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HE present investigation aimed to assess the nutritional properties of the ripe fruits of

Ferocactus glaucescens (DC.) for the first time. Total polyphenols and flavonoids in

the methanolic extract of the fruits were determined colorimetrically and the quantification
of their components was carried out using HPLC-UV. Antioxidant activity of the extract was
also evaluated using DPPH" method. Total phenolics and flavonoids estimated as gallic acid
and quercetin equivalents (mg/g of the dried extract) were 8.39 + 0.074 and 3.82 + 0.019,
respectively. HPLC analysis of the phenolic compounds enabled the identification and
quantification of 31 phenolic compounds (12 flavonoids and 19 phenolic acids). Naringenin
was the major identified flavonoid (23.4 + 1.2 mg/100g). While, trans-cinnamic acid was the
major identified phenolic acid (22.37 £ 0.9 mg/100g). Also, DPPH assay revealed marked
antioxidant activity of the methanolic extract. In nutritional analysis, carbohydrates (18.8
2/100g), protein (1.2 g/100g), total lipid (1.3%) and crude fiber (10.1%) content were detected.
Vitamin C (503.12 mg/100g) was higher when compared to other two vitamins evaluated. Eight
minerals were also quantified. These results suggest that F. glaucescens fruit is a rich source of
nutrients and antioxidant compounds such as phenolic compounds and highly recommended

for consumption.
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Introduction

In recent years the demand for high value-added
or functional foods has increased dramatically [1].
Functional foods can improve health by providing
additional antioxidants, vitamins and minerals
[2]. Fruits are widely accepted as a good and
important source of nutrients, so knowledge about
their composition and their nutrient potentials is
imperative [3]. High consumption of fruits and
vegetables was reported to reduce the incidence of
many pathologies associated with oxidative stress
such as cancer and cardiovascular diseases due
to their high content of antioxidant vitamins and
polyphenolic compounds [4]. Cacti are succulent
plants included in family Cactaceae. They are

often used as ornamental plants, but many are
also cultivated as crops. Fresh cactus fruits have
excellent quality and flavor [5]. Traditionally, they
are used as a valuable health supporting nutrient
and they also have applications in pharmaceutical
industries [6,7]. Recent studies have demonstrated
that cactus pears could be excellent candidates
for the development of healthy food due to the
presence of several potentially active nutrients
with multifunctional properties such as vitamin
C, betalains and flavonoids [8-10]. Cactus fruit
extracts displayed remarkable antioxidant and
anticancer activities and can be used as dietary
supplements in normal and high-risk populations
for cancer [6]. Cactus pears have been traditionally
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consumed by Native Americans for centuries and
these ethnic groups show lower cancer rates when
compared to white Americans [11]. Ferocactus
is a genus of barrel shaped cacti of the semiarid
highlands of Mexico. Many Ferocactus species
are used in the candy industry, medicine, as a
source of food and as ornamental plants [12].
F. hamatacanthus has brown juicy fruits and used
as lemons and limes, F wislizenii fruits are edible
and used to make cactus candy [5]. F. histrix fruits
are rich in phenolic acids and flavonoids and
considered as important source of antioxidants
[13]. F histrix fruits are consumed by local people
in Mexico and sold in the markets [12]. However,
Ferocactus glaucescens fruits are underutilized
and no reports was found concerning their
nutritional value or chemical composition. Thus,
the objective of this study was to investigate the
nutritional properties e.g. Total soluble solids
(TSS), pH, as well as fiber, protein, vitamin, sugar,
mineral and amino acid contents in the ripe fruits
of F. glaucescens DC. for the first time. Also, the
phenolic composition of the methanolic extract of
the fruits was evaluated using spectrophotometric
and HPLC-UV analysis. Furthermore, the
antioxidant effect of the extract was determined
using DPPH assay to reveal the antioxidant and
health-promoting properties of these fruits and to
increase the added value of this plant.

Materials and Methods

Plant material

Ferocactus glaucescens (DC.) ripe fruits (500
g) were collected during May (2019) from Helal
cactus farm, Qalyubia governorate. Their Identities
were verified morphologically by Botany specialist,
Dr. Mohamed EI-Gibali, former researcher of
Botany, Department of Botany, National Research
Centre (NRC). The fruits were washed and cleaned
with distilled water to remove the surface residues
and one part of fresh ripened fruits were stored at
4°C for the evaluation of total carbohydrate, total
protein, vitamins, pH of the juice. The other portion
of the ripened fruits was dried in a hot air oven for
24 hours at 45°C. Then the dried fruits were ground
well in a mixer grinder and kept in an air-tight bottle
and stored at 4°C in a refrigerator for the evaluation
of crude fiber, mineral profiling and amino acid
composition. For determination of phenolic content
and antioxidant activity 1 g of the fresh fruits with
homogenized with 100 ml methanol, followed by
filtration through Watmann No.l1 filter paper and
the solvent evaporated in vacuo at 50 °C to give 50
mg dried residue.
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Chemicals and Reagents

Folin—Ciocalteu’s reagent was obtained from
LobaChemie (Mumbai, India), 2, 2-Diphenyl-
1-picrylhydrazyl (DPPH), t-butylhydroquinone
(TBH) and ascorbic acid were obtained from Sigma
Chemical Co. (St. Louis, MO, USA). Solvents for
HPLC analysis; acetonitrile and methanol were of
HPLC grade, and were purchased from Sigma-—
Aldrich (Steinheim, Germany). o-Phosphoric
acid used was of analytical grade from Sdfine
Chemlimited (Mumbai, India) and formic acid
was purchased from E-Merck (Darmstadt, Ger-
many). Distilled water was further purified
using a Milli-Q system (Millipore, MA, USA).
Acetonitrile and acidulated water were filtered
through a 0.45 pm membrane filter (Pall Gelman
Laboratory, USA) and degassed in an ultrasonic
bath prior to HPLC analysis. Phenolic acids and
flavonoids used in HPLC analysis were purchased
from sigma Co. (St. Louis, MO, USA). Other
chemicals used in the study were of reagent grade
and supplied through (El-Gomhouria Company,
GOMAC).

Determination of pH

Estimation of pH was done by mixing 3 g of
fresh fruits with 12 ml deionized water; the pH
was then measured by pH meter-thermo device
(Table 1).

Determination of the Total Soluble Solids (TSS)

Total soluble solids were determined by
mixing 1 g of fresh fruit with 1 ml distilled water,
then by using the refractometer (ATAGO® Pocket
PAL-a-Japan). TSS was measured in °Brix
following the procedure described by [14]. The
results were recorded in table 1.

Determination of total lipid content

Total lipids (free and conjugated with proteins)
were determined using a rapid soxhlet extraction
system, Gerhardt Soxtherm System and adopting
the method of (A.O.A.C., 2000) [15]. Tested
sample was first digested with boiling HCI to
liberate the conjugated lipids. The digestion
solution was filtered and the fat remaining in the
filter left to dry, extracted with petroleum ether
and the solvent evaporated. The dried residue
was weighed and total lipid content (Y%ow/w) was
calculated (Table 1).

Determination of sugars

Total hydrolysable carbohydrates were
determined spectrophotometrically using Perkin
Elmer Lambda 11 Spectrophotometer: (Perkin
Elmer, Massachusetts, USA) and adopting the
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method of Masuko et al., [16]. While, glucose,
fructose and sucrose were determined using liquid
chromatography with refractive index detection
following the method mentioned before [17].
HPLC analyses of sugars were performed on HPLC/
Agilent 1100, equipped with G1311A quaternary
pump, G1322A degasser, G1329A autosampler,
G1330A chiller, G1316A column compartment,
Chemostation Software and coupled with a G1382A
refractive index detector. A Carbohydrate Analysis
Column (150 mm length x 4.5 mm ID) packed with
Zorbax (particle size, Spm in diameter) was used.
Column temperature was 25°C; isocratic elution
was carried out using acetonitrile: water (75: 25) as
mobile phase at a flow rate of 1 ml/min. The results
were recorded in table 1.

Determination of vitamins:

Vitamin C was determined spectrophotometrically
[18]. Vitamin A and E were determined by
adopting the spectrophotometrical method
described before [19]. The results were recorded
in table 1.

Determination of mineral content

Sodium, calcium, iron, manganese,
magnesium, copper, zinc and cobalt were
determined using Inductively Coupled Plasma
(ICPA-AES, Thermo Sci, model: ICAP6000 series)
and Advanced Microwave Digestion System
according to the procedure described before [20].
The results were recorded in table 2.

TABLE 1. Nutritional analysis of the ripe fruits of
F. glaucescens DC.

Nutritional Compound *Concentration
Total soluble solids (TSS) 13.5 °Brix
pH 4.7
Fiber content (g/100 g D.W.) 10.1
Total carbohydrates (g/100 g D.W.) 18.8
Total lipid (g/100g D.W.) 1.3
Protein content (g/100 g F.W.) 1.2
Glucose (g/100 g D.W.) 2.017
Fructose (g/100 g D.W.) 3.189
Sucrose (g/100 g D.W.) 0.358
Vitamin A (IU/100 g F.W.) 1083.3
Vitamin E (IU/100 g F.W.) 3565.07
Vitamin C (mg/100 g F.W.) 503.12

*Average concentration of three determinations, D.W.;
dry weight, F.W., fresh weight.

TABLE 2. Major mineral composition of the ripe
fruits of F. glaucescens DC.

Mineral *Concentration (mg/100g
contents D.W.)
Calcium 41.35
Magnesium 13.85
Sodium 29.7
Iron 3.905
Zinc 0.307
Copper 0.14
Cobalt 0.135
Manganese 0.098

* Average concentration of three determinations, D.W.;
dry weight.

Determination of protein and amino acid contents

Total proteins were measured as total nitrogen
by adopting the method of (A.O.A.C., 2016) [14].
While, Amino acids were estimated according to
the method of Durrum et al., [21]. Amounts of
free amino acids were determined according to
the method described before [21]. The methanolic
extract (10 mg) was hydrolyzed in a sealed tube
with 6 N HCI1 (10 ml, 110°C, 24 h). A definite
volume (1 ml) of the acid hydrolysate was treated
with successive amounts of distilled water
and subjected to vacuum distillation at 80°C to
remove any residual HCI and water evaporated to
dryness. The residue was dissolved in the loading
buffer (2 ml, 6.2M, pH 2.2) followed by filtration
(0.45n membrane). Amounts of free amino acids
were determined by using an Automatic Amino
Acid Analyzer AAA 400 adopting the analytical
conditions adopted were; flow rate, 0.2 ml/min;
buffer pressure, 0-50 bar; reagent pressure, 0-150
bar; reactor temperature, 121°C. The results
obtained were compared with those of standard
solution of amino acids. Determination of free
amino acids was confirmed by comparing the
retention times and peak areas of amino acid
standards with those of the components present in
the sample. The results obtained were compared
with those of standard solution of amino acids.
Determination of free amino acids was confirmed
by comparing the retention times and peak
areas of amino acid standards with those of the
components present in the sample. The results
were recorded in table 3.
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TABLE 3. Amino acid composition of the ripe fruits
of F. glaucescens DC.

Protein and amino  *Conc. in Ripe fruits mg/g

acid contents D.W.
Histidine 0.09
Isoleucine 0.10
' ) Leucine 0.18
iscsizrstlal Amino Lysine 016
Phenylalanine 0.46
Threonine 0.48
Valine 0.28
Alanine 0.36
Arginine 0.108
. Glutamic acid 0.34
I:frﬂ;isiegg:l Glycine 0.65
Proline 0.006
Serine 0.45
Tyrosine 0.25

*Average concentration of three determinations, D.W.;
dry weight

Determination of total phenolics and flavonoids
contents

The determination of total antioxidant phenolics
in the ripe fruits was determined by the Folin—
Ciocalteu method and adopting the procedures
described before [22]. Briefly, 5 mg of the
methanolic extract of the fruits was dissolved in
distilled water (5 ml) by sonication, to yield a
solution with a final concentration of 1 mg/ml.
An aliquot (1 ml) of each standard dilution was
placed in a volumetric flask (10 ml) and mixed
with diluted Folin— Ciocalteu reagent (0.5 ml).
After 3 min, 20% sodium carbonate solution (1
ml) was added. The flask was filled with distilled
water up to 10 ml. After 30 min, absorbance of
blue color was measured at A 725 nm using
Unicam UV-visible Spectrometer against a blank
prepared at the same time, using 1 ml of distilled
water instead of gallic acid solution. Gallic acid
was used to compute the standard curve (20, 40,
60, 80, 100 mg/ml). Determination was carried
out in triplicates; results were the mean values +
standard deviations and expressed as mg gallic acid
equivalents per gram dry extract (mg GAE/g). The
Quantification of total flavonoids was determined
using aluminium chloride reagents [23]. 1 mg of
the methanolic extract was dissolved in methanol
(1 ml) by sonication, then a test solution (1 ml)
was mixed with 0.1 ml aluminium chloride (10%),
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0.1 ml potassium acetate (1M) solution and 2.8
ml distilled water. The intensity of the developed
yellow color was measured immediately at A
420 nm using a UV spectrophotometer against
a blank prepared at the same time, using 1 ml
methanol. Quercetin was used as standard and
the equivalents (w/w) were determined from a
standard concentration curve (20, 40, 60, 80, 100
mg/ml), Determination was carried out in triplicates;
results were the mean values + standard deviations
and expressed as mg quercetin equivalents (QE) per

gram dry weight.

Quantitative  determination ~ of  phenolic
compounds by HPLC-UV

Quantitative  determination of phenolic
compounds was performed using HPLC
apparatus, Agilent Series 1200 apparatus (Agilent,
USA) composed of autosampling injector, solvent
degasser, quaternary HP pump (series 1200),
1100 ChemStation software and ultraviolet (UV)
detector (set at 280 nm for phenolic acids and 330
nm for flavonoids). The analysis was achieved on
a zobrax ODS CI18 column (particle size 5 pum,
250 mm x 4.6 mm ©). Column temperature was
maintained at 35°C. Flavonoid separation was
done adopting the method described earlier [24],
using a mobile phase consisting of 50 mM H,PO,,
pH 2.5 (solution A) and acetonitrile (solution B)
acetic acid (40:60, v/v) in the following gradient:
isocratic elution 95% A: 5% B, 0—5 min; linear
gradient from 95% A: 5% B to 50% A: 50% B,5—
55 min; isocratic elution 50% A: 50% B, 55-65
min; linear gradient from 50% A: 50% B to 95%
A: 5% B, 65-67 min. The flow rate of the mobile
phase was 0.7 ml/min. Phenolic acids separation
was done adopting the method of Goupy et
al., [25] with a solvent system consisting of A
(aqueous acetic acid 2.5%), B (aqueous acetic acid
8%) and C (acetonitrile) in the following gradient:
at 0 min, 5%B; at 20 min, 10% B; at 50 min,
30% B; at 55 min, 50% B at 60 min,100% B; at
100 min, 50% B and 50% C; at 110 min, 100%
C until 120 min. The solvent flow rate was 1 ml/
min. The injection volumes were 5 puL. Standard
flavonoids and phenolic acids were prepared as10
mg/50 ml solutions in methanol and they were
diluted to make concentrations (2040 pg/ml) and
injected into HPLC. Quantification of compounds
was performed based on peak area computation
(external standard method). The analysis was
run in triplicates and HPLC chromatograms were
demonstrated in Fig. 1-2 and the concentrations of
the identified compounds were expressed as (mg +
SD/100 g dry weight) and listed in Table 4.
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Fig.1. HPLC chromatogram showing identified flavonoids in the methanolic extract of the ripe fruits of F.

glaucescens DC. measured at 330 nm.
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Fig.2. HPLC chromatogram showing identified phenolic acids in the methanolic extract of F. glaucescens ripe

fruits measured at 280 nm.
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TABLE 4. Quantifications of some phenolic compounds identified in the methanolic extract of F. glaucescens ripe
fruits using HPLC-UV.

Compound RT (min) *Conc. mg+ SD/100g Reference

Identified Flavonoids

Epicatechin 8.87 2.8+0.02 [26]
Catechin 9.12 3.9£0.05 [27]
Naringin 11.54 8.7+0.8 [27]
Quercitrin 12.14 13.3£0.5 [26]
Hesperidin 12.23 13.8+1.07 [27]
Rutin 13.16 3.3£0.2 [26]
Naringenin 13.66 23.4+1.2 [26]
Apigenin 13.79 16.7+0.78 [26]
Hesperitin 14.4 11.1+0.13 [27]
Quercetin 14.58 11.3+0.79 [27]
Kaempferol 15.56 11.6+0.22 [27]
Luteolin 16.45 1.240.6 (27]

Identified Phenolic acids

p-Hydroxy benzoic acid 3.26 19+0.84 (28]
Benzoic acid 4.99 1.3£0.08 [29]
Vanillic acid 6.05 3.3x0.2 (28]
Pyrogallol 8.34 2.6+0.09 [26]
O-Coumaric acid 8.85 2.2+0.4 [26]
P-Coumaric acid 10.53 9+0.27 [27]
Gallic acid 10.79 9.5+0.14 (27]
Protocatechuic acid 10.99 14.4+0.15 [27]
Caffeic acid 11.55 9.4+0.4 [27]
Syringic acid 11.84 5.3+0.8 (30]
Chlorogenic acid 12.24 14.2+0.12 [28]
Ferulic acid 12.61 15.4+1.05 [26]
3,4,5 Trimethoxy cinnamic 12.73 12.2+0.74 [26]
Iso-ferulic acid 12.94 3.3£0.1 [26]
Cinnamic acid 13.59 22.3740.9 [27]
4-Aminobenzoic acid 14.14 2.5+0.7 [26]
Rosmarinic acid 14.56 2.7+0.09 [29]
Ellagic acid 15.21 1.3+0.03 [27]
Catechol 15.55 2.5+0.02 [26]

* Average concentration of three HPLC determinations + SD, RT; retention time in minutes.
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Evaluation of free radical-scavenging activities of
the methanolic extract of the fruits using DPPH
assay

The antioxidant activity of the methanolic
extract of the ripe fruits was assessed by
measuring their ability to scavenge DPPH (2,
2-diphenyl-1-picrylhydrazyl)  free  radicals
according to the previously reported method [31].
Briefly, the methanolic extract was dissolved
in 50% methanol at concentrations of 25, 50,
100, 200, 300, and 400 pg/ml, then were mixed
with 1 ml of DPPH in methanol (0.02 g /1000
ml methanol) and 450 pl of 50 mM Tris-HCI
buffer (pH 7.4). The solutions were incubated
for 30 min in the dark at room temperature; the
reduction of DPPH free radicals was measured
by reading the absorbance at 517 nm against
the blank. All experiments were performed in
triplicates and the results were expressed as mean
+ SD. L-ascorbic acid was used as a standard for
antioxidant activity, Different concentrations of
vit. C was prepared from the stock solution (0.1
g /100 ml methanol). The concentration (ng/ml)
of the extract that was required to scavenge 50%
of the radicals was calculated from the equation;
Percentage inhibition (%) was calculated as
follows: Percentage of scavenging activity (%)
= [l1-(absorbance of sample- Absorbance of
control)] x 100

Results and Discussion

The nutritional analysis results of F.
glaucescens ripe fruits were listed in Table 1. The
amount of Total Soluble Solids (TSS) in the fruits
was 13.5 °Brix. By comparing the result with
reported values of other Ferocactus fruits [13], it
was noticed that the TSS of F. glaucescens fruit
was little higher than that of F. histrix (12.72
°Brix) indicating a higher percentage of sugars
and other dissolved solids. For pH, Data in table
1 revealed that the fruits are slightly acidic. These
results are in agreement with previous reports
[13], which revealed that the total titrable acidity
is decreased during the ripening process. A pH
of 5.5 or higher is traditionally considered to be
the critical for enamel dissolution [32]. The pH
of F. glaucescens fruits (4.7) is low enough to
induce erosion on enamel surface. Thereby, the
integration of F. glaucescens fruits in human diet
is safe and advantageous. The crude fiber content
of the fruits was 10.1%, therefore, the fruits could
be considered as an excellent source for dietary
fibers. From table 1, it could be concluded that
the ripe fruits were rich in glucose (2.017 g/100g),

fructose (3.189 g/100g) and sucrose (0.358
g/100g). Also, the ripe fruits had more vitamins
C (503.12 mg/100g) and E (3565.07 1U/100g)
but less vitamin A (1083.3 IU/100g). Thereby, the
fruits of F. glaucescens DC., could be considered
as an excellent dietary source of vitamin A
which is important for vision, expression of
genes, growth and development as well as proper
immune function. In addition, the fruits are rich
source of vitamin C which plays an important role
as a cofactor for many metabolic reactions and
serves as antioxidant [33]. The results of mineral
analysis of the fruits (table 2) showed that they
are rich in calcium (41.35 mg/100 g), which is
necessary for blood clotting, muscle movement,
transmission of nerve signals and for formation of
bones and teeth [34], also the fruits are rich in iron
content (3.905 mg/100 g), which is an essential
component of enzymes and haemoglobin in the
body and also prevents anemia [33]. From table
1, it is evident that F. glaucescens fruits contain,
in general, low fat and low protein contents (1.3
and 1.2 %, respectively). The fruits are rich in
essential amino acids and non-essential amino
acids (Table 3), that are essential for protein
synthesis and metabolism. Therefore, the fruits
could be considered as good source of essential
nutrients and compounds that produce beneficial
physiological effects.

Phenolic compounds such as, phenolic acids,
flavonoids and anthocyanins have been associated
with numerous bioactivities including antioxidant,
anticarcinogenic and anti-inflammatory effects
[35]. Many epidemiological studies suggested that
the consumption of natural antioxidants such as
fresh fruits providing protection against oxidative
degradation from free radicals [36]. Therefore,
the polyphenolic and flavonoid contents in the
ripe fruits of F. glaucescens DC. were evaluated
spectrophotometrically and by using HPLC-
UV analysis. The methanolic extract of the ripe
fruits were shown to be rich in flavonoids and
phenolic compounds. The phenolic content in
the fruits estimated as gallic acid equivalent was
8.39+£0.074 mg/g (GAE). While, the flavonoidal
content estimated as quercetin was found to be
3.82+0.019 mg/g (QE).

HPLC analysis of the phenolic compounds
in the methanolic extract of the ripe fruits of F.
glaucescens DC., has enabled the identification
and quantification of 31 phenolic compounds
(12 flavonoids and 19 phenolic acids). Their
respective concentrations in the ripe fruit are
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presented in table 4. Naringenin and apigenin
were the major flavonoids identified 23.4+1.2
and 16.7+0.78 mg/100g, respectively of the dried
powdered fruits. The percentage of total identified
phenolic acids was 1.49% in the ripe fruit. trans-
cinnamic and p-hydroxy benzoic acid were the
major phenolic acids identified 22.37+0.9 and
19+0.84 mg/100g, respectively of the dried
powdered fruits.

DPPH free radicals can be used to evaluate
the antioxidant activity in a relatively short time
[37]. Thus, the methanolic extract of the fruits
was evaluated by DPPH radical scavenging
assay. The extract of the fruits significantly
inhibited the activity of DPPH radicals in a
dose-dependent manner and its activity was
comparable to that of ascorbic acid, which was
used as a control antioxidant. The concentration
required to achieve a 50% reduction in DPPH
radicals (IC,) was 120.24 + 0.66 compared
to vit. C (IC,; = 90.37 + 0.23 pg/ml). The
highest antioxidant capacity of the fruits was in
agreement with their highest content of phenolic
acids and flavonoids (Table 4).

Conclusion

The present study shows that the underutilized
F. glaucescens fruits had appreciable amounts
of antioxidant compounds such as ascorbic
acid, phenolics and flavonoids which provide a
good antioxidant capacity. Also, the ripe fruits
could be a potential source of dietary fiber,
protein, vitamins and minerals and can be used
in balanced diets and functional foods. Finally,
this evaluation of the nutraceutical properties of
F. glaucescens fruits, provides a chemical based
evidence for their nutritive and health benefits
and suggests an increase in the plant propagation.
This, not only for edible purposes but for its
promising economical and pharmaceutical
benefits as well.
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