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gested that the rate of intestinal absorption,
for any series of similar, water-soluble com-
pounds, is inversely related to polarity.
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The role of molybdenum in animal nutri-
tion has been ably reviewed by Dick(1) and
the association of this element with xanthine
oxidase in the rat by Westerfeld and Richert
(2). The first indication of a possible re-
quirement for molybdenum by the chick and
poult fed a purified type diet was reported by
Reid et al.(3). The addition of 0.0254 ppm
of molybdenum to a purified diet has been
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subsequently shown by the same group of
workers to stimulate the growth of poults and
the activity of both intestinal and liver xan-
thine dehydrogenase(4). Furthermore, a
portion of the growth promoting activity of
the ash of distillers dried solubles(5,6) was
reported by Reid et al.(4) to be due to the
molybdenum content of this unidentified nu-
trient source.

The present study was initiated to deter-
mine the effect of feeding distillers dried sol-
ubles ash, after the molybdenum has been re-
moved from this substance, on the growth,
bone ash, molybdenum distribution in tissues
and on xanthine dehydrogenase activity of
chicks.

Method. New Hampshire chicks, from
dams fed an all vegetable protein diet con-
taining no added unidentified growth factors
(5), were distributed at random into groups
of 12 birds each. Each treatment was repli-
cated once. The basal diet (Extracted soy-
bean protein and Cerelose supplemented to
meet the requirements of the chick) and the
care and management of the birds was the
same as previously reported by Reid et al.(3).
At the close of the experiment, the chicks
were sacrificed; the liver and a portion of the
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jejunum were removed for xanthine dehydro-
genase determinations according to the pro-
cedure of Remy et al.(7). Homogenate nitro-
gen was determined by microKjeldahl accord-

ses
were

s

or
e E ing to the method recommended by A.0.A.C.
g ;"f: f__ (8). Blood was collected by heart puncture
SET z prior to sacrificing the birds. The left tibia
=% ? = from each sacrificed bird was severed and re-
- z tained for bone ash and molybdenum deter-
gégg ; minations. All samples for molybdenum de-
§?§§ = termination were digested with conc. HNOj3,
;“5 ~ H.SOs and 70% HCIO, according to the

method described by Piper(9) and molyb-
denum content of the digest determined ac-
cording to the method of Purvis and Peter-
son(10) using ethyl ether as extraction sol-
vent. Molybdenum was removed from the
ash of distillers dried solubles by digestion
with HNO; and HCIO,, followed by ether
extraction of the NH;SCN-molybdenum com-
plex produced in the digest with NH,SCN
and SnCl,. Extraction of the complex was
continued until after the concentration of
molybdenum in the ether extract was deter-
mined colorimetrically and found to corre-
spond to the molybdenum concentration pre-
viously found in 5 replicate samples (18.74
ppm). The residue was evaporated to dry-
ness, taken up in redistilled water and neu-
tralized with NH,OH. All supplements were
added at the expense of glucose.t The dura-
tion of the experiment was three weeks.

Results. Addition of either distillers dried
solubles, sodium molybdate (0.03 or 0.3 ppm
Mo) or a mixture of 5 unidentified nutrient
sources to the basal diet resulted in a signifi-
cant growth increase compared to that ob-
served in the control group (Table I). The
growth response due to the ash of distillers
dried solubles (9.19%) was one-half that ob-
served with distillers dried solubles (18.8%).
These data are in agreement with previous
reports(5,6). However, the response of the
group fed this ash sample was not sufficiently
great to be statistically significant. Removal
of molybdenum from the ash resulted in a
1.1% growth depression as compared to the
basal group.

With the exception of the ash of distillers
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TABLE II. Effect of Ash of Distillers Dried Solubles, after Removal of Molybdenum, on In-
testine and Liver Xanthine Dehydrogenase Activity of Chicks as Compared to Other Sources of
Dietary Molybdenum.

Xanthine dehydrogenase activity,{
emmo,/20 min.

Mo content Intestine, e Liver N
of diet per 283 mg  per 283 mg
Supplement to basal diet (ppm) (wet wt) (wetwt) permgof N
None 1.16¢ 22.5 100.4 7.95
39% distillers dried solubles 1.21 34.41% 120.214 8.92t1
Distillers dried solubles ash* 1.21 30.7tt 101.4 8.11
Idem,* (molybdenum removed) 1.16]) 25.0 96.9 7.53
Sodium molybdate, 0.03 ppm Mot 1.19 31.8t¢ 128.4%1% 10.02}3%
” ” , 0.3 ppm Mot 1.46 37.041 137.41% 10.531¢
TU. G. F. mixture} 1.51 32,31t 137.5¢% 10.011%
L. 8. D, 0.05 8.0 11.6 .89
o, 0.01 10.6 15.4 1.18

*—ii See Table I.

T A 1:6 dilution of tissue homogenate was used in these studies.

dried solubles, all supplements which supplied
at least 0.03 ppm of molybdenum above that
found in the basal diet exerted a significant
growth response. This was not unexpected in
view of the previously reported growth in-
creases when only 0.0126 ppm of molyb-
denum as molybdic acid was added to the
basal diet(3). These data would indicate
that the chick can utilize higher levels of
molybdenum for optimum growth. However,
addition of higher molybdenum levels (0.3
and 0.35 ppm) from either organic or inor-
ganic sources, did not result in increased
growth above that observed with the lower
supplemented levels (0.03-0.05 ppm).

Slight differences in bone ash values found
in the groups fed the supplements were not
statistically significant (Table I). However,
further investigations are warranted in view
of the work of Morrison et al.(11) in which
elevated bone ash values resulted in birds fed
a purified diet supplemented with the ash of
a mixture of unidentified factor sources.

Molybdenum contents of the tissues
studied indicate that low levels of molyb-
denum supplied either by distillers dried sol-
ubles, the intact ash of the supplement or by
sodium molybdate did not significantly affect
the molybdenum concentration of bone ash
or whole blood; but did affect the molyb-
denum concentration of liver (Table I). The
addition of 0.3 ppm of molybdenum as so-
dium molybdate to the basal diet increased
molybdenum deposition in the tissues studied.

Since bone ash and blood samples were pooled
for the molybdenum determinations, the dif-
ferences found are not considered to be sig-
nificant.

The livers of chicks fed the molybdenum
free ash exhibited the lowest liver molyb-
denum concentration; whereas, the group fed
the untreated ash showed a significant (P<
0.01) increase in molybdenum deposition
over the basal group (Table I). The ash of
distillers dried solubles supplied 0.05 ppm of
molybdenum to the diet which was equal to
that supplied by the unashed material; how-
ever, untreated distillers dried solubles failed
to affect the level of molybdenum in liver.
Livers of chicks fed 0.3 ppm of molybdenum
as sodium molybdate showed the highest con-
centration of the element (P<0.01). The
liver molybdenum deposition in this group
was significantly higher than that observed
in the group fed the mixture of unidentified
growth factors which supplied 0.35 ppm of
molybdenum.

Liver and intestine xanthine dehydrogenase
activity were significantly increased by the
added molybdenum sources (Table II). The
treated ash (molybdenum removed) failed to
increase the enzyme activity either in intes-
tine or liver above that observed in the basal
group. The enzyme activity of the group
fed the intact ash exhibited a significant re-
sponse (P<0.05, Table II), in intestinal xan-
thine dehydrogenase, but failed to increase
the liver enzyme activity. Rat intestine was
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found by Westerfeld and Richert(2) to be a
better test object than liver tissue for the un-
identified liver residue factor. This may help
to explain the difference in response observed
with the 2 tissues on the same treatment.

No significant differences between intes-
tinal enzyme activity of the dietary treat-
ments other than the control group were
noted. Since the supplements supplied vary-
ing levels of molybdenum (0.05-0.33 ppm).
it was assumed that a saturation level has
been reached similar to that observed in the
rat(12).

The response of liver xanthine dehydroge-
nase activity to the added supplements was
less consistent than that observed in intestinal
homogenates. The liver enzyvme activities of
the groups fed the higher level of sodium
molybdate (0.30 ppm) and the U.G.F. mix-
ture (added Mo 0.35 ppm) were significantly
higher (P<0.01) than the activity noted in
the livers of birds fed distillers dried solubles
supplying 0.05 ppm of molybdenum. When
xanthine dehydrogenase activity was ex-
pressed on a nitrogen basis the differences ob-
served above were quantitatively less. but
still statistically significant (P<0.05).

The ratio of enzyme activity to liver
molybdenum content was more erratic than
that reported in turkey poults(4). However.
a correlation of 0.617 (P<0.05) was found
to exist between the results of the two deter-
minations.

Summary. 1) Growth of chicks was sig-
nificantly improved by the addition of dis-
tillers dried solubles, sodium molybdate or a
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mixture of unidentified factor sources. Re-
moval of the molybdenum from the ash of
distillers dried solubles resulted in the same
growth rate exhibited by the control group.
The ash of this product produced a 9.1% in-
crease in growth; which was not quite sig-
nificant. 2) Bone ash values were not af-
fected by the dietary treatments. Intestinal
xanthine dehydrogenase activities were sig-
nificantly increased in all cases except the
*molybdenum-free” distillers dried solubles
ash-fed group.
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For the past 5 years we have bred rabbits
with spontaneous hypertension(1). A high
percentage of their progeny inherit the hy-

pertension(2). We recently began raising
families of control rabbits under the same
conditions as those of the spontaneously hy-
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