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ABSTRACT 

The prickly pear cactus (Opuntia ficus indica, Linn.) was 

studied in respect to its use for human and/or animal consumption. The 

analyses were carried out by chemical and/or physical means. The gross 

composition was determined by standard procedures, and its nutritional 

value for humans was comparable with lettuce, egg plant, or other high 

moisture containing vegetables. 

Atomic spectrophotometry and colorimetry were used for individual 

mineral determinations, including calcium, magnesium, phosphorus, 

potassium and sodium. 

Pigments and/or vitamins were determined chemically, with most of 

the work done by column chromatography followed by colorimetry, 

turbidimetry, and spectrophotometry. Usually more than one method was 

used for each determination and the results compared statistically. 

Individual amino acids were analyzed by automated amino acid 

analyzer with the protein score and biological value being determined 

mathematically. 

A new technique was developed for analysis of total nonstructural 

carbohydrates, and the individual mono and disaccharides were analyzed 

by gas-liquid chromatography. 

Analyses of the component fatty acids of the individual lipid 

fractions: phospholipids, glycolipids and neutral lipids were carried 

out by column chromatography followed by gas-liquid chromatography. 

x  



Cellulolytic activity was comparatively determined in different 

substrates and certain beta-glucanase activity was found in fresh 

preparations of prickly pear juice. 

The crassulacean-type acid metabolism was confirmed by gas 

chromatography of the silanized organic acids on samples collected 

before and after dark. 

Historical, botanical and economical aspects of prickly pear 

cultivation were discussed based on its usefulness as food for human 

and/or animal consumption. 



CHAPTER 1 

INTRODUCTION 

It is only natural that the few plants which are able to endure 

the fierce heat and drought of the desert should be utilized by indige

nous inhabitants insofar as possible. The tall columnar cacti and 

the larger Opuntias have a woody structure but, since their structure is 

lattice-like, they are used in structural work only occasionally as 

props. They are sometimes used for ornamentation, for walking sticks, 

or as firewood. Natives of desert areas use the strong fibers to make 

baskets and matting; the spines can be used as fishhooks, combs, tooth

picks and even as needles or pins; leather is sometimes repaired by 

fastening a slit together by means of cactus spines, which are then held 

fast by winding twine around them in herringbone fashion. In times of 

great drought cattle have been known to kick open the cacti, in spite 

of their spines, to obtain the cool, moist flesh (Higgins 1933) • 

Certain Opuntias are used as forage and food, the prime example being 

the prickly pear. 

The prickly pear (Opuntia sp.) of the American and Australian, 

the Indian fig of the Englishman, the Barbary fig of the' Frenchman, the 

tuna of the Spanish American, and the higos chumbos of the Spaniards are 

examples of fruit from the various platyopuntias, generally known as 

1  
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Nopal by the Mexicans since time immemorial. There is considerable 

variation in the beliefs, opinions, and appreciation surrounding these 

plants. The plants and their fruits are subject to both praise and 

condemnation. While the Mexican prays that there may be no rain when 

the plants are in bloom so that the fruit may set well and produce a 

good crop of tunas, the legislative assemblies in some Australian 

colonies pass laws directed toward their eradication. Even though 

some Australian governments have spent money to eradicate the "weed", 

some ranchmen found that it can be fed to stock with profit. While 

some people in southern Texas were imploring the government in the 

early eighteen nineties to investigate prickly pear eradication, shrewd 

cattlemen and ingenious machinists were devising means to divest it of 

its objectionable characteristics at small expense and turn it to a 

profitable use. In the beginning of this century the Minister of 

Agriculture of India made a pronouncement against its use in unqualified 

terms, while it was found that it could play a profitable role in both 

beef and dairy production in at least one section of the United States. 

Whereas the South African is paid to revile its presence, the poorest 

inhabitants of the Island of Sicily are said to largely subsist on its 

fruit for three or four months each year (Hare and Griffiths. 1907). 

Most Opuntia species are used as forage or as food for human consumption. 

Some varieties are used following removal of spines. To accomplish 

this, a burner resembling a plumber's blowtorch is used in certain areas 

in the southwestern United States and northern Mexico. Luther Burbank 
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has produced a spineless variety but it has little practical use because 

it is so attractive that few plants reach maturity in natural desert 

environments (Higgins 1933). 

The average person traveling in Mexico can see no value whatever 

in the tremendous stretches of cultivated spineless prickly pear upon 

the Plateau, but the native peon grows these plants and similar ones in 

his orchards and gives them fully as careful attention as other plants 

which he cultivates. 

Enthusiastic magazine writers of nontechnical backgrounds would 

revolutionize conditions in the arid regions by the establishment of 

plantations of prickly pear without spines, thus converting the most arid 

deserts into populous, prosperous communities. Experience shows, how

ever, that the spineless varieties grown under cultivation are not hardy 

under natural desert conditions; that all of the valuable spineless 

species which produce either fruit or pads in economic quantities require 

considerable precipitation at some time during the year; and that 

economic species are not known which thrive under a maximum temperature 

of less than 12° below 0°C. One exception to this may be noted in the 

case of Opuntia arborescens of Colorado; but the amount of food produced 

by this species is comparatively small and its distribution limited 

(Hare and Griffiths 1907). 

Conservative judgment based upon observation and experiment, 

on the other hand, would pronounce many varieties of spineless prickly 

pear to be decidely suitable for cultivation and highly productive of 
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both fruit and pads under proper conditions of temperature and moisture. 

It is also true that there are species which thrive under moderate 

extremes of heat; that the spines and spicules have been practically 

successfully eliminated from the plant body in valuable species; that 

it is quite probable that by persistent breeding and selection the spines 

and spicules may be more completely removed and the plant bred to with

stand a great degree of cold; that the group is of sufficient economic 

promise to merit thorough investigation (Hare and Griffiths 1907). 

The pads of the prickly pear have been used as a food for 

human consumption for centuries. Indians, Mexicans, Central and South 

Americans, have used it, and some still do, as a staple food in their 

diet. 

The Mexicans use the "nopales" (prickly pear) frequently in 

their diet. Today, the pads are sold fresh throughout Mexico and border 

cities of the United States. They are also found preserved, usually in 

four, five, seven and ten ounce cans or jars (Aaron and Salom 1967)-

A seven ounce can will serve two to three persons generously. The canned 

prickly pear pads, called nopalitos (for little nopales), may also be 

found in the United States in Mexican, Spanish, and Puerto Rican grocery 

stores (Orr 197^). The prickly pear is classified under the genera 

Opuntia. This name probably originated from a town in Greece where some 

cactus-like plants were found growing. Included in this genera are both 

the cholla cactus and the prickly pear. The cholla has a cylindric 
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pad (cylindropuntias), while the prickly pear's pad is flattened 

(platyopuntias). While there are over 250 species in the genera Opuntia, 

with at least 900 common names in literature, this dissertation will focus 

on the spineless species, Opuntia ficus indica, Linn., a widely 

distributed plant with good economical perspectives. 

As has been pointed out by Spoehr (1919), the nutritional value 

of the cacti may vary according to geographical location, season, type 

of soil, age of the plant and time of harvesting. Obviously such 

variables may cause discrepancies when the identification of the plant 

material is not specified, or are simply stated as prickly pear without 

indication of degree of maturity, time of harvesting or even origin of the 

material. Adding to this chaotic state, the analytical methodology may 

not be stated clearly and the results are shown by approximate quanti

tation such as, younger pads tend to have a higher carbohydrate content 

than the older pads, etc. 

In this work, nutrient analyses of specimens from a single well 

defined botanical species found in cultivation in the vicinity of 

Tucson, Arizona, U.S.A. are reported. The analytical methodology in 

most cases is adapted to the nature of the cactus under study and is 

given in enough detail to allow a better evaluation or comparison of the 

results presented. Often more than one method is used, depending on the 

difficulties encountered in the analytical process. A new technique was 

developed for analysis of nonstructural carbohydrates. 



CHAPTER 2 

LITERATURE REVIEW 

Historic 

Very little is known about the philogeny of this cactaceae. 

The family is found isolated inside the system. According to Lofgreen 

(19^5), this is due probably to various simultaneous or isolated causes 

such as: the cactaceae do not appear in the fossil flora because of 

its own anatomical structure with an unfavorable consistency to its 

preservation, or it could be that this family is not old enough for a 

pal eontological study. 

This interesting family of plants undoubtedly originate from the 

tropical and subtropical areas of the New World, it seems, for the 

great number of useful species found there, to have their origin, or at 

least to have chosen Mexico as their country of predilection (Diguet 

1 9 2 8 ) .  

Almost all the representants of the cactaceae family known 

today can be traced back as originated in the American continents. An 

exception to this could be the genera Rhipsalis, like j*. Cassytha, 

Gaertn, and some related species which were also found in Africa. It is 

plausible to think that those epiphytes are only a product of accidental 

import from their original American countries together with other plants 

6  



such as Vanilla, etc. A strange aspect of the cactaceae is the 

impressive distribution throughout the Mexican land showing almost a 

boundary from the rest of the continent. The high "plateaux" are the 

preferential habitat of the platiopuntias, especially the nopales 

(prickly pear). 

In South America, where the major part of the land is covered 

by dense forests, the cacti are relatively rare, and in most cases 

represented by species more or less wild. However, in the arid lands 

of Chile, northeast Brazil and Peru, due to the low annual rainfall, 

and frequent droughts, vast groupings of cacti are also found. For the 

extraordinary abundance, the Nopales (prickly pear) were an alimentary 

resource of first-order for indigenous Mexicans, especially for those 

nomadic tribes of the desert and the sedentary population remaining in 

the civilized centers of the precolombian Anahuae (Diguet 1928). 

The succulent pads of prickly pear have been used as a food 

source for centuries. Indians, Mexicans, Central and South Americans, 

and animals have all used it as a staple in their diets (Orr 197^)-

The two tribes of Indians which are known to have used the 

prickly pear in the southwest United States are the Papagos and the 

Pimas. According to Hesse (1973), they removed the thorns, sliced the 

pads, and either boiled them in water or fried them in oil until tender. 

These early people were eating the prickly pear pads this way long 

before there was any contact with the Europeans. It is interesting to 

note that needles from the pads were found in ninety percent of the feces 
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examined in studying the ancient Indian ruins at Mesa Verde National Park. 

Obviously they did not remove all the stickers by rubbing or singeing 

them off (Harrington 1972). According to Dawson (1966), this large, 

shrubby to treelike, nearly spineless cactus, Opuntia ficus indica, 

probably had its origins in prehistoric times in tropiral America. Most 

likely it was developed in the Mexican region and was already widely 

cultivated, mainly for its fruits, when the Spaniards arrived. It was 

soon transplanted to Europe, North Africa, and other regions where it 

became naturalized. Large plantations were established in the 

Mediterranean area. 

It seems that there is a general tendency of historians to 

indicate Mexico as the birth place of the prickly pear. Undoubtedly 

the presence of a prickly pear cactus in the Mexican flag indicates the 

significance of this cactus for its nationals. According to Curtin 

(19^7), it appears that some five centuries before the arrival of Cortez, 

the Aztecs came into the region of the present valley of Mexico and were 

defeated, many being thrust into slavery, but about 1325 A.D. the remnants 

of the Aztecs halted for a brief rest during their painful wanderings 

in a marshy spot on the border of a spreading lake. There they saw, on 

a giant rock that rose above the waters, a nopal, or prickly pear, upon 

which was perched a great eagle holding in his beak a struggling snake. 

The leader of the expedition regarded it as a sign of divine wisdom, and 

believing in omens, immediately began the building of Tenochtitlan--or 
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the place of the prickly pear --where now stands the present capital of 

Mexico. This is of historical interest to New Mexicans because it con

nects with a local story of about that period. In that legend, all the 

forthright young men of the Rio Grande Pueblos were led away by 

Poseyemo, one of their outstanding culture heroes, who was directed 

by a bird with a snake in its beak, to the land in which they afterward 

settled. The presumption is that legend grew out of contact with the 

Mexican Indians who came north with Coronado in the sixteenth century. 

Since that time there has been an unconscious effort to consolidate the 

myths of Poseyemo and the Aztec. 

The cultivation of the prickly pear in the United States, 

according to Benson and Walkington (1965), began when the Franciscan 

Fathers established the series of missions throughout costal southern 

California in the eighteenth century. They brought with them fruit-

bearing plants from Mexico and Spain. These included grapes, figs, and 

other fruits, amont them the large cultivated fruit-tree cacti of 

Mexico--primarily of two kinds. Prickly pears have become known in the 

United States as the mission cacti, Opuntia ficus indica, a spineless 

type, and Opuntia megacantha, a similar plant with flattened, white 

spines at each of the areoles (spine-bearing areas) on the joint. These 

two plants are similar to each other in their evolutionary origin. 
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Botanical 

Rapid and extensive hybridization among the various prickly 

pears has increased the difficulties in systematic taxonomy of the 

various species of the genera Opuntia. Recent field studies in California 

(Benson and Walkington 1965), indicate that this hybridization is vastly 

more extensive than has been supposed. The introduced cacti often 

survive in the lowlands or on the edges of hills about the sites of old 

dwellings. However, their genes are given rapid air transportation by 

several species of native bees and by beetles, especially Carpophi1 us 

pal 1i penni s (Say) (Ni tidulidae). Sometimes the population of cacti 

includes plants with character combinations ranging from those of the 

mission cacti, usually of the spiny type known as Opuntia megacantha, 

to those of the native species, but more commonly the character combina

tions are restricted. The cacti population is commonly composed of plants 

varying in character from those of a possible first generation (Fj) to 

those of the native species. This is because individuals in this range 

of phenotypes are better adapted to the dry, shallow soils of slopes 

where cacti are most abundant. 

During the last half of the nineteenth century and almost two-

thirds of the twentieth, all botanical authors used the name Opuntia 

occidental is for elements in the populations of hybrid cacti common every

where except in costal areas. However, each author has had a different 

mental image of this species, for 3ach has had in mind a different plant 

or range of plants in the vast hybrid swarm. As pointed out by Benson 

and Walkington (1965), usually this has been one of a few of the many 

combinations about midway between the Fj generation and the native species. 
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No population can be reconciled with the description Opuntia occidentalis 

appearing in any book or paper, for no two plants are alike and the total 

variation is extreme. Thus, from the standpoint of classification, the 

common conception of "Opuntia occidental is" is a wi11-o-the-wisp, for it 

was based in each book upon one or more transitory combinations of genes 

which would disappear with the individual plant(s) or the clone(s) upon 

which the description was based. Consequently, the name combination 

Opuntia occidental is should not be used, except probably for the spring 

mission cactus. So, Opuntia occidental is is merely a synonym for 

Opuntia meqacantha, applied much earlier. Because Opuntia megacantha 

differs from the Indian fig only in presence of spines, it appears to be 

only one cultivar (horticultural variety) within one of the vast complex 

Mexican fruit trees for which the Linnaean name, Opunta ficus-indica, 

may be al1—or nearly all--inclusive. Thus Opuntia occidentalis and 

Opuntia megacantha are snyonyms for Opuntia ficus indica (Linn) Miller; 

or the spineless prickly pear which is the subject of the present 

di ssertation. 

With the name combination Opuntia occidental is removed from the 

scene, the next question is: What scientific name should be applied 

to the small inland- native species and its varieties? The answer 

this inquiry can be modo et forma quoted from Benson and Walkington 

(1965, PP. 261-273): 

These plants are described in some books as Opuntia Vaseyi, 
and this name is applicable, even though the source of the type 
specimen, stated as Yuma, Arizona, is in error (cf. below) 
because of confusion of labels. Opuntia Covillei is valid and 
clear in its application; but it was published simultaneously 
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with Opuntia Vaseyi. The name Opunt ia 1i ttorali s, has been mis
used in nearly all the books for Opuntia oricola Philbrick, 
Cactus S Succ. J. 36:163, 3 figs. 1964., a far different 
costal plant. Opuntia littoralis Engelm. was based upon a 
specimen derived from a taxon related closely to Opuntia 
Vaseyi, as indicated below. In specific rank the epithet 
1ittoralis, properly appled, has priority in time of publica
tion over all others, as indicated below in the formal treat
ment of the species. 

Native juicy-fruited prickly pears include three major 
elements, as listed below. Probably each has been modified 
to some degree by introgression of genes from the mission 
cacti, especially from the spiny type. 

1. Opunt ia 1i ttorali s (Engelm.) Cockerel 1 , composed of 
five varietites: 1ittoralis, Vaseyi, austroca1ifornica, Piercei, 
and Martiniana, described in this paper. Spines acicular, not 
all ye11ow. 

2. Opuntia phaeacantha Engelm. vars. major and discata 
(Opuntia Engelmanii of authors), both occurring on the desert 
side of the mountain axis and in the eastern Mojave desert. In 
the works of Californian authors, these have been discussed in 
part under local names (e.,g., Opuntia mojavensis and Opuntia 
megacarpa). Spines (at least some of them) subulate, appearing 
flattened (actually very narrowly elliptic in cross section), 
not al1 yellow. 

3. The costal complex. This includes the following 
elements characterized by only completely yellow spines, the 
spines of Opuntia 1ittoralis and Opuntia phaeacantha bein of 
other color or only in part yellow or some spines yellow and 
the rest other colors. However, yellow spines of cacti turn 
black or dark gray in age or in specimens. At least some spines 
in the areole are flattened. 

a. Opuntia oricola Philbrick, Cactus & Succ. J. 36: 
163, 3 f. 1964. This plant is dist inctive, and it appears to 
be a natural taxon; however, chemical tests (Walkington, 
ined.) indicate introgression from Opuntia Ficus Indica 
(megacantha), and further study is necessary. Opuntia 
chlorotica Engelm. occurs in the deserts. Opuntia oricola 
resembles it in some ways, but a close relationship has not 
been established. 

b. Demissa, large plants with yellow spines. They are 
somewhat reminiscent of Opuntia Lindheimeri Engelm. of Texas 
and the adjacent Gulf Coast. Based upon Opuntia demissa 
Griffiths, Rept. Missouri Bot. Gard. 22:29, pi. 8. 1912. 
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Another type of prickly pear occurring along the cost per
haps includes Opuntia semispiosa Griffiths, Bull. Torrey Bot. 
Club 43:89. 1917- This plant, similar in some ways to Qpuntia 
1ittoralis, will require further study. It shows possible 
affinity to 0. phaeacantha var. discata. 

Only Opuntia ficus indica is discussed fully in this paper. 

This discussion is based on descriptions made by Cunha-Junior (1952), 

Villarreal (1959), Dawson (1966), and Benson and Walkington (1965). 

Indications about the habitat are also included since the climatic 

conditions do have a marked effect on the general appearance of the plant. 

In Brazil, the true geographical center of the cactaceae family 

is in the semi-arid northeast region, although individuals of this family 

can be found in various ecological conditions. The real habitat seems 

to be, as indicated by its anatomy, in arid land where these plants 

appear as a true xerophyte, exhibiting high resistance to continuous and 

prolonged droughts (Cunha-Junior 1952). 

According to Wettstein (19^, P 21), the botanical classification 

of the spineless prickly pear is: 

Phylum = C0RM0PHYTA 

Division = ANTHOPHYTA 

Subdivision = ANGIOSPERMA 

Class = DIC0TYLED0NES 

Subclass = CHORIPETALAE 

Order = CENTROSPERMAE 

Family = CACTACEAE 

Genera = OPUNTIA 

Species = Ficus indica 



The origin of the spineless Opuntia is still in doubt. It is 

most likely that it is a product of a mutation, what is constantly 

happening among cacti individuals, fixed and adapted to the most extreme 

ecological conditions. The predatory effect of animals possibly make 

it almost impossible to find more unarmed varieties, since the spines 

serve as a good defense against predators. While some authors defend the 

theory of a mutation, the name of Burbank should be included among those 

who helped the perpetuation of the spineless varities. Burbank, 

worrying about feeding the cattle in arid zones, began his work on 

selection by means of careful breeding. He eventually produced one 

variety practically spineless and succulent enough to serve as a food

stuff. Some authors elevated the variety to the category of species 

giving the name of Opuntia Burbank?, after the author. 

Alfredo Benna, a Brazilian agronomist, conducting very methodical 

research on the question, got surprising results in the county of 

Quixada', Ceara', Northeast Brazil. The big advantage was that the individ

uals produced were completely smooth and spineless, whereas the Burbank 

ones have some small spines sensible to the touch. Some botanists classi

fy the spineless prickly pears as Opuntia inermes, but most taxonomists 

agree that these are only varieties of Opuntia ficus indica (Cunha— 

Junior 1952). 

The Mexican authority Villarreal (1959) gives an agronomical 

description of the various prickly pears, complementing his observations 

with historical, ecological and economical information. He states that 



prickly pear was probably found in America by the Spaniards, and that 

they took it to Europe, Asia, Africa and Australia, where in some cases 

it was treated with somewhat more benevolence such as in Italy. 

The botanical description is given more generically to platy-

opuntias since its species are considered in this report as quite similar 

in behavior and properties. They are leafless, succulent, bush-like 

plants up to 3m in diameter and 5m in height. The stem is divided in 

round or oblong flattened pads, with or without spines, the latter being 

modified leaves, usually inserted in small depressions (areoles). White, 

red or yellow in various shades or nuances, flowers appear only in two 

year old pads, normally numbering 6 to 12 depending on the plant vigor. 

They are hermaphrodites, solitary, composed of an oval tubular perianth, 

attached to the ovary, petals not separated or only partially separated 

but connected to each other at the base. Stamens have longitudinally 

dehiscent anthers with the ovary adherent to the petals. The pestle is 

thick, tubular and digitform. The fruit is glabrous, partially cylindric, 

green when immature and yellowish to red when ripened, according to the 

variety, with a marked depression in the top where the flower was attached, 

since this latter falls off after fecundation. Some areoles appear in 

the fruit surface where some small spines are usually found. The fruit 

has a variable number of seeds in its interior. They are kidney-like 

shaped of various sizes and vary in color from whitish to black with a 

high lipid content. The pads are articulated, flat and succulent. The 

pith has a web-like bilateral structure of cellulosic nature. It hardens 

with age to give rigidity to the mature pads. After complete development 
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the inferior articulations of the plant form a trunk which is thick and 

cylindrical with a fibrous cellulosic skeleton that enables the plant to 

support heavy loads. The shape of the pads varies in each variety from 

narrow up to very wide ones. The same is true in the case of pad thick

ness which increases as age progresses. The pad color is from light green 

to gray. The diameter of mature pads varies from 20 to 50 centimeters. 

The roots are fibrous, cellulosic, long and thick reaching 5 meters in 

length at k years of age. They easily introduce themselves into narrow 

spaces between rocks or other roots. These properties have suggested the 

use of these plants for soil conservation purposes. The natural 

environment of prickly pears is hot and dry, but with a range so wide that 

the Opuntias are found throughout the world in conditions very different 

from the semi-arid native habitat (Villarreal 1959)• 

The botanical description of the spineless prickly pear by Benson 

and Walkington (1965 pp. 261-273) is given in a taxonomic approach which 

can be quoted modo et forma. 

Opuntia Ficus Indica (L.) Miller: 

Trees 3-5 m or more in height; trunk 6-12 dm long, 2-3 
dm in diam; larger terminal joints green, broadly obovate to 
obovate or oblong, 3~6 dm long, 2-b dm broad, 1.9-2.5 cm thick; 
areoles narrowly elliptic, 2-'».5 mm long, 3 mm broad, typically 
1.9-5 cm apart; spines none, few, or abundant, white or some
times on some joints tan or pale brown, 1-6 per areole, some 
spreading, some deflexed, straight, the longer ones 1.2-2.5 or 
3.8 cm long, basally about 0.7 or 0.8 mm broad, subulate, 
flattened, narrowly elliptic in cross section, not barbed; glo-
chids yellow, numerous, early deciduous; flower 7-5-10 cm in 
diam, 6.2-8.7 cm long; sepaloid perianth parts yellowish with 
red or green in the mid-portions, ovate-acute to broadly cuneate 
or cuneate-obovate, O.8-3.I cm long 0.3-1-9 cm broad, acute to 



truncate or emarginate and mucronate, denticulate or entire or 
slightly undulating; petaloid perianth parts yellow or orange, 
narrowly obovate to narrowly cuneate, 2.5-3-8 to 5 cm long, about 
1.2-2.6 cm broad, truncate to rounded, sometimes mucronulate, 
entire or slightly undulate or denticulate, ovary in anthesis 
with a few later deciduous short spines; fruit yellow, orange, 
red, or purplish in various strains, fleshy at maturity, edible 
spineless or sometimes with spines, 5-10 cm long, 4-8.7 cm in 
diam, umbilicus low and concave, persistent for several months. 

These authors also agreed that the prickly pear in study is 

probably native in Mexico, where numerous horticultural forms exist, 

as do many hybrids with other species. They postulate that two forms 

are common in cultivation in the warm, relatively dry regions of the 

earth and especially in Mediterranean climates. One, known as Opuntia 

ficus-indica, is spineless and relatively less variable in other charac

teristics. The other, known as Opuntia megacantha, is spiny and 

relatively more variable. The megacantha form may be nearer the wild 

type, the spineless form perhaps having arisen in cultivation. The 

introduced forms of both types vary from country-to-country, probably 

because of widespread propagation of clones from types introduced by 

chance by having been chosen in Mexico for propagation elsewhere if the 

fruit was good. Fox example, the spineless form covering the south face 

of the Acropolis of Athens differs from that in California, and both 

differ from the common type in the eastern part of Cape Province and 

other areas in South Africa. 

Suggestions about the use of the old Linnaean name of Cactus 

Ficus Indica L., prefer the designation of the Opuntia genera as pro

posed by Miller in 1768. The basis for this determination is the 



general agreement of the specialized literature. The following paragraph 

concerning the scientific name of the spineless prickly pear is quoted 

from the work of Benson and Walkington (I965, p 261-273): 

Cactus Ficus Indica L., Sp. PI. k 6 8 .  1753- Opuntia Ficus 
Indica Miller, Gard. Diet. ed. 8. No. 2. 1768. 
"Habitat in America Calidiore." This species was not found 
in the Herbarium of Linnaeus, Linnaean Society, London, or in the 
the Linneaean Herbarium of the Riksmuseum, Stockholm, Choice 
of a lectotype or a neotype will require further study. 

Dawson (1966) also believes that the Indian fig (Opuntia ficus-

indica), was introduced into southern California from Mexico as one of 

the mission cacti, and has spread with Q_. megacantha throughout much of 

the cis montane part of the state. Similarity with the spiny _0. 

megacantha and occasional reversions of the spineless form to spiny ones 

strongly suggest the origin of this plant from 0. megacantha. Both 

plants hybridize freely with each other and with several of the native 

California prickly pears. 

Agricultural Practices 

Natural Cultivation 

In some parts of the world prickly pear cultivation is restricted 

to the harvesting. No preparation or care is paid to this cactus until 

the emergency comes. According to O'Kane (1969), the prickly pear seems 

to have an appearance of self-sufficiency, a sort of complacency, that 

sets it apart from the other cacti. It does not make use of an intricate 

manner of growth, such as that of the deerhorn cactus, with branches 

that seem baffled and unable to proceed further in an orderly way. It 

does not lose a joint here and there. It does not require unimpeded 
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room all around for its own exclusive purpose and thus develop a 

colony of its own kind. 

To most of the cacti studious, the prickly pear gives the 

impression of a forthright plant. Its broad pads, with their moist 

and succulent interior, are "displayed for any and all animals to covet, 

and attack if they can (O'Kane 1969, p  3 6 ) .  

Since the most pulp in a pad would itself be sought by predators, 

further protective measures are provided. The smooth flat surface of a 

pad is protected from gnawing by its very flatness. There is nothing on 

which eager teeth can lay hold. But even this is entitled to added 

protection, and so, the surface is provided with radiating spines, which 

come in clusters. In most cases the nose of a small animal cannot reach 

the surface because the spines make a complete barrier. 

In its utilization of a possible location for its growth, the 

prickly pear is resourceful. It can grow even if an area is occupied 

by rocks so near together that seemingly there is no room for any plant 

growth. Narrow spaces provide an entry for roots, and nothing else is 

needed. Beneath the rocks a store of moisture may be found, a supply 

adequate for any needs. In due time the area becomes a prickly pear 

garden, in which rocks are merely the background for a display. A very 

good literary description is quoted for O'Kane (.1969, p 3 6 ) :  

There is a barrier which they cannot cross. A long ledge, 
rising a foot or two above the ground, crosses the region. 
Prickly pears have seized upon crevices in the ledge, and have 
erected a row of multiple green pads. In their luxuriance 
they seem to exhibit an inviolate self-sufficiency. 

/ 
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The prickly pear gives the impression of being extremely toler

ant to drouths. It is considered in the vast majority of cases in this 

country and elsewhere as an emergency feed, being used when other more 

nutritious substances fail. However, it does have a limit of drought 

endurance. Griffiths and Hare (1906) pointed out that there have been 

seasons in southern Texas with drouth so prolonged that the prickly pear 

was fed only with difficulty. It had lost its crisp and succulent nature 

and became fibrous and tough so that those who fed it found it to be 

much more advantageous to chop than to scorch because cattle could eat 

it better when it was cut for them. The effect upon these plants of an 

unfavorable season is fully as marked as upon the common cultivated crops. 

The advantages lie in the ability of the pear to withstand a longer 

period of unfavorable weather without serious or permanent injury. 

Also to be considered is cold resistance in cacti. The differ

ences in the frost resistance of cacti, the importance of these plants 

in parts of Arizona as emergency and supplemental stock feed, and the 

perennial interest in spineless cacti as possible forage plants, led 

Uphof (1916) to an attempt to determine the causes of hardiness in cacti 

and whether resistance to cold in these plants lies in the character 

and structure of the plant body or in the character of the cell sap and 

the protoplasm. This author attempted to determine the limits of 

resistance in several species and varieties of spineless cacti. Plants 

were studied both in the field and in the laboratory with reference to 

the relation between their morphology and physiology and cold resistance. 

The behavior of their protoplasm at low temperatures was carefully 



noted, although no attempt was made to determine the critical temperature 

which the plant can endure without injury to its tissues. Uphof's 

experiment was also suggested partly through the failure of Burbank 

spineless cacti to grow successfully under Arizona conditions and to 

endure its winters. However, some minimum freezing temperatures which 

had been found to damage the plant was noted such as -5.6°C on the 

nights of February 1-2, 1916. During those cold nights plants of 

Opuntia ficus indica, and Opuntia sp. Burbank Special were slightly 

injured. 

In general, this author found that the species of spineless cacti 

having relatively thick integuments were more resistant to low tempera

tures than those having somewhat thinner integuments, as the "penetration 

of low temperatures" through a thick integument is slower than through 

a thinner one. The term integument was used to include cuticle, 

epidermis, crystal-bearing layer, and several layers of thick-walled 

cells lying immediately below. This thick integument would protect a 

cactus plant against sudden and severe temperature changes at any season. 

Another observation was that the freezing point of the cell-sap of those 

cactus is very little below 0°C. This suggested that the soluble 

substance in the cell-sap of cacti are very diffuse. He also noted 

that ordinary cactus contains as much as 90 percent water and that 

the collecting and freezing in the intercellular spaces of the water 

from the cells is not in inself particularly harmful to the plant. 

Neither is the protoplasm "poisoned" with the concentration of the cell-

sap solution as a result of at least a part of the water being withdrawn 

and frozen. 



These observations seem to be one of the earlier references to 

the theory of cell compartmentation among crassulacean acid metabolism 

(CAM) plants. 

In northeast Brazil prickly pears (called Palmas) grow more 

advantageously at higher altitudes. This observation was also made in 

Argentina (Hosseus 1939) where the Opuntias were observed at various 

latitudes, longitudes, and altitudes. In either case, no correlation 

was attempted between altitude and general climatic conditions. 

Rational Cultivation 

Considering the ancient description of Mexican plantations of 

"nopales" (prickly pear), the modern observations made by Dawson (1966 , 

p. 35) is surprising: 

Large treelike examples of this plant (0. ficus-indica) 
with smooth, elongate, nearly spineless pads may be seen near 
each of the old California missions along El Camino Real 
from San Diego to San Francisco Bay. A commercial row-planting 
occurs on the east side of Highway 101 about 3 miles south of 
Coyote, near San Jose. 

Although very recent, the influence of Mexico, the missions and the 

old times are present to the text, practically the only exception being 

the words "highway" and "miles". 

General descriptions of rational cultivations of the prickly pear 

in the United States can be found in Griffiths (1905), Griffiths and 

Hare (1906), Uphof (1916) and Rowley (1970). Usually the older works 

were oriented for harvesting the plants produced in the deserts. The 

newer ones are more concerned with gardening practices, under the 



agronomic point of view. It will be considered with more detail the 

general practices used in Mexico and Brazil as described by Hare and 

Griffiths (1907), Cunha-Junior (1952), and Villarreal (1959). 

According to Hare and Griffiths (1907), there are many varieties 

of prickly pear which are found in Mexico only in cultivation. This is 

especially true of the spineless forms in general. Others are native 

and may or may not be cultivated. Of the first group, the peon may 

speak collectively as "mansas" or tame forms, but he has names for all 

of the varieties which are grown in his orchards as well as for the wild 

ones of the mountains. A good description of prickly pear cultivation 

in the beginning of the century would be the following quotation from 

Hare and Griffiths (1907, P 12): "To say that any of the forms are 

cultivated as we think of cultivation in this country, however, is a 

gross error. They are rarely ever cultivated. Cuttings are put into 

the ground and surrounded by a fence to protect them from animal depreda

tions. Aside from this they get little or no cultivation." 

A plantation is usually started from cuttings, consequently it 

is an easy matter to maintain uniformity in the quality of the stock. 

In some cases the object is to get the fruits as soon as possible, the 

stock-feed side of the crop being a secondary consideration. Cuttings 

of three joints are planted when possible, but cuttings consisting of 

two and one joints are common. When planted in this way it is said that 

a crop of fruits is produced the third year, while it takes five years 

to get one from one-joint cuttings. 
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Plantations are not confined to the mansas. On the contrary, 

the wild forms will often be found in the orchards under protection 

and are even planted without protection in the hills. Such forms as 

the "cardona" are admirably adapted to this purpose, for animals can 

not molest it. The thickets of Opuntias east of San Luis Potosi, 

Mexico, have been greatly extended by planting cuttings in unoccupied 

areas. Several areas were planted in this manner in 1907, according 

to Hare and Griffiths (1907). How much of this has been done in the 

past is difficult to say for it is not always easy to tell the 

difference between areas which have been planted and those which have 

not. Quite likely many of the thickets found in the hills have been, 

in a measure, established by the influence of man, some of them un

wittingly, for the method of collecting the fruit scatters joints 

about, many of which emit root and grow. Some of the thickets in the 

vicinity of Alonzo, Mexico, were slowly extended by this method of 

collecting the fruit. 

According to Villarreal (1959), irrigation practices are dis

pensed since these singular plants have unique conditions which allow 

them to store large amounts of water, carbohydrates and some other energy 

reserves. In addition, they show a great tendency to water retention, 

probably due to the considerable elasticity and impermeability of the 

surface tissue, and also due to the mucilaginous matter "nopalina" 

present in the cell immediately below the plant cuticle. "Nopalina" 

coagulates in contact to the air working as a seal to close stomata 

and accidental sores produced in the plant. Allied to great longevity 



this capacity for water retention reinforces the great value attributed 

to this plant in areas of little rainfall or subjected to extemporaneous 

droughts, when food for humans and farm animals is scarce. Villarreal 

(1959) also states that the most frequent way of prickly pear propagation 

is by agamic process using the pads. Although the method of choice for 

plant breeding and related techniques is by means of seed plantation, 

the agamic system has the advantage that full grown plants are produced 

earlier with more uniform composition and characteristics. The seed 

propagation, consequent to cross flower fertilization by wind and insects 

can produce undesirable characteristics or even regressions, as well as 

a delay in plant production. 

One very valuable characteristic of prickly pears , is its 

adaptability to distinct soil conditons. Since it develops a large root 

system it can grow in dry soils as well as in wet ones. To increase 

the yield per hectare in the Mexican altiplane, Villarreal (1959) 

suggested the following recommendations: (l) to utilize only varieties 

known to have a high yield, ex. Opuntia ficus indica, Linn.; (2) to 

prepare the soil with terraces according to the inclination of the slope. 

In case of rocky soil the plant should be put in a shallow hole 

individually and organic fertilizer mixed in the dirt; (3) the plants 

should maintain a minimum distance of three and a maximum of five meters 

from each other; (4) to protect the plant from animals by using fences, 

especially in the first year. Under this system, the results are 

commercially obtained after the third year, in the district of San Juan, 



Teotihuacan, Mexico, the following results were obtained: 3rd year, 

28200 Kg/Ha; ^th year, 31000 Kg/Ha; 5th year, ifOOOO Kg/Ha; 6th year, 

65000 Kg/Ha; 25th year, 120000 Kg/Ha. Fruit production was about 8% 

of that for pads. In 1959, the values were US $30.00 per ton of pads 

and US $0.10 per kilo of fruits. Under experimental conditons, the 

author showed an example where a 300 percent profit was made over the 

investment in a period of 2 years. A detailed account is also shown and 

the expenses given with the culture being varied slightly according to 

the nature of the soil, being less expensive in fertile soils and 30% 

more expensive in poor hard soils. 

Opuntias were also considered the most important genera of the 

Cactaceae family for production of food and foodstuff. Among its species, 

the excellence of the PALMA (Opuntia fiscus indica) was noted, especially 

the spineless variety because of its succulence and ease of harvesting 

and processing. The culture of prickly pear in the semi arid lands of 

South America has a very promising future, according to this author. 

In those areas, besides providing some nutritional components during 

droughts it would be of great importance in furnishing water to the 

animals. The epithet "agude vegetal" (vegetable lake), given by the 

people per se, indicates this characteristic in northeast Brazil, where 

rains are very scarce and irregular (Cunha—Junior 1952). The same author 

finally states (p 138): 

The value of the Opuntia ficus indica as forage, as food, 
or as water reservoir is extremely high during periods of 
emergency such as droughts and its consequent famines in the 
dry lands, but the PALMA should not be considered only an 
emergency food though, since its use in the daily feeding 
was demonstrated repetitively to be beneficial to dairy cows. 



Describing the several agricultural practices for prickly pear 

production in Brazil, this author suggested that the soil should not 

be too heavy, but should be fertile, deep and with good drainage, allow

ing for no water stagnation. Alluvial soils are desirable, but poorer 

soils could also be used although the development of the plants would be 

i nferior. 

As in all other cultures, the choice and careful preparation of 

the soil are considered extremely important in the total yield, and for 

future agricultural practices. The pads utilized for seedling should be 

cut immediately below the joint, let dry for one or two days to lose 

some moisture and facilitate healing. The same author further states 

that the use of pads split in half is not recommended because they are 

subjected to infections and the emission of roots is delayed, especially 

if rain occurs immediately after planting. He also suggested that the 

pads should be planted two months prior to the rainy season. The 

distance between plants should be 2 by 2 meters in poor soil and the 

distance between rows should be increased to 2.5 m in fertile soils. The 

plants should never be less than two meters apart. The pad should be 

planted vertically with the plane faces oriented in the same direction 

of the rows, which facilitates posterior agricultural practices and 

harvesting since the prickly pears develop mostly laterally. 

Continuing his description of the prickly pear cultivation in 

Brazil, this author recommended that harvesting should be done when the 

plants are well developed, usually two to three years after planting— 

depending upon the variety used and ecological conditions--and when the 



plants are more than 1.5 meters tall. The cut should be performed at 

the articulations to facilitate the emission of new pads, and should 

not be excessive in order to prevent a weakening of the plant. He also 

recommended that harvesting should be done from the base to the top of 

the plant since the basic pads are usually more mature, and the tender 

top ones could be harvested posteriorly. Pads should not be harvested 

during the rainy season. This prevents the attack by microorganisms 

and facilitates the formation of scars. 

Human Consumption 

Generali ties 

According to Vi1larreal (1959) there are regions in the world 

where the climate conditions are so extreme that for various years the 

rainfall is very reduced. The resultant low moisture extremely limits 

the development of other plants. In this case, the prickly pear is 

almost vital to man and other animals for it provides water, a rare 

diet component during droughts made even more severe because of its 

need during the consequent high temperatures. 

If there is no drought in the "nopaleras", prickly pear 

cultivated fields would have an excess of pads for commercialization 

as a green vegetable for human consumption. In this case, the excess 

of pads immediately after harvesting are cleaned and preserved after 

being cut into small pieces. The fresh product, after cleaning, is 

taken to the market. 
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According to Diguet (1928), because of its extraordinary 

abundance, the prickly pear is an alimentary resource of first order 

for indigenous Mexicans, especially for those nomadic tribes of the 

desert and the sedentary remainings of the civilized centers of the pre-

Colombian Anauac. 

Discussing the edibility of some cacti, Weimer (193*0 states 

that nearly all the flat lobed Opuntias are a source of food. Panamint 

Indians dry the gray-green pads, buds, flowers and fruits in the sun. 

Treated in this way they keep indefinitely and, when needed, are cooked 

by boiling. The seeds are ground into meal and the fresh young buds are 

baked. In southern California, the Indians dry large quantities of the 

prickly pear fruits for winter and use as a relish or pickle. This 

author also agrees that when the Franciscan Fathers came to California 

to establish their missions, they brought with them two species of 

prickly pear (Opuntia megacantha and Opuntia ficus-indica)to plant around 

the mission buildings as food producing hedges. In a direct quotation, 

Weimer (193^, P-69) states: "These two species, old in Mexican legendary 

lore, are highly prized by both whites and Indians for their food value. 

The spineless young joings are either cut into strips and cooked as a 

vegetable, or used raw." 

According to Hesse (1973). the two tribes of Indians which are 

known to have used the prickly pear in the Southwest United States are 

the Papagos and the Pimas, although the "nopales", the common name for 

the tender young pads, are not used by these Indians today. Studying 

the Papagos, Valentine (1923) revealed that very few native home makers 



could recall any of their native foods, such as the "nopales". Another 

paper on the subject (Ross 19^4) showed the people utilizing the prickly 

pear fruit, but not the pads. This study also found deficiencies in 

vitamin A, ascorbic acid and calcium in the Papago children. According 

to Orr (197*0 the use of nopales in their diet could help eliminate•these 

deficiencies. Quoting the same author modo et forma she says.(p. 6): 

The Mexicans use the nopales quite frequently in their diet. 
Today the pads are sold fresh throughout Mexico. They are also 
found canned...The Mexicans use nopales in dishes with beef, 
egg, cheese, pork, or as a salad. The Mexican Indians sprinkle 
chopped nopales over their beans as a.garnish. All their 
recipes naturally have a Mexican flare, with liberal hot red 
or green chilis. Nopales are used so commonly in their diet 
that the California Dietetics Association has included them 
on the Diabetes Exchange List for Vegetables. 

According to Niethammer (1976), Mexican Indians sprinkle the chopped 

prickly pear joints (nopales) over their everyday bowl of beans to add 

crunchiness and the taste of something green to their monotonous diet. 

Nopales could also be added to a tossed salad or stirred into any 

casserole. The southwestern Indians who lived within the confines of 

what is now the United States usually ate the nopales boiled and 

unadorned. 

Removing the Spines 

Throughout the literature, the basic difficulty for a better 

edibility of the prickly pears seems to be the spines. Griffiths 

(1905, p. 20) describes the modus operand? of some machines designed to 

specifically remove the undesirable spines as follows: 
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The generated gas in this machine passes through a chamber 
filled with a bundle of fine brass wires before being ignited. 
It also has some safety arrangements for insuring the heating 
of the oil and consequent generation of gas, which are claimed 
to have merit. 

The machines require gasoline for their operation, and are 
handled to best advantage with a good quality of oil and in 
weather free from wind. 

Practically no labor is necessary with the burners other 
than that of passing the blast flame from the torch over the 
surface of the joints momentarily. Indeed, it is not usually 
necessary to do this with over two-thirds of the plant, for 
there is commonly enough dead herbage at the base, and growing 
up through the pear plants, to assist in burning off at least 
one-half of the spines. Besides, the spines are commonly 
less numerous upon the old stems, and cattle experience but 
little difficulty in eating the remainder after the outer two 
to four joints have been freed of them. The process of 
singeing the joints with one of these machines is therefore not 
a laborious or expensive one. Indeed it is by far the cheapest 
method yet devised for utilizing the prickly pear. 

A technical description, presumably intended for laboratory 

analysis, was given (Griffiths and Hare 1906) and it seems that the idea 

of burning the spines showed some advantages and disadvantages. Since 

this part of the literature is not commonly found in most libraries, 

and because this is one of the first difficulties encountered in the 

laboratory, garden, or in the kitchen, and also, for the remarkably 

explanatory description of the procedure, this author indulges himself by 

using some direct quotations about the subject from several sources: 

After drying and weighing, the spines were next removed 
from the sample. As one of the most common methods of feeding 
cactus is to first singe off the spines, it was decided to 
prepare all of these samples in that manner, so that we might 
nearly represent the conditions of the plant when fed to animals. 
Instead, however, of removing the spines from the green material 
as is done in feeding, they were carefully singed from the air 
dry plant with a small flame of complete combustion. Usually 
we experienced no difficulty in removing the spines in this 
manner, as they burned off with a flash without scorching the 
dried plant. It was the intention at first to remove them by 
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"singeing" the green plant, as is done in feeding, and with a 
few of the samples collected in 1904 the spines were removed 
in this manner, but it was soon found that this could not be 
done without driving some moisture from the sample, thus 
yielding too high results for percentage of spines, and a 
slightly low result for water. A similar difficulty was 
encountered with some of the first few samples in trying to 
remove the spines from the green material by means of a knife. 
For this reasons, as well as for the reason that it was 
entirely too tedious a process, this method was abandoned, 
except for a very few specimens that had spines entirely too 
large to be "singed" without danger of overheating the sample. 
Where samples of the same species, collected in 1905, showed 
that an apparent error had been introduced by removing the 
spines from the green material by either of the above processes, 
the results so obtained have been omitted from the tables of 
analyses. The percentage of spines was calculated from the 
difference in weight before and after burning the sample as 
just described. Where the amount of spines is determined in 
the air dried plant the results will be slightly low when 
calculated to a basis of percentage in green plant, because the 
spines themselves were found to contain from five to ten per 
cent of water (Griffiths and Hare 1906, p. 11). 

The removal of small cactus spines is even more sophisticated especially 

when a good number of glochides get into the hands of the operator when 

thick rubber gloves are not used. The partial transcription of a letter 

published in 19^1 is presented as it was used with quite good success in 

preparation of samples for analyses. 

The larger spines and most of the glochids usually can be 
removed by pulling them out with the fingers. Frequently, how
ever, some of the troublesome fine spicules break off near the 
surface of the skin and cannot be removed in this manner. Dr. 
Forrest Shreve in his book "Cactus and Its Home" suggests that 
these can be removed by scraping with a knife blade. This 
simple procedure usually is effective, but occasionally a 
glochid breaks off so near the surface that it is not easily 
removed by scraping, apparently because the blade slips over 
the short stump. 

About five years ago, after a little experimenting, I 
discovered that they could be readily shaved off. Now if I find 
that one of these small trouble makers is not removed by 



gentle scraping I apply a little soap lather and, with a safety 
razor, give two or three strokes up and down and sometimes one 
or two horizontally over the spot. This always gets them and 
the trouble is over. 

It seemed desirable to know just what happens when either 
of these methods of removal are used. This was determined by 
microscopical examination of glochids of Opuntia Phaeacantha 
and (L basilaris. Free glochids were first examined with a one 
hundred power magnification and the size, form, taper, and point 
carefully noted. The back of the hand was then sharply brushed 
against the opuntia pad hard enough to break off some of the 
glochids and cause the others to penetrate normally. Part of 
these were scraped off with a knife and part of them shaved off 
and then all were examined as before. In each case, some were 
seen to have the point still sharp, proving they had been pulled 
out while others had lost the extreme end of the tip, apparently 
not over one-hundredth of an inch long; evidently this had been 
left in the skin but could not be seen, even with the aid of a 
ten-power hand lens. Certain it is that if the point does remain 
after either treatment, its presence cannot be detected at the 
time or afterwards by rubbing or by any other test; no soreness 
develops or any other after effect. 

My physician friend assures me that if anything as small as 
a glochid point is left in the outer or true skin it will be, 
in a short time, brought automatically to the surface by the 
skin's normal outward growth, where it wears off so slowly as 
to be unnoticeable. 

This method has been used on myself and a few friends very 
many times during the past five years and never has failed to 
give complete satisfaction. It should be understood, however, 
that it is not recommended for larger spines that may have 
passed through the skin and into the flesh. Probably glochids 
never penetrate that deep; my experiences show that before 
penetrating far, they always bend over or break off (Hawley 
1941, p. 86). 

The culinary literature gives individual techniques for re

moval of the undesirable aculeus as well as offering some description 

of the pads. One such work was presented by Niethammer (197&). This 

author suggests the use of tongs for collection of the new young pads 
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in the spring. Those from 1 inch to 3 inches in diameter would be the 

most tender. More descriptively she says (p. 16): 

Place the pads in a saucepan and cover with water. Boil for 
20 minutes. A large clove of garlic and slices of onion will 
add flavor (Hopis often add an ear of sweet corn for flavoring). 
Drain. To clean the pads, place on a hard surface (plate or 
cutting board), and using a small, sharp knife, scrape off the 
stickers and the rubbery leaves. (There are so many thorns on 
the edge of the pads that I usually just trim away the edge 
about 1/16 inch.) If you are not working with very small pads, 
the part where the joint was attached to the rest of the plant 
is apt to be tough; cut it off. Rinse the pad well under water. 
A strong light, either natural or artificial, is necessary in 
order to see if you have removed all the thorns. Scrutinize 
each pad carefully. It is better to get a thorn in your 
finger now than one in your tongue or lip later. Rinse the 
plate or cutting board before cleaning the next pad or you will 
"resticker1 the new pad as you work. Chop or dice the cleaned 
pads or cut them"into thin strips of about 1/2 inch. These can 
be covered with water and stored in the refrigerator for several 
weeks. 

Concerning the objectionable aculeus usually those descriptions 

involve various pages, but Niethammer (1976, p. 17) finally concludes 

after a few more paragraphs: "If you find the above instructions too 

tedious, you can buy canned nopales in supermarkets in the southwest. 

Canned nopales stored in water should be rinsed well before using. Either 

the canned or hoipe-prepared variety can be used." 

Orr (197*0 advises that the cook should grasp the pad in one 

hand and with a paring knife, scrape off the tiny stickers. This should 

be done under running water, and the pads thoroughly rinsed and inspected 

for missed stickers. No wonder that, in her very well presented paper, 

she declares to have used only spineless Burbank prickly pear when 

developing recipes. Farther on she states that the unarmed varieties 



have excellent flavor and they were much easier to handle than the spiney 

varieties, finally she pays tribute to Burbank in the following 

quotation: 

Before closing the topic, the mention of Luther Burbank's 
spineless variety of prickly pear is worth discussion. This 
variety is excellent for cooking and recipe development. 
Burbank, through the process of selective breeding, developed 
a prickly pear hybrid with practically no stickers. The tiny 
clusters of fine spicules still remain, but these are far easier 
to remove than the large spines on the wild varieties (Orr 1976, 

p. 19). 

Reci pes 

Since the major objective of this dissertation is toward the 

consumption of spineless prickly pear pads by humans, and the literature 

on the subject is scarce in South America, especially in Brazil, some 

recipes with good scores by sensory evaluation panels are presented. 

Nopali tos Con Chi 1i 

(Tender Burbank Cactus Shoots with Chili Sauce) 

12 cactus shoots 

2 cloves garlic, chopped 

1/2 cup onion, chopped 

1/2 cup corn oi1 

1/2 teaspoon salt 

1/2 teaspoon pepper 

2 tablespoons flour 

1 2-oz. package chili powder (mild) 

1 1/2 cups warm water 



With paring knife, scrape cactus shoots on both flat sides. 
Cut- shoots in small squares and wash well. In deep pan boil 
squares until cooked tender. Drain water and keep in pan. In 
separate deep pan pour 1/2 cup oil and heat. Add chopped onion 
and chopped garlic. Saute for 10 minutes and remove from heat. 
Let cook for 10 minutes. Add 2 tablespoons flour, 1 1/2 cups 
water and 2-oz. package of chili powder. Return to heat and 
stir constantly until sauce is medium thick. Add the cooked 
tender cactus for 15 minutes. Delicious as a side dish with 
beef, fowl or fish (Pain 1971> p. 63). 

Pepper Steak 

1/2 lb. flank steak (use meat tenderizer if desired) 

1/2 cup chopped onions 

1A cup beef broth or use bullion 

1 tablespoon soycauce 

1/2 clove garlic, minced 

1/2 cup napolitos strips 

1 1/2 teaspoon corn starch 

5 tablespoons cold water 

4 cherry tomatoes, quartered 

Brown meat. Add onions and cook until soft. Add broth, 
soysauce, and nopales and garlic. Cover and simmer 10 minutes. 
Blend together corn starch and water, and add to meat mixture. 
Cook until thickened. Add tomatoes and cook until heated through 
(Orr 1971, p. 21). 

Nopalito Omelet 

eggs 

2 tablespoons, minced onion 

k tablespoons mi 1k 

1/3 cup nopalitos, par boiled, chopped 
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1/3 cup grated cheese 

salt and pepper to taste 

3 strips bacon 

Fry bacon and onion until onion is soft and transparent, 
and the bacon is well done. Remove bacon and crumble. Mix 
eggs, milk, seasonings and bacon together. Add napolitos 
and onions to egg mixture, and pour into frying pan. Cook 
over low heat until egg is firm. Top with grated cheese and 
let the cheese melt. Fold omelet in half, and serve (Orr 
1974, p. 22). 

Use for Animal Feed 

It has been pointed out before by various authors (Griffiths 

and Hare 1906, Thornber and Vinson 1911) that prickly pear can come onto 

land that has been destroyed of its natural flora and invade the land 

that has been overgrazed rapidly. Cattlemen often find them a nuisance 

for this reason, in spite of their use for emergency fodder. 

According to Morrison (1946) and Cunha-Junior (1952), cattlemen 

have profited by using the prickly pear for emergency food for cattle 

during periods of droughts. They singe off the protective spines, and 

cattle will eat them readily. They also state that cattle can subsist 

on nothing but cacti for up to three months. However, they are low in 

protein and so a supplement is also usually fed. 

This aspect of the plant was profoundly studied by Griffiths 

(1905). This author did a thorough research on the claims that prickly 

pear would increase milk production and states (p. 20): 
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It is universally recognized throughout the pear region of 
southwestern Texas that the plant has a decided tendency to 
increase the flow of milk. In spite of the fact that the average 
ranch feeder claims that pear is of little or no value in the 
summer, there are hundreds of people who feed more or less 

definite quantities of this plant from one year's end to another. 
It is always used as a supplementary ration. Pear alone has not 
been fed to a great extent, for it is recognized that it is 

properly a supplementary ration to a more concentrated feed. 
Mr. Jim Bowles, near Eagle Pass, has fed pear with hay and bran 
to a milch cow for the past three years and would not think of 

discontinuing the practice. Some dairymen in the small towns where 
pear is accessible feed.it regularly, and nearly all of the 
Mexican families who keep a cow in town depend upon this as their 
mainstay. 

His research includes results of more than a dozen surveys, and 

description of some dairy rations including prickly pear and its effect 

on milk production, fattening and maintaining cattle^harvesting practices. 

He also studied the use of prickly as a hog feed, for sheep and goats 

as well as for working animals. 

The literature on the subject is vast and almost all papers 

dealing with prickly pear present some information on its use for animal 

feed. 

According to Cunha-Junion (1952), in Brazil the palma is given 

to bovine, swine, equine and caprine. In northeast Brazil, this author 

recommends that the pads be cut the day before their use and kept in a 

cool place out of the direct sunlight. Afterwards they should be 

chopped into pieces and placed into mangers. He also affirms that 

when the pads are hot from sun exposure they will induce severe diarrhea 

in the cattle and a decrease in milk production. It is known, however, 

that prickly pear usually increases milk production in that area, when 

properly fed. 



In Mexico, Villarreal (1959) states that bovine can easily ingest 

up to 50 Kg of prickly pear per day, and small animals can use up to 

10 Kg per day normally. This author also points out the excellence of 

the spineless Opuntia ficus indica over other varieties. 

Use for Medicine 

According to Dawson (1966), besides their use as food, the pads 

have long been used in primitive medicine. The juice from the pads was 

used for burn treatment, a laxative, and in the treatment of diabetes. 

It is stated that, in Mexico, the pads are used as a poultice, 

and it is claimed to be a cure for rheumatic inflamation. Indians of 

various tribes split the pads and used them in binding wounds. The Pimas 

used the heated prickly pear pads to encourage milk flow in new mothers. 

In New Mexico, Indians bound roasted pads to the neck and jaws to 

reduce the swelling from mumps. Some other medicinal uses of these 

plants are also described by Higgins (1933). 

An interesting quotation on the subject is presented by Curtin 

(1947, P. 135): 

Recently, with mingled interest and amusement, I came across 
the following story of an accidental medical discovery by an 
old cattleman: "Now take tarantulas", he said, "they're nasty 
things.... 

"Had an experience with one long ago that made me shy of them 
ever after, I can tell you", he continued. "I was taking some 
beeves from the Frio Canyon down to Fort Clark in Kinney County 
when it happened. We made camp on Turkey Creek.... 



"During the night, half asleep, I felt somethin' crawl in1 

on my face, and in strikin1 out to drive it away, I mashed a 
big tarantula just at the outside corner of my right eye. 
Didn't think the thing had time to nip me, but his juice ran 
down my face, and I guess some if it got-into my eye. 

"Well, sir, in the morning, there was a knot as big as a 
turkey's egg over my right eye, closing it tight. Then I was 
scared. Told the boys to hold the herd and burnt the earth 
getting back to Uvalde. Old Doc Cummins lanced the lump, but 
nothin' come of it. Then he looked serious and said I better 
lie up and let him treat me. But those beeves had to be got 
to Fort Clark on contract time, and I went back to Turkey Creek, 
with a poultice on to draw out the poison. 

"The boys had killed a fat brown bear and were feastin1 on 
it when I reached camp. The poultice had grown dry and was 
hot and stiff, so I took it off and threw it away. Fat bear 
is greasy meat and after eatin1 my fill, I was cleaning my 
huntin' knife by whacking it into the leaves of a big prickly 
pear bush near the fire. After cleanin' it, I slashed off a 
leaf of the plantand split it in two. Just to kill time I 
tossed the halves of the leaf on the embers of the fire and 
watched them roast. 

"The pulp sizzled and steamed and smelled good. It struck 
me that the stuff might make another good poultice; so I 
scraped it out, plastered it on my neck handkerchief, and 
bound it over the eye. 

"Well, sir, that prickly pear done the trick. Next day, 
the knob over my eye was half gone. Another poultice of the 
same kind cleaned it out good and the lance cuts healed up 
quick. 

"Since then the boys have used prickly pear poultices on 
themselves and their horses for fester in' wounds from tears of 
mesquite thorns and nigger heads they got while huntin' 
beeves in the chaparral." 
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The U.S.D.A. (1920) reported that the prickly pear's high water 

content and its high average salt content make it a laxative when con

sumed in large quantity. Griffiths and Thompson (1930) maintained 

that the poorer classes of Mexico, subsisting for some weeks on a diet 

largely made of prickly pear receive in addition to its food principles 

a valuable conditioning of the digestive system, especially after living 

the greater part of the year on such concentrated foods as tortillas, 

frijoles and black coffee. These authors also recognize its use as 

diuretic and as poultices, by the Mexicans. 

Other Uses 

The use of prickly pear for grafting epiphyllums. On the 

subject, McQuown (1972) states that grafting epiphyllums into a large 

Opuntia pad (usually Opuntia ficus indica) promotes strong and rapid 

growth, and is especially useful if cactus root nematodes abound, becaus.e 

opuntias seem to have a much greater resistance to these pests. It 

is reported that prickly pear pads, cut open and stirred in muddy water 

to settle it, caused the formation of a thick scum on the top of the 

water, which sunk in about half an hour, carrying the sediment with it. 

The same author states that early Californians rejoiced in the security 

of high "nopal" barricades--barricades that were planted rather than 

built and found in them, besides, a ready remedy for inflammation. 

It is commented (Weimer 193*0 that prickly pear was used to make 

a fermented drink. It was also reported that the natives use the cactus1 

strong fibers to make baskets and matting; the spines were used as 



fishhooks, combs, toothpicks and even as needles, or, more often, 

as pins. She also states that the poorer classes of Mexicans take the 

flesh of the prickly pear pads, cut into cubes and boiled in several 

changes of water to remove the mucilage; they are then steeped in sugar 

and variously flavoured and colored. 

A very ancient use of prickly pears was for the pigment industry. 

Various authors, including Higgins (1933) and Braga (i960) report that 

when Cortez conquered Mexico in 1519, the natives were already engaged 

in the cultivation of the Cochineal insect (coccidae). This insect, of 

which there are several forms, some more esteemed than others, grow and 

multiply rapidly on certain species of Opuntia; the insects are "sown" 

on plantations of Opuntias, chiefly Nopalea cocheni1lifera, and, after 

a time when they have multipleds so that the plants are thoroughly 

infested with them, they are brushed off, collected and dried in the 

sun; an infusion of the dead insects yields the beautiful red dye 

known as cochineal. The Spaniards introduced the cultivation of the 

cochineal insect to the Canary Islands, where, as well as in parts of 

Mexico, a very considerable revenue was at one time gained from the sale 

of this product. The discovery of aniline dyes has had a very serious 

effect on the industry which is now almost extinct. The American 

Indians, according to Orr (197*0 also used the mucilaginous juices of 

the prickly pear pads to settle mud and impurities from their water. 

This author also reports that one or two pads when boiled will make a 

gallon of thick slime. When dried, this becomes a pearly white gum. The 



gum is used in a variety of ways; to stiffen cotton goods, for mortar, 

as a whitewash, and to waterproof clothing. She concludes by informing 

that the remaining fiber can be used in paper making. 

Compos i tion 

The nutrient composition of cacti vary in locations, seasons 

and the type of soil and the age of the plant (Orr 197*0- This author 

also states that younger pads tend to have a higher carbohydrate 

content than older pads. These also contain less fiber than the older 

ones and more water, thus making them more palatable. 

According to Spoehr (1919) the mucilaginous portion of the prickly 

pear pads was shown to have two main components. These were carbohydrate 

in the form of polysaccharides, and complex organic acids. A small 

amount of proteins and other mucilagenous substances, and inorganic salts 

were present. He also noted that the carbohydrate value will vary with 

the changing environmental condition, but he states that protein, fat, 

and other components remain relatively constant, although he pointed out 

that the carbohydrate portion yields pentoses and hexoses upon hydrolysis 

with a dilute acid. According to Orr (197*0 this aids in cooking the 

pads to an acceptable product; the addition of vinegar in recipes helped 

eliminate the slimey consistency. This author also pointed out the use

fulness of prickly pear pads in the human diet for their content of 

vitamin C, minerals,1inoleic acid (essential fatty acid), and to a 

lesser extent, vitamin A. 
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A thorough study on prickly pears'composition was carried 

out by the U.S.D.A. (1920). One important feature of this work was the 

detailed description of the material analysed, with specifications 

such as code numbers for individual specimens going as high as 7,888, 

denoting a large number of analyses performed; common name using 

Mexican and American notations; scientific names, date of collection, 

locality, part of plant, and remarks. Most of the results seem to be 

collected from earlier analysis performed in 1904, 1905, (Griffiths 

and Hare 1906), since the majority of the plants bore the same code 

number and general description, but it has its merit for the coherence 

of results and simplicity of presentation. The results are given for 

green as well as air dried material. 

It was observed by the same authors that there was more water 

in the samples collected in 1905 than in those collected in 1904. These 

authors attribute the fact to the prolonged drought, quite prevalent 

over the regions where the samples were collected, during the winter of 

1903 and the spring of 1904, which was followed by heavy rains during 

the next winter and spring, thus causing the growth in 1905 to be more 

succulent. Besides a precipitation map, these authors report a 

correlation table showing relation of rainfall to water content of the 

prickly pear. It was noted that in one instance the difference in water 

amounted to 18.86 percent. 

Ash content was discussed by various authors, including Griffiths 

and Hare (1906), U.S.D.A. (1920), McDowel et al. (1974) and Orr (1974). 
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They all agree that prickly pears grown in the arid or semi-arid land 

where there is an abundance of soluble salts in the soil contain more 

ash than those grown in regions of frequent rainfall. There are reported 

results (Griffiths and Hare 1906, p. 17) averaging 18.25 percent ash in 

prickly pear stems. "In one example (No. 6578) ash was 33.08 percent of 

the dry plant." The individual elements were present in about the same 

proportion as in the ashes of other plants, except potassium, magnesium, 

and calcium, which these authors correlate with the unusually large 

amounts of these three elements present in southwestern soils of the 

United States. The same authors (pp. 19-21) discuss the food value of 

different parts of the plant and concluded that the fruits are of less 

forage value than the stems because they "contain a smaller proportion of 

the nutritious substance and more fiber." They also recognize that thrre 

are, however, a few fruits, especially from those species collected in 

Mexico,which are very nutritious because of their higher sugar content. 

In view of large variations on their nutrient content, the 

following paragraphs present a series of analytical results according 

to the findings of different researchers. 

Opuntia, sp., per lOOg edible portion (l.N.C.A.P. 1961, p. 305): 

calories. . . . • 37 . . 0. 9 g 

moisture. . . ,  ,  8 8 . 8  Ca . . . . .  .  1 1 0  mg 

protein . . . .  .  1 . 1  g  p . . . , .  .  2 0  mg 

fat . . 0 . 4  g  Fe . . . , . . 0. 5 mg 

CHO ,  .  8 . 8  g  Vit A. . , . . 50 1 .U. 

fiber . . . . .  .  2 . 6  Thi. . . , . . 0. 0k meg 



Rib O.OA meg 

Nia 0.2 meg 

Asc 19 mg' 

Prickly Pears, Raw (per 100 g) (Church and Church 1975, p. 122) 

calories . . . . kt Kcal Trp k.O 
protein 0.5 g Pha 27 mg 

CHO 10.9 g Leu 21 mg 

fiber 1.6 g Isl 20 mg 

fat 0.1 g Lys 20 mg 

Na 2 mg Val 18 mg 

K 166 mg Met k.O mg 
Ca 20 mg Thr 2k mg 

P 28 mg Thi 10 mg 

Fe 0.3 mg Rib 30 mg 

Nia 0.4 mg AsC 22 mg 

Vit A 60 I.U. 

ckly Pear, Mexican 
510).* 

Spineless, Green (Thornber and Vinson 1911 

water 88.28 

ash 2.85 

protein 0.93 

crude fiber . . . 1.38 

carbohydrates . . 6.31 

ether extract . . 0.25 



Opuntla, Sp. Spineless, Dry Matter (McDowel et al. 1974, p. 306): 

organic matter 83.0% 

ash 17.0% 

crude fiber 64.8% 

ether extract 6.5% 

nitrogen free extract 7.8% 

protein 3.9% 

Opuntia, Sp., (No. 7810): 

Green Air Dry 

spines 0.04% 0.33% 

water 89.AU . . ... . 6.83% 

ash 1.60% 14.05% 

crude protein 0.35% 3.07% 

crude fat 0.23% 2.00% 

nitrogen fre extract 7.21% 63.48% 

crude fiber 1.20% 10.57% 

organic matter 8.99% 79.12% 

Prickly Pear, Green, Young Pads (Kight et al. 1969, p. 160): 

moisture • 94.0% 

protein 0.4% 

fat 0.7% 

fatty acids 0.03% 



Fatty Acid, Percent of Total Fatty Acids 

Palmitic 2.1 

Palmi toleic 29.3 

Stearic 1.8 

Oleic 7 .k 

Linoleic 38.^ 

Linolenic 30.8 



CHAPTER 3 

MATERIALS AND METHODS 

Amino Acids and Proteins 

Crude Protein 

Experimental. All equipment used was standard for determination 

of Nitrogen by the macro Kjeldahl Method, as officially recommended 

(A.O.A.C. 1975) in a Kjeldahl battery designed for 2k samples at a time. 

Reagents. As officially indicated (A.O.A.C. 1975), substituting 

boric acid 2 percent for hydrochloric or sulfuric acid 0.5N when 

collecting the distillated ammonia. 

Sampling. Four young pads of Opuntia ficus indica were collected 

2 
from three different individuals, immediately frozen, cut in 1 cm 

squares, combined, lyophilized, ground to pass a *»0 mesh sieve, and taken 

for analysis. Determination of the moisture was simultaneously carried 

out. The same procedure was repeated using an entire 7k kilogram plant 

where 30 kilograms were dried in a vacuum oven at 60~70°C and 100 mm Hg 

for 48 hours. Forty-four kilograms of this sub-sample were frozen 

and lyophilized in batches of approximately k kilograms each. The two 

samples were ground, uniformized and the resulting powders analyzed 

separately. 

kS 
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Procedure. According to the A.O.A.C. (1975), the procedure was 

slightly modified, as the NH^ was received in boric acid and then 

titrated with sulfuric acid 0.5N. .The crude protein value was obtained 

by multiplying the percent nitrogen by 6.25. 

Total Amino Acids 

Experimental Methods. The method of analysis, here used, was 

developed by B. L. Reid (Reid 1976) at The University of Arizona, and 

was used with slight modifications for the hydrolysis. The quantifica

tion was performed in a Beckman No. 121, automatic amino acid analyzer. 

Sampling. Lyophylized young pads containing 11.2% crude protein 

kept in an air-tight container in a freezer at -20°C, were ground to 

pass a 60 mesh sieve and dried to a constant weight by vacuum oven. 

The temperature was kept below 50°C and the vacuum varied from 50 to 

60 mm Hg. The dried material was then kept' in a calcium chloride 

dissecator to allow the temperature to equilibrate with the environment. 

Reagents. Sodium Thioglycollate (ST) and Thiodiglycol (TG) 

analytical grade. A small amount of each was added to buffers to 

minimize the conversion of methionine to the methionine sulfoxides 

during addition of the sample to the column and during analysis 

(Niederwieser and Pataki 1971, pp. 37-i»0). 

Sodium Citrate Buffer, pH 2.2: 19.6 g of Sodium citrate were 

dissolved in approximately 400 ml of deionized water in a one-liter 

mixing cylinder. 16.5 ml of concentrated hydrochloric acid and 5.0 ml 



of Thiodiglycol were added. Diluted to within a few ml of a liter with 

deionized water and mixed. The pH was adjusted to 2.2 using hydro

chloric acid or sodium hydroxide as needed. 

Equipment. Standard autoclave 

Amino acid analyzer - Beckman No. 121. 

Procedure. Quoted modo et forma from Reid (1976, pp. 1-3): 

1. Weigh quadruplicate 100 mg. samples into 125 ml 
Erlenmeyer's flasks. Add 100 mg. of sodium thyoglycollate to 
two samples in each set of four. 

2. Add approximately 20 ml. of 6N HC1 to each flask and 
cover by inverting a small beaker over each. 

3. Autoclave overnight. 

k. Quantitatively transfer each sample to 250 ml round-
bottom flask using deionized water. 

5. Evaporate the samples to dryness under vacuum. 

6. Dissolve the samples with 20.0 ml sodium citrate 

buffer pH 2.2. 

7. Filter the samples using Whatman #2 paper and collect 
the filtrate in vials. Samples must be clear. 

8. Dilute the samples with buffer if necessary. 

9- Adjust pH to 2.2 if necessary. 

10. Al'low-the samples to sit overnight in the refrigerator 
before submitting them for analysis. Refilter or draw off a 
clear sample from each vial to the analytical apparatus. 

Free Amino Acids 

Experimental Method. The method used was basically that 

recommended by Niederwieser and Pataki (1971). The sample was submitted 



to a deproteinization and the free amino acids contained in the super

natant were analysed in an amino acid analyzer. 

Sampling. Four young pads of Opuntia ficus indica comprising 

153 g were collected early in the morning, in the winter (temperature 

ambient being approximately 0°C) kept in crushed ice until analysis 30 

minutes later. 

Reagents. Phosphotungstic acid solution. 20 g of 

were dissolved in 100 ml. deionized water (A.0.A.C. 1975). 

Equi pment. International centrifuge, Model HT(I EC—3^01) with 

rotor for *t00 ml, maximum volume. 

Procedure. The young pads were quickly chopped and liquified 

in a blender for 5 minutes and the slurry was filtered through cheese

cloth. Seventy-five milliliters of phosphotungstic acid solution were 

added to one-hundred grams of slurry. After agitation with a glass rod 

to aid protein precipitation, the mixture was let stand for 30 minutes. 

The mixture was then centrifuged at 3000 rpm, room temperature for 30 

minutes. Fifty milliliters of the supernatant were filtered through a 

Whatman N.2 filter paper and aliquots were taken for analysis. 

Carbohydrates 

Free Mono- and Disaccharides 

Experimental Method. Analysis of the prickly pear juices were 

carried out by gas-1iquid-chromatography. 



Sampling. Ten young pads collected on a winter morning with the 

ambient temperature around 0°C. These were taken immediately to the 

laboratory in crushed ice. Total weight of the pads was *»32.5 g. The 

pads were then cut in approximately 2 cm by 10 cm strips and carefully 

introduced into a juice extractor. The extracted juice was collected 

in tared glass beakers and weighed. The net weight was 318.10 g with a 

juice production of 73-5%. This first juice was a greenish, viscous 

slurry with acceptable odor. Using a Babcock test pipet (A.O.A.C. 1975) 

17-6 ml of this juice, measured at room temperature, weighed 17.529 g 

indicating a specific gravity of 0.9960. Juice was kept under 

refrigeration, at 2-3°C in a sealed plastic bottle, until analysis. 

Reagents, (a) Neutral Lead Acetate 8% solution, prepared as 

recommended by the A.O.A.C. (1975), (b) BSTFA - Bis (trimethy1si1y1) -

trif1uoracetamide (Pierce Lab), (c) Ethanol, reagent grade, absolute. 

Equipment. Juice extractor - 'JJuiceking",made by Loreley 

Products, Sierra Madre, California, Model K, stainless steel; heated 

centrifuge - as described by A.O.A.C. (1975) for Babcock Method, at 55°C 

gas chromatograph - Microteck Gas Chromatograph, model DSS-160, equipped 

with a dual (side by side) flame ionization detector. Carrier gas was 

nitrogen at bO ml/min. Compressed air at 30 ml/min and hydrogen at 

3b ml/min supported combustion. Operative temperatures of the injection 

port and detector were 275°C and 300°C respectively. The column oven 

was programmed from 160°C to 275°C at 2°C/min from injection until the 

beta-glucose peak emerged, then the program rate was increased to 

5°C/min until the final holding temperature of 275°C. 



Columns. A pair of matched glass columns, 183 cm. long, 6.35 mm 

internal diameter, packed with 1% SE-52 on chromosorb WAW-DMES 60/80 

mesh. 

Recorder. Beckman 25.4 cm Recorder, with disc integrator, at a 

chart speed of 1.27 cm/min and an input of 1MV. 

Procedure. The chromatograph columns were silanized with 

Dichlordimethylsilane, according to Andrews (1970), and was stabilized 

at 200°C for 48 hours before analysis. Two ml of the single-strength 

juice was placed in a 20 ml glass capped centrifuge tube with 0.5 ml 

of 8% neutral lead acetate solution and 10 ml alcohol. This was then 

mixed for 10 minutes and centrifuged for 15 minutes in a heated (55°C) 

centrifuge at 759 rpm with a wheel diameter of 50.8 cm. The clear 

supernatant was filtered through glass wool and collected in a capped 

glass vial. The sediment was washed with 5 ml 80% ethanol (v/v), 

centrifuged, filtered to the same vial and the alcohol extract dried 

under vacuum at 45°C overnight. One milliliter of pyridine was added 

to the dry substance and shaken vigorously for two minutes. One 

milliliter of BSTFA was added and the mixture was again shaken vigorously 

for two minutes at maximum speed in an automatic shaker. 

The sample was then held at 50°C for two hours. After silylation, 

2 jil of sample were injected into the gas chromatograph. Four main peaks 

appeared and were identified in order of appearance as fructose, a-glucose, 

3-glucose and sucrose. Verification was made by injecting standard 

solutions of dextrose, fructose, sorbitol and sucrose. Sorbitol was 
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used as an internal standard. The quantitative determination was done 

by use of standard curves for each individual sugar. 

Total Reducing Sugars 

Experimental Method. A modified Sumner's dinitrosalicylic 

method for glucose was used. This method is based on the reduction of 3, 

5 dinitrosalicylic acid by reducing sugars when heated. This method 

was chosen because of its relative simplicity, which does not require 

a more elaborated separation and purification of the samples, since neither 

cellulose, small amounts of proteins, nor sucrose will interfere with 

the results (Sumner and Somers 19^9; Hawk, Oser and Summerson 195^; 

Hajny and Reese 1969). 

Reagents. Sumner's Reagent (Sumner and Somers 19^9), dinitro

sal icyl ic acid reagent (DNS) was prepared by adding 300 ml of k.5% 

sodium hydroxide to '880 ml of ]% dinitrosalicylic acid and 255 g of 

Rochelle salt. Ten grams of crystalline phenol and 22 ml of 10% 

sodium hydroxide were dissolved in water and dilluted to 100 ml. To 

69 ml of this solution were added 6.9 g of sodium bissulfite. The 

latter mixture was then added to the dinitrosalicylic acid solution, 

mixed well until all of the Rochelle salt had dissolved. If kept 

tightly stoppered in well filled bottles, this reagent will last for at 

least one year. Three ml of the reagent should contain by titration, 

with phenolphthalein as indicator, the equivalent of 5 to 6 ml of 

tenth normal sodium hydroxide. 



Standard Solution. A 1 mg/ml glucose solution in distilled 

water. 

Equipment. Blood sugar tubes, Folin, graduated at 12.5 and 

25 ml.; electric mixer; "Vari-whirl", distributed by Van Waters and 

Rogers; spectrophotometer, Bausch and Lomb, Spectronic 20, using a 

10 mm light path glass cuvetes. 

Procedure. Two sets of 0.0, 0.3, 0.6 and 0.9 ml of glucose 

standard solution were put into the Folin blood sugar tubes and the 

volume increased to 2 ml with distilled water. Two ml of Sumner's 

reagent were added and the tubes shaken in an electric mixer at moderate 

speed for 30 seconds, then immersed approximately 12 cm in boiling 

water for exactly 5 minutes. After that time, the tubes were removed 

and immediately cooled in cold running water to room temperature. The 

volume was then brought up to the 25 ml mark with distilled water. 

Immediately the tubes were then stoppered with rubber stoppers and 

inverted six times to mix. The absorbance was measured at 5^0 nm 

as suggested by Martelli and Panek (1968). Eight samples were analyzed. 

The same procedure was followed, except that the2ml standard glucose 

solution was substituted by 1 ml single strength cactus juice plus 1 ml 

water. 

Nonstructural Carbohydrate 

Experimental Method. A rapid technique for total nonstructural 

carbohydrate determination (Silveira, Teles and Stull, 1977) was used. 



This technique is based on the digestion of the nonstructural carbo

hydrates by a Mylase enzyme system followed by colorimetry at 520 nm 

using the Teles' reagent. This method is precise, and comparatively 

more simple than the ones found in the literature. 

Reagents. Glacial acetic acid (analytical grade), phenol 

(loose crystals), picric acid, sodium acetate, sodium bissulfite and 

sodium hydroxide, Milase 100" (Trade Mark, Wallerstein Company, Deerfield, 

Illinois). Teles' reagent: The following stock solutions were prepared 

in disti11ed water. 

Sol. A: \% (w/v) Phenol 

Sol. B: 5% (w/v) Sodium hydroxide 

Sol. C: 1% (w/v) picric acid 

Sol. D: ]% (w/v) Sodium bissulfite 

Working Reagent Solution. The solution is prepared a maximum of 

2 days before use. Add in the following order, mixing between additions: 

one volume of phenol (Sol. A), two volumes of NaOH (Sol. B), two volumes 

of picric acid (Sol. C) and one volume of fresh sodium bissulfite (Sol. 

D). Solutions A, B, and C, prepared as stated should be stable for at 

least a month. The sulfite solution has a shelf-life of only 2 days. 

Keep the working reagent solution in a well stoppered, colored bottle. 

Prepare the working solution only in amounts according to the volume 

needed. 

Buffer. 0.2 M Acetic Acid: Transfer 12.0 ml glacial acetic 

acid to a 1,000 ml volumetric flask and dilute to volume with distilled 

water. 0.2 M Sodium Acetate. Dissolve 16,408 g of anhydrous sodium 
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in 700 to 800 ml distilled water, transfer to a 1000 ml volumetric 

flask and dilute to volume. 

Stock Buffer Solution. Mix three volumes of 0.2 M sodium 

acetate with two volumes of 0.2 M acetic acid. The pH should be k.S 

(theoretically 4.92). Store in a wel1-stoppered, colored bottle 

under refrigeration. 

Working Buffer Solution. (0.02 M acetate buffer) 

To one volume of stock buffer solution add nine volumes of distilled 

water and shake to mix. This dilution should be carried out using 

pipette and volumetric flask. Prepare a new working buffer solution 

immediately before each analysis. 

Enzyme System. Prepare a 0.3% (w/v) enzyme solution in 

distilled water just before the enzyme is needed. Keep under constant 

mixing while dispensing to the tubes. 

Equipment. Shaking water bath "Magni Whirl", Blue M Electric 

Company, Illinois; Horizontal Autoclave; Spectrophotometer, Bausch 

£ Lomb, Spectromic 20; blood sugar tubes, Folin, graduated at 12.5 and 

25 ml., and transfer pippeting system, "Macro-Set1, Oxford, adjustable 

from 1 to 5 ml with slim tips. 

Sampling. Lyophilized and oven dried material from a whole 

plant, as described. The material was mixed and reground to pass a 

60 mesh sieve and 100 mg samples were taken for analysis. 

Procedure (Digestion and Extraction). 100 mg samples (ground 

to pass a 60 mesh sieve), standards and blanks were placed in 16 x 100mm 

culture tubes. Two ml of 0.02 M acetate buffer were added, the tubes 



capped loosely, and immediately autoclaved for 15 to 20 minutes at 

2 
1.05 kg/cm . The vials were cooled to room temperature by immersing 

in tap water and exactly 4 ml of 0.3% enzyme solution were added. 

Tightly capped vials were then incubated for 8 hours at 38 to kO°C in 

a shaking water bath. Upon removal from the incubator, k ml of 2% 

Lead Acetate solution were added and the tubes shaken vigorously 30 times 

to extract reducing sugars.. The samples were then centrifuged for 5 

minutes at 2,500 rpm (900 RFC—relative centrifuge force) and let 

stand for 5 minutes. Aliquots of 0.1 ml of the clear supernatant 

liquid were transferred to the Folin blood sugar tubes and 2.5 ml of 

Teles' reagent were added, and stoppered tightly with a dry rubber 

stopper. The bottom of the Folin tubes were immersed 6-8 cm in 

violently boiling water for exactly 6 minutes, then immediately cooled 

in cold tap water for 5 minutes and the volume adjusted to the 25 ml 

mark with distilled water. Since the color developed is stable for more 

than 12 hours at room temperature, the colorimetry was performed after 

2 hours. The absorbance was measured at 520 nm against a reagent blank 

which went to the same procedure. 

Calculations. 

j tnC = absorbance of sample x weight of standard glucose x J Q Q  

0 absorbance of glucose x weight of sample 

It was used the glucose standard whose absorbance was closer to that of 

the sample. 
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Crude Fiber 

Experimental Method. The Acid-Detergent Fiber Official First 

Action Method (A.O.A.C. 1975) without modifications, was used on the 

lyophylized and air dried material described before. 

Lipids 

Total Lipids 

Experimental Method. Lipid extraction was done according to 

the method of Bligh and Dyer (1959)-

Sampling. Freeze-dried uniform material from a whole plant, as 

described before. 

Reagents. Analytical grade chloroform, absolute methyl alcohol, 

hydroquinone and hexane. 

Equipment. Blendor (1 liter capacity), rotary flash evaporator 

and vacuum oven. 

Procedure. To 100 g reconstituted sample (17 g lyophilized 

material + 83 ml water), 100 ml chloroform and 200 ml methanol, were 

added. This mixture was blended for 2 minutes. Another 100 ml of 

chloroform were added and blended for 30 seconds. To this mixture, 100 

ml of water were added and blended for another 30 second period before 

suction filtered through a Buchner funnel with Whatman paper No. 1. 

The filtrate was transferred to a 1,000 ml separatory funnel. The 

residue and the filter paper .were removed quantitatively from the 

Buchner, 100 ml chloroform were added and blended for 30 seconds. 



These 2 operations were repeated and the filtrate transferred to the 

same 1,000 ml separatory funnel. 

After setting, the chloroform layer was collected in a tared 

round-bottom flask. One half ml of saturated hydroquinone solution in 

hexane was added and the solvent evaporated almost completely in a 

rotary evaporator, at 50°C, under reduced pressure. To assure a 

complete solvent removal, it was dried in a vacuum oven at 45°C to 

complete dryness. The flask containing the lipid extracted was equil

ibrated to room temperature and weighed. 

Lipid Fractionation 

Experimental Method. The fractionation was performed in a 20 ml 

si lie acid column as recommended by Zechmeister (1951). Sample components 

were eluted with solvents of increasing polarity as suggested by Maia 

(1974). 

Sampling. Lipid material extracted for total lipids determina

tion was kept under refrigeration in sealed glass vials until analysis. 

Reagents. Dry redistilled chloroform, acetone and methanol, and 

si lie acid 100 mesh Malinkrodt. 

Equipment. Glass column 2.5 cm I.D., 26 cm long, with teflon 

stopcock and glass wool plug. Vacuum oven. 

Procedure. Si lie acid was activated overnight at 110°C and 

cooled to room temperature in a dissecator over calcium chloride. This 

material was then mixed with chloroform and carefully poured into a 

glass chromatograph column to form a uniformily packed silic acid 

column measuring 5>1 cm height by 2.5 cm diameter, with a consequent 
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volume of approximately 25 cubic centimeters. The lower extremity was 

supported witl\ a glass wool plug placed above the teflon stopcock. 

The excess chloroform was drained and -the top of the column was 

protected with a fitted filter paper disc. 150 mg sample dissolved 

in 5 ml chloroform was poured into the top of the column. Neutral 

lipids were eluted with eight column volumes (200'ml) of chloroform. 

The chlorophylls and a few glycolipids were eluted'with 30 ml of acetone. 

The remaining glycolipids were eluted with h0 column volumes (1000 ml) 

of the same solvent, and finally the phospholipids were eluted with 

ten column volumes (250 ml) of methanol. The various fractions were 

collected in round bottom flasks. Solvents were partially evaporated 

under vacuum at 45°C and the components quantitatively transferred to 

tared vials, dried and weighed. 

Fatty Acid Composition 

Experimental Method. The fatty acids of the component neutral, 

glycolipids and phospholipids were analyzed by gas chromatography. The 

method for the preparation of the fatty acid esters from the lipids 

fractions was carried out by the BF^—methanol reagent (Metcalfe, Schimitz, 

and Pelka 1966) including modifications as suggested in Maia et al. (1975). 

Sampling. Samples from fractionation, after dried under vacuum 

were taken for esterification. 

Reagents.. BF^ - Methanol Reagent, obtained from Applied 

Science Laboratories, Inc., Pennsylvania; 0.5 N Methanolic K0H; 

Saturated solution of NaCI, and benzene and hexane, analytical grade, 

redi sti1 led. 



63 

Equipment. Micro Tek (Tractor inc., Austin, Texas) Gas 

chromatograph modei DSS 170 equipped with a dual flame ionization detector. 

Two glass columns (0.4 cm internal diameter by 1.65 m long) packed with 

15% diethylene glycol succinate (DEGS) on 60-80 mesh chromosorb W. 

2 
Carrier gas was Argon at 0.281 kg/cm (flow rate 60 ml/min). Integrator 

providing a digital readout system for retention time and peak areas, 

Infrotonic Model CRS-108 (Infrotonic Corp., Houston, Texas). 

Procedure. 100 mg samples were transferred to screw cap graduated 

20 ml centrifuge tubes. Four milliliters 0.5N methanolic K0H were 

added, followed by 0.5 ml benzene. The samples heated for six minutes 

in a boiling water bath, cooled and 5 ml of BF^—methanol reagent 1k% 

were added, the tubes capped tightly and heated for 2 minutes in 

boiling water. After cooling 8 ml of saturated sodium chloride solution 

were added, the mixtures transferred to 60 ml separatory funnels and 4 ml 

of hexane were added for extraction of the esters. The hexane layer 

was transferred to 5 ml screw cap glass vials, the solvent evaporated 

to 2 ml under a stream of nitrogen, and kept at 4-5°C until analysis. 

The column temperature was 175°C and sample size was approximately 

0.5 ml. Ester identification was made by comparison with standard 

compounds injected under the same conditions. Relative amounts of each 

ester were determined by peak area comparisons as calculated by the 

integrator. Replicate reproducibility for individual fatty acid analysis 

was found to be well within ± 10% except for those acids present in 

amounts less than 2% when reproducibility was somewhat more variable. 



Vitamins and Pigments 

Carotenes 

Experimental Method. The carotenes were extracted from the 

lyophylized material with methyl alcohol and hexane, concomitant 

with the saponification of interfering lipids, according to the procedure 

developed by Werum (1976). Alcohol and alkali were removed by water 

washes. The hexane extract was purified by column chromatography and 

the total carotene determined spectrophotometrically according to the 

methods of Peterson (19^1) and Low and Dunkley (1971)-

Sampling. Lyophilized material from a whole plant of Opuntia 

ficus indica as described before, uniformized and ground to pass a 60 

mesh sieve. 

Reagents. Absolute ethanol, redistilled after refluxing four 

hours with 12.5 g of Zinc dust and 5 g of potassium hydroxide per liter. 

Hexane, technical grade, passed twice through a column of activated silica 

gel (Davidson Chemical, grade 12); Activated Alumina—Aluminum Oxide 

basic (cationotropic) activity grade I, for chromatography, and Acetone, 

reagent grade. 

Equipment. Chromatographic column (glass burete, 8 mm internal 

diameter by 300 mm long), plugged with pyrex wool and teflox stopcock 

containing 2.5 g of alumina packed by vibration; Bausch S Lomb, 

Spectronic-20 spectrophotometer, with 1 cm cuvette. 

Procedure. One gram freeze-dried material was transferred to a 

250 ml screw cap Erlenmeyer flask. Ten ml 5% NaOH in water and 15 ml 



methanol were added, the flask shaken vigorously until solids were 

dispersed. Then placed in a 50°C oven for 15 minutes with flask 

tightly capped. The sample was then cooled in tap water, 10 ml he.xane 

were added, stopped and shaken for 2 minutes. The mixture was trans

ferred to 50 ml screw cap centrifuge tube and centrifuged 5 minutes 

at 1500 rpm. The hexane and aqueous phases were decanted to a 250 ml 

separatory funnel, added 200 ml distilled water and swirled gently for 

10 minutes. The aqueous phase was drained and the hexane phase washed 

2 times with 100 ml portions of distilled water. The hexane phase 

was dried over 600 mg sodium sulfate and aliquots taken to chroma

tography, as follows. 

The columns were conditioned with 3 ml of 2 percent absolute 

ethanol in hexane (v/v) followed by 5 ml pure hexane. Five milliliters 

of the hexane extract was added, the column's walls rinsed with 1 ml 

of 2 percent acetone in hexane (v/v), and the carotenes eluted with 5 ml 

of the same eluant followed by k ml of 20% ethanol in hexane. The 

eluate was collected in a 10 ml volumetric flask, the volume adjusted 

and the carotenoids measured spectrophotometrically at 4^0 nm against 

a 20% absolute ethanol in hexane blank. A standard curve was prepared 

from solutions containing *», 6, 8, 12, 16, 20 and 30 mg/ml of synthetic 

B-carotene (purchased from General Biochemicals, Ohio). Five ml of 

each solution v)ere added to each column and the method carried out as 

described above, as if they were the plant extracts, thus minimizing 

the need for posterior computation of percent recovery by the column. 
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Vitamin E 

Experimental Method. The tocopherols were purified by column 

chromatography and determined colorimetrically according to the method 

of Low and Dunkley (1971). 

Sampling. Same materials used for carotene determination. 

Reagents. Absolute ethanol, redistilled after refluxing four 

hours with 12.5 g of Zinc dust and 5 g of potassium hydroxide per liter. 

Hexane, technical grade, passed twice through a column of activated 

silica gel (Davidson Chemical, grade 12); Bathrophenanthroline-4, 

7-Diphenyl-l, 1O-phenanthroline (J. T. Baker Chemical Co.), solution 

containing 193.^ mg in 100 ml absolute ethanol; Ferric chloride 

solution. 27.0 mg of the hexahydrate salt in 100 ml of absolute ethanol, 

stored in amber glass bottles; Phosphoric acid solution, 0.69 ml of 

86% orthophosphoric acid, reagent grade, in 100 ml of absolute ethanol. 

Activated Alumina. Aluminum Oxide Woelm basic—cationotropic, 

activity grade 1, for chromatography. All the glassware was routinely 

acid-washed and the analysis performed in subdued light using fluorescent 

lamps (Marinetti 1969). 

Equipment. Glass burete, 25 ml (10 mm internal diameter by 

32 cm long, with teflon stopcock, Corning No. 2116) plugged loosely with 

glass wool and containing 2.5 g of alumina packed by vibration; Color-

imetei—A Bausch & Lomb Spectromic-20 spectrophotometer with a 1 by 

10 cm cuvette. 



Procedure. The extraction, saponification and partial 

purification were done as for carotene analysis as previously described. 

The column was conditioned with 3 ml of 2% absolute ethanol in hexane 

(v/v), followed by 5 ml of hexane and 5 ml of the hexane extract was 

transferred to the column. The column walls were rinsed with one milli

liter of 2% acetone in hexane (v/v), the carotenes eluted with 10 ml 

of the same eluant and the eluated discarded. 

Prior to the elution of the tocopherols (Vitamin E), 2 ml of 

20% absolute ethanol in hexane (v/v) was used to rinse the column and the 

elute was discarded. A 10 ml volumetric flask was put under the column, 

8.5 ml of 20% absolute ethanol in hexane (v/v) was added to the column 

and the eluate collected. 

Each separate addition of solvent was allowed to percolate 

completely into the column before addition of the next solvent fraction. 

Color was developed in the 10 ml volumetric flask by adding stepwise, 0.50 

ml of bathrophenanthroline solution, 0.50 ml of ferric chloride solution, 

mixing thoroughly after each addition. After 2 minutes of color develop

ment, 0.50 ml of phosphoric acid solution was added. The sample was 

adjusted to the volume with 20% absolute ethanol in hexane (v/v) in a 

10 ml volumetric flask and the absorbance read at 53*» nrn against a blank 

prepared by adding the color developing reagents to 8.5 ml of 20% absolute 

ethanol in hexane (v/v). The absorbance was read 25 minutes after the 

addition of phosphoric acid. The standard curve was prepared using 

solutions containing 0.5, 1.0, 1.5, 2.0, 2.5, and 3-0 mg/ml of 



a-tochopherol. Five milliliters of each solution were added to each 

column and the method carried out as described above, as if it was for 

the plant extract, again minimizing the need for posterior computation 

of percent recovery by the column. 

Vitamin D 

Experimental Method. The Vitamin D (calciferols) was 

extracted by simultaneous saponification as described before for carotenes. 

The extract was purified by column chromatography in alumina, followed 

by colorimetry with a modified Carr-Price reagent (Stross and Brealey 

1955). Comparisons were made with the anisaldehyde-ethanol reagent 

(Amer, Wahbi and Hassan 1975). 

Sampling. Same procedure as anteriorly described for carotenes. 

Reagents. Alumina—Aluminum Oxide Woelm Standardized and 

deactivated to give activity intermediate between grades 1 and 2; 

n-Hexane—spectroscopic purity (J. T. Baker Co.), twice passed through 

an alumina column and of such purity that when 100 ml of this solvent 

were evaporated to dryness and redissolved in 10 ml of the same, the 

absorbance, using the original n-hexane as the blank was not greater than 

0.03 in the complete range of 255 to 275 nm. 

Ether. Anaestetic B.P., washed thoroughly with bidistilled 

water, dried with anhydrous sodium sulfate and anhydrous ferrous sulfate. 

Chloroform. Spectroscopic grade, Baker Instra-Analyzed, dried 

over anhydrous sodium sulfate and redistilled. During the analyses 

this grade of chloroform was substituted for a reagent grade. This 

substitution was made after chloroform was washed with equal volumes of 
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water seven times, shaken with an excess of anc' raP'dly passed 

through a filter paper Whatman No. 1 containing anhydrous sodium sulfate. 

The solvent was then distilled, the first and the last 10 percent 

distillates being discarded. It is important that the reagent be free 

from alcohol, water and pentavalent antimony for Carr-Price reaction. 

Ethanol. Absolute, reagent grade, redistilled over anhydrous 

sodium sulfate and redistilled over Zinc dust. 

Methanol. Reagent grade, redistilled over sodium bissulfite. 

Acetyl Chloride. Merck's redistilled. 

Antimony Trichloride. Reagent grade. 

Anisaldehyde. Reagent grade. 

Sulfuric Acid. Reagent grade. 

Carr-Price Reagent. The reagent was prepared by adding 22 g of 

antimony trichloride to 80 ml chloroform. The mixture was warmed at ̂ 0° 

to dissolve and the volume brought up to 100 ml with chloroform, and 

filtered through chloroform washed glass wool. Two ml of Merck's 

redistilled acetylchloride were then added. To this, a small amount of 

30 mesh zinc dust was added to reduce any pentavalent antimony, and the 

reagent kept in an amber glass bottle. Prepared in this manner the 

reagent was stable for several weeks when kept in the dark. 

Equipment. Beckman DB Spectrophotometer UV-Visible range.' 

Colorimeter. Bausch S Lomb,. Spectronic-20.. 

Burete. 25 ml, amber glass, 1 cm internal diameter, 32 cm long, 

loosely plugged with glass wool. 



Procedure. A 15 cm alumina column was prepared by pouring a 

.slurry of alumina in n-hexane. The alumina was tamped down as to give 

a flow rate of about one-to-two milliliters per minute under slight 

nitrogen pressure. The column was washed with spectroscopic n-hexane 

until the washings have an absorption at 255 nm no higher than the 

original hexane. 

A sample containing a little less than 1 mg dissolved in 5 ml 

n-hexane was transferred to the top of the column and the fraction I was 

eluted with 50 ml of 10 percent ether in n-hexane. Fraction II was 

eluted with 50 ml of 20 percent ether in n-hexane. The vitamin D was 

eluted in fraction III with 100 ml of \% ethanol in a mixture of 1:1 

ether in n-hexane (v/v). Further washing with 10 ml of 10% ethanol 

in 1:1 ether in n-hexane (v/v) produced fraction IV. 

Aliquots from fractions III and IV were evaporated to dryness 

under vacuum, at k5°C and analyzed colorimetrically. 95 to 100 percent 

of the calciferol (vitamin D) will normally be found in fraction III, 

but fraction IV should always be examined. Using this technique, 

recoveries of pure calciferol of 98 to 102 percent have been obtained 

by either colorimetric method of determination. 

For the Carr-Price reaction, 1 ml of chloroform was added to the 

dried eluate, swirled to dissolve and 9 ml of Carr-Price reagent were 

added and a cronometer started. Readings were taken at 60 seconds at 

500 nm, 80 seconds at 550 nm, and 90 seconds at 500 nm against a reagent 

blank prepared as the sample, and the absorbance calculated as follows. 



/Abs. at 90 sec. - Abs. at 60 secM . rr-
Abs = ( ) - Abs. at 550 

2 

For the anisaldehyde reaction (Amer, Wahba and Hassan 1975), 2 ml of 

methanol were added to the dried eulate, swirled to dissolve, 0.6 ml 

of \% (v/v) Anisaldehyde in methanol were added followed by 1.25 ml of 

sulfuric acid, reagent grade, dropwise, with constant agitation. It 

was allowed to stand 60 seconds, 6.1 ml of 10% (v/v) sulfuric acid in 

methanol were added and let stand for 20 minutes. The greenish-blue 

color developed was taken to colorimetry at 685 nm, in a 1 cm cuvette, 

using a blank treated in the same fashion. In both cases, standard 

curves were prepared using crystalline Vitamin (Calciferol) bought 

from Eastman Kodak Co., Rochester, NY and treated as if it were samples. 

Vitamin C 

Experimental Method. The turbidimetric method for determination 

of ascorbic acid in canned food developed by Ralls (197*0 was used. 

This method is based on the fact that stable selenious colloids are 

formed when food extracts containing ascorbic acid are treated with 

selenious acid, and the resulting turbidity is proportional to the 

ascorbic acid content (Ralls 1975)-

Sampling. Three young pads from three different plants of 

Opuntia ficus indica were collected in the morning of May 29, 1976 

(the environmental temperature was 28°C) and immediately wrapped in 

a plastic bag and kept on crushed ice in a thermal insulated plastic 

container until analysis one hour later. 
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Reagents. Metaphosphoric acid, analytical grade. 7.h% HC1. was 

prepared by adding 100 ml of 37% hydrochloric acid to ^00 ml of 

deionized water. Selenious Acid Reagent was made by dissolving 10 grams 

of selenium dioxide with 750 ml of deionized water and 200 ml of 37% 

hydrochloric acid slowly added. The mixture was stirred to dissolve 

and after cooled was transferred to a 1000 ml volumetric flask and the 

volume completed with deionized water. This reagent is stable at room 

temperature for several weeks. 

Ascorbic Acid Standard. A solution containing 0.5 mg/ml of L (+) 

ascorbic acid in 3% metaphosphoric acid, was prepared freshly every day. 

Equipment. Warring Blendor with glass 500 ml jar; 500 liter 

suction flasks; Coors Porcelain Buchner Funner, 12.6 cm in diameter; 

colorimetei—Bausch S Lomb Spectronic-20 equipped with 1 by 10 cm round 

cuvettes, and Folin blood sugar tubes, marked at 12.5 and 25 ml. 

Procedure. The cactus pads were diced in 2 by 2 cm squares, 

mixed and divided in four lots of 25 grams for analysis, and kept in 

plastic bags on crushed ice. Each 25 gram sample was blended for one 

minute with 25 ml of deionized water and 3 g of solid metaphosphoric 

acid. The slurry was then filtered under suction through a Buchner 

funnel with Whatman No. 2 filter paper. Approximately 30 ml were 

collected. Ten ml aliquots were diluted to 100 ml in volumetric flasks 

and taken to colorimetric determination by the method of standard addi

tions. For each sample, seven 5 ml portions of the diluted filtrate 

were transferred to 7 Folin blood sugar tubes, 2 ml portions of selenious 



a c i d  reagent were added to 6 of the 7 flasks, and a 2 ml portion of 

7,k% hydrochloric acid was added to the seventh flask (blank). 

Immediately after the above additions, 0.5 ml of the ascorbic acid 

standard were added to flasks 1, 2, 5, and 6, and 1.0 ml portions to 

flasks 3, 5, and 6. The volume was brought to 25 ml with deionized 

water in the flasks 6, 5, 3, 2, 1, and blank (7), in that order. 

The spectrophotometer was adjusted to zero absorbance at a wavelength 

of ̂ 25 manometers with the blank, and the absorbance of the cell recorded 

After reading, sample cells, flasks, funnel and suction flasks were 

rinsed with tap and dionized water and drained for the next determina

tion. The optical density readings were plotted as the ordinate of 10 

lines per centimeter graph paper and the milligrams of ascorbic acid 

contained in 0.5, 1.0 and 1.5 ml of standard solution, corresponding to 

the optical densities found, as the abscissa of graph. The best straight 

line through the experimental points was drawn. The intercept of the 

abscissa at optical density zero, where mg of ascorbic acid were also 

plotted to the left of the ordinate as mirror image of the right side, 

was the ascorbic acid content of the diluted sample. 

Niacin 

Experimental Method. The chemical determination was based upon 

the reaction of niacin with cyanogen bromide to give a pyridinum compound 

The latter undergoes rearrangement yielding derivatives that couple 

with aromatic amines to produce colored compounds. Under proper 

conditions the density of the color produced is proportional to the 

niacin present and measured in a photoelectric colorimeter according to 



Freed (1966). The niacin extraction and hydrolysis procedures were 

done according to the A.O.A.C. (1975) "Official Final Action Method" 

(p. 827) for noncereal foods and feeds. 

For comparison, another colorimetric method for estimation 

of niacin was also followed (Koch and Hanke 19^8). This procedure also 

involves the interaction of cyanogen bromide with the pyridine nucleus 

in nicotinic acid and nicotinic amide. The amide develops only 51 percent 

the color intensity of nicotinic acid, but when hydrolyzed it yields 

the same color intensity per molecule. The experimental conditions 

under which the method is applied are such that the amide is completely 

hydrolyzed and hence the estimation includes both forms of the vitamin. 

Samplinq. Three young pads of opuntia ficus indica were 

collected from three different plants during the morning in March of 

1976. The environmental temperature was 10°C. The pads were wrapped in 

plastic bags and kept on crushed ice in a thermal insulated plastic 

container. The pads were diced and blended, kept under refrigeration 

until analyzed not more than 2 hours later. 

Reagents. For method A (Freed 1966; A. O.A.C. 1975, p. 827): 

Cyanogen Bromide: Ten percent solution prepared under hood, 

where 220 ml of distilled water in a 500 ml, graduated, S. T. Erlenmeyer 

flask was warmed to 50°C in a water bath and the contents of a freshly 

opened 25 gram bottle of Cyanogen bromide, CNBr, were added. The mixture 

was toppered and carefully shaken until dissolved, cooled, the volume 

increased to 250 ml and the flask tightly closed, then refrigerated no 

longer than one week. 
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Ammonium Hydroxide: 5 ml of concentrated NH^OH were diluted to 

250 ml with distilled water. 

Sulfan?lie Acid: Ten percent solution prepared adding diluted 

ammonium hydroxide in 1 ml portions to a mixture of 20 g sulfanilic acid 

and 170 ml distilled water until acid dissolved. The pH was adjusted 

to k.5 with 1:1 hydrochloric acid solution, and the mixture diluted to 

200 ml with distilled water. In all preparations the solutions were 

almost colorless and were kept under refrigeration in well stoppered 

amber glass vials. 

Hydrochloric Acid: Ten ml of conc. HC1 were diluted with 50.ml 

of disti11ed water. 

Niacin standard solution: 

1. Stock solution--100 mg/ml. To 50 mg NF Niacin Ref. Std., 

(previously dried and stored in the dark in a glass dessicator over 

P2Oj.) 25% ethanol was added to dissolve, transferred quantitatively to 

a 500 ml volumetric flask and the volume completed with same solvent. 

This solution was stored in dark glass bottle under refrigeration (4-5°C) , 

for less than a week. 

2. Working solution—k mg/ml. The stock solution was 

allowed to come to room temperature and 2 ml were transferred to a 50 ml 

volumetric flask and the volume completed with distilled water. This 

solution was used as the Standard Solution. 
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Reagents. For method B (Koch and Hanke 19^8, p. 300). 

Cyanogen Bromide: Preparation must be in a hood. In a 500 ml 

sp. funnel, 100 ml distilled water was saturated to 10 percent with 

bromine, on an ice bath, and the temperature of the solution was 

maintained between 5~10°C. Ten percent potassium cyanide solution was 

added to the cold separate supernatant solution until just decolorized. 

The cyanogen bromide so prepared was stored in amber glass well stoppered 

bottle under refrigeration. 

Ethanol: Absolute, redistilled over anhydrous sodium suflate. 

An?1 in Solution: Four grams of redistilled anil in were dissolved 

in a beaker with 80 ml absolute ethanol, transferred to a 100 ml 

volumetric flask and brought to volume with same solvent. 

Standard Niacin Solution: From a previously described alcoholic 

stock solution containing 100 mg/ml, three working solutions containing 

I, 2, and 3 mg/ml in ethanol were prepared. 

Activated Vegetable Charcoal: Analytical grade. 

Sodium Hydroxide: Fifty percent, 15%, and 5% (w/v) in distilled 

water. 

Alcoholic Phosphate Buffer: Ten ml of 85% orthophosphoric acid 

were dissolved in I960 ml water. To this, 30 ml of 15% sodium hydroxide 

and 333 ml absolute ethanol were added. The solution was filtered in a 

Whatman #kl filter paper, and the pH adjusted to 8.0. 

Equipment. Bausch & Lomb Spectrophotometer, Spectronic-20 

Autoclave. 



Procedure. For method A (Freed 1966, p. 176; A.O.A.C. 1975, 

p. 828): Ten grams of homogenized sample were transferred to a 150 ml 

beaker, 50 ml l.ON sulfuric acid added and autoclaved for 30 minutes at 

2 
1.05 kg/cm (121°C). After cooling the pH was adjusted to approximatel 

3.0 with 50% NaOH, and finally adjusted to pH k.5 with 5% NaOH. Thirty 

seven g of ammonium sulfate were added, stirred and the final volume 

recorded. The mixture was filtered through a Whatman No. bl filter 

paper and aliquots taken for analysis. The colorimetry was performed 

under hood and the 10% sulfanilic acid and cyanogen bromide solutions 

dispensed by automatic Eppendorff pipets appropriate sizes. The tubes 

were prepared as follows: 

Standard B1ank 

1.0 ml standard solution 

5.0 ml water 

0.5 ml diluted NH^OH 

2.0 ml 10% sulfanilic acid 

0.5 ml diluted HC1 

Standard Solution 

1.0 ml standard solution 

5.0 ml diluted NH^OH 

5.0 ml CNBr 

2.0 ml 10% sulfanilic acid 

0.5 ml water 

Sample Blank 

1.0 ml sample solution 

5.0 ml water 

0.5 ml diluted NH^OH 

2.0 ml 10% sulfani1ic 

0.5 ml diluted HC1 

Sample Solution 

1.0 ml sample solution 

0.5 ml diluted NH^OH 

5.0 ml CNBr 

2.0 ml 10% sulfanilic acid 

0.5 ml water 



Separate sample blanks were prepared for each sample. The 

standard solutions were pipeted into respective tubes; 5.0 ml of 

water were used for standard blank and sample blank. All the subsequent 

solutions were added to a single tube and the color measured before 

proceeding with the next tube. Starting with the standard blank, the 

tube was swirled to impart rotary motion in the liquid, then immediately 

added the diluted NH^OH, swirled again, added the sulfanilic acid 

and swirled. Immediately 0.5 ml of diluted HC1 was added and mixed, 

placed in the spectrophotometer and the instrument adjusted to zero 

absorbance at ̂ 0 nm, exactly 30 seconds after the addition of the 

sulfanilic acid solution. The standard solution was treated the same 

way as the standard blank with respect to the addition of diluted NH^OH. 

The tube immediately swirled, CNBr solution added and mixed. At 30 

seconds after addition of CNBr solution, sulfanilic acid was added, the 

tube swirled again. Immediately 0.5 ml water was added, mixed and the 

tube stoppered. With the instrument set at zero absorbance for standard 

blank as above, the absorbance of the standard solution was read at 

maximum optical density (the color reaches maximum in about 90 seconds 

after addition of sulfanilic acid solution, and remains at peak for about 

2 minutes, and then fades slowly). With sample blank set at zero 

absorbance, determine absorbance of sample solution similarly. Niacin 

content is proporational to absorbance if standard and sample solutions 

are about the same concentration. 



79 

Procedure. For Method B (Koch and Hanke 19^8, p. 300): The same 

spectrophotometer spectronic-20 was set at ̂ 20 nm. Each 10 ml glass 

screw capped colorimeteric tube was sealed with silicone rubber and 

a plastic cap which had previously been drilled with a 1 mm I.D. drill 

bit—SUPERCO, Inc. No. 03_3113, Bellefonte, Pa. 16823. This procedure 

allows the analysis to be performed outside a hood since syringes were 

used in place of pi petes. A septum was also provided for the cyanogen 

bromide solution container. 

Ten ml of concentrated hydrochloric acid, sp. gravity 1.18, and 

30 ml distilled water were added to 10 g of pad slurry and blended at 

high speed for five minutes. The hydrolysis was then done in a boiling 

water bath for ^0 minutes. After cooling the volume was adjusted to 300 

ml with distilled water, mixed well by hand or mechanical shaking for 10 

minutes, filtered through glass wool and a 15 ml aliquot transferred to 

125 ml Erlenmeyer flasks. Then exactly 200 mg of activated charcoal 

was added, mixed well and filtered through Whatman No. k2 filter paper. 

From the filtrates other aliquots of 8.^ ml were taken and neutralized 

in presence of one drop of phenolphthalein 0.1%, first with 50% sodium 

hydroxide and finally with 5% sodium hydroxide. The volumes were 

recorded and water was added to make a final volume of 10 ml (sample 

solution). Two 2.0 ml aliquots were taken from each sample for colorim-

etry. To one tube, 7.0 ml of the phosphate buffer was added for 

determination of blank value. Reagent blanks were prepared by adding 

successively 1.0 ml distilled water, 1.0 ml ethanol, 6.0 ml cyanogen 



bromide solution and 1.0 ml aniline solution. To a 2.0 ml aliquot of 

the charcoal cleaned filtrate, 6.0 ml of cyanogen bromide solution and 

1.0 ml aniline solution were added. Standard solutions in 2.0 ml portions 

were treated the same way as if they were samples. All the tubes were 

shaken well after each addition. The absorbance measurements were made 

8 minutes after final mixing. Corrections were made for the blank 

readings against phosphate buffer and the vitamin content was expressed 

in milligrams of Niacin per 100 g of green material. 

Thiamin 

Experimental Method. Vitamin Bj (thiamin) is normally estimated 

by fluorimetry of its oxidation product, thiochrome. However, color-

imetric methods are known and often used. These are usually based on the 

color produced by coupling thiamin with a diazo-compound such as that 

derived from sulfanilic acid or p-aminoacetophenone, etc. (MacLeod 1973). 

As pointed out by Snell and Snell (195*0 thiamin does not couple with 

diazotized amines in acid solution, but coupling does occur in alkaline 

solution, leading to various colors. The most stable and specific of 

these is diazotized p-aminoacetophenone. While insoluble in water, this 

is extracated into organic solvents. In either aliphatic or aromatic 

solvents, the color conforms to Beer's Law. Accuracy to ± 2 percent can 

be expected. Sulfanilic acid is also used. The rather general reaction 

is improved in specificity by anterior purification with chromatographic 

techniques. Thiamine is present in biological samples as the 

free amine and the phosphoric esters, and the phosphoric acid 

'esters are biologically active as the vitamin. The pyrophosphoric 
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ester is also known as cocarboxylase, the coenzyme of carboxylase. 

In yeast as much as 75 percent may be esterified. Cocarboxylase 

hydrolyses in 1:10 hydrochloric acid to thiamin monophosphate which is 

resistant to acid hydrolysis. Alkaline hydrolysis is impractical 

because of the thiamin destruction. Incubation with Mylase Taka-

phosphatase at 1»5°C in the presence of the enzyme from yeast liberates 

the thiamin within 12 hours. Takadiastase is effective at ^5~50°C in 

2 hours. Separation of the thiamine is often necessary due to many 

interferent materials. Zeolite removes thiamin by absorption rather 

than by base exchange. Superfi1trol, and an acid clay are also used 

(Snel1 and Snell 195*0, although the most employed is Thiochrome Decalso, 

as recommended by the A.O.A.C. (A.O.A.C. 1975), like the purified 

base-exchange silicate, by Fisher Scientific Co., (No. 1-37). This 

latter material was used in this work. 

The extraction, hydrolysis and purification procedures were done 

according to Strohecker and Henning (1966) and A.O.A.C. 0975). The 

colorimetry was performed by two different methods according to 

procedures described by Williams and Spies (1939) and Snell and Snell 

(1954) .  

Sampling. Lyophylized material from a whole plant as described 

previously was re-ground to pass a 60 mesh sieve and kept under refrigera

tion in well stoppered glass jars until analysis. 

Reagents. For diazotized sulfanilic acid method (Williams and Spies 

1939, p. 167) Solution A: 350 mg sulfanilic acid (^-NH^CgH^SO^-^O) and 

k.S ml concentrated hydrochloric acid are carefully mixed and diluted to 

50 ml with distilled water. Solution B: An aqueous solution k.5% 



potassium nitrite. Solution C: 10 g sodium hydroxide were dissolved 

in 300 ml of water, 3 g sodium bicarbonate were added and the volume 

completed to 500 ml. 

The diazotization was performed in an ice bath at 0°C, and 

solutions A, B, and C were kept under refrigeration. Just before 

analysis, 5 ml of solution A were mixed with 5 ml of solution B under 

continuous stirring. After 10 minutes, 20 more milliliters of solution 

B were added and the stirring prolonged for 20 minutes more. This 

solution D is stable for 12 hours if kept at 0°C. The color reagent was 

prepared by adding 20 ml of solution D to 200 ml of solution C with 

continuous stirring and kept under refrigeration in amber glass until 

analysis, no longer than 2 hours later. 

For diazotized para-aminoacetophenone (Snell and Snell 195^, p. 95) 

Solution A: 350 mg para-aminoacetophenone (NH0-C^H.C0CH_, Eastman Kodak 
Z  O  4 5  

Co.) were dissolved in k.5 ml concentrated hydrochloric acid, diluted 

to 50 ml with water and stored in a glass stoppered flask out of strong 

light. This solution should be stable for 6 months. Solution B: A 4.5 

percent solution of sodium nitrite. This solution is stable for about 

a month if kept under refrigeration. Solution C: 10 g of sodium 

hydroxide were dissolved in kOO ml of distilled water, 1^.4 g of sodium 

bicarbonate were added and the volume was completed to 500 ml. The 

diazotization was done by mixing equal parts of solutions A and B at 

0°C in an ice bath, with continuous mechanical stirring. After 10 

minutes four more parts of solution B were added to the mixture and 

stirred for another 20 minutes. The diazotized solution is stable 



for 12 hours if kept at 0°C. Just before use, 20 ml of this solution 

were added to 275 ml of solution C with mechanical stirring. A purple 

color was formed which disappeared after 8-12 minutes of stirring. 

Potassium Chloride Solution: Prepared by dissolving 250 g of 

KC1 in 875 ml water containing 8.5 ml of concentrated hydrochloric acid 

and kept at 95_98°C during analysis. 

Eguipment. Bausch 6 Lomb Spectrophotometer, Spectronic-20. pH-

Meter, Fischer, ACCUMET, Model 220, with a combination electrode 

microprobe No. 13~639"92, 0-14 range, in solutions -5 to +110°C. Auto

clave. 

Procedure. (Strohecker and Henning 1966, pp. 70-78; A.O.A.C. 

1975, pp. 823-825). Extraction: 1-2 g of lyophilized sample were weighed 

in a 140 ml Berzelius beaker, 20 ml of 0.1N hydrochloric acid were added, 

2 
mexed well and autoclaved at 1.05 kg/cm at 121°C. After cooling the pH 

was adjusted to 6.5 with 5% sodium hydroxide solution using rapid 

stirring in a pH meter. 

Two milliliters of acetate buffer pH 4.2, 2.5 ml of 10% freshly 

prepared Takadiastase or MYLASE P for determination of thiamine 

(Nutritional Biochemicals Corporation, Cleveland, Ohio), and 0.5 ml 

of toluene (as preservative) were added. After mixing the samples were 

incubated at 37°C overnight, the volume adjusted to 30 ml. Afterwards 

the samples were transferred to 125 ml screw capped Erlenmeyer flasks, 

approximately 10 mg of cystein hydrochloride were added, the mixture 



incubated at 95~98°C for 30 minutes, cooled to room temperature and 

filtered into a 60 ml separatory funnel with exclusion of the top 

toulene layer. 

Purifications: Performed in a chromatographic column packed with 

activated Thiochrome Decalso, according to Strohecker and Henning (1966) 

and A.O.A.C. (1975), as follows: Three grams of activated dry Thiochrome 

Decalso were poured into a 10 mm O.D. x 36 cm long, chromatographic glass 

tube, with teflon stopcock andpyrex wool plug, which was nearly full 

of distilled water. After settling the material washed with distilled 

water until eluate was clear, twenty to twenty-five ml of the sample 

filtrate were added (the volume recorded) to the column, and washed with 

three successive 10 ml portions of hot distilled water (90-95°C). After 

the third hot water wash had passed through the column, a 25 ml 

volumetric flask was put under the column and the thiamin eluated with 

successive 10, 10, and 5 ml portions of hot potassium chloride solution. 

Thiamin solutions for the standard curve were run through the same 

procedure concomitant with the samples. After cooled to room temperature, 

the eluates were transferred to 50 ml Berzelius1 beakers and the pH 

adjusted to 5-5. 

Colorimetry by Diazotized Para-aminoacetophenone: Ten ml of 

sample and/or standard were adjusted to pH 5.5 with 5% sodium 

hydroxide. A 5 ml aliquot was taken, and to this were added 5 ml of a 

0.5 percent solution of phenol in ethanol and the pH adjusted to 9.2 

with 5% sodium hydroxide. Then, 6 ml of diazotized para-aminoacetophenone 
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color reagent were added, the screw capped centrifuge tube stoppered and 

allowed to stand overnight at room temperature. After this, 2 ml of 

xylene were added and mixed vigorously for 90 seconds, the mixture 

centrifuged at 2500 rpm for 5 minutes and the colored xylene layer was 

tuken to colorimetric measurement at 525 nm against a reagent blank 

prepared the same way with 25% potassium chloride solution. 

Riboflavin 

Experimenta1-Method. Vitamin (Riboflavin) occurs in natural 

products almost entirely in combined form as riboflavine-5'-phosphoric 

acid ester (flavine mononucleotide) and linked to protein as a con

stituent of the "yellow enzyme". Extraction with hot diluted acid 

suffices to split riboflavin-protein compounds. Riboflavine-51-

phosphoric acid ester, can only be hydrolyzed completely by means of an 

enzymatic cleavage usually done by a diastase. Treatment with diastase 

is desirable in the examination of natural produces (e.g., foodstuffs), 

because it simultaneously breaks down the starch usually also present. 

(Strohecker and Henning, p. 99). Interference by the pigments of the 

extract in the spectrophotometric determination of riboflavin by the 

method of the British Pharmacopoeia (1968) is generally obviated by 

chromatography on a column of activated acidic alumina with the mixture 

chloroform-methanol (98%)—glacial acetic acid (50 + 50 + 0.3 v/v); 

riboflavin passes through the column while other pigments are retained. 

The eluate is concentrated by evaporation, buffered at pH k, then 

measured spectrophotometrically at wavelength kkk nm, according to Ismaiel 

(1972). 
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Sampling. Freeze-dried material from a whole plant, as 

described before, ground to pass a 60 mesh sieve and kept under refriger

ation until analysis. 

Reagents. Activated acidic alumina was used directly from the 

container. Solvent mixture--ethanol (98%)--chloroform--glacial acetic 

acid (50 + 50 + 0.3 v/v), all redistilled reagent grade. 

Acetate buffer. A 10 percent solution of hydrated sodium acetate 

adjusted to pH with glacial acetic acid. Takadiastase--Pharmaceutical 

preparation, riboflavin free. 

Equipment. Autoclave, pH meter, spectrophotometer, and oven as 

described before. 

Procedure (A.O.A.C. 1975 , pp. 823-825). 1.0-2.0 grams of the 

powdered homogenized material was weighed into 100 ml Berze-lius beakers, 20 

ml of 0.1N hydrochloric acid were added, the mixture stirred well and auto-

claved for 30 minutes at 1.05 kg/cm and 121°C. After cooling the pH 

was adjusted to 6.8 with 10% sodium hydroxide using rapid stirring, 

then 0.1N hydrochloric acid was immediately added to pH k . 2 .  This 

procedure precipitates materials interfering with riboflavin analysis. 

Two milliliters of acetate buffer pH *t.2, and 2.5 ml of a 10% solution 

of takadiastase in distilled water were added, the mixture swirled, 

0.5 ml of toluene (as preservative) were added and incubated at 37°C 

overnight. The volume was adjusted to 25 ml with 1:10 diluted acetate 

buffer, and the mixture filtered through Whatman No. b2 filter paper 

and the toluene separated in a separatory funnel. This filtrate was 

kept under refrigeration, for a few minutes, until purification, 

and the entire procedure was conducted in subdued light as follows. 



A 8 cm column of activated acidic alumina, weighing about 22 g, 

was prepared with about 25 ml of the solvent mixture. This was poured 

into a glass tube of 2 cm diameter by 30 cm length with teflon stop

cock, resting on a plug of pyrex wool. The original solvent was allowed 

to drain away from the alumina and was discarded. Then, 4 ml of the 

extract was applied to the top of the column, allowed to elute, the 

column walls washed with 1 ml of the solvent mixture and after it had 

eluted.more solvent mixture was added until the yellow band approached 

close to the bottom of the column. When the colored band reached the 

stopcock, the eluate was collected in a round bottom flask until all 

the yellow color had flushed through the stem and the eluate had become 

colorless. Usually about 75 to 120 ml were collected. The eluate 

containing the riboflavin was evaporated in a vacuum oven at 45°C and 

pressure of 100 mm Hg until dry. 8 ml acetate buffer were added, 

well mixed, filtered through a Whatman No. 1 filter paper, the first 2 

ml discarded and the absorbance measured at kkb nm wavelength, against 

1 % 
a blank of 8 m-1 acetate buffer, taking 323 as the value of E, 

3 1 cm 

Water and Minerals 

Moisture 

Experimental Method. The method followed was based on the 

"Moisture-Official Final Action" as recommended by the A.O.A.C. (1975, 

p. 127) for animal feed analysis. 

Sampling. An entire plant weighing 7*» kilogram was divided in 

two lots for average moisture determination. For the determination of 



moisture in young pads, four pads from three different plants were also 

collected and diced into small pieces. The moisture content of young 

pads is known to be different every hour of the day (Szarek, Johnson, 

and Ting 1973). 

Equipment. Vacuum oven (Labbine, Inc., Chicago, Illinois, 

Catalog No. 3610), equipped with vacuum gauge graduated in mm Hg and 

i nches. 

Procedure. A lot of diced material from the whole plant, 

weighing 30 kg was dried in a vacuum oven at 60-70°C and 100 mm Hg for 

48 hours and hh kg were frozen and lypohilized in batches of approxi

mately k kg each. 

The material was weighed fresh and after drying. For comparison, 

four young pads were also diced, weighed and dried in a vacuum oven 

at 95~I00°C and 100 mm Hg for 6 hours, cooled in dissecator and weighed 

again. The loss in weight was reported as moisture, according to A.O.A.C. 

(1975). 

Ash 

Experimental Method. The ash determination was done according 

to the "Method I—Ash. Official Final Action" as recommended by the 

A.O.A.C. (1975j, p. 566). 

Sampling. Material from moisture determination as described 

above. 

Reagents. Purified Olive Oil—commercial olive oil dissolved 

in hexane, washed with deionized water in a separatory funnel, filtered 

through Whatman No. hi ashless filter paper under suction. The 



solvent was evaporated in a vacuum oven at 60-65°C and 100 mm Hg and 

the oil kept in a well stoppered glass bottle. 

Equipment. Vacuum oven—as described above; infrared heater, 

Model 85, Technilab, and Furnace, Muffle, Automatic Control, Model 

10500, Thermolyne. 

Procedure. The dry material was ground to pass a hO mesh sieve, 

dried again in a vacuum oven at 95-100°C and 100 mm Hg until constant 

weight. A few drops of purified olive oil were added and the mixture 

heated in a platinum crucible under the infrared lamp until swelling 

stopped. The crucible was taken to the furnace at 525°C until white ash 

was obtained. After partial cooling a few drops of deionized water were 

added, dried on a hot plate and re-ashed at 525°C to constant weight. 

Magnesium, Sodium, Calcium and Potassium 

Experimental Method. The lyophilized material was wet digested 

according to the A.O.A.C. recommendations for analysis of minerals in 

feeds by Atomic Absorption Spectrophotometry—"Official Final Action", 

(A.O.A.C. 1975, p. 1^0). A.O.A.C. recommendations were also followed . 

for minor nutrients determination by Atomic Absorption Spectro

photometry—"Official Final Action", (A.O.A.C. 1975, p. 1^0). 

Sampling. Material from moisture determination, as described 

above. 

Reagents. Standard solutions, prepared as recommended by A.O.A.C. 

(1975, p. 22), and concentrations adjusted for sample.content. .Lanthanun 

stock solution 50 g La/L. 
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EguTpment. Perkin-Elmer, Model 290B, Atomic Absorption Spectro

photometer, equipped with a Servo/Ritter II recorded made by Texas 

Instruments, Inc. The operating parameters were established by trial 

following the general outlines described by the A.O.A.C. (1975)• 

Phosphorus 

Experimental Method. Phosphorus was determined by the photo

metric method recommended by the A.O.A.C. (1975» P* 1^3) ..for "Official Final 

Action". This method is based on the color reaction between phosphate 

and the Molybdovanadate reagent. 

Sampling. Lyophilized material from moisture determination. 

Reagents. Molybdovanadate Reagent: kO grams of the tetrahydrate 

ammonium molibdate were added to 400 ml. of hot deionized water and cooled 

to room temperature. Two g of ammonium metavanadate were dissolved in 250 

ml of hot water, cooled and 250 ml of 70% perchloric acid were carefully 

added. Gradually the molibdate solution was added to the vanadate 

solution with continuous stirring and diluted to 2 liters. 

Phosphorus Standard Solutions: The stock solution containing 

2 mg of phosphorus per milliliter was prepared by dissolving 8.788 g of 

dry pure monobasic potassium phosphate, (Kh^PO^) dried for 2 hours in a 

vacuum oven at 90°C and 100 mm Hg, in 800 ml of deionized water and the 

volume completed to one liter. The working standard solution containing 

0.1 mgP/ml, was prepared by diluting 50 ml of stock solution to one liter. 

Equipment. Bausch & Lomb Spectronic 20 Spectrophotometer, and 

Vacuum oven as described before. 
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Procedure. The standard curve was prepared by transferring 

aliquots of working standard solutions containing 0.5, 0.8, 1.0 and 1.5 

mg phosphorus and the color developed as for sample analysis below. 

Ten grams of the dry sample were ashed in a 150 ml beaker, A 

hours at 600°C. After slowly cooling hO ml of diluted hydrochloric 

acid (1+3) and 1 ml of concentrated nitric acid were added and the moisture 

brought to boiling for 2 minutes, cooled, transferred to a 200 ml 

volumetric flask and diluted to volume with deionized water. After 

mixing it was filtered through S £ S No. 589 blue band filter paper, 

and aliquots containing between 0.5 and 1.5 mg phosphorus transferred to 

100 ml volumetric flasks. Standard solution aliquots were also trans

ferred to equal size volumetric flasks. To these, 20 ml of molybdovana-

date reagent were added, diluted to volume with deionized water and mixed 

well, left standing for 10 minutes and the percent transmittance read 

at *f00 nm. The percentage of phosphorus was determined by the standard 

curve considering the dilution factor and sample weight. 

Cellulase Activi ty 

Experimental Method. Cellulase is a complex of enzymes showing 

various types of activity. Cj (fi1terpaperase) digest filter paper, 

and B-glucanase, for example, would digest modified cellulose, such as 

carboxymethylcellulose, under proper conditons. 

Cellulose substrates include highly resistant crystalline forms 

such as cotton and filter paper, and very susceptible soluble derivatives 

such as carboxymethylcellulose (CMC) and cellulose sulfate (Hajny and Reese 

19^9, P-392). Two of these substrates, filter paper and CMC, were used 



with subsequent measurement of the reducing sugars produced by the Sumner's 

method (Sumner and Somers 19^9, P- 38). First it was determined the 

production of reducing sugars from a soluble cellulose derivative (CMC). 

This assay measures B-glucanase activity independent of Cj. Secondly, it 

measured the production of reducing sugars from filter paper. This method 

required much stronger cellulase preparations and measures the combined 

Cj and B-glucanase. The role of C^ becomes more important as the 

resistance of the substrate increases. The inclusion of rumen fluid to 

the analytical procedure was also tested, to determine if any synergism 

was taking place. 

Sampling. Freshly collected pads were wrapped in a plastic bag, 

kept in an ice bath, homogenized in a tissue grinder immersed in ice, and 

the juice filtered through cheesecloth, with a rapid squeezing action. 

Reagents. Cel1ulase 4000: (Miles Laboratories, Inc., Marschall 

Division, Elkhart, Inc. 46514); Sumner's reagent. Prepared as indicated 

before for Total Reducing Sugars determinations. 

Rumen fluids: Collected from adult animals during slaughtering 

and kept under refrigeration until analysis (courtesy of Dr. John A. 

Marchello, Animal Scientist, University of Arizona). 

Carboxymethylcel1ulose (CMC): Commercial powder. 

Equipment. Tissue grinder, Potter Elvehjem, Vitro, Wheaton, 

equipped with power unit, Con-torque, Eberback; Vacuum oven--Labline, 

Inc., Chicago, Illinois, Catalogue No. 3610, and Folin blood sugar tubes 

graduated at 12.5 and 25 ml. 
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Procedure. The fi1terpaperase (cellulase Cj) activity was 

determined by adding 1.0 ml of 0.05 M sodium citrate buffer, pH 4.8, 

to approximately 50 mg (1 x 6 cm) strip of Whatman No. 1 filter paper, 

previously washed with distilled water, and 1.0 ml of the potential 

enzymatic solutions, Opuntia juice, rumen juice, and 0.5 ml rumen + 0.5 

ml Opuntia juice. The paper strips were coiled in the assay by touching 

the tube to a vibrator mixer and incubated 12 hours at 45°C ± 0.2°C. 

After cooling, three ml of the Sumner's reagent were added and the 

percent Transmi ttance read at 540 nm (Martelli arid Panek 1968) in a 

Bausch & Lomb Spectronic-20 spectrophotometer. Eight samples and eight 

blanks were analyzed each time. In the blank, the substrate was added 

after incubation, and immediately the Sumner's reagent was added. The 

B-glucanase—Cx 0 (1-4) Glucanase activity was determined following the 

same procedure, except that the substrate was 1.0 ml of 0.5% carboxy-

methylcel1ulose in 0.05 M sodium citrate buffer pH 4.8, and ]% 

commercial cellulase solution was used for comparison. 

Crassulacean Acid Metabolism 

Generali ties. Some succulent plants exhibit a marked diurnal 

oscillation in their non-volatile acids content. Those plants are said 

to have a typical "crassulacean acid metabolism". In fact, this special 

form of metabolism was first demonstrated in an Opuntia species (in 

1804) by the famous Swiss plant physiologist, de Saussure (Nordal, 

Gether and Haustveit 1966). The organic acids of a few Opunta species 

have been investigated by several scientists, but historically only 



oxalic, malic and citric acid had been reported. In 1965, at the 

University of Oslo, Norway, Nordal, Gether and Haustveit (1966) doing 

screening tests for phorbic acid, noticed that an ethyl ester mixture, 

prepared from the non-volatile acids of Opuntia ficus indica, produced 

a dominant peak on the gas chromatogram with a longer retention time 

than either citric or phorbic acid ethyl ester. In order to carry out 

a closer investigation of this substance these authors imported 15 kg * 

of Opuntia ficus indica from the Canary Islands. Isolation of the non

volatile acids over their lead salts, esterification of the acid mixtures, 

fractionation of the ester mixtures in high vacuum distillation, and 

examination of the individual fractions by various methods, like gas 

chromatography, investigation of the solid esters by means of classical 

organic chemical methods, conversion of the liquid esters into hydrazides, 

etc. lead the authors to the conclusion that Opuntia ficus indica 

contains at least seven non-volatile acids, among them the earlier malic 

and citric acid plus piscidic acid. 

Opuntia ficus indica was the second plant with a typical 

"crassuJacean acid metabolism" in which piscidic acid was found in the 

tissue of fresh plant. The first plant of this type in which the same 

acid was demonstrated, was Agave americana, L. (Nordal and Ogner 196*0. 

Experimental Method. The isolation and purification procedure 

was done according to general recommendations from Robinson (1963, pp. kQ-k$ 

and the procedure developed by Price (1975> PP- 1~5). Basically the 

purification was done by resin ion-exchange column chromatography.and 

separation, and quantitation done by gas chromatography of the silyl 

derivatives, using glutaric acid as internal standard. 
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Sampling. Young pads of Opuntia ficus indica collected at 6 A.M. 

and 6 P.M. in November 1976 (ambient temperatures of 5 and 15° C 

respectively) were immediately iced, and analyzed separately. Other 

samples, for comparison with the literature, were taken from a whole plant 

oven dried, as described before in "moisture determination". 

Reagents. Amberlite CG-120, 100-200 mesh, strongly acidic, 

suflonated Polystryrene type, cation exchange resin (Mai 1inkrodt); 

Amberlite CG-^00, 100-200 mesh, strongly basic, Quaternary Ammonium 

(polystyrene) type, anion exchange resin (Mai 1inkrodt); Bis-(trimethyl-

silyl)-trifluoroacetamide, Aldrich Chemical Company, Inc.; Pyridine, 

dry, for gas chromatography, Pierce, Rockford, Illinois; Hydroxy 1 amine 

Hydrochloride, analytical grade, Mallinkrodt; Formic Acid, 97-100&, 

Matheson Coleman and Bell, Ohio; Sodium Formate, crystal, reagent grade, 

Allied Chemical, New Jersey; Ethanol—absolute, redistilled; HMDS, 

Bis-(trimethy1silyl) amine, Pierce, Rockford, Illinois. 

Equipment. Micro Tek (Tractor, Inc., Austin, Texas) gas chromato-

graph Model DSS'170, equipped with a dual flame ionization detector. 

Two glass columns (0.^ cm internal diameter by 1.65 m long) packed with 

k% 0V-17 on 60-80 mesh chromosorb W. Carrier gas used was Argon at 

2 
0.181 kg/cm (flow rate 60 ml/minute). 

Integrator providing a digital readout system for retention times 

and peak areas, Infrotonic Model CRS-108 (Infrotonic Corp., Houston, 

Texas). 



Procedure. Young pads of Opuntia ficus indica, collected at 

6 A.M. and 6 P.M., wrapped in plastic bags and immediately iced were 

taken to the lab, cut longitudinally in strips, 2 cm wide, weighed 

and transferred indiviually to a Warring blendor stainless steel jar. 

Absolute ethanol was added to a final mixture of 1:1 (w/v), i.e., 

1 gram cactus to 1 ml ethanol. The oven dried sample was reconstituted 

to fresh weight with distilled water and followed the same procedure as 

fresh material. After blending at low spped for five minutes, the 

speed was increased and blended for five additional minutes. The slurry 

was then filtered through double cheesecloth, gently squeezed and the 

filtered extract centrifuged for 10 minutes at 2600 rpm, The supernatant 

was decanted to a screw capped Erlenmeyer and kept under refrigeration 

until purification no later than one hour. 

The purification was performed through chromatographic columns 

as follows: Strongly acidic cationic resin, and strongly basic anionic 

resin were washed with redistilled water. Each was swirled in a beaker, 

allowed to settle momentarily and the water poured off. This selectively 

removed the smaller lighter beads. This operation was repeated three 

times. Water was poured into a 25 ml buret, provided with pyrex wool 

plug and teflon stopcock, and then each kind of resin was poured into 

its individual buret to a level of about 12 cm. If at any time the 

water level was below the resin level, air bubbles formed, and the 

resin had to be back flushed gently with water and the bubbles removed. 

Before each purification the acidic cationic column was washed with 

50 ml 6F formic acid and then with 100 ml redistilled water before 



application of the sample. The basic anionic column was washed with 

50 ml 2F sodium formate and then washed with 100 ml redistilled water. 

After this conditioning procedure, 5 ml sample and 5 mg of glutaric 

acid (from 5% solution in 50% ethanol) were applied to the acidic 

cationic column, followed by 100 ml of redistilled water and the eluant 

collected directly into the basic anionic column under controlled flow 

in both columns. The eluant from the anionic column, containing sugars 

and neutral substances was discharged. The acids absorbed in the 

anionic column were then eluted with 50 ml 6F formic acid followed by 

100 ml redistilled water and the eluant collected in round bottom 

flasks containing 5-10 mg of hydroxylamine hydrochloride for protection 

of the possible present alpha-ketoacids. The eluant was then evaporated, 

at 50-60°C and 100 mm Hg, to complete dryness and transferred to a screw 

capped vial with three 1 ml portions of dried pyridine. One milliliter 

aliquots of this purified pyridine extracts were transferred to a 2 ml 

screw cap glass vial, evaporated under a nitrogen stream, added 0.25 

ml of bis-(trimethy1 silyl)-trif1uoracetamide, swirled and 0.25 ml of 

bis-(trimethylsilyl)amine (HMDS). The vials were firmly capped, 

vigorously shaken and kept for 2 hours at *»0-50° C. After the gas 

chromatograph apparatus was stabilized, 2 yl injections were made to the 

column and the temperature programmed from 130 to 250°C at a program rate 

of 15° C/minute. The injector temperature was 285°C, and the detector 

290°C. 



CHAPTER 4 

RESULTS AND DISCUSSION 

Early studies on prickly pear composition concentrated upon the 

major components known at that time. This proximate analysis was in use 

since the last century (Pike and Brown 1967), and the proximate 

composition of foods and animal feeds reported the determination for 

water (moisture), crude protein (N x 6.25), crude fat (ether extract), 

crude fiber (indigestible carbohydrate), and mineral ash. According to 

the same authors (Pike and Brown 1967), carbohydrate is most often 

determined by difference. 

Moisture 

Although in the arid natural environment of the prickly pear 

its high water content is a relief during droughts, the water content 

of a food does not contribute to nutritive value in the usual sense. 

However, it is important in describing food composition and therefore 

to some extent of nutritive value. For example, energy value tends to 

vary inversely with water content; as water content increases, the 

protein, fats, and carbohydrates that contribute to energy value of 

foods must be present in relatively lesser amounts. 

Water content can be important in comparison of results from 

different analyses on the same food. Food samples may vary considerably 

98 
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in gross composition due to soil, rainfall, length of storage, season, 

or other factors (Pike and Brown 1967). So, when possible, throughout 

this dissertation the results are presented on the basis of comparable 

dry weight of samples. 

The water (moisture) determinations for young prickly pear 

pads, done by a standard method averaged 95.27 and 95.25% with a standard 

deviation of 0.041, which are comparable with the ones found in the 

literature (Table 1). 

Crude Protein 

The term crude as used here has a special significance. Protein 

is calculated from nitrogen analysis which includes nitrogen from 

nonprotein compounds as well as protein nitrogen. Consequently, protein 

values calculated from total nitrogen are quantitatively inaccurate and 

thus are "crude" estimations. From a practical standpoint, however, 

the error is relatively unimportant since, metabolically, protein 

metabol i sm j_s^ n i trogen metabolism. On the average, protein of an ordinary 

mixed dietary contain 16 percent nitrogen and therefore the factor 6.25 

is used for computing protein content from analyzed nitrogen content 

(Pike and Brown 1967). 

The crude protein content of the prickly, as done by standard 

methods, averaged 11.03 (S.D. 0.021) for young pads, ̂ .82 (S.D. 0.067.) 

for whole plants when oven dried and *».98 (S.D. 0.119) percent of dry 

weight. Those results are comparable to the ones found in the literature 

and listed in Table 2. 
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Table 1. Percent Moisture of Young Prickly Pear Pads (CL ficus indica, 

L.) Determined by Standard Methods (A.O.A.C. 1975)* 

Replicat ions 

Sample A B 

A 95. .28 95. .25 

B 95. .29 95. .29 

C 95. • 33 95. ,26 

D 95. .19 95. ,20 

Averages 95. .27 95. ,25 

S.D. 0 .  .059 0 .  037 

^Percent moisture of prickly pear pads reported in the literature: 

88.28 (Thornber and Vinson 1911) 

9^.00 (Kight 1969) 

89.40 (U.S.D.A. 1920) 

83.00 (McDowell 1974) 

88.90 (l.N.C.A.P. 1951) 

85.00 (Church and Church 1975) 
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Table 2. Crude Protein Content of Prickly Pear* 

Repli cation 
% Dry Weight 

Young Whole Plant 
Pads Oven Lyoph i1i zed 

Dried 

% Green Matter (Calculated) 
Young Whole Plant 
Pads Oven Lyophilized 

Dried 

A 11.03 4.90 4.85 0.53 0.88 0.82 

B 11.00 4.85 4.90 0.53 0.87 O.83 

C 11.04 4.75 5.05 0.53 0.86 0.86 

D 11.05 4.78 5.10 0.53 0.86 0.87 

Average 11.03 4.82 4.98 0.53 0.87 0.85 

S.D. 0.021 0.067 0.119 0.00 0.095 0.023 

*Crude protein content of prickly pear pads 

1i terature: 

reported in the 

On Green 
Material 

On Dry 
Matter 

0.93 7-94 (Thornber and Vinson 1911) 

0.35 3-30 (U.S.D.A. 1920) 

1.10 10.00 (I.N C.A.P. 1961) 

0.40 6.70 (Kight et al. 1969) 

0.66 3.88 (McDowel et al. 1974) 

0.50 3-33 (Church and Church 1975) 
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Total Lipid 

All lipid materials in food that are extracted by ethyl ether 

are usually called "crude fat". When solvent mixtures, such as the 

one used here, are used it is preferable to use the more descriptive 

term "total 1ipid". 

The total lipid content of the prickly pear pads when determined 

by the method of Bligh and Dyer (1959) averaged 2.48 (S.D. 0.131) and 

0.42 (S.D. 0.023) percent, for dry and green matter respectively (Table 3). 

Crude Fiber 

The classic method for the determination of crude fiber 

involves digestion with sulfuric acid followed by digestion with sodium 

hydroxide, or by an -acid-detergent alternative method. In either case 

the undigested material that remains is filtered, washed and dried. It 

is generally agreed that the method is not entirely accurate, that it 

does not measure total indigestible material and probably measures some 

physiologically digestible material (Pike and Brown 1967). However, 

when the procedure is well standardized, reproducible results are 

obtained that givera reasonable estimate of true indigestible material. 

The acid-detergent fiber determination done on oven dried and 

lyophilized material from a whole prickly pear plant presented the 

following results: 8.94 and 9.04% dry matter, 1.61 and 1.54% green 

material, respectively for oven dried and lyophilized samples. Those 

results are in agreement with the ones reported in the literature 

(Table 4). 
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Table 3- Total Lipid Percent of Prickly Pear from a Whole Plant* 

Sample Dry Weight Green Matter 

A 2.47 0.42 

B 2.64 0.45 

C 2.59 0.44 

D 2.35 0.40 

E 2.35 0.40 

Average 2.48 0.42 

S.D. 0.134 0.023 

^Percent of crude 
1i terature: 

fat of prickly pear pads reported in the 

On Green 
Material 

' On Dry 
Matter 

0.25 2.13 (Thornber and Vinson 1911) 

0.23 2.17 (U.S.D.A. 1920) 

0.40 3.64 (l.N.C.A.P. 1961) 

0.70 — (Kight et al. 1969) 

1.11 6.53 (McDowel et al. 1974) 

0.10 0.67 (Church and Church 1975) 
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Table *». Crude Fiber Percent of Prickly Pear from a Whole Plant* 

Sample Oven Dried Lyophilized 
Dry Matter Green Matter Dry Matter Green Matter 

A 8.88 1.60 9-05 1.5^ 

B 8.9^ 1.61 9.00 1.53 

C 8.88 1.60 8.9*» 1.52 

D 9.00 1.62 9-11 1.55 

E 9.00 1.62 9.11 1.55 

Average 8.9^ 1.61 9.04 1.54 

S.D. 0.060 0.011 0.073 0.013 

^Percent crude fiber of prickly pear pads reported in the 
1i terature: 

On Green On Dry 
Matter Matter 

1.38 11-77 (Thornber and Vinson 1911) 

1.22 11.51 (U.S.D.A. 1920) 

2.60 23.26 (l.N.C.A.P. 1961) 

1.33 7.82 (McDowel et al. 197*0 

1.60 10.60 (Church and Church 1975) 



The mineral ash is usually determined by heating a dried sample 

in a muffle furnace until all organic material is removed. Ash content 

of food is of little value in evaluating nutritive content since it is 

the individual nutrient elements that are important in metabolic process

es (Pike and Brown 1967). This determination is, however, important 

for comparisons between analysis, and also for calculation of the 

carbohydrate content when this is done by difference. For some authors 

(Griffiths and Hare 1906) this determination could be used as an 

indication of mineral conditions of the soil from which the prickly 

pears are cultivated. 

Young pads of Opuntia ficus indica showed the following ash 

contents: 23.53 (S.D. 0.275) and 1.12 (S.D. 0.013) percent of dry and 

green matter, respectively. Those average results are in agreement with 

the ones found in the literature (Table 5). 

Carbohydrate 

When the amount of water, crude protein, crude fat, crude fiber, 

and ash is totaled, the difference between this total and the weight 

of food consists primarily of those forms of carbohydrates that are 

readily digested; in many instances crude fiber is included in the 

carbohydrate value, which is thus designated carbohydrate by difference. 
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Table 5. Percentage of Mineral Ash in Young Pads of Prickly Pear" 

Sample On Dry Matter On Green Material 

A 23.70 1.12 

B 23.20 1.10 

C 23.40 1.11 

D 23.80 1.13 

Average 23.53 1.12 

S.D. 0.275 0.013 

^Percentage of 
1i terature: 

mi neral ash on prickly pears reported i n the 

On Dry 
Matter 

On Green 
Material 

2h. 32 2.85 (Thornber and Vinson 1911) 

17.00 2.89 (U.S.D.A. 1920) 

15.10 1.60 (I.N.C.A.P. 1961) 

8.18 0.90 (McDowel et al. 197*0 
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According to Pike and Brown (1967), calculated values are rarely 

as accurate as those obtained by direct analysis (if an accurate method 

is used), and carbohydrate so obtained is no exception. Certain organic 

acids, such as malic and citric acids, may be included; these substances 

are available for cellular oxidation and thus contribute to the total 

energy value of foods; however, chemically they are not carbohydrates 

and are presented later on in this dissertation. 

Lyophilized and oven dried material showed the following average 

results respectively: 11.37 and 11.86 percent of green matter. Those 

values on dry weight basis were 66.93 and 65.88 percent. Comparable 

results were also reported in the literature (Table 6). 

Total Ami no Acids 

The component amino acids of the prickly pear proteins, plus the 

free amino acids were analyzed at the same time. The combined results 

are here called total amino acids, or simply amino acid content. 

Amino acid content of organic material may be analyzed by micro

biological assay, chromatography, or the more recent amino acid analyzer. 

This latter was chosen because it removes much of the tedium of the other 

procedures, and also because as pointed out by Pike and Brown (1967) 

that much information based on automated amino acid analyses is becoming 

available. 

Information on amino acid content of foods provides a useful 

indication of the nutritive value of protein when compared with protein 

of known high quality. The protein score proposed by the Food and 
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Table 6. Percentage of Carbohydrate in Lyophilized and Oven Dried 
Material from a Whole Prickly Pear Plant" 

Sample Oven Dried Lyophi1i zed 

On Green 

Matter 

On D ry 

Material 

On Green 

Matter 

On Dry 

Material 

A 12.08 67.11 11.95 70.29 

B 12.27 68.16 11.30 66.47 

C 11 .95 66.38 11.40 67.06 

D 11.62 64.55 11.30 66.47 

E 11.62 64. 55 11.16 65.64 

F 11.62 64.55 11.16 65.64 

Average 11.86 65.88 11.37 66.93 

S.D. 0.257 1.561 0.269 1.735 

^Percentage of carbohydrate of prickly pear pads reported in the 
1 i terature: 

On Dry 

Matter 
On Green 

Material 

53.84 6. 31 (Thornber and Vinson 1911) 

68.06 7. 21 (U.S.D.A. 1920) 

56.34 6. 20 (l.N.C.A.P. 1961) 

64.82 11. 02 (McDowel et al. 1974) 

72.67 10. 90 (Church and Church 1975) 



Agriculture Organization of the United Nations and described in Pike 

and Brown (1967), is based on comparison of amino acid content (as 

determined by chemical analysis) of food with that of whole egg or 

human milk, both of which are proteins of the most excellent quality 

and therefore considered to have a protein score of 100. 

Protein score may be expressed in relation to other amino acids 

but, for practical purposes, overall score is considered to be that of 

the most limiting amino acid. 

It is reasonable to point out that although such calculations 

are useful and have the advantage of requiring only data on amino acid 

content of a given food, the nutritive value of a protein, however, 

depends not only upon the essential amino acid content but also upon the 

content of nonessential amino acids which, in a sense, spare essential 

amino acid nitrogen from biosynthesis of the nonessential amino acids 

and other nitrogenecus metabolities. In addition, it is the availability 

of amino acids in food to the cell of a particular organism that 

ultimately determines the nutritive value of a protein. 

The amino acids as percent of protein, mg/g nitrogen, the chemical 

score, and protein score are presented in Tables 7 and 8. 

According to Mitchell (196^-, p. 6^0), when x represents the 

chemical score and y the. Biological value, the relation is: y = 0.7966x + 

26.92. According to this equation and considering the chemical score for 

the 2nd limiting amino acid, the calculated biological value of the 

prickly pear proteins would be 72.60 when related to egg protein. 
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Table 1. Amino Acids as Percent of Sample, Percent of Protein and 
Chemical Score of Prickly Pear. 

Amino Acid 
As % Protein (g/16 g N) 
Whole Prickly 
Egg Pear 

Chemical Score 

(Mitchell 1944) 

Lys i ne* 

Histidine* 

Ammon i a 

Arginine* 

Aspartic acid 

Threonine 

Serine 

Glutamic acid 

Proli ne 

Glycine 

Alanine 

Cystein* 

Vali ne* 

Methionine* 

Isoleuci ne* 

Leuci ne* 

Tyros i ne 

Phenylalani ne* 

Tryptophan* 

7.2 

2.3 

7.2 

7-5 

3.0 

6 . 0  

7.2 

6.0** 

5.446 

2.315 

3.508 

4.493 

7.539 

3-^87 

3-472 

14.478 

3 .621  

4. 301 

6.512 

trace 

4.972 

1.714 

3.755 

6 . 3 8 1  

2.917** 

3.854** 

AAA 

75.64 

95.87 

62.40 3rd 1imi ting 
amino acid 

1st 1imi ting 
amino acid 

66.29 

57.13 2nd limiting 
amino acid 

6 2 . 5 8  

88.63 

64.23 

*Considered essential amino acids 
**Aromatic combined value 

***TRP is not determined quantitatively by this procedure 
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Table 8. Protein Score (Pike and Brown 1967)' 

1. Amino acid content in mg per g of nitrogen 

Food ISO LEU LYS PHE TYR TOTAL THR VAL TOTAL 
SULFUR 
A.A. 

Prickly 235 399 3^0 241 182 107 218 311 

Pear 

Whole 415 553 ^03 365 262 346 317 454 

Egg 

2. Percentage of total essential amino acids 

Food 
SULFUR 
A.A. 

Prickly 11.6 19-6 16.7 11.9 9.0 5^3 10.6 15-3 
Pear 

Whole 13-3 17.8 12.9 11.7 8.4 11.1 10.2 14.6 

Egg 

ESSENTIAL 

2033 

3115 

ISO LEU LYS PHE TYR TOTAL THR VAL TOTAL 
ESSENTIAL 

100 

100 

*Protein score for amino acid: 

The protein scores for isoleucine and total sulfur amino 
acids were 87 and 48, respectively. All others were higher than 
100. Taking the lower score as the protein score for prickly pear 
proteins, it is 48 (total sulfur amino acids) in relation to 
whole egg proten. 
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Free Amino Acids 

The average free amino acid content of the deproteinized 

plant extracts were: lysine, 9; histidine, 4; arginine 2; apartic 

acid, 36; threonine, 7; serine, 39; glutamic acid, 20; proline, 8; 

glycine k; alanine, 15; cystein, 8; valine, 5; methionine 1; isoleucine, 

3; leucine, tyrosine, 4; and phenylalanine, 9 nig per 100 grams of 

green material. 

These amounts would not change much the general picture showed 

in Table 8, although the presence of cystein would have increased a minute 

amount the total sulfur containing amino acids. 

Mono- and Disaccharides 

Monosaccharides, the simplest of the carbohydrates are 

aldehydes (aldoses) and ketones (ketoses) grouped to the number of carbon 

atoms in the chain: trioses, tetroses, pentoses, hexoses, and heptoses. 

With the exception of the hexoses, monosaccharides are of little dietary 

significance. Both glucose and fructose occur in free form in a few 

foods, but most monosaccharides are ingested in the form of more compli

cated compounds requiring digestion in the intestinal tract. It appears 

at present that only the pentoses and hexoses play fundamental roles in 

cellular nutrition, although the trioses, tetroses and sedoheptulose 

are important intermediates in the metabolism of carbohydrate in animal 

cells (Pike and Brown 1967)-
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The only disaccharide present in Opuntia ficus indica was sucrose. 

This common sugar is usually split in the animal digestive tract and 

absorbed as their constituent monosaccharides. According to Pike and 

Brown (1967) sucrose, consisting of glucose and fructose, comprises 

about 25 percent or more of the total carbohydrate of the average 

American diet. 

The results, a statistical analyses, and search for invalid 

measurements are presented in Table 9• The average free saccharide 

contents in prickly pear juice were: Fructose, 146.25; a-glucose, 

153-25, B-glucose, 153.25; and sucrose 274.25 mg/100 ml. 

Reducing Sugars 

The results for total reducing substances as determined by 

Sumner's Method (Sumner and Somers 1949) on eight young pads of prickly 

pear showed an average of 680 mg of reducing substance (as glucose) per 

100 ml of fresh juice. A search for invalid measurements was carried 

out as in the preceeding paragraph. The range (R) was 120 mg/100 ml, 

the tj for the maximum value (730 mg/100 ml) was 0.4166, and the tj for 

the minimum value (610 mg/100 ml) was 0.58. Since the tabular value for 

tj for e.ight repetitions equals 0.64, all the results were considered 

valid at five percent probability of error. 

Although disagreeing with the gas chromotographic data, this 

value of 680 mg of reducing substance per 100 ml is explained by the 

large variability of the carbohydrate content of crassulacean plants. 
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Table S. Mono-and Disaccharide Contents of Prickly Pear Juice 
(nig/100 ml) 

Saccharide A 

Sample 
B C D Average 

Fructose 150 150 140 145 146.25 

a glucose 200 200 187 190 194.25 

6 glucose 147 167 146 153 153.25 

Total Reducing 497 517 473 488 493.75 

Sucrose 266 280 273 278 274.25 

Total 763 797 746 766 768.00 

A search for invalid measurements at 5 %  probability level was 

done as recommended by Bauer (1971) and presented the following results: 

Fructose: Average 1^6.25 mg/100 ml; Range = 10; tj (150) = .375; 

t. (140) = 0.625. 

a-glucose: Average 194.25 mg/100 ml; Range - 13; tj (187) = -557; 

t; (200)- .442. 

S-glucose: Average 153•25 mg/100 ml; Range = 20; t. (167) = .687; 

t. (146) = .362. 

Sucrose: Average 274.25 mg/100 ml; Range = 14; tj (280) = .410; 

t. (266) = .589. 

The tabulated t. for 4 samples is 1.0 (Bauer 1971). In this case 

the probability is approximately 95% that if t. (x - x)/R is greater than 

the tabulated tj, the value being investigated is invalid. These results 

lead to the conclusion that all the values above reported are valid with 

five percent probability of error. 
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This phenomenon was previously pointed out by Szarek, Johnson and Ting 

(1973). Szarek and Ting (197*0, Schroeder (1975), and Cockburn and 

McAulay (1977)- It is also possible that reducing substances other than 

sugars were present with a consequent increase in the colorimetric 

measurements. 

Lipid Fractionation 

The fractionation of lipids into their major components have 

been objects of discussion among nutritionists (Pike and Brown 

1967; Wilson, Fisher and Fugua 1967)- Lipids include all substances 

extractable from biological materials with the usual fat solvents (ether, 

chloroform, benzine, etc.) or their mixtures (Pike and Brown 1967)-

The saponifiable lipids here analyzed were operationally defined 

by Robinson (1963) as those material which were insoluble in water but 

soluble in organic solvents such as ether or chloroform and which on 

heating with alkali formed water soluble soaps. As the soaps are salts 

of long chain fatty acids, these fatty acids are a necessary component 

of any saponifiable lipid. 

Certain lipids serve as an energy source for the cell, others 

are structural compounds, and still others function as hormones. This 

diversity of function recalls the not too remote past when lipids 

were considered to be inert constituents of adipose cells. It was not 

until 19^2 that the concept of the dynamic state of lipid metabolism 

was established. This led to a new appreciation of adipose tissue as 

an active participant in the metabolic scheme (Pike and Brown 1967)-
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According to Robinson (1963), the saponifiable lipids are 

classified according to their structures into a few major categories: 

Fatty acids, neutral lipids (mono-,d17,and triacylglycerols), phos

pholipids (glycero-phosphatides) and clycolipids. 

The results showed in the quantitative fractionation of the 

prickly pear lipids were: Neutral lipids, 36.2%; glycolipids plus 

pigments, 25.6%; clycolipids 30.6% (88.53% recovery) and phospholipids, 

7-5%. Those results are in general agreement with the literature 

(Robinson 1963)-

Fatty Acid Composition 

Neutral Lipids 

The importance of the neutral lipids is usually dependent on 

its fatty acid composition, and one of the first practical applications 

of gas liquid chromatography (GLC) published in 1952 was the separation 

of fatty acid methyl esters. Since then, TLC has been used extensively 

for the separation and tentative identification of these esters 

(Jamieson 1970). 

The fatty acid composition of the neutral lipids from the 

present study are shown in Table 10, and the resulting averages were: 

lauric, 5.03%; myristic, 7«70%, palmitic 23%; stearic, 5.17%; oleic, 

9.55%; linoleic, 37-67%; linolenic, 11.86%. Those results are in close 

agreement with the ones found by Kight et al. (1969): myristic, 2.1%; 

palmitic 29-3%; stearic, 1.8%; oleic, 7-4%; linoleic 38.4% and linolenic 

20.8%. 
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Table 10. Fatty Acid Composition of Neutral Lipids of Prickly Pear 

Samples {%) 
Fatty acid abed average S.D. 

lauric 4.8 5.3 4.6 5.4 5.025 0.386 

myristic 8.0 7.4 8.0 7.4 7.700 0.346 

palmui tic 21.5 24.0 22.7 23.6 22.950 1.109 

stearic 5.4 5.5 4.8 5.0 5.175 0.330 

oleic 10.1 9.9 9.9 8.3 9.550 0.838 

1inoleic 38.2 36-9 37.1 38.5 37.675 • 0.793 

1inolenic 11.8 10.9 12.9 11.7 11.825 0.822 

Total {%) 99.8 99-9 100.0 99.0 
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Glycolipids 

The fatty acid composition of the glycolipids are shown in Table 

11, and the resulting averages were: lauric and myristic, trace amounts; 

palmitic, 21.57%; stearic, ̂ .87%; oleic, 15.08%; linoleic, 25.73%; 

linolenic, 17.38%; arachidic, 1^.40% of sample. No reference was found 

in the literature for comparison of results. 

Phospholipids 

A careful study on physiological aspects of phospholipids, 

considering their composition and the effect of dietary fatty acids, and 

incorporation of free fatty acids into phospholipids was carried out 

by Nestel (1967)• 

The simplest phospholipids are the phosphatidic acids which 

have fatty acid groups and phosphoric acid groups, and phosphoric acid 

esterified with glycerol. According to Robinson (1963) no extensive 

surveys have been made to indicate how widespread the phosphatidic 

acids are in plants. 

The best-known of all the phospholipids are lecithin and cephalin. 

These compounds include the phosphatidic acid structure but in addition 

contain a nitrogeneous compound linked as an ester with the phosphate. 

In lecithin the nitrogen moiety is choline; in cephalin it is either 

ethanolamine or serine. Apparently at least one of the fatty acids in 

these compounds is always unsaturated. According to Robinson (1963) 

other types of phospholipid have been found in plants, but much less is 

known about them. 
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Table 11. Fatty Acid Composition of Glycolipids of Prickly Pear 

Sample (%) 
Fatty acid a bed average S.D. 

lauric — — — — traces 

myristic — — — — traces 

palmitic 2 2 .  , 2 b  20. ,05 21. 96 22.04 21. 673 1.021 

stearic 4. .81 5. 47 4. 88 4.34 4. 875 0.463 

oleic 15. .14 13. ,90 15. 19 16.12 15. 08 0.910 

linoleic 25. ,00 27-90 25. 05 24.97 25. 73 1.447 

1inolenic 16. .82 17. 37 17-54 17.78 17-38 0.407 

arach id ic 15. ,00 14. 28 14. 48 13.83 14. 40 0.485 

Total {%) 99. ,01 99. 97 99. 10 99.16 
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The fatty acid composition of the prickly pear's phospholipids 

here analyzed is shown in Table 12, and the resulting averages were: 

palmitic, 28.28; stearic, 3-48; oleic, 10.93; linoleic 45-7; and 

linolenic acid 11.53% of the sample. No reference was found in the 

literature for comparison of results. 

Table 12. Fatty Acid Composition of phospholipids of Prickly Bear 

Sample (%) 
Fatty acid a bed average S.D. 

palmi tic 2 3 .  .3 28.0 29. 4 26. 4 28.275 1 .403 

stearic 3-.4 3.5 3. 8 3. 2 3.475 0 .250 

oleic 10. ,6 10.4 10. 8 11. 9 10.925 0 .670 

1inoleic 44. .4 4 7.0 44. 8 46. 6 45.700 1 .290 

1inolenic 12. ,1 11.1 11. 1 11. 8 11.525 0 .505 

Total (%) 99. 8 100.0 99. 9 99. 9 
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Carotenes 

The most familiar tetraterpenoids are the carotenoids yellow 

to red, fat soluble pigments occurring throughout the plant kingdom and 

in many different types of tissues. Almost one hundred of them are 

known. Hydrocarbon pigments are called carotenes and oxigenated 

derivatives are xanthophyl 1 s. Colorless tetraterpenoids are-.also 

known (e.g., phytoene, phytofluene) but have been studied much less than 

the carotenoids. Structurally the only difference between colored and 

colorless tetraterpenoids is the larger number of conjugated double 

bonds found in the former (Robinson 1963)-

No general function can be assigned to the carotenoids in the 

plant metabolism. There is some indication that they function as light 

receptors for phototropism. As flower pigments they may play a role in 

attracting insects, but most attention has been given to their possible 

function as leaf chloroplast pigments. To some extent light absorbed by 

carotenoids can be transferred to chlorophyll and used in photosynthesis. 

There is also good evidence that the carotenoids protect chlorophyll 

against photodestruction by short wavelength light (about ̂ 00 nm) 

as pointed out by Robinson (1963). 

Since only a limited amount of vitamin A had been found in 

animal sources, investigators began to look for a precursor in plants 

that the animals consumed. They believed that the animals must convert 

such a precursor in their bodies to vitamin A: this indeed proved to be 
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the case. The ultimate source of all vitamin A is plants. Generally 

this plant precursor of vitamin A—provitaminA—are carotene pigments. 

Most of our vitamin A, about two thirds of that necessary in human nutri

tion, is supplied by carotenes found in deep yellow and green plants 

(Williams 197*0. 

- The total carotene content of green prickly pear pads here 

analyzed averaged 31.2 micrograms, or 52 international units per 

100 grams. The standard deviation was 0.05. Those values agreed with 

the ones found in the literature (l.N.C.A.P. 1961; Church and Church 

1975). 

In order to have data with some general meaning, the results are 

expressed in vitamin A international units per 100 g of green material. 

This method has been in use for more than 25 years. As Watt and Merril 

(1963) pointed out, a plan for presenting data on vitamin A should 

include, in addition to total vitamin A, level of beta-carotene, other 

precursors, etc. Pigmented foods of plant origin present special prob

lems in the derivation of vitamin A values. When only carotene is 

measured in chromatographic procedure, the other biologically active 

pigments could be underestimated considerably. According to the same 

authors, many pigmented foods contain a large fraction of carotenoids 

that are not physiologically available. If this fraction has not been 

separated completely, or if total carotenoids have been measured without 

any fractionation, the resultant value may overestimate the biologically 

active position. 
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An appropriate estimate of vitamin A value is complicated 

further in some cases by the large increases in total carotenoid 

pigments that occur with advancing maturity or during storage of the 

food. These data are particularly difficult to interpret, as little 

or no information is generally available on the relative rates of 

increase of the various carotenoids under these conditions. So 

the results here found, reported in terms of carotene were converted 

to international units of vitamin A on the basis that 0.6 micro

grams of beta-carotene are equivalent to one international unit. With 

these considerations, no allowance was made for the differences in 

physiological equivalence of vitamin A to the various precursors or 

for differences in availability of the precursors as sources of vitamin 

A value in the Opuntia analyzed in this study. 
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Vitamin E 

The tocopherols, various forms of vitamin E, are important' 

antioxidants found in various seed oils. The predominant member of 

this group is a 1phatocopberol. Others differ from it by having fewer 

methyl groups. They are all apparently interconvertible in the 

plant and may be involved in the flowering process or in growth responses 

(Robinson 1963). 

Although exact mechanisms are unclear, recent studies indicate 

several significant functions of vitamin E in relation to human metabo

lism. According to Williams (197*0, it is an effective antioxidant 

and as such is being used in commercial products to retard spoilage. 

It is added to therapeutic forms of vitamin A to protect the vitamin 

from oxidizing before it is absorbed. It seems to preserve the integrity 

of red blood cells and prevent or cure certain anemias in infants. It 

may protect the structure and function of muscle tissue, and finally it 

protects unsaturated fatty acids, such as linoleic, from oxidative 

breakdown. The amount of vitamin E required by a person has been direct

ly linked with the amount of polyunsaturated fatty acids in the diet. 

According to Christie, Dean and Milburn (1973), the Food and 

Nutrition Board of the National Research Council of the National Academy 

of Sciences considers that all food analyses for vitamin E are chemical 

rather than biological, and that values should be reported in milligrams 

of tocopherol per 100 g of foodstuff. 
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The tocopherol content of prickly pear expressed in milligrams 

per 100 g of green material was found to average 0.254, with a standard 

deviation of 0.036. No values were found for comparison in the litera

ture, but it seems to be a very low content, since the value for 

frozen peas and frozen lettuce were respectively 0.8 and 1.5 mg/100 g 

(Christie, Dean and Milburn 1973)-

Vitamin D 

The chemical estimation of calciferol (ergocalciferol) presents 

many problems, but a considerable number of methods including colori-

metric and spectrometric, as well as methods based on volumetric 

estimation have been published. Among the latter are iodine-trichloride 

method of Green (1951), but that type of method suffers from the major 

disadvantage that very large quantities of calciferol (Vitamin D) are 

requi red. 

Among the colorimetric methods, reagents based on antimony 

trichloride—acetyl chloride (Stross and Brealey 1955), and anisaldehyde-

sulfuric acid (Amer, Wahbi and Hassan 1975) have found the widest accep

tance. Although the former reagent is much more corrosive and unpleasant 

to handle, the sensitivity is high. Generally, results obtained with 

such reagents on natural oils have been found to be in good agreement 

with those obtained by biological assays (Stross and Brealey 1955). 

A thorough study on causes of poor recoveries of vitamin D 

during analysis (Chen et al. 1965) indicated that heating, especially in 

aqueous media during saponification, when not enough alcohol is present 
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during vitamin D liberation, could be a factor for low recoveries. 

Secondly, if the formation of emulsions during extraction (together with 

atmospheric oxygen, excessive illumination or too high temperatures) 

are allowed during the saponification, extractions, and/or partition 

steps, low recoveries are to be expected. 

The many difficulties encountered in vitamin D analyses probably 

led Pike and Brown (19&7» p. 366) to the statement that "Vitamin D occurs 

in so few foods that analytical values rarely are reported in food tables". 

This statement disagrees with the results presented by Church and Church 

(1975). 

The results of vitamin D analysis for this dissertation are 

presented in international units (0.025 micrograms = one I.U.) per 100 g 

of green material, together with a comparison between the two methods 

used: Carr-Price (Stross and Brealey 1955) and Anisaldehyde (Amer, Wahbi 

and Hassan 1975) (Table 13). It was found that the prickly pear, under 

the conditions described, contains an average of 29^ I.U./100 g green 

material. Statistical analysis indicated'that both methods were accept

able. It should be emphasized, however, that the anisaldehyde procedure 

shows a slight advantage in its manipulation, for it is less corrosive 

and is not dependent on strict chronometric measurements. 

Vitamin C 

Usually ascorbic acid (vitamin C) content is determined 

titrimetricly or colorimetrically by the 2,6-dichloroindophenol procedure. 

The nonspecific reduction of 2-6-dichloroindophenol, leading to high 
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Table 13- Vitamin D Content of Green Prickly Pear Pads (1.U./100 g) 

Comparison between methods (Carr-Price x Anisaldehyde) 

Sample Carr-Price Anisaldehyde 

A 290 288 

D 308 288 

C 295 300 

D 308 292 

E 295 298 

F 273 300 

Average 29^.83* 29^.33* 

S.D. 13.01 5.71 

*No statistical differences between the two averages at P<0.05. 
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results for many products, has been recognized for many years (Ralls 

1974; Ralls 1975). So, it was decided to analyze this vitamin by the 

more specific turbidimetric technique previously described. The results 

averaged 14 mg of ascorbic acid per 100 g of green prickly pear pads 

with a standard deviation of 0.577. These results were slightly lower 

than the 19 and 22 mg/100 g previously reported. 

Niacin 

According to Pike and Brown (1967), the nicotinic acid content 

of foods is known to represent incompletely the total vitamin actually 

available for cellular metabolism. The estimated conversion of 

tryptophan to nicotinic acid (60 mg tryptophan = 1 mg nicotinic acid) 

led to the use of the term "niacin equivalents" in accordance with 

previously accepted terminology for the vitamin. Calculation of niacin 

equivalents is limited by availability of data on tryptophan content of 

foods. More important, however, is the obvious inability to predict 

with any degree of certainty the conversion of tryptophan to nicotinic 

acid in persons consuming widely different diets and who physiologically 

require different amounts of tryptophan (in its role as an amino acid). 

Two methods were used for niacin determination (Sulfanilic acid 

and Aniline). The results averaged 0.46 mg of niacin per 100 g of green 

prickly pear pads and when statistically compared showed no difference 

at 0.05 probability of error according to the "t" test (Table 14). 

These results are in agreement with the ones found in the literature 

(l.N.C.A.P. 1961; Church and Church 1975) 0.2 and 0.4 mg/100 g respect

fully. 
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Comparison between methods (Sulfanilic acid x an i1i ne) 

Sample Sulfan i1ic Ani1ine 

A 0.384 0.490 

B 0.446 0.482 

C 0.480 0.486 

D 0.454 0.482 

E 0.490 

F 0.464 

G 0.490 

Average 0.441* 0.483* 

S.D. 0.0406 0.009 

*No statistical significance at P<0.05 between averages. 
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Thiamin 

Thiamin or vitamin Bj probably occurs to some extent in all 

plants, if not in all cells. Thiamine pyrophosphate (cocarboxylase) is 

the form in which this vitamin serves as a coenzyme in the descarboxyla-

tion of pyruvic acid to acetate, acetyl-coenzyme-A, or other products 

and in the transketolase reaction. The exact mechanisms of these 

reactions are still under active investigation. Pathways of thiamin 

biosynthesis are likewise obscure although it is probable that the 

pyrimidine and thiazole portions are synthesized separately and then 

combined (Robinson 1963)-

Like other B-vitamins, thiamin is present in foods as the free 

vitamin and in their respective coenzyme forms bound to proteins. Assay 

methods therefore require pretreatment of food samples with acid 

solution and/or suitable enzyme preparations in order to release all 

the vitamin in free form. Release of vitamin from bound forms is 

more difficult in practice than in theory, and some enzymatic treatment 

may be the critical factor in obtaining accurate results (Pike and 

Brown 1967)• 

The results reported herein for thiamin averaged 14 meg of 

thiamin per 100 g of green prickly pear pads. Two methods were used for 

thiamin determination (diazotized sulfanilic acid and diazotized para-

ami noacetotophenone) . The results, when statistically compared (Table 

15) showed no difference at 0.05 probability of error, according to the 

"t" test (Bauer 1971). Those results are slightly higher than the 10 

micrograms/100 g presented by Church and Church (1975). A third method 

based on the thiochrome measurement by fluorometry gave erradic results. 



1 3 1  

Table 15. Thiamin Content of Green Pads of Prickly Pear (mcg/100 g) 

Comparison between methods (diazotized sulfanilic acid 
diazotized para-aminoacetophenone PAAP) 

X 

Sample Sulfani1ic PAPP 

A 15.05 13.69 

B 13-82 \ k . k z  

C 13-92 15.62 

D 12.36 12.73 

Average 13.79* 14.11* 

S.D. 1.10 1.21 

*Not significantly different at P<0.05. 
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Riboflavin 

Riboflavin is sometimes called vitamin or G. For thiamin 

determination, the release of bound riboflavin is also necessary. The 

riboflavin content of foods upon cooking and, interestingly enough, 

upon freezing, can sometimes produce higher values than for raw material. 

Both cooking and freezing apparently results in greater release of 

bound riboflavin from some foods that can be accomplished by present 

enzymatic treatments (Pike and Brown 1967). 

Determination of riboflavin in green prickly pear pads averaged 

60 meg of riboflavin per 100 g with a standard deviation of 6.18. These 

results were higher than the k and 30 mcg/100 g reported in the litera

ture (l.N.C.A.P. 1961; Church and Church 1975). Probably the autoclaving 

of the sample resulted in a greater release of bound riboflavin, or 

perhaps the materials were of a different degree of maturity. 

Sodium, Potassium, Calcium, 
Magnesium, and Phosphorus 

Mineral ash as determined in proximate analyses has little or 

no meaning since it represents the combination of mineral elements 

present in foods; it is the amounts of individual minerals that are 

useful in planning and evaluation of diets (Pike and Brown 1967). 

The large majority of available data on mineral content of food 

is limited to calcium, phosphorus, iron, and, more recently, sodium and 

potassium. Interest in the latter two elements has increased due to 

greater emphasis on electrolytes in therapeutic nutrition. Accumulation 
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of data on sodium and potassium content of foods has also increased 

with the wider use of flame photometry, and atomic absorption spectro

photometry; two relatively simple analytical methods. 

The extent to which mineral content of individual foods, as 

determined by chemical analysis, represents the amount of mineral 

available to the body is not well documented. Results of animal studies 

suggested that absorption of calcium and magnesium in foods with high 

oxalic acid content may be inhibited by the formation of insoluble 

oxalates (Pike and Brown 1967)• 

When green prickly pear pads were analyzed for Na, K, Ca, Mg and 

P the following results were obtained and compared with that previously 

reported (all figures are in mg/100 gm). 

Analyzed Reported in the literature 

Magnesium: 142 (standard 144 (Orr 1974) 
deviation S.D. 3.940) 

Sodium: 9 (S.D. 0.478) 2 (Church and Church 1975) 

Calcium: 56 (S.D. 1.154) 110 (l.N.C.A.P. 1961) 

20 (Church and Church 1975) 

Phosphorus 24.3 (S.D. 0.509) 20 (l.N.C.A.P. 1961) 

28 (Church and Church 1975) 

Potassium 260 (S.D. 11.54) 166 (Church and Church 1975) 

Cellulase Activi ty 

Determination of Cellulase Cj (fi1terpaperase) activity, measured 

in percent transmittance T) was made using filter paper as substrate 

and the results are shown in Table 16. 
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Table 16. Fi1terpaperase Activity of Prickly Pear Juice in %T 

S a m p l e  % T  

ABCDEFGH Average S.D. 

Juice (Blank) 27 20 20 19 24 18 21 23 21.5* 2.976 

Juice + Paper 27 20 21 19 24 18 21 23 21.6* 2.924 

*Not significantly different (P<0.05) 

The averages were statistically compared using the "t" test at 

0.05 and no significant difference was observed between the two treat

ments. This led to the conclusion that under those conditions there 

was no fi1terpaperase activity in the prickly pear juice. 

It was reported that feeding prickly pear pads to dairy cows (in 

1905) would increase milk production and "when too much prickly pear is 

fed, and not enough solid food, the milk has a peculiar ordor, is very 

poor in quality, and blue in color" (Griffiths 1905, p. 20). Besides milk 

production increases had also been observed in poor dairy cows, in NE-

Brazil, when prickly pear is fed together with other roughage. An 

anonymous hypothesis suggests the presence of cellulolytic activity in 

prickly pear, explaining that those opuntias help digestion of cellulose 

from other dry foodstuff. To see if any synergism would be verifiable, 

an experiment was made using a half-and-half mixture of prickly pear 
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juice plus rumen fluid. The determination of fi1terpaperase activity, 

measured in percent transmittance (%T) was made using prickly pear 

juice plus rumen fluid as the enzyme and filter paper as the substract 

(Table 17). 

Table 17. Fi1terpaperase Activity of Prickly Pear Juice when Combined 
with Rumen Fluid (ENZYME) in Percent Transmittance (%T) 

A B C 
S a 

D 

m p 

E 

1 e s 

F G H Average S.D. 

Enzyme 
(Blank) 

5.0 3.9 3-9 4.0 7.5 6.0 6.0 6.0 5.29* 1.30? 

Enzyme + 
Paper 

4.0 4.0 4.1 3.9 6.2 6.0 6.5 6.5 5.15* 1.240 

*Not statistically different (P<0.05) 

The averages were statistically compared using the "t" test 

at 0.05 and no significant difference was observed between the two 

treatments (Table 17). This lead to the conclusion that under those 

conditions no synergism in fi1terpaperase activity was observed. 

Because the reducing sugar concentrations were very high, the 

filter paper strips used in the experiment were dried under reduced 

pressure at 65°C and weighed. As they were cut in the same dimensions, 
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it was assumed they would have approximately the same weight. Again 

the same statistical results were observed, and once more the null 

hypothesis was accepted. 

It was assumed that the rumen fluid used would have filter-

paperase activity under the conditions described, but no experiment 

had been made. Table 18 presents the results of the determination of 

fi1terpaperase activity measured in %T. Rumen fluid was used as an 

enzyme and filter paper was used as a substrate. The averages were 

statistically compared, as above, and no fi1terpaperase activity was 

observed in rumen fluid under the conditions described. 

As pointed out in "Material & Methods", the fi1terpaperase 

activity is observed only in strong cellulytic preparations, as it 

measures the combined effect of Cj and Beta-glucanase hydrolytic power. 

To measure the cellulase activity at the Beta-glucanase level, a 0.5% 

solution of carboyxmethyl cellulose (CMC) was used as substrate. 

Table 18. Fi1terpaperase Activity of Rumen Fluid in Percent 
Transmi ttance 

S a m p l e s  
A B C D E F G H Avg. S.D. 

Enzyme 60.0 60.0 60.5 60.0 60.2 59.2 62.0 62.0 60t49*.1.002 
(Blank) 

Enzyme + 60.0 60.0 62.0 62.0 59.0 58.0 61.5 60.5 60.38* 1.^33 
Paper 

*Not statistically different. (P<0.05) 
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To test the procedure, a Beta-glucanase (Cellulase 4000) was 

used as enzyme and CMC as substrate and the results in percent trans-

mi ttance are shown in Table 19. 

Table 19. Beta-glucanase Activity of Cellulase 4000 (Enzyme) in 
Percent Transmittance 

S a m p l e s  
A B C D E F G H  A v g .  S . D .  

Enzyme 20.5 20.4 19.5 19.0 17-0 16.5 16.5 17-5 18.36* 1.688 
(Blank) 

Enzyme + 3-0 2.5 2.5 2.2 2.5 2.5 2.5 2.0 2.46* 0.287 
CMC 

^Averages statistically different (P<0.05) 

After the statistical analysis of the results it was concluded 

that there was a great Beta-glucanase activity in the commercial product 

Cellulase 4000. It was also noted that the enzyme solution, per se, 

contained reducing sugars. 

The experiments described before for the fi1terpaperase were 

repeated for Beta-glucanase activity using carboxymetyl cellulose as 

substrate and the results shown in Tables 20, 21, and 22. 

After statistical analysis (P<0.05), it was shown that prickly 

pear juice/rumen fluid and the combination of both presented Beta-

glucanase activity. The synergic effect between rumen fluid and prickly 

pear juice was not observed because no attempt was made to quantitate the 
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Table 20. Beta Glucanase Activity of Prickly Pear Juice (ENZYME) on 
CarboxymethyIcel1ulose (CMC), in Percent Transmittance 

S a m p l e s  
A B C D E F G H AVG. S.D. 

Enzyme 17 M 15 1^.5 15-5 1^.5 16 16 15.69* 0.997 
(Blank) 

Enzyme + 13 12.5 12.5 11.5 13-0 12.5 12 12 12.38 0.517 
CMC 

"Statistically different (P<0.05) 

Table 21. Beta-glucanase Activity of Rumen Fluid (ENZYME) on 
Carboxymethylcellulose (CMC), in Percent Transmittance 

A B C 

S a 

D 

m p 1 

E 

e s 

F G H Avg. S.D. 

Enzyme 63.5 62.0 63.5 62.0 63.0 63.5 63.5 62.0 62.88* 0.7^ 

(Blank) 

Enzyme + 55.0 53-0 5*».0 52.0 55.0 53-0 54.0 53.0 53-62* 1.060 
CMC 

-

^Statistically different (P<0.05) 
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Table 22. Beta-glucanase Activity of Rumen Fluid + Prickly Pear 
Juice (ENZYME) on Carboxymethy1 eel 1ulose (CMC), in Percent 
Transmi ttance 

S a m p l e s  

A B C D E F G H Avg. S.D. 

Enzyme 41.5 **3.0 42.0 43-5 41.0 43.5 42.0 43-5 42.5* 1.000 
(Blank) 

Enzyme + 16.0 14.0 16.0 15.5 16.0 14.0 16.0 15.5 15.4* O.876 
CMC 

*Statistically different (P<0.05) 

real concentration of glucose in all solutions, before and after 

Incubation. 

Different values obtained for the blanks are explained based 

on the fact that different prickly pear pads were collected during the 

experiment, as well as different samples of rumen juice. Since the 

experiment was not made for determinations of absolute values, but 

relative values (%T variation) of enzymatic activity, the results were 

accepted and the averages were analyzed in pairs within each experiment. 
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Crassulacean-Type Metabolism 

Although most species accumulate carbohydrates in their leaves 

during photosynthesis, many plants also accumulate large concentrations 

of organic acids. Malic and citric acid are the most common, but other 

acids are also found. 

Of special interest is the organic acid metabolism exhibited by 

many species in the family Crassulaceae and a number of other succulent 

plants which accumulate large quantities of malic acid at night, and 

lose most of the malic acid in the subsequent light period. Plants 

possessing this metabolism have a reciprocal diurnal variation in starch. 

In the dark, 200 mg malic acid and 50 mg citric acid per kg of 

fresh leaf may accumulate while these organic acids largely disappear 

in the subsequent light period. The pH of the leaf frequently changes 

by 2.0 units as might be expected from the alterations in the organic 

acid concentration (Zelitch 1971). 

In crassulacean-type metabolism (C.A.M. plants), most of 

the net 00^ is fixed in the dark, rather than in the light, while there 

is generally little CO2 uptake or net output. Thus these species store 

their reducing power needed for CO^ fixation primarily in the form of 

starch, which may comprise 30% of the dry weight, but actually carry out 

their net CO^ uptake in the dark (Vickery 195*0. 

Plants carrying out such a metabolism fix C02 in the dark 

primarily by means of the phosphoenolpyruvate carboxylase reaction. 

However, ribulose diphosphate carboxylase also plays a role (Zelitch 

1971). According to Cockburn and McAulay (1977), the real mechanism 

has not been fully established. 
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It is difficult to understand how a plant can efficiently store 

its reducing power in the form of starch in the light and respire this 

in the dark to provide ATP and the CO^ acceptor (Zelitch 1971; Schroeder 

1975). There are some theoretical'assumptions that Crassulacean 

metabolism results from an adaptation which evolved under arid environ

ments, and it may permit survival under such adverse conditions where 

productivity is not of prime consideration (Ekern 1965). Such assump

tions are receiving some experimental support lately (Szarek, Johnson 

and Ting 1973; Szarek and Ting 197**; Schroeder 1975). 

Studying the contribution of organic acids to caloric value 

of diet, it was mentioned that both malic and citric acid occur in 

varying amounts in some fruits and vegetables. These acids are absorbed 

and thus contribute to the carboxylic acid pool to yield energy. On 

the average, these organic acids yield approximately 2.45 kcal/g of 

acid; 2.47 kcal/g for citric acid, and 2.42 kcal/g for malic. Current 

food tables include organic acids as part of total available energy 

(Pike and Brown 1967)• 

Our analytical results for prickly pear pads collected at 

6:00 A.M. and 6:00 P.M. are presented in Table 23. Based on the internal 

standard (glutaric acid) the relative retention time and relative peak 

areas were measured, and quantitative determinations were made for 

malonic, malic and citric acids. Phorbic and piscidic acids were 

identified by the relative retention times reported in the literature 

(Nordal and Ogner 1964; Nordal, Gether and Haustveit 1966), and no 

attempt was made for their quantitation because of difficulties in 
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Table 23. Non-volatile Organic Acid Composition of Fresh Prickly Pear 
Pads (mg/g) Collected at 6:00 A.M. and 6:00 P.M. (Average 
Values of Four Replications) 

6:00 A.M. 6:00 P.M. 

Acids RRT S.D. RA SD RRT S.D. RA SD 

Ma 1on i c 0.66 0.005 0.09 0. 014 0.66 - - -

Glutaric" 1.00 - 1.00 - 1.00 - 1.00 -

Mai ic 1.09 0.005 6.90 0. 179 1.09 0.005 0.67 0.042 

Citric 1.65 0.009 1.01 0. 120 1.67 0.009 0.18 0.031 

Phorbic 2.60 0.035 0.3^ 0. 025 2.61 0.005 0.14 0.012 

Pisci die 3.01 0.047 0.17 0. 002 3.00 0.006 0.65 0.102 

*Glutaric acid was taken as internal standard. 
RRT - Relative Retention Time 
RA - Relative Peak Area 
SD - Standard Deviation of Sample 

The average results for individual acids when statistically compared 
showed significantly different relative peak areas (P<0.05) according 
to the "t" test. 



obtaining pure standards. Tartaric and succinic acids were detected 

in trace amounts. The order of appearance in the chromatograms was: 

malonic, succinic, glutaric, malic, tartaric, citric, phorbic and 

piscidic acids, with retention times relative to glutaric acid of 

0.66, 0.80, (1.00), 1.09, 1.32, 1.65, 2.60 and 2.99, respectively. 

The amount of malonic, malic, and citric acids in milligram 

per gram of fresh material were: 0.36, 9.85, and I.78 at 6:00 A.M., and 

traces, 0.95 and 0.31 at 6:00 P.M. respectively. There was thus a great 

accumulation of those acids during the night. The same phenomena was 

observed for piscidic acid, but an inversion of results was noted for 

phorbic acid, where the relative peak area dropped from 0.3^ at 6:00 A.M. 

to 0.14 at 6:00 P.M. 

Since the main scope of this dissertation was toward nutrient 

composition, and not so profoundly into the physiology of the prickly 

pear plant, the results were taken and herein reported. This trend of 

work, however, give more data for a possible understanding of the 

multifaced problem inherent to the crassulacean-type metabolism. 



CHAPTER 5 

SUMMARY 

In this work the prickly pear cactus (Opuntia ficus indica, 

Linn.) was studied in respect to its use as a food for human and/or 

animal consumption. 

The determinations were carried out by chemical and/or physical 

means. To provide for deficiencies in biological tests, a thorough 

review of the historical and actual reports was made and, when possible, 

comparisons were made. Through this review it was observed that the 

prickly pear pads have been consumed by humans and other animals for 

more than four centuries without deleterious effects, and it was 

concluded that under the conditions herein described for their use no 

harm would be expected to these species. 

In a gross comparison with the few analyses reported in the 

literature, its nutritional value for humans would be somewhat 

compared with lettuce, egg plant, or other high moisture-containing 

vegetables. 

The gross composition of one hundred grams of green material, 

determined by standard procedures was: 0.53 to 0.87 g crude protein; 

11.38 to 11.86 g total nonstructural carbohydrates; 0.73 to 1.61 g of 

crude fiber; 0.42 g crude fat; 1.11 to 2.81 g mineral ash, and 83.0 to 

1 hk 
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to 95-3 g moisture. These results are in agreement with those found in 

the literature. 

The individual mineral composition determined by atomic 

absorption spectrophotometry and colorimetry showed the following 

composition for 100 g of green matter: Magnesium, 142.0 mg; Calcium, 

56.0 mg; Phosphorus, 24.3 mg; Potassium, 260 mg; and Sodium, 9 mg. 

These results also agree with the ones found in the literature. 

Pigments and/or vitamins were determined chemically with most 

of the work done by column chromatography followed by colorimetry and/or 

spectrophotometry. Comparisons with different methods of analysis were 

made and the results could be summarized as follows, for 100 g green 

material: Riboflavin 60 meg; Niacin, 0.46 mg; Thiamin, 14 meg; 

Ascorbic acid, 14 mg; Vitamin A, 50 to 52 I.U.; Vitamin 0, 294 l.U. 

and Vitamin E, 254 mg. 

Amino acid analyses were performed for total amino acids and 

for free amino acids. As chemically calculated, the biological value of 

the prickly pear proteins would be 72.60 when related to whole egg 

protein. The protein score was also calculated and the lowest values 

were 48 and 87 for total sulfur amino acids and leucine respectively. 

All other amino acids showed scores higher than 100 in relation to whole 

egg protein. 

Individual analysis of free mono- and disaccharides were 

carried out by gas chromatography. It was found that 100 ml of prickly 

pear juice contained 146 mg of fructose; 194 of alpha-glucose; 153 mg 

of beta-glucose and 274 mg of sucrose. 
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Evidence of some cellulolytic (Beta-glucanase) activity was 

observed in the fresh juice of this Opuntia, and some detailed methodology 

was described. 

Since the plant under study has a typical crassulacean acid 

metabolism, organic acids were analyzed by resin column chromatography 

followed by gas chromatography. Seven peaks were identified as malonic, 

succinic, mal ic, tartaric, citric, phorbic and piscidic acid. The 

amount of malonic, malic and citric acids in milligrams per gram of fresh 

material were: 0.36, 9.85 and 1.78 for plants collected at 6:00 A.M., 

and trace amounts, 0.95 and 0.31 for material collected at 6:00 P.M., 

respectively. It was thus confirmed that the great accumulation of those 

acids occurred during the night. 

Analysis of the component fatty acids of the individual lipid 

fractions were made and the results in percent of sample for the neutral 

lipid fraction were: lauric acid, 5.0; myristic, 7.7; palmitic, 22.9; 

stearic, 5-2; oleic, 9-5; linoleic, 37-7 and linolenic, 11.8. 

For the glycolipid fraction, the percentage values were: lauric, 

traces; myristic, traces; palmitic, 21.6; stearic, 4.9; oleic, 15.0; 

linoleic, 25.7; linolenic, 17-3, and arachidic, 14.4. For the phospho

lipid fraction, the percentage values were: palmitic, 28.2; stearic, 

3.4; oleic, 10.9; linoleic, 45.7, and linolenic, 11.5. 

Those results generally are in accordance with similar analysis 

carried on other plant materials. 

Although the nutritional value is not very high, as chemically 

determined, this plant has been cited for centuries as a prime example 



for emergency food, and recently it has gotten approval, by sensory 

evaluating panels, as a delicacy. 



APPENDIX A 

STRUCTURAL FORMULAS OF THE ACIDS 

Since the common names of the acids were used, the structural 

formulas of these compounds are presented. Also presented is a 

typical chromatograph of prickly pear non-volatile organic acids 

before and after dark. 

1 4 8  
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Formulas 

Since the common names were used, the structural formulas 

the acids are presented below: 
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Fig. 1. Typical Chromatogram of Prickly Pear Nonvolatile Organic 
Acids Before and After Dark. 
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