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a b s t r a c t   
 

Vitamin B12 and folate deficiencies in poor Southern African communities lead to mandatory fortification 

of basic foodstuffs. Since folate- and B12-enriched kefir offers a cheaper alternative, regimes to include 

Propionibacterium freudenreichii (PAB) strains into kefir grains (KG) were investigated: two levels of PAB 

cell concentrations; freeze-drying KG to preserve PAB activity; and repeated PAB culture  additions. 

Elevated B12 and folate levels and PCR results confirmed inclusion of PAB in all KG. Repeated inoculations 

with freeze-dried cultures (PAB concentration 1 × 108 cfu mL—1) delivered the highest B12 and folate 

production  rate  and    concentration    after    3 d.    The    best    treatment    (freeze-dried    inoculum  

(5 × 107 PAB cfu mL—1) reacted once, followed by freeze-drying) delivered 186% Recommended Dietary 

Allowance (RDA) (B12) and 19% RDA (folate) per 200 mL serving. Freeze-drying preserved PAB activity in 

KG. 

. 

 

 
1. Introduction 

 
Kefir grains, the unique inoculum of the kefir beverage, could be 

classified as a “nature-made” immobilised culture (Rimada & 

Abraham, 2006). The beverage is a recognised probiotic dairy 

product (Heller, 2001). Its health-promoting properties include 

combating gastrointestinal disorders, such as lactose intolerance 

(Hertzler & Clancy, 2003) and intestinal infections (Zubillaga et al., 

2001), therapeutic activity against arteriosclerosis and colon 

carcinogens (Kroger, 1993), anti-tumour activity (Hong, Chen, Chen, 

& Chen, 2009; Liu, Wang, Lin, & Lin, 2002; Zubillaga et al., 2001), 

anti-allergenic (Liu, Wang, Chen, Yueh, & Lin, 2006) and hypo- 

cholesterolemic effects (Tamai, Yoshimitsu, Wanatabe, Kuwabara, & 

Nagai, 1996). Kefir cultures promote food safety by inhibiting coli- 

forms and pathogens such as Staphylococcus aureus, Escherichia coli 

(Brialy,   Rivalland,   Coiffard,   &   De   Roeck  Holtzhauer, 1995; 
Yu}ksekdağ,  Beyatli,  &  Aslim,  2004),  Klebsiella  pneumoniae  (Brialy 

et al., 1995), Pseudomonas aeruginosa (Yu}ksekdağ et al., 2004) and 

Bacillus cereus (Medrano, Pérez, & Abraham, 2008). Kefir also lends 

itself to “natural” vitamin fortification by combining a propioni- 

bacterium (PAB) culture with the kefir (Cerná & Hrabová, 1977). 

Since Propionibacterium freudenreichii (PAB) are not normally found 

in kefir grains (Witthuhn, Schoeman, & Britz, 2004), kefir milk 

 
 

 
(liquid phase) was inoculated with a specific strain of P. freu- 

denreichii subsp. shermanii to enrich the beverage with vitamin B12 

and folic acid (Cerná & Hrabová, 1977). 

In Southern Africa, several studies indicated vitamin B12 

(Dannhauser, Joubert, & Nel, 1996; Labadarios, 1996) and folate 

(Labadarios et al., 2000) deficiencies among the poor. As a result, 

mandatory fortification of basic foodstuffs with a number of 

micronutrients, including folate and vitamin B12, was recently 

promulgated (Anonymous, 2003). However, fortification of food- 

stuffs using commercial vitamin preparations is costly (Burgess, 

Smid, & van Sinderen, 2009). Hence, a foodstuff such as kefir 

naturally fortified with vitamin B12 and folate could be used as        

a cheaper and natural alternative (Van Wyk, Britz, & Myburgh, 

2002) to commercially  fortified  cereal  products  (Anonymous, 

2003) to combat facets of the malnutrition prevalent in  South  

Africa (Labadarios et al., 2000). Moreover, the target vitamin 

concentrations in this study will not necessarily be the highest, but 

will take cognisance of the daily Recommended Dietary Allowance 

(RDA) values, i.e., 2.4 mg d—1 for B12 and 400 mg d—1 for folate. Hence, 
the requirement that a nutrient content claim of “source  of” for 

these vitamins is only permissible if the foodstuff contains 15% RDA 

per 200 mL serving will also be considered (Anonymous,   2007). 

The aim of this study was to evaluate different regimes for 

inclusion of a vitamin B12 and folate producing Propionibacterium 

strain into kefir grains. The optimum protocol will be that which 

achieves (i) either the highest vitamin levels in the kefir beverage, 

or vitamin levels in the kefir beverage that deliver a minimum of 
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15% RDA and not more than 200% RDA per 200 mL serving; and (ii) 

inclusion of PAB into the kefir grains most  effectively. 

 
2. Materials  and methods 

 
2.1. Propionibacteria strains, kefir  grains 

 
Eight freeze-dried cultures of P. freudenreichii strains were used 

(Table 1). The PAB strains, as well as the kefir grains were obtained 

from the Department of Food Science, University of  Stellenbosch. 

 
2.2. Materials 

 
A lactate-rich medium (LM) was used to prepare broth cultures of 
PAB  for co-inoculation with kefir grains. The LM contained (in   g 

L—1): yeast extract (Oxoid, Basingstoke, UK) 10.0; Trypticase  Soy 

(Biolab, Johannesburg, SA) 10.0; peptone (Biolab) 15.0; sodium 

lactate syrup (50% v/v) (Saarchem, Johannesburg, SA) 20.0; and 

Tween 80 (Saarchem) 1.0 mL. The pH was adjusted to 7.0 prior to 

autoclaving. 

The freeze-dried cultures were reconstituted in 1 mL sterile 
water and used for direct co-inoculation of kefir grains, while for 

broth cultures an inoculum volume of 200 mL 100 mL—1 LM was 

used, followed by incubation at 32 ○C for 72 h. 

   Full cream UHT milk (33 g L—1 fat content) (Clover, Cape Town, 

SA) was purchased from a local supermarket. 

 
2.3. Inclusion of P.  freudenreichii into kefir    grains 

 
Several  regimes  were  explored  to  optimise  inclusion  of    a 

vitamin B12 and folate producing strain into kefir grains. Kefir 

grains were activated by inoculating 100 g of grains per 300 mL 

milk, in duplicate, agitating at 25 ○C for 12 h, using a shaker-incu- 

bator (Memmert, Schwabach, Germany) at speed setting of 10 

revolutions per min, followed by straining through a metal strainer 

under aseptic conditions. Three batches of 30 g each of these acti- 

vated grains were reacted with PAB cultures. The detailed schedule 

of treatments performed to obtain inocula K1eK6 (Fig. 1) was based 

on two regimes: (i) combination with broth cultures; and (ii) 

combination with reconstituted freeze-dried cultures. 

 
2.3.1. Regime (i) 

Regime (i) entailed inoculation of the activated grains twice 
with a PAB broth culture. The first inoculation (PAB concentration 

1 ×107 cfu mL—1 (variation of 5% at final count)) occurred imme- 

diately after grain activation, followed by agitation at 30 ○C for 4 d, 

using a shaker-incubator as described earlier. Then 200 mL milk 

was added and the reaction was continued for a further 4 d in the 

shaker-incubator. The grains were then strained out and one sub- 

batch was frozen (K1), while a second was freeze-dried (K2). Both 

K1 and K2 were stored at —18 ○C and reactivated when required for 

the final inoculation. A third sub-batch was immediately inoculated 

a second time with a fresh PAB broth culture and reacted as 

described above, resulting in K3. The total PAB  inoculum   concen- 

tration for K3 was 2 × 107 cfu mL—1 (variation of 5% at final count) 

(Fig. 1). 

 
2.3.2. Regime (ii) 

Regime (ii) differed from regime (i) as follows: reconstituted 

freeze-dried cultures were used, resulting in a PAB inoculum 

concentration five times higher than that used in regime (i),   i.e., 

5 × 107 cfu mL—1 (variation of 5% at final count) after the first 

inoculation  and  1 ×108 cfu mL—1  (variation  of  5%  at  final count) 

after the second. K4, K5 and K6 were the kefir grainePAB inocula 

resulting from this regime. K4 and K5 were also reactivated when 

required. The liquid strained out to obtain inoculum K6 was also 

retained for analysis (encoded KL) (Fig. 1). 

The kefir grainePAB samples that were freeze-dried, namely K2 

and K5 were included to ascertain whether freeze-drying preserves 

PAB activity in the grains. 

 

 
2.4. Kefir production 

 
Including a control sample of grains not reacted with PAB 

(encoded KC), each inoculum (KC, K1eK6), consisting of 10 g grains, 

was combined with 100 mL milk and incubated at 30 ○C, with 

agitation. Duplicate samples were incubated for each of the treat- 

ments (K1eK6) and for the control (KC). A 15 mL sample was 

removed from each container after 3 d and again after 7 d (Table 2). 

Although kefir fermentations are usually terminated after 1 d 

(Irigoyen, Arana, Castiella, Torre, & Ibáñez, 2005; Koroleva, 1988), it 

was decided to sample only after 3 d, since preliminary trials 

indicated that until this age is reached, folate levels were well 

below the minimum considered nutritionally significant, i.e., a level 

that will yield 15% of the RDA (Anonymous, 2003, 2007). The 7 d 

sampling age was included to investigate whether PAB survived 

during this extended period, or whether they died off due to 

competitive inhibition by the original microbial population of the 

kefir grains. Aseptic sampling techniques were observed 

throughout, including when collecting samples for DNA isolation 

and PCR assays (Table 3). 

After sampling, vitamin B12 and folate assays were performed and 

the pH was measured. Since KL was the kefir beverage strained out 

after the second reaction of the grains with freeze-dried PAB 

culture (Fig. 1) and, therefore, definitely resulted from viable PAB 

co-inoculated with kefir grains, it was included in all assays as        

a benchmark. However, all KL values were excluded from statistical 

 
Table 1 

Vitamin B12 and folate results for P. freudenreichii strains cultivated in lactate-rich medium (LM) for 3 d.a 
 

Strain Identification Vitamin B12 (mg 100 mL—1) (n ¼ 3) Folateb (mg 100 mL—1) (n ¼ 3) 

J8 P. freudenreichii subsp. shermanii, isolated from Gouda cheese 16.08 T 1.31a 2.94 T 0.00f 

J9 P. freudenreichii subsp. shermanii, isolated from Damlitter  cheese 22.74 T 0.66d 2.23 T 0.01e 

J10 P. freudenreichii subsp. shermanii, isolated from Damlitter  cheese 21.50 T 0.76c,d 1.98 T 0.03d 

J15 P. freudenreichii subsp. shermanii, isolated from Damlitter  cheese 68.05 T 0.00e 3.23 T 0.03 g 

J16 P. freudenreichii subsp. freudenreichii, Iowa State University  P73 18.79 T 0.00b 1.76 T 0.03c 

J17 P.  freudenreichii  subsp.  shermanii,  ATCC 13637 14.79 T 0.00a 0.78 T 0.01a 

J18 P. freudenreichii subsp. shermanii, Russian Academy of Sciences VKM 2092 21.09 T 0.76c 1.15 T 0.03b 

J19 P. freudenreichii subsp. shermanii, Russian Academy of Sciences VKM 2094 22.08 T 1.14c,d 0.77 T 0.04a 

P-value  P < 0.001 P < 0.001 

a Results are reported as the mean T standard deviation (SD). Analyses of Variance (ANOVAs) tested differences between sample means (P Ç 0.05 is significant). Based on 

Duncan’s post hoc test, different letters in each column denote significant differences between the individual means. 
b The reported folate values are the sums of the individual vitamins that were detected (tetra hydrofolate (THF), 5-CH3-THF and 5-CHO-THF). 
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Fig. 1. The treatment regimes followed to react kefir grains with PAB cultures. K1eK6 denote the kefir grainePAB cultures or inocula used to evaluate the effectiveness of the 

treatment regimes. 

 

analyses since it was not part of the treatment design as outlined in 

Fig. 1. 

 
2.5. Vitamin assays 

 
The HPLC separations were performed with an Agilent 1100 HPLC 
system (Agilent Technologies, Waldbron, Germany), equip- ped 

with a quaternary pump and a Rheodyne 7125 injection valve fitted 

with a 20 mL sample loop. A variable wavelength detector (vitamin 

B12 and folate) as well as a fluorescence detector (folates) were 

used. A thermostatted column compartment was used to maintain 

the column temperature at 30 ○C during the folate assays. The HP 
ChemStation software (Agilent Technologies) integrated, recorded 
and calculated peak areas and was used to calibrate and store data. 

The limits of quantitation were 0.005 mg mL—1 sample (B12) and 

0.002e0.05 mg mL—1   sample   (folates).   Sample   extraction proce- 

dures and chromatographic conditions were as described previ- 

ously (Van Wyk, 2002; Van Wyk & Britz,   2010). 

 
2.6. DNA extraction  and  PCR amplification 

 
To  confirm the incorporation of  the PAB  into the kefir grains,    1 

mL of the kefir beverage and 1 g of the kefir grains (Table 3) were 

used for DNA isolation, according to the method described by 

Garbers, Britz, and Witthuhn (2004). A positive control PCR reac- 

tion containing 2 mL of DNA from P. freudenreichii subsp. shermanii, 

as well as a negative control containing no bacterial DNA was 

included in all the PCR amplifications. All the PCR reactions were 

done in triplicate to confirm the   results. 

 
Table 2 

Kefir samples: pH, vitamin B12 and folate results.a 

Regime Sample codeb pH (n ¼ 2) Vitamin B12 (mg 100 mL—1) 

 

 
Folatec (mg 100 mL—1) (n ¼ 2) 

   (n ¼ 2)     
 

 3 d  7 d  3 d 7 d  3 d  7 d  

None (control) KC 3.37 T 0.01 3.23 T 0.01 1.06 T 0.01a 2.21 T 0.15f 16.45 T 0.08b 14.89 T 0.15g 

Regime (i) (broth culture) K1 3.29 T 0.01 3.19 T 0.01 5.61 T 0.19d 4.22 T 0.57g 20.68 T 0.37c 22.01 T 0.18i 

 K2 3.49 T 0.01 3.56 T 0.01 4.34 T 0.36c 5.85 T 0.08i 23.88 T 0.06d 17.99 T 0.44h 

 K3 3.39 T 0.04 3.19 T 0.01 5.58 T 0.37d 7.42 T 0.01j 24.21 T 0.74d 15.08 T 0.31g 

Regime (ii) (freeze-dried culture) K4 3.27 T 0.02 3.17 T 0.01 2.53 T 0.08b 5.58 T 0.77h,i 12.96 T 0.01a 27.88 T 1.17j 

 K5 3.46 T 0.01 3.47 T 0.01 2.23 T 0.01b 4.69 T 0.19g 38.04 T 0.64f 23.05 T 1.34i 

 K6 3.39 T 0.01 3.25 T 0.01 9.21 T 0.37e 9.23 T 0.22k 27.32 T 0.04e 22.48 T 0.23i 

 P-value   P < 0.001 P < 0.001 P < 0.001 P < 0.001 

 KL (liquid) 3.23 T 0.01  13.79 T 0.95  17.30 T 0.11  
a Results are reported as the mean T standard deviation (SD). Analyses of Variance (ANOVAs) tested differences between sample means (P Ç 0.05 is significant). Based on 

Duncan’s post hoc test, different letters in each column denote significant differences between the individual means. 
b  KC (control e kefir grains not reacted with PAB). K1eK6 (kefir grains reacted with PAB) and KL (kefir liquid) as depicted in Fig. 1. 
c The reported folate values are the sums of the individual vitamins that were detected (tetra hydrofolate (THF), 5-CH3-THF and 5-CHO-THF). 

Agtiated  (4 d, 30 oC); 200 mL milk added; 

Agitated (4 d, 30 oC); Strained 

    
 

Grains  K1 

 
Grains (FD)  K2 

 

Agitated (4 d, 30 oC); 200 mL milk  added; 

Agiteadt  (4 d, 30 o   C); Satrined 

    
 

Grains  K4 

 
Grains (FD)  K5 

 

Grains  K3 Grains  K6 Liquid KL 
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Table 3 

Results of the PCR assays performed on DNA extracted from samples including kefir 

grains and liquid.a 

The highest folate concentration, 38.04 T 0.64 mg 100 mL—1, was 

measured for treatment K5 (freeze-dried culture added once (PAB 

   concentration 5 × 107 cfu mL—1), followed by freeze-drying after 
Regime Sample Day 0 Day 7 the  reaction  period)  after  3 d.  The  corresponding  value  for  K6, 

b               

code 
Grains 

(n ¼ 2) 

Kefir 

beverage 

Grains 

(n ¼ 2) 

Kefir 

beverage 

which produced the highest vitamin B12 level, was the second 
highest folate level at 3 d (27.32 T 0.04 mg 100 mL—1), but this folate 

     (n ¼ 2)   (n ¼ 2)

 None (control) KC — —  

— — 

concentration was significantly less than that produced by K5   

(P < 0.05; Table 2). Considering both sampling ages, the  second 

Regime (i) 

(broth culture) 
 
 

Regime (ii) 

(freeze-dried culture) 

K1 — þ þ — 

K2 — NAc 
þ — 

K3 þ þ þ þ 

K4 þ þ þ þ 

K5 þ NA þ þ 
d 

highest   folate   concentration   was   measured   for   K4   at   7 d 

(27.88 T 1.17 mg 100 mL—1), but this was accompanied by the lowest 

level at 3 d (12.96 T 0.01 mg 100 mL—1). Since a protracted fermen- 
tation may lead to undesirable sensory qualities, such as   excessive 

acid levels, the early production of high vitamin levels is essential in 
   K6 þ þ þ  þ  

a A positive result (þ) indicates that PAB were present in detectable numbers, 

while  a  negative  result  (—)  indicates  that  PAB  were  absent  or  present        in 

this product. Therefore, treatment K4 would not be viable. Hence, 
since treatment K6 delivered high vitamin concentrations after 3 d 

(B12: 9.21 T 0.37; and folate: 27.32 T 0.04 mg 100 mL—1), K6 was the 
levels < 102 cells mL—1. 

b  
KC ¼ control sample, i.e., kefir grains not reacted with PAB. Sample codes K1eK6 

depict the various treatments with PAB detailed in Fig. 1. 
c  NA, not applicable. 
d  This sample corresponded with KL (Fig.   1). 

 

 
2.7. Data analyses 

 
All statistical analyses of data were performed using SPSS 17.0 for 

Windows®. Analyses of Variance (ANOVAs), followed by Dun- 
can’s  post hoc  test,  were performed  to establish whether   sample 

superior treatment with respect to vitamin production   levels. 

Furthermore, a 9-fold increase in vitamin B12 level was 

demonstrated when comparing K6 with the control sample at 3 d. 
Similarly, a 2-fold increase was demonstrated for folate when 
comparing K5 at 3 d with the control sample (Table   2). 

 
3.3.  Addition of PAB to kefir grains: comparative vitamin  levels 

 

The  highest   vitamin   levels   observed   in   this   study were       

13.79 T 0.95       (KL),       9.21 T 0.37 mg 100 mL—1   and 
9.23 T 0.22 mg 100 mL—1 vitamin B12 (K6, 3 and 7 d, respectively) 

means differed significantly. 

 
3. Results and discussion 

 
3.1. PAB strain selection 

 
Table 1 displays the vitamin B12 and folate levels produced after 

3 d in LM. Based on its superior vitamin B12 and folate production, 

the strain  selected  for  inclusion  in  the  kefir  grains  was  J15  
(P. freudenreichii subsp. shermanii, originally isolated from Dam- 
litter cheese). 

 
3.2. Addition of PAB to kefir grains: highest vitamin  levels 

 
The 10% (m/v) inoculum concentration (kefir grains) used in this 

study was higher than the 5% (m/v) used most commonly (Kroger, 

1993). However, it was within the range reported by other authors 

(Garrote, Abraham, & De Antoni, 1998; Marshall, 1984), as well as 

based on the results of the preliminary trials, which indicated that 

a larger inoculum resulted in higher vitamin levels. 

Average vitamin B12 and folate assay concentrations were 

recorded for each sampling day, as well as the results of the One- 

way ANOVAs (Table 2). Both vitamin B12 and folate levels differed 

significantly  (P < 0.001) for the different treatments  (KC,  K1eK6), 
both at 3 and 7 d (Table  2). 

   Duncan’s post hoc test indicated that treatment K6 resulted in 

a significantly higher vitamin B12 level compared with all the other 

treatments after 3 d of fermentation (P < 0.05). This is an important 
observation, since 3 d is closer to the customary fermentation time 

of 1 d (Irigoyen et al., 2005) than 7 d. The vitamin B12 concentration 

recorded for KL (13.79 T 0.95 mg 100 mL—1) exceeded that of K6. 

This was expected, since KL was the kefir beverage strained out 

after co-inoculation  of  kefir and  freeze-dried  PAB  culture (Fig. 1). 

Therefore, the treatment that was statistically the best with respect 

to   vitamin   B12   level,   with   9.21 T 0.37 mg 100 mL—1   (3 d), and 

9.23 T 0.22 mg 100 mL—1  (7 d)  (Table  2),  was  treatment  K6, or 
repeated reactions of the kefir grains with PAB (freeze-dried inoc- 

ulum with total PAB concentration 1 ×108 cfu mL—1) (Fig. 1). 

and 38.04 T 0.64 mg 100 mL—1 folate (K5, 3 d) (Table 2). These 

values compare favourably with the 14.30 mg 100 mL—1 (B12)    and 

27.4 mg 100 mL—1 (folate) reported by Cerná and Hrabová (1977). 

However, according to South African food regulations, the RDA for 

individuals  10 y and  older  for  the  two vitamins  in  question  are: 

2.4 mg (vitamin B12) and 400 mg (folate) (Anonymous, 2003, 2007). 

Hence, a single serving of 200 mL of the kefir resulting from 
treatment K6 after 3 d would deliver 768% and 14% of the RDA for 

vitamin B12 and folate, respectively. On the same basis, kefir made 

using treatment K5 will deliver 186% (B12) and 19% (folate) of the 

RDA. Therefore, compared with treatment K6, K5 resulted in a more 

realistic figure in terms of the % RDA for vitamin B12, as well as a %  

RDA for folate >15%, which permits the claim “source of”. Hence 
this method (reaction with freeze-dried culture for a total of 8 d, 

followed by freeze-drying of the grains; Fig. 1) offers a more prac- 

tical solution in terms of producing a naturally fortified   foodstuff. 

 
3.4. The effect of cell concentration in the PAB  inoculum 

 
Compared with K3, inoculum K6 produced high vitamin B12 and 
folate levels after 3 d (Table 2). This indicated that optimum PAB cell 

concentration in the co-inoculum was 1 ×108 cfu mL—1 with 
respect to vitamin production levels. However, as discussed, the 
vitamin B12 in the kefir beverage resulting from K6 delivered  an 
excessively high RDA (768%) per 200 mL serving, accompanied by 
a relatively low folate level (14% of the RDA). Hence, based on the 
more realistic 186% RDA (B12) and 19% RDA (folate), the optimum 
PAB  cell   concentration  was   that   of   inoculum   K5,   namely 

5 × 107 cfu mL—1. 

 
3.5. Evidence of inclusion of PAB 

 
The PCR assay detection limit was found when PAB were present in 

concentrations of 102 cells mL—1 or more. Therefore, the PCR 
results (Table 3) confirmed that inclusion of PAB into the grains was 

achieved, since positive results were recorded for treatments K3, 

K4, K5 and K6 on day 0, as well as for all grains, excluding the 

control sample (KC). 
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Furthermore, the fermentation was continued for 7 d to estab- 

lish whether PAB remained active during this extended period. 

Between 3 and 7 d, the vitamin B12 concentration increased for 

most treatments, with substantial increases in the case of K4 and 

K5 (Table 2). Comparison of treatment K6 to KC (control e no 

PAB    added)   at   3 d,   viz.   9.21 T 0.37   vs.   1.06 T 0.01 vitamin 

B12 mg 100 mL—1, confirms the activity of PAB in this  fermentation. 
Likewise, the more than doubling in vitamin B12 concentration 

measured for K4 and K5 at 7 d (Table 2), clearly shows that PAB 

were still active at this stage of the fermentation. In other words, 

PAB did not die off due to competitive inhibition by the other 

organisms in the kefir grains. The folate concentrations also 

increased between 3 and 7 d for treatments K1 and K4 (Table 2). 

The fact that a higher folate level was measured for the    control 

(KC) (16.45 T 0.08 mg 100 mL—1) compared with treatment K4 

(12.96 T 0.01 mg 100 mL—1),  may  relate  to the  fact  that  L. acid- 

ophilus, present in kefir grains (Kroger, 1993), is capable of folate 

synthesis (Lin & Young, 2000). 

Moreover, when freeze-dried cultures representing treatment 
K5 were reactivated 18 mo after the initial reaction, elevated 

vitamin B12 levels (2.28 T 0.49 mg 100 mL—1) indicated that the PAB 
remained viable during this period. 

 
3.6. Kefir samples: pH 

 
Due to the large inocula and relatively long fermentation times 

employed in this study, the pH values of the kefir (beverage) 

samples ranged from 3.17 to 3.56 (Table 2). Since these were well 

below the typical pH of 4.2e4.8 reported for kefir (Fontán, 

Martínez, Franco, & Carballo, 2006), the sensory quality of the 

kefir samples was not evaluated. It is, therefore, clear that further 

work is required to optimise the PAB concentration and reactivity in 

the co-inoculum such that a smaller inoculum and shorter 

fermentation period become feasible. Alternatively, pre-activation 

of the inoculum resulting from K5 at 30 ○C, may activate both PAB 

and lactic acid bacteria (LAB) such that the vitamin levels as 

recorded in Table 2 would be produced within 1 d in kefir. 

 
4. Conclusions 

 
Co-inoculation of PAB and kefir grains resulted in inclusion of PAB 

into the kefir grains. Elevated vitamin B12 and folate levels resulted 

and PCR assay results confirmed the presence of PAB in the grains. 

Continued increases in vitamin B12 levels during extended 

fermentation periods further confirmed that PAB was still active 
after 7 d of fermentation using the   co-inoculum. 

With respect to vitamin B12 and folate production, both in terms of 
rate and concentration, the best results were  obtained when   a 
freeze-dried inoculum was reacted with the grains more than once, 

resulting in a PAB concentration of 1 ×108 cfu mL—1 in the kefir 
grains. The highest vitamin B12 and folate levels measured indicated 
that co-inoculation with PAB offers the potential for producing 
naturally vitamin enriched kefir, since a 9-fold elevation in vitamin 

B12 and a 2-fold increase in folate concentrations were demonstrated. 
When the RDA for the vitamins was considered, the best results 

were obtained with a PAB concentration of 5 × 107 cfu mL—1 in the 
kefir grains. A single serving of 200 mL kefir produced using the 
treatment in question (K5) will deliver 186% (B12) and 19% (folate) 
of the RDA. Hence, K5 has potential in terms of producing a natu- 

rally fortified foodstuff. 

Freeze-drying of the PAB-treated grains offered a viable method 

for preserving PAB activity in the kefir grains. PAB activity was 

demonstrated in 18 mo old cultures of treatment K5 (reaction with 

freeze-dried culture for 8 d, followed by freeze-drying of the grains; 

Fig. 1). 

Based on the low pH values, the kefir produced after 3 d may be 

too acidic for most consumers. It was, therefore, recommended that 

future studies investigate protocols that will enable shorter 

fermentation  times. 

 


