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ABSTRACT 

Twenty four cows were randomly assigned to one of three 

different diets. It was shown that when corrpared to alfalfa the feeding 

of wheat straw, both untreated and after NH3 treatment as part of the 

roughage in a normal dairy ration does not adversely affect milk 

production and does in fact increase milk fat secretion. 

It was also indicated that the NH3 treated straw was not 

generally as well digested as the untreated straw. While it is 

difficult to draw absolute conclusions from one experiment it would 

appear that ground wheat straw can be substituted for half of the 

alfalfa hay in a dairy ration and that it will in fact support milk 

production. Treatment of the same wheat straw by ammoniation did not 

enhance the straw. 

vi 
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INTRODUCTION 

Millions of tons of cereal straws are produced annually in 

North America, but their use in ruminant rations is restricted by a low 

nutritive value. Low digestibility and low intakes are the main 

factors that limit the use of cereal straws in livestock rations 

(21,22). Some waste products from agricultural crops are disposed of by 

burning, but legal actions are being taken in many areas to prevent 

this (16). Some farmers plow these residues into the ground, however, 

decomposition depletes soil nitrogen and in some cases there is too 

much bulk to allow incorporation into the soil (16). 

Most cereal straws are characterized by low crude protein, high 

lignin and low available energy (19). Both physical processing and 

chemical treatment have been used as a means of improving feeding value 

of low-quality roughages such as cereal straws (22). Straw 

consumption may be increased by grinding and pelleting (22,24) while 

anhydrous ammonia may improve both digestibility and intake (14,22,48). 

The nutrient intake of low-quality roughages may also be increased by 

reducing particle size and increasing density as in pelleting (21). 

In general, digestibility of low-quality forages has been 

increased when the material was treated with alkali before feeding to 

ruminants. Alkali treatment of roughages also increased dry matter 

(DM) intake, growth rate, and feed conversion efficiency in both sheep 

1 
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and cattle (1,48). The nutritive value of forages depends upon the 

availability of their nutrients. This availability is determined by 

the chemical composition in relation to factors limiting the 

utilization of cellulose and hemicellulose. These include lignin, 

silica and the total amount of plant cell wall substances. Consumption 

or voluntary intake is an important part of the nutritive value. It is 

partly related to cell wall content and bulkiness of the forage (42). 

The initial digestibility of straw ranges from 35 to 55%. Treatment 

increases this by 10 to 20 percentage units depending upon the method 

used. The extent of increase among straws is more or less independent 

of initial digestibility (24). Chemical compounds have been used for 

about 100 years to improve the nutritive value of low-quality roughages 

(31). The methods used vary in cost, effectiveness and suitability 

for differing situations (23,24). Since World War II the Beckmann 

method, based on wet treatment with sodium hydroxide (NaOH), was 

extensively used mainly in Norway; however, due to its high water 

requirement, high dry-matter loss and other pollution problems, other 

more practical methods have been devised. It is, therefore, a welcome 

development that modified Beckmann methods have been designed which 

eliminate dry-matter loss and also environmental pollution. Water 

requirement was also drastically reduced (24). 

Anhydrous ammonia (NH3, gaseous) and solutions of ammonia in 

water like ammonium hydroxide (NH4QH, aqueous) have both shown a 

positive effect in improving the feeding value of low-quality roughages 

(48). The NH3 treatment has some advantages over the NaOH treatment. 
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These are: no residual alkali, an increased nitrogen content of the 

straw, inexpensiveness, simplicity, the treatment acts as a 

preservative of high moisture material and no extra storage for the 

straw is needed (48). Nevertheless, the disadvantages of this 

treatment are that NH3 is a weaker base than NaOH and thus the same 

degree of improvement in digestibility is not possible with NH3 as with 

NaOH, relatively low energy value of the product and release of anmonia 

in the barn (48). 

One of the most promising approaches seems to be adding 

anhydrous anmonia (NH3) to the forage. It has been demonstrated that 

ammoniation of straws increases not only the protein level, but also 

the dry matter digestibility and thus increases the intake of 

digestible energy (24). As a result of the increased digestibility, 

the feed moves through the digestive tract more rapidly resulting in 

higher intake. Therefore, a better performance from ammoniated straw 

is observed than when feeding untreated straw. Furthermore, NH3 has 

been found to be an excellent preservative allowing forages to be baled 

when the moisture level is as high as 30% provided it is ammoniated 

promptly after baling. It has also been shown that anhydrous ammonia 

starts the breakdown of the forage before the animal eats it. 

Anmoniation acts on the hemicellulose, cellulose and lignin rendering 

it more readily dissolvable and thus increases the digestibility of the 

fiber conponents (15). 

The objective of this study was to compare the nutritive value 

of both ammoniated and untreated straw with alfalfa hay for lactating 
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dairy cows. 



LITERATURE REVIEW 

In general low quality roughages are deficient in protein and 

are not readily eaten by ruminants. The amounts consumed can be 

increased by processing (24). and in many instances by 

supplementation with nitrogenous materials, although the provision 

of a readily fermentable carbohydrate has also proved beneficial (9). 

Coombe and Tribe (9) have suggested that the response to nitrogen and 

energy supplements in addition to being dependent on the crude 

protein content of the roughage, could well depend on other 

differences in chemical conposition or physical properties. 

Holzer, Levy and Folman (17) carried out an experiment to study 

the effect of chemical treatment on the nutritive value of wheat straw 

and the effect of diets containing such treated straw and poultry 

litter on the performance of fattening cattle and lactating beef cows. 

They found that treated straw increased the digestibility of organic 

matter and that of crude fiber by 63 and 38% respectively. Rates of 

live and carcass weight gain were significantly reduced, compared to 

the control, only in the group receiving untreated straw. Intake of 

dry matter relative to body weight of animals on the straw and Celophos 

(WS treated with 60 kg sulphuric acid/t, and then mixed with the other 

half of the WS treated with 60 kg sodium hydroxide/t) pelleted mixtures 

were 9 and 6% higher than those of the control animals, respectively. 

5 
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The group receiving untreated straw was about 13% less efficient than 

the other two groups in the conversion of metabolizable energy (ME) 

into live or carcass weight. Straw treatment increased milk output of 

lactating beef cows. However, intake of treated straw was much lower at 

the start of the experiment which was reflected in a lower initial milk 

output. Intake of treated straw equaled that of the control after 28 

days and milk output was equal by 14 days. At the end of the experiment 

intake of the treated straw was 28% higher and milk output was 57% 

higher than for the controls. Calves suckled by cows fed on treated 

straw gained 9% faster than calves suckled by the control cows, but the 

difference was not significant. 

Thomsen, Moller and Vibe (49) conducted experiments during two 

periods using four feed mixtures .All mixtures were made by cutting the 

straw (untreated as well as NH3-treated barley straw) to a length of 

approximately 4 cm and by mechanical mixing. From these experiments, 

they found that cows fed ammonia treated straw seemed to thrive badly 

at the beginning, but otherwise no adjustment problems were noted. Cows 

on the NH3-treated straw produced an average of 16.1 Kg of milk per day 

whereas cows on untreated straw produced 15.4 Kg milk per day. However, 

when they compared the lactation curve for the same animals, no 

relative depression was found. 

Sharma, Ingalls and Guenter (46) conducted a study on 

evaluation of steam-treated wheat straw as a roughage source in dairy 

cows and reported that cows receiving the diet containing 30% alfalfa 

hay produced more milk per day than the group fed a mixed diet with 20% 
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untreated straw. Similar amounts of milk were produced by those cows 

fed the two steam-treated straw diets (20% or 30% straw). Milk fat was 

not different among any of the treatments. Cows fed the diet containing 

30% steam-treated straw had a lower ruminal fluid acetate:propionate 

ratio compared with a 20% untreated straw mixed diet. In a second 

experiment, they found that cows fed a diet containing 30% steam-

treated straw plus 30% rolled barley in place of 60% corn silage 

consumed less total DM and produced less 4% fat-corrected milk per day 

with a depressed fat test. Propionic acid level in rumen fluid was 

elevated, which lowered the acetate:propionate ratio in ruminal fluid 

of cows receiving the diet containing 30% steam-treated straw compared 

to cows fed the corn silage diet. 

Owen, Miller and Bridge (39) in a series of three different 

sets of experiments studied the effects of several parameters on dairy 

cattle. In the first set of experiments, they tested the voluntary 

intake of food and water and the lactation performance of cows given 

diets of varying roughage content ad libitum. Twelve Friesian heifers 

were given four different dietary treatments from 2 months before first 

calving to the end of the first lactation. Two of the treatments 

involved the ad libitum feeding of a complete diet consisting of a 

basal concentrate of rolled barley with supplements, incorporated into 

a mixture with either hay or barley straw both coarsely ground and 

included at the 25% level of the complete mix. In the other 2 

treatments either the hay or the straw was given ad libitum in the long 

form with the concentrate mix also fed ad libitum. 
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Intake of long roughage, particularly straw, by the cow, when 

offered in conjunction with a separate supply of concentrate mix was 

very low and led to a serious fall in milk fat content. Where the 

roughage was incorporated into the complete diet normal milk fat levels 

were maintained. The very low intake of long straw was associated with 

a smaller volume of liquid in the rumen, a reduced rate of flow of 

liquid leaving the rumen, a lower proportion of acetic and butyric 

acids and a greater proportion of propionic acid in the rumen fluid and 

finally with a higher blood glucose content. The inclusion of milled 

roughage resulted in values within the normal range for volume of 

liquid in the rumen, flow rate of liquid from the rumen, VFA 

proportions in the rumen fluid and blood glucose. 

Owen, Miller and Bridge (40) in another trial similar to the 

one above-described, reported that the effect of including four levels 

(16, 24, 32 or 40% ) of coarsely milled barley straw in the loose mix 

had the following response: Cows performed normally when given complete 

diets for extended periods. Dry-matter and digestible energy intake was 

depressed at higher levels of straw inclusion and milk fat content at 

the lowest level. The net efficiency of conversion of metabolizable 

energy into milk was higher at the higher levels of straw. They 

concluded that conplete diets for the ad libitum feeding of dairy cows 

should contain a minimum of about 24% of coarsely milled straw and that 

estimated ME intake and production were depressed by including straw at 

higher levels. 
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Owen, Miller and Bridge (41) finally investigated the effects 

of complete diets given ad libitum to dairy cows. Twelve Friesian cows 

were given the diets made up of rolled barley and 20, 35 or 50% chopped 

barley straw. The diets were given either as a loose mix or extruded 

through a 5/8 in. die. Dry-matter intake, milk yield and solids not fat 

percent declined while milk fat percent increased progressively with 

increased levels of straw in the complete diets which were fed in the 

loose form. In comparison with the loose diets containing 20% straw, 

the corresponding pelleted diet was associated with a depression in dry 

matter intake and a decreased milk fat percentage. In contrast, the 

pelleted diets containing 35 and 50% straw supported higher dry-matter 

intakes, higher solids corrected milk yield, but lower milk fat 

percentage than the corresponding loose diets. The effect of pelleting 

the 35 and 50% straw diets was to make the voluntary dry-matter intakes 

and lactational performances coirparable to those obtained with the 

loose mixes containing 20 and 35% straw respectively. 

Andrews, Volante, Curran and Holmes (5) investigated the 

influence of supplements of energy and protein on the intake and 

performance of cattle fed on cereal straws and reported that at the 

lowest protein level (diets containing 6.6% CP or less) intake of straw 

was low at all levels and the live-weight gain of the cattle was not 

increased by energy supplements. They also found no difference in 

performance between the other three protein levels, which gave whole 

diets containing 8.8% CP or more in the dry matter. Supplements of 5 to 

9 g concentrates per kg live weight reduced straw intake only a 
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slightly and increased gains. In the same study, they compared barley 

and oat straw alone and with two levels of protein and two levels of 

energy supplement. The digestibility of the diets was determined, 

but results showed no difference in animal performance between oat and 

barley straw. The low protein high energy combination (6.4% CP in the 

whole diet) was frequently refused and gains on this treatment were 

low. At the higher protein level, when protein supply was adequate, 

straw intakes were less than on the lower energy level with adequate 

protein. Long straw could supply 35 to 45% of the daily energy 

requirements of young growing cattle. 

Levy, Amir, Holzer and Neumark (32) examined the performance 

of male calves on six rations including two levels (15% and 30%) of 

ground wheat straw and oatvetch hay in pelleted mixtures, and 

the same two levels of ground straw in non-pelleted mixtures. They 

found that daily live-weight and carcass gain were higher on the 

lower level of both roughages. The differences in performance on 

hay and straw were insignificant. Feed intake was higher on the 

15% level of both roughages when pelleted, but the energy conversion 

ratio was higher on pelleted rations of both levels of straw. The 

digestibility of organic matter was higher on rations with the lower 

level of roughages, and on the pelleted rations compared with the 

non-pelleted at equal levels of roughage. This was not the case for 

the digestibility of crude fiber. They also concluded that 

pelleting appeared to improve the nutritive value of straw. 
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O'Donovan and Ghadaki (36) carried out a trial to study the 

effect of diets containing different levels of wheat straw on lant> 

performance, feed intake and digestibility. The diets they used 

contained 10, 20 or 30% coarsely chopped wheat straw. All diets 

contained 45% ground barley, 10% beet molasses and 1% ground 

oyster shells. The three diets were also given in sequence to 

six fat-tailed sheep in a digestibility trial. Further digestion 

trials were made with chopped wheat straw given alone or 

supplemented with a concentrate consisting of 75% dried beet pulp 

and 25% CSM; an all-concentrate treatment was also included. A 

significant decrease in daily gain occurred with the highest straw 

level and considerably more feed was required per unit of gain. 

Supplementing straw with 400 g of concentrate increased daily dry 

matter intake per sheep from 645 g to 1214 g with further but smaller 

increases at higher levels of supplementation. 

Ball, Broadbent and Dodsworth (6) showed that a variety of 

energy and protein supplements for winter diets based on barley 

straw with spring-calving suckler cows resulted in satisfactory 

calf weaning weights and cow performance. There also were indications 

that a low level (2.3 kg) of barley plus 68 g urea adversely affected 

the birth weights of calves and their performance from birth to 

turnout. However, it was not possible from their results to determine 

whether these effects were due to the composition of the supplements or 

to the level of supplementation. 
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Kay, Andrews, MacLeod and Walker (25) investigated the effect 

of using urea and cereals as supplements for ruminants offered barley 

straw. In three trials, two with suckler calves and one with lambs, 

supplementary forms of dietary nitrogen and/or energy were added to 

a basal diet of barley straw offered ad libitum. The nitrogenous 

supplements appeared to have a small effect on the intake of 

straw, but only when they were available for frequent consumption. 

The addition of cereals to the diet did not affect the intake or 

digestibility of the straw but reduced the live-weight losses. 

Kay, MacDearmid and MacLeod (26) studied the effect of 

replacing cereals with chopped straw for young rapidly growing steers 

and noted that rate of live-weight gain decreased as the proportion 

of chopped straw in the diet increased. Likewise, the carcass 

gain dropped significantly as the rate of inclusion of straw in 

the diet increased. For the experimental treatments the 

diets they tested were approximately 5, 20, 35, and 50% 

chopped barley straw with concentrates making up the rest. Both dry 

matter digestibility and apparent nitrogen digestibility were lowest 

for the diet with 50% straw. However, the rates of decline appear to be 

greater than those found with older steers given ground roughage as 

mentioned by Lamming, Swan and Clarke (29) who used steers implanted 

with 45 rag hexoestrol at 270 kg live^weight and diets containing 

0, 10, 20, 30, 40 and 50% milled barley straw. They found no 

difference in growth rate between years. Equally, no significant 

differences were found in quality of the carcass or meat obtained from 
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groups receiving the 20 and 50% ground straw ration nor when all 

groups were considered together. 

In another experiment, Kay, MacDearmid and Massie (27) fed 

steers diets containing either 0, 30, or 50% ground straw and 

concentrates up to 100%. Steers fed the diet containing no straw 

consumed less dry matter per day than steers on the other two 

treatments. Also rates of live-weight and carcass gains 

decreased as level of straw in the diet increased. Dry matter 

digestibility coefficients for the three diets were 79.1%, 62.3% and 

56.6%, respectively. 



EXPERIMENTAL PROCEDURES 

During the summer of 1984, 24 Holste'in cows from the University 

of Arizona Dairy Research Center were selected according to production 

and randomly assigned to one of three treatments. Eight cows were used 

per treatment in a randomized design (33). Three different experimental 

rations were studied. Ration composition and, analysis of ration 

ingredients are shown in Tables 1 & 2. All cows received 25% of their 

ration as long alfalfa hay. The remaining half of the alfalfa in the 

control ration and the straw in the other two rations was chopped to 

facilitate consumption of the straw and facilitate comparison of the 

three diets. Because of the nature of the alfalfa it ended up much 

finer than the straw and consumption was consequently depressed. 

The experiment consisted of one eight week period. Cows were 

penned by treatment and group fed twice daily. Adjustments were made 

in amount of feed offered according to refusals and/or acceptance of 

the feed throughout the experiment. 

Individual milk sanples collected during four consecutive 

milkings at the end of each week were conposited and analyzed within 24 

hours. Milk weights were recorded daily and averaged for each week of 

the eight-week trial to determine daily milk production. Milk fat was 

determined by the Standard Babcock method, protein by the Orange G 

method of Udy (50) and SNF by the method of Watson (53). Milk sanples 

14 
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Table 1. Chemical composition of diets fed to animals. 

NH3-
Untreated treated 
Wheat Wheat 

Control Straw Straw 

Dry Matter, % 88.53 93.08 92.79 

Organic Matter, % 78.89 82.73 82.82 

Crude Protein, % 15.88 15.11 16.13 

N D F ,  %  37.99 46.75 43.44 

A D F, % 22.73 28.22 26.19 

Hemicellulose, % 15.26 18.52 17.25 

Cellulose, % 15.44 18.76 18.00 

Lignin, % 6.63 7.61 6.31 

Ether Extract, % 6.69 7.00 6.18 

Gross Energy, Mcal/kg 4.41 4.59 4.65 
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Table 2. Conposition of experimental diets. 

re
treated Untreated 
Wheat Wheat 

Control Straw Straw 

** 

Alfalfa, % 43.74 22.48 22.48 

Straw, % 00.00 00.00 22.48 

NH3 Straw, % 00.00 22.48 00.00 

Flaked Milo, % 37.37 27.98 31.24 

Soybean Meal, % 9.39 17.17 13.87 

Tallow, % 3.77 3.88 3.88 

Molasses, % 4.52 4.65 4.65 

Dicalcium Phosphate, % 0.83 0.97 1.01 

Salt, % 0.38 0.39 0.39 

Vitamin A added at the rate of 200 grams on top of each diet, » 

Half of the hay in the control ration was chopped so as to 
have a similar conposition to the straw in the other diets. It actually 
ended up having a much finer conposition. 
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from the last week of the experiment were frozen at .-14° C until 

analyzed by gas-liquid chromatography for the component fatty acids. 

Fatty acids were determined as described by Brown et al., (7) and Luddy 

et al.f (34). Body weights were taken pretrial and at the end of the 

trial (average of three consecutive daily weighings) with body weight 

changes being by difference. Fecal samples were collected by rectal 

removal twice daily (0600 and 1800) on three consecutive days and v/ere 
o 

conposited for each animal. Dried conposite feces (dried at 50 C), and 

feed were analyzed for percent ether extract, fiber, and lignin 

(15). Apparent digestibility was estimated by both the insoluble ash 

and lignin ratio technique (44). Percent protein was determined by the 

Standard Kjeldahl method. 

Rumen fluid samples were taken by rumen tube on the last 

morning of the experiment. Samples were strained through two layers of 
o 

cheese-cloth inmediately placed in crushed ice and then stored at -14 

C until analyzed for volatile fatty acids (VFA) by the method of 

Erwin et al., (11). 

The data were subjected to analysis of variance procedures and, 

where a significant difference was noted among treatments, means were 

compared using (Least Significant Difference). All tests for 

statistical significance were carried out using the 5% level of 

probability (P < 0.05). 



RESULTS AND DISCUSSION 

During the trial no noticeable digestion or physiological 

disturbances were noted which could be attributed to any of the 

rations. The rations containing the ground straw were consumed 

somewhat more completely than the control ration. This appeared to 

have been due to the fact that half the alfalfa in the control ration 

was ground resulting in a lot of very fine uneaten material. The cows 

on the experimental straw rations ate most of the straw before the long 

hay whereas the cows on the control ration ate the long hay before the 

ground hay. This may have influenced the outcome of the experiment. 

While the cows were not fed ad lib they were fed the various 

rations according to how much they consumed the previous 3-7 days. 

This resulted in a consumption of 116.5, 93.6 & 105.8% of the NRC 

requirements for maintenance and production for the control, untreated 

and NH3-treated rations respectively during the last two weeks of the 

experiment. 

There were no significant (P> 0.05) differences in milk 

production between any of the experimental rations (Table 3). This 

agrees with previous work of Garmo (13). Rissanen et al. (43) found a 

slight, although not significant increase in milk production when they 

compared untreated straw to NH3-treated straw. 

18 
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Table 3. Mean yield composition of milk of cows fed experimental 
rations. 

Control 

Untreated 
Wheat 
Straw 

NH3-
treated 
Wheat 
Straw 

F 
Value 

Standard 
Error 

Daily milk (Kg) 26.99 28.05 27.67 0.12 3.34 Daily milk (Kg) 
a b b * 

Milk fat (%) 2.40 3.22 3.08 8.80 0.15 

Solid-non-fat (%) 8.00 7.91 8.35 0.71 0.28 

Protein (%) 2.82 2.77 2.84 0.51 0.05 
a a b * 

ADG (Kg) 0.02 0.09 0.22 3.76 2.37 

a,b 
Values within a line with different superscripts are significantly 

different (P< 0.05) 
* 

Significant values at .05% level 
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Both treated and untreated straw rations produced a significant 

increase (P< 0.05) in milk fat (Table 3). However, the low milk fat 

percentage of the control diet may be explained by the fact that even 

though 25% of the ration was long alfalfa the rest of the ration had 

the conposition of a well-ground ration. The straw was not reduced to 

the small particle size that the alfalfa was even though both were 

submitted to the same grinding process. Church (8) says that the exact 

mechanism for low milk fat from ground rations is not clear, but the 

suggestion of a rapid passage rate through the rumen coupled with 

greater starch solubility and, hence, increased propionate production 

in the rumen, appears to explain the syndrome with rations of this 

nature. 

Neither SNF nor milk protein were significantly affected by any 

of the experimental rations. Mean average daily gains (Kg) for each 

experimental group were as follows: control, 0.01; untreated wheat 

straw, 0.09 and NH3-treated straw, 0.22. There was a large variation 

among treatments and only the cows receiving the NH3-treated straw 

ration gained significantly more (P< 0.05) than the other cows. 

The results for ration digestibilities are given in Tables 4 & 

5. There was a significant difference between treatments for DM 

digestibility. The DM digestion of treated wheat straw and the control 

diet was significantly greater than that of untreated wheat straw when 

digestibilities were calculated by the insoluble ash technique (see 

Table 4). These results agree with those found by Oji, Mowat and Winch 

(38) and those of Lawlor and O'Shea (30) who obtained a DM 
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digestibility of 61.8% for NH3-treated barley straw as compared to 

56.9% for untreated barley straw and to 52.9% for another ration 

consisting of concentrate plus untreated straw and 58.7% for 

concentrate plus ammoniated straw. However, when digestibility for dry 

matter was calculated by the lignin ratio technique (see Table 5) no 

differences were found among treatments. 

Both CP and 014 digestibilities followed the same pattern as 

DM digestibility. NH3-treated wheat straw and the control diet proved 

to be superior to untreated straw regarding OM and CP digestibilities. 

Thus, the CP of NH3-treated wheat straw and that of the control group 

were significantly more digestible than that of untreated wheat straw 

(see Table 5). Likewise, no statistical differences were found when OM 

and CP were analyzed by the lignin ratio technique (Table 4). The 

apparent CP digestibility of forages is difficult to interpret. 

Firstly, CP is not only digested in the rumen, but also in the large 

intestine. Secondly, little of the microbial protein produced in the 

hindgut is available to the animal because it is excreted before it has 

a chance to be digested (18). However, by its presence, it contributes 

to the apparent low digestibility. Furthermore, synthesis and 

destruction of some aminoacids alter digestibility values. Last but 

not least, apparent digestibility is almost always lower than true 

digestibility (52). 

Some authors report greater increases in protein 

digestibilities following ammoniation of straws (35,38,48). Reductions 

in protein digestibility have also been reported by Oji and Mowat (37) 
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Table 4. Effect of amnioniation treatment on apparent digestibility of 
wheat straw (WS) by dairy cattle <lignin ratio technique> 

Untreated 
Wheat 

Control Straw 

NH3-
treated 
Wheat 
Straw 

F 
Value 

Standard 
Error 

Dry Matter, % 37.33 29.40 35.89 1.99 2.99 

Organic Matter, % 41.94 34.56 43.32 3.37 2.57 

A D F, % 7.80 4.97 8.77 .46 2.92 

N D F, % 16.68 11.17 21.04 2.44 3.29 

Crude Protein, % 37.15 31.89 38.59 .87 3.78 
a,b a b * 

Cellulose, % 27.45 20.50 34.77 5.60 3.02 
a,b a b * 

Hemicellulose, % 34.89 20.62 39.67 4.00 4.95 

Ether Extract, % 61.47 68.81 72.40 2.23 3.73 

Cell Solubles, % 63.48 54.78 55.70 3.40 2.59 

Gross Energy, % 40.92 37.76 44.32 1.32 2.85 

a,b 
Values within a line with different superscripts are significantly 

different (P<0.05) 
* 

Significant values at .05% level 
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on rice straw and maize stover. The reduction in protein digestibility 

seems to be related to color-changes taking place during ammoniation of 

fibrous materials, as postulated by Scheurch & Davidson (45) and quoted 

by Oji, Mowat & Winch, (38). According to these authors the color-

changes arise from oxidation of phenols, or the condensation of 

aldehydic fractions in sugars with a nitrogenous base (via the Maillard 

reaction), to a number of colored products. Because of these 

relatively strong bonds the nitrogen may not be entirely available for 

utilization by the ruminal microbes. 

It has been found that the digestibility of the fibrous 

fractions varies from feed to feed. ADF and other fiber fractions have 

been used as an indicator of the nutritive value of forages (51). The 

reason for this is that some of the fiber fractions are poorly or 

almost totally not digested. This is the case with silica and lignin 

(47). The degree to which ADF is digested depends on the lignification 

of the fiber fraction. ADF digestion in this experiment improved after 

ammoniation by 5.96 percentage units (Table 5). This trend was also 

observed by Al-Rabbat et al. (2) and Kernan (28). The results of the 

NDF digestibility for the various rations are presented in Tables 4 & 

5. There were no significant differences among treatments when samples 

were tested by using the lignin ratio technique (Table 4). These 

results are not in agreement with those reported by Horton (19) , and 

Oji et al. (37) on wheat straw and maize stover respectively where NDF 

digestibility was increased by ammoniation. However, NH3-treated straw 

as well as the control ration were superior to the untreated straw when 
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the insoluble ash technique was used (Table 5). 

NDF estimates cell-wall constituents (52) and contains the 

hemicellulose fraction while ADF does not, thus hemicellulose is 

calculated by difference between NDF and ADF. There was a significant 

reduction in hemicellulose digestion by NH3-treated wheat straw whereas 

NDF digestibilities were similar. Hemicellulose in both the control 

and untreated straw diets was digested to a greater extent than that of 

NH3-treated straw. The control diet had a higher content to start 

with. 

Cellulose digestibility of treated straw was significantly 

higher than that of the untreated straw ration in this study when both 

digestibility techniques were utilized (Tables 4 & 5). This agrees with 

findings made by Al-Rabbat (2), but is in disagreement with others. 

Cell-wall constituents of grasses were better digested than those of 

legumes. Van Soest, (52) reported that the difference may be due to 

the degree of branching of the glucose units contained in the 

cellulose. Cellulose digestibility in high-quality forages was shown 

to be higher than that of low-quality forages (4). Cellulose 

digestibility is also closely associated with dry matter digestibility 

of roughages (3). Cellulose is different for each feedstuff, and 

cellulose availability contributes to the over-all digestibility of the 

roughages. 

Hemicellulose digestibilities are also presented in Tables 4 & 

5. The NH3-treated straw followed the same pattern as the cellulose 

digestibility. Goering and Van Soest (15) reported that hemicellulose 
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Table 5. Effect of ammoniation on appairent digestibility of wheat straw 
(WS) by dairy cattle <insoluble ash technique> 

Control 

Untreated 
Wheat 
Straw 

NHS-
treated 
Wheat 
Straw 

F 
Value 

Standard 
Error 

c a b * 

Dry Matter, % 84.46 69.36 79.01 32.98 1.33 Dry Matter, % 
c a b * 

Organic Matter, % 85.49 71.56 81.40 29.80 1.31 

A D F, % 76.91b 60.19a 66.15a 9.00* 2.59 
c a b •k 

N D P, % 79.59 61.36 74.11 25.21 1.86 
c a b * 

Crude Protein, % 84.57 70.49 79.90 26.18 1.40 
b a b * 

Cellulose, % 81.24 65.31 78.57 18.18 2.00 
b a b * 

Hemicellulose, % 83.57 65.69 80.25 25.92 1.87 

Ether Extract, % 90.58 88.19 90.14 1.28 1.13 
c a b * 

Cell Solubles, % 91.06 80.47 85.51 39.16 .85 
b a b * 

Gross Energy, % 85.28 73.00 81.70 22.36 1.33 

a,b,c, 
Values within a line with different superscripts are 

significantly different (P < 0.05) 
* 

Significant values at .05% level 
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is the fraction of the forage cell-wall constituents that is soluble in 

acid detergent. It is not only part of the NFE, which represents the 

soluble fraction of roughages, but also the most nutritive fraction of 

the cell-wall constituents. Cellulose, hemicellulose and lignin are 

closely associated in roughages (12). The apparent digestibility of 

gross energy (GE) was also significantly lower for th° untreated straw 

ration than for the other two rations. 

Fatty acid composition of the milk fat is listed in Table 6. 

Butyrate (C 4:0) data were not reported because of difficulty in 

obtaining reliable butyrate values on some of the samples. Thus, the 

data reported are based on all major fatty acids except butyrate. 

Molar percentage of some short-fatty acids (C 8:0, 10:0 and 14:0) was 

not affected markedly by ration treatment. Caproic acid was highest 

(P< 0.05) from cows fed untreated wheat straw. Laurie and Myristoleic 

acids were lowest in cows fed the wheat straw rations. Differences 

in some long-chain fatty acids (C 16:0, 16:1, 18:1 and 18:3) 

showed no statistical significance. There was a statistically 

significant (P< 0.05) increase in stearic acid in the milk samples of 

cows receiving untreated and NH3-treated wheat straw rations. Linoleic 

acid was higher from cows fed the control and untreated wheat straw 

rations. 

The results for molar percentages of VFA acids of rumen fluids 

are presented in Table 7. The type of ration often affects VFA 

concentrations in the rumen, which may in turn affect milk yield and 

composition. Molar percentages of acetate and butyrate did not differ 
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Table 6. Mean percentages of fatty acids of milk from cows fed 
experimental rations. 

Milk 
Fatty 
Acid % Control 

Untreated 
Wheat 
Straw 

NH3-
treated 
Wheat 
Straw 

F 
Value 

Standard 
Error 

a b a,b * 

6:0 0.44 0.79 0.70 3.52 0.09 

8:0 0.75 0.82 0.68 0.96 0.07 

10:0 1.75 1.75 1.67 0.08 0.18 
a "a * 

12:0 2.40 1.91 1.89 7.14 0.11 

14:0 9.18 8.15 8.38 3.00 0.30 
b a a * 

14:1 1.88 1.49 1.50 4.51 0.10 

16:0 27:64 26.03 27.24 2.55 0.53 

16:1 5.13 4.06 4.28 3.43 0.30 
a b b * 

18:0 8.03 11.70 10.90 11.76 0.56 

18:1 27.99 29.96 29.98 1.54 0.84 
b a,b a * 

18:2 4.45 4.09 3.61 4.03 0.21 

18:3 2.79 2.62 2.40 0.78 0.22 

a,b 
Values within a line with different superscripts are significantly 

different (P<0.05) 

Significant values at .05% level 
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Table 7. Mean molar percentages of volatile fatty acids of rumen fluid 
from cows fed experimental rations. 

NH3-
Untreated treated 
Wheat Wheat F Standard 

Control Straw Straw Value Error 

Acetate 36.52 39.20 39.86 1.98 1.26 
b a b * 

Propionate 32.23 26.67 31.66 3.90 1.55 
a b a * 

Iso-butyrate 1.13 2.02 1.24 7.13 0.18 

Butyrate 22.84 24.35 21.17 1.93 1.15 
a b a * 

Iso-valerate 3.00 4.24 2.61 8.49 0.29 
b a a * 

Valerate 4.28 3.52 3.35 4.17 0.24 

ar b r  
Values within a line with different superscripts are significantly 

different (P< 0.05) 
•k 

Significant values at .05% level 
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among treatments; however, propionate was significantly higher from 

cows fed NH3-treated wheat straw and control rations than from cows fed 

untreated wheat straw. There was an interesting relationship between 

milk fat percentage and the molar ratio of propionate in the rumen 

fluid. The control ration had the lowest milk fat and the highest 

ratio of propionate whereas the untreated wheat straw ration had the 

highest percent fat and the lowest level of propionate. This 

association has, of course, long been recognized (10) . Iso-butyrate 

concentrations were higher from cows fed the untreated wheat straw than 

from those fed NH3-treated wheat straw and control rations. Iso-

valerate was higher for cows on untreated wheat straw or control 

rations. Valerate was highest from cows fed the control ration than 

from cows fed either of the two wheat straw rations. 

Thus the results of this study have indicated that the feeding 

of wheat straw both untreated and after NH3 treatment as part of the 

roughage in a normal dairy ration does not adversely affect milk 

production and does in fact increase milk fat secretion. It was also 

indicated that the NH3 treated straw was not generally as well digested 

as the untreated straw. While it is difficult to draw absolute 

conclusions from one experiment it would appear that ground wheat straw 

can be substituted for half of the alfalfa hay in a dairy ration and 

that it will in fact support milk production. Treatment of the same 

wheat straw by airmoniation did not enhance the straw. 
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