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Abstract: Milk was collected from 21 Alaskan moose (Alces alces gigas) at the Kenai
Moose Research Center (MRC), Soldotna, Alaska and analyzed by atomic absorption
spectroscopy for Al, As, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Mo, Na, Ni, Pb,
Se and Zn. Hair samples were collected from 100 moose at the MRC to correspond
with the lactation period and serve as a metabolic indicator of mineral elements stored
in tissue. Published analyses of bovine milk were compared to moose milk; Al, Fe,
Se and Zn were higher in moose milk by factors of 1.6 to 290. Elements potentially
influenced by nutrition and those determined genetically were also considered. Ele-
ments in moose milk and hair values were compared, since mineral element levels in
hair potentially reflect the availability and intake of these elements. Calcium and Mg
were the only values in hair lower than the values in milk (factors of 4.2 and 1.5

respectively). Moose, as well as domestic cattle, apparently are subjected to lactation
stress by the genetically determined levels of Ca and Mg in milk.

INTRODUCTION

One aspect of studies at the Kenai
Moose Research Center (MRC), Sol-
dotna, Alaska was to monitor mineral
metabolism in moose. Tissues from
moose, as well as forage, soil and water
from the study area have been analyzed.’#{176}
This paper reports the results of analy-
ses of selected macro- and micro-elements
in milk and compares this data with the
values found in hair corresponding to
the period of maximum lactation.

Gross composition, fatty acid content
and mineral levels in moose milk (Ca, Fe,
K, Mg, Na and P) have been reported
for only three moose.’ Mineral analyses
were expressed as percent of ash and are

not comparable to this study. We at-
tempted to define some major and trace
element nutrients of moose milk and their

relationship to stored nutrients in the
body tissues by using mineral element
levels in hair as the indicator.

Mineral elements in moose hair have
been analyzed for the past three years
and marked seasonal rhythms occur for
most elements.’#{176}” During this study per-
iod changes in dietary mineral element
quality was reflected in the moose hair.
This method of sampling facilitates moni-
toring levels of macro- and micro-ele-
ments in body tissues. Comparison of
mineral levels in hair with values in milk
was made to indicate influences of gene-
tic or nutritional stress in moose milk
composition.

In domestic cattle, macro-element com-
position of milk (Ca, Cl, K, Mg, Na, P,
S and Si) is largely determined by gene-
tic factors; nutrition and other environ-
mental factors have little effect.” Certain
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micro-elements (Al, B, Co, I, Mn, Mo
and Zn), however, can be altered by nu-
trition, whereas concentrations of other
elements can be varied minimally by
environmental conditions.” Moose milk
and hair were sampled from 1971
through 1974 in an effort to determine
the characteristic qualities of moose milk
and the influences of genetics and en-
vironment in the content of mineral ele-
ments.

MATERIALS AND METHODS

Study Area

Moose were sampled at the MRC, a
cooperative project between the Alaska
Department of Fish and Game and the
U.S. Fish and Wildlife Service, Kenai
National Moose Range. The MRC con-
sists of four 2.6 km’ enclosures located
in the area of a 1947 fire, 35 km north-
east of Soldotna, Alaska. The MRC study
area has been mapped according to vege-
tative types, and classified as to soil pro-
files of representative types. Twenty-two
fenceline traps are strategically located
(13 within and 9 outside the enclosures)
to facilitate the capture and handling of
moose.1’ The moose population within the
enclosures, as of January, 1975, totalled
47 moose and consists of 27 adult fe-
males, 8 calves and 12 adult males.

Collection and Analysis of Samples

Twenty-one lactating moose were trap-
ped, immobilized9 and “milked” to obtain
a minimum 5 ml sample. Posterior pitui-
tary extract (10 U.S.P. units) was ad-
ministered intravenously to some moose
to stimulate milk release and facilitate
“milking.” Milk samples were frozen at
-20 C in vials until analyzed.

Hair samples were obtained by pluck-
ing hair from the shoulder hump and
placed in plastic containers” Hair values
for mineral elements reflect dietary intake
of moose on a delayed basis.’#{176}We there-
fore, utilized the mean hair values for
August and September obtained during
1972, 1973 and 1974 to reflect intake of
elements during the peak of lactation.
Hair was washed twice with diethyl ether

to remove surface particulate matter
without leaching minerals from the hair
structure. Two hundred milligrams of
hair were digested in 10 ml of 24% me-
thanolic tetramethyl ammonium hydrox-
ide for two hrs at 55 C.1’ Milk samples
were obtained primarily in June and July
during 1971, 1972 and 1973, and were
digested at room temperature with 24%
tetramethyl ammonium hydroxide, using
a 1:4 dilution (v/v). Milk and hair sam-
ples were analyzed by the Department of
Surgery, Cleveland Metropolitan General
Hospital, Case Western Reserve Univer-
sity School of Medicine, Cleveland, Ohio
on a semi-automated Perkin-Elmer Model
503 spectrometer adapted for automated
dilution with a Hamilton Precision Dis-
penser. Samples were analyzed by flame
(Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Na, Pb
and Zn),3 electrically heated graphite fur-
nace (Al, Mo, Mn, and Ni),’ a flame
volatilization methed (As and Sc),’9 and a
flameless volatilization technique (Hg).�
Twelve milk samples were not analyzed
for Cd, Hg, Pb, and Se. The 1972 and
1973 were not monitored for Al, As, Co,
Cr, Hg, Mo, Ni and Se, but these ele-
ments were determined in August and
September 1974.

RESULTS AND DISCUSSION

Levels of macro- and micro-elements in
moose milk and hair are given in Tables
1 and 2 and compared with values re-
ported for domestic cattle milk. Mineral
element requirements for moose have not
been established; therefore, the role of
genetic or nutritional influences on milk
levels is unknown. Comparisons made
must be evaluated considering potential
differences between species. A statistical
test for differences between moose and
bovine milk was not possible due to un-
availability of raw data on bovine milk.

Moose and Bovine Milk Comparisons

The levels of Ca, K, Mg and Na in

moose and bovine milk were comparable
(Table 1). The levels of these elements
in bovine milk are primarily genetically
determined,16 and we assume they are
genetically determined for moose since no
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major differences were discernable. The
levels of As, Cd, Co, Cr, Hg, Mn, Mo
and Ni were 0.1 ppm or less in both
moose and cattle (Table 2). The mean
value for Pb in moose milk was 0.39 ppm
and 0.40 ppm in bovine milk. The dif-
ferences between species for most of these
micro-elements is negligible.

Aluminum, Co, Mn, Mo and Zn are
potentially influenced by nutrition;5’ levels

of Al and Zn in moose milk were higher
by factors of 2.5 and 1.6, respectively
than levels in bovine milk, suggesting the
moose sampled had higher available levels

of these elements in their diet. Copper,
Fe and Se are not influenced nutritionally
in cattle and were higher in moose by
factors of 1.6 or more (Cu-290.1, Fe-6.2,
Se-1.6 to 22). This, in turn, suggests that
the genetic determinant for these elements

in moose milk is greater than for cattle.

Unfortunately, we do not have definitive

data indicating that any of the elements
in moose are nutritionally or genetically

influenced.

All the elements analyzed are essential

except As, Cd, Hg and Pb.2’ These ele-
ments are considered toxic and their
presence in milk may reflect, to an un-
known degree, their distribution in an
area. We noted no difference in As and
Pb between bovine and moose milk sam-
ples. Cadmium levels in moose milk were
higher than in bovine, but there was less

than 1 ppm in samples from either spe-

cies. A high level of Cd intake in cows

produced no greater than 1 ppm levels in
milk with less than 0.02% of the extra
cadmium given appearing in milk.5’ No
values for Hg in bovine milk were avail-
able for comparison.

Moose and Bovine Hair Comparisons

Numerous studies on animals and hu-
mans have demonstrated the effectiveness
of hair to monitor intake of mineral ele-
ments. Only two of the 18 elements (Fe
and K) analyzed in hair in this study are
independent of dietary intake. Seven ele-
ments in bovine hair (Ca, Co, Mg, Mn,
Mo, Na, and Zn),”2’ one in deer (Cu),5’
and three toxic elements in man (As, Hg

and Pb)””5’ have significant positive cor-
relations between dietary or environmen-
tal intake and hair values. There are no
comparisons available for five elements
(Al, Cd, Cr, Ni and Se) measured in
moose hair.

Tables 1 and 2 compare bovine and
moose hair values at approximately the
same time of the year. Calcium and Mg
levels in bovine hair are higher by factors
of 2.7 and 1.4, respectively, than in moose
hair; K and Na are lower, by factors of
6.0 and 0.46, respectively, than in moose
hair. Comparable data on hair is avail-
able for only Cu, Fe, Mn, Mo and Zn in
the moose hair. Copper, Fe and Mo were
lower in the bovine hair (factors of 0.29,
0.37 and 6.8) whereas Mn and Zn were
higher (factors of 1.4 and 13.) when
seasonally compared with moose hair.
The differences in the range of elemental
values are greater for hair than for milk
comparisons between the two ruminant
species.

Moose Milk and Hair Comparisons

The mean values for elements in moose
hair in August and September of 1972,
1973 and 1974 are listed in Tables 1 and
2. The seasonal changes the values in
moose hair reflect the availability and in-
take of these elements on a 1 to 2 month
delayed basis.’#{176}1’ Hair sampled during
these months reflects intake during the
peak of lactation and milk sampling (June
and July).

The levels of Ca and Mg were lower in
hair than in milk. Calcium was lower by
a factor of 4.2 and Mg by a factor of 1.5.
Both elements are essential, and both are
macro-elements. We were not concerned
with hair values that were higher than
milk values since those elements were po-
tentially available at adequate levels, as-
suming levels in moose hair and moose
tissue are consistent for each element

Nevertheless, it is important to note that
Ca and Mg levels are much lower in
hair than milk and, therefore, may not be
available at an adequate intake level dur-
ing lactation. It may be necessary for
moose to draw on body reserves, particu-
larly bone, to maintain apparent genetic-
ally determined milk levels of Ca and
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Mg. Ninety-nine percent of body Ca is grass tetany-hypomagnesemia)’4 have not
found in bones and teeth and 70 percent been observed in moose. However, ap-
of Mg in the animal body is in bone.” parently moose, as well as cattle, are po-

The two common diseases in lactating tentially subjected to additional stress dur-
dairy cattle related to Ca and Mg meta- ing lactation by genetically determined
bolism (milk fever-hypocalcemia and milk levels of Ca and Mg.
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