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SUMMARY 

The voluntary intake and the digestibility of cereal straw, and barley 
and lucerne hays were measured in sheep. The effect of supplementing the 
diet with nitrogen and/or barley grain on the intake of straw, and its 
digestibility, was also examined. The dry matter intake was 129 and 31 % 
higher for lucerne and barley hay, respectively, compared to straw. The 
digestibility of dry matter and of crude protein was considerably higher for 
lucerne and barley hays. Straw, energy and nitrogen intakes were signi
ficantly increased with nitrogen supplementation. Supplementation of straw 
with barley grain improved straw and energy intake, but nitrogen intake 
was inadequate. It was coniCIuded that the nutritive value of cereal straw 
can be improved with the addition of small quantities of barley grain, urea 
and a mineral - vitamin mixture. Straw improved in this way can provide 
adequate nutrients for the maintenance requirements of stall fed or stubble 
grazing sheep. 

INTRODUCTION 

Cereal straw, cereal hay and lucerne hay comprise a large pro
portion of the roughage available for ruminants in Cyprus. Low quality 
roughages, such as cereal straw, are an important part of ruminant 
diets in countries lacking good quali ty forages. 

The nutritive value of forages depends largely on their intake and 
digestibility. The maximum intake of cereal straw by nuninants is 
inadequate to meet the maintenance requirements of even dry animals. 
Its low nitrogen content is the major factor limiting intake (Fick et al., 
1973; Elliot and Topps, 1963). Both the intake and the digestibility 
of low quality roughages can be improved by increasing the nitrogen 
content of the diets to 1 - 1.3% (Elliot and Topps, 1963). The utilization 
of supplemental nitrogen in such diets in the form of either protein 
or non-protein nitrogen, is enhanced by the presence of a soluble
carbohydrate source, like cereal grain. 

The work reported here compared the intake and digestibility of 
cereal straw, cereal hay and lucerne hay and examined the effects of 
two forms of nitrogen (soyabean meal or urea), with or without addi
tion of barley grain, on the intake and digestibility of straw in sheep. 
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MATERIALS AND METHODS
 

Sixty-six dry Chios ewes were divided into eleven groups of 
similar liveweight. Nine groups were randomly assigned to a basal 
diet of long straw fed ad libitum, and supplemented with 20g of a vita
min-mineral mixture and varying amounts of nitrogen (Table 1). Two 
sources of nitrogen, soyabean meal or urea, at three levels each, were 
used in conjunction with barley grain (treatments 2, 3, 4, 5, 6, 7). 
Barley grain or urea were the only supplements in treatments 8 and 
9. Groups 10 and 11 were offered ad libitum lucerne hay cut at early 
flowering, and barley (Alger 48) hay cut at heading. 

The ewes were housed in 11 adjacent pens. They rernained on 
test for 28 days following a 7-day change-over period. Feed residues 
were collected and weighed daily. 

Digestibility of the diets 

Apparent digestibility coefficients of Dry Matter (DMD), Organic 
Matter (OMD), Crude Protein (CP) and Gross Energy (GE) for 
lucerne hay, cereal hay, cereal straw, and for treatment diets 1, 
2, 3 and 8 (Table 1) were determined using four non-lactating Cmos 
ewes per treatment. The animals were fed in groups for 10 days before 
being placed in metabolic crates designed for the separate collection 
of urine and faeces. The procedures for the collection of faeces and 
urine, the chemical analyses of feeds, faeces and urine, and the deter
mination of the Gross Energy (GE) and Metabolizable Energy (ME) 
~Nere those given by Hadjipanayiotou et aI. (1981). 

Statistical analyses 

The data collected were analysed by one way analysis of variance 
(Steel and Torrie, 1960). The mean intake of straw and supplements 
at three-day intervals during the last 15 days of the feeding trial were 
used as individual observations (Blaxter ,et aI., 1961). Differences 
among treatment means were tested using Duncan's new multiple 
range test (Steel and Torrie, 1960). 

RESULTS 

Urea given alone (30g/ewe/day) in the absence of a carbohydrate 
supplement (Treatment 9) was not consumed by the sheep and the 
results of this treatment were discarded. 

The intake of dry matter was 129 and 31 ro higher for lucerne and 
barley hay, respectively, compared to straw intake. The crude protein 
content and the digestibility of protein, of dry matter and of organic 
matter were highest for lucerne hay and lowest for cereal straw (Table 
2). Supplementing straw with nitrogen increased significantly straw 
intake. The individual daily dry matter intake of straw was 680g when 
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fed alone and 890 and 832g when fed in conjunction with soyabean 
meal and urea, respectively. The increase in straw intake was 31 
and 2.2% respectively for the diets supplemented with soyabean meal 
and urea compared to the straw diet. Soyabean meal as a source of 
nitrogen was more effective than urea in increasing straw intake. 
Straw intake was increased by 19% .when the straw diet was supple
mented only with barley grain (Treatment 8). 

Digestibility coefficients for DM, OM, CP and DE content of the 
total diet were significantly lower (P < 0.01) for unsupplemented 
straw (Table 3). Digestibility coefficients for soyabean meal and urea
supplemented straw were similar. However, these two diets had higher 
digestibility coefficients for dry matter, organic matter, gross energy 
(P < 0.05) and crude protein (P < 0.01), and higher digestible energy 
content per kg dry matter (P < 0.05) than the barley grain diet (Table 
3). 

The energy and protein digestibility coefficients obtained from 
the digestibility trial were applied to the corresponding treatments of 
the feeding trial (Treatments 1,2, 3, 8). The increase in Metabolizable 
Energy intake (Digestible Energy intake x 0.82) was 111, 152 and 144% 
higher per ewe per day for barley grain, soyabean meal and urea 
supplemented straw diets, respectively, compared to the unsupple
mented straw diet (Table 4). The DP intake was considerably higher 
for the soya and urea supplemented diets compared to the other two 
diets. 

DISCUSSION 

Because of its high palatability and high digestible protein content 
lucerne hay is an excellent roughage suitable for feeding at periods of 
high energy needs, and can easily replace the protein of the concen
trate mixture. In contrast, the nutritive value of cereal straw is extre
mely low and without supplementation is unsuitable for animal feeding 
except for very short periods. Barley hay is of much better quality 
than straw and can contribute greatly to the roughage requirements 
of ruminants. 

The voluntary intake of straw increased significantly with the 
addition of nitrogen either in the form of soyabean meal or urea. 
Similar results were found by Hadjipanayiotou et aI. (1975), Fick et 
a1. (1973) and Elliot and Topps (1963), who reported that in sheep the 
intake of low-protein feed is closely related to its nitrogen content. 
The increased intake of low quality roughages can be attributed either 
directly to the improvement of the nitrogen status of the animals 
(Egan, 1965) or to a nitrogen effect on the cellulolytic rumen micro
bes, resulting in increased rate and extent of forage digestion and 
increased rate of passage of digesta. 
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TABLE 1. The quantity and type of supplements given to ewes fed on a basal straw 
diet. 

Supplement (gl ewe I day)" 

Treatment Barley 
grain 

Soyabean 
meal Urea 

Estimated crude protein 
of supplement 

1 

2 
3 
4 

5 

6 
7 
8 

9 

-
170 

2'40 
90 

230 
10 

220 
250 
-

-
80 
-

160 
-

240 
-
-
-

-

-

10 

-
20 
-

30 
-
30 

0 
54 

54 
81 
81 

109 
109 

26 
85 

..	 A mineral-vitamin mixture composed of 8% NaCI, 8% Na2SO., 8% MgO, 74% D.F.P. 
(defluorinated phosphate, 18% P and 32% Ca) and 2% vitamins A and DJ (Roche, type 
S0/5) was added to all diets. 

TABLE 2. Composition, intake and digestibility of straw, barley hay and lucerne hay. 

Barley Barley Lucerne 
straw hay hay S.E. 

-
Dry matter (%) 91.4 90.0 88.0 

Crude protein (%) 3.6 11.0 24.3 

Dry matter intake 
(g/ewe/day) 680 890 1555 36 

Crude protein intake 
(gl ewe/ day) 24 98 378 6 

Digestible protein intake 
(glawe/day) 0 45 320 

Dry matter digestibility (%) 40.8 56.5 65.8 2.2 

Organic matter 
digestibility (%) 42.2 59.8 66.7 2.0 

Protein digestibility (%) 0 46.0 85.0 2.7 
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TABLE 3. Digestibility coefficients and energy content of four straw diets. * 

Die t 

Straw + 
soyabean Straw + 

Straw meal+ Urea+ Straw+ 
barley barley barley 
grain grain grain SE. 

Digestibility (%) 

Dry matter 40.78 55.57 55.71 51.05 2.17 
Organic matter 42.19 57.45 57.7,1 52.57 2.15 

Crude protein 0 46.76 52.52 13.10 4.76 

Gross energy 37.12 53.9B 54.68 48.95 2.20 

Digestible energy 
(Kcal/ kg dry matter) 1609 2464 2474 2212 100 

Metabolizable energy 
(Kcal/kg dry matter) 1319 2020 2029 1814 82 

. Treatments 1, 2, 3 and 8 of Table 1. 

TABLE 4.	 Energy and protein Intake from a supplemented straw diet and the cost 
of supplementation. 

Die t 

Dry matter intake (g/ewe/ day)
 
DE intake (Kcal/ewe/day)
 
ME intake (Kcal/ewe/day)
 
OCP intake (g/ewe/ day)
 
Cost of sup.plementation*
 

(mils/ ewe/ day) 
a) Subsidized barley grain 
b) Non subsidized barley grain 

Straw + 
loyabean 
meal 

Straw + 
barley 
grain 

680 1118 
1094 2755 
897 2259 

0 51 

19 
25 

Straw + 
Urea 

Straw+ 

+ 
barley 

barley 
grain 

grain 

1080 1047 
2674 2314 
2193 1897 

53 7 

10 8 
18 16 

•	 Barley grain: a) subsidized price C£33.8/ton 
b) rron-subsidized priclJ C£67.6/lon 

Soyabean meal C£ HO/ton
 

Feed~rade urea C£ 150/ton (1 C£ = 1000 mils)
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The low level of urea (lOg/ewe/day) promoted a substantial 
increage of straw intake which was similar to the straw intake at the 
two higher levels of urea supplementation (20 or 30 g/ewe/day). In 
straw diets supplemented with soyabean meal there was a tendency 
for straw intake to increase with increasing nitrogen intake. Urea 
supplements were inferior to soyabean in enhancing straw intake. 
This was probably due to a deficiency of certain aminoacids and/or 
certain nutrients which are made available to rumen micro-organisms 
by the soyabean meal supplement (Egan, 1965), but not by urea. 
Without any carbDhydrate supplement (Treatment 9) very little urea 
was consumed probably because of its bitter taste; consequently crude 
protein (nitrogen) intake was lower than the proposed level (85,g/ 
ewe/day). 

The digestibility coefficients (Table 3) were higher in the straw 
treatments containing supplements and reflect the higher digestibility 
of the supplements (Fick et a1., 1973; Ammerman et al., 1972), although 
the digestibility of the straw is also improved (Economides and ,Hadji
demetriou, 1974). 

The addition of 250g of barley grain (Treatment 8) increased 
straw intake and improved the energy balance of sheep, though protein 
intake was still inadequate for maintenance (Table 4). This treatment 
was meant to simulate stubble grazing. Supplementation of straw with 
either 80g soyabean meal and 170g of barley grain or 109 of urea and 
240g of barley grain (Treatments 2 and 3) resulted in higher energy 
intake than the required energy needs for rnaintenance (Economides, 
unpublished) and also in nitrogen equilibrium (A.R.C. 1965) under 
stall fed conditions (Table 4). 

The cost of supplementing the straw diet with nitrogen (soyabean 
meal or urea), carbohydrate (barley grain), and vitamins and minerals 
(Table 4) to form a balanced maintenance diet for sheep under stall 
fed conditions was lower when urea was used as the nitrogen supple
ment. 

The energy requirements of grazing sheep are higher because 
some energy is wasted in walking. In addition, sheep grazing on 
stubble need to be provided with 109 of urea daily. This supplement 
can be provided in conjunction with barley grain (lOOg/ewe/day) and 
the appropriate mineral-vitamin mixture. 

In conclusion it can be stated that the nutritive value of cereal 
straw can be improved with small quantities of supplements of barley 
grain, urea and a mineral-vitamin mixture and that the total diet 
provides adequate nutrients for the maintenance requirements of stall 
fed or stubble - grazing dry sheep. 

-8



ACKNOWLEDGEMENTS
 

The	 authors are grateful to Mr. Ch. Vanezis, Mr. A. Photiou, Mrs. 
M. Theodoridou, Mrs. M. Karavia and Mrs. N. Parouti for skilled 
technical assistance. 

REFERENCES 

Ammerman, C.B., Gladys J- Vcrele, J.E. Moore, w.e Burns, and C.F. Chicco. 1972. Biuret, 

urea and natural proteins as nitrogen supplements for low quality roughage for sheep. 

Journal of An imal Science 3.5: 121-127. 

A.R.C.	 1965. Agricultural Research Council. The Nutrient Requirements of Farm Livestock 

No.2. Ruminants, A- .c. L ndon. 

BJaxter, K.L., F.\V. 'Wainman, and R.S. 'Nilson. 1961. The regu]atioll ut food intake by sheep. 

Animal Production 3: 51-6\ 

Economides, S. and D. Hadjidemelrioll. 1974. The nutritive value of some agricultural bv

products. Technical Bulletin Ix. Agricultural Research Institute, Nicosia. 

Egan, A.R. 1965. Nutritional status ;llld intake regulation in sheep. II. The influence of 

sustained duodenal infusions o( casein or urea upon voluntary intake of low protein 

roughages bv sheep. Au.~.raLan JOlll11al of Al"rj'kulwral RcscaHlL IIi: 451-462. 

Elliot, R.C., and J.H. Topps. 19(;3. \'o!untary intake or 10\1' protein diets lJy sheep. Animal 

Production 5: 269-276. 

Fick,	 K.R., G.B. Amrnennan, C.R fcCow3n, P.E. Loggins, anLi J.A. QJrnell. 1973. influence 

of supplemental f'l1n-gy and biuret nitrogen on the utilization of low quality roughages 

by sheep. Journal o[ Animal SciCllce 36: 137-143 

Hadjipanayiolou, M., A. Louca, amI M..J. LaWlor. 1975 A note on the straw intake of she p 

given supplements of mea-molasses, soyabean meal, barley-urea or barley. Animal 

Production 20: 429-432. 

Hadjipanayiotou, M., S. E onomides, and A. Koumas. 1981. Intake and nutritive value of hay 

produced from awned and hoorled barley cut at diff rent gro th stages. Technical 
Bulletin 37, Agricultural Research Institute, Nicosia. 

Steel,	 R.C.D., and .J.H. Torrie. 1960. Pl'inciples and Procedures of Statistks McGraw-Hill, 
New York. 

-9


