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ABSTRACT 
 

This study aimed to produce fermented beverage from camels’ milk permeate mixed with different 

concentrations (control, 2.5, 5 and 10%) pomegranate syrup. Beverages were evaluated for their physical, 

chemical, rheological, microbiological and organoleptic properties. Physicochemical compositions of 

prepared beverages of fermented permeate of camels’ milk mixed pomegranate syrup were not significant 

(p≥0.05) for protein, fat and ach contents in all the examined treatments. But total solid, total sugar and pH 

value changed significantly (p≤0.05). All functional beverages were found rich in many mineral elements. 

On the other hand, total anthocyanin, phenolic compounds, total antioxidant activity contents, colour and 

viscosity in all prepared beverages were significantly affected (p.≤0.05).  This was due to effect of 

exopolysaccharide being produced by probiotic bacteria used in the permeate. Bif. animalis, which resulted 

in the highest levels of viscosity in all the examined beverages throughout storage. Lower lost in the viability 

of Str. thermophilus and Lb. acidophilus was detected during storage of the beverages. The coliform 

bacteria, yeasts and molds were not detected in the control and in all the other treatments during all storage 

periods. Also, the added pomegranate syrup improved the sensory evaluation compared among all treatment. 

Finally, fermented permeate camels’ milk mixed with different concentrations of pomegranate syrup 

beverages can be recommended as a functional food product with potential health benefits and it can be 

marketed and consumed as healthy beverages.  

Keywords: Permeate, Pomegranate syrup, Camel milk, Beverage, Antioxidant.  

INTRODUCTION 
 

Camels' milk is consumed raw in remote areas and 

may could be consumed in fermented milk products. 

Currently, in urban areas, it is preferable to use new dairy 

products more than raw milk (Faye and Konuspayeva, 

2016). Therefore, it has been an improvement in the 

production of some other products, including cheese, either 

in the traditional methods or by using new technology 

(Konuspayeva et al., 2014 and El-Gendy 2018a). 

Yield of cheese made by the traditional method of 

camel milk is 9 kg / 100 kg of milk, and only 8 kg / 25 kg 

by using ultrafiltration, resulting in large quantities of whey 

/ permeate, rich in some proteins, lactose and minerals 

(Beucler et al., 2005, Konuspayeva et al., 2017, and El-

Gendy, 2018a). 

By-products of dairy began to be re-evaluated in 

order to comply with environmental trends. When using 

these modern biotechnologies with probiotic bacteria to 

improve the nutritional value of both humans and animals 

(Stanciu et al., 2005). 

Food industry development and consumers' 

awareness has contributed to increasing the quality of food 

and food manufacturing. Emergence of known functional 

foods that contain bioactive compounds, such as 

phytochemicals, oligosaccharides, dietary fibers and 

probiotic bacteria was claimed by Jankovic et al., (2010) 

and Thakur and Sharma, (2017). Using of probiotic 

bacteria increases the nutritional quality of dairy beverages, 

due to their health benefits. The commercial probiotic 

product is considered as functional only if it contains 106-

107 CFU/ml at the time of consumption (FAO/ WHO, 

2002, Divya et al., 2012, Castro et al., 2013 and Sarkar, 

2019). Lb. acidophilus and Bifidobacterium spp are the 

most common types of bacteria used as probiotics.  

Pomegranate (Punica granatum) contain large 

amount of acids, sugars, vitamins, polyphenols, and 

important minerals. It also contains high concentrations of 

phenolic compounds including anthocyanins, antioxidants, 

ellagic tannins, gallic, ellagic acids and flavonol 

glycosides, and procyanidins (Al-Maiman and Ahmad, 

2002; Murthy et al., 2002; Poyrazoglu et al., 2002; Negi 

and Jayaprakasha, 2003 and Gumienna et al., 2016). Its 

juice is also used in beverages as a flavoring and coloring, 

while syrup in flavoring, a salad dressing or soft drink 

ingredient (Yilmaz et al., 2007). In general, the thermal 

treatments affect in food processing on the amount and 

structure of phenols. An increase of the phenolic 

compounds in fruit juice adversely affect the appearance, 

astringency, color and bitterness of fruit juices (Alper et al., 

2005 and Adhami and Mukhtar, 2006). Due to its 

antioxidant and anti-inflammatory activity, phenolic 

compounds have been considered of medical and industrial 

importance. Pomegranate juice has potent effects against 

some diseases, it was anti-cardiovascular, anti-

inflammatory antimicrobial and anticarcinogenic (Negi et 

al. 2003; Adhami and Mukhtar, 2006; Sepúlveda et al., 

2010 and Rios-Corripio et al. 2019). It is considered an 

indicator of the pigment concentration and the reactions 

http://www.jfds.mans.edu.eg/
http://www.jfds.journals.ekb.eg/
http://www.jfds.journals.ekb.eg/


Marwa H. El-Gendy and E. M. Abdeen  

356 

resulting from heat treatment (Yildiz et al., 2009). 

Rheological behavior of pomegranate juice must be known 

during/ after the heating process to evaluate the total 

phenolic compounds and the color changes resulting from 

the effect of temperature and concentration. And so, 

pomegranate syrup manufactured because its affect to the 

ability to market processed pomegranate products (Yildiz 

et al., 2009, Turfan et al., 2011 and Caleb et al., 2012).   

In this context, our research aimed to produce and 

evaluate a beverage from permeate camels' milk fermented 

with probiotics and mixed with pomegranate syrup in 

different concentrations. The products were evaluated for 

the physiochemical, rheological, microbiological and 

sensory properties during storage. 
 

MATERIALS AND METHOD 
 

Fresh Camels’ milk used in this study was collected 

from a herd located at North West Coast Zone, Matrouh 

Governorate, Egypt. The UF by-product (Permeate camels’ 

milk) was extracted from the collected camels’ milk. Also, 

Fresh mature pomegranate and sugar were purchased from 

local market. Carboxy methyl cellulose (CMC) as a 

stabilizer agent was obtained from Sigma-Aldrich. 

Lactobacillus acidophilus 31CM, Streptococcus 

thermophilus 33CM and Bifdobacterium animalis 14CM 

were characterized in a previous work by Mohammed et 

al., (2018). All use strains produce exopolysaccharides. 

For the Preparation of pomegranate syrup, mature 

fresh pomegranate fruits were selected and washed well. 

After removing the outer husk and separating it from the 

seeds. The juice was extracted by grinding the seeds and 

filtering them through a clean cloth (Gorachiya et al., 

2018) (pH=3.78). Pomegranate syrup was prepared 

according to method of Maskan (2006) by heating process 

at 85°C the filtered dark red juice. The juice concentration 

was 15.25 °Brix and the final concentration was 75°Brix. 

Probiotic strains were prepared according to the 

method of Thakur and Sharma (2017) with some 

modifications. Each strain was activated separately in MRS 

broth medium at 37 °C / 16 hrs to obtain biomass. The 

biomass was washed with saline solution to remove the 

remainder of the MRS to obtain a pure biomass. Then each 

strain was activated separately in pasteurized whey (100 

ml) at a concentration of 10% from each strain. Thus, the 

mother's culture was obtained to prepare the beverages by 

incubation at 37 °C for 24 hrs. 

Probiotic beverages were prepared from permeate 

camels’ milk and pomegranate syrup in different 

concentrations, with stability of 4 % sugar with 0.2% 

stabilizer. Sugar and stabilizer were added to permeate 

camels’ milk, mixed well, and filtered. After that the heat 

treatment of the mixtures was carried out at 80 °C for 15 

minutes, followed by cooled to 42 °C. Mixtures were then 

inoculated with 3% mixture (1: 1: 1) starter culture Lb. 

acidophilus 31CM, Str. thermophilus 33CM and Bif. 

animalis 14CM, then incubated at 42 °C until pH was 

decreased to 5 and cooled to 4°C. Then, pomegranate 

syrup in different concentrations was added to the 

permeate viz control= 0% pomegranate syrup + 95.8% 

camels’ milk permeate, T1= 2.5% pomegranate syrup + 

93.3% camels’ milk permeate, T2= 5% pomegranate syrup 

+ 90.8% camels’ milk permeate, and T3= 10% 

pomegranate syrup + 85.8% camels’ milk permeate. To 

complete the fermentation process, the mixtures were 

incubated at 45 ° C until the pH reached 4.7. After that, the 

beverage was packed in sterile bottles and cooled to 5 ± 1 ° 

C and stored for a month. The beverages chemical 

properties were determined in fresh, but microbiological, 

rheological and sensory properties were measured when 1st 

day and 10, 20 and 30 days of storage.  

All material and beverages were physiochemically 

analyzed for by measuring the total solids, fat, ash, total 

protein, total sugar, ascorbic acid content and minerals 

content according to AOAC (2012). pH value was 

measured by using pH meter (SA520 / 3310, USA). Total 

soluble solids (TSS) were estimated using a manual 

refractometer and expressed in terms of ° Brix. Total 

phenolic contents were determined with Folin-Ciocalteu 

reagent according to Thakur and Sharma (2017) using 

gallic acid as a standard. The antioxidant activity was 

determined by using the 2,2- diphenylpicrylhydrazyl 

(DPPH) radical as reported by Dhumal et al., (2015). 

Viscosity was determined using the Brookfild 

viscometer (Brookfield Engineering Laboratory Inc., 

Stoughton, MA, USA) Model DV- II with a helipath stand 

mounted with spindle (No. 4), as formerly described by 

Dhumal et al., (2015) at 20 °C. 

Colour was measured was determined according to 

the tristimulus Colour system described by Ashoush and 

Gadallah (2012) using spectrophotometer (MOM, 100 D, 

Hungary). The Hunter L*, a* and b* values were 

determined according to formula given by manufacturer.  

All samples were prepared for microbiological 

examination according to the Standard Methods for the 

Examination of Dairy Products (Wehr and Frank, 2004). 

Total viable count on stander plate count agar (37°C/24h), 

viable cells count Lb. acidophilus on MRS-sorbitol agar 

(Anaerobic incubation at 37°C for 72 h), Str. thermophiles 

on ST agar (Aerobic incubation at 42°C for 24 h) and 

bifidobacteria on MRS agar (Oxoid) supplemented with L-

cystein and lithium chloride (Sigma Chemical Co., USA) 

(Anaerobic incubation at 37°C for 72 h) were enumerated 

as described by Dave and Shah (1996). The plates were 

incubated in an anaerobic environment (BBL Gas Pak, 

Becton Dickinson Microbiology Systems). Yeasts and 

molds on acidified potato dextrose agar were enumerated 

as described by Difco (1984). 

Sensory evaluation of the beverages was subjected 

by 20 panelists of the staff member of Animal Production 

Division, Desert Research Center, Cairo, Egypt using 9-

point hedonic scale according to the scheme described by 

Sthavarmath and Puranik (2018). All treatments were 

evaluated when fresh and during storage period at 10, 20 

and 30 days.  

All data obtained in the study were statistical 

analyzed using software SAS (2013). 
 

RESULTS AND DISCUSSION 
 

Physicochemical composition of permeate and 

pomegranate syrup were presented in Table (1). It could be 

observed that total solid, protein, fat, total sugar, ash 

contents and pH value of permeate were 5.50, 0.25, 0.14, 
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5.11, 0.275% and 6.46, respectively. Heat processing used 

for the preparation of pomegranate syrup resulted in an 

increase of the total solids and sugars, and a decrease in 

moisture due to the water evaporation. Data shown in 

Table (1) revealed that pomegranate syrup contains 20.65, 

0.84 and 75.8% of moisture, protein and total sugars, 

respectively. The carbohydrates increase was resulted due 

to the water evaporation process during the preparation the 

of syrup, which came in consistent with Yilmaz et al., 

(2007). The results also showed that by concentration of 

pomegranate juice (total soluble solids (TSS) of 15.25 

°Brix) by heating during preparation of pomegranate syrup 

contributed to the increase of the TSS content to 75°Brix, 

which led to a significant increase in sugar content, which 

came in harmony with İncedayi et al., 2010; Ashoush and 

Gadallah 2012 and Dhumal et al., (2015). 

Results also show that protein content in 

pomegranate syrup was 0.84%, which is in the range 

between 0.08 to 1.54%, which being obtained by İncedayi 

et al., (2010). As the mineral content of the raw materials 

varied, so the permeate content was high in calcium, 

potassium and sodium, but it was low in iron and zinc. 

These results are in agreement with Hattem et al., (2011). 

While pomegranate syrup was high in calcium, sodium and 

iron, as accordance with that result of İncedayi et al., 

(2010). 

The pH of pomegranate syrup decreased as it was 

3.52, compared to initial pH of the juice of 3.78, due to the 

concentration process. This result was agreement with 

those obtained by Ashoush and Gadallah (2012) and 

Dhumal et al., (2015). While the lowest of pH was about 

1.74 and 2.05 for pomegranate syrup, which was made 

with Kaya and Sozer (2005) and Yilmaz et al., (2007), and 

this difference is due to the methods used in the 

preparation, clarification and filtration of pomegranate 

syrup. 

Antioxidant activity was affected by total 

anthocyanin and phenol components (Table 1), where it 

was 75.45%, 225.61 and15 mg/100g in pomegranate 

syrup, respectively. These results were close to the those 

revealed by Ashoush and Gadallah (2012) and Dhumal et 

al., (2015), who treated pomegranate juice with heat to 

prepare its syrup. 

 

Table 1. Physicochemical composition of raw material and permeate pomegranate beverages in fresh 

Components Permeate Pomegranate syrup Control T1 T2 T3 SE 

Total solid% 5.50e 79.35a 9.18d 10.76c 12.60bc 16.40b ±0.197 

Moisture% 94.48a 20.65b 90.80d 89.21c 87.40bc 83.56b ±1.552 

Protein% 0.25b 0.84a 0.24b 0.25b 0.27b 0.30b ±0.050 

Fat% 0.14 0.00 0.13 0.13 0.13 0.12 ±0.019 

Total sugar % 5.11c 75.80a 8.63bc 10.30bc 12.11b 15.92b ±1.318 

Ash% 0.275a 0.036b 0.283a 0.309a 0.325a 0.344a ±0.044 

pH value 6.46a 3.52c 4.70b 4.70b 4.70b 4.70b ±0.051 

Total anthocyanin(mg/100g) ND 225.60a ND 5.67b 11.31b 22.59b ±15.890 

Total phenolic(mg/100g) ND 557.21a ND 14.00c 27.93c 55.79b ±6.617 

Antioxidant activity % ND 75.45a 10.95b 12.12b 13.67b 16.90b ±2.058 

Colour 

L 22.46b 22.60b 22.09b 25.08ab 26.73a 27.30a ±1.079 

a -15.90d 15.50a -14.13d 1.95c 3.64c 8.18b ±1.079 

b 5.60a 5.20ab 4.40abc 1.24c 1.76c 1.44c ±1.079 

Mineral 

(ppm) 

K 70.04a 23.12b 71.22a 65.72a 64.19a 61.85a ±3.652 

Ca 275.69 260.33 270.47 262.90 261.14 260.37 ±39.193 

Na 110.55 187.0 111.49 107.49 108.85 112.67 ±30.091 

Zn 0.66b 7.0a 0.64b 0.79b 0.94b 1.26b ±0.396 

Cu 0.42 0.54 0.46 0.40 0.41 0.41 ±0.105 

Fe 3.11c 22.50a 3.01c 3.45c 3.92bc 4.89b ±0.379 

Mg 23.55b 30.0a 24.02b 22.65b 22.70b 23.02b ±1.270 
a,b,c,d Means in same row at each parameter with different lowercase letters differed significantly (p < 0.05). 

Control= 0% pomegranate syrup + 95.8% permeate camels’ milk, T1= 2.5% pomegranate syrup + 93.3% permeate camels’ milk, T2= 5% 

pomegranate syrup + 90.8% permeate camels’ milk, and T3= 10% pomegranate syrup + 85.8% permeate camels’ milk. ND= not detect. 
  

Results in (Table 1) showed that the Hunter color 

parameters L*, a*, and b* of pomegranate syrup increased 

reddish brown as a result of the thermal treatment due to 

brown color reaction such as Maillard reaction and the 

destruction of anthocyanin pigment and increased Soluble 

solids. This was evident when measuring the values of 

Hunter L* and a*. This result was similar as the result of 

Orak (2009) who reported that the Hunter colour values 

decreased during heat treatments. Similar results were 

obtained by Ashoush and Gadallah 2012 and Dhumal et 

al., (2015).  

Physicochemical compositions of prepared 

permeate of camels’ milk mixed with pomegranate syrup 

and probiotic starters as functional beverages are presented 

in Table (1). No significant (p≥0.05) variations could be 

detected in protein, fat and ach contents in all treatments of 

fermented beverages. Meanwhile, total solid, total sugar 

and pH values significantly varied (p≤0.05). Total solid 

and total sugar contents increased in fresh for all fermented 

beverages. An inverse relationship could be established 

between the increase of the total solids, protein and fat 

contents, where the solids content increased with 

increasing the concentration of pomegranate syrup, and the 

protein and fat content decreased in the fermented 

beverages, compared to the control. These results were in 

agreement with Teshome et al. (2017) and Hallim et al. 

(2019). 

As with the mineral contents of prepared beverages, 

results in of the preliminary analysis of concentrated and 

permeate pomegranate syrup are shown in Table (1). 

Mineral contents were similar in both of them, but it was 

greater in Na, Zn and Fe in pomegranate syrup than 
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permeate, while K and Ca were lower in concentrated 

pomegranate syrup than permeate. These results are in 

agreement with Yilmaz et al., (2007) and Orak (2009). As 

evident from data presented in Table 1, highly significantly 

(P≤0.005) variation in K, Na, Zn, Fe and Mg contents were 

found in pomegranate syrup concentrated beverages due to 

the high mineral content in pomegranate syrup. Ca and Cu 

content was not significantly (P≥0.05) among all 

treatments in fresh. 

On the whole, the content of fermented beverages 

from camels’ milk permeate, mixed with different 

concentrations of pomegranate syrup increased in their 

mineral content due to their high concentration in the main 

component, whether concentrated syrup or permeate. 

Hence, it could be concluded that the prepared functional 

beverages might be used as a good source of some 

minerals (Miller, 2000; Fadavi et al., 2005 and Yilmaz et 

al., 2007).   

The pH value is of important effect on the 

fermentation process with the initiator, affecting the 

properties of the product in terms of flavor, colour and 

aroma (Zarei et al,. 2011, Rios-Corripio and Guerrero-

Beltran 2019). The pH should be between 2.8 to 4.0, as it 

was found that the closer to 4 (syrup), the more sweet 

properties were given which affects the final product 

(Table 1). The effect of adding pomegranate syrup at 

different concentrations on the pH values was significant 

(P≤0.05), as it led to decrease between treatments and 

compared to control as a result of fermentation (Atallah, 

2015 and Hallim et al., 2019). 

As could be seen from the result in Table 2 showed 

that increasing the concentration of the added pomegranate 

syrup, led to slight and gradual decrease (p≥0.05) in the pH 

values of all fermented beverage comparing with the 

control group. This could be attributed to the high activity 

of the initiator of lactose fermentation. Moreover, a 

variable gradual decrease (p≥0.05) in pH values could be 

observed in all treatments up to the 30th day of the cold 

storage duration, which could be attributed to the limited 

growth of different initiator cultures and the slow 

fermentation of lactose residue, which is consistent with 

this by Baithazar et al., (2019). 
 

Table 2. pH values of fermented beverages produced 

from camels’ milk permeate mixed 

pomegranate syrup during storage at (6±0.5°C 

for 30 days) 
Storage period (day) Control T1 T2 T3 ±SE 

Fresh 4.70 4.70 4.70 4.70 ±0.266 

10 4.68 4.69 4.68 4.67 ±0.266 

20 4.67 4.66 4.65 4.65 ±0.266 

30 4.58 4.59 4.6 4.57 ±0.266 
Control= 0% pomegranate syrup + 95.8% permeate camels’ milk, 

T1= 2.5% pomegranate syrup + 93.3% permeate camels’ milk, T2= 

5% pomegranate syrup + 90.8% permeate camels’ milk, and T3= 

10% pomegranate syrup + 85.8% permeate camels’ milk. 
 

Total anthocyanin, (mg/100g) phenolic compounds 

(mg gallic acid equivalents/100g), and total antioxidant 

activity (%) content in all prepared functional beverages 

significantly affected (p.≤0.05) as shown in Table (3). 

However, it was not significantly affected during storage 

(p. ≥ 0.05). 

The anthocyanin, phenols and antioxidants contents 

increased (p ≤ 0.05) was observed with an increase in the 

levels of pomegranate syrup; due to its increase in 

pomegranate syrup (Table 1). It was noticed that the 

highest level of anthocyanin, phenols and antioxidants 

were found in the permeate beverages containing 10% of 

pomegranate syrup and probiotics (T3), followed by those 

containing 5% (T2) and probiotics. The same trend was the 

length of the storage period. Where this was evident when 

the fresh fermented beverage to control was 5.67, 11.31 

and 22.59 mg / 100 g (anthocyanin) and 14.00, 27.93 and 

55.79 mg / 100 g (phenolic compounds), 13.67, 13.67 and 

16.90%. (antioxidants) of 5, 10 and 15% pomegranate 

syrup, respectively. These results were similar to those 

obtained by Matter et al., (2016) and Hallim et al., (2019). 

But during storage periods, in general, there was a decrease 

in the values of anthocyanin, phenols and antioxidants. 

Colour characteristics shows in Tables 1 and 4, 

reveal the colour intensity of fresh and stored with different 

concentrations of pomegranate syrup. Both color 

parameters L*, a* (p≤0.05) were influenced by the 

concentration of the added pomegranate syrup as well as 

during the 30-day storage period at 6 ± 0.5 ° C. In general, 

the color of permeate was affected by the addition of 

pomegranate syrup in different concentrations. 
 

Table 3.Total anthocyanin (mg/100g), phenolic 

compounds (mg gallic acid equivalents (GAE) 

/100 g) and total antioxidant activity (%) of 

fermented permeate beverages and 

pomegranate syrup mixtures during storage 

at (6±0.5°C for 30 days) 

Storage period (day) 
Control T1 T2 T3 ±SE 

Total anthocyanin (mg/100g) 

Fresh ND 5.67C 11.31B 22.59 A ±1.080 

10 ND 5.41C 10.95B 22.10 A ±1.080 

20 ND 5.30C 10.82B 21.96 A ±1.080 

30 ND 5.22C 10.75B 21.74 A ±1.080 

Total phenolic (mg GAE /100 g) 

Fresh ND 14.00C 27.93B 55.79A ±1.620 

10 ND 13.94C 27.88B 55.70A ±1.620 

20 ND 13.89C 27.80B 55.66A ±1.620 

30 ND 13.81C 27.75B 55.60A ±1.620 

Antioxidant activity % 

Fresh 10.95C 12.12BC 13.67B 16.90A ±1.509 

10 10.82C 12.00BC 13.54B 16.85A ±1.509 

20 10.75C 11.92BC 13.42B 16.80A ±1.509 

30 10.66C 11.79BC 13.41B 16.78A ±1.509 
A,B,C Means in same at each parameter of treatment with different 

uppercase letters differed significantly (p < 0.05). 

Control= 0% pomegranate syrup + 95.8% permeate camels’ milk, 

T1= 2.5% pomegranate syrup + 93.3% permeate camels’ milk, T2= 

5% pomegranate syrup + 90.8% permeate camels’ milk, and T3= 

10% pomegranate syrup + 85.8% permeate camels’ milk. ND= not 

detect. 
 

The lightness values (L٭) to dark pomegranate 

syrup (0 = white and 100 = black) for all samples of 

permeate beverages mixed with concentrations of 

pomegranate were greater than the control samples. The 

samples were significant (p≤0.05) with different 

concentration and were not significantly (p≥0.05) during 

storage. Inversely, the redness values (a*) (red-green) 

increased with the addition of pomegranate syrup to the 

permeate samples. This was a significant (p≤0.05) increase 
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for all treatments mixed with pomegranate syrup during 

storage and with increasing concentration of pomegranate 

syrup. The values of (b*) (blue – yellow) for all permeate 

beverages were significantly (p≤0.05) lower than the 

control. However, all samples were not significant 

(P≥0.05) by comparing the control during the storage 

period or by increasing the concentration of pomegranate 

syrup. Similar observations have been reported by Hallim 

et al., (2019) and Rios-Corripio and Guerrero-Beltran 

(2019). 
 

Table 4. Colour properties of fermented permeate 

beverages pomegranate syrup mixtures 

during storage at (6±0.5°C for 30 days) 
Storage 

period (day) 
Control T1 T2 T3 ±SE 

L* Fresh 22.09B 25.08B 26.73B 27.30B ±1.135 

 
10 22.12B 25.17B 26.76B 27.30B ±1.135 

 
20 21.58A 25.20A 27.02A 27.02A ±1.135 

 
30 20.04A 25.26A 27.30A 27.57A ±1.135 

a* Fresh -14.13Cc 1.95Cc 3.64Cc 8.18Cc ±1.132 

 
10 -12.61Bb 3.13Bb 3.76Bb 10.39Bb ±1.132 

 
20 -9.16Bab 3.39Bab 3.97Bab 12.69Bab ±1.132 

 
30 -9.79Aa 4.54Aa 2.77Aa 11.37Aa ±1.132 

b* Fresh 4.40 1.24 1.67 1.40 ±1.130 

 
10 4.22 1.54 1.76 1.44 ±1.130 

 
20 3.58 1.59 2.25 1.88 ±1.130 

 
30 0.88 1.93 2.64 1.92 ±1.130 

A,B,C Means in same at each parameter of storage with different 

uppercase letters differed significantly (p < 0.05). 
a,b,c Means in same at each parameter of treatment with different 

lowercase letters differed significantly (p < 0.05). 

Control= 0% pomegranate syrup + 95.8% permeate camels’ milk, 

T1= 2.5% pomegranate syrup + 93.3% permeate camels’ milk, T2= 

5% pomegranate syrup + 90.8% permeate camels’ milk, and T3= 

10% pomegranate syrup + 85.8% permeate camels’ milk.  
 

Data in Table (5) revealed that fermented camels’ 

milk permeate beverages mixed with pomegranate syrup 

highly significantly (p≤0.05) viscosity during storage and 

all treatments.  
 

Table 5. Viscosity properties of fermented camels’ milk 

permeate beverages and pomegranate syrup 

mixtures during storage at (6±0.5°C for 30 

days) 

Storage period (day) Control T1 T2 T3 ±SE 

Fresh 114.00Dd 150Cc 200Bb 225Aa ±3.521 

10 145.00Dd 179Cc 219Bb 244Aa ±3.521 

20 176.00Dd 192Cc 231Bb 259Aa ±3.521 

30 186.00Dd 206Cc 239Bb 262Aa ±3.521 
A,B,C Means in same at each parameter of storage with different 

uppercase letters differed significantly (p < 0.05). 
a,b,c Means in same at each parameter of treatment with different 

lowercase letters differed significantly (p < 0.05). 

Control= 0% pomegranate syrup + 95.8% permeate camels’ milk, 

T1= 2.5% pomegranate syrup + 93.3% permeate camels’ milk, T2= 

5% pomegranate syrup + 90.8% permeate camels’ milk, and T3= 

10% pomegranate syrup + 85.8% permeate camels’ milk.  
 

This can be explained by the effect of 

exopolysaccharide (EPS) produced by the used EPS 

producing bacteria in the fermentation of permeate. This 

result was consistent with those reported by El-Gendy 

(2018b). Folkenberg et al., (2005) demonstrated that the 

EPS produced from the Str. thermophiles improve the 

texture of yoghurt and drinks. Also, the addition of fruits 

syrup led further increase in the viscosity of prepared 

beverage as compared to all treatment, these findings could 

be related to the high total solids in beverages. The highest 

viscosity values recorded in T3. Similar trend was recorded 

by Akalin et al., (2008).  

Microbiological analysis is shown from Table 6, 

that the bacterial count of fermented permeate 

pomegranate beverages was larger than the control samples 

during all storage periods up to 30 days. The fermented 

beverages contained 10% pomegranate syrup had the 

lowest bacterial count. No significant differences (p≥0.05) 

were found in the record of bacterial cell counts between 

all treatments during the storage period (6 ± 0.5 ° C for 30 

days) 

In general, the count decreased in all treatments 

until the end of the storage period, and this may be due to 

acid accumulation and a decrease in nutrients needed for 

growth (Kabeir et al., 2015). Bif. animalis showed the 

highest levels in all beverages throughout storage. 

Conversely, it has lost the viability levels of Str. 

thermophilus and Lb. acidophilus during storage was lower 

in beverages. Similar trends were obtained by 

Marhamatizadeh et al., (2012). Vinderola et al., (2000) 

explained that in practical application the pH value of the 

final product should be kept above 4.6, to reduce the 

decrease in the count of bacteria. 

FAO/ WHO (2002) The probiotic food with health 

claims must contain per gram at least 106 -107 cfu at the 

time of consumption. Results also showed that all the 

examined treatments were found completely free from 

yeasts and molds at the end of storage period. Meanwhile, 

the coliform bacteria were not detected in the control and 

all the other treatments during all storage periods. In 

general, these results were consistent with those referred to 

Matter et al. (2016) and Hallim et al. (2019). 
 

Table 6. Microbiological of fermented camels’ milk 

permeate pomegranate beverages during 

storage at (6±0.5°C for 30 days) (log cfu/ml) 

Storage period (day) Control T1 T2 T3 ±SE 

Fresh 6.89 7.29 7.22 7.18 ±0.727 

10 6.84 7.24 7.19 7.13 ±0.727 

20 6.80 7.21 7.13 7.09 ±0.727 

30 6.77 7.18 7.08 7.04 ±0.727 

Fresh 7.00 7.85 7.77 7.64 ±0.722 

10 6.92 7.8 7.74 7.61 ±0.722 

20 6.88 7.76 7.70 7.58 ±0.722 

30 6.80 7.72 7.68 7.55 ±0.722 

Fresh 7.29 8.1 8.06 8.00 ±0.757 

10 7.22 7.98 8.01 7.96 ±0.757 

20 7.18 7.92 7.96 7.90 ±0.757 

30 7.15 7.86 7.91 7.87 ±0.757 
Control= 0% pomegranate syrup + 95.8% permeate camels’ milk, 

T1= 2.5% pomegranate syrup + 93.3% permeate camels’ milk, T2= 

5% pomegranate syrup + 90.8% permeate camels’ milk, and T3= 

10% pomegranate syrup + 85.8% permeate camels’ milk.  
 

Table (7) shows the changes in sensory evaluation 

of functional fermented camels’ milk permeate 

pomegranate beverages during storage at 6°C for 30 days. 

Significant difference (p≤0.05) was found in scores for 

different sensory attributes between all treatments and 

during storage. The obtained results revealed that all the 

functional beverages recorded higher scores than control 

when fresh and throughout the storage.  
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It was interest that beverages based on fermented 

permeate gained close score points for the different 

attributes and the total score points. This can be explained 

on the basis of the slight changes in the composition of the 

products during storage. During cold storage, the 

organoleptic scores increased for all treatments after 10 

days. No changes were observed among the treatments all 

sensory characteristics up to 20 days of storage. After 30 

days of storage, the same trend was observed for all the 

tested products with slight decreases in the obtained scores. 

On the other hand, a functional beverage contains probiotic 

strains and syrup improved the sensory evaluation due to 

their high level of the produced syrup compounds. Similar 

trend was recorded by Gorachiya et al., (2019) and Hallim 

et al., (2019). In general, T3 was the best in sensory 

evaluation compared among all treatment. 
 

Table 7. Sensory evaluation of fermented camels’ milk 

permeate pomegranate beverages during 

storage at (6±0.5°C for 30 days) 

Storage period (day) Control T1 T2 T3 ±SE 

Fresh 4.6Bab 9.0Aab 8.6Aab 9.0Aab ±0.186 

10 5.3Ba 9.0Aa 9.0Aa 9.0Aa ±0.186 

20 5.0Bab 8.7Aab 9.0Aab 9.0Aab ±0.186 

30 5.0Bb 9.0Ab 8.6Ab 8.0Ab ±0.186 

Fresh 6.5Db 8.1Cb 8.7Bb 9.0Ab ±0.187 

10 6.3Da 8.0Ca 8.3Ba 9.0Aa ±0.187 

20 5.6Dab 7.6Cab 8.2Bab 8.8Aab ±0.187 

30 5.0Db 7.5Cb 8.0Bb 8.6Ab ±0.187 

Fresh 6.5Da 7.5Ca 8.5Ba 9.0Aa ±0.195 

10 6.0Da 7.3Ca 8.3Ba 9.0Aa ±0.195 

20 5.8Da 7.3Ca 8.3Ba 9.0Aa ±0.195 

30 5.6Db 7.2Cb 8.2Bb 8.3Ab ±0.195 

Fresh 6.0C 8.0B 8.0B 9.0A ±0.208 

10 5.6C 7.8B 7.8B 8.3A ±0.208 

20 5.5C 7.6B 7.6B 8.0A ±0.208 

30 5.0C 7.0B 7.3B 8.0A ±0.208 
A,B,C Means in same at each parameter of storage with different 

uppercase letters differed significantly (p < 0.05). 
a,b,c Means in same at each parameter of treatment with different 

lowercase letters differed significantly (p < 0.05). 

Control= 0% pomegranate syrup + 95.8% permeate camels’ milk, 

T1= 2.5% pomegranate syrup + 93.3% permeate camels’ milk, T2= 

5% pomegranate syrup + 90.8% permeate camels’ milk, and T3= 

10% pomegranate syrup + 85.8% permeate camels’ milk.  
 

CONCLUSIONS 
 

In this study, the camels’ milk permeate was used 

and an attempt was made to improve its properties and 

benefit from it. By evaluated the addition of different 

concentrations of pomegranate syrup to fermented milk 

permeate produced using Lactobacillus acidophilus 31CM, 

Streptococcus thermophilus 33CM and Bifidobacterium 

animalis 14CM at 3% mixed (1: 1: 1) classified as 

probiotic bacteria producing exopolysaccharides. 

Pomegranate syrup was evaluated at the outset for its 

physicochemical properties and colour and mineral 

component. Then evaluate the manufactured product with 

its different concentrations of chemical composition, pH, 

total anthocyanin, total phenol compounds, antioxidant 

activity, colour, viscosity characteristics, microbiological 

counting and sensory evaluation during the storage 30 

days. 

Generally, chemical, rheological, anthocyanin, 

phenolic compounds antioxidant activity microbiological 

and sensory evaluation, indicated that the use of 

pomegranate syrup in the manufacture of fermented 

permeate improved several important characteristics. It is 

provides a source of energy, antioxidants and minerals. It 

was recommended to produce this beverage as a functional 

food beverage with potential health benefits. And it can be 

marketed and consumed as healthy beverages as a 

nutritional supplement for healthy individuals.  
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  دبس الرمانو نوقلبن ال راشحلمشروب  تغذويةتقييم الخواص ال
 السيد محمد عابدين و مروة حاتم الجندى

 والدواجن، مركز بحوث الصحراء، القاهرة، مصر قسم تربيه الحيوان وحدة الالبان،
 

من حيث ة وبات المنتجالرمان. تم تقييم المشر دبسالمدعم بتركيزات مختلفة من  نوقال لبنراشح خمر من تهدفت هذه الدراسة إلى تصنيع مشروب م

 نوقبن الل راشحواسطة لمحضرة بالفيزيائية والكيميائية ا تظهر خواص المخاليطخصائصها الفيزيائية والكيميائية والريولوجية والميكروبيولوجية والحسية. لم 

 ىف( p≤0.05) همعنويفروق البينما كانت  المعاملات.بين جميع  الرماددهون و( في محتوى البروتين والp≥0.05معنوية )فروق الرمان  بدبس خلوطالمخمر تالم

كان تأثير  ن ناحية أخرىملمعدنية. اجميع المشروبات الوظيفية غنية بالعديد من العناصر  كانتوقيمة الأس الهيدروجيني.  الكلية ياتالمواد الصلبة الكلية والسكر

لفينولية ومحتوى النشاط الكلي تأثر الانثوسيانين الكلي والمركبات اوكان (. P≤0.05) على قيم الأس الهيدروجيني معنويهالرمان بتركيزات مختلفة  دبسإضافة 

الرمان  دبسبإضافة  شحراال. كما تأثر لون (p≤0.05معنويا )الرمان  بدبس خلوطهالمنوق لبن ال راشحمن  المتخمرةلمضادات الأكسدة في جميع المشروبات 

وجميع المعاملات. كان هذا  ( أثناء التخزينp≤0.05الرمان كان معنويا ) المتخمر المدعم بدبس راشحمشروب المختلفة، وعند قياس اللزوجة وجد أن  بتركيزات

زين. على العكس من رة التخأعلى مستويات في جميع المشروبات طوال فت Bif. animalis. أظهرت قدرة بكتيريا البروبيوتيك على انتاج السكريات العديدةبسبب 

ة العفن في المجموعأثناء التخزين أقل. لم يتم الكشف عن بكتيريا القولون والخميرة و Lb. acidophilusو  Str. thermophilusمستويات كانت ذلك، فقد 

مختلفة بين جميع المعاملات صفات الحسية اللا( في درجات p≤0.05الضابطة وجميع المعاملات الأخرى خلال جميع فترات التخزين. كان التقييم الحسي معنويا )

بن ل راشحمن وبات مشرانتاج بالتوصية  ولذلك يمكنمعاملات، الرمان هو الأفضل في التقييم الحسي مقارنة بجميع ال دبسكان أعلى تركيز من ووأثناء التخزين. 

غذية الحمية ياضيين واويمكن استخدامه في تغذية الر د صحية محتملة.وظيفي له فوائ مشروبالرمان ك بدبسبتركيزات مختلفة من  خلوطخمر المتمال لنوقا

 والحماية من العطش.


