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| MPROVING THE NUTRITIVE VALUE OF LOWN QUALITY FORAGES
R C. KELLAWAY*
Sumary

The availability of, and nutrient deficiencies in, low quality
‘forages in Australia are discussed. FEffects of NaOH, KOH, Ca(0OH)2,
Na2C03 and NH4OH on the digestibility and edibility of forages are
reviewed, together with the techniques used in application of alkalis
It is concluded that substantial increases in the nutritive value of
low qual ity forages can be effected by spraying solutions of alkali and

suppl ementary nutrients onto forages, using batch or continuous-flow
processes suitable for use on farns.

I . I NTRODUCTI ON

Low qual ity forages are characterised primarily by their |ow

edibility and low content of available energy. These deficiencies

“frequently are conpounded by |ow contents of nitrogen and certain
mnerals. The edibility and available energy content of forages can be
increased by chemical, physical and enzymic processes. Comercia
adoption of such processes is being determ ned by the cost of measured
i nprovenments in nutritive value in relation to the cost of alternative
feedstuffs.

I 1 .AVAILABLE FORAGES

Cereal straws represent the nost readily accessible source of |ow
quality forages. Approximately 12 mllion hectares of cereals grown in
Australia produce about 30 mllion tonnes straw annually. Mich of this
is burnt, a practice which is becom ng increasingly unacceptabl e because
of air pollution, and much of it is. grazed by sheep and cattle. Gazing
may assist straw dispersal, but the animals are unable to naintain body-
wei ght on cerea%)straM/residueswhich are free of weeds (Ml holland et
a | . 1976).

The conposition of cereal straws varies considerably as shown in
Table 1. Conparisons of mean val ues for components of straws with diet-
ary concentrations recomended for the maintenance of 200 kg steers,
indi cates that these cereal straws are deficient in available energy as
measured by digestible organic matter in the dry matter (DOVD), as well
"as nitrogen and phosphorus. , Certain straws woul d also be deficient in
cal cium sodium and potassium In order to maintain a nitrogen (N) to
sul phur (S) ratio of 10 : 1 in the diet a sul phur concentration of 1.36
g S'kg DM woul d be required. Sul phur levels of 0.8-2.1 g S/kg DM have
been recorded in wheat straw in South Australia (Schultz and French 1976).

DOVD val ues in Table 1 rank the cereals in the order_barleg_>_oats
> wheat, with considerable overlap between species. DMdigestibility
was found to be. negatively related to the length of the grow ng season .
within the range 22-36 % DVMD and 8.0-3.5 nonths growing season (Dr. D.B
Purser - personal conmunication).

* Department of Aninmal Husbandry, University of Sydney, Camden, N.S.W
2570.
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TABLE 1  Chemical conposition and digestible organic nmatter in the dry -
matter (DOWD) of cereal straws collected fromseven |locations in
Victoria(l) and dietary concentrations recommended for the maintenance
of 200 kg steers(2)

Recommended: Wheat (16)t Oat (3) - Barley (5)
dietary .
concentration Mean Range Mean Range Mean Range

Nitrogen (g/kg DM) 13.6 L.2 2.4-7.8 6.2 1.b- 7.5 L.7T L.0-6.L
Calcium " 1.8 1.8 1.0-3.1 1.1 0.7-1.5 1.9 1.3-2.k4
Phosphorus " 1.8 0.8 0.3-1.2 0.8 0.4 1.4 0.6 0.4-0.9
Magnesium " 0.4-1.0 0.6 0.4-0.8 0.6 0.6- 0.7 0.9 0.6-1.1
Sodium " 0.6 0.4 0.1-0.8 5.21.2-'8.1 1.k 1.0-2.2
" Potassium " 6.8 6.3 3.5-8.8 7.9 5.7-10.7 4.3 3.7-5.0
DOMD (%) 55% 34 28-42 38  32-43 b2 37-45

+ Number of samples in parentheses

* MJ ME/kg + 0.15

(1) Pearce, Beard and Hilliard (1979)
(2) National Research Council (1976)

Mat ure pasture grasses, native and inproved, constitute an even
greater reservoir than cereal straws of low quality forages which are
potentially useful to rumnants. Difficulties in harvesting native
pastures fromuncultivated land may be well worth overcoming, if proms-
ing inprovements in nutritive value effected by alkali treatnents
(Siebert 1974) are confirmed by further study.

[1l. ALKALIS USED TO | NCREASE FORAGE DIGESTIBILITY AND EDI Bl LI TY

The al kali s NaOH, KOH, Ca(0H)2, Na2€03 and NH&OH have al |l been
shown to inprove the nutritive value of low quality forages. The node,
of action is to disrupt cell walls by dissolving hemcellulose, lignin
and silica, by hydrolysing uronic and acetic acid esters and by causing
cellulose fibres to swell (Jackson 1977).

(a) NaOH

NaOH has been used to upgrade |ow quality forages for over 80years,
mich longer than other chenicals. For this reason a considerable anount
of information has accumul ated concerning its use (see review by Jackson
1977). Recently, information was recorded on the kinetics of digestion
of untreated and NaOH-treated forages (Table 2). These observations
showed that NaOH treatment increased the proportion of potentially
di gesti bl e cell walls and increased clearancerates of cell walls from
the rumen, both by digestion and onward passage of undigested nmaterials.
The distribution of particle sizes in the rumen indicates that the
clearance of particles small enough to pass through the reticulo-omasal

“orifice (< 1 mn) was nore rapid with NaOH-treated than with untreated .
forages.. A consequence of this was that the ratio of cell walls
digested in the rumen : cell walls digested in the caecum was reduced by
NaOH treatnment (Redman, R G and Kellaway, R.C., unpublished data).

Thi s resulted in a small loss of microbial protein synthesised in the.

. caecum, but was nore than compensated for by greater quantities of
mcrobial protein synthesised in the rumen (loc. cit.). Intakes of dry
matter (DM and digestible DM were increased greatly by NaOH treatment



(Table 2).

TABLE 2 Effects of NaOH treatment (L0 g NaOH/kg forage) on chemical
composition, digestion kinetics in and intake by steers eating two

forages
Wheat straw Paspalum hay
NaOH treatment - + - +
Chemical composition (g/kg DM)
Cellulose IS Lk 390 372
Hemicellulose 313 266 288 259
Lignin 70 T4 62 6L
Silica 19 9 31 23
Digestion kinetics of cell walls
Potential digestibility -1 ' 0.52 0.72 0.51 0.70
Fractional digestion rate h 1 0.010 0.026 0.011 0.018
Fractional passage rate h 0.011 0.013 0.023 0.033
Rumen pool size (g/kgQ-T75/day) 98 99 109 99
Ratio particle sizes in rumen
>1mm : <1 mm 75 0.19 1.26 0.4%0 0.88
Dry matter intake (g/kg /day) 43 88 80 129
Digestible dry matter intake )
(g/kg0.T5/day) _ 20 50 37 (e

(Thiago, Kellaway and Leibholz 1979)

NaOH effects linear increases in DM digestibility of strawin vitro
corresponding to about 4.5 digestibility units for each 10 g increment
'in NaOH over the range 0-100 g NaOH/kg forage dry matter (Chandra and
Jackson 1971; Robb 1976). Above 80g NaOH/kg forage, DOMD in vitro was
found to fall,. due to the dimnishing response in digestibility and t he
I ncreasi ng dilution effect of forage dry matter with NaOH (Robb 1976).

Wien NaOH-treated forages are fed to ruminants, organic matter (QV
digestibility increases by about 36units per 10 g increnent in NaOH
over the range 0-45 g NaOH/kg forage dry matter (Rexen and Thomsen 1976).
Above L45-50 g NaOH/kg forage OM digestibility does not increase when the
forage contributes over 70% of the diet (Rexen and Thonsen 1976; Si ngh
and Jackson 1971). This suggests that high pH or higher' intakes of Na
could be interfering with rumen function.. However, this is not support-
ed by observations that digestibilities of wheat straw treated with 30
and 60g NaOH/kg DM were simlar when the wheat straw contributed only
about 30% of DM intake (Hol zer, Levy and Fol man 1978). Also, neutral -

i zation of excess NaOH does not appear to change the NaOH level (L45-50 g
NaOH/kg forage), above which digestibility in vivo is not increased
(Jayasuriya and Onen 1975; Hol zer, Levy and Folman 1978). A possible
reason for this is that with high levels of NaOH treatnent, incremental
increases i n passage rates of fibre fromthe rumen are great er than
incremental increases in digestion rates of fibre.

NaOH treatnent of low quality forages generally increases their
edibility by up to 100 % (Table 2) but as-with digestibility, responses
only occur up to about 45-50 g NaOH/kg forage (Singh and Jackson 1971;
Holzer, Levy and Folman 1978).
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b) KOH

Ruminants are well adapted to high intakes of potassium It is of
interest that steers given a free choice of NaOH or KOHtreated forages
showed a strong preference for the latter (Siebert 1974). Wthout free
choice, the edibility of KOHtreated forage was shown to be higher than
that of NaOH-treated forage (Petchey and Myatya 1977). KOH increases
digestibility to about the same extent as NaOH (Rounds et al. 1976;

W kinson and Santillana 1978), but its use is likely to be restricted
because it costs about three tines nmore than equi-nolar anounts of NaOH.

(c¢) ca(oH)2

In contrast to KOH, Ca(OH)2 is about a quarter of the cost of NaOH
on an equi-nolar basis. However, it is nuch less. soluble'than NaOH and
as a consequence it reacts nore slowy. Wen forage is kept noist for
long periods, as with ensilage, Ca(OH)2 has proved to be al nost as
ef fective as Na0H (W I kinson and Santillana 1978). Conbi nations of NaOH
and ca(0H)2 may prove to be nore effective than either alkali alone
(Wal I er and Kl opfenstein 1975).

(d) NaoCO3

Na2C03, like Ca(OH)2, is a nuch safer chenical to use than NaQH.
Evi dence on its efficacy is conflicting; Chandra and Jackson (1971) found
it to be much less effective than NaOH, whereas Coombe and Dove (1978)
found that DM digestibility of oat strawin vitro was increased from 47
to 84 % in 1-3 days by NaOH and from 47to 71 % in7days by Na2c03.

(e) NHLOH

Recent|y, considerable interest has been shown in the use of anhy-
drous armmoni a, NH3, and aqueous ammonia, NH4OH, for treating low quality
forages. Anhydrous NH3 is cheaper than aqueous anmonia but it can only
act as an alkali when 1t dissolves in water to form NekoH. Conparisons
bet ween NaOH and NHLOH are given in Table 3.

, Anhydrous NH3 is nore costly than NaOH, but because the optinum |evel
of application is lower (Jackson 197T; Sundstsél Said and Arnason 1979)
the cost of the chemcals per tonne forage treated is simlar. About

26% of the nitrogen in NH4OH is retained in the forage after treatnent
(Table 3) so that less urea is required to overcone deficiencies' of
nitrogen in NHLOH-treated forages.

Conparisons of NaOH and NHLOH-treated forages indicate that -
increases in digestibility in vitro. effected by NHLOH are about 64%
(Hartley and Jones 1978) to 79 % (Bales, Kellogg and M|ler 1979) of
those effected by NaOH. In vivo. vo 3 % NH3 was found to i ncrease DM
digestibility of cereal straw from 42 to 57 % and DM i ntake by sheep from
257 to 457g/day (Law or and O'Shea 1979). Mre conparative information
on the efficacy of NalH and NHLOH is required.

The reaction tines for Iow qual ity forages treated With 35 g NHLOH/
kg forage are 4-8weeks at 5-15°¢, 1-4 weeks at 15-30°C and |ess than 1
week above 30°C (Sundstgl, Coxworth and Mowat 1978). In contrast, NaOH
reactions with forage fibre appear to be conplete in about 2 days at 20°¢c
(Kellaway et_al . 1978) and 20 seconds under conditions of high pressure



14

TABLE 3  Conparisons between NaOH and NH4OH as alternative alkalis for
upgrading the nutritive vaiue of forages

NaOH NHL4OH

Cost of alkali ($/t) 31k -383(NH3)
Optimum rate of application (kg/t) 45 35
Cost of alkali application ($/t forage) (1) 1k.1 ©13.L
Nitrogen added to forage by alkali (g/kg forage) 0 7.5
Urea required to add 11.5 g N/kg forage

(kg/t forage) 25.0 8.7
Cost of urea @ $268/t ($/t forage) 6.7 2.3
Total cost of alkali + urea ($/t forage) 20.8 15.7
Reaction time at 20°C (days) 2 T
Reaction conditions:-

Minimum moisture (g/kg forage) 150-250  150-250
Gas tight seal _ (2) No Yes
Cost of polythene cover ($/t forage) 0 20,2

Total cost of chemicals & polythene cover

($/t forage) 20.8 35.9
Additional water intake by animals (1/kg forage) 1.3 0
Additional Na excretion by animals (kg/t forage) 26 0

(1) Mean value of 26 % NH3-N retained in forage (Horton and Steacy 1979;
Kernan et al. 1979; Liwlor and O'Shea 1979; O0ji, Mowat and Buchanan-
Smith 1979) 5

(2) L45.3 m“/t forage @ 37.3¢/m”, plus $3.33/t forage for sandbags and
laths (Sundstgl, Coxworth and Mowat 1978)

and temperature (Rexen and Thomsen 1976). During the reaction period the
forage has to be kept at about 150-250 g H20/kg forage. In Europe, the
moisture content of straw at harvest is normally about 150 g/ kg forage,
whereas in Australia, moisture levels of T70-80 g/kg are conmmon.  Thus,
straw in Europe can be treated with anhydrous NH3 without addition of
wat er (Sunstél, Coxworth and Mowat1978), a distinct advantage over NaOH
"treatnent, which requires the use of sufficient water to distribute the
alkali evenly over the forage. It is 'possible that this advantage of NH3
treatnent may be lost in Australia if it proves necessary to apply
additional water to the forage.

-When the initial noisture content of NaOH-treated forage is 200-250

g/ kg, conpression of the forage, in bales, pits or stacks is normally
sufficient to maintain adequate moisture levels for the duration of the
reaction. In contrast, NHUOH-treated forage has to be kept under gas-
tight conditions. The nost inexpensive nmethod of retaining NH3 is
probably a polythene cover, the cost of which is $20.2/t forage. Thus,

the cost of chenmicals plus a pol ythene cover for NHYOH treatnent is $35.9/
t forage conpared with $20.8/t forage for the chenicals used in NaOH

treat ment.

Forage treated with L5 g NaOH/kg contains 26g Na/kg forage which is
greatly in excess of dietary requirements (Table 1). Excess Na is
excreted in the urine, which is facilitated by ani ncrease in water con-
sumption of about 50 mM/g Na (Pirie and G eenhal gh 1978) or 1.3 I/kg
treated forage. These increases in water consumption and urine output
can cause difficulties in animl managenent. Also, Na in the urine may
adversely affect soil structure and the quality of streamwater.



15

V.  TECHNI QUES FOR APPLYING ALKALIS TO FORAGES

A technique for applying anhydrous NH3 to forage i s described in
detail by Sundstdl, Coxworth and Mowat (1978).

Techni ques for applying NaOH to forages may be classified as soaking
or spraying. Soaking methods entail imersing forage in NaOH sol ution
for 18-20 hours, washing it free of excess NaOH, and drying it (Beckmann
1921 cited by Jackson 1977). Spraying techniques entail applying a spray
of concentrated solution of NaOH with no subsequent washing or drying
(W1lson and Pigden 1964). Spraying techniques require much |ess water,
produce a lighter product and do not wash out soluble nutrients.

(a) Industrial spraying techniques .

Sprayi ng techni ques devel oped for industrial use in Europe, involve
grinding the forage, spraying it with NaOH solution and pelleting under
conditions of high tenperature and pressure (Rexen and Thomsen1976;

W lson and Brigstocke 1977). The product is incorporated into conmerci al
concentrate mxtures at 5-20 % of the mixtures, although there does not
appear to be any information on the nutritive value of treated straw
utilised in this way (Jackson 1977). It is known that untreated cereal
straws which are ground and pelleted with concentrates can supply up to
20% of the mxture wthout affecting growth or feed conversion ratios
(Lamming, Swan and Clarke 1966). It is unlikely that simlar comerci al
met hods will be devel oped in Australia because the cost of the product is
likely to be too highin relation to that of cereal grain, which has a
much superior nutritive value.

"~ (b) Farm spraying techniques --

Wen al kal i -treated forages can be consuned on the farns where the
forages are grown, there is considerable nerit in carrying out the treat-
‘ment process on the farm At the present time there are two alternative
met hods: -

(i) Mxer trailer (Geenhal gh 1976)

The forage is passed through a hammer-m |l (4 cmscreen) into a
mxer trailer. NaOH solution is sprayed onto the forage whilst m Xxing
and the treated forage is transferred into sacks. Urea and mneral
solutions also can be sprayed onto the forage in the trailer. The results
of a feeding trial with cattle (Table k4) can be used to calculate the
value of untreated and NaOH-treated barley'straw If the cost of rolled
barley and soya-bean neal are assumed to be $154 and $400/t respectively,
the calculated values of untreated and NaOH-treated straws in this
experi ment were - $31 and + $21/t respectively. On this basis, both
types of straw woul d be uneconomic alternatives to barley grain. However,
if the inclusion level of soya-bean nmeal had been 29 kg/t in all three
diets and the nitrogen deficits in diets. #5,, and ws, had been supplied
by urea, it may be calculated that the val ue of untr%%t ed and NaOH-
treated straws woul d have been $7 and $61/t respectively (assuming that
feed conversion ratios had stayed the sane). There is 'evidence that

cattle eating alkali-treated straw utilise urea very efficiently and nmay
not need a protein supplement. Coombe et al. (1979) fed steers untreated
and NaOH-treated wheat straw together with nitrogen suppl ements cont ain-
ing urea (U and soya-bean meal (SBM supplying nitrogen in the ratios
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TABLE 4  Comparisons between a concentrate diet ((3 and diets in which
4o % of the diet was replaced with NaOH-treated ASh or water-treated
(WSho)barley straw which was coarsely mlled (k nn1gcreen and sprayed
ina mxer trailer.
Diets fed to cattle (10 per treatment)

Diets SE
C ASMO WSuO Mean
. Diet composition (kg/t)
Barley straw - 380 390
Rolled barley ohT 495 508
Soya-bean meal 29 76 78
Minerals and vitamins 2l ol 2L
NaOH - 25 -
. Days on experiment 132 17k 195
DM intake (kg/day) 7.88 '9.67 8.60 0.394
Empty body-weight gain (kg/day) 1.16 1.03 0.78 0.076
Final empty-body weight (kg) L1k 437 415 6.7

(Pirie and Greenhalgh 1978)

L TABLE 5 Comparisons between wheat straw which was coarsely milled (1.9
¢m screen) (C) or finely milled (0.6 cm screen) and pelleted (P), each
" with and without NaOH treatment in a mixer trailer (A + or -).
Diets were fed to cattle (U4 per treatment) with supplements supplying
urea (U) or urea + soya-bean meal (US)

Dry matter Liveweight Feed conversion
Diets intake gain ratio
(kg/day) (kg/day)
cC-~U 4,28 -0.09 127.4
C - US 4.76 0.11 21.8
P-U 6.58 0.50 1k.0
P - US 5.70 0.22 37.6
AC - U 6.15 0.48 13.3
AC -~ US 5.57 0.33 19.5
AP - U 7.79 0.61 12.7
AP - US 8.19 0.62 . 1k.0

(Coombe et al. 1979)

100 u : 0 SBMand 90 U : 10 SBM (Tabl e 5). This experinent showed that
repl acement of urea with soya-bean meal did not increase feed intake or

liveweight gain. It also showed that fine grinding and pelleting greatly
increased feed intake and growth rate with untreated straw, and had
smal ler effects with NaOH-treated straw. In a survey on the effects of

grinding and pelleting roughages, -Greenhalgh and Wi nman (1972) concl uded
that pelleting and grinding generally increase intake by up to 30 %, with
smal | er responses from nore-digestible material.

In the mxer trailer technique discussed the anounts of water
applied were 360 (G eenhal gh 1976) and 400 (Coonbe et al. 1979) kg/t air
dry straw. An application rate of 200 kg/t is alnost as'effective

(Kel l away et al. 1978) and has the advantages. of requiring |ess water
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and producing a stable product which can be stored indefinitely wthout
moul d devel opnent .

In conclusion, the mxer trailer technique of alkali treatnent is
suitable for batch treatment of forage which has bveen bal ed, Machines
capabl e of holding 500 kg forage cost about $8,000.

(iii) 'Alkalage'¥* technique

Thi s technique has been devel oped in the Departnent of Animal Hus-
bandry at the University of Sydney during the past three years. It is a
continuous-flow process in which forages are treated before being packaged
for transport or storage. This elimnates the double handling of forage,
required in all other systems and this results in a considerable
reduction in costs. Forages are collected by a forage harvester fitted
with spray jets in the chute, through which chenmicals are applied to the
‘continuous stream of forage. Turbulent air movement in the chute pro-
vides very effective conditions for achieving uniform coverage of forage
with the chem cal solutions. Two separate spray systems are used, one
for NaOH solution ‘(21.6% ww), applied at the rate of 190 |/t forage, '-
and the other for an acid solution containing urea, sulphuric acid and
phosphoric acid, which supplies 11.5 g N, 1.2 g S and 1.6g P/kg forage.
The aci ds neutralize 165% of the NaOH, | eaving 40 g NaOH/t forage.

Treated forage should be kept moist for about 2 days (Kellaway et al.
1978). This is done by conpressing the forage in bales, stacks or bulk
storage containers. Conventional bales are made by directing the forage
harvester chute into a baler fitted with a hopper above the pickup drum
For bulk storage, the forage harvester chute is directed into a tipping
trailer in which the forage is transported to a pit or tower silo. B o t
these systens require two nen and two tractors during the harvesting
operation. A sinpler system which uses one man and one tractor has been
‘devel oped for use with the 'Stak Hand' harvesting machine. This nachine
consists of a forage harvester joined to a forage conpression box. A
spray trailer has been designed for towi ng behind a forage harvester or
al ongsi de a 'Stak Hand' machine. The capacity of the spray trailer
currently used is 3400 1, which is sufficient to treat 13 t forage.

Wien wheat Straw was treated by the 'Alkalage' techni que, DOMD
increased from 38to 51% and the growth rates of heifers fed the forages
were -312 and +23 g/day on the respective treatnments (Kellaway et _al.
1978). Wen oat straw was treated by the sane technique DOVD increased
frombu7 to 58% and'the growth. rates of heifers fed the forages were 143
and 564 g/day on the respective treatnents (op. cit.). In both these
experiments the straw was baled. |n a subsequent experinent (Table 6)
the straw was stored in pits and in 'Stak Hand' stacks. DOVD "and nitrogen
values on treated straws indicate that the straw in pits was nore effect-
ively treated than that in stacks. Approximtely 30 % of urea nitrogen
was lost. It is believed that nuch of this |oss occurred before spraying
because in this experinent the urea solution was mixed in the sane tank
as the NaOH solution and evolution of NH3 was apparent. Urea and alkali
solutions are now kept in separate tanks. Despite these technical diffi-
culties, animal responses were'very large, indicating that the technique
upgraded the nutritive value of the straw sufficiently to convert it from
a sub-maintenance diet into a diet on which nodest growth was nade. Rumen .
VFA concentrations were higher and ammonia concentrations lower in

* Registered as a trade name by the University of Sydney



18

TABLE 6  Conparisons between wheat straw sprayed by the 'aAlkalage'
technique with urea + mnerals (U and NaOH + urea + mnerals (A),
stored in pits (P) and in 'Stak Hand' stacks (S), fed to Hereford steers

(15 per treatnent)

Storage system P S .
Chemical treatment : U A U A
DOMD in vitro (%) Lo 62 L7 5k
Nitrogen (g/kg) 11 1L 12 11
Initial live weight (kg) 236 238 239 237
Liveweight change over 49

days (g/day) -56 +337 -239 +68
Rumen VFA (mM/1) 35 53 35 32
Rumen NH., (mg/1) Th 37 oL Lo

(Dunlop, A., Ryan, D., Sriskandarajah, N. and Kellaway, R.C. unpublished
data)

cattle eating NaOH-treated straw than in cattle eating untreated straw
whi ch indicates that mcrobial fermentation was nore active in aninals
-eating the NaOH-treated straw.

In studies on the flow of mcrobial protein to the intestines in
cattle fed NaOH-treated wheat straw, we have determned that the optinum
| evel of urea is about 25 g/kg forage (Leibholz, J.M.L. and Kel | awnay,

R C.; unpublished data). In relation to 'Alkalage' utilisation we are
currently investigating responses to protein supplements and efficiencies
of mneral absorption.

Costs of producing 'Alkalage' are $36-$50/t forage, conprising $27
for chenicals and $9-$23/t for labour and equi pment depreciation, based
on the production of 600 - 200 t'Alkalage'per annum respectively. The
| ow cost and efficiency of this continuous-flow process suaaest that the
techni que should have widespread application. en NaOH-treated forage
is required for sale off the farm it could be pelleted through a nobile
pell eting machine operating alongside the stacks. The cost of this
operation would be partly offset by a further increase in forage
nutritive value (Table 5).
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