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ABSTRACT 
 

Prickly pear fruits (PPF) constituted valuable foodstuff for human and animal in arid and semi-arid regions. 
The purpose of this study was carried out to investigate of production of dry sheet, juice and jam Egyptian 
prickly pear fruits. Fruits were evaluated for technological parameters, chemical composition  and minerals 
[Calcium (Ca), potassium (K), Manganese (Mn), Iron (Fe) and Phosphorus (P)]. The physicochemical 
parameters were evaluated. Results showed that dry sheet of prickly pear fruits had higher values of protein, fat, 
total sugars, reducing and non reducing sugar compared to juice and jam. Also, results showed that jam from 
prickly pear fruits had higher level of total solids (TS), total soluble solids (TSS), acidity, Brix/ acid ratio, and 
vitamin C than the dry sheet and juice. The fresh pulp, jam and juice volatiles were characterized with 13 
components identified. The main constituents of (E)-3-hexen-1-ol and ethyl acetate were found in all studied 
samples.  The phenolic contents (TFC), and total flavonoids (TF) were higher in pulp extract compared with  
juice and jam extracts.  Antioxidant activity assays were analyzed with 2, 2-diphenyl-1-picrylhydrazyl (DPPH) 
and β-Carotene assays. The prickly pear methanol extract has the highest effectiveness in DPPH and β-carotene 
methods with 1.8 and 1.62 µg/ml, respectively.  
 
Key words: Prickly pear; ascorbic acid, antioxidant activity, total phenolic content , Total flavonoids, β-carotene  
                  and volatile constituents, aroma 

 
Introduction 
 

Cactus pear (Opuntia spp.) is a tropical fruit tree, native to America, which grows in arid and semiarid 
regions (Pimienta-Barrios & del Castillo, 2002). There are green fruits and also coloured fruits (red, yellow or 
purple) due to the presence of various pigments such as betalains and carotenes (Tesoriere, Fazzari, Allegra, & 
Livrea, 2005). This fruit is abundantly found in Mexico and United States (Piga, 2004), but also grown in north 
Africa, Madagascar, Australia, Srilanka and India (Piga, 2004). Prickly pear fruit (PPF) can be considered a 
food of nutraceutical and functional importance due to its high content of chemical constituents characterized by 
nutritional and health improving properties. 

 It is known in the traditional medicine for its hypoglycemic and hypolipidemic actions (Fernandez et al., 
1992). Scientific evidence has been provided about the benefits from fruit ingestion in vivo (decrease of body 
oxidative stress and cardiovascular protective effects in humans, antiulcer and hepatoprotective effects) with 
special consideration for non-nutritive components as potentially active phytochemicals (Livrea and Tesoriere, 
2006). The Prickly pear fruit (PPF) is also processed on a small scale in the food industries as a jelly and jam, as 
whole fruit in syrup or brine to be used to prepare ready-to serve sauces and liquors, among other food products 
(Sawaya, 1983). Prickly pear fruit (PPF) exhibit an ascorbic acid content of 20 to 40 mg/100 g fresh weight, and 
a titratable acidity of 0.03 to 0.12% with pH values ranging from 5.0 to 6.6 %. Total soluble  solids content in 
PPF (12- 17%) is greater than that present in other fruits, such as prunes, apricots, and peaches (Sepulveda et al., 
1990 and Schmidt-Hebbel et al., 1990).  

Generally, Prickly pear fruit (PPF) is rich in pectin, mucilage and minerals, whereas the fruits are good 
sources of vitamins, and amino acids. The pulp of prickly pear could be processed into many different products 
such as marmalades, jellies, natural sweeteners, wines and other alcoholic beverages, candies, canned,  frozen  
fruit, etc. (Sawaya et al., 1983; Ewaidah and Hassan, 1992; Barbera, 1995; Saenz-Hernandez, 1995; Gurrieri et 
al., 2000; Saenz, 2000; Sepulveda  et al., 2000; Saenz and Sepulveda, 2001; Abdel-Nabey, 2001; Moßhammer 
et al., 2006).   

The valorization of natural resources such as plant extracts and products of plant secondary metabolism, 
particularly used by the popular tradition is for a great interest. The flavor of PPF is made up of a great number 
of macro and micro volatiles which responsible of PPF aroma and included a number of alcohols, esters, 
aldehydes and acids (Flath et al., 1978). Bergaoui et al. (2007) have reported the chemical composition of 
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volatiles fractions from aqueous distillate obtained from PPF .In fact, plant extracts have attracted a great deal of 
scientific interest due to their potential as a source of natural antioxidants and biologically active compounds, 
such as antibacterial, antifungal and insecticidal substances (Celiktas et al., 2007).  . 

In this context, the present study aimed to investigate the chemical composition, antioxidant activity, total 
phenolic compounds, and β-Carotene and volatile compounds in PPF and the quality characteristics of sheet, 
juice and jam. 
 
Materials and Methods 

 
Prickly pear fruits in the ripe stage were obtained from the local market. 

 
Chemicals: 

 
2,2-diphenyl-1-picrylhydrazyl (DPPH), tertiary butylated hydroquinone (TBHQ) and aluminium chloride, 

sodium nitrite, ethanol, methanol, gallic acid, (+)-catechin, and Folin–Ciocalteu reagent were purchased from 
Sigma-Aldrich .β-carotene ,linoleic acid, tween 80, chloroform, dichloromethane, sodium carbonate and sodium 
sulphate anhydrous were purchased from Merck (Darmstadt, Germany). All other chemicals used were of 
analytical grade. 
 
Production of products from PPF: 

 
Dry sheet, juices and jams Prickly pear were prepared in Food Technology Lab., National Research Centre. 

 
Dry sheet of PPF: 

 
prickly pear fruits were clean, washed with water and peeled. They were cut into small pieces with a clean 

knife, and the pulp was mixed for a few minutes in a mixer with 10% sugar. The seeds were recovered from the 
resulting pulp juice by straining and washed using distilled water for several times as described in according to 
Eissa and Salama (2002). Then spread in 10 mm thickness, and then dried in an air-drying oven regulated at 
60ºC till complete dryness, packed in polyethylene bags, then storage at room temperature (25-28oC).  
 
Preparation of prickly juice: 

 
Prickly pear fruits (PPFs) were clean, washed with water and peeled. They were cut into small pieces with a 

clean knife, and the pulp was mixed for a few minutes in a mixer. The seeds were recovered from the resulting 
pulp juice by straining and washed using distilled water for several times. The pulp juice kept in polyethylene 
bags under cooling till used according to Eissa and Salama (2002). 

 
Preparation of prickly juice:  

 
Prickly pear fruits PPF s were clean, washed with water and peeled. They were cut into small pieces with a 

clean knife, and adding the sugar to fruits, then cooked the mixture until completed the cooking. The processed 
jam made according to Mohammed et al., (2011). 
 
Physicochemical analysis of PPF and their products:  

 
The moisture, protein, fat, fiber, ash, total sugars, reducing sugars and total solids contents of the samples 

were determined according to the methods of AOAC (1995). K, Mn, Na, Ca, Fe and P were determined using 
Perkin Elmer 2380, atomic absorption spectrophotometer according to the method of AOAC (1995). Total 
soluble solids (TSS) expressed as Brix value were determined using a Hand refractometer (ATAGO, Japan). 
Non reducing sugars were determined by difference between total sugar and reducing sugar. Total solids (TS) 
and acidity was measured according to the method of AOAC (1995) and expressed as % citric acid. Brix/ acid 
ratio was calculated by dividing the value of total soluble solids on the total acidity value for each sample. The 
pH was measured using Hanna pH-meter HI 9021 m Germany. Also, vitamin C content was determined 
according to AOAC (1995) using 2, 6 di-chlorophenol endo phenol. The viscosity measurements were carried 
out using HAAKE viscometers (Haake, Mess-Technik Gmbhu. Co., Germany) with thermostatic bath to control 
the working temperature within the temperature of 25°C. results of viscosity were expressed in centipoise  (cP) 
according to the method of Ibarz et al.,  (1994).  
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Color determinations: 
 
Objective evaluation of surface color of tested samples were measured. Hunter L* ,a*, and b* parameters 

were measured with a color difference meter using a spectro-colorimeter (Tristimulus Colour Machine) with the 
CIE lab colour scale (Hunter, Lab Scan XE - Reston VA, USA) in the reflection mode. The instrument was 
standardized with white tile of Hunter Lab Colour Standard (LX No.16379): X= 72.26, Y= 81.94 and Z= 88.14 
(L*= 92.46; a*= -0.86; b*= -0.16) (Sapers & Douglas, 1987). The Hue (H)* and Chroma (C)* were calculated 
according to the method of (Palou et al., 1999) as follows: 
 
H* = tan-1 [b*/a*]             (1) 
 
C* = square root of [a2* + b2*] (2)            (2) 
 
Δ E = (Δ L2 + Δ a2 + Δ b2)½             (3) 
 
Preparation of PPF, jam and juice extracts: 

 
PPF was separated into three parts bulb, seeds and skin slices, and the pulp was dried at 40 ◦C and grounded 

with blinder. Grounded fruit (50 g) was extracted with 300 ml of 80% methanol and ethanol solution (PPFME 
and PPFEE for 24 h at room temperature. Also, 50 g of both jam and juice were extracted with 80% methanol 
and ethanol. The extract solution was centrifuged at 4500 rpm for 10 min and the supernatant were dried in the 
oven at 40 0C. 
 
Extraction of volatile compounds: 

 
An appropriate amount (500 gm) of fresh pulp, juice and jam of PPF were weighted then extracted by steam 

distillation for 3 hour. Five hundred ml of each aqueous distillate was subjected to two successive extractions 
with dichloromethane (CH2CL2) in triplicate. After separation, the dichloromethane layer containing volatiles 
was dried over anhydrous sodium sulphate, and then concentrated under reduced pressure (El-Ghorab et al., 
2010). 
 
Analysis of volatile components: 
 
Gas chromatographic analysis (GC): 

 
GC analysis was performed by using Hewlett-Packard model 5890 equipped with a flame ionization 

detector (FID). A fused silica capillary column DB-5 (60m x 0.32 mm. id,) was used. The oven temperature was 
maintained initially at 50°C for 5 min., and then programmed from 50 to 250°C at a rate of 4°C/min. Helium 
was used as the carrier gas, at flow rate of 1.1 ml/ min. The injector and detector temperatures were 220 and 
250°C, respectively. The Kovats index (KI) of the separated volatile components was calculated using 
hydrocarbons (C7-C21, Aldrich Co.) as references (Adams, 1995). 
 
Gas chromatographic/ Mass spectrometric analysis (GC/ MS): 

 
The analysis was carried out by using a coupled gas chromatography Hewlett-Packard model (5890)/ mass 

spectrometry Hewlett-Packard-MS (5970). The ionization voltage was 70 e v, mass range m/z 39-400 a.m.u. 
The GC condition was carried out as mentioned above. The isolated peaks were identified by matching with 
data from the library of mass spectra (National Institute of Standard and Technology) and compared with those 
of authentic compounds and published data (Adams, 1995).  

Identification of the compounds: the volatiles were identified by comparison of either mass spectrum with 
those of a computer library (Wiley 275 library). Further confirmation was done by referring to KI data generated 
from a series of alkane hydrocarbons (C7-C21) (Adams, 1995). 
 
Total phenolics contents: 

 
Total phenolics contents were determined by the Folin–Ciocalteu method (Singleton et al., 1999). 200µL of 

methanol and ethanol extracts of  PPF, jam and juice diluted sample were added to 1ml of 1:10 diluted Folin–
Ciocalteu reagent and 800 µl of saturated sodium carbonate 75 g/L. The reaction mixture was incubated at 45 ◦C 
for 40 min, and the absorbance was measured at 765nm in Shimadzu, spectro-photometer. Gallic acid (0–
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50µg/ml) was used for the calibration curve. The results were expressed as gallic acid equivalent, mg GAE/g 
dry weight and calculated as mean values (n = 3).  
 
Total flavonoids contents: 

 
The flavonoids contents were estimated by the AlCl3 method (Lamaison and Carnat, 1990): one ml of 

methanol and ethanol extracts of PPF, jam and juice were mixed with 1ml of 2% methanolic AlCl3·6H2O. The 
absorbance was measured 10 min later at 430nm in Shimadzu, spectro-photometer. Catachine (0–50 µg/ml) was 
used as a standard for calibration curve. All tests were carried out in triplicate and the amount of flavonoids was 
expressed as catachine equivalents (mg CAT/g fruit dry weight). 
 
Antioxidant activity assays of PPF, jam and juice extracts: 

 
The DPPH radical-scavenging assay was carried out, as previously reported by Grzegorczyk et al. (2007). 

Various concentrations of ethanol and ethanol extracts of PPF, jam and juice (50, 100, 150, and 200µg/ml) were 
added to 4 ml of  0.1mM DPPH solution in methanol and the reaction mixture was shaken vigorously. After 
incubation for 30 min at room temperature the absorbance was recorded at 517nm. TBHQ are used as a 
reference in the same concentration range as the test extract. A control solution, without a tested compound, was 
prepared in the same manner as the assay mixture. All the analyses were done in triplicate. The degree of 
decolorization indicates the radical-scavenging efficiency of the extract. The antioxidant activity of skin, bulb 
and seeds of PPF, jam and juice was calculated as an inhibitory effect (I %) of the DPPH radical formation as 
follows: 

 
Inhibition % = 100 X A517 (control) – A 517 (sample) / A 517 (control) 
 
and expressed as percentage. The EC50 value was defined as the concentration (in µg/ml) of the compound 

required to scavenge the DPPH radical by 50%. 
 
β-Carotene-Linoleic Acid Bleaching Assay: 

 
The antioxidant activity was performed by slight modifications of the procedure described by Matthus et al. 

(2002). Briefly, 0.5 mg β-carotene was dissolved in 1 mL of chloroform, 400µl linoleic acid and 200 mg Tween 
80 was added. Chloroform was removed by rotary vacuum evaporator and 100 mL distilled water saturated with 
oxygen were added with vigorous shaking. 2.5 mL of this reaction mixture dispensed into test tubes and 350 μL 
portion (1 mg/mL) of the extracts were added.  The absorbance was measured at 490 nm immediately. The 
reaction mixture was incubated at 50 ºC for 2 h and the absorbance was measured again. The same procedure 
was repeated with synthetic antioxidant (TBHQ) and a blank. Inhibition ratio of linoleic acid oxidation was 
calculated for test sample and synthetic antioxidants. 
 
Sensory evaluation: 

 
Taste, odor, color, mouth feel, appearance and overall acceptability were evaluated.  Sensory evaluation 

was evaluated as described in Hussein and Shedeed (2011). 
 
Statistical analysis: 

 
Standard deviations were calculated. One way analysis of variance (ANOVA), with multiple range least 

significant difference (LSD) test (p < 0.05) were carried out using SPSS program. 
 
Results and Discussion 
 
Technological parameters, Chemical composition and mineral contents of fresh prickly peal fruits: 

 
Table (1) shows the percentage of general composition of prickly pear fruits. The pulp content, peals seeds, 

PH, acidity, brix and total solids were 56.5, 36.5, 7.0%, 6.2, 0.15, 11.2 and 13.5%, respectively. These results 
agreement with  Askar and El-Samahy (1981), Sawaya et al.(1983), Saenz-Hernandez (1995), Parish and Felker 
(1997), Saenz and Sepulveda (1999), Abdel-Nabey (2001),  El-Samahy  et al. (2006a, 2006b) and  Cassano et 
al.(2010). 
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Table 1: Technological parameters, Chemical composition and mineral contents of fresh PPF. 
Technological parameters % 
Pulp 
Peals 
Seeds 
PH 
Acidity (% of a citric acid) 
Brix 
Total solids 

56.50± 0.52 
36.50± 0.22 
7.00± 0.09 
6.2± 0.11 
0.15± 0.001 
11.2± 0.17 
13.5± 0.12

Chemical composition of pulp %
Moisture 
Protein 
Fat 
Ash 
Crude fiber 
Total sugars 
Reducing Sugars (%) 
None Reducing Sugars 
Vitamin C (mg/100gm) 

84.55± 0.65 
0.72± 0.03 
0.45± 0.001 
0.54± 0.003 
0.42± 0.002 
10.75± 0.16 
8.24±0.25 
2.71 ±0.05 
32± 1.2

Minerals of pulp (mg/100gm)
Ca 
K 
P 
Fe 
Mg 
Na 

45±0.72 
203±2.12 
28±0.62 
1.3±0.03 
72±1.09 
0.92±0.05

 
In the same table the proximate chemical composition of the raw prickly pear pulp for moisture, protein, fat, 

fiber, ash, total sugar, reducing sugar (%), non reducing sugar (%) and vitamin C  were 84.55, 0.72, 0.45, 0.54, 
0.42, 10.75, 8.24 2.72% and 32, respectively. These results also in agreement with (Stintzing et al,2001; Saenz, 
2002 and Moßhammer  et al., 2006).The mineral content of raw prickly pear pulp, data showed that Ca, k, p, Fe, 
Mn, and Na  were 45, 203, 28, 1.3, 72, and 0.92 mg /100 gm raw prickly pear pulp, respectively. These results 
also agree with the results recorded by Askar and El-Samahy, 1981; Sawaya et el.( 1983) and Stintzing et al., 
(2001). 
 
Chemical composition of jam and juice from PPF: 

 
Table 2 shows the chemical composition of dry, juice and jam produced from raw PPFs. Dry prickly pear 

were characterized by a high protein, fat, fiber, ash, total sugar, reducing sugar (%) and non reducing sugar (%) 
content followed by jam and juice samples. These results are in agreement with those found by bdel-Nabey, 
2001 and  El-Samahy et al. 2006a, b).      
 
Table 2: Chemical composition of dry sheet, juice and jam of PPFs  

Products  Moisture 
Protein 
 

Fat 
 

Fiber 
 

Ash 
 

Total Sugars  
 

Reducing 
Sugars 

Non 
Reducing  
Sugars 

Dry sheet 12.26±0.35  4.16±0.35  2.65±0.16 2.52±0.11 3.18±0.17 73.23±1.23 55.72±1.32 17.51±0.42 
Juice 90±1.35 0.45±0.03 0.25±0.01 0.22±0.01 0.34±0.03 9.13±0.36 7.25±0.16 1.88±0.06 
Jam 34.85±0.75 2.35±0.22 1.65±0.07 1.72±0.03 2.85±0.12 56.25±0.86 41.22±0.62 15.03±0.26

 
Physicochemical properties of dry, juice and jam from fresh PPFs: 

 
The TS, TSS (total soluble solids), acidity, ratio TSS /acidity, viscosity, pH, and vitamin C (mg/100g) 

contents of dry, juice and jam from fresh PPFs are given in Table (3).TS (14.22 %) in dehydration from  dry, 
(18.20%) juice and (68%) in jam, TSS was 12 % in sheet, 15% juice and 65% in jam. Acidity   0.22% in sheet, 
0.17% in juice and 0.25% in jam, TSS/ acidity  54.54 % in sheet, 88.23 in juice and in 260 in jam,   , pH (6.02) 
in dehydration from  dry, (6.32) juice and (6.5) in jam, viscosity 17.60 in sheet, 18.50 in Juice and 72 in jam, 
and vitamin C  17.50 % in sheet, 22.22% in  Juice and 25.80%  in jam.  These values are in agreement with 
those reported by Stintzing et  al. (2003) and Cassano et  al.  (2010). 

  
Table 3: Physical properties of dry, juice and jam from fresh PPFs. 

Component Dry sheet Juice Jam 
TS 14.22±0.03 18.20±0.06 68.00±0.82 
TSS 12.00±0.06 15.00±0.07 65.00±0.35 
Acidity (% of a citric acid) 0.22±0.001 0.17±0.001 0.25±0. 001 
Ratio TSS/ acidity 54.54±0.22 88.23±0.85 260.00±2.16 
pH 6.02±0.02 6.32±0.01 6.50±0.02 
Viscosity (cp) 17.60±0.09 18.50±0.11 72.00±1.02 
Vitamin C (mg/100gm) 17.50±0.01 22.22±0.25 25.80±0.13 
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Color characteristics of dry, juice and jam from PPFs: 
 
Color characteristic is one of the major parameters that affect on the quality of the final product. The dry, 

juice and jam from PPFs showed a difference in color values. Table 4 shows Hunter values of whiteness (L*), 
redness (a*) and yellowness (b*) measured for product colors. All samples had slightly lower L* values for 
fresh fruit (44.71) dry sheet (30.5), juice (24.82) and jam (17.99), respectively. The results showed that the a* 
values are getting higher in dry sheet contrast to the juice, jam, and PPFs. The b* was higher in raw followed by 
dry sheet, juice and jam.  
 
Table 4:  Hunter color values of dry, juice and jam from fresh PPFs 

Samples  L a b Δ E H* C * 
Raw 44.71±0.16 5.06±0.03 26.09±0.02 52.01±0.33 79.02±0.25 26.58±0.22 
Dry 30.5±0.11 14.67±0.07 20.23±0.12 39.08±0.42 54.05±0.31 24.99±0.12 
juice 24.82±0.19 6.99±0.09 14.72±0.17 29.69±0.38 64.59±0.56 16.30±0.09 
Jam 17.99±0.22 2.71±0.03 9.70±0.19 20.62±0.29 74.39±0.45 10.07±0.16 

 
Sensory evaluation: 

 
Organoleptic evaluation is generally the final guide of the quality from the consumer’s point of view. Thus 

the evaluation was applied on the products from PPFs. 
 Taste, odor, color, mouth feel, appearance and overall acceptability were evaluated. Data presented in table 

(5) show those significant differences between samples. Juice was the best in color values, odor, taste, mouth 
feel, appearance and overall acceptability followed by jam and dry sheet 
 
Table 5: Sensory evaluation of different products from fresh PPFs. 

Samples 
 Taste 
(10) 

Oder 
(10) 

Color 
 (10) 

Mouth feel  
(10) 

Appearance 
(10) 

Overall 
acceptability(10) 

Sheet 6.6c±0.36 7.2c±0.35 5.8c±0.4 5.2c±0.22 6.3c± 0.12 31.1c±1.33 
Juice  9.30a±0.26 9.8a±0.32 9.0a±0.32 7.8a±.16 8.9a±0.32 44.8a±2.16 
Jam  8.10b±0.42 8.5b±0.23 7.2b±0.37 6.2b±0.35 7.5b±0.42 37.5b±1.12 
LSD at .05% 1.13 1.22 1.03 1.01 1.09 3.25 

 
Identification of volatile compounds in fresh, juice and jam of PPFs: 

 
GC and GC–MS analysis of fresh, juice and jam volatiles of PPF has resulted in the characterization of 14 

compounds representing 96.61, 93.08 and 96.82 %, respectively of the whole volatiles (Table 6). The main 
constituents (E)-3-hexen-1-ol, followed by ethyl acetate, methyl methyl propanoate, and β-cubebene were found 
to be  in all samples, while 1,8-cineole was identified  in fresh pulp and jam only with 7.34 and 5.90%, 
respectively. We reported differences in the volatile components between fresh and processed PPF (juice and 
jam).  

Nasef et al (2003) reported that investigation did on volatile fractions of some species of PPF have shown 
differences between species. A tricyclic sesquiterpene hydrocarbons (β-cubebene ) was represented 13.85% in 
fresh fruit of PPF; on the contrary its percent was decreased in jam (9.55%) and juice (1.26%) where that may 
be attributed to the conditions during the processing. There is a terpenoid oxide 1, 8-cineole in fresh and jam 
volatiles with 7.34% and 5.90%, respectively. 

 
Table 6: Volatile compounds of fresh PPF, juice and jam 

 
Compound 

 
KIa 

Area % Method of identification b 
fresh  jam juice KI & MS 

Methyl ethyl ketone 605 - - 5.13 KI & MS 
Ethyl acetate 625 9.57 12.12 16.8 KI & MS 
Methylpentanone  650 - - 2.15 KI 
 Methylmethyl propanoate 683 4.17 9.98 2.35 KI & MS 
3-Methyl-1-butanol  733 0.34 0.18 0.15 KI & MS 
Pentanal 744 0.57 - 0.32 KI  
1-Hexanal 800 0.21 0.07 0.31 KI 
Furfural  823 - 0.1 0.1 KI 
(E)-3-Hexen-1-ol  856 60.59 58.55 64.51 KI & MS 
Hexenylacetate 1005 - - 1.61 KI & MS 
β-Cubebene 1018 13.85 9.55 1.26 KI & MS 
1,8-Cineole 1030 7.34 5.9 - KI & MS 
2-Octenal  1050 0.18 0.16 - KI 
Total volatiles   96.82 96.61 93.08  

a : Kovate index ; b : identification methods of the volatile components are listed in order of elution from the DB5 column and MS : mass 
spectrum of the identified compound. 
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Open chain aldehydes with non-terpenoid structure were represented by 1-hexanal (0.21, 0.31 and 0.07% in 
fresh pulp, juice and jam, respectively), pentanal was detected in fresh pulp and juice and absent in jam and 
while 2-octenal not found in volatile compounds of juice decanal. Open chain alcohols hydrocarbons with non-
terpenic structure as, 3-methyl-1-butanol and (E)-3-Hexen-1-ol represented 60.93, 64.66 and 58.73% in fresh 
pulp, juice and jam volatiles, respectively of the total constituents. Ethyl acetate has a highest percentage in 
juice volatiles with (16.8%), while methyl methyl propanoate comprises about 9.98% in jam.  

Oxygen containing compound as furfural was detected in juice and jam volatiles may be generated due to 
processing conditions. Non-terpenic ketones as methyl ethyl ketone and methylpentanone were generated in 
juice with such 5.13 and 2.15%, respectively. Studies of fruit volatiles reported open chain non-terpenic alcohols 
as the major constituents (Agozzino et al., 2005; Arena et al., 2001) including 1-hexanol and (E)-3-hexen-1-ol 
identified also in our study, while terpene derivatives were detected with a very low ratio. 
 
Antioxidant activity assays: 
 
DPPH radical-scavenging activity: 

 
The DPPH radical is a stable free radical, commonly used as a substrate, to evaluate in vitro antioxidant 

activity of extracts of fruits, vegetables and medicinal plants. Antioxidants can scavenge the radical by hydrogen 
donation, which causes a decrease of DPPH absorbance at 517 nm. Table 7 shows the DPPH radical-scavenging 
activity of PPFME, PPFEE, JAPFME, JAPFEE, JUPFME and JUPFEE of PPF compared with that of TBHQ. 
The PPFME had the strongest ability to scavenge DPPH radicals followed with PPFEE. The concentration of 
sample at which the inhibition percentage reaches 50% is defined as the IC50 value. Thus, IC50 value is 
negatively related to the antioxidant activity, the lower the IC50 value, higher is the antioxidant activity of the 
tested sample. The IC50 values of TBHQ, PPFME and PPFEE were 0.04, 1.80 and 2.04 µg/ml, respectively. The 
antioxidant activity of PPFME and PPFEE may be attributed to the presence of Total phenolics, ascorbic acid, 
and betalain contents (Florian et al., 2005). Our results were in agreement with the reported data by (Lee et al., 
2002). These values are significantly different (p < 0.05). The IC50 values confirmed the activity order of the 
samples discussed above.  
 
β-Carotene bleaching inhibition activity: 

 
In the β-carotene/ linoleic acid test, the oxidation of linoleic acid generates peroxyl free radicals which will 

then oxidize the highly unsaturated β-carotene. The presence of antioxidants will minimize the oxidation of b-
carotene. The β-carotene bleaching inhibition effect of TBHQ and the extracts are shown in Table 7. TBHQ had 
strong antioxidant activity in the test with an IC50 of 0.04 µg/ml. PPFME and PPFEE had moderate activities 
inhibiting β-carotene bleaching (p < 0.050), whose IC50 values were 1.62and 1.89 µg/ml, respectively (Lee et 
al., 2002).  

Table (7) shows that the antioxidant activity of all the extracts and the essential oil was dose-dependent in 
the DPPH and β -carotene/linoleic acid assays. 
 
Total phenolic and flavonoid content: 

 
The total phenolic acid and flavonoid contents in the PPFME and PPFEE of PPF are shown in Fig. 3 and 

table 7. A higher concentration of total phenols was found in PPFME (87.4 mg GAE/100g fresh weight), 
followed by PPFEE (82.5 mg GAE/ 100g). Differences in total phenol content among the solvent extracts 
analyzed could arise from different polarities between methanol and ethanol (Hichem et al 2010).Total phenol 
values have been reported as 180.3 mg/100g (Lee et al.,2002), these differences might have arisen from 
different methodologies and PPF samples used in different studies. Flavonoids were found in smaller amounts 
than phenolic acids (Table 7). In the same direction observed for total phenolic acids, the PPFME has higher 
flavonoid content at (35.9 mg CAT /100g fresh wt.) than PPFEE 30.1mg CAT/100g), respectively. The solvent 
extract of jam and juice showed lower values in antioxidant activities assays, TFC and TF (table 7). These 
results may be attributed to thermal treatment of both jam and juice. 
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Table 7: Antioxidant activity, total phenolic and total flavonoids of PPF, jam and juice extracts  
Extracts DPPH 

(IC50 µg/ml) 
Beta-carotene  
(IC50 µg/ml) 

TFC (mg GAE/ 
100g fresh wt) 

T.F (mg CAT/ 
100g fresh wt.) 

PPFME 1.8±0.07 1.62±0.1 87.4±2.37 35.9±0.97 
PPFEE 2.04±0.12 1.89±0.3 82.5±3.43 30.1±0.75 
JAPFME  3.21±0.23 3.74±0.24 42.7±1.42 23.5±0.62 
JAPFEE 3.34 ±0.18 3.85±0.26 34.6±1.34 21.7±0.46 
JUPFME 3.46±0.2 3.6±0.21 43.8±2.23 22.8±0.83 
JUPFEE 3.68±0.15 3.7±0.4 31.9±1.22 16.8±0.6 

 
PPFME; Prickly pear fruit methanol extract, PPFEE; Prickly pear fruit ethanol extract; JAPFME; Jam prickly pear fruit  methanol extract, 
JAPFEE; Jam prickly pear fruit  ethanol extract, JUPFME; juice prickly pear fruit  methanol extract and JUPFEE; juice prickly pear fruit  
ethanol extract. 
 
Conclusion: 

 
From the above results, it could be concluded that, PPFs had higher values of protein, fat, total sugars, 

reducing sugars and non reducing sugars. Jam from fresh PPFs had higher values of TS, TSS, acidity, ratio 
TSS/acidity, pH, Viscosity, Vitamin C., bioactive compounds, such as fiber, vitamins, minerals and  organic 
acids. Juice has the highest palatability than other samples and control as it scored the highest value. Antioxidant 
activity assays, TFC and TF were revealed methanolic extract of PPF has a higher antioxidant activity than other 
extracts of jam and juice. (E)-3-Hexen-1-ol and ethyl acetate considers the most abundant volatile constituents 
in PPF, juice and jam. 
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