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1. INTRODUCTION
Cactus pear fruits (Opuntia ficus indica) is associated with semiarid 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 and Felker, 1997).
Taxonomy of Opuntea
Kingdom
Plantae
Division
Angiosperms
Class
Dicotyledons
Order Caryophyllales
Family
Cactaceae
Subfamily Opuntioideae
Tribe
Opuntiae
GenusOpuntia
Species
Opuntia ficus-indica (L.) P. Mill.
Opuntia tehuantepecana – Nopal de Caballo
Opuntia tuna (tuna cactus)
Commonly eaten fresh, it is known in some areas of the world as ‘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 had published researches about the post-harvest of the fruit, as
well as its ‘nopalitos’ (Chiessa and Barbera, 1984; Chiessa and Agabbio,
1987;Rodriguez-Felix and Cantwell, 1988; Piga et al., 1996; Schirra et
al., 1996, 1997a, 1997b; Rodriguez-Felix and Villegas-Ochoa, 1998
and Schirra, 1998). Consequently, as knowledge of its nutritive value
grows, interest in Sexpanding its possibilities was also raised, lending it
even greater value through its transformation into attractive products of


longer shelf-life.
Interesting studies on these cactus pear had been and continued to be
made in an attempt to better use species, which for centuries had been
considered as an attractive and rich food .

In Egypt, Prickly pear ( Opuntia ficus-indica) trees are usually grown in
Sandy areas since the tree tolerates lack of water. Trees are grown not
only for their fruits but also as fences and wind breakers or for erosion
control in deforested areas. In time, cacti plants such as Opuntia ficus
indica are grown into freely-branching trees in the new reclaimed areas at
El-Noubaria, El-Boustan and El-Banger. The fruit is consumed fresh and
there is no accurate estimates about the annual production and the acreage
occupied by prickly pear plants. The fruit is pear-shaped with thick skin
containing spots numerous prickles which makes the peeling process
uncomfortable, while the pulp is quite soft and contains hard seeds which
makes it unarguable Abd el-Naby (2001) .

Up to date relatively little work has been reported regarding
the manufacturing of prickly pear products. However, some studies had
been carried out on the canning of prickly pear fruits and juice (ParedesLopez and Rajo Burgos, 1973 and Joubert,1993). Storage of fruits, jam
manufacture and dried sheets had been reported by Sawaya et.al , 1983 ,
Ewaidah and Hassan, 1992, and Abd el-Naby (2001). Pectin isolated
from prickly pear had been found to lower plasma cholesterol levels
(Fernandez et al., 1990).


Recipes range from appetizers, soup and salads through entrees,

 Vegetables dishes and breads and desserts, beverages, alcoholic drinks
and candies can be prepared from prickly pear cactus (Russell and
Felker 1987).
Table (1): Cultivated area of prickly pear in Gaza
Governorates(2010).
Governorates
Cultivated area/ square meter
North Gaza
1500
Gaza City
1300
Mid Zone
3000
Khan Younis
30,000
Rafah
10,000
Total
45,800
(Ministry of Agriculture in the Gaza Strip 2011)
There are new crops that are distributed in all governorates 2200m
Notes:
- Production of one square meter at a rate of 15 kg .
-production rate of the total area are 720 tones .
The present work was started the objectives of:
1-Studying the chemical composition and nutritional value of Prickly
pear fruits.
2- Utilizing the prickly pear fruits in preparing:
a- Juice and natural syrup.
b- Jam
3- Determining the organoleptic evaluation of products that shown in
objective no.2.
4- Identifying the active principles of prickly pear fruits.





2. REVIEW OF LITERATURE
2.1. Fruit development and maturity indices of cactus pear
fruits:
Cactus pear fruits show during development and maturation a double
sigmoid curve consisting of three distinct phases:
1- Pronounced gain in dry weight for peel and seeds (phase ²).
2- Seed hardening with a lag period of growth increase in fresh
weight (phase Ð).
3- The final swell of the core and the accumulation of sugars or after
outset of color change (phase Ð²). (Barbera et al. 1992).
The three phases have approximately the same length, and the entire fruit
growth period lasted 80 to 90 days (Nerd and Mizrahi, 1995). Duru and
Turker, (2005) reported that cactus pear fruits had a sigmoid growth
curve that may be due to the pattern of expression of phase Ð of fruit
growth.

The Stages of maturity and ripening of Tuna Blanca fruits were
described as follows:
1- Mature green fruits: Almost fully developed, with a light green peel.
2- Ripening fruits: peel begins to show color change, color development
may vary from incipient up to 75% of fruit surface. Fruit at this
stage are considered optimal for commercial harvest, and glochids
begin to abscise.
3- Ripe fruits: have 75 to 100 % yellow peel color, are noticeable
during harvest.



Over-ripe fruits: may show an increasing intensity of yellow peel
color, with small, rusty-brown discolored areas beginning to form
(Cantwell, 1995).

During stage (I), the various core components decreases until shortly
before ripening (70 days after flowering). While the content of core from
total soluble solids (TSS) and total soluble sugars rose in this time and
sugars continued to accumulate during ripening (85 to 100 days after
flowering).

Fruit firmness decrease until ripening and then remain stable then
decreases again in fully ripened fruits. Peel color began to change after
70 days from flowering, and both peel and core were deeply colored
(yellow, red and white, depending on the cultivar) after 85 to 100 days
from flowering (Nerd and Mizrahi, 1995). Moreover, length (days) of
fruit ripening period (FRP) is significantly longer (2-3 weeks) for the
autumn ripening fruits than for summer ripening fruit. Summer fruit
have a shorter duration of stage ²²² of their (FRP), when the core
develops most rapidly. Eventually, summer fruits are smaller than
autumn ripening ones (Schirra et al., 1999b).

Finally, as we show above the stages of maturity or ripeness at harvest
are very important for fruit quality since sugar content and sweetness
don't increase after harvest as common in non-climacteric fruits which
has no storage carbohydrates as starch, so there are some maturity indices
usually uses like fruit size and fullness, change in peel color, abscission
of small spines or glochids, fruit firmness and flattening of the floral
cavity or receptacle (Cantwell, 1995 and Inglese, 1995).



According to Nerd and Mizrahi, (1995) a common index for harvest is
the beginning of peel color change and this may be supplemented by
measurement of total soluble solids (TSS). In many cultivars, TSS values of
(12 to 15 %) indicate maturity at later stages, when peel color becomes fully
developed and fruit becomes soft and less suitable for processing, storage
and some consumers consider them less appetizing. Even at the preripening stage we found that the pulp acidity content was very low (0.02 to
0.06 % as citric acid), so it was un useful to use it as harvest indicator for
cactus pear fruits.

2.2. Fruit quality and nutritional value:
Quality of cactus pear fruit include size, flesh percentage, color, total
soluble solids, and seed content .Fruits are fleshy berries (oval or
elongated) with a thick pericarp (30 -55% of total fruit weight), flesh
juicy pulp (45-70% of total fruit weight) and hard seeds (2-10%). Large
variability in percentages were depending on cultivar, cultural practices,
fecundated and aborted-seed number, fruit load, lighting period, climate,
water availability and harvesting season (Inglese et al., 1995; Piga, 2004
and Rodríguez-Félix, 2002).
Best quality fruits should have the following characteristics, weight (90
to ≥ 270 g ) , flesh percentage not lower than (55- 60%), total soluble
solids (TSS) between (10-15%), very low acidity (0.03 - 0.18 % as citric
acid equivalents), high pH value (5.3 - 7.1), low seed content, free of any
damage types, have color and flavor typical of each variety ( Cantwell,
1995; 2004; Rodríguez-Félix, 2002 ; Piga, 2004; and Codex Standard,
2005).



Chemical composition of cactus pear fruits is similar to other fresh
fruit such as papaya, oranges and peaches. An average composition
shows a high water content (84-90 %) , carbohydrates (10-15 %) and
important amounts of vitamin C (10-410 mg.kg-1) found in different
Opuntia spp.In addition, cactus pear fruits Opuntia ficus-indica (L) Mill.,
shows a vitamin C content ranging from 180 to 300 mg.kg-1 which are
higher than other common fruits, such as apple, pear, grape and banana
(Kuti, 1992;Cantwell, 1995; Piga, et al., 1996; Piga, 2004 ).

Cactus pear fruits have a very sweet taste due to sugars content,
which ranged from 10 ºBrix to 17 ºBrix. Reducing sugars are the main
types; glucose is the predominant sugar and fructose the second sugar.
authors had also reported the occurrence of galactose and maltose (Piga,
2004; Stintzing et al., 2001).While other components such as lipids,
protein, dietary fibers and ash content are similar to other tropical fruits
(Cantwell, 1995 and Stintzing et al., 2001).

Nutritional importance of cactus pear fruits were reported in last few
years. Authors had reported that the nutritional value in fruits due to its high
content from carbohydrates, vitamins, pigments, minerals and amino acids
(Stintzing et al., 2001; Piga, 2004 and Rodríguez-Félix, 2002), such as high
content from proline (1768.7 mg.L-1 ), glutamine (574.6 mg.L-1) and taurine
(572.1 mg.L-1). Taurine has specific functions in the heart, retina and central
nervous system, and interacts with hormonal system. While the high
content from calcium (up to 59 mg. 100g-1) and magnesium (98.4 mg.100g1

) make cactus pear juice useful in prevention of osteoporosis and cramps,

respectively. In addition ,the fiber content gives juices a favorable mouth
feel and help to reduce blood sugar and plasma cholesterol levels (Piga,
2004 and Stintzing et al., 2001).


2.3. Postharvest technology:
2.3.1. Harvesting:
Cactus pear fruits are picked manually with thick gloves and glasses
to avoid injuries from glochids. It is recommended to start picking early
in the morning, when glochids are wet and stick to the fruits (Cantwell,
1995) .

Cactus fruits are attached to the mother cladode at an articulation,
which permits them to be twisted off. The skill of the harvester and the
cultivar determines whether this technique is injurious or not to the base
or stem-end of the fruit. Oval or barrel-shaped fruits are easier to harvest
than elongated fruits, and therefore suffer, less harvest damage to the
stem-end. In addition to carefully rotating the fruit off the cladode, fruits
are often cut from the cladode. They may be cut carefully at the
articulation or be cut with a very small amount of mother cladode
attached (Chávez-Franco and Saucedo-Veloz, 1985).

The latter fruit may be cured or held for one to two days under
ambient conditions with increasing air flow so that the cladode tissue
dries up and falls off when the fruit is selected and packed. This
technique has been used effectively to reduce harvest damage in red fruits
in California and it is common practice in Italy. In some Opuntia species
it is not possible to use this harvest technique, due to the presence of large
spines on the cladode near the base of the fruit (Cantwell, 1995 and
2004).



Various hand-held tools have been developed to facilitate the
harvesting of cactus fruits. Many of these tools consist of a cutting edge
and a device to retain the harvested fruits. More advanced designs of
rapid individual fruit harvesters, with cutting or twisting tools attached to
extended light-weight arms, have been developed.

Lara-Lòpez, (1992) has also described a non-selective, counterrotating disk harvester for fruits destined for processing. These harvest
tools result in a level of damage to fruits which are similar to that
obtained with careful hand harvesting. The difficulties associated with the
harvest of cactus fruits had limited their commercialization and their
industrialization. Further development of harvest tools is critical for
improved postharvest quality of fresh market fruits (Cantwell, 1995).

2.3.2.Handling and packing:
Cactus pear fruits are delicate fruits and require care in packing and
handling (Inglese, 1995). The main problem to handling and eating is the
spines in the skin. Larger spines cause a lot of irritation if they are captured in
clothing or attached on to the skin surface .So the harvester tends to avoid the
spin tufts by using two fingers to grasp the fruit instead of distributing the
force more uniformlya cross all hand fingers. This causes compression
lesions but by time there become more evident and decrease the appearance
quality of the fruit. Complete removal of spine from fruit either manually or
mechanically, is necessary for the commercialization of fruits, so researcher
try to develop a simple way to remove spines from fruits. The small spines
are usually eliminated after harvest by spreading fruit on grass or strawcovered areas and brushing with brooms, however, post harvest operations for
exporting quality fruit involve, more careful handling and spine removal. The
spines usually followed by a water rinse. Even so, loose spines may damage


the surface of fruits (Cantwell, 1995 and Inglese, 1995).
After removing the spines, fruits are waxed, sized (manually or by
weight sizes) and packed. Large size fruits, free of defects and of uniform
color, are selected for the export market (Cantwell, 1995). The exportsize fruits should exceed 120g, with a minimum flesh percentage of 60 to
65 percent Inglese, 1995). Fruits may be wrapped in tissue paper and
packed into single or double layers in fiber board cartons weighing about
5 kg (Cantwell, 1995). In cactus pear, packing lines usually comprises
the following operation: feeding, despising, grading, sorting and packing.
The most used packing boxes are card board boxes with 16 to 30 pieces
depending on size, or polystyrenetrays usually containing six pieces of
trays, with a capacity of 1 kg are placed in groups of ten in cardboard
boxes (Caruso et al., 2001).

3.3.Optimum storage conditions:
All storage technologies, which are available temperature, have the
most effect on product quality. Low temperature storage can control the
react at which products deteriorate, allowing wider marketing in space
and time. It can maintain appearance, flavor and nutritional value of
many products. However, the effects of cold storage can be negative as
well as positive. Storage at low temperature or for too long time can
result in chilling injury in some products, and irreversible loss of flavor
and aroma in others. The best storage temperature is that which optimizes
outcomes for all those involved in the fresh produce industry (Watkins
and Ekman, 2005).

Storage behavior of cactus pear fruits was greatly dependent on
ripening time. (Schirra at el., 1999b) and one of the major problems with
cactus pear is high perish ability of its fruit. Storage at room temperature


favors decay, fruit weight loss, wilting, softening and off-flavor
development. while storage at temperature below 8-10°C promotes
physiological breakdown. Physical damage to the peel induced during
spine removal predisposes cactus pear to attack by decay-causing
pathogens.

Cactus pear fruits as most tropical fruit species are susceptible to
chilling injury (Cantwell, 1995). The optimum storage conditions are
depending on variety, ripeness stage, and harvest season, fruit can be
kept for 2 to 5 weeks at 5 °C to 8°C (41 to 46°F) with 90 to 95 %RH.
Factors limiting storage life are decay, dehydration and chilling injury.
Cantwell, 2004 , Kader, 1992 and Gorini et al, (1993) found that when
used atmosphere content of 2 % oxygen and 5 % carbon dioxide during
storage cactus pear fruits at 5°C for 60 days had excellent effect on
quality of the fruits.

2.4. Chemical changes during storage:
2.4.1.Total Soluble Solids (TSS):
Cactus pear fruits are non-climacteric fruits, which are characterized
by a lack of starch as a carbohydrate reserve. In cactus pear fruits, the total
soluble solids range between 12 % to 17 % .There is no significant
increasing in sugar content of non-climacteric fruits after harvesting. In
ripe fruits from three selections of “Tuna Blanca”, the soluble solids of
pulp were increased by less than 1 percent during storage at 20 °C for one
month. Small increasing in soluble solids are probably due to hydrolysis
of complex carbohydrates other than starch (Lakshminarayana et al., 1979
and Cantwell, 1995). Also, Chàvez-franco and Saucedo-veloz,(1985)



reported a small increasing in soluble solids for one selection of cactus
pear fruits that stored at 18°C.

However, Alvarado and Sosa, ( 1978) reported that there were a
slight decline in soluble solids and sugars of cactus pear fruits after two
weeks of storage at 20°C . Moreover, Corrales-García et al., (1997) found
that total soluble solids were decreased with time in pulp after cold storage
for all cultivars which were investigated and stored at 9 °C for 1, 2 and 3
months + 4 or 6 days at 20°C and (65-75 %RH) .The rates of decreasing
were varied between cultivars. The last result agree with Dimitris et al.,
(2005) which studied the effect of hot water and storage on cactus pear
fruits treated with hot water at temperatures ranged from (60 - 70°C) for
different intervals (10 - 30 s) then stored at 6 °C for 4 weeks +1 week at
20°C and mentioned a slight decrease of 1-3 % in TSS at the end of
storage and there were no differences between heated and control fruits.

2.4.2.Carbohydrate contents:
The principle carbohydrate constituents of cactus pear fruits are the
free sugars composed mainly of glucose and fructose with a small amount
of sucrose (Nagy and Shaw, 1980). Other sugars such as galactose and
maltose had been reported in minute amounts (kuti and Galloway, 1994).
During growth, absolute and relative changes of sugar content of fruits are
occur and sugars tend to accumulate faster toward the final weeks of fruit
development (Lakshminarayana et al., 1979).

Sugar content of fruit was varied between (12- 15%) of which more
than 95% corresponds to glucose and fructose in more or less equal
proportions small quantities of sucrose were found varying between 0.1
to1 percent (Nagy and Shaw, 1980). Abdel- Naby, (2001) reported that the


cactus pear pulp had total sugars (11.15%), reducing sugars (10.8 7%)
and non-reducing sugars (0.28%) where the reducing sugars were about
(97.49%) from total sugars.

In addition, Kuti and Galloway, (1994) found that the yellow skinned
of cactus pear fruits had a sucrose as pre-dominant sugar in the peel
(2.21%) , (1.6%) glucose and (1.5%) fructose in pulp and (5.9%) glucose
and (4.3%) fructose in juice. Cantwell, (1995) affirmed that the content of
sugar in cactus pear fruits was certain to the harvest moment, being the
changes in postharvest relatively small also during storage at 20ºC for two
weeks. The cactus pear fruits show a slight decline in sugars content
(Alvarado and Sosa, 1978).

Chiessa and Shirra, (1992) reported that during cold storage at 6 ºC
for 1 week at 20 ºC (SMP), the reducing sugars were decreased. On the
other hands, the decreasing of reducing sugars was small in cactus pear
fruits “Gialla" which subjected to intermittent warming (IW) for 10 days
at 2 ºC followed by 4 days at 8 ºC compared with continuous storage at
above conditions.

2.4.3.pH and acidity value:
Cactus pear fruits were characterized by low acidity (0.15 – 0.25 %)
and pH ranged from 5.8 to 6.4. The main organic acids in fruit pulp were
citric acid (62 mg / 100g ) followed by malic acid (23.2 mg100g-1 ),
quinic acid ( 19.1 mg100g-1 ), shikimic acid (2.8 mg100g-1) and a traces
from isocitric, fumaric, glycolic and succinct acids (Stintzirg et al., (2001)
and Duru and Turker, 2005). Cantwell, 1995 found that the organic acid
content of cactus fruit peel was much higher than pulp. fruit pulp was
contained very little acid at any stage of development, and the PH value


in peel and pulp tissues was increased with ripening while acid content
was decline during ripening process.

The effect of postharvest treatments on pH and acidity was reviewed
by several studies. Dimitris et al., (2005) mentioned a slight decreasing
in acidity at the end of one week of storage period at 20 ºC after hot water
treatment and storage at 6 ºC but they found differences between heat
treatment and control fruits in acidity value. A decreased in acidity was
observed in cactus pear fruits after hot water dipped at 52 ºC for 3 min
and stored at 2 ºC and 8 ºC for 14 days + 1 week at 20 ºC, this was
combined with a slight increasing in pH value. (Rodriguez et al., 2005)

(Rodriguez et al., 2005) explained that this might be due to if there were
a cessation in crassulacean acid metabolism (CAM) in the fruits during
storage, which would result in less acidity and increased in pH value .
Wrapping in polyethylene films and storage at 6 ºC for 3 weeks + 1week
at 20ºC had no influence on pH and acidity value (Piga et al., 1996).
These results were agree with Chiessa and Shirra, (1992) who found that
there was no influence of storage duration and conditions on titratable
acidity and pH value in “Gialla " cactus pear fruits.

2.4.4. Nutritional value:
Rich diet in fresh fruits and vegetables help to prevent human from
chronic diseases. That due to action of antioxidant compounds, such as
carotenoids, L-ascorbic acid (AA), tocopherols, polyphenols and other
compounds. These compounds can delay or inhibit molecules oxidation
in cells which happen by free oxygen radicals cause un-equilibriums in
body system and a lot of diseases such as catarats, cancer, rheumatism ,
etc,(Lana, 2005). Nutritional importance of cactus pear fruits are due to


high content of vitamins and antioxidant compounds. It has about (25 –
30 mg 100g -1) vitamin C , (0.29- 2.3 mg100g-1) carotenoids , (111-115
µg 100g-1) vitamin E ,(53 µg100g-1) vitamin K, on fresh weight and trace
amounts from thiamin, riboflavin and niacin (Cantwell, 1995; Stintzing
et al., 2001 and Stintzing and Carle, 2004).

Vitamin C is minor vitamin in cactus pear fruits (Cantwell, 1995). It
plays a higher role in antioxidant capacity of fruits with polyphenols and
flavonoids (Galati et al., 2003 and Tesoriere et al., 2004). Horticultural
crops have vitamin C in two forms L-ascorbic acid (AA) and Ldehydroascorbic acid (DHA). L-dehydroascorbic acid (DHA) can be
easily converted to AA in human body. Fruit content from vitamins are
affected by many factors, such as genotypic differences, preharvest
climatic conditions and cultural practices, maturity and harvesting
methods, and postharvest handling procedures (Lee and Kader, 2000).
Generally, fruits and vegetables show a gradual decrease in AA content
as the storage temperature or duration increases (Adisa, 1986).

Losses were enhanced by extended storage, higher temperatures, low
relative humidity, physical damage, and chilling injury. Ascorbic acid
was easily oxidized, especially in aqueous solutions, and greatly favored
by the presence of oxygen, heavy metal ions, especially Cu2+, Ag+, and
Fe3+, and by alkaline pH and high temperature (Parviainen and
Nyyssonen, 1992). In horticultural crops, which suffer from chilling
injury at low temperatures chilling injury, causes accelerated losses in
AA content in chilling sensitive crops (Miller and Heilman, 1952).



Cactus pear fruits species had low content from AA in early growth
stage until 90 days after set then it increase to maturation (Kuti, 1992).
Summer fruits had higher amounts from vitamin C than autumn ones
(Schirra et al., 1999a). During intermittent warming (10 days at 2 °C
followed by 4 days at 8 °C) and storage for 6 weeks the AA content show
a falling constant level in”Gialla” (Chiessa and Shirra.1992). Packaging
peeled cactus pear fruits held at 4 °C for 9 days did not show a
significant variation in AA content. Ascorbic acid may be protected by
ascorbate-sparing effect of polyphenols. That agrees with a decrease in
polyphenols after 6 days of storage (Piga et al., 2003).

2.4.5. Pectin substances:
Pectin substances are a large family of structural elements of primary
cell walls and intercellular regions of higher plants where they function
as hydrating agent and cementing material of the cellulosic network.
They are commonly produced during initial stages of primary cell
growth and make about one third of the cell-wall dry substances. The
highest concentration of pectins in cell wall is seen in the middle
lamella, with a gradual decrease from the primary cell wall toward the
plasma membrane. Pectins are among the cell-wall components whose
collective ability to contain the turgor pressure of cell wall determines its
growth (Jarvis 1984). Biochemical studies of cell wall changes during
fruit ripening indicate that structural changes in pectin, hemicellulose,
and cellulose are responsible for the alteration of cell wall structure
(Carrillo-Lüpez et al., 2002 and Goycoolea and Cárdenas, 2003).

The occurrence of pectins in various Opuntia species from Mexico
had been documented for almost three decades. The data from such early
studies in which pectin contents found in eight species and varieties of


Opuntia which compared show that the yield of soluble pectin in these
samples was within a wide range of 0.13% to 2.64% in wet basis (1.00%
to 23.87% in dry-weight basis). In O. ficus indica the total pectin was
1.91% , protopectin 0.097 % and soluble pectin 1.148 in wet basis
(Villarreal et al., 1963). Fruit pectin content was (0.18 g.100g-1) in pulp
on a fresh weight basis. Total fiber substances were contained 70.3%
pectin. Hemicellulose, cellulose and lignin contents in pulp were 15.5,
14.2 and 0.01% respectively. Pectin from peel of cactus pear fruits was
characterized by a galacturonic acid content of 64%, a very low degree of
methoxylation (10%), a high degree of acetylation (10%) and a neutral
sugar content (51%) of 34.5% was galactose and rhamnose (Stintzing et
al., 2001). Cactus pear fruits grown in Egypt had low pectin content. It
was from 4.59 % to 6.01% on dry weight basis and 0.195% on fresh
weight basis (Abdel-Nabey, 2001 and El-Samahy et al., 2006).

Pectin substances play a big role in human nutrition. They are
regarded as non-starch polysaccharides soluble “dietary fiber”. The
effects of intake isolated pectin substances from cactus pear fruits had
been demonstrated. It decreases plasma low-density lipoprotein (LDL)
cholesterol levels in guinea pigs as a good model to human plasma
lipoprotein profile, distribution of hepatic free and esterified cholesterol
pools, and the relative activities of hepatic enzymes (Fernandez et al.,
1990 and 1994). In cactus pear fruits, there was no change in pectin
content of pulp during ripening, while total pectin content of peel was
notably higher and decreased with ripening. The percentage of soluble
pectin however, remained relatively constant during ripening (Martinezolea, 1986). Bicalho and Camargo, (1982) reported that few changes in
pectin content until the cactus pear fruits became over ripe, at the same



time, total pectin content was decreased and soluble pectin content was
increased.

2.5.Technological characteristics of cactus pear fruits :
Several studies had been carried out on chemical composition of
cactus pear fruits, also known as prickly pear (Sawaya et al., 1983;
Sáenz and Castel 1990; Cacioppo, 1992; Ewaidah and Hassan, 1992;
Sáenz , 1995; Rodriguez et al., 1996; Parish and Felker, 1997 and
Abd el- Nabey 2001). As fresh fruits, cactus pear had a similar
composition to other fruits and vegetables but the exact knowledge of
composition was the basis for any successful technological process.
The chemical and mineral composition which was described by different
authors showed that cactus pear fruits had a similar nutritive value to
other fruits. However, its soluble solids content was greater than 16%,
and greater than that present in other fruits such as prune, apricot, and
peach (Pimienta, 1990;Schmidt-Hebbel et al., 1990; Sepulveda and
Sáenz, 1990). As such, it was a very useful component for processing its
fruits into concentrated juices , dehydrated products, and for other
technologies that use sucrose content (Abdel-Nabey 2001).
In regard to sugars, fruit pulp content was about 53% glucose, and 47%
fructose (Sawaya et al., 1983; Russel and Felker, 1987; Sepulveda and
Sáenz, 1990; Kuti and Galloway, 1994; Sáenz, 1985 and Abdel- Nabey
2001).and this amount of glucose was notable, as this sugar was the sole
energetic metabolite for the brain and nerve cells and was presented in
prickly pear as free sugar, directly absorbable by the body.
Also fructose was easily absorbed, enhances flavor, and it was sweeter
than either glucose or sucrose (Cheftel et al., 1983).
The caloric value of pulp according to Sawaya et al. (1983) and


Schmidt-Hebbel et al., (1990), was about 50 Kcal 100/ g, comparable to
that of other fruits such as pear, apricot and orange. The other
components presented in cactus pear pulp were protein (0·21–1·6%), fat
(0·09–0·7%), fiber (0·02–3·15%) and ash (0·4–1%), all of which were
similar to other fruits (Paredes and Rajo, 1973; Askar and El Samahy,
1981; Sawaya et al.,1983; Pimienta,1990; Sepulveda and Sáenz, 1990;
Rodriguez et al., 1996 and Abdel-Nabey 2001). The total content of
free amino acids was (257·24 mg/ 100 g) .and this value was found only
in citrus and grape, and was above average in other fruits.
On the other hand, characteristic of prickly pear, in comparison with
other fruits, had a high content of serine, c-amino butyric acid,
glutamine, proline, arginine and histidine, and presence of methionine
(Askar and El-Samahy, 1981).
Cactus pears show a high level of ascorbic acid, which can reach levels
(near 40 mg 100 /g)(Pimienta, 1990; Sepulveda and Sáenz, 1990;
Rodriguez et al., 1996 and Abd el-Nabey 2001). and this concentration
of vitamin C was higher than that of apple, pear, grape and banana
(Cheftel et al., 1983; Sáenz, 1985).
Potassium content was high (217 mg/ 100 g) and low level of sodium
(0·6–1·19 mg/100 g) which an advantage for people with renal and
Blood pressure problems (Sepulveda and Sáenz 1990; Rodriguez et al.,
1996 and Abdel-Nabey 2001).
Calcium and phosphorus were represented three-quarters of minerals of
the body and were found fundamentally in bones, which serve as an
important reservoir.
(Sepulveda and Sáenz 1990; Rodriguez et al., 1996 and Abd el-Nabey
2001).
The amount of calcium and phosphorus was,( 15·4–32·8 mg /100 g )and
(12·8–27·6 mg /100 g), respectively (Sawaya et al., 1983; Sepulveda


and Saenz, 1990 and Abdel-Nabey 2001).
Although prickly pear were one of the fruits to contribute a large content
of calcium to the diet, It was availability which 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 had a low assimilation by the
body.
The contribution of phosphorus was similar to that of cherry, apricot,
melon and raspberry. (Sawaya et al., 1983; Sepulveda and Saenz,
1990).
Chemical composition and nutritive value were not the only aracteristics
that play an important role in prickly pear processing ; in this aspect,
cactus pear was a great challenge. (Pimienta, 1990; Sepulveda and
Sáenz, 1990; Sáenz, 1996b) .
classified this fruit within low acid group(pH 5.3 – 7.1 ). (pH'4·5)
requiring pH value, together with low acidity and a high content of
soluble solids, make prickly pears pulp as a very attractive medium for
micro-organism growth(Sepulveda and Sáenz, 1990; Sáenz, 1995and
Barbagallo et al. (1998b) studied the organic acids in cactus pear juices
of three Italian varieties: ‘Gialla’, ‘Rossa’ and ‘Bianca’, and found that
citric acid was the prevalent acid (about 17 m/100 g) followed by oxalic,
malic and succinic acid, in different proportions in the cited varieties.

2.6.Traditional Medicine:
Opuntiaficus-indica traditionally used as a valuable health
supporting nutrient, the vegetative parts of Opuntia spp. plants are
scarcely used in modern nutrition and medicine. Florian et al., (2005).
In traditional extracts of polysaccharide-containing plants are widely
employed for the treatment of skin and epithelium wounds and of mucous


membrane irritation. The extracts of Opuntia ficus-indica cladodes are in
folk medicine for their antiulcer and wound-healing activities. Trombetta
et al., (2006).

2.7.Biological Properties:
Opuntia ficus-indica is a long-domesticated cactus crop that is
important in agricultural economies throughout arid and semiarid parts of
the world. Patrick (2004).
The severity of alcohol hangover may be related to inflammation
induced by impurities in the alcohol beverage and byproducts of alcohol
metabolism. An extract of Opuntia ficus- indica (OFI) plant diminishes
the inflammatory response to stressful stimuli. An extract of the OFI plant
has a moderate effect on reducing hangover symptoms, apparently by
inhibiting the production of inflammatory mediators. Wiese et al., (2004).
Opuntia ficus-indica,has antinflammatory and analgesic effects.
Antiulcerous effects have been demonstrated in nopal of O. Ficus-indica.
Medina et al.,(2007).
Other study (Panico et al ., 2007), domenstrated the effect of hyaluronic
acid and polysaccharides from Opuntia ficus-indica (L.) cladodes on the
metabolism of human chondrocyte cultures.

2.8.Active ingredients:
linoleic acid was the dominating fatty acid, followed by palmitic and
oleic acids, respectively. Trienes,g-and a-linolenic acids, were estimated
in higher amounts in pulp oil, while a-linolenic acid was only detected at
low levels in seed oil. Neutral lipids were characterised by higher
unsaturation ratios, while saturates were higher levels in polar lipids. The
sterol marker, b-sitosterol, was accounted for 72% and 49% of the total
sterol content in seed and pulp oils, respectively. Vitamin E level was


higher in pulp oil than in seed oil, whereas g-tocopherol was the
predominant component in seed oil and d-tocopherol was the main
constituent in pulp oil. b-Carotene was also higher in pulp oil than in seed
oil. Oils under investigation resembled each other in the level of vitamin,
Ramadan (2003).



3.MATERIALS AND METHODS
3.1. Materials
Prickly pear fruits (Opuntia ficus indica) (Nopal cactus) were
obtained from Gaza. Local market at the 2nd week of july 2010 .The
fruits were pear shaped , green to yellow brown in color and medium in
size ,12 to 14 fruits per kg.
Other material including sugar, citric acid as well as glass jars were
obtained from Gaza city market , Gaza strip, Palestine.

Fig.(1):Map of Gaza Governorates



3.2. Methods:
3.2.1. Technological methods :
Table (2 ) shows the formulas that used for manufacturing the
different prickly pear products . On the other hand , Fig (2 ) describes the
flow sheets that used for producing such products.
Table (2) prickly pear products:
Ingredients

Prickly pear products
jam

Syrup

Strained pulp

50%

50%

Sugar

47%

47%

Citric acid

3%

3%



Fig.(2 ) Flow sheet for processing different prickly pear products
Prickly pear fruits
Sorting
Washing
Hand peeling

Peel

Flesh
Pulping using pulper Finisher

seeds

Strained pulp (juice)

Adding sugar* (1:1) with continuous mixing
heating in a cooking Pan for 30 minutes
Adding citric acid**

Continuing boiling to final 68º Brix

Adding sugar * &citric acid**
in small increments with
Continuous mixing & heating
For 5 minutes

Hot filling into glass jars

Hot filling into glass jars
Sudden cooling in a chilling water

Pasteurizing at 90ºC for
3 min

Storing at ambient temperature
temp.
(22± 2ºC)

Sudden cooling at room
(22± 2ºC)

Prickly pear jam

Storing at 4 - 10ºC

**0.3% on basis of sugar weight
* sugar was added to reach
the TSS to 65 – 68º Brix

Prickly pear syrup



3.2.2. Chemical properties:
2.2.2.1. Total soluble solids (T.S.S) :
T.S.S. was measured by bocket refractometer from two opposite
sides of each fruit. Percentage of T.S.S. was presented as an average
of reading of ten fruits following the procedure of Abu Foul, (1984) .

2.2.2.2. Moisture:
Moisture content of edible fruit pulp was determined by drying at
70º C under vacuum to a constant weight as followed by Hussein
(1972).

2.2.2.3. Pectin:
Pectin was determined as ethyl alcohol precipitate of extract
which obtained from the ground fruits by boiling in water according to
the method of A.O.A.C. (2005). Pectin was expressed as mg. /100 g.
fresh weight.

2.2.2.4. Titratable acidity:
Titratable acidity as % citric acid was determined by titrating the
pulp with 0.1 N NaOH according to the standard procedure of
A.O.A.C (2005) .

2.2.2.5. Total Carbohydrates:
Carbohydrates were determined in juice of sample by difference.



2.2.2.6. Crude fiber:
A.O.A.C. (2005) method was used based on determining the loss
on ignition of dried residue remaining after digestion the sample with
1.25% H2SO4 and 1.25%NaOH solution under specific conditions.
Crude fibers were expressed as g./100 g. fresh weight.

2.2.2.7. Protein:
Protein content of fruits was determined by A.O.A.C.(2005) using
semi micro Kjeidahl method.

2.2.2.8. Fat:
Fat content was determined as described by A.O.A.C.(2005).

2.2.2.9. Ash :
Ash content of fruits was determined according to A.O.A.C.
(2005).

3.2.3. Nutritional value:
Minerals analysis for Na, K, Ca, were measured in ash solution
using Perkin Elmer atomic absorption spectrophotometer (Model
2380). According to A.O.A.C.(2005) .
Ascorbic Acid content was also determined in pulp according to
A.O.A.C(2005).



3.2.4. Sensory evaluation:
Taste , color , texture , odor and overall acceptability of prickly
pear fruit products including syrup and jam were assessed using ten
panelists of Food Science and Technology Department, AL- Azhar
University Gaza, Palestine.
The panelists were asked to score the above attributes according to a
standard hedonic rating scale from ≥ 5 (Like extremely ) to>5 (dislike
extremely) according to Abu Foul, (1984).

3.2.5.Statistical analysis :
3.2.5.1.Data Recording:
The finding of the study were voided in the corresponding forms.
The forms filled in each working day were reviewed, amended if
necessary, and filed by researcher. The revised forms were entered into
an application of SPSS version 18.0

3.2.5.2.Statistical Processing:
Statistical analyses were performed with SPSS for Windows, SPSS
version 18.0 . Data collected was admitted to a computerized software
program to allow the opportunity of further requested procedures.
Data analysis was carried out as follows:
- Developing an appropriate entry model
- Cleaning and cross checking the data
- Formation of frequency tables for the study variables



3.2.6.Identification of active ingredients:
Active components in fruits were studied after extraction with
solvents then using TLC technique to separate the components as
follows:

3.2.6.1. Non- saponifiable fraction:
3.2.6.1.1.Carr Price's reaction:
Accorrding to Ciulei, (1982) , ten ml of ether extract was
evaporated to dryness and a saturated solution of antimony later on
becomes red indicates presence of carotenoids.

3.2.6.1.2.Identification of volatile oils:
According to Ciulei, (1982) ,ten ml of extract was placed in a
flask and evaporated to dryness . A characteristic odor indicates presence
of volatile oils.

3.2.6.1.3.Libermann-buchard's reaction:
According to Ciulei, (1982) ,ten ml of ether extract was
evaporated to dryness .0.5 ml acetic anhydride then 0.5 ml chloroform
were added on the residue, the solution was transferred to a dry test tube
and by means of pipette , concentrated sulfuric acid (1-2 ml) was added at
the wall of the tube .Formation of a brownish-red violet ring at contact
zone and formation of green or violet color at supernatant layer indicate
the presence of sterols and terpenoids.



3.2.6.1.4.Identification of alkaloids:
According to Ciulei, (1982) ,ten ml of ether extract was evaporated to
dryness, the residue was dissolved in 1.5 ml of 2%HCL, the solution
which obtained was divided into two equal volumes.

- Two-three drops of Mayer's reagents (k2HgI4) was added to 0.5 ml
of acidic solution.The formation of creamy-white precipitant after
15 minutes indicates presence of alkaloids.
- Two-three drops of Dragendroff ’s reagents (Potassium Bismuth
Iodide) was added to 0.5 ml of acidic solution . The formation of
orange red color after 15 minutes indicates the presence of
alkaloids.

3.2.6.2. Saponifiable fraction:
3.2.6.2.1.Shibata’s reaction:
According to Ciulei, (1982) , five ml of ether extract was
evaporated to dryness, the residue was dissolved in methanol (50%, 2-3
drops) by heating then metal magnesium and 5-6 drops of conc. HCL
were added .Formation of red or orange color indicates the presence of
flavonols or flavonones.

3.2.6.2.2.Brontrager’s reaction:
According to Ciulei, (1982) ,three ml of ether extract was
evaporated to dryness in a test tube and 1 ml of 25% sodium hydroxide
solution was added and shaken . Formation of red color indicates the
presence of anthraquinones aglycones.



3.2.6.2.3. Identification of fatty acids:
According to Ciulei, (1982) , two-three drops of ether extract
was putted on filter paper, then dried in oven at 90ºC. remaining of spot
on filter paper indicates the presence of fatty acids.

3.2.6.2.4.Hischsohn reaction:
According to Ciulei, (1982) ,ten ml of ether extract was
evaporated to dryness, the residue was treated with copper acetate
aqueous solution 5% in the presence of petroleum ether . Formation of
blue color in the petroleum ether supernatant indicates the presence of
resin acids.

3.2.6.3.Active principle from aqueous extract:
- Standard chemical tests were carried out on aqueous extract (cold and
hot) in order to investigate the presence of active principles
(Carbohydrates, polyuronoids).
- Micro-Kjeldahl method was carried out on cold aqueous extract in order
to determine the total nitrogen. (Ma, et al., 1942).

3.2.6.3.1.Identification of carbohydrates:
3.2.6.3.1.1.Mollisch’s test:
According to Ciulei, (1982) ,two ml of aqueous extract were
transferred to a porcelain capsule and evaporated to dryness. 3 drops of
concentrated sulfuric acid were added and standed for 5 minutes, then 3
drops of mollisch’s reagent (alcoholic solution of 10% alpha naphthol)
were added. The occurrence of a red color indicates the presence of
carbohydrates.



3.2.6.3.1.2.Identification of polyuronoids:
According to Ciulei, (1982) ,two ml of aqueous extract were added
dropwise in a test tube where 10 ml of alcohol have already been placed.
The precipitate was formed, which separated by filtration the washed
with alcohol and stained with methylene blue. The occurrence of a violet
or blue precipitate indicates the presence of polyuronoids.

3.2.6.4. Chromatographic control by using TLC:
The chloroform extract of (saponifiable and non-saponifiable
fractions), of cactus samples and standard plant extracts were detected by
TLC.
Thin layer chromatography was done with aluminium sheet(20 x 20 cm)
precoated with silica gel (ALUGRAM SIL G\UV254, 0.2 mm thick,
Macherey- Nagel).
TLC plates were run using two solvent systems: The first solvent system
was chloroform-ethanol-glacial acetic acid (94: 5: 1), and the second
solvent system was toluene-ethyl acetate (93 : 7), (Monika et al., 2008).

TLC plates were then dried in flowing air at room temperature,
After development, the plates were visualized by UV irradiation at
(254nm) to determine spots and sprayed with vanillin sulphuric acid (0.2
g/100 ml), then plates which sprayed with vanillin-sulphuric acid were
activated by heating at105°C in hot air oven for 2 to 5 minutes to
develop the spots.
Rf (retention factor)values of spots which separated on TLC plates were
determined for samples and standard plant (Monika et al., 2008) .



4. RESULTS AND DISCUSSION
4.1.Chemical analysis of prickly pear fruits (Opuntia sp) :
Results of chemical analysis (moisture , ash, acidity
and protein) of examined samples were as follows:

4.1.1.Moisture content:
Table(3): Moisture content of prickly pear fruits (Opuntia sp)
samples.
Samples
%
Pulp

84.13

Seeds

40.76

Juice

87.25

Results in table(3) showed that the moisture content of studied samples
was ranged from 40.76 to 87.25% .These results were agree with (Kuti,
1992 Cantwell, 1995; Piga, et al., 1996; Abdel-Nabey 2001 and Piga,
2004 ). While table (4) show descriptive statistics for moisture variable
which showed the mean , standard deviation and 95% Confidence
Interval for Mean for pulp , seeds, and juice. It was observed from the
table that there was no differences in st. deviation and st. error between
pulp and juice of samples while in seeds sample, the difference was clear
comparing with other samples (pulp and juice) .



Table (4) Descriptive statistics for Moisture variable
Group

N
*

Mean

Std.
Deviation

Std.
Error

Pulp
Seeds
Juice
Total

3
3
3
9

84.13
40.76
87.25
70.71

0.18
0.97
0.17
22.51

0.10
0.56
0.10
7.50

95% Confidence
Interval for Mean
Minimum
Lower
Upper
Bound
Bound
83.67
84.58
83.93
38.33
43.18
40.03
86.81
87.68
87.08
53.41
88.01
40.03

Maximum
84.28
41.87
87.43
87.43

*Number of samples
On the other side , table (5) show results of one way ANOVA test
difference in means for moisture variable due to pulp, seeds and juice,
Results show that the p- value was equal 0.000 this means that there was
a difference in means for moisture variable due to pulp, seeds and juice.
Table (5) ANOVA test for moisture variable
Statistics
Between
Groups
Within Groups
Total

Sum of
Squares

df

Mean
Square

4052.14

2

2026.07

2.03
4054.18

6
8

0.33

F

P-value

5973.35

0.000



Table (6) show LSD Multiple Comparisons for moisture variable ,
which showed that there was a difference between each two groups ( pvalue between “pulp” , and “ seeds” equal 0.000 <0.05), groups ( pvalue between “pulp” , and “without seeds” equal 0.001 <0.05), and
groups ( p-value between “without seeds” , and “ seeds” equal 0.000
<0.05).



Table (6) LSD Multiple Comparisons for moisture variable
Mean
95% Confidence Interval
(I) group
(J) group
Difference (I- Std. Error P-value
Lower Bound Upper Bound
J)
Seeds
43.37*
0.47
0.000
42.20
44.53
Pulp
*
Juice
-3.11
0.47
0.001
-4.28
-1.95
pulp
-43.37*
0.47
0.000
-44.53
-42.20
Seeds
Juice
-46.49*
0.47
0.000
-47.65
-45.32
Pulp
3.11*
0.47
0.001
1.95
4.28
Juice
*
Seeds
46.49
0.47
0.000
45.32
47.65

*. Mean difference was significant at 0.05 level.
4.1.2.Ash content:

Results in tables( 7 – 10) and Fig.(3) show ash content
and statistical analysis of samples under studying .

Table(7): Ash content of prickly pear fruits (Opuntia sp) samples.
Samples
Pulp

On wet weight
basis%
0.47

On dry weight
basis%


Seeds

0.84

1.42

Juice









Fig. (3) Mean of ash content (wet and dry weight)
Results in table(7) showed that ash content of the studied samples was 0
%, 0.47 %and 0.84% on wet weight in juice, pulp and seeds , while on
the dry weight it was 0% , 0.47% and 2.87% in both of samples juice,
seeds and pulp , samples. These results were agree with (Paredes and
Rajo, 1973; Askar and El-Samahy 1981; Pimienta, 1990; Sepulveda and
Sáenz, 1990; Rodriguez et al., 1996 and Abd el-Nabey 2001).While
results in table (8) show descriptive statistics for ash variable which show
the mean , standard deviation and 95% Confidence Interval for Mean for
pulp , seeds, and juice. There was a difference in std. error and at
95%CIM between the three samples (pulp, seeds and juice).
Table (8) Descriptive statistics for ash variable
Group N Mean
Pulp
Seeds
Juice
Total

3
3
3
9

0.47
0.84
0.00
0.43

Std.
Deviatio
n

Std.
Error

0.00
0.01
0.00
0.36

0.004
0.005
0.000
0.122

95% Confidence
Interval for Mean
Minimum Maximum
Lower
Upper
Bound
Bound
0.45
0.49
0.47
0.48
0.81
0.86
0.83
0.85
0.00
0.00
0.00
0.00
0.15
0.72
0.00
0.85



Table (9) show results of one way ANOVA to test the difference in
means for ash variable due to pulp, seeds and juice, and it show that the
p- value equal 0.000 which means there is a difference in means for the
variable ash due to pulp, seeds, and juice.

Table (9) ANOVA test for ash variable
Statistics
Between
Groups
Within Groups
Total

Sum of
Squares

df

Mean
Square

01.07

2

0.53

0.00
01.07

6
8

0.00

F

P-value

10022.99

0.00

On the other hands, table (10) show LSD Multiple Comparisons for
ash variable , it was observed that there was a difference between each
two groups ( p-value between “pulp” , and “ seeds” equal 0.000 <0.05),
groups ( p-value between “pulp” , and “juice” equal 0.000 <0.05), and
groups ( p-value between “juice” , and “ seeds” equal 0.000 <0.05)
Table (10) LSD Multiple Comparisons for Ash variable
(I) group
Pulp
Seeds
Juice

(J) group
Seeds
Juice
Pulp
Juice
Pulp
Seeds

Mean
Difference
(I-J)
-0.36*
0.47*
0.36*
0.84*
-0.47*
-0.84*

Std.
Error
0.005
0.005
0.005
0.005
0.005
0.005

95% Confidence Interval
P-value
Lower
Upper
Bound
Bound
0.000
-0.38
-0.35
0.000
0.45
0.48
0.000
0.35
0.38
0.000
0.82
0.85
0.000
-0.48
-0.45
0.000
-0.85
-0.82

*. Mean difference was significant at 0.05 level



4.1.3.Acidity content:
Table(11): Acidity content of prickly pear fruits (Opuntia sp)
samples.
Samples

On wet weight
basis %

On dry weight
basis %

Pulp

0.09

0.60

Juice

0.08

0.68

Fig. (4) Mean of acidity content ( wet and dry weight )
Results in table(11) and Fig.(4) showed that the acidity content of the
studied samples was ranged from 0.08 to 0.09% on wet weight , while on
the dry weight it was from 0.60 to 0.68%. These results were agree with
(Cantwell, 1995; 2004; Inglese et al., 1995; Rodriguez-Felix, 2002 ;
Piga, 2004; Abd el-Nabey,2001 , Codex Standard, 2005 ,Pimienta, 1990
and Sepulveda and Sáenz, 1996)



Table (12) show descriptive statistics for acidity variable which show the
mean , standard deviation and 95% Confidence Interval for Mean for
pulp , and juice. Also,

Table (12) Descriptive statistics for acidity variable

Acidity

Group

N

Mean

Pulp
Juice

3
3

0.09
0.08

Std.
Deviation
0.0005
0.0010

Std. Error
Mean
0.000333
0.000577

from the above table it was observed that there were a little differences
between the samples under studying . Table (13) show results of
Independent sample (t test) for the difference in means of acidity variable
due to pulp and juice. Result show that the p- value was equal 0.000
which means there was a difference in means of acidity variable between
pulp and juice.
Table (13) Independent sample of t test for acidity variable

Dependent variable

Levene's Test
for Equality of
Variances
F

Equal
variances
assumed
Acidity
Equal
variances
not assumed

t

P-value

14.00
0.40

df

4

P-value
(2tailed)

95% Confidence
Interval of the
Difference
Lower

Upper

0.000

0.007

0.011

0.001

0.007

0.011

0.56
14.00 3.20







4.1.4.The pH value :


The pH value of pulp samples was 5.43
This result was agree with (Pimienta, 1990; Sepulveda and Sáenz, 1990;
Sáenz, 1996; Abd el-Nabey, 2001 and El-Samahy et al., 2006).

4.1.5. Protein content:
Results in tables (14- 17) and Fig. (5) show that protein content
and statistical analysis of samples under studying . Results illustrated that
protein content was ranged from 1.07 to 1.59% on wet weight , while on
the dry weight basis it was from 2.68 to 8.41%
These results were agree with (Paredes and Rajo, 1973; Askar and ElSamahy 1981; Sawaya et al., 1983; Pimienta, 1990; Sepulvedaand Sáenz,
1990; Rodriguez et al., 1996 and Abd el-Nabey,2001).
Table(14): Protein content of prickly pear fruits (Opuntia spp)
samples.
Samples
On wet weight basis On dry weight basis
%
%
Pulp

1.25

7.92

Seeds

1.59

2.68

Juice

1.07

8.41



Fig. (5) Mean of protein content ( wet and dry weight)
Table (15) show descriptive statistics for variable Protein which show
the mean , standard deviation and 95% Confidence Interval for Mean for
pulp , seeds, and juice.
Table (15) Descriptive statistics for protein variable
Group N
Pulp
Seeds
Juice
Total

3
3
3
9

Mean
1.25
1.59
1.07
1.30

Std.
Std. Error
Deviation
0.000
0.024
0.017
0.229

0.000
0.014
0.010
0.076

95% Confidence
Interval for Mean
Lower
Upper
Bound
Bound
1.25
1.25
1.52
1.65
1.02
1.11
1.12
1.48

Minimum
1.25
1.57
1.06
1.06

Maximum
1.25
1.62
1.09
1.62

On the other hands, table (16) show results of one way ANOVA to test
the difference in means for the Protein variable due to pulp, seeds and
juice, it show that the p- value equal 0.000 which means there was a
difference in means for Protein variable due to pulp, seeds, and juice.






Table (16) ANOVA test for protein variable
Statistics
Sum of Squares
Between Groups
0.419
Within Groups
0.002
Total
0.420

df Mean Square
F
P-value
2
0.209
685.127 0.000
6
0.000
8

while table (17) show LSD Multiple Comparisons for Protein variable
, which show that there was a difference between each two groups ( the
p-value between “pulp” , and “ seeds” equal 0.000 <0.05), groups ( pvalue between “pulp” , and “juice” equal 0.000 <0.05), and groups ( pvalue between “juice” , and “ seeds” equal 0.000 <0.05)

Table(17) LSD Multiple Comparisons for Protein variable
(I) group
Pulp
Seeds
Juice

(J) group
Seeds
Juice
Pulp
Juice
Pulp
Seeds

Mean
95% Confidence Interval
Difference (I- Std. Error P-value
Lower
Upper
J)
Bound
Bound
-0.334*
0.014
0.000
-0.36
-0.29
0.187
0.014
0.000
0.15
0.22
*
0.334
0.014
0.000
0.29
0.36
*
0.521
0.014
0.000
0.48
0.55
-0.187*
0.014
0.000
-0.22
-0.15
-0.521*
0.014
0.000
-0.55
-0.48

*. The mean difference is significant at 0.05 level.
4.1.6. Fat content:
Table(18): Fat content of prickly pear fruits (Opuntia sp) samples.
Samples
On wet weight
On dry weight
basis %
basis%
Seeds

7.11

12.01

Results in Table(18) and Fig.(6) showed that fat content of seeds was
7.11% on wet weight , while it was 12.01% on dry weight.
These results were disagree with (Paredes and Rajo, 1973; Askar and ElSamahy 1981; Sawaya et al., 1983; Pimienta, 1990; Sepulvedaand



Sáenz, 1990; Rodriguez et al., 1996 and Abd el-Nabey, 2001),who
reported that fat content was ranged between(0.09-0.7%)

Fig. (6) Mean of fat content ( wet and dry weight )


4.1.7. Crude Fiber content:
Table(19) and Fig. (7) show the content of crude fiber of prickly
pear fruits (Opuntia sp) .
Table(19): Crude fiber content of prickly pear fruits (Opuntia sp)
samples
Samples

On wet weight
basis%

On dry weight
basis%

Pulp

0.13

0.82

Seeds

1.95

3.30

Juice

0

0



Fig. (7) Mean of crude fiber content ( wet and dry weight)
Results showed that the crude fiber content of studied samples was
ranged from 0 to 1.95% and was from 0 to 3.30 % on wet and dry
weight, respectively .
These results were agree with (Paredes and Rajo, 1973; Askar and ElSamahy 1981; Sawaya et al., 1983; Pimienta, 1990; Sepulvedaand
Sáenz, 1990; Rodriguez et al., 1996 and Abd el-Nabey,2001). While table
(20) show descriptive statistics for crude Fiber variable which show the
mean , standard deviation and 95% Confidence Interval for Mean for
pulp , seeds, and juice.
Table (20) ANOVA test for Crude Fiber variable of prickly pear
samples.
Group
Pulp
Seeds
Juice
Total

N
3
3
3
9

Mean
0.13
1.95
0.00
0.69

Std.
Deviation
0.026
0.028
0.000
0.948

Std.
Error
015486
016476
0.00000
316123



95% Confidence
Interval for Mean
Minimum
Lower
Upper
Bound
Bound
0.06
0.19
0.10
1.88
2.02
1.92
0.00
0.00
0.00
-0.03
1.42
0.00

Maximum
0.14
1.98
0.00
1.98

Table (21) show results of one way ANOVA to test the difference in
means of the crude Fiber variable due to pulp, seeds, and juice, Results
show that the p- value was equal 0.000 which means that there was a
difference in means of crude Fiber variable due to pulp, seeds, and juice.
Table (21) ANOVA test for Crude Fiber variable
Statistics
Between
Groups
Within Groups
Total

Sum of
Squares

df

Mean
Square

7.192

2

3.596

0.003
7.195

6
8

0.001

F

P-value

7033.96

0.000

On the other side , table (22) show LSD Multiple Comparisons for
crude fiber variable , which show that there was a difference between
each two groups ( p-value between “pulp” , and “ seeds” equal 0.000
<0.05), groups ( p-value between “pulp” , and “juice” equal 0.000
<0.05), and groups ( p-value between “juice” , and “ seeds” equal 0.000
<0.05).
Table (22) LSD Multiple Comparisons for Crude Fiber variable
(I) group
Pulp
Seeds
Juice

(J) group
Seeds
Juice
Pulp
Juice
Pulp
Seeds

Mean
Difference
(I-J)
-1.827*
0.130*
1.827*
1.958*
-0.130*
-1.958*

Std.
Error

P-value

0.018
0.018
0.018
0.018
0.018
0.018

0.000
0.000
0.000
0.000
0.000
0.000

95% Confidence Interval
Lower
Upper
Bound
Bound
-1.87
-1.78
0.08
0.17
1.78
1.87
1.91
2.00
-0.17
-0.08
-2.00
-1.91

*. Mean difference was significant at 0.05 level.







4.1.8. Pectin content:

Fig.(8) Mean of pectin content in juice ( wet and dry weight )

Results form Fig. (8) illustrated that pectin content of juice sample
was 2.53% , 19.89% on wet and dry weight , respectively.
These results were agree with (Abdel-Nabey, 2001 and El-Samahy et al.,
 2006).

4.1.9. Minerals content :

Table(23): Minerals content of prickly pear fruits (Opuntia sp)
samples.
Seeds
On wet weight
On dry weight
(mg/100g)
%(mg/100g)
Potassium

217

366.31

Sodium

1.1

1.85

Calcium

30.8

51.99



Results in table(23) and Figs.(9-11) showed that Potassium ,sodium and
calcium content of seeds was 217 ,1.1 ,and 30.8mg/100g on wet weight
,respectively , while on the dry weight it was 366.31 , 1.85 ,
51.99mg/100g , respectively.
These results were agree with (Sepulveda and Sáenz, 1990; Rodriguez et
al., 1996).
and with (Sawaya et al., 1983; Sepulveda and Sáenz, 1990 and Abd elNabey,2001).

Fig.(9) Mean of potassium content ( wet and dry weight)




Fig. (10) Mean of sodium content (wet and dry weight)

Fig. (11) Mean of calcium content( wet and dry weight


4.1.10. Ascorbic Acid content:
Results from Fig (12) showed that ascorbic acid content of pulp
was 28mg/100g on wet weight and 176.54mg/100g on dry weight
These results were agree with Abdel- Naby, (2001) .While disagree with
(Pimienta, 1990; Sepulveda and Sáenz, 1990; Rodriguez et al., 1996 ) .

Fig.(12) Mean of ascorbic acid content (wet and dry weight )


4.1.11.Carbohydrate content:
Table(24): Carbohydrate content of prickly pear fruits (Opuntia sp)
samples.
Samples

On wet weight
basis %

On dry weight
basis %

Juice

ϭϭ͘ϲϴ

ϵϭ͘ϲϬ



Prickly pear content of carbohydrate in samples of juice was
11.68% . on wet weight basis ,while it was 91.60%, on a dry weight basis.
These results were agreed well with those reported by Sawaya el al.,
(1983); Ewaidah and Hassan (1992) , Joubret (1993) , Nagy and Shaw
(1980) , Abdel- Naby, (2001)

4.1.11. Total soluble solids (TSS)% :
T.S.S of pulp samples was 13.5% and this result was agree with
(Pimienta, 1990; Sepulveda and Sáenz, 1990; Sáenz, 1996b; Abd elNabey, 2001 and El-Samahy et al., 2006).

Results of studied samples which were agree with others
because the cactus pear fruits (Opuntia ficus indica) was associated
with the semi-arid zones of the World. It mainly depends on rain;
therefore, 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 and Felker, 1997).several authers had published
researches about the post-harvest of the fruits, as well as its
‘nopalitos’ (Chiessa and Barbera, 1984; Chiessa and Agabbio,
1987;Rodriguez-Felix and Cantwell, 1988; Piga et al., 1996;
Schirra et al., 1996, 1997a, 1997b; Rodriguez-Felix and VillegasOchoa, 1998; Schirra, 1998).



4.2.Technological characteristics:
Technological results for taste ,odor, color and texture were about
syrup and jam and table (25) these results.
Properties

Syrup

Jam

mean

hedonic

mean

hedonic

Taste

8

Like extremely

9

Like extremely

Color

9

Like extremely

9

Like extremely

Odor

8

Like extremely

8

Like extremely

Texture

9

Like extremely

8

Like extremely

These results was agree with Abdel-Nabey, (2001).

4.3.Active ingredients of prickly pear fruits:
4.3.1.Qualitative analysis of chloroform extract:
4.3.1.1.Non-saponifiable fraction:
The standard chemical tests for the major chemical groups of
compounds in samples of chloroform extract were included: identification
of carotenoids, volatile oils, sterols, triterpenes and alkaloids (tables 26).



Table(26):qualitative analysis of non- saponifiable fraction of
chloroform cold extract
The standard chemical
Result
test
Libermann-buchard’s
+++
reaction
volatile oil identification + + +
+ + + strong positive,+ + -partial positive, - - - strong
negative
Results in tables 26 and 27 show that the following standard chemical
tests: Carr Price’sreaction , Dragendroff’s reagent test and Mayer’s
reagent test were given negative results in sample of non- saponifiable
fraction of chloroform extract.

4.3.1.2.Saponifiable fraction:
The standard chemical tests for the major chemical groups of
compounds in samples of chloroform cold extract were included:
identification of flavonoids, anthraquinonesglycine’s, fatty acids and
resin acids(table 27).

Table (27):qualitative analysis of saponifiable fraction of chloroform
extract
The standard chemical
Result
test
Shibata’s reaction
+++
Brontrager’sreaction
- +
Fatty acids identification + + +
Hirschsohn reaction

- -

+ + + strong positive,+ + -partial positive, - - - strong
negative



Results in the above table show the present of flavonoids in the fruit
sample specially fatty acids, in contrast,out we cannot sure the present of
anthraquinones in samples.

4.3.2.Qualitative analysis of aqueous extract:
Standard chemical tests for the major chemical groups of compounds
in sample of aqueous extract were included: identification of
carbohydrates and polyuronoids (table 28).
Table (28): qualitative analysis of aqueous extract
The standard chemical
Result
test
Mollisch’s test

+++

Polyuronoids
identification

+++

Reducing sugar compounds were presented in the fruit sample specially
the polyuronids components.

4.3.3.Chromatographic analysis of chloroform fractions:
As mentioned before in materials and methods (page 33 ),
two solvent systems were used in order to assure results.
A.Stationary phase: Precoatedsilicagel F254
Mobile phase: chloroform: ethanol: glacial acetic acid
94
: 5 :
1
Standard: Opuntia fruit
Extract: Chloroform
Detection: 1.UV light at 254nm
2. Vanillin in sulphuric acid


Result:
a. Under UV light at 254 nm:
St. (standard drug) give onemajor spot, with dark violet
and another two minor spots has reddish brown color.

b.

Vanillin sulphuric acid reagent:
Appearance of violet color of st. and sample spots which
at the same Rf values of UV spots.

Rf value: see table 29

Table (29): Rf value of samples of chloroform extract under
UV254
Solvent System
Rfvalue of sample Standard
chloroform:
ethanol glacial
acetic acid
94

: 5 : 1

0.1
0.3

0.42

0.51

0.61

0.71

0.87

0.92
Toluen Ethyl
acetate
93

:

7

0.14
0.24

0.32

0.65

0.67

0.89
B. Stationary phase: PrecoatedsilicagelF254
Mobile phase: toluene: ethyl acetate (the second used solvent
system)
93 : 7



Standard: Opuntia fructus
Extract: Chloroform
Detection: 1.UV light at 254nm
2. Vanillin sulphuric acid

Result:
a. Under UV light at 254 nm:
St. (standard drug) give two spots, one has light violet
color and another has very light brown color.
b.

Vanillin sulphuric acid reagent:
Appearance of light violet color of st. and sample spots
which at the same Rf values.

Rf value: See table 30



Table (30): Rf value of samples of chloroform extract with vanillin
sulphuric acid reagent
Solvent System

Rf value of sample Standard

chloroform:
ethanol: glacial
acetic acid

0.1

94

: 5 : 1

0.39
0.3
0.62
0.51
0.88
0.92

ToluenEthy acetate 0.14
93

:

7

0.24

0.29

0.71

0.70

0.89
Results from the above table observed that the second solvent system
(Toluen: Ethylacetate 93:7) was better than the first one (chloroform :
ethanol: glacial acetic acid 94 : 5 : 1 ) in both detection situation (under
UV and vanillin sulphuric acid reagent) because the spots were less, more
clear and the Rf of samples was most appropriate to standard (0.65 to
0.67 under UV and 0.70 to 0.71 after detection), respectively.

( First solvent system)
(Second solvent system)
Fig.(13) samples of chloroform extract with vanillin sulphuric acid
Reagent


4.3.4.Chromatographic analysis of aqueous extract:
Results from table(31), showed the presence of arabinose, mannose,
while glucose need in-depth analysis regarding purification to confirm its
existence.
Table (31): Rf value of samples of Aqueous extract with vanillin
sulphuric acid reagent
Solvent
Glucuronic
Arabinose Mannose Glucose Sample Galactose
System
acid
0.22
BAW
0.23
0.26
0.39
0.3
0.19
4:5:1
0.83
0.83
0.51
0.83

Rhmnose

0.43

Fig .(14) samples of Aqueous extract with vanillin sulphuric acid reagent



5. RECOMMENDATION
1- Increasing the cultivated area of the prickly pear fruit due to its
economical and nutritional importance since it only depends on rainwater.
2- There are no harms caused by consuming prickly pear because it
does not have plant diseases or remains of pesticide.
3- Prickly pear can be used as windbreakers.
4- To recommend intense using of the product as home made
product, because of it effects as anti-inflammatory & anti ulcer
activity.





SUMMARY
Chemical, Nutritional and Technological Studies of Prickly
Pear Fruits (Opuntia sp) Cultivated in Gaza Strip

This study was carried out on prickly pear fruits that grown in Gaza
Strip, in terms of :

First : Chemical analysis: Results were mean of three
samples and show that:
 Moisture contents were 84.13%, 40.76% and 87.25% for pulp
, seeds and juice samples, respectively.

 Total soluble solid was 13.5 Brix and pH 5.43 but titratable
acidity as citric acid of pulp and juice samples was 0.09%,
0.08% respectively on wet weight and 0.60%, 0.68% , on the
dry weight basis.

 Ash contents in pulp, seeds and juice samples were 0.47%,
0.84%, 0%, on wet weight, while they were 2.87%, 1.42%,
0% on dry weight basis, respectively.

 Protein contents in pulp, seeds and juice samples were
1.25%, 1.59%, 1.07% on wet weight, while they were 7.92%,
2.68%, 8.41% on dry weight basis , respectively.



Fat content in seeds was 7.11% on wet weight, and

12.01% on dry weight.



 Crude fiber contents in pulp, seeds and juice samples were
0.13% 1.95%, 0% on wet weight while they were 0.82%,
3.30%, and 0% on a dry weight basis, respectively .

 On the other hands, % Pectin content in juice samples were
2.53% on wet weight, and 19.89% on dry weight basis.

 on dry Lastly , % Carbohydrates contents in juice samples
were 11.68% on wet weight while they were 91.60%weight
basis.

Second : Active Ingredients:
This study was subject of a cross sectional descriptive study
conducted on Gaza City that examined phytochemical screening and
chromatographic control. Three different solvent systems on TLC of
prickly pear fruits were carried out on chloroform , and aqueous extracts
by soxhelt extraction methods . Results of Phytochemical investigation
showed the presence of sterols and volatile oils in non- saponifiable
fractions of chloroform extracts , specially flavonoids and fatty acids in
the saponifiable fraction , also carbohydrates were presented in aqueous
extracts . These results confirmed that both chloroform and aqueous
extracts possessed a higher yield of phytoconstituents that may be used
in therapy.

Third : Nutritional value :
Minerals and Ascorbic Acid content of samples were studied and
results observed that :



- potassium, sodium, calcium contents in seeds were , 0.21 , 1.1 and 30.8
mg/100g, on wet weight ,respectively and 366.12 , 1.85 and 51.99
mg/100g on dry weight basis, respectively.

- While vitamin C content in samples of pulp was 28 mg / 100 grams on
wet weight and 176.54 mg / 100 g dry weight.

Fourth : Technological Studies:
Prickly pear fruits (juice) was used to process jam and natural
syrup. Results of sensory tests (color, taste , odor and texture) for
processed product observed that all products were very good for tester
and consumers.
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ϲΑήόϟκΨϠϤϟ

ϲϓΔϋϭέΰϤϟϲϛϮθϟϦϴΘϟέΎϤΛϲϠϋΔϴΟϮϟϮϨϜΗϭΔϳϭάϐΗϭΔϴΎϴϤϴϛΕΎγέΩ
ΓΰϏωΎτϗ

 ΚϴΣϦϣΓΰϏωΎτϗϲϓωϭέΰϤϟϲϛϮθϟϦϴΘϟϒϨλϲϠϋΔγέΪϟΖϤΗ
:έΎϤΜϠϟϲΎϴϤϴϜϟΐϴϛήΘϟϻϭ
ϲϔμϤϟΐϠϟϭˬέϭάΒϟˬΔϠϣΎϜϟέΎϤΜϟϦϣϞϜϟϲΎϴϤϴϜϟΐϴϛήΘϟΔγέΩϢΗΚϴΣ
 ήϴμόϟ

ϲϟΎΘϟΎϛΕέήϜϣΙϼΛςγϮΘϤϟΎϬϴϠϋϞμΤΘϤϟΞΎΘϨϟΖϧΎϛϭ
ϮΤϨϟϲϠϋήϴμόϟϭˬέϭάΒϟˬΔϠϣΎϜϟέΎϤΜϟΕΎϨϴϋϲϓΔΑϮσήϟΔΒδϧςγϮΘϣϥΎϛ 
ΐϴΗήΘϟΎΑϭˬˬϲϟΎΘϟ
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έΎϤΜϟΕΎϨϴϋϲϓϚϳήΘγξϣΎΤϛΓέΪϘϣΔϴτϴϘϨΘϟΔοϮϤΤϟΎϤϨϴΑϲϨϴΟϭέΪϴϬϟ
ΎϤϨϴΑΐσήϟϥίϮϟαΎγϲϠϋϲϟϮΘϟϲϠϋˬήϴμόϟϭΔϠϣΎϛ
ϲϟϮΘϟϰϠϋϑΎΠϟϥίϮϟαΎγϲϠϋˬΖϧΎϛ

ˬˬήϴμόϟΕΎϨϴϋϭέϭάΒϟˬΔϠϣΎϜϟέΎϤΜϟΕΎϨϴϋϲϓΩΎϣήϟΔΒδϧςγϮΘϣ 
ˬΖϧΎϛΎϤϨϴΑΐσήϟϥίϮϟαΎγϲϠϋϲϟϮΘϟϲϠϋˬˬ
ϲϟϮΘϟϲϠϋϑΎΠϟϥίϮϟαΎγϲϠϋˬ

ˬήϴμόϟϭέϭάΒϟˬΔϠϣΎϜϟέΎϤΜϟΕΎϨϴϋϲϓϦϴΗϭήΒϟΔΒδϧςγϮΘϣϥΎϛ 
ˬˬΖϧΎϛΎϤϨϴΑΐσήϟϥίϮϟαΎγϲϠϋˬˬ
ϲϟϮΘϟϰϠϋϑΎΠϟϥίϮϟαΎγϲϠϋ



ˬΐσήϟϥίϮϟαΎγϲϠϋέϭάΒϟΕΎϨϴϋϲϓϦϫΪϟΔΒδϧςγϮΘϣϥΎϛ 
ϑΎΠϟϥίϮϟαΎγ ϲϠϋ

ήϴμόϟϭέϭάΒϟˬΔϠϣΎϜϟέΎϤΜϟΕΎϨϴϋϲϓϡΎΨϟϑΎϴϟϷΔΒδϧςγϮΘϣϥΎϛ 
ϲϠϋˬˬϭΐσήϟϥίϮϟαΎγϲϠϋˬ
ϲϟϮΘϟϰϠϋϑΎΠϟϥίϮϟαΎγ

αΎγϲϠϋήϴμόϟΕΎϨϴϋϲϓϦϴΘϜΒϟΔΒδϧςγϮΘϣϥΎϛήΧΐϧΎΟϰϠϋ 
ϑΎΠϟϥίϮϟαΎγϲϠϋˬΐσήϟ ϥίϮϟ

ήϴμόϟΕΎϨϴϋϭΔϠϣΎϜϟέΎϤΜϟΕΎϨϴϋϲϓΕέΪϴϫϮΑήϜϟΔΒδϧΖϧΎϛήϴΧϭ 
ϰϠϋˬΖϧΎϛΎϤϨϴΑΐσήϟϥίϮϟαΎγϲϠϋ
ϑΎΠϟϥίϮϟαΎγ

ΔϟΎόϔϟΓΩΎϤϟΎϴϧΎΛ
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ΕΎμϠΨΘδϤϟϲϓΔϴϨϫΪϟνΎϤΣϷϭΕΪϳϮϧϮϓϼϔϟϭˬϦΒμΘϠϟΔϠΑΎϘϟήϴϏϡέϮϓϭέϮϠϜϟ
˯ΎϤϟΕΎμϠΨΘδϣϲϓΕέΪϴϫϮΑήϜϟΕΪΟϭΎϤϨϴΑˬϦΒμΘϠϟΔϠΑΎϘϟ

ΔϟΎόϓΩϮϣϰϠϋϪϮΘΣΞΎΘϨϟΕήϬχϱάϟϭϲϛϮθϟϦϴΘϟϥϝϮϘϟϦϜϤϳΎϨϫϦϣϭ
ϲόϴΒτϟΝϼόϟϲϓήϴΒϛέϭΩΎϬϟϥϮϜϳϥϦϜϤϳ






ΔϳϭάϐΘϟΔϤϴϘϟΎΜϟΎΛ

ΞΎΘϨϟΖϧΎϛϭΔγέΪϟϊοϮϣΕΎϨϴόϠϟCϦϴϣΎΘϴϓϭϥΩΎόϤϟϦϣϼϛΔγέΩΖϤΗ
-: ϲϟΎΘϟΎϛΎϬϴϠϋϞμΤΘϤϟ

ϡήΟϢΠϠϣέϭάΒϟΔϨϴϋϲϓϡϮϴδϟΎϜϟˬϡϮϳΩϮμϟˬϡϮϴγΎΗϮΒϟΔΒδϧΖϧΎϛ 
ΎϤϨϴΑΐσήϟϥίϮϟαΎγϲϠϋϡήΟϢΠϠϣˬϡήΟϢΠϠϣˬ
ϡήΟϢΠϠϣˬϡήΟϢΠϠϣˬϡήΟϢΠϠϣΖϧΎϛ
ϲϟϮΘϟϲϠϋϑΎΠϟϥίϮϟαΎγϲϠϋ

ϲϠϋϡήΟϢΠϠϣΔϠϣΎϜϟέΎϤΜϟΕΎϨϴϋϲϓΝϦϴϣΎΘϴϓΔΒδϧΖϧΎϛϦϴΣϲϓ
ϑΎΠϟϥίϮϟαΎγϲϠϋϡήΟϢΠϠϣˬΐσήϟϥίϮϟαΎγ

ΔϴΟϮϟϮϨϜΘϟΕΎγέΪϟΎόΑέ
ΕήϬχϭϲόϴΒτϟΏήθϟϭϰΑήϤϟϞΜϣϲϛϮθϟϦϴΘϟήϴμϋϦϣΕΎΠΘϨϣϊϴϨμΗϢΗ
ΎϬϧΔόϨμϤϟΕΎΠΘϨϤϠϟ ϡϮϗΔΤέϢόσ±ϥϮϟ ΔϴδΤϟΔϳϮπόϟΕέΎΒΘΧϻΞΎΘϧ
ϦϴϜϠϬΘδϤϠϟΔϠΒϘΘϣϭϦϳήΒΘΨϤϠϟΪΟΓΪϴΟ










