SUPPLEMENTATI ON  AND TREATMENT OF STRAW FOR GRON NG CATTLE

H B. PERDCK*

SUMMARY

Suppl ement ation of straw based diets and/or treatment of the straw
conponent can consi derably enhance the growth rates of cattle fed such diets.
The major factors determning the outcome of such dietary manipulations is how
conducive the diet is to an optinal rumen fernmentation and how well the
nutrients absorbed match the animal's requirements. Hgh growth rates on
diets that consist of at least 70% straw are only realised If the strawis
treated with ammonia (or with sodi um hydroxi de and supplenented with urea) and
suppl emented with small quantities of green fodder and bypass nutrients
including protein, starch and long chain fatty acids.

| NTRODUCTI ON

Cereal straw is characterised by a high content of lignocellulosic cell
wal | material, a low digestibility, a |ow content of protein, fat and storage
carbohydrates coupled with a high ash content.

Uilisation of straw by cattle is dependent principally on fernentation by
rumen m croorganisms. This yields acetic, propionic and butyric acid in the
approxi mate nolar proportions of 70:20:8 with iso-butyrate, iso-valerate and
valerate making up the last 2 percentage units. From the energy obtained from
this fernmentation process, new microbial cells are synthesised. Because of
the low N-content and low digestibility of straw, the production and ratio of
VFA and microbial cells in the rumen is low.  The nutrients absorbed, relative
to those required by growing cattle, are quantitatively deficient and
particularly deficient in protein and glucogenic precursors. Cattle on a diet
of only straw barely maintain their weight and typically eat about 2 kg straw
DM per 100 kg |ive weight.

Appropriate feeding strategies for rumnants consuming fibrous diets
depend on an understanding of how nodifications of the diet alter the
quantities and array of absorbed nutrients, both through their effects on the
rati os of the end-products of rumen fernentation and by providing nutrients
that escape unfermented fromthe rumen but are digested and absor bed
postruminally (Preston and Leng 1984; Nolan et al. 1986).

Suppl ementation and treatnment of straw potentially stimulate rate and
extent of fernentation of cell wall carbohydrates in the rumen, enhance
voluntary feed intake and bal ance the absorbed nutrients with the aninmal's
requirenents. The nett result is a decreased heat production and a hi gher
efficiency of feed utilisation.
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SUPPLEMENTATI ON OF STRAW BASED DI ETS

G een fodder supplenents

Suppl enent ation of basal diets of untreated or treated straw with a small
quantity (10-30% of DMI) of high quality forage such as |ucerne hay was
reported to stimulate voluntary intake and growh rates by cattle (Verma and
Jackson 1984) .

The beneficial effects on straw utilisation by rumnants of green fodder
suppl ements, and in particular of lucerne, have been attributed to provision
of readily fernmentable cell wall carbohydrates and enhanced yields and
efficiencies of rumen m cro-organi snms through increased concentrations in the
rumen fluid of ammonia and branched-chain VFA which are essential nutrients
for some cellulolytic bacteria (Ndlovu and Buchanan-Sm th 1985). An i nportant
principle underlying optimsation of straw fernentation in the rumen is the
pronotion of a |arge colonising pool of nicrobes and provision of readily
digestible forage ensures a rapid build-up of the population of cellulolytic
or gani sns.

NPN _suppl ement ati on

A concentration of 50 ng NH,-¥/1 rumen |iquor nay be adequate to mnaxinise
mcrobial growth in vitro (see for instance Satter and Slyter 1974). However,
to maximse voluntary straw intake and rate of fermentation of straw in the
rumen, studies with cattle in this laboratory (H.B. Perdok and R A. Leng
unpubl i shed) suggested a mnimal concentration of 200 nmg Ny -N/1, which is
simlar to the mninml rumen anmonia concentration of 195 mé NH, -N/1 reported
by Mehrez et_al. (1977) to maxim se the rate of rumen fermentat %n in sheep
fed an all grain di et.

A rumen ammoni a concentration of 150-250 ng NH§-hVI can be achieved by
spraying the straw with a urea solution supplying 15-30 g urea/kg straw or by
treating the straw with 30 ¢ NH /kg. There is apparently no advantage in
terms of liveweight gain by supalenmenting a basal diet of ammoniated straw
with urea (Perdok and Leng 1986).

Bypass protein supplenents

According to the Agricultural Research Council (ARC 1980) cattle weighing
over 200 kg and gaining |ess than 0.75 kg per day do not require bypass
protein when they are on a diet with a |ow netabolisable energy density.
However, various workers have denonstrated significant increases in daily gain
by feeding bypass protein in addition to, or instead of, urea to 200-400 kg
cattle fed a basal diet of low=N roughage (see for instance Smith et al. 1980;
Mullins et al . 1984; Perdok and Leng 1986; Lee et al. 1987). ( See also
Figures 1 and 2 and Table 1).

About half the amno acids arising from protein digestion are glucogenic
and this may explain the growth response of strawfed cattle to
suppl enentation with bypass protein. Straw based diets have a |ow glucogenic
potential and |ack of glucose may limt growh of cattle fed such diets.
G ucose is the major energy nutrient for utilisation in the brain and centra
nervous system (Preston and Leng 1984). (QJucose is also needed for foeta
growth, red blood cells, synthesis of |actose and mlk vol ure.
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In addition, glucose is required for oxidation in the pentose phosphate
pathway to generate NADPH which is required for the synthesis from acetate of
long chain fatty acids in the adipose tissue and therefore |iveweight gain
(Oldham 1983; see al so section on fat supplenments).
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FIG 1 Daily gains of Friesian heifers (275 kg) fed untreated or ammoni ated
(Ng.,)rice straw with 0.6 kg rice polishings, 0.4 kg nol asses-urea
blodks (15% urea) and 0.0, 0.4, 0.8 or 1.2 kg bypass protein meal (98
g stfdy; 4 heifers/group) (H.B. Perdok and R A Leng, unpublished
ata).

Car bohvdrate suppl enents

There is some controversy about the merits of supplenmenting straw based
diets with carbohydrate sources which ferment rapidly such as nol asses or
grain. Benefits are probably restricted to situations where nitrogen and
mnerals are not limting mcrobial protein synthesis and where the supplenment
of rumen fernentable carbohydrate forms |ess than 10% of the ration DM At
hi gher levels of supplementation with soluble carbohydrates, voluntary intake
and digestion of cellul ose decline rapidly (Henning_et al.1980), possibly due
to reduced populations and inactivity of cellulolytic bacteria at |ow pH
(Mould and @rskov 1983).

The energy requirenments of cellulolytic bacteria on straw based diets may
be better satisfied by enhancing the digestibility of the straw itself by
chemical treatnent rather than by supplementation with starch

When there is a surplus of amino acids in the nutrients absorbed relative
to energy-yielding substrates, then it is energetically advantageous if
starches are digested intestinally (Leng 1982). Post-runinal digestion of
starch can be nost readily encouraged by the selection of supplenments such as
rice polishings, nmaize grain and sorghum grain which apparently have a
chem cal structure which is conducive to thempartially escaping rumen
fermentation (Elliott_et al. 1978; Harrison and MeAllan1980). Broken rice
probably al so partially escapes digestion in the rumen and a small supplement
of it was very efficiently converted into growth, especially when conbined
with bypass protein (Perdok and Leng 1986, see Table 1).
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TABLE 1 Synergistic effect of supplenentation with 0.5 kg bypass protein meal
and 0.5 kg broken rice on gain (g/d) of yearling Friesian cattle
(200kg) fed a basal diet of ammoniated wheat staw (98d study; 16
head/ group) (adapted from Perdok and Leng 1986)

Protein meal

0.0 kg 0.5 kg Difference
Broken rice 0.0 kg 268 438 170
0.5 kg 373 596 223
Difference 105 159

Fat suppl enents

Straw contains only about 1% digestible fat and when cattle are
fattened on straw based diets, a considerable proportion of the long
chain fatty acids (LCFA) in the adipose tissue may have to be synthesised
de novo from acetic acid for which NADPH is needed which arises partially
or totally from glucose oxidation (0l1dham1983). G ucose can either be
synthesi sed from propionate or from glucogenic amno acids, the supply of
both of which is low on straw based diets.

Suppl ementation with dietary LCFA would be theoretically attractive
because it would spare amno acids and acetic acid for deposition of
proteinaceous tissue. This hypothesis assumes that in |iveweight gain
protei naceous tissue synthesis nust be acconpanied by an obligatory fat
deposition. Unfortunately, supplenentation with dietary fat at levels as
| ow as 4% depresses cellulolysis in the rumen (see for instance More et
al. 1986). More than 4% fat can be included in straw based diets by
feeding fat prills or calciumsalts of fatty acids which are relatively
unreactive in the rumen but dissociate conpletely in the acidic
environment of the abomasum permtting absorption of the LCFA in the
smal | intestines (Palmquist,1984).

On straw based diets, growh responses to supplenmentation with
"bypass fat" only appear to occur when supplementation wth bypass
protein is done at the same time (Van Houtert and Leng 1987; H B. Perdok
and R A Leng, unpublished data, see Fig. 2).
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FIG 2 Daily gain of Friesian heifers (350 kg) fed ammoniated rice straw
with 06kg |ucerne chaff, 0.3 or 0.9 kg fornal dehyde treated
cottonseed neal (csM) and O or 0.2 kg calciumsalts of |long chain
fatty acids (LCFA). (84d study; 4 heifers/group). (H.B. Perdok and
R A Leng, unpublished data)

TREATMENT OF STRAW

Conprehensive reviews of straw treatnent nethods including physical,
chem cal, physico-chemcal and biological treatments have been published
recently (see Figure 3 [from |brahim1983] and papers in the book edited by
Sundst$l and Gaen, 1984) and only the main points wll be summarised here.

Physical treatnments such as grinding or pelleting increase voluntary
intake but frequently depress digestibility because of reduced retention tine
of the feed in the rumen.

Biol ogical treatnent ains at "predigesting" the fibrous residue with
m croorganisns with a strong |ignin-degrading capacity conbined with a | ow
utilisation of cellulose and hemicellulose. Different species of white rot
fungi have been found capabl e of breaking the ligno-cellulosic conpl ex, but
the recovery of dry matter in such aerobic treatnment systems is |ow.
Bi ol ogi cal treatment has not found commercial application so far. Genetic
engi neering of |ignin-degrading rumen m cro-organisns may offer nore scope in
the future.

Chem cal and physico-chemcal treatments all aim at breaking of the
l'i nkages between lignin and hemcellulose to make the latter, and also
cellul ose which i s enbedded in the lignin/hemicellulose conpl ex, nore exposed
to mcrobial degradation in the rumen. It has been observed that the
digestibility of straws of the various cereals and of the varieties within
each cereal differ considerably and that, although chemical treatnents
generally inmprove the least digestible straw the most, the differences between
treated straws may still be large enough to be inportant (Tuah et al. 1986).
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There is general agreement that treatment of cereal straws with ammonia is
the nost effective treatment because it enhances both'the digestibility and N
content of straw. However, brief attention will also be given to treatnent
with steam and sodi um hydroxi de.

Crop residues

Pretreatment ‘

4 ] Y Y
Physical Chemcial Physico-chemical Biological
Soaking Sodium hydroxide Particle size/chemicals Addition of
enzymes
Grinding Calcium hydroxide NaOH/pelleting White rot
. . . fungi

Pelleting Potassium hydroxide Urea/pelleting rxusghrooms
Boiling Ammonium hydroxide Lime/pelleting
Steaming Anhydrous ammonia Chemicals/steaming
under
pressure Urea/ammonia NaOH/temp.
Gamma Sodium carbonate
irradiation

Sodium chlorite

Chlorine gas

Sulphur dioxide

) /
Ruminants

)

Human

FIG. 3 Methods that have been used to treat crop residues
Treatment with steam

H gh pressure steamtreatment is usually too costly, but it nmay be
econom cal |y viable when steam can be obtained cheaply such as in sugar
mlls. Steam treatnent appears to enhance the digestibility of sugar cane
bagasse nore than that of cereal straws.

Table 2 (from Rangnekar et al. 1986) gives an exanple of the positive

effect feeding of steam treated bagasse can have on the growth rate of cattle
fed a well balanced diet.
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TABLE 2 Perfornmance of
of (%):

cake 20, mango kernel

vitamns 2 and

Holstein-Friesian heifers (190kg) fed diets consisting

untreated or steamtreated sugar cane bagasse 40, groundnut

cake 12, mol asses 15, wheat 10, minerals and
urea 1 (165 d study; 10 heifers/group) (from Rangnekar

et al. 1986)
Variable Untreated Steam treated
bagasse bagasse
DMI (kg/100 kg weight) 3.1 3.2
Daily gain (g) 573 775
FCR (kg feed DM/kg gain) 12.7 10.6

Treatnent with sodi um hydroxi de

Treatment of straw with sodi um hydroxi de (NaoH) has been practised as
early as 1900 i n Scandi navia and deserves special mention because it is a
very rapid treatment method. Basically it involves spraying about 40 kg
NaoH di ssol ved in 100-1000 litres of water (depending on the equi pment
used) per tonne of straw.  Treatnent with NaOH increases the
digestibility of straw considerably, but supplenmentation with rumen
degradable nitrogen is essential to make the additional potential energy
avai l abl e to the rumen mcro-organi sns and host ani nal .

Di sadvant ages of the use of NaOH as a treatment agent include the
corrosive effect on equipment used, the physiological stress sodium
i mposes on aninmals fed NaOH-treated straw (Jayasuriya et_al. 1982) and
the erosive effect of high-sodium aninal waste on soil structure.
Whenthe diet is nutritionally balanced, animal performance on high
straw diets is usually higher on NaOH treated straw than on NH -treated
straw (see also Table 3).

TABLE 3 Response of steers (255 kg) to diets containing 72 or 36% rice
straw Whi ch was untreated or spray-treated Wi th 4%sodium
hydroxide (NaOH) or treated in a stack with 5% amoni a (Nu ).
The conpl ete diet was ground and consisted of (%):

st raw 72, lucerne 10, urea 1 ,minerals 1, molasses 5, barley 3,
cottonseed neal 9; or ,
straw 36, ucerne 10, urea 1, minerals 1, nol asses 5, barley 45,

cottonseed meal 3. (154 d study, 10 steers/group) (from Garrett

et al. 1979)
72% straw 36% straw
Variable untr, NaOH NH3 untr. NaOH NH3
Gain (g/d) 2292 A 708° . 533° , 8w 925 926
kg feed/d 8.10  11.47 9.3 9.8 9.7 9.7
kg feed/kg gain 38. Ha 16.1b 17. 8b 1.7 10.6 10.6
Dressing percentage 52. 2a 57.8b 56. 6b 60.0 60.7 61.9
Carcass fat (%) 13.8 22.0 20.6 26.2 26.0 26.8

a,b Means in the same row without a common superscript differ (P<0.05).



Treat ment withanmonia or urea

Ammoniaisnow by far the nmost wi dely used treatment agent for |ow
digestibility fodders. It can be applied as a gas (anhydrous ammonia), as' a
solution of about 25% NH in water (aqueous ammonia), or as a solution of
about 6%urea in water. °In the latter case, ammonia is generated from the
ur ea.

Application rates under field conditions are 25-35 kg NH, or 40-50 kg urea
per tonne of straw. It should be enphasised that anmonia i$ a toxic chenica
and care should be exercised, especially when handling pressurised anhydrous
anmmoni a.

H ghest inprovements in intake, digestibility and nitrogen content are
obt ai ned when the noisture content of the strawis raised to 15-20% when NH
or NH OH is used and to 35-50% when urea is used.

M ni num treat ment tmesare temperature dependent and vary from ei ght
weeks mommimntemmrmuum of "710°C, t o one week at anbient tenperatures
above 30°C.

For best results, and to reduce ammnia |osses, it is inportant to treat
the straw under gaslight conditions. This is done by placing the baled straw
in plastic-covered stacks, in purpose built plywood containers or in converted
buildinﬁg. The use of purpose built ovens in which the straw is heated to
over 70 Cis advised against because of the danger of toxin formation from
amoni a and reducing sugars which are present in immaturely cut forages but
also in straw of failed cereal crops (Perdok and Leng 1987).

GROMH OF CATTLE ON BASAL DI ETS OF UNTREATED
OR TREATED STRAWS

The additional production due to feeding treated compared with untreated
straw depends largely upon the conposition of the diet of which the straw is
part and on the proportion of the diet consisting of straw. At |ow
proportions of straw in the diet and high proportions of starchy supplenents
(grains), the effect of treatnent is usually small or absent (see also Table
3).

Wien straw conprises 50% or more of the diet, a higher production can be
attained by treatment and supplementation together, than wth supplenentation
alone (see also Table 3, and Fig. 1). Hgher growth rates on fibrous residues
are usually associated with higher voluntary intakes of feed (see also Table
4) and always with a higher efficiency of conversion of feed into gain (see
also Tables 2, 3, and 4).

Laboratory and growth studies suggest that the mgjor treatments of straw
from highest to |owest efficiency rank as follows: NaOH treatnent, NH/NHAOH
treatment, urea treatnment, urea supplementation, untreated (Wanapat et -
1985; Tables 3 and I1),
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Treatment of straw enhances its potential digestibility and intake by’
rum nants. However, the increased quantity of potentially available nutrients
will only be converted efficiently into mcrobial mass if the rumen
micro-organisms are supplied a substrate W th adequate quantities and ratios
of essential. nutrients includ ing fermentable cell wall carbohydrates, N,
branched-chain VFA, mnerals (including $) and vitamns. TInereased amounts of
usabl e end-products of fernentative digestion (microbial protein and VFA), in
turn, will only serve as nutrients for the host animal and increase aninal
productivity if they are balanced by dietary nutrients absorbed from the small
i ntestines.

H ghest growth rates on straw based diets are realised if the straw is
treated with ammonia (or with NaOH and suppl enented with urea) and
suppl emented with green fodder (supplying "slow release" NH and VFA to the
rumen), bypass protein (supplying "slow release" NH, and VFa to the rumen and
essential and glucogenic amno acids post-rum nally§, bypass starch
(generating glucogenic propionate in the rumen and supplying al pha-linked.
gl ucose post-rumnally) and bypass fat (supplying LCFA post-ruminally and
sparing amno acids and acetate for proteinaceous tissue deposition).

Exanpl es of separate and conbined effects on growth rates of cattle of
treatment of straw and/or use of different supplenents are given in all Tables
and Figures in this paper.

TABLE 4 Response of yearling Bos indicus bulls (115kg) to basal diets of rice
straw which was untreated, supplenented with 2% urea at the tine of
feeding or ensiled for four weeks with 4% urea. Each bull also
received 1.2kg rice bran, |kg fresh grass and 100g nminerals, inel.
308 Na?sou(98 d study, 10 bulls/group) (from Perdok et al.1984)

Untreated 2% urea- 4% urea-
straw supplemented ensiled
Daily gain (g) 103 213 310
kg DMI/100kg lwt 3.2 3.4 3.8
kg feed DM/kg gain 36 20 16
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