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Processing technologies: an alternative for cactus pear
(Opuntia spp.) fruits and cladodes
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The cactus pear has become an important fruit crop in many semi-arid lands of
the world. The fruit and the young cladodes (‘nopalitos’) have commonly been
consumed fresh, but the last decade’s research studies on cactus pear processing have produced another alternative which prevents damage to the fruit and,
in spite of technological characteristics that make processing a challenge (high
soluble solids content, low acidity and high pH), adds value to this crop. The
cladodes of the plant are a good source of fibre, an important element for the
human diet and of considerable potential for medical use. The results of several
of these research studies involving the production of juices, marmalades, gels,
liquid sweeteners, dehydrated foods and other products are discussed.
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Introduction
The cactus pear fruit (Opuntia ficus indica) is associated with the semi-arid zones of the
world; it is one of the few crops that can be cultivated in areas which offer very little
growth possibility for common fruits and vegetables (Han & Felker, 1997). Commonly
eaten fresh, it is known in some areas of the world as the ‘bridge of life’ because, during
periods of little rain, it is one of the only crops that can be used as both human food and
cattle feed. Recently, several authors have published research about the post-harvest of
the fruit, as well as its ‘nopalitos’ (Chiessa & Barbera, 1984; Chiessa & Agabbio, 1987;
Rodriguez-Felix & Cantwell, 1988; Piga et al., 1996; Schirra et al., 1996, 1997a, 1997b;
Rodriguez-Felix & Villegas-Ochoa, 1998; Schirra, 1998). Consequently, as knowledge
of its nutritive value grows, interest in expanding its possibilities is also raised, lending it
even greater value through its transformation into attractive products of longer shelf-life.
Interesting studies on the cactus pear have been and continue to be made in an
attempt to better use this species, which for centuries has been considered an attractive
and rich food.
Technological characteristics of the cactus pear fruit
Several research studies have been carried out on the chemical composition of cactus
pear fruit, also known as prickly pear (Sawaya et al., 1983a; SaH enz, 1990; Cacioppo,
1992; Ewaidah & Hassan, 1992; SaH enz et al., 1995c; Rodriguez et al., 1996; Parish
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& Felker, 1997). As fresh fruit the cactus pear has a similar composition to other fruits
and vegetables but the exact knowledge of composition is the basis for any successful
technological process.
The chemical and mineral composition described by different authors shows that
cactus pears have a similar nutritive value to other fruits. However, its soluble solids
content reaches values greater than 16%, a value greater than that present in other fruits,
such as prune, apricot, and peach (Pimienta, 1990; Schmidt-Hebbel et al., 1990;
SepuH lveda & SaH enz, 1990). As such, it is a very useful component for processing the
fruit into concentrated juices or dehydrated products, or for other technologies that use
sucrose content or low a to preserve the product.

In regard to sugars, the fruit pulp is about 53% glucose, and the remaining 47%
fructose (Sawaya et al., 1983a; Russel & Felker, 1987; SepuH lveda & SaH enz, 1990; Kuti
& Galloway, 1994). This amount of glucose is notable, as this sugar is the sole energetic
metabolite for the brain and nerve cells and is present in the prickly pear as free sugar,
directly absorbable by the body. Also easily absorbed, fructose enhances flavour, as it is
sweeter than either glucose or sucrose (Cheftel et al., 1983).
The caloric value of the pulp according to Sawaya et al. (1983a) and Schmidt-Hebbel
et al. (1990), is about 50 Kcal 100 g\1, comparable to that of other fruits such as pear,
apricot and orange.
The other components present in cactus pear pulp are protein (0·21–1·6%), fat
(0·09–0·7%), fibre (0·02–3·15%) and ash (0·4–1%), all of which are similar to other
fruits (Paredes & Rojo, 1973; Askar & El Samahy, 1981; Sawaya et al., 1983a; Pimienta,
1990; SepuH lveda & SaH enz, 1990; Rodriguez et al., 1996). The total content of free amino
acids (257·24 mg 100 g\1) is of a value found only in citrus and grape, and is above
average in other fruits. Also characteristic of prickly pear, in comparison with other
fruits, is their high content of serine, c-amino butyric acid, glutamine, proline, arginine
and histidine, and the presence of methionine (Askar & El-Samahy, 1981). Cactus pears
show a high level of ascorbic acid, which can reach levels near 40 mg 100 g\1 (Pimienta,
1990; SepuH lveda & SaH enz, 1990; Rodriguez et al., 1996); such a concentration of
vitamin C is higher than that of apple, pear, grape and banana (Cheftel et al., 1983;
SaH enz, 1985). Sodium and potassium content in cactus pear pulp shows a good source
of potassium (217 mg 100 g\1) and a low level of sodium (0·6–1·19 mg 100 g\1) which
is an advantage for people with renal and blood pressure problems (SepuH lveda & SaH enz,
1990; Rodriguez et al., 1996). Calcium and phosphorus represent three-quarters of the
minerals of the body and are found fundamentally in bones, which serve as an important
reservoir. Prickly pears are rich in calcium and phosphorus, 15·4–32·8 mg 100 g\ and
12·8–27·6 mg 100 g\1, respectively (Sawaya et al., 1983a; SepuH lveda & Saenz, 1990).
Although they are one of the fruits to contribute a large content of calcium to the diet, its
availability must be further studied, as some researchers (Lecaros, 1997) doubt the real
possibility of this calcium being used by the body, due to its common presence in the
plant as calcium oxalate component, which has a low assimilation by the body. The
contribution of phosphorus is similar to that of cherry, apricot, melon and raspberry.
Chemical composition and nutritive value are not the only characteristics that play an
important role in prickly pear processing (Table 1); in this aspect, the cactus pear is
a great challenge. The high pH value (5·3–7·1) (Pimienta, 1990; SepuH lveda & SaH enz,
1990; SaH enz, 1996b) classifies this fruit within the low acid group, (pH'4·5) requiring
a thermal treatment of 115·53C or greater to obtain good control of micro-organisms.
The pH value, together with low acidity and a high content of soluble solids,
make prickly pear pulp a very attractive medium for micro-organism growth (SepuH lveda
& SaH enz, 1990; SaH enz, 1995). Barbagallo et al. (1998b) studied the organic acids
present in the cactus pear juices of three Italian varieties: ‘Gialla’, ‘Rossa’ and
‘Bianca’. They found that citric acid is the prevalent acid (about 17 mg 100 g\1)
followed by oxalic, malic and succinic acids, in different proportions in the cited
varieties.
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Table 1. Technological characteristics of purple and green cactus pear pulp

Parameters
pH
Acidity (% citric acid)
Soluble solids (3Brix)
Pectin (g100 g\1)
Vitamin C (mg 100 g\1)
Calcium (mg 100 g\1)
Colour parameters
L* (lightness)
a* (red-green)
b* (yellow)
C* (chroma)
H* (hue)
Viscosity (mPa s)

Green pulp*

Purple pulp-

5·3–7·1
0·01–0·18
12–17
0·17–0·19
4·6–41·0
12·8–27·6

5·9–6·2
0·03–0·04
12·8–14·5
*
20·0–31·5
*

18·2–26·7
!4·2–!5·5
4·0–6·5
5·8–8·5
130·2–136·4
73·9

22·4–33·4
10·0–18·4
1·1–4·3
10·1–18·9
6·2–13·2
119·2

Source: *Askar & El-Samahy (1981); Sawaya et al. (1983); Pimienta (1990); SepuH lveda & SaH enz (1990);
SaH enz (1995); SaH enz (1996a).
- SaH enz et al. (1995c); SaH enz & SepuH lveda (1999).

Pectin, partially responsible for the viscosity of the pulp, is a positive element towards
the production of juices, marmalades and jams. However, the content in cactus pear
pulp (0·17–0·21%) is not sufficient to produce gels (SepuH lveda & Saenz, 1990;
Rodriguez et al., 1996).
The fruit has a range of colours varying from green to orange to red to purple, and this
is an attractive quality parameter for consumers. Colours, such as those produced by the
presence of the pigments chlorophyll and betalain in the green and purple fruits
respectively, are certainly a parameter that makes the fruit and its products attractive;
nevertheless, their stability in prickly pear products is still being studied (Merin et al.,
1987; Montefiori, 1990; SaH enz et al., 1993). The presence of these different pigments affects the stability of the products obtained. Betalains, for example, are more
stable than chlorophylls under thermal treatment and pH variation. Therefore, it could
be expected that the products from purple cactus pear would be more stable than those
from green cactus pear, as is discussed later.
The volatile components are minor, but nonetheless important constituents. They
give the flavour to prickly pear fruits and their products. Among these, alcohol
comprises by far the major proportion, most of which is ethanol (76·33%). More
characteristic of prickly pear in the de Castilla variety is some unsaturated alcohol, such
as trans-2-hexen-1-ol (Flath & Takahashi, 1978); 1-hexanol is the major alcohol present
in the Fructa sanguineo variety; some unsaturated aldehydes, including 2,6 nonadienal
and 2-nonenal, are found in green and purple varieties, and in the latter, according to Di
Cesare & Nani (1992), 2-hexenal prevails over ethanol. Many of the components found
in these studies have been previously reported in other fruits and cannot be considered
unique to cactus pear. However, the presence of 1-nonanol, several nonon-1-ols, the
nonadien-1-ols, and 2-nonenal, along with the light melon-like flavour that is characteristic of the fruit, invite comparison with published findings on cucumber and melon
volatiles (Flath & Takahashi, 1978). It will be very interesting in the future to study
the changes that occur in the volatile compounds of the fruit when it is processed, as
some long thermal treatments can cause a hay-like taste and an unattractive aroma in the
products (Carrandi, 1995).
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Food products from the fruits and cladodes
One of the oldest ways to preserve vegetables which are highly perishable is through
different processing systems; Table 2 shows different products and by-products
that can be obtained from cactus pear and cladodes. Due to the previously mentioned
technological characteristics, the cactus pear is a true challenge, and it is necessary to do
more research in this area to offer the people of the arid and semi-arid zones
different ways to preserve and use this fruit out of the harvest period.
Several products are obtained from the fruit; some of them are commonly known,
and others have been recently developed or are in a research stage. The research
concerning products from the plant cladodes has presented a very interesting
composition quite different from the fruit, and recently there have been some very
stimulating results.
Juice, pulp and puree technologies
Two of the most common domestic uses of cactus pear are juices and pulps. One of the
first research studies on prickly pear juices was done by Paredes & Rojo (1973) on
prickly pear cv. Cardona (Opuntia ficus indica). These authors used citric acid to reduce
the pH value to 4·3, sodium benzoate (500 p.p.m.) and a thermal treatment for 5 min at
903C; the juice was vacuum canned in enamelled tin. The results showed that the
product had a pleasant flavour and taste, and was without microbiological problems.
Espinosa et al. (1973) studied the Opuntia ficus indica juice, and found several
difficulties in its preservation. In spite of reducing the pH value to 4·0 with lemon
juice and carrying out a mild thermal treatment (20 min at 803C), the acetic fermentation continued and the juice could not be preserved.
Another possibility related to cactus pear juices was concentrated juice production
(Almendares, 1992). The lower a of the concentrates relative to the natural juices is

a clear protection against the growth of micro-organisms and can extend the shelf-life of
the juice. The study showed that concentrated juices could be obtained with 63–67
3Brix; the juice was prepared in an a-Laval centrifuge vacuum evaporator, at approximately 403C; the stability of the juice against micro-organism growth was good, but the
sensorial analyses found the acceptability was only 5·0 (1–9 points scale). This unsatisfactory ranking was due to damage to the colour and the herbaceous aroma that
appeared after the concentration process (SaH enz et al., 1993; SaH enz, 1996a).

Table 2. Some products and by-products from cactus pear fruit and cladodes

Products
Cactus pear
Juices and nectars
Marmalades, gels and jams
Dehydrated sheets
Sweeteners
Alcohol and wines
Canned fruit
Frozen fruit

By-products
Cladodes
Pickles and brine
Candy
Marmalades and jam
Flour
Sauce
Alcohol

Source: SaH enz (1998); Corrales-GarcmH a (1998).

Cactus pear and cladodes
Oil from seeds
Mucilage from cladodes
Pigments from the peel
Dietary fibre from cladodes
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Colour changes were observed during thermal treatment in pasteurized and concentrated juices of green cactus pear (SaH enz et al., 1993), where chlorophyll plays an
important role; the colour was determined by the Hunter colour parameters, corresponding to lightness (L*), red-green dimension (a*) and yellow-blue dimension (b*).
The decrease of L* with the thermal treatment resulted in a loss of brilliant green hue,
turning drabber and paler, without the initial appearance of brown colours. Nevertheless, studies done at different storage temperatures (2, 10, 20 and 273C) of
concentrated cactus pear juices showed that at room temperature the juice turned dark,
as reflected by the increase of a* (from !2·84 to !0·57) and a marked modification
of the hue angle H*, with time and temperature. SaH enz et al. (1997a) also studied
the effect of different pH (5·2 and 4·0) and thermal treatment (803C during
10 min) in the colour of purple cactus pear juice and concluded that it presented a high
stability to the pH changes and also to the thermal treatment: a clear advantage over the
green cactus pear juice. The authors tested three treatments: (1) a natural juice, without
modification of pH (pH"5·2) and without thermal treatment; (2) another natural
juice, without modification of pH (pH"5·2) and with thermal treatment; and (3) a
third with modification of pH (pH"4·0) and thermal treatment (803C for 10 min).
They concluded that the a* and b* parameters value would influence the juice tone.
Although the three treatments gave rise to a red-purple colour, some appeared more
reddish. The acidification of the juice and the thermal treatment applied for its conservation and microbiological stability caused a visual change in the colour, but the purplereddish colour characteristic of this fruit juice remained.
In relation to microbiological stability, Carrandi (1995) observed in pasteurized juice
(98–1003C during 20 s) a marked colour and flavour change and the presence of microorganisms that caused damage to the juice. To prevent the action of bacteria and fungi,
the same author modified the pH of the juice by lowering it to 5·2, but this change was
not enough to prevent the spoilage of lactic bacterial growth such as Lactobacillus. In the
same study the use of additives such as sodium sorbate or sodium propyl p-hydroxybenzoate (200 p.p.m.) was also not enough to preserve the juice. Other more drastic thermal
treatments, such as bottle juice treatment (1003C during 20 min), produced good results
for microbiological stability, but the final product did not resemble the original fresh
juice due to changes in colour and flavour. Bunch (1996) reported the production of
a frozen puree in the U.S.A. as the most versatile and stable product. It was made from
purple cactus pear and had some percentage of pineapple juice; it could be used
in a number of beverages and food dishes. Recently, Thomas (1998) described, in
detail, a flow diagram for the production of red cactus pear puree. The author reported
(3cfu g\1 coliforms, lactic acid bacteria and E. coli, as well as (10cfu g\1 aerobics,
yeast and molds. The same author reported obtaining a cactus pear puree concentrate,
a 653Brix, vacuum-dehydrated product used as a flavouring ingredient for ice cream,
confections, pastries and desert toppings. Mixed drink flavourings using this cactus pear
puree are now available through a national restaurant wholesaler’s organization, in
a 28-pound (12·6 kg) frozen pail.
SaH enz & SepuH lveda (1999) prepared several blends of purple cactus pear juice and
pineapple juice, with good results. However, although the pineapple juice helped to
improve the acidity of the blend, its aroma and taste affected the delicate aroma and
taste of the cactus pear juice. Another alternative would be the use of only citric acid to
improve the acidity of the blends.
Barbagallo et al. (1998b) obtained a concentrated puree (37%) from the cactus pear
cv. ‘Gialla’ and compared the product with the natural pulp; the colour, aroma and
flavour of the product were similar to those of the natural pulp; the acidity was modified
with citric acid to pH"4·0; they concluded that the concentrated puree could be a good
ingredient for the candy industry as a semi-processed product.
A very important property of the juice is its rheological behaviour in terms of the
industry’s pump design, and also of the sensory quality of the products. The rheological
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properties of different concentrated cactus pear juices were studied by SaH enz &
Costell (1990), finding most of them to be pseudoplastic and to fit well within the
Ostwald model (r 2"0·981). Nevertheless, depending on the type of juice, pulped or
pressed, and the degree of concentration, the rheological behaviour changed; for
example, pressed juices changed to Newtonian in 403Brix or less.
Other researchers have attempted to obtain clarified juices. It is known that the juices
without pulp can be concentrated to a higher degree of solids content, with advantages in
terms of both their conservation and the reduction of transport and storage space. The
use of pectinolytic enzymes has been tested for this purpose with a treatment at 403C for
48 h, and with the addition of citric acid. The juice packaged in cans receives a different thermal treatment from the juice packaged in glass bottles. Both treatments show
colour changes due to pasteurization, which is then corrected by artificial colourants
(Yagnam & Osorio, 1991). Using a NOVO prepared with a mix of pectolitic enzymes
and a high activity of arabanase, SaH enz et al. (1996b) have clarified cactus pear juice with
success.

Liquid sweetener preparation
The transformation of the juice into a liquid sweetener, using pectinolitic enzyme with
a high arabanase activity, has been recently studied. SaH enz et al. (1996b, 1998) developed a process (Fig. 1) to obtain a natural liquid sweetener from cactus pear juice; the
product had 603Brix (56% of glucose, 44% of fructose), a density of 1·2900 g ml\1, an
a of 0·83, similar to that of honey or marmalades; a light golden-yellow colour and

a viscosity of 27·1 cps. The sweetness is 67 compared with sucrose. These characteristics are similar to those of other liquid sweeteners currently marketed.

Gel, jam and candy technologies
The use of cactus pear pulp to prepare gels, such as the apple or quince gels common to
many countries’ markets, opens another possibility for this fruit. SaH enz et al. (1996a)
added a gelling agent and sugar to the pulp (35–40%); two pH levels were tested, 3·5 to

Figure 1. Processing scheme for cactus pear syrup. Source: SaH enz et al. (1998).
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prevent microbiological growth and 6·1 (the original of the cactus pear pulp); a marked
colour change was observed with pH 3·5 due to the transformation of chlorophyll into
pheophytin, but the product maintained its chemical, physical and sensory characteristics for 14 more days at refrigeration temperatures (4–63C).
Several studies have been carried out in different countries on other cactus pear
products. Sawaya et al. (1983a) manufactured prickly pear jam, with and without
blanching the fruit; sensory evaluation tests resulted in non-significant differences.
The proportion was a prickly pear pulp:sugar ratio of 60:40; 1·25% pectin; citric acid or
citric and tartaric 1:1. Flavours such as cloves, grapefruit extract, orange extract and
almond flavour gave better results than other flavours tasted. In addition, the jam
contained 20% date pulp.
Tirado (1986) made a jam with cladodes (cactus stems or pads) by, instead of the
fruit, adding orange juice, orange peel, and sugar to the ratio 1:1·5:0·8:0·08. The jam
had no microbial growth after 40 days of storage. This product showed no difference from other jams in the Mexican market (fig and orange) in aroma, colour, taste,
texture and appearance.
Badillo (1987) made a jam with cladodes, sugar and citric acid in the proportion
1:0·6:0·01, obtaining a product with good sensory quality and microbiological stability.
SaH enz et al. (1995a) made a marmalade from cladodes using a previous treatment plus
a 2% solution of Ca(OH)2 to lower the mucilage content, which damages texture and
acceptability. The final formulation used lemon juice and lemon peel. The first lowered
the pH and the second contributed pectin to the gelling of the product.
Vignoni et al. (1997) compared two cactus pear jams: one with lemon juice and lemon
peel added, and the other without. They did not have significant differences, according to a Karlsruhe scale for sensory analysis.
Villarreal (1996) studied the manufacturing of candies from the cladodes. The author
tested several proportions of sugar syrups (sucrose and glucose) and also tested sweet
and bitter chocolate coatings; the products presented very good characteristics and
sensory quality, with a of 0·53–0·63. The energy value differed (306·3–340·4 Kcal

100 g\1), depending on whether the products were covered with chocolate or not. The
acceptability was higher in the products covered with chocolate (7·6) compared to the
non-chocolate covered products (6·3).
Canned and frozen products
Cactus pears have been canned experimentally, both in tin and glass. In the latter
case, the addition of 453Brix syrup was tested with a thermal treatment for 15 min
at 1003C. Some of the results were contradictory and changes in colour and fruit
texture could possibly be lessened (Yagnam, 1986; SaH enz, 1995). Joubert (1993)
studied the canning of different cultivars of Opuntia ficus indica from South Africa;
she studied the differences in cultivar firmness while hand-peeled fruit was canned
in acidified sucrose syrup (203Brix) at 1003C for 15 min. With increasing processing
time, fruit firmness decreased; however, it increased with the addition of 0·25%
CaCl to the syrup. The processing of the fruit resulted in loss of texture, colour and

flavour.
As another alternative to preserving the fruit, SaH enz et al. (1988) manufactured frozen
fruit, using slices of 0·625 mm thickness and quarters of peeled and unpeeled fruit. The
freezing process was done in a fluid bed tunnel at !403C, and samples were stored
at !203C. The results achieved were not satisfactory due to the high drip, mainly from
the slices during defrosting. This fact, together with a significant loss of texture, caused
the low acceptance of all three alternatives tested. Possibly, the use of protective
substances such as syrup or solid sugar could improve the results of this preservation
process.
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Dehydrated products
Dehydration is an age-old process of preserving food. Russel & Felker (1987) mentioned dried prickly pear as another edible form of the product. In a slightly modified
preservation procedure, Ewaidah & Hassan (1992) tested prickly pear sheets using
a Taifi cultivar. The optimum formulation was obtained by adding 10% sucrose, 1·1%
citric acid, 0·15% sodium metabisulphite and 0·5% olive oil to the fruit pulp. Sodium
metabisulphite improved the colour, and citric acid produced an acid taste similar to that
of the traditional apricot sheets. A small tasting panel found the sheets extremely
acceptable, rating them with a score of 8 out of 9.
SepuH lveda et al. (1996) developed a fruit leather made with cactus pear pulp and
quince pulp. The authors tested different proportions of pulps and found the best
blend to be 75:25, cactus pear: quince pulp. The blend was dehydrated in a forced air
tunnel in thin layers until moisture content was approximately 15–16%. The product
had a pleasant texture, and the components of the fruit gave it a moistness that permitted
immediate consumption. This kind of product is well-liked by children and can be
considered an energy food, with caloric values of about 319–327 cal 100 g\1.
Alcoholic beverages and other products
Another alternative use of cactus pears is in the cottage industry preparation of alcoholic
beverages such as ‘colonche’. ‘Colonche’ is obtained through fermentation of the juice
and pulp in wooden barrels, a procedure with certain imperfections that, following this
study, could be overcome. For example, the use of Sacharomyces cereviseae would resolve
the lack of selection of yeast. ‘Colonche’ is a low-alcohol drink and is best when freshly
fermented, as it quickly turns acidic (SaH enz, 1995).
Other studies made to obtain alcoholic beverages from cactus pears show the use of
Saccharomyces cereviseae Montrachet whit SO2 (10 ml l\1) and citric acid to decrease the
pH to 3·3 (Bustos, 1981). Flores (1992) carried out experiments in order to obtain wine
and alcohol from prickly pears, the first of 11·163GL and the second of 56·23GL. Of the
varieties used for wine, O. streptacantha and O. robusta, both had similar, delicately
pleasant, fruit-like characteristics. The alcohol, in turn, had fruit-like characteristics and
a pleasant taste, with an initial and prevailing wine aroma. Blaisten (1968) obtained
cactus pear alcohol from different varieties of the Opuntia genus, producing a
distillate of 433GL with unique and defined organoleptic characteristics. Retamal et al.
(1987), using both cladodes and fruits to obtain alcohol with different yeast strains
of the Saccharomyces genus, found a sugar conversion of over 90% in the fruit and
approximately 60% in cladodes.
Other older preservation procedures with a large application today, although
mostly in Mexico, are the ones developed for wild varieties (Opuntia streptacantha
and Opuntia robusta); among them appears the ‘tuna cheese’, prepared with cottage
industry procedures, based on the boiling of the pulp and juice until a certain viscosity is
obtained (‘melcocha’). The juice, highly concentrated and beaten, is then placed in
rectangular recipients, usually of 1 kg, which are sold once the ‘cheese’ has dried.
Raisins, nuts and pine nuts can be added to enrich its flavour (SaH enz, 1995; LoH pez
et al., 1997).
Another potential product that can be obtained during fruit processing is seed oil.
This oil is edible and has a yield range between 5·8 and 13·6 (Sawaya & Khan, 1982;
SepuH lveda & SaH enz, 1988; Becerril, 1997). The oil shows a high grade of non-saturated
acids, with a high content of linoleic acid (57·7 to 73·4%). These and other physical and
chemical characteristics, including the refractive index, iodine number, and saponification number, make it similar to other edible vegetable oils such as corn or grape seed oil.
In another study, Sawaya et al. (1983b) found interesting contributions of protein
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(16·6%), fat (17·2%) and fibre (49·6%) in the seeds, the latter being considerably higher
than that of other oleaginous seeds.

Other products from the cladodes
‘Nopalitos’ have been a traditional fresh green vegetable in the Mexican diet for
centuries (Rodriguez-Felix & Villegas-Ochoa, 1998), and for many years have been
used and prepared by Mexicans in various ways. In fact, the tender cactus pear pads are
an ingredient in a diversity of dishes including sauces, salads, soups, stews, snacks,
beverages and desserts (Rodriguez-Felix & Villegas-Ochoa, 1998). Cantwell (1995)
mentioned that ‘nopalitos’ are also a traditional vegetable in some areas of the United
States. Good quality cactus stems or ‘nopalitos’ are thin, fresh-looking, turgid, and
a brilliant green. After trimming and chopping, the cactus stems may be eaten as a fresh
or cooked vegetable, and resemble green beans in flavour (Rodriguez-FeH lix & Cantwell,
1988). A study developed by Rodriguez-FeH lix et al. (1997) showed that consumers eat
‘nopalitos’ because they like them and also because they consider them healthy.
‘Nopalitos’ are a highly perishable vegetable crop when handled and marketed fresh, but
with industrial transformation they can be conserved for a long time. Two of the main
processed products are ‘nopalitos’ in brine and pickled ‘nopalitos’ (Corrales-GarcmH a,
1998). For both products, there are common steps that involve dethorning, washing,
dicing or cutting, scalding or cooking; after this conditioning, the nopalitos can follow
different methods of processing. As seen in Fig. 2, the nopalitos in brine are prepared

Figure 2. Flow diagram of the production process for pickled ‘nopalitos’. Source: CorralesGarcmH a (1998).
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with a pickling mixture, which is a combination of vinegar (1·87–2·0% acetic acid) with
spices, aromatic herbs, and olive oil. The vinegar is heated to boiling, and the spices are
then added, either directly or in a cloth bag. Onion slices, garlic cloves, laurel leaves and
carrot discs are lightly fried, separately, in vegetable oil. Then the nopalitos, vinegar and
sauteH ed vegetables are mixed, and bottled in jars that have been sterilized in boiling
water.
Yet other possibilities for cactus cladode processing have been investigated in recent
years. Changing life styles in developed countries over the past years have led consumers
to prefer ready-to-eat foods and a low-calorie, low-cholesterol, low-fat diet that is fibre
enriched. Interest in natural sources of fibre has increased. Consumers know the
relationship between fibre consumption and cholesterol control, and the role of fibre in
the prevention of some illnesses such as diabetes and obesity. One potential source of
natural dietary fibre is the cladodes of the Opuntias (SaH enz, 1998). Pimienta (1990) said
that the age of the cladodes influences its chemical composition; that is, the crude fibre
(only a portion of the dietary fibre) increases with the age of the cladodes. In recent years
SepuH lveda et al. (1995), SaH enz et al. (1995b) and SaH enz et al. (1997b) have studied
methods for obtaining cladode flour from mature cladodes (2–3 years) as a concentrated
fibre source to be added to other flour products. The authors tested different times
and temperatures for drying the cladodes and obtained a concentration of 43% dietary
fibre, where 28·5% was insoluble fibre and 14·5% soluble fibre, with a low moisture and
a (Table 3). Different proportions for mixing cladodes and wheat flour were

tested, and the rheological behaviour of the dough was analysed. The flour was tested by
substituting it for some portion of the wheat flour in biscuits, and it was observed that it
could be added in replacement portions of nearly 10–15%. Albornoz (1998) and
Vallejos (1999) tested the substitution in a vegetable soup and in a flan (a dessert),
respectively; they observed that in the soup the maximum level of addition was 15% and
in the dessert it was 16%. Higher proportions affected the rheological properties as
well as the taste and aroma of the products. Nevertheless, those substituted proportions
made a great difference in these products, compared to the commercial ones,
because the contribution to the fibre intake was significantly higher than before it was
added.
Gallardo et al. (1997) and Zambrano et al. (1998) studied some properties of crude
young ‘nopal’ as a source of fibre. The dried product had 20·4% of dietary fibre as well as
other interesting physico-chemical characteristics: water absorption (5·8), water retention (4·7), organic molecules absorption (0·69), and cationic exchange (0·49), which
could explain the role of ‘nopal’ in the intestine. HernaH ndez et al. (1997, 1998) tested
rats’ consumption of crude and scalded ‘nopal’ and observed that the greater the amount
of fibre in the diet the greater the production of faeces in both cases but the last one
shows a better result. The authors concluded that if rats lose weight and show signs of
malnutrition, the consumption of crude ‘nopal’ must be carefully examined in humans.

Table 3. Chemical and physical characteristics of nopal flour

Parameters

Average

Water activity (a )

Moisture (%)
Protein (;6·25) (%)
Total dietary fibre (%)
Insoluble dietary fibre (%)
Soluble dietary fibre (%)

0·53
7·14
3·9
43·0
28·5
14·5

SaH enz et al. (1997).
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Pure mucilage, obtained from the cladodes as well as from the peel, is another
interesting possibility for alimentary, medical and cosmetic use. The mucilage, a complex polysaccharide, is part of dietary fibre and has the capacity to absorb large amounts
of water, dissolving and dispersing itself and forming viscous or gelatinous colloids.
Several authors have studied the extraction of the prickly pear mucilage (McGarvie
& Parolis, 1979; Paulsen & Lund, 1979; Trachtenberg & Mayer, 1981; SaH enz et al.
1992). The mucilage is composed of arabinose, galactose, rhamnose and galacturonic
acid, the latter being in proportions of 17·6 to 24·7%, depending on whether it comes
from fruit or cladodes (SaH enz, 1995). SaH enz et al. (1992) observed a clear effect of
pH over viscosity in a water dispersion of the mucilage (0·44% p/v) reaching values of
58·1 cps at pH 6·6. CaH rdenas & Gooicolea (1997) and CaH rdenas et al. (1997) studied
several aspects of mucilage and obtained a yield of 0·07%, showing that the polymer had
a weight average molecular mass (M ) of 3;106 and an average molecular mass (M ) of


2·4;106, with a polydispersity index (M /M ) of 1·4. Both M and M values exceeded
 


those previously reported for the polysaccharide from Opuntia ficus indica. This overestimation of molecular mass may indicate the extensive formation of large macromolecular aggregates in solution. Regarding the rheological properties of mucilage
solutions with different concentrations of NaCl 0·1 M, the same authors reported
that the rheological behaviour was similar to that of polysaccharide chains when little
deformation was used. The mechanical response observed was characteristic of an
entangled network of disordered polymer coils.
Nobel et al. (1992) reported that the mucilage content of cactus cladodes could be
influenced by some probable effects associated with the management of this crop.
The authors stated that climate temperature could influence the mucilage content. It is
possible that irrigation and rain were also influences. These effects are important if
we look at the cladodes as a source of mucilage.
Gardiner et al. (1999) reported quantitative benefits from cactus mucilage in a
physical process to improve water infiltration in soils.
An important area to develop would be some sort of simple, fast, standardized
mucilage test to rank the varieties of mucilage.
Cactus mucilage may find applications in food, cosmetics, pharmaceuticals, and other
industries. A method known in some countries for clarifying drinking water uses cactus
mucilage as an agent and has been used for many years by small farmers in Chile.
Cardenas et al. (1997) also mentioned its culinary properties as a fat substitute and as
a flavour binder.
Food additives
In another area, the constant search for natural additives as pharmaceutical, cosmetic,
and food colourants suggests that the research carried out on the purple cactus pear is on
the right track. Well known and widely used in the food industry as powder or
concentrated juice is the pigment obtained from the red beet, whose colour is due to the
presence of betalain (the same pigment present in the red prickly pear). Montefiori
(1990) carried out studies on extraction, identification and stability of the pigments of
the purple prickly pear, finding yields of 16 mg of betanin per 100 g of fresh product.
Odoux & Dominguez-LoH pez (1996) reported different quantities of betacyanines
for several species of Opuntia, where Opuntia sp. had 100·8 mg 100 g\1. Strack et al.
(1987) pointed out the presence of neobetanin in the fruit pulp and found a betaninneobetanin ratio of about 1 : 2·5 in Opuntia ficus indica. SaeH nz et al. (2000) determined
100 mg 100 g\1 of betanin in a concentrated juice of purple cactus pear juice with
colour parameters of L*"22·8, a*"3·8, b*"0·3, C*"3·8 and H*"5·1 (Table 4);
they tested the addition as a colourant in yogurt with good results, and no changes in the
aroma or taste of this product were observed.
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Table 4. Chemical and physical characteristics of the colour extracts of Opuntia

Parameter

Average

Soluble solids (3Brix)
Acidity (% citric acid)
pH
Betanin (mg 100 g\1)
Colour parameters
L* (lightness)
a* (red)
b* (yellow)
C* (chroma)
H* (hue)

61·5
0·81
4·3
100
22·8
3·8
0·34
3·82
5·11

SaH enz et al. (2000).

Medical uses
There is an extensive variety of diseases that popular medicine (mainly Mexican) claims
can be fought and cured with the ‘nopal’, or cactus pear, or other parts of the plants or
their flowers (Pimienta, 1990; Barbera, 1991; Mulas, 1993). Few of these applications
have any degree of scientific basis, although their effect can be cited in cases of
diabetes mellitus, hyperlipidemy (excess of lipids in the blood), and obesity (GulmH as
& Robles, 1989). To this effect, Frati-Munari et al. (1990) studied the hypoglycemic effect of Opuntia ficus indica stems, and found that glycemia decreased in
all patients tested following ingestion of Opuntia ficus indica, and reached statistically
significant levels after 120 and 180 min. In another study, Iban ez-Camacho et al. (1983)
confirmed this hypoglycemic action. RammH rez & Aguilar (1995) presented a review of
evidence on the reduction effect of Opuntia in the serum glucose, and with access to
eight different reports they concluded that this meta-analysis suggested Opuntia
had a strong glucose reduction effect. They further indicated that these findings,
however exciting, were preliminary at best. Trejo et al. (1995) evaluated the hypoglycemic activity of a purified extract from prickly pear cactus (Opuntia sp.) on STZinduced diabetic rats. They concluded that, although the mechanism of action was
unknown, the magnitude of the glucose control by the small amount of Opuntia extract
required (1 mg kg\1 body weight per day) precluded a predominant role for dietary fibre
for hypoglycemic activity.
Frati-Munari et al. (1992) evaluated its role in the management of diabetes mellitus
using commercial capsules of dried nopal. The experiment involved giving a dosage of
30 capsules, each containing 335 mg of dried nopal cladodes, to diabetic subjects, with
serum glucose levels measured intermittently every 60 min for 3 h; a control test was also
performed with 30 placebo capsules. It was concluded that nopal capsules did not show
acute hypoglycemic effect and did not influence the glucose tolerance test. In
diabetic patients serum glucose, cholesterol and tryglycerides levels did not change with
Opuntia, but they increased with placebo. In healthy individuals glycemia did not change
with nopal, while cholesterol and triacylglycerides decreased.
The effect of the prickly pear over the metabolism of the low-density lipoproteins
has been studied by FernaH ndez et al. (1990), suggesting, through its results, that the
extract of prickly pear would act in a similar way to that of other compounds used to
decrease cholesterol levels.
In conclusion, the numerous possibilities of obtaining different products and byproducts from cactus pear and nopal open new hopes for the semi-arid regions.
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Nevertheless, many aspects related to the processing of cactus pear and the uses of
cladodes require further research. This crop has much to contribute to human food, and
can be a hope for human medicine, a source of natural additives to the food industry,
and mainly, more than a ‘bridge of life’ for low-income inhabitants of different parts
of the world.
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