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Evaluation and Utilization of Cladodes Flour in Formulating Functional Sponge Cake
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Abstract: The aim of the study was to investigate the chemical composition, physicochemical characteristics,
functional properties, minerals content, amino acids profile, fatty acids composition, rheological properties of
cladodes flour which affect the technological properties and possibility of utilization of cladodes flour in
fortification or substitution. Incorporation of cladodes flour in sponge cake was also studied. The results
showed that cladodes flour had higher ash and crude fiber 27.04% and 18.47% respectively, thus could be
considered as promising and cheap source of these compounds. The fresh cladodes had a value of 4.1 Brix°
for total soluble solids and pH value of 3.27. Titratable acidity as % malic acid was 3.6%. Cladodes flour could
be considered as a good source of minerals especially Ca, K, Na, Mg and Zn. The most limiting amino acids in
cladodes flour were found to be; threonine, tyrosine and leucine which might be cladodes flour good
complement to other vegetables, meat and dairy products. Linoleic, linolenic and palmitic acids were the major
fatty acids in cladodes flour lipids, this suggested that cladodes flour oil is a highly nutritious. The rheological
effect of the cladodes flour levels on wheat flour was studied using farinograph and extensograph. The water
absorption, degree of softening (except 15 and 20%), energy (except 20%) and elasticity were increased with
increasing the level of cladodes flour, while extensibility and P.N. were decreased. Sponge cake were prepared
using different levels of cladodes flour then evaluated for chemical composition and sensory properties. Results
of chemical analysis indicated that incorporation of cladodes flour into sponge cake formula obviously
increased ash and crude fiber with increasing cladodes flour, while protein and fat were decreased. Cladodes
flour could be replaced with wheat flour up to 10% level without observed detrimental effects on sponge cake
overall acceptability. It was concluded that incorporating cladodes flour enhance the nutritional quality and
improved sponge cake.
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INTRODUCTION Cactus (Opuntia ficus indica) belongs to the family

Natural products and health foods have recently about 30 genera and nearly 1500 species. This plant is
received a lot of attention both by health professionals native of Mexico and it is widely distributed in Mexico
and the common population for improving overall well and all American hemispheres as well as Africa and the
being, as well as in the prevention of diseases including Mediterranean basin [2]. The prickly pear cactus stems are
cancer. In this line, all types of fruits and vegetables have defined as young cladodes originating from genders of
been reevaluated and recognized as valuable sources of Opuntia spp. and Nopalea spp. plants from the family of
nutraceuticals. The great number of potentially active the Cactaceae, it also has variable size (7 to 30 cm in
nutrients and their multifunctional properties make cactus length) according to the nopal codex norm [3].
pear (Opuntia spp.) fruits and cladodes perfect candidates In Mexico and some parts of the united states, young
for the production of health promoting food and fresh cladodes (traditionally called " nopalitos " are
supplements [1]. widely  consumed as vegetables and for many years have

Cactaceae. Family Cactaceae is reported to contain
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been used to prepare a diversity of dishes and using Sponge cake is made of flour, sugar and eggs, mixed
several different preparations or cooking methods to make various categories and has become a kind of
including sauces, salads, soups, stews, beverages, worldwide snack [10]. Cakes are popular, ready to eat and
snacks, juices, pickles, brines, marmalades, jellies, flours, low price foods, therefore enrichment of these products
candies, desserts, jams, squash, wine, chutney, candied with minerals, vitamins and fibers is of great importance
nopales, dehydrated sheets, preserve, pigment source, [11].
body lotions, shampoo, creams and as tender  nopal  [2,4]. The purpose of this study was carried out to
After trimming and chopping, the cladodes may be eaten investigate the proximate composition, physicochemical
fresh or cooked. Boiled cladodes have a taste similar to properties, functional properties, mineral contents, amino
green beans. Nopalitos are very perishable with a storage acids, fatty acids, rheological properties of cladodes flour
life of only 1 day at room temperature, but can be and evaluate the effect of cladodes flour substitution to
preserved for up to 6 days when packed in polyethylene wheat flour on the chemical composition and sensory
bags and stored at 5°C [5]. evaluation of sponge cake. 

Cactus pear cladodes are known for its medicinal
properties such as an auxiliary treatment for obesity and MATERIALS AND METHODS
gastrointestinal or cardiovascular disorders. These
extracts also decrease the levels of cholesterol, Materials:
triglyceride and serum glucose and are also used for Cladodes: Fresh cladodes (stem) of Opuntia ficus indica
treating burns, bronchial, asthma and indigestion in many were collected from prickly pear cactus farms located in El-
countries over the world, so it is used in pharmacy Gharbia governorate, Egypt and spines from fresh
industry as a pharmaceutical agent [2]. In addition, prickly cladodes were removed.
pear cactus is traditionally used to treat adult onset
diabetes, hepatitis, toothache, rheumatism, kidney stones Cake Ingredients: Wheat flour (72% extraction ratio) and
and externally to treat skin infections and wounds [6]. the other ingredients used in the sponge cakes making

Because nutritional deficiencies are currently were purchased from a supermarket in El-Gharbia, Egypt.
widespread in many poor areas of the world, special
attention should be focused on inexpensive solutions, Methods:
such as nopal powders, in order to take advantage of all Preparation of Cladodes Flour: The cladodes were
of its production periods. Nopal powders can be an washed with running water from the faucet, the humidity
economic alternative when used as a dietary supplement excess was removed with  absorbing  paper.  The
in all seasons, without the need for fresh nopal. The dried cladodes  were  cut  manually  with  a  knife  into  slices
products represent certain advantages for transport and (0.5 cm thickness) and dried in an air forced oven at 80°C.
preservation for prolonged periods in optimal conditions The dried samples were milled in an analytical grinder for
to ensure maximum nutritional quality and availability [7]. a few minutes into a powdery form and sieved to pass

Opuntia prickly pads are an important source of through a 60 mesh screen and kept in polyethylene bags
several nutritional elements like pectin, mucilage and at 4°C until utilization.
minerals. Currently there is only information related to
young stage pads and precious little relating to the Preparation of Sponge Cakes: The cakes were prepared
nutritional value of older maturity stage pads [8]. The by supplementing cladodes in wheat flour: 0, 5, 10, 15 and
fresh young pads, also known as cladodes are an 20% level according to the procedure described by
excellent source of proteins including essential amino McWatters et al. [12]. The basic ingredients used were:
acids and vitamins. Several studies have reported that 100g of flour blend, 100g sugar, 125g of beaten whole egg,
high levels of amino acids especially proline, taurine and 0.5g of salt and 1.8g of baking powder, 1.5g vanillia and
serine can also be found in prickly pads [8]. The some of lemon juice. Frist, the eggs and salt were mixed in
dehydration and grounding of the cladodes offers a a mixing bowl. Vertical mixer attached with whip was used
convenient alterative to the storage and handling of the to whip the eggs with high speed until light and fluffy.
product and also has promoted the development of an Sugar was added during whipping. The sifted flour with
ample range of food products, such as bonbons, cookies, baking powder was poured into the blended liquid mixture
breads, cakes, nachos, tortillas as well as cosmetic goods and blended with vanilla for only five seconds. Cake
and pharmaceuticals capsules [9]. batter  was  poured into greased teefal pan and baked at
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180°C for 30 min, then the temperature was reduced to supernatant was clear. Appropriate dilution of
160°C and continued for 30 min. Cakes were cooled to supernatant was used to read the absorbency with
room temperature and packed in polyethylene bags. Spectrophotometer at 660 nm and 642.5 nm. Chlorophyll

Analytical Methods Total chlorophyll  7.12 A + 16.8 A 
Proximate Chemical Composition: The moisture content Chlorophyll a  9.93 A - 0.777 A 
was determined by drying the samples in an air oven at Chlorophyll b  17.6 A - 2.81 A 
80°C to a constant weight [13]. Crude protein (N×6.25)
was determined according to the AOAC [13]. Ether extract The results were expressed in mg of chlorophyll per
was determined according to Folch et al. [14] using a 100g pulp.
mixture of chloroform and methanol (2:1 v/v). Ash content
was determined by incineration the sample at 550°C in an Functional Properties:
electrical Muffle furnace [14]. Meanwhile, crude fiber Water Absorption Capacity: One gram of sample was
content was determined by acid/alkali digestion method added  with  10ml  of  distilled  water   in   a    beaker.
of Southgate [15]. Carbohydrate content was calculated Then, the suspension  was  stirred  using  a  magnetic
by difference. stirrer  for  5 minutes. After that, the suspension was

Physicochemical Analysis: Total soluble solids (TSS) produced  was  measured  in  a  10ml  graduated  cylinder.
were measured by using hand refractometer model and The density  of  water  is  1g  /cm .  Water  absorption
expressed as °Brix. pH was determined in the fresh was calculated as the difference between the initial
cladodes sample using a pH meter [13]. volume of the water added and the volume of the

Titratable Acidity: The quantification of the titratable powder (ml /g) [17].
acidity was carried out in comply with the AOAC [13]. A
sample of 10g was homogenized in 50ml of distillate water. Oil Absorption Capacity: First, 1g of sample was added
The total volume of the mixture was measured using a test with 10ml of corn oil in a beaker. Then, the suspension
tube. Then, a filtering process using gauze to took place was stirred using a magnetic stirrer for 5 minutes. After
in order to eliminate solid elements. A 10ml aliquot was that, the suspension was centrifuged at 3600 rpm for 30
used and titrated with NaOH (0.01N) using minutes. The supernatant produced was measured in a
phenolphthalein as an indicator. The results were 10ml graduated cylinder. Oil absorption was calculated as
expressed as % of malic acid [16] and calculated using the the difference between the initial volume of the oil added
equation: and the volume of the supernatant. The result was stated

Swelling  Power:  Swelling  power  was   determined

Ascorbic Acid Determination: The ascorbic acid was pre-weighed centrifuge tube. Then 10ml of distilled water
determined  according  to  AOAC  [13] procedure using was added into the centrifuge tube and mixed well. After
2,6- dichlorophenol indophenol dye. that, the tube was heated at 80°C for 30 minutes (in a

Chlorophyll Content: Chlorophyll content in sample was heating period. After heating, the suspension was
determined by using AOAC [13]. Approximately 50mg of centrifuged at 2280 rpm for 15 minutes. Then, the
sample was weighed in a tube and 2.5ml of 85% (v/v) suspension was decanted and the weight of the
acetone was added. The tube was shaken vigorously for centrifuge tube and the paste were taken. The swelling
5min by mixer. 10ml of 85% acetone was added and then power was calculated by dividing the weight of paste by
centrifuged at 4000 rpm for 5min. The supernatant was weight of dry sample. The result was stated as gram per
collected and the previous steps were repeated until the gram (g / g).

content was calculated as follows:
660 642.5

660 642.5

642.5 660

centrifuged at 3600 rpm for 30 minutes. The supernatant

3

supernatant. The result was stated as milliliter per g of

as milliliter per g of powder (ml / g) [17].

based on the method stated by Zamri and   Wei  [18].
First, 1g of powder was weighed and inserted it into a

boiling water bath) with continuous shaking during the
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Rheological Parameters:

Where : determine the effect of substituting wheat flour with

W  weight of cladodes flour sample and 20%)  on  dough  rheology  using  a  farinograph1

W  weight of the centrifuge tube with cladodes flour (type 810105001, Brabender H2: 50, No. 841020, Duisburg,2

sample Germany) according to the standard AACC [23] method.
W  weight of the centrifuge tube with swollen material Parameters measured were  water  absorption  (%)3

Minerals Content: Ca, K, Mg, Fe, Na, Mn and Zn were consistency of 500 Brabender units line), arrival time (min)
measured as described in the AOAC [13] using Perkin (the time in minutes required for the curve to reach the 500
Elmer Atomic Absorption Spectrophotometer (Model Brabender unit line after the mixer will be started and water
2380). will be added), dough development time (min), dough

Amino  Acid  Composition:  Amino  acid  composition of the curve interacts first 500 B.U. line leaves that time)
was  determined  by  acid hydrolysis according to Block and degree of softening (B.U) of wheat flour dough and
et al. [19] using  Automatic  Amino  Acid    Analyzer its blends with cladodes flour.
(AAA 400, INGOS ltd). The dried grinded sample (100 mg)
was hydrolyzed with 6N HCL (10 ml) in a sealed tube at Extensograph Test: Extensograph (BRABENDER DHG
110 °C in an oven for 24 hours. The excess of HCL was DUISBURG, type 860001, Nr: 940003 ) test was carried out
then freed from 1 ml hydrolyzed under vacuum of 80°C according to the method described by AACC [23] to
with occasionally addition of distilled water, then measure the following data : Elasticity (B) (B.U), dough
evaporated to dryness. The HCL free residue was extensibility (E) (the total length of the base of the
dissolved in exact (2 ml) of loading buffer (6.2 M, pH 2.2). extensogram measured in millimeters), P.N dough energy
Amino  acid  score  (AAS)  was calculated as the (represented by the area in cm  out lined the curve) and
following equation: AAS % = [ g amino acid of sample] / peak height ( the maximum height of the extensograph
[ g same amino acid of FAO/WHO reference protein ] × curve measured in Brabender units).
100 [20]. 

Fatty Acids Composition: Fatty acids extraction was done control biscuit (wheat flour) and cladodes flour biscuits
according to the method of Bligh and Dyer [21]. Ten g were evaluated by using a taste panel, consisting of 20
sample was extracted using 200 ml chloroform /methanol judges. The panelists were asked to evaluate the samples
2:1 (v/v) solution, by blending in Waring blender for 2 using hedonic scale consisting of 9 points from 1
min, then filtered and transferred to a 500 ml separator (Extremely dislike) to 9 (Extremely like). Color, appearance,
funnel. The extract was washed with 50 ml chloroform and taste, flavor, texture and overall acceptability were
40 ml potassium chloride solution 0.72%. The phases were evaluated [24].
separated and the process repeated. The organic phase
was concentrated in a rotary evaporator and followed by Statistical Analysis: The data obtained were subjected to
esterification. analysis of variance according to SPSS [25]. Significant

Preparation of fatty acid methyl esters from cladodes differences among individual means were analyzed by
powder were performed according to the procedure of Duncan's multiple range test [26].
Radwan [22] using 1% sulpuric acid in absolute methanol.
The fatty acid methyl eaters obtained were separated by RESULTS AND DISCUSSION
Gas Chromatography HP (Hewlett Packard) 6890 GC under
the following conditions: Column, HP-5 (5% diphenyl, Chemical Composition of Cladodes Flours: The results
95% dimethyl polysiloxane), 30m, 0.32 mm ID, 0.25 µm film for the cladodes flour proximal analysis were presented in
thickness, Detector, FID (Flame Ionization Deterctor), Table (1). The fresh cladodes had a high moisture content
Initial temp. 150°C for 2 min. Injector temp.220°C, injection 94.097%.The protein content of cladodes flour reported in
volume 2µl, splitless mode, Detector temperature 250°C. this investigation (7.260%) is within the values reported
Nitrogen was used as the carrier gas with a flow rate of 1 for different species of the genus Opuntia [4]. Crude lipid
ml/min. of   2.206%   is  similar  to  the  finding of Moreno-Alvarez

Farinograph Test: Farinograph test was carried out to

selected levels of cladodes flour powder (at 0, 5, 10, 15

(amount of water required for the dough to have

stability (min) ( the time in minutes elapsing when the top

2

Sensory Evaluation: The organoleptic characteristics of
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et al. [27] for cladodes of the same species, a difference
which may be attributed to the different climatic
conditions where harvesting was done.  Cladodes  flour
is a good source  of  total  dietary  fiber  being  18.468%
(on dry weight basis). Dietary fibers decrease the risk of
diverticular disease, play an essential role in the
physiology of the gastrointestinal tract and modify the
absorption of nutrients in the small bowel. Moreover,
dietary fibers accelerate the gut transit time, affect stool
composition and quantity, encourage the growth of
colonic microflora, release the detoxicating enzymes,
antioxidants and carcinogen inactivating compounds
[28].This flour can partially replace wheat flour in cookies
or other confectionery products. The replacements tested
were 2.5, 5 and 10%. The 10% replacement had good
acceptability of nearly 7 (Hedonic scale 1-9 points) [29].

Physicochemical Properties of Cladodes Flour: As
shown in Table (2), the total soluble solids (TSS) of
cladodes were 4.1° Brix. Titratable acidity is the parameter
to estimate the organic acids content. The titratable
acidity (%) of fresh cladodes was 3.6% expressed as %
malic acid. Prickly pear cactus stem constituted of several
acids such as: oxalic, malic, citric, malonic, succinic,
tartaric and pscidic [30]. The cladode's juice has an
average pH of 4.6, 0.45% titratable acidity and 6.9%
soluble solids [7]. From the tabulated data, it could be
noticed that the pH value in the analyzed cladodes was
3.27. The registered pH value indicates that this vegetable
is a low acidic food. Data in Table (2) indicated that the
concentration of ascorbic acid (vitamin C) in fresh
cladodes was 24.368 mg / 100g). Felker et al. [31] reported
that nopalitos are good source of - carotene (provitamin
A) and ascorbic acid (vitamin C), two important vitamins
known that significantly reduce the risk of certain types
of cancer, as well as cardiovascular and chronic
degenerative diseases associated with ageing. Titratable
acidity, pH and vitamin C content differ from the findings
of Moreno-Alvarez et al. [27] for cladodes of the same
species, differences may be associated with the collecting
season and the geographic regions. Data revealed that
chlorophyll b content was higher than chlorophyll a
content. Chlorophyll a and b are proportionally related to
the size and chloroplast of the prickly pear cactus stem, as
well as the total chlorophyll [32]. Chlorophyll b content
higher than the chlorophyll a content as found in this
study are different to the findings reported from Yahia and
Arauza [33] who mentioned results in the opposite order.

Table 1 : Proximate composition (%) of fresh cladodes and cladodes flour
Composition (%) Fresh cladodes Cladodes flour
Moisturer 94.05±0.11 6.785±0.08
Crude protein 2.64±0.09 7.260±0.39
Crude lipids 0.87±0.27 2.206±0.17
Total ash 1.85±0.15 27.004±0.11
Crude fiber 3.64±0.33 18.468±1.27
Carbohydrates * 91.00±0.08s 45.062±1.23
*Carbohydrate was calculated by differences
Each value is expressed as mean of triplicates ±standard deviation

Table 2: Physicochemical parameters of Opuntia cladodes
Parameters Value
Total soluble solids (TSS) (°Brix) 4.1
Titratable acidity (% as malic acid) 3.6
pH 3.27
Vitamin C (mg of ascorbic acid / 100g of pulp) 24.368
Total chlorophyll (mg / 100 g) 23.034
Chlorophyll ( a ) 6.709
Chlorophyll ( b ) 16.255
(Total chlorophyll = 30.767, Chlorophyll a = 9.947, Chlorophyll b =
20.706 On dry weight basis)

Table 3: Functional properties of cladodes flour 
Functional properties Value ( % )
Water absorption capacity (ml/g) 4.50±0.09 40
Oil absorption capacity (ml/g) 2.80±0.13 28
Swelling power (g/g) 6.00±0.09 60
Values are expressed as mean of triplicates ± standard deviations.

Table  4: Mineral contents of cladodes flour (ppm)
Element Value (ppm)
Calcium (Ca) 1335
Potassium (K) 950
Magnesium (Mg) 388
Sodium (Na) 465
Iron (Fe) 0.6185
Manganese (Mn) 0.283
Zinc (Zn) 35.45

Functional Properties:
Water and Oil Absorption Capacity: Data of the water
and oil absorption are embodied in Table (3). The water
absorption capacity (ml / g) of 4.5 is lower than that
observed by Rosada and Diaz [34] of 11.1 ml/g in
dehydrated nopal and 7.1 ml/g in an extract of nopal fiber.
These differences can probably be attributed to
differences in the raw material used. However, the water
absorption capacity of cladodes flour was quite high
compared to other vegetable proteins (1.38 g H O /g2

peach kernel flour) [35]. Saenz [36] prepared cactus pear
cladodes flours from old cladodes (1-3 years of age)
yielding a water holding capacity of 5.6 g water /g dry
weight. The oil holding capacity is an important parameter
used to evaluate the hydrophobic nature of particles that
constitute the fiber fraction, which is related to the
emulsifying properties.Oil absorption capacity is an
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important functional property because oil plays an
important role in increasing the mouth feel of foods while
relating the flavor [37]. Table (3) shows that the oil
absorption capacity was 2.8 ml/g. Rosado and Diaz [34]
reported an oil holding capacity of 3.7 g of oil /g of dry
weight in cactus pear cladodes flours. The differences in
the values of the oil holding capacity in comparison to
those reported by other authors, can be attributed to the
variety and age of cladodes, the degree of milling of the
flours and the drying conditions [38]. Due to its high
water holding values, the cactus pear cladodes flour could
be appropriate to improve texture in a variety of foods
such as bakery products or desserts [38].

Swelling power measures the hydration capacity of a
power. This is because the swelling power measures the
weight of swollen starch granules and their occluded
water. This measure is important because food eating
quality is often connected with retention of water in the
swollen starch granules [39].

In this study, the result (Table 3) showed that the
value  of  swelling power of cladodes flour is (6.0 g/g).
The value is higher  than  swelling properties of tiger flour
which is 2.10 - 2.47 g/g [40]. However, the value is lower
than  those  reported by Daramola and Osanginlusi [41]
for native starches (8.9 g/g) and ginger modified starches
(12.9 g/g) and jackfruit flour (4.77 g/g). 

Mineral Content of Cladodes Flours:  Data  listed in
Table (4) show that ash of cladodes flour contained the
highest amount of calcium followed by potassium,
sodium, magnesium and zinc, respectively. Therefore, this
flour can be considered as a good source of most dietary
minerals especially calcium, potassium and magnesium.
Our results are in agreement with Rodriguez-Garcia et al.
[42] who reported that cladodes flour contains important
amounts of potassium (K), calcium (Ca) and vitamins
among other elements such as selenium (Se) and
phosphorous (P) which make it an important food for
humans. The results indicate that nopal powder may
prove to be an alternative source of calcium in
populations for which the availability of dairy products is
difficult and also for those who suffer from lactose
intolerance [43]. Current findings could promote the
consumption of prickly pads according to the health
benefit associated to the composition of young and older
prickly pads [44].

Amino Acids Composition: The content of total amino
acids in cactus pear cladodes flours was presented in
Table (5), along with the provisional pattern recommended

Table 5: Amino acid composition of cladodes flour (g/100g protein)
compared with FAO/WHO reference protein pattern

Amino Cladodes FAO/WHO /UNU Amino acid
acids flour 1985 pattern scores (%)
Lysine 4.032 5.80 69.517
leucine 2.048 6.60 31.030
Threonine 0.960 3.40 28.235
Valine 3.936 3.50 112.457
Histidine 2.432 1.90 128.00
Methionine *ND - -
Tyrosine 1.216 4.1 29.659
Total Indispensable 
amino acids (IAA) 14.624 25.3
Arginine 10.016 -
Aspartic acid 4.992 -
Glutamic acid 5.184 -
Serine 6.144 -
Proline 0.672 -
Glycine 13.695 -
Alanine 4.736 -
Total dispensable 
amino acids (DAA) 45.439 -
Total amino acids 60.063 -
*ND= not detected

Table 6: Fatty acid composition (%) of cactus pear cladodes flour lipids
Fatty acids Symbol ( % ) Fatty acids Symbol ( % )
Capric C10:0 0.105 Tetradecenoic C14:1 0.210
Undecanoic C11:0 0.071 Pentadecenoic C15:1 0.350
Lauric C12:0 0.713 Palmitoleic C16:1 0.166
Tridecanoic C13:0 0.478 Oleic C18:1 28.053
Myr-istic C14:0 1.458 Erucic C22:1 3.960
Pentadecanoic C15:0 0.602 Totalmonosaturated - 32.739
Palmitic C16:0 16.231 Linoleic C18:2 18.902
Heptadecanoic C17:0 0.366 Lenolenic C18:3 0.586
Stearic C18:0 4.673 Eicosatrienoic C20:3 3 1.439
Arachidic C20:0 1.286 Docosahexaenoic C22:6 4.775
- C21:0 0.172 Totalpolyunsaturated - 25.702
Behenic C22:0 0.481 Saturated - 32.213
- C23:0 1.697 Unsaturated - 58.441
Lignoceric C24:0 3.880 U/S ratio - 1.814
Total saturated - 32.213 Others - 9.346

by the FAO/WHO/UNU [20]. Due to the nature of the
vegetable, these flours have low protein and amino acids
contents [38]. Data presented in Table (5) clearly indicated
that glycine, arginine, serine, glutamic acid, aspartic acid
and lysine are the most abundant amino acids of cladodes
flour protein, however theronine was found in low
concentrations and methionine was not detected in
cladodes flour produced in this study. But it has high
content of histidine (2.432%) compared with the
FAO/WHO [20] reference pattern (1.90%), this amino acid
is very important because it is essential for children. From
the  tabulated  data, it could be noticed that the superior
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Fig. 1: Farinograms of wheat composite flour containing different proportion of cladodes flour

Table 7: Farinograph properties of wheat flour replaced by different levels of cladodes flour
Addition level % Water absorption % Arrival time (min) Dough development (min) Dough stability (min) Degree of softening (B.U)
0% (Control) 59.2 0.5 1.0 2.0 70
5% 60.1 0.5 1.0 3.5 100
10% 64.2 1.0 1.5 2.0 130
15% 68.2 0.5 1.0 2.5 70
20% 71.9 0.5 1.0 1.5 50

indispensable amino acid in cladodes flour protein was palmitic acid (C ) being 16.23%. Small amounts of
lysine, while the lowest indispensable amino acid was myristic and arachidic acid were also present. The
threonine. Glycine was the most predominant amino acid presence of high amount of the essential fatty acids C
followed by arginine and serine. For claodoes flour and C  fatty acid suggested that this oil is highly
protein, glycine accounted 13.695% while arginine nutritious due to the ability of unsaturated oils to reduce
showed a value of 10.016%. These findings suggest that serum cholesterol [46]. The ratio of unsaturated to
the nopal (cladodes) powders might be a good saturated fatty acids was 1.814 which is quite close to that
complement to other vegetables, meat and dairy products of the common edible vegetable oils in which their degree
included in daily diets due to their essential amino acids of unsaturation are quite high. These results are in
content [45]. agreement with Lopez-Cervantes et al.[38]. The lipids of

The amino acid scores (AAS%) in cladodes flour the flours were rich in essential fatty acids, but the total
were given in Table ( 5 ). The results in this Table indicate lipid content was low (2.20618%) and consequently it
that threonine was found to be the first limiting amino does not represent a rich source of these nutrient. Lopez-
acid, whilst tyrosine was the second limiting amino acid in Cervantes et al. [38] showed that in cactus pear cladodes
cladodes flours. Finally the third limiting amino acid was flours, the most abundant fatty acids are palmitic acid
leucine. (16:0), linoleic acid (C ), linolenic acid (C ) and oleic

Fatty Acids Composition: Table (6) shows the fatty acid
composition of the total lipids of cactus pear cladodes Rheological Properties: The  results   presented in
flour. The fatty acid pattern revealed that the saturated Table (7) and Fig. (1) showed the effect of addition of
fatty acid content of cladodes flour was 32.21% whereas cladodes flour to wheat flour on farinograph reading.
the unsaturated fatty acid content was 58.44%. Oleic acid From these results, it could be noticed that addition of
(C ) was found to be the dominant fatty acid being cladodes flour to wheat flour increased dough water18:1

28.05% followed by linolenic acid (C ) being 18.90% and absorption  from  59.2  to 60.1,  64.2,  68.2  and  71.9%  for18:2

16:0

18:2

18:1

18:2n6 18:3n3

acid (C ).18:1n9
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Fig. 2: Extensograms of wheat composite flour containing different proportion of cladodes flour.

Table 8: Extensograph properties of wheat flour replaced by different level of cladodes flour
Addition level % Elasticity (B.U) Extensibility (mm) P.N Energy (cm )2

0% (Control) 240 140 1.7 54
5% 310 125 2.4 58
10% 440 118 3.7 86
15% 550 87 6.3 85
20% 460 57 8.1 40

wheat flour and with addition of 5, 10, 15 and 20% of be noticed that addition of cladodes flour increased the
cladodes flours, respectively. The water absorption (%) degree of dough softening over the control (except the
was increased due to the presence of cladodes flour at all blends contained 15 and 20% cladodes flour).
levels. Several studies reported that the dough made from Table (8) summarizes extensograph results of wheat
composite flour absorbed more water than that made from flour dough as well as those replaced by different levels
wheat flour alone [47,48]. The arrival time of dough made of cladodes flour. The resistance to extension (elasticity)
from the substituted flours (except blend containing 10% (B.U) which is usually defined as the ability of the dough
cladodes flour) was the same with control (0.5 min). to regain its shape after extension, depends on the
Development time is the time from the first addition of amount of glutenine in the dough [53].The resistance to
water to the time the dough reaches the point of greatest extension of the dough increased due to the presence of
torque. During this phase of mixing, the water hydrates cladodes flour at all levels. Extensibility of the dough is
the flour components and the dough is developed [49]. the ability of the dough to extend or stretch. It depends
Dough development time (min) was constant at 1min on the gliadin proportion in the dough. From the results
(except blend containing 10% cladodes flour). Generally, presented in Table (8) and Fig. (2), it could be noticed that
the differences in dough development time may be due to extensibility of the dough decrease from 140 mm in wheat
the differences in the physico-chemical properties of flour to 125 mm in wheat flour containing 5% cladodes
cladodes flour and that of wheat flour. Dough stability flour, while increasing the addition to 10, 15 and 20%
time (min) (a major index for dough strength which refers caused a decreased in extensibility to 118, 87 and 57 mm
to the ability of gluten net work to resist the mechanical respectively. The total area under the curve which
effects of mixing was increased in formulation which represents the energy required for dough mixing reported
contained 5% and 15% cladodes flour to 3.5 and 2.5 min, in cm ,was increased due to the presence of cladodes
respectively compared to the control and decreased in flour at all levels (except blend containing 20% cladodes
blend containing 20% cladodes flour (which was 1.5 min), flour). Maximum resistance and energy under
this may be due to high content of dietary fibers which act extensograph can be used as indicators of dough strength
as a food hydrocolloid. From the tabulated data, it could [50].

2
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Table 9: Proximate composition of sponge cake made from cladodes and wheat flour
Levels of substitution
------------------------------------------------------------------------------------------------------------------------------------------------------------------

Constituent % 0% (control) 5% 10% 15% 20%
Moisture 27.14±0.05 29.06±0.175 30.20±0.33 30.87±1.045 31.44±1.28c b ab a a

Crude protein 7.90±0.1212 7.32±0.1717 6.88±0.317 6.40±1.134 6.07±0.340a ab abc bc c

Crude lipids 21.18±0.236 20.78±0.530 20.13±0.27 19.32±0.342 18.89±0.340a ab b c c

Curde fiber 0.96±0.030 1.20±0.100 1.39±0.304 1.76±0.030 1.98±0.430c c bc ab a

Ash 0.64±0.020 1.38±0.0436 1.36±0.193 1.69±0.165 2.74±0.030d c c b a

*Carbohydrate 69.32±0.341 69.32±0.121 70.24±0.090 70.83±0.05 70.34±0.820c c ab a ab

*Carbohydrates was calculated by difference
Mean ± Standard deviation of three values
Different letters in the same row indicate significant differences (P<0.05)

Table 10: Sensory evaluation of sponge cake supplemented with cladodes flours at different levels
Substitution level Texture Flavor Crumb color Appearance Taste Overall acceptability
Control 0% 9.0±0.7559 8.20±0.7746 8.53±1.1872 8.67±0.8997 8.40±0.9103 8.60±0.8281a a a a a a

5% 7.80±0.7746 7.80±0.7746 7.73±0.7037 7.60±0.9103 7.73±1.6818 8.00±0.5345b ab ab b ab a

10% 7.47±1.4075 7.53±1.2459 7.067±1.2228 7.20±1.3732 7.46±1.6818 7.07±1.6242b ab bc bc ab b

15% 7.73±1.1629 7.33±1.4475 6.87±1.1255 6.80±1.3732 6.93±1.7915 7.00±1.3628b ab bc bc b b

20% 7.60±1.6388 6.80±1.7809 6.53±1.3558 6.44±1.8434 6.67±1.9881 6.93±1.6242b b c c b b

Results are expressed as means values ±Standard deviations.
Means values in the same column bearing the superscript do not differ significantly (p < 0.05)

Chemical Composition of Sponge Cakes: Table (9) shows Sensory Properties of Sponge Cake: Sensory evaluation
the chemical composition of sponge cake. Moisture data of supplemented sponge cake with cladodes flour
content of sponge cakes varied from 27.14% to 31.44%. powder was statistically analyzed. Means scores for the
The moisture content increases with the increase of parameters; texture, flavor, crumb color, appearance, taste
addition of cladodes flour. This is because the water and overall acceptability used to evaluated the sponge
absorption capacity of cladodes flour is high (4.5 ml/g). cake were shown in Table (10). Sensory results indicated
Also this was expected because of the high fiber content that the control sponge cake had significantly (p <0.05)
of cladodes flour. Based on the protein analysis that has higher score for all attributes than sponge cake
been done, the range of percentage of protein in sponge incorporated with cladodes powder. Results also showed
cake was between 6.07% to 7.90%. A decreasing trend can that sponge cake had acceptable texture with increased
be observed from the Table where the percentage of levels of cladodes powder until 20%. Panellists perceived
protein decreased with the increase of percentage of that the crumb color increased in darkness with cladodes
cladodes flour incorporation. This case may be because powder incorporation and sponge cake with 15 and 20%
the protein content in cladodes powder is lower which is was darker. The highest score for crumb color was
7.26%. From the analysis, the percentage of crude lipids obtained in the control sponge cake followed by 5 and 10,
found in sponge cake isranged between 18.89% to 15%. From the tabulated data, there is a trend of crumb
21.18%. The result showed a decreasing trend, Wan Rosli color acceptability where it decreased when the cladodes
et al. [51] reported that the use of plant dietary fiber could powder incorporation increased. This showed that most
attempt to increase dietary fiber and lowering fat content. panels prefer the yellow color of control sponge cake
A significant (p < 0.05) increase in ash and crude fiber rather than the greenish (dark) color of sponge cake
content was observed in the sponge cake made with incorporated with cladodes powder.
cladodes flour in comparison to the wheat flour sponge The taste acceptability results showed that there is a
cake. This change is due to the elevated levels of these decreasing trend where the score reduces when the
nutrients within the stems (cladodes). The dietary fiber is incorporation of the cladodes powder increases.
important because it has been showed beneficial in human This  showed  that  the  presence  of cladodes
health [52]. The small difference of carbohydrate powder  in  sponge  cake  influenced  significantly
percentage among all the samples indicated that the (p<0.05)  on  the  texture and appearance while the
incorporation of cladodes flour does not greatly influence addition of 5% cladodes flour didn’t affect significantly
the carbohydrate content in sponge cake. (p<0.05)  on  the  taste,  flavor,  crumb  color  and   overall
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Fig. 3: Gerneral appearance of sponge cake containing different levels of cladodes flour

acceptability  compared  with  control.  This means that 7. Rodriguez-Felix, A. and M. Cantwell, 1988.
the 5% cladodes powder sponge cake is the best
formulation.

CONCLUSION

Based on the above results, it could be concluded
that the cladodes flours can be used as a potential source
for functional food ingredients and in addition, it could be
further processed into therapeutic functional food
products.
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