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ABSTRACT  
 
         This study was conducted to evaluate the production of folate and riboflavin by encapsulated Lactobacillus 
plantarum and Streptococcus thermophilus in four media: Permeate-Barley extract (M1), Permeate-Corn extract 
(M2), Permeate-Wheat extract (M3) and Elliker broth ( M4) . Encapsulated bacteria were inoculated in different 
media for production of folate and riboflavin .The vitamins produced was estimated using HPLC. It was 
observed that highest viable count was occurred when M1 medium was used with encapsulated S. thermophilus 
(10.3 log cful/ml) followed by Lb. plantarum (9.9 log cfu/ml) compared with the other media and free cells.  
Folate was produced by encapsulated S. thermophilus at level 0.180 - 0.266 mg/L in four media. Also, The 
results obtained showed approximately the convergence of folate amounts produced by encapsulated S. 
thermophilus in all treatments with the exception of M4. The same trend of results was observed with respect to 
the counts and folate predicted by Lb. plantarum. Riboflavin was produced by encapsulated S. thermophilus  
and Lb. plantarum at levels (1.58 - 1.78 mg/L) and (1.48 - 1.62 mg/L) respectively in four media. The results 
obtained in our research, we find that this convergent results. There is a simple differences among encapsulated  
bacteria and  free cells , for these reasons, the proper selection and use of folate and riboflavin producing lactic 
acid bacteria is an interest strategy to increase “natural” vitamin levels in functional foods. Overall, this study 
revealed that the using bacterial encapsulation and improve growth conditions to enhance the folate and 
riboflavin yield need additional studies.  
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Introduction 
 
            Although most vitamins are present in a variety of foods, human vitamin deficiencies still occur in many 
countries, mainly because of malnutrition not only as a result of insufficient food intake but also because of 
unbalanced diets. Even though most lactic acid bacteria (LAB) are auxotrophic for several vitamins, it is now 
known that certain strains have the capability to synthesize water-soluble vitamins such as those included in the 
B-group (folates, riboflavin and vitamin B12 amongst others) ( LeBlanc etal.,2011) . In some population groups 
there is an increased risk of vitamin deficiency, especially in the elderly, because their food intake is lower, and 
in children, who sometimes consume a low variety of foods (Allen, 2003; Brachet et al., 2004). Certain lactic 
acid bacteria (LAB) strains have the capability to synthesize folates being this property strongly dependent on 
species, strain, growth time, and cultivation conditions (Crittenden et al., 2003; Lin and Young, 2000; Sybesma 
et al., 2003) . Folate, also known as vitamin B11, is involved in essential functions of cell metabolism, such as 
DNA replication, repair and methylation and synthesis of nucleotides, vitamins and some amino acids. Folate 
deficiency has been implicated in a wide variety of disorders from Alzheimer’s to coronary heart diseases, 
osteoporosis, increased risk of breast and colorectal cancers, poor cognitive performance, hearing loss and of 
course, neural tube defects (Rossi et al., 2011,Capozzi et al.,2012) . LeBlanc et al., (2010b) and (2011) reported 
that several species and strains from the lactic acid bacterial genera Lactococcus, Lactobacillus, Streptococcus, 
and Leuconostoc were screened for folate production. The lactic acid bacteria Lac. lactis MG1363 and S. 
thermophilus B119 were further analyzed for folate production under different growth conditions. Lac. lactis, S. 
thermophilus, and Leuconostoc spp. Produced folate in the range of 5 to 291  μg /liter. Lactobacillus strains, 
with the exception of Lb. plantarum, did not produce folate. Also, Lb. reuteri JCM1112, a well-known producer 
of vitamin B12, can produce high quantities of folates, so this LAB could potentially increase folate levels in 
milk (Santos et al., 2008). 
      Guru and Viswanathan, (2013), reported that  riboflavin is yellow green fluorescent water soluble pigment 
widely distributed in plants and animal cells. It is a component of co-factors FAD and FMN. It is required for 
metabolism of fats, carbohydrates and proteins. Large quantities of riboflavin are often included in 
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multivitamins. Riboflavin is vital for normal reproduction, growth, repair and development of skin, eyes, 
connecting tissues, mucous membrane and immune and nervous system. Commercially synthesized vitamins are 
used in fortification of food product such as bread and breakfast cereals. It is also used in small amount as 
colouring agent in foods such as ice cream and sauces and also as a medical identification aid. The 
recommended daily requirement of riboflavin is set as 1.3 mg (Food and Nutrition Board, 1999) and sufficient 
amount to be ingested regularly since the body is unable to store this vitamin. A large number of lactic acid 
bacteria such as Lb. acidophilus, Lb. bulgaricus, Lb.plantarum, Lb. reuteuri, Lb.delbrueckii, Lb.rhamnosus, 
Lac. lactis ,Lac.cremoris and bifidobacterium species like Bifidobacteriumf infantis, Bif.longum have been 
reported to produce vitamins including riboflavin. Juarez del Valle et al., (2014) found that from 179 strains, 
only 42 were able to grow after the fourth passage in a riboflavin free-medium.  
               Encapsulation of probiotics using a suitable matrix which increases its viability and stability at the 
same time does not interfere with the production of the metabolite of interest could open up new avenue in the 
development of functional foods. Encapsulated Lactococcus lactis CM22 was used to ferment skim milk, 144.54 
μ g /L folate was obtained after 15 h fermentation at 37ºC. For encapsulated cells L.lactis CM28, folate yield 
was 130.12 μg/L after 15 h fermentation (Divya and Nampoothiri, 2015). 

 Enhanced production of exopolysaccahrides by encapsulated Lactobacillus plantarum was 
demonstrated by Ismail and Nampoothiri (2010). Shah and Ravula (2000) reported that microencapsulation 
increases the viability of Lactobacillus acidophilus MJLA1 and Bifidobacterium spp. BDBB2 in frozen dairy 
products. Also, Sharaf et al., (2014) used encapsulated Propionibacterium shermanii by sodium alginate to 
produce vitamin B12 the maximum production of vitamin B12 was 7.4μg/l in sodium lactate medium.  
The aim of this work was to evaluate folate and riboflavin production by encapsulated Lb.plantarum and 
S.thermophilus in different media. 

Materials and Methods 

Bactereal strains 
           Lactobacillus plantarum and Streptococcus thermophilus were isolated and identified by Dairy Science 
Dept., (Dairy Microbiology Lab.),National Research Center (Ibrahim et al. ,2014). 
Materials: 
        Skim milk and permeate were obtained from Faculty of Agriculture, Cairo University, Giza, Egypt.  Three 
different grains (barley, corn and wheat) were purchased from local market, Cairo, Egypt. 
 
Preparation of cells and Encapsulation procedure   
            Frozen cultures Lb. plantarum and S. thermopilus were reactivated 3 times in MRS broth and M17 broth 
media respectively and incubated at 37 0C for 24 h. The cells were harvested by centrifugation at 4000 g for 15 
min then the cells washed by sterile saline solution then used for the encapsulation. Encapsulation occurred by 
extrusion method using sodium alginate sterilized by autoclaving at 121o C for 15 min.  The microspheres made 
by using sterilized syringe through extruding a mixture of cells and sodium alginate (3%) into sterilized 0.1 M 
calcium chloride solution with continuous stirring at 200 rpm/min till alginate beads were formed, then the 
beads collected by filtration according to ( Klinkenberg  et al.,2001) 
Preparation of cereal - based fermentation media 
         1- Corn, wheat and barley grains were used to prepare the fermentation media following the same 
procedure. The grains were mashed in a laboratory falling with a sieve of size 0.5 mm. A sample (50 g) of the 
flour obtained was mixed with 450 ml tap water and the resulting slurry centrifuged (6000 g) for 30 min at room 
temperature. The  starch-free supernatant fluid was collected and immediately  sterilized at 121 o C for 45 min. 
Sedimentation of solids (possibly protein mixtures) was observed after sterilization  and approx. 4–5% (w/w) of 
solids were present in the final  fermentation media. The extraction and sterilization procedures were repeated 
four times (Charalampopoulos et al., 2002).  
      2- Supplemented whey permeate, consisting of a final concentration of 60 g whey permeate 10 g yeast 
extract 0.2 g magnesium sulfate, and 0.05 g manganese was used with cereal extracts (Hugenschmidt et al., 
2011). 
   
Determination of folate and riboflavin 
          The sample extraction procedure was carried out according to (Albal’a-Hurtado et al., 1997) a stock 
standard solution (100μg mL-1) of riboflavin and folate were prepared with water and stored at-20oC. The 
standard solutions required for constructing a calibration curve prepared from stock solution by serial dilution 
with water and were stored at 4oC before use .HPLC analysis was performed with an Agilent 1260HPLC system 
(Agilent Technologies ,USA) equipped with a quaternary pump auto sampler injector with20μl fixed loop 
injector  thermostat compartment for the column and photodiode array detector. The chromatographic column 
was C18 Zorbax XDB (250 mm x 4.6 mm, 5 μm film thicknesses). The column was kept at room temperature at 
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a flow rate of 0.8 ml/min with a total run time of 12 min. Separation of vitamins was carried out by gradient 
elution with methanol (A) and 1% TFA containing water (B). the elute composition was initially 8 % A + 92 % 
B, held for 2 min, and changed linearly to 92 % A + 8 % B in the next 4 min and held for 6 min. Detection wave 
length for detection of riboflavin and folate  was set at 254 nm. The retention time of riboflavin and folate was 
about 7.627 min. 
 
Microbiological examination  
Enumeration of encapsulated bacteria  
        The encapsulated bacteria were released by homogenizing 0.1 g of the sample in 10 ml of 0.1 sodium 
citrate with shaking for 10 min, then 1 ml of the liquid was used for serial dilutions which plated on selective 
media. Lb.plantarum and S.thermophilus strains were grown in MRS agar and M17 agar respectively. Plates 
were incubated for 48 h at 37oC. 
 
Enumeration of free cells  
    Serial dilutions of samples were plated on MRS and M17 .Plates were incubated for 48 h at 37oC. 

Results and Discussion 

Folate production 
       In the present study, folate production among the free cells and encapsulated   S. thermophilus and   Lb. 
plantarum in different media are presented in Tables (1 & 2). 

From Table (1), folate was produced by encapsulated  S. thermophilus at level 0.180 - 0.266 mg/L in four 
media. Also, the data cleared that  S. thermophilus produced approximately similar quantities from folate by free 
and encapsulated cells . The highest viable count was occurred when M1 medium was used with encapsulated 
strain (10.3 log cful/ml) followed by M2 medium (9.4 log cfu/ml) compared with the other media and free cells. 
  
Table 1: Effect of  encapsulation and growth media on  counts and   production  of   folate  by  S. thermophilus.   
Media                             Folate (mg / L)                                              Counts (log cfu/ml) 

Encapsulated cells Free cells Encapsulated cells Free cells 
 M1:Permeate + Barley extract     0.266 0.230 10.3 8.8 
 M2:Permeate + Corn extract     0.243 0.222 9.4 8.3 
 M3:Permeate + Wheat extract      0.238 0.218 9.2 8.1 
 M4:Elliker  broth 0.180 0.171 7.4 7.0 

 
 The same trend of results was observed with respect to the counts and folate production by Lb. 

plantarum (Table 2). Results revealed that encapsulated Lb. plantarum produced folate at range 0.176 to 
0.261mg/L in four media.  Also results in (Table 2) showed that highest viable count was occurred when M1 
medium was used with encapsulated strain (9.9 log cful/ml) compared with the other media and free cells. 
      
Table 2: Effect of  encapsulation and growth media on counts and    production  of    folate by  Lb. Plantarum. 
Media Folate (mg  / L)                                                            Counts ( log cfu/ml)   

Encapsulated cells Free cells Encapsulated cells Free cells 
M1:Permeate + Barley extract      0.261 0.235 9.9 8.0 
M2:Permeate + Corn extract      0.235 0.201 9.2 8.4 
M3:Permeate + Wheat extract   0.230 0.196 8.8 8.0 
M4:Elliker  broth 0.176 0.162 7.7 7. 2 

 
Mousavi  et al .,(2013)    reported  that  numerous studies have shown that lactic acid bacteria (LAB) 

such as Lactococcus lactis, Lb. bulgaricus and S.thermophilus have the ability to produce folate  in fermented 
foods (Crittenden et al., 2003; LeBlanc et al., 2007; Lin and Young, 2000; Papastoyiannidis et al., 2006) . 
Capozzi et al., (2012) confirmed that strains specificity and folate production has been reported for many 
industrially important LAB. For example, the sequenced strain of Lb. acidophilus NCFM is unable to synthesize 
folate, although strains of Lb. acidophilus have been reported as being able to increase folate in fermented milks 
(Lin and Young, 2000). Different strains of Lb. bulgaricus may produce (Kariluoto et al., 2006) or consume 
folates (Rao et al., 1984). Several Lb. plantarum strains able to produce high amounts of folate were recently 
identified and folate production conditions optimized (Sybesma et al., 2003, Nor et al., 2010). Lact. lactis and S. 
thermophilus strains have the ability to synthesize folate (Burgess et al., 2009; LeBlanc et al. ,2010a) which 
may further explains why some fermented dairy products, including yogurt, contain higher amounts of folate 
than non-fermented milks. Dana et al., (2010) found that the total folate content of strains ranged from 2.8 to 
66.6 μg/L from 50 isolated Lactobacilli and the four ATCC strains were quantified based on microbiological 
methods. Folate production by ATCC strains in single strain culture conditions was very low (2.0μg/l). Other 
isolated  Lactobacilli produced folate at different levels under single  strain culture conditions which may reflect 
the varying abilities of different strains. Folate is produced at different levels by different strains, as reported 
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previously .Folate production by S. thermophilus (Rao et al., 1984) and Lb. bulgaricus (Lin and Young, 2000) 
have also been reported. Interestingly, some co-fermentation studies of S. thermophilus and Lb. bulgaricus have 
shown that folate produced by S. thermophilus is consumed by Lb. bulgaricus (Rao, 2000). Recently, it was 
shown that Lactobacillus species could produce folate at different levels; 41 μg/l by Lb. brevis (Kariluoto et al., 
2006),19.8 ± 0.5 μg/l by Lb. acidophilus (Lin and Young, 2000), 21.10 μg/l of folate is produced by Lb. reuteri 
(Santos et al., 2008), 42 μg/l by Lb. plantarum,29 μg/l by  Lb.sanfransiscesis (Kariluoto et al., 2006), and 
finally 22 μg/l by Lb.helveticus (Sybesma et al., 2003).  
                Effect of microencapsulation and growth media on the production of folate are shown in Tables (1 and 
2). Folate was produced by encapsulated S. thermophilus and Lb. plantarum strains at levels (0.180-0.266 mg/L)  
and  (0.176- 0.261 mg/ L ) respectively in different media.  Production of  folate from encapsulated 
S.thermophilus  reached 0.266 mg/L on M1 medium and followed by encapsulated  Lb.plantarum where reached 
to 0.261 mg/L on the same media compared with the other media and free cells.   It may be possible to explain 
the difference in the growth of bacteria and the production of folate between the different media of the following 
research. Charalampopoulos et al., (2002) found that in the barley and wheat media all strains, especially Lb. 
acidophilus and Lb. reuteri, attained lower maximum cell populations (7.20–9.43 log10 cfu ml-1) than in the 
malt medium. This could be attributed to the low sugar content (3–4 g l-1 total fermentable sugar for each 
medium) and the low free amino nitrogen concentration (15.3–26.6 mg l-1).     
   On the other hand, the results of various studies following consistent or inconsistent with the results of our 
research about of the affect of bacterial microencapsulation on the production of folate or other nutraceuticals 
and interest achieved. Enhanced production of vitamins by encapsulated Lactic acid bacteria was demonstrated  
by Divya and Nampoothiri , (2015).  They produced folate by encapsulated strains and found that total folate 
produced by the encapsulated Lac.lactis CM22 was 173.80 ± 1.2 μg/L after 15 h fermentation and free cells 
produced 222.06 ± 2.1 μg/L after 8 h of fermentation at 37ºC. In the case of Lac.lactis CM28, a maximum of 
172.35 ± 3.2 μg/L folate was produced when encapsulated cells were allowed to ferment for 10h whereas the 
free cells produced 150.6 ± 2.8 μg/L after 8 h fermentation. Encapsulation of probiotics using a suitable matrix 
which increases its viability and stability at the same time does not interfere with the production of the 
metabolite of interest could open up new avenue in the development of functional foods. Champagne et al., 
(1989) reported that immobilized systems can reach higher cell densities than classical free cell fermentation 
performed under the same conditions. Also, Arnauld et al., (1992) reported that encapsulated culture provides 
high stability of cells and high productivity for metabolite production with high agitation rates. Champagne et 
al., (1993) reported that it was possible to use encapsulated microorganisms to produce bacterial densities 
(123.1 x 108 ml/l) 6 times higher than with classical cell free suspensions (18.6 x 108 ml/1). 
 Enhanced production of exopolysaccahrides by encapsulated Lactobacillus plantarum and Lb.bulgaicus was 
demonstrated by Ismail and Nampoothiri (2010) and El-Gizawy et al., (2013). Sharaf et al.,(2014) studied 
enhancement in vitamin B12 production by encapsulated Propionibacterium shermanii. Shah and Ravula (2000) 
reported that microencapsulation increased the viability of Lactobacillus acidophilus MJLA1 and 
Bifidobacterium spp. BDBB2 in frozen dairy products. 
 
Riboflavin production 
              Riboflavin or vitamin B2 is a dietary necessity for humans as, unlike many plants, fungi and 
bacteria,they are unable to synthesise the vitamin. Two sources of riboflavin are available to humans: adietary 
source and riboflavin produced by microflora of the large intestine (Hill, 1997). Some microorganisms (mainly 
bacteria and fungi), rather than producing riboflavin, are capable of riboflavin overproduction. In the present 
study, riboflavin production among the free cells, encapsulated   S.thermophilus and   Lb. plantarum in different 
media are presented in Tables (3 & 4) 
 
Table 3: Effect of microencapsulation and growth media on counts and production of   riboflavin  by  S. thermophilus 

Media 
Riboflavin (mg / L )                                                                       Counts (log cfu/ml)     

Encapsulated  cells Free cells Encapsulated cells Free cells 
M1:Permeate + Barley extract 1.78 1.54 9.6 8.6 
M2:Permeate + Corn extract 1.72 1.48 9.2 8.2 
M3:Permeate + Wheat extract 1.64 1.27 8.6 7.9 
M4:Elliker broth 1.58 1.19 7.4 7.0 

 

          From Table (3), riboflavin was produced by encapsulated S. thermophilus at level 1.58- 1.78   mg/L in 
four media. Also, the data cleared that  S. thermophilus produced variable quantities from riboflavin by free and 
encapsulated cells .Also, Table (3) showed  that highest viable count was occurred when M1 medium was used 
with encapsulated strain (9.6 log cful/ml) followed by M2 medium (9.2 log cfu/ml) compared with the other 
media and free cells . 

The same trend of results was observed with respect to the counts and riboflavin production by Lb. 
plantarum (Table 4). Results revealed that encapsulated  Lb. plantarum produced riboflavin at range 1.48 - 
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1.62mg/L in four media.  Also results in (Table 4) showed that highest viable count was occurred when M1 
medium was used with encapsulated strain (9.9 log cful/ml) compared with the other media and free cells.  
Large number of lactic acid bacteria have been reported to produce vitamins including riboflavin (Guru and 
Viswanathan, 2013). Juarez del Valle et al., (2014), selected riboflavin-producing strains of LAB from 179 
strains, only 42 were able to grow after the fourth passage in a riboflavin free-medium. Only five strains (Lb. 
fermentum CRL 220 and CRL 345, Lb. plantarum CRL 725, S.thermophilus CRL 417 and Lb. paracasei subsp. 
paracasei CRL76) were selected due to their high riboflavin producing capabilities in the B2-free medium, and 
were then used to inoculate soymilk. The criteria of selection were the highest producers of extracellular 
riboflavin and optimal growth in riboflavin-free culture medium. Selected strains showed an extracellular 
concentration of riboflavin above 190 ng/mL reaching high values of 260 ng/mL. The levels of riboflavin 
produced by these strains were higher than those described by Capozzi et al., (2011) in LAB isolated from 
sourdough. Alosta,(2007 ) compared  diffusion coefficients in capsules vs. solid beads. However, two problems 
occurred while working with the beads. The two problems were low riboflavin yields, possible due to significant 
diffusion limitations, and cell leak into the broth. Cell leak can be reduced by adding a secondary calcium 
alginate layer around the beads. This, however, will introduce more diffusion limitations. Results indicate that 
immobilized cell systems had slightly higher yields than the free cell system. The highest yield was for the 
capsules made with Tween 20. 
Review the results obtained in our research, we find that a simple differences among encapsulated  bacteria and  
free cells . Many attempts to increase the productivity of vitamins -producing lactic acid bacteria. In bacteria this 
trait may be achieved either by metabolic engineering (Perkins et al., 1999) or by exposure to purine analogues 
and/or the toxic riboflavin analogue roseoflavin (Burgess et al., 2006). 
                             
Table 4: Effect of  microencapsulation and growth media on counts and production  of    riboflavin  by  Lb. Plantarum 

Media Riboflavin (mg / L)                                                            Counts ( log cfu/ml) 
Encapsulated cells Free cells Encapsulated cells Free cells 

M1:Permeate + Barley  extract      1.62 1.60 9.9 8.0 
M2:Permeate + Corn extract      1.54 1.38 9.2 8.4 
M3:Permeate + Wheat extract      1.33 1.39 8.8 8.0 
M4:Elliker   broth 1.48 1.41 7.7 7. 2 

 

Conclusion 
 
                The results obtained in our research, we find that this convergent results. There is a simple differences 
among encapsulated bacteria and free cells, for these reasons, the proper selection and use of folate and 
riboflavin producing lactic acid bacteria is an interest strategy to increase “natural” vitamin levels in functional 
foods. Overall, this study revealed that the using bacterial encapsulation and improve growth conditions to 
enhance the folate and riboflavin yield need additional studies.  
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