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ABSTRACT 

Lactating Hoi stein cows were used to evaluate the effect of 

varying levels of roughage-concentrate rations and substitution of 

chopped wheat straw for chopped alfalfa in complete mixes. On a prac

tical basis the feeding of a complete mixed diet containing both 

chopped alfalfa and chopped wheat straw presented few problems. The 

mixtures were easy to handle and feed and the cows readily consumed 

them. The addition of straw to high quality rations containing alfalfa 

hay did not detract from the utilization of the feed for the most part 

seemed to enhance it. The addition of a high fiber feed such as wheat 

straw as partial replacement for alfalfa in a complete mix, seems to 

enhance both milk and milk fat production. 

vi 



INTRODUCTION 

Large quantities of cereal grains are produced annually in the 

western regions of the U.S.A. and Canada (21). The portion of straw 

resulting from this production, that is actually harvested and fed to 

livestock however, is very small in proportion to that produced. The 

higher cost of grains and high-quality forages plus an increased aware

ness of environmental pollution has initiated a renewed interest in the 

use of straw in ruminant rations (21). After harvesting seed crops, 

farmers frequently have problems disposing of the remainder of the 

plant. One practice of disposal is burning. In some areas this causes 

great palls of smoke for several weeks. In most cases, straw should not 

be left on the ground because it harbors harmful pests. It is expensive 

to plow under and requires extra nitrogen to be added to the soil to 

enhance its decomposition (19). 

Cereal straws are generally low in crude protein, minerals and 

vitamins, but rich in cell wall constituents that are responsible for 

poor nutrient digestibility (39, 40). The structural carbohydrates 

that make up the cell walls are not efficiently degraded by rumen 

microbes. These potentially digestible carbohydrates are partially 

protected, due to the physical nature of cellulose and its close asso

ciation with lignin (19, 31). This results in a food normally low in 

digestibility which can supply only a small part of a productive 

animal's energy requirement. 

1 
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Since the late 1970's some light has been thrown on the diges

tibility of straw by ruminants. The idea that cellulose digestion could 

be improved by increasing the amount of straw and at the same time 

stimulating the cellulose bacteria was introduced (33). Straw, if fed 

under optimal conditions for cellulose fermentation, may be expected to 

give metabolizable energy values of between 9.7 and 11.2 MJ/kg (46). 

Several workers conducted experiments designed to improve digestibility 

of straw by using various chemicals and steam treatments (16, 21, 33, 

37). In these experiments improvement in dry matter digestibility of 

crop residues and other fibrous materials was achieved. 

Chemical treatment with alkali, such as sodium hydroxide, can 

modify the lignin-carbohydrate complex in straws making the cellulose 

and hemicellulose fractions more accessible to bacterial digestion 

{16, 32). Alkalis soften the lignin structures and are presently some

times, used in practice (21). Of these, sodium hydroxide is the most 

effective (16, 21, 32) and ammonium hydroxide is a close second. 

Calcium hydroxide can be used but works slowly and is not very effec

tive. Urea is converted by bacteria to ammonia which then acts as an 

alkali to process the straw (39). Several factors indicate that some 

of the treatments may not become widespread. Certain safety hazards are 

involved in the use of strong sodium hydroxide or ammonia and the 

alkaline residue may cause a decrease in palatability (41). The major 

consideration is the cost involved. 

Complete diets for high-yielding dairy cows need to contain 

sufficient roughage of a coarse nature to maintain normal milk fat 

levels but not so high that they depress the voluntary intake of 
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digestible energy below that needed to sustain milk production (34). In 

early lactation dairy cows experience difficulty in consuming suf

ficient feed to meet the energy demands of high milk production. This 

insufficient intake of feed could be due to both low appetite and rumen 

fill (31). When feed intake is depressed, the rumen pH falls and rumen 

stasis can occur (23). Also other metabolic upsets such as acetonemia 

and fertility problems can occur if there is extensive body weight loss 

(33). 

Owen et al (34), concluded the optimum level of straw inclusion 

to sustain a high level of milk production, with a normal milk fat 

content, was between 23 and 32% (34). Relatively high fiber intake, in 

high producing dairy cows is essential to prevent milk fat depression 

(43). Its is also important in the prevention of post parturition inci

dence of displaced abomasium (33). 

This study was under taken to evaluate varying levels of 

chopped wheat straw, in complete rations, for lactating dairy cows. 



LITERATURE REVIEW 

Cellulose and hemicellulose together account for approximately 

75% of the composition of straw (46). Both are highly subject to rumen 

fermentation and should be excellent sources of energy to the ruminant 

animal. Ruminants are, however, unable to avail themselves of all the 

apparent energy contained in these carbohydrate sources (19, 23). 

Several possibilities for this relatively poor digestion efficiency 

have been suggested (4, 23, 45): 1) lignin acts as an inert barrier 

between the digesting enzyme and the carbohydrate; 2) cellulose is too 

highly crystaline to be quickly subject to enzyme action; or 3) carbo

hydrate digestion is inhibited by silica. Klopfenstein and Owen (23), 

have thrown some interesting light on the digestibility of cellulose. 

They suggest that cellulose digestion can be improved by both increas

ing the amount of straw in the diet and stimulating the cellulase 

secreting bacteria. To insure this improvement in cellulose digestion 

they felt that a complete ration must be provided with the following: 

1) an second roughage source which offers both fiber (ADF 19%) and low 

lignin (3%); 2) inclusion of an available carbohydrate, as an energy 

source; and 3) supplementation with available nitrogen and minerals 

important for cellulase producing bacteria activity. 

Research to increase straw utilization as feed has been 

directed at factors affecting cellulose digestibility in Denmark (31, 

41). Thomsen et al (41) investigated alternative methods to direct 

treatment of the straw. Their major emphasis was directed towards 

4 



improving the rumen environment through addition of readily available 

nutrients to the ration. They felt that this would maximize the micro

bial ly dependent processes. In one experiment Thomsen et al (41) con

cluded an experiment with a mixture they called "strawmix". It was 

made up of 55% chopped straw, 25% molasses, 15% dried beet pulp and 5% 

of a vitamin-mineral mix. It was fed as a ration consisting of 8 kg 

"strawmix" and 12 kg concentrate mix, to lactating dairy cows. It was 

felt that "strawmix" solved the problem of fluctuating ration quality, 

apparently a considerable hinderance to achieving high milk yield in 

Denmark. They also reported no improvement in milk production when an 

ammoniated version of "strawmix" was compared to the untreated version. 

It has been reported that a 600 kg Hoi stein cow can consume up 

to 8 kg of properly supplemented straw per day, as part of the rations' 

roughage, without detrimental effects (5). This would have a positive 

benefit for cereal growing farms and reduce the need for pasture hay 

and silage (43). 

Considerable straw feeding experimentation has been conducted 

with sheep. In general sheep do not consume straw as readily as cattle 

and require that it be more palatable than do cattle (28, 30). Ewes 

will consume from 1.0-1.5 kg per head per day. Hackett et al (20) have 

reported that feeder lambs gave acceptable results when up to 25% of 

the ration was ground straw. 

An Austrailian report (28) in which wheat starch was added to a 

basal ration of ground and pelleted oat straw, urea and minerals, 

showed that as the starch was incrementally added to the diet DM 

intake, weight gain and wool production increased. They further found 
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that at least 10% starch was required for any energy retention and that 

cellulose digestion and pH were reduced when the starch level was 

above 30%. El-Shazly (14) attributed this type of reduction in cellu

lose digestion to preferential digestion of starch by the rumen micro

organisms. Topps et al (42) had also shown that increased starch 

reduced rumen pH and suggested that the lower pH produces a less favor

able environment for cellulolytic bacteria. Mulholland et al (28) 

concluded that while straw could be effectively utilized in combina

tion with a source of starch for both weight gain and wool growth there 

were upper limits of about 30% for maximum production. 

O'Donovan and Ghadaki (30) studied the extent to which wheat 

straw could be incorporated into fattening lamb diets. They found as 

concentrate was added to straw, (up to 400 g concentrate/day), DM 

intake increased and the lambs were able to maintain their body weight. 

However when straw made up 30% or more of the ration a significant 

decrease in daily weight gain was seen. 

Kromann et al (24) formulated rations for growing lambs with 

various levels of wheat straw and pea seal pings and found that live 

weight gain increased as the proportion of pea seal pings increased in 

the ration. They concluded that pea seal pings which are relatively high 

in protein complemented wheat straw very well in providing a complete 

ration for growing lambs. 

Kay, et al (22) studied the effect of replacing cereals grains 

with chopped straw for young rapidly growing steers. Two growth and 

digestibility trials were conducted with diets of varying straw inclu

sion (5, 20, 30, 50 %). Kay et al concluded that as the proportion of 
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chopped barley straw was increased the carcass gain and rate of live 

weight gain decreased. Dry-matter digestibility and apparent nitrogen 

digestion were also decreased by the high inclusion of chopped barley 

straw. 

The relative proportions of dietary protein and starch fer

mented in the rumen, or which escape fermentation and are digested in 

the small intestine, may influence protein and energy utilization by 

the ruminant (31). Straw has been found to be low in both these areas, 

so the provision of supplementary protein and energy has been shown to 

improve the utilization of this low quality roughage (26, 30). Andrews 

et al (2), investigated the effect of different levels of protein and 

energy incorporated with a low-quality roughage. Cattle consuming low 

levels of protein and high levels of energy had poor weight gains and 

cellulose digestion was impaired. This was thought to be due to the 

fact that even though energy was sufficient, low levels of nitrogen 

decreased both straw intake and.uti1ization of straw by the microbes of 

the rumen. Conversely a high protein, high energy diet yielded satis

factory gains of 0.8 kg per day. It was concluded that straw when 

supplemented with both high protein and high energy should be able to 

satisfy the needs of the rumen microbes and therefore, produce a satis

factory diet for the maintenance and growth of either young dairy or 

beef cattle. 

Dixon (10), also had ideas concerning protein supplementation 

of straw. He felt that it was essential to supplement straw with pro

tein to improve voluntary consumption and to maintain body weight. 

Dixon undertook an experiment to examine the effects of chopped barley 
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straw on rumen degradation when supplemented with a protein and a non

protein nitrogen (NPN) source. The NPN source used was urea. One diet 

contained formaldehyde-treated canola meal (FCM), while the other two 

diets contained untreated-canola meal (UCM) and fish meal (FM), as 

their protein supplements. The cows fed the UCM diet had a higher 

intake of straw than either the FCM or FM. It was also shown that 

posterior to the rumen both the FCM and FM were used more highly than 

UCM. It appears likely that the greater intake of straw associated with 

the fermentation of the UCM in the rumen was due to an increased supply 

of essential nutrients, whereby making a more favorable environment 

for the rumen microbes. This suggests that the first limitation to 

straw intake was lack of provision of nutrients for stimulation of 

microbial fermentation. 

In a series of experiments, Owen et al (33), studied the 

effects of voluntary intake of food and water in relation to varying 

roughage content in diets for lactating dairy cows. Some diets con

sisted of coarsely ground hay or straw included as 25% of a complete 

mix. Other diets were made up of long hay and straw in conjunction with 

a separate concentrate mix. Long straw intake was very low and was 

associated with several unfavorable conditions in the dairy cow; 1) 

smaller volume of liquid in the rumen, 2) reduced "passage rate" of the 

material leaving the rumen, and 3) low acetic and butyric acid propor

tions with increased amounts of propionic acid in the rumen liquor and 

a serious depression of milk fat. These problems were solved when the 

roughage was incorporated into a complete diet. 
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Many attempts have been made to improve the palatability and 

digestibility of straw for ruminants (24, 30, 37). Steeping and steam

ing have been tried since the mid-nineteenth century, but were general

ly found to be ineffective (8, 32, 37). Sharma (37), notes that with 

steam pressures greater than six atmospheres, nutrients are released 

from within the straw. But even if steam processing improves the nutri

tional value of the straw, there is no suggestion that such treatment 

was economically justified. 

Two experiments were conducted by Sharma (37), with 24 Hoi stein 

cows to evaluate steam-treated wheat straw as a roughage source in 

completely mixed rations. The cows were fed varying amounts of wheat 

straw, from 20% untreated wheat straw to 20 and 30% steam-treated wheat 

straw. Sharma suggested from the data that up to 20% steam-treated 

wheat straw could be included in a complete mixed dairy ration without 

any appreciable influence on animal performance (milk yield and com

position). At higher levels stream-treated wheat straw had some limit

ing factors. There were higher feed refusals and a depression of milk 

fat at the higher level of steam-treatment. Another limiting factor to 

be considered in the use of steam-treated wheat straw may be the cost 

of processing straw with steam. Sharma stated in his study the overall 

cost of steam-treated wheat straw (including the price of straw) was 

about $70 per ton of dry matter. Such treatments appear unpractical at 

the farm level and are economically questionable at commercial levels, 

(30, 33, 38). 

Methods of improving the feed value of straw by treating it 

with chemicals have been studied since as along ago as 1895 (38). As a 
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result of food shortages during the first World War, in Germany, 

Beckman (5) designed a process of soaking straw in dilute (1.5%) caus

tic soda solution for periods of 7 to 24 hours. After soaking it was 

then rinsed prior to feeding. Despite some improvements there were 

disadvantages to this method: 1) it required a total of 50 m3 of water 

per ton of straw, 2)it was labor intensive and 3) it washed out some 

valuable constituents of straw (5). 

Spraying straw with a strong sodium hydroxide, (NaOH) solution 

was developed to avoid the disadvantages of the Beckman system (38). 

With the spray treatment digestibility of organic matter in barley 

straw increased with increasing amount of NaOH up to a 1:10 ratio of 

NaOH to straw (32, 38,). 

In 1978 Orskov and Grubb (32), conducted an experiment to 

determine the effect of voluntary feed intake and digestibility of 

straw by lambs when different amounts of urea were added to untreated 

straw and straw sprayed with NaOH. They also wanted to determine if the 

same feed was made more digestible by the action of NaOH upon lignin 

complexes. There was little if any effect of adding additional nitrogen 

to the untreated straw. The microbial growth was probably limited by 

the available fermentation energy. There was a 45% increase in volun

tary feed intake from 211 to 301g/day with the NaOH treated straw diet. 

Using a similarly treated diet Fernandez-Carmone and Greenhalgh (16) 

obtained an increase in intake of 94% coupled with an increase in 

digestibility. However their diets were supplemented with soybean meal, 

not urea, as Orskov (32) used. It is possible that the maximum effect 
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of NaOH treatment of poor quality roughage can be obtained only with 

the use of a protein supplement rather than just a NPN source. 

Most cereal straws are characterized by the low crude protein, 

high lignin and low available energy content, which generally limits 

their use to low-energy ruminant rations (5, 19, 31, 40, 45). Horton 

and Steacy (21), wanted to determine if ammoniation would result in 

significant improvements in the nutritive value of cereal straws and 

it's effects on the intake and digestibility of straw by steers. 

Untreated and ammoniated straws were each fed to four steers together 

with a concentrate mix for 21 days. The addition of 3.5% anhydrous 

ammonia increased the crude protein content in wheat and oat straw by 

160%. The voluntary consumption of straw was increased 19% by ammonia

tion. Other effects of the ammoniation were dry matter intakes 

increased 13%, dry matter digestibility increased 7% and energy digest

ibility rose 26%. 

Other chemicals which have been mixed with straw in order to 

improve its feeding value are calcium hydroxide, sulfur dioxide, ozone 

and urea (38, 39). Neither sulfur dioxide nor ozone treatments show any 

promise of being economical. Calcium hydroxide has an advantage in 

being safer to handle than sodium hydroxide but it is slower to act. 

Straw treated with 5% calcium hydroxide was found to have an increased 

digestibility of about 10% after ensiling (39). Urea has shown some 

promise but requires a high temperature in order to work well (32). 

The advantage of treating straw with sodium hydroxide, ammonia 

and urea-based supplement outweigh the disadvantages (39). There is an 

increased intake of straw as compared to untreated and unsupplemented 
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straw (22, 28, 30). This may allow for a greater reduction in the 

concentrate allowance in the ration, provided that the protein, mineral 

and vitamin allowances are maintained (19, 28, 32). In one study (21), 

as a result of the increased straw intake metabolizable energy and 

crude protein were increased. 

In 1971, Owen and Miller (34) conducted an experiment to assess 

the value of chopped and pelleted wheat straw, as opposed to coarsely 

milled straw. They wanted to determine the effects of pelleting diets 

containing different proportions of chopped wheat straw, in complete 

diets fed ad libitum to dairy cows. Twelve Friesian Cows were given six 

complete diets ad libitum. The main energy component of the diets were 

rolled barley and 20, 35, and 50% chopped barley straw. The diets were 

given either as a loose mix or pelleted using a 5/8 inch die. In 

general, the results for the loose diets confirmed the findings of 

previous experiments: decreased dry matter intake, decreased milk pro

duction and decreased milk fat. The cubed diets had an opposite effect: 

higher feed intakes and milk fat. It was suggested that complete diets 

could be used advantageously, in large units to combine the labor costs 

of self-feeding of dry feed with a high degree of control over nutrient 

intake and lactational performance. One other consideration addressed 

in feeding this diet, was the problem of tympany. Tympany of the rumen 

was noted on at least one occasion in several of the cows, and occured 

on the cubed series of diets at all three levels of straw inclusion. It 

was thought to be due to the effect of cubing on straw particle and 

consequently on ruminal activity. 
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Levy et al (25), examined the performance of male calves fed 

six different rations. These rations either contained ground or ground 

and pelleted wheat straw or oat-vetch hay. Two levels of ground wheat 

straw, 15 and 30% were studied. Energy conversion was highest on 

pelleted rations containing both straw levels even though intake was 

only higher on both pelleted roughages at the 15% level. 

Another study on the effects of pelleting wheat straw rations 

was undertaken by Blair et al (6). This study evaluated three complete 

diets {17.5, 32.5 and 47.5% wheat straw) fed to lactating dairy cows. 

There were no significant differences between treatments on milk yield 

however compared to the other two the 47.5% straw diet maintained milk 

fat percent at an higher level and the energy content per kilogram of 

milk was greater. In contrast to an experiment by Owens and Miller 

(33), milk yield and body weight was maintained during the 28 day 

feeding trial on a diet containing 47.5% wheat straw. 

Magnesium (Mg), is found in most tissues of the body. About 

half of it is found in the bone, with the remaining half in the soft 

tissues and body fluids (26). Though present in the body in smaller 

amounts, Mg is closely associated with calcium and phosphorus, both in 

its distribution and in its metabolism (11). Approximately one-third of 

the supply in the bones is subject to mobilization for soft tissue use 

when the intake is inadequate. Depending on the species and individual, 

blood serum normally contains 2 to 5 mg of the element per 100ml (11). 

Mg is absorbed at about a 30% efficiency ratio, primarily as a soluble 

salt. The primary site of Mg absorption is the small intestine and the 

main route of excretion for metabolic Mg is the feces (26). 



Mg is an essential element in cellular metabolism, as well as 

serving as an essential constituent of bones and teeth. Specifically it 

activates all enzymes transferring phosphate from ATP to ADP and must 

therefore influence all life processes (11). 

Low blood is a symptom of hypomagnesaemia (grass tetany). 

However hypomagnesaemia is not a simple Mg deficiency (11, 17, 46). A 

disorder of ruminants characterized by hypomagnesaemia and tetany was 

first reported by Sjollema and Seekles in 1929 (40). Numerous nutri

tional, physiological and environmental conditions have been associated 

with this disorder. It is evident that one condition may contribute to 

an increase in its incidence, the consumption by ruminants of forages 

grown with high quantities of nitrogen (13, 27, 40, 48). Evidence is 

also available which suggest that the disorder is related to a 

decrease in dietary Mg (13, 48). It is considered that hypomagnesaemia 

does not arise from an inadequate intake of Mg but more from an inade

quate absorption of magnesium and is probably associated with high 

ruminal ammonia production (13, 27). With the addition of fertilizer to 

pasture, nitrogen can decrease soluble carbohydrates in forage, causing 

a likelihood of a rise in rumen ammonium ions. 

Hypomagnesaemia, while frequently associated with low blood 

phosphorus may occur with normal blood calcium and phosphorous levels. 

This was reported by Duncan et al (11) of the Michigan Experiment 

Station, who fed calves either milk or a feed low in Mg. In calves with 

typical levels of calcium and phosphorus, the Mg in the blood serum was 

frequently as low as .lmg per 100ml compared with a normal of around 
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2.5mg. When calcium and phosphorus were present in higher amounts, the 

harmful effect of the magnesium was slight or nil. 

Gentry et al (17), conducted a study to ascertain the toxic 

effects of excessive Mg and to obtain information on the maximum safe 

concentrations of dietary Mg. Hoi stein bull calves were fed 1, 2, and 

4% magnesium oxide. The control diet contained .3% magnesium and con

sisted of ground corn, soybean meal, cottonseed hulls plus vitamin, 

mineral and antiboitic supplements. When high Mg (2 and 4%) was fed, 

feed consumption dropped immediately and when removed, feed intake 

returned to baseline values within six days. Also on high Mg weight 

gains appeared to be retarded within one week after initial supplemen

tation. This was felt to be due to the severe diarrhea that accompanied 

the high Mg levels in the diet. Again calves returned to normal after 

Mg supplements were removed. All of these effects may be a result of a 

combination of causes. First, the high content of Mg is unpalatable, 

which accounts for decreased feed intake. Second, appetite may be 

adversely effected by the intestinal disorders (diarrhea). Third, mag

nesium oxide effects certain nerves producing drowsiness that may have 

a secondary effect on appetite and intestinal motility. 

Two metabolism trials with Mg were conducted by Moore et al 

(27). Wether lambs were used to study the relative effects of crude 

protein and two levels of nonprotein nitrogen (urea) on Mg utiliza

tion. The two levels of crude protein were approximately 10% and 32%. 

At each level of protein, either 0 or 35% of the crude protein was 

provided by urea. Lambs fed the high-nitrogen rations had high ruminal 

ammonia-N, and increased rumen pH. No significant differences were seen 
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between the four rations in apparent Mg absorption. This suggested that 

the high ruminal fluid ammonia levels did not interfere with Mg absorp

tion. Urinary Mg excretion was higher for lambs fed the high-nitrogen 

diets. 

Wilcox et al (47), conducted a study based on the hypothesis 

that hypomagnesaemia tetany is caused by the particular growing condi

tions during early spring resulting in unique compositional character

istics of spring forages. They suggested that winter leaching, low soil 

temperatures and ammonia containing fertilizers make the ammonium ion 

the principal source of nitrogen available to the plant. Absorption of 

ammonium by the plant results a in greatly reduced uptake of Mg and 

calcium. This produces a high amide concentration in the plant with a 

decrease in available carbohydrates. In the animal, because of these 

conditions stated above, an increase of free ammonia accumulates in the 

rumen and pH increases. There is then a further reduction in the avail

ability of already low Mg and calcium. 

Hypomagnesaemia syndrome primarily affects lactating dairy 

cows, but other ruminants can fall victim to the disorder (13). The 

afflicted animals exhibit symptoms such as a lack of appetite, rapid 

breathing, excessive nervousness and convulsions (48). Abnormally low 

blood serum Mg in suffering animals ranges between 0.8 and 1.0 mg/100 

ml, while normal ranges from 1.8 to 2.6 mg /100 ml (40, 48). Hypogly

cemia and ketosis also have been reported to be part of the grass 

tetany syndrome (48). However, with the syndrome alone it cannot be 

detected whether the disorder is caused by excessive physiological 

stress such as increased milk production, with consequent loss of 



minerals or to insufficient intake of minerals due to submarginal 

contents in the forage or decreased absorption of minerals (36, < 



EXPERIMENTAL PROCEDURE 

An 8-week feeding trial was conducted to evaluate various 

levels of chopped wheat straw as partial replacement for chopped 

alfalfa hay in complete mixed diets for lactating dairy cows. Four 

treatments were evaluated: 1) 22.5% alfalfa, 22.5% wheat straw, 2) 

11.25 alfalfa, 33.75% straw, 3) 15.5% alfalfa, 15.5% straw, and 4) 

7.75% alfalfa, 23.25% straw. All rations contained 5% molasses and 4% 

animal fat with the remainder based on steam flaked milo and enough 

soybean meal so that each ration was iso-nitrogenous (Tables 1 and 2). 

Twenty-four Hoi stein cows from the University of Arizona dairy herd 

were selected for both high production and nearness to peak of lacta

tion and randomly assigned to one of the four treatments. 

Body weights were determined at both the start and at the end 

of the experiment. Each cow was assigned to an individual Calan gate 

and individually fed preweighted feed twice daily (0630 and 1830h). 

Refusals were measured and adjustments were made in daily offerings so 

that each cow was full fed. The cows were milked twice daily (0500 and 

1700h) and milk weights for all milkings were recorded. 

Weekly composite milk samples from the last four consecutive 

milkings for each cow were collected and refrigerated without preserva

tives until analyzed. Milk fat was determined by the standard Babcock 

method, protein by the Orange G method of Udy (43) and Solids-Non-Fat 

(SNF) by the method of Watson (46). Milk samples from the last week 

18 



Table 1. Composition of Experimental Diets 

19 

High Roughage Low Roughage 

Ingredient 

1/2 
Chop. 
Straw 

3/4 
Chop. 
Straw 

1/2 3/4 
Chop. Chop. 
Straw Straw 

Sliced Alfalfa % 22. .50 11. .25 15. .50 7, .75 

Gr. Straw % 22, ,50 33. .75 15. .50 23, .25 

Steam Process Milo % 26. ,00 21. .50 40. .00 37. .00 

Soybean Meal % 18. .50 23. .00 18. .50 21. .50 

Molasses % 5. .00 5. .00 5. .00 5. .00 

Tallow % 4. ,00 4. ,00 4. .00 4. .00 

Dical % 1. ,00 1 .  ,00 1. .00 1 .  .00 

Salt % • ,50 4  ,50 4  ,50 4  .50 
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Table 2. Chemical Composition of Diets Fed to Cows 

High Roughage Low Roughage 

1/2 3/4 1/2 3/4 
Chop. Chop. Chop. Chop. 

Ingredient Straw Straw Straw Straw 

Dry Matter % 91, ,50 87, ,36 88, .29 90, .58 

Organic Matter % 81, .72 78. .69 79. .83 83, .06 

Crude Protein % 15, .96 15, .64 15. .96 15. .90 

NDF % 46. .06 33. .05 41. .65 40. .40 

ADF % 27. .95 16. .37 26. .65 20. ,39 

Hemicellulose % 17, ,11 16, ,68 15, ,00 20. ,01 

Lignin % 5. .71 3. ,94 5. ,96 4. ,56 

Ether Extract % 6. ,42 5. ,80 5. ,27 6. ,83 

Combustible Energy, Meal/kg 4. ,42 4. ,54 4. ,42 4. ,45 
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were frozen at -10 C until analyzed for component fatty acids utilizing 

the methods described by Brown et al (7). 

Fecal samples were collected by rectal removal twice daily 

(0630 and 1800h) on the last six consecutive days of the experiment and 

were composited for each cow. Following drying at <50C, fecal and feed 

samples were both ground and analyzed. Ether extract, ash and crude 

protein were determined according to A.O.A.C. methods (3), fiber and 

lignin according to Goering and Van Soest (18) and protein by the 

Technicon Auto Analyzer (3). Combustible energy was determined by an 

adiabatic bomb calorimeter (Parr Institute Co., Moline, Illinois). 

Apparent digestibilities were estimated using both the lignin ratio and 

the insoluble ash techniques (18). 

Rumen fluid samples were collected by stomach tube aspiration 

3h post feeding on the last day of the trial. The samples were strained 

through two layers of cheese cloth and stored at -10 C until analyzed 

for VFA's by the method of Erwin et al (15). 

All data were subjected to analysis of variance procedures and 

the means for the treatments were compared for significance by the 

Least Significant Difference test (12). Missing values were determined 

by the standard procedure (12). 

During the third and fourth weeks of the experiment several 

cows were diagnosed as having hypomagnesaemia. Three cows died and 

beginning with week five of the experiment all rations were supple

mented with enough magnesium oxide so that intake was calculated to 

equal 0.35% of the diet. Blood samples were collected from all cows at 

the end of the fourth week and again at the end of the experiment. 



Magnesium, calcium and phosphorous levels were determined by the Diag 

nostic Laboratory of the University of Arizona Veterinary Science 

Department. 



RESULTS AND DISCUSSION 

Because some severe health problems developed early in the 

experiment that were ultimately thought to be related to the diet, 

these problems along with their solution are presented first. At the 

start of the experiment all cows appeared in good health. There were no 

apparent problems with consumption of any of the diets except there was 

some refusal of Diet D which was not considered excessive. During the 

third and fourth week of the experiment, six cows became symptomatic of 

what was later diagnosed as hypomagnesaemia. Once it was detected that 

a cow was abnormal she was taken off the experiment and administered 

calcium gluconate, the accepted treatment for milk fever. No one was 

able to correctly diagnose the problem for the first few days for two 

apparent reasons: 1) lack of experience with hypomagnesaemia and 2) 

there had been no previous history of it either in the area or with the 

particular ration ingredients which had been used previously in various 

combinations with many of the same cows. In retrospect wheat straw is 

known to be low in magnesium (36) and because many of the cows had 

previously been on experiments with wheat straw their body stores may 

have been depleted. In any event two cows died within a 24 h period and 

a third was euthanized. The other three recovered slowly with calcium 

gluconate (which does contain a soluble source of magnesium) adminis

tration. The six cows did show lack of appetite, excessive nervousness, 

rapid breathing and pulse rate, foaming at the mouth and convulsions. 

Once it was determined that hypomagnesaemia was the cause, blood 

23 
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samples were taken from all cows on the experiment and magnesium oxide 

{0.35% of diet) was added to the diet. Due to lack of available cows 

only three cows were replaced on the experiment and missing values were 

calculated for the other three for statistical analysis of the data 

(12). The blood Mg levels at the end of the fourth week and at the end 

of the experiment are shown in Table 3. Nine of the 21 cows remaining 

on the experiment had blood Hg levels considered below the accepted 

normal range (1.8-2.5 mg/100 ml) at the end of the week four, while 

only three were low (all at the 1.7 mg/100 ml level) at the end of the 

experiment. It should also be noted that 60 of the herd cows, chosen at 

random, averaged 1.68 mg/100 ml serum and that several cows on another 

experiment showed signs of grass tetany. Thus it was concluded that 

while the inclusion of straw in the diet may have caused the onset of 

grass tetany, in this case it is doubtful that it was the primary 

cause. The primary cause was more likely due to the cows already pre

viously been subjected to conditions resulting in low blood levels of 

Mg. Normally cows would not be expected to develop grass tetany within 

3-4 weeks on a deficient diet unless they were already stressed to a 

state where subclinical grass tetany was present. Thus the cows were in 

no position to ward off a temporary ration deficiency of Mg as would 

normally be the case. No attempt was made to document previous dietary 

history of the herd to verify whether or not they really did receive a 

dietary deficiency of Mg over an extended period of time. This would 

have probably been impossible due to lack of feed samples from the past 

several years. Several researchers (13, 40, 47) have reported that 

dietary levels of Mg probably are not a very good estimate of 
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Table 3. Magnesium Blood Levels of All Experimental Cows, 
Attained From Animal Diagnostic Laboratory, Week 4, 
Week 8 and the Average of 60 Random Herd Cows 

Cow No. Week 4 Week 8 Random 
MEg/1 MEg/1 MEg/1 

High Roughage 1/2 Chop Straw 

30 2.2 1.9 
88 2.3 2.1 
79 2.0 1.9 

1134 1.9 1.9 
105 2.2 2.2 
118 2.0 1.7* 

High Roughage 3/4 Chop Straw 

915 1.4* 2.0 
44 1.7* 2.2 

880 1.5* 1.9 
170 1.1* 1.7* 

Low Roughage 1/2 Chop Straw 

97 2.3 2.1 
908 1.4* 1.7* 
89 2.0 2.0 
48 2.3 2.2 
25 1.6* 2.0 

156 2.3 2.7 

Low Roughage 3/4 Chop Straw 

83 1.8 2.0 
1093 1.3* 2.0 

51 2.1 1.9 
173 1.6* 1.9 

69 1.5* 2.1 

* cows below NRC range of 1.8-2.5 Meg/1 



absorption anyway. While the true cause cannot be documented it is 

obvious that once magnesium oxide was supplemented no more grass tetany 

problems arose. Mg supplementation did result in three cows showing 

scours however there was no decrease in feed consumption as has been 

reported by others (36, 47). 

By the fifth week of the experiment had health problems sta

bilized. There were no significant (P<0.05) in the feed intake even 

though intake was highest for Ration A and lowest for Ration C. All 

diets produced slight gains in body weight during the course of the 

experiment but there were no differences (P>0.05) among treatments. It 

was assumed that even though the hypomagnesaemia associated with this 

experiment probably did have a bearing on the outcome that it was 

applied equally to all treatments and thus became relative. It was 

then further assumed that all other measurements were valid. 

Mean yields and milk composition of milk are given in Table 4. 

Milk yield was higher (P<0.05) for Diet D (low roughage-75% straw) than 

for Diet A (high roughage-50% straw). No other values for milk produc

tion were different (P<0.05). It was not surprising that while both 

rations contained approximately the same amount of wheat straw (22.50% 

for Diet A vs 23.25% for Diet D) that Diet D having less total roughage 

and consequently a higher concentration produced over 5 kg more milk. 

What is surprising is that Diet B (high roughage-75% straw), having the 

lowest energy concentration of all experimental diets produced nearly 

as much milk as did Diet D (33.2 vs 34.4 kg/day). It is thus interest

ing to note that the diets containing proportionally more of the 

roughage as straw promoted higher milk production. Both Owen et al (34) 
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Table 4. Mean Yield and Composition of Milk of Cows Fed 
Experimental Rations 

High Roughage Low Roughage 

1/2 3/4 1/2 3/4 
Chop. Chop. Chop. Chop. F S.E. 
Straw Straw Straw Straw 

Daily Milk (kg) 29.10a 33.20ab 30.53ab 34.40b 2.76 3.27 

4%FCM (kg) 24.14 30.60 26.04 29.03 2.31 .33 

Milk Fat (%) 3.09ab 3.48b 3.02ab 2.96a 2.22 .15 

Solid-Non-Fat (%) 8.12a 8.32ab 8.66b 8.74b 3.79 .15 

Protein (%) 2.73a 2.74a 2.92b 2.85ab 3.96 .05 

ADG (kg) .14 .25 .17 .69 .49 .37 

Feed intake (kg) 24.58 24.08 22.95 23.60 .64 .93 

a,b. Values within a line with different superscripts are 
significantly different (P< 0.05) 



28 

and Blair et al (6) had previously concluded that in diets where straw 

was the sole source of roughage in a lactating dairy ration a minimum 

of 23% was necessary to maintain milk production. 

Cows receiving Diet B (high roughage-75% straw) produced milk 

with a higher (P<0.05) fat percentage (3.48%) than that of Diet D 

(2,96%). There were no other differences (P<0.05) in milk fat per

centages between diets even though the other high roughage diet (A) 

produced milk with the second highest milk fat. It has long been 

established that high roughage diets support high milk percentage 

(2, 7, 32) and that physical form or particle size also effect the 

level of milk fat (6, 34, 39). Only the milk resulting from Ration B 

had fat percentages high enough to be acceptable to a commercial dairy 

however, the University of Arizona dairy herd historically produced 

milk with a low fat content. It was not unexpected that Rations C and D 

produced milk with a low fat content as their roughage content was low 

even though fiber was considered adequate for Ration D. It can be 

surmized that the reduction in particle size, from long roughage to 

chopped, contributed to the low fat milk in Ration A and that the 

relatively high level of straw in Ration B furnished enough extra fiber 

to overcome the smaller particle size that resulted from the chopping 

of both the alfalfa and straw. Owen et al (34) had reported similar 

results that indicated that straw levels in complete rations between 23 

and 32% would sustain high milk fat levels. 

The SNF content of the milk was higher (P<0.05) for Rations C 

and D than for A. Ration B produced SNF levels between A and C but was 

not different (P<0.05) from them. When comparing only Rations B, C, and 
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D it was noted that as milk fat percentage declined SNF percentage 

increased. This relationship has been reported previously {9, 34, 45). 

No explanation is forthcoming for the fact Ration A produced milk with 

both low fat and SNF. It should be noted that the SNF content of the 

milk from the high roughage diets was lower than that from the low 

roughage diets. 

The protein content of the milk produced by high roughage diets 

was lower (P<0.05) than that from the low roughage diets. Thus it can 

be concluded that for the conditions of this experiment a mixed ration 

containing 45% roughage produced milk with a higher fat content and a 

lower content of both SNF and protein than a ration containing 31.0% 

roughage. 

All experimental diets produced positive weight gains during 

the course of the experiment. Even though Ration D produced the largest 

gains there were no differences (P<0.05) in body weight changes caused 

by the feeding of the experimental diets. 

Digestibilities of the ration components were calculated by 

both the lignin ratio and the insoluble ash technique. There were few 

similarities between the two methods and no general agreement between 

them on the overall effect of the rations composition on digestibility. 

Obviously when two methods of calculating what should be an identical 

observation produce two different answers at least one is not correct. 

While both methods produced digestibilities that have some logic for 

being accepted as a true measure of what actually transpired, those 

digestibilities derived by insoluble ash method seem to come closest to 

what one would expect, or at least seem easiest to explain. 
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Those digestibilities that were determined by the insoluble ash 

technique are presented in Table 5. There are several general trends 

that seem to apply to nearly all of the ration components. Ration A was 

the least digestible regardless of which nutrient was measured. Those 

rations which had straw as 75% of the roughage generally had higher 

digestibilities than those rations where the the roughage was only 50% 

straw. Those rations with low roughage generally were more digestibile 

than the high roughage diets. Also even though it was never signifi

cantly different (P<0.05) Ration B had higher digestibilities for all 

fractions measured except fiber and cellulose. 

Specifically, Ration A produced lower (P<0.05) digestibilities 

for all other nutrients, except for ether extract, when compared to all 

other rations. Ration A did produce a lower digestibility for ether 

extract than all other rations but was only significantly lower 

(P<0.05) than Ration B. There were no differences (P<0.05) between 

Rations B, C or D for digestibility of DM, 0M, NDF, crude protein, 

hemicellulose, ether extract, cell solubles or combustible energy. The 

digestibility of ADF and cellulose in Ration D was higher (P<0.05) than 

for Ration B. 

The fact that DM and 0M digestibility seemed to be improved by 

addition of straw to the diet had been previously reported by Levy (25) 

who had found that the addition a low quality roughage to a ration 

actually increased the digestibilities of DM and 0M. Blair (6) had also 

shown that DM digestibility was increased as straw was increased from 

18 to 53% of DM intake. These results were contradictory to work the 

of O'Donovan (30) who found that straw levels above 30% decreased the 
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Table 5. Mean Digestibilities of Experimental Rations 
(Based on Insoluble Ash Ratio Technique) 

High Roughage Low Roughage 

tn w" Tn jpr~ 
Nutrient Chop. Chop. Chop. Chop. F S.E. 

Straw Straw Straw Straw 

Dry Matter,% 52. 71a 73.26b 69.56b 74.31b 8.79 3.35 

Organic Matter,% 56. 14a 74.30b 72.14b 76.39b 8.28 3.27 

ADF,% 28. ,08a 43.58b 49.00cb 54.57c 9.99 3.61 

NDF,% 36. 34a 57.39b 57.56b 65.26b 12.01 3.58 

Crude Protein,% 66. 13a 81.92b 75.45b 79.64b 5.00 3.12 

Cellulose,% 37. 64a 49.42b 55.50cb 61.24c 7.48 3.69 

Hemicel1ulose,% 49. CO
 

C
O

 
w
 

72.84b 68.55b 78.42b 11.73 3.62 

Ether Extract,% 86. 24a 91.47b 87.79ab 91.23ab 2.37 1.68 

Cell Solubles,% 67. 52a 85.64b 

0
0
 

• 

cr
 

84.06b 10.23 2.60 

Combustible 
Energy,% 54. 12a 75.71b 72.02b 75.93b 9.31 3.39 

a,b.  Values within a l ine with different  superscripts  are 
s ignif icantly different  (P<0.05) .  



digestibility of DM. The difference in DM and OM digestibilities 

observed in this study can be due to a number of reasons. Primary to 

this is the fact that alfalfa does have a higher cell wall lignin 

content than does wheat straw and it has been shown (1) that increased 

lignification of forage tissue can cause rumen microbial degradation of 

DM to decrease. This could also explain why ADF, NDF and cellulose were 

all more highly digestible in those diets having a 75 rather than 50% 

roughage coming from straw. This is contradictory to the work of Amos 

et al (1) who found that cellulose digestibility was higher in good 

quality roughage than in poor quality roughage. 

Mulholland (28) also found that when 30% or more straw was 

included in the diet that cellulose digestion was reduced. It is also 

felt that chopped wheat straw somehow creates a more favorable environ

ment for the microbes by forming a more uniform "raft" within the rumen 

(45) than does other roughage such as alfalfa. This allows the material 

to remain in the rumen for a longer period of time and thus be further 

fermented. There are also built in inherent errors that can cause 

difficulty in correctly measuring true digestibility. Among these are 

the fact that feces contain not only undigested material but also 

certain products such as bacteria and endogenous wastes from the 

animals metabolism (45). 

Digestibilities estimated by the lignin ratio technique are 

presented in Table 6. It is quite evident that they are considerably 

lower than digestibilities calculated by the insoluble ash technique 

and those values considered normal for nutrients given by the NRC (9). 

In comparing the results by the two methods and other measurements made 



Table 6. Mean Digestibilities of Experimental Rations 
(Based on Lignin Ratio Technique) 

High Rouhgage Low Roughage 

Nutrient 
1/2 
Chop. 
Straw 

3/4 
Chop. 
Straw 

1/2 
Chop. 
Straw 

3/4 
Chop. 
Straw 

F 
value 

S, >E. 

Dry Matter,% 48.00ab 55.95b 42.22a 38.85a 5.72 3, .13 

Organic Matter,% 47.83ab 55.83b 42.17a 39.17a 5.05 2, .61 

ADF,% 20.67b .84a 3,98a -1.02a 9.46 3, .08 

NDF»% 30.06c 25.74bc 19.65ab 16.29a 5.50 2, .64 

Crude Protein,% 62.91bc 68.98c 55.28ab 49.05a 9.02 2, .90 

Cellulose,% 31.50b 14.07a 16.33a 13.17a 6.85 3, .45 

Hemicellulose,% 45,50 50.83 39.67 42.17 1.10 4 .63 

Ether Extract,% 85.30ab 86.85b 76.82a 76.94a 3.28 2 .95 

Cell Solubles,% 64.20a 78.00b 65.83a 63,67a 5.22 2 .97 

Combustible 
Energy,% 49.683 60.76b 47.22a 43.69a 4.85 3 .35 

a,b.  Values within a l ine with different  superscripts  are 
s ignif icantly different  (P<0.05) .  
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of the animals performance several things are evident. The insoluble 

ash method gave results that seem to parallel milk production. Ration A 

produced the least milk and had the lowest digestibilities even though 

there was a slight but nonsignificant (P>0.05) increase in total DM 

intake. It is well established that increased intake does reduce diges

tibility (9, 45). Rations B and D with the highest milk production also 

produced the highest digestibilities. These facts alone would warrant 

the conclusion that the insoluble ash method of determining digesti

bilities was valid for this experiment. 

In defense of the lignin ratio technique it should be pointed 

out that all the cows consumed well over 100% of the estimated NE1, 

required for maintenance and production (9). There are only two evident 

ways to account for this apparent excessive intake. 1) The energy value 

of the ration ingredients were over estimated in the first place or 2) 

the low digestibilities estimated by the lignin ratio technique were 

accurate and the cows were not actually overfed. There is one other 

possibility and that is that some of the lignin was either digested or 

was somehow not accounted for in the feces due to analytical problems. 

While lignin and insoluble ash are used as internal markers in diges

tibility experiments because they are poorly or almost totally not 

digested it is know that lignin, especially, is partially digested 

under certain circumstances (44). Any lignin or insoluble ash present 

in the feed that does not appear in the feces for whatever reason will 

cause a proportional decrease in digestibilities of all nutrients 

evaluated. 
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In the present study high quality protein (soybean meal), a 

readily available source of carbohydrate (molasses) and a high energy 

source (animal fat) was combined with a high quality concentrate (steam 

flaked milo) to form the concentrate part of a complete mixed ration. 

Utilizing chopped wheat straw as a major portion of the roughage with 

the above ingredients has apparently produced a favorable environment 

for rumen microorganisms that allows a more complete utilization of the 

energy contained in straw. Thus the ration with the highest levels of 

straw gave the highest nutrient digestibilities and resulted in the 

production of the most milk. This is agreement with previous work 

(6, 23, 34). 

Molar percentages of the rumen VFA are given in Table 7. Rumen 

VFA are of interest because of the influence ration composition has on 

their production and because of the influence the VFA in turn have on 

metabolic processes in the body (9). The VFA that are produced by 

microfloral fermentation in the rumen are absorbed directly through the 

rumen wall and provide the principle source of energy for the ruminant 

animal (35). The relative concentrations and proportions of these acids 

have been related to efficient energy utilization and to milk fat 

production (26). In the present study consumption of Ration B produced 

a higher proportion of acetic acid and a lower proportion of propionic 

acid than any of the other diets. These differences were significant 

(P<0.05) only when compared to Rations C and D. The VFA ratios produced 

were directly correlated to fat percentages in the resulting milk 

produced, i.e. high acetate: low propionate resulted in high milk fat 

while low acetate: high propionate resulted in low milk fat. This is in 
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Table 7. Mean Molar Percentages of Volatile Fatty Acids (VFA) of 
Rumen Fluid From Cows Fed Experimental Rations 

High Roughage Low Roughage 

VFA 

m 
Chop. 
Straw 

3/4 
Chop. 
Straw 

1/2 
Chop. 
Straw 

3/4 
Chop. 
Straw 

F 
value 

S.E. 

Acetic Acid 55.35ab 57.59b 52.71s 52.42a 4.99 1.08 

Propionic Acid 23.80ab 22.91a 25.28b 27.91c 8.78 .74 

Iso-butyric 1.54b 1.39b 1.41b 1.09a 4.67 

CO o
 . 

Butyric 13.47a 13.37a 15.46b 14.18ab 2.04 .67 

Iso-valeric 1.53 1.29 1.54 1.32 1.18 .12 

Val eric 2.15 1.97 2.25 2.11 .35 .19 

a,b. Values within a line with different superscripts are 
significantly different (P<0.05). 
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complete agreement with previous work (7, 8, 9, 17, 33, 35, 45) where 

it was shown that high fiber diets produced high acetate and low pro

pionate ratios in the rumen and resulted in a higher percentage of milk 

fat being produced. Iso-butyric acid was slightly but significantly 

(P<0.05) depressed on Ration D and butyric acid was significantly 

increased (P<0.05) when compared to Ration A and B. The metabolic 

significance of these slight differences is not evident. There were no 

differences (P>0.05) caused by the diet in either iso-valeric or 

valeric acid. 

Fatty acid composition of the milk fat is given in Table 8. 

There were no differences (P>0.05) attributed to the diet, noted in any 

of the milk fatty acids. This is in disagreement with previous work (7, 

31) where it was shown that low ruminal acetate resulting in low milk 

fat results in a lowered concentration of the short chain fatty acids 

of milk fat with a concomitant increase in the proportion of long chain 

fatty acids. 

On a practical basis the feeding of a complete mixed diet 

containing both chopped alfalfa and chopped wheat straw presented few 

problems. The mixtures were easy to handle and readily consumed by the 

cows. The addition of straw to high quality rations containing alfalfa 

hay did not detract from the utilization of the feed and for the most 

part seemed to enhance it. Complete mixed rations are frequently criti

cized because they require that the roughage be chopped or somehow 

reduced in particle size which then frequently results in lowered milk 

fat. The addition of high fiber feed such as wheat straw as partial 

replacement for alfalfa seems to alleviate this major problem. A major 
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Table 8. Mean Percentages of Milk Fatty Acids of Milk from Cows 
Fed the Experimental Rations 

High Roughage Low Roughage 

T72 373 T72 373 
Milk Chop. Chop. Chop. Chop. F S.E. 
F.A. Straw Straw Straw Straw value 

C6: .87 1.07 .86 .65 1.05 .17 

C8: .62 .70 .57 .53 .57 .09 

CIO: 1.47 1.64 1.47 1.32 .36 .21 

C12: 2.05 2.12 2.15 1.97 .17 .18 

C14:0 9.19 9.55 9.64 7.95 .72 .77 

C14:1 1.64 1.75 1.61 3.13 1.28 .42 

C16:0 31.59 31.69 32.46 31.81 .16 .99 

C16:1 2.75 2.34 3.14 8.51 1.12 1.55 

C18:0 12.11 11.31 9.87 9.34 1.70 .92 

C18:1 30.99 30.84 31.41 28.76 .28 1.77 

CIS: 2 2.45 2.25 2.47 7.55 1.07 1.43 

C18:3 1.58 1.37 1.37 1.26 .15 .22 



advantage of feeding a complete ration is that uniformity is assured 

and handling is enhanced. Thus complete mixed rations can avoid flue 

tuations in nutrient intakes that are traditionally associated with 

other feeding systems (34, 41). 
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