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CHEMICAL AND PHYSICAL CHARACTERIZATION OF THREE CULTIVARS OF
MOROCCAN YELLOW PRICKLY PEARS (Opuntia ficus-indica) AT THREE STAGES OF

MATURITY

Abstract
The composition of prickly pear fruit (Opuntia ficus-indica) varies widely during maturation. However, few studies

have been performed to evaluate changes in physical and chemical characteristics on the fruit depending on stages of
maturity. In this study, Moroccan yellow fruits of three cultivars of prickly pear (Opuntia ficus-indica), grown at three
different regions, were analyzed at three different stages of maturity. The objective of the present study was to evaluate the
changes in physical and physicochemical characteristics of prickly pear fruits at three different stages of maturity. The
physical and physicochemical composition varied during maturation. The weight of the pulp increased with advance in
maturity, while the proportions of skin and seeds decreased. At the complete stage of maturity, the fruits were found to be
less acidic, rich on sugars, protein and calcium. While for potassium, sodium, copper and zinc, no set pattern was observed
between their concentrations and the stage of ripeness of the fruits.

Resumen
La composición de la higos chumbos (Opuntia ficus-indica) varia ampliamente durante la maduración. Sin embargo,

se han llevado a cabo pocos estudios para evaluar los cambios en las características físicas y químicas de la fruta en las
diferentes etapas de madurez. En este estudio, frutos amarillos de Marruecos de tres variedades de higos chumbos (Opuntia
ficus-indica), cultivadas en tres regiones distintas, fueron analizadas en tres etapas de madurez. El objetivo del presente
estudio fue evaluar los cambios en las características físicas y fisicoquímicas de higos chumbos en tres etapas de madurez.
La composición física y fisicoquímica varió durante la maduración. El peso de la pulpa incrementó con la maduración
mientras que la proporción de cáscara y semilla disminuyó. En la etapa de madurez completa se encontró la fruta menos
ácida y rica en azúcares, proteína y calcio; mientras que la concentración de potasio, sodio, cobre y zinc no mostró un
patrón definido durante la maduración de la chumbera.
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INTRODUCTION

The prickly pear cactus (Opuntia ficus-indica)
originates from Mexico, still witnessed by the impressive
genetic diversity of 400 species and a great number of varieties
(Odoux and Dominguez Lopez, 1996). The cactus pear due
its agroecologic requirements has been for long time an
important crop for the semi arid and arid zones of the planet
because of its special adaptive mechanism and capacity to
produce biomass. For this reason, a greater interest has been
observed in the last years for increasing their cultivation and
diverse research has been carried out to enlarge the
industrialization as much the fruit as the cladodes.

Cactus pear contains additional components of
nutritional importance. At first sight, its ingredient pattern
does not seem to differ greatly from other tropical fruits
(Wills et al., 1986; Cantwell, 1995). However, the free
amino-acidy content, readily absorbable sugars, high
contents of magnesium and calcium as well as
technologically interesting fibres make cactus pear very
special.

Cactus pear powder is also used in medicine and
shows exciting prospects. Ramirez and Aguilar (1995)
presented a review of some evidence of the reduction effect
of Opuntia in serum glucose. Frati-Munari et al. (1990)
studied the hypoglycemic effect of Opuntia ficus-indica
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stems, concluding that glycemia decreased in all patients
tested following ingestion of Opuntia ficus-indica. Later,
Frati-Munari et al . (1992) evaluated its role in the
management of diabetes mellitus through the use of
commercial capsules with dried cactus pear.

Also, Mexican traditional medicine makes
empirical use of nopal cladodes mainly for reducing serum
cholesterol levels, regulating blood pressure, controlling
gastric acidity, and treating several pathologies such as
ulcer, fatigue, dyspnea, glaucoma, capillary fragility, liver
conditions, rheumatic pain, and wounds (Dominguez
Lopez, 1995; Munoz de Chavez et al., 1995). Some new
applications having greater scientific basis are being tried
for the treatment of gastritis and diabetes (Trejo-Gonzalez
et al., 1996; Galati et al., 2001; Galati et al., 2002).

The nutritional, medicinal and human health
properties of cactus pears are factors that could
contr ibute to increase cactus pear  consumption
(Hegwood, 1990).

The processing of the fruit represents a great
technological challenge, since it presents certain
characteristics as low acidity and high content of soluble
solids mainly glucose and fructose, makes it a very
susceptible substrate for microbial growth.

To know the exact qualitative and quantitative
composition is of capital importance and it represents a
primordial stage in the perspective of processing and
commercializing the prickly pear juice.

The aim of this work was to establish the differences
in quality between three cactus pears cultivars at three
different stages of maturity. However, scientific
information on the physical and chemical characteristics
of the fruit is generally scanty and almost all the data
reported is for the fruits at unique point of maturity: the
ripe stage. Therefore, the objective of the present study
was to determine the physical and physico-chemical
characteristics at different stages of maturity as related to
the apparent color variations in prickly pear fruits.

MATERIALS AND METHODS

Raw materials
All experiments were carried out on prickly pear

fruits pertaining to the cultivar grow in three different
Moroccan regions. After the harvest, an amount of 5 kg of
the fruits for each lot were classified into three apparent
maturities according to color: (1) green, (2) half ripe,
(3) ripe.

The fruits were water washed, peeled and blended.
The pulp and juice were separated from the seeds by
filtration. The juices were kept at -20 °C until analysed.
The seeds were washed abundantly with the water to
remove the pulp attached, dried at 60 °C for 24 h. The
weight of different components of the prickly pear fruits
was determined such as skin, pulp and seeds.

Chemical Analysis
The °Brix was determined using a refractometer

(ATAGO’s Abbe refractometer 1T/4T). The total acidity
was determined on 10 ml of juice by measuring the volume
of 0.1 N NaOH necessary to take the sample to pH 8.1,
which was monitored potentiometrically (Tateo, 1978).
Experiments were carried out on juices from the three
lots for each cultivar and for the three different stages
of maturity.

The sugar content was established by using the
Bertrand method (Browne and Zerban, 1955). This dosage
consists in collecting the precipitate of the copper (II) oxide
Cu2O formed by reduction of the cupro-alkaline liqueur,
in presence of reducing sugars, and to measure it out by
manganimetry. Bertrand’s tables give the correspondence
directly between the volume of KMnO4 (0.1N) used and
the content in glucose of the trial hold. It is an empiric
method; it implies that it is necessary to operate in strict
operative conditions (time of boiling point, volumes of
the solutions).

The total nitrogen content was measured using the
Kjeldahl method (Pomeranz and Clifton, 1987). This
method includes two stages: mineralization and distillation.
An exact amount of sample was weighed and mineralized
in a glass tube after the addition of concentrated sulfuric
acid, a small amount of selenium and copper (II) oxide as
catalyzer. At first, the glass tube was heated to 300 °C
and, after the addition of a solution containing 50%
hydrogen peroxide, to 400 °C until a clear light blue
solution was obtained (due to the formation of copper (II)
complexes). After cooling, a few milliliters of water were
added to dilute the solution that was then placed into the
kjeldahl apparatus (Boyer Buchi Distillation Unit B-324)
for the determination of the nitrogen content. NaOH
(0.01N) was added in excess, and the total nitrogen present
was distilled as ammonia. The excess of ammonia was then
back-titrated with 0.1N H2SO4 in the presence of a mixed
indicator (bromocresol green and methyl red).

Total nitrogen contents were converted to values
of protein contents by using a factor of conversion,
generally, of the order of 6.25. This factor represents the
percent of total nitrogen in protein which is evaluated to
16% (Pomeranz and Clifton, 1987).

For mineral analysis, samples were incinerated
in a muffle furnace at 525 °C for 24 h. Ashes were
quantified gravimetrically. The ashes were diluted with
hydrochloric acid 0.1N and with distil led and
demineralised water. Calcium, potassium and sodium
were measured by flame atomic absorption (SOLAR).
Zinc and copper were analyzed by atomic absorption
spect rophotometry  us ing an  UNICAM 929 AA
Spectrometer (“ATIUNICAM”).

Statistical analysis
For the statistical analysis, MS-Excel (Microsoft,

Redmond, USA) was used. This analysis was performed
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by the determination of the averages and coefficients of
variation.

RESULTS AND DISCUSSION

Physical parameters
The physical characteristics of the Prickly Pear

fruits are reported in Tables 1, 2, 3 and 4. However, there
was a variation in the weight of the fruits and composition
on skin, pulp and seeds as a function of the stage of maturity
and type of cultivar (cv). There was a wide variation in the
weight of individual fruits at different stages of ripeness.
Also, the weight of the fruits varied as a function of the
cultivar. The weight of green fruit was found to be
significantly different than those of half-ripe and ripe fruits.
On average, the weight of the fruit varied from 62.27 to
91.23 g for first stage, from 77.68 to 110.13 g for second
stage, and from 88.70 to 130.87g for the latest stage.

The pulp increased with maturity, it ranged from
51.93 to 54.73 % for green fruits, from 52.80 to 55.97 %
for half ripe fruits, and from 53.99 to 56.36 % for ripe
fruits. At all stages of maturity, in the cv. AitBaâmrane the
pulp represented an important part in the composition of
the fruit. These results were higher than those reported for
Mexican and Chilean cultivars (45 %) (Sawaya et al., 1983;
Sepulveda and Saenz, 1990; Joubert, 1993) and lower than
those reported for Italian cultivars (58.1-61.4 %) (Gurrieri
et al., 2000).

However with advance in maturity, both the percent
of weight of skin and seeds decreased. The percent of
weight of skin ranged from 40.16 to 41.83 % for green
fruits, from 39.05 to 41.43 % for half ripe fruits, and from
38.81 to 40.38 % for ripe fruits. On average, the weight of
skin varied from 41.20 to 39.45 % for the green stage to
the latest. These values were higher than those reported

for Italian cultivars (35.7 to 39.1 %) (Gurrieri et al,. 2000)
and lower than those reported for Mexican and Chilean
cultivars (48 %) (Sawaya et al., 1983; Sepulveda and
Saenz, 1990; Joubert, 1993).

The proportion of weight of seeds decreased from
5.11 to 6.24 % for green fruits, from 4.98 to 5.76% for
half ripe fruits, and from 4.83 to 5.62 % for ripe fruits. On
average, the percent of weight of seeds ranged from 5.20
to 5.72 % from the first stage to the latest. These data were
higher than those reported for Italian cultivars (Gurrieri et
al., 2000) (2.8-3.5 %) and lower than those reported for
Mexican and Chilean cultivars (7 %) (Sawaya et al., 1983;
Sepulveda and Saenz, 1990; Joubert, 1993).

Chemical Characterization
The physico-chemical parameters for juices of

Prickly Pear fruits are presented in Table 5. The average
soluble solid (°Brix) content was lowest (12.56 %) in green
mature fruits, increased to (13.67 %) in half-ripe fruits
and reached the maximum (14.89 %) in ripe fruits. In
Moroccan prickly pear fruits, total soluble solids ranged
between 10.16 and 16.61 %, these values are in agreement
with those reported for Mexican cultivars (12-17 %)
(Saenz-Hernandez, 1995).

p H
pH was measured on prickly pear juices for the three

stages of maturity. The values obtained are reported in
Table 5. The pH turns out to be very high, with values of
the order of 6.1 commonly measured. The pH of the fruits
increased with the advance in maturity, being 6.0 for
green mature, 6.1 for half-ripe and 6.2 for ripe fruits.
Cactus pears are considered as a low acid food (pH>4.5)
because of the extremely low content of organic acids.
These data were in agreement with literature data for
Mexican and Chilean cultivars which reported that the

SOMENTA ©2006           El-Gharras et al.:  Chemical an physical characterization of three Moroccan yelow prickly pears...

Table 1. Weight of Moroccan yellow prickly pear fruits.

Table 2. Pulp weight of Moroccan yellow prickly pear fruits.

Table 3. Weight of skin of Moroccan yellow prickly pear fruits.

Table 4. Weight of seeds of Moroccan yellow prickly pear fruits.

Tabla 1. Peso de higos chumbos amarillos de Marruecos.

Weight of fruit (g) 
Apparent maturity Cultivar 

Green Half-ripe Ripe 
ElKelaâ 62.27 ± 6.90 77.68 ± 2.76 88.70 ± 2.26  
Skhour Rehamna 71.90 ± 2.15 82.13 ± 2.06 113.93 ± 5.33 
AitBaâmrane 91.23 ± 5.54  110.13 ± 1.88 130.87 ± 5.86  
Average 75.13 ± 14.75  89.98 ± 17.59  111.17 ± 21.22 
CV % 19.63  19.55 19.09 

Table 2. Peso de pulpa de higos chumbos amarillos de Marruecos.

Tabla 3. Peso de la piel de higos chumbos amarillos de Marruecos.

Tabla 4. Peso de la semillas de higos chumbos amarillos de Marruecos.

Weight of pulp (g) 
Apparent maturity Cultivar 

Green Half-ripe Ripe 
ElKelaâ 32.34 ± 1.09   41.02 ± 1.28   47.89 ± 0.85  
Skhour Rehamna 37.81 ± 1.40  44.95 ± 0.62 63.46 ± 1.25  
AitBaâmrane 49.93 ± 1.75 61.64 ± 1.96 73.76 ± 2.92 
Average 40.03 ± 9.00 49.20 ± 10.95  61.70 ± 13.02  
CV % 22.48 22.26  21.10  

Weight of seeds (g) 
Apparent maturity Cultivar 

Green Half-ripe Ripe  
ElKelaâ 3.89 ± 0.50 4.47 ± 0.50 4.98 ± 0.57 
Skhour Rehamna 4.17 ± 0.38 4.61 ± 0.36 5.86 ± 0.57 
AitBaâmrane 4.66 ± 0.36  5.48 ± 0.88 6.32 ± 0.60  
Average 4.24 ± 0.39 4.85 ± 0.55 5.72 ± 0.68 
CV % 9.20   11.34 11.89 

Weight of skin (g)  
Apparent maturity Cultivar 

Green Half-ripe Ripe 
ElKelaâ 26.05 ± 0.83 32.18 ± 1.17 35.82 ± 0.90 
Skhour Rehamna 29.92 ± 1.12 32.56 ± 0.57 44.61 ± 1.34 
AitBaâmrane 36.64 ± 1.61 43.01 ± 2.48 50.79 ± 3.21 
Average 30.87 ± 5.36 35.92 ± 6.15 43.74 ± 7.52 
CV % 17.36  17.12 17.19 
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pH of the pulp is ranging from 5.5 to 6.4 (Askar and El-
Samahy, 1981; Sawaya et  a l ., 1983; Sepulveda and
Saenz, 1990; Joubert, 1993; Stintzing et al., 2001) and
also with the values reported for Italian cultivars (6.4-
6.5) (Gurrieri et al., 2000).

Total acidity
The total acidity was determined on prickly pear

juices for the different lots of all cultivars. The obtained
results are reported in Table 5, expressed as g of
monohydrate citric acid per 1 kg of juice. Along with the
pH value, the titrable acidity decreased slightly with the
maturity (Table 5). Ripe fruits were less acidic (0.56 g/
kg), being slightly different than green mature (0.59 g/kg)
and half-ripe fruits (0.58 g/kg).

On average, the total acid content in the prickly
pear fruits varied from 0.55 to 0.60 (g/kg) and it did not
differed significantly among the cultivars with regard to
the stage of ripeness. These data are higher than those
reported in literature from Italian cultivars (0.2 g/kg)
(Gurrieri et al, 2000).

The total acid content in Moroccan prickly pear
juices was very low in comparison with the acidity of
other fruit juices, expressed according to monohydrate
citric acid, such as pear (3 g/kg), orange (8 g/kg), apple
(9 g/kg), peach (9 g/kg), strawberry (9 g/kg), pineapple
(11 g/kg), raspberry (18 g/kg), plum (22 g/kg), and
apricot (24 g/kg) (Tateo, 1978; Belitz and Grosch,
1999).

Table 5. Physicochemical parameters of juices of Moroccan yellow prickly pear fruits.

Tabla 5. Parámetros fisicoquímicos de jugos de higos chumbos amarillas de Marruecos.

Table 6. Dry matter and ash content of Moroccan yellow prickly pear fruits per kg of juice.

Tabla 6. Materia seca y contenido de cenizas de higos chumbos amarillas de Marruecos por kg de jugo.

Moisture content
Table 6 shows the dry matter in the analyzed juices.

The moisture of Moroccan prickly pear juices is important.
It ranged from 878.00 to 902.70 (g/kg of juice) for green
fruits, from 857.80 to 899.60 (g/kg of juice) for half ripe
fruits, and from 839.20 to 888.80 (g/kg of juice) for ripe
fruits. It decreased slightly with advances in maturity. On
average, the moisture content of Moroccan prickly pear
juices varied from 855.10 to 881.33 (g/kg). These data
were in agreement with literature data for Chilean cultivars
which reported that the moisture ranged from 840 to 900
g/kg (Sepulveda, 1998; Saenz, 2000).

Ash
The results of ash analysis are reported in Table 6.

Ash content ranged from 1.98 to 3.15 (g/kg of juice) for
green fruits, from 2.80 to 2.98 (g/kg of juice) for half ripe
fruits, and from 2.03 to 3.41 (g/kg of juice) for ripe fruits.
On average it varied from 2.63 to 2.88 (g/kg of juice).
These values are comparables to those reported for other
cultivars (3–10 g/kg of juice) (Sawaya et al ., 1983;
Sepulveda and Saenz, 1990).

Reduced sugar content
The results of sugar analysis are reported in Table

7. The obtained values showed the presence of high
amounts of reduced sugars in all cultivars under
investigation. Depending on colour of fruit and fruit origin,
different ratios of reduced sugars were found.

3.15 ± 0.16 
2.03 ± 0.92
3.41 ± 0.13 
2.86 ± 0.73 

25.52 

2.80 ± 0.25 
2.85 ± 0.33 
2.98 ± 0.56 
2.88 ± 0.09

3.13

3.15 ± 0.16 
1.98 ± 0.64
2.77 ± 0.25 
2.63 ± 0.60

22.81 

111.20±5.40
162.70±7.80
160.80±8.20

144.90±29.20 
20.15 

100.40±8.90 
151.40±5.00
142.20±4.60 

131.33±27.18
20.70 

97.30±8.30 
136.70±8.00
122.00±9.40

118.67±19.91
16.78

ElKelaâ
Skhour Rehamna
AitBaâmrane
Average
CV %

RipeHalf-ripeGreenRipeHalf-ripeGreen

Apparent maturityApparent maturity

Ash (g)Dry matter (g)

Cultivar

3.15 ± 0.16 
2.03 ± 0.92
3.41 ± 0.13 
2.86 ± 0.73 

25.52 

2.80 ± 0.25 
2.85 ± 0.33 
2.98 ± 0.56 
2.88 ± 0.09

3.13

3.15 ± 0.16 
1.98 ± 0.64
2.77 ± 0.25 
2.63 ± 0.60

22.81 

111.20±5.40
162.70±7.80
160.80±8.20

144.90±29.20 
20.15 

100.40±8.90 
151.40±5.00
142.20±4.60 

131.33±27.18
20.70 

97.30±8.30 
136.70±8.00
122.00±9.40

118.67±19.91
16.78

ElKelaâ
Skhour Rehamna
AitBaâmrane
Average
CV %

RipeHalf-ripeGreenRipeHalf-ripeGreen

Apparent maturityApparent maturity

Ash (g)Dry matter (g)

Cultivar

0.57±0.02
0.55±0.02
0.55±0.02
0.56±0.01

1.79

0.60±0.02
0.57±0.02
0.58±0.02
0.58±0.02

3.45

0.60±0.02
0.59±0.02
0.59±0.02
0.59±0.01

1.69

6.16±0.05
6.34±0.12 
6.15±0.07
6.22±0.11

1.77

6.01±0.07
6.19±0.10 
6.05±0.08
6.08±0.09

1.48

6.01±0.07
6.07±0.07 
5.95±0.08
6.01±0.06

1.00

11.53±0.49 
16.54±0.68
16.61±0.57 
14.89±2.91 

19.54

10.32±0.88
15.68±0.43 
15.00±0.31 
13.67±2.92 

21.36

10.16±0.81
14.24±0.70 
13.27±0.99 
12.56±2.13 

16.96

ElKelaâ
Skhour Rehamna
AitBaâmrane
Average
CV %

Ripe Half-ripeGreenRipe Half-ripeGreenRipe Half-ripeGreen

Apparent maturityApparent maturityApparent maturity

Titrable acidity
(g of monohydrate citric acid 

per Kg of juice)
pHDegree Brix (%)

Cultivar

0.57±0.02
0.55±0.02
0.55±0.02
0.56±0.01

1.79

0.60±0.02
0.57±0.02
0.58±0.02
0.58±0.02

3.45

0.60±0.02
0.59±0.02
0.59±0.02
0.59±0.01

1.69

6.16±0.05
6.34±0.12 
6.15±0.07
6.22±0.11

1.77

6.01±0.07
6.19±0.10 
6.05±0.08
6.08±0.09

1.48

6.01±0.07
6.07±0.07 
5.95±0.08
6.01±0.06

1.00

11.53±0.49 
16.54±0.68
16.61±0.57 
14.89±2.91 

19.54

10.32±0.88
15.68±0.43 
15.00±0.31 
13.67±2.92 

21.36

10.16±0.81
14.24±0.70 
13.27±0.99 
12.56±2.13 

16.96

ElKelaâ
Skhour Rehamna
AitBaâmrane
Average
CV %

Ripe Half-ripeGreenRipe Half-ripeGreenRipe Half-ripeGreen

Apparent maturityApparent maturityApparent maturity

Titrable acidity
(g of monohydrate citric acid 

per Kg of juice)
pHDegree Brix (%)

Cultivar
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Table 7. Reduced sugars and protein content of Moroccan yellow prickly pear fruits per kg of juice.

Table 8. Sodium and potassium content (mg/kg of juice) of juices of Moroccan yellow prickly pear fruits.

2.43 ± 0.39
2.09 ± 0.76
3.77 ± 0.55
2.76 ± 0.89

32.25 

1.62 ± 0.24
2.03 ± 0.70 
3.31 ± 0.47 
2.32 ± 0.88 

37.93

1.35 ± 0.28 
1.91 ± 0.80
2.11 ± 0.42 
1.79 ± 0.39 

21.79 

111.22± 1.57
170.44± 12.16 
175.11±12.81
152.26± 35.62

23.39 

99.91 ± 4.27 
153.67 ± 7.81 
143.78 ± 5.87 
132.45± 28.61 

21.60

97.93 ± 2.14
131.56 ± 8.23 
122.22 ± 8.74 
117.24± 17.36

14.81 

ElKelaâ
Skhour Rehamna
AitBaâmrane
Average
CV %

RipeHalf-ripeGreenRipeHalf-ripeGreen

Apparent maturityApparent maturity

Protein (g)
(Conversion factor = 6.25)Reduced sugars (g)

Cultivar

2.43 ± 0.39
2.09 ± 0.76
3.77 ± 0.55
2.76 ± 0.89

32.25 

1.62 ± 0.24
2.03 ± 0.70 
3.31 ± 0.47 
2.32 ± 0.88 

37.93

1.35 ± 0.28 
1.91 ± 0.80
2.11 ± 0.42 
1.79 ± 0.39 

21.79 

111.22± 1.57
170.44± 12.16 
175.11±12.81
152.26± 35.62

23.39 

99.91 ± 4.27 
153.67 ± 7.81 
143.78 ± 5.87 
132.45± 28.61 

21.60

97.93 ± 2.14
131.56 ± 8.23 
122.22 ± 8.74 
117.24± 17.36

14.81 

ElKelaâ
Skhour Rehamna
AitBaâmrane
Average
CV %

RipeHalf-ripeGreenRipeHalf-ripeGreen

Apparent maturityApparent maturity

Protein (g)
(Conversion factor = 6.25)Reduced sugars (g)

Cultivar

1649.97±1.17
1957.76±1.25
1909.50±3.64

1839.08±165.54
9.00

2025.40±0.57
1348.62±0.39
2318.20±1.50

1897.41±497.30
26.21

963.90±0.60
2338.00±1.15
1698.84±1.54

1666.91±687.61
41.25

136.48±0.87
90.82±0.68
166.70±0.59
131.33±38.2

29.09

115.60±0.59
110.72±0.58
63.15±0.40

96.49±28.98
30.03

236.78±0.74
145.74±0.59
50.78±0.38

144.43±93.01
64.40

ElKelaâ
Skhour Rehamna
AitBaâmrane
Average
CV %

RipeHalf-ripeGreenRipeHalf-ripeGreen

Apparent maturityApparent maturity

PotassiumSodium

Cultivar

1649.97±1.17
1957.76±1.25
1909.50±3.64

1839.08±165.54
9.00

2025.40±0.57
1348.62±0.39
2318.20±1.50

1897.41±497.30
26.21

963.90±0.60
2338.00±1.15
1698.84±1.54

1666.91±687.61
41.25

136.48±0.87
90.82±0.68
166.70±0.59
131.33±38.2

29.09

115.60±0.59
110.72±0.58
63.15±0.40

96.49±28.98
30.03

236.78±0.74
145.74±0.59
50.78±0.38

144.43±93.01
64.40

ElKelaâ
Skhour Rehamna
AitBaâmrane
Average
CV %

RipeHalf-ripeGreenRipeHalf-ripeGreen

Apparent maturityApparent maturity

PotassiumSodium

Cultivar

0.38±0.02
0.08±0.01
0.41±0.02
0.29±0.18

62.07

0.48±0.02
0.18±0.01
0.45±0.01
0.37±0.17

45.95

1.18±0.02
0.31±0.02
0.37±0.02
0.62±0.49

79.03

0.19±0.02
0.16±0.01
0.21±0.01
0.19±0.03

15.79

0.20±0.02
0.15±0.01
0.22±0.01
0.19±0.04

21.05

0.21±0.02
0.16±0.01
0.17±0.01
0.18±0.03

16.67

263.00±1.18
129.60±0.48
251.20±1.46
214.60±73.85

34.41

228.30±1.49
125.90±0.36
239.39±1.18
197.86±62.57

31.62

188.60±1.54
111.11±0.61
184.70±1.16

161.47±43.66
27.04

ElKelaâ
Skhour Rehamna
AitBaâmrane
Average
CV %

Ripe Half-ripeGreenRipe Half-ripeGreenRipe Half-ripeGreen

Apparent maturityApparent maturityApparent maturity

ZincCopperCalcium

Cultivar

0.38±0.02
0.08±0.01
0.41±0.02
0.29±0.18

62.07

0.48±0.02
0.18±0.01
0.45±0.01
0.37±0.17

45.95

1.18±0.02
0.31±0.02
0.37±0.02
0.62±0.49

79.03

0.19±0.02
0.16±0.01
0.21±0.01
0.19±0.03

15.79

0.20±0.02
0.15±0.01
0.22±0.01
0.19±0.04

21.05

0.21±0.02
0.16±0.01
0.17±0.01
0.18±0.03

16.67

263.00±1.18
129.60±0.48
251.20±1.46
214.60±73.85

34.41

228.30±1.49
125.90±0.36
239.39±1.18
197.86±62.57

31.62

188.60±1.54
111.11±0.61
184.70±1.16

161.47±43.66
27.04

ElKelaâ
Skhour Rehamna
AitBaâmrane
Average
CV %

Ripe Half-ripeGreenRipe Half-ripeGreenRipe Half-ripeGreen

Apparent maturityApparent maturityApparent maturity

ZincCopperCalcium

Cultivar

Table 9. Calcium, copper, and zinc content (mg/Kg) of juices of Moroccan yellow prickly pear fruits.

Tabla 7. Azúcares reductores y contenido de proteínas de higos chumbos amarillas de Marruecos por kg de jugo.

The sugar contents were significantly different
during different stages of maturity and as function of
cultivar. They increased with maturity and reached the
higher values especially in completely ripe prickly pear
fruits. The content of reducing sugars was the highest in
the fruits of the cvs. Skhour Rehamna and AitBaâmrane
(131.56-170.44 g/kg) and (122.22-175.11 g/kg)
respectively. At all stages of maturity, the lowest content
of reducing sugars was obtained in the cv. ElKelaâ (97.93-
111.22 g/kg).

On average, reducing sugars increased from (117.24
g/kg) for the green mature to (152.26 g/kg) for the ripe
stage of maturity. Consequently, the °Brix/acid ratio
increased from 211.36 for green mature to 268.92 for ripe
fruits, being significantly different among all stages of
maturity.

Finally, these results for Moroccan cultivars are
higher than those reported for Italian cultivars (110-120
g/kg) (Gurrieri et al, 2000). The reducing sugars content in
Moroccan Prickly Pear juices is higher when compared with
that of other common fruit juices such as pineapple (123
g/kg), apple (111 g/kg), pear (98 g/kg), peach (85 g/kg), plum
(78 g/kg), orange (70 g/kg), apricot (61 g/kg), strawberry
(57 g/kg), and raspberry (45 g/kg) (Cappelli and Vannucchi,
1990; Belitz and Grosch, 1999).

Protein content
The data obtained for protein analysis are shown

in Table 7. The amounts of proteins in the prickly pear
juices increased during the stages of maturity especially
in the case of the cv. ElKelaâ. The highest content of
proteins (3.77 g/kg) was detected in the cv. AitBaâmrane.

Tabla 8. Contenido de sodio y potasio (mg/kg de jugo) de higos chumbos amarillas de Marruecos.

Tabla 9. Contenido de calcio, cobre y zinc (mg/kg de jugo) de higos chumbos amarillas de Marruecos.
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These results for Moroccan fruits are lower than those
reported for Chilean and Mexican cultivars respectively
(2.1-16 g/kg) and (20-30 g/kg) (Saenz and Sepulveda,
2001; Silos-Espino et al., 2003).

The latter differences may be attributed to the
conditions in which prickly pears were grown in those
previous studies. Finally, the amount of protein present in
prickly pear are comparables to those found in other
common fruits such as apple (2 g/kg), pear (3 g/kg), apricot
(4 g/kg), pineapple (5 g/kg), plum (0.5 g/kg), orange (7 g/
kg), peach (8 g/kg), and strawberry (9 g/kg) (Cappelli and
Vannucchi, 1990; Belitz and Grosch, 1999).

Mineral content
The data on sodium, potassium, calcium, copper

and zinc contents is presented in Table 8 and 9. With
exception of calcium, no set pattern was observed between
mineral concentration and stage of ripeness. Authors have
reported a large variability in the mineral composition of
the fruits of different regions (Sawaya et al., 1983;
Sepulveda and Saenz, 1990; Gurrieri et al., 2000; Silos-
Espino et al., 2003).

In Moroccan prickly pear juices, the amount of
calcium increased during the stages of maturity. It increased
from 111.11 mg/kg for the green mature to 263.00 mg/kg
for the ripe stage of maturity. These results were higher
than those reported for Mexican cultivars (Silos-Espino et
al. 2003) (110-170mg/kg) and relatively lower than those
reported for Chilean cultivars (154-328 mg/Kg) (Sawaya
et al., 1983; Sepulveda et al., 1990).

The potassium content ranged from 963.90 to
2338.00  (mg/kg). These data are higher than those reported
for Mexican cultivars (610-720 mg/kg) (Silos-Espino et
al., 2003), and significantly very higher than those reported
for Chilean cultivars (12.8-27.6 mg/Kg) (Sawaya et al.,
1983; Sepulveda et al., 1990).

In this study, sodium concentration ranged from
50.78 to 236.78 (mg/kg). These values are comparables
to those reported for Mexican cultivars (120-160 mg/kg)
(Silos-Espino et al., 2003).

The amount of copper varied during the stage of
maturity, but the variation was not very significant. The
content varied from 0.18 for the green fruits to 0.19 (mg/
kg) for the half-ripe and ripe fruits. These results were
very lower than those reported in the literature for Mexican
cultivars (5 mg/kg) (Silos-Espino et al., 2003).

On average, the amount of zinc decreased as
function of the stages of maturity. It decreased from 0.62
(mg/kg) for the green fruits, to 0.37 (mg/kg) for the half-
ripe fruits and to 0.29 (mg/kg) for the ripe fruits. The
content of zinc in Moroccan cultivars are in good
agreement with those reported for Italian cultivars (0.3-
0.4 mg/kg) (Gurrieri et al., 2000) but very lower than
those reported for Mexican cultivars (12-16 mg/kg)
(Silos-Espino et al., 2003).

The mineral pattern is dependent on fruit origin,
the edaphic factors at the site of the cultivation, thus
explaining conflicting literature data.

CONCLUSIONS

The current study reveals a large variation in the
physical and physico-chemical composition of Moroccan
prickly pear fruits from three cultivars during maturation
from green mature stage to ripe fruits. With advance in
maturity the weight of the pulp, pH, sugars, proteins, and
calcium increased. While, the proportions of skin and
seeds, acidity, and moisture decreased. For potassium,
sodium, copper and zinc contents, no set pattern was
observed between the concentrations of these mineral
constituents and the stage of ripeness of the fruits.

In conclusion, to establish differences among
cultivars it is also necessary to eliminate variability due to
growing conditions and degree of ripeness. Therefore,
particular attention needs to be given to the selection of
fruits in an attempt to keep these factors as uniform as
possible.

Finally, considering that Opuntia plants grow in all
semiarid and arid regions of several countries, prickly pear
has the potential to provide human communities living in
those regions with some of their key nutrients.
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