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Urea as a source of non-protein nitrogen for ruminants 

11. Effect of urea as a non-protein source on digestili1:ty and voluntary 
intake by sheep fed alkali treated rice straw 

Dept. of Animal Husbandry, Fdcuity of .4gricuIiure, Uni~vrsity of P~radcniya. 
Feradeniya, Sri Lanka. 

(Paper accepter1 : I5 Febrtcary 1980) 
- -- -- -. - .- - .. -. - - -- 

Abstract : Rice straw, the largest annually harvested agricultural by-product in 
Sri Lanka, is essentially an energy feed high in cell wall material, but because of its 
low digestibility, the intake of digestible energy is often inadequate even to prevent 
live weight loss in mature ruminants. Jn recent years, chemica! procedures have been 
elaborated for improving low quaLity forages and rice straw has been successfully 
upgraded in feeding value. to a medium quality hay, by spray treatment with NaOH 
solution. Luw nitrogen content is a predominant factor limiting efficient utilization 
of roughage material but non-protein nitrogen supplementation has been successfully 
employed to overcome this problem. Inorder to assess the influence of non-protein 
nitrogen supplementation on its fezding value, rice straw, variety H4, treated with 4 % 
(w/w) NaOH solution (at the rate of 1.2 I /kg of straw) was fed ad Libitum to grow- 
ing sheep along with 100 g ground maize/animal/day, with or without urea. Urea 
represented 0 to 2.65 % of the total dry matter consumed. Urea supplementation up 
to 1.87 % resulted in a significant increase in digestibility. Beyond 1.87 % there was no 
significant influence on digestibility, but voluntary intake increased. At 2.65 % level 
of supplementation voluntary dry matter intake was 3 0 %  higher than the dry matter 
intake of diet containiilg no urea. It appears that 1.8 to 2.0% of the total dry matter 
consumed is the optimum level of urea supplementation for 4% NaOH (w/w) treated 
rice straw. Since insufficient sulphur could have influenced urea nitrogen utilization 
by rumen micro-organisms, ammonium sulphate may be a bettcr source of npn for 
ru~ninants. 

1. Introduction 

Ma.ny low quality forages are esseatially energy feeds high in cell wall material. 
Even so, they are little used ns animal feeds because of their low energy yields. They 
are general!y low in digestibility and intake and the intake of digestible energy is 
often inadequate to cvcn prevent live weig!lt loss in mature ruminants. 

Alkali treatment can markedly increase tIlc nut. itivc 'value of many poor quality 
ro~ghages,3~~~12~'~~2~~z~ and sodium lrydroxide treatment lies been claimed to be the 
most eflective.14>22 Receill trials, in Sri Lanka, have indicated that rice straw, one of 
the largest annually harvested agricultural by-products, can be successr"ully up graded 
in feeding value, to a medium quality hay, by spray treatment with sodium hydroxide 
s01ut ion . l~~~~ 



A further factor limiting the efficient utilization of roughage material by ruminants 
1s their low nitrogen content which is generally regarded as too low to sustain adequate 
activity of the ccellulose and hemicellulose digesting microorganisms in the rumen. 
For efficient breakdown of lignocellulose in the rumen a nitrogen content of 1 "/, in 
the DM of diets, the energy contents of which are less than 50% digestible is considered 
essential. In more digestible lignocellulose based diets nitrogcn requirements may 
increase up to 1.5% to 2% of the DM.23 

The osefulncss of non-protein nitrogen (np) coinpounds in the nutrition of tile 
ruminants has been well estab!i~hed.~,~~~.l~~~~. However, despite the voluminous 
research carried practical progress in this field has been relatively small, partly 
bec:mse of the complexity of nitrogen metabolism in the rumen, and partly because of 
t]le lack of data on applied research in the field. 

The objective of the work reported here was to detennine the effect of npn suppie- 
rnentation of NaOH treated rice straw on digestiblity and voluntary intake, using 
growing sheep and thereby quantify the optimum level of supplementation, for the 
preparation of praclicnl rations. Urea was selectd as the npn source as it is probably 
the conlmonest npn compound of choice as a protein replacer for ruminant feeding. 
The work was carried out at the Department of Animal Husbandry. Fact~lty of 
Agriculture, University of Pcradeniya. 

2. Experimental 

Rice straw, variety H,, chopped into 20 to 50 mm lengths was treated with 40 g NaON 
dissolved in 1.2 litres of water pcr 1 kg of stiaw, according to the technique previously 
$escribed.16 Treated straw dried in an Unitherm oven at 98OC for 6 hours, w:u stored 
in bags until required for the feeding trial. 

'The experiment was designed as a coinplete randomized block experiment with 
seven treatments. All animals were offmed ad libitum treated straw $- 100 g ground 
maize with or without urea. The quantity of urea in theconcentrate (0, 5, 8, 10, 12, 
15 or 18 g urca/100 g concentrate, representing 0 to 2.65% of total DM consumed) 
represented the seven treatments (Table 2). Concentrate and treated straw was 
offered sepeiately, twice daily, in equal amounts. Water and a standard mineral 
mixture were available ad libitrun through out the feeding trial. 

Growing JafTna x Bikaneri female sheep of average live weight 21.7 kg (range 
20.5 to 25.5 kg) were used to measure the apparent digestibility of the treated straw 
rations. Three animals wele used for each treatment. All animals were housed 
in individual digestion cages designed to enable the separate collection of faeces and 
urine. 
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The feeding period was of 20 days duration, the first 12 days to allowing for adjust- 
ment to the ration with voluntary intake and digestibility measured over the last 8 
days. Voluntary intake was measured by feeding daily, an amount of ration to 
insure an excess of at least 10% over previous days intake ;ink1 determining actual 
intake by daily weiglung of refused feed. 

0 
Daily faecal collection for each sheep during the collection period was weiglied, 

sampled and frozen for later analysis. Urine was collected daily in plastic buckets 
containing 25 ml of 1N HCl ; the volume determined, a 2 % aliquot was refrigerated 
for later analysis. 

4 
Proximate constituents? acid detergent fibre (ADF). cellulose and silica" were 

determined for treated straw and the concentratt. 

Tie digestibility of straw organic matter was calculated by assuming the organic 
matter digestibility of concentrate to be 85%. 

3. Results 

The average chemical composition of treated straw and ground maize used in the 
feeding trial is shown in Table 1. The composition, energy value and crude protein 
content of the experimental diets are shown in Table 2. The consumption of treated 
straw and increasing levels of urea had no ill effects on the health of animals. 

Addition of urea up to 1.87% of the total DM consumed, (0 to 10 g urea1100 g 
concantrate) significantly (P < 0.01) increased both dry and o~ganic matter digesti- 
bility of NaOH treated straw diets. Beyond this level however, there was no further 
incleave in digestibility (Table 3). 

Dry matter intake remained constant up to 1.87 % level of urea supplementation. 
Above this however, an increase in the level of supplementation increased the DM 
intake markedly. At 2.65 % level of supplementation, voluntary DM intake was 30% 
higher than the diet containing no urea. This also resulted in an increase in digestible 
energy intake (Table 3). 

All urea fed animals showed a positive nitrogen balance compared to tile control 
treatment without any urea. Urea had no iduencc G n  voluntary intake of water 

4 

and output of urine. 



TABLE 1. The average chemical composition of concentrate and treated straw 
used in the feding trial 

-- -- - - - -- 

Treated straw Concentrate 
Component -- 

g!100 g dry matter* 
- - -- - - -- -. -- - 

Ash 16.5 1.3 

Crude protoin 4.2 8.4 

Crude fibre 30.8 2.2 

Acid detergent fibre (ADF) 56.3 5.1 

Cellulose 38.9 4.2 

Silica 3.9 

..... . . . .  ........ -. -. .- - -- - . . .  -. 

*dry matter content - straw - 96.6 
dry matter content -- concentrate - 93.4 

' ~ A R L E  2. Conipositian and energy value of rations used in the feeding trial. 
L - .  . ... .-.I" .- .. _ ..-._.______I_.. 

Ratio11 number 1 2 . 3  4 5 6 7 

. - - . . . . . . . . .  ..-. ........ --- .. ... ..... .. - -. .- 

Amount of NaOH (g/kg straw) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 

'Volun~e of water (Itkg straw) 1.2 1.2 1.2 1.2 1.2 1.2 1.2 

Arnount of concentrate fed with 
straw (g/animaI/dzcy) 100 100 100 100 100 100 100 

Quantity of urea added to 
concentrate (g/ 100g concentrate) 0 5.0 R.O 10.0 12.0 15.0 18.0 

Crude protein content of ration 
(g/100 g DM consumed) 5.04 7.76 8.16 10.42 10.78 10.81 12.56 

Intake of urea (%) (intake as a 
% of total DPd consuinwi) 0 0.94 1.33 1.87 2.02 2.18 2.65 

Estimated ME contont of ration 
(MJjkg DM) 6.18 7.56 7.46 8.60 8.43 8.22 8.48 
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Addition of urea (0 lo 2.65 % of tot21 DM consumed) increascd the crude protein 
of the straw diets from 5.0 to 12.5 %, but this increzsc was ;slot proporticnate 

to the increase in the urea content of the ration. This was due tc; the comparati~~ltly 
higher intake of strzw DM at the upper levels of urea supp!cnlsnt;.,tion. 

 he results of the present experiment are in general agreement with work reported 
elsewhere on both treated and untreated cereal straw rations supp1e:ne~ted with urea. 
With untreated straw, there had been mzny instances where the addition of urea re- 
sulted in increases in digestibility and voluntary intake of poor quality rou,ohages.~.11.19 
Thore were other instances, howevcr, whel-2 urea supplcrne-ntation had no influerlcc 
on the utilization of low quality ~ o u g h a g c s . " ~ ~ . ~ ~ . ~ ~  Similar resnlts have bmn obtain- 
cd with alkali treated roughages as well. Bramen and Abe7 found no improvement 
in digestibility of NaOPP heated (4% %I'riaOM, w/w) wheat stra7:f when it was supple- 
mented with 1.0 or 2.0% uiea. Donefer et all2 ob~erved no significant effcct on 
digestibility, but voluntary intake increascd three fold when 2.5 % urea was added to 
oat straw treated with 8 % (w/w) NaOH soIution. They explained this observation 
on the basis that nitrogen was a limiting factor and that adequate si~pply of nitrogen 
by w2-y of urea resulted in an increzse in the rate of microbid digestion and thus 
voluntary consumption of forage by the animal. The work of Rexen et al" also 
supports the view that urea supplementaticn need not necessu-ily increase the utiliza- 
tion of treated straw diets. 

As pointed out by B a l ~ h . ~  in spite of mole then lmlf a century of experimentation 
with npn compounds, therc is still much doubt abcut the response to npn supplementu- 
tion of diets of cattle and sl~ccp. As he riglitly pointed out, extra nitrogen in 
the form of urea or any othet npn compound, cannot be exyccted to give responses, 
if energy becomes a limiting factor. 

The results of the present experiment shows th22. ever1 wiili alkali trtaied stra.ws, 
energy can become a limiting factor for urea utilization. ttlkali treritment increases 
the digestible energy content of the treated material and thereby Its ME content. 
?'his will encourage the utilization of Iipn by rumen micro-organisms. But beyo~~d 
a certain level any further addition of npn wili cot give higher responses as energy 
becomes a limiting factor. I t  is thus rvidcnt that with 4 % NaOH treated rice straw, 
 he optimum utilization cf urea occurs at 1.27 % level of' supplrmenttitio~? at wliich 
stage the met2bolizable energy availability or treated mettrial is 8.60 MJ/kg DM. 

The higher intake acbieved beyorid 1.87 0/, level ol urea supplemenbtion cauld have 
bee11 due lo an increased rate oi passage of d~gesta through the digestive tract. ?'Ii(.: 
increase in intake was riot asscciatcd wrlh tn increate in tilgestibility but if infiuenced 
i he ciigef.liblc energy iniike. 

Sulph~ir co~lcl have been a limiting mineral e!~emerii in npn utilization b ; ~  rurncil 
micro-or.gani~r~ls as no dcii.tionai sulphur \vcs give11 with t i~c  i:ict in ~n.2 iepcrt-.3 
work. i n  this respect ammonium sulphatc: could bi: a bel-rei- sour= of ~lp i i  for 
rumis~arits but its roie as a iipn source i l ~ s  to be first ascellairled before i i  cuuld b~ 
used in practical rations. Tiius, more 1esea.zc11 is xquircc! beforc any condusions could 
be drawn on the optimum ltvel of npn supple~nciltation for alkali trestcd rice straw, 



Cost analyses have been done on data fram mar,y feeding trials conducted in various 
cou9tries to cstsblish the economic kasibiIity of feedtng alkali treated straw to farm 
P~I?~I!I;I~s. While in Eilropc the subst-irution of tre;ltec! straw for hay and silage 
::pp:::ss to  be profi:nble, i i  does not scem to he so in N,:>r:h Am2ric.a c.\le~~ when t,!lt: 
stl:tly is produced in t h ~ ~  same f a i n .  However in countrirs wl~ele straw is tradition- 
idly i.;d to livcotocic, :llltali treatment is clcarly profitable, especially when st law has 
no v?.li>.> otircr than ;he cost of coilecting it afid treatiilg it on the farm. In Sri L:ml<a, 
the main cost r~lrouhi be that of thc cost of alkali, if family labour of the small farln 
;:,liit is not t:ikcn into account. The ecorlomic feusibility of treated straw as a substi- 
tute for  fodticr in Sri L m k a  is ilowever y z t  to b= established und.cr- ficld conditiot~s. 

'T'!lc fin:;.nci;.~l assistaiice g i \ m  by the Natioaal Scie:tce Council of Sri ianka is greaily 
appreciated. 1 am also thankful to Mr. H. G. D. tJerera for T.-chnical Assistimx and 
Miss A. Sioganayaga~ri l o r  typing !he matluscript. 

 MEWMAN MAN, C. I:., GLADYS, J., VERDB, J., MODRE, J. E.. %HWS. W. V., & CHICCO, C .  F. 
(1972). J: Anim. Sci. 35 : 121. 

A.O.A.C. (1970). (I l th Edition) Associatioil cjf OiXcial L4gncult~~rzl Chemists Washington U.C. 
~ E C K M A N N ,  E. (1921). C'llettl. Abstr. 16 : '765. 
JIALCH, C .  C. (1967). Wlil. Rev. AjtLs.~. Pr>d 3 : (14) $3. 
]E)RLGGS, 1M. H. (1967). Urea as o protein nr,qdr:?zent. Pzrzarnon Piax. ,Now York. 
BHATTACHARYA, A. N. Lk I'BRVBZA, E. (1973). J. A!ri/n. Sci. 36 : 976. 
BKAMN, W. L. & ABE, K. E. (1977). J. A!tim. Sci. 45 : (3) 435. 
CARMONA, J. F. 6t UIIEENHALOH, J. F. O. (1972). J. ,lgric. Sci. Ccltnb. 75 : 477. 
CONI~AD, H. R. & HIBBS, J. W. (1967). J.  Dairy Sci. 51 : 2'76. 
CHALUPA, W. (1968) J. Aninz. Sci. 27 : 207. 
CAMPLING, K. C . ,  FResxt, M. Sr. BALCII, C. C.. (1962). Br. J. Nrrtri. 16 : 115. 
DONEPER, a., ADZ:.AYii, I. 0. h. & JONES, J. A. 9. C .  (196!!). 1'$7ect of !tre.a supplementation 

or1 tire lrutritivc vczhe of NaOH treated oat stma. i r ~  : Goulrl. A. F., .Ed. c;'c/hrlosirs arrd their 
i!pplicalio~t.s. Am. Cwn.  Soc., Washiilgion. D. C .  p. 32s. 

G:OBRING, H. i<. & VAN SOEST, P. J. (1970). Forage jibre un~lys is  (.Appnratirs, Recrpztits. 
l-'roccci~rr.es nud soj,re Applicnridns) Agric. Ha:i&ook 379, U.S. 33,)t. of Agriculture. 

Jiri~1tsol.1, k1. 0. (1977). Artii~l. fie:/. Sci. Tec!irto!. 2 :  105. 
J~\YASUR~YA, M. C. N. (1978) 34rh An11~1al S e s s ~ o : ~ ~  of SLAAS, Cdombo, Sri Lanka. 
JAYASURIYA, hl.  C .  N. (1979) Dop. A ~ r i c .  Trin. 55: 75. 
JAYASLIKIYA, M. C. iV. ck OWEPI, E. (1975j. Aniun. P~.oii. 21, 313. 
JAYASUIUYA, rv l .  C. N. LYL SRISYANDARAJAH (1976). J. Nain. Sci. Co~~lt . ,  Sri Lmlka. 4(1) : 1 .  
MILFORD, R. C;! !%IINSON, 13. J. (1964). Proc. 9th In,. Grassld. Co~rg. I>P. 815. 
i?lIlisor.r, D. 5. & Pcau~x, W. J. (1961). J. A;~!,x. Scf. 20 : 962 (abstr). 
O'UONOVEN, P. B. (1971). hle,ypoizse to uwa irr barlsy stratv hased s:eer rafionr and in concerr- 

tr(~lesji)r milkirlg cuhvs. i'il r'eport of Acl /LO.. coi-isrtlt~:lvz orc ihe :~nl;cz of npn for ruiniironls 
ccit!slrnzi?rg p ~ o r  lrerbr~gc. P. A. 9. of tile United Ns~ions. 

OWEN, E. (1970j. F ~ i r ~ n  wustes : stmlv allif ot!terJL3rocrs ma?eria!s. i n  :, UUCKI-IAM. A: N. ,  
JONES, J. Ci. 'W. & ROI-IERTS, E. p. ed. Foud production and coiisn.n?:!on. Thc efliclcncy 
of hurnan food chains and nutrleilt cycles. North .Xoliand 1),1blishii1g Co.. pp. 299. 

PIGDON, W. J. - HEAVEY, 12. P. (1969). Ligzuceilrt!i7~e iil ricminarzt rtutritiott. I:r : Gould. 
Ic. F., Ed. G'ellulclses a,rd their. s~pplir:uiicl/tr. (Anznz. Cirem. Soc., Washington, D.C.) pp. 245 

REID, J. J. (19~3) .  -1. Dairy Sci. 35 : 955. 
RexsN, F. - '~WP.~SEN, i(. V .  (19'76V). Aninr. Feed. Sci. Tec/i~zl. 1 : 73. 
KEXEN, F., STI~SEN. P. - KRISTERSBN, V. F. (1976). The efccr o f a  new rrllcali feclrrrique oft 

tire nutritive 11alue of straw. In Swan, H. and Lewis, D. ed. Feed energy sources for livestock 
(Butterworths, London) pp. 65. 

WILSON, R. K. - PIGDEN. W. 1. (1964). Can. J. Anirrt. Sci. 44 : 122. 


	JNSF8- 1- 61.pdf
	JNSF8- 1- 61 (2).pdf
	JNSF8- 1- 61 (3).pdf
	JNSF8- 1- 61 (4).pdf
	JNSF8- 1- 61 (5).pdf
	JNSF8- 1- 61 (6).pdf
	JNSF8- 1- 61 (7).pdf

