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ABSTRACT  

 
Milk permeate is a source of high quality vitamins and minerals that are important to the human 

health. The permeate, obtained from the best microfiltration process, was employed in the preparation 
of probiotics permeate beverages. Physiochemical, microbiological and sensory properties of 
probiotics beverages prepared with different blends of prickly pear pulp and permeate were evaluated 
at zero time and during storage periods at 7, 14 and 21 days in refrigerator at 4±1oC. Results indicated 
that the increase gradually of acidity and decreased of pH values by increasing prickly pear pulp ratio. 
During storage periods the pH values were decreased gradually and increasing gradually in 
acidity in all blends throughout storage period of 21 days. Lactose content of beverages 
samples were slightly decreased during storage periods. Meanwhile the phenolic compounds and 
ascorbic acid were increasing gradually by increasing prickly pear pulp ratios and decreasing 
gradually during storage periods in all blends. Microbial analysis of prepared beverages revealed 
that, the decrement of total bacterial count and spore forms counts in all blends Also, reduced the 
number of bifidobacteria during storage periods. On the other hand, sensory attributes of prickly pear 
permeate beverages samples directly after preparation and after 21 days of storage at 4±1oC indicated 
that, prickly pear permeate blend 4 prepared with 30% prickly pear pulp + 70% permeate had the 
highest organoleptic scores followed by blend 4, blend 3 blend 2 and Blend 1 respectively. 
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Introduction 
 

Cactus prickly pears “Opuntia ficus indica L” is a member of the Cactaceae family and is an 
important forage crop for livestock in many arid and semi-arid regions of the world. The prickly pear 
pulp is rich in vitamin C, minerals (calcium and magnesium), free amino acids (proline, taurine, 
glutamine, serine), polysaccharides, polyphenolic compounds (Quercetin, kaempferol, isorhamnetin 
and their derivatives), pigments (betaxanthins and betacyanins responsible for yellow and red color, 
respectively) and flavor compounds (Salim et al., 2009). Cactus pear fruit, usually consumed fresh or 
in processed form such as beverages, syrups, candies, jellies, marmalades, barbecue sauces, natural 
sweeteners, dehydrated sheets, nectars (Sáenz and Sepúlveda, 2001). Being high in nutritional and 
bioactive phytochemicals, cactus pear fruit can be used both as a potential source of natural 
antioxidants and as a direct functional food (Siriwardhana and Jeon, 2004). Prickly pear pulp which 
resembles the edible part of the fruit can be divided into seeds and strained pulp which is the basis for 
fruit and juice products. The fairly high sugar content and low acidity render the fruits a delicious, 
sweet but sometimes a bland taste. The sugar pattern in the fruit pulp is very simple and consists of 
glucose and fructose in virtually equal amounts while the organic acid pattern is dominated by citric 
acid Stintzing et al.,( 2001); Kuti et al., (2004) and Stintzing and Carle (2005). Prickly pear fruits are 
nutraceuticals and functional foods by embracing essential ingredients, such as taurine, amino acids, 
readily absorbable carbohydrates, minerals, vitamin C and soluble fibers. The edible pulp contains 
biothiols, taurine, flavonols, tocopherols, and carotenoids (Dok-Go et al., 2003 and Tesoriere et al., 
2005a). The cactus pear fruits may provide the types of nutritional and health benefit. The 
consumption of cactus pear fruit or its products may contribute substantial amounts of antioxidants to 
the diet (El-Gharras et al., 2006). Prickly pear is used in treating diabetes, lipid. Recently, it could be 
concluded that cactus fruit juice positively affects the body’s redox balance, decrease oxidative 
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damage to lipid and improve antioxidant status in diabetic rats (Abd El-Razek et al., 2011). In the 
other hand, fruit and juice of this plant are known by the presence of betalains (betanin and 
indicaxanthin), rarely found in fruits (they occur in red beets), and also elevated in polyphenolic 
flavonoids (quercetin, kaempferol and isorhamnetin) and various carotenoids, which have antioxidant 
activity and may protect against human disease (Dehbi et al., 2013). These fruits have shown several 
effect such as antiulcerogenic Galati et al., (2003), antioxidant Kuti (2004 ), anticancer Zou (2005) 
and hepatoprotective activities Galati et al., (2005).  

Permeate is an important by-product of the treat of milk by using ultra filtration process in 
cheese industry. Permeate contains lactose as the major constituent in addition to water soluble 
vitamins and the salts of milk. Therefore, permeate can be considered as a solution of nutritious 
significance. Permeate retains about 80% of the initial lactose of the treated milk. The milk permeate 
is practically free of N-compounds and thus unsuitable for animal feeding (Marhamatizadeh et al., 
2012). Milk permeate is a source of high quality vitamins and minerals that are important to the 
human health. Permeate resembles a problem for dairy industries in its disposal as a source for 
environmental pollution. However, great attentions were directed for utilizing permeate in the 
production of many useful product (El Nawawy et al. 2009). The permeate, obtained from the best 
microfiltration process, was employed in the preparation of fermented milks (Debon et al. 2012). Milk 
permeate contains electrolytes-sodium, potassium, magnesium, zinc and calcium –that could be 
utilized in beverages. Milk permeate is rich in minerals not found in substitute ingredients and 
enhances the overall nutritional content of a food product (Fitzpatrick et al., 2001) .On the other hand 
using milk permeates was able to produce a good quality chocolate milk (Bayoumi et al., 2011). 
However, using the permeate has economic important because it is considered valuable substitute to 
skim milk as partial or whole replacement. Hattem et al. (2011) utilized milk permeate in the 
manufacture of sport drinks. Through several processes namely heat, fermentation and clarification. 
Also fruit beverages were prepared using the pretreated permeate and fruit homogenates at ratio 
3:1(v/w).Their results revealed that milk permeate was a good source of essential electrolytes such as 
calcium, potassium, sodium ,magnesium and phosphorus which may be taken as sports drinks after 
normal or vigorous exercise to replace these ions.  

The aim of this research was carried out to produce probiotics prickly pear permeate beverages 
from different blends of prickly pear pulp and permeate. Therefore studying the physicochemical, 
microbiological and organoleptic quality of different blends immediately after the production and 
during of storage periods at 7, 14 and 21 days in refrigerator at 4±1oC.  

 
Materials and Methods 

 
Materials: 

 
Prickly pear fruit (Opuntia ficus indica Mill.) collected during the season (September 2016) from 

Al-Mandah farm in Al-Taif, Kingdom of Saudi Arabia (KSA). 
Milk permeate was obtained from Almarai Company, Jeddah,Kingdom Saudi Arabia. The 

permeate was immediately heated in a water bath at 80oC for 10 min., and then cooled to 4±1oC. 
Date syrup was purchased from a local market in Jeddah, Kingdom of Saudi Arabia. 
Bifidobacteria strain (Bifidibacterium befidum, DN 173010) was obtained from (CHR Hansen 

Company, Denmark).  
 

Preparation of prickly pear pulp: 
 
Whole fresh fruits were sorted, washed with tap water, manually peeled then the juice was 

extracted from the whole edible pulp using a food processor (Moulinex, 750 W, type 5000, France) 
with no addition of water, and strained through cheesecloth. The mixed pulp was heated in a stainless 
steel container at 90°C for 3 min. to inactivate pectin enzymes, cooled rapidly to 20°C then filled into 
polyethylene bags. The fruit juices were stored at -18°C until used. 
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Preparations of probiotic prickly pear permeate beverages:- 
 
It was prepared by blending cold permeate with 10%, 20%, 30 and 40% of prickly pear pulp 

(w/v) and added 0.1 % carboxyl methyl cellulose and adjusted the total soluble solids to 14% by using 
date syrup. Then pasteurized to 72oC at 3 min. After pasteurization, the mixtures were cooled at 36oC, 
and then bifidobacteria (Bifidibacterium befidum) were added to mixtures (1g/100ml) and incubated 
at 36oC/3 h. The final mixtures were filled into the clean glass bottles and treated at 80oC for 10 min. 
in a water bath, then cooled to room temperature.  

Blend1: 0% prickly pear pulp + 100% permeate, Blend2:10% prickly pear pulp + 90% permeate, 
Blend3: 20% prickly pear pulp + 80% permeate, Blend4: 30% prickly pear pulp + 70% permeate and 
Blend 5: 40% prickly pear pulp + 60% permeate.  

The final products were stored 7, 14 and 21 days in a refrigerator at 4±1oC. A control sample was 
prepared as the same stages of treatment without any addition of prickly pear pulp.  
 
Methods: 

 
Moisture, ash, crude fat, crude protein, total soluble solids, ascorbic acid, pH and titratable 

acidity were determined according to AOAC, (2010). 
Total solids (TS) and fat content were determined according to Ling, (1963). Lactose was 

determined in milk permeate by HPLC (Hewlett Packrd 1040A) detection as given by Jeon et al. 
(1984). 

Mineral contents, that is iron (Fe) and zinc (Zn) were established according to the method of 
AOAC (2010) using Atomic Absorption Spectrophotometer, Perkin-Elmer Model 2380 manufacture 
(USA). The flame photometer was applied for calcium (Ca), potassium (K) determination according 
to the method described by Pearson (1976). 

Folin-Ciocalteu reagent was used to determine total polyphenols in blends Singleton and Rossi, 
(1965). 

 
Microbiological methods: 

 
Total bacterial count was determined according to ISO Method No. 21527-1 (2008) was used for 

determination of Yeast and Molds count. While, bifidobacterial and spores forms count were 
determined by Dave and Shah, (1996) and Marshall, (1993), respectively.  
 
Sensory evaluation: 

 
Sensory evaluation of the prepared formulas was carried out to fresh and during storage 7, 14 

and 21 days by panel tests of 10 judges. The maximum attainable scoring point 30, 10 and 60 points 
for flavor, color and appearance, respectively (Deka et al., 1984). 

 
Statistical Analysis: 

 
The results of the chemical, total microbiological and sensory analysis were submitted to the 

analysis of variance followed by Tukey test, using the SAS System Version 6 Program (SAS Institute, 
1996). Probabilities of (P <0.05) were considered significant. 

 
Results and Discussion 

 
Chemical composition of prickly pear pulp and permeate are presented in Table (1). It could be 

noticed that prickly pear pulp contains 89.37 14.53, 0.24, 0.04, 0.35, 0.52 for moisture content, total 
sugars, protein, fat, ash and crude fiber respectively, while the permeate contained 93.88, 4.54, 0.32, 
0.10 and 0.76% for moisture content, lactose, protein, fat and ash respectively. On the other hand, 
total soluble solids, pH values and acidity were 12.45%, 0.06% and 6.20 in prickly pear pulp and 
5.90%, 0.15% and 6.50 in permeate respectively. While the calcium and phosphorus in prickly pear 
pulp was 29.34mg/100 g and 24.33 mg/100g respectively. However, the corresponding values in 
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permeate were 143.22 mg/100 g and 69.53 mg/ 100 g. The prickly pear pulp contained the highest 
content of total sugars, crude fiber, phenolic compound, ascorbic acid iron and zinc. On the other 
hand, the permeate contained the highest content of protein, fat, ash, phosphorous, potassium and 
calcium. These results are agreement with Adibelli et al. (2009) and Debon et al. (2012). 

 
Table 1: Chemical composition of prickly pear pulp and Permeate. 

Chemical Constituents Prickly pear pulp Fresh Permeate 
Moisture % 89.37 93.88 

Total solid % 10.63 6.12 

Fat % 0.04 0.10 

Crude protein % 0.24 0.32 
Ash % 0.35 0.76 

Lactose % ND 4.54 

Total soluble solids % 12.45 5.90 

Total Phenolic mg/100g 420.56 3.43 

Total sugars % 14.53 4.54 

Crude fiber % 0.52 ND 

Ascorbic acid mg/100g 32.75 0.68 

Total titratable acidity 0.06 0.15 
pH values 6.20 6.50 

Potassium mg/100g 165.20 170.44 

Iron mg/100g 1.86 0.16 

Zinc mg/100g 0.94 0.08 
Calcium mg/100g 29.34 143.22 

Phosphorus mg/100g 24.33 69.53 

 
Changes of chemical constituents of probiotic prickly pear permeate beverages samples during 
cold storage periods: 

 
Changes in chemical constituents of probiotic prickly pear permeate beverages samples at zero 

time and during storage periods at 7, 14 and 21 days in refrigerator at 4±1oC are presented in Table 
(2). Results show that total soluble solids were 14.0% in all prickly pears permeate beverage samples 
at zero time of storage and slightly noticeable changes were observed during storage being 13.70 % 
after 21 days of storage. 

Changes of acidity and pH values of probiotic prickly pear permeate beverages samples during 
cold storage periods are presented in Table (2), Fig (1) and Fig (2). The acidity of prickly pear 
permeate beverage samples were increased gradually during the storage periods and the incremental 
percentages of acidity varied between 16.67 and 28.12%. On the other hand, the pH values of prickly 
pear permeate beverage samples were decreased gradually during the storage periods. This noticeable 
decrease of pH values could be attributed to the acid production during storage. The increase in 
acidity was due to conversion of lactose to lactic acid and formation of organic acids. These results 
are in agreement with the findings reported by Sikder et al. (2001) and Ritika et al. (2010). 
 

Ascorbic acid content:  
 

Ascorbic acid content of probiotic prickly pear permeate beverages are presented in Table (2) 
and Fig (3). Data indicated that the increased of ascorbic acid content in all blends was noticed by 
increasing the percentage prickly pear pulp. On the other hand, during storage periods the ascorbic 
acid contents were decreased gradually by increasing storage periods. The loss of ascorbic acid could 
be due to the oxidation process during storage. Similar results were reported by EL-Gharably et al. 
(2004). 

 
Lactose Content: 

 
Results of lactose content of probiotic prickly pear permeate beverage prepared with different 

blends of prickly pear pulp and permeate during storage periods at 7, 14 and 21 days in refrigerator at 
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4±1oC are presented in Table (2). It could be noticed that, lactose content were decreased gradually by 
increasing prickly pear pulp percentage compared to blend 1 (control). During storage periods the 
lactose content were slight decreased in all blends throughout storage period of 21 days. These 
results are in agreement with the findings reported by Rizk et al. (2011). 

 
Calcium Content: 

 
The calcium contents of probiotic prickly pear permeate beverage prepared with different blends 

of prickly pear pulp and permeate during storage periods at 7, 14 and 21 days in refrigerator at 4±1oC 
are presented in Table (2). Calcium content of beverages were decreased by increasing prickly pear 
pulp percentage compared to blend 1 (control). On the other hand, there was no changeable in 
calcium content in different blends during the storage periods at 4±1oC. These results are in 
agreement with the findings reported by Rizk et al., (2011).  

Total phenolic compounds of probiotic prickly pear permeate beverage prepared with different 
blends of prickly pear pulp and permeate during storage periods at 7, 14 and 21 days in refrigerator at 
4±1oC are presented in Table (2) and Fig (4). Total phenolic compounds were increased gradually by 
increasing prickly pear pulp percentage compared to blend 1 (control). During storage periods the 
phenolic compounds values were decreased gradually in all blends throughout storage period 
of 21 days. 

 
Table 2: Changes of chemical constituents of probiotic prickly pear permeate beverages samples during cold 

storage periods after 21 days at (4±1oC). 

Storage Period 
(days) 
 

Constituents 

Total 
soluble 

solids % 
acidity% 

Ascorbic 
acid 

mg/100g 

pH 
values 

Calcium 
mg/100g 

Lactose 
mg/100g 

Phenolic 
compound 
mg/100g 

 Blend 1 

0 14.00a 0.19c 0.68a 6.20a 143.22a 4.54a 3.40a 

7 13.92a 0.20b 0.60b 6.18b 143.22a 4.25ab 3.13b 

14 13.90b 0.21b 0.55c 6.15c 143.20a 4.00b 3.00c 

21 13.88b 0.23a 0.46d 6.10d 143.19a 3.82bc 2.87d 

 Blend 2 

0 14.00a 0.17c 3.55a 6.30a 125.62a 4.00a 41.22a 

7 13.90b 0.18bc 3.14b 6.27b 125.61a 3.86b 35.42b 

14 13.85b 0.20b 2.86c 6.24c 125.60a 3.64bc 30.47c 

21 13.80b 0.21a 2.42d 6.21d 125.60a 3.56c 25.38d 

 Blend 3 
0 14.00a 0.15d 6.25a 6.32a 109.37a 3.63a 78.47a 

7 13.88b 0.17c 5.44b 6.30b 109.36a 3.43b 70.45b 

14 13.82b 0.19b 5.12c 6.26c 109.35a 3.28c 67.38c 

21 13.78bc 0.20a 4.32d 6.20d 109.34a 3.06d 60.29d 

 Blend 4 

0 14.00a 0.14cd 9.47a 6.36a 95.58a 3.10a 108.36a 

7 13.80b 0.15c 9.00b 6.31b 95.57a 2.95b 99.96b 

14 13.75b 0.17b 8.43c 6.27c 95.56a 2.73c 90.68c 

21 13.71c 0.19a 7.32d 6.22d 95.54a 2.54d 83.57d 

 Blend 5 

0 14.00a 0.11d 12.65a 6.42a 82.68a 2.72a 118.75a 

7 13.80b 0.13c 11.34b 6.37b 82.68a 2.60b 108.33b 

14 13.72b 0.15b 10.43c 6.31c 82.65a 2.45c 97.28c 

21 13.70bc 0.18a 9.54d 6.25d 82.65a 2.25d 90.57d 

Values with different letters in the same column are significant different at P<.0.05.  
Blend1: 0% prickly pear pulp + 100% permeate Blend2:10% prickly pear pulp + 90% permeate. Blend3: 20% prickly pear 
pulp + 80% permeate. Blend4: 30% prickly pear pulp + 70% permeate. Blend5: 40% prickly pear pulp + 60% permeate.  
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Fig. 1: Changes of acidity % of probiotic prickly pear permeate beverages samples during cold storage periods. 
 

 
Fig. 2: Changes of pH values of probiotic prickly pear permeate beverages samples during cold storage periods. 

 

 
 
Fig. 3: Changes of ascorbic acid contents of probiotic prickly pear permeate beverages samples during cold 

storage periods. 
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Fig. 4: Changes of Total phenolic compounds of probiotic prickly pear permeate beverages samples during cold 

storage periods. 

 
Microbial count: 

 
Bifidobacterial, Total bacterial and yeast and mould counts and Spore forms count for probiotic 

prickly pear permeate beverages samples were determined before storage and subsequently every 7 
days along with 21 days of cold storage periods at 4 °C are presented in Table (3). The total 
bacterial count was higher in blend 1 than other blends during storage period. The decrement of total 
bacterial count in all blends was noticed by increasing the percentage prickly pear pulp. These results 
are in the line with that reported by Gafour (1999). Also, data showed the gradient decrease of spore 
forms count in blend 2 and 3 till 7 and 14 days, respectively. The decrement to bacterial and spore 
forms counts may due to the role of antioxidant as antimicrobial. The change of the viable counts of 
bifidobacteria during storage period is represented in the same table. Data clearly indicated that the 
viability of bifidobacteria remained high for 14 days then started to decline. Concerning the 
therapeutic benefits the product should contain at least 106 viable cell of bifidobacteria per gram to 
realize its therapeutic properties (Lee et al., 1996; and Salem and El-Shirbiny, 2003). As can be seen 
in the same table probiotic beverage prepared with prickly pear showed this count remained more 
suitable during storage till 21 days. The stability of bifidobacterial count during storage may be due to 
the use of antioxidants by bifidobacteria to defiance the degradation of useful bacterial count. 
 
Sensory evaluation: 

 
Sensory evaluations of probiotic permeate beverages prepared with different blends of prickly 

pear and permeate during storage periods at 7, 14 and 21 days in refrigerator at 4±1oC are illustrated 
in Table (4). The prickly pear permeate beverages prepared with 30% prickly pear pulp and 70% 
permeate (blend 4) gained the highest score for color, appearance and flavor at zero time of storage 
and after 21 days of storage at 4°C ± 1°C. Therefore, these samples came in the first order on 
comparison with other prepared beverages up to 21day of storage. This treatment was the most 
acceptable blend followed with blend 5, while permeate beverages prepared without prickly pear 
(blend 1) and blend 2 were unacceptable blends since they had been given the lowest scores. 
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Table 3: Bifidobacterial, total bacterial count, yeast and moulds and spore forms counts for probiotic prickly 
pear permeate beverages during cold storage periods after 21 days at (4±1oC)  

Microorganisms  Treatments storage period 
0-time 7 days 14 days 21 days 

Bifidobacterial count 
(X 106 CFU) 

Blend 1 52a 42.30a 29.40a 25.60a 

Blend 2 47b 33.60b 26.40b 21.80b 

Blend 3 38c 26.50c 23.10c 18.30c 

Blend 4 33d 22.80d 20.80d 16.70d 

Blend 5 30e 19.30e 16.50e 13.90e 

Total bacterial count 
(X 105 CFU) 

Blend 1 23a 18a 13a 8a 

Blend 2 19b 15b 10b 6b 

Blend 3 16c 13c 8c 5c 

Blend 4 11d 8d 6d 4d 

Blend 5 9e 6e 5de 3de 

Yeast and Molds 
(X 103 CFU) 

Blend 1 ND ND ND ND 
Blend 2 ND ND ND ND 

Blend 3 ND ND ND ND 

Blend 4 ND ND ND ND 

Blend 5 ND ND ND ND 

Spore forms count 
(X 103 CFU) 

Blend 1 ND ND ND ND 

Blend 2 2.0b 1.60b 1.0a ND 

Blend 3 2.3a 2.0a ND ND 

Blend 4 ND ND ND ND 
Blend 5 ND ND ND ND 

Values with different letters in the same column are significant different at P<.0.05.  
Blend1: 0% prickly pear pulp + 100% permeate Blend2:10% prickly pear pulp + 90% permeate. Blend3: 20% prickly pear 
pulp + 80% permeate. Blend4: 30% prickly pear pulp + 70% permeate. Blend5: 40% prickly pear pulp + 60% permeate.  
CFU= colony For Unit  

 
Table 4: Sensory evaluation of probiotic prickly pear permeate beverages samples at zero time and after being 

stored for 21 days at (4±1oC) 

Permeate beverage samples  Sensory Evaluation at zero time of storage 

Blended 
Color 

(10) 

Appearance 

(30) 

Flavor 

(60) 

Total 

(100) 

Blend1 4.90e 11.80d 22.00e 38.70e 

Blend2 6.40c 13.00d 28.00d 47.40e 

Blend3 7.60b 22.00b 45.00b 74.60b 

Blend4 9.80a 29.50a 59. 50a 98.80a 

Blend5 9.30a 26.00a 55.00a 90.30a 

 Sensory Evaluation after 21 days of storage at 4°C ± 1°C 

Blend1 4.40d 10.00e 19.00 0e 33.40e 

Blend2 6.00 c 11.00d 25.00e 42.00d 

Blend3 7.00 b 20.00 c 40.0 d 67.00c 

Blend4 9.70 a 27.50 a 56.00 a 93.20a 

Blend5 9.20 ab 24.00 ab 52.00 b 85.20b 

 Values with different letters in the same column are significant different at P<.0.05.  
Blend1: 0% prickly pear pulp + 100% permeate Blend2:10% prickly pear pulp + 90% permeate. Blend3: 20% prickly pear 
pulp + 80% permeate. Blend4: 30% prickly pear pulp + 70% permeate. Blend5: 40% prickly pear pulp + 60% permeate.  
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