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ABSTRACT 

Fifty yearling ewes were self-fed pelleted feeds containing different 

levels of safflower hulls. The ewes were of Columbia, Rambouillet and 

Targhee breeding. The purpose of the experiment was to evaluate the use 

of safflower hulls in all pelleted rations to maintain sheep in the dry 

lot. 

The animals were stratified according to breed and randomly allotted 

into five groups of 10 animals each. 

Lot 1 served as the control lot. This ration contained 60 percent 
alfalfa and no safflower hulls. The rations fed lots 2, 3, 4 and 5 con¬ 

tained 30, 45, 60 and 75 percent safflower hulls, respectively. 

The rates of gain of ewes in lots 1 and 2 were significantly (P<.05) 
larger than those of lots 3, 4 and 5. Lots 3, 4 and 5 were fed rations ‘ 

containing the highest levels of safflower hulls were not significantly 

different in their rates of gain. 

Although the daily gain was slightly larger in Lot 2, Lot 1 was more 

efficient in its utilization of feed. Lot 5, which was fed the ration con¬ 

taining 75 percent hulls was considerably more efficient than Lot 4. 

This experiment indicated that for a 56-day period: (1) all animals on 
the different treatments showed an increase in gain during the trial (2) up 

to 30 percent safflower hulls may be included in a pelleted ration for sheep 

without a decrease in average daily gain (3) when sheep are fed rations con¬ 

taining 45 percent safflower hulls or more there is a decrease in average 

daily gain (4) although the pelleted rations containing 45 percent or more 

safflower hulls were less expensive, the costs per hundred pounds of gain 

were greater due to poor utilization of the ration. 



INTRODUCTION 

Safflower is an oilseed crop which has been grown commercially for 

many years on a small scale in part of northern Africa, the middle East 

and in southern Europe (Baker 1951). Safflower, recently introduced 

into this country, is a plant resembling the thistle. 

Safflower oil is a semidrying oil used industrially as a raw material 

for the production of protective coverings, ink, putty and linoleums (Goss 

and Otagaki 1954). 

Safflower meal or cake is a residue which remains after the oil has 

been pressed or extracted from the seed. This residue provides a source 

of protein and is used as a feed for livestock. Machines are able to re¬ 

move most of the hull from the seed before the oil is expressed. The oil 

cake meal obtained from this process of decortication may have twice the 

percentage of protein and one-half as much fiber as the whole pressed seeds. 

Varieties of safflower vary somewhat in constituent analysis but the major 

factor affecting protein content is the degree of decortication practiced 

in seed processing. 

According to Morrison (1956) the hull percentage in the seed is 40 

percent or more. The protein content of the hulls averages about three 

percent as against 18 to 21 percent in the whole seed. 
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The following analyses of safflower seed are from Morrison (1956). 

TABLE I. ANALYSIS OF SAFFLOWER PRODUCTS.  —-j *“•“*“* S' 

Feed Stuff D.M. 
7. 

Digestible 
Protein 

7« 
T.D.N. 

7, 

A _ 

Crude 
Protein 

7o 
Fat 

7o 
Fiber 

7o 

Mineral 
N.F.E.,Matter 

7o 7« 

Safflower Seed 93.1 13.0 82.4 16.3 29.8 26.6 17.5 2.9 
Safflower Seed 

Well hulled 90.5 37.4 69.4 42.5 6.7 8.5 26.4 6.4 
Unhulled 91.5 17.2 50.1 21.5 6.9 32.8 26.5 3.8 

Safflower Hulls 91.3 .2 14.8 3.8 4.7 53.1 28.3 1.4 

Goss and Otagaki (1954) conducted digestion trials with decorticated 

safflower meal of 36 percent protein. Two varieties were studied, N6 and 

N852. The meal was made up of equal proportions of these varieties. Four 

wether lambs were tested on levels of 0, 25, 50 and 75 percent of safflower 

meal added to a ration of ground alfalfa hay with 20 percent molasses. The 

average coefficients of digestibility they found for the decorticated saf¬ 

flower meal are listed below. 

Crude protein 88 percent 

Ether extract 89 percent 

Crude fiber 23 percent 

Nitrogen free extract 63 percent 

Total digestible protein 32 percent 

Total digestible nutrients 66 percent 

If the average coefficients obtained with the decorticated meal are 

applied to the composition of whole pressed seed, they stated the figure 

for total digestible protein should be 16 percent and for total digestible 

nutrients 54 percent. 
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Schneider (1947) in his comprehensive compilation of digestion co¬ 

efficients, gives the following digestion co-efficients for safflower; 

crude protein, 86 percent; N.F.E. 48 percent; and fat or ether extract, 

96 percent. 

The purpose of this paper is to present the results of a test de¬ 

signed to determine the effect of feeding four different levels of saf¬ 

flower hulls in a pelleted feed to yearling ewes. 
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LITERATURE REVIEW 

Experiments with Pelleted Feed 

Botkin and Paules (1962) conducted a study to attempt to find cheaper 

rations by increasing levels of roughage and by substituting cheaper rough- 

ages for alfalfa hay. They found that as the level of roughage was in¬ 

creased from 60 percent up to 90 percent, lamb performance, as measured 

by gain and feed efficiency declined. 

Feeding pellets containing alfalfa hay as a roughage resulted in 

faster and more efficient gains than those containing grass hay, kochia hay, 

bean straw or cornstalks. Death losses were higher for lambs fed pellets 

with alfalfa hay as the roughage than for those fed pellets with lower 

quality roughages (Botkin and Paules 1962). 

They stated that, although not conclusive, the results indicated that 

mixing poor quality roughage with alfalfa hay in pelleted rations results 

in lamb performance at least equal to that when only alfalfa is used, with 

less danger from death loss (Botkin and Paules 1962). 

In a feed trial with replacement ewe lambs, Price et al. (1963) re¬ 

ported the effect of hand-feeding and self-feeding high and low quality 

alfalfa hay. The control lambs were fed baled alfalfa hay. The lambs 

on the control ration gained 0.20 pounds per head per day. The lambs on 

self-fed pellets of high and low quality alfalfa gained 0.56 and 0.50 pounds 

per day, respectively. 

There have been many reports that the feeding of pelleted rations 

containing high levels of roughages have improved the performance of lambs 
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when compared to the feeding of conventional rations containing long hay 

and whole grains or the feeding of complete ground mixed rations. The 

advantages of pelleting are diminished as roughage is replaced by higher 

levels of concentrates. 

Neale (1953) at the New Mexico station, conducted lamb fattening 

trials with alfalfa cubes containing either 50 or 60 percent alfalfa. 

The cubes were made of coarse, stemmy, poorly colored alfalfa and con¬ 

tained some ground sorghum grain and molasses. The ration that was not 

in cube form contained good quality alfalfa and the sorghum came from the 

same area as that in the cubes. It was found that cubes saved 3.13 pounds 

of alfalfa hay and 0.17 pounds of concentrates per pound of gain. In 

another experiment with wethers, it was found that it took 25 to 35 per¬ 

cent less total digestible nutrients to fatten the wethers on self-fed 

cubes of 60 percent alfalfa. The self-fed mixture of 50 percent alfalfa 

was 18 to 25 percent more efficient than the non-cube ration. 

Lindahl and Terrill (1963) studied the effects of the use of pellet¬ 

ed roughage for growing and mature sheep. Their results indicated that 

pelleting the roughage would give substantial reductions in the amount 

of feed required. They also found marked increases in the feeding values 

of roughages when fed to growing ewe and ram lambs and with pregnant ewes. 

McClure and co-workers (1960) studied four different roughages to 

concentrate ratios and compared pelleting the rations with unpelleted. 

They found that daily gain was increased 0.11 to 0.15 when the various 

rations were pelleted. Pellet-fed lambs usually had significantly higher 

carcass yields than those on ground feed. Pelleting had no effect on the 
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incidence of rumen parakeratosis. 

Meyer et, al. (1959) attempted to find the reasons for the increased 

gains with pellets. They compared finely ground alfalfa hay with the alfal¬ 

fa hay compressed into a pellet. Their results indicate that the increased 

gains were due to an increased feed intake. The faster passage of the in- 

gesta from the reticulo-rumen seemed to be responsible for this increased 

feed intake. This in turn was due to a faster rate of holocellulose diges¬ 

tion by the rumen microorganisms. 

Perry et al. (1959) conducted two experiments with completely mixed 

pelleted rations for feeder lambs. In trial I, 144 lambs averaging 73 

pounds were used. This trial was designed to study the effect of incorpor¬ 

ating either 7.5 percent yellow grease or 10 percent sugar alone or in 

combination into a pellet. They also studied the effect of substituting 

dried skim milk or fish meal for soybean meal as sources of protein. The 

replacement of corn with the stabilized yellow grease alone or in combina¬ 

tion with cane sugar caused a significant (P.^Ol) decrease in gain. The 

replacement of soybean meal with dried skim milk or fish meal also caused 

a significant (P^.OS) decrease in gain. 

In trial II, 180 feeder lambs averaging 75 pounds were used. This 

trial was designed to study the comparative value of a number of roughages 

and two ratios of roughages to concentrate. The roughages compared were 

corn cobs, oat mill feed, soybean mill feed, and sun cured alfalfa meal, 

sugar cane bagasse and cottonseed hulls. The roughage ratios compared were 

60 percent roughage to 40 percent concentrate and 40 percent roughage to 60 

percent concentrate. They found that oat mill feed, soybean mill feed and 
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sun cured alfalfa meal were not as valuable as principal sources of rough¬ 

age as ground corn cobs, sugar cane bagasse or cottonseed hulls. Lambs 

fed pellets containing a ratio of 60 percent roughage to 40 percent con¬ 

centrate grew more rapidly than those whose ratio was 40 percent roughage 

to 60 percent concentrate.(Perry et al. (1959). 

Bell et_ al.. (1955) studied the effect of pelleting alfalfa hay alone 

and in combination with corn in varying amounts. They found that lambs 

fed the pelleted rations containing 65 percent roughage and 35 percent con¬ 

centrates gained faster with more efficient use of their feed than lambs 

given similar but unpelleted rations. The unpelleted rations containing 

55 percent roughage and 45 percent concentrates gave better results than 

those with more roughage in the pellets. Feed cost per pound of gain was 

higher in all tests despite the greater efficiency of feed utilization, 

because of processing cost of $12 to $15 per ton for pelleting. 

Montgomery (1960) studied the palatability of different physical forms 

of rations fed to lambs. The forms studied were pellets, crumbles and meal. 

It was found that the consumption of pellets was greater than the other two 

forms. 

Cate et_ al. (1955) studied the effect of pelleting rations on feed 

utilization by lambs. They found that when timothy meal was used as the 

roughage feed consumption and average daily gains were significantly in¬ 

creased by pelleting. When alfalfa meal was used as the roughage, no 

significant increase was shown for pelleting. Higher carcass grades were 

obtained with pelleted feeds when timothy was the roughage, but there was 

little difference when alfalfa was the roughage. 
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Thomas et al. (1954) reported the use of pelleted feeds for fattening 

lambs. Lambs of Columbia, Rambouillet, and Targhee breeding were studied. 

Lambs fed the pelleted ration gained the fastest and sold for the highest 

price. The lambs on the pelleted rations went on feed quicker and requir¬ 

ed less labor during the fattening operation, 

Thomas et al. (1955) studied the effect of pelleting lamb fattening 

rations at Montana State College. Three different rations were fed and 

all rations were self-fed. The lambs fed the ration in pellet form 

gained faster, sold for a higher price and the carcasses graded higher 

than the lambs fed the non-pelleted ration. Due to the added cost of 

pelleting, the lambs fed the pelleted rations returned less than lambs 

fed whole grains. 

Thomas et al.. (1960) fed various concentrate-roughage ratios to 369 

lambs in two fattening trials. These rations were both pelleted and un¬ 

pelleted and all lambs were self-fed. The lambs fed the rations in pelleted 

form gained faster than the lambs fed the same ration unpelleted. These 

gains were more expensive, however. 

Botkin et al.. (1957) conducted a two-year study involving 800 feeder 

lambs to compare pelleted and unpelleted rations and also the comparative 

value of different roughages and roughage levels. They found that the lambs 

fed pellets gained faster and more efficiently, graded higher and dressed 

slightly higher than lambs fed the same ration but non-pelleted. A pellet 

containing 60 percent alfalfa hay was better than one containing 50 per¬ 

cent alfalfa; however, when fed in unpelleted form, rations containing 

50 percent alfalfa hay were better than those with 60 percent alfalfa hay. 
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The performance of lambs fed pellets containing grass hay, bean straw, or 

kochia hay was below that of the lambs fed pellets containing alfalfa hay. 

Woods and Rhodes (1962) reported the effects of rations, varying in 

roughage to concentrate ratio and in physical form, on the performance of 

lambs in the feedlot and on digestibility. They found that feeding a 

ration containing 60 percent roughage in ground or mixed form did not in¬ 

crease performance as compared to a conventional ration composed of shelled 

corn and alfalfa hay. The consumption of the pelleted ration was the 

largest. Thus they found increased gains and decreased feed required 

per unit of gain. 

A 40 percent roughage ration was also fed. Neither the ground-mixed 

or pelleted form increased gain. The lambs were more efficient, however 

on the pelleted low roughage ration. 

Neale (1955) compared effectiveness of three rations for fattening 

lambs. The composition of the rations was as follows: (1) 70 percent 

alfalfa, 20 percent sorghum grain, and 10 percent molasses; (2) 60 per¬ 

cent alfalfa, 30 percent sorghum grain and 10 percent molasses; and (3) 

50 percent alfalfa, 40 percent sorghum grain and 10 percent molasses. 

These rations were fed for three years and the lambs came from the same 

range herd each year. It was found that the 70-20-10 cubes produced the 

highest rate of gain and in the heavy lambs it produced a pound of gain 

with less feed. When fed to the light lambs, the 70-20-10 ration almost 

equaled the 60-30-10 mixture. The 50-40-10 cubes produced the lowest rate 

of gain and were lowest in efficiency of feed use. The increase in total 

digestible nutrients coinciding with a decrease in rate of gain was the 
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most Important point in this data. 

In a digestibility experiment with wether lambs, Long et al. (1955) 

found that grinding long hay and whole grain lowered its digestibility. 

Pelleting the ground ration only restored its digestibility to approximate¬ 

ly the same level observed in the natural state. 

Wright and co-workers (1962) studied the effect of pelleting two very 

low quality roughages for gestating and lactating ewes. They found that oat 

straw and corn cobs were satisfactory sources of energy and protein if they 

were supplemented with minerals and protein. Pelleting the roughage in¬ 

creased the consumption 25 percent over the chopped form. 

Esplin et al.. (1957) conducted studies to compare the relative value 

of rations in pelleted and unpelleted forms. The lambs were both individual 

ly and group-fed and the ration consisted of 47.5 percent ground corn, 47.5 

percent ground alfalfa hay and 5 percent molasses. They found that the 

lambs on the pelleted ration gained more and consumed more feed than those 

on the unpelleted ration. The carcass grade of the lambs on the pellets 

was significantly higher than those on the unpelleted ration. 

Bell and co-workers (1955) at the Kansas station found that lambs 

given pelleted rations of similar concentration and similar feeding manage¬ 

ment made larger and more efficient gains than lambs given the unpelleted 

rations. Despite this greater efficiency of gain, the cost of gain was con¬ 

siderably higher when the pellets were fed because of the high cost of 

pelleting. The protein, fat and ether extract were more efficiently utiliz¬ 

ed in the pelleted ration. Fiber was much less completely digested in the 

pelleted rations. There was little difference in the amount of total diges- 
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tible nutrients digested in the pelleted and non-pelleted rations. 

Weir et (1959) studied both sheep and cattle in comparing 

pelleted rations to chopped or meal rations. Pelleting was particular¬ 

ly advantageous for both lambs and steers when straight roughage rations 

were compared. Both gains and feed intake were increased. In a lamb 

digestion trial, they studied alfalfa in chopped and pelleted form with 

and without added barley. The different forms had little affect on protein 

digestibility. Fiber digestibility was lower for the pelleted rations, 

particularly when barley was included in the ration. Pelleting did not 

affect the total digestible nutrient content of the ration. 

Reynolds and Lindahl (1960) compared pelleted hay with long hay and 

ground hay for digestibility in sheep. They found that either grinding 

or pelleting increased the digestibility of the nutrients and the total 

digestible nutrient content of the poorer quality hays. 

In trials with sheep, pelleting alfalfa has been found to consistently 

increase the percentage of the ether extract fraction. Pelleting has been 

found to have no effect on gross energy content or the digestibility of 

dry matter, crude fiber, crude protein or nitrogen-free-extract (Lindahl 

and Reynolds 1960). 

Blaxter and Graham (1956) conducted experiments with six sheep to 

provide calorimetric information on the nutritive value of dried grass in 

cube form or chopped. There was no statistically significant differences 

between the energy retention of the different forms. Fecal losses of energy 

were considerably greater when cubes were given and methane losses were 

smaller. Heat losses were considerably less for cubes than for chopped 
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material . 

Feeding Experiments with Safflower Products 

Poultry 

The use of safflower meal products has been studied with poultry. 

Safflower meal has been used quite successfully as a protein supplement. 

When fed as the only protein supplement to poultry, it was found to be 

deficient in some of the essential amino acids (Kratzer and Williams 1947, 

Kratzer and Williams 1951, and Petersen et jU. 1957). 

Cattle 

Baker at al. (1951) conducted a number of trials using different types 

of safflower meal for growing steer calves and for fattening yearling steers. 

They found that high-protein meal from decorticated safflower seed was fully 

equal to soybean oil meal of approximately the same crude protein content. 

Calves fed pellets containing 95 percent safflower meal from undecorticated 

seed, and five percent urea and fed at a level to provide approximately the 

same nitrogen as the calves fed soybean pellets made approximately the same 

gains. 

Three lots of yearling steers were full-fed corn silage and ground 

shelled corn. Each lot was given a separate treatment in addition. The 

treatments were 1.5 pounds of soybean oil meal, 15 pounds of safflower meal 

from decorticated seed and 2.2 pounds of distillers' dried grains. The 

steers fed safflower meal surpassed the steers fed soybean oil meal in 

average of four*pounds less supplement, 20 pounds less corn and 48 pounds 

less silage for 100 pounds gain. They also surpassed the steers fed distil¬ 

lers' dried grains in average daily gain by 0.28 pound per head and required 
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38 pounds less supplement, 26 pounds less corn and 54 pounds less silage 

per 100 pounds of gain (Baker e_t al. 1951) 

Thomas et al. (1961) reported a study in fattening cattle designed to 

compare safflower meal, fortified with calcium and vitamin A, with a mixed 

protein supplement. The cattle were heavy Hereford steers and they were 

fed a high-barley ration. The safflower meal supplement was pelleted during 

the trial to improve the palatability. They found the steers fed the mixed- 

protein supplement gained only one pound more than those fed the safflower 

pellet during the 112-day period. They stated from this trial it appeared 

that the safflower based supplement fed with this kind of fattening ration 

was equal to the supplement made from a mixed source of protein. 

Christensen (1932) reported steer feeding trials on safflower meal 

versus linseed meal. Slightly larger gains were found with the linseed 

meal but both meals appeared to be equally palatable. 

Hilston et, al. (1951 and 1952) conducted studies with fattening steers 

to determine the relative value of 41 percent soybean meal and safflower 

meal. They found no significant difference in rate of gain, dressing per¬ 

centage or carcass grade of the lots. 

At the Nebraska Station, Baker et al. (1952) conducted trials using 

safflower meal as the only source of protein supplement for both growing 

and fattening cattle. In the growing steer calves, they found when saf¬ 

flower meal was fed to provide approximately the same level of protein as 

soybean oil meal, the gains were almost identical. Feed requirements per 

unit of gain were comparable except more safflower than soybean oil meal 

was required since the safflower meal contained less protein. In the 
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fattening trials, steers fed one pound of soybean oil meal made somewhat 

larger gains and required somewhat less feed per unit of gain than steers 

fed either safflower meal or safflower meal and urea to provide approximate¬ 

ly the same level of supplemental nitrogen. Some of the conclusions they 

stated from their work were as follows: (1) safflower meal is probably not 

as palatable for cattle as the more commonly used oil meals but no especial¬ 

ly difficult problems are encountered in feeding it. (2) combinations of 

safflower meal and urea have proved quite acceptable where fed on an equiv¬ 

alent nitrogen basis with safflower meal or other supplements. (3) saf¬ 

flower meals may vary widely in protein content. This of course affects 

their value as a source of protein. (4) safflower meal is apparently lower 

in phosphorus than the more widely used oil meals and when using it this 

fact should be kept in mind. 

Baker and co-workers (1960) again conducted research with 15 lots of 

Hereford steers to find the value of using undecorticated safflower meal as 

a protein supplement for winter calves. The calves were either fed a basic 

ration of prairie hay or of corn silage. Three different supplements were 

used with each ration to provide two levels of supplemental protein. One 

level was approximately twice the other. The supplements used were soybean 

oil meal, safflower meal and a combination of safflower meal and urea. The 

gain of the calves on the basic ration of prairie hay and supplemented with 

soybean oil meal and safflower meal,to provide approximately the same pro¬ 

tein level were approximately the same. Gains of the calves fed the combi¬ 

nation of safflower and urea were lower than for the calves fed the other 

two supplements. Calves fed the higher level of protein made faster gains 
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and required more supplement and less hay per unit of gain. The results 

with the calves on the corn silage were approximately the same. Since 

more safflower was required to provide the same level of protein, more of 

these supplements were required per unit of gain. 

Sheep 

From experiments at the Wyoming stations, it has been reported that 

safflower meal can be replaced by soybean meal in rations for fattening 

lambs. A ration with 41 percent soybean oil meal produced slightly cheaper 

gains than rations containing 18 percent saffmeal. They also reported that 

at least one-fourth of the grain ration can be substituted satisfactorily 

with 18 percent saffmeal if the lambs are self-fed (Briggs 1951-52). 

Faulkner and Paules (1951) studied the use of saffmeal for lamb fat¬ 

tening. White-face lambs were used and they were divided into five lots 

of 100 lambs each. All lots recieved whole barley, alfalfa hay, wet beet 

pulp, bone meal, and salt. The control lot was supplemented with 41 per¬ 

cent soybean oil meal. Two lots were self-fed and the others were hand-fed. 

One of the hand-fed lots was given 28 percent saffmeal in a quantity^equal 

to the soybean oil meal in the control and the other lot was given one 

pound of 18 percent saffmeal to each three pounds barley. It was found that 

28 percent saffmeal can be substituted pound for pound for soybean oil meal. 

Eighteen percent saffmeal can be substituted for at least one-fourth of the 

grain in the fattening ration. Self-feeding resulted in slightly better 

gain than hand-feeding. 

Baker e_t al. (1951) conducted a lamb fattening trial and compared 

safflower meal from partially decorticated seed with soybean oil meal. 
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Two lots of 50 white-face lambs per lot were fed for 106 days. They found 

slightly cheaper gains were produced with the 41 percent soybean oil meal. 

They stated that 18 percent saffmeal as a protein supplement to lambs. 

They found slightly cheaper gains were produced with the 41 percent soy¬ 

bean oil meal. They stated that 18 percent saffmeal can be substituted 

satisfactorily for at least one-fourth of the grain ration if the lambs 

are self-fed. They found that self-fed lots produced more rapid gains and 

slightly cheaper gain than hand-fed lots. 
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METHOD AND PROCEDURE 

Pre-experimental Treatment 

Sixty-nine ewes were selected from the Montana Agricultural Experi¬ 

ment Station grade band at the Red Bluff Ranch west of Bozeman. They were 

of Columbia, Rambouillet and Targhee breeding. Fifty of these 69 lambs 

were then selected for the trial. Any lambs which showed signs of scouring, 

poor mouth or unhealthy appearance were first culled. To eliminate an ex¬ 

tremely wide range in weight, all lambs under 60 and over 90 pounds were 

also removed. 

Five lots were prepared which would provide the ewes with shed pro¬ 

tection, self feeders and water from a stream which ran through each of 

the individual lots. As soon as the ewes were assigned to their lots, they 

were immediately given an unlimited amount of the ration they were to re¬ 

ceive throughout the trial. No ill affects were observed from putting 

animals immediately on full feed. 

Allotting Procedure 

On June 2, 1964, the 50 ewes were stratified according to breed and 

randomly allotted into five groups of 10 animals each. 

After completing the allotment procedure on paper, the ewes were 

separated into experimental lots by reading the ear tags of each animal. 

All ewes were paint branded with their lot number to facilitate ease in 

recognizing them. The order of pen assignment was to give Lot 1, which was 

in the control group, the first pen in the alley and progressed in order 

through the series of treatments as the level of safflower hulls increased. 

This method of assignment was done to simplify the order of feeding as much 
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as possible. The pens were kept as uniform as possible for each treatment. 

Weighing Procedure 

Feed and water were removed from the five lots at 4:30 p.m., June 5, 

1964. At 8:00 a.m., June 6, weighing was started. The lots were weighed 

in order starting with Lot 1 and progressing through Lot 5. The weighing 

time took approximately one hour. 

Weights were taken throughout the experiment at 14-day intervals. 

Weighing was started at 8:00 a.m. on each weigh day. With the exception 

of the third weigh period, Lot 1 was always weighed first and progressing 

through Lot 5. The third period, the order of the lots for weighing were 

randomly assigned. The order fell 2, 4, 5, 3, 1. 

At approximately 7:00 a.m. the morning of each weigh day, the self- 

feeders were cleaned out and the feed weighed. This was done to measure 

the feed consumption for each period. Feed was put back in the feeders 

immediately after weighing. 

On July 31, 1964 at 4:30 p.m., the animals were again taken off feed 

and water. On August 1, the final weights were taken. Weighing began at 

8:00 a.m. starting with Lot 1 and progressing through Lot 5. 

Feeds Used in the Experiment and Method of Feeding 

The feeds used in the experiments were prepared to feed levels 0, 

30, 45, 60 and 75 percent safflower hulls. An attempt was made to keep 

the protein level in all rations approximately the same. All feeds were 

prepared by a commercial feed company according to specifications provided 

by the Animal and Range Sciences Department. All feeds were in the one- 

fourth inch pellet form and were sacked into 50-pound labeled paper bags. 
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Several types of feeds 

tion is shown in Table 

TABLE II. COMPOSITION 

were used 

II. 

OF RATIONS 

in making up the pellets and the compos i- 

Lot 1 Lot 2 Lot 3 Lot 4 Lot 5 

Safflower Hulls % 0 30.00 45.00 60.00 75.00 

Alfalfa Hay % 60.00 30.00 0 0 0 

Barley 7. 20.00 20.00 30.00 20.00 10.00 

Beet Pulp % 10.00 10.00 15.00 10.00 5.00 

Wheat Millrun 7. 5.00 5.00 5.00 5.00 4.75 

Molasses % 5.00 5.00 5.00 4.83 4.89 

Urea % 0 0 0 .17 .39 

All animals had access to iodized salt at all times. On June 16, it 

was thought that some lots were eating their bedding, possibly because of 

lack of roughage. At that time, each lot was given a small weighed amount 

of straw in a feed rack. This straw was not readily eaten and a small 

amount remained in the rack of each lot at the close of the trial. 

The feeds used in these trials were chemically analyzed, and the 

approximate composition is shown in Table III. Feeds were not purchased 

in sufficient quantities to last the entire feeding period and it was nec¬ 

essary to have rations made up twice during the trial. Representative 

samples were taken from each lot for analysis. A small portion was col¬ 

lected from each sack for analysis. With the exception of Lot 5, samples 

collected from each order were collected and combined for analysis. There 

was some question that the composition for Lot 5 was not the same for each 
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order due to some difficulties in the pelleting process. A separate analy¬ 

sis was made for each order in this case. 

TABLE III. QUALITATIVE ANALYSES OF THE FEEDS USED IN THE TRIALS 

Feed 
Description 

Moisture 

% 

Protein 

% 

Ether 
Extract 

% 

Ash 

% 

Crude 
Fiber 
% 

Phos¬ 
phorus 
% 

Cal¬ 
cium 
% 

Lot 1 (control) 8.9 12.7 1.8 6.5 21.0 .19 1.13 
Lot 2 (30% Saff. 

Hull) 8.7 11.5 2.0 5.1 23.7 .24 .48 
Lot 3 (45% Saff. 

Hull) 9.0 10.9 1.8 3.6 21.9 .30 .26 
Lot 4 (60% Saff. 

Hull) 8.4 13.2 2.0 4.6 22.0 .44 .38 
Lot 5 (75% Saff. 

Hull) 
1st Order 8.9 16.0 1.8 4.0 27.6 .50 .25 

2nd Order 8.4 13.2 1.7 3.9 30.8 .30 .21 

The pelleted rations were all fed from self- feeders which ' were located 

inside the shed in each lot. Feed was kept in front of animals at all 

times. 

Treatment of the Animals 

Throughout the trial, the animals were observed at least twice a day. 

The general condition of the animals was noted and also the amount of feed 

and salt cleaned up. The animals appeared to be very healthy throughout 

the trial and very few abnormal conditions were noted. There were a few 

minor cases of scouring. If an animal was found to be dirty around the 

tail, she was trimmed and cleaned up. 



RESULTS AND DISCUSSION 

Weight Gains 

The feeding performance of the ewes is summarized in Table IV. All 

lots showed an increase in weight gain throughout the trial. 

TABLE IV. RESULTS OF FEEDING DIFFERENT LEVELS OF SAFFLOWER HULLS TO EWES 
June 6. 1964 to August 1. 1964 -- 56 days 

Lot No. 
Ration No. 

1 
406 

2 
405 

3 
404 

4 
403 

5 
402 

Treatment Control ! 30% Hulls 45% Hulls 60% Hulls 75% Hulls 

No. of Ewes 10 10 10 10 10 

Average Weights 
Initial lbs. 77.9 78.4 77.6 77.9 72.8 
Final lbs. 101.0 103.1 88.9 87.6 84.7 
Gain lbs. 23.1 24.7 11.3 9.7 11.7 
Daily Gain lbs. .41 .44 .20 .17 .21 

Feed Consumpiton/ewe 
Pelleted Ration lbs. 296.2 342.0 205.5 238.3 236.6 
Salt lbs. 1.9 1.9 1.3 1.0 1.6 
Total lbs. 298.1 343.9 206.8 239.3 238.2 

Daily Consumption/ 
ewe lbs. 5.32 6.14 3.69 4.27 4.25 

Feed/lb. Gain 
Pellets and Salt lbs. 12.90 13.92 18.30 24.67 20.36 

Feed cost/cwt.gain 1/ 38.10 31.00 40.00 49.90 37.60 

1_/ Cost of rationss 
Lot 1 - $2.97/cwt. 
Lot 2 - $2.24/cwt. 
Lot 3 - $2.20/cwt. 
Lot 4 - $2.03/cwt. 
Lot 5 - $1.86/cwt. 

As can be seen from appendix Table I, there was found to be a highly 

significant difference between periods and periods times treatments. Period 

4 was found to be significantly (P<,01) different from periods 1, 2 and 3. 

This was probably because all animals were taken off feed and water 16 hours 
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before the initial weight and final weight. Almost all animals showed a 

loss in weight from period three to period four due to this procedure. 

This would also affect the test for periods times treatments. 

Although an attempt was made to keep the percent protein the same in 

all rations, there was considerable variation in composition (see Table II) 

It was also expected that as the percent safflower hulls was increased in 

the rations, the percent crude fiber would also increase. This did not 

hold completely true. These factors may have a bearing on the results 

of the experiment. This difficulty was partially due to the pelleting 

process. The commercial feed company found that during the process the 

mill would clean out part of the hulls. 

The rates of gain of the ewes in lots 1 and 2 were significantly 

(P<T.05) larger than those of lots 3, 4 and 5. 

There were no significant differences (Pj^..05) in the rate of gain of 

the ewes in lots 3, 4 and 5. 

The rates of gain in this experiment indicate that over a 56-day per¬ 

iod ewes can be maintained with rations containing up to 75 percent saf¬ 

flower hulls without a loss of body weight. The results also indicate 

that up to 30 percent safflower hulls may be included in a pelleted ration 

without a decrease in average daily gain. It can also be concluded that 

when ewes were fed rations containing safflower hulls of 45 percent or more 

there is a decrease in average daily gain. 

Feed Consumption 

The animals in Lot 2 had the highest total feed consumption of 6.14 

pounds per ewe per day (see Table IV). The ewes in Lot 3 consumed only 
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3*69 pounds per ewe per day during the trial. Lots 1, 4 and 5 consumed 

5.32, 4.27 and 4.25 pounds respectively. The consumption of the pellets 

did not decrease in all cases as the level of safflower hulls increased. 

In a test with safflower meal, Heinemann et al. (1953) had some difficulty 

getting cattle to consume the meal. The presence of the hulls was thought 

to be the cause of the poor palatibility. In this trial, an attempt was 

made to overcome the poor palatability by pelleting the rations. 

There was some difficulty with the pellets containing 75 percent 

hulls. In the bottom of the feeder, a noticeable amount of broken and 

crumbled pellets would accumulate. This was cleaned out and weighed back 

when necessary. 

Feed Efficiency 

The feed required per pound of gain, as shown in Table IV, was low¬ 

est for the ewes in Lot 1 which contained no hulls in the ration. The 

ewes in Lot 1 were only slightly more efficient than those in Lot 2 which 

received 30 percent hulls. The ewes in Lot 3 gained slightly less than 

those in Lot 5 but were more efficient. The animals in Lot 5, which re¬ 

ceived the ration with the highest percent of safflower hulls, were con¬ 

siderably more efficient than those in Lot 4 with the ration of 60 percent. 

Feed Costs 

As can be seen in Table IV, there was considerable difference between 

the treatments in cost per 100 pounds of gain. Although the ewes in the 

control lot were the most efficient in feed utilization, the cost per 100 

pounds of gain for those in Lot 2 was $31.00 as compared to $38.10 for 



-24- 

those in the control lot. 

Although the pelleted rations containing 45 percent or more of saf¬ 

flower hulls were less expensive, the costs per 100 pounds of gain were 

greater than those receiving 30 percent or less due to poor utilization 

of the ration. 
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SUMMAJRY AND CONCLUSIONS 

Fifty yearling ewes were self-fed pelleted rations containing dif¬ 

ferent levels of safflower hulls. The purpose of the experiment was to 

learn what level of safflower hulls could be included in a ration to main¬ 

tain sheep economically in the dry lot. The trial lasted 56 days and 

weights were taken every 14 days. The ewes used were from the Montana Agri¬ 

cultural Experiment Station grade band and were of Columbia, Rambouillet 

and Targhee breeding. 

The ewe numbers were stratified according to breed and randomly 

allotted into five lots of ten animals each. Lot 1, which served as the 

control was fed a ration containing 60 percent alfalfa hay. Lots 2, 3, 

4 and 5 were given rations containing safflower hulls at levels of 30, 45, 

60, and 75 percent, respectively. The feeds were prepared by a commercial 

feed company and made into one-fourth inch pellets. All feeds were sacked 

into 50-pound labeled paper bags. 

All lots were kept as uniform as possible. Each lot had access to a 

shed and the self-feeder was placed inside the shed. The water was avail¬ 

able to each of the lots from a stream which passed through the yard. 

The animals were observed at least twice a day throughout the trial. 

A few minor cases of scours was the only abnormal condition observed. 

The experimental results showed that gains of the ewes in lots 1 and 

2 were significantly (P .05) larger than those of 3, 4 and 5. There was 

no significant difference in the rates of gain of the ewes in lots 3, 4 and 

5. All lots showed an increase in weight gain throughout the trial. 
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The rates of gain in this experiment indicate that over a 56-day 

period, ewes can be maintained with rations containing up to 75 percent 

safflower hulls. It can also be concluded that up to 30 percent safflower 

hulls can be included in a pelleted ration for ewes without a decrease in 

average daily gain. If 45 percent or more was added, there was a decrease 

in average daily gain. 

Although the ewes in Lot 2 were not as efficient in utilizing their 

ration as compared to those in Lot 1, the cost per 100 pounds of gain was 

less. This was due to the lower cost of the ration containing safflower 

hulls. Although the pelleted rations containing safflower hulls of 45 

percent or more were less expensive, the costs per 100 pounds of gain were 

greater due to poor utilization of the ration. 
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APFENDIX TABLE III. SUMMARY OF DATA FROM FIVE LOTS OF EWES ON DIFFERENT 
LEVELS OF SAFFLOWER HULLS 

Lot 1 
No. Initial Final Total Daily Feed Con- Daily Feed Per 
Lambs Wt. Wt. Gain Gain sumption Feed lb. gain 

1964 (lbs.) (lbs.) (lbs.) (lbs.) (lbs.) (lbs.) (lbs.) 
First Period 
June 6-June 20 

14 days 10 779 903 124 .89 735 52.5 5.93 
Second Period 
June 20-July 4 

14 days 10 903 985 82 .59 782 55.8 9.54 
Third Period 
July 4-July 18 

14 days 10 985 1047 62 .44 757 54.1 12.21 
Fourth Period 
July 18-Aug. 1 

14 days 10 1047 1010 -37 -.26 688 49.1 loss 

Total 231 2962 

Average for trial .41 52.9 12.82 
Lot 2 

First Period 
June 6-June 20 

14 days 10 784 921 137 .98 794 56.7 5.80 
Second Period 
June 20-July 4 

14 days 10 921 998 77 .55 939 67.0 12.19 
Third Period 
July 4-July 18 

14 days 10 998 1071 73 .52 877 62.6 12.01 
Fourth Period 
July 18-Aug. 1 

14 days 10 1071 1031 -40 -.29 810 57.9 loss 

Total 247 3420 

Average for trial .44 61.1 13.85 
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APPENDXX TABLE III. (CONTINUED) 

Lot 3 

1964 

No. 
Lambs 

Initial 
Wt. 

(lbs.) 

Final Total Daily 
Wt. Gain Gain 
(lbs.)(lbs.)(lbs.) 

Feed Con¬ 
sumption 

(lbs.) 

Daily Feed Per 
Feed lb. gain 
Jibs.) (lbs.) 

First Period 
June 6 “June 20 

14 davs 10 776 814 38 .27 490 35.0 12.89 
Second Period 
June 20-July 4 

14 davs 10 814 854 40 .29 525 37.5 13.13 
Third Period 
July 4-July 18 

14 davs 10 854 901 47 .34 500 35.7 10.64 
Fourth Period 
July 18-Aug.l 

14 davs 10 901 889 -12 -.09 540 38.6 loss 

Total 113 2055 
Average for trial .20 36.7 18.19 

Lot 4 
First Period 
June 6-June 20 

14 davs 10 779 788 9 .06 515 36.8 57.22 
Second Period 
June 20-July 4 

14 days 10 788 841 ' 53 .38 592 42.3 11.17 
Third Period 
July 4-July 18 

14 davs 10 841 876 35 .25 584 41.7 16.69 
Fourth Period 
July 13“Aug.1 

14 davs 10 876 876 0 0 692 49.4 loss 

Total 97 2383 
Average for trail .17 42.6 24.57 
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APPENDIX TABLE III. (CONTINUED) 

1964 

No. Initial Final Total Daily Feed Con- 
Lambs Wt. Wt. Gain Gain sumption 

(lbs.)r (lbs.) (lbs.) (lbs.) (lbs.) 

Daily Feed Per 
Feed lb. gain 
(lbs.) (lbs.) 

First Period 
June 6-June 20 

14 days 10 728 785 57 .41 568 40.6 9.96 
Second Period 
June 20-July 4 

14 davs 10 785 820 35 .25 615 43.9 17.57 
Third Period 
July 4“July 18 

14 davs 10 820 882 62 .44 643 45.9 10.37 
Fourth Period 
July 18-Aug.1 

14 davs 10 882 847 -35 -.25 540 38.6 loss 

Total 119 2366 
Average for trial .21 42.2 TOT* 

APPENDIX TABLE IV. AVERAGE COMPOSITION OF FEEDS USED IN TRIAL (Taken from 
Morrison 1956 unless otherwise designated) 

Feeding Stuff Crude Protein 
% 

Total Digestible 
Nutrients 

% 
Fiber 

7o 

Alfalfa 15.3 50.7 28.6 

Safflower Hulls 

o
 • 

00 14.8 55.0 1/ 

Barley 12.7 77.7 5.4 

Beet Pulp 8.8 68.7 19.6 

Wheat Millrun 17.1 78.4 5.2 

Molasses 8.4 60.8 -- 

Urea 262.0 -- 

1/ Taken from analyses provided by Pacific Vegetable Oil Corporation. 
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APPENDIX TABLE V. AVERAGE COMPOSTION OF RATIONS USED 

Crude Total Fiber 
Protein Digestible 

Requirement for Nutrients 
80 lbs. yearling % 7. 
ewe 8.5 53 

Percent of 
Lot 1 Ration 

Alfalfa 60.00 9.18 30.42 17.16 
Barley 20.00 2.54 15.54 1.08 
Beet Pulp 10.00 .88 6.87 1.96 
Wheat Millrun 5.00 .86 3.92 . .26 
Molasses 5.00 .42 3.04 

Total 100.00 13.88 59.79 20.46 

Lot 2 
Alfalfa 30.00 4.59 15.21 8.58 
Safflower Hulls 30.00 2.40 4.44 16.50 
Barley 20.00 2.54 15.54 1.08 
Beet Pulp 10.00 .88 6.87 1.96 
Wheat Millrun 5.00 .86 3.92 .26 
Molasses 5.00 .42 3.04 

Total 100.00 11.69 49.02 28.38 

Lot 3 
Safflower Hulls 45.00 3.60 6.66 24.75 
Barley 30.00 3.81 23.31 1.62 
Beet Pulp 15.00 1.32 10.30 2.94 
Wheat Millrun 5.00 .86 3.92 .26 
Molasses 5.00 .42 3.04 — 

Total 100.00 10.01 47.23 29.57 

Lot 4 
Safflower Hulls 60.00 4.80 8.88 33.00 
Barley 20.00 2.54 15.54 1.08 
Beet Pulp 10.00 .88 6.87 1.96 
Wheat Millrun 5.00 .86 3.92 .26 
Molasses 4.83 .83 2.94 — 

Urea .17 .45 “— — 

Total 100.00 10.36 38.15 36.30 

Lot 5 
Safflower Hulls 75.00 6.00 11.10 41.25 
Barley 10.00 1.27 7.77 .54 
Beet Pulp 5.00 .44 3.44 .98 
Wheat Millrun 4.75 .81 3.72 .25 
Molasses 4.89 .41 2.97 — 

Urea .36 .94 — — 

Total 100.00 9.87 29.00 43.02 



LITERATURE CITED 

Baker, Guy N., Turgut Goksu and Marvel L. Baker. 1960. Undecorticated 

safflower meal as a protein supplement for wintering calves. Neb. 

Agr. Exp. Bui. 458. 

Baker, Marvel L., Guy N. Baker, Carl Ervin, Lionel C. Harres and M. A. 

Alexander. 1951, Feeding safflower meal. Neb. Agr. Exp. Bui. 402. 

Baker, Marvel. L., Guy N, Baker and John K, Matsushima. 1952. Safflower 

meal as a protein supplement for cattle. Neb. Agr. Exp. Sta. 447. 

Bell, Donald T., Daytford Richardson, R. F. Cox, J. W. Needham and Russel 

John. 1955. Project 236 Kan. Agr. Exp. Sta. Cir. 320. 

Bell, Donald T., A. B. Erhart and D. Richardson. 1955. Pelleted rations 

for fattening lambs. J. Animal Sci. 14s1194. (Abst.) 

Blaxter, K, L. and N, McC. Graham. 1956. The effect of the grinding and 

cubing process on the utilization of the energy of dried grass. 

J, Agr, Sci. 47s207. 

Botkin, M. P., Leon Paules, and Paul 0. Stratton. 1957. Effect of level 

of roughage and quality of roughage in pelleted rations for feeder 

lambs. Proc. of Ann. Meet. West. Sect. Amer. Soc. of Animal Prod. 

8 s 24. 

Botkin, M. P. and Leon Paules. 1962, Various roughages at different 

levels in pelleted rations for feeder lambs. Wyo. Agr. Exp. Sta. 

Mimeo. Cir, 165. 

Briggs, H. M. 1951-52. Safflower meal can replace soybean. Wyo Agr. 
Exp. Sta. Ann. Rep. 62. 

Cate, H. A,, J. M. Lewis, R. J. Webb, M. E. Mansfield and U. S. Garrigus. 

1955. The effect of pelleting rations of varied quality on feed 
utilization by lambs. J. Animal Sci. 14s137. 

Christensen, F. W. 1932. Steer feeding trials. North Dak. Agr. Exp. 

Sta. Ann. Rep. Bui. 286. 

Esplin, A.L., U. S. Garrigus, E. E. Hatfield and R. M. Forbes. 1957. 
Some effects of pelleting a ground mixed ration on feed utilization 
by fattening-lambs. J. Animal Sci. 16s863. 

Faulkner, E. K. and Leon Paules. 1951. Saffmeal for fattening lambs. 

Wyo. Agr. Exp. Sta. Mimeo. Cir. 1:1. 

Faulkner, E. K. and Leon Paules. 1952. Saffmeal for fattening lambs. 

Wyo, Agr. Exp. Sta. Mimeo. Cir. 12s1. 



-36- 

Goss, Harold and K. K. Otagaki. 1954. Safflower meal digestion tests. 

Cal. Agr. Exp. Sta. 8;15. 

Heinemann, W. W., M. E. Ensminger and W. E. Ham. 1953. The feeding value 
of wood molasses, dehydrated alfalfa, dehydrated apple promace, and 

undecorticated safflower meal when fed to fattening cattle. Wash. 

Agr. Exp. Sta. Bui. 543. 

Hilston, N. W., Carl B. Roubicek and Leon Paules. 1951. Comparative value 

of soybean meal, safflower meal and urea for fattening steers. Wyo. 
Agr. Exp. Sta. Mimeo. Cir. No. 2:1. 

Hilston, N. W., Carl B. Roubicek and Leon Paules. 1952. Comparative 

value of soybean meal, safflower meal and urea for fattening steers. 
Wyo. Agr. Exp. Sta. Mimeo. Cir. No. 20:1. 

Kratzer, F. H. and Delbert Williams. 1947. Safflower seed as an amino 

acid source for chicks. Poultry Sci. 26:623. 

Kratzer, F. H. and D. E. Williams. 1951. Safflower oil meal in rations 

for chicks. Poultry Sci. 30:417. 

Lindahl, Ivan L. and P. J. Reynolds. 1959. Effect of pelleting on the 

chemical composition and digestibility of alfalfa meal. J. Animal 
Sci. 18:1074. 

Lindahl, Ivan L. and C. E. Terrill. 1963. Use of pelleted roughage in 

the feeding regime for breeding sheep. J. Animal Sci. 22:953. 

Long, T. A., A.'R. Nelson and Robert MacVicar,, 1955. Effect of grinding 

and pelleting upon digestibility of a ration by lambs. J. Animal Sci. 

14:947. 

McClure, W. H., F. S. McClaugherly, J. P, Fontenot, R. C. Carter and W. M. 

Mestanza. 1960. Effect of pelleting rations of different concentrate 
to roughage ratios for fattening lambs! J. Animal Sci. 19:1275. 

(Abst.) - 

Meyer, J. M., iR. L. Gaskill, G. S. Stoewsand and W. C. Weir. 1959. In¬ 

fluence of pelleting on the utilization of alfalfa. J. Animal Sci. 
18:336. 

Montgomery, Charles E. 1960. Palatability, creep feeding and fattening 

studies with lambs. Thesis, Montana St. Coll. 

Morrison, F. B. 1956. Feeds and Feeding, 22nd. Edition, p. 501. Ithaca 

N. Y., Morrison Publishing Co. 



-37- 

Neale, P. E. 1953. Alfalfa cubes for fattening lambs and wethers. N. Hex. 

Agr. Exp. Sta. Bui. 375. 

Neale, P. E. 1955. Alfalfa cube mixtures for fattening lambs. N. Hex. 

Agr. Exp. Sta. Bui. 398. 

Perry, T. W., W. H. Beeson, H. H. Kennington and Claude Harper. 1959. 
Pelleted complete mixed rations for feeder lambs. J. Animal Sci. 

18;1264. 

Petersen, C. F., A. C. Wiese, G. J. Anderson and C. E. Lampman. 1957. 

The use of safflower oil meal in poultry rations. Poultry Sci. 36;3. 

Price, D. A., R. D. Humphrey and K. R. Frederiksen. 1963. Performance of 

sheep on completely pelleted rations. Proc. 14th Ann. Hont. Nutr. 

Conf. p. 45. 

Reynolds, P. J. and Ivan L. Lindahl. 1960. Effect of pelleting on the 

digestibility of hay by sheep. J. Animal Sci. 19;873. 

Rumery, Hyron G. A. and Guy N. Baker. 1953. Growing and feeding Holstein 

steers for beef. Neb. Agr. Exp. Bui. 418. 

Schneider, Burch Hart. 1947. Feeds of the World Their Digestibility and 

Composition. Jarrett Printing Co. Charleston W. Va. p. 266. 

Thomas, 0. 0., J. L. Van Horn and Torlief Aasheim. 1954. The effect of 

pelleting rations upon gains of fat lambs. Proc. of Ann. Heet. West. 

Sect. Amer. Soc. of Animal Prod. 5;119. 

Thomas, 0. 0., J. L. Van Horn, T. S. Aasheim and A. S. Hoversland. 1955. 

The effect of feeding lamb fattening rations as whole grains or 

pellets. J. Animal Sci. 14;1223 (Abst.) 

Thomas, 0. 0., Leonard Joppa, Glenn Hartman and J. L. Van Horn. 1960. 

Effect of various roughage-concentrate ratios in pelleted or non- 

pelleted rations on weight gains of lambs. Proc. of Ann. Heet. 

West. Sec. Amer. Soc. of Animal Prod. 11;40. 

Thomas, 0. 0., Gary Cowman, Lyle Hyers, and Gary Wilcock. 1961. Safflower 

meal and hulls in cattle fattening ration. Hont. Agr. Exp. Sta. 

Unplublished. 

Weir, W. C., J. H. Heyer, W. N. Garrett, G. P. Lofgreen and N. R. Ittner. 

1959. Pelleted rations compared to similar rations fed chopped or 
ground for steers and lambs. J. Animal Sci. 18;805. 



“38- 

Woods, Walter and Robert W. Rhodes, 1962, Effects of varying roughage to 

concentrate ratios on the utilization by lambs of rations differing 

in physical form. J, Animal Sci. 21s479. 

Wright, P. L., A. L. Pope and P. H. Phillips. 1962. Pelleted roughages 

for gestating and lactating ewes. Wis. Agr. Exp. Sta. Res. Bui. 239, 


