J Food Sci Technol (August 2019) 56(8):3635-3645
https://doi.org/10.1007/s13197-019-03805-7

o)

Check for
updates

O
AFSTE

ORIGINAL ARTICLE

Enfiouwering food frofescionals

Changes on physicochemical and rheological properties of biscuits
substituted with the peel and alcohol-insoluble solids (AIS)
from cactus pear (Opuntia ficus-indica)

Mohamed Sh. El-Shahat' - Mohamed A. Rabie' - Mohamed Ragab' -

Hassan. L. Siliha!

Revised: 3 February 2019/ Accepted: 30 April 2019/ Published online: 11 June 2019

© Association of Food Scientists & Technologists (India) 2019

Abstract Cactus pear fruit consists of the peel, seeds and
pulp. The peel is a major waste in cactus pear pulp based
products accounting about 37.72% of the fruit weight. The
aim of this study was to utilized and characterized the
physicochemical and rheological properties of biscuits
substituted with extracted cactus pear peel (CPP) and
alcohol-insoluble solids (AIS) from cactus pear (Opuntia
ficus-indica). To prepare AIS, peels were shredded and
dropped in ethanol (70%) for 15 min. The mixture was
boiled at 70 °C for 30 min, filtered and washed with
ethanol 70% and the washing repeated until no sugars. The
residue was washed and dried at room temperature.
Changes in physiochemical and rheological properties of
extracted CPP and AIS from cactus pear to qualify deter-
mine their use in the production of them to produce a fiber-
rich food product. The water-holding capacity was 3.7 ml/
g for the peel and 1.5 ml/g for the AIS, and the oil-holding
capacity was approximately the same for both the CPP and
AIS. The protein content was 3.5% for the CPP and 3.72%
for the AIS. The CPP and AIS contained little fat (1.22%
and 1.44%, respectively). Potassium and calcium in the
AIS had the highest concentration, at 21.49 g/kg and
44.04 g/kg, respectively, and these minerals were found at
22.07 g/kg and 16.66 g/kg, respectively, in the CPP. The
dominant phenolic compounds found in the CPP were
pyrogallol, catechol, catechin, and alpha-coumaric acid.
The results showed that the AIS contained pyrogallol
(61.67 ppm), benzoic acid (10.68 ppm), vanillic acid
(7.66 ppm), catechin (4.65 ppm) and salicylic acid
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(4.51 ppm). The CPP was rich in glucose (25.95%) and
fructose (21.36%) compared to the AIS. The sensory
evaluation indicated that 7.5% dried cactus pear peel or
7.5% AIS can be successfully used in substitution of wheat
flour biscuits. It could be conducted cactus pear as major
by-product can be important for the industrial utilization.

Keywords Cactus pear - Peel - Alcohol-insoluble solids -
Physicochemical - Biscuits

Introduction

Cactus pear fruit (Opuntia ficus-indica) is of great interest
due to its nutritional and antioxidant properties, mainly due
to the presence of vitamins, fibers, minerals and polyphe-
nols (El-Said et al. 2010). The total world crop of cactus
pear was estimated to be 200,000 tons of fruit (Lahsasni
et al. 2004). The use of agro-industrial by-products with
nutritional value to produce new food additives or sup-
plements is growing. Peels from fruit account for 37.72%
of fruit weight. Cactus pear peel is composed of 80.17%
moisture, 1.6% ash, 0.9% protein, 9.6% total sugars, 2.85%
sucrose, 8.5% reducing sugars, 14.6% alcohol-insoluble
solids (AIS), 1.48% mannitol, 0.71% sorbitol, 0.05% ara-
binose and 2.23% galacturonic acid (El-Said et al. 2010).

Today’s consumers prefer healthy foods and a diet that
is low in calories, cholesterol and fat but rich in fiber.
Dietary fiber is resistant to digestive enzymes and includes
cellulose, hemicellulose, pectin, lignin and gum. The
benefits of consuming food rich in fiber content are well
known, especially for preventing some illnesses (e.g.,
diabetes and gastrointestinal dis-orders). Many illnesses are
associated with low dietary fiber intake, and fiber reduces
glucose levels in the blood and has anti-hyperlipidemic and
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anti-hypercholesterolemia effects (Gebremariam et al.
2006). Fiber consumption is associated with reduced risk of
coronary heart disease and certain types of cancer; the
allowable amount of dietary fiber (DF) intake for adults
should be 25-38 g. In addition, juices with fiber may
enhance mouth feel and decrease blood sugar and plasma
cholesterol levels (Thebaudin et al. 1997; Toma et al.
1979). Dietary fiber obtained from various sources has
been used to replace wheat flour in the production of
bakery products. Potato peel with high amounts of dietary
fiber has been used in bread making (Toma et al. 1979).
From a technological point of view the effect of apple
pomace containing dietary fiber and polyphenols in cake
making, dietary fiber may be used in the formulation of
food products (e.g., bakery products, snacks, sauces,
drinks, cereals, biscuits, dairy products, meat products),
with benefits to texture modification and improvement of
the stability of food during processing and storage (The-
baudin et al. 1997).

In the last five decades, there has been great interest in
providing new sources of dietary fiber, but agronomic by-
products are still undervalued. Dietary fibers from different
sources have been used to replace wheat flour in the
preparation of bakery products. (Pomeranz et al. 1977)
used cellulose, wheat bran and oat bran in bread making.
Potato peel, a by-product from potato industry, rich in
dietary fiber, was used as a source of dietary fiber in bread
making (Toma et al., 1979). Recently, Vergara-Valencia
et al. (2007) tested fiber concentrate from mango fruit as a
bakery product ingredient. Anil (2007), used hazelnut as a
source of dietary fiber in bread making. Sudha et al. (2007)
studied the influence of fiber from different cereals on the
rheological characteristics of wheat flour dough and on
biscuit quality. Sudha et al. (2007) studied the effect of
apple pomace by-product, as a source of dietary fiber and
polyphenols, on cake making.

Therefore, the study extracted and evaluated the phys-
iochemical properties of extracted peel and AIS (alcohol-
insoluble solids) from cactus pear and determined their use
in the production of biscuits.

Materials and methods

Materials

Raw material

Mature fresh cactus pear fruit (Opuntia ficus-indica) with
yellow skin free from defects was harvested from a local
farm located in Al-Behayrah Governorate, Egypt during

the summer season (June 2015) and was transported to the
laboratory.
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Methods
Peel samples

Fruits were cleaned with a brush to remove glochids and
then washed with water to remove any dirty particles.
Cactus peels were separated by hand peeling using a sharp
knife. Cactus pear peels were collected and divided into
two portions; the first part was stored directly at — 18 °C
until use. The second part was cut into slices, placed in a
hot-air oven and dried at 45 °C until constant weight was
achieved. The dried peel pieces were ground using a
domestic coffee grinder and then sieved.

Separation of alcohol-insoluble solids (AlS)

According to the method of Thomas et al. (2000), AIS was
prepared by homogenizing the peel sample in boiling
alcohol (70%, v/w) using a Waring blender for 1 min at
high speed. The peel to alcohol ratio was 1:30 (w/v). The
suspension was boiled at 70 °C for 30 min and then fil-
tered. The residue was washed with 95% ethanol, washed
with acetone and dried at room temperature to remove
acetone; samples were reweighed again to determine the
percentage of AIS.

Processing of biscuits substituted with different level
of cactus pear peel or cactus pear peel AIS powder

The straight dough method for biscuit production was
carried out according to the method described by Nnam
and Nwokocha (2003). Cactus pear peel and AIS powder at
levels of 7.5% (on wheat flour 72% extraction) were used
as substitutes. Biscuits were produced from each of the six
ingredients: 300 g of composite flour, 100 g of margarine,
100 g of sugar, 35 ml of water, 6 g of double acting baking
powder and 120 g of eggs. All the dry ingredients were
blended together by stirring 12 strokes. Fat was rubbed into
the flour mixture until the consistency of biscuits crumbs
was achieved. The egg was whisked for 3 min and folded
into the flour mixture. Water was added to the mixture and
stir to get a homogenous dough. The biscuits were baked
on an aluminum baking pan slightly greased with mar-
garine in a gas oven at 200 °C for 15 min. The samples
were removed from oven and cooled at room temperature
on a rack before the sensory evaluation.

Proximate chemical analysis

Moisture was determined as the weight loss after air-oven
drying at 105 °C to a constant weight A.O.A.C (2005). The
pH was measured using a p107 Consort pH meter (Bel-
gium) with temperature compensation at 20 °C according
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to Mertens (2005). The ash content was determined as the
weight loss after overnight incineration at 600 °C (Mertens
2005). The crude protein was estimated by multiplying the
total nitrogen value by a factor of 6.25 (Mertens 2005). The
curd fat was determined using a Soxhlet apparatus with
petroleum ether (40-60 °C) as a solvent for 16 h (Mertens
2005). Total carbohydrate content of fiber-rich fractions
was estimated by the formula = 100 — (crude fat 4 crude
protein + ash) (Mertens 2005). Mineral content was
determined according to Mertens (2005) using a Perkin
Elmer 2380 atomic absorption spectrometer (AAS) in the
central laboratory of the Faculty of Agriculture, Zagazig.
Phenolic compounds were determined by HPLC according
to the method of Goupy et al. (1999) as follows: 5 g of
sample was mixed with methanol and centrifuged at
10,000 rpm for 10 min, and the supernatant was filtered
through a 0.2-um Millipore membrane filter. Then, 1-3 ml
was collected in a vial for injection into HPLC (Agilent
series 1100) equipped with an auto-sampling injector,
solvent degasser, and ultraviolet (UV) detector set at
280 nm and quaternary HP pump (series 1100). The col-
umn temperature was maintained at 35 °C. Gradient sep-
aration was performed with methanol and acetonitrile as a
mobile phase at a flow rate of 1 ml/min. Phenolic acid
standards from Sigma-Aldrich were dissolved in a mobile
phase and injected into the HPLC. The retention time and
peak area were used to calculate phenolic compound con-
centration using the data analysis software from Hewlett
Packard.

The sugar composition of dried cactus pear peel or AIS
powder was determined by HPLC according to, as follows:
1 g of sample was mixed with deionized water and cen-
trifuged at 10,000 rpm for 10 min, and the supernatant was
filtered through a 0.2-pm Millipore membrane filter. Then,
3 ml was collected in a vial for injection into HPLC
(Agilent series 1100) equipped with an auto-sampling
injector, solvent degasser and an IR-detector using an
Aminex carbohydrate HPX-87 °C column (300 mm
7.8 mm). The column temperature was maintained at
85 °C. Gradient separation was performed with deionized
water and an acetonitrile flow rate of 1 ml/min. Sugar
standards from Sigma were dissolved in deionized water
and injected into the HPLC. Retention time and peak area
were used to calculate sugar compound concentration via
data analysis in Hewlett Packard software. This assay was
conducted at the Food Technology Research Institute of
Cairo, Egypt.

Proximate physical analysis
Bulk density was determined according to the methods

described in Parrott and Thrall (1978). Measurement uti-
lized a calibrated graduated syringe (open end packed with

cotton). The syringe was filled with 1 g of cactus pear peel
and AIS powder. Pressure was applied manually until no
further compression occurred. When the volume did not
reduce further, the volume measurement was precisely
recorded, and the result was expressed as grams per cubic
centimeter.

The swelling property was measured using the bed
volume technique (Kuniak and Marchessault 1972).
Insoluble cactus pear peel and AIS powder (1 g) were
hydrated in distilled water (10 ml) in a calibrated cylinder
(1.5 cm diameter) at room temperature. After equilibration
(24 h), the bed volume was recorded, and the swelling
property was expressed as milliliters of swollen sample per
gram of initial dry sample.

The water-holding capacity (WHC) of dried cactus pear
peel and AIS powder was measured as described by
(Borroto et al. 1995). One gram of dried cactus pear peel
and AIS powder was soaked in 50 ml of distilled water for
1 h and centrifuged at 4500 rpm for 30 min. The super-
natant was carefully decanted into a graduated cylinder,
and the volume of excess water was recorded. WHC was
expressed as milliliters of water per gram of sample.

Oil-holding capacity was measured according to Borroto
et al. (1995). The method was essentially similar to the
WHC method described previously, except a commercial
corn oil was used (at a ratio of 50:1 v/m) instead of distilled
water, and the difference in weight between the pellet with
oil and sample was calculated and recorded as milliliters of
oil per gram of sample.

The colour index values of cactus pear peel and AIS
were measured using a Hunter Lab L optical sensor D25
(Reston, VA, USA) according to Askar and Treptow
(2013). The colour parameter L* indicates the degree of
lightness, a* indicates the degree of redness to greenness,
and b* indicates the degree of yellowness to blueness
(Hunter 1958). The chroma (C), hue angle (h,;,) and total
colour difference (4E) were calculated as C = (a*z’

+ b))% hy=tan"! (b*/a*) and AE = [(L Lo)*> + (a
ao)2 + (b bO)Z]O'S, respectively, where Ly, ag and by were
the L*, a* and b* values of the reference sample (Shih
et al. 2003).

Mixolab test

Dough rheological investigation were performed by
mixolab (Chopin, Tripette et Renaud, Paris, France)
according to methods of Hadnadev et al. (2011) and Shih
et al. (2003) and Chopin + protocol with the slight mod-
ification in dough weight from 75 to 90 g. The running
parameters of the Mixolab device during the tests are given
in Table 1. Figure 1 shows the following parameters: water
absorption (%) WA: the percentage of water required for
the dough to produce a torque of 1.1 N m. Dough
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Table 1 Mixolab parameters used in Chopin + protocol (ICC 173,
ICC Standards 2008)

Settings Values

Mixing speed 80 rpm

Dough weight 75 g

Tank temperature 30 °C
Temperature 1st step 30 °C

Duration 1st step 8 min

1st temperature gradient 15 min—4 °C/min
Temperature 2nd step 90 °C

Duration 2nd step 7 min

2nd temperature gradient 10 min—4 °C/min
Temperature 3rd step 50 °C

Duration 3rd step 5 min

Total analysis time 45 min

development time (min) DDT: the time to reach the max-
imum torque at 30 °C. Stability time until the loss of
consistency is lower than 11% of the maximum consis-
tency reacted during the mixing. Protein weakening: the
torque difference between (Cl) and minimum consistency
(C2) the minimum value of torque produced by dough
passage while being subjected to mechanical and thermal
constraints. Pasting ability (C3) the maximum torque pro-
duced during the heating stage. Minimum torque (C4)
minimum torque reached during cooling to 50 °C. Break-
down torque calculated as the difference between (C3) and
(C4). Final torque (CS) the torque after cooling at 50 °C.
Setback torque: the difference between (C5) and (C4)
torque. In addition, the angles between ascending and
descending curves o,  and y were calculated and defined
as protein weakening rate, gelatinization rate and cooking
stability rate, respectively.

Sensory evaluation

Two samples of each treatment were served at random in
porcelain dishes at room temperature to volunteer panels. A
ten-member panel (five females and five males) from the
professorial staff of the Food Science Department, Faculty
of Agriculture, Zagazig University (Egypt) and ten-mem-
ber panel (five females and five males) from the staff
members of Hi-Food for Advanced Food Industries were
performed the sensory evaluation. Panelists were asked to
rate sensory attributes of the biscuits according to its
appearance, color, taste, flavor and overall acceptability.
The samples were evaluated using hedonic scale of 1-9
point, where (1 = dislike extremely, 2 = dislike very much,
3 = dislike moderately, 4 = dislike slightly, 5 = neither
like nor dislike, 6 = like slightly, 7 = like moderately, 8,
like very much, 9 = like extremely) as described by Hooda
and Jood (2005).

Statistical analysis

Individual units were sampled in triplicate at 60 and
90 days of fermentation. All data were expressed as the
mean SD. Statistical analyses were performed using one-
way ANOVA followed by post hoc comparison of the
mean (Duncan’s multiple range test) using SPSS 17.
(p < 0.05) was considered statistically significant (Nie
et al. 1970).

Result and discussion

Chemical composition of dried cactus pear peel
and alcohol-insoluble solids (AIS)

The chemical composition of dried cactus pear peel and
AIS is presented in Table 2. The moisture content of the

Fig. 1 Description of a typical 35 C
curve obtained in the Mixolab 90
3 1 - 80
25 - 70 G
g 0 T
Z 2% 50 g
8 5 <
L 40
g £
= 1 + 30 [2
4 20
0s E E] 4 10
o L L) Ll L) L) Ll L] L] 0
(1) s 15 20 25 30 3s 40 45
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Table 2 Physicochemical Physicochemical characteristics

Dried cactus pear peel (DCPP) Cactus pear peel (AIS)

characteristics of cactus pear
peel and alcohol insoluble solids
(AIS) prepared from cactus pear
peel

Moisture (%)
Ash (%)
Protein (%)
Fat (%)
pH
Total carbohydrate (%)
Minerals (g/kg)

Ca

K

Mg

Zn

Fe

Na

Se

L>!<
Colour value

a*

b*

C*

h*

AE
Bulk density (g/ml)
Swelling capacity (ml/g)
Water holding capacity (ml/g)
Oil holding capacity (ml/g)

11.2 £ 0.40 10.03 £+ 0.14
9.9 £0.30 9.05 £ 0.10
35+£032 372 £0.20

1.22 £ 0.18 1.44 £ 0.20
5.7 £0.16 5.85 £ 0.10

85.38 £ 0.80 85.79 £ 0.50
16.66 £ 0.12 44.04 £ 0.20
22.07 £ 0.22 21.49 £ 1.020

371 £ 0.18 5.69 £ 1.62

0.01 £ 0.02 0.02 £+ 0.08

0.03 & 0.01 0.06 £ 0.01

094 £ 0.12 1.31 £ 0.18

0.02 £ 0.08 0.02 £ 0.08

60.02 £ 0.80 71.02 £ 1.02

3.75 £ 0.30 1.69 £ 0.71

27.58 £ 0.27 2022 £ 1.8
27.90 £ 0.18 2030+ 14
8230 £ 1.2 85.20 £ 10
83.70 £ 10 77.70 £ 0.80

1.14 £ 0.1 0.543 £ 0.11

3.50 £ 0.20 5.20 £ 0.18

370 £ 0.22 5.60 £ 0.24

249 £ 0.14 295 £0.10

*The results are presented as the mean value & SE. Values expressed with different treatments are sig-

nificantly different at P < 0.05

dried peel and AIS was 11.2% and 10.03% respectively.
The results were lower than those reported by El-Said et al.
(2010) 18.5%.

Table 2 showed that the ash content of dried cactus pear
peel and AIS was found to be 9.9% and 9.05%, respec-
tively. Habibi et al. (2004) reported ash content in the
cactus pear peel with a ranged from 11.5 to 12.1%. On the
other hand, Namir et al. (2017) reported higher ash content
(19.12%) in cactus pear peel snacks prepared by instant
pressure drop texturing.

Table 2, the protein content of dried cactus pear peel
was found to be (3.50%) and AIS (3.72%), this content was
lower than that reported by El Kossori et al. (1998), who
found that the protein content in cactus pear peel reached
8.3%. In addition, Namir et al. (2017) reported a amount of
protein (5.71%) in cactus pear peel, while, Salim et al.
(2009) presented lower protein content in cactus pear peel
(1.45%).

The fat content of dried cactus pear peel was 1.22% and
was slightly higher in AIS (1.44%). This may be due to the
removal of the alcohol-insoluble component, which led to a

concomitant increase in the chemical constituents of the
AIS. The results from this study were lower compared to
3.33 gm/100 gm (peel) reported by Namir et al. (2017) and
3.43% in cactus pear peel (El Kossori et al. 1998).

A similar pH (5.4-5.8) was reported by Cerezal and
Duarte (2005) for cactus pear peel powder.

The total carbohydrate content of cactus pear peel was
85.38% lower than that of AIS, at 85.79%. The major
minerals were potassium (K), calcium (Ca) and magnesium
(Mg) in peels and AIS. The quantities of potassium and
calcium in AIS were the highest at 21.49 g/kg and 44.04 g/
kg, respectively. These minerals were present at 22.07 g/kg
and 16.66 g/kg, respectively, in the peel. Compared to all
detected minerals, calcium (Ca) was highest in AIS, and its
concentration was 44.04 g/kg. This high concentration of
this mineral caciumin the peel could be because this min-
eral plays a role as a structural material that is normally
associated with pectin substances that contribute to main-
taining structure and shape (Sdenz and Berger 2006). The
result agreed with the concentrations of calcium in cactus
pear peel reported by El Kossori et al. (1998).
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Bulk density is an important characteristic, as it reflects
the behavior of a material in dry mixes and the volume
occupied during packaging., dried cactus pear peel bulk
density was approximately two-fold higher than that of AIS
prepared from cactus pear peel, in agreement with Chau
and Huang (2003), who reported that AIS prepared from
dehydrated orange peel AIS was 0.48 g/ml.

The swelling capacities of highest value was for AIS
(5.2 ml/g). The dried cactus pear peel had a lower value
(3.5 ml/g). Namir et al. (2017) presented a lower value
(2.89 ml/g) in cactus pear peel snacks. Result from
Table 2, showed that AIS prepared from cactus pear peel
had a lower value of swelling (5.20 ml/g) than that AIS
(14.6 ml/g) from orange peel reported by Chau and Huang
(2003). On the other hand, Namir et al. (2015) showed
swelling capacity (4.2 ml/g) in AIS dehydrated from
tomato waste.

Water-holding capacity, Oil-holding capacity and AIS
of dried cactus pear peel were 3.7 ml/g and 5.6 ml/g and
2.49 ml/g and 2.95 ml/g, respectively. The dried cactus
pear peel had a higher WHC value by twofold than that
reported by Namir et al. (2017) for cactus pear peel snacks.
Compared with the AIS from orange peel, the OHC of the
obtained AIS was two times lower than that was presented
by Chau and Huang (2003).

Colour analysis of food is an important field that is
strongly related to marketability and consumer accept-
ability, as it controls the first impression of any food
product. Colour changes caused by dietary fiber may limit
the food application of certain products. The cactus pear
peel showed lightness (60.02). The AIS prepared from
cactus pear peel had higher lightness (71.02) but lower
redness (1.69) and yellowness (20.22). Chroma followed
the same trends in L* a* b* values. Chroma C* and 4E
were higher in cactus pear peel than AIS (27.9, 83.7, 20.3
and 77.7, respectively), but H* was lower in cactus pear
peel than AIS (82.3 and 85.2, respectively).

Phenolic compounds

Twenty-four phenolic acids phenols are very important
plant constituents due to their scavenging ability for free
radicals via their hydroxyl groups. Twenty-four phenolic
acids were identified according to their retention time
compared to those of reference samples as given in
Table 3. The total phenolic compounds of cactus pear peel
and AIS were 2243.84 and 107.02 ppm, respectively.
Table 3 showed the major components of cactus pear peel
and AIS, were pyrogallol, catechol and catechin in the peel
(48.52%, 9% and 6.68%, respectively) and pyrogallol,
benzoic acid and E-vanillic acid in the AIS (57.58%,
9.97% and 7.15%, respectively). The subdominant pheno-
lic compounds of dried cactus pear peel and AIS were

@ Springer

alpha-coumaric acid, p-OH-benzoic acid, o-vanillic acid,
ferulic acid, chlorogenic acid, epicatechin and gallic acid in
the peel (4.02%, 3.93%, 3.85%, 3.8%, 3.07%, 2.49% and
2.13%, respectively) and catechin, salicylic acid, chloro-
genic acid, epicatechin, p-OH-benzoic acid, caffeine and
vanillic acid in the AIS (4.34%, 4.21%, 2.84%, 2.14%,
2.02%, 1.33% and 1.07%), respectively. The lowest total
phenolic compounds in cactus pear peel and AIS were
4.13% and 3.32%, respectively. Anwar and Sallam (2016)
found higher concentrations of components in dried cactus
pear peel, with pyrogallol, benzoic acid, ellagic acid,
chlorogenic acid and protocatechuic acid present at
1088.952 ppm, 982.37 ppm, 413.26 ppm, 271.1 ppm and
176.02 ppm, respectively. The components present at
lower concentration in dried cactus pear peel were catechol
(78.67 ppm), ferulic acid (39.27 ppm), Catechin
(38.27 ppm), vanillic acid (11.14 ppm) and 4-Aminoben-
zoic (8.20 ppm). Anwar and Sallam (2016) agreed for the
concentration of caffeic acid (13.10 ppm) and cinnamic
acid (3.73 ppm).

Osorio-Esquivel et al. (2011) reported that the reported
high phenolic compounds and total flavonoid content in
Opuntia joconostle fruits presented in the pericarp which
accounted 2.07 mg Gallic acid equivalent (GAE)/g fresh
weight (FW) and 0.46 mg (4) catechin equivalent (CE)/g
FW. Seven phenolics were identified in sour prickly pears
and included protocatechuic acid, 4-hydroxybenzoic acid,
caffeic acid, vanillic and syringic acids, rutin, and quer-
cetin. The consumption of cactus and their fruits is very
common in the Mexican population; thus, it is important to
investigate their composition. The benefits related to
xoconostle pericarp intake include seric glucose control in
individuals with type 2 diabetes mellitus and the prevention
of hyperglycaemia, high cholesterol and high triglyceride
levels in healthy people.

Table 4 show the separation of a large number of
compounds, among which fifteen sugar compounds were
identified. The sugar compounds were identified according
to their retention time with comparison to reference sam-
ples. Table 4 showed that the major sugar components
were glucose (25.95%) and (4.466%) for cactus pear peel,
and fructose (21.36%) and (5.119%) for AIS. In concor-
dance with data obtained by others (Habibi et al. 2002;
Saenz et al. 1998), Egyptian cactus pear peel was charac-
terized by a slightly higher glucose content (25.95%) fol-
lowed by fructose content (21.36%). The dried cactus pear
peel had a lower sugar compound content than cactus pear
peel snacks (Namir et al. 2017) containing galactose
(7.17 mg/g), mannose (1.44 mg/g) and xylose (3.05 mg/g).

Complex polysaccharides can influence the pleasant
flavour and serve as thickening agents to form viscous
colloids. The sub-dominant sugar compounds of dried
cactus pear peel and AIS are shown in Table 4. In the peel,
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Table 3 Phenolic compounds

of DCPP and cactus pear peel Phenolic compounds (ppm)

Dried cactus pear peel (DCPP)

Cactus pear peel (AIS)

AIS Pyrogallol

Catechol
Catechein
Alpha-coumaric
P-OH-benzoic
E-vanillic
Ferulic
Chlorogenic
Epicatechein
Gallic

Benzoic
Iso-ferulic
Ellagic
P-coumaric
Caffeine
Vanillic
Salycilic
4-Amino-benzoic
Caffeic
3,4,5-methoxy-cinnamic
Protocatchuic
Cinnamic
Reversetrol
Coumarin

Total

1088.95 + 3.7
201.96 £ 2.17
149.99 £ 20
90.4 £ 0.20
88.32 £ 1.96
86.6 &+ 1.85
85.41 £ 1.96
689 £ 1.8
56.06 £ 20
48 £ 0.20
44.1 £ 0.20
40.35 &+ 1.97
3873 £ 1.8
32.03 £ 1.94
31.32 £ 0.20
19.88 £ 1.92
18.15 £ 1.20
1491 £ 1.55
14.32 £ 0.20
9.13 £ 1.10
7.77 £ 0.46
3.14 £ 0.20
3.13 £ 0.40
225+ 0.18
2243.84

61.67 = 2.26
1.1 £0.20
4.65 £ 1.5
0.1 £0.12
2.16 £ 1.88
7.66 £+ 0.20
0.09 £ 0.08
3.04 £0.20
2.3 £0.80
1.13 £ 0.22
10.68 £ 1.74
0.36 £ 0.20
0.68 £ 0.20
0.94 £ 0.80
1.43 £ 0.90
1.14 £ 0.24
451 £1.0
0.52 £0.20
0.34 £0.30
1.01 £ 0.20
1.01 £ 0.20
0.07 £ 0.04
0.15 £ 0.10
0.28 £ 0.08
107.02

*The results are presented as the mean value & SE. Values expressed with different treatments are sig-

nificantly different at P < 0.05

Table 4 Sugar compounds of

DCPP and cactus pear peel AIS Sugar compounds (%)

Dried cactus pear peel (DCPP)

Cactus pear peel (AIS)

Glucose
Fructose
Xylose
Sucrose
Manitol
Lactose
Stachyose
Glucuronic
Maltose
Galacturonic
Rhaminose
Galactose
Mannose
Sorbitol
Ribose
Total

25.95 £ 2.90
21.36 + 2.10
0.829 £+ 0.20
0.632 + 0.13
0.54 £ 0.20
0.505 £+ 0.19
0.459 £+ 0.82
0.39 £ 0.08
0.35 £0.10
0.238 £+ 0.12
0.232 £ 0.13
0.176 £ 0. 18
0.175 £ 0.02
0.064 £+ 0.12
0.055 £+ 0.02
51.955

4.466 + 0.20
5.119 £ 1.20
0.552 £ 0.16
0.127 + 0.15
0.066 + 0.08
0.305 £ 0.19
0.299 £ 0.62
0.233 £ 0.014
0.26 £ 0.08
0.182 £ 0.09
0.069 £ 0.14
0.073 £ 0.02
0.07 £ 0.02
0.013 £ 0.02
0.032 £ 0.16
11.866

*The results are presented as the mean value + SE. Values expressed with different treatments are sig-

nificantly different at P < 0.05
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xylose, sucrose, mannitol, lactose, stachyose and glu-
curonic acid were found (0.829, 0.632, 0.54, 0.505, 0.459
and 0.39%, respectively), and in the AIS, xylose, lactose,
stachyose, maltose, glucuronic acid and galacturonic acid
were detected (0.552, 0.305, 0.299, 0.26, 0.233 and
0.182%, respectively).

These unique characteristics make cactus pear peel
sweeter and very suitable as a natural food or natural food
additive for many categories of foodstuffs. However, fur-
ther studies are required to completely characterize the
hydrocolloid fraction of cactus pear.

Mixolab measurements
Protein characteristics of formulated dough

During mixing hydration of the compounds and the
stretching and alignment of the proteins occurs, which lead
to the formation of a three-dimensional viscoelastic struc-
ture. Data shown in Table 5, revealed that wheat flour
substituted with 7.5% dried cactus pear peel was charac-
terized with low water absorption (WA) by 58%. Which
represents the percentage of water required for the dough to
produce a torque of 1.1 N m. Wheat flour dough (72%),
that served as a control sample and wheat flour substituted
with 7.5% cactus pear peel AIS were characterized with
higher (WA) 59.6% and 63.9%, respectively. On the other
hand, WA (64%) was the highest in the dough substituted
with 7.5% AIS. Gluten, dietary fiber and protein play a

very important rolls water absorption capacity, through
water hydration capacity and effect on dough gluten net-
work (Rosell et al. 2010). Wheat flour substituted with
7.5% dried cactus pear peel or 7.5% AIS were character-
ized with higher DDT (4.77 and 6.27 min, respectively)
compared to wheat flour 72% (control); 1.22 min but
(DDT) was the highest in case of substitution of 7.5% AIS
as shown in Table 5.

It could be observed that the mixing time to form
developed dough depends on the structure of fiber and the
phenolic compounds that can form complexes with pro-
teins and/or polysaccharides. Such a complexation can
occur reversibly via hydrogen bonding between hydroxyl
groups of phenols and the carbonyl group of peptide resi-
due of proteins. The resultant complexes can be further
stabilized via other types of bonds such as the covalent
bonds and ionic bonds between the phenolate anion and
cationic site of protein molecules and/or covalent links
formed as a result of reaction between the oxidized phe-
nolic groups and —SH, —OH, and -NH2 group of protein
(Loomis 1974). However, the bending mechanism leading
to the formation of phenolic-protein complex is still not
well known.

These properties of wheat flour are related to its unique
protein composition and quality. Regarding dough stability
(ST), Table 5 shows that (ST) value of wheat flour 72%
(control) was 8.62 min, data shows that substitution of
7.5% AIS into white wheat flour increased this parameter
to 9.30 min. The increase in dough stability could be due to

Table 5 Protein and starch properties of biscuit substituted with 7.5% dried cactus pear peel and cactus pear peel (AIS)

Characteristics Control Dried cactus pear peel (DCPP) Cactus pear peel (AIS)

Protein
WA (%) 59.6 +2.20 58 £ 0.20 639 +24
DDT (min) 1.22 +£0.20 477 £ 1.26 6.27 £ 1.86
Stability (min) 8.62 £ 1.16 853 £ 1.74 9.30 £ 0.20
C2 (N m) 0.503 £+ 0.54 0.477 £ 0.20 0.581 £+ 0.20
Protein weakening (Nm) —0.631 £ 0.20 — 0.648 £ 0.20 — 0.529 £ 0.02
o (N m/min) — 0.096 £ 0.08 — 0.096 £ 0.08 — 0.090 £ 0.14

Starch
Pasting ability (C3) (N m) 1.722 + 0.20 1.665 £+ 0.07 1.718 + 0.20
Gelatinization rate () N m/min 0.368 £ 0.02 0.344 £ 0.04 0.364 £ 0.02
Minimum torque (C4) (N m) 1.405 4+ 0.20 1.452 + 0.96 1.361 £ 0.78
Breakdown torque (N m) 0.317 £ 0.04 0.213 + 0.17 0.357 + 0.02
Cooking stability (y) N m/min — 0.054 £ 0.02 — 0.026 £ 0.02 — 0.002 £ 0.02
Final torque (C5) (N m) 2.425 £ 0.15 2.081 +£ 0.2 1.920 £+ 0.16
Setback (N m) 1.020 £+ 0.20 0.629 + 0.04 0.559 + 0.04

WA water absorption, DDT dough development time, C2 minimum consistency, « protein breakdown

*The results are presented as the mean value + SE. Values expressed with different treatments are significantly different at P < 0.05
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the increased interactions through hydrogen bounding
involving the hydroxyl groups present in fibers molecules.
On contrast, substitution of 7.5% dried cactus pear peel
into white wheat flour decreased the (ST) value to
8.53 min, as consequence of gluten networks disruption.

During over-mixing stage, the dual mechanical shear
and temperature constraint cause protein weakening and
torque decrease to the minimum value C2 (Rosell et al.
2010). The control wheat flour 72% showed C2 value of
0.503 N m. The substitution of 7.5% AIS into white wheat
flour led to increase this parameter (C2) to 0.581 N m,
while, substitution with 7.5% dried cactus pear peel
decreased the (C2) to 0.477 N m. The higher values of
(C2) indicate that these doughs were more tolerant to
mixing as compared to the other lowest samples as reported
by Dhaka et al. (2012).

Protein weakening range (C2-C1) value of wheat flour
72% (control) was — 0.631 N m. Substitution of 7.5% AIS
into white wheat flour led to increase (C2-C1) value to
— 0.529 N m, while, substitution of 7.5% dried cactus pear
peel into white wheat flour decreased the protein weaken-
ing to — 0.648 N m. As illustrated heating of white flour,
aggregation and denaturation of the proteins occurs (Rosell
and Foegeding 2007), which result in a decrease in dough
consistency (C2 value). The increase in Table 5 of protein
weakening range (C2—-C1) and a faster protein breakdown
rate (o) as in dried cactus pear peel. Nevertheless, the
fibrous materials in AIS showed different behavior, this
could be due to the fibers itself or these fibers may protect
the gluten network.

Starch characteristics of formulated dough

As heating proceeded, protein changes have minor influ-
ence and the starch granules have predominant role in
torque increase (Rosell and Foegeding 2007). The increase
in viscosity and thus in the torque is the result of the starch
granules swelling due to the water uptake and amylose
chains leaching into the aqueous inter-granular phase
(Rosell et al. 2010). Wheat flour (72%) was recorded the
highest C3 value was 1.722 N m. Substitution of 7.5% AIS
slightly decreased the C3 value to 1.718 N m but substi-
tution of 7.5% dried cactus pear peel decreased the C3
value to 1.665 N m.

Concerning the stability of the hot gel (C4 values, C3—
C4 values and 7y values), value stability of wheat flour 72%
(control) was 1.405 N m as see in Table 5. Substitution of
7.5% dried cactus pear peel increased the stability value to
1.452 N m but substitution of 7.5% AIS decreased the
stability value to 1.361 N m as given Table 5. The further
reduction in viscosity (C4 value) is the result of the
physical breakdown of the granules due to the mechanical
shear stress and the temperature constraint (Rosell and

Foegeding 2007). Breakdown torque (C3-C4) is also a
measure of amylase activity. Namely, the greater the dif-
ference between C3 and C4 is, the greater the amylase
activity is subsequently, on cooling, starch retrogrades and
the consistency increases (C5 value) (Collar et al. 2007).
These results could be due to the higher content of o-
amylases in the AIS causing the decrease of the C4 and the
increase of the y values.

On cooling, starch retrogrades and the consistency
increases (C5 value) and the cooling setback (C5-C4)
indicates the retrogradation ability of the starch (Collar
et al,, 2007). According to the results summarized in
Table 5, C5 value of wheat flour 72% (control) was
2.425 N m. Substitution of 7.5% dried cactus pear peel or
7.5% AIS decreased C5 value to 2.081 and 1.920 N m,
respectively. This behavior could be explained by the
higher lipid contents of tested materials compared to white
flour and lipid-amylase complex forming ability. The high
lipid content causes changes in the re-association and
recrystallization of the amylose molecules. Likewise, the
mixolab characteristic of C5-C4, represent the shelf life of
the end product as reported by Capouchova et al. (2012).

However, lower value of mixolab characteristic (C5)
which represented the rate of retrogradation, confirm the
worst quality of the starch part in the wheat grain (Collar
et al. 2007).

Sensory evaluation

The effect of dried cactus pear peel or cactus pear peel AIS
substitution on sensory characteristics (appearance, color,
taste, flavor and overall acceptability) of wheat flour bis-
cuits are shown in Table 6. Biscuits substituted with 7.5%
dried cactus pear peel or 7.5% AIS had the highest scores
of appearance, color, taste, flavor and overall acceptability
being 8.1, 8.02, 8.15, 8.17, and 8.1 and 8.1, 8.15, 8.1, 8.05
and 8.15, respectively. The effect of cactus pear peel or
AIS fortification on sensory characteristics (appearance,
colour, taste, flavor and overall acceptability) of wheat
flour biscuits are shown in Table 6. The appearance, col-
our, taste, flavor and Overall acceptability of control
sample and biscuits with 7.5% cactus pear peel or 7.5%
AIS were probability level (P > 0.05) superior to cactus
pear peel or AIS biscuits. Biscuits substituted with 7.5%
AIS had the highest scores of appearance (8.1), colour
(8.15), taste (8.15), flavor (8.1) and overall acceptability
(8.1). Biscuits substituted with 10% cactus pear peel or
10% AIS were not acceptable. The results of sensory
evaluation indicated that 7.5% cactus pear peel or 7.5%
AIS can be successfully used in fortification of wheat flour
biscuits. Decreasing of protein weakening index improving
the protein network formation and stability (Rosell and
Foegeding 2007). while, increasing of the dough
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Table 6 Sensory evaluation of

biscuit substitute with different 2 PICS Sensory evaluation
level of DCPP or cactus pear Appearance (9) Color (9) Taste (9) Flavor (9) Overall acceptability (9)
peel AIS
Control 8.15° 8.1 8.12° 8.1 8.15°
Dried cactus pear Peel
2.5% 7.31° 7.25° 7.22° 7.25° 7.19%
5% 7.5% 7.45% 7.5% 7.4%® 7.18>
7.5% 8.1 8.02° 8.15° 8.17° 8.1°
10% 6.45% 6.5% 6.35¢ 6.5% 6.15¢
Cactus pear peel AIS
2.5% 7.34° 7.34° 7.3% 7.25° 7.1%
5% 7.55% 7.6% 7.4% 7.4% 7.24°
7.5% 8.1° 8.15 8.1° 8.05° 8.15*
10% 6.45% 6.6° 6.4 6.4 6.35¢

*LSD least significant difference (probability level 0.05)

consistency during baking influencing the texture of the
end product (Collar et al. 2007). Biscuits substituted with
10% dried cactus pear peel or 10% AIS were not accept-
able because of the high fiber content of 10% influencing
the biscuit’s appearance, texture and taste compared to
control and the other substitution. The results of sensory
evaluation indicated that 7.5% dried cactus pear peel or
7.5% AIS can be successfully used in substitution of wheat
flour biscuits.

Conclusion

This investigation shows the potential value of cactus pear
peel as a good natural source of energy, nutritive compo-
nents, sugar compounds and antioxidants, such as phenolic
compounds. Based on its increased sweetness and attrac-
tive stable colors, cactus pear peel could be very suitable as
a natural additive or substituted material in the production
of many foodstuffs. The information obtained in the pre-
sent investigation is useful for characterizing cactus pear
peel and for the industrial utilization of the major bypro-
duct of the fruit.
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