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The effect of ammoniation treatment on the nutritive value of

wheat straw was studied in three digestion trials.

An in vitro digestion trial was carried out using wheat straw (WS)

treated with anhydrous ammonia (NH3, saturated), WS treated with

ammonium hydroxide (NH4OH, 5 g ammonium/100 g WS dry matter), and

untreated WS. Treated straws were stored in a heated room at 29 C

for 21 days. Crude protein (CP) content and in vitro dry matter

digestibility (IVDMD) were increased (P<.05) as follows: 3.6 to 9.8%,

13.8 to 31.8%; 3.6 to 11.0%, 13.8 to 32.9%, respectively, for NH3 and

NH
4
OH treatments. Cottonseed meal and urea were added to untreated

and treated straws so that the CP level was increased to 13.0%. The

addition of these nitrogenous sources increased (P<.05) IVDMD in all

the treatment preparations, but cottonseed meal resulted in higher

IVDMD (P<.05) than that produced by the addition or urea.

An in vivo digestion trial with sheep was conducted using WS

treated with NH
3
under ambient conditions (mean temperature 6 C for



44 days). Anhydrous amonia was injected into a stack made of 52

bales (50 g NH3/kg of WS) of WS which was covered with polyethylene

(.40 mm in thickness). Crude protein content of the WS was in-

creased (P<.05) from 3.6 to 8.1%). Five crossbred wether lambs

(average weight 35 kg) were alloted to each of the following treat-

ments: 1) untreated WS + feather meal (FM) (7.9% CP); 2) NH3 -

treated WS (8.1% CP); 3) untreated WS + FM (13.5% CP); and 4) NH3 -

treated WS + FM (12.1% CP). In this trial treatment 1 was compared

against treatment 2 and treatment 3 compared against treatment 4.

Apparent DM and CP digestibilities were higher (P<.05) for treatments 1

than treatment 2. A significant difference (P<.05) in apparent DM

digestibility was also found between treatment 3 and 4. Crude protein

digestibility was higher (P<.05) in treatment 3 than in 4, acid

detergent fiber digestibility was higher (P<.05) in diets containing

treated WS, but digestion coefficients for organic matter, gross

energy and lignin were not different (P>.05), nor did nitrogen reten-

tion differ (P>.05) among treatments.

The effect of ammoniation treatment on the intake and nutritive

value of WS was studied in a three period in vivo digestion trial using

steers. This trial utilized the treated WS remaining after the previous

in vivo digestion trial with sheep. Six beef type steers (average

weight 288 kg) were randomly allotted into three groups (two animals

per group) to evaluate the following diets: 1) ammoniated WS (NH3 +

WS); 2) untreated WS (WS); and 3) untreated WS plus feather meal

(WS + FM). Three 15-day periods were used to test the diets in a



3 X 3 modified latin square design in which animals were individually

fed. Ammoniation increased the crude protein (CP) content of WS from

3.6 to 8.1%. Voluntary intake of DM, organic matter, CP and gross

energy were improved (P<.05) by ammoniation treatment. Digestibility

coefficients for DM and organic matter were not different (P>.05)

among the diets, but apparent digestibilities of CP, acid detergent

fiber and gross energy were increased (P<.05) by ammoniation treat-

ment. Rumen volatile fatty acid concentrations and molar proportions

of individual fatty acids were not different (P>.05) among diets.

Plasma urea-nitrogen and ammonia-nitrogen concentrations were lower

on the WS diet (P<.05) than on the other diets.
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SUMMARY

2

Ammonification of wheat straw (WS) was evaluated using in vitro

and in vivo digestibility trials. The wheat straw used for the in

vitro trial was treated with either anhydrous ammonia (NH
3'

saturated) or ammonium hydroxide (NH4OH, 5 g ammonium hydroxide/100 g

WS). Both treated straws were stored at 29 C for 21 days. The crude

protein (CP) content and in vitro dry matter digestibility of treated

WS increased (P<.05) when compared with untreated WS, as follows:

3.6 to 9.8%, 13.8 to 31.8%; 3.6 to 11.0%, 13.8 to 32.9%, respectively,

for the NH
3

and NH
4
OH treatments. The WS for the in vivo trial was

treated with anhydrous ammonia (NH3) under ambient conditions (mean

temperature 6.1 C for 44 days) with 50 g NH3/kg of WS. Five crossbred

wether lambs (average weight 35 kg) were allotted to each of the

following treatments: 1) untreated WS + feather meal (FM) (7.9% CP);

2) NH3 treated WS (8.1% CP); 3) untreated WS + FM (13.5% CP); 4) NH3

treated WS + FM (12.1% CP). The daily CP intakes/head for treatments

1, 2, 3 and 4 were (g): 39.1, 38.0, 72.5 and 71.1, respectively. In

this trial, treatment 1 was compared against treatment 2 and treatment

3 against treatment 4. Apparent DM and CP digestibilities were

different (P<.05) for treatments 1 and 2 with coefficients of 48.9,

44.1; 52.5, 49.2%, respectively. A significant difference (P<05) in

apparent DM digestibility was also found between treatments 3 and 4,

with mean values of: 51.5 and 55.0%, respectively, for treatments 3
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and 4. Crude protein digestibility was higher (P<.05) in treatment

3 than in treatment 4, with coefficients of: 64.1 and 58.8%,

respectively. Acid detergent fiber (ADF) digestibility was higher

(P<.05) in diets containing treated WS, with mean values of: 45.2,

52.3, 46.5 and 52.5%, respectively for treatments 1, 2, 3, and 4.

Digestion coefficients for organic matter, gross energy and lignin

were not different (P>.05), nor did nitrogen retention differ (P>.05)

among treatments. These results suggest that treatment of WS with

NH
3
will improve digestibility of DM, CP and ADF, but supplemental

energy may be required to maximize utilization of the added nitrogen.

Key Words: Ammoniation, Digestibility, Sheep, Wheat Straw,

Anhydrous Ammonia, Ammonium Hydroxide.

INTRODUCTION

The enactment of rigorous air pollution laws restricting field-

burning of straws and the increasing cost of animal feeds have

renewed the interest for studying different chemical methods to

improve the nutritive value of low quality crop residues for rumi-

nants.

Cereal straws produced in large amounts in many countries

represent a vast underutilized source of carbohydrates. Numerous

chemical methods have been evaluated with the objective of increas-

ing digestibility of straws (Klopfenstein, 1978; Sundst01 et al.,

1978; Horton and Steacy, 1979; Rexen, 1979). Among them, the alkali

methods and the gaseous ammonia (NH3) method have shown the most
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promising results. The NH3 method has some advantages over the other

alkali methods in that it produces an increase in both digestibility

and crude protein (CP) content, it does not require dehydration of

the straw, after treatment and it can be carried out under farm con-

ditions (Horton, 1978).

It was, therefore, the objective of this study to evaluate the

effect of the ammoniation treatment on the in vitro and in vivo

digestibility of wheat straw in order to obtain addition evidence

on the value of this method of treating poor quality roughage.

MATERIALS AND METHODS

Trial 1. An in vitro dry matter digestibility trial was carried

out using wheat straw (WS) containing 90.4% dry matter (DM) and 3.6%

crude protein (CP). Samples of WS (approximately 450 g DM) were

placed in polyethylene bags and treated with either anhydrous ammonia

(NH3, saturation level) or ammonium hydroxide (NH4OH, 5 g ammonium/

100 g WS) and both were stored in a heated room (29 C for 21 days).

After ammoniation, the samples were chopped in a Wiley mill to an

average length of 2 mm. Dry matter and CP values for WS treated with

NH
3

and NH
4
OH were: 92.0, 9.8% and 89.0, 11.0%, respectively. Samples

of treated and untreated WS were combined with either cottonseed meal

(CSM) or urea (U), to increase the CP content of the samples to 13.0%

of the DM (Table 1). Untreated and unsupplemented WS was used as

negative control in the trial.
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A 2-year-old crossbred rumen fistulated steer was maintained on a

grass hay diet ad libitum plus 1.0 kg of liquid supplement containing

molasses and urea. Rumen fluid was obtained from this steer two hours

after feeding and was used for the in vitro work. Forty ml of 1:3

mixture of rumen liquid to medium solution (Goering and Van Soest,

1970), were added to a .5 g treatment preparation, flushed with CO2

and incubated at 39 C for 24 hours. After incubation each sample was

filtered through a preweighed Gooch crucible and dried at 100 C for

24 hours to determine the in vitro DM disappearance (IVDMD). The pH

of samples was measured in the liquid sample with a pH meter3 before

filtering.

A completely randomized design with 3 X 3 factorial arrangement

(three sources of ammonia, three supplemental sources of CP) of

treatments was utilized in this experiment. The results obtained

were evaluated statistically by use of a two-way analysis of variance

procedure. Means were compared by using the Student-Newman-Keul

procedure (Steel and Torrie, 1960).

Trial 2. The effect of the ammoniation treatment on the nutritive

value of WS was evaluated in a three phase in vivo digestion trial.

Two metric tons of WS of unknown variety were treated under ambient

conditions (mean temperature 6 C for 44 days) with 50 g of NH3/kg of

WS dry matter. The WS was treated according to the method described

by Sundst$l et al. (1978). A stack was made with 52 bales of straw

and covered with polyethylene .40 mm in thickness. Anhydrous ammonia

3
0rion pH meter (model 701 A). Orion Research Inc., Cambridge, Mass.
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was injected in the stack via a perforated 3.8 cm diameter PVC pipe

inserted three quarters of the way into the stack. After 44 days of

treatment the stack was opened and the excess of ammonia released for

five days. Treated and untreated WS were chopped in a hammer mill to

a length of about 2.5 centimeters. Four diets were formulated using

WS, ammoniated WS and feather meal (FM). These diets were as follows:

1) WS + FM (7.9% CP); 2) NH3 + WS (8.1% CP%; 3) WS + FM (13.5% CP);

4) NH3 + WS + FM (12.1% CP). Feather meal was included in the diets

to increase the CP content and to make them isonitrogenous. Feather

meal was chosen because of its practically nil content of fiber, which

allowed us to observe the effect of ammoniation on the digestibility of

fiber in WS. Ration number 1 was compared against ration number 2 and

ration number 3 against ration number 4. Twenty crossbred wether

lambs (average weight 35 kg) divided at random into four groups were

utilized to evaluate the diets. The animals were fed for 15-day adapta-

tion, 10-day preliminary and 10-day collection periods. Amount and

composition of the diets used in the trial as well as composition of

untreated WS are given in Table 2.

Lambs were housed in metabolism crates during preliminary and col-

lection periods. Fecal and urine samples were collected daily on an

individual basis, measured, and a 10% aliquot removed from feces and

a 5% aliquot removed from urine. Samples from feces and urine were

stored in a refrigerator at 4 C for later analysis. To minimize

urinary nitrogen losses, 5 ml of phosphoric acid were added to the

collection buckets each day.
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Total DM, organic matter (OM), CP, ash and ether extract (EE) of

samples of rations and feces and total urinary nitrogen were

determined by methods described in AOAC (1975). Acid detergent fiber

(ADF), acid detergent lignin (ADL) and acid insoluble ash (AIA) of

samples of diets and feces were determined using the method

described by Waldern (1971). Gross energy of the diets and feces

were determined using a Parr adiabatic oxygen bomb calorimeter.

A completely randomized design was used in this experiment. Data

obtained from the trial were evaluated statistically using a one-way

analysis of variance procedure. Means were compared by the Student-

Newman-Keul procedure (Steel and Torrie, 1960).

RESULTS AND DISCUSSION

Trial 1. As a result of the ammoniation treatment, the CP content

of WS was increased (P<.05) from 3.6% to 9.8% and 11.0% of the DM,

when treated with NH3 and NH4OH, respectively. The difference in CP

content between treated straws was probably a reflection of the higher

moisture content of the WS treated with NH4OH, which seems to be

related to a better bonding of the nitrogen by the WS (Waiss et al.,

1972; Harley and Jones, 1978; Sundstdl et al., 1978). However, the

difference was not statistically significant (P>.05).

Treatment with NH
3

and NH
4
OH increased (P<.05) the DM digestibi-

lity of WS 2.3 and 2.4 fold. These results agree with those of

Hartley and Jones (1978) and Soleiman et al. (1979), though the

increments obtained in the present study were slightly higher.
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Addition of CSM and urea as supplemental sources of CP, produced an

increase in DM digestibility of untreated and treated WS (Table 3).

Addition of CSM resulted in a higher (P<.05) DM digestibility than

that produced by the addition of urea; this effect may be due to the

energy present in the CSM, which may have stimulated a better response

from rumen microorganisms (Church, 1979). Dry matter digestibility

of WS treated with NH
3
or with NH

4
OH was higher (P<.05) than that

obtained with the addition of urea to the WS. This difference was

probably due to the effect of ammonia breaking down the bonds between

lignin and hemicellulose or cellulose (Klopfenstein, 1978).

The mean pH of samples measured prior and after digestion was

found to be approximately 7.0 (range 6.4 to 7.6) in all the samples.

Trial 2. Treatment of WS under ambient conditions with 5.0%

anhydrous ammonia increased the CP content from 3.6% to 8.1% of the

dry matter. A 44-day treatment period was used because of the low

temperatures recorded during the months of November and December in

the area (range -5.3 to 12.6 C). Waagepetersen and Vestergaard (1977)

and Horton (1978) reported that the effectiveness of the NH3-nitrogen

reaction with the straw declines as the temperature goes down, and

longer periods of treatment are required to improve the CP content

and DM digestibility.

During the ammoniation treatment, a change in the color of WS

from yellow to brownish was observed; this phenomenon has been ex-

palined by Schuerch and Davidson (1977) as a result of the oxidation



9

of phenol groups or condensation of the aldehydic fractions in sugars

with nitrogen base via the Maillard reaction.

Results from the in vivo digestion trial indicated that when

comparing diet 1 against diet 2, a significant increase (P<.05) in

apparent digestibility of DM and CP occurred when WS was treated with

NH
3

(Table 4). These results agree with those presented by Horton

(1978), Sundst01 et al. (1978) and Horton and Steacy (1979), and are

contrary to findings of Oji et al. (1977) using corn stover and

Garret et al. (1979) using rice straw who found no improvement in

apparent CP digestibility when these roughages were treated with

ammonia. When the level of CP was raised by the addition of more

FM in rations 3 and 4, ammoniation again produced a significant in-

crease (P<.05) in DM digestibility, although the main values obtained

were lower than expected. This may be due to the low amount of energy

in the diets which could act as a limiting factor in stimulating rumen

microorganisms to digest more DM (Horton, 1978; Church, 1979). With

regard to CP digestibility, increasing the amount of FM in diet 3

produced a higher (P<.05) CP digestibility than that obtained from

diet 4. This may be due to the quality of the CP from FM which was

probably utilized more efficiently in the digestive system than the

ammonia from treated WS (Church, 1979). It may also be possible

that not all of the NH
3

is available to rumen microorganisms, i.e.,

that some of it is tightly bound to organic compounds in the

straw.
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Mean values for acid detergent fiber digestibility were signifi-

cantly higher (P<.05) in the diets containing treated WS. Ammoniation

increased digestibility of the acid detergent fiber by 6.1 to 7.1

percentage units. This could have been a result of breaking down the

bonds between lignin and cellulose or hemicellulose. These results

agree with those obtained by Al-Rabbat and Heaney (1978), Horton (1979)

and Oji and Mowat (1979).

Digestion coefficients for organic matter and gross energy were

not different (P>.05) among treatments. Though there was always an

increase in digestibility in diets containing ammoniated WS, a high

degree of variability nullified any possibility of statistical sig-

nificance.

The digestion coefficients obtained for acid detergent lignin

were not significant (P>.05) and were surprisingly higher than ex-

pected. No clear explanation was found for these results. The

possibility of artifact lignin produced during drying of the samples

was discarded, since samples of feeds and feces were freeze-dried.

Similar results have been reported by other investigators (Gaillard

and Richards, 1975; Fahey et al., 1979; Fahey et al., 1980), but there

is no clear explanation for this phenomenon. The method utilized to

determine lignin, the composition and the amount of the diet fed, and

the type and age of the animals used in the experiment are some of the

factors that may influence the values of lignin digestibility.

These results suggest that treatment of WS with NH3 or NH4OH

increases the digestibility of DM, CP and ADF with resultant improvement



11

in nutritive value of WS for ruminants. The treatment method has

proven to be simple and should be easy to carry out under farm condi-

tions. Its feasibility ultimately will depend upon the cost of the

ammonia and the cost of alternate feedstuffs.



12

LITERATURE CITED

Al-Rabbat, M. F. and D. P. Heaney. 1978. The effect of anhydrous
ammonia treatment of wheat straw and steam cooking of aspen wood
on their feeding value and on ruminal microbial activity. I.

Feeding value assessments using sheep. Can. J. Anim. Sci. 58:
443.

AOAC. 1975. Official Methods of Analysis (12th Ed.). Association
of Official Agricultural Chemists, Washington, D.C.

Church, D. C., (ed.). 1979. Digestive Philosophy and Nutrition of
Ruminants. Vol. 2. Nutrition. (2nd Ed.). 0 & B Books, Inc.,
Corvallis, Oregon 97330.

Fahey, G. C., Jr., S. Y. Al-Haydari, F. C. Hinds and D. E. Short.
1980. Phenolic compounds in roughages and their fate in the
digestive system of sheep. J. Anim. Sci. 50:1165.

Fahey, G. C., Jr., G. A. McLaren and J. E. Williams. 1979. Lignin

digestibility by lambs fed both low quality and high quality
roughages. J. Anim. Sci. 48:941.

Gaillard, B. D. E. and G. N. Richards. 1975. Presence of soluble
lignin-carbohydrate complexes in the bovine rumen. Carbohydrate
Res. 42:135.

Garret, W. N., H. G. Walker, G. O. Kohler and M. R. Hart. 1979.

Response of ruminants to diets containing sodium hydroxide or
ammonia treated rice straw. J. Anim. Sci. 48:92.

Goering, H. K. and P. J. Van Soest. 1970. Forage Fiber Analyses.
Apparatus, Reagents, Procedures and Some Applications.
Agricultural Handbook No. 379. ARS, USDA.

Hartley, R. D. and E. C. Jones. 1978. Effect of aqueous ammonia and
other alkalis on the in vitro digestibility of barley straw.
J. Sci. Food Agri. 29:92.

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

Horton, G. M. J., H. H. Nicholson, D. A. Christensen and G. M. Steacy.
1979. Chemically treated wheat straw in finishing rations for
steers. Proc. Western Sec. A.S.A.S. 30:247.

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



13

Klopfenstein, T. J. 1978. Chemical treatment of crop residues. J.

Anim. Sci. 46:841.

Oji, U. I. and D. N. Mowat. 1979. Nutritive value of thermo-
ammoniated and steam-treated maize stover. I. Intake, digest-
ibility and nitrogen retention. Anim. Feed Sci. Technol.
4:177.

Oji, U. I., D. N. Mowat and J. E. Winch. 1977. Alkali treatment of
corn stover to increase nutritive value. J. Anim. Sci. 47:498.

Rexen, F. P. 1979. Low quality forage improves with alkali treat-
ment. Feedstuffs 51(42):33.

Schuerch, C. and R. W. Davidson. 1971. Plasticizing wood with
ammonia-control of color changes. J. Pol. Sci. Part C. 36:

231.

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

Steel, R. G. D. and J. H. Torrie. 1960. Principles and Procedures of
Statistics. McGraw-Hill Book Co., New York.

Sundst01, F., E. Coxwoth and D. N. Mowat. 1978. Improving the nutri-
tive value of wheat straw and other low-quality roughages by
treatment with ammonia. Wld. Anim. Prod. 26:13.

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

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

Waldern, D. E. 1971. A rapid micro-digestion procedure for neutral
and acid detergent fiber. Can. J. Anim. Sci. 51:67.



14

TABLE 1. IN VITRO CRUDE PROTEIN LEVELS WHEN USING
WS, WS TREATED WITH NH3 OR WS TREATED

WITH NH
4
OH AND SUPPLEMENTED WITH EITHER

COTTONSEED MEAL OR UREA'

protein sources
Sources of ammonia

WS (none) NH
3

NH
4
OH

None 3.6 9.8 11.0

CSM 13.0 13.0 13.0

Urea 13.0 13.0 13.0

'Crude protein expressed on a percent DM basis.
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TABLE 2. COMPOSITION OF WHEAT STRAW AND RATIONS FED TO THE LAMBS FOR
THE IN VIVO DIGESTIBILITY TRIAL

Item
WS

Rations
1

WS+FM
2 3

WS+NH
3

WS +FM

4

WS+NH
3
+FM

Dry matter, % 94.35 93.25 93.83 94.04 93.71

Composition (DM basis)

Crude protein, % 3.57 7.89 8.06 13.59 12.08

Acid detergent fiber, % 44.85 42.91 46.38 40.36 44.40

Acid detergent lignin, % 7.45 7.35 7.41 7.22 7.31

Ash, % 8.42 8.12 9.47 7.77 9.08

Ether extract, % 0.81 1.84 1.11 2.11 1.34

Gross energy, Mcal/kg 4.20 4.29 4.16 4.40 4.25

Crude protein intake/head/
day, g 39.10 38.00 72.50 71.60
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TABLE 3. EFFECT OF AMMONIATION ON IN VITRO DM DIGESTIBILITY
OF UNTREATED WS, WS TREATED WITH NH3 OR WS

TREATED WITH NH
4
OH SUPPLEMENTED WITH EITHER

COTTONSEED MEAL OR UREA

Supplemental Sources of ammonia*

protein sources WS (none) WS+NH
3

WS+NH
4
OH

None

CSM

Urea

13.8
b

'

x

36.4b'Y

28.9
b

'

z

31.8a'x

44.5a4

37.0a,z

32.9a'x

43.1a'Y

36.5a,z

Amounts with different indexes are significant (P<.05).
a,b = rows.
x,y,z = columns.
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TABLE 4. EFFECT OF AMMONIATION TREATMENT ON APPARENT
DIGESTIBILITY OF WS BY LAMBS

Mean digestibility, %

1 2 3 4

Item WS+FM WS+NH
3

SEM WS+FM WS+NH
3
+FM SEM

b
48.8DM 52.5a 1.32 51.52 55.0 Y 0.94

OM 49.7a 53.5a 2.69 53.2Y 56.4Y 1.99

b
44.1CP 49.2a 1.05 64.O' 58.82 1.14

b
45.2ADF 52.3a 1.63 46.52 52.5'' 1.23

ADL 11.9a 17.2a 2.37 23.6Y 15.4Y 2.89

GE 49.6a 52.4a 2.40 53.8Y 54.7Y 2.93

a'bAmounts in rows with different indexes are significant (P<.05).

z'YAmounts in rows with different indexes are significant (P<.05).
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SUMMARY

The effect of ammoniation treatment on the nutritive value of

wheat straw (WS) was studied in a three period in vivo digestion trial

using steers. Wheat straw was treated under ambient conditions (mean

temperature 6 C for 44 days) with 50 g NH3/kg of WS dry matter (DM).

Six beef type steers (average weight 288 kg) were randomly allotted

into three groups (two animals per group) to evaluate the following

diets: 1) ammoniated WS (NH3 + WS); 2) untreated WS (WS); 3) untreated

WS plus feather meal (WS + FM). Three 15-day periods were used to test

the diets in a 3 X 3 modified latin square design in which animals

were individually fed. Ammoniation increased the crude protein (CP)

content of WS from 3.6 to 8.1%. Voluntary intake of DM, organic matter

(OM), CP and gross energy (GE) were improved (P<.05) by ammoniation

treatment. Digestibility coefficients for DM and OM were not different

(P>.05) among the diets, but apparent CP, acid detergent fiber (ADF)

and GE digestibilities were increased (P <.05) by ammoniation treatment.

Volatile fatty acid concentrations and molar proportions of individual

fatty acids were not different (P>.05) among diets. Plasma urea-

nitrogen and ruminal ammonia-nitrogen concentrations were lower on the

WS diet (P<.05) than on the other diets. These results suggest that

treatment of WS with ammonia will improve its nutritive value, but

supplemental energy may be required to maximize utilization of added

nitrogen.

Key Words: Wheat Straw, Ammoniation, Feather Meal, Cattle,

Digestibility, Consumption.
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INTRODUCTION

In many areas of the world crop residues are apparently becoming

more important feedstuffs for ruminants as competition increases for

grains and the needs increased for high protein meals. The high

cellulose content of crop residues makes them a potential source of

energy for ruminants. However, the digestibility and crude protein

content of these fibrous materials are generally too low to meet the

maintenance requirements of livestock (NRC, 1976).

Numerous methods have been developed to improve the nutritive

value of low quality roughages. The use of chemical methods,

especially those using sodium hydroxide (NaOH) or anhydrous ammonia

(NH3) have produced the most promising results (Klopfenstein, 1978;

Horton, 1978; Rexen, 1979; Van Hoecke and Cottyn, 1979). However,

the NH
3
method has some advantages over the NaOH method in that

ammoniation increases both digestibility and crude protein content,

the procedure does not require a large capital investment, and it can

be carried out under farm conditions (Waiss et al., 1972; Sundst01 et

al., 1978).

It was, therefore, the objective of this study to evaluate with

steers the effect of the ammoniation treatment of wheat straw (WS) on

1) digestibility and consumption of treated WS; 2) ruminal production

of ammonia-nitrogen (NH3-N) and volatile fatty acids (VFA); and

3) plasma urea-nitrogen (PUN) levels.
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MATERIALS AND METHODS

The effect of the ammoniation treatment on the nutritive value of

WS was evaluated in a three period in vivo digestion trial in which

some ruminal parameters were also measured. On October 30, 1979, two

metric tons of WS of unknown variety were treated under ambient

conditions (mean temperature 6 C for 44 days). The WS was treated

according to the method described by Sundst01 et al. (1978). A stack

was made with 52 bales of straw and covered with polyethylene (.40 mm

in thickness). Anhydrous ammonia was injected, at a rate of 50 g

NH
3
/kg of WS dry matter (DM), into the stack via a perforated 3.8 cm

diameter PVC pipe inserted three quarters of the way into the stack.

After 44 days of reaction time, the stack was opened and the excess

ammonia released for five days. Treated and untreated WS were chopped

in a hammer mill to a length of about 2.5 centimeters. Three diets

were formulated using WS, ammoniated WS and feather meal (FM). These

diets were as follows: 1) NH3 + WS (6.43% CP); 2) WS (2.9% CP);

3) WS + FM (6.37% CP). Feather meal was added to diet 3 to increase

the CP content so it would be essentially isonitrogenous with diet 1.

Since the fiber content of FM is almost zero, we were able to observe

the effect of ammoniation on the fiber digestibility of WS. Chemical

composition of the diets are given in Table 1.

Six beef type steers (average weight 288 kg) were divided at

random into three groups of two animals each to evaluate the diets.

Steers were housed in pens with feeders equipped with electromagnetic

doors, so each animal had free access only to its own diet. Three
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15-day periods (12 days adaptation and three days collection) were

used in this trial. Diets were changed after each period, thus all

the animals received the three diets. Table 2 presents the distribu-

tion of the diets during the three periods. The diets were fed ad

libitum during the adaptation period and were restricted to 5% of

metabolic weight (Bq(9) during the collection period.

Samples of feces, rumen fluid and blood were collected two hours

after feeding during the three days of each collection period. Rumen

fluid was obtained via a stomach tube. Blood samples were withdrawn

from the jugular vein using vacuum tubes.

Samples of feeds and total fecal samples were freeze-dried for

72 hours, after which they were ground with a cyclone
4

mill to a

maximum particle length of about one millimeter. Dry matter, organic

matter (OM), crude protein (CP), and ether extract (EE) of feces and

feeds were determined by AOAC (1975) procedures. Acid detergent fiber

(ADF) and acid detergent lignin (ADL) were determined by the method of

Goering and Van Soest (1970) as modified by Waldern (1971). Gross

energy was determined using a Parr oxygen adiabatic bomb calorimeter.

Lignin was estimated by the potassium permanganate procedure (Waldern,

1971), and it was utilized as an internal indicator to determine the

apparent digestibility of the diets, using the lignin ratio technique

as described by Forbes and Garrigus (1948).

Rumen fluid samples (10 ml) were mixed with 2 ml of 25% meta-

phosphoric acid followed by centrifugation at 1,250 rpm for 20 minutes.

4
Model MS. UD. Corporation. Boulder, CO 80301.
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The NH
3
-N concentration was estimated using the aeration method

described by Hawk et al. (1954). Volatile fatty acids were determined

by using gas chromatography. Blood urea-nitrogen was estimated in the

plasma portion, using the method described by Natelson (1971).

A 3 X 3 modified latin square design (three gouprs of two animals

and three diets) was utilized to conduct this study. The results

obtained were analyzed by an analysis. of variance, considering the

following degrees of freedom for the sources of variation: treatment

2, period 2, animals 5 and error 8. Differences among means were

tested by using the Duncan Multiple Range test (Steel and Torrie,

1960).

RESULTS AND DISCUSSION

As a result of the ammoniation treatment (50 g NH3/kg of WS, DM

basis), only 28% of the total nitrogen from the ammonia injected into

the stack was found to the straw. These results agree with those

reported by Waagepetersen and Vestergaard Thomsen (1976) and Sundst01

et al. (1978), and are contrary to data reported by Oji et al. (1977)

and Lawlor and O'Shea (1979), who found more than 50% of the injected

ammonia attached to the straw. Ammoniation increased the CP content

of the WS 2.25 fold (from 3.6 to 8.1%). However, the ammonia bound to

the straw was not as tightly bound as expected, since at the time of

starting this study (four months after the stack was opened), the CP

content had decreased to 6.4%, resulting in a loss of 20%. This fact

indicates that the bonds between ammonia and straw in the so called
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"irreversibly" bound ammonia may be affected, in the long run, by

ambient factors such as wind, temperature and humidity.

The voluntary intake of the diets was estimated using the meta-

bolic weight (BW
.75

) of the animals, thus reducing the variability in
kg

concumption due to differences in body size. The voluntary consump-

tion of DM, OM, CP and GE.were improved (P<.01) by ammoniation

treatment of wheat straw (Table 3). Mean values for DM and OM intakes

were 11.6 and 7.7% higher (P<.01), respectively, than those for un-

treated wheat straw. Supplementation of FM to untreated WS also

increased the voluntary intake of DM and OM, but only in the case of

OM were the increases statistically significant (P<.01). Additions of

nitrogenous sources to diets high in poor quality roughages have often

produced an increase in DM consumption (Santos, 1979). Crude protein

and GE intakes were also improved (P<.05) by ammoniation or addition

of FM to the straw.

Ammoniation treatment failed to produce a significant (P<.05)

increase on the digestibility of DM and OM of wheat straw. These

results disagree with findings reported by Horton (1978) and Horton

and Steacy (1979). Though the digestibility values for DM and OM in

treated WS were consistently higher than those obtained in the other

two diets, a high degree of variability prevented statistical signi-

ficance (Table 4). Another factor that could also influence these

results was the fact that the lignin in the diets, which was utilized

as internal indicator, may have been digested to some extent, producing

the lower than expected digestion coefficients. In a previous study

with sheep, Herrera-Saldana et al. (1980) found that lignin from
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ammoniated and untreated WS was digested in a significant amount,

ranging from 12 to 23%. Similar findings have been reported by

Gaillard and Richards (1975) and Fahey et al. (1979, 1980). Morrison

(1974) has given a possible explanation to this phenomenon, postulat-

ing that at least three types of bonding may be present between lignin

and carbohydrates: namely, one cleaved on borohydride reduction,

another cleaved by alkali and a third type of linkage resistant to

alkali. The effect of the ammoniation treatment of WS may have broken

down the first two types of bonds, producing an increase in lignin

digestibility, but no clear explanation was found in the literature

for lignin digestibility in untreated wheat straw.

Digestion coefficients for CP were increased (P<.01) by treating

WS with ammonia. These results indicate that some of the nitrogen

bound to the straw was available and absorbed in the rumen. These

findings are similar to the results reported by Al-Rabbat and Heaney

(1978) and Horton et al. (1979), but contrary results have been

reported by Oji et al. (1977) and Garrett et al. (1979). Negative

digestion coefficients for CP were found when FM was added to untreated

wheat straw. This is difficult to explain in view of the increased

levels of rumen NH
3
and plasma urea-nitrogen which occurred (see

later paragraph).

Mean digestion coefficients for ADF and GE were also improved

(P<.05) by the ammoniation treatment. Values for ADF digestibility

in treated WS were 10.6% higher than the values obtained for untreated

WS. However, differences between treated WS and WS + FM were not
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significant (P>.05). This may suggest that even though the amount of

FM fed was small (152 g/head/day), it stimulated rumen microorganisms

to utilize more fiber.

GE digestibility of NH3-treated WS was increased (P<.05) 5.3 and

5.0 percentage units over the untreated WS and WS supplemented with

feather meal, respectively. Since a high correlation exists between

the level and digestibility of nitrogen and the GE digestibility in a

diet (Blaxter, 1962), the increase of GE digestibility in treated WS

could be a consequence of a higher amount of nitrogen and higher

digestibility of this nitrogen in the diet.

Total volatile fatty acid production was not different (P>.05)

among diets when WS was treated with NH3 or supplemented with feather

meal, and there were no differences in molar proportions of the

individual fatty acids (Table 5). These results suggest that the

addition of nitrogen to WS in the form of NH3 or FM was not enough to

produce an adequate rumen fermentation. The most likely explanation

is that the amount of readily available carbohydrates may have been

the limiting factor to obtain a higher production of VFA (Barry and

Johnstone, 1976).

Ruminal ammonia-nitrogen production was different (P<.05) among

diets. The amount of ammonia - nitrogen produced in all the diets was

higher than expected, and in all cases concentrations were > 5 mg /dl

which has been estimated to be the minimal concentration required to

have a maximal rate of microbial protein synthesis in steers (Roffler

et al., 1976). However, in the present study the small amounts of
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energy in the diets may have been too low to allow rumen microorganisms

to make efficient use of the nitrogen.

Plasma urea-nitrogen concentrations were different (P<.05) among

the diets, but the values obtained were lower than those reported by

Horton et al. (1979). In the present study samples of blood were

taken only once per day, and it could be possible that when the samples

were taken the plasma urea-nitrogen level was at its lowest level.

The high values for ammonia-nitrogen concentration in the ammoni-

ated WS diet suggest that an energy source and/or lower pH is required

to take full advantage of the added nitrogen.

The ambient ammoniation method has been shown to increase the

nutritive value and voluntary intake of wheat straw. Thus, the

simplicity and the cost (Table 6) of the method may becomes more

attractive to farmers as the price of grains and winter roughages

continue rising.
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TABLE 1. CHEMICAL COMPOSITION OF DIETS FED TO STEERS

Item

Diets
1

NH
3
+WS

2

WS
3

WS+FM

Dry matter, % 95.40 96.94 96.77

Composition (DM basis)

Crude protein, % 6.43 2.93 6.37

Acid detergent fiber, % 49.65 50.13 48.24

Acid detergent lignin, % 8.52 8.49 8.28

Ash, % 9.18 5.63 5.52

Ether extract, % 1.19 0.81 1.05

Gross energy, Mcal/kg 4.15 4.16 4.22



TABLE 2. DISTRIBUTION OF DIETS TO THE STEERS DURING
THE THREE PERIODS OF STUDY

Period

Group of animalsa

A

I

II

III

NH
3
+WS

WS

WS+FM

WS

WS+FM

NH
3
+WS

WS+FM

NH
3
+WS

WS

32

a
Two animals per group.
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TABLE 3. INFLUENCE OF AMMONIATION OF WHEAT STRAW OR
SUPPLEMENTATION WITH FEATHER MEAL ON
VOLUNTARY INTAKE BY STEERS

Mean daily

consumption

Diets
1

NH
3
+ WS

2

WS

3

WS + FM SEM

Dry matter, kg 4.98a 4.40
b

4.51
b

0.087

Dry matter, g/kg W
.75

71.2 a 62.9
b b

64.5 1.171

Organic matter, g/kg W
.75

64.6 a 59.6
b a

62.4 1.006

Crude protein, g/kg W
.75

4.6
d f

1.8
e

4.1 0.130

Gross energy, Kcal/kg W'75 295
b

262
c a

322 0.002

a,b,c
Means in the same row with different superscripts are
significant (P<.01).

d,e,f
Means in the same row with different superscripts are
significant (P<.05).
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TABLE 4. EFFECT OF AMMONIATION TREATMENT OR FEATHER
MEAL SUPPLEMENTATION ON APPARENT
DIGESTIBILITY OF WHEAT STRAW BY STEERS

Item

Mean digestibility, %
1

NH
3
+WS

2

WS

3

WS+FM SEM

DM 41.9a 39.6a 39.6a 2.84

OM 43.1a 41.7a 41.6a 2.39

CP 31.8a -48.0b -38.5b 0.05

ADF 47.9a
b

42.8 45.2a 0.67

GE 37.8 32.5
d

32.8
d

0.42
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TABLE 5. EFFECT OF AMMONIATION OR SUPPLEMENTATION WITH
FEATHER MEAL OF WHEAT STRAW ON RUMINAL VOLATILE
FATTY ACID, RUMINAL AMMONIA NITROGEN
CONCENTRATIONS AND SERUM UREA-NITROGEN LEVELS
IN STEERS

Item

Diets
1

NH
3

+ WS

2

WS

3

WS + FM SEM

Total volatile fatty acid,
mm/1 41.6a 36.0a 35.7a 2.86

Acetic acid, % 75.2a 75.0a 71.1a 1.80

Propionic acid, % 16.4a 16.9a 20.2a 1.59

Butyric acid, % 6.7a 6.5a 6.6a 0.66

Ammonia-nitrogen, mg /dl 14.5a 8.4c 12.4
b

0.25

Serum urea-nitrogen, mg /dl
3.5a

2.1
b

2.8a 0.23

a,b,
cm-eans in the same row with different superscripts are significant
(P<.05).
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TABLE 6. ESTIMATED COST OF AMMONIATION TREATMENT OF WHEAT STRAW
UNDER AMBIENT CONDITIONS'

Item
Unit Cost/unit

($)

No. Units Total cost

($)

Wheat straw
(baled

m ton 35.00 1 35.00

Gaseous ammonia
(NH3) kg 0.52 50 26.00

Polyethylene2
(.40 mm thick) m

2
0.14 30 4.20

Tape to seal m 0.15 20 3.00

PVC pipe2
(3/8" diam.) m 0.60 3 1.80

Wood laths
2

(4" x 2") m 0.35 10 3.50

Trash bag unit 0.09 20 1.80

Labor men/hr 4 4 16.00

TOTAL COST $91.30

Note: a) An increase in crude protein content from 3.6 to 8.1%,
i.e., 4.5 percentage units increase.

b) One metric ton = 1,000 kg x 4.5% = 45 kg CP increase

c) Cost per kg of CP increased without cost of wheat
straw = $1.25

1
The cost of ammoniation treatment was estimated under the specific
conditions of this study, and it may vary in different areas and
with the time.

2
May be reusable.
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CONCLUSIONS

From the data obtained in this study the following conclusions

were derived:

I. Ammoniation treatment produced a substantial increase

in crude protein content of wheat straw.

2. Ammoniation treatment of wheat straw does increase

the voluntary intake of dry matter, organic matter,

crude protein and gross energy.

3. An increase in crude protein and acid detergent fiber

digestibility were observed with ammoniation of wheat

straw.

4. A substantial amount of the nitrogen from ammonia

attached to wheat straw appears to be available to

microorganisms in the rumen.

5. An energy source has to be added to ammoniated wheat

straw if maximal utilization of added nitrogen is

desired.

6. Further studies are required to determine the effect

of ammoniation on the digestibility of lignin in

wheat straw.


