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ABSTRACT
Twelve laetating dairy cows were used in a double
switchback feedtrail to determine the effect of various co
balt additives on milk production when added to pelleted
wheat straw.

The total ration consisted of 50 percent high

energy concentrate, 25 percent alfalfa hay cubes, and 25
percent pelleted wheat straw.

The cobalt additives to the

pelleted wheat straw were as follows:
tives?

(b) 66 gms. per ton of MKR?

(a) control, no addi

(c) 360 gms. per ton of

cobalt dextralac? and (d) 15.6 gms. per ton of cobalt car
bonate .
No differences due to diet were detected in feed
intake, milk production, milk composition or body weight
gains.

Digestibility Of protein, fat, acid detergent, fiber

and combustible energy was not significantly affected by any
of the cobalt additives.

Mean concentration and mean molar

percentages of volatile fatty acids were not affected by
the cobalt additives.
The results of this study suggest that in areas
where cobalt is not deficient, the addition of it to the
rations does not have any beneficial effect in milk yield,
milk composition, body weight or digestibility of the ration.

INTRODUCTION
Wheat straw is the remains of the wheat after it has
been harvested.
tant crop

Since wheat grain is the second most impor

in the United States

(58), thousands of tons of

.

wheat straw are available as a potential roughage source.'
Because rations containing large amounts of straw will not
support satisfactory levels, of animal performance , the cattle
feeding industry has not used the straw to its fullest poten
tial.

Due to the bulky nature and low energy density of the

straw, it tends to depress feed intake and lower the amount
of energy available for production.

However, these disad

vantages can be overcome to a certain extent if the straw is
physically or chemically treated, or supplemented with read
ily available carbohydrates.

There have been various studies

(7, 10, 36) which show that by pelleting the low quality
roughages such as wheat straw, increased feed intake along
with increased rate of gain and feed efficiency result.
Pelleting prevents the sorting out by animals of the more
unpalatable parts of the feed.

Minson (34) reported that the

process of pelleting and watering of roughage increased feedconversion efficiency because of an increased feed intake.
It has also been shown (26) that replacing alkali-treated
wheat straw for untreated straw in the rations of young

heifers, would enhance growth.

Sahai, Johri, and Kehar (48)

reported that using alkali^treated wheat straw in the ra
tions of lactating cows improved the quality of the fodder,
but that palatability of the treated and untreated straw was
practically the same.
Because of the rapidly expanding human population,
it is possible that food supplies of the future will be
limited.

It is possible that a time will come when rumi

nants will have to be fed materials impossible for humans to
eat, such as wheat straw, rice hulls, or oat straw, commonly
referred to as low quality roughage.

There are very large

quantities of agricultural residues which exist throughout
the world, and they are not properly utilized because of
their low digestibility.

There has to be some chemical or

physical modification on the roughages in order to increase
their digestibility; therefore, increasing their use in the
feed of ruminants.
The present research paper deals with the effects of
various cobalt additives on milk production when added to
pelleted wheat straw.

LITERATURE REVIEW
The Use of Wheat Straw as
Feed for Ruminants
Wheat straw is what remains of the plant after the
wheat grain has been harvested, and as such, represents a
potential source of feed for ruminants.

With one-third to

one-half of the total dry matter in grain crops being resi
due (straw) a tremendous source of low quality energy for
ruminants is thus available.
Experiments have been conducted since the 18001s
using wheat straw in ruminant rations.

One of the first

experiments was done (18) in 1885 at the Connecticut Agri
cultural Experiment Station.

In this experiment it was

found that the digestion coefficient for wheat straw fed to
sheep and cows were:
39%; Fiber, 56%.

DM, 46%; Protein, 17%; Fat, 36%; NFE,

Emergy and Kilgore (16) later conducted

an experiment comparing the digestibility of wheat straw to
cottonseed hulls.

Wheat straw digestibilities were similar

to those found at the Connecticut
Station; however, Emery

Agricultural Experiment

and Kilgore did find a higher

digestibility of straw in Protein (17% to 26%), and NFE
(39% to 40%), and a lower digestibility in Fat (36% to 27%),
, and CF (56% to 52%) .
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Mills (33), using diets of alfalfa or straw and
alfalfa with grain, found alfalfa and straw to be superior»
He concluded that straw should be used with protein-rich
feeds in ruminant feeding,
Foster and Merrill (21), in an experiment conducted
at the Utah Experimental Station, concluded that the use of
two feeds such as lucerne and straw for steers resulted in
a good balance between protein and carbohydrates,

The ex

periment was conducted on three sets of four steers each
and it was found that straw, as part of the ration, was
almost equal in value to lucerne.

It was also found that

straw added to lucerne and grain lowered production cost as
compared to the use of lucerne and grain.

Wheat straw pro

duced lowest cost per pound of digestible dry matter.

The

experiment also showed that open-yard feeding greatly im
proved the consumption of straw, thus enabling the steers to
make better use of it.
Straw alone and cottonseed hulls with straw was used
in an experiment by Watkins (61) in 1929 and 1931.

The pur

pose of this experiment was to compare the nutritive value
of the straw alone, and wheat straw with cottonseed hulls.
In the first ..two trials when only straw was fed, dry matter
digestibility averaged 45.75%, but in the last five trials,
when cottonseed hulls were added to the ration containing
straw, dry matter digestibility increased 47.44%.

Thus, as

protein increased in the ration, dry matter digestibility /
also increased.

This same trend was also seen in protein,

crude fiber, and nitrogen-free extract,

it was also con

cluded that a small amount of cottonseed meal used to sup
plement the diet of wheat straw increased roughage intake.
It was assumed that the protein added to the ration was
responsible for the increase in total digestible nutrients.
Other investigators have used digestibility values
for straw based on earlier works«, Morrison (37) , in his
table of values, shows 40.6% for TDN as an average for
cattle and sheep with .3% digestible protein.

Another in

vestigator, Schneider (49) used results from experiments
conducted here and in other countries, and reported that
wheat straw had a value of 46.5% TDN for cattle and 45.5%
for sheep.

Digestible protein was .5% and .3% for cattle

and sheep respectively.
Trowbridge and Moffett (55) combined wheat straw
with other feeds and found that steers consumed an average
daily ration of 10.89 pounds of molasses, 2.72 pounds of
cottonseed cake, 29.42 pounds of silage and 1.42 pounds of
wheat straw. . The steers were fed for a period of 133 days
and gained an average of 1.8 pornlds per head daily.

When

alfalfa was used in place of the wheat straw, more roughage
and less concentrate was consumed.

An experiment to: determine to what extent wheat

.

straw could be used in diets fed to steers was done by Thaiman (53) in 1935.

He used two lots of nine steers and fed

one group alfalfa hay and wheat straw, and a second group
wheat straw only as a roughage source.

Along with this,

both lots were full feed shelled corn and 1.5 pounds of
cottonseed cake per head per day.
mineral pre-mix.

They were also fed a

No palatability problem in either group

was noted due to. the wheat straw, and the feed efficiency was
good for both groups.

The group on the alfalfa and straw

diet consumed seven pounds less corn than the steers that
were fed only straw as the roughage.

But it was. also noted

that the first group required more alfalfa per 100 pounds of
gain.

From the results of the experiment,. Thalman concluded

that there was no significant difference in either of the
groups and the gains were satisfactory in amount and economy.
Foot (20) studied the value of ethanol when added to
a diet containing straw supplemented with urea and molasses
when fed to sheep.

The only significant effect he found was

that there was a faster rate of food passage when ethanol was
fed.
Monetti et al.
ment conducted, in 1969.

(35) used bull calves in his experi
He recommended adding 3% animal

protein to the rations in which wheat straw was the only
roughage available.
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Urea was the source of protein replacement in an ex^periment done with buffalo steers by Ludri , Gutpa and Pant
(31) in 1972=

They reported that by adding urea to the

diet, cellulose digestibility of wheat straw was increased.
It was concluded that urea had a positive effect on the
cellulytic activity of the rumen bacteria.

They also men

tioned that urea can be used effectively to meet the protein
requirement of adult buffalo steers.
Louca and Papas (29) substituted Urea and wheat, straw
for lucerne hay and protein supplement in a barley diet given
to friesien bull calves.

In the first period, which lasted

from 80 days to 6 months, the growth rate of the calves fed
wheat straw was slower than those fed lucerne hay? however,
when the calves were maintained on the same diet for a period
of 6 to 12 months, that difference disappeared.

Their con

clusion was that diets of barley supplemented with urea and
wheat straw gave the same results as the diet using lucerne
hay and protein supplement.
A similar experiment was conducted by Den Braver (11)
in 1974 using sheep.

He reported that approximately the same

digestibility coefficients were obtained when straw was fed
along with hay as when it was fed together with a mixture of
urea and minerals.
In 1973, Ahuja (1) experimented with buffalo bulls
that were fed wheat straw and urea that replaced up to 28%

of the dietary nitrogen. . The results showed a negative in*fluence on total water intake, fecal water loss and urinary
output.

But when urea replaced 53% of. the dietary nitrogen,

there was an increase in urea-nitrogeri of blood plasma and
ammonia-nitrogen of rumen liquor along with a decrease in
total VFA in the rumen.
Another experiment conducted by O'Donovan and Ghadaki
(40) studied the effects of rations, using different levels
of wheat straw on 6-7 months old uncastrated lambs. . They
reported that there was a significant decrease in daily gain
and an increase in feed per unit of gain when the lambs were
fed the highest percentage of straw (3.0%) .
that there was a linear increase
matter when more concentrate

They concluded

in the digestibility of dry

was given.

Halevi, Neumark and Amir (22) used a complete switchback trail design with twelve cows in mid-lactation. . They
were fed three different ratios of concentrate to chopped
Wheat straw (45:55, 39:70, and 15:85 respectively).

Protein

was added to the concentrateto maintain a constant level.
Milk yields were similar for

all rations and milk fat was low

even though the molar percentage of ruminal acetic acid was
high.

Digestibility of dry matter did decrease slightly when

the percentage of straw was increased in the ration.

Halevi,

Neumark and Amir (22) concluded that the processing of wheat

straw increases its intake and therefore can be used to ob
tain a higher milk production.
Other investigators have also experimented with the
use of straw as a possible source of food for ruminants
when combined with other roughages.

Rations with straw as

the sole roughage depressed milk fat percentage and were of
low efficiency when the percentage of straw was low (19/ 20);
however, a high intake of straw was achieved in trails where
whole pelleted rations were fed (19, 20, 21).
Effects of Pelleted Roughage
in. -Ruminant Animals
Cate et al.

(7), in 1955, studied the effects of

self-fed pelleted and self-fed meal rations of varied quality
on the rate and economy of lamb gains.

He found that con

sumption of the pelleted rations was greater than the meal
rations.

He also reported that the amount of feed consumed

per hundred weight of gain was less for pellets, and that
economy of feed utilization was increased by pelleting as
ration quality decreased.

He also indicated that lambs made

satisfactory gains on low-quality roughages-, in .self ^fed
rations when their daily feed consumption was adequate.
In 1959 Ronning, Meyer and Clark (47) compared ra
tions containing pelleted or chopped alfalfa hay when fed
with or without concentrate to producing dairy cows.

Cows

on pelleted hay consumed more DM and produced more milk than
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those receiving chopped hay when no concentrates were fed.
Supplementation of chopped hay with 12% concentrate increased
DM intake and milk production to a level comparable to that
of the pelleted hay rations.

The butterfat percentage of the

milk was unaffected by the pelleted hay rations.
Porter et al.

(44) reported a greater actual milk

production and a lower fat percentage when alfalfa hay as
the sole roughage was fed in the pelleted form as compared
with field-cured, field-baled or artificially dried-ground
alfalfa.
Another experiment conducted by Ronning (46) re
ported that pellets containing finely ground alfalfa hay and
a grain-type concentrate in various rations depressed butterfat production below normal.

The effect was more noticeable

when the rations contained 30 or 45% concentrate than when
either no concentrate, or 15%, was used.

The health and

conditions of the cows remained satisfactory during the rela
tively long period (175 days) of feeding only pellets.
Putman and Davis (45) reported no depression in milk
fat percentage nor any digestive disturbance when pelleted
complete rations were compared to a conventional ration given
to lactating milking Shorthorn cows.
Palmquist and Ronning (42) also conducted trails to
observe the effects of feeding ground and pelleted hay as
compared to long hay.

They concluded that the pH of rumen

11
ingesta was lower and the VFA concentration in the rumen

,

fluid was higher in cows fed ground and pelleted hay than
those fed only hay.

Bates of VFA formation were two to

three times greater on the ground and pelleted hay rations
than on long hay.
Flatt et al.

(19) experimented using nonrpregnant

cows and. fed them alfalfa hay, early and late cut.

He re

reported that the apparent digestibility of the dry matter,
organic matter and gross energy decreased with forage cut
late.

Still other studies have proven that when alfalfa hay

was. fed to growing heifers, pelleting significantly in
creased the intake of the forages with the greatest effect
shown with poor quality forages.

.

O'Dell, King and Cook (39) experimented with dairy
cows and found milk fat changes when different forms of
forage were fed.

For example, the milk fat percentage de

creased significantly when pelleted alfalfa was compared to
baled alfalfa.

They conducted a second trial and found that

feeding pellets from dehydrated coastal bermuda grass ground
through either a .64, .32, or .16 cm hammerraill screen re
sulted in a milk fat depression.

In the third experiment,

dehydrated coastal bermuda was fed as .64. cm ground, .64 cm
ground and pelleted, .95 cm ground and pelleted, or .16
ground and pelleted hay.

The results were that .16 cm

ground hay pellets increased the milk fat.

From the three
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trials conducted it was concluded that critical size in re^
lation to milk fat was approximately .64 cm.
Another experiment
also using, diff erent sizes

was done by.
of hay.. He

Thomas etal.

(54) ,

reported that, only

finely ground hay. depressed milk fat content (.4.,:6-31..9%),
decreased the percentage of rumen acetic acid (68.3^59.2%),
and increased the percentage of propionic acid (16.2-24.6%).
They concluded that pelleted concentrates fed with pelleted
medium ground hay depressed milk fat content only slightly
when compared with unpelleted concentrates fed with the same
hay.

'
Two experiments were conducted at The University of

Arizona by Brown

et al.

with 12 cows each.

(5) using a double switchback trail

Pelleted or non-pelleted cottonseed hulls

were substituted for 10, 30, or 50% of the alfalfa hay cubes
in a ration containing 50%
energy concentrate.

alfalfa hay cubes and

50% high

They reported no difference due to diet

in total milk production, percent fat, protein, solids-notfat, or fatty acids in milk.

AS cottonseed hulls were in

creased in the diet, digestibility of protein acid detergent
fiber and combustible energy were progressively depressed.
Chalupa
of forage.

et al.

(8) used pellets as the only source

They observed that when pellets are the only

forage in a diet, milk fat percentage was decreased, milk
protein and solid-not-fat was increased and there was no
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effect on -milk production.

Also associated with these

changes were decreases in rumen pH., protozoa, amounts and
molar percents of acetate and butyrate, while molar percents
of propionate and valerate were increased.

From these re

sults, they concluded that the major factor influencing milk
fat changes was an alteration of adipose tissue metabolism
probably caused by increased propionate.

Also they found

that small quantities of supplemental conventional forages
will alleviate the milk fat depression caused by the use of
pellets as the only forage fed.
Another experiment studied the performance of lactating dairy cows fed completely pelleted diets of wheat
straw, barley and wheat.

Blair, Christensen and Manns (4)

found an increase in energy digestibility as the percent of
straw was increased.

Yield of fat-corrected milk and solid-

corrected milk tended to be lower on the low straw diet while
milk protein and solid-not-fat were increased.

.

Moore .(36) and Cunha (10) summarized the character
istics of pelleted feeds.

Moore compared chopped hay and

long hay to pelleted hay arid concluded that when pellets
were fed to dairy cows, the following effects are to be ex
pected:
1.

A decrease in rumen pH.

2.

An increase in the concentration of volatile fatty
acids in the rumen 1-4 hours after feeding.
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3.

A decrease in the ratio of acetate to propionate.

4.

An increased rate of digestion in the rumen.

5.

An increased dry matter intake.

6.

An increased rate of passage of feed particles from
the rumen.

7.

The feeding value of long hay appears to be improved
with pelleting.
Moore (36) also reported that by adding more concen

trate to the pellets, any difference in milk production
disappeared.

Pelleting all ration results in an increased

intake of dry matter and an increased milk production.

Feed- -

ing of ground or pelleted forages results in a decrease in
fat percentage of the milk probably related to a lower pro
portion of acetate to propionate in the rumen.

Feeding

pelleted forages to dairy calves increases, dry matter intake
and rate of growth.
Cunha (10) concludes the following:
1.

Pelleting increases intake of roughage, especially
the low quality roughages.

2.

Pelleting does not seem to improve the digestibility
of a roughage.

3.

Pelleting improves low quality roughages more than
high quality roughages.

4.

Roughage pellets can be more easily and accurately
mixed with the concentrates in the rations.
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5.

Eelleting prevents the sorting out by animals of the
more unpalatable parts of the feed.

6.

Pelleting increases rate of gain and feed efficiency.
This increase is greatest with low quality roughages
as compared to low fiber feeds.
Cunha (10) also reported some disadvantages:

1. .The extra cost of grinding and pelleting.
2.

Fine grinding of roughage may decrease the butterfat content of milk produced by dairy cows.

3.

Rumen parakeratosis may occur when high levels of
pellets are consumed.
The Use of Cobalt as a Supplement .
Fed to Ruminants
In 1941 an experiment was conducted by Baltzer

al.

et

(3) on herds suffering from the disease known as "Grand

Traverse" which is characterized by loss of appetite and
emaciation, and can be fatal very often.

During a one-year

period, 13 mg of cobaltous chloride was fed daily to cows
badly affected.

They reported a general improvement in

health and milk production within a period of 3-10 days.
Lins (28) experimented using half an ounce of a solu
tion of 1 oz. of cobalt sulfate in one gallon of water and
giving it daily to dairy cows that showed loss of appetite
and reduction of milk production.

Within four to ten days
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of using the cobalt solution the cows were restored to nor
mal in appetite and milk yield.
In 1947, Archibald (2) fed to Ayshire, Guernsey,
Holstein, and Shorthorn.cows a supplement of 500 mg. of
cobaltous acetate.

He reported an increase in the average

cobalt content of their milk to approximately four times
normal.

He also, discovered that young cows are more sus

ceptible to nutritional anemia arising from cobalt deficiency.
He suggested that in these cases, that calves can obtain an
adequate supply of cobalt from the milk of cows fed a diet
supplemented with cobalt.
Sheep have also been fed cobalt supplement with
positive results.

Chamberlain et al.

cobalt per day to ewes.

(9) fed 100 mg of

The cobalt content of the ewes'

milk was increased 4 to 15 times.

Twelve days after dis

continuing the cobalt supplement and putting the sheep out
to pasture, the cobalt level in the milk had been reduced
to that of the control group.

It was also noted that while

the cobalt supplement did not affect the rate of growth of
the lambs, it did result in higher blood hemoglobin level.
Keener

et al.

(25) experimented with different

levels of cobalt added to daily rations and fed to dairy
cows.

They reported conclusive evidence that cobalt sulfate,

when added at a rate of 50 mg daily per 100 lbs. bodyweight
was harmful.

Some cows lost weight and the external effects
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were rough hair coat, listlessness, depressed appetite, de
creased water consumption and lack of muscular coordination.
When cobalt was kept low in the rations there were no harm
ful effects nor any weight loss.

They concluded that the

practice of feed manufacturers of supplementing concentrates
with cobalt sulfate at the rate of 2 g per ton of mixed feed,
affords a wide margin of safety.
In 1952 Hartman and Dryden (23) experimented using
cobalt as a supplement fed to cows.

They reported that

there were no significant differences between vitamin
in the milk of cows on cobalt supplement compared to cows
with no cobalt supplement.
Dent and Howell (12) proved, in an experiment con
ducted in Oregon, that a high percent of cows increased
their 305-day mature equivalent milk yield on copper and
cobalt supplement which six out of nine cows not on the
supplement showed a decrease.

Heavy milking cows not on the

copper and cobalt supplement declined in milk yield after
being on pasture.

It was also noted that more sickness and

abnormalities were observed in animals not given the mineral
supplement.
A very interesting point was made by Hartman
(24) in 1956.

et al.

They stated that cobalamin was not increased

by adding cobalt to the cows' rations once an adequate amount
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was reached; neither does the amount of cobalamin secreted
in milk, vary much between breeds.
In a study made by Laganovskii (27) he reported that
the lack of cobalt in a diet has negative effects on the
content in the milk.

Feeding a cobalt chloride supplement

resulted in a significant increase in the vitamin B^g level
of the milk of the cows.
In Australia, O ’Halloran and Skerman (41) treated
ewes in one group with a cobalt bullet at the beginning of
gestation on a farm where cobalt was usually deficient.
Following parturition colostrum and milk samples were both
examined.

The results showed that the vitamin B.^ and. pro

tein content of both the colostrum and milk were signifi^ ,
cantly greater for the ewes on the cobalt than for those
that were not.

Livers of still-born lambs from those which

died before suckling were also analyzed.

The results showed

that lambs treated with cobalt had a higher vitamin B ^ re
serve .

They concluded that treatment improved overall con

ditions and growth of lambs.
Skerman, O'Halloran and. Munday (52) also used cobalt
bullets in a diet fed to dairy cows.
twice a day during lactation.

The cows were treated

Average F.C.M. yields of

those cows receiving the cobalt were greater than those of
the control group from 873 to 1,150 lbs. per cow.

The aver

age vitamin B^2 content of milk samples was 50% greater for

the treated cows.

They also pointed out that the cobalt

bullet treatment did not have a significant effect on pro
tein and butterfat content.

In 1962 Skerman and O'Halloran

(51) did a similar experiment on pregnant Hereford heifers.
They concluded that the cobalt treatment significantly in
creased daily weight gain of the new-born calves from treated
dams was not significant at 9-13. weeks of age.

Weight gain

for the treated dams were greater during pregnancy and early
lactation.
Sheep were also used in an experiment done by Popescu
et al.

(43) in Rumania.

A group of 81 ewes were treated each

with 20 mg of cobalt chloride per week for two years.

Re

sults showed that during this period the average milk pro
duction was 6.8 and 9.9% greater in the dosed group than in
the control group.
Buevich (6) fed copper and cobalt to dairy cows as
a supplement.

The use of the supplement increased butter-

fat and protein content and normalized the acidity and buf
fering capacity of milk.

It was found to be economically

advantageous, but they did recommend that the supplement be
fed over periods of not more than 25-30 days.
In 1964, Dimitrov (13) conducted an experiment in
Bulgaria similar to those mentioned.

Once a week a supple

ment of 14 ml of 0.2% aqueous cobalt chloride solution was
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fed to 13 ewes.

He reported to significant effect on milk

yield.
In Russia, Trufanova (56) experimented with cobalt
and copper as a supplement fed to four groups each of 4 cows
over a period of 73 days,

All groups were given rations of

maize silage or maize silage and pea silage with or without
supplement of 0,05 mg cobalt chloride and 0.1 mg copper
chloride/kg live weight.

Trufanova (56) reported that the

average daily milk yield and the milk fat contents were
higher for the groups that were fed the supplement than for
those that were not.

Similar results are reported by Niki

tin (38) who also used cobalt as a supplement.

He claimed

to have an increase in blood sugar content from 50-60 to
130 mg percent and to have raised the milk fat by 0.5-0.6
percentage units.
Shatokhina (50) and Yashchenko (63), both scientists
from Russia, used Black Pied cows to study the effects of
cobalt supplement on milk yield.

Both men reported an in

crease in milk yield as well as an increase in protein and
fat contained in the milk of. treated animals.
In 1971 Vaskov, Petkov, and Pesevska (60) experi
mented with 36 lactating cows.

The cows were separated in

three groups and were fed daily 1, 10 or 20 mg of cobalt
chloride.

It was reported that when the greater amount of

the cobalt chloride was added to the rations, that both milk
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yield and amount; of. vitamin

in the milk was the highest

compared to either the control group or the groups that were
fed 1 or 10 mg of cobalt chloride.

EXPERIMENTAL PROCEDURE
Twelve Holstein cows from The University, of Arizona
Dairy were selected for nearness to peak of lactation and
randomly assigned to one of four experimental rations in a
double switchback feed trail (30).

The experiment consisted

of three four-week periods with one-week change over inter
vals.

Cows were penned by treatment and group-fed twice

daily.

A basic ration consisting of 50% concentrate, 25%

alfalfa hay cubes and 25% pelleted wheat straw (PWS) with
various cobalt additives was fed to the cows to see the
effect of the cobalt additives on milk production when added
to PWS.

The cobalt additives to the PWS were as follows;

1.

Control— no additives.

2.

66 gras per ton of MKR.

3.

360 gms per ton of cobalt dextralac (CDL).

4.

15.6 bms per ton cobalt carbonate.

Ration composition and analysis of ration ingredients are
shown in Table 1.
All three ration components were placed in the
manger at the same time, but were not blended.

As there was

no weigh-back, there was no problem maintaining the desired
ratio of component intake.
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Table 1.

Composition of Concentrate Mixture; Alfalfa Hay Cubes and Pelleted
Wheat Straw*"with Various Cobalt Additives Fed Experimental Cows.
%
Fiber

%
Kcal/g

%
Lignin

5.01

14.59

4.08

3.69

15.97

1.75

37.73

3.90

7.57

92.94

4.44

2.59

44.09

3.76

4.73

Wheat straw
with CDL

93.07

3.39

2.06

47.70

3.70-

4.50

Wheat straw
with MKR

92.92

3.30

2.31

47.23

3.74

5.18

Wheat straw
with cobalt
carbonate

93.15

3.54

2.14

46.61

3.71

4.76

% Dry
Matter

% Crude
Protein

Concentrate
Mixture s

89.80

12.47

Alfalfa hay cubes

90.88

Wheat straw, no
additives

% Ether
Extract

#Loose mixture containing? 22.5% whole cottonseed, 22.5% rolled barley, 22.5%
rolled corn, 5.0% molasses and 27.5% pelleted supplement (United Producers
and Consumers Cooperative, Phoenix, Arizona).
*Actual compositions 88.5% wheat straw, 7.0% molasses, 2.5% barley (as carrier
for cobalt additives) and 2% animal-poultry fat.

.
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Milk samples were collected weekly during four conse
cutive milkings at the end of each weekly period and were
composited prior to analysis for each individual cow.

Milk

weights were recorded for each of the four milkings and
averaged to determine daily production.

Percent fat was

determined by the standard Babcock Method, percent protein
by the Orrange G. Method of Udy (57) and solid-not-fat (SHF)
by the method of Watson (62).

All three determinations were

on fresh unpreserved samples of milk.
Average body Weights were reported based on values
taken after milking on the last three mornings of each ex
perimental period.

Fecal samples were collected by rectal

removal twice daily on three consecutive days at the end of
each experimental period and were composited for each animal.
Dried composite feces samples, roughage, and concentrate
were analyzed for the percent ether extract and fiber (59)
and lignin (15).

Apparent digestibility was estimated by

the lignin ratio technique (32).

Percent protein was de

termined by the standard Kjeldahl Method.

Combustible

energy was determined by an adiabatic oxygen bomb calori
meter .
Rumen fluid samples were taken by rumen tubes on the
last morning of each period.

Samples were strained through

two layers of cheese-cloth, preserved by the additives of
one part saturated mercuric chloride solution to ten parts
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of rumen fluids, and stored at 14 °C: until analyzed for. vola
tile acids (VFA) by the method of Erwin, Marco, and Emery
(17) .
Variance was analyzed (30) and means for the treat
ment were compared by Duncan's Multiple Range. Test (14) „

RESULTS.AND DISCUSSION
The conditions and health of the cows remained satis
factory throughout the experiment, and there were no notice
able digestive or physiological disturbances. .Visual
observations indicated that there were some preferences in
the consumption of ration components.

The animals showed a

preference for the concentrate, with the PWS being consumed
last.

This was not considered serious or significant be

cause the animals did consume all ration components.

It was

also observed that there were ho noticeable differences in
the consumption of the PWS containing, the various kinds of
cobalt.
It is known that by pelleting wheat straw, both feed
consumption and its nutritional value are increased (10).
It is also known that pelleting reduces cost of. transporta
tion and cost of labor, because a pelleted feed is easier to
store and to handle.
The mean yield and composition of milk and body
weights of cows fed rations with pelleted wheat straw con
taining cobalt additives are shown in Table 2.

It was theo

rized that an increase in total milk yield would occur when
the cows were fed rations containing cobalt additives.
can be seen by Table 2, this, did not occur.
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As

There was a

Table 2.

Mean Yield and Composition of Milk and Body Weights of Cows Fed
Rations with Pelleted Wheat Straw Containing Cobalt Additives,

Control

MRK

Cobalt
Daxtralac

Cobalt:
Carbonate

31,26

31.05

31.82

31.24

,74

.54

Fat (%)

2,74

2.84

2.75

2.84

.69

.09

Protein (%)

2,70

2.67

2.70

2.66

.84

.03

Solids-not fat (%)

8,08

8.03

8.03

8.01

.89

.05

624.00

619,00

627.00

622.00

4 .87

2.22

.55

.72

.46

.52

.79

.18

Milk production (kg)

Body wt (kg)
Body wt gains (kg/day)

V
Value

Standard
Error
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slight increase in the percentage of milk fat with the ra
tions containing cobalt additives? however, this increase
was not significant (P > 0.05).

Percent protein and splids-

not-fat showed no significant changes due to the cobalt
additives.
ted.

Body weights were also not significantly affec

All groups of cows gained some weight, but again any

differences were not significant.
These results do not agree with the ones reported by
Dent and Howell (12) where the milk yield was increased
when cobalt was supplemented.

It must be noted that the

experiment conducted by Dent and Howell (12) was done in a
cobalt deficient area, whereas the present experiment was
done where cobalt deficiency was -apparently not a factor.
Mean digestibility of rations components are seen in
Table 3.

As shown in this table, there was a slight increase

in digestibility in the rations containing cobalt; however,
this increase was not significant.

The mean digestibility

of protein, acid detergent fiber and combustible energy were
not significantly affected by any of the cobalt additives.
The mean concentration of. volatile fatty acids (VFA)
in rumen fluid are shown in Table 4, and the mean molar per
centages of VFA are indicated in Table 5.

There were ho

significant differences in the mean concentration of the
various VFA.

Although there was a slight decline in the

mean concentration of acetate and propionate when the various

Table 3„

Mean Digestibility of Rations from Cows Fed Rations with Pelleted
Wheat Straw Containing Cobalt Additives.

Control

MKR

(% Digestibility)
Cobalt
Cobalt
Dextralac
Carbonate

F
Value

Standard
Error

Protein

67.25 ,

66.66

65.42

67.12

.47

1.71

Fat

85.71

86.90

86.61

88.49

.85

1.78

Acid detergent
fiber

34.10

37.14

35.67

34.25

.34

3.47

Combustible
energy

64.82

63.99

63.22

63.38

.34

1.76

Table 4.

Mean Concentration of Volatile Fatty Acids in Rumen Fluid of Cows
Fed Rations with Pelleted Wheat Straw Containing Cobalt Additives =

Volatile
Fatty
Acid

Control

MKR

79-79

CO
IT)

Propionate

67.71

Butyrate

Value

Standard
Error

CO
OS

Acetate

(yM/ml)
Cobalt
Cobalt
Dextralac
Carbonate
66.76

65.83

.44

11.29

44.66

55.95

58.66

1.89

13.19

14.65

13.06

10.74

15.69

.27

5,83

Isovalerate

1.18

1.46

.74

.35

1.27

.61

Valerate

2.18

2.24

1.12

.73

1.03

1.06

165.51

120.40

135.31

141.26

.57

29.65

TOTAL

Table 5.

Mean Molar Percentages of Volatile Fatty Acid in Rumen Field of Cows
Fed Rations with Pelleted Wheat Straw Containing Cobalt Additives.

Volatile
Fatty
Acid

Control

MKR

Acetate

48.21

48.99

49.34

46.60

2.74

2.92

Propionate

40.91

37.09

41.34

41.52

3.85

2.42

8.85

10.85

7.94

11.11

.52

2.53

.71

1.21

.55

.25

1.44

.27

1.32

1.86

.83

.52

.84

.51

Butyrate
Isovalerate
Valerate

(Molar %)
Cobalt
Cobalt
Carbonate
Dextralac

F
Value

Standard
Error
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cobalt additives were added, their ratio remained constant.
This was undoubtedly the reason why the percentage of milk
fat did not suffer any significant alteration.

These re

sults disagree with those researchers who have found milk
fat depression.,(44, 46) when lactating, dairy cows were fed
pelleted forage in the ration.

It should be pointed out

that in this experiment the PWS was not the only roughage
fed to cows.
rations.

Alfalfa hay cubes were also: used in all the

The mean concentration of isovalerate decreased

when cobalt dextralac and cobalt carbonate were used, but
this decrease was not significant.

The mean molar percent

ages of VPA (Table 5. did not suffer any significant change.
The results in this experiment proved that, under
the circumstances in which the study was conducted, cobalt
as a supplement did not benefit milk yield or milk composi
tion.

Nonetheless, it has been demonstrated that cobalt can

be used with positive results as a supplement in cobalt de
ficient areas, when fed to dairy cows in their daily rations.
But this not being the case in the above study, cobalt addi
tives did not have any beneficial effects in milk yield or
body weights.
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