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ABSTRACT  
 

Microencapsulation is an attractive method for preserving bioactive compounds. However, the 
unstable structure of total carotenoids considerably limits its application. Therefore, this study reports 
the encapsulation of total carotenoids in sodium alginate beads using the emulsion method to improve 
its stability. This study also evaluates the stability of the encapsulated total carotenoids under different 
storage conditions. The evaluation of total carotenoids stability under various environmental factors 
reveals that temperature and light is the most influential environmental factors in total carotenoids 
degradation. Stability analysis shows that, regardless of the formulation used, the content of total 
carotenoids encapsulated in alginate beads remains above 90% of the original amount after 21 days of 
storage at 25°C. These results suggest that the proposed technique is a promising way to enhance the 
stability of other sensitive compounds. 

This study also determined the effect of microcapsule formulation on encapsulation efficiency 
of carotenoids by varying the alginate concentration (1, 2%). Encapsulation efficiency increased with 
increased alginate concentration (from an average of 36 to 48%). 

The study revealed that using encapsulated carotenoids in production of Probiotic whey 
beverage using Lactobacillus acidophilus and Bifidobacterium bifidum which inoculated with (2.9x108 
and 4.8x108 cfu/ml, respectively) into whey containing sucrose and pectin in order to prepare a 
fermented probiotic whey beverage. The treatment with the highest bacterial counts and sensory scores 
was selected and stored at  5+2°C for 30 days. Microbial counts, changes in pH values, titratable acidity 
were monitored on the stored product. The beverage fermented for approximately 12 h and prepared 
with 2%  Lb. acidophilus and 0.5%  B. bifidum  met the probiotic criterion by maintaining both bacterial 
populations at counts greater than  106 cfu/ml for the whole storage period.  

The study revealed that the probiotic whey beverage prepared with 0.1, 0.15 and 0.2% 
encapsulated total carotenoids scored maximum for almost all organoleptic properties such as color, 
flavor, taste and overall acceptability. At the end of the storage period, slight acidification was detected, 
although the whey beverage still retained an acceptable flavour. 
 
Key words: Total encapsulated carotenoids, stability, Probiotic whey beverage, Lactobacillus 

acidophilus, Bifidobacterium bifidum, storage period. 

 
Introduction 
 

Carotenoids are natural colorants with potent antioxidant property (Albanes, 1999; Erhardt et al., 
2003; Mortensen, 2006). Nevertheless, carotenoids can be easily degraded by several factors including 
high temperature, solvent, acid, light, free radicals, iron and iodine, electron transfer, hydrogen 
abstraction, adduct formation and oxygen (Boon et al., 2010). Prevention of carotenoids degradation by 
encapsulation in various complex matrixes have been reports (Elizalde et al., 2002; Loksuwan, 2007; 
Nunes and Mercadante, 2007; Rascon et al., 2011). However, increasing solubility of these lipophilic 
compounds in the water system that are common used in several food products is still required to be 
investigated. Therefore, improving the thermal stability of carotenoids is an important challenge. 
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There has been considerable interest in the biological functions of carotenoids in preventing 
degenerative diseases such as atherosclerosis, cancer, and aging. Carotenoids are the most widely 
distributed class of pigments in nature. The food and pharmaceutical industries are actively researching 
encapsulation as a method of protecting and targeting delivery of lipophilic bioactive compounds during 
digestion (Burey   et al., 2008; Han et al., 2008; Mc Clement et al., 2009; Li et al., 2011).  

Optimization of fermentation conditions for maximum total carotenoids production by 
Rhodotorula glutinis NRRL YB-252 co-cultivated with Lactobacillus casei sub sp. casei NRRL B- 441 
using whey as a tested medium was investigated in former study (Abd El-Salam et al., 2014). The 
results showed that the total carotenoids, torularhodin and dry cell weight at the optimal fermentation 
conditions were 474.76 (μg/g), 101.56 (μg/ml) and 7.10 (g/L), respectively. The pigment was stable for 
most tested thermal treatments, sodium chloride and sucrose concentrations. High acidic conditions 
resulted in slightly low stable carotenoids.   

Microencapsulation of beta-carotene is a burgeoning topic within literature Ingestion of lipophilic 
a bioactive compound (such as beta-carotene) produces many health benefits, but these compounds are 
easily inactivated or degraded during digestion (de Vos et al., 2010; Mc Clements and Li, 2010). 
Encapsulation ensures that these bioactive compounds survive the harsh acidity of the gastric 
environment to preferentially release in the small intestine, the site of absorption, to produce maximum 
nutritional efficacy and absorption (Parada and Aguilera 2007; Han et al., 2008; Mc Clements and Li, 
2010).  
 Alginate have been identified as attractive material for microencapsulation because in addition 
to biocompatibility, alginate beads can withstand acidic pH while degrading under mild basic 
conditions, making them ideal candidates for directing release in the small intestine (Martinsen et al., 
2007; de Vos et al., 2010). Varying the alginate concentration of the beads significantly affects 
encapsulation efficiency and particle size, making the composition of the alginate beads an important 
variable to consider (Sezer and Akbuga 1999, Takka and Gürel 2010). Microencapsulation of beta-
carotene in hydrogel microcapsules is typically performed using alginate, but the effects of formulation 
parameters have yet to be studied (Han et al., 2008, Roman et al., 2012). 
The inclusion of probiotic bacteria into dairy products induces unique flavor profiles and texture; and 
the major difference among products, apart from the amount and type of supplementation, is the specific 
organism used as a probiotic and its health promoting effects (Katz, 2001).  
        There are different opinions about the number of microorganisms that should remain viable in a 
beneficial product to perform their probiotic action, but in general it has been accepted that dairy 
products should contain106cfu/ml of viable probiotic bacteria to be effective and should be consumed 
regularly (Tamime et al., 1995; Kailasapathy, and Rybka, 1997).  Whey is also increasingly used in 
probiotic drinks. Some studies suggest that whey proteins may help protect probiotic cultures in the 
product and extend its shelf life. Lactose and lactose derivatives also have a prebiotic effect. 
The aim of this study was to:  
1-Encapsulation of natural total carotenoids produced from Rhodotorula glutinis NRRLYB -252                  

co-cultivated with Lactobacillus caseisubsp. Casei NRRL B- 441 using alginate entrapment for 
increasing total carotenoids water-solubllity. 

2- Production of probiotic fermented whey beverage with the resultant encapsulated total carotenoids 
and study the properties of whey fermented product during storage period.  

 
Materials and Methods 
 
Materials: 
  

Commercial carotenoids for control treatment (powder, food grade, 2.5% Mixed Carotenoids from 
Dunaliella salina) were obtained from E.I.D. Parry Nutraceuticals Ltd, India. Sodium alginate (sodium 
polymannurate C6 H7 O7 Na) was purchased from (Oxford Laboratory, India). Calcium chloride and 
Tween 20 were purchased from Riedel-de Haën (Seelze, Germany). Water-dispersible microbial total 
carotenoids (10%) produced from (Rhodotorula glutinis NRRLYB-252 co-cultivated with 
Lactobacillus casei subsp. Casei NRRL B- 441). All other chemicals were analytical grade. Deionized 
water was used throughout the study. Commercial grade granulated cane sugar produced by Sugar and 
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Integrated Industries Co. at Hawamdia was obtained from the local market. Pectin sodium chloride was 
obtained from the local market. Chemicals used in this study were of analytical grade. 
 
Microorganisms: 
 

Rhodotorula glutinis NRRL YB-252 and Lactobacillus casei subsp. casei NRRL B-441 were 
obtained from the Northern Regional Research Laboratory (NRRL), USA. 

Lactobacillus acidophilus (TISTR 450) was kindly provided in freeze-dried form Thailand Institute 
of Scientific and Technological Research, Bangkok, Thailand. The strains were activated in MRS broth 
Difco MRS Broth and maintained by routine subculture in slanted tubes containing MRS agar at 4 °C. 
B. bifidum (ATCC 15696) was kindly provided by Egyptian Microbial Culture Collection [EMCC] at 
Cairo Microbiological Resources Center (Cairo MIRCEN), Faculty of Agriculture, Ain Shams 
University. The strain was maintained in MRS medium containing 0.3 % lithium chloride and 0.5 % L-
cysteine at 4 °C. Two subcultures (1 % inoculum, incubated for 10 h at 37 °C in anaerobic jars) were 
performed immediately before the culture was used experimentally. 

MRS agar containing 0.05% cystein– HCl for Bifidobacteria sp. determination was obtained from 
Oxoid Division of Oxoid LTD. London. 

  
Evaluation of Microbial total carotenoids stability under various environmental factors: 

 
The stability of the microbial total carotenoids (20 mg dissolved in 100 ml ethanol (0.2%) was 

examined under various environmental factors, including light and temperature. Microbial total 
carotenoids were contained in small glass bottles placed under different environmental conditions. For 
the samples tested for temperature, bottles were stored at 5°C, 25°C, and 40°C. For the samples of the 
microbial total carotenoids tested for exposure to light, control samples of commercial carotenoids were 
covered with screw cap. For samples subjected to light exposure for 16 days. Samples were taken at 
scheduled times (i.e., the 1st, 4th, 8th, 12th and 16th days) to analyze the microbial total carotenoids content 
by spectrophotometer at 447 nm. 

 
Preparation of total carotenoids encapsulated sodium alginate beads 

 
Microcapsules were prepared using two levels of alginate (1 and 2%) following the methods 

outlined in Han et al., (2008). The microcapsule core solution was prepared by dissolving sodium 
alginate (1 or 2% w/v) in solution of 10% crystalline carotenoids (was dissolved in ethanol (0.5% w/v) 
and deionized water. Sodium alginate was prepared in a volumetric flask and sterilized by autoclaving. 
The mixture was dropped into sunflower oil containing Tween 20 (0.2%). After the dropping was 
completed, the mixture was stirred vigorously till it was emulsified and appeared creamy. A solution of 
0.05 M calcium chloride was then added quickly along the side of the beaker, the phase separation of 
oil /water emulsion occurred. The mixture was allowed to stand for 1hr for the calcium-alginate beads 
to separate and settle at the bottom of the calcium chloride layer. The oil layer was drained and the 
capsules were removed from the aqueous phase and refrigerated at 4 °C for 10 h and then drying at 
55°C for 10 h.  

 
Storage stability of encapsulated total carotenoids 

 
The stability of the microbial total carotenoids in the sodium alginate beads with various 

formulations was monitored under different storage conditions (5°C, 25°C, and 40°C). For samples 
subjected to light and dark exposure for 30 days. Samples were taken at specified times (i.e., the 1st, 
7th, 14th, 21st and 30 days), 20 mg dissolved in 100 ml ethanol (0.2% microbial total carotenoids) 
samples were taken for assay of microbial total carotenoids content. The stability measurements 
continued for 30 days. To analyze the microbial total carotenoids content by spectrophotometer at 477 
nm. 
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Determination of encapsulation efficiency 
 

Total carotenoids in the encapsulated particles were determined by dissolving 0.1 g of the 
encapsulated powder in 100 ml of ethanol and measured for the absorbance using a spectrophotometer 
(UV WINLAB version 2.85.04, PerkinElmerTM, UK) at 450 nm. For the surface determination of 
carotenoids, 0.1 g of encapsulated carotenoids was dissolving in 100 ml of ethanol. The suspension was 
agitated in a vortex mixer at room temperature for 1 min and then filtered. The supernatant after filtered 
was measured for the absorbance using a spectrophotometer at 450 nm. The encapsulation efficiencies 
(EE) were calculated as the percentage of the ratio following equation (Saenz et al., 2009).                                                                   
EE (%) = [(A- B)/ C] x 100 (1)  

A = total carotenoids in encapsulated particles  
B = surface carotenoids                                                                                                                                                          
C = total carotenoids input 

 
Water solubility of carotenoids 

 
Solubility of the encapsulated total carotenoids powder was evaluated using deionized water and 

ethanol. One gram of the powder was dissolved in 10 ml of ethanol or distilled water. The suspension 
was centrifuged at 3,000 rpm for 10 min and dried in the hot air oven at 105ºC for 24 h (Shittu and 
Lawal, 2007). Weight of the solids recovered after drying was used to calculate the percentage of 
solubility. The percentage solubility was calculated as described by Sirirad (2009) as following:  

Solubility (%) = (A/B) x 100 (2)  
A = Weight of dried sample that dissolved in the supernatant 
B = Total weight of sample. 
 

Probiotic beverage preparation: 
 

For the production of the eleven fermented beverage treatments, beverage was prepared with 
cheese whey by adding 0.1, 0.15 and 0.2% encapsulated total carotenoids 7 % sucrose and 0.4 % pectin. 
The pH value was adjusted to 6.0 with 0.1 M NaOH and the beverages were heat treatment at 80 °C for 
30 min. Three treatments were performed by inoculating probiotic strains (Lb. acidophilus 2.8 x108 and 
B. bifidum 4.7 x108 cfu/ml) at different ratios: The control1 cheese whey  beverage (C1) was prepared 
with adding commercial carotenoids extract and inoculated with 3% yogurt culture control1 cheese 
whey  beverage (C2) was prepared with adding 0.2% unencapsulated total carotenoids and inoculated 
with (Lb. acidophilus 2 % and B. bifidum 0.5 %), T1, T2, and T3 inoculated with (Lb. acidophilus 1 % 
and B. bifidum 0.5% ) and this part divided into 3 portions contains  0.1, 0.15 and 0.2% total 
carotenoids); T4, T5, and T6 inoculated with  (Lb. acidophilus 1 % and B. bifidum1 %) and this part 
divided into 3 portions contain 0.1, 0.15 and 0.2% total carotenoids); and T7, T8, and T9 inoculated with 
(Lb. acidophilus 2 % and B. bifidum 0.5 % ) and also this part divided into 3 portions contain 0.1, 0.15 
and 0.2% total carotenoids. The control and the other nine treatments inoculated beverage was incubated 
in sterilized glass bottles at 37°C in anaerobic atmosphere. When maximal bacterial populations were 
reached, fermentation was stopped by quick chilling. The fermented beverage was stored for 30 days at 
5+2 °C. 
 
Methods of analysis: 

 
Chemical analyses: 

  
Probiotic whey beverage analysis: 

 
PH value was measured using laboratory microprocessor pH meter model. Hanna HI 852. 

Titratable acidity was measured in 10-mL samples with 0.1 M NaOH using phenolphthalein as an 
indicator. The results were expressed as percentage of lactic acid by AOAC, (2000). 
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Microbiological analysis for probiotic whey beverage: 
 

The viable count of the probiotic bacteria was determined using the pour-plate method according 
to Vinderola et al., (2000) and the results were expressed as cfu/ml. Selective media were used to 
quantify the two strains Lb. acidophilus was enumerated by plating the appropriate dilutions on MRS 
agar medium. Modified MRS medium, by adding lithium chloride 0.3 %, and L-cysteine hydrochloride 
0.05 % at pH 7, was used to enumerate B. bifidum cells according to Shah (2000). Total population of 
viable microorganisms was counted on regular MRS medium (pH 5.5). All plates were incubated 
anaerobically at 37 °C for 48 h. Yeasts & moulds were determined according to Blanchette et al., (1996). 

 
Viability of probiotics in whey beverage during storage: 

 
The eleven probiotic beverages treatments were stored at 4oC for 30 days. Bifidobacteria and 

lactobacilli counts were done every week in each treatment. 
Sensory evaluation: were evaluated by panelists according to the scoring sheet outlined by 

Shekilango et al., (1997). All the treatments analysed when fresh and every 5 days during storage period 
(for 30 days) at 5oC±2oC.  

 
Statistical analysis: 
 

All the chemical and microbiological tests were replicated two times. LSD was used to determine 
whether statistically significant differences occurred between the mean values using SAS (2004). All 
experiments and analyses were run in duplicate. 

 
Result and Discussion 
 
Storage stability of unencapsulated and encapsulated microbial total carotenoids: 
 

Table (1) shows that the most influential environmental factor was temperature (5°C, 25°C and 
40°C for 16 days) as the lowest remaining content of microbial total carotenoids without encapsulation 
(62%) appeared at a storage condition of 25°C after 16 days but the highest remaining content of 
encapsulated microbial total carotenoids (93%) appeared at a storage condition of 40°C after 16 days. 
Also Table (1) shows that the highest remaining content of encapsulated microbial total carotenoids 
appeared at different temperatures degree (5, 25 and 40°C). 

 
Table 1: Comparison of the stability of microbial total carotenoids before and after encapsulation under various 

environmental factors (at different temperatures and light) during storage for 16 days. 
Time 
(day) 

Remaining content of microbial total carotenoids (%) at different temperatures 
5°C 25°C 40°C 

Before 
encapsulation 

After 
encapsulation 

Before 
encapsulation 

After 
encapsulation 

Before 
encapsulation 

After 
encapsulation 

0 100 100 100 100 100 100 

4 100 100 82 93 96 98 
8 95 97 75 91 94 96 

12 95 97 70 90 93 95 
16 82 90 62 87 85 93 

 
Encapsulation Efficiency  
 

Table (2) shows that absorbance of total caroteinoids dissolved in ethanol or distilled water after 
extraction of total caroteinoids from microcapsules and measured the absorbance at 450 nm by using a 
UV. Vis spectrophotometre using an equation of (Saenz et al., 2009). It was found that encapsulation 
efficiencies from 46% to 64% were obtained from the different formulations and consistent with the 
last values. 
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Sezer and Akbuga (1999) found that encapsulation efficiencies from 34% to 55% were obtained 
from the different formulations and are consistent with the last values. Encapsulation efficiency 
increased significantly (p<0.05) by increasing alginate concentration. There was significant difference 
(p<0.05) in encapsulation efficiency between 1% and 2% alginate beads. Increased alginate 
concentration yields more residues for binding with calcium, which increases the extent of cross-linking 
and may explain the increase in encapsulation efficiency (Joshi et al., 2012).  

 

Table 2: Effect of formulation on encapsulation efficiency. 

Alginate % Efficiency (%) 

1% 46b±1 

2% 64a±1 

 
Solubility 
 

Ethanol and water solubility of carotenoids encapsulated in sodium alginate cross-linked were 
increased with increasing ratio of sodium alginate (Table 3). These results indicated that solubility was 
affected by the particle size. The carotenoids in nature are lipophilic compounds which cannot dissolve 
in aqueous media. Advantageously, this study indicated that the sodium alginate cross-linked could 
improve the solubility of carotenoids in aqueous solution effectively. Solubility of carotenoids could be 
achieved by modifying the structure of carotenoids by encapsulation in the sodium alginate cross-
linking 
 
Table 3: Solubility of the carotenoids encapsulated in sodium alginate in ethanol and water. 

Alginate % 

 

Solubility (%) 

In ethanol   In water 

1% 77 61 

2% 82 65 

 
Table (4) shows that absorbance of Caroteinoids in ethanol after extraction from microcapsules 

at 447 nm UV. Vis spectrophotometre using equation of Rodriguez-Huezo, (2004). 
To determine the enhanced stability of encapsulated microbial total carotenoids under different 

storage conditions in dark or light at (10°C and 25°C), this study compares the stability of microbial 
total carotenoids before encapsulation as control2 and after encapsulation and commercial carotenoids 
before encapsulation as control1. Hence, the storage conditions were set at 10°C and 25°C to test 
stability. The total carotenoids contents of alginate beads and controls were measured periodically 
during the 30 days of the study. The results in  Table (4) indicate that, regardless of the storage 
conditions, the content of total carotenoids encapsulated in alginate beads was significantly higher than 
the two controls (without encapsulation). This can be explained by the reason that the alginate matrix 
protects the total carotenoids from thermal degradation and blocks the attack of oxygen. After 30 days 
of storage in dark condition at 10°C and 25°C, the content of total carotenoids encapsulated in alginate 
beads remained more than 90% and 87% respectively of the original amount but there was decrease in 
the content of total carotenoids before encapsulation during storage in light condition up to 25% of the 
original amount. These results demonstrate that the proposed technique can be used to enhance the 
stability of other sensitive compounds. 

 
Storage of prepared probiotic beverages: 
 

Eleven treatments (with different concentration of total carotenoides 0.1, 0.15 and 0.2%) of 
fermented beverages were obtained by inoculation of the probiotic strains in the whey beverage have 
the same viable count of B. bifidum count remained during the 30 days of storage. The beverage samples 
were analysis periodically for total plate counts, B. bifidum count, Lb. acidophilus count and yeast and 
mold counts. The data obtained with respect to microbial load are summarized in Table 5. Total plate 
counts of fresh beverage samples i.e. all concentration (of total carotenoides (0.1, 0.15 and 0.2%) of 
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treatments (T1, T2, T3), (T4, T5, T6) and (T7, T8, T9) were 2.00×107cfu/ml, 1.93×107cfu/ml and 
2.05×107cfu/ml respectively. As the storage period proceed the total plate count increases and after the 
completion of one month (30 days) storage it reaches to 2.66×107cfu/ml in the beverage samples T1, T2 
and T3, it reaches to 2.73×107cfu/ml in the beverage samples T4, T5 and T6 and also it reaches to 
2.62×107cfu/ml in the beverage samples T7, T8, and T9 respectively. 
 
Table 4: Comparison of the stability of microbial total carotenoids before and after encapsulation using alginate 

beads under storage conditions in dark or light at 10°C and 25°C.  
Sample O.D in Dark at 10°C O.D in Light at 10°C 

01 

day 

11 

weeks 

22 

weeks 

33 

weeks 

14 

weeks 

01 

day 

11 

weeks 

22 

weeks 

03 

weeks 

04 

weeks 

Control  before 

encapsulation (0.2%) 
6.856 4.920 4.410 3.41 2.30 6.856 3.823 2.856 1.543 0.961 

Control after 

encapsulation (0.2%) 
6.856 6.710 5.98 5.870 3.54 6.856 6.321 5.324 4.231 2.220 

Microbial total 

carotenoids (0.2%) 

before encapsulation 

7.879 7.712 6.754 6.423 4.723 7.579 7.125 6.140 5.651 3.201 

Microbial total (0.2%) 

after encapsulation 7.879 7.850 7.490 7.391 6.620 7.879 7.416 6.825 6.270 5.420 

 O.D in Dark at 25°C O.D in Light at 25°C 

01 

day 

01 

week 

02 

weeks 

03 

weeks 

04 

weeks 

01 

day 

01 

week 

02 

weeks 

03 

weeks 

04 

weeks 

Microbial total 

carotenoids (0.2%) 

before encapsulation 

7.879 7.531 6.640 6.310 4.655 7.481 7.030 6.012 5.435 3.010 

Microbial total 

carotenoids (0.2%) 

after encapsulation 

7.879 7.740 7.415 7.271 6.590 7.739 7.382 6.750 6.100 5.130 

 Control:  A Control pigment is  a Commercial carotenoid 0.2%.  
 

The counts of B. bifidum showed the same trend in the three treatments (Table 5). It was found 
that in the different treatments the inoculums levels of B. bifidum were lower than of Lb. acidophilus, 
the maximum count of B. Bifidum was always higher than that of Lb. acidophilus (Table 5), which 
suggested that B. bifidum had better capacity of adaptation to the whey beverage. However, the growth 
of both probiotic bacteria was limited, increasing just 1/2–1 log cycle of their initial counts. This could 
be due to the low proteolytic capacity of the probiotic bacteria or to the relatively low concentration of 
nutrients available for the growth of these microorganisms Hidalgo-Morales et al., (2005). To this 
respect, Ravula and Shah (1998) indicated that probiotic bacteria grow slowly in dairy fluids because 
they have low proteolytic activity, therefore supplemented milk could improve the viability of these 
bacteria. Modler and Villa Garcia (1993) found that the supplementation of whey with cysteine and 
yeast extract improved the growth of bifidobacteria and other probiotic bacteria. 

It is recognized that there are some physicochemical factors that might influence the survival of 
probiotic microbiota in fermented dairy products, being among the most important: acidity, 
temperature, oxygen concentration, inoculation and storage conditions Vinderola et al., (2000). In the 
treatment T7, T8 and T9 (at different concentration of encapsulated total carotenoides 0.1, 0.15 and 
0.2%), the viable count of B. bifidum remained relatively constant during the 30 days of storage (approx. 
108cfu/ml), whereas the population of  Lb. acidophilus decreased approx. 1 log cycle over the same 
time period (Table 5). Heller (2001) reported that the decrease in the viability of Lb. acidophilus could 
be caused by the physiological stage of the strains. Bacteria in the transition between the exponential 
phase and the stationary phase are more susceptible to the stress of storage conditions than those cells 
in the stationary phase. 
          Yeast and mould count was not detected in all three samples (T1, T2 T3, T4, T5, T6, T7, T8 and T9) 
at different concentration of total carotenoides (0.1, 0.15 and 0.2%) treatments not detected at zero day 
until 15 days of storage whereas it increases to 1 and 2 log cfu/ml respectively after 30 days of storage 
at 5 +2°C.  
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Table 5: Viable counts of Lb. acidophilus, B. bifidum and total counts of the fermented probiotic whey beverage during storage for 30 days at 5 °C. 

 
* Means with the same letter in the same row are not significantly different.                                                                                                                                                                                                                                  
C1:  Control1 inoculated with yoghurt culture and adding Commercial carotenoids (0.2%).                                                                                                                                                                                                             
C2:  Control2 without encapsulated total carotenoids (inoculated with Lb. acidophilus 2 % + B. bifidum 0.5 %).                                                                                                                                                                                                                                                                    
T1: (inoculated with Lb. acidophilus 1 % + B. bifidum 0.5 % and with encapsulated total carotenoids   (0.1%).                                                                                                                                                                       
T2:  (inoculated with Lb. acidophilus 1 % + B. bifidum 0.5 % and with encapsulated total carotenoids   (0.15 %).                                                                                                                                                                                                                 
T3: (inoculated with Lb. acidophilus 1 % + B. bifidum 0.5 % and with encapsulated total carotenoids     (0.2%).                                                                                                                                                                    
T4: (inoculated with Lb. acidophilus 1 %, B. bifidum 1 %, with encapsulated total carotenoids (0.1%).                                                                                                                                                                                            
T5:  (inoculated with Lb. acidophilus 1 %, B. bifidum 1 %, with encapsulated total carotenoids (0.15%).                                                                                                                                                          
T6: (inoculated with Lb. acidophilus 1 %, B. bifidum 1 %, with encapsulated total carotenoids   (0.2%).                                                                                                                                                                                            
T7: (inoculated with Lb. acidophilus 2 % + B. bifidum 0.5 %, with encapsulated total carotenoids (0.1%).                                                                                                                                                                              
T8: (inoculated with Lb. acidophilus 2 % + B. bifidum 0.5 %, with encapsulated total carotenoids (0.15%).                                                                                                                                                           
T9: (inoculated with Lb. acidophilus 2 % + B. bifidum 0.5 %, with encapsulated total carotenoids  0.2%). 

 

Time 
(days) 

 

Log cfu/ml  
Lb. acidophilus B. bifidum 

C2 T1 T2 T3 T4 T5 T6 T7 T8 T9 C2 T1 T2 T3 T4 T5 T6 T7 T8 T9 

0 7.35a 7.38a 7.39a 7.38 a 7.38 a 7.39 a 7.37b 7.41 a 7.41 a 7.40a 4.35c 4.47c 4.47c 4.47 c 4.47c 4.48c 4.47c 4.47c 4.48 c 4.47c 

5 6.73 a 6.69a 6.70a 6.69 a 6.69 a 6.67 a 6.68 a 6.69 a 6.70 a 6.70b 6.74 b 7.52 b 7.51b 7.50b 7.51b 7.50b 7.49 b 7.50 a 7.51 a 7.53 a 

10 6.4 0a 6.41a 6.66a 6.67 a 6.65 a 6.64 a 6.65 a 6.66 a 6.67 a 6.66a 6.40 a 7.69 a 7.70 a 7.69 a 7.70 a 7.69 a 7.71 a 7.64 b 7.66b 7.65 b 

15 6.30 a 6.31a 6.34 6.35 6.34 6.34 6.34 a 6.35 a 6.36 a 6.34a 6.32 a 7.68 a 7.70 a 7.68 a 7.70 a 7.68 a 7.71 a 7.64 a 7.65 a 7.66 a 

20 5.80 a 6.21 6.26 6.25 6.25 6.25 6.26 a 6.26 a 6.25 a 6.24a 5.81 7.84 a 7.82 a 7.84 a 7.82 a 7.84 a 7.83 a 7.85 a 7.86 a 7.84 a 

25 5.20b 5.00b 5.11b 5.12b 5.10 b 5.12b 5.11b 5.12b 5.11 b 5.10b 5.22 b 7.93 a 7.92 a 7.92 a 7.95 a 7.94 a 7.96 a 7.94 a 7.95 a 7.93 a 

30 4.45 c 4.53c 4.56c 4.55 c 4.55 c 4.56 c 4.54 c 4.57 c 4.58 c 4.57c 4.47 c 7.11 a 7.10 a 7.12 a 7.14a 7.13a 7.30 a 8.10 a 
8.11 a 

 
8.12 a 

 

Time 
(days) 

 

Log cfu/ml 
Total count Yeast and mold 

C1 C2 T1 T2 T3 T4 T5 T6 T7 T8 T9 C1 C2 T1 T2 T3 T4 T5 T6 T7 T8 T9 

0 7.27
b
 7.25

b
 7.6

b
 7.62

b
 7.60

b
 7.71

b
 7.72

b
 7.76

a
 7.79

a
 7.77

a
 8.00

a
 ND ND ND ND ND ND ND ND ND ND ND 

5 8.20
a
 7.87

a
 7.71

a
 7.74

a 
 7.76

a
 8.35

 a
 8.34

 a
 8.33

a
 8.36

a
 8.33

a
 8.30

a
 ND ND ND ND ND ND ND ND ND ND ND 

10 8.41
a
 8.14

a
 8.36

a
 8.35

a
 8.38

a
 8.51

a
 8.55

 a
 8.53

a
 8.49

a
 8.48

a
 8.50

a
 ND ND ND ND ND ND ND ND ND ND ND 

15 8.12
a
 8.38

a
 8.54

a
 8.56

a
 8.58

a
 8.4

a
 8.47

a
 8.45

a
 8.42

a
 8.42

a
 8.42

a
 ND ND ND ND ND ND ND ND ND ND ND 

20 7.60
a
 8.48

a
 8.48

a
 8.49

a
 8.50

a
 7.91

a
 7.92

a
 7.94

a
 7.88

a
 7.89

a
 7.90

 a
 0-5

a
 1

 a
 0.5

a
 ND 0.5 0.5 0-5 0.5 ND 0-5 0.5 

25 7.22
c
 7.82

a
 7.81

a
 7.82

a
 7.82

a
 7.54

b
 7.52

b
 7.56

b
 7.60

b
 7.62

b
 7.59

 b
 2

 b
 2

 b
 1

 c
 1

 c
 1

 c
 1

 c
 1

 c
 1

 c 
 1

 c 
 1

 c
 1c 

30 
 7.10

c
 7.33

c
 7.34

c
 7.33

c
 7.35

c
 7.32

c
 7.33

c
 7.34

c
 7.41

c
 7.42

c
 7.40

 c
 3

 c
 3

 c
 2

 b
 2

 b
 2

 b
 2

 b
 2

 b
 2

 b
 2

 b
 2

 b
 2 b 
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Results in table (6) showed that a slight decrease in pH values was measured (from 4.85 to 
 4.49 %) during the whole storage period of set (T7, T8 and T9) at different concentration of total 
carotenoides 0.1, 0.15 and 0.2%) in (Table 6) which was also reflected in the increase of titratable 
acidity (Table 7). In this respect, Gorski, (1995) and Ravula and Shah (1998), reported that according 
to the Food Standards Code H8, values of pH 4.5 can affect the viability of probiotic bacteria. This post-
acidification may be attributed to B. bifidum, since Gobbetti et al., (1998), reported that the production 
of 70 to 75 % of total acids by bifidobacteria took place in the stationary phase of growth.      
     
Table 6:  pH values during storage at 5 °C of the whey beverage treatments fermented by Lb. acidophilus and B. 

bifidum. 

*Treatments 
Time (days) 

0 5 10 15 20 25 30 

C1 4.86 b 4.85 a 4.73 a 4-66b 4.54 b 4.53 b 4.48 b 

C2 4.86 b 4.84 a 4.74 a 4-67b 4.53 b 4.52 b 4.47 b 

T1 4.87 b 4.85 a 4.74 a 4-67b 4.53 b 4.52 b 4.49 b 
T2 4.87 b 4.86 a 4.73 a 4-67b 4.53 b 4.50 b 4.48 b 
T3 4.87 b 4.86 a 4.73 a 4-66b 4.52 b 4.51b 4.47 b 
T4 4.84 a 4.81 a 4.73 a 4-68 b 4.52 b 4.51b 4.48 b 
T5 4.84 a 4.82 a 4.73 a 4-68 b 4.52 b 4.51b 4.47b 
T6 4.84 a 4.80 a 4.71 a 4-66 b 4.51 b 4.50b 4.48b 
T7 4.85 a 4.87 a 4.70 a 4-69a 4.56 b 4.53b 4.49b 
T8 4.85 a 4.87 a 4.69 a 4-68a 4.55 b 4.52b 4.50b 
T9 4.85 a 4.86 a 4.68 a 4-67a 4.56 b 4.53b 4.51b 

 Means with the same letter in the same row are not significantly different.                                                                                                                         
*Treatments: See Table (5) for details. 

 
Results in table (7) showed that a slight increment in titratable acidity was measured (from 0.315 

to  0.378 %) during the whole storage period of set (T7, T8 and T9) at different concentration of total 
carotenoides 0.1, 0.15 and 0.2%) showed in Table 7 which was also reflected in the decrease of pH 
values (from 4.85 to 4.50). This post-acidification may be attributed to B. bifidum, since Gobbetti et al. 
(1998), reported that the production of 70 to 75 % of total acids by bifidobacteria took place in the 
stationary phase of growth.      

  Although the viability of L. acidophilus population decreased, the viable counts of both 
probiotic bacteria did not fall below106cfu/ml. Therefore, we consider that the whey beverage 
treatments (T7, T8 and T9) fulfilled the probiotic food criterion acceptably. In a report by Roy et al. 
(1997), five species of bifidobacteria were used to produce fresh cheese; the microorganisms 
remained for up to 15 days population levels higher than106cfu/g when the cheese was stored at 5 or 
12 °C.  
 
Table 7: Titratable acidity as lactic acid % during storage of the whey beverage treatments fermented by Lb. 

acidophilus and B. bifidum at 5 °C. 

*Treatments 
Time (days) 

0 5 10 15 20 25 30 

C1 0.314d 0.334 c 0.345 b 0.351 b 0.360 b 0.362 b 0.370a 

C2 0.313d 0.332 c 0.346 b 0.350 b 0.361 b 0.361 b 0.371a 
T1 0.315d 0.333c 0.346 b 0.351 b 0.360 b 0.363 b 0.370 a 
T2 0.315d 0.334c 0.347 b 0.352 b 0.361b 0.364 b 0.371a 
T3 0.315d 0.333c 0.346 b 0.351 b 0.360 b 0.363 b 0.371a 
T4 0.316d 0.432c 0.445 b 0.452 a 0.461a 0.464 a 0.470 a 
T5 0.316d 0.433c 0.446 b 0.451 a 0.460 a 0.463 a 0.470 a 
T6 0.315d 0.433c 0.446 b 0.451 a 0.460 a 0.463 a 0.471 a 
T7 0.315d 0.334c 0.345 b 0.350 b 0.361b 0.363 b 0.371 a 
T8 0.317d 0.335c 0.345 b 0.349 b 0.360 b 0.362 b 0.370 a 
T9 0.316d 0.336c 0.344b 0.350 b 0.360b 0.362 b 0.369 a 

Means with the same letter in the same row are not significantly different.                                                                                                                         
*Treatments: See Table (5) for details. 
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Sensory properties of whey beverage: 
  

The results of the sensory evaluation given in Table (8) showed that no sensory differences 
between T1 and T2 or T3 treatments.  

However, T6 treatment inoculated with 1 % Lb. acidophilus and 1 % B. bifidum with 0.2%  of 
encapsulated total carotenoids significantly improved all the sensory properties especially improved the 
color of al fermented whey beverage which contain 0.2% of encapsulated total carotenoids. 1t was 
suggested that sensory differences were detected by the judges (Ennis, 1993).  
 
Table 8: Sensory scores of whey beverage treatments made with different levels of   total carotenoids. 

*Treatments                
encapsulated Total 

carotenoids (%) 

Storage period (days) 

0 5 10 15 20 25 30 

Flavour (50) 

C1 47a 47a 47a 47a 
 

45b 
 

45b 
 

45b 

C2 48a 48a 48a 48a 
 

45b 
 

45b 
 

45b 

 
T1 
T2                                       
T3 

49a                
49a                   
48a 

49a                  

49a                    
48a 

                       
49a                  

49a                    
48a 

49              

a49a                    
48a 

 
46b 

46b                    

46b 

 
46b 

46b               

46b 

 
46b 

46b                                 

46b 

 
T4 
T5                                       
T6  

49a                
49a                   
49a 

48a                
48a                   
48a 

                      
48a                
48a                   
48a 

48a                
48a                   
47a 

                         
47b 

47b         
 47b 

                     
47b 

47b         
47b 

                           
46b 

46b                      
45b 

                                               
T7                                            
T8                                       
T9 

48a                
48a                   
47a 

48a                
48a                   
47a 

                      
48a                
48a                   
47a 

48a        
48a                   
47a 

                         
46b 

46b         
 46b 

                     
46b 

46b         
45b 

                           
44b 

44b                      
44b 

 
Body and Texture (40) 

C1 
36a 36a 36a 36a 33b 33b 32b 

C2 
36a 36a 36a 36a 33b 33b 32b 

 
T1                                       
T2                                       
T3 

 
37a 

38a                       

38a 

 
37a 

38a            

38a 

 
37a 

38a             
38a 

 
37a          
38a               

38a 

 
34b 

36b                             
36b 

 
34b                 
36b            

36b 

 
34b 

36b                                   

36b 

T4                              
 T5                                       
T6 

39a                    
39a                       

39a 

39a                        
39a                 

39a 

38a          
38a                 
38a 

37a          
38a           
38a 

36b                 
36b                 
36b 

35b                
36b            

36b 

35b                            
36b                           

36b 

T7                                            
T8                                       
T9 

38a                   
38a                 
38a 

37a          
38a           
38a 

37b           
37b                 
37b 

37b              
37b                 
37b 

37b         
37b                 
37b 

36b                
36b            

36b 

35b                      
35b                  
35b 

Means with the same letter in the same row are not significantly different.                                                                                                                         
*Treatments: See Table (5) for details. 
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Table 8 Continue: Sensory scores of whey beverage treatments made with different   levels of total carotenoids. 

*Treatments                
encapsulated Total 

carotenoids (%) 

Storage period (days) 

0 5 10 15 20 25 30 

color (10) 

T4 
T5                                       
T6 

9.5a 

9.5a               
9.5a 

9.5a 

9.5a               
9.5a 

9.5a 

9.5a               
9.5a 

9.0a 

9.0a                  
9.0a 

8.0b 

8.0b              
8.0b 

8.0b 

8.0b            

8.0b 

7.5b 

7.5b                     

7.5b 

T7                                            
T8                                       
T9 

10a                
10a               
10a 

9.5a             
9.5a               
9.5a 

9.5a         
9.5a               
9.5a 

9.5a              
9.5a               
9.5a 

9.0a          
9.0a                  
9.0a 

9.0a          
9.0a                  
9.0a 

8.0b                    
8.0b                     

8.0b 

 
Total score (100) 

C1 
90b 90b 90b 90b 83c 83c 84c 

C2 
91.5 a 91.5a 91.5a 91.5a 84.5c 83.5c 86.5b 

T1                                        
T2                                       
T3 

95a             
96a                

95.5a 

95a              
96a                

95.5a 

95a                  
96a                

95.5a 

95a                
96a                

95.5a 

86b             
89b         
89b 

86b           
89b           

89b 

85b                        
89b                         
89b 

T4                                      
T5                                       
T6 

97.5a 

97.5a                
97.5a 

96.5a 

96.5a                
97.5a 

95.5 a 

96.5a                
96.5a 

94a 

96a                
95a 

91b 

89b         
92b 

89b 

89b           

 92b 

88.5b 

89.0b               
88.5b 

T7                                            
T8                                       
T9 

96a 

96a                
95a 

94.5a 

95.5a                
94.5a 

94.5a 

94.5a                
93.5a 

94.5a 

94.5a                
93.5a 

92b 

92b         
92b 

91b 

91 b           

90b 

87b 

87b               
87b 

Means with the same letter in the same row are not significantly different.                                                                                                                      
*Treatments: See Table (5) for details. 

 
The Results of all fermented whey beverage treatments did not show any sensory differences 

during the first 14 days of storage, as assessed by the sensory evaluation, but after the second week, 
fresh and stored products showed sensory differences (p<0.05). 

Even though a slight acidification was detected by the judges, they agreed that the beverage 
had an acceptable flavour. In related works, Davidson et al., (2000), reported that in a fermented frozen 
yogurt, the balance of flavouring systems may be significantly affected by varying levels of organic 
compounds. Additionally, they reported that acidity was the most important attribute, in terms of 
perceived flavours. Gobbetti et al., (1998), found that the incorporation of bifidobacteria into Crescenza 
cheese, which contained a higher amount of acid with respect to the control cheese, slightly affected 
the sensory evaluation. The higher average sensory score points of different whey beverage treatments 
manufactured with adding encapsulated total carotenoids at 0.2% are showing in table (8). Data in table 
(8) indicated that the addition of unencapsulated total carotenoids in C2 (treatment) and used 
encapsulated total carotenoids at the concentration of 0.1, 0.15 and 0.2% enhanced the quality of color 
of all whey beverage treatments than in the control1 C1 treatment which contains commercial carotenoids  
at 0.2% . 
 
Conclusion 
 

Total carotenoids are one of the most important food additives because of its various health-
related properties. However, its application in food industry is, at least partly, limited due to much low 
water-solubility and thermal stability. In this study, we have successfully encapsulated microbial total 
carotenoids using sodium alginate which increased the water-solubility of total carotenoids. Compared 
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to lipid-soluble microbial total carotenoids, these encapsulated microbial total carotenoids within 
sodium alginate are water-soluble.                                                                                                                                                                          

The utilization of alginate to encapsulate microbial total carotenoids 0.5% (w/v) with the aid of 
calcium ion was able to significantly improve the thermal stability of microbial total carotenoids. 
Calcium ion plays functional roles as a crosslinker to crosslink alginate chain leading to the formation 
of alginate matrix layer for preventing oxygen exposure and as a complex to form the complex with 
microbial total carotenoids enhancing its stability. Alginate concentration significantly impact 
encapsulation efficiency of microbial total carotenoids microcapsules. Increased alginate concentration 
yields to 2% (w/v) increased encapsulation efficiency. 
          The fermented beverage prepared with 2% Lb. acidophilus and 0.5 % B. bifidum at the probiotic 
criterion by maintaining both bacterial populations greater than106cfu/ml during the whole storage 
period. Acidity and pH values did not change appreciably and no sensory changes were found during 
the first 14 days of storage, after which a slight acidification was detected. The final product preserved 
an acceptable flavor and color. Previous studies that assessed the correct release of the probiotic bacteria 
in a live system and the result of this work suggest that this beverage may be attractive for entering the 
growing market of probiotics. Applications of the encapsulated samples in fermented beverage 
suggested that the developed microbial carotenoids could be successfully used as the natural colorant 
for food products. 
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