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Prickly Pear (Opuntia ficus indica)

SPECIFICATION SHEET

DESCRIPTION Prickly pear powder is an
ingredient obtained from the selection,
washing, cutting, dehydration and milling of
Opuntia spp.

The drying process is particularly designed
to keep the bioactive properties of
Prickly pear.

The ingredient is GMO free, allergens
free and is not an irradiated product.

SPECIFICATIONS: Organoleptic

attributes Appearance Fine Powder
Color Creamy green Olor
Characteristic

Flavor Characteristic Physical
and chemical data Moisture <
10.0%
Dry matter > 90%
Ash < 25% Mesh size

< 10 % On US#_40 Lead
< 3 ppm _
Cadmium < 0.5 ppm
Arsenic < 1 ppm
Microbiological Total Plate Count < 10
000 CFU/g Molds < 150
CFU/g Yeast < 150 CFU/g E.
coli < 10 CFU/g Salmonella

Negative S. aureus

Negative

Typical Nutrition Profile

Ash 17.0-22.0 %
Protein 4.5-6 %
Reducing Sugars 6.0-12.0%
Dietary fiber 40 — 48 %
Potassium 1.8 %
APPLICATIONS

¢ Food supplements: weight
management, diabetes,
hypercolesterolemia.

¢ Food and beverages
o Cosmetic products

STORAGE:

PACKAGING

Multilayer kraft paper bag with inner plastic
bag. Net Weight : 25 kg

STORAGE CONDITIONS

Recommended storage is a cool (below
25°C) and dry area.

SHELF LIFE

2 years keeping under recommended
storage conditions and handling GMP
practices.
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Prickly Pear (Opuntia ficus indica

PRODUCT HIGHLIGHTS

Natural concentrate of Opuntia spp.
It has low glycemic index
Rich in soluble and insoluble fiber

 Hypoglycemic properties: Blood
glucose levels was reduced up to 42%
after postpandrial (after meal)
consumption of an extract of Opuntia
spp. This is because it reduces the
intestinal absorption of glucose (soluble
fiber effect) or due to the existence of
hypoglycemic substances *’, presumably
a saponin. °

¢ Anti-hyperlipidemic and anti-
hypercolesterolemic effect: It was
reported a reduction of total cholesterol,
LDL, apolipoprotein levels, triglycerides,
fibrinogen, blood glucose, insulin and
urate. The anti-hyperlipidemic effects
were ascribed to the pulp pectin, by
means of reducing lipid absorption and
increased fecal sterol excretion due to its
binding bile acid capacity. **! The pectin
was attributed as responsible for
decreasing lipid absorption, blood lipid
levels, and finally weight reduction.>®

+ Antioxidant Capacity and
atherogenic properties : It has
demonstrated antioxidant capacity by
inhibiting some  oxidant enzymes.

Opuntia robusta pulp broiled was responsible for an antiatherogenic effect decreasing

isoprostane levels in urine, serum and plasma as an indicator for oxidative stress and

generally improved blood parameters levels. >/

« Satiety: A prolonged period of satiety was registered after cladode consumption.



QP Salutary

Metabolic Syndrome X is a group of conditions that put you at risk for heart disease
and diabetes . These conditions are: High blood sugar levels , high levels of
triglycerides, a type of fat, in your blood Low levels of HDL in blood(the good
cholesterol) and too much fat around waist. (U.S. National Library of Medicine and
National Institutes of Health)

According to its definition we can conclude that prickly pear has multiple benefits that
can improve Metabolic Syndrome X conditions.

Diuretic effect and impact on uric acid metabolism: O. ficus indica cladode, fruit
and flower infusions significantly increase diuresis.>®

A study to determine the effects of feeding spineless Opuntia ficus-indica Mill cladodes
on diuresis and urinary electrolyte excretion conclude that plasma urea concentration
decreased linearly (Pb0.05) as Opuntia ficus-indica Mill cladode level in the diet
increased. A tendency for a linear decrease (P=0.06) in uric acid concentration was
also noted as a result of Opuntia ficus-indica Mill cladode inclusion.*®

Diuretic properties of Opuntia ficus-indica Mill can partly be attributed to the effects its
high K concentration exerts on renal epithelia (Galati et al., 2002).%®

Antiulcerogenic Effect : Antiulcerogenic effect of the cladode or fruit powder from
O. ficus indica var. saboten Makino. Stomach lesions triggered by hydrochloric
acid/ethanol or hydrochloric acid/acetylsalicylic acid were reduced. The protective
effect was ascribed to the cladodes’ hydrocolloid acting as a buffer, spreading out on
the gastric mucosa and increasing mucus production by enhancing the number of
secretory cells.?¥??

Antiinflammatory Properties: Extracts of cladodes demonstrated a fast
regeneration of the tissue that was ascribed to inflammation inhibition, stimulation of
the fibroblast migration with accelerated collagen synthesis and faster healing process.
This effect is presumably ascribed to a polysaccharide fraction of cladodes.?2> >
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RESEARCH OVERVIEW

Scientific Name of Species : Opuntia ficus-indica
L. Miller., Opuntia streptacantha Lem.

Common Names: Prickly pear cactus, Nopal.
Family: Cactaceae
Origin: Mexico

General Description: Belongs to the genus
Opuntia, family Cactaceae and subfamily
Opuntioideae which comprises over 300 species. All
of them are native from Americas, from USA to
Argentina. This species grow in arid (less than 250
mm annual precipitation) and semi-arid areas (250
to 450 mm annual precipitation). This plant is
highly adaptable and therefore, can be found in
wide variety of weather.! 2

Botanical Characteristics:

Opuntia spp. cactus are up to 16.4 feet with
flattened cladodes (pads) with very few quantity of
spines. Its flowers are yellow to orange from 2.8 to
3.937 inches. The fruits are called prickly pear fruit
or “tuna” .

Primary Uses: Traditionally and nowadays,
cladodes and fruits are used for different functional
purposes in foods, beverages, cosmetics and as a source of natural colors. Several
investigations reveal its broad functional properties for foods.
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Process Description
Prickly pear was particularly developed as a suitable product for its application in wide
variety of products.

Prickly pear is a concentrate of dehydrated Opuntia spp. that is obtained by selection,
washing, cutting, dehydration and milling of prickly pear cactus cladodes.

The dehydration process of prickly pear is designed to keep the bioactivivity of
compounds from Opuntia spp. of that are responsible for its multiple health benefits.
Concentration rate: 1 kg of prickly pear is obtained from 12.5 —15 kg from fresh Opuntia
spp. cladodes.

Fresh . N :
Cladodes » Washing » Cutting
A 4
Prickly pear Milling Dehydration

Flow Sheet for production of Prickly pear

General Characteristics

The rate of absorption of water is an important parameter because as its water retention
capacity increases the size of the bolus and satiety effect increase. Generally, as the
particle size decrease, water retention increase. This parameter depends mainly on the
particle size and it can be set in the milling process.

The low water content in dehydrated Prickly pear powder makes it suitable for mixing
with other flours such as wheat. Either way, the amount of water in the dried powder may
be modified during the drying process. (Lecaros, 1997)

The ash content of prickly pear powder consists mainly in calcium and potassium in
considerable amounts. Few foods have high levels of potassium, so the dried Opuntia spp.
powder is a good source of this mineral to the diet. The low sodium content is especially
important for application in wide variety of products. (Saenz et al., 1997)
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The color of prickly pear is pale green , not very intense and therefore is easy to change
with the addition of natural colors contained in chocolate or caramel when it is added to
other food products such as desserts, biscuits, supplements, etc.

The rheological behavior of this ingredient when added to a liquid is affected by the
quantity of powder in the suspension.

The viscosity properties of prickly pear can be modified in the drying process for
particular needs in a great variety of products.

Typical dietary fiber profile of dehydrated Opuntia spp. Opuntia spp. are an excellent
source of dietary fiber both soluble and insoluble. To obtain its benefits. For this reason,
prickly pear powder could be added to unlimited food and food supplements.'” The
presence of both types of fiber in the ingredient makes healthy and balanced products
according to the soluble and insoluble fiber profile, which different properties.

Table 4 . Typical dietary fiber profile dehydrated Opuntia spp. (Saenz et al. (1997))

Fiber Type Quantity (%) |
Insoluble Fiber 28.45
Soluble Fiber 14.54
Total Dietary Fiber 42.9

By means of its composition analysis, it was determined the great potential of
prickly pear for its application in food, pharmaceutical and cosmetic products.

Table 1: Typical Chemical composition of Opuntia spp.

Water - 88-95
Carbohydrates 64-71 3-7
Ash 19-23 1-2
Fiber 18 1-2

Protein 4-10 0.5-1
Lipids 1-4 0.2
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Table 2: Typical Composition of Opuntia spp. (Mufioz de Chavez et al, 1996) *

Item Content /100 g

Energetic Content (kcal) 27
Proteins (g) 1.70

Fat (g) 0.30
Carbohydrates (g) 5.60
Sodium (mg) 2.0

Potassium (mg) 166.0
Calcium (mq) 93.0
Iron (mQg) 1.60
Thiamine (mg) 0.03
Riboflavin (mg) 0.06
Niacin (mg) 0.30
Ascorbic Acid (mg) 8.00

Retinol (mcg ) 260.00

The composition varies depending on cultivation area, season and age of the plant. The
above typical compositions is referred to average and spineless Opuntia spp. cladodes.
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Table 3: Chemical Composition: /n terms of isolated compounds from Opuntia ficus-

indica.

Isolated Compounds from Opuntia ficus-indica

| Compound Type Part of the Plant References
Mucilage Cladodes 32,35
Rhamnose Monosaccharides Cladodes and 34, 36
Fruits
Galactose Monosaccharides Cladodes and 34, 36
Fruit
Xylose Monosaccharides Cladodes and 34, 36
Fruits
Glucans Cladodes 34
Glicoprotein Cladodes 34
Pectin Fruits 26, 32
Galacturonic Acid Fruits 26, 34
Saccharose Disaccharide Fruits 27, 33, 36
Glucose Monosaccharides Fruits 27, 33, 36
Fructose Monosaccharides Fruits 27, 33, 36
Aldehydes Fruits 28
Alcohols Fruits 28
Lactones Fruits 28
Esters Fruits 28
Beta- Enzyme Fruits 29
Fructofuranosidase
Betalaine Alcaloid 30
Indicaxantine Betaxantin 30
Betanine Betaxantin 30
Isobetanine Betaxantin 30
Glycoside betalainic Betaxantin Fruits 30
Betaine Betaxantin Fruits 31
Isobetaine Betaxantin Fruits 31
Sorbitol Polisaccharides Fruits and Seeds 33
Linoleic Acid Fatty Acid Fruits and Seeds 33
Oxalic Acid Acid Fruits 36
Tartaric Acid Acid Fruits 36
Citric Acid Acid Fruits 36

Compounds Isolated from Opuntia ficus-indica. Carmen Alonso. Plantas Medicinales de
México II.
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Functional Properties

Hypoglycemic properties

Human studies in the 80es demonstrated glucose and insulin levels in healthy fasting
subjects were stable when eating Opuntia cladodes. The positive contribution to overall
health in diabetes mellitus type II (non-insulin-dependent diabetes) patients was assumed
to be due to a reduced postprandial sugar absorption. Following a glucose challenge test,
the increase in insulin and glucose were retarded. Also, the glucose and insulin plasma
levels were reduced. After 10 days of cladode ingestion prior to meals, a significant
reduction of the serum glucose level was noticed. ** *

Since these effects did not depend on glucagon, cortisone, and human growth hormone
levels, which are closely interrelated with glucose metabolism, a gastric enterohormone
was held responsible for the hypoglycemic effect. ** Although the responsible principle
could not be elucidated by **** the hypoglycemic effect stayed away when the
pancreatic tissue was removed from the animals prior to O. streptacantha ingestion. ** 1In
an earlier report, the unidentified anti-diabetic factor was assumed to be of steroidal
nature, presumably a saponin.’

At present, two species are the most frequently used: Opuntia ficus-indica (L.) Mill.,
popularly named "nopal” or "nopal de Castilla", and Opuntia streptacantha Lem, popularly
known as "nopal" or "nopal xoconoxtle". Both species are also the Mexican anti-diabetic
plants most clinically and experimentally studied. Traditional preparations from both
species have been evaluated in temporarily hyperglycemic rabbits, in alloxan-diabetic
rabbits, normal volunteers and type II diabetic patients. In these studies, results suggest
that the hypoglycemic effect produced by O. ficus-indica could be explained by a
mechanism that reduces the intestinal absorption of glucose (fiber effect). On the other
hand, the hypoglycemic activity suggested for O. streptacantha, predominantly has been
associated with the existence of hypoglycemic substances producing activity after their
absorption. ¥

The efficiency of cladode preparations was underlined by who investigated the
hypoglycemic potential of O. ficus-indica cladodes on non-insulin-dependent diabetics.
Both fried and and raw despined cladodes showed this therapeutic effect. *

The application of an ethanol extract from ground O. megacantha cladodes (20 mg/100g
body weight over the period of 5 weeks) resulted in a weight decrease in diabetic animals,
which could not be observed in healthy individuals. In both groups, the plasma glucose
levels were decreased by about 20%.3®
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In feeding trials with pigs, diabetic individuals exhibited reduced blood glucose levels 1 h
after ingestion of an extract from O. lindheimeri Engelm. When 250 mg extract per kg
body weight were applied, a 24% glucose decline was registered while at a 500 mg dose,
even a reduction by 42% was noted. Since diabetic pigs develop the same secondary
injuries as humans such as microvascular eye and kidney damage as well as proliferating
nonresponsiveness to insulin, this model should be preferred to tests.*®

The soluble dietary fiber is associated with control of glucose concentrations and therefore
diabetes. (Periago et al, 1993; McPherson, 1992).'

These effects deserve special attention since the populations of developed countries are
increasingly suffering from obesity and diabetes symptoms urgently requiring effective
countermeasures.**’

Anti-hyperlipidemic and anti-hypercolesterolemic effect

The anti-hyperlipidemic effect after cladode ingestion was investigated only in recent
studies **°2, In general, a prolonged period of satiety was registered after cladode
consumption. In a series of studies with Guinea pigs, Fernandez et al. ! demonstrated
that the reduction of blood lipids was attribuited to a pectin from Opuntia due to its
binding bile acid capacity. It was concluded that bile absorption in the colon was also
reduced.*°

The pectin was attribuited as responsible for decreasing lipid absorption, blood lipid
levels, and finally weight reduction.>

Wolfram et al.*® reported a reduction of total cholesterol, LDL, apolipoprotein levels,
triglycerides, fibrinogen, blood glucose, insulin and urate. The anti-hyperlipidemic effects
were ascribed to the pulp pectin, by means of reducing lipid absorption and increased
fecal sterol excretion.

Increase consumption of dietary fiber in the diet (as contained in Opuntia spp.) is
associated with lower cholesterol levels because apparently dietary fiber causes and
accelerates the secretion of bile acids and cholesterol. They bind to the fiber and are
eliminated in the feces, reducing the possibility of its reabsorption. (Badui, 2006)*°

Antioxidant Capacity and atherogenic properties

The total phenols in an ethanolic cladode extract from lyophilized ficus-indica var. saboten
were held responsible for the radical scavenging activity towards superoxide and hydroxyl
anions. In addition, a cell growthregulating activity was noted. *°

Decreasing isoprostane levels in urine, serum and plasma as an indicator for oxidative
stress and generally improved blood parameters levels were held responsible for the
antiatherogenic effect of broiled O. robusta pulp.*®
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Besides catecholmethyltransferases, the monoamino-oxidases (MAQOs) are usually involved
in the catabolism of catecholamines,(hormones or neurotransmitters) thus regulating the
overall amine pool **. In cladodes, methyl esters derived from organic acids were identified
as MAO inhibitors®’.

Diuretic effect and impact on uric acid metabolism

A study determined the diuretic activity of Opuntia ficus indica (L.) Mill. (Cactaceae) waste
matter in rat. Acute and chronic diuretic activity of 15% infusion of cladodes, flowers and
fruits were assayed. The results show that O. ficus indica cladode, fruit and flower
infusions significantly increase diuresis.*®

A study was conducted to determine the effects of feeding spineless Opuntia spp.
cladodes on diuresis and urinary electrolyte excretion in goats.

Potassium intake increased quadratically (Pb0.05) while Na intake decreased quadratically
(Pb0.05) as the level of Opuntia spp. cladodes in the diet increased . Water intake from
feed and urine output increased linearly (Pb0.05) as the level of Opuntia spp. cladodes in
the diet increased. Plasma urea concentration decreased linearly (Pb0.05) as Opuntia spp.
cladode level in the diet increased urinary concentrations of creatinine, urea and K
decreased linearly (Pb0.05) as the level of Opuntia spp. cladodes in the diet increased. A
tendency for a linear decrease (P=0.06) in uric acid concentration was also noted as a
result of Opuntia spp. cladode inclusion.

Similar effects have also been reported for O. megacantha leaves’ extract (Bwititi et al.,
2001a). Ingestion of O. megacantha increased water intake and urine volume (Bwititi et
al.,2001b)*.

Diuretic properties of Opuntia spp. can partly be attributed to the effects its high K
concentration exerts on renal epithelia (Galati et al., 2002).® Drugs and plants with
diuretic activities are characterized by high K:Na ratio (Szentmihalyi et al., 1998). The
K:Na ratio for dietary treatments in our study ranged between 19:1 and 26:1 which is
within the5r7ange reported for diuretic drugs and plants (i.e. 5:1 to 615:1) (Szentmihalyi et
al., 1998).

Antiulcerogenic Effect

Furthermore, Lee et al. 1> postulated an antiulcerogenic effect of the cladode or fruit
powder from O. ficusindica var. saboten Makino. Stomach lesions triggered by hydrochloric
acid/ethanol or hydrochloric acid/acetylsalicylic acid were reduced. The secretion rate of
both gastric juice as well as the pH value remained constant. Galati et al. ** confirmed
these results. However, the protective effect was ascribed to the cladodes’ hydrocolloid
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acting as a buffer, spreading out on the gastric mucosa and increasing mucus production
by enhancing the number of secretory cells.'¥??

Antiinflammatory Properties

An ethanolic extract of the cladodes demonstrated a fast regeneration of the tissue was
attributed to inflammation inhibition, stimulation of the fibroblast migration with
accelerated collagen formation and faster healing process. 2%

A base cream containing 15% lyophilized cladodes and a commercial ointment on the
wound produced on the backs of rats was studied. The treatment was carried out for 3
and 5 days.

After three days of treatment, the scar tissue is evident, both fibers and fibroblasts in the
derma are properly arranged. The dermal vessels are reduced in lumen and the
keratinocytes show proliferation areas. In the 5 days' treatment, the wound healing
process is almost completed and the npiliferous bulbs are recovering. Complete
epithelization occurs. Evidently, the O. ficus-indica treatment accelerates wound healing,
probably by involving the proliferation and migration of the keratinocytes in the healing
process.

Results of experiments show, it is evident that in animals with nontreated wounds, the
cutaneous layers show typical characteristics of the healed scars. Indeed, veins with a
dilated lumen and the presence of inflammatory cells are very evident; in the superficial
area underneath the scar no keratinocytes can be detected.

In samples treated with the commercial preparation, the veins are wide with a good
organization of the collagen fibres. A thin layer of migrated keratinocytes can be seen
underneath the scar. In the more advanced stages of healing (5 days' treatment) a
reorganization of piliferous bulbs occurs.

Treatment with the preparation containing the lyophilized Opuntia ficus-indica cladodes
produces a better and more organized tissue reconstruction due to an improved
organization of the dermal constituents.

Indeed, from the first stage of the healing process, an ordered disposition of the collagen
fibres can be seen, as well as the vascular neo-formations, which are characterized by the
presence of smaller, and more numerous dermal veins than those in the control animals
(Brown et al., 1992; Norris et al., 1982).

Opuntia ficus-indica cladodes contain a polysaccharide fraction (Karawya et al., 1980), and
various reports show that polysaccharides from different plants can be responsible for the
effects associated with the healing of wounds. Some polysaccharides have an influence on
the immune system and the polysaccharides, all coming from plants used for wound
healing in folk medicine, can influence the complement system (Tomoda et al., 1981;
Yamada et al., 1991 a,b,c).

Besides the angiogenesis is an essential process in wound healing (Brown, et al,, 1992;
Norris, et al., 1982), and it is known that some angiogenic activators have been shown to
promote wound healing. These activators could be a low-molecular-weight component of
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cladodes (Lee et al., 1998) as monosaccharide residues, polyphenols or B-sitosterol, that is
the predominant sterol in Cactacee (Salt et al., 1987).

This study demonstrates that the treatment accelerates wound healing. Probably, Opuntia
ficusindica cladode components are capable of maintaining high humidity of the wound-
dressing interface, but perhaps they also could influence inflammation, fibroplasias, and
collagen synthesis.>
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