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Vitamin B12 in dairy:
Vital for brain health

Introduction

itamin B12, also known as cobalamin, is common-
ly deficient in populations which consume low
amounts of animal source foods, school-age children,
pregnant women and the elderly. Research has
demonstrated that the vitamin B12 contained in
dairy products, and particularly in milk, is more bioavailable
and has the strongest correlation with blood levels of vitamin
B12 compared to other animal source foods. Observational
research has also shown correlations between vitamin B12
deficiency and cognitive decline and/or neurodegenerative
diseases, emphasising the maintenance of adequate
dietary levels of vitamin B12 throughout life for g
healthy brain ageing.

Absorption of dietary
vitamin B12

Vitamin B12 is a water-soluble
vitamin bound to protein in
food, which must be released
from food by pepsin digestion
in the stomach. The absorption
of dietary vitamin B12 also
requires the formation of a
complex with R-proteins (such
as haptocorrins and cobala-
philin) in the stomach and link-
age to intrinsic factors secreted by the stomach.'?

The absorption of dietary vitamin B12 can be impaired by some
medications, such as anti-convulsants, alcohol, potassium-con-
taining products, cimetidine, ranitidine, aminosalicylic acid and
proton pump inhibitors.2

Functions of vitamin B12

Vitamin B12 functions in two coenzyme forms: as a coenzyme
for a critical methyl transfer reaction that converts homocys-
teine to methionine (Figure 1) and for a separate reaction that
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Figure 1 Homocysteine cycle?

converts L-methylmalonyl-coenzyme A (CoA) to succinyl-CoA.
These forms play important roles in the metabolism of
propionate, amino acids, and single carbons, steps essential for
the normal metabolism of cells in the gastrointestinal tract,
bone marrow, and the tissues of the nervous system. An
adequate supply of B12 is therefore essential for normal blood
formation and neurological function. Other functions include a
role in folate metabolism, biosynthesis of nucleic acids and
nucleoproteins, and growth.3

Dietary Reference Intakes

The Recommended Dietary Allowances (RDAs) are the
average daily dietary nutrient intakes that are suffi-
cient to meet the nutrient requirements of nearly all
(97% to 98%) healthy individuals in a particular life
stage and [sex] group. The RDA of vitamin B12 for
adults is 2.4 pg/ day, based on the amount needed for

the maintenance of haematological status and nor-
mal serum vitamin B12 values, and an assumed ab-

sorption of 50%. There is no Tolerable Upper Intake

Level (UL) for vitamin B12 due to insufficient scientific

evidence. The RDAs for different age

groups are given in Table 1. Ade-

quate intakes (Al) are given for
infants.

Aging is one of the factors
that affects vitamin B12 re-
quirements. The RDA for
adults makes provision for con-
siderable body stores due to the pre-
valence of achlorhydria (decrease in gastric
acidity), presence of atrophic gastritis and of bacterial overgrowth
accompanied by food-bound B12 malabsorption, compromised
functional and structural integrity of the B12 binding proteins, and
of pernicious anaemia with ageing, especially in those older than
60 years of age.'

Table 1: Recommended intakes of vitamin B12 according to
age groups?

Infants < 6 months 0.4 ug (Al)
Infants 7-12 months 0.5 pug (Al)
Children 1-3 years 0.9 ug
Children 4-8 years 1.2 ug
Children 9-13 years 1.8 ug
Adults > 14 years 2.4 ug
Pregnancy 2.6 ug
Lactation 2.8 ug

RDA: Recommended Dietary Allowances; Al: Adequate Intake

Dietary sources and vitamin B12 content

Although vitamin B12 is synthesized by microorganisms in the
colon, this vitamin B12 is not absorbed from the colon. Animal
sources should therefore be consumed to obtain sufficient
vitamin B12 from the diet to meet the daily requirement. Animal



products are the richest sources of vitamin B12 in the human
diet, especially liver and kidney, milk, eggs, fish, cheese and
muscle meats (Table 2). Foods of plant origin contain no vitamin
B12 beyond that derived from contamination or bacterial
synthesis.

Table 2: Vitamin B12 content and bioavailability of dietary
sources*

Animal meats

Mutton, cooked 56%-89% 2.6
Chicken, cooked 61%—-66% 9.4

Dairy

Cow’s milk 65% 0.4

Eggs 9% 1.3
Shellfish

Oyster 46.3, 28.1
Mussel 15.7,10.3
Short-necked clam* 37.0,524
Fish meats

Skipjack, dark muscle* 158.5
Yellow fin tuna, dark muscle 52.9
Rainbow trout, cooked 42.0% 49

* Foods that are not well known in South Africa

Bioavailability of vitamin B12 in cow’s milk

Although the vitamin B12 content of milk is not high compared
to other animal sources (Table 2), the vitamin B12 in milk has
been found to be highly bioavailable.>6

A study by Matte et al.> used pigs as a model to estimate the
bioavailability of vitamin B12 in humans. The digestive system
of the pig resembles that of humans in terms of anatomy,
physiology, absorption and metabolism. These authors con-
cluded that vitamin B12 naturally present in cow’s milk, is more
available than cyanocobalamin, the most commonly used syn-
thetic form of vitamin B12. Zittoun’ also reported that the
bioavailability of the synthetic form of vitamin B12 is poor (<4%)
in humans and animals. Russel et al. directly measured vitamin
B12 absorption from milk in adult subjects by using extrinsically
(58Co) labeled vitamin B12. Mean absorption from milk was
reported as 65%, ranging from 48 to 88%.

Vitamin B12 status and dairy consumption

Observational studies in humans not only show high correla-
tions of vitamin B12 status with dairy product intake but also
suggest a higher bioavailability of the vitamin from dairy
products.81

Tucker et al.s examined the association between vitamin B12
status and intake source among 2999 subjects aged 26-83 years
participating in the Framingham Offspring Study. Results
showed that the group in the highest tertile of vitamin B12 intake
from dairy foods consumed about twice the average total
vitamin B12 than did the group in the lowest tertile. The study
also found that the relationship between plasma concentrations
of vitamin B12 and its intake from dairy products was higher than
the relationship with the intake from meat, poultry or fish.8

A cross-sectional, population-based study investigated the re-
lation of dietary intake of different food items with plasma vita-
min B12 concentrations in the Norwegian population. Plasma vi-
tamin B12 was associated with intakes of increasing amounts of
vitamin B12 from dairy products or fish but not with intakes of

vitamin B12 from meat or eggs. For the same content of vitamin
B12, intake from dairy products led to the greatest increase in
plasma vitamin B12. Total intake of vitamin B12, particularly from
milk and fish, decreased the risk of vitamin B12 concentrations
<200 pmol/L and impaired vitamin B12 function in the total
group and in 71-74-year-old subjects.’?

Vitamin B12 status among vegetarians was also correlated with
dairy intake. Vitamin B12 status was assessed in a group of 110
adults and 42 children from a macrobiotic community in New
England. Vitamin B12 status of vegetarians was positively
correlated with their intake of dairy products, especially milk,
but not of eggs or seafood.'®

A cross-sectional study in low- and middle-income Colombian
children aged 5-12 years, showed that plasma vitamin B12 was
strongly, positively associated with a pattern that included
frequent intake of beef, chicken, and dairy products in a dose-
response manner. The researchers concluded that low vitamin
B12 status is associated with marginal intake of animal food."

Experimental studies support the associations found in ob-
servational studies, showing that the consumption of milk and
milk products significantly increased vitamin B12 intake'? and
blood levels'3 of vitamin B12 in adults and undernourished
children, respectively.

In the study by Bar et al.12 adults consuming 3 cups of milk per
day for 12 weeks significantly increased their vitamin B12
intakes. Milk (200-250 mL/d) given to undernourished school
children (aged 5-14 years) during one school meal daily in a
rural malaria-endemic area of Kenya, also significantly increased
their vitamin B12 concentrations after one year. The prevalence
of severe, plus moderate deficiency, also fell from 71.6 to
45.1%."3

Vitamin B12 deficiency

Vitamin B12 deficiency is a common cause of megaloblastic
anaemia, which is related to a secondary folate deficiency.
Vitamin B12 deficiency also produces neurologic abnormalities
with the following symptoms: numbness, tingling and burning
of the feet, stiffness and generalized weakness of the legs,
neurologic disorders including impaired mentation, and de-
pression. Prolonged deficiency can cause permanent nerve
damage.” The causes of vitamin B12 deficiency are summarised
in Table 3.

Vitamin B12 and Cognition

Methyl acceptors such as myelin, neurotransmitters, and mem-
brane phospholipids are essential for maintaining
the integrity of the nervous and haemato-
poietic system. Methyl acceptors re-

ceive their methyl group (CH3)

when methionine, an essential

amino acid, is activated to S-
adenosyl-methionine in the

methionine cycle. Vitamin

B12 is required for the
methylation of homo-
cysteine to methionine
(Figure 1). Insufficient
vitamin B12 disrupts
this cycle resulting in
intracellular accumu-
lation of homocysteine
which is potentially
toxic to neurons.?
Homocysteine can cause
neuronal death or vascular 'S
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Table 3: Causes of vitamin B12 deficiency'#

Achlorhydria
Vegetarianism
Crohn’s disease

Inadequate release from food
Inadequate dietary intake

poor absorption
H.pylori infection

of the vitamin
Metformin use
Pernicious anaemia

intrinsic factor or the parietal cells
Pregnancy >28 days
Genetic
predisposition

or enzyme activities

damage that can affect cognitive function.” Hyperhomo-
cysteinaemia has been shown to be an independent risk factor
for cognitive dysfunction.’® Both vitamin B12 deficiency and
raised homocysteine levels have been associated with cognitive
decline and neurodegenerative diseases.>'618 A recent sys-
tematic review concluded that low serum vitamin B12 levels
are associated with neurodegenerative diseases (Alzheimer’s
disease, vascular dementia, and Parkinson’s disease) and cog-
nitive impairment.'* However, experimental trials have not yet
provided any clear evidence repetition that supplementation
with vitamin B12 and / or folate improves dementia or slows
cognitive decline, even though it might normalise homocysteine
levels.215-18

The evidence thus far implicates vitamin B12 as an important
vitamin for maintaining proper metabolism of homocysteine.
As an important dietary source of vitamin B12, dairy products are
likely to play an important role in ensuring adequate homo-
cysteine metabolism, particularly during ageing.'”

Conclusion

Milk and dairy products provide a highly bioavailable source of
vitamin B12 which can significantly contribute to dietary vitamin
B12 intakes. The dairy recommendation of “three servings a day”
is sufficient to meet the recommended dietary allowance for
normal healthy people, while possibly providing additional pro-
tection against low plasma vitamin B12 status and decreasing
the risk of neurodegenerative diseases.
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