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INTRODUCTION 

In recent years, the potential use of straws as animal 

feed has attracted considerable attention, because straws are 

produced in large amounts in many countries and represent a 

vast underutilized source of energy. It has been estimated 

that annual world production of straws and stovers is ap-

proximately 2 billion tons. After the grain is harvested the 

straw remains in the field and at least 1 kg of residue is 

produced in the field for each kilogram of grain. 

Cereal straws are characterized by low crude protein, high 

content of cell wall constituents including liqnin, and low 

available energy content, all of which limit their use. 

Physical processing and chemical treatment have been used to 

improve the feeding value of low-quality roughages. Straw 

consumption may be increased by grinding, pelleting and by 

chemical treatment. 

Treatment of straw with aqueous NH 3 and urea is relatively 

inexpensive and may be carried out at farm level. They in-

crease both digestibility and crude protein content. Ammonia 

has a preservative effect which allows high moisture material 

to be stored for long periods of time. These treatments do 

not cause soil or water pollution. In some countries NH 3 and 

(or) urea are subsidized by the government. In some areas 

of the world many farmers that produce wheat or rice also 

have beef or milk operations on the same farm. Therefore, 
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they do not need to buy the straw. Compared with anhydrous 

ammonia or sodium hydroxide, urea is easy to transport and 

safer to handle, making it an attractive alternative in de-

veloping countries. 

In wheat-producing countries straw is not only a cheap 

source of carbohydrate but also presents a disposal problem, 

especially when farmers want to double crop. 

These studies were conducted to measure the effect of 

treatment with aqueous NH 3 and urea on the apparent 

digestibility and N retention by ruminants fed wheat straw; 

to compare in vitro and in vivo techniques on digestibility 

of wheat straw; to determine the technical feasibility of 

farm-level treatment of straw; and to compare the effect of 

urea and ammonia treatments with supplementation of wheat 

straw with urea at feeding time. 
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LITERATURE REVIEW 

Ammonia Treatment 

Anhydrous and aqueous NH 3 are the most common methods for 

straw treatment in temperate countries. One of the first 

investigators to use these treatments on wheat (Tri ticum 

aestivum) straw was Nikolaeva (1938), in the U.S.S.R. He 

obtained a marked increase in digestibility of straw, and 

recommended that treatment with NH4 0H solution can be used 

to feed farm animals. However, it was not until more than 

30 yr later when treatment of straws with anhydrous or 

aqueous NH 3 became commonly used. Sundstol and Coxworth 

(1984) described the importance of NH 3 treatment in Norway 

and the rapid increase in its use. At Norsk Hydro, in coop-

eration with the Department of Animal Nutrition, Agricultural 

University of Norway, basic experiments were carried out from 

1970 to 1975. During the 1975 harvesting season in Norway, 

some farmers tried this technique. In 1982, 125,000 tons of 

straw were treated with ammonia, which represented 17% of the 

total production. Currently, this type of treatment is used 

extensively in other North European countries and Canada. 

Effect of Treatment. 

(1981), the modes of 

According to Klopfenstein and Owen 

action of the ammonia include: 1) 

solubilization of hemicellulose, 2) increased extent of 
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cellulose and hemicellulose digestion and, 3) increasing rate 

of cellulose and hemicellulose digestion. Van Soest and Mc 

Burney (1985) studied the nutritive value of treated straw, 

and concluded that the increase in extent of digestion can 

be produced by the breaking of bonds between liqnin and 

hemicellulose or cellulose without actual removal of liqnin. 

Liqnin analysis applied directly provides the total value 

without distinguishing between cleaved and uncleaved lignin. 

Consequently, liqnin content does not reflect the in vitro 

digestibility of treated straw. Besides, Van Soest and Mc 

Burney (1985) consider that the in vitro digestion overesti-

mates the in vivo value. On the contrary, Lawlor and O'Shea 

( 1979), and Alibes et al., ( 1983) found that dry matter 

digestibility in vivo agreed quite well with values obtained 

in vitro. 

The increased digestibility of treated straw could be 

partly due to the increased digestibility of hemicellulose 

(Abidin and Kempton, 1981). The mechanism of reaction of 

ammonia with straw cell wall materials is not clearly under-

stood (Jayasuriya and Pearce, 1983). However, a change in 

color and softness of the treated straws has been reported 

(Sundstol et al., 1978). Herrera-Saldana and co-workers, 

( 1983) explained that the change in color from yellow to 

brownish is a result of the oxidation of phenol groups or 

condensation of the aldehylic fractions. 
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The observation of softness of ammoniated straws was con-

firmed by Zorrilla-Rios et al. ( 1985), by measuring the 

amount of straw that passed though a 1 mm sieve after 20 s 

of grinding and 10 mm sieving. They showed that NH 3 improved 

the fragility of straw, and concluded that a faster rate of 

reduction of ingested particles during chewing could be ex-

pected. 

Anhydrous Ammonia. Because it is a gas of penetrating 

odor and is unpleasant to work with, the application of NH 3 

should be carried out by specially-trained personnel 

{Sundstol et al., 1978). Also·, anhydrous NH 3 is a poten-

tially dangerous and toxic material. Air containing 15 to 

28 % of NH 3 is explosive upon ignition. Besides, this gas 

has high vapor pressure. It must be kept under pressure to 

maintain the liquid state at normal ambient temperature. 

When ammonia is released to atmospheric pressure, it rapidly 

transforms from a liquid to gas, which ensures a rapid pene-

tration, and uniform distribution in the stack, especially 

when the straw is densely packed (Sundstol and Coxworth, 

1984). The lack of distribution networks for anhydrous am-

monia, and the need of specialized means of transport con-

stitute drawbacks in spreading this technique in developing 

countries (Dolberg et al., 1981). 

Waagepetersen and Vestergaard Thomson (1977) established 

that the temperature increased when NH3 was applied to the 
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straw in gaseous form instead of in aqueous form, therefore, 

accelerating the treatment process and shortening treatment 

time. 

Anhydrous NH 3 has many applications in developed coun-

tries, (Rotz et al. 1985 ) and has become a common chemical 

used on farms in the U.S.A.. It is most widely used as a 

source of N fertilizer, but it is also used for enhancement 

of quality in forages, and recently has been recognized for 

its ability to preserve high-moisture hay and grains. Nota-

ble success in forage ammoniation of corn silage has also 

been achieved. 

Aqueous Ammonia. Aqueous ammonia is NH 3 dissolved in wa-

ter. It usually contains 25% NH 3 by weight; in the United 

Kingdom, a 33% solution of NH 3 is more commonly used 

(Sundstol and Coxworth, 1984}. 

Ibbotson et al.(1984) stated that treatment of straws with 

the aqueous NH 3 resulted in a smaller increase in in vitro 

dry matter digestibility (IVDMD} than treatment with 

anhydrous NH 3 in stack or in oven. Borhami and Sundstol 

( 1982) , working with oat (Avena sati va) straw at very low 

moisture level, 3 to 12%, stressed that aqueous ammonia was 

more effective than anhydrous ammonia. On the other hand, 

Kiangi (1981), using high-moisture straw, (20% and 40%) found 

no difference between the two sources of NH 3 • Sundstol 

( 1984) considered that· the water content in aqueous NH 3 is 
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the reason for its beneficial effects since no additional 

changes were obtained when high moisture straw was used. 

Orskov et al. ( 1983), working with barley straw at 17% 

moisture, found similar effects with both sources of NH 3 

Aqueous NHa can be added to the straw in different ways 

(Sundstol and Coxworth, 1984; Dolberg et. al.,1981). First 

the chemical can be injected into the stack through a pipe 

using a pump. Second, opened containers can be placed on the 

top of the a.tack and pushed over when the stack is sealed. 

Third, the solution can be sprinkled with a sprayer before 

covering the stack. 

As described in detail by Sundstol and Coxworth (1984), 

the stack method was developed in Norway, and is also known 

as the "Norwegian method"; thousand of farmers have applied 

it since 1976. There are no specific requirements concerning 

the shape and size of the stack in which the NH3 is applied. 

However, in Norway most farmers use a "standard cut" .20 mm 

of black polyethylene with the undersheet 6 x 6 m and the 

covering sheet 10 x 10 m. The resulting stack is 4.6 x 4.6 

x 2 m, and can contain 2 to 4 t of straw, depending on the 

density of the bales. The size of the stack can vary; it may 

be larger to economize on plastic costs, but it is important 

to leave about .7 m of free plastic at the side of stacks for 

sealing. It is also necessary to weigh some of the bales to 

estimate the total weight, which is required to calculate the 

amount of NHa to be injected. All four sides of the stacks 
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should be folded carefully and sealed before the injection 

takes place. Such injection is done through a perforated 

metal pipe and the hole left after taking the pipe out should 

be sealed with tape. The amount of NH3 normally used is 30 

to 35 kg per ton of straw (Sundstol and Coxworth, 1984). Once 

injected into the stack, NH 3 vaporizes quickly and spreads 

through the material. The duration of treatment depends on 

the temperature, and it is suggested not to open the stack 

before it is used. If the external temperature is low, 

moisture within the stack will condense on the inner side of 

the cover, water then will go down the sides and cause a 

higher moisture percentage in the bottom layer. 

In Norway and Canada, the average treatment time is be-

tween 4 to 8 wk, (Sundstol et al., 1978). In warmer coun-

tries, this time can be reduced. When the stack is opened, 

it should be left uncovered for at least 2 to 3 d to allow 

the excess NH 3 to disappear before feeding the straw. 

Borhami et al. (1982) stated that spraying ammoniated straw 

with formic, acetic or phosphoric acid immediately after 

opening captures the excess NH 3 effectively, and reduces the 

loss of it, increasing the N content of the straw. However, 

the technique may not be economical. Big bales can also be 

treated either in stack or each bale can be done individ-

ually. E'or individual NH 3 treatment of big bales special 

plastic bags are available. (Sundstol and Coxworth, 1984) 
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Ammoniation in ovens. Since long periods of time are re-

quired to treat the straw when the temperature is low, and 

very good results are obtained when the treatment is made at 

higher temperature, attempts have been made to shorten the 

treatment time (Sundstol and Coxworth, 1984). The oven 

method is one option, and is based on the circulation of hot 

ammoniated air through the straw in the oven. The time re-

quired is less than 24 h including 3 to 4 h for ventilation 

of the treated straw. This method has two main disadvan-

tages, one, the relatively high cost of the equipment, and 

the other the need for the straw to be dried before baling 

and storing. 

Amount of Ammonia. Waiss et al. (1972) treated rice straw 

with NH 3 on a laboratory scale at room temperature (22 C),and 

found that the maximum effect was achieved with 5% NH3 , 30% 

of added water and a treatment time of 30 d. Waagepetersen 

and Vestergaard Thomsen (1977) compared 3.4, 4.4 and 5.9% of 

anhydrous NH3 for treating barley straw in a laboratory scale 

at temperatures from 15 to 75 C, and treatment times of 1 

to 14 d. They found that at 15 C increasing the dosage of 

ammonia from 3.4 to 5.9% resulted in a linear effect on in 

vitro digestibility. Sundstol et al. (1978) reported that 

increasing the NH 3 dosage from 1 to 2. 5% improved the in 

vitro digestibility. A further increase from 2.5% to 4% re-

sulted in a smaller improvement, but no further effect on the 
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digestibility was obtained above 4%. The straw was treated 

for 4 wk at 4, 17, and 24 C. They found that there was ap-

parently no interaction between the NH3 level and the treat-

ment temperature. Sundstol et al. (1979) concluded that 

exceeding 4% NH3 , DM basis, cannot be justified and that 

the economical optimum level for NH 3 lies between 2. 5 to 

3.5%, dry basis. 

Temperature. Ammonia is a slow reacting chemical, but the 

effect can be accelerated by increasing the temperature. 

Waagestersen and Vertergaad Thomsen ( 1977) found that in 

vitro digestibility increased as the temperature was raised 

from 15 to 25 C; further increases in temperature from 30 to 

45 C, gave only slight improvements. Sundstol et al. (1979) 

reported a positive effect when the temperature was increased 

from -20 C to 25 C, but the temperature effect was less no-

ticeable at 8 wk than at 4 wk of treatment. 

Alibes et al. (1983) reported that CP as well as the DM 

digestibility of straw was higher when treated with ammonia 

in summer (38 C) than when treated in winter (7 C). Sundstol 

and Coxworth (1984) suggested that in countries with cold 

climates treatment should be done soon after harvest. 

Time o~ Treatment. The time necessary to treat straw and 

other crop residues is highly dependent on the temperature, 

and consequently the low temperature can be compensated f Gr 
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by extending the time of treatment (Sundstol et al., 1979; 

Waagepetersen and Vestergaard Thomsen 1977). Solaiman et al. 

(1979) studied the effect of length of time after treatment 

(10 to 60 d) in combination with water content of wheat straw 

on IVDMD and N content. They did not find further improve-

ments in digestibility after 10 d post treatment at 22 C. 

However, the N content continued to increase as days post-

treatment increased. Sundstol et al. (1978) found that one 

of the reasons for not obtaining large improvez:nents in 

nutritive value in many of the early experiments was probably 

due an extremely short length of treatment. For treatments 

with 3 to 4% ammonia, they recommended the following length 

of treatment: below 5 C , more than 8 wk; 5 to 15 C , 4 to 8 

wk; 15 to 30 C , 1 to 4 wk; above 30 C , less than 1 wk. 

Moisture Content. Waiss et al. (1972) reported that when 

rice straw was treated with 5% NH 3 at room temperature, both 

digestibility and total N content of treated straw continued 

to increase as moisture content increased from 10 to 50%. 

Similar results were obtained by Solaiman et al. (1979), 

working with 3.3% ammonium hydroxide and moisture levels of 

10 to 50%. 

Borhami and Sundstol (1979) dried oat straw to moisture 

levels of 2.5, 5, 7.5, and 10%, and compared the type and the 

level of NH 3 They found that 4% NH 3 was more effective than 

2% NH 3 This trend was more definite with aqueous than with 
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anhydrous NH 3 and the NH 3 treatment was more effective at 

higher moisture content, particularly with anhydrous NH 3 • 

Although high moisture materials may give better response, 

this advantage is outweighed by the greater risk of storage 

damage. Another drawback of high moisture content is that 

the handling problems are intensified (Sundstol and Coxworth, 

1984). Also,the positive effect of high moisture materials 

have been established under farm conditions. Bales of straw 

at the top and bottom of the stack which usually contain more 

moisture, usually have the highest digestibility and intake 

(Sundstol, 1984). 

Initial Quality and Type of Materials. The data obtained 

by Waiss et al. (1972), working with several straws, indi-

cated that the effect of ammonia was more pronounced for 

plant materials with an initial low digestibility. The work 

by Kernan et al. (1979, 1981) Horton and Steacy (1979) and 

Horton (1981) confirms this assumption. 

Kiangi et al. (1981) reported the effect of NH 3 treatment 

on in vitro digestibility of maize (Zea mays) stover, wheat 

straw and rice (Oriza sativa) straw under varying conditions. 

Rice straw, which had the lowest initial digestibility, 

showed the greatest effect. However, maize stover had the 

highest digestibility, both initially and after treatment. 
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urea Treatment. 

Treatment of cereal straw with anhydrous or aqueous NH 3 

has increased considerably in recent years, principally in 

North-European countries. Nevertheless, the widespread use 

of these chemicals for treatment of straws does not appear 

to be practical under the farming conditions in developing 

countries due to difficulties in transportation, handling, 

and differences in the scale of farming systems (Saadullah 

et al., 1981a). Consequently, the use of urea is of interest 

to researchers in developing countries (Doyle and Pearce, 

1985). Moreover, urea is easy to handle and transport be-

cause of its solid form and essentially no health risks in-

volved (Sundstol and Coxworth, 1984). 

Mechanism. Van der Merwe (1976) was the first to describe 

this process and patented this procedure. The effect of urea 

treatment is due to the effect of NH 3 • The presence of the 

enzyme urease is required to hydrolyze and produce NH3; in 

addition, certain temperatures and moisture levels are nec-

essary. This is probably one of the reasons why urea treat-

ment of straw has not been successful in some investigations 

in temperate countries (Orskov et al., 1983, Wanapat et al., 

1985). Considerable controversy remains regarding optimum 

conditions for urea treatment of straw, because much of the 

information on level of urea, required time of treatment, 
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and moisture content have been studied in laboratory scale 

experiments {Doyle and Pearce, 1985; Sundstol, 1985). An-

other question is the amount of urease that the straw con-

tains and the activity of this enzyme at different 

temperatures. 

concentration of urea. Assuming 100% hydrolysis, 5.3% of 

urea is equivalent to 3% NH3 • According to Wanapat et al. 

(1985), and Ibrahim and Schiere (1985), increasing the con-

centration of urea over 5% gives only a slight increase in 

digestibility. 

Jayasuriya and Pearce (1983) treated rice straw with 1, 

2, 4, 6, and 8% urea for different periods of time from 1 to 

21 d at 50% moisture. They reported that increasing the 

level of urea increased the organic matter digestibility 

(OMO); they found similar responses when straw was treated 

with urea alone or with urease. They also reported that the 

further increase in OMO was very small if urea level exceeded 

6%. In another experiment the same authors, working at two 

levels of concentration of urea, 4 and 8%, did not find sig-

nificant differences between levels. 

Williams et al. (1984) investigated the effect of concen-

tration of urea (3.53 to 10.59%), and found no difference in 

DM degradability for these concentrations of urea. 
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Mbatiya (1983) workinq with barley (Hordium vulqare) straw 

at very low level of urea, 1%, found an increase in DMD from 

37 to 45%. 

Temperature. The factors influencinq the decomposition 

of urea have been studied by several investiqators, but per-

haps, the most complete work was by Cloete et al. (1985) in 

South Africa. The investiqation included temperatures of 4, 

14, 24, and 35 C at moisture levels of 25 and 37. 5% with wheat 

straw. The concentration of urea was 7.5%, and the treatment 

times were 0, l, 2, 4, 6, and 8 wk. They concluded that 

hiqher temperature and moisture levels accelerated 

ammoniation, as reflected by increased in vitro OMO and total 

N. They concluded that lower temperatures can partly be 

compensated for by longer treatment. 

Accordinq to Orskov et al. (1983) the optimal temperature 

for the hydrolysis of urea by the urease enzyme is about 60 

C. However, Williams et. al. (1984), workinq with barley 

straw at a relative low temperature (18 C), found a signif-

icant increase in DM deqradability of the straw treated with 

urea. Wanapat et al. (1985) in Norway reported a small in-

crease in OM diqestibility of urea treated barley straw of 

only 4 to 7% units. They suqqested that the small response 

was due to the low temperatures ( 10 to 15 C) during the 

subsequent 8 wk after treatment. 
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Time of Treatment, Unfortunately, most of the information 

available on the length of treatment is based on in vitro 

studies. The time of treatment seems to be highly dependent 

on others factors such as temperature, the presence of 

urease, and moisture level. Cloete et al. (1985) stated that 

low temperature can be partially compensated by a longer 

treatment time. 

Hadjipanayiotou (1982), in Cyprus, compared the effect of 

treatment time at 40% moisture and 4% concentration of urea, 

and reported that IVDMD of urea-treated straw increased with 

treatment time; maximum digestibility was obtained 45 d after 

treatment, al though the increases observed after 30 d of 

treatment were not significantly lower. The mean temperature 

during the period of straw treatment was 8.7 C (range 3 to 

15 C) and this is the only study that reports good response 

in IVDMD (12% increase) at such low temperatures. Cloete et 

al. (1985), working at a moisture level of 37.5% but at a 

higher temperature, reported a treatment time of 6 to 8 wk 

for optimum response. 

Jayasuriya and Perera ( 1982) studied treatment times 

varying from 1 to 6 wk at different levels of urea concen-

tration ( 2 to 10%). They concluded that under Sri Lanka 

conditions (28 C ambient temperature) the optimal level of 

treatment appeared to be 4% urea with treatment period of 3 

to 4 wk. Ibrahim and Pearce (1983), in Australia evaluated 

treatment times of 1, 7, 14, 28 d during which the temper-
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ature was maintained at 20 C. The best response in in vitro 

OMD was for the longest period. Comparable recommendations 

were made by Dolberg et al. (1981) in Bangladesh. 

Moisture content. The moisture content of the straw when 

treated with urea should be higher than when treated with 

aqueous or anhydrous ammonia; a minimum quantity of water is 

essential for the chemical reaction to take place (Cloete et 

al., 1985). Urea in pellet form mixed with straw remains 

undisolved for several months, (Ibrahim and Schiere, 1985). 

Most of the Asian investigators recommend working at high 

moisture levels. (Saadullah et al., 198la; Dolberg et al., 

1981; Verma 1981; Ibrahim and Pearce 1983; Jayasuriya and 

Pearce 1983; Wanapat 1985). They recommend mixing a 1 : 1 

water straw ratio that results in a moisture content of 

about 50%. 

According to Williams et al. (1984) the degree of 

hydrolysis was significantly affected by the concentration 

of DM in the straw, and they recommended working at 40% 

moisture. Kiangi et al. ( 1981) reported that there was a 

significant increase in DM digestibility when they increased 

the moisture level from 20 to 40%. 

Urease. The need for some additional source of urease is 

not universally accepted for treatment of straw with urea. 

According to Coxworth and Kullman ( 1978), Jayasuriya and 
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Pearce (1983), Azim and Ali (1985), to achieve optimum re-

sults from urea treatment of cereal straws, supplementation 

of the treated material with some urease source is necessary. 

On the other hand, Wanapat et al. (1985), working with barley 

straw did not find any improvement in digestibility and en-

ergy utilization by adding soybean meal (.05 kg/kg straw) as 

a source of urease. 

Jayasuriya and Pearce (1983) mentioned that addition of 

urease reduced the treatment time required to attain a cer-

tain level of digestibility. For example, treating straw for 

2 d with 8% urea and urease gave a digestibility value simi-

lar to that given by 4% urea without urease in 21 d. 

The study by Ibrahim and Schiere (1985) confirmed that 

inclusion of a urease source reduced the treatment time to 

less than 5 d and produced IVOMD values similar to 21 d of 

treatment without urease. Soybean (Glycine max) meal and 

jackbean (Canavia ensiformis) meal are most frequently used 

as a source of urease, but, according to Azim and Ali (1985) 

cattle manure appears to be the most economical source of 

urease for urea treatment. However, the most powerful source 

of urease seems to be jackbean meal, which has 14 times as 

much urease activity as soybean meal (Jayasuriya and Pearce, 

1983). 

18 



Urine. 

Saadullah et al. (1980), ensiled rice straw with 1 liter 

cattle urine per kilogram straw, and reported an increase of 

10% in DMD and 70% in DM intake. In Norway, Sundstol (1984) 

conducted experiments with cattle urine which confirmed these 

results. 

Coxworth and Kullman ( 1978) compared cattle urine with 

NH 3 and urea plus jackbean meal. The three treatments give 

very similar results in improvement of DMD and CP content. 

In another comparative study Wanapat et al. (1985) compared 

16 different treatments of barl·ey straw, and found that the 

CP content increased seven fold by treating with urea or 

urine. However, DMD increased only 6 percentage units for 

urine treatment, compared to 15 percentage units for 

anhydrous NH 3 treatment. 

A drawback of this method is the collection of animal 

urine for which special equipment is needed, and which can 

only be done in a few situations. 

Practical Experience with Ammonia-and Urea-Treated Straw, 

When ruminants are fed untreated straw which is high in 

cell wall content and low in protein, it has been demon-

strated that liqnin inhibits digestion of cellulose and 

hemicellulose (Van Soest, 1985), and also that the low levels 
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of protein limit intake. Extremely low rates of animal pro-

ductivity result because a very high proportion of nutrients 

are used for maintenance (Dolberg et al., 1981). 

According to Zorrilla-Rios et al. (1985) voluntary intake 

of straw usually increased by 30% with ammoniation. Dias-

Da-Silva and Sundstol (1986) reported an increase of intake 

of 25%, Horton and Steacy (1979) found an increase in intake 

of 21%, and Cloete et al. (1983) reported an increase in in-

take of 27%, resulting from ammoniation of straw. 

Zorrilla-Rios et al. (1985) studied the mechanism by which 

ammoniation increases consumption of wheat straw by cattle. 

They observed that ammoniation increases both the fragility 

of straw, and the extent of in situ disappearance of DM at 6 

and 12 h of incubation, and caused the expansion of both flow 

rate (liters/h) of rumen liquid and dilution rate (%/h) of 

rumen particulate matter. In similar work, Zorrilla-Rios et 

al. (1986b), studied the intake of ammoniated wheat straw by 

steers. They found that the amount of dry matter in the rumen 

contents of steers given ammoniated straw was lower; however, 

the total fluid mass in the rumen was similar when fed 

treated and untreated straw. Free fluid was reduced, but the 

amount of fluid absorbed in particulate matter tended to be 

higher in the rumen contents of steers fed ammoniated straw. 

According to Verma and Jackson ( 1984), in developing 

countries where straw is an important feedstuff, urea treat-

ment seems to be the only economically feasible method. In 
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Bangladesh, where straw is a prominent feedstuff Saadullah 

et al. (198lb) conducted feeding trials in which untreated 

straw constituted 90% or more of the diet, and reported that 

treatment increases the rate of gain in small calves by .2 

to .3 kg/d. Wanapat (1985), feeding urea treated straw to 

buffalo heifers, reported an average daily gain of 210 g, 

compared to -130 g for heifers fed untreated straw. 

Sundstol (1984) estimated that in Northern Europe, in in-

tensive beef production where treated straw comprises only 

part of the diet, steers can gain 1 to 1.2 kg/d when they are 

fed 4 to 6 kg of ammoniated straw, in combination with 3 to 

4 kg of concentrate. He summarized some feeding experiments 

in Norway with ammoniated straw given to growing cattle. In 

one of them, 30 heifers initially weighing 218 kg were di-

vided in two groups, given either 3 kg/d of hay or ammoniated 

straw, in addition to grass cubes plus .5 kg of concentrate. 

The gain per day was similar, 840 g for the hay-fed group and 

820 g for the straw-fed group. Promma et al. (1982), worked 

with heifers initially weighing 170 kg fed for 107 d, un-

treated or urea treated rice straw plus 1.3 kg of concentrate 

mixture (13% CP). The group fed urea-treated straw gained 

431 g/d, and the control, only 80 g/d. Gains of about 450 

g/d were also obtained by Zorrilla-Rios et al. (1986a) when 

feeding treated straw plus 2.3 kg of corn to steers. 
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The protein Value of Ammonia-Treated Straw. 

The mean value of crude protein in wheat straw is about 

4%, (NRC, 1984). When properly treated with NH 3 or urea the 

content rises to 10 to 14% (Horton, 1979; Horton and Steacy, 

1979; Sundstol, 1984). This is one of the main advantages 

of the NH3 and urea treatments over the other treatments. 

Several trials have been conducted in Oklahoma by Zorrilla-

Rios et al. (1985, 1986) to study the crude protein sparing 

effect of ammoniated wheat straw for growing steers. They 

compared the average daily gains of steers weighing 290 kg, 

which were fed a diet of ammoniated straw with no supple-

mental soybean meal, or untreated straw supplemented with 600 

g/d of soybean meal. The average daily gain for both groups 

of animals was about 450 g/d. All the steers received a 

moderate level of corn (.8 percent of body weight). There-

fore, the crude protein value of ammoniated straw was equal 

to that of soybean meal for steers gaining about 450 g/d. 

This daily gain would be considered marginal in most stocker 

operations in the U.S.A.; however, this rate of gain is more 

than enough during the dry season in Asian countries, and 

during the winter in Argentina, In another trial by the same 

workers steers were fed different levels of corn with and 

without 450 g of corn gluten meal. Supplementation of 

ammoniated straw diets with 450 g of corn gluten meal in-

creased the gains of the steers by about 360 g/d. 
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Zorrilla-Rios et al. ( 1986a) and Sundstol and Coxworth 

(1984) indicated that both the proper utilization of the N 

added to the straw during the treatment, and the transf orma-

tion to microbial protein depend on a number of factors that 

must be present: N content of the straw; rapidity at which 

the N is released; available energy in the rumen; 

degradability of dietary protein. 

The N : energy ratio of ammoniated straw is usually ex-

cessive and limits microbial protein synthesis, and thereby 

animal performance. The addition of small or moderate amounts 

of easy degradable carbohydrates as a source of energy cor-

rects this unbalanced relation between N and energy. How-

ever, to obtain high levels of animal performance, the 

supplementation with some source of non-degradable protein 

may be necessary (Zorrilla-Rios et al., 1986a). This 

supplementation needs to be considered when ammoniated 

roughages are an important part of the diet because the am-

monia contributes only to the ruminal ammonia pool, not to 

by-pass protein. 

Low levels of supplementation with energy and (or) bypass 

protein improve digestibility of low quality roughages 

(Schiere et al., 1985). 

Under practical conditions, Preston and Willis (1970) 

demonstrated that feed intake and growth could be stimulated 

by addition of dietary by-pass protein to low-protein 

fibrous materials. According to Preston ( 1982) the most 
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economical method of improving energy intake and performance 

of animals fed crop residues is to supplement these first 

with good quality forages and then with some source of bypass 

protein. In another approach to this topic, Preston and Leng 

( 1984) established that adding 150 g/d of fishmeal to the 

diet (5% of the diet in DM) increases growth rate by 300%, 

and feed conversion efficiency by 500%. Saadullah ( 1985) 

conducted different trials in Bangladesh with the goal of 

studying the effect of supplementation with different levels 

of by-pass protein (fishmeal) on the performance of calves 

fed urea-treated rice straw. He concluded that a very small 

amount of fishmeal (SO g/d) is enough to obtain better animal 

performance and feed efficiency. 

The data obtained in Egypt by Creek et al. (1983) clearly 

demonstrated that when ammoniated straw is fed to steers, 

less concentrate is needed than when untreated straw is fed. 

The results showed that animals fed NH 3 -treated straw and 1 

kg concentrate per day gained 400 g/d more than those fed 

untreated straw. 

Faulkner et al. ( 1984) studied the ways to improve the 

intake of ammoniated wheat straw in two trials, and con-

eluded that 3.2 kg/d of alfalfa hay improved feed intake by 

13.8%. The animals fed ammonia treated straw alone gained 

.1 kg/d, and the group fed treated straw plus alfalfa hay 

gained . 3 kg. 
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Chemical Treatment versus supplementation. 

Several authors have demonstrated that intake of low 

quality roughages is increased when supplements of non-

protein nitrogen (NPN) are given (Camplig et al., 1962 and 

Campling and Freer, 1966). On the other hand, Mira et al. 

(1983) conducted a study with barley straw alone or supple-

mented with urea and S, and found no change in either straw 

intake or liveweight gain due to supplementation of urea and 

sulfur to the barley straw. Orskov et al. (1983), obtained 

similar results in a feeding trial, where they compared 

ammoniated barley straw or untreated straw supplemented with 

urea to two groups of Friesian heifers weighing about 440 kg. 

The digestibility of DM was 58.8 and 49.9%, daily intake was 

5.88 and 3.87 kg, and daily live weight change was 324 and 

-447 g for the ammonia treated and urea supplemented barley 

straw diets, respectively. 

Wanapat et al. (1985) reported that addition of urea to 

straw at feeding time did not improve the digestibility of 

nutrients except crude protein, and changed the N balance to 

positive. Dias-Da-Silva and Sundstol (1986) found a signif-

icant increase in DMD and DM intake when urea was supple-

mented at feeding time, compared with no nitrogen addition. 

However, the increases in DMD and intake were lower than when 

urea-treated straw was fed. 
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Urea Supplementation. 

Many reviews have been published on the use of urea for 

ruminants, (Chalupa, 1968; Chalupa, 1972; NRC, 1985). It is 

generally accepted that very small quantities of supplemental 

urea (1 to 2%) tend to improve the N balance when N intake 

is limited, and that NPN sources are better utilized with 

diets containing relatively high levels of readily-

fermentable carbohydrates. Urea hydrolysis in the rumen 

usually occurs faster than assimilation of the liberated am-

monia (Chalupa, 1972). 

Ruminal NHa concentration and microbial protein synthesis 

are positively related until an optimum level of NH 3 is 

reached, after which increases in rumen NH 3 do not affect 

microbial growth (Roffler and Satter, 1985). The suggested 

values for optimum NH 3 concentration that allows the maximum 

microbial synthesis cover a wide range from 5 mg NH 3 /100 ml 

of rumen fluid determined in vitro by Satter and Slyter 

(1974), to 23.5 mg NHa/100 ml (Meherz et al., 1977. However, 

the optimum NH 3 concentration in vivo is difficult to define 

accurately because of the high variation in concentration 

observed during the day (Mehrez and Orskov, 1976). These 

concentrations may be also affected by available energy, type 

of substrate being fermented and source of available N in the 

rumen (Pritchard and Males, 1982). According to Chalupa 

(1972) the limiting factor for NH 3 assimilation and bacterial 
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protein synthesis in the rumen is probably the insufficient 

quantities of carbon skeletons. 

Sulfur supplementation. 

It has been suggested that if a deficiency of N is cor-

rected by the use of NPN, S should be added to the di et 

(Thomas et al., 1951; Maynard et al., 1979; NRC, 1984). 

Sulfur is an essential element for microbial protein synthe-

sis. If the requirements for microbial growth are not met, 

the rate and extent of digestion in the rumen can be reduced, 

consequently reducing the feed intake (Elliott and Armstrong, 

1982). Sulfur has both structural and metabolic functions; 

hence it is found in virtually every tissue and organ of the 

body, including, cartilage, bone, tendons, 

Molasses supplementation. 

The most important benefit and highly recognized effect 

of molasses supplementation in the ruminant diet has been its 

capacity to improve diet palatability. The addition of small 

amounts, 5 to 10% of sugarcane molasses, to both roughages 

and concentrate diets improved DM intake (Preston et al., 

1967). Molasses is not as efficient as starchy concentrates 

to promote microbial growth, because it is highly soluble and 

its digestion occurs very quickly in the rumen. (Preston, 
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1972; Bloomfield et al. 1 1963; Reyes 1 1974 

1979) 

Rowe et al. 1 

Several studies (Conrad and Heibbs 1 1968; Helmer and 

Bartley1 1971) on the utilization of urea by ruminants have 

shown a need for readily- fermentable carbohydrate. However 1 

conflictinq results are reported on molasses feedinq. Mbatya 

et al. (1985) studied the effect of molasses and dried qrass 

supplementation on the intake of barley straw alone or straw 

plus urea They found that neither molasses nor qrass had any 

siqnificant positive effect on straw intake. 

Sudana (1985) workinq with qrowinq lambs and wheat straw 

as a basal diet and usinq di verse supplements came to the 

conclusion that urea-molasses block supplement has been su-

perior to urea alone in feed intake and live weiqht qain. 

Total rumen VFA concentration or pH does not seem to be 

affected by the feedinq of low levels of molasses (up to 10%) 

(Martin and Winq 1 1966; Kelloq and Owen 1 1969). 

All of these considerations about supplementation of 

fibrous residues with qood quality hay 1 concentrate 1 

molasses 1 and by-pass protein are done from a nutritionist's 

point of view with the purpose of arrivinq at better condi-

tions for the rumen fermentation. However 1 sometimes the 

microeconomics of small farm enterprises in developinq na-

tions are complicated1 and as Schiere et al ( 1985) stated 

"hiqh production is not necessarily profitable production". 
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OBJECTIVES 

The general objective of this study was to investigate the 

effects of treatment with aqueous ammonia and urea on the 

feeding value of wheat straw. Specific objectives were: 

1. To measure the effect of treatment with aqueous ammonia 

and urea on the apparent digestibility and N retention 

of wheat straw fed to sheep. 

2. To compare in vitro and in vivo technique of determing 

dry matter digestibility of wheat straw. 

3. To compare the effect of urea and ammonia treatments with 

urea supplementation of wheat straw at feeding time. 

4. To study the location effect within the stack of treated 

bales of wheat straw. 
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MATERIALS AND METHODS 

straw Treatment. 

A total of 96 small rectangular bales (1,600 kg) of wheat 

straw, were divided in four groups, and randomly allocated 

to four treatments. One half of the bales were not treated, 

one fourth of the bales were treated with 3% aqueous NH 3 and 

one fourth were treated with 5. 3% urea plus 1. 5% j ackbean 

meal as a source of urease, dry basis. The wheat straw had 

a CP and DM of 4% and 90%, respectively. The untreated bales 

were kept inside a barn. 

The aqueous NH 3 was mixed with water and the urea pellets 

were dissolved in water. Water containing the chemicals was 

added to lower the DM of the straw to 60% (Williams and Innes, 

1983; Ibbotson, 1983). The solutions were applied with a 

garden watering can (figure 1) to both outer sides of the 

bales in order to ensure uniform application of the solution, 

as the 24 bales were stacked outside in three layers on black 

polyethylene, and covered with similar material (figure 2). 

The edges of the polyethylene were rolled together, so that 

the straw was sealed 

The stacks were left covered for 93 d, October 23 to Jan-

uary 24~ The mean temperature during the first 4 wk post 

treatment was 11.2 C, the maximum mean was 16.6 C and the 

minimun mean 5.9 C. After the stack was opened, the excess 
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Figure 2. Arrangementes of bales in stacks of treated straw. 



NH3 was allowed to diffuse over a period of 7 d, and one half 

of the bales of each layer were sampled. 

Metabolism Trial. 

A metabolism trial was conducted with 24 crossbred wether 

lambs with an average weight of 3·2. 4 kg at the beginning of 

the trial. The lambs were sheared and treated for internal 

parasites during the first week of the pre-transition period, 

and administered 500,000 IU of vit A and 75,000 of vit D by 

intramuscular injection. The metabolism stalls used in this 

trial were similar to those described by Briggs and Gallup 

(1949), which allow separate collection of urine and feces. 

The wethers were blocked according to weight, and the four 

lambs within each of six blocks were allotted at random to 

the following diets 1) untreated straw; 2) untreated straw 

plus urea at feeding time; 3) ammoniated straw; 4) urea-

treated straw. ~or each diet 600 g of straw dry matter were 

fed. Urea was supplemented at the rate of 20 g/d. All the 

diets also included 80 g liquid sugarcane molasses, 10 g 

iodized NaCl, and 6 g of Na2S04. Diets 2, 3 and 4 were cal-

culated to be isoni trogenous (table l). The straw was 

chopped before feeding, and the diets were offered to the 

lambs in two equal portions at 12 h intervals, during 3 h 

feeding periods. Water was supplied ad libitum except during 

the feeding periods. 
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TABLE 1. INGREDIENT COMPOSITION OF DIETS FED ~O SHEEP 

Straw 
treatment 

None 

None 

Ammonia 

Urea + urease 

aDry basis 

IN THE METABOLISM TRIAL 

Ingredients 

urea 
Liquid 

molasses NaCl 

------------------ q/d ---------------------
600 80 10 6 

600 20 80 10 6 

600 80 10 6 

600 80 10 6 
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During the 20 d of the pre-transition period the lambs 

were gradually adjusted to the untreated straw and soybean 

meal by gradually substituting for a basal diet (60% hay, 30% 

corn, 10% soybean meal). This was followed by a 10 d tran-

sition in which the untreated straw and soybean meal were 

gradually removed and the experimental diets were introduced. 

The length of the transition periods was longer than ex-

pected. The 10-d preliminary period started when most of the 

lambs consumed the experimental diets and it was followed by 

a 7-d period during which urine and feces were collected. 

The components of the diets were sampled, and refusals 

were collected at each feeding 48 h before the start until 

48 h before the end of the collection period. The samples 

of the feeds and refusals were placed in double plastic bags, 

and stored in a freezer. At the end of the trial, the feed 

samples were composited by treatment and subsampled. The 

refusals were composited by animal, re-weighed and subsam-

pled. 

Feces were collected each morning at the same time, dried 

for 24 h in a forced-draft oven at 60 C, and composited by 

animal in containers with loose lids. At the end of the 

trial, the composited feces were allowed to air equilibrate 

for 48 h and were weighed, mixed, sampled and ground for 

analysis. 

Urine was collected daily in plastic jars containing a 

mixture of 15 ml of 1:1 (w/w) mixture of concentrate sulfuric 
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acid and water, and approximately 500 ml of water. The daily 

urine collections were diluted to a constant weight by the 

addition of water, checked for acidity, and stirred. A 2% 

(by volume) sample was obtained, and refrigerated in airtight 

plastic bottles. 

Ruminal fluid samples were taken by stomach tube 3 h af-

ter the last feeding of the collection period and filtered 

though four layers of cheesecloth. Measurements of pH were 

performed immediately on the filtered ruminal fluid, and 

samples were prepared and frozen. Blood samples were col-

lected by jugular vein puncture using vacuum tubes 6 h after 

the last feeding. 

Chemical Analvsis and In Vitro DrY Matter Digestibility. 

After the stacks were opened, in vitro dry matter 

digestibility (IVDMD) DM, and CP analysis were determined on 

one half of the bales of each layer. The DM determination 

was calculated every other day due to the fact that the bales 

lost moisture quickly. 

Dried samples of diets, refusals, and feces were ground 

with a laboratory Wiley mill through a l mm screen, and ana-

lyzed for ash (AOAC, 1980), neutral detergent fiber (NDF) 

(Van Soest and Wine, 1967), acid detergent fiber (ADF) (Van 

Soest,1963), and acid detergent lignin (ADL) (Van Soest and 

Wine, 1968). Cellulose was calculated as the difference be-
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tween ADF and ADL. Hemicellulose was estimated as the dif-

ference between NDF and ADF. Total nitroqen (AOAC, 1980) was 

determined on wet samples of feeds, urine, feces, and re-

fusals. Gross enerqy of diet refusals and feces were deter-

mined with a Parr adiabatic oxyqen bomb calorimeter. 

The ruminal fluid samples were analyzed for volatile fatty 

acids (VFA) (Erwin et al., 1961) and Nlh-N (Beecher and 

Whitten, 1970). Volatile fatty acids were determined with a 

Vista 6000 qas chromatoqraph. Blood serum was analyzed for 

urea by the colorimetric determination method (Coulombe and 

Favreau, 1963). For in vitro digestibility, a rumen 

fistulated steer was maintained on a straw diet fed at 

libitum plus .5 kq of SBM/d for more than 1 wk. The rumen 

fluid for the analysis was obtained from this steer 2 h after 

feedinq. Procedures for IVDMD were those of Tilley and Terry 

( 1963). 

Statistical Analvses. 

Statistical analyses were performed usinq the analysis of 

variance by the qeneral linear model (GLM) procedure de-

scribed by the Statistical Analysis System (SAS, 1982). 

Treated and untreated straw was analyzed for DM, CP and 

IVDMD, and the followinq orthoqonal contrasts were made: 1) 

control vs both treatments and 2) ammonia vs urea treated 

straw. The location effect on the ammonia and urea stacks 
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was analyzed by the followinq contrast: 1) bottom vs other 

layers, and 2) middle vs top layer. For the metabolism trial 

data. the f ollowinq orthoqonal contrast were tested: 1) con-

trol vs the other three treatments, 2) urea supplemented 

straw vs both treated straws, and 3) ammoniated straw vs urea 

treated straw. In vivo and in vitro values for DMD were 

compared by the t-test. 
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RESULTS AND DISCUSSION 

Subjective Observations. 

Ammonia odor was evident from both stacks after opening, 

and the straw had turned darker in color (figure 3), an in-

dication of the success of the treatment (Dolberg et al., 

1981). 

The bottom layer of both stacks appeared to be highest in 

moisture and the middle layer seemed to be the lowest, ob-

servations which were later confirmed by the DM analyses 

(tables 2 and 3). No mold was observed in the stacks, how-

ever, some of the twine of the bottom layers broke when the 

bales were moved. 

Chemical Composition. 

The DM of the untreated straw was 92.7%, the CP was 4.8% 

dry basis, and IVDMD was 35.95% (table 4). The DM content for 

NH 3 and urea treatments were similar to the calculated val-

ues, 61.3% and 61.1% for ammonia and urea, respectively. The 

CP values were increased by about 200% with both treatments. 

Similar effects of ammoniation on N content have been re-

ported previously by Horton (1978), Herrera-Saldana (1983), 

Zorrilla-Rios (1985) and Dolberg et al. (1981), who worked 

with urea, although the increases in this study were larger. 
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Figure 3. Changes in color of treated straw. Shown are amrnoniated (left), 
untreated (center) and urea-treated (right) straws 



TABLE 2. EFFECT OF LOCATION ON CHEMICAL COMPOSITION AND 

IN VITRO DRY MATTER DIGESTIBILITY OF AMMONIA TREATED STRAW 

Location a 
Component 

Top Middle Bottom 

------------- % --------------
Dry matter0 64.20 63.30 56.30 

Crude proteincd 14.35 11.50 15.93 

IVDMDe 47.97 51.47 50.65 

~Each value represents the averaqe of four samples. 
Standard error of means. 

~Bottom layer differs from the others (P<.05). 
Top and middle layers differ (P<.05). 

8 In vitro dry matter diqestibility. 

S.E. b 

2.01 

.75 

1.90 
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TABLE 3. EFFECT OF LOCATION ON CHEMICAL COMPOSITION AND 

IN VITRO DRY MATTER DIGESTIBILITY OF UREA TREATED STRAW 

Location a 
Component 

Top Middle Bottom 

------------ % -------------
Dry matter0 

Crude protein° 

IVDMDd 

63.62 

13.36 

42.90 

63.27 56.37 

12.04 15.60 

41.13 45.50 

~Each value represents the average of four samples. 
Standard error of means. 

~Bottom layer differ from the others (P<.05). 
In vitro dry matter digestibility. 

S.E. b 

2.79 

.74 

1.56 
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TABLE 4. EFFECT OF TREATMENT OF STRAW ON CHEMICAL COMPOSITION 

AND IN VITRO DRY MATTER DIGESTIBILITY 

Component 

Dry matterd 

Composition of dry matter 

Crude protein 

Neutral deterqent f iberd 

Acid deterqent fiber 

Cellulose 

Hemicellulosed 

Liqnine 

Ash 

IVDMDdef 

Treated strawb 

Control a Ammonia Urea 

------------- ' -----------
92.70 

4.84 

85.66 

53.89 

37.74 

31.77 

14.83 

3.70 

35.95 

61.30 

13.93 

75.76 

52.12 

36.18 

23.65 

13.65 

4.47 

50.03 

61.10 

13.67 

76.76 

53.59 

37.63 

23.04 

15.04 

4.50 

43.18 

c S.E. 

.99 

.41 

.84 

.41 

.33 

.61 

.22 

.06 

.77 

aEach value represent the mean of 24 samples except for cell 
wal~ constituents and Ash which represents the mean of 6 samples. 

Each value represent the mean of 12 samples except for cell 
walb constituents and Ash which represents the mean of 6 samples. 

Standard error of means. 
dcontrol and treatments differ (P<.01). 
~onia and urea treatments differ (P<.01). 
In vitro dry matter diqestibility. 
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The IVDMD was increased (P<.05) by NH3 and urea treatments. 

The value was hiqher (P<.01) for the ammonia-than the urea-

treated straw (50.03 vs 43.18%). 

The major chanqes in cell wall constituents were reduction 

of hemicellulose and NDF (P<.01), by straw treatment, com-

pared to the control. The ash content followed the same 

trend. The liqnin content was lower (P<.05) for ammonia 

treated, compared with the urea treated straw. 

Location Effect. 

The position of the bales in the stack seemed to affect 

the response to treatment (tables 2 and 3), which is contrary 

to the f indinqs of Waaqepetersen and Vestergard Thomsen 

(1977), and Alibes et al. (1983), who worked with anhydrous 

NH3 and reported that the effect of treatment was similar 

all over the stacks. In the present experiment the bottom 

layer, which had the hiqhest moisture content, generally had 

the hiqhest CP content and IVDMD after treatment. The effect 

appeared to be more pronounced for the urea than for the am-

monia treatment. These results confirm the results reported 

by Waiss et al. ( 1972) and Cloete et al. ( 1985) who were 

workinq under laboratory scale. 
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Apparent Digestibility. 

Apparent digestibility for DM was similar for diets con-

taining straw with or without urea supplementation (table 5). 

The value was increased markedly by straw treatment (P<.01). 

The value for urea supplementation was increased markedly for 

CP and tended to be lower for energy digestibility. Apparent 

digestibility of crude protein was higher for the urea-

supplemented straw than for the treated straws. 

Digestibility of DM and enerqy was higher (P<.01) for diets 

containing treated than urea-supplemented straw. 

Digestibility of DM was higher (P<.05) for ammoniated straw, 

compared to the urea-treated straw, but the values for energy 

digestibility were not different (P>.05). The digestibility 

of ADF, NDF, hemicellulose, and cellulose followed similar 

trends as DM digestibility. In general, these results agree 

with previous studies by Sundestol et al. ( 1978), Horton 

(1978), Lawlor and O'Shea (1979), Herrera-Saldana (1982) and 

Alibes et al. (1983). 

Assuming 100% digestibility of supplemented molasses and 

minerals for all the diets, the digestibility of the straw 

in vivo was calculated and used for the comparison with in 

vitro values. As observed by Lawlor and O'Shea (1979) and 

Alibes et al. (1983), the results of DMD in vitro agree with 

those of DMD in vivo (table 6) . This indicates that the 
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TABLE 5. APPARENT DIGESTIBILITY OF DIETS BY SHEEP 

Diets8 

Straw Ammoniated Urea b Component Straw + urea straw treated straw S.E. 

- % - -

Dry matter ceg 43.38 43.20 53.43 49.29 1.03 

C d . ce ru e protein 5.24 70.06 60.73 64.06 1. 20 

Neutral detergent fiber cef 44.61 42.06 58.83 51.35 1. 43 

Acid detergent fiberce 41.09 39.52 52.17 49.56 1.46 

Cellulose deg 45.40 40.83 59. 71 53.75 1.83 

Hemicellulose def 51. 33 45.46 70.10 53.68 2.18 

Ligninc 32.54 36.46 36.67 40.88 1.49 

Energy e 41. 71 37.15 46.95 45.49 1. 44 

aEach value represents the average of six animals except straw + urea that represents 
the average of five. 

b Standard error of means. 
cControl differs from other diets (P< .01). 
dControl differs from other diets ( P < . 05). 
eStraw +urea vs ammoniated and urea treated straw differ (P< .01). 
fAmmoniated and urea treated straw differ (P< .01). 
gAmmoniated and urea treated straw differ (P< .05) . 



TABLE 6. COMPARISON OF IN VIVO AND IN VITRO DRY MATTER 

straw 
treatment 

None 

Ammonia 

Urea 

DIGESTIBILITY 

Diqestibilitya 

In vivo In vitro 

---------- ' ---------
35.32 35.95 

47.17 50.03 

42.37 43.18 

~eans were not different (P>.05). 

Difference 

-0.63 

-2.86 

-0.81 
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Tilley and Terry (1963) technique is valid to estimate the 

effect of NH 3 and urea treatment on digestibility of straws. 

Nitrogen Utilization. 

Nitrogen intake was higher ( P<. 01) for sheep fed urea-

supplemented, and ammonia-and urea-treated straw (table 7) 

than that of the control. Nitrogen intake was slightly 

higher (P<.05) for sheep fed urea-supplemented straw, com-

pared to those fed treated straw. Fecal N excretion for the 

control group was similar to that of the sheep fed the urea-

supplemented straw, which was lower (P<.01) than for those 

fed the NH 3 -and urea-treated straw. 

Urinary N was higher (P<.01) for sheep fed the straw sup-

plemented with urea or treated with NH3 or urea, compared to 

the control sheep. Values were considerably higher (P<.01) 

for the sheep fed the urea at feeding time, compared with 

those fed ammonia-and urea-treated straw. Values were similar 

for sheep fed the NH 3 - and urea-treated straws. 

Total N excretion followed similar trends as urinary 

excretion. Positive N retention was obtained only in sheep 

fed urea-supplemented straw, and NH 3 -and urea-treated straw. 

Retention of N was higher for lambs fed the treated straws 

than for those fed urea-supplemented straw. 

The figures in table 7 suggest that ammonia and urea 

treatment of straw not only improves digestibility, but also 
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TABLE 7. NITROGEN UTILIZATION BY SHEEP FED TREATED AND UNTREATED STRAW 

Item 

cf Intake , g/d 

Excretion, g/d 

F l cde eca 

. cd Urinary 

Total cf 

Retention 

g/dcd 

% of intakec 

% of absorbedc 

Straw 
(control) 

5.16 

4.10 

3.35 

7.45 

-2.29 

-43.99 

-322.22 

Straw 
+ urea 

14.36 

4.24 

8.49 

12.73 

1. 63 

11. 48 

16.39 

. a Diets 
Ammoniated 

straw 

13. 78 

5. 71 

5.27 

10.98 

2.80 

20.36 

34.69 

Urea 
treated straw 

13. 35 

5.22 

5.61 

10.83 

2.52 

18.75 

30.56 

S.E.b 

.16 

.13 

.44 

.45 

.41 

4.53 

76. 71 

aEach value represents the average of six animals except for straw + urea 
which represents the average of five animals. 

bstandard error of means. 
ccontrol differs from other diets (P < .01). 
durea supplemented vs ammoniated and urea treated straw differ (P< .01). 
eAmmoniated differs from urea treated straw (P <.05). 
furea supplemented vs ammoniatcd and urea treated straw differ (P< .05) . 



the N balance in the animals. These results are in accordance 

with those reported Dolberq et al. (1981) and Saadullah et 

al. (198la). 

Ruminal and Blood parameters. 

Rumen pH values were lower (P<.05) for the sheep fed the 

control diet than for those receivinq the other diets (table 

8); however, the difference was not very larqe. Ruminal pH 

of the lambs fed the urea-supplemented straw tended to be 

hiqher (P>.05), compared with lambs fed treated straw 

Ruminal fluid NH3-N for the control lambs was lower 

(P<. 01) than for lambs fed supplemented or treated straw. 

Ammonia-N was hiqher for the lambs fed urea-supplemented 

straw than for those fed treated straw. The value was lower 

( P<. 01) for the lambs fed urea-treated than those fed the 

NH3-treated straw, indicatinq rapid ruminal deqradation of 

urea to NH3, and apparently lower rate of NH3 release from 

the treated straw. These differences were likely responsible 

for the hiqh loss of N in the urine, and therefore, the lower 

efficiency of N utilization for the urea-supplemented lambs. 

The values for ruminal pH and ruminal NH 3 aqree, in qeneral, 

with those reported by Horton (1978) and Zorrilla-Rios et al. 

(1985). 
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TABLE 8. RUMINAL FLUID Ph, AMMONIA NITROGEN AND BLOOD UREA 

NITROGEN OF SHEEP FED TREA'rED AND UNTREATED STRAW 
. a Diets 

Straw Straw Ammoniated Urea 
Component (control) + urea straw treated straw 

Ruminal fluid pHc 6.92 7 .13 7.00 7.00 

. ·a /dldef Rum1nal flu1 NH 3-N, mg 7.88 40.72 25.38 15.67 

Blood urea-N, mg/dlde 4.92 16.50 8.45 7.41 

aEach value represents the average of six animals except straw + urea treatment that 
represents the average of five. 

b Standard error of means. 
cControl differs from other diets (P< .05). 
dcontrol differs from other diets (P< .Oll. 
eUrea supplemented vs ammoniated straw and urea treated straw di f~er ( P < . 01). 
f Ammoniated straw v~ urea treated straw differ ( P < • 01). 

S.E. b 

.04 

2.34 

.84 



Blood urea-N followed a similar trend as ruminal NH 3 -N, a 

relationship which has been observed previously (Abou Akkada 

and Osurnan, 1967). 

The lambs fed the straw supplemented with urea had the 

highest ruminal fluid NH3-N which is quickly absorbed from 

the rumen walls and enters the blood stream as blood ammonia 

and is converted to urea in the liver. Blood urea is in part 

recycled in the rumen, but much of it is excreted in the 

urine. 

The total VFA were low and similar (P>.05) for lambs fed 

the different diets (table 9). Molar proportions of VFA 

showed only small changes due to treatment (P>.05), in 

agreement with the results reported by Horton (1978). The 

high proportion of acetic acid in lambs fed all the diets is 

typical of a high roughage diet (Preston and Leng, 1984). 
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TABLE 9. RUMEN FLUID VOLATILE FATTY ACID CONCENTRATIONS IN 
SHEEP FED TREATED AND UNTREATED STRAW 

Item 

Total, µ moles/ml 

Moles/100 moles 

Acetic 

Propionic 

Isobutyric 

. b Buter1c 

Isovalericc 

Valerie 

Straw 

64.40 

72. 73 

20.01 

0.36 

6.30 

0. 31 

.28 

-
Dietsa 

Straw Ammoniated 
+ urea straw 

69.90 67.19 

70.27 74.15 

20.49 17.25 

0.46 • 34 

8.01 7.60 

0.34 0.12 

0.43 0.40 

aEach value represents the average of six animals 
treatment represents the average of five animals. 

b Standard error of means. 

cControl differs from other diets (P< .05). 

Urea 
treated straw 

66.42 

70.70 

21.18 

.45 

6.95 

0. 41 

0.30 

except straw + urea 

dAmmoniated straw vs urea treated straw differ (P< .05). 

S.E. b 

5.44 

1.13 

0.03 

0.42 

0.03 

0.31 

5.44 



CONCLUSIONS 

In vitro and in vivo results indicate that aqueous ammonia 

can improve the nutritional value of wheat straw in terms of 

digestibility and crude protein content. Aqueous ammonia and 

urea treatments reduced NDF and hemicellulose. 

With both sources of ammonia, crude protein content in-

creased three fold. Urea treatment was less effective in 

improving DM digestibility. 

Urea at feeding time did not increase digestibility, and 

the very high N excretion in the urine of this group indi-

cates that the N is not used as efficiently as in treated 

straw. 

The results of this experiment confirm that in vitro tech-

nique is valid for assessing the effect of ammonia and urea 

treatments on digestibility of wheat straw. 

Further information is still needed, particularly in the 

following areas: the conditions which promote optimum 

utilization of the nitrogen for microbial synthesis; the ef-

fectiveness of the urea treatments during the warm season; 

the level of urea; the need for urease and the performance 

of animals given urea-treated straw alone or with some sup-

plements. 
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SUMMARY 

An experiment was conducted to study changes in straw re-

sulting from treating with NH3 and urea, and the utilization 

by sheep of straw fed alone or supplemented with urea or fed 

straw treated with NH3 and urea. The straw, packed in small 

rectangular bales was treated with 3% aqueous ammonia or with 

5.3%, dry basis, urea plus jackbean meal as a urease source; 

control straw was not treated. The chemical solutions were 

applied with a garden watering can, and the moisture content 

of the straw was raised to 40%. The mean temperature during 

the first 4 wk following treatment was 11.2 C. Ammonia and 

urea treatments reduced the hemicellulose content from 31.8% 

in the untreated straw to 23.7% for ammonia, and 23.04% for 

urea treatment; NDF content was reduced from 85.66% to 75.76% 

and 76.63%, respectively. 

The effect of location of the bales in the stack was 

studied. It was observed that the bottom layers of both 

stacks, which were highest in moisture, had the highest CP 

and in vitro dry matter digestibility (IVDMD). On the av-

erage, the CP content of the straw was tripled by ammonia and 

urea treatments. 

A metabolism trial was conducted with 24 male sheep, with 

an average weight of 32 kg. The lambs were blocked according 

to weight, and the four lambs within each block were allo-

cated at random to the different diets: (1) untreated straw, 
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(2) untreated straw plus 20 q/d of urea, (3) ammonia-treated 

straw, and (4) urea-treated straw. The diets included 600 q 

DM from straw, 80 q of liquid molasses, 10 q of NaCl and 6 q 

of Naz S04 • Diets 2, 3, and 4 were calculated to be 

isonitroqenous. 

In vivo dry matter diqestibility was increased by urea or 

NH3 treatment. Urinary N excretion was lower (P<.01) and N 

retention was hiqher (P<.01) for the lambs fed the treated 

straw, compared to urea supplementation, ~eflecting hiqher 

efficiency of N utilization. 

Ruminal pH values were about 7 for all diets; however, the 

value for the control qroup was lowest (P<.05). The average 

concentration and molar proportion of VFA were similar 

(P>.05) amonq the lambs fed the differents diets. 

Ruminal ammonia concentration and blood urea N, both fol-

lowed a similar trend, and were hiqher (P<. 05) for lambs 

supplemented with urea, compared to lambs fed the treated 

straw. 

56 



LITERATURE CITED 

Abidin, Z. and T. J. Kempton. 1981. Effects of treatment of 
barley straw with anhydrous ammonia and supplementation 
with heat-treated protein meal on feed intake and live 
weight performance of growing lambs. Anim. Feed Sci. 
Technol. 6:145. 

Abou Akkada, A. R. and H. E. S. Osman. 1967. The use of 
ruminal ammonia and blood urea as in index of the 
nutritive value of protein in some food-stuffs. J. Agric. 
Sci.(Camb). 69:25. 

Alibes, X., F. Munoz and R. Faci. 1983. Treated straw for 
animal feeding. Some results from the mediterranean area. 
Anim. Feed Sci. Technol. 10:239. 

A O A C. 1980. Official Methods of Analysis (13th Ed.). 
Assoc. of Official Anal. Chem., Washington, D.C. 

Azim, A. and A. Ali. 1985. Studies on the natural urease ac-
tivity in various substances. In: Proc of the Third Anim. 
Sci. Congress of the Asian-Australasian Assoc. of Anim. 
Prod. Soc. pp 755-757. Seoul, Korea. 

Beecher, G. P. and B. K. Whitten. 1970. Ammonia determi-
nation: Reagent modification and intering compounds. Anal. 
Biochem. 36:243. 

Bloomfield, R. A., E. 0. Kearly, D. 0. Creach and M. E. Maher. 
1963. Ruminal pH and absorption of ammonia and VFA. J. 
Anim. Sci. 22:833 (Abstr.). 

Borhami, B. E. A., F. Sundstol. 1982. Studies on ammonia-
treated straw. I. The effects of type and level of ammo-
nia, moisture content and treatment time on the 
digestibility in vitro and enzyme soluble organic matter 
of oat straw. Anim. Feed Sci. Technol. 7:45. 

Borhami, B. E. A., F. Sundstol and T. H. Garmo. 1982. Studies 
on ammonia-treated straw. II. Fixation of ammonia treated 
straw by spraying with acids. Anim. Feed Sci. Technol. 
7:53. 

Briggs, H. M. and W. D. Gallup. 1949. Metabolism stalls for 
wethers and steers. J. Anim. Sci. 8:479. 

Campling, R. C., M. Freer and C. C. Balch. 1962. Factors af-
fecting the voluntary intake of food by cows. 3. The ef-

57 



feet of urea on voluntary intake of oat straw. Brit. J. 
Nutr. 16:115. 

Camplinq, R. C.- and M. Freer. 1966. Factors affectinq the 
voluntary intake of food by cows. 8. Experiments with 
qround, pellet rouqhaqes. Brit. J. Nutr. 20:229. 

Chalupa, W. 1968. Problems in feedinq urea to ruminants. J. 
Anim. Sci. 27:207. 

Chalupa, W. 1972. Metabolic aspects of non-protein-nitroqen 
utilization in ruminant animals. Fed. Proc. 31:1152. 

Cloete, S~ W. P., T. T. De Villiers and N. M. Kritzinqer. 
1983. The effect of ammoniation by urea on the nutritive 
value of wheat straw for sheep. South. African. J. Anim. 
Sci . 13 : 143 . 

Cloete, S. W. P. and N. M. Kritzinqer. 1985. A laboratory 
assessment of various treatment conditions affectinq the 
ammoniation of wheat straw by urea. 1. The effect of tem-
perature, moisture level and treatment period. South. 
African. J. Anim. Sci. 14:55. 

Conrad, H. R. and J. W. Hibbs. 1968. Nitroqen utilization by 
the ruminant. Appreciation of its nutritive value. J. 
Dairy Sci. 51:276. 

Coulombe, J. J. and L. Favreau. 1963. A new semi-micro method 
for colorimetric determination of urea. Clin. Chem. 9:102. 

Coxworth, E. and P. Kullman. 1978. Improvinq the feedinq 
value of straw and other foraqes by the use of ammonia 
released from urea by the action of an urease enzyme. 
Saskatchewan Research Council C 78-7. 

Creek, M. J., T. J. Barker and W. A. Harqus. 1983. An evalu-
ation of the use of anhydrous ammonia to treat rice straw. 
Food and Aqric. Orqaniz. of Un, UNDP/FAO Beef Industry 
Development Project EGY1821007, field document No. 7. 

Dias-Da-Silva, A. A. and F. Sundstol. 1986. Urea as a source 
of ammonia for improvinq the nutritive value of wheat 
straw. Anim. Feed Sci. Technol. 14:67. 

Dolberq, F., M. Saadullah, M. Haque and R. Ahmed. 1981. 
Storaqe of urea-treated straw usinq indiqenous material. 
World Anim. Rev. 38:37. 

Doyle, P. T. and G. R. Pearce. 1985. Processinq methods to 
improve nutritive value of rice straw. In: Proc. of the 

58 



Third Anim. Sci. Congress of the Asian-Australasian Assoc 
of Anim. Prod. pp 82-98. Seoul, Korea. 

Elliott, R. and D. G. Armstrong. 1982. The effect of urea and 
urea plus sodium sulphate on microbial protein production 
in the rumen of sheep given diets high in alkali-treated 
barley straw. J. Agric. Sci. (Camb). 99:51. 

Erwin, E. S., G. J. Marco and E. M. Emory. 1961. Volatile 
fatty acid analysis of blood and rumen fluid by gas 
chromatography. J. Dairy Sci. 44:1768. 

Faulkner, D. B., G. L. Llamas, J. K. Ward and T. J. 
Klopfenstein. 1985. Improving the intake and nutritive 
value of wheat straw for beef cows. Anim. Feed Sci. 
Technol. 12:125. 

Hadj ipanayiotou, M. 1982. The effect of ammoniation using 
urea on the intake and nutritive value of chopped barley 
straw. Grass Forage Sci. 37:89. 

Helmer, L. G. and E. E. Bartley. 1971. Progress in the 
utilization of urea as a protein replacer for ruminants. 
A review. J. Dairy Sci. 54:25. 

Herrera-Saldana, R., D. C. Church and R. 0. Kellems. 1982. 
The effect of ammoniation treatment on intake and 
nutritive value of wheat straw. J. Anim. Sci. 54:603. 

Horton, G. M. J. 1978. The intake and digestibility of 
ammoniated cereal straws by cattle. Can. J. Anim. Sci. 
58:471. 

Horton, G. M. J. 1979. Feeding value of rations containing 
nonprotein nitrogen or natural protein and of ammoniated 
straw for beef cattle. J. Anim. Sci. 48:38. 

Horton, G. M. J. and G. M. Steacy. 1979. Effect of anhydrous 
ammonia treatment on the intake and digestibility of 
cereal straws by steers. J. Anim. Sci. 48:1239. 

Horton, G. M. J. 1981. Composition and digestibility of cell 
wall components in cereal straws after treatment with 
anhydrous ammonia. Can. J. Anim. Sci. 61:1059. 

Ibbotson, C. F. 1983. The effectiveness of urea as a source 
of ammonia for increasing the digestibility of straw. 
Anim. Prod. 36:538 (Abstr. 

Ibbotson, C. F., R. Mansbridge and A. H. Adamson. 1984. Com-
mercial experience of treating straw with ammonia. Anim. 
Feed Sci. Technol. 10:228. 

59 



Ibrahim, M. N. M. and G. R. Pearce. 1983. Effects of chemical 
pretreatments on the composition and in vitro 
digestibility of crop by-products. Agr. Wastes 5:135. 

Ibrahim, M. N. M. and J. B. Schiere. 1985. Practical aspects 
of urea-ammonia treatment of rice straw at farm level. In: 
M. Wanapat and C. Devendra (Ed.) Relevance of Crop Resi-
dues as Animal Feeds in Developing Countries. pp 339-347. 
Funny Press, Bangkok. 

Jayasuriya, M. C. N. and H. G. D. Perera. 1982. Urea-ammonia 
treatment of rice straw to improve its nutritive value for 
ruminants. Agric. Wastes 4:143. 

Jayasuriya, M. C. N. and G. R. Pearce. 1983. The effect of 
urease enzyme on treatment time and the nutritive value 
of straw treated with ammonia as urea. Anim. Feed Technol. 
8: 271. 

Kellogg, D. W. and F. G. Owen. 1969. Relation of ration 
sucrose level and grain content to lactation performance 
and rumen fermentation. J. Dairy Sci. 52:657. 

Kernan, J. A., W. L. Crowle, D. T. Spurr and E. C. Coxworth. 
1979. Straw quality of cereal cultivars before and after 
treatment with anhydrous ammonia. Can. J. Anim. Sci. 
59: 511. 

Kernan, J. A., E. C. Coxworth and D. T. Spurr. 1981. New crop 
residues and for ages for Western Canada: assessment of 
feeding value in vitro and response to ammonia treatment. 
Anim. Feed Sci. Technol. 6:257. 

Kiangi, E. M. I., J. A. Kategile and F. Sundstol. 1981. Dif-
ferent sources of ammonia for improving the nutritive 
value of low quality roughages. Anim. Feed Sci. Technol. 
6:377. 

Klopfenstein, T. and F. G. Owen. 1981. Value and potential 
use of crop residues and by-products in dairy rations. J. 
Dairy Sci. 64:1250. 

Lawlor, M. J. and J. O'Shea. 1979. The effect of ammoniation 
on the intake and nutritive value of straw. Anim. Feed 
Sci. Technol. 4:169. 

Maynard, L. A., J. K. Loosli, H. F. Hintz and R. G. Warner. 
1979. Animal Nutrition. Seventh Edition. Mc. Graw-Hill. 
New York. pp 165-167. 

Mbatya, P. B. A. 1983. Methods of improving the utilization 
of cereal straw by ruminants. III. A note on the effect 

60 



of ensilinq straw treated with urea. Anim. Feed Sci. 
Technol. 9:181. 

Mbatya, P. B. A., M. Kay, R. I. Smart and S. Kennedy. 1985. 
Methods of improvinq the utilization of cereal straw by 
ruminants. V. The effect of molasses and dried qr ass. 
Anim. Feed Sci. Technol.. 13: 293. 

Martin, R. J. Jr. and J. M. Winq. 1966. Effect of molasses 
level on digestibility of a hiqh concentrate ration and 
on molar proportions of volatile fatty acids produced in 
the rumen of dairy steers. J. Dairy Sci. 49:846. 

Mehrez, A. Z. and E. R. Orskov. 1976. Rates of rumen 
fermentation in relation to ammonia concentration. Proc. 
Nutr. Soc. 35:40 (Abstr.) 

Mehrez, A. Z., E. R. Orskov and I. McDonald. 1977. Rates of 
rumen fermentation in relation to ammonia concentration. 
Brit. J. Nutr. 38:447. 

Mira, J. J. F., M. Kay and E. A. Hunter. 1983. Treatment of 
barley straw with urea or anhydrous ammonia for qrowinq 
cattle. Anim. Prod. 36:271. 

, Nikolaeva, L. I. 1938. Ammonium hydroxide treatment of straw. 
Problems Animal Husbandry (USSR), 7 (3):175. (Via Chem. 
Abstr. 35:817, 1941). 

NRC. 1984. Nutrient Requirements of Domestic Animals. Nutri-
ent Requirements of Beef Cattle. Sixth Revised Ed. Na-
tional Academy of Sciences. National Research Council, 
Washinqton, DC. 

NRC. 1985. Ruminant Nitroqen Usage. National Academy of Sci-
ences. National Research Council, Washinqton, DC. 

Orskov, E. R., G. W. Reid, S. M. Holland, C. A. G. Tait and 
N. H. Lee. 1983. The feedinq value for ruminants of straw 
and whole-crop barley and oats treated with anhydrous or 
aqueous ammonia or urea. Anim. Feed Sci. Technol. 8:247 

Preston, T. R. 1972. Molasses as an enerqy source for cattle. 
World Rev. Nutr. Diet. 17:250. 

Preston, T. R. 1982. A strateqy for the efficient utilization 
of crop residues and aqro-industrial by-products in animal 
production based on their nutritional constraints. Proc. 
of the FAO/ILCA Workshop Dakar, Seneqal. pp 29-47. FAQ 
Publication, Rome, Italy. 

61 



Preston, T. R., A. Elias, M. B. Willis and T. M. Sutherland. 
1967. Intensive beef production from molasses and urea. 
Nature (London) 216:721. 

Preston, T. R. and M. B. Willis. 1970. Intensive Beef Pro-
duction. Pergamon Press, Oxford. 

Preston, T. R. and R. A. Lenq. 1984. Supplementation of diets 
based on fibrous residues and by-products. In: F. 
Sundstold and E. Owen (Ed.) Straw and Other Fibrous By-
products as Feed. pp 373-413. Elseviers, Amsterdam. 

Pritchard, R. H. and J. R. Males. 1985. Effect of crude pro-
tein and ruminal ammonia-N on diqestibili t¥ and ruminal 
outflow in beef cattle fed wheat straw. J. Anim. Sci. 
60:822. 

Promma, S., S. Tueykampee and N. Witayakorn. 1982. Effects 
of feedinq treated rice straw as a main rouqhaqe on cross 
bred Holstein Friesian heifers. proc. 20th Natl. Conf. 
Aqric. Biol. Sci., Kasetsart Univ., Banqkok. 

Reyes, Y. 1974. Post-ruminal digestion by cattle fed on a 
foraqe basal diet. Influence of molasses supplementation. 
Cub. J. Aqric. Sci. (2) 8:167. 

Roffler, R. E. and L. D. Satter. 1975. Relationship between 
ruminal ammonia and non-protein ni troqen utilization by 
Ruminants. I. Development of a model for predicting non-
protein ni troqen utilization by cattle. J. Dairy Sci. 
58:1880. 

Rotz, C. A., R. J. Davis and J. W. Thomas. 1985. Anhydrous 
ammonia for preservation of alfalfa hay. In: Foraqes the 
Keystone of Agriculture. Proc. Foraqe and Grassland Con-
ference. pp 274-278. American Foraqe and Grassland Coun-
cil, Lexington, KY. 

Rowe, J. B., M. L. Loughnan, J. v. Nolan and R. A. Lenq. 1979. 
Secondary fermentation in the rumen of a sheep qi ven a 
diet based on molasses. Brit. J. Nutr. 41:393. 

Saadullah, M., M Haque and F. Dolberq. 1980. Treatment rice 
straw with animal urine. Trop. Anim. Prod. 5:273. 

Saadullah, M., M. Haque and F. Dolberq. 198la. Effectiveness 
of ammonification throuqh urea in improving the feedinq 
value of rice straw in ruminants. Trop. Anim. Prod. 6:30. 

Saadullah, M., M. Haque and F. Dolberq. 1981b. Treated and 
untreated rice straw for qrowinq cattle. Trop. Anim. 
Prod. 7:20. 

62 



Saadullah, M. 1985. Supplementing urea-treated rice straw for 
native cattle in Bangladesh. In: M. Wanapat and C. 
Devendra (Ed.) Relevance of Crop Residues as Animal Feeds 
in Developing Countries. pp 315-323. Funny Press, Bangkok. 

SAS. 1982. SAS User's Guide. Statistical Analysis System In-
stitute, Inc., Cary, NC. 

Satter, L. D. and L. L. Slyter. 1974. Effect of ammonia con-
centration on rumen microbial protein production in vitro. 
Brit. J. Nutr. 32:199. 

Schiere, J. B., M. N. M. Ibrahim and A. de Rond. 1985. 
Supplementation of urea-treated rice straw. In: M. 
Wanapat and C. Devendra (Ed.) Relevance of Crop Residues 
as Animal Feeds in Developing Countries. pp 273-279. Funny 
Press, Bangkok. 

Solaiman, S. G., G. W. Horn and F. N. Owens. 1979. Ammonium 
hydroxide treatment of wheat straw. J. Anim. Sci. 49:802. 

Sudana, I. B. 1985. Urea-molasses block for growing lambs on 
wheat straw basal diet. In: Proc. of the Third Anim. Sci. 
Congress of the Asian-Australian Assoc. of Anim. Prod. 
Soc. pp 836-838. Seoul, Korea. 

Sundstol, F., E. Coxworth and D. N. Mowat. 1978. Improving 
the nutritive value of straw and other low-quality 
roughages by treatment with ammonia. World Anim. Rev. 
26:13. 

Sundstol, F., A. N. Said and J. Arnason. 1979. Factors in-
fluencing the effect of chemical treatment on the 
nutritive value of straw. Acta Agric. Scand. 29:179. 

Sundstol, F. 1984. Ammonia treatment of straw: methods for 
treatment and feeding experience in Norway. Anim. Feed 
Sci. Technol. 10:173. 

Sundstol, F. and E. Coxworth. 1984. Ammonia treatment. In: 
Straw and Other Fibrous By-products as Feed. F. Sundstol 
and E. Owen (Ed.) pp 196-247. Elseviers, Amsterdam. 

Sundstol, F. 1985. Recent advances in development and utili-
zation of chemically treated low quality roughages. In: 
M. Wanapat and C. Devendra (Ed.) Relevance of Crop Resi-
dues as Animal Feeds in Developing Countries. pp 121-132. 
Funny Press, Bangkok. 

Thomas, W. E., J. K. Loosli, H. H. Williams and L.A. Maynard. 
1951. The utilization of inorganic sulfates and urea ni-
trogen by lambs. J. Nutr. 43:515. 

63 



Tilley, J. M. A. and R. A. Terry. 1963. A two-stage technique 
for the in vitro digestion of for age crops. J. Brit. 
Grassl. Soc. 18:104. 

Van der Merwe, B. K .. 1976. Animal feed material. Chem. Abstr. 
87:20898y. 

Van Soest, P. J. 1963. The use of detergents in the analysis 
of fibrous feeds. II. A rapid method for the determination 
of fiber and lignin. J. Assoc. Off. Agric. Chem. 46:829. 

Van Soest, P. J. and R. H. Wine. 1967. Use of detergents in 
the analysis of fibrous feeds. IV. Determination of plant 
cell wall constituents. J. Assoc. Off. Agric. Chem. 
50:50. 

Van Soest, P. J. and R. H. Wine. 1968. Determination of 
lignin and cellulose in acid detergent fiber with 
permanganate. J. Assoc. Off. Agric. Chem. 50:50. 

Van Soest, P. J. and M. I. McBurney. 1985. Problems evaluat-
ing the nutritive values of treated straws. In: Proc. of 
the Third Anim. Sci. Congress of the Asian-Australian 
Assoc. of Anim. Prod. Soc. pp 310-318. Seoul, Korea. 

Verma, M. L. 1981. Practical aspects of treatment of crop 
residues. Proceedings of the Australian-Asian Workshop 
on Utilization of Fibrous. Residues, Los Banos, 
Philippines. pp 345-354. 

Verma, M. L. and M. G. Jackson. 1984. Straw etc. in practical 
rations for cattle and buffalos. With special reference 
to developing countries. In: F. Sundstol and E. Owen. 
{Ed. ) Straw and Other Fibrous By-products as Feed. pp 
414-430. Elseviers. Amsterdam. 

Waagepetersen, J. and K. Vestergaard Thomsen. 1977. Effect 
on digestibility and nitrogen content of barley straw of 
different ammonia treatment. Anim. Feed Sci. Technol. 
2: 131. 

Waiss, A. C. Jr., J. Guggolz, G. O. Kohler, H. G. Walker Jr. 
and W. N. Garrett. 1972. Improving digestibility of 
straws for ruminant feed by aqueous ammonia. J. Anim. Sci. 
35:109. 

Wanapat, M. 1985. Improving rice straw quality as ruminant 
feed by urea-treatment in Thailand. In: M. Wanapat and 
C. Devendra {Ed.) Relevance of Crop Residues as Animal 
Feeds in Developing Countries. pp 147-153. Funny Press, 
Bangkok. 

64 



Wanapat, M., F. Sundstol and T. H. Garmo. 1985. A comparison 
of alkali treatment methods to improve the nutritive value 
of straw. I. Digestibility and metabolizability. Anim. 
Feed Sci. Technol 12:295. 

Williams, P. E. V. and G. M. Innes. 1983. Factors affecting 
the hydrolysis of urea when applied to barley straw. Brit. 
Soc. Anim. Prod. Winter Meeting, Paper no 36. 

Williams, P. E. V .. 1984. Digestibility studies on ammonia-
treated straw. Anim. Feed Sci. Technol. 10:213. 

Williams, P. E. V., G. M. Innes and A. Brewer. 1984. Ammonia 
treatment of straw via the hydrolysis of urea. 1. Effects 
of dry matter and urea concentrations on the rate of 
hydrolysis of urea. Anim. Feed Sci. Technol. 11:103. 

Zorrilla-Rios, J., F. N. Owens, G. W. Horn and R. W. McNew. 
1985. Effect of ammoniation of wheat straw on performance 
and digestion kinetics in cattle. J. Anim. Sci. 60:814. 

Zorrilla-Rios, J., G. W. Horn, W. A. Phillips and M. A. 
Worthington. 1986a. Value of protein in ammoniated straw 
for growing steers. Okla. Agr. Exp. Sta. Anim. Sci. Res. 
Rep. MP-118:222. 

Zorrilla-Rios, J., G. W. Horn, M. A. Andersen and G. J. 
Vogel. 1986b. Ruminal fill of steers fed untreated and 
ammoniated wheat straw. Okla. Agr. Exp. Sta. Anim. Sci. 
Res. Rep. MP-118:229. 

65 



The vita has been removed from 
the scanned document 



AMMONIA AND UREA TREATMENT OF WHEAT STRAW FOR FEEDING TO 

RUMINANTS 

by 

Eduardo Gallo Llorente 

J. P. Fontenot, Chairman 

Animal Science 

(ABSTRACT) 

The effect of treatment with 3% aqueous ammonia and 5.3% 

urea plus jackbean meal on the nutritive value of wheat straw 

was investigated. The moisture content of the straw was 

raised to 40% by addition of water. Crude protein and in 

vitro dry matter digestibility were highest for the bottom 

layers, which had the highest moisture. The mean temperature 

during the first 4 wk post treatment was 11.2 C. Four diets 

were fed to sheep: untreated straw 1) alone or 2) with 20 

g/d urea at feeding time 3) ammonia-treated straw, and 4) 

urea-treated straw. All diets contained 80 g of liquid 

molasses, 10 g of NaCl and 6 g of Na 2 S04, and were calculated 

to be isonitrogenous except the control diet (untreated straw 

without urea supplementation). Straw was chopped prior to 

feeding. Crude protein content in wheat straw was tripled 

by ammonia and urea treatment. Dry matter digestibility in 

vivo and in vitro was enhanced by ammonia and urea treat-

ment, and the effect was higher for ammonia treatment. 

Digestibilities of cell wall constituents were higher 



(P<.05) for ammonia treated straw, compared to urea-treated 

straw. 

Urinary N excretion was considerably lower (P<.01) and N 

retention was higher (P~.01) for lambs fed treated straws, 

compared to those fed urea at feeding time. Ruminal NH3-N 

and blood urea concentrations were higher (P<.01) for the 

lambs fed urea at feeding time, compared to lambs fed the 

others diets. 
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