋ ₊₊ ₊ ₋ ₊₊ ₋ ₊₊ 

Middle ₊₊ ₊ ₋ ₋ ₊₊ ₊ ₊₊₊ ₊ ₋ ₊₊ ₋ ₊₊ 

Basal ₊₊ ₊ ₋ ₋ ₊ ₋ ₊₊₊ ₊₊ ₋ ₊₊₊ ₋ ₊₊ 

Root ₊₊ ₊₊ ₋ ₋ ₊₊ ₋ ₊ ₊₊ ₋ ₊₊ ₋ ₊ 

C. 

cornifera 

Apical ₊₊₊ ₊₊ ₋ ₋ ₊₊ ₋ ₊₊ ₊ ₋ ₊₊₊ ₊ ₊₊ 

Middle ₊₊₊ ₊₊ ₋ ₋ ₊ ₋ ₊₊₊ ₊₊ ₋ ₊₊₊ ₊ ₊₊ 

Basal ₊₊₊ ₊₊ ₋ ₋ ₊ ₋ ₊₊₊ ₊₊ ₋ ₊₊₊ ₊ ₊₊ 

Root ₊₊₊ ₊ ₋ ₋ ₊ ₋ ₊₊ ₊₊ ₋ ₊₊₊ ₊ ₊₊ 

 

C.  

clavata 

Apical   ₊₊      ₊   ₋    ₋      ₊    ₋   ₊      ₊    ₋   ₊₊₊     ₊₊   ₊₊ 

Middle  ₊     ₊₊   ₋    ₋      ₊    ₋   ₊     ₊₊   ₋   ₊₊₊     ₊₊   ₊₊ 

Basal   ₊₊     ₊₊    ₋    ₋      ₊    ₋   ₊₊     ₊₊   ₋   ₊₊₊     ₊₊   ₊₊ 

 

Root ₊ ₊ ₋ ₋ ₊ ₋ ₊ ₊ ₋ ₊₊₊   ₊₊ ₊₊ 
Presence: (+), (+slight; ++moderate, +++ abundant). Absence: (−); W: aqueous extract; E: 80% ethanol 

extract; H: hexane extract. 

 

Discussion 
 

To our knowledge, this is the first study where chemical composition of Coryphantha species has 

been reported. Chemical composition of species analyzed in general was similar to other Cactaceae 

species information published, except for protein values, which were below all data reported 

previously. It is interesting to verify that soil, environmental factors, and life stage of plant tissue 

have an important influence in chemical composition of macro−components of Coryphantha. 

 

Moisture content (78.56−93.97%) results were similar to those reported for other cacti. For 

example, Hoffman and Walker (1912), Retamal et al. (1987), and Gregory and Felker (1992) 

mentioned moisture contents of 85, 92.5, and 94.3%, respectively for Opuntia cladodes; and 

Padrón−Pereira et al. (2008) reported moisture contents of 85.6% for Epiphyllum phyllanthus. 

Moisture in plants is important because it contributes to tissue structure and flexibility and acts as 

solvent and transporter of nutrients; its content can vary depending on the effect of many factors 

such as soil and season; higher moisture content could be present during the rainy season.  

 

Ash content (8.63−18.24% dry matter basis) determined for Coryphantha species was in the 

interval reported for other cacti as for Opuntia. Stintzing and Carle (2005) reported values between 

19− 23%, and Flachowsky and Yami (1985) mentioned 20% of ash for Opuntia. Our results for ash 

content were greater than those reported by Padrón−Pereira et al. (2008) and Portillo and Vigueras 

(2002) for Epyphyllum phyllanthus phyllocladodes and Acanthocereus occidentalis young stems 

(7.23% and 9.76% of ash). Ash content could vary depending on the quantity of minerals dissolved 

and moisture of soil.  

 

Results for fat content (1.08−6.99% dry basis) were in the range of values reported for other cacti. 

Portillo and Vigueras (2002) mentioned 2.39% of fat in young stems of Acanthocereus occidentalis 

and Padrón−Pereira et al. (2008) found 2.95% of fat in Epiphyllum phyllanthus phyllocladodes. 

Similar results (1.55−3.60% of fat) have been reported in Opuntia species (Hoffman and Walker, 

1912; López et al., 1997; Moreno−Alvarez et al., 2008; Sáenz, 1997). It has been observed that fat 
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content in the Cactaceae can be influenced by seasonality; for example Retamal et al. (1987) 

mentioned a higher fat content in Opuntia cladodes collected during spring. Nobel (2002) described 

plant requirements at different stages of life could be a determinant factor for fat content as plants 

get older fat content increases. Moreover, part of the fat storage is used to develop barriers to 

prevent moist evaporation, which contributes to plants survival in the harsh environments where 

they inhabit. Fiber contents (11.21 to 29.4% dry basis) in Coryphantha species were low compared 

with 35.34% of fiber in Epiphyllum pyllanthus phyllocladodes (Padrón−Pereira et al., 2008) and 

36% in young Opuntia cladodes (Retamal et al., 1987); but higher than those pointed out for 

Acanthocereus occidentalis stems (2.37% of fiber) (Portillo and Vigueras, 2002) and different 

Opuntia species [8.67% (Nefzaoui and Ben−Salem, 2001); 5.14−9.53% (Tegegne, 2003); 4.15% 

(Moreno−Alvarez et al., 2008)]. Life stage of plant determines the content of fiber; as vegetal tissue 

goes older, the content of fiber increases (Nobel, 2002; Saenz, 1997; Van, 1982).  

 

In our results, the youngest tissue, which corresponds to the apical portion, presents lower contents 

of fiber compared with basal portion and root (see Table 1). The morphology of inner structure of 

plants, especially the accumulation of secondary growth (fibers in wood and phloem) could be the 

cause of fiber content differences related to lignin, cellulose, and hemicellulose proportions as 

reported by Padrón−Pereira et al. (2008). Protein contents (0.63−1.56%, dry basis) of the three 

Coryphantha species were lower than the 7.86% reported for Epiphyllum phyllanthum 

(Padrón−Pereira et al., 2008). Protein content in plants could vary with different factors such as 

plant‟s life stages. Nobel (2002) mentioned that in older plants, fiber contents increases while 

protein diminishes, a behavior seen in the species of Coryphantha studied. Plant species and 

environmental conditions could affect the content of protein in plants too. The results for FNE 

(54.58−72.85%, dry basis) were similar to those reported by Flachowsky and Yami (1985), who 

registered 70 to 75% in Opuntia ficus−indica; and Nefzaoui and Ben−Salem (2001), who reported 

high soluble carbohydrate content in Opuntia species. Differences in carbohydrates content depends 

on soil and environmental factors, plant‟s life stage and plant‟s species (Nefzaoui and Ben−Salem, 

2001).  

 

In order to identify the presence of most secondary metabolites in the analyzed species, different 

polarity extract were prepared. Alkaloids, flavonoids, sterols, and saponins were detected in the 

three Coryphanta species analyzed. Alkaloids were abundant in all samples. These compounds have 

been also quantified in other Coryphantha species (Below et al., 2006; Bruhn and Agurell, 2006; 

Hornemann et al., 2006; Meyer et al., 1983; Pummangura et al., 1981; Sato et al., 1972; Smith, 

1997). These phytochemicals are considered to protect plants from predators because of their effect 

on the insects and other herbivores nerve system (Bailey and Bailey, 1997; Brown, 2003), and its 

presence makes C. bumamma, C. clavata and C. cornifera possible sources of these bioactive 

compounds. The presence of triterpens was moderate in C. bumamma and slight in the other two 

species of Coryphantha studied. These compounds have been also reported in Peniocereus 

fosterianus and Stenocereus thurberi (Gibson and Nobel, 1986).  

 

Results of this research suggest that sterols are common metabolites in different tribes of 

Cactoideae subfamily. A number of factors, such as genotype (species and variety), environmental 

conditions (sun radiation, water availability), growth rate, life stage of plant, nutrient concentration, 

diseases, and predators of each individual plant (Romero et al., 2000) influence sterols synthesis in 

plants. This is why their presence and concentration may vary among species, and even among 

individuals. Flavonoid concentrations were moderate in the three studied Coryphantha species; 

flavonoids have been found in stem, fruits and other plant portions of cacti. For example, 

Chuquimia et al. (2008) reported the presence of flavonoids with antioxidant capacity in 

Neowerdermannia vorwerckii; Vázquez−Cruz et al. (2008) studied phenolic compounds in fruits of 
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Myrtillocactus geometrizans, and Almaraz−Abarca et al. (2007) identified some flavonoids in 

pollen of Stenocactus multicostatus. Thus, Coryphantha species could be an important source of 

antioxidants.  

 

Saponins are common secondary metabolites of plants because they can act as a defense mechanism 

against bacteria and viruses. The occurrence of saponins has been described widely in several cacti, 

such as Cereus deficiens (Zapata et al., 2003) and Epiphyllum phyllantus (Padrón−Pereira et al., 

2008). Tannins and quinones were absent in the analyzed Coryphantha species. Tannins have been 

found in other Cactaceae such as Cereus deficiens (Zapata et al., 2003), but their absence in other 

Cactaceae has been reported too (Padrón−Pereira et al., 2008). It has been related the presence of 

tannins with astringency present in early stages of vegetative development. In this research work, 

tannins were not detected in Coryphantha species probably because adult plants were analyzed 

(Aerts et al., 1999). Presence of quinones in Coryphantha species was not evidenced by the assay 

developed, agreeing with Zapata et al. (2003), who reported absence of quinones in Cereus 

deficiens. The absence or the presence on extremely low quantities of quinones in extracts of 

Coryphantha species could be associated to the low sensibility of the test.  

 

Chemical attributes have been used to support grouping taxa in the family Cactaceae (Gibson 1982; 

Gibson et al., 1986; Gibson and Horak, 1978; Leuck and Miller, 1982; Unger et al., 1980). 

However, there is a need for more studies to confirm the presence of phytochemicals that could be 

used as taxonomic markers in Coryphantha species. 

 

Conclusions 
 

Even when chemical composition of Coryphantha bumamma, C. clavata and C. cornifera are 

similar, agronomic practices, environmental and soil factors, species, variety and the anatomical 

characteristics of Coryphantha species have great influence on their chemical composition. Slight 

significant differences were found between C. bumamma and C. clavata, which presented high 

contents of moist, fat and fiber. The highest values of moist, ash, fat and NFE were present in stem 

portions, whereas protein and fiber were more concentrated in roots. In relation to secondary 

metabolites, Coryphantha species presented saponins, alkaloids and flavonoids in abundance; slight 

presence of sterols (triterpens); whereas tannins and quinones were absent. The results here 

presented contribute to the knowledge of Coryphantha species. Further research should be directed 

to isolate and identify secondary metabolites in order to investigate their potential biological 

activity, to promote their use in drugs, and to evaluate their contribution to understand their 

taxonomic relationships.  

 

Acknowledgments 
 

This research was supported by institutional funds from the Universidad de Guadalajara. 

 

References 

Aerts, R.J., T.N. Barry, and W.C. McNabb. 1999. Polyphenols and agriculture: beneficial effect of 

proanthocyanidins in forages. Agriculture Ecosystems & Environment 75: 1−12. 

 

Almaraz−Abarca, N., M.D. Graca−Campos, A. Delgado−Alvarado, J.A. Ávila−Reyes, N. 

Naranjo−Jiménez, J. Herrera−Corral, F.A. Tomatas, J.A. Almeida y A. Vieira. 2007. Fenoles del 

polen de Stenocactus, Echinocereus y Mammillaria (Cactaceae). Polibotánica 23: 37−55. 



 J. PACD (2011) 13: 36−47 

 

44 

 

Arango, A.G.J. 2002. Alcaloides y Compuestos Nitrogenados. Facultad de Química Farmacéutica. 

Universidad de Antioquia. Medellín, Colombia. pp. 1−88. 
 
Arreola−Nava, H.J. 1996. Contribución al conocimiento de las cactáceas de los municipios de 

Lagos de Moreno y Ojuelos de Jalisco, México. Tesis de Licenciatura. Universidad Nacional 

Autónoma de México, Escuela Nacional del Estudios Profesionales. Los Reyes, Iztacala, Estado de 

México. 151 p.  

 

Association of Analytical Chemists (AOAC). 1990. Official Methods of Analysis. 15th edition. 

Washington, 29 DC, USA. 

 

Bailey, P.S. y J.C.A. Bailey. 1997. Química Orgánica Conceptos y Aplicaciones. Prentice Hall 

Hispanoamericana. 5° Edición. México. pp. 3−560. 

 

Below, L.E, A.Y. Leung, J.L. McLaughlin, and A.G. Paul. 2006. Cactus alkaloids IV. Macromerine 

from Coryphantha runyonii. Journal of Pharmaceutical Sciences 57(3): 515−516. 

 

Benítez, H. y P. Dávila. 2002. Las cactáceas Mexicanas en el contexto de la cites. Biodiversitas, 

Boletín bimestral de la Comisión Nacional para el Conocimiento y Uso de la Biodiversidad. 

CONABIO 6(40): 8−11. 

 

Brown, W.H. 2003. Introducción a la Química Orgánica. CECSA. 2 Edición. México. pp. 2−536. 

 

Bruhn, G.J., and S. Agurell. 2006. Cactaceae alkaloids XVIII: Two new alkaloids from 

Coryphantha calipensis H. Bravo. Journal of Pharmaceutical Sciences 63 (4): 574−576. 

 

Chuquimia, F., J.A. Alvarado, J.M. Peñarrieta, B. Bergenstahl y B. Akesson. 2008. Determinación 

de la capacidad antioxidante y la cuantificación de compuestos fenólicos y flavonóidicos de cuatro 

especies vegetales de la región andina de Bolivia. Revista Boliviana de Química 25(1): 75− 83. 

 

del Castillo−Ochoa, S., J.A. González−Lavaut, J. González−Guevara, S. Prieto−González y A. 

Urquiola−Cruz. 2004. Identificación fitoquímica de las hojas y ramas de la Helietta cubensis 

Monach−Moldenke, especie endémica de Cuba. Revista Cubana de Farmacia 38 (1): 5−7. 

 

Domínguez, X.A. 1973. Métodos de Investigación Fitoquímica. Limusa. 1a. Edición. México. 281 

pp. 

 

Dicht, R.F. and A.D. Lüthy. 2005. Coryphantha Cacti of México and Southern USA. Springer. 1st 

Edition. Stuttgart, Germany. 200 pp. 

 

Flachowsky, G. and A. Yami. 1985. Composition, digestibility and feed intake of Opuntia by 

Ogaden sheep. Archiv−fur−Tiererniahrung 35: 599−606. 

 

Gallegos, C.M. y O.Y.E. Medina. 2008. Caracterización y propagación de Cactáceas de importancia 

actual y potencial en el municipio de Lagos de Moreno, Jalisco. Tesis de Licenciatura. Universidad 

de Guadalajara, Centro Universitario de los Lagos. Lagos de Moreno, Jalisco, México. 69 p. 

 



J. PACD (2011) 13: 36−47  

 

45 

Gibson, A.C. 1982. Phylogenetic Relationships of Pachycereeae. In: Baker, J.S.F. and W.T. 

Starmer (Eds.). Ecological Genetics and Evolution. The Cactus−Yeast−Drosophila Model System. 

Academic Press. Sydned, Australia. pp. 3−16. 

 

Gibson, A.C. and K.E. Horak. 1978. Systematic anatomy and phylogeny of Mexican columnar 

cacti. Annals of the Missouri Botanical Garden 65: 999−1057. 

 

Gibson, A.C. and P.S. Nobel. 1986. Special Chemicals. In: The Cactus Primer. Harvard University 

Press, Cambridge, Massachusetts. 286 p. 

 

Gibson, A.C., K.C. Spencer, R. Bajaj, and J.L. McLaughlin. 1986. The ever−changing landscape of 

cactus systematic. Annals of the Missouri Botanical Garden 73: 532−555. 

 

Gregory, R.A. and P. Felker. 1992. Crude protein and phosphorus contents of eight contrasting 

Opuntia forage clones. Journal of Arid Environments 22: 323−331. 

 

Guzmán, U., S. Arias y P. Dávila. 2003. Catálogo de Cactáceas Mexicanas. UNAM−CONABIO. 

México. 315 p. 

 

Hoffman, G.O. and A.H. Walker. 1912. Prickly pear−good or bad? Texas Agricultural Experiment 

Station Bull. 806: 3−7.  

 

Hornemann, K.M.K., J.M. Neal, and J.L. McLaughlin. 2006. Cactus alkaloids XII: 

−phenethylamine alkaloids of the genus Coryphantha. Journal of the Pharmaceutical Sciences 

61(1): 41−45. 

 

Leuck, E.E. and M.J. Miller. 1982. Pollination biology and chemotaxonomy of the Echinocereus 

viridiflorus complex (Cactaceae). America Journal of Botany 69: 1669−1672. 

 

López, J.J., J.L. Fuentes, V. Rodríguez y A. Rodríguez. 1997. Establecimiento, utilización y manejo 

del nopal rastrero (Opuntia rastrera Weber) en el sur de Coahuila, México. In: Memorias de la 7a 

Reunión Nacional y 5a Reunión Internacional sobre el Conocimiento y Aprovechamiento del 

Nopal. Monterrey, Nuevo León, México. 

 

Meyer, B.N., J.S. Helfrich, D.E. Nichols, and J.L. McLaughlin. 1983. Cactus alkaloids. LIII. 

Coryphantha and 0−Methyl−candicine, two new quaternary alkaloids from Coryphantha 

greenwoodii. Journal of Natural Products 46(5): 688−693.  

 

Moreno−Álvarez, M.J., D. García−Pantaleón, D. Belén−Camacho, C. Medina−Martínez y N. 

Muñoz−Ojeda. 2008. Análisis bromatológico de la tuna Opuntia eliator Miller (Cactaceae). Revista 

de la Facultad de Agronomía  (LUZ) 25: 68−80. 

 

Nefzaoui, A. and H. Ben−Salem. 2001. Opuntia−A strategic fodder and efficient tool to combat 

desertification in the Wana Region. In: Mondragón−Jacobo, C. and S. Pérez−González. (Eds.). 

FAO: Plant Production and Protection 169: 73−89. 

 

Nobel, P.S. 2002. Cacti Biology and Uses. Regents of the University of California. 1st Edition. 

London, England. pp. 211−234. 

 



 J. PACD (2011) 13: 36−47 

 

46 

NOM−059−ECOL−2001. Norma Oficial Mexicana, Protección ambiental – Especies nativas de 

México de flora y fauna silvestres – Categoría de riesgo y especificaciones para su inclusión, 

exclusión o cambio–Lista de especies en riesgo. Disponible en: 

http://www.semarnat.gob.mx/leyesynormas/Normas%20Oficiales%20Mexicanas%20vigentes/NO

M−ECOL−059−2001.pdf. Accessed: 04/03/2009. 

 

Padrón−Pereira, C.A., M.J. Moreno−Álvarez y C.A. Medina−Martínez. 2008. Composición 

química, análisis estructural y factores antinutricionales de filocladios de Epiphyllum phyllanthus 

(L.) Haw. var. hookeri (Link & Otto) Kimn. (Cactaceae). Interciencia 33(6): 443−448. 

 

Portillo, L. y A.L. Vigueras. 2002. Alternativas de transformación de cactáceas y otras plantas 

suculentas. Revista de Vinculación y Ciencia 4(9): 17−22. 

 

Pummangura, S., J.L. McLaughlin, and R.C. Schifferdecker. 1981. Cactus alkaloids XLVII 

β−Phenethylamines from the “Missouri Pincushion”, Coryphantha (Neobessya) missouriensis. 

Journal of Natural Products 44(5): 614−616. 

 

Rzedowski, J. y R. McVaugh. 1966. La vegetación de Nueva Galicia. Contr. Univ. Mich. Herb. 9: 

1−123. 

 

Retamal, N., J.M. Duran and J. Fernández. 1987. Seasonal variations of chemical composition of 

prickly pear (Opuntia ficus−indica). J. Science of Food and Agriculture 38: 303−311. 

 

Robles del Valle, S.J. 1998. Museo virtual de la Universidad Michoacana. Disponible en: 

http://www.umich.mx/museo/hist−natural/botanica/cactaceas/cactaceas−costa.html.  

Accessed: 23/02/2008. 

 

Romero, C.E., J.M. Palma y J. López. 2000. Influencia del pastoreo en la concentración de fenoles 

y taninos condensados en Gliricidia sepium en el trópico seco. Livestock Research for Rural 

Development 12 (4): 1−9. 

 

Sáenz, C. 1997. Cladodes: A source of dietary fiber. Journal of the Professional Association for 

Cactus Development 2: 117−123. 

 

SAS Institute. 1989. SAS user‟s guide statistics. SAS Institute Inc. Cary, NC, USA. 

 

Sato, P.T., J.M. Neal, L.R. Brady, and J.L. McLaughlin. 1972. Cactus alkaloids XVI: Isolation and 

identification of alkaloids in Coryphantha ramillosa. Journal of Pharmaceutical Sciences 62(3): 

411−414. 

 

Smith, M.S. 1997. Narcotic and hallucinogenic cacti of the new world, the forbidden fruit archives. 

Disponible en: www.cactus−mall.com/mss/old.html#13. Accessed: 01/20/2009. 

 

Stintzing, F.C. and R. Carle. 2005. Cactus stems (Opuntia spp.): A review on their chemistry, 

technology, and uses. Molecular Nutrition and Food Research 49: 175−194. 

 

Tecanhuey, F.L.R. 2005. Estudio fitoquímico de Ipomoea murucoides. Tesis de Licenciatura. 

Departamento de Química y Biología, Escuela de Ciencias, Universidad de las Américas, Puebla, 

México. 96 p. 

 



J. PACD (2011) 13: 36−47  

 

47 

Tegegne, F. 2003. Valor nutricional de Opuntia ficus−indica como forraje de rumiantes en Etiopía.  

In: Mondragón−Jacobo, C. and S. Pérez−González. (Eds.). Estudio FAO Producción y Protección 

Vegetal 169: El Nopal (Opuntia spp.) Como Forraje. Organización de las Naciones Unidas para la 

Agricultura y la Alimentación, Roma, Italia. Disponible en: 

www.fao.org/docrep/007/y2808s/y2808s0d.htm#BM13. Accessed: 15/05/2009. 

 

Unger, S.E., R.G. Cooks, R. Mata, and J.L. McLauglin. 1980. Chemotaxonomy of columnar cacti 

by mass spectrometry/Mass spectrometry. Journal of Natural Products 43(2): 288−293. 

 

Van, S.P.J. 1982. Nutritional ecology of the ruminant. O. & B. Books Inc. Corvallis, OR, USA. pp 

354−360. 

 

Vázquez−Cruz, M.A., S.N. Jiménez−García, R. Miranda−López y S.H. Guzmán−Maldonado. 2008. 

Caracterización de los compuestos responsables del aroma de garambullo (Myrtillocactus 

geometrizans). Memorias in extenso del X Congreso Internacional de Ciencia y Tecnología de los 

Alimentos, Gómez Palacio Durango, México, 29 y 30 de mayo de 2008. Editado por: Revista de 

Salud Pública y Nutrición. Edición especial 8, 2008. Disponible en: 

www.respyn.uanl.mx/especiales/2008/ee−08−2008/index.html. Accessed: 05/18/2009  

 

Zapata, R., M.E. Sanabria y D. Rodríguez. 2003. Reducción del desarrollo de hongos fitopatógenos 

con extracto de Cardón Lefaria (Cereus deficiens Otto & Diert). Interciencia 28(5): 302−306. 

  

 

 


