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ABSTRACT

Twelve high-producing Holstein cows near to the peak 
of lactation were assigned to four experimental rations in a 
double switchback feeding trial„ Each experimental ration 
contained 50% dairy concentrate, 15% cubed alfalfa, and 35% 
of a variable wheat straw pellet. The wheat straw pellets 
for each ration were treated as follows: (1) control— no
treatment, (2) 26% added cottonseed meal, (3) 22.4% added 
soybean meal, and (4) 3.3% added urea.

Ration component digestibilities were not affected 
by protein supplementation except in the case of fat where 
digestibility was increased. No significant differences due 
to the protein supplementation were noticed in average milk 
production, percentage of fat, protein, solids-not-fat of 
milk, or body weight gains. The concentration of total and 
individual volatile fatty acid (VFA) was not affected at any 
of the experimental rations. Mean molar percentages of 
various VFAs also remained unaffected. Addition of soybean 
meal and .cottonseed meal as protein supplements increased 
the proportion of the linoleic acid (CslS^) in milk.

Except where supplemented with soybean meal, the 
straw pellet was not consumed in large enough quantities 
to meet the cows’ total requirements for maintenance and 
production.

vi



CHAPTER 1

INTRODUCTION

Straw is very low in digestible protein, very high 
in fiber and lignin, and is generally a poor feed. Church 
and Pond (1978) stated that wheat straw is a by-product from 
wheat crops and is a low quality roughage which represents 
a potential source of energy and protein for ruminants 
throughout the world. For example, values given from NRC 
for winter wheat straw (dry basis) are: crude protein,
3.2%; crude fiber, 40.4%; digestible energy (cattle), 1.92 
Meal/Kg, and TDN 4 7%. O'Donovan and Ghadaki (1973) reported 
that in Iran, of the total estimated supplementary roughages 
for livestock, wheat straw alone comprise over 50% of the 
total. McDonald, Edward, and Greenhalgh (1973) stated that 
ruminant animals have a low voluntary intake of straw 
(approximately 5 Kg/day). Low intakes of straw were asso
ciated with their low levels of digestibility, especially 
cellulose. A limiting factor in the bacterial degradation 
of cellulose was the low nitrogen content of the straw. 
Organic matter digestibility can be increased by addition 
of nitrogen in the form of protein or urea. Swingle and 
Waymack (1977) concluded that the major factor limiting 
intake and digestibility of low quality roughages fed alone



appears to be their minimal content of crude protein. 
Swingle, Atariza, and Urias (1977) also reported that there 
was continued need for effective economical nitrogen (N) 
sources such as cottonseed meal or urea for use as supple
ments in low quality roughage diets for ruminants, Halevi, 
Neumark, and Amir (1973) reported that straw was a major 
supplier of crude fiber for dairy cattle rations and could 
be used for bedding and fed occasionally to cattle of low 
production. It can also be fed successfully to high- 
producing dairy cattle instead of conventional roughage, 
McDonald et al, (1973) concluded that the digestibility of
straw can be increased by treatment with chemical agents 
such as sodium hydroxide solution. Other authors have also 
reported that the feeding value of straw can be increased 
by treatment with sodium hydroxide (Wilson and Pigden, 1964 
Singh and Jackson, 1970? Braman and Abe, 1977? Pirie and 
Greenhalgh, 1978), It was also shown that ammoniation of 
straw increased crude protein, feed intake, digestibility 
and the nutritive value of straw (Waiss et al,, 1972?
Kernan et al,, 1979? Horton and Steacy, 1979), Blair, 
Christensen, and Manns (1974) cited other researchers 
(Huff et al,, 1970? Owen et al,, 1969? Ronning and Laben, 
1966) have shown complete diets, either pelleted or as a 
loose mix, to be capable of including a high percentage 
of straw. Some investigators (Cunha, 1967? Putnam and 
Davis, 1961) reported that pelleted rations for cattle are



are now a reality and future research will undoubtedly sup
ply answers to the problems ihvolved in making this method 
of feeding possible„

The objective of the experiment was to evaluate 
whether the nutritive value of pelleted wheat straw can be 
enhanced by the addition of cottonseed meal, soybean meal, 
or urea for lactating dairy cows.



CHAPTER 2

LITERATURE REVIEW 

Straw
Straw consists of stems and leaves of plants after 

removal of the ripe seeds by threshing and is produced from 
most cereal crops and some legumes. These products are 
extremely fibrous, rich in lignin, and of extremely low 
nutritive value. Straw is particularly low in protein, 
carotene, phosphorous (Church and Pond, 1978) . Cattle 
rations in which the sole source of roughage is straw are

■ i
designed for animals from whom only limited live weight 
gains are required. Low quality roughages and by-products 
represent a large potential source of energy and protein 
for ruminants (McDonald et al., 1973).

Feeding Wheat Straw for Ruminants 
Wheat straw is a by-product from wheat and is one of 

the main roughages used as cattle feed in different parts of 
the word. In 1965, Ichhponani and Sidhu used one zebu 
bullock and buffalo and fed them green berseem alone or in 
equal parts on a dry matter (DM) basis wheat straw. The 
animals were allowed to feed ad libitum, and water was 
offered twice daily. They concluded that in both species 
total volatile fatty acids (VFA) fell markedly when wheat



straw was substituted for half the herseem. Mean concentra
tions of propionic, butyric,and total VFA were significantly 
higher in the buffalo than in the zebu, although the mean 
concentration of acetic acid was slightly higher in the zebu 
when it received berseem alone. Both Chaturvedi, Singh, and 
Banjhan (1973) and Halevi et al« (1973) also reported that the
mean concentration of VFA was higher and the concentration 
of acetic acid was more when it received berseem along.

Varela et al. (1966) conducted an experiment with
sheep on the influence of maize, sorgham, and a mixture of 
both on digestibility and feeding value of straw of cereals 
and legumes. In the first trial, both bean straw and wheat 
wheat straw were given in two daily meals mixed with 250 
grams of ground maize or sorghum. In the second trial, 500 
grams of bean and 600 grams of wheat straw were given alone.
In each trial, the period lasted for 8 days. The percentage 
of digestibility of bean straw was: dry matter, 47.47%;
organic matter, 51.13%; crude protein, 44.76%; total lipids, 
46.01%; crude fiber, 39.70%; and N-free extract, 60.67%. 
Corresponding values for wheat straw were: 45.27%, 49.03%,
14.23%, 37.60%, 64.40%, and 37.24 %. Both straws had about 
46% total digestible nutrients. They found that digesti
bility of DM and organic matter was improved by supplements 
with bean straw showing the best values. Digestibility of 
protein was higher for bean straw than for wheat straw, and 
sorghum was its most effective supplement. The supplements



improved digestibility of crude lipids; again, the best 
results were with bean straw, especially that to which maize 
had been added alone or with sorghum. Digestibility of 
crude fiber was better for wheat straw than for bean straw, 
whether supplemented or not. The supplements increased 
TDN, nutritive value, and digestibility of energy of the 
straws. A similar report was made by Swingle and Waymack 
(1977) that digestibility was improved by supplements and 
that the addition of urea in the diet increased crude 
protein content.

A report was made by the Indian Veterinary Institute 
(Chaturvedi et al., 1973) in which it was reported that the 
voluntary intake in feeding wheat straw pre-soaked with 
water by zebu cattle and buffalo was improved significantly 
in both species as a result of soaking. The digestibility 
of crude protein and.crude fiber was depressed, whereas 
nitrogen-free extract utilization increased significantly. 
Digestible energy and metabolizable energy were also 
increased. The production rate of total VFA and acetic 
acid were higher in both species. The same result was 
concluded by 0 'Donovan and Ghadaki (1973) that the digest
ible energy and metabolizable energy of dry matter 
increased as the intake of wheat straw increased and 
that more total VFA's and acetic acid were produced. 
Bhattacharya and Khan (1973) and Den Braver (1974) supple
mented urea in a ration containing 45% wheat straw and found



that there were no significant differences in the digesti
bilities of dry matter, crude protein, crude fiber, 
nitrogen-free extract, and energy in the ration. The per
centage of nitrogen retained from that absorbed tended to 
decline as the proportion of urea increased in the ration. 
Metabolizable energy in the ration did not show any change. 
Blood glucose decreased and ruminal ammonia level increased 
at each increase in the level of urea in the ration. . In 
1973 in Australia Bird concluded that the addition of 
2% urea to wheat straw significantly increased the intake 
of energy, the efficiency of digestion, and live weight of 
both sheep and cattle. It also increased nitrogen balance 
in cattle but not in sheep.

Halevi et al. (1973) conducted a complete switchback 
trial designed for 12 cows in mid-lactation. They fed the 
cows three different rations of chopped wheat straw and 
concentrates in proportions of 45s55, 30:70, and 15:85, 
respectively. They adjusted the protein in the concentrate 
for each group in order to keep it constant. They found 
that there were no significant differences in milk composi
tion or milk production. Milk fat was relatively low in 
spite of the fact that molar percentage of acetic acid was 
high in all groups. Plasma glucose concentration was 
identical in all groups. Total plasma-free fatty acids 
were highest in group 2 (30:70). Differences in composi
tion of plasma-free fatty acids were not significant.



Digestibility of dry matter decreased slightly with increas
ing percentage of straw in the ration. It was concluded that 
supplementing wheat straw with concentrates increased its 
intake and resulted in higher milk production, 0'Donovan 
and Ghadaki (1973) had similar results and stated that 
supplementing wheat straw with concentrates increased daily 
dry matter intake. In 1974, Den Braver reported a similar
ity in the digestibility coefficients when wheat straw was 
fed together with hay, and when it was supplemented with a 
mixture of urea and minerals, Bhattacharya and Khan (1973) 
also concluded that supplementing of wheat straw made no 
differences in the digestibility coefficients of the ration, 

Egan et al, (1975) compared the movement of digesta
through the reticulorumen for four roughage diets: wheaten
straw (WS), wheaten hay (WH), lucerne hay (LH), and dried 
subterranean clover (SC), all in chopped form. These diets 
were given to sheep. The result was that the digestibility 
of hemicellulose ranged from 49,5% (WH) to 80,9% (SC), Of 
the hemicellulose digested, from 70% (WH) to 81% (SC) was 
apparently fermented in the reticulorumen, The digesti
bility of cellulose ranged from 58% (WH) to 88% (SC), and 
of the cellulose digested 83% (WH) to 89% (SC) was appar
ently fermented in the reticulorumen. Together, apparently 
fermented cellulose and hemicellulose contributed from 25% 
(SC, LH) to 55% (WS) of apparently digested organic matter, 
Despite evidence of nitrogen loss across the reticulorumen



on the two high nitrogen diets (LH, -10%; SC, - 22%) and net 
gains in nitrogen on the two lower nitrogen diets (WS, +50%; 
tiH, +20%) , the yield of all amino acids at the duodenum per 
100 g digestible organic matter intake was about 50% higher 
for LH and SC than for WS and WH„ The relative proportions 
of essential amino acids did not change significantly. 
Swingle et al. (1977), using growing ram lambs to determine 
the utilization of nitrogen from diets containing wheat 
straw supplemented with cottonseed meal or urea, found that 
daily urinary nitrogen excretion was highest on the urea 
diet followed by the cottonseed meal. However, 35% of the 
absorbed nitrogen was retained from the cottonseed meal diet 
compared to only 16% for the urea diet. Apparent digesti
bility of nitrogen was higher for the urea supplemented 
diet than for the cottonseed meal diet.

Swingle and Waymack (1977) conducted a trial with 
growing steers to determine digestibility and energy value 
of grain sorghum stover and wheat straw fed with a molasses- 
urea supplement. They concluded that the crude protein 
content of both stover and wheat straw was low and the 
addition of molasses-urea supplement increased the crude 
protein content in the diets up to 11%. Steers on the 
stover diet consumed more dry matter daily than did those 
on the straw diet. Similarly, Varela et al. (1966) 
reported that the supplements improved the digestibility
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of DM, organic matter, crude protein, crude fiber, increased 
TDN, and nutritive value of the straw.

The Effect of Chemical Treatment of Wheat 
Straw in Ruminant Nutrition

In 1964 Wilson and Pigden treated wheat straw with 
sodium hydroxide to improve its quality. They reported that 
the feeding value of wheat straw can be increased by the 
addition of sodium hydroxide, and that alkali treatment up 
to 9% caused marked increases in invitro digestibility. A 
similar report was made by Singh and Jackson (1970) who 
sprayed a 10% concentration of NAOH on ground wheat straw 
and then supplemented it with molasses and minerals. They 
concluded that the intake of digestible organic matter was 
thus increased by 25% to 63% and therefore increased the 
nutritive value. Other investigators (Chandra and Jackson, 
1974; Israelsen, Rexen, and Thomsen, 1978; Coombe et al=,
197 8) reported that several delignifying agents used in 
various processes have been compared for ability to remove 
lignin and increase the digestibility of roughages. They 
found that sodium hydroxide was the most effective chemical 
at the rate of 10 g per 100 g of roughage. Lignin content 
was reduced by 26% and rumen dry matter digestibility 
increased by more than 100%. The alkali spray increased 
the digestibility of ground wheat straw by breaking down 
the lignin and improving the feeding value of roughage.
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Horton and Steacy (1979) conducted a trial with 

barley straw, oat straw, and wheat straw by treating them 
with 3-5% anhydrous ammonia. Untreated and ammoniated straw 
were each fed to four steers together with a concentrate 
for 21-day periods, They found that ammoniation increased 
the average crude protein content of straws, ranging from 
50-276%, Ammonia treatment increased the apparent digesti
bility of dry matter, crude fiber, crude protein, and 
energy in the rations. The improvement in dry matter and 
organic matter digestibility for the different feeds were: 
barley straw, 2,2%; oat straw, 3.7%; and wheat straw, 6.3%, 
Crude fiber digestibility was. 21 % higher when treated 
rather than untreated straw was fed. Ammoniation resulted 
in significant increases in straw consumption, total dry 
matter consumption, digestible dry matter intake, and 
improved nutritive value of cereal straws. Cereal straws 
treated with anhydrous ammonia, increased crude fiber 
content, protein content, intake, and digestibility.

Similarly, Waiss et al. (1972) reported that the 
digestibility and. nutritive value of wheat straw can be 
increased by treatment with aqueous ammonia at ordinary 
room temperature in a confined system. It also increased 
enzymatic digestibility by 10%. Goering et al. (1973) 
reported that wheat straw lignin was decreased most effi
ciently with sodium chlorite.
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Braman and Abe (1977) conducted an experiment to 

determine the effect of sodium hydroxide, potassium hydrox
ide, and ammonium hydroxide treatment upon nutritive value 
of ground wheat straw. They found that the organic matter 
digestibility of wheat straw (WS) increased while the levels 
of acid detergent fiber, acid detergent lignin, cell wall 
constituents, and hemicellulose decreased. With increasing 
concentration of NAOH, the concentration of crude protein 
and ash increased while hemicellulose decreased. Apparent 
DM and crude fiber digestibilities were increased by treat
ment of wheat straw with MAOH. The percentage of urinary 
N excretion was increased and the percentage of N-retention 
tended to be lower with the urea-contained diets. In 1977 
Frischknecht, in his trial with beef cattle, mentioned that 
sodium hydroxide treatment resulted in an average increased 
gain of 0.25 lb/day, or an improvement of about 8.3% over 
untreated straw. The conversation also indicated a slight 
advantage for treated over untreated straw.

Israelsen et al. (1978), in treating straw with 
alkali, concluded that more organic matter was dissolved by 
the cellulose insoluble fiber (GIF) analysis method in. high
ly digestible feeds and less in feed with low digestibility. 
In 1978, Pirie and Greenhalgh treated milled wheat straw with 
a 16% solution Of NAOH and fed it to animals. They found 
that animals given diets containing alkali-treated
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straw appeared to drink more water, excrete more urine, and 
have a higher dry matter intake.

Kernan et al. (1979) compared wheat straw with oat
straw and barley straw before and after ammoniation with 
anhydrous ammonia and found that the crude protein level was 
lowest for wheat straw. Barley straw had the highest aver
age crude protein. Wheat straw had substantially higher 
average CF than either oat straw or barley straw. Wheat 
straw appeared to have the poorest quality overall. Follow
ing ammoniation,' wheat straw had a higher crude protein 
level and showed average improvement in digestible dry 
organic matter (DOM) levels than oat straw or barley straw. 
Coombe et al. (1979) fed diets of wheat straw, urea, and 
minerals to growing steers in two 105-day feeding trials 
and to rumen-fistulated steers in two short-term changeover 
trials to evaluate the effects of alkali treatment, fine 
grinding, pelleting, and supplementation with small amounts 
of protein. The observation was that the alkali-treated 
straws, the apparent organic matter digestibility 
increased in the coarsely ground straw, but not in finely 
ground pelleted straw. On straw supplemented with urea and 
minerals, intake and weight gain of growing steers ranged 
from 1.6% of body weight and .09 Kg/day for coarsely 
ground straw to 2.5% of body weight and .61 Kg/day for 
finely ground pelleted straw.
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Horton et al» (1979) evaluated the effects of

treating wheat straw with 3.5% anhydrous ammonia, 5% sodium 
hydroxide, and pelleting in finishing rations for steers in 
a 92-day feed lot trial. It was concluded that ammoniation, 
pelleting, and NAOH treatment increased intake by 7.5%,
8.4%, and 3.4%, respectively. Organic matter digestibility 
of diets was increased 13% by ammoniation and about 4% by 
treatment with NAOH. Acid detergent was 28% and 15% higher 
following NHg and NAOH treatment, respectively, and 33% 
lower after pelleting. Ammoniation and pelleting increased 
average daily gain by 5% and 16%, respectively. Feed 
efficiency was improved 7% by pelleting but was not improved 
by treatment with either NH^ or NAOH.

The Effect of Physical Treatment of 
Roughages in Ruminant Nutrition

Porter et al. (1953) reported a higher milk produc
tion and lower fat percentage when alfalfa hay was fed in 
the pelleted form to dairy cows as compared to alfalfa which 
has been field cured, field baled, or artificially dried and 
ground. Ronning, Meyer, and Clark (1959) found that cows 
on pelleted hay consumed more dry matter and produced more 
milk than those on chopped hay when no concentrates were 
fed. Supplementations of chopped hay with about 12% con
centrates increased dry matter intake and production to a 
level comparable to that of pelleted hay rations. Butter 
fat percentage of milk was unaffected by either of the
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pelleted hay rations. Putnam and Davis (1961) reported 
that there were no digestive disturbances or depression in 
milk fat percentage when pelleted complete rations were fed 
compared to a conventional ration fed to lactating cows.

Brown, Stull, and Stott (1962) observed that when 
24 cows were fed alfalfa hay with concentrate, low-roughage 
intake lowered the percentage of fat and lactose in the milk 
and increased total production, but did not affect the 
product of 4% fat corrected milk (FCM). Feeding cottonseed 
oil depressed the percentage of fat, total fat, and 4% FCM 
on the low roughage diet, but had no effect on the high 
roughage diet when it was fed in lower amounts with lower 
concentrate intake. Cottonseed oil depressed the acids of 
milk fat. Volatile fatty acids in the rumen were affected 
by the amount of roughage and dietary fat. Low roughage 
intake depressed the molar percentage of acetate with an 
increase in propionic, butyric, and higher acids. Dietary 
fat increased valerate and higher acids due to the presence 
of these acids and their precursor in dietary fat.

Van Soest (1963), referring to the factors affecting 
low milk fat and feed efficiency, reported in a review that 
the endocrine system appeared to have significant effect on 
animal performance. The most important were the endocrine 
substances which mobilize body fat. The rumen acids and 
their ratios were the only two factors studied in the
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metabolic picture. He concluded that low milk fat is caused 
by (1) deficiency of rumen acetic acid, (2) an increase
of propionic and other antiketogenic factors, and (3) endo
crinological factors.

Moore (1964), O'Dell, King, and Cook (19 68), and 
Chalupa et al. (1970) concluded that the feeding of ground
pelleted forage resulted in a decrease in fat percentage 
of the milk, probably related to a lower proportion of 
acetate to propionate in the rumen. Feeding of pelleted 
forage to dairy cows increases dry matter intake and milk 
production.

In studying the effect of varying amounts of urea 
on digestibility of poor quality hay, Lesch and Pieterse 
(1966) reported that the digestibility of the dry matter, 
NFE, EE, and CF, was not influenced appreciably by the 
ingestion of urea. A daily intake of not less than 24 g 
of urea nitrogen resulted in a positive nitrogen balance.
The ingesta took the shortest time to pass through the 
reticulorumen when 24 g of urea-N was ingested daily.

Cunha (1967) concluded that pelleting increases 
palatability, intake, and passage rate of roughage. It 
also improves low quality roughage more than high quality 
roughage, and prevents sorting out by animals of more 
unpalatable parts of the feed. Pelleting prevents wastage 
of valuable leaves of hay, reduces storage space require
ment, and is suitable for mechanical or self-feeding.
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Moreover„ pellets can be easily mixed with concentrates r 
increase rate of gain and feed efficiency, and animals may 
go in feed faster and stay on full feed better0 Also, 
pelleting reduces dustiness in handling and feeding0 Ani
mals fed pelleted feed ruminate or "chew" their "cud" less, 
Finally, pelleted feeds are much easier to feed, even under 
range conditions. Pelleting of feeds for cattle is defi
nitely of value and on the increase.

O'Dell et al. (1968) used lactating dairy cows to 
determine the effect of grinding and pelleting forage. They 
reported that milk fat change was due to the different forms 
of forage fed to dairy cows. They also stated that ground 
pelleted hay increased milk fat tests. Thomas et al. (1968) 
and Chalupa et al= (19 70) reported a decrease in percentage
of rumen acetic acid and an increase in percentage of propi
onic acid. Only finely ground hay depressed milk content. 
Medium-ground hay retained on tyler sieves of size 16 
depressed milk fat content slightly when compared with 
unpelleted concentrate fed with hay. ■

Chalupa et al. (1970), in their trial to correct 
milk fat using pellets as the sole forage, found that there 
was an increase in milk proteins and SNF but there was 
no effect on total milk production. This was associated 
with a decrease in rumen pH, protozoa number, and the 
molar percentage of acetate and butyrate, whereas molar 
percentage of propionate and valerate were increased. Milk 
fat contained lower proportions of short chain fatty acids
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and increased levels of tetradecanoate, hexadecanoate, and 
octadecenoate =, On the other hand? supplements of corn 
silage or baled hay alleviated milk fat depression and 
caused changes in rumen chemical character and fatty acid 
composition of milk fat. They concluded that the major 
factor influencing milk fat changes was an alteration in 
adipose tissue metabolism probably caused by increased 
propionate,

Latham? Sutton? and Sharpe (1974) reported that 
cows that developed high butyrate fermentation during a 
change of ration maintained a normal milk fat content«
There were low numbers of cellulolytic and fiber-digesting 
bacteria and large numbers of lactic and propionic acid- 
producing bacteria in the rumen of cows1 rations that 
depressed milk fat. There were large variations between 
cows in the proportions of individual lactogenic or 
propibgenic genera and in the numbers of ciliate protozoa. 
Unstable microbial population caused variability in rumen 
fermentation and in milk fat content.

Blair et al. (1974) observed the performance of 
lactating dairy cows fed completed pelleted diets based on 
wheat straw? barley? and wheat and found that energy 
digestibility increased with the increase of straw in the 
diet. A complete diet for self-feeding dairy cows should 
contain a minimum of about 24% coarsely milled straw and
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that the intake and milk production were depressed by
including straw at higher levels. In contrast, milk yield
was maintained during the 28-day feeding periods on a diet
containing 47,5% wheat straw. Digestible crude protein
intakes were above recommended levels in all cows. Jacob
et al. (cited by Blair et al., 1974) suggested that the
prime reason for feeding high levels of protein is to
encourage greater voluntary consumption of net energy and
therefore increase performance and efficiency of conversion
of feed to milk. Glucose concentration tended to increase
the energy level of the diet. Brown et al. (1977) conducted
two double switchback trials in which pelleted or non-

_ . ■ ' 
pelleted cottonseed hulls were substituted for 10%, 30%, or
50% of the alfalfa hay cubes in the diet. It was found that 
there were no differences in milk production, percentage of 
fat, protein, solids not-fat or fatty acids in milk in rela
tion to the diets. But, as cottonseed hull increased in the 
diet, digestibility of protein, acid detergent fiber, and 
combustible energy were depressed accordingly. Murdock and 
Hodgson (1973) reported that in feeding 25 lactating cows, 
rations containing roughages such as baled hay, cubed hay, 
and corn silage during the first 168 days of lactation, 
milk fat percentages were affected by the type and texture 
of forage, and that the potential metabolic mechanism due 
to type and texture may differ.



CHAPTER 3

EXPERIMENTAL PROCEDURE

Twelve high-producing Holstein cows near to the 
peak of lactation were assigned to four experimental rations 
(Tables 1 and 2) in a double switchback feeding trial 
(Lucasp 1955)„ The experimental rations consisted of the 
following s

1, 50% dairy concentrate, 15% cubed alfalfa„ and 
35% pelleted wheat straw;

2. 50% dairy concentrate, 15% cubed alfalfa, and 
35% of a pelleted containing wheat straw and 
26% added cottonseed meal.

3o 50% dairy concentrate, 15% cubed alfalfa, and 
35% of a pelleted containing wheat straw and 
22.4% soybean meal.

4. 50% dairy concentrate, 15% cubed alfalfa, and
35% of a pelleted containing wheat straw and 
3.3% urea.

The cows did not consume the rations as expected. 
Table 3 gives the actual feed consumption by percentage.
Each trial consisted of 4-week periods with 1 week change
over intervals. Cows were grouped in pens by treatment

20
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Table. 1 <> Composition of concentrate mixture, alfalfa hay cubes* and 
pelleted wheat straw with various protein additives

Dry
Matter

Crude
Protein

Ether
Extract Fiber Lignin

Combustible
Energy
(kcal/g)Percentage

Concentrate mixture 89.00 13.68 2.13 6.83 1.52 3.99
Alfalfa hay cubes 90.55 16.53 1.66 32.29 8.20 4.16
Wheat straw-— control 93.88 6.18 1.15 43.10 7.88 3.71
Wheat straw + CSM 91.88 15.25 1.11 35.48 6.92 3.91
Wheat straw + SBM 90.60 14.38 1.53 33.80 5.60 3.81
Wheat straw + urea 90.58 18.15 1.53 40.38 7.24 3.77

K)H
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Table 2. Composition of wheat straw pellets
Wheat s traw

Control + CSM + SBM + Urea
Percentage

Wheat straw 91.75 66.95 69.85 88.55
Molasses 7.00 • 7.00 7.00 7.00
CSM -- 26.00 --
SBM — —— — —— 22.40 —--
Urea — — — — —' . — -- 3.30
Dical 1.20 —- 0.70 —-
Trace minimal premix 0.05 0.05 0.05 0.05
Mono-ammonium

phosphate _ __o -- -- 1.10



Table 3„ Actual amount of each ration component consumed during each period

Ingredients

Wheat straw 
Control

Wheat straw 
+ CSM

Wheat straw 
+ SBM

Wheat straw 
t Urea

Period Period Period Period
1 2 3 1 2 3 1 2 3 1 . 2 3

Concentrate 52«49 56.27 52.97 52.69 50.66 50.62 50.00 50.00 50.00 54.04 50.00 52.22

Alfalfa hay cubes 31.84 26.72 31.11 31.43 34.20 34.29 35.00 35.00 35.00 29.78 35.00 32.17

xWheat straw pellets 15.67 17.01 15.92 15.88 15.14 15.09 15.00 15.00 15.00 16.18 15.00 15.61

K)U)
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and fed twice daily for maintenance and production. Ration 
ingredients were not blended but were given at the same 
time.

Milk samples were collected and composited for each 
oow during the four consecutive milkings at the end of each 
week and analyzed within 48 hours. Milk weights were 
recorded after each milking and were averaged to determine 
daily production for each period.

Milk fat was determined by the standard Babcock 
method, percentage of protein by the Orange G method of 
Udy (1956), and solids-not-fat (SNF) by the method of Watson 
(1956). Milk samples from the last week of each period only 
were frozen at -14°C and then analyzed by gas-liquid 
chromatography for the component fatty acids of milk fat. 
Fatty acids extracted from milk fat were analyzed by the 
method described by Brown, Stull, and Stott (1962), but, 
in this case a Perkin-Elmer Model 800 dual-flame gas 
chromatograph was used. The fatty acid methyl esters 
analyzed by gas chromatography were prepared by the method 
of Metcalfe, Schmitz, and Pelka (19 66). Body weight of all 
cows was determined by averaging three consecutive daily 
weighings at the end of each period and a comparison was 
made between the starting and finishing weights during 
each period.
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Fecal samples were collected rectally twice daily 

on three consecutive days at the end of each experimental 
period for each animal„ Feces were dried at < 50°C.
Roughage and concentrate samples were analyzed for percen
tages of ether extract, fiber (Van Soest, 1963), lignin 
(Ellis, Matrone, and Maynard, 1964)„ The lignin ratio 
technique was used to estimate the apparent digestibility 
by the standard Kjeldahl procedure and combustible energy 
by an adiabatic oxygen bomb calorimeter (Parr Instrument 
Co,, Moline, Illinois) , Rumen fluid samples were collected 
by rumen tube on the last day morning of each period,
Samples were placed immediately in crushed ice and then 
stored at -14°C until analyzed for volatile fatty acids 
by the method of Erwin, Marco, and Emery (1961),

Variance was analyzed (Lucas, 1955) and means for 
the treatments were compared by Duncan's Multiple Range 
Test (Duncan, 1955),



CHAPTER 4

RESULTS AND DISCUSSION

The condition, behavior, and health of the cows 
remained satisfactory throughout the experiment. These 
findings agree with one author (Putnam and Davis, 1961) 
but not with 'another (Blair et al,, 1974) where digestive 
disturbances were experienced and feed refusal of pelleted 
rations was reported. There was some rejection of feed, as 
the cows preferred earing alfalfa hay cubes and concent 
trates rather than the pelleted straw. The cows did exhibit 
a preference for the straw pellets containing soybean meal 
when compared to the other pellets. Even though there was 
some feed refusal of each of the straw pellets, including 
those containing soybean meal, milk production apparently 
was not drastically reduced. As there was no group receiv
ing alfalfa and concentrate only, this was impossible to 
document. However, in a previous experiment (Perez, 1977) 
it was shown that the inclusion in the ration of up to 25% 
straw pellets would reduce milk production by about 5%.
It is probable that, despite some feed refusal, the 
pelleting of wheat straw enhanced consumption and improved 
nutritional value (Ronning et al., 1959). Pelleting does 
increase palatability and intake, and reduces storage space 
and dustiness in handling and feeding. Further, it improves

26
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low quality roughage in the forage mixture for high yielding 
dairy cows (Cunha, 1967),

The effect of different protein additives in 
pelleted wheat straw on milk production, milk composition, 
and body weight is shown in Table 4» Milk production was 
not affected (p > 0.05) by the addition of protein to the 
pelleted wheat straw when compared with the control.

It is probable that such factors as delayed milking, 
disturbance, changeable weather, and incomplete milking 
might have had some effect on daily milk production.

Body weight, percentage of fat, protein, and 
solids-not-fat were not affected (p, > 0.05) by any of the 
protein supplements added to the pelleted wheat straw.
Thus, under the conditions of this experiment, there was no 
benefit to bvody weight gains nor to production in adding 
protein supplements to the pelleted wheat straw.

Mean digestibilities of ration components are 
shown in Table 5. There were no significant differences 
(p > 0.05) in the digestibility of combustible energy, 
protein, fiber, or dry matter. The addition of all three 
protein supplements caused a significant (p > 0.05)
increase in digestibility. The addition of cottonseed meal 
increased fat digestibility significantly higher than soy
bean meal or urea.

Average volatile fatty acid concentrations are 
shown in Table 6, and mean molar percentages of VFA in



Table 4. Mean yield and composition of milk and average daily gains of cows fed
rations with pelleted wheat straw containing protein supplements

Wheat straw
F Standard

ErrorControl + CSM + SBM + Urea Value

Milk production (kg) 31.17 31.79 31.18 30.97 0.20 1.11
Fat (%) 2.61 2.69 2.28 2.58 0.85 0.27
Protein (%) 2.89 2.86 2.94 2.90 2.01 0.03
Solids— 'Non-fat (%) 8.29 8.31 8.39 8.27 1.33 0.06
Average daily 

gain (kg/day) — 0.63 - 0.22 0.10 - 0.87 2.57 0.38



Table 5. Mean digestibility of rations for cows fed rations with pelleted
wheat straw containing protein supplements

Wheat straw
Control + CSM + SBM + Urea F Standard

Error% Digestibility Value

Dry Matter 43.15 46.56 44.18 44.95 .84 2.23
Protein 51.83 58. 05 54.86 62.26 4.73 2.91
Fat 54.88* 68.77* 59.40* *57.51 15.12 2.20
Acid detergent 

fiber 42.99 45.08 41.60 50.06 1.47 4.32
Combustible energy 45.32 49.03 47.68 47.31 .84 2.36

Means with different superscripts within a row differ (p < .05)



Table 6. Mean concentration of volatile fatty acids in rumen fluid of cows fed
with pelleted wheat straw containing protein supplements

Wheat straw

Volatile fatty
Control + CSM + SBM + Urea

F
Value

Stand;
Erroracid yM/ml

Acetate, 65.74 69.77 71.77 67.73 0.16 9.27
Propionate 46.27 52.28 60.21 52.80 0.35 13.58
Butyrate 23.57 24.83 23.39 21.65 0.32 3.25
Isovalerate 0.93 0.96 1.00 0.90 0.05 0.27
Valerate 2.14 2.46 2.69 2.44 0.30 0.59

Total 138.65 150.30 159.06 145.52 0.25 24.28
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rumen fluid of cows are indicated in Table 7. There were 
no significant differences (p > 0„05) or changes in the 
mean molar concentration of any of the VFA in the rumen.
This substantiates the data on milk fat percentage, because 
if there were differences in milk fat percentages, it would 
have been expected that there would have been differences 
in molar ratios of the VFA consistent with the report of 
Van Soest (1963). Milk fat percentages were low for all 
rations. This may have been caused by a combination of high 
energy concentrate cubed alfalfa and pelleted wheat straw 
(Chalupa et al»f 1970). Pelleted forage has been reported 
to cause depression of milk fat (Putnam and Davis, 1961).
The analysis of the various milk fatty acids are given in 
Table 8. Generally the percentages of individual fatty 
acids were normal. Linoleic acid increased significantly 
(p < 0.05) when the ration was supplemented with cottonseed 
meal or soybean meal. This may have been due to the fact 
that cottonseed meal and soybean meal had some residual 
linoleic acid present.

The constant ratios of acetate to propionate in the 
rumeny consistent milk fat percentage„ and consistent per
centages of milk fatty acids together verify that protein 
additives had no significant effect on fat metabolism.
Van Soest (1963) does not agree with this result as he 
concluded that supplements added to wheat straw alleviated



Table; 7. Mean molar percentages of volatile fatty acid in rumen fluid of cows 
fed rations "with pelleted wheat straw containing protein supplements

Control
Wheat straw 

+ CSM + SBM + Urea
F

Value
Standard
ErrorMolar %

Acetate 47-93 46.65 46.19 47.19 0.14 2.87
Propionate 33-40 33.85 36.56 35.47 0.25 4.10
Butyrate 16.61 17.16 15.02 15.02 0.78 1.76
Isovalerate 0.61 0.65 0.65 0.64 0.02 0.17
Valerate 1.44 1.70 1.58 1.69 0.38 0.27

u>
to



Table 8« Mean percentages of milk fatty acids in milk of cows fed
rations with pelleted wheat straw containing protein
supplements

Milk fatty 
Acid

Wheat straw

F
Value

Standard
Error

Control + CSM + SBM + Urea
Percentage

8:0 10.97 8.93 7.92 9.23 2.22 1.20
10:0 8.78 7.46 6.55 7.96 1.24 1.19
10:1 1.58 1.94 1.98 1.70 0.31 0.49
12:0 8.04 5.76 6.59 6.50 1.98 0.96
14:0 13.43 11.83 13.12 12.03 2.46 0.71
14:1 2.10 2.10 2. 38 2.19 2.39 0.12
15:0 2.08 1.51 2.08 1.61 1.37 0.37
16:0 29.36 26.83 29.32 27.51 1.82 1.34
16:1 2.75 2.82 3.14 2.91 0.26 0.47
18:0 4.28 6.79 5.59 5.75 4.08 0.72
18:1 15.20 21.39 18.74 20.95 1.77 3.01
18:2' 1.41 2 . 66 2.54 1.62a 15.74 0.23

cL' Means with different superscripts within a row differ (p < .05)
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milk fat depression and caused changes in rumen chemical 
character and fatty acid composition of milk „

It can be concluded that pelleting of wheat straw 
can be of value to lactating dairy cows, but probably only 
under extreme conditions. It probably should not be fed 
under as high levels as was attempted in this experiment. 
Despite the fact that there were no apparent nutritional 
benefits from adding soybean meal to the wheat straw pellet 
it would appear from the consumption level alone that a 
soybean additive might prove beneficial. Under the condi
tions of this experiment there were no benefits from adding 
a protein supplement to pelleted wheat straw. Under condi- , 
tions where the remainder of the ration was lower in 
protein this conclusion might not hold true.

Pelleting of feeds for dairy cattle is definitely 
of value. At the present time there is still a need for 
more research on pelleting feeds; however, pelleting is 
no substitute for a well-balanced ration for lactating 
dairy cows. The essential nutrients will still need to be 
contained in the pellet for it to do the job it is intended 
for.
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