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1. Introduction

Vitamin B12 [68-19-9] belongs to the group
of cobalamins, which also includes adenosyl-
cobalamin [13870-90-1], methylcobalamin
[13422-55-4], and hydroxocobalamin [13422-
51-0] (Fig. 1). The cobalamins and other
compounds similar to B12 are corrinoids char-
acterized by a tetrapyrrole ring system which,
compared to the porphyrins, lacks the methine
bridge between rings A and D. The central ion
is cobalt (→ Cobalt and Cobalt Compounds).

The cobalt ion is coordinated by two ligands
perpendicular to the plane of the tetrapyrrole
ring. One of these ligands is a nucleotide
linked to a propionyl group of the tetrapyrrole
ring by an aminopropanol group. All corri-
noids that contain 5,6-dimethylbenzimidazole
(DMBI) [582-60-5] as the nucleotide ligand
are known as cobalamins. Depending on the
anionic ligand, a distinction is made between
vitamin B12 (cyanide as ligand), coenzyme B12
(deoxyadenosyl group as ligand), etc.

Deoxyadenosylcobalamin and methylcobal-
amin are physiologically active as coenzymes.
Another compound found in the bodies of mam-
mals is hydroxocobalamin, a precursor of the
coenzymes. Cyanocobalamin, the product of the
industrial cobalamin process, is readily recon-
verted to the coenzyme forms by human or ani-
mals.

Other B12 derivatives are found in bacteria
(→ Foods, 1. Survey). They have in com-
mon that the ribazole group (5,6-DMBI) is
replaced by imidazoles or purines. Important
representatives are pseudovitamin B12 (Co α-
[α-(5,6-dimethylbenzimidazoyl)]cobamide) of
methanogenic bacteria [1]. In addition,
other corrinoids are found in acetogenic
bacteria, clostridia, and sulfate-reducing and
sulfur-metabolizing bacteria [2].

History. In 1925, Whipple and Robscheit-
Robbins postulated for the first time that vita-
min B12 is an animal protein factor. In 1926,
Minot and Murphy showed that raw liver
cured pernicious anemia. Subsequent work
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Figure 1. Structure of cobalamins; R=CN− : cyanocobal-
amin= vitamin B12; R= 5′-deoxyadenosyl group:
adenosylcobalamin= coenzyme B12; R=methyl group:
methylcobalamin=mecobalamin; R= hydroxyl group: hy-
droxocobalamin= aquocobalamin= vitamin B12a

showed that this disease is caused by vitamin
B12 deficiency. In 1948, vitamin B12 was iso-
lated from liver samples by Rickes and Smith.
The structure was elucidated by Hodgkin et al.
in 1955. In 1972, the total chemical synthesis,
with more than 70 synthetic steps, was achieved
by Woodward and Eschenmoser.

2. Physical and Chemical
Properties

Cyanocobalamin forms dark red, odorless, and
tasteless crystals (needles and prisms). The
crystals are hygroscopic and can absorb up to
12% of moisture. All the corrinoids are soluble
in water (ca. 1%), poorly soluble in lower
alcohols and phenols, and insoluble in acetone,
chloroform, ether, and other organic solvents.
Aqueous solutions are optically active. The
following optical rotations are measured in
dilute aqueous solutions of cyanocobalamin:
[𝛼]20

656∶ −59 ± 9∘, [𝛼]20
644∶ −110 ± 10∘.

Aqueous solutions of cyanocobalamin are
stable. Decomposition occurs only at tem-
peratures above 120∘C at pH values below 3
or above 8. Solutions of adenosyl-, methyl-,
and hydroxocobalamin are, however, sensitive

Table 1. Decomposition temperature and solubility of some
important derivatives of vitamin B12 [3]

Name Decomposition
temperatures, ∘C

Solubility in water,
g/L

Vitamin B12 210 14.1
Adenosylcobalamin 150 15.0
Methylcobalamin 210 13.4
Hydroxocobalamin 200 107.0

to light. The decomposition temperature and
solubility of some B12 derivatives (solids) are
listed in Table 1.

According to IUPAC–IUB nomencla-
ture, the Co complexes are designated as
Co α-aglyconyl-(Co β-ligandyl) cobamides.
The meaning of α and β is the same as in
the steroid series. Thus, cyanocobalamin is
[(Co α-(5,6-dimethylbenzimidazoyl)]-Co β-
cyanocobamide, abbreviated:

[Co′′′]+
CN−

Apart from cyanide, other ions can complex
cobalt, in the following order of stability:

CN−
≫ SO2−

3 > OH−
≫ halides.

In alkaline solution, the cobalamins can be
reduced by thiols, giving reduced vitamin B12r,
a Co(II) cobalamin. Further reduction gives rise
to Co(I) cobalamin (vitamin B12s).

+ e

− e

+ e

− e
[Co′′′]+

Vitamin B12
red

[Co′′]•

Vitamin B12r
brown

[Co′]−

Vitamin B12s
blue-green

Vitamin B12s can be converted by methyl
iodide to methylcobalamin with the formation
of an organometallic bond:

[Co′]−

CH3 CH3
I

[Co′′]

Reaction with 5′-tosyl-2′,3′-isopropylidene
adenosine gives adenosylcobalamin.
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Most of the known biochemical reactions
involving adenosyl- or methylcobalamin
have been found to occur in microorgan-
isms. These include ribonucleotide reductase
(DNA synthesis), propanediol dehydratase
(isopropanol degradation), glutamate mutase
(glutamate degradation), ethanolamine ammo-
nium lyase (ethanolamine degradation), lysine
mutase (lysine degradation), ornithine mutase
(ornithine degradation), and glycerol dehy-
dratase (glycerol degradation). In human
metabolism, methylcobalamin is required
by the enzyme methionine synthase (E.C.
2.1.1.13), and adenosylcobalamin is required
by methylmalonyl CoA mutase (E.C. 5.4.9.9.2).
It is probable that leucine mutase (E.C. 5.4.3.7)
is also dependent on adenosylcobalamin.

3. Biosynthesis and Genetics

Given the complex structure of vitamin B12, it
is not surprising that its biosynthesis is highly
intricate. More than 20 biochemical reac-
tions are involved considering only the steps
from uroporphyrinogen III, a common inter-
mediate also used for heme and chlorophyll
biosynthesis, to the cobalamins.

Nature has evolved an anaerobic and an aer-
obic cobalamin pathway. In the former, cobalt
insertion takes place early during derivatization
of the corrin ring. In the latter, which uses
molecular oxygen for a hydroxylation step at
C20 of the early intermediate precorrin 3A,
cobalt insertion is accomplished after the ring
derivatization is almost completed. Current
industrial production of vitamin B12 is based
on fermentation processes with Pseudomonas
denitrificans, meanwhile reclassified as Ensifer
adhaerens spp. [4] following the aerobic cobal-
amin pathway. Only this pathway is briefly
outlined here (Fig. 2). In the following discus-
sion, both nomenclatures, P. denitrificans and
E. adhaerens spp., are used interchangeably.

Eleven plasmids from a genomic library of E.
adhaerens spp. (former P. denitrificans) SC510,
which were able to complement Pseudomonas
putida and Agrobacterium tumefaciens mutants
deficient in cobalamin biosynthesis, were
cloned by French Rhone–Poulenc scientists
[5]. After subcloning, at least 14 different cob
genes involved in cobalamin biosynthesis were

identified. Later, it turned out that the cloned
DNA fragments encoded 20 cob genes, which
share sequence identities close to 100% to the
E. adhaerens subspecies E. adhaerens CSBa,
a nodule-forming rhizobiales bacterium iso-
lated from algal–bacterial consortia [6] and E.
adhaerens Casida A, a bacterial predator of bac-
teria in soil [7]. The cob genes in the genome
of the latter strain are dispersed over three
regions, at map positions 1.7, 2.9, and 3.2 Mb
(Fig. 3). The sequence identity of the SC510
cob genes to the cob genes of P. denitrificans
ATCC13867 [8] is around 50% underlining
the distant phylogenetic relationship between
the industrially used cobalamin producing P.
denitrificans, i.e., E. adhaerens spp., and P.
denitrificans ATCC13867. See also [9].

In a series of remarkable articles pub-
lished during the early 1990s (for reviews,
see [10, 11], the uncovering of the complete
B12 pathway (Fig. 2) of E. adhaerens spp.
was reported. Uroporphyrinogen III is derived
from 5-aminolevulinate involving the enzymes
encoded by hemB,C,D. 5-Aminolevulinate
is synthesized by 5-aminolevulinic acid syn-
thase (ANK74030 of E. adhaerens Casida
A). A first set of reactions, comprising among
others the oxygen-dependent hydroxylation
already mentioned, ring contraction, and eight
SAM-dependent methylations, affords hydro-
genobyrinate. The genes cobA,I,G,J,M,F,K,L,H
encoding the required enzymes are cloned, and
the biocatalytic functions of the gene products
are confirmed. CobE does not have a direct bio-
catalytic function, but the protein is able to bind
hydrogenobyrinate and its last and second but
last precursors [12]. CobE may act in the aerobic
pathway as a chaperone for the labile pathway
intermediates ensuring that they are faithfully
delivered to the next enzyme in the pathway.

Hydrogenobyrinate is converted to adeno-
syl cobyrinate by the enzymes encoded by
cobB,N,S,T,W,R,O,Q. Cobalt insertion is facil-
itated by the cobalt chelatase encoded by
cobN,S,T. CobW is a cobalt-binding GTPase
that may act as a metal chaperone supporting
insertion of the central cobalt ion into the
corrin ring [13]. The gene encoding cobalt
reductase CobR (Cob(II)- to Cob(I)yrinate
a,c-diamide) is not among the genes cloned
by the French scientist group; however, a
short peptide sequence (MEKTRL) from the
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Figure 2. The aerobic cobalamin pathway: adenosylcobalamin biosynthesis in Ensifer adhaerens Casida A. The graphical
representation of the chemical structures is taken from the Kyoto Encyclopedia of Genes and Genomes KEGG database
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Figure 3. cob gene arrangement in E. adhaerens Casida A

N-terminus of the reductase was obtained [14].
The same sequence is present at the N-terminus
of ANK72490 (annotated as a monooxygenase)
from Ensifer adhaerens spp. Casida A [7].
The CobR orthologue from Brucella melitensis
was experimentally characterized as a cobalt
reductase [15].

Amidation with an aminopropan-2-yl phos-
phate group, derived from threonine phosphate
by decarboxylation, of the f propionic acid
side chain of adenosyl cobyrinate and guany-
lation of the newly inserted group leads to
adenosine–GDP–cobinamide. The products
of cobC and cobD forming a large complex
(β component) and a 38-kDa protein α, the
N-terminal sequence (not published) of which
was not found among the cob gene known at
the time, catalyze the reactions. Exogenously
supplied (R)-1-aminopropan-2-ol can also serve
as a substrate, but its in vitro determined Km
value is very high (20 mM). The guanylation
reaction is catalyzed by the cobP gene product.

Adenosylcobalamin biosynthesis is com-
pleted by the attachment of DMBI-α-ribazole
via a 3′ linkage to adenosine–GDP–cobinamide
releasing GMP. The reaction is catalyzed by
the cobV gene product. In the aerobic path-
way of E. adhaerens, DMBI is derived from
the reduced form of FMN (FMNH2) by the
catalytic activity of the bluB gene product. As
cobR, the bluB gene was not among the genes
cloned by the Rhone–Poulenc scientists. BluB
was serendipitously identified in Sinorhizo-
bium meliloti Rm1021 [16]. The E. adhaerens
Casida A bluB homologue has the accession
number ANK72573. The activation of DMBI

is catalyzed by the phosphoribosyltrans-
ferase CobU transferring the phosphoribosyl
moiety of β-nicotinate-d-ribonucleotide onto
DMBI to yield DMBI-α-ribazole-5′-phosphate.
Removal of the 5′-phosphate group by the
phosphatase CobC might occur before or
after the attachment of DMBI-α-ribazole to
adenosine–GDP–cobinamide. In sum, all genes
of the cobalamin biosynthesis pathway are
identified and the biocatalytic reactions of the
enzymes they encode are characterized. The
only exception is protein α participating in
the aminopropanol attachment, for which an
N-terminal sequence (unpublished) has been
obtained.

Cobalamin-specific riboswitch (Fig. 3) sequ-
ences are annotated in front of bluB and cobP
in the genome of E. adhaerens Casida A. How-
ever, more detailed studies on the regulation of
cob gene expression in this close relative of the
commercial cobalamin production strain or in
the production itself have not been published.
In Bacillus megaterium, the cbi operon, which
encodes the enzymes catalyzing the conversion
of uroporphyrinogen III to adenosylcobyrinic
acid a,c-diamide, is cobalamin inhibited via the
cbi operon riboswitch [17]. The cob genes of
P. denitrificans ATCC13867 are dispersed over
eight operons, four of which are regulated by
cobalamin-responsive riboswitches [18].

CobA (S-adenosyl-l-methionine:uropor-
phyrinogen III methyltransferase) is located
at the metabolic branch point, where the flux
to hem and chlorophyll diverges from the flux
to the cobalamins. The activity of the enzyme
isolated from the industrial production strain
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was shown to be completely insensitive to
feedback repression by cobalamin and cor-
rinoid intermediates tested at physiological
concentration, but showed substrate inhibition
at uroporphyrinogen III concentrations above
2 μmol [19]. Since CobA from the cobalamin
production strain (accession AAA25773) and
CobAs from other members of the Sinorhi-
zobium/Ensifer group, e.g., ANK72703 of E.
adhaerens Casida A, share 100% sequence
identity, the lack of feedback regulation
at the urophorphyrinogen III branch point
was obviously not acquired during the strain
improvement campaigns.

4. Industrial Production

4.1. Production Strain

Commercial production of cyanocobalamins
with Propionibacterium freudenreichii subsp.
shermanii came to an end around 1995, leaving
the aerobic fermentation with E. adhaerens
spp. (former P. denitrificans) as the only B12
production process of industrial importance.
The first patents on P. dentrificans as vitamin
B12 production strain were filed by Merck
Sharp & Dohme in the late 1950s [20, 21]. In
the examples of the latter patent, the P. deni-
trificans strain MB580 isolated from chicken
litter of unexplained provenience is used.
The Rhone–Poulenc (now Sanofi) cobalamin
production strain SC510 was derived from
MB580 after numerous rounds of mutagene-
sis and selection [5]. The performance of the
Rhone–Poulenc cobalamin production strain
SC510 was further improved by plasmid-based
overexpression of some of the cob genes [22].
Transformation of SC510 with the mobilizable,
broad host range plasmid pXL367 comprising
the cob genes cobFGHIJKLM (Fig. 3) improved
the productivity of SC510 by 30% (Example 8.1
in [23]), but absolute figures were not provided.
The plasmid encoded all but CobA and CobE
of the enzymes to convert urophorphyrinogen
III to hydrogenobyrinate. Transformation with
plasmid pXL525 comprising all of the upstream
cob genes toward hydrogenobyrinate resulted
in a further 20% productivity increase. Effects
of overexpression of the downstream cob genes
in SC510 were not reported, but it is very

likely that overexpression of these genes should
contribute to further performance increase.
In a 2002 review on microbial production of
vitamin B12 [24], it is speculated that a variant
strain of P. denitrificans SC510 accumulated
approximately 300 mg L−1 of cobalamin after
one week of high-cell density fermentation.

4.2. Fermentation (→ Biotechnology,
3. Cultivation of Microorganisms)
Process and Product Isolation

Fermentation raw materials that serve as carbon
sources in cobalamin fed-batch fermentation
runs are starch hydrolyzates or molasses.
Glycine betaine present in significant amounts
in sugar beet molasses or supplied as pure sub-
stance is indispensable for high productivity.
The stimulating effect of glycine betaine on
cobalamin biosynthesis, which includes eight
methylations, is frequently attributed to the
replenishing of the C1 precursor pool during
glycine betaine assimilation, which is initiated
by betaine homocysteine methyltransferase
(BHMT). However, the amount of betaine
glycine consumed during a typical fermen-
tation run exceeds the methyl group demand
for cobalamin produced during the run several
hundred-fold. Furthermore, it was demonstrated
that BHMT-defective P. denitrificans mutants
are still able to overproduce cobalamin [25].
The formerly used Propionibacterium-based
cobalamin processes did not require glycine
betaine cofeeding. It was suggested that betaine
stimulation of cobalamin synthesis is a result
of its stimulation of the synthesis of labile
5-aminolevulinic acid synthetase [26]. The
cobalamin fermentation medium further pro-
vides cobalt ions, dimethylbenzimidazole, and
sometimes (R)-1-aminopropan-2-ol, which are
all components of the cobalamin molecule.
Best cobalamin yields on glucose and betaine,
the two main cost drivers among the fermen-
tation raw materials, were obtained under
an oxygen limiting/excess glucose process
regime [27]. With an industrial P. denitrificans
production strain from Chinese vitamin B12
producer Huarong Pharmacy, presumably also
a derivative of the Merck MB580 strain, slightly
above 200 mg L−1 cobalamin accumulated in
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the fermentation medium during a seven-day
industrial scale (120 m3) fermentation run.

The downstream steps to isolate and purify
B12 as cyanocobalamin, the most stable of the
various vitamin B12 analogs [28], comprise
filtration, cyanide treatment, chromatography,
extraction, and crystallization, yielding the
product in high purity.

5. Requirements, Deficiency
Symptoms, and Therapeutic
Application

Neither animals nor plants can synthesize vita-
min B12. According to present knowledge, the
biosynthesis of corrins is restricted to microor-
ganisms.

5.1. Human

In human, vitamin B12 is absorbed in two ways:
by diffusion at higher vitamin B12 concentra-
tions and via the intrinsic factor, a mucoprotein
that is formed in the mucous membrane of the
stomach and specifically binds cobalamins. The
name “intrinsic factor” is derived from the fact
that two factors can be responsible for vitamin
B12 deficiency: lack of B12 (extrinsic factor) and
lack of binding protein (intrinsic factor). The
mucoprotein complex reaches the ileum, where
resorption is mediated by a transport system.
Even without intrinsic factor, vitamin B12 can
be absorbed by diffusion throughout the small
intestine. However, the doses needed to cover
the daily requirement in this way are 10–100
times larger than the amounts available in foods.
In the liver, vitamin B12 is converted to coen-
zyme B12 in a reaction dependent on adenosyl
triphosphate (ATP) and flavin adenine dinu-
cleotide (FAD). The liver is also the primary
storage organ for coenzyme B12. B12 is excreted
mainly into the bile and leaving the body by uri-
nary and fecal routes. However, the coenzyme
is very efficiently retarded with 65−75% reab-
sorption in the ileum of the 0.5−5 μg excreted
per day into the alimentary tract.

With a balanced diet, humans ingest
10–30 μg of vitamin B12 or other cobalamins
per day, of which ca. 5 μg is resorbed. This
amount has also been stipulated by the German

Society for Nutrition and by the U.S. Food and
Nutrition Board as the daily requirement for
humans.

Since plants do not synthesize B12, cobal-
amins are predominantly ingested with animal
products. Feeding of pigs exclusively with plant
proteins led to stoppage of growth due to B12
deficiency [29]. This suggests that individuals
who consume diets completely free of animal
products (vegan diets) are at risk of B12 defi-
ciency. The efficient storage of B12 in the body
explains the slow development (over several
years) of deficiency states in subjects with
negligible B12 intake.

In the large intestine of humans, the intestinal
flora produces ca. 50 μg of cobalamins per day,
which are, however, not resorbed.

In human, vitamin B12 deficiency causes
pernicious anemia [30, 31], which is charac-
terized by a large reduction in the erythrocyte
count due to a disturbance in the maturation of
red blood cells. The anemia is accompanied by
neurological symptoms including, among oth-
ers, glossitis, weakness, loss of appetite, loss of
taste and smell, memory impairment, and mild
depression. In most cases, pernicious anemia
is due to a lack of intrinsic factor, resulting in
reduced B12 absorption.

In the treatment of pernicious anemia,
vitamin B12, hydroxocobalamin, or adeno-
sylcobalamin is administered in a dosage of
100−1000 μg [32]. In the case of cyanide poi-
soning, high doses of hydroxocobalamin are
given to bind the cyanide [33, 34]. Vitamin
B12 is used as a component of diet foods,
children’s foods, vitamin mixtures, cereals,
beverages, vitamin preparations, and as a feed
additive [35].

5.2. Animal Nutrition

Like in humans, anemia is a typical symptom
of vitamin B12 deficiency in animals with signs
of growth retardation, dermatitis, poor hair and
plumage condition, and increased mortality
including embryo mortality. Ruminants cover
their requirements via the formation of B12
by rumen bacteria, but cobalt supplementa-
tion is required. In monogastric animals gut
microbial communities, though some of them
synthesize cobalamin, are likely competitors
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for dietary cobalamin, rather than contributors
of this essential vitamin to the host. Moreover
the site of syntheses is predominantly the colon
whereas the absorption occurs in the small
intestine.

Cobalamins and folate (vitamin B9) serve as
important methyl group carriers in the cellular
metabolism. Deficiencies of both vitamins can
increase the synthesis of the methionine precur-
sor homocysteine with severe consequences.
In piglets, for instance, negative effects on
indicators of immune responses were reported,
suggesting that these young animals may be
immunologically more fragile [36].

The vitamin B12 requirement for the main-
tenance and performance of animals is reported
below.

Species Feed, μg/kg

Laying hens 15−25
Broilers for fattening

Starter 20–40
Grower–finisher 20–30
Broiler breeders 20–40

Turkeys for fattening
Starter 40–50
Grower 30–40
Finisher 15–30

Turkey breeders 40–50
Piglets

Prestarter 50–70
Starter 40–60

Fattening pigs
Grower and finisher 30–50
Pig breeders 30–50

Horses (g/head/day)
Foals 150–300
Leisure horses 350–650
Race and breeding horses 550–850

Salmon and trout 30–50
Warm-water fish (carp, tilapia) 20–50
Seabream and seabass 100–200
Shrimp 20–50
Dogs 30–50
Cats 20–100

Data taken from [37]. Booklet can be downloaded at [38].

6. Specifications and Toxicity

A USP cyanocobalamin reference standard
is available (USP 207) with the following
UV/VIS spectroscopic properties: maxima at
278± 1, 361± 1, and 550± 2 nm. The quotient
of the absorptions at 361 and 278 nm must be
1.70–1.90.

The toxicity of vitamin B12 is extremely low.
In animal experiments, vitamin B12 in doses of
up to 1 g/kg of body weight showed no toxic
effects. In humans, allergic reactions have been
observed in a few cases. A connection between
methylcobalamin and tumor development has
also been reported. However, these effects are
still disputed [39]. There is no limitation to the
dosage of B12. Excess B12 is excreted.

7. Analysis

A large number of methods for the detection of
vitamin B12 have been described [40, 41]:

1. Microbiological growth tests (detection
limit of 10−11 mol/L≈ 10 ng/L) with Lac-
tobacillus leichmanii [American Type
Culture Collection (ATCC) 4797 and 7830],
which reacts very specifically to cobal-
amin. Growth tests with Escherichia coli
(ATCC 9637) are also possible. These are
either turbidimetric assays in test tubes or
growth tests on agar plates. The plate tests
are mainly used in screening for a quick
assessment of the productivity of mutants.

2. Chromatographic processes (detection limit
of 10−6 mol/L≈ 1 mg/L) with HPLC meth-
ods (XAD-2 columns or reversed-phase
RP-18 columns and photometric detection)
[42, 43]. Standard monographs, e.g., the
9.8 supplement of European Pharmacopoeia
2019 or the United States Pharmacopeia
USP42-NF37, refer to HPLC for purity
testing of vitamin B12.

3. Radioimmunological methods (RIA); com-
mercial test kits are available for serial
assays.

4. UV/VIS spectroscopic methods (detec-
tion limit of 10−5 mol/L≈ 10 mg/L). This
method is only suitable for pure substances.

Aqueous solutions of cyanocobalamin show
absorption maxima at (Fig. 4): 𝜆 = 278 nm
(±1 nm), 𝜀

1%
1 cm = 93; 𝜆 = 360 nm (±1 nm),

𝜀
1%
1 cm = 168; 𝜆 = 550 nm (±1 nm), 𝜀1%

1 cm = 52.
The absorption maxima of the other corrinoids
are similar to those of cyanocobalamin.

Owing to the very low concentrations of
vitamin B12 in foods and feeds, its detection
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Figure 4. UV–VIS spectrum of cyanocobalamin

by spectroscopic methods is possible only
after purification or isolation. Microbiological
methods allow very specific B12 detection
without pretreatment of the samples. These
tests are, however, less accurate and require a
microbiological laboratory.

Before analysis, each of the corrinoids
in corrinoid mixtures must be isolated and
determined separately. If the total amount
of corrinoids is sufficient, the corrinoids are
converted to the cyano form and determined
as vitamin B12. If coenzyme B12 or methyl-
cobalamin is isolated, it is necessary to work
under red light because these B12 variants are
sensitive to light.

8. Economic Aspects

With reference to the pure substance, the total
sales of vitamin B12 amount to more than 80 t/a,
and the market volume is over 250× 106 €.
The feed sector accounts for ca. 30% of the
sales, and the food/pharmaceutical sector for
ca. 70% (figures are taken from publicly avail-
able resources). Apart from cyanocobalamin,
hydroxo- and adenosylcobalamin are traded,
especially on the pharmaceutical market.

North America and Western Europe repre-
sent the largest market followed by Asian coun-
tries including Japan.

More than 80% of the total annual produc-
tion of vitamin B12 comes from China with
Hebei Yuxing, Hebei Huarong, and Ningia
Kingvit as the major producers. French Sanofi
focusing on the pharmaceutical market has a
strong market position in Europe, Asia Pacific,
and Latin America. Several producers in India

are converting cyanocobalamin to methyl- or
hydroxycobalamin.
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