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Abstract – An important nutritional characteristic of ruminant meat is its high content in
vitamin B12. The variability of these contents is not known. Three studies were been set up in order
to test the influence of the animal species (2 studies on Charolais steers slaughtered at 30–32 months
of age, n = 24 and n = 30 and a third one on lambs slaughtered at 4.5 months of age, n = 21), of the
nature of the diet (grass vs. maize silage, lucerne or concentrate diets) and of physical activity (without
or with walking) on the vitamin B12 contents of different muscle types (rather oxidative (Rectus
Abdominis, RA), intermediate (Longissimus Dorsi, LD), or glycolytic (Semi Tendinosus, ST)) and
on the liver. The animals were supplemented in macro and trace minerals according to usual feeding
practices in France in order to theoretically avoid any risk of deficiency. For this reason, cobalt
allowances, which are necessary for the ruminal synthesis of vitamin B12, could differ among
treatments. The results indicate the following: (1) cobalt allowances varied widely among treatments,
from (sub-)deficient to plethoric allowances, influencing vitamin B12 contents of the liver, and
muscles (only in case of deficiency), (2) the effects of dietary treatments or of physical exercise were
essentially related to differences in cobalt allowances, (3) the oxidative type muscle (RA) showed
contents which were double those in glycolytic type muscle (RA 10.8 vs. ST 5.0 ng·g–1) and
(4) vitamin B12 contents of raw muscles were lower than the values indicated in tables of feed
composition for humans for cooked meat (0.5 to 1 vs. 2 to 3 µg·100 g–1).

meat / ruminant / muscle / liver / vitamin B12 / nutritional value / nutrition

1. INTRODUCTION

An important nutritional characteristic
of meat from ruminant animals is its high
content in vitamins of the B group, in par-

ticular vitamin B12 [1]. The latter is strictly
synthesised by microorganisms and enters
the human food chain either by contact of
the food with microorganisms or by incor-
poration of some microbial constituents
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into foods. In Ruminants, vitamin B12 is
synthesised within the rumen and absorbed
through the digestive tract [2] before being
transported via the blood to body tissues,
first the liver and subsequently the muscles
[3]. Ruminant products (meat and milk)
constitute the major natural source of vita-
min B12 for humans [4]. Ruminant meat
intake may cover an important part of the
Recommended vitamin B12 Supply, and
risks of deficiency increase in vegetarian
and vegetalian populations [5]. Consider-
ing the importance of vitamin B12 intake
for humans, the almost exclusive contribu-
tion of animal products to natural vitamin
B12 supply and the regular decrease in red
meat consumption in industrialised coun-
tries over the last twenty years, it would be
of interest to introduce in the beef produc-
tion systems practices that would maximise
the vitamin B12 contents of ruminant meats.  

The total body reserves in vitamin B12
is usually elevated, 60% of it being located
in the liver and most of the rest being in
muscles [6]. The whole body turnover of
this vitamin is low and total depletion in
vitamin B12 usually takes several years [3].
In this context, it is not known to what
extent production factors may affect the
vitamin B12 contents of ruminant tissues.
The potential ruminal synthesis of this vita-
min is the first obvious factor of variation,
which itself depends primarily on the die-
tary cobalt level [7]. In France,  the geo-
graphical zones which are generally deficient
in cobalt are known [8]. However, dietary
supplementation of macro minerals gener-
ally has priority over that of trace minerals.
Compliance with recommendations is
respected with macro minerals, but no great
attention is paid to individual trace elements
unless specific deficiencies have already
appeared in the herd. In any case, the objec-
tive of the supplementation is more to pre-
vent deficiencies rather than to look for
optimum trace mineral allowances. Differ-
ences in cobalt intake may thus be respon-
sible for differences in the vitamin B12
contents of ruminant tissues. The nature of the
diet has also been shown to influence the

synthesis of the different chemical forms of
vitamin B12 (active “true” and inactive
forms) and therefore the tissue levels in
vitamin B12 [9, 10]. This vitamin being
hydrophilic and distributed differently among
the cytosol and the mitochondria, it may be
questioned whether different types of mus-
cles may present different vitamin B12 con-
tents. Finally, vitamin B12 has a role as a
scavenger of free radicals [11, 12] and it
may be questioned whether an increase of
oxidative stress (such as that associated
with increased physical activity at pasture)
may affect the body reserves in vitamin B12.

Consequently, the present research project
was aimed at determining the influence of
the nature of the diet and of increased phys-
ical activity on the true vitamin B12 con-
tents of different types of muscles and liver,
in different ruminant species (bovines and
ovines) which were raised according to
usual French animal production systems. 

Three studies were conducted to test the
influence of the animal species (two studies
on bovines and one study on ovines), of the
nature of the diet (grass vs. maize silage,
lucerne or concentrate based diets, repre-
sentative of usual feeding conditions within
each species) and of physical activity (with
or without any significant walking dis-
tances, which may induce variable levels of
oxidative stress, as in different production
systems) on the vitamin B12 contents of
plasma, two types of muscles and the liver.
These studies were conducted on INRA
experimental farms, where management
practices are close to those applied on pri-
vate farms.

2. MATERIALS AND METHODS

2.1. Animals and treatments

All experiments were conducted in the
respect of the national legislation on animal
care and on experimentation on living ani-
mals.



Vitamin B12 concentration in ruminant tissues 455

2.1.1. Study No. 1: Comparison of grass 
and maize silage based diets 
on vitamin B12 contents 
of bovine tissues

This study was conducted in Normandy
on alluvial soils of no known cobalt defi-
ciency. Twenty-four one-year-old Cha-
rolais steers, which had been castrated at
nine months of age, were allotted into two
treatment groups, 8 and 16 animals to Maize
and Grass treatment groups, respectively,
based on birth weight, weaning weight and
body conformation. The whole study lasted
26 months, covering two winter seasons
and two grazing seasons. The animals were
housed in open sheds, with 8 animals per

pen of 80 m2, except at pasture. The steers
of the Maize group were fed maize silage
(0.9 UFL, 50 PDIN and 70 PDIE) with a
minimum amount of wheat straw (0.4 UFL,
22 PDIN and 44 PDIN) and rapeseed meal
(1.1 UFL, 260 PDIN and 165 PDIE) during
the whole duration of the experiment. Over
the last grazing season, ingredient compo-
sition of the Maize diet averaged 66%
maize silage, 22% wheat straw and 12%
rapeseed meal respectively, on a dry basis
(Tab. I). The feeding value of the ingredi-
ents and diets and the nutritional require-
ments of the animals were expressed, in this
and subsequent experiments, according to
the French INRA [13] Feeding Standards.
The animals on the Grass treatment were

Table I. Bovine studies No. 1 and 2: Ingredient composition of the diets and mineral supplementation,
as measured in the last grazing season prior to slaughter.

Grass Maize silage

Grazing Cut
without walking

Cut
with walking

Without 
walking

With 
walking

Bovine study No. 1

Ingredient composition
% dry matter basis

Perennial rye-grass 100 100 – – –

Maize silage – – – 66 –

Wheat straw – – – 22 –

Rapeseed meal – – – 12 –

Mineral supplementation,
g/d/animal

– 100 – 100 –

Bovine study No. 2

Ingredient composition
% dry matter basis

Perennial rye-grass 100 100 100 – –

Maize silage – – – 68 68

Wheat straw – – – 23 23

Rapeseed meal – – – 9 9

Mineral supplementation,
g/d/animal

– 100 100 100 100

* Not determined.
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fed during the winter seasons ad libitum
grass silage (from a permanent pasture of
perennial ryegrass, 0.85 UFL, 61 PDIN and
61 PDIE) with a minimum of hay and sup-
plemented with a commercial concentrate
(1.1 UFL, 11 PDIN and 128 PDIE). Over
the last winter season, the grass silage, hay
and concentrate contributed for 85, 12 and
3% of the total dry matter intake. During the
first grazing season, the animals on the
Grass treatment were all on a rotative graz-
ing of a perennial rye-grass pasture. For the
second grazing season, the animals were
split into two homogenous groups of 8 ani-
mals each, on the basis of their age and live-
weight (Tab. I). The first group (Grazing
Grass) was finished on a rotating grazing of
a perennial rye-grass pasture (0.85 UFL,
88 PDIN and 86 PDIE), without any sup-
plementation. The second group (Cut Grass)
was offered fresh grass daily which had
been cut from the same plot as that used by
the Grazing Grass group. 

No mineral supplementation was distrib-
uted at pasture, whereas all indoors feeding
involved the distribution of a mineral sup-
plement which contained 10 mg cobalt·kg–1.
Individual animal allowance averaged 100 g
of mineral supplement daily, corresponding
to 1 mg supplementary cobalt per animal and
per day. This allowance was calculated on
the basis of the recommended intake in
phosphorus and calcium. 

All animals were group fed. Feed intake
of the grazing animals was estimated by
determining the average grass height at the
entry and exit of each plot as well as the
average weight of grass cut over a 30 m2

area from each plot. Daily feed intake of
indoor fed steers was determined by daily
weighing of feed allowances and refusals.
Live-weights were measured every two
weeks. Feeding allowances of the Maize
group were then adjusted every two weeks
so that the animals fed on Maize would
show the same average daily gain as those
on Grass. The animals were then slaugh-
tered at the end of the second grazing sea-

son, at the same final age (30–32 months of
age) and the same final average live-weight. 

Just prior to slaughter, plasma samples
were taken using EDTA as the anticoagu-
lant after a night fast and stored at –20 °C.
At slaughter, liver and muscle (Rectus
Abdominis, Semi Tendinosus) samples were
taken and stored at –80 °C. All plasma and
tissue samples were then analysed for their
contents in the active forms of vitamin B12.
Representative feed samples were taken,
dried (80 °C for 48 h), ground and pooled
before being analysed for their cobalt content.

2.1.2. Study No. 2: Comparison 
of grass and maize silage based 
diets and influence of physical 
activity on vitamin B12 contents 
of bovine tissues

 This study was also conducted in Nor-
mandy. Thirty Charolais steers were initially
allotted to 2 groups according to the same
principles as in study 1 (12 animals in a
Maize group and 18 animals in a Grass
group). Those animals were housed in open
sheds with a maximum of 6 animals per pen
of 40 m2 each. The animals on the Maize
diet were fed over the whole duration of the
experiment maize silage (0.9 UFL, 50 PDIN
and 70 PDIE) ad libitum, with a minimum
of wheat straw (0.4 UFL, 22 PDIN, 44 PDIE)
and rapeseed meal (1.1 UFL, 260 PDIN,
165 PDIE). Over the last grazing season, the
ingredient composition of the Maize diet
averaged 68% maize silage, 23% wheat
straw and 9% rapeseed meal respectively,
on a dry basis (Tab. I). As for the animals
on the Grass diet, they were fed in the winter
seasons grass silage (0.85 UFL, 63 PDIN,
63 PDIE), with a minimum of wheat straw
(0.4 UFL, 22 PDIN, 44 PDIE), urea
(1610 PDIN) and rapeseed meal (1.1 UFL,
260 PDIN 165 PDIE). Over the last winter
season, the ingredient composition of the
“Grass” diet was 90% grass silage, 8% straw,
1% urea and 1% rapeseed meal. In the graz-
ing seasons, they were fed freshly cut grass
(0.9 UFL, 85 PDIN and 85 PDIE) alone. In
the second grazing season, five groups of
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6 animals each were constituted (Tab. I).
Two groups of animals on each diet were
fed indoors, and for each diet one of the
groups was submitted to a 5.2 km walk daily,
which corresponded approximately to a
30 min walk before the morning meal plus
a 30 min walk before the evening meal. The
remaining 6 animals on Grass were grazing
at pasture, on the same perennial rye-grass
pasture as that used for the indoor animals.
This resulted in 5 treatment groups : “Maize
without forced walking”, “Maize with
forced walking”, “Cut Grass without forced
walking”, “Cut Grass with forced walking”
and “Grazing Grass”.

Mineral supplementation, feeding and
slaughter conditions, as well as sampling
were similar to study No. 1. 

2.1.3. Study No. 3: Comparison of grass, 
dehydrated lucerne and concentrate 
based diets on the vitamin B12 
contents of ovine tissues

This last study was conducted in
Auvergne, on granitic soils which are gen-
erally poor in cobalt [8]. Twenty-one INRA
401 lambs were blocked by live-weight and
initial growth rate just after weaning at 11
weeks of age, and the animals within each
block were allotted to one of three treatment
groups “Grazing Grass”, “Lucerne” and
“Concentrate”, with seven animals in each
treatment group. The first group was con-
ducted on grass pasture with their dam, on
a rotative grazing of a permanent orchardgrass
(Dactylis glomerata) based pasture. The
availability of grass was never limiting and
grass was always of good quality (at the
vegetative stage). Licking blocks contain-
ing 90 mg cobalt·kg–1 were available on the
pasture. The second group was fed indoors
with dehydrated lucerne (0.84 UFL, 129 PDIN
and 101 PDIE) and ad libitum wheat straw
(0.58 UFL, 75 PDN and 82 PDIE). The third
group was also fed indoors with a commer-
cial concentrate (0.9 UFL, 110 PDIN and
105 PDIE) which contained 2 mg cobalt·kg–1

and with ad libitum wheat straw. 

Indoor, the animals were fed individu-
ally. The intake of the pelleted feeds by the
indoor fed lambs was determined by weigh-
ing the feed allowances and refusals twice
weekly. Within each block, allowances of
lucerne and concentrate were adjusted weekly
so that empty live-weight gains would be
similar to those of the lamb on the “Grazing
Grass” treatment, live-weights being taken
once a week. The animals were all slaugh-
tered at 4.5 months of age at 35 kg live
weight for the “Lucerne” and “Concentrate”
treatments. The animals on the “Grazing
Grass” treatment were slaughtered at 37 kg
live-weight to account for differences in the
weight of digestive contents. At slaughter,
EDTA-plasma and muscle samples (Semi
Tendinosus and Longissimus Dorsi) were
taken and stored at –80 °C to be analysed
for their content in the active forms of vita-
min B12. Representative feed samples were
taken, dried (80 °C for 48 h), ground and
pooled before being analysed for their
cobalt content.

2.2. Chemical analyses

Cobalt was analysed by electrothermy
atomic absorption spectrometry after wet-
ashing the samples in a micro-wave in the
presence of nitric acid and hydrogen peroxyde.

Tissue samples were homogenised in an
acetate buffer followed by hydrolysis with
papaine in order to liberate the methyl and
adenosyl- forms of vitamin B12, which are
present in the cytoplasma and the mito-
chondria, respectively. The molecules thus
liberated were then cyanised with sodium
cyanide. Papaine activity was destroyed by
autoclaving for 10 min at 121 °C. True vita-
min B12 content was then quantified by
radio-assay (BioRad kit Quantaphase II)
which used the intrinsic factor (extracted
from the swine stomacal mucosa) as the
binding protein. 

2.3. Statistical analyses

The results of studies No. 1 and 2 were
analysed by analysis of variance according
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to a one-way factorial arrangement of treat-
ments, with the treatment effect being the
main factor. In the study No. 2, a second
analysis of variance was applied excluding
the treatment “Grass Grazing”. The analy-
sis was then conducted according to a two-
way factorial arrangement of treatments.
The model included as main effects the
nature of the diet (grass vs. maize) as well
as walking; the interaction was also tested.
The results of study No. 3 were analysed
according to a two-way factorial arrangement
of treatments using blocks and treatments
as the main effects. Treatment means were
then compared by orthogonal contrasts. For
study No. 1, contrasts were C1: Maize vs.
Grass, C2: Cut Grass vs. Grazing Grass. For
study No. 2, contrasts were C1: Maize (with
or without walking) vs. Grass (cut, with or
without walking, or grazing), C2: Maize
(with or without walking) vs. Cut Grass (with
or without walking), C3: Without walking
(Cut Grass or Maize) vs. with walking (Cut
Grass or Maize), and C4: Grazing Grass vs.
Cut Grass (with or without walking). Con-
trasts for study No. 3 were C1: Grazing Grass

vs. Indoors (Lucerne or Concentrate) and
C2: Lucerne vs. Concentrate. The treatment
means are reported as well as the residual
standard error of the treatment means
(SEM = 

). All statis-
tical analyses were conducted using the
GLM procedure of SAS [14].

3. RESULTS 

3.1. Study No. 1: Comparison of grass 
and maize silage based diets 
on vitamin B12 contents of bovine 
tissues

During the second grazing season (prior
to slaughter), total dry matter allowances
averaged 11.50, 11.60 and 8.49 kg per ani-
mal and per day for the Grazing Grass, Cut
Grass and Maize treatments, respectively,
including the mineral supplement for the
last two treatments (Tab. II). Considering
the cobalt content of feeds which amounted
to 51, 349 and 125 µg·kg–1 DM for the

Table II. Bovine study No. 1: Influence of grass and maize silage based diets on true vitamin B12
concentrations in plasma, liver and Rectus Abdominis (RA) and Semi Tendinosus (ST) muscles. Con-
centrations in tissues are expressed on a wet weight basis. Daily total dry matter (DM) allowances
and dietary cobalt contents are also indicated.

Grass Maize
SEM P value Contrast 1§ Contrast 2§

Grazing Cut silage

DM allowances,

  kg/d/animal 11.50 11.60 8.49

Dietary cobalt,

  µg·kg–1 DM 346 436 166

Vitamin B12 concentrations

 Plasma, pg·mL–1 158.3 112.1 160.2 19.85 0.18 – –

 Liver, ng·g–1 775.6 711.7 541.2 32.4 0.0001 0.0001 –

 Muscle, ng·g–1

RA 12.5 9.3 9.6 0.78 0.02 0.18 0.01

ST 5.7 4.9 5.8 0.87 0.74 – –

§ Contrast 1: Grass (Grazing and Cut) vs. Maize, and Contrast 2: Grazing Grass vs. Cut Grass.

residual mean square number ⁄(
of observations by treatment)
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maize silage, the fresh (cut or grazed) grass
and the rapeseed meal respectively, daily
cobalt allowances differed widely among
treatments. It averaged 4014, 5014 and
1416 µg cobalt per animal and per day dur-
ing that period, for the Grazing Grass, Cut
Grass and Maize treatments respectively.
The cobalt content of the total ration aver-
aged 346, 436 and 166 µg·kg–1 DM in the
same respective order (Tab. II). During the
previous winter season, the cobalt content
of the whole diet was similar for the maize
diet, but 1.6 to 1.3 fold higher for the two
other treatments as a consequence of a high
cobalt content in the grass silage
(530 µg·kg–1 DM), and of the fact that the
animals of the Grazing Grass treatment
received a mineral supplement during the
winter season.

Growth performance was similar across
treatment groups, as planned. The daily
live-weight gains over the whole experimen-
tal period averaged 771 (SD 70), 770 (SD 59)
and 782 (SD 96) g for the Grazing Grass, Cut
Grass and Maize treatment groups, respec-
tively. Final live-weights at slaughter aver-
aged 775 (SD 37), 780 (SD 58) and 791
(SD 90) kg, in the same respective order,
without any significant differences across
treatment groups. 

Despite large differences in cobalt allow-
ances, plasma concentrations in true vita-
min B12 averaged 143.5 pg·mL–1 and were
not significantly modified by the treatments
(Tab. II).

In the hepatic tissue, true vitamin B12
concentrations were high (676 ng·g–1 on
average) and were significantly affected by
the treatments (Tab. II). The concentrations
were 37% higher with the two Grass treat-
ments as compared with the Maize treat-
ment (P < 0.0001). Grazing per se had no
significant effect. 

In muscles, true vitamin B12 concentra-
tions were approximately twice higher in
the Rectus Abdominis (10.5 ng·g–1) than in
the Semi Tendinosus (5.5 ng·g–1) (Tab. II).
A significant treatment effect was noted for
the Rectus Abdominis only which presented

34% higher values with the Grazing Grass
treatment as compared with the Cut Grass
treatment (P < 0.02). 

3.2. Study No. 2: A comparison of grass 
and maize silage based diets 
and influence of physical activity 
on vitamin B12 contents 
of bovine tissues

Total DM allowances averaged 12.31,
12.00, 9.37 and 9.25 kg per animal and per
day during the second grazing season (min-
eral supplement included) for the Cut Grass
without and with Forced Walking, Maize
without and with Forced Walking treat-
ments respectively (Tab. III). For practical
reasons, feed intake of the grazing animals
could not be estimated. Daily cobalt allow-
ances were calculated to average 4284,
4201, 1203 and 1202 µg per animal in the same
respective order, based on the measured
cobalt contents of 15, 269 and 125 µg·kg–1

DM for the maize silage, fresh (cut or
grazed) grass and rape-seed meal and on the
supplemented cobalt. The cobalt content of
the total dietary DM thus averaged 269,
348, 350, 128 and 130 µg cobalt·kg–1 DM
for the Grazing Grass, Cut Grass without
and with Forced Walking, Maize without
and with Forced Walking treatments
respectively (Tab. III). Similar dietary cobalt
contents had been calculated for the second
winter season. 

As for study No. 1 and as planned,
growth performances were similar across
treatments. The average daily gains over the
whole experimental period were 769 (SD 68),
815 (SD 50), 775 (SD 22), 801 (SD 55) and
793 (SD 47) g for the Grazing Grass, Cut
Grass without and with Forced walking,
Maize without and with Forced walking
treatment groups, respectively. Final live-
weights at slaughter averaged 773 (SD 70),
823 (SD 40), 790 (SD 22) and 809 (SD 44),
807 (SD 38) kg, in the same respective order,
without any significant differences across
treatment groups. 
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Plasma concentrations of true vitamin B12
amounted to levels similar to those noted in
study No. 1. They averaged 136 pg·mL–1

and did not show any significant differences
among treatments, despite differences in
cobalt intake (Tab. III). 

Hepatic concentrations in true vitamin
B12 were also similar to those found previ-
ously (644 ng·g–1 on average, Tab. III). In
this study, grass based diets also increased
hepatic concentrations, by 46%, relative to
maize based diets (P < 0.01). On the con-
trary, management practices (grazing or
walking) had no significant effects.

In muscles, true vitamin B12 concentra-
tions were approximately twice higher in
the Rectus Abdominis as compared with those
in the Semi Tendinosus (11 vs. 4.47 ng·g–1

respectively). For a given type of muscle,
no significant effects of treatments could be
detected. 

The second factorial analysis which
excluded the Grass Grazing group con-
firmed previous statistical results obtained

on plasma and hepatic tissue (results not
shown). It allowed to better dissociate the
effects of the diets (Maize vs. Grass) from
those of exercise (with or without walking).
However these effects were not systematic
for both muscles. This analysis indicated that
in the Semi Tendinosus a Cut Grass based
diet resulted in 56% higher vitamin B12 lev-
els (P < 0.04) as compared to a Maize based
diet. Finally, in the Rectus Abdominis a sig-
nificant 14% decrease in true vitamin B12
concentrations was detected as a result of
forced walking (P < 0.03). 

3.3. Study No. 3: A comparison of grass, 
dehydrated lucerne and concentrate 
based diets on vitamin B12 contents 
of ovine tissues

Total DM intake of lambs averaged 747
and 705 g per animal and per day for the
Lucerne and Concentrate treatments
respectively (Tab. IV). Daily live-weight
gains were higher for the lambs fed on
Grass (208 ± 36.0 g·d–1) than for those fed

Table III. Bovine study No. 2: Influence of grass and maize silage based diets as well as physical
activity on true vitamin B12 concentrations in plasma, liver and Rectus Abdominis (RA) and Semi
Tendinosus (ST) muscles. Concentrations in tissues are expressed on a wet weight basis. Daily total
dry matter (DM) allowances and dietary cobalt contents are also indicated.

Grass Maize SEM P value Contrasts

Grazing Without 
walking

With 
walking

Without 
walking

With 
walking

DM allowances,

  kg/d/animal ND* 12.31 12.00  9.37 9.25

Dietary cobalt,

  µg·kg–1 DM 269 348 350 128 130

Vitamin B12 concentrations

Plasma, pg·mL–1 155.3 124.0 129.4 102.5 171.0 29.07 0.50 –

Liver, ng·g–1 699.8 782.1 729.1 509.8 498.7 56.51 0.01 C1: P < 0.001

Muscle, ng·g–1

RA 11.2 11.7 11.2 11.8 9.1 0.67 0.07 –

ST 4.2 5.8 5.8 3.9 3.6 0.84 0.23 –

* ND: not determined.
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on Lucerne (144 ± 18.4 g·d–1) or Concen-
trate (147 ± 35.8 g·d–1). As planned, final
live-weight at slaughter was also higher for
the Grass fed animals (37.7 ± 3.00 vs. 34.0 ±
2.21 and 35.3 ± 1.53, in the same respective
order).

Cobalt content of the feeds averaged
36 µg·kg–1 DM for the grazed grass, 2565
and 2346 µg·kg–1 DM for the Lucerne and
Concentrate, respectively (Tab. IV). Cobalt
intake could only be calculated for the
indoor fed animals. It averaged 1916 and
1654 µg per animal and per day on the
Lucerne and Concentrate treatments respec-
tively.

Plasma concentrations in true vitamin
B12 (Tab. IV) averaged 260 pg·mL–1 in
lambs fed at pasture, but were significantly
higher in lambs fed indoors with either
Lucerne or Concentrate (4005 pg·mL–1,
P < 0.0001). The concentrations were sim-
ilar between muscles (Tab. IV), 9.1 ng·g–1

for the Semi Tendinosus and 8.1 ng·g–1 for
the Longissimus Dorsi. For both muscles,
the animals on the grazing treatment

showed 35 to 42% lower concentrations
than the animals fed indoors (P < 0.01).

4. DISCUSSION 

Considering that cobalt is the obligatory
precursor of vitamin B12 synthesis in the
rumen and that cobalt intake is determinant
for the vitamin B12 status of the animal, it
is thus necessary to first comment on the
cobalt allowances of the animals before dis-
cussing the specific effects of the treat-
ments on tissue true vitamin B12 levels.

4.1. Cobalt allowances and tissue 
vitamin B12 concentrations

As aforementioned, the cobalt allowances
had not been equalised across experimental
treatments. On the contrary, cobalt allow-
ances had been intentionally set by the usual
on-farm practices of mineral supplementa-
tion applied to the meat stock in France. In
practice, when animals are fed indoor with

Table IV. Ovine study No. 3: Influence of grass, dehydrated lucerne and concentrate based diets on
true vitamin B12 concentrations in plasma, and Longissimus Dorsi (LD) and Semi Tendinosus (ST)
muscles. Concentrations in tissues are expressed on a wet weight basis. Daily total dry matter (DM)
allowances and the dietary cobalt contents are also indicated.

Grazing Lucerne Concentrate SEM P value Contrast 1 Contrast 2

Grass

DM allowances,

  g/d/animal ND* 747 705

Dietary cobalt,

  µg·kg–1 DM 36 2565 2346

Vitamin B12 concentrations

Plasma, pg·mL–1 259.5 3653.1 4356.4 378.24 0.0001 0.0001 0.21

Muscle, ng·g–1

LD 5.5 9.9 9.0 0.37 0.0001 0.0001 0.12

ST 6.7 10.4 10.3 0.81 0.01 0.01 0.90

Contrast 1: Grazing Grass vs. lucerne, concentrate, Contrast 2: lucerne vs. concentrate. 
* ND: not determined.
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forage or on-farm produced feeds, mineral
supplementation is considered as a whole,
thanks to the use of preset mixtures of
macro plus trace minerals and vitamins.
Supplement allowances are then dictated in
priority by the requirements and supply of
major minerals such as calcium and phos-
phorus. When animals are grazing, miner-
als may be supplemented as licking blocks.
In both cases, little attention is paid to the
optimum supply of each individual trace
mineral within the whole diet. The objec-
tive is then to provide minimum levels of
minerals to theoretically avoid any risk of
deficiency. Feed manufacturers, however,
design concentrates that are usually enriched
in most minerals. The present experimental
choice of not controlling a priori the cobalt
allowances was made in order to evaluate
the impact of the usual different manage-
ment and feeding practices on vitamin B12
content in meat. 

In the present experiments, the range of
cobalt content in the total rations was wide,
varying from 1 to 3.4 fold in the bovine studies
and from 1 to 70 fold in the ovine study.
Despite this variability, the cobalt allow-
ances complied with the levels usually rec-
ommended to avoid deficiencies (110 µg
cobalt·kg–1 DM, [15]) in all treatments
except for the Grass Grazing lambs in study
No. 3. For that treatment, cobalt allowances
were 67% below the deficiency threshold.
However if the higher and more recent
cobalt allowances are considered, such as
those determined by Stangl et al. [16] in
growing cattle (250 µg cobalt·kg–1 DM),
then the Maize diets would also be cobalt
deficient in studies 1 and 2. 

Two indicators are generally used to
determine the cobalt status of the animals.
First, the plasma vitamin B12 concentra-
tions, which are modified by the short term
changes in vitamin B12 absorption and sec-
ond the level of the body stores in vitamin
B12 which are located for 60% in the liver
[2, 17]. These two indicators are poorly cor-
related [17, 18] and are therefore comple-
mentary to each other.

In the bovines, no obvious cobalt defi-
ciency was apparent from the combination
of the two indicators. Indeed all measured
hepatic levels in true vitamin B12 were
above deficiency thresholds (200 ng·g–1

[15] or 350 ng·g–1 in steers, [16]) even for
the Maize treatments. Plasma vitamin B12
concentrations (varying between 103 and
158 pg·mL–1) were, for all treatments, sur-
prisingly below the theoretical thresholds
of cobalt deficiency (200 pg·mL–1, [15]) or
even below the threshold determined exper-
imentally in one year old steers fed a cobalt
deficient diet (295 pg·mL–1) [16] probably
because of blood sampling being carried
out after an overnight fast. Also, no rela-
tionship was noted between plasma vitamin
B12 concentrations and dietary cobalt
allowances on the contrary to recent find-
ings by Stangl et al. [16] and Tiffany et al.
[19]. No clear explanation can be given for
these contradictory results. Thus, in the
present experiments the two indicators did
not converge, suggesting that vitamin B12
stores were probably sufficient to compen-
sate for any low levels of vitamin B12
absorption. No cobalt deficiency can thus
be clearly suspected in the bovines.

In the ovines (study No. 3), however,
differences in cobalt status could be sus-
pected even though hepatic concentrations
in vitamin B12 were unfortunately not
available. Indeed, in lambs fed Lucerne or
Concentrate, plasma levels were extremely
high. They were similar to those measured
in ewes fed a mixed diet containing grass
silage and a limited amount of concentrate
[20] and higher than those measured in pas-
ture-fed, cobalt-supplemented lambs [21].
These high levels are compatible with known
species differences in cobalt non-deficient
ruminants, with much higher serum levels
in ovines than in bovines [7]. They clearly
suggest that on those two treatments cobalt
allowances were not limiting. However,
Grass Grazing lambs showed plasma vita-
min B12 levels which were only slightly
above the deficiency threshold (259 vs.
200 pg·mL–1) [15]. For that treatment, the
grass was cobalt deficient. Free access to a
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mineral licking block was provided, however
no observations were made as to whether
the lambs used the licking block. Present
plasma results suggest a limited intake of
supplementary cobalt, leading to a cobalt
status which may be borderline with (sub-)
deficiency.

Hepatic vitamin B12 levels are known to
respond quadratically to dietary cobalt [16].
Indeed in growing cattle, hepatic levels
increased with cobalt intake up to a plateau
once dietary cobalt reached 205–236 µg·kg–1

DM; this broken point was considered to
indicate the cobalt requirement [16]. In the
present bovine studies, vitamin B12 content
in the liver clearly increased with the cobalt
level in the whole diets (Fig. 1), across treat-
ments. Dispersion of data was inadequate to
attempt establishing linear or curvilinear
responses. However, data strongly indicate
that when dietary Co content was between
the lower [15] and the upper [16] thresholds
of requirements, hepatic vitamin B12 levels
were approximately one third lower than
when dietary Co content was above those
thresholds (Fig. 1). These effects are coher-
ent with the fact that hepatic stores consti-
tute the main body reserve in vitamin B12.
On the contrary, vitamin B12 concentra-

tions in the muscle were not clearly and sys-
tematically affected by the dietary treatments
in bovines (Fig. 2). In ovines, vitamin B12
levels in muscles were significantly reduced
in the Grazing animals which also presented
the lowest cobalt allowances. Consequently,
it seems that when cobalt allowances are
(sub-)deficient, hepatic vitamin B12 levels
are reduced and when those allowances are
even lower, muscle vitamin B12 levels may
also be reduced. The extent of vitamin B12
storage in muscles might be affected after
a given level of hepatic depletion. The latter
threshold would remain to be determined. 

The present results on cobalt allowances
and tissue vitamin B12 concentrations dem-
onstrate that in practice cobalt allowances
varied extremely widely from (sub-)deficient
to plethoric amounts. Recommendations in
trace mineral allowances are not correctly fol-
lowed by producers and feed manufacturers.
In addition, the discussion on threshold lev-
els suggests that the recommendations for
optimum cobalt requirements would proba-
bly need to be up-dated and that the possible

Figure 1. The influence of the average cobalt
content in the total dietary dry matter on mean
hepatic true vitamin B12 level (expressed on a
wet weight basis) in bovines. Thresholds of
cobalt requirements defined either as 110 µg
Co·kg–1 DM by Underwood [14] or as 250 µg
Co·kg–1 DM by Stangl et al. [15] are indicated.

Figure 2. The influence of the average cobalt
content in the total dietary dry matter on mean
muscular true vitamin B12 level (expressed on
a wet weight basis) in bovines and ovines.
Thresholds of cobalt requirements defined
either as 110 µg Co·kg–1 DM by Underwood
[14] or as 250 µg Co·kg–1 DM by Stangl et al.
[15] are indicated. The abbreviations RA, ST
and LD stand for Rectus Abdominis, Semi
Tendinosus and Longissimus Dorsi, respectively.
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influence of cobalt allowances on hepatic
and muscular vitamin B12 levels should be
clarified. 

4.2. Treatment effects on tissue 
vitamin B12 concentrations

As for nutritional treatments, in the
bovine studies, hepatic vitamin B12 levels
were significantly higher with Grass based
diets as compared with Maize based diets.
In muscles, a similar dietary effect was
noted in the ST only (study No. 2 only). No
dietary differences were noted in RA. These
treatment effects are clearly biased by dif-
ferences in cobalt allowances as discussed
above. It was not possible to decide whether
the treatment effects were due to differ-
ences in cobalt intake or to forage effects.
Indeed, the present results were also coher-
ent with the known increase in ruminal
microbial synthesis of true vitamin B12
with the proportion of forage in the diet [9,
10, 22]. However, the ruminal fermentation
profiles of the two types of diet were prob-
ably not sufficiently different [13, 23] to
induce different hepatic requirements in
vitamin B12 [7]. In the ovines, the only sig-
nificant treatment difference (Grass vs.
Lucerne and Concentrate) was associated to
differences in cobalt intake. 

As for the influence of physical activity,
it had been assumed that any oxidative
stress applied to the animals, such as an
increase in physical activity, could increase
vitamin B12 requirements at the tissue
level, especially in the muscle. The duration
of the controlled physical activity applied
here (1 h of forced walking daily) was cho-
sen on the basis of the measured increment
of time grazing animals (on a rotative graz-
ing) spent walking as compared with indoor
fed ones (D. Dozias, unpublished observa-
tions). The present results showed a signif-
icant effect of exercise in only one muscle,
and the extent of this effect was limited. It
is thus likely that the intensity of walking
applied here was insufficient in itself to
induce an oxidative stress which would
reduce tissue vitamin B12 stores. 

As a conclusion, the treatments applied
which represented different management
practices of beef cattle and growing lambs
significantly affected hepatic, and to a very
limited extent muscular, vitamin B12 levels,
but those treatment effects seemed essen-
tially related to variations in cobalt allow-
ances.

4.3. Muscle differences in tissue 
vitamin B12 concentrations

One interesting and original outcome
from these results is the clear impact of the
type of muscle on true vitamin B12 levels.
In the present work, the muscles to be sam-
pled were selected on the basis of their met-
abolic characteristics and of their interest in
retail. In bovines, the Rectus Abdominis is
an oxidative type muscle and it showed con-
centrations which were double (10.8 vs.
5.0 ng·g–1) those of the Semi Tendinosus
which is a glycolytic type muscle [24]. In
ovines, the Longissimus Dorsi and the Semi
Tendinosus are both mixed type muscles,
the Longissimus Dorsi being slightly more
oxidative than the Semi Tendinosus [25].
Concentrations in those oxido-glycolytic
muscles in non-Co-deficient lambs were
close to those measured for the more glyc-
olytic muscle in bovines. Large differences
in muscle metabolism, such as those noted
between the RA and ST in bovines, are prob-
ably required to induce large differences in
vitamin B12 contents. To our knowledge,
such differences have not been previously
reported. 

A known structural difference between
oxidative and glycolytic type muscle fibres
is their content in the mitochondria, which
is more elevated in oxidative fibres [26].
The adenosyl form of vitamin B12, which
in humans is the major cellular form, is pref-
erentially located in the mitochondria, being
associated to methylmalonyl-CoA-mutase,
while the methyl form of vitamin B12 is
located in the cytosol in association with
methionine synthase [3, 27–29]. Differ-
ences in vitamin B12 contents between the
different types of muscles might thus be
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attributed to the adenosyl form in the mito-
chondria. This coenzyme is active in the
metabolic pathways for the catabolism of
some branched amino acids. Those differ-
ences would be coherent with the fact that
protein turnover, and thus amino acid catab-
olism, is higher in oxidative type muscles
than in more glycolytic ones [30]. Another
hypothesis may simply relate to the higher
vascularisation of oxidative fibres [26]
which would favour substrate supply, uptake
and storage. 

It is now well known that muscle char-
acteristics are modified by numerous man-
agement factors (breed, sex, age, growth
path, nature of the diet, …) [26]. It would
be interesting to determine to what extent
vitamin B12 content in the muscle could
also be modified. 

4.4. Average concentrations in tissue 
vitamin B12

A last striking observation is that the true
vitamin B12 contents of muscles, whether
they are measured in bovines or in ovines
(0.5 to 1 µg·100 g–1 fresh raw muscle tis-
sue) are generally lower than the values
published previously for miscellaneous raw
beef or bison muscle (ranging from 1.3 to
2.7 µg·100 g–1) [31–33] and clearly lower,
by 2 to 6 fold, than the levels reported in the
Tables of Feed Composition for Humans
(2 to 3 µg·100 g–1 of cooked meat) [34]. No
clear explanation is presently available.
From the present results, it is obvious that
the variability of vitamin B12 content
between the muscles should be more fully
explored. The impact of cooking on tissue
vitamin B12 levels is also clearly possible.
From previous reports, cooking was shown
to increase tissue vitamin B12 content when
expressed on an as is basis, as a result of
water and fat loss from the meat sample
[35]. However, the effect of cooking on the
variability of tissue vitamin B12 content is
not known. 

The impact of methodological differ-
ences on the observed discrepancies should

also be considered. The specificity of the
analytical methods used to determine tissue
vitamin B12 levels (whether they detect the
biologically active forms only or also the
inactive ones) may be involved. However,
in body tissues, active forms of vitamin B12
are predominant. Indeed, vitamin B12 is
transported in the cells by transporters
which are specific to the biologically active
forms [36]. Walker and Elliott [9] reported
that the inactive forms of vitamin B12 were
not significantly detected in hepatic cells
nor in milk. In the present studies, prelimi-
nary tests confirmed that the inactive forms
represented only 3% of total vitamin B12 in
ovine muscles (unpublished observations).
Such would not be the case in blood [10].
Differences in accuracy and fidelity among
methods are likely to be involved in the
above mentioned discrepancies, even though
they are difficult to compare. In any case,
this aspect requires to be clarified because
of its possible impact on human nutrition. 

4.5. Implications

On the basis of the present results, it may
be calculated that the consumption of a raw
liver portion of 100 g would cover approx-
imately 30 fold the recommended intake in
vitamin B12 for humans (which averages
2.4 µg·d–1) [37]. By contrast, 100 g of raw
meat would supply 46 to 20% of the recom-
mended intake depending on whether the
meat would come from an oxidative or gly-
colytic type muscle. Considering the impact
of cobalt intake on liver values and the
range of variation measured within muscle
tissues, it would be worth investigating the
influence of production factors on vitamin
B12 levels in meat. 
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