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Vitamin B12 is considered important for humans and animals. It is used widely in 
food and pharmaceutical industries. As It is considered as a dietary supplement 
and in the treatment of malignant anemia and neuropathy. Using Biotechnology 
production of  vitamin B12 via microbiological  the techniques is a cheaper method 
for companies than the production using chemical methods, In addition , the 
fermentation methods are easier  compared to chemical methods  

In this study, Vitamin B12 was produced from cheese whey using 
 bacteria under anaerobic conditions  

The study reported that the best yield of vitamin B12 was achieved at the 
concentration 10 mg / L of cobalt when 5 concentrations of cobalt (0 -5 -10 -
15-20) mg / L were added. The vitamin B12 production was 556.03 g / 100 ml 
in the medium and 1693.9 g / 100 mL into the microbial cells  

 



2020- No.123 vol.  University Journal of Hama

 

 

1

B12P14O14CO N88H63C 
B12

B12

B12 HunikJan-Hendik Ball
Watanabe 

B12
B12

B12B12
B12B12Watanabe 2007

B12
Reynolds2006B12

Rabah2017Wang 2015Piao
2004

B12
 B12

B12
B12WatanabeBall

B12
 Watanabe2013Truswell

2008B12
B12Marsh

Allen 
 B12 PawlakAllen

 
 B12Marsh 2012 SingerElmadfa 

B12B12
B12 

 B12B12

BurgessLeBlancCapozziPatel



2020- No.123 vol.  University Journal of Hama

 

 

LeBlanc
 Capozzi 

.  . 
B12  B12B12Pseudovitamin

PseudovitaminDMBI)5,6-
dimethylbenzimidozoieDMBI

BLUB /cobT2DMBIHunik Jan-Hendik

DMBI5,6  dimethylbenzimidazole)B12
 DMBI B12

HugenschmidtMartensMarwaha 
B12

 B12 
DMBIB12

Bykhovsky )
B12. B12
Rickes

. B12
GRASB12

B12. GRAS
RomanMiyanoShimizuBlanche

HunikJan-Hendik
 

   
 

HugenschmidtDalmasso
Molina(2012L. reuteri 1098

B12B12
B12. 

 Hugenschmidt 2011B12  
SM39 ,  DF13



2020- No.123 vol.  University Journal of Hama

 

 

5 mg/L, DMBI  15 mg/L,
 751 +/- 353 ng/mLB12

Hugenschmidt(2010) 151LAB100
PABB12B12

DF15  µg/mL2.5
Xia2015B12

 µg/mL1984.6
B12

Tanaka2017 
B12mg/L5.2

Mohammed2014B12 
µg/L204.64

1955U.S. Patent 2715602)LevitonHargrove(1955)
B12. B12

B120.8 µg/mL

2
1B12

2 B12B12
3  

 

PPA 
gr grml(60 % W/VPH=6.7

Suomalainen2008
 WBM

Chamlagain2016



2020- No.123 vol.  University Journal of Hama

 

 

     

      

     

 

pH 

COD / L 2Mg o

Kg/L 

Pretreatment of whey

 Teixeira) 2016

 Kgg  gg

Kg

Propionibacterium freudenreichii

    HPLC  Shimadzu : LC-10AD VP  C18

 Spherisor b ODS-Z 150 *4.6 mm, 5µm ;Supelco)

 Kubota 3100 

  SM300 

 PH

Co2 Incubator IT63

 MH800

  : Methods of Research

1 



2020- No.123 vol.  University Journal of Hama

 

 

2  

3  

4 

PPA CO30 4-3

Suomalainen2008 

 

WBM

WBMPHHugenschmidt

Chamlagaing

g  13w/w0.1 g Tween 80g 0.2g 

0.02100 ml 

ml 700pH=5ml 150Tween 80-Mg-Mn

C 121 ml  150

pH 6.6

WBMmg/L

 µm

mL 100WBM  100 mL 

mg/l( 20  15 -10 - 5 - 0 ) mL

 C O30 3Teixeira

B12

B12mL 10

B12

Deptula2017

12BB12HPLC Van(2011

HPLC

10 m/L 813

mM20.7PH=4.5µL 100 1B12

30

m/L 5PH=6.2Deptula2015

Chamlagain 2015



2020- No.123 vol.  University Journal of Hama

 

 

4

B12

One Way-Analyses Of Variance( ANOVA) 

12B

mg/L  

 B12
 

g/100 mL  
  

B12
 

g/100 mL  
  

 

 38.12 

38.01 0.4406 

226.01 

225.96 0.4962 

 38.22 226.23 
 38.13 226.05 
 37.12 225.01 
 38.32 226.45 
 38.12 226.03 

 

 195.9 

194.83 1.2356 

687.44 

685.50 1.6366 

 194.9 686.84 

 192.9 685.04 
 195.8 685.51 
 193.8 682.74 
 195.7 685.44 

 

 556.41 

556.03 1.2916 

1694.23 

1693.9 0.8692 

 555.82 1693.15 
 557.45 1695.05 

 553.62 1692.65 
 556.45 1694.22 
 556.42 1694.25 

 

 336.02 

335.79 0.4033 

1194.19 

1193.6 0.5836 

 335.32 1193.19 
 336.02 1194.12 
 335.22 1193.04 
 336.12 1194.08 
 336.02 1192.99 

 

 125.56 

124.30 1.2982 

501.15 

492.34 21.042 

 123.47 500.46 
 122.56 449.39 
 123.43 500.55 

 125.31 501.12 
 125.46 501.35 

B12



2020- No.123 vol.  University Journal of Hama

 

 

12B

DF SS MS 
F P

BETWEEN 

WITHIN 

TOTAL

 

25 

29

 

26.18 

 

247 

1.047

5.76 0.0021 

12B

DF SS MS F 
P

BETWEEN 

WITHIN 

TOTAL

4 

25 

29 

 

2234.03 

 

89.36

690.0014 

B12g/100 mL

mg/L

B12g/100 mLmg/L

0  CO5  CO10  CO15  CO20  CO

264.13

883.44

2250.67

1530.21

626.81

mg/L

B12  g/100mL 



2020- No.123 vol.  University Journal of Hama

 

 

5 

B12

(P < 0.05(P 
< 0.05 , 

P>0.05Chamlagain

B12 g/100 mL

B12

B12 mg/L

B12 g/100 ml

ChamlagainHugenschmidt

B12 g/100 ml  0.4962 225.96 ±

B12

B12

4 µg EFSA NDA Panel) 2015 

ml 

0  CO5  CO10  CO15  CO20  CO

0.17

0.29
0.33

0.28
0.23

mg/L

g/100 ml
g/100 ml



2020- No.123 vol.  University Journal of Hama

 

 

 ChamlagainHugenschmidt Deptula

6 
B12
B12

B12
B12

B12

B12

7

1- Allen, L. H. (2010). Bioavailability of vitamin B12. International Journal for Vitamin and 
Nutrition Research, 80, 330 335. 
2-  Allen, L. H. (2009). How common is vitamin B-12 deficiency? American Journal of Clinical 
Nutrition, 89(Suppl), 693S 696S. 
3- Ball G.F.M. (1998). Vitamin B12 In: Bioavailability and Analysis of Vitamins in Foods. 
London: Chapman & Hall, pp497 515, 1998 
4- Blanche F, Debussche L, Thibaut D, Crouzet J, Cameron B (1989) Purification and 
characteriztationof S-adenosyl-Lmethionine: uroporphyrinogen III methyltransferase from 
Pseudomonas denitrificans. J Bacteriol 171:4222 4231. 
5-Burgess, C.M., Smid, E.J., and van Sinderen, D. (2009) Bacterial vitamin B2,B11 and B12 
overproduction: an overview.Int J Food Microbiol 133: 1 7. 
6- Bykhovsky VY, Zaitseva NI, Eliseev AA (1998) Tetrapyrroles: diversity, biosynthesis, and 
biotechnology. Appl Biochem Microbiol 34:1 18 
7- Capozzi, V., Russo, P., Dueñas, M.T., López, P. and Spano, G., 2012. Lactic acid bacteria 
producing B-group vitamins: a great potential for functional cereals products. Applied 
microbiology and biotechnology, 96(6), pp.1383-1394. 
8- Chamlagain, B., Deptula, P., Edelmann, M., Kariluoto, S., Grattepanche, F., Lacroix, C., 

food-grade Propionibacteria. LWT - Food Science and Technology, 72, 117 124. 
9- Chamlagain B., Edelmann M., Kariluoto S., Ollilainen V., Piironen V. (2015). Ultra-high 
performance liquid chromatographic and mass spectrometric analysis of active vitamin B12 in 
cells of Propionibacterium and fermented cereal matrices. Food Chem. 166, 630 638. 



2020- No.123 vol.  University Journal of Hama

 

 

10- Dalmasso M., Aubert J., Even S., Falentin H., Maillard M. B., Parayre S., et al. . (2012). 
Accumulation of intracellular glycogen and trehalose by  under 
conditions mimicking cheese ripening in the cold. Appl. Environ. Microbiol. 78, 6357 6364. 
11- Deptula, P. (2017). A multifaceted study ef Propionibacterium freudenreichii, The food-
grade prodcer of active vitamin B12. Dissertationes Schola Doctoralis Scientiae Circumiectalis, 
Alimentariae, Biologicae ISSN 2342-5423 Helsinki University Printing House Helsinki. 
12- Deptula P., Kylli P., Chamlagain B., Holm L., Kostiainen R., Piironen, et al. (2015). 
BluB/CobT2 fusion enzyme activity reveals mechanisms responsible for production of active 
form of vitamin B12 by . Microb. Cell Fact. 14:1. 10. 
13- EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies) (2015). 
Scientific opinion on dietary reference values for cobalamin (vitamin B12). EFSA J. 13:64. 
14- Elmadfa, I., & Singer, I. (2009). Vitamin B-12 and homocysteine status among 
vegetarians: A global perspective. American Journal of Clinical Nutrition, 89, 1693 1698. 
Hargrove, R.E. and Leviton, A., (1955). Process for the manufacture of vitamin b12. U.S. 
Patent 2,715,602. 
15- Hugenschmidt, S., Schwenninger, S. M., & Lacroix, C. (2011). Concurrent high 
production of natural folate and vitamin B12 using a co-culture process with Lactobacillus 
plantarum SM39 and Propionibacterium freudenreichii DF13. Process Biochemistry, 46(5), 
1063 1070. 
16- Hugenschmidt, S., Schwenninger, S. M., Gnehm, N., & Lacroix, C. (2010). Screening 
of a natural biodiversity of lactic and propionic acid bacteria for folate and vitamin B12 
production in supplemented whey permeate. International Dairy Journal, 20(12), 852 857. 
17- Hunik, K. and P. Jan-Hendik, (2002). Process for 12 the production of vitamin B . Arch 
Intern Med, 27: 34-39. 
18- LeBlanc, J.G., Laino, J.E., del Vall, M.J., Vannini, V., vanSinderen, D., Taranto, M.P., 
et al. (2011) B-group vitamin production by lactic acid bacteria  current knowledge and 
potential applications. J Appl Microbiol 111 : 1297 1309 
19- Marsh, K., Zeuschner, C., & Saunders, A. (2012). Health implications of a vegetarian 
diet: A review. American Journal of Lifestyle Medicine, 6(3), 250 267. 
20- Molina, V., Médici, M., de Valdez, F. G., & Taranto, M. P. (2012). Soybeanbased 
functional food with vitamin B12-producing lactic acid bacteria. Journal of Functional Foods, 
4, 831 836. 
21- Martens, J. H., Barg, H., Warren, M. J., & Jahn, D. (2002). Microbial production of 
vitamin B12. Applied Microbiology and Biotechnology, 58, 275 285. 



2020- No.123 vol.  University Journal of Hama

 

 

22-Marwaha, S.S., Sethi, R.P. and Kennedy, J.F., (1983). Influence of 5, 6-
dimethylbenzimidazole (DMB) on vitamin B12 biosynthesis by strains of Propionibacterium. 
Enzyme and Microbial Technology, 5(5), pp.361-364. 
23- Miyano K, Ye K, Shimizu K (2000) Improvement of vitamin B12 fermentation by reducing 
in the inhibitory metabolites by cell recycle system and mixed culture. J Biochem Eng 6:207
214.  
24- Mohammed Y, Lee B, Kang Z, Du G.  (2014). Capability of Lactobacillus reuteri to 
produce an active form of vitamin B12 under optimized fermentation conditions. JAIR, 2:2278
5213. 
25- Pawlak, R., Lester, S. E., & Babatunde, T. (2014). The prevalence of cobalamin 
deficiency among vegetarians assessed by serum vitamin B12: A review of literature. 
European Journal of Clinical Nutrition, 68(5), 541 548. 
26- Piao, Y.; Yamashita, M.; Kawaraichi, N.; Asegawa, R.; Ono, H.; Murooka, Y.(2004). 
Production of vitamin B12 in genetically engineered Propionibacterium freudenreichii. J. 
Biosci. Bioeng., 98, 167 173. 
27- Rabah, H., Rosa, F.L and Jan, G. (2017)  . Dairy Propionibacteria: Versatile Probiotics 
. Microorganisms 2017, 5, 24; doi:10.3390/microorganisms5020024 
28- Reynolds, E., (2006). Vitamin B12, folic acid, and the nervous system. The lancet 
neurology, 5(11), pp.949-960. 
29- Rickes, E.L., Brink, N.G., Koniuszy, F.R., Wood, T.R. and Folkers, K., (1948). 
Comparative data on vitamin B12 from liver and from a new source, Streptomyces griseus. 
Science (Washington), 108, pp.634-635. 
30- Roman RV, Iluc E, Mustea A, Neacsu A, Asandului V. (2001). Optimisation of medium 
components in vitamin B12 biosynthesis. Romanian Biotechnol Lett 6:343 350. 
31- Suomalainen T., Sigvart-Mattila P., Mättö J., Tynkkynen S. (2008).  and  
gastrointestinal survival, antibiotic susceptibility and genetic identification of 

 ssp. shermanii JS. Int. Dairy. J. 18, 271 278. 
32- Truswell, A. S. (2007). Vitamin B12. Nutrition and Dietetics, 64(Suppl 4), S120 S125. 
33- Van Wyk J., Witthuhn R. C., Britz T. J. (2011). Optimisation of vitamin B 12 and folate 
production by  strains in kefir. Int. Dairy J. 21, 69 74. 
34- Wang, P.; Zhang, Z.; Jiao, Y.; Liu, S.; Wang, Y.( 2015). Improved propionic acid and 
5,6-dimethylbenzimidazole control strategy for vitamin B12 fermentation by Propionibacterium 
freudenreichii. J. Biotechnol., 193, 123 129. 



2020- No.123 vol.  University Journal of Hama

 

 

35- Watanabe, F., Yabuta, Y., Tanioka, Y., & Bito, T. (2013). Biologically active vitamin B12 
compounds in foods for preventing deficiency among vegetarians and elderly subjects. Journal 
of Agriculture and Food Chemistry, 61, 6769 6775. 
36- Watanabe, F. (2007). Vitamin B12 sources and bioavailability. Experimental Biology and 
Medicine, 232(10), 1266 1274. 
37- Watanabe F, Takenaka S, Kittaka-Katsura H, Ebara S, Miyamoto E.( 2002). 
Characterization and bioavailability of vitamin B12-compounds from edible algae. J Nutr Sci 
Vitaminol 48:325 331,. 
38- Xia W, Chen W, Peng W and Li, K .(2015). Industrial vitamin B12 production by 
Pseudomonas denitrificans using maltose syrup and corn steep liquor as the cost-effective 
fermentation substrates. Bioprocess and Biosystems Engineering, Volume 38, Issue 6, pp 
1065 1073. 
 

 

 

 

 

 

 

 

 

 

 


