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Abstract

Background

Milk contains the natural form of vitamin B12, hydroxo-B12 (HO-
B12), whereas vitamin pills contain the synthetic form, cyano-B12
(CN-B12). Here we compare the absorption of CN-B12and HO-
B12, dissolved in milk products or water.

Methods

Male Wistar rats (n = 42) were fed a B12-deficient diet for 10
days before given an oral dose of (*’Co) -labeled CN-B12 (only
in water) or HO-B12 dissolved in Indian buffalo milk, Italian
buffalo milk, bovine whey, bovine casein solution or water; (n = 7
in each group). Feces and urine were collected for 24 hours and
measured for labeled B12 using a gamma counter. The amount
of B12 absorbed was calculated as the B12 administered minus
the B12 excreted in feces. Results are expressed as percentage
of the given dose.

Results

Equal amounts of labeled B12 were excreted in the feces when
supplying CN-B12 andHO-B12 in water, HO-B12 in Indian buffalo
milk, bovine whey or bovine casein solution (~15% of the given
dose within the first 24 hours). Only HO-B12 added to buffalo
milk from Italy showed a higher fecal excretion as compared to
CN-B12 in water (p = 0.038), possibly explained by the presence
of a haptocorrin-like B12-binding protein in the milk. All groups
excreted less than 1% of the administered B12 in the urine within
the first 24 hours, yet with a significantly higher excretion of CN-
B12 than HO-B12 (p = 0.016).

Conclusions
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Judged from the presented data, B12 is absorbed from

Indian buffalo milk to the same extent as from bovine
dairy fractions and water. B12 added to ltalian buffalo
milk is bound to a B12-binding protein and absorbed
slightly less efficiently.

Abbreviations

B12: Vitamin B12, CN-B12: Cyano-B12, HO-B12:
Hydroxo-B12, cpm: Counts Per Minute

Introduction

Buffalo milk is popular in South Asia (India, Pakistan, and
China] and Italy, but little is known about the bioavailability
of vitamin B12 (B12) in buffalo milk.

Cow’s milk is an important source of B12 [1-3], and is
believed to have a higher bioavailability of B12 than other
food items, such as fish, meat, and eggs [2,4]. One study
in pigs even suggests that cow’s milk, which contain the
natural forms of B12, such as hydroxo-B12 (HO-B12)
[5], is absorbed better than free cyano-B12 (CN-B12) in
vitamin pills [6].

Male Wistar rats
n=42

10 days on
B12-deficient diet

1 pmol oral radiolabeled B12

CN-B12 || HO-B12 || HO-B12 || HO-B12 || HO-B12 || HO-B12
inwater || inwater || inbufIN | inbufIT || inwhey ||incasein
n=7 n=7 n=7 n=7 | n=7 n=7

24 hours collection of feces and urine

Figure 1: Study design. Rats (n = 42) were fed a B12-

deficient diet for 10 days before given an oral dose of

radioactive CN-B12 or HO-B12 in water or various milk
solutions.
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Absorption of B12 depends on degradation of the food
matrix by gastric acid and a mixture of digestive enzymes.
This step is crucial, as the vitamin needs to be liberated
fromthe food proteinsto be absorbed[7]. Incow's milk, B12
is bound partly to the B12-binding protein transcobalamin
and partly to the casein fraction (ratio 50:50) [8,9]. Cow’s
milk is expected to be an unproblematic carrier of B12,
because (i) transcobalamin easily releases B12 at the acid
pH of the stomach [9,10], and (i) transfer of B12 from its
casein complex to the proteins of intestinal B12 transport
is sufficiently fast at 37 °C [9]. Milk from other species,
e.g. humans and pigs [11,12], contain haptocorrin, which
is more resistant toward low pH [10], and to some extent
also toward enzymatic degradation [13]. The binding
patterns of B12 in buffalo milk are not known to date.

Employing a rat model, we have previously shown that
HO-B12 added to cow’s milk is absorbed as efficiently as
free CN-B12 and HO-B12 [14,15]. Here we employ a B12-
depleted rat model to explore the acute absorption of B12
from two types of buffalo milk and compare the results to
the absorption of B12 added to water or the two fractions
of dairy; whey and casein.

Materials and Methods

Animals

Male Wistar rats (RjHan: WI) (n = 42) from Janvier
Labs, France, were used for the experiment (seven
weeks old upon arrival to the animal facility). The study
was authorized by the Danish Animal Experimental
Inspectorate in agreement with the EU directive 2010/63/
EU on animal experiments (approval number: 2076-
15-0201-00984) and conducted at the animal facility
at Health Faculty, Aarhus University, Denmark. The
institutional and national guidelines for care and use of
animals were followed, and the rats were checked daily
for any health and welfare problems.

The rats were housed in pairsin standard cages (Makrolon
1291 H type Il H, 800 cm? Techni plast, Italy) in a
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controlled environment (20.0 + 0.5°C; 60% humidity) with
a 12-hour light-dark cycle. Bedding material (asp chips,
Tapvei, Finland) and soft paper wool (LBS biotech, United

Kingdom) were changed daily. The rats had two weeks
of acclimatization in the animal facility before initiation of
the experiment. During this time, the rats were kept on
a standard stock rat fodder (Altromin 1324, Brogaarden,
Lynge, Denmark) containing 24 ug/kg CN-B12. All rats
had free access to food and water before and during the
study.

Study design

The design is outlined in Figure 1. Fourty-two male
rats were fed a B12-deficient diet (Altromin C1024,
Brogaarden, Denmark) for 10 days to obtain a suboptimal
B12 status. At this point, the rats were randomly allocated
to six groups (n = 7 in each), and given an oral dose of
radioactive CN-B12 (¥Co) CN-B12) or HO-B12 (*’Co)
HO-B12) either in water or in four different milk-derived
solutions (see Figure 1 and below). This was done by
gastric gavage using a 20-gauge needle. The rationale
for choosing this technique for oral administration was
to ensure that all rats received the exact same amount
of labeled B12. Following the oral dose, the rats were
transferred to separate metabolic cages (Scanbur
3700M061, Tecniplast, Italy), and 24-hoursfeces and
urine were collected, weighed, and stored a -80K until
analysis. The contents of radioactivity in feces and
urine were measured by gamma counting using the
Wizard Automatic Gamma Counter (Perkin Elmer) and
expressed as counts per minute (cpm) or as fraction of
the administered dose.

Subgroups and solutions for oral administrations

For all groups, the rats received 1 pmol radiolabeledB12
(approx. 180000 cpm) in 0.5 ml water/milk solution.
Commercially available (*Co) CN-B12 (1.75 uCi/ml and
0.41 pCi/pmol CN-B12) (MP Biomedicals, Ohio, USA,
catalogue no. 06B-430000) was used. (*’Co) HO-B12
was made from (*Co) CN-B12 as previously described
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[14]. Solutions of (*Co) CN-B12 and (¥Co) HO-B12
was prepared 24 hours before the experiment. The
labeled B12 was adjusted to the desired concentration
by addition of unlabeled CN-B12 (cyanocobalamin,
Sigma-Aldrich, Denmark) or HO-B12 (Vibeden, Sandoz,
Denmark). Milk-bound (*Co) HO-B12 was prepared by
incubating (¥Co) HO-B12 with different milk solutions.
To allow for the binding between (¥Co) HO-B12 and B12-
binding components (if any are present), all mixtures
were incubated for two hours at room temperature and
then over-night at 4°C. The exact amount of radioactivity
(in cpm) administered to each group was measured by
gamma counting of a test aliquot (0.5 ml). To reduce the
bias from potential inaccuracies in the oral administration
procedure, the test aliquot was collected by imbibing
0.5 ml solution with the gastric gavage needle in the
same manner as for oral administration in a rat and then
transferring the content into a test tube.

The Indian buffalo milk was purchased from Chitale dairy,
Pune, India, as a freeze-dried powder and redissolved in
water to match the original volume. The Italian buffalo
milk was collected from a commercial herd in the province
of Macerata, Italy. The Italian buffalo milk samples were
obtained from the morning milking, cooled at 4°C, and
transported to our laboratory within three days. Both
types of buffalo milk were used without dilution. The whey
solutionwas made fromabovine whey protein concentrate
(Arla Food Ingredients Group P/S, Denmark) with a high
content of bovine transcobalamin fully saturated with
endogenous B12 but did not contain casein and with a
reduced content of alpha-lactalbumin (as stated by the
manufacturer). The powder (1g) was dissolved in 10 ml
water and further diluted 1:2 with water prior to use. The
casein solution was made by subjecting 80 ml of skim
milk from a Danish supermarket to ultracentrifugation at
100000 x g for T hourat 4°C. The obtained pellet contained
the casein fraction at the top and milk fat globules at the
bottom. The top fraction of caseins was suspended in
50 mMNaCl (48 MI) and heated at 65°C for 30 minutes.
The preparation was briefly centrifuged (5 minutes at
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5,000 x g), and the concentration of protein in the turbid

supernatant was measured after a strong dilution (1:100)
with TM NaCl, 0.1 M Tris pH 7.5, where the micelle was
dissolved. The absorbance coefficient of E280 = 0.866
AU-ml-mg-1 was used [9]. Presence of the high molecular
aggregate of caseins was confirmed by gel filtration (not
shown) as described earlier [9]. The solution (40 mg/ml
micelle-dissolved casein) was diluted 100 times prior to
usage.

Statistical methods

The number of animals in each group (n = 7) was based
on power calculations using a multiple linear regression
model showing a statistical power of 80% (a = 0.05). The
calculations were based on an earlier study showing 22%
accumulation of (*Co) CN-B12 out of the given dose in
feces within the first 24 hours after oral administration
[14], and a wish to detect mean differences (increase or
decrease) > 15% in the groups receiving (*’Co) HO-B12 in
water or various milk fractions.

Results are given as the percentage of the cpm of the total
administered dose per rat. The number of rats in each
group did not allow for determination if data followed
the Gaussian distribution. For this reason, differences in
means between groups were determined using the non-
parametric Mann Whitney test. Values of p < 0.05 were
accepted as statistical significant. The data analysis
was performed using the statistical software available in
Graph Pad Prism version 7.03.

Results

We explored the 24-hour fecal excretion after orally
administered (*Co) CN-B12 (in water) and (*’Co) HO-
B12 (in water or milk solutions)using a B12-depleted rat
model. There was no weight difference between the six
groups of rats (data not shown) that all weighed 309
(278-360) g (median and) range)) (n = 42) at the end of
the experiment.

Copyright © Eva Greibe

Fecal excretion of CN-B12 and HO-B12 administered in
water and milk solutions

We measured the amount of radioactivity recovered in
the feces 24 hours after oral administration of labeled
B12 to rats (Figure 2). No difference was observed
betweenCN-B12 and HO-B12 dissolved in water, or when
HO-B12 was administered in Indian buffalo milk, a whey
matrix or a casein solution. Only B12 in Italian buffalo milk
showed a higher 24-hour fecal excretion (Figure 2).

Urinary excretion of CN-B12 and HO-B12 administered
in water and milk solutions

Less than 1% of the administered labeled B12 was
excreted in the urine within 24 hours. Compared to CN-
B12 dissolved in water; all HO-B12 groups showed a
tendency to excrete lower amounts of radioactivity in the
urine (irrespective of the supplementation solution). This
difference was, however, only significant for two out of
five HO-B12 groups (Figure 2).

Discussion

Here we investigated the 24-hour fecal excretion of
synthetic CN-B12 (as in vitamin pills) and natural HO-
B12 (as in food items); dissolved either in buffalo milk,
bovine dairy fractions or water. Our results show that the
absorption of B12 from Indian buffalo milk compares to
the absorption of B12 added to bovine dairy fractions or
water. In contrast, B12 seems to be absorbed slightly less
efficient from lItalian buffalo milk.

The amount of B12 excreted in feces represents the
part of B12 not absorbed into the body. Thus, our data
show that approximately 85% of the administered dose
is absorbed. This value is higher than in a comparable
rat study, where ~78% of the given dose was absorbed
[14]. The difference may be driven by the fact that our
rats were on a B12-deficient diet, and because of that, the
dietary B12 did not interfere with the absorption of the
administered dose.
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Figure 1: Excretion of [57Co] CN-B12 (full symbols) and [57Co]HO-B12 (open symbols) in feces and urine 24 hours
after oral administration

Results are given as the percentage of cpm of the given dose of [57Co]-B12 per rat (n = 7 in each group). Horizontal
lines show mean values.

Our study has some limitations. The experiment was
performed only once, and there is a low probability that
our findings are caused by inter-animal variation. However,
previous [14,15] and ongoing studies, performed in
similar settings, do not suggest any major change of the
outcome upon repetition of the studies. The uptake of B12
was estimated by addition of labeled B12 to different milk
solutions. For this reason, we can only trace the uptake
of added B12 and not of endogenous milk B12. For a few
rats (six out of 42), less than five fecal droppings were
collected from the fecal compartment of their metabolic
cages after 24 hours. In general, rats have a daily fecal
deposition of 43 (28-59) (median (range)) droppings [16].
Because of the low amount of feces collected, the total
amount of fecal radioactivity (calculated by adding the
cpm in all fecal droppings collected) was low in these
six animals compared with the other rats. As the rat is
an obligate coprophagic species [16,17], known to digest
stool directly from the anus [18], we speculate that the
low amount of fecal droppings collected from these
animals is the result of coprophagia. We do not believe

that these few outliers have shifted the outcome or made
a major impact on the key conclusions of the study, since
all the groups are expected to be similarly affected by this
phenomenon.

In accordance with previous studies [14,15], we find no
difference in absorption of free CN-B12 and free HO-B12
in the rat. Our most important result is that B12 in Indian
buffalo milk is absorbed just as efficiently as the vitamin
dissolved in water or fractions of bovine dairy, while the
absorption of B12 from Italian buffalo milk is absorbed
to a slightly lesser degree. A speculative explanation
for this difference is that B12 added to lItalian buffalo
milk binds to a haptocorrin-like protein, while this is not
the case for B12 added to Indian buffalo milk. It has
previously been shown that various types of milk contain
different B12-binding proteins including the observation
that the major B12-binding protein present in cow’s milk
is transcobalamin whereas the major B12-binding protein
in milk from humans and pigs is haptocorrin [11,12].
A possible negative role of haptocorrin-like proteins
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in relation to the bioavailability of B12 is in accord with

studies on other food items. In fish, B12 is bound by a
haptocorrin-like protein that is resistant toward enzymatic
degradation and low pH [10], leading to a relative poor
bioavailability of B12 = 40% [17]. The same is the case for
eggs, where a haptocorrin-like protein has been found to
reduce absorption of B12 [18]. Further studies are needed
to investigate whether Italian buffalo milk contains
haptocorrin or a yet unidentified B12-binding protein, and
if the absorption of endogenous B12 from Italian buffalo
milk is impaired as a results hereof.

The finding that B12 added to Indian buffalo milk is
efficiently absorbed is concordant with a study showing
that daily intake of 600 ml non-enriched Indian buffalo
milk rescues a low B12 status in B12-deficient individuals
[19]. Our study also suggests that B12 added to Indian
buffalo milk and to cow’s milk is absorbed equally well.
However, intervention studies in a clinical setting are
needed to investigate whether these two types of milk
provide the same supply of B12.

Interestingly, the presence of a milk matrix, which
theoretically should stimulate gastric function and
secretion of intrinsic factor, did not affect the absorption
of B12, as judged from the fact that HO-B12 in whole milk
or the whey and casein fraction is absorbed comparable
to HO-B12 in water.

We examined the urinary excretion of absorbed B12 and
found a slightly higher excretion of CN-B12 than HO-
B12. This observation is in agreement with our previous
rat studies suggesting that HO-B12 homes for the liver,
while CN-B12 homes for the kidneys [14,15]. The results
indicate that HO-B12 is retained slightly better in the
body than CN-B12, which is in accord with old studies on
humans [20,21].

Conclusion

We report that B12 added to Indian buffalo milk is
absorbed as efficient as B12 added to water or fractions

Copyright © Eva Greibe

of bovine dairy, while B12 added to Italian buffalo milk is
absorbed to a slightly lesser degree. Further studies are
needed in order to characterize the B12-binding proteins
in buffalo milk and to explore the impact of such proteins
for the bioavailability of B12.

Acknowledgements

The work is part of the TRIM project (www.trim-project.

dk) financed by Innovation Fund Denmark (Grant No 12-
132437). The funders had no role in the study design, data
collection and analysis, decision to publish, or preparation
of the manuscript. The authors would like to thank Dr.
Sadanand Naik, Department of Pathology, Deenanath
Mangeshkar Hospital and Research Center, for purchase
and shipment of Indian buffalo milk. The authors would
also like to Dr. Fantuz Francesco, Dipartimento di
Bioscienze e MedicinaVeterinaria, UniversitadegliStudi
di Camerino, for assisting with collection of the Italian
buffalo milk. The authors would also like to thank Inger
Marie Jensen and Jette Fisker Petersen, Department
of Clinical Biochemistry, Aarhus University Hospital,
Denmark, for excellent technical assistance.

Conflict of Interest

Marie S. Ostenfeld is an employee at Arla Food Ingredients
Group P/S that produces the whey powder used in the
study.

References

1. Dhillon VS, Zabaras D, Almond T, Cavuoto P, et al. Whey
protein isolate improves vitamin B12 and folate status in elderly
Australians with subclinical deficiency of vitamin B12. Mol Nutr
Food Res. 2017; 61.

2. Tucker KL, Rich S, Rosenberg |, Jacques P, et al. Plasma vitamin
B-12 concentrations relate to intake source in the Framingham
Offspring study. Am J Clin Nutr. 2000; 71: 514-522.

3. Russell RM, Baik H, Kehayias JJ. Older men and women
efficiently absorb vitamin B-12 from milk and fortified bread. J

Citation: Eva Greibe, Ole Nymark, Sergey Fedosov, Marie S. Ostenfeld, Christian W. Heegaard, and Ebba Nexo. (2017). Absorption of Vitamin B12
Administered in Buffalo Milk: An Experimental Study in Rats. SciTz Nutr Food Sci. 2017. 2(1): 1006

Page 6/7


http://www.trim-project.dk
http://www.trim-project.dk
https://www.ncbi.nlm.nih.gov/pubmed/27981743
https://www.ncbi.nlm.nih.gov/pubmed/27981743
https://www.ncbi.nlm.nih.gov/pubmed/27981743
https://www.ncbi.nlm.nih.gov/pubmed/27981743
https://www.ncbi.nlm.nih.gov/pubmed/10648266
https://www.ncbi.nlm.nih.gov/pubmed/10648266
https://www.ncbi.nlm.nih.gov/pubmed/10648266
https://www.ncbi.nlm.nih.gov/pubmed/11160548
https://www.ncbi.nlm.nih.gov/pubmed/11160548

ﬂ Scitechz

10.

11.

12.

Nutr. 2001; 131: 291-293.

Vogiatzoglou A, Smith AD, Nurk E, Berstad P, et al. Dietary
sources of vitamin B-12 and their association with plasma vitamin
B-12 concentrations in the general population: the Hordaland
Homocysteine Study. Am J Clin Nutr. 2009; 89: 1078-1087.

Farquharson J, Adams JF. The forms of vitamin B12 in foods.
British J Nutr. 1976; 36:127-136.

Matte JJ, Guay F, Girard CL. Bioavailability of vitamin B(1)(2) in
cows’ milk. British J Nutr. 2012; 107: 61-66.

Nielsen MJ, Rasmussen MR, Andersen CB, Nexo E, et al. Vitamin
B12 transport from food to the body’'s cells--a sophisticated,
multistep pathway. Nat Rev Gastroenterol Hepatol. 2012; 9: 345-
354,

Fedosov SN, Petersen TE, Nexo E. Transcobalamin from cow
milk: isolation and physico-chemical properties. Biochimica et
biophysica acta. 1996; 1292: 113-119.

Fedosov S, Nexo E, Heegaard, CW. Binding of aquocobalamin
to bovine casein and its peptides via coordination to histidine
residues. Int Dairy J. 2017; 76: 30-39.

Greibe E, Fedosov S, Sorensen BS, Hojrup P, et al. A single
rainbow trout cobalamin-binding protein stands in for three human
binders. J Biol Chem. 2012; 287: 33917-3325.

Greibe E, Lildballe DL, Streym S, Vestergaard P, et al. Cobalamin
and haptocorrin in human milk and cobalamin-related variables in
mother and child: a 9-mo longitudinal study. Am J Clin Nutr. 2013;
98: 389-395.

Trugo NM, Newport MJ. Vitamin B12 absorption in the neonatal
piglet. 2. Resistance of the vitamin B12-binding protein in sows’
milk to proteolysis in vivo. British J Nutr. 1985; 54: 257-267.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Copyright © Eva Greibe

Adkins Y, Lonnerdal B. Potential host-defense role of a human milk
vitamin B-12-binding protein, haptocorrin, in the gastrointestinal
tract of breastfed infants, as assessed with porcine haptocorrin in
vitro. Am J Clin Nutr. 2003; 77: 1234-1240.

Kornerup LS, Juul CB, Fedosov SN, Heegaard CW, et al.
Absorption and retention of free and milk protein-bound cyano-
and hydroxocobalamins. An experimental study in rats. Biochimie.
2016; 126: 57-62.

Kornerup LS, Fedosov SN, Juul CB, Greibe E, et al. Tissue
distribution of oral vitamin B12 is influenced by B12 status and
B12 form: an experimental study in rats. Eur J Nutr. 2017.

Soetan BK, O'Connell PR, Jones JF. Behavioural studies of faecal
continence in the rat. Irish J Medical Sci. 2014; 183: 629-632.

Sukemori S, Kurosawa A, lkeda S, Kurihara Y. Investigation on
the growth of coprophagy-prevented rats with supplemented
vitamin B12. J Animal Physiol Animal Nutr. 2006; 90: 402-406.

Jackson KA, Topping DL. Prevention of coprophagy does not alter
the hypocholesterolaemic effects of oat bran in the rat. British J
Nutr. 1993; 70: 211-219.

Naik S, Bhide V, Babhulkar A, Mahalle N, et al. Daily milk intake
improves vitamin B-12 status in young vegetarian Indians: an
intervention trial. Nutr J. 2013; 12:136.

Heinrich HC, Gabbe EE. Metabolism of the Vitamin B12 Coenzyme
in Rats and Man. Ann N Y Acad Sci. 1964; 112: 871-903.

Weisberg H, Jerzy Glass GB. Hydroxocobalamin. VVI. Comparison
of intestinal absorption in man of large doses of hydroxocobalamin
and cyanocobalamin. Proceedings of the Society for Experimental
Biology and Medicine Society for Experimental Biology and
Medicine (New York, NY). 1966; 122: 25-28.

Citation: Eva Greibe, Ole Nymark, Sergey Fedosov, Marie S. Ostenfeld, Christian W. Heegaard, and Ebba Nexo. (2017). Absorption of Vitamin B12
Administered in Buffalo Milk: An Experimental Study in Rats. SciTz Nutr Food Sci. 2017. 2(1): 1006

Page 7/7



https://www.ncbi.nlm.nih.gov/pubmed/11160548
https://www.ncbi.nlm.nih.gov/pubmed/19190073
https://www.ncbi.nlm.nih.gov/pubmed/19190073
https://www.ncbi.nlm.nih.gov/pubmed/19190073
https://www.ncbi.nlm.nih.gov/pubmed/19190073
https://www.ncbi.nlm.nih.gov/pubmed/820366
https://www.ncbi.nlm.nih.gov/pubmed/820366
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/div-classtitlebioavailability-of-vitamin-bspan-classsub12span-in-cowsandapos-milkdiv/DE0899C07B819D53531F9860EDEAB1F1
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/div-classtitlebioavailability-of-vitamin-bspan-classsub12span-in-cowsandapos-milkdiv/DE0899C07B819D53531F9860EDEAB1F1
https://www.ncbi.nlm.nih.gov/pubmed/22547309
https://www.ncbi.nlm.nih.gov/pubmed/22547309
https://www.ncbi.nlm.nih.gov/pubmed/22547309
https://www.ncbi.nlm.nih.gov/pubmed/22547309
http://europepmc.org/abstract/med/8547333
http://europepmc.org/abstract/med/8547333
http://europepmc.org/abstract/med/8547333
http://en.ustc.findplus.cn/?h=articles&db=edselp&an=S0958694617301760
http://en.ustc.findplus.cn/?h=articles&db=edselp&an=S0958694617301760
http://en.ustc.findplus.cn/?h=articles&db=edselp&an=S0958694617301760
https://pdfs.semanticscholar.org/2e32/b31efd48366f02f40b31210b9edf9d0a0767.pdf
https://pdfs.semanticscholar.org/2e32/b31efd48366f02f40b31210b9edf9d0a0767.pdf
https://pdfs.semanticscholar.org/2e32/b31efd48366f02f40b31210b9edf9d0a0767.pdf
http://vbn.aau.dk/en/publications/cobalamin-and-haptocorrin-in-human-milk-and-cobalaminrelated-variables-in-mother-and-child(1367036c-82d5-4424-89c3-111b92ce682b).html
http://vbn.aau.dk/en/publications/cobalamin-and-haptocorrin-in-human-milk-and-cobalaminrelated-variables-in-mother-and-child(1367036c-82d5-4424-89c3-111b92ce682b).html
http://vbn.aau.dk/en/publications/cobalamin-and-haptocorrin-in-human-milk-and-cobalaminrelated-variables-in-mother-and-child(1367036c-82d5-4424-89c3-111b92ce682b).html
http://vbn.aau.dk/en/publications/cobalamin-and-haptocorrin-in-human-milk-and-cobalaminrelated-variables-in-mother-and-child(1367036c-82d5-4424-89c3-111b92ce682b).html
http://ajcn.nutrition.org/content/77/5/1234.full
http://ajcn.nutrition.org/content/77/5/1234.full
http://ajcn.nutrition.org/content/77/5/1234.full
http://ajcn.nutrition.org/content/77/5/1234.full
https://www.ncbi.nlm.nih.gov/pubmed/26626348
https://www.ncbi.nlm.nih.gov/pubmed/26626348
https://www.ncbi.nlm.nih.gov/pubmed/26626348
https://www.ncbi.nlm.nih.gov/pubmed/26626348
https://www.ncbi.nlm.nih.gov/pubmed/28321545
https://www.ncbi.nlm.nih.gov/pubmed/28321545
https://www.ncbi.nlm.nih.gov/pubmed/28321545
https://link.springer.com/article/10.1007/s11845-013-1064-1
https://link.springer.com/article/10.1007/s11845-013-1064-1
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0396.2006.00619.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0396.2006.00619.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0396.2006.00619.x/abstract
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/prevention-of-coprophagy-does-not-alter-the-hypocholesterolaemic-effects-of-oat-bran-in-the-rat/0F0AB75AE4E04944B9CC0AC278C09056
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/prevention-of-coprophagy-does-not-alter-the-hypocholesterolaemic-effects-of-oat-bran-in-the-rat/0F0AB75AE4E04944B9CC0AC278C09056
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/prevention-of-coprophagy-does-not-alter-the-hypocholesterolaemic-effects-of-oat-bran-in-the-rat/0F0AB75AE4E04944B9CC0AC278C09056
https://www.ncbi.nlm.nih.gov/pubmed/24107225
https://www.ncbi.nlm.nih.gov/pubmed/24107225
https://www.ncbi.nlm.nih.gov/pubmed/24107225
https://www.ncbi.nlm.nih.gov/pubmed/14167319
https://www.ncbi.nlm.nih.gov/pubmed/14167319
http://journals.sagepub.com/doi/abs/10.3181/00379727-122-31041
http://journals.sagepub.com/doi/abs/10.3181/00379727-122-31041
http://journals.sagepub.com/doi/abs/10.3181/00379727-122-31041
http://journals.sagepub.com/doi/abs/10.3181/00379727-122-31041
http://journals.sagepub.com/doi/abs/10.3181/00379727-122-31041

	Title
	Abbreviations
	Abbreviations
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Conflict of Interest

