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CRAPTER I
INPRODUCTION

The problems of preserriag rougbages for the feeding of
livestuck during unfavoursble perlods of pasturc growth are
perenniei. The preservation of legumes and grasses cg hay of
weather and stege of meturity of the crops. The Inebility of

The development of an slternate process of preservation hes
drying of protein rich herbage resulis in the best presesvaiion
with least storage loss but, &s yet, the prosess involves a large
eapital outlay and high operating costs. Thic at present
mont logieal approsch to the solution of the problem becouse of

Although silage-making appeors to offer the Dest welhod of
preserving protein rich herbege, many unsolved probleve contribute
ummgmmmwmw
m m«mmumm
@ry matter ensiled is available for feeding at the termination




the possible saving of nutrients from field losses and weather
damage which result when haymaking is used as & method of
harvesting and storage.

The realization of the magnitude of nutrient losscs from
early harvested gress-legume silage provided the mein incentive for
regeareh in this field. Improved methods of silage production, ,
based on the primciple of eontrolling undesireble chemical reactions
and encouraging desirable renctions within the mass, have received
considersble attention in recent years. A wealth of literature
exists on the use of additives as & means of achieving these aims
and thereby reducing notrient losses during storage. Of the
silage from protein rich crops, several have proved to be of
value under certain conditions. As yet, bowever, no onc additive
has been found capable of general adoption by dairy farmers as a
whole, either becsuse of the cost of installation or technical
of the mass, have recently been introduced asc additives in
treatuent of immture herbage at ensiling time with sodium
quality of the resultant siloge. Thelr results seemed sufffeieatly
encouraging to werprant furtasr pesearch. Experimental work, to be
detailed presently, was Sthus undertaken %o assess the value of
sodiun metebisulphite as an additive in silage-making under lNew
Zealand conditions. The rogramme of work commenced in 1954 with
a preliminery field scale trial in which the effect of metabisulphite



treatuent on the sutritive value and ehemienal composition of
silage made from wature herbage was determined. A more
during storage, their mateitive walue and chemlcal couposition.



CHAPTER II
REVIEW OF LITERATURE

The following review is confined toc grass silage, the temn
being applied to silage compoped of those green erops,; either
legune or gress, which might slternatively be used for hay or
section is devoted to o stady of the nuftrient losses which cccur
the use of additives ac a means of reducing nutriend losses occurring
in the procese. In the final seotion, the effect of additive
treatment on the digestidbility and pelatadility of the resultant
silage is considered.

herdbage erops by storing thew in a suitable container with the
exelusion of air (Watson and Ferguson 1937); & preserved fodder
a wolist feed conserved in the sdsence of air (Woodward 1939).
However, the most complete definition is due to Watson (1939), who
emphasised the controlled mature of the process: “Slilage is the
name given %o & succuleni material produced by a process of
controlled vital chenges from & green crop or vther material of



take place following ensiling, & knowledge of the course of
reviewed by Watson (1939) and more recently by Musgrave {1950) and
Barnett (1954). Watson (1939) divides these reactions into.

(a) those which take place before death of the plant eells an a
result of physiological mctivity, and (b) those which take plsoece
activity.

Watson snd Ferguson {1937) and Sevnett (1954) stated that
suger breektown with the peleuse of sarbon dioxide, water and
neat(¥atason 1939).
ecetic scid forms the greater propoertion (Watson 1939). Under
‘the susulng enserchic conditions Dender gt al. (1935) maintain

Concarrent with carbohriratc breskdosm, tryptic ensymes are
sctive ou the protein fmotion of the material {(Manter 1921).
Barnett (1954} matateins thet protein breakdows proceeds no
breakiowa to the amine seid stage is due eniirely to cnzyme action,
bhas deen shosn by Kirsch (1530). In his sxperimsats, an ensiled




- -

Innoculation of ihe sierilized crop vith & suitadle microbial
vas detselted in material previousl; trected with toluene, & known
bacterieide. Theue results are in agreeuent with the ecerlier
findings of Lauwd {1917) and Hunter (1921).

Agsceiated with earbolydrate and prodein bDreakdown is am
increces in temperature within the wasms. She pise in temperature
is proporiional So ibe enteepped volue of aiw, which is
infivenced by the stege of maturity of the cvop (Watson T949).
free oxygen and leading to restricted respiration (watson 1939).
and depth of siluge {(Musgreve 1950). Watson and Smith {(1951)
lovering of digestibility, poarticularly of the protein fraction.
This latter effect was first shown by Woodman end Hemley (9926)
whe worked with stack silage in which the mass rose to a teupersture
of 160°F. The digestidility of the orude protein freetion was
given as 12, an extreuely low figure whea eoupered with percentage
values of G and 68 reporied by Watson and Perguson {1957}« Thetr
ereops of similur composition, bul the temperature of the woss
never roge sbove I00°F. Watson (1949) alsoc meiatalins that low



{1921). His recults show that when a crop i treafed at enslilng
tine with 2 per ceni chlorofoms, no essential increase in acidily

takes place. These sesulie are confimmed Yy $he more recent

findings of Labbit {195%), who used sterile gress in place of
A% ensiling time a large aai wized becterisl flome is present

in the erop (Vatoon 1939). Onse im thc silo, bowever, the Tlora

is sonsiderably restricted (Seruetté 1954). Allen 2nd Hareison

(1537 2) tave shown fhet the main microfiornl congtituents of

Bacillus serggenes graninis is atirtbuted to de the predominont

yeacks and asersbic spore formers {Allan and Harsison 1937 Bl.

- gbal. (1921),

of the plant cells (atsen 1939). Helumen gt a). (fo2Y)

phase of short duration is censed by coliferm bactaria whose
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aeids. The third phase is predominated by lactobacilli, of which
a slow and rapid type ean be recognized. A more recent theory,
postulated by Barnett (1954), agrees with the above exposition.

In the initial phase the coliform bacteria undoubtedly assist
in the Beneral chemical breakdown. Their contribution, however, is
small., Allen {1936) has shown that a rise in temperature and lack
of oxygen within the mass lead to their déstruction. The second
phase is also of short duration. Nusbers of streptococei present
are readily overwhelmed by the rapidly maltiplying lactic
aeid-producing baeteria (Allen and FHarrison 1937 b). That the
third phase, characterised by the presence of lactobaeilli, is the
main one controlling changes within the silo, is agreed upon by all
authorities (Watson 1939; Ilusgrave 1950).

The studies of Allen (1936) show & papid inmcresse in the nubers
of lactcbacilli within the first twenty fowr hours after ensiling.

This increase continues until the seventeenth day., Therecafier, a

attributed by Watson (1939) to be due to the toxic effect of their
own metabolic product, namely, lactic scid. Proliferation of
lactobacilli is dependent upon the presence of a plentiful supply of
soluble carbohydrate (Bender et al. 1939). Sufficient carbohydrate
should be present to produce a lactic acid concentration in the
region of 1 = 2 per cent of the freah material with the forued
product amounting to over 50 per cent of the organic acids present
(Musgrave 1950). The attaimment of this level ensures a low pil
value within the mass, the degree of scidity present preventing
undesirable fermentation (Bender gt 8l. 1939).

Should an unsatisfaetory degree of aeidity prevail within the
silo a further and undesireble fermentation phase results (Watson 1939)



Barnett (1954) attributes this phase to the activity of oblipate
Allen and Harpison (1937 a,b) include Cil.sporogencs, Cl.welehii,
Cl.putveficun and Cl.butyricum. |

~ The proliferation of ancercbic orgenisme in silage is governed
by the availability of residual carbohydrate, protein and the
restraining effeet of acidity (watson 1939). In well made silage,
rich in fermentsble carbobydrate, anaercbie proliferation is
prevented by the increasing acidity. Virtanen (1939) in laboratory
studies found that the setivity of amacrobes is completely inhibited
in aflage at a pi of or delow &4 Van Beynum (quoted Watson 1939)
has shown, however, that the spores of anserobes can tolerate an
ecidlity of pil 3.5. It is esseatial, therefore, that the H of the
mass remain at & value in the region of L, otherwise regemination
of spores iato sctive organisms can ocCur.

Should lactic acld production be incomplete in silage, conditions
~ organisams attack complex carbohydrates with the formation of acids
{Musgrave 1950). These acids are largely volatile in nature and
contain a high proportion of butyric seld {Watson 1936). The
fermentation proeess (Barnett 19%54). Decomposition products formed
in this reaction include butyric acid, earbon dioxide end hydrogen.
Bhat gt al. (1951) have shown that this decomposition process only
oecurs in the presence of a hydrogen aceeptor. Barnett (1954)
considers that certain pigments present in silage may be possible
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The studies of Allen and Harrison (1937 a,b) have shown that
of the Clostridis group. Breskdown oceurs under conditions
similar to those required by seecharolytic types of the group for
under these conditions (Hunter 1917, 1918). Ia both reactions,
protein eompounds are broken down to organie aeids, amines, snides
mmmam;.tm; Bender M‘im}‘ amm
of nitretes by ammercbic organisms as a possible factor.

It 1o agreed upon by all authorities (watson 1939; Musgrave
1950; Barnett 1954) that rapid acidification of the mass, through
the action of lactic aecid bacteria, is an essential feature of good
silage. In carbohydrate-rich crops, €.g., mature herbage, lactie
acid fermentation normally occurs with a deercase in pit value %o the
desired level. In protein-rich erops, such as young succulent
herbage mw,m (im} staltes that setive lactie
oeeur.

Aldevshaw (1924), Whittet {!933)‘ #ilson and m i*m)
others attribute the occurrance of undesirsble fermentati 4o
umumx,mmm;mmm Barnett (1954)
suggests that the quantity of elementary ecarbohydrates in immature
herbage is ot sufficient to account for the amount of laectic agld
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produced in good silage, and that probably fructosan, a rescrve

. carbohydrate, is utilised by the lactobacilii. Similar views are
held by Pereival (1952), on the basis that fructosan is the most
Added weight is given to the above theories by the work of Nomman
(1936), who demonstrated an increase in the fructosan content of
with the onset of maturity,

ensiling, required more organic seid to reduce their il velue one
anit then was required by non-leguminocus materinl. This phenomenon,
and thus difficultics experienced in the ensilage of legumes, he
attributed to the buffering capaelty of the high base content of
legmes. Stesasberg (1952) bas also commented on the high buffering
(1935), in sddition, re-emphasized that immature leguminous material
work (wilson and Webd 1937) 4i1d confirm that immmture non-legunme

legume forage.

. Cragemann and Heinzl {1949) naintain that adequate Permentable
carbohydrate in the ensiled material is not s&fficient to ensure a
silage of high laetic acid content, unless surplus moisture is
dreined from the silo., The sbsence of freec drainnge provides
undesirable anaercbes (Watson 1939).



fermentable carbohydrates, high buffering eapacity, and the low
still a lack of fundamental information from which conclusive
answers ean be derived.



watson {1939) maintaine that mutrient locses are inevitable
vhen a green evop is ensiled. Shepherd gt gl. (7953) place such
losses as occuwr in the proecess into three categories: drailnage,
soluble forvege nutrienta; surfmee svoilage, due to heating, moulding
and rotting of the material in the presence of alr; and, a ferment-
activities which occur within the ensiled erop. A similar
partitioning of the nuirient losses wilch occur in ihe process, is
adopted by Watson and Smith (1951), lusgrave (1950) aend others.

vatson (1939) and Bawnett {1954) maintain that an estimate of
only be obtained by careful labozntory anslysis reloforced Ly &
container (direct method)., EHarly trials, conducted to estimate
resultant silage (Watsom 1939). In these trials it was assumed
that one or other of the constituents, often the orude Tibee frestion,
remains unchanged in the process (ie Clere 1959; Heed and Piteh
1917; Peterson gf al. 1935). The possible error favolved, wien



Watson and Perguson (1937). Data for caleulated and deterained
dry matter losses (stated as a perecutuge of the fresh crop) were
given as 10,0 per cent and 75.2 per cent respectiwvely, a difference
of 8.2 per cent in favour of the dlreet method. Watson {1939)
fibre fraction of the ensiled material to nitrogen-frec extructives
in the process.

the matrient losses occurring in the process. IHowever, for a
ouantitative expression of these losses, Wetson (1539) considers
that a knowledge of digestidility coefficients is no more efficient
been dependent upon f1lling o sulteble bug with & known welight of
the fresh erop from whieh & semple is feaken for amalysis, The
bag contents, following remowval of the latlier from the silo at 2
with the subsequent production of mouldy and charrcd silage (Wetson



reglon may show an inercase in these fractions. Watson and
Fepguson (1937) consider that the average value for all bags :
present in the silo is not necesserily a true measure of the mean
nutrieat losses whieh have oecurred in the process, unless & large
number of such bags have been widely distributed within the silage.
Newlander gf gl. (1940) and Watson (1939), is failure to take futo

watson and Perguson {1937) have comparved the dpy matter losses
" placed in each sils. Their reculis are given in Table I,

three year period were given as 31.5 and 1h.h per cent by the






Swmmary of Data in the Litesatawe for Dry Matter Loss in the
mm«wmmw%omma
{stated as a percentage of the original erop)

s v WW o s A AR A L - " e . "1 T
Author and Count of Percentage | mmm  of Percen Loss
i 7| owbie | eyl | T el @wu&&
L1 P Britain contd.
Shepherd gt al.(1953) Tower 25.0 watson (1959) Pit silo 18.2
' Teeneh 27.0 Parnett & uiliaw(1950) Tower 17.9
Stack k.0 «
Turk et al.(1954 T 1. e |
urls g8 al. (1951) e aebicon Brouswer gt al. (1931) |  Glamp 20,0
Hodgson & Knott(1937) Tower 23.0 W
Stack 2340 QM ,a.g
AL « (198! To ' complete x
MM (19855) ower 2h.7 W g
DA Jeatre (1954) Pit 8ile 2448
Spitain |
brew gt al. (1935) Trench 2245 Stack 4240
.| Dbevies gt al. (1937) Pit 8ile 2l Sears (1956) Pit 8ile | 29.0




direct and bag methods respectively. The vatio of the losses as
to figures reported by Newlander gt al. (1940).

From all information available it would appear that, for an
accurete estimation of nutrient losses cccurring in the silage
process, it is necessery %o record the weights of all material
prove setiafectory provided a large mamber ame widely dlstributed
throughont the silage and allowsnce is mode for spollage.

(2) Zotal Loages

ranging fronm & per cent (lewes and Cilbert 1286) and 11 er cent
(Boyle and Ryan 1933} to §6 peor cont of the d»y matter cnsiled
the silage process in several countries. In all trials reported,




been conmented upon by 8111 end Sears (1942). It is unwise,
however, to draw definite conclusions frou Table II as to the
comparative efficiency of the process in the various countries.
Generalizations with regard to dry matier losses ocourring in
and Smith {1951) econclude that, in good quality European silages,
minioon dey satter losscs are in the order of 15 -« 30 per cent.
Barnett {1954) mentions a 15 -~ 25 per cent loss of dry matter as a
reasonable figure for Bpitish siloges. From a study of American
date, Taylor gt 8l.{7940) conclude that a loss of 10 - 15 per cent
of the total dry uatter ensiled is vomioal and unavoidable, Yusgrave
{1950) quoies 15 per cent as o minimun Pigure for the loss of dry
11 - 1 per cent to be & reasonsbie cotimste for imepican pit and
as ean be expected. .
nitrogen in the silage process accounts for 15 per cent of the total
losses. Uatson and Ferguson (1937) in their experiments obtained
process are low. Barnelt (1954), however, reports erude protein
losses in the process varying from 22 per cent {Camdurn gt sl. 194L)
to 37 per cent (Hodgson asnd Zuott 19%57) of the total erade protfein
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ensiled, In New Zealand trisls, Sears and Goodall (1947) obtained
erude protein losses of 42.1 and 16,3 per cent from pits and stacks
respectively. It is extremely d4ifficult, however, to Graw
conclusions from isclated determinations as appear in the literature
for crude protein losses occurring fh the prosess. Barnett (1954)
considers that, in general, crude protéin losses are relatively high
when immature herbage is ensiled.

i trogen xtract and Crude FPibpe. Crasemann (1925) states
mxwmmm&mmm,mmmmxwm
loss in any nutrient is agreed upon by several workers (Watson 19393
Husgrave 19503 Sears and Goodall 1947). Watson (1939), on the
basis of his studies, waintaing that crude fibre losses within the
silo are of a low order. The results of Barmett (1954) and Sears
and Goodall {1947) do not support this view. The foruer worker
in a tower silo, while the latter workers obtained crude fibre losses

of 17.3 and 29.3 per cent from fmmature herboge ensiled in pits ond
stecks respectively.

Sthep Extract. Watson (1939) states that the ether extract
Mm of green matericl may show an inerease following ensiling.
In the literature increases in the ether extract fraction of ensiled
material verying from 6.9 per cent (mm&. 194h) to 136.4
per cent{Watson and Perguson 1937) are quoted. Watson (1939)
attributes this cbserved increase in the ether extract fraction to
the inclusion of organic acids resultant on the changes within the
silo. Other workers, however, have peported losses in the ether
(Bernett 1952) to 27.8 per cent (Sears and Goodall 1947). With sueh




wide variation oecurring between the results of different workers,
it is not possible to make generalizations regerding the losses of
this fraction in the silage process. The ether extract fraction,
however, forms but a small part of the dry matter in silage.

figepal Hatter. Barnett (1954) considers that there is & lack
ammm“mmuamammmmum
silage process. Values reported by individuul workers for the total
mineral matter lost by the ensiled crop, show considersble varlation.
In the literature losses of mineral matter of from § per cont
(Brouewer 1930) and 24,6 per cent (Barnett 1952) to 36.8 per cent
(sears and Goodall T947) are quoted. Weteson and Smith (1951)
maintain that mineral matter losses in silage are mainly confined
to the drainage and involve the soluble ash constituents. The
less of mineral matter should not, therefore, be high unless
seepage 1s exeessive,

Yitopipns. Bender gt al. (1939) report that vitemins A, Bp, C
and D are present in silage. Literature on the vitanin content of
the material, however, is concentrated mainly upon the importance of
carotene in its function as a precursor of vitamin A in the synthesis
by the anfmal of this latter body.

Barnett (1954) states that in silage made under ideal conditions,
vitamin C is destroyed to about 60 ~ 65 per cent in the process.
Husgrave {1950) attributes loss of this vitamin %o the action of
peroxidases. Vitamins B and D are not known to undergo any
apprecisble changes in the silage process. These vitamine, however,
are generally present in silage in smsll smounts (Watson 1939).
Thomas gt al.(1948), however, have shown that wilting of the crop
‘prior to ensiling may increase the vitamin D content of the
resultant silage. |
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The ensilage process results in considereble preservation of
carotene (Bender gt al. 1939; DBarnett 1954). Several workers
report that earotene retention averages from 60 -~ 90 per cent of
the total ensiled (Monroe gt al. 1946). Other workers have reported
lower copotene retention within the mass (Watson 1939; Camburn
gtal. 19k%). In the studies of Hegsted gt ol. (1939) and Krauss
gt 8l. (1936), carotene values for silages are reported which are
higher than values obtained for the corresponding green crop. Such
high values are shown by Quackenbush gt al. (1938) to be caused by
the presence of pigments produced in the fermentation process.

. These pignents are not precursors of vitamin A and are, therefore,
methods for ecarotene, which exclude these pigments, are now in use
{Bolton and Common 1941, 1542). Isolated carotene determinations
method adopted. 1In general, Barnett (1954) maiantains that, 1T
conditions within the sllo are favoursble, caroiecne retention
within the mags is more than sufficient to meect the requirenents of
livestock,

(b) Dpainage Logges

Shepherd gt al. (1953) state that the magnitude of dralnage
losses from ensiled material is dependent upon the dry matter
content of the original erop, the depth and compactness of the
material within the container, and the dry matter content of the
exudate. The studles of Hurdoch (1954) and Jones and Husdoeh {1954)
have shown the existance of o definite negative correlation between
the dry matter content of the ensiled crop and the amount of
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incrcased by leaching, 1f inadequate attention is given to the
sealing of the silo (5111 and Sears 1942), Horer (1929) mointains
that drainage may also account for a further and indirect loss of
nutrients from the silage. In his studies the penetration of air
into spaces left by the exuded sap was noted. This process caused
gbunormal and harmful aercbic fermentation, with ¢ rcenltant loss of
from ensiled herbage. Barnett and Hillar (1950) report a loss in
the region of 5 per cent of the imitisl dry matter content of
ensiled material; Sears and Goodall (1947) a loss of 6.1 and 3.2 per
respectively; 811l and Sears (1942) = loss of 2.5 per cent dry
matter from herbage ensiled in pits; Shepherd gt al. (1953) a dry
matter loss ranging from 6 - § per cent for lucerne and mendow Crops;
and Archibald (1945), from a seven yeay study on & ficld-scale silo,
an average loss of 0.5 per cent dry wmatter, with 2 ronge from
1.08 =~ 0.12 per cent. |
substances, mineral matter, carbohydrates and orgaunie acids (Barnett
1954). Godden {1923) analysed samples of effluent at frequent
intervals during the period of flow from herbage stored in a
conerete silo. The composition of the effluent on a dry matter
besis was stated as 17-28 per cent crude protein, 19235 per cent
ash, 2.3-4.3 per ecent lime, %.3-2.2 per cent phosphoric pentoxide
and 0,00-2,07 per cent potash.

In general, Watson and Smith (1951) consider that drainage from
the silo does not usnally result in high nutrient lossces, the dry
matter lost seldon exceeding 3-4 per cent of the initlal dry matter
content of the ensiled material. However, when drainage is too
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free, the crop extremely succulent, or the silage subject to
leacting, Shepherd gt 8l. (1953) maintain thet drainage losses may
rise to 10 per cent of the initia) dry matter ensiled.

(e) Snpollsge losseg

Honroe gt al. (1946) maintain that spoilage losses in silage
vary on & percentage basio with the sise, depth and mature of the
gt ai. (1940) give top spollage estimates of 6.1 per ceut dry
natter for silos 24 feet in height and 3.3 per cent dry matter for
silos 36 feet high. At Beltoville research ceantre, spoilage losses
ranging from 4§ - 9 per cent dry matier are reported for tower silos
25 feet in helght (Shevherd g gl. 1953). At Cornell resecared
(shepherd gt al. 1953).

watson (1939) states that spoilage losses in stack silage are
higher than those occurring in pits and towers. This view is
losses in stack, pit and tower silage. Sears and Goodall (1947)
wmatter for pits and gtacke respectively. Shepherd gt al. (71953)
reported average spoilage losses in the order of L.9, 7 and 15 per
cent dry matter for tower, pit and stack silages respectively.

watson (1939) considers that, in general, spoilage losses



the total losses. In pit and tower silages, on the other hand,
spoilage losses should not exceed 3 ~ L per cent dry matter,
provided the material is well packed and properly sealed. That
spoilage losses can be materially reduced by the application of a
proper seal is shown by the research of Newensz (1933). Pron studies
conducted, the latter worker concluded that an airtight cover and
matepial , are sufficient to prevent excessive surfoee spoilage.

Internal losses of dry matter, due to fermmentation, are
seported in the literature as being from 2 = 35 per cent of the
watson 1939). It is the claim of Perkins (1943) and King (1943)
motsture silage (Watson 1939). Ghepherd gt 8l. (1953}, however,
inorease is attributed by these asuthors to resull fraa heating and
They obtained fementation losses of 10, 11 and 12 per cent dry
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ponding figures for mature material were given as 7, 10 and

12 per cent respectively. |

must occur in the silage process (Bapmett 1954). Wetsen {(1939)
mwmmm:mum
mmwwnmm mmi*&ﬁohmm
baple of Averican data, suggests a 7 -~ 10 per cent fementation
and Smith (1951) give u dvy vatter range from 9 - 22 per cent as
Zealand conditions ave limited to those of Sears and Coodail (1947).
In studles eondueted over & three-year period these workers
obtained fermentation losses ranging from 20.9 - 31.3 per cent
ary matter for material ensiled in pits. Corresponding figures for
20,3 = 34.5 per cent dry nctter. Such yesults would seem to




An additive, with reference to silage making, may be defined
a, mmwmm mmmgw
?W? W TR L_—

e mmwmammmtm

- oeeur in ensiled crops, are prevented by addition to the mateprlal
at ensiling time of the vequisite amount of seld, eupoble of reising
the aeidity of the mass %o a pif value delow 4.0 but not wnder 3.0,
inhidited et pif 3.0, the resultent peoduct is hasaful to slosi
{(virtanen 1947).




a.x.nmamm The process conzists of the
addition of a mixture of equal gquantities of a 2 nomal solution
of sulphuric and hydrochloric acids to the fodder as it is ensiled
{(Virtasen 1947). Sefficient scld is odded to brlng the soldity
of $he wass between & pi vilue of 3.6 and 4.0. Virtanen {1936)
of the erop (Musgreve 1950). Wilson and Webd (1537) bave shown
thelr il value than do other forages. Vietamen (7947}, ou the
other hond, has demonstrated that the acid requirenent for any
particular forage is proportlonal to its dry =aiter content.

The container employed for the storage of A.I.V. treated
inadequate, Barnett (1954) sedntadines that a wise in pil value of
fermentations ensue. Virtanen (1938) 4o one experiment with AJI.V.
forage, Gid chacrve a ries in pH from an Indtisl walue of 3.4 to
5.2 within o contoiner lacking adequate deainege fhcilities. In
a well dvained silo the il value of similarly treated naterial
changed feom 3.65 to 3.48 over o corresponding period.

Sumerous workers hove compared the efficiesey of the ALILV,
method over the ordinary process, with regard io dry matter losses
- ocourring during the storege period of ensiled fodder. A
sumsery of vesults appearing in the literature is shown in Table IIT.




Percentage Loases of Dry Hatter in
Ordinayy end A,I.V. Silages.

{(compared with the fresh erop)

rigin amm ALY,
Silage Silage

Sears & Goodall (1947) 39.5 23.7

In generel, figures furnisbed in Table III do reveal the walue of
the A.I.V. method in reducing dry matter losses from ensiled
material. Although Watson (1939) obtained 1ittle reduction in
dry matter losses from ensiled material following application of
A.I.V. solution (Table IXII), he still claims that the method is
the most efficient silage-making process. This claim is bDased on
the marked effeet that A.I.V. solution possesses in reducing
protein breakdown within the silo (Watson 1938, 1939). The value
of the A.I1.V, method in reducing protein dDreakdown has been
comaented on by numerous workers (Huffman 1939; Vietanen 1947;
Steensberg 1948). Virtanen (1937) found the non-protein nitrogen
fraction in A.I.V. silage to De composed largely of peptides and
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1ittle ammonia. The opposite effect was noted in ordinary silage.
The comparative absence of ammonia ian A.I.V. silage bhas been
corroborated by the work of Peterson gt al. (1925). 4s a result
of reduced protein breakdown within the sile, Le Cleve (1939)
considers that the non-protein nitrogen frection in A.I.V. silage
is superior in feeding value to that In silage made without

Several workers maintain that A.I.V. treatment favours
carotene retention within the sile (Monroe gt al.t9h6; Peterson
gt al. 1937; watson 1938, 1939; Virtanen 1947). Bowever,
many high carotene values for A.I.V, silage, as recported in the
which will result in the best retention of carotene, is complicated
by @iffieulties in deternining what is carotenc and what are |
related pignents (Quackenbush ¢t el. 1938). High earotene walues
for A.1.V. silage, weported by Kreuss gt al. (1936), were
attributed by the authors to be due to interfering pigment: At
the same time, several workers bave found A.I.V. solution to de no
nore efficient than no addition in conserving sarotene within the
silo (Huffwen 1939; Drew gt al. 1935). In genepal, a review of
containe & sufficient quantity of the provitamin to neet livestock
reguirements (Huffman 1939; Shepherd £t al. 1953).

Watson (1938) and Virtanen (1947) both claim a high retention
of vitamin C im A.I.V, silage. Husgreve (1950) maintains that
applieation of A.I.V, solution may cause a 50 per cent retention of
mum%mmaammwmmmmmam
treatment. FHowever, Barnett (1954) mmmmuam
a dietary necessity of adult stock, while Huffman (1939) minteine
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that 1te presence in milk is not affected by the level in the
ration. Thus, the vitanin ¢ content of silage would appear %o
,u«mw
WMW“MQM&&WW The Defu process
makes use of & mixture of hydrochlorie and phosphoric acids (Le Clere
1939). Dilution of the preduct by the correct degree gives a
solution of similar coucentration to that used in the A I.V,.process
€.8+s phosphorous peutachloride and sulphur trioxide, have also
been used o lower the pil of the ensiled crop. A review of the
literature does reveal that these materials suceessfully lower the
i of the mass, if properly used, and produce a good guality silage
from protein-rich erops (Comner gt gl. 1940; Wilson and Webd 1937;
watson 1939; DBarnett 1954). Nutrient losses inewrsed in the
various processes are of a similar magnitude to those obiained by
uee of A.I.V. solation (Wateon 1939; Ruschmann 1933; Bernett 1954).
Although direet acidification ensurcs certeinty of 2 good
In certein countries, €.g., New Zealand, the high cost of mineral
Goodall 1947). Other disadvantages of the process,mentioned by
watson (1947) are: the dlstribution and handliing of acids In
concentrated form on the farm is both dangercus end unpleasant;
acids must be added uniformly te the crep and the smounts used
material. A further disadvantage of mineral scids in silage making
feeding of aeid silage alone upsets the animml's minersl balance,




(Barnett 1954). IHineral scld silepe must, therefore, be
neutralized before feeding fo livestock. A sultable addition of
limestone to the silage, with or without sodium carbomate, ia
-mmmmmwwmmmw:@um
1933; wetson 1947).

To elininate neutralizetion problems and reduce danger hazards,
several of the weaker organic aeids have been subjected to
mmmummmmm lage-moking. Foruie aeid has
summmuu&m@u,mmﬁwm
urine of cattle fed upon it was normal (Watson 1947; Barnett 19543
Hupdoch gt 8l.1955 a). Pavourable resulis have also been obtained
cost of both additives, however, prohibite their economic use in
practice (Steensberg 1948; Hupdoch gt al. 1955 a).
effective additive and in itself is of high feeding walue (Barnett
at a 1 per cent concentration of lactic aeld and prevented at a
1.5 per cent level. Kilenert (1938), who used various selds
including laectic acid, claims to have oblained little difference

Direct scidification is widely used in Fopthern Europe where a
systematic schooling of farmers mmmum* ess is given.
:nmmmmw&ummmmmMuwwt
extent. Other metheds of preservation are considered moxx
on economic grounds.




presents a ready weans of controlling the changes in the sile. It
has been shown by Wilson and Webd (1937) that immature crops are
liedble to be deficient in fermentable carbohydrates, the substrate
method of stimulating e laetic fermentation in ensiled material
(Allen gt al. 7957 b3 Bender 1935; Bender gt al. 1936; Fagen and
Aghton 1937; Wilson and Webd 1937). The 1iquid used in silage-
meking coutains approximately 65 per cent soluble earbohyirates, of
which from 55 - 60 per cent is fermentable suerose (Bender gt al.
1939). Aecording to Watson (1939), molasses serves not only as a
preservative, but 1s also a souree of additional nutrients.

A mass of literaturc exists on the use of molasses in silage-
waking. Some of it, however, is not conclusive (Woodward gt al.
1942; Brown and lieeney 1951; Casburn gf 8l. 1938). Aszelsson(1952)
lack of adequate drainage facilities in the container; or, applie~
ation of the liquid to a ecrop of high dry matter content,

EBarly workers advocated & molasses concentration of 1 - 2 per



adiition of up to 3 ~ & per cent of the fresh crop. lNevens gf al.
{1548) maintain thet molasses gives too slight an effect to make
#ateon (7946) maintaing that molasses must be uniforuly
sceording to Ameloson (1952), is injuricus to & erop already high
Cresemann and Heinzl (1549) consider that the production of &
silage high in lactic acid content cannot be guarenteed. Swrplus
moisture mst be permitted to drala out of the silo.
the erdinary, A.I.V. and wolnsses metheds (Watoon ond Horton
19362; Allen gf al. 1937; vatson and Perguscn 1937). The average
nutrient losses within the silo. The pedustion in nutrlent
chtained by addition of A.I.V. sclution. These results are



Steensberg (1948), on the other hand, claim the A.I.V. method to
within the silo. | |

In New Zealand, 8ill and Sears (1942) added molssses to
materisl ensiled fn 2-ton sflos. Nesults showed that the
mmm&mnmw&mm The
high fermentable carbohydrete ¢ In other trisls (8il1 and
mmow&mm.mme
W;W&mammmmmwm
herbage. At the preseat time 50 ~ 60 pounds of molesses per ton
wmnmwwmnmwmm
lossés ocoursing in high protein herbage (Amelsson 1952).
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vitemin losees within the silo. Seversl workers maintain that
Taylor gt al. 1940; Canburn et al. 1942). The results of other
use of molusses (Woodward and Shebherd 1938). Couporiscns made
acidified materinl (Negoted gt sl. 1939; Ceamburn gt al. T942,19k)
and molassed material (Stone gt al. 1943) both appear in the
literature. zamammwmmm
agsoclated with the estimation of carotene (Cuackerbush g
1938) it is not eonsidered possible, from isolated
uswmmzsmm,mmmkfmww
-Wuﬁffgﬁu)ﬁﬂm%hammww~m
claim is based on the grounds thet a large proportion of the
additive may be lost in seepage fyom the silo. In trials
conducted by Hurdoch gt al. (1955 a), seepage losses amounting to
molasses of a similer order have been reported by Dijtstra (1959)
and Axelsson (1952). Murdoch {1955 D) end Huffthan (1939) bave
fermentation. mmummﬁnmmm
ensiled meterial, The resulte of Hegeted gt gl. (1939) and
m,m*&mwmm Taking the sbove
mmmaummem




watson (1939) considers that a secure plece still exists for
molasses treataent where the orop is of high protein content,
ceveal grains to hevbage at ensiling time, as & source of
fermenteble carbohydrate, has been atiempled with a fair seasure
of success (Axelsson 1952). Gmuine are rich io polysaccherides
sugars (Salisbury gt gl. 1949). Ao a result, grester guantities
than when molasses is weed (Amelsson 1952; Mardoch 1955 bl.

in 8 -« 10 per cent addition of barley or maize hos vesulted
in the produetion of & well preserved silege and one of sinilap
quality fo that produced by a 3 - § per cent adaition of molasses
(Bohstedt gf gl. T9h1; OStone gfal. TO43; Xing T9h5). Im
treated silage. Froa an econcuic point of view Hupdoeh g% al.
(1955 a) and Axelsson {1952), therefore, consider that molasses
is highly superior to groins as an additive. Furthermore, the
distributed in the ensiled forege (Azelsson 1952). These
factors, according to Watson (1946), are @ifficult %o achieve in
the field and thus further limit the use of grains as additives
“in silege-meking.
Wmﬁaﬁmn%ﬁmuw A
vation, these products must not conatitute less than 30 per cent
of the fresh evop (Scheffer gf al. 1943; Burkerd 1943; Amelssen
1952). At this spolication rete Azslsson (1952) cousiders that
both additives arc, in genersl, too expensive in relation to the




effeet produced. Furthermore, Watson {1546) maintains that

(Allen gt al. 1937; Darnett 1954). Dender gt al. (1939) consider
that the lsctose present in whey serves as an excellent substrete
quantity of whey reguired or to the necessary partial drying to
1939; Barnett 1954).

The innoeulation of ailage with organisms which produce lactie
aeid bes been attempled on an experimenial aeale. Occasiomal
benefits hove boen choerved from this prectiece (Reid 10355; Sevens
and Kublmen 1936). In general, however, isaocculation of the ercp
has proved to be of 1ittle value in stimulating a desirasble
fermentation witidn the mass (Bender gt gl. 1959; Baraett 1954).
Watson (1938) and Ruffman (1939) attribute the poor resulis cblalned
wwm»mmmamwwmmm

nmm,nmbmm«mm
discussed in this seetlon, molasses tas given the best resulis in
practice. Dried whey 1s next in order of effectiveness, but high
cost prohibits its use on a field senle. less effcctive are
ceresl grains, dried beet pulp and potatoes. All are too expensive
in relation to their effect and too dAifficult to distridute evenly
within the erop. Innoculation of the crop with organisue which
produce laoctisz accld bae proved ineffective.




{e) Sterilization of the Mass
application of heat through the use of warm air, stesm and
such methods (Hoffwen 9923; Watson 1938; Haspreve 1950). In
furtier studies, chemical asntiseptic agents were added to the
enciled crop. Hesgrave (1950) has ligteé the chemieal agents
subjected to test as: sulfemie seid, eslelum hypochlorite,
phenol, benroie acid, borax, salicylie aelid, oxalie aeid, sarbon
agents, however, proved to be po more successful than physical
methods as & means of steriliziug the ensiled ovop. The final
prodocts nll showed evidence of bacterial action (Watson 13383
Bender g% al. 1939; Husgrave 1950).

Common salt has been subjected to test as a2 sterilising

material in amounis verying from 0.0 %o 1.0 per cont of the Lfresh
crop{Azslason 1952). Watson (1939) and Wilson (1948}, who
reviewed the literature, found the additive to have no sterilising
effect. Apparently salt increases the inldial rate of drainage
from the ailo. Musgrave {1950) considers that this factor may
hove a s)ight deneficiel effeet upon laciie fermcntetion within
the silo.

In general, early studies, involving the use of antiseptie
agents in silage-making, geve sueh dlsappoiating resulis that
watson (1938) vondemned complete sterilization of the mess as an
alternutive proeess. In recent years, however, sulphar Oloxide,
subjected to experimentation as possible sterilising egents in




mmmmmmmmmm
seticn within the sile. Purtheracre, the gos contributes to the
production of swecrebic confitions within the mas, throush e

Bugerous studies have counfirmed thet salphur dloxide possesses
dactericidal peopertiss. Trunsalkov and Reev {19359) found a
sulpbur dicxids concentretion of 0.15 per sent to De letinl in
pare culiares of lactie, acetie sand butyric aeid hacteria.
Sisaykan gf al. (19l) cbserved the inhibition of oxidizing erzymes
{(1942) tecated herbage with sulphar dloxide as 1t wes eusiled. It
mummmmmmmmnmmm
A suliphor dloxide concentration d‘&ﬁ G 30 mmﬁa on the
(1955) feund that sulphur dloxide treatment of ensiled reterial
ald not inhivit becterial growth within the wass Quring the Piret
few dayo foiiowing emniling. Thereaficr baslterisl sctivily was
greotly tohibited. Enodt (1950) also commented on early bacterial
agtivity in silsge trected with sulpbar diowide. In iis sludies,
the i of cusiled material fell from an initisl velue of 4.85 %o
5,05 within 16 hours following sulpbwr dicxide application. This
311 i DB welue was faken as fadientive of bacterial nction within
the wass.

Further chemical studies were conducted ou ensiled material
and Skages ond Enodt (1952). ammwmmm
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and ammonia within the silo. Treated material alsc showed lower
losses of reducing substances. These findings are in agreement
with those of Apchibalad (1953). On the basis of his results,
the latter worker suggested that sulphor dioxide prevents the
breakdown of suger within the silo. Reduced suger breckdown was
attributed to the presence of the gas inhibiting the action of
organisms whieh utilize sugars as a souree of energy. It was
maintained, bowever, that the activiiy of orgenisms which utilize
sulphur dioxide in the silage.

In recent experiments the efficacy of sulphur dioxide and
additives. Knodt {1950) filled two silos simultancously with sn
were 200 pounds of corn and cob meal, and S pounds of sulphur
dioxide, per ton of green materiel. Silage treated with sulphur
dioxide had a higher ecarotene content. For corn and cod meal and
were given as 25.8 and 12,12 per cent respectively, a differcnce of
13.68 per cent in favour of sulphur dioxide treatment. Xennedy
and Allred (1953) reported that silage treated with sulphur dioxide
showed a decrecse in fermentation losses and a higher retention of
carotene, as compared with untreated material. The loss of original
dry matter from treated silage, as against untreated material, was
reduced by 3 to 5 per ecent. In view of this negligable reduction
in loss, it was concluded that the use of sulphur dioxide as an
additive was not Justified.

In general, experiments have shown that jmmature herbage
treated with sulphur dioxide shows a slight reduction in fermentation
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sulphur dioxide in silage-making, however, suggests that the value
#tumamtmmmm

Sodium Hetabisulphite. Wittwer gt al. (1955) and Murdoch
(f95§ a) Wﬁmﬁ the application of sulpbur dioxide to
ensiled forage was difficult on & fapm seale. As & pesult, a
search was made for a salt which contained a high proportion of
sulpbur dioxide gas and was easy %o handle. This led to the use
of sodiun metabisulphite as on additive in silege-making.
mmmmmwiwwmm
wnmaummamhamwarmm
nixtures. mmmmmﬁmatwwma
mmmwmmwwmw
numerous workers in several countries,

ummmm {195, %3%&3
metabisulphite was effective in inhibiting fermentation in silages
made from immture herbage. mm&mmtut&
mmmmxmmuﬁmmmmmu

was well above mmmﬁtmﬂ;mmw

wetson (1539) and Virtanen (1947) for well preserved silage.
However, Alderman gt al. (1954, 1955) showed that a number of
individual metabisulphite-treated samples at pil values of 4.8 and
4.9, were better preserved than silages with pil values approaching
the desired level of L0, On the basis of these results,
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Alderman g gl. (1955) have suggested that silages treated with
metsbisulphite ere preserved primarily by the action of the HSO3-
fon instesd of Dy the scildity or H* ion as is usual in other
conventional €types of silages. Similar Pindings have been
reported by Gordon gt al. (1954) and Bateman gt al. (1954). a1
workers, however, do not agree that lactic aeid fermentation is
1imited in silages treated with metabisulphite, Hurdoch gt al.
(1956) reported no decrease in lactic fermentation when the salt was
apsiied to lomature herbege, at & sute of 8 ~ 9 pounds per ton of
{1954) , Allen and Wawd (1955) and Sears (1955, 1956). From all
availeble evidence 1t can be concluded that the application of
sodium metabisulphite to fmmature herbage inhibits protein
breakdown and butyric acid yroduetion, but the degree to whieh
It has been cotablished thet dutyric acid formation end
metabisulphite. Under these conditions it is expected that
on metabisulphite-treated silages have been reported in the
litereture. Several workers, however, have recorded the nutrient
methods of silage making. The resulis of thelr findings ave
sumarized ia Table V.
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Sumnsry of Date in the Litersture for Igeses in Gress Silage Treated with Sodium
Hetabisulphite as Compared with Other Processes

(stated es & pereentage of the fresh erep)

~ By | orde | ¥ ~ | By | one [Tl
origin mnedled . e Btk - _ Cerbohy-
Laladie '
Cowen : 81bs Metabisulphite 8,9 Ted 9,0 Datemen ot al.| lLuserne and| 200 1bs Dried Molasses
( ooslesfort | o preservetive | 8 3 (2088) Groass . __Deet Pulp 14,08 - -
80 1bs Nolasses oy e | B2 T 8 1bs u&”myuu 24478 by .
Lugerne~ | 7.0 1bs Metabisulphite s ‘ " Allred Red Glover | No preservative 28,6 - -
Aroone 10,8 1bs " ‘;’.c m ' 2.'3 (19558 | end grass | 70 1bs Molasses .8 o M
Tio w 50,6 84,7 | 28,9 100 1bs Dried
0 lolasses 17,8 83,0 12,7 Brewers' Grains 20,7 - -
s by 1o O 1be Metebisulphite | 25,4 - .
No preservative 2.4 274 | 30,2 HNew Zeadand .
Brateler Red 0 lover | o 7 20,2 Sears (1955) | RyegremRed | Mo rval 36,2 - .
s, (1988) 7 1he Netabiedphtte | 80 v - | ‘and white | 10 ive Metabislphite | 206 o Yo
No preservative 22,6 Glover |
112 1bs lolasses 20,2 19,9 20,7 sears (1986) w ‘u :; Ww nug - »
Red Clover | 77 1bs Beet Pulp 51,6 50,0 | 3044 6 lover W——— | " . .
end 92 1bs peet Pulp
tacerne | +11lsNetebisulphite | 17,8 18,0 | 174 (oeat ariiodn .
| St als| lLucernes No preservative 14,9 15,4 -
Gordon ) Red Cloven :. M 9.9 8.5 | 40,6 {1986) Tinothy 8 1bs Motabisulphite 61 11,2
al, (195 cm“ Metabisulphite 9,6 85 84,9 i » e e o~ .
Cocksfoot Pessue : & etablaulphite :’j 14,7 .
: Cockefoot | No prescrvative 25,6 - - Meadow Ne : 9 %
2 ) a;t Ledto | © 1bs uetabisulphite 19,8 - » Fesoue :z Wu g’.s ‘:'.: -




- B2 -

gt al. (1953, 1954, 1955, 1956) the treatment of immature

per ton of green herbage, resulted in a marked saving in mtelents.
the results of Archibeld (1954) and Aldermsn gt ul. (1955). The
of the silages but did not serve o reduce nuteient losses. In
mmmtmpmmmmmmw
esrotene retention. nmgmmmm
losses through epplication of the sult (fable V). In one teial,
however, {(Gordon gt nl. 1953) uno difference in dry matter loss
the treated silage. Ilature herbage was ensiled, a factor which
they attributed to oxidation of the metablsulphite in presence of
a silage superior both in gquality and carotene conient to that
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Bateman gt 81. {1955 a) compared silages uade fyom an
e marked reduction in dry watter loss (Table V). The appliention
of metabisulphite, however, was effective in reducing fermentation
mmmwmw, abis ~--q_‘,,,,mmma
mmmuammummmm
original dry matter by as such as 35 to 5 per cent bDelow that
mmmmmwm;mammk
treatments were as follows: m,mm'm

iun metebisulphite, and no additive (Allred gf ol. 1955;
ittwer M 1955). Results showed that metebisulphite silage
mmmwummmmymmmfs
mmmammmmmmmwmm
material (Table V). The authors concluded that the gmall saving
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in nutrients which resulted from the use of these preservatives
:ammmmmmamam

maﬁamwmmwmamw Treated
material shoved s redustion of 15 per cent in dey matier loss
over similar material ensiled without sd@itive trcatment (Table V).
On appenrence, snell and chemioal ecompesition tlere was o wide
difference in favour of the metabisulphitetveated silage. ALl
{mg}mmmmwmmm
produects. sulpbite silages, on the other hend, shoved
nmm«mm{mﬁ)mmmﬂn
matter beasis showed a dry matter loss of 7 per cent in favour of
the treated material (Teble V). Both silages were weil preserved
and reedily consumed by stook. It was concluded that the
rednetion in mutrient losses cbiained through use of the sdaitive

mm{%}mmm&%mm
British trials in which metabisulphite wes applied at varying
rates of application to unchopped and chopped lmmature herbage.
(Table V). With two exceptions, sddition of the sult vesulfed
in & well preserved silage, lowered the loss of nutricots and
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the weather and a field seale trial. Poor results obtained with
penetration of rain water into a small guantity of silage, this
resulting in o high loss of the additive in the effiuent, thereby
multiplying any advantage to De galned through i%e wee. In the
the resultont silsge was sttributed %o uneven distewibulion of the

The addition of metabisulphite at increasing rates fren
there wea po further decresse with the 16 pounds per ton yete of
application.

In two tricls, reported by Hurdosh gt al. (71956), codium
techndque. In the first trial the enailed berbage wes chopped
and 5 pounds of mstabisulphite added per ton of groeu herbage.
The resultant silage had a higher lactic scid contont and lower
metablaviphite per ton of fresh herbage. In the scoond trial the
material was wilted and ¥1 pounds of metabisulphite added per ton
of hérbage. The resultant silage was low in undosireble
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the rfisal silage is of interest, howewer, sluce Cowen g al. (1953)

ant be used wiih wilted herbage. These workers uainiein that
metsbiculphiie may be axidized by the exccss air cotrapped in
in the use of sodium metsbisulphite. Hurdsoh (1955 b) meintains
that the major difficulty is snsuring thet the salt is evenly
metabisaiphite to produse a good silage in one trdal, seported by
mmciw}.mmawmw
mmmmmﬁmwummwﬂwa
blower at the silo. Under other systems of silage: ,
tmumb}mﬁmmwMaxmmuma
the selt and ensiled herbage, extre time and lsbour will be

of podiom metabisulphiie to ensiled fmmmiure horbuge, at a rate of
8 - 10 pounds per Son, results in & lowered loss of sutrients from
the silage compared with untreated material. The reduction in




carbohydrate fraction of the silage. Several workers have also
with metabisulphite. The additive may, therefore, be of

the majority of field seale trials reported, however, netabisul-
phite has been applied to chopped herbage. It hes been shown
that chopping of the herbage prior to ensiling way heve &
beneficial effect on the guelity of silages made from Lunature
herbege (Woodward and Shebherd 1938; MNunrdoch gt al. 7935 dl.
This factor suggests the need for the conduet of Puriher frisls
to compare the relative merits of silnges wade from unchoupped
herbage, untreated and metsbisulphite-treated, defore the selt
ean be recomnended as & successful additive. Purthesmore, &t
without some form of treatment.

the relative merits of sodium metabisulphite and other sadltives
necessary before the full value of metabioulphite ss an adiitive
con be assessed. TFor the success of the method in fhe £leld, &
throughout the ensiled materiel. Where lerge quantities of
silage are made, speed 1s essential. With meny systous of
silage handling the proper use of metablsulphite way de difffcult
and hardly possible.




iigeellancous Indrgenic Selts. Various inorganic salt
mmwmmuma
sterilizing agents in sllage-making, mt,smnt
compared with untrested material, showed lecans profein breskdown
anéd yeduced volatile acid formution., TNutrienl lssacs of dry
the trested silages. In further telals (Nertis gfal. 1955)
the addition of Korfasalt o ensiled material resulted in o
ailage of similar quality to that obtained dy the use of ALIY.
solution. These findings are sapported by the roaulis of
Ulvelsi {1954) who evaluated the guality of silages mde with
A.1.V. solutfon, sulphw dioxide, Kofesalt and stesmed potatoes,
potatoes Cailed to produce satisfectsry silages. The results of
other workers, howevew, have shown Kerasalt to be inforior to
A.I.V. solation in ite effect upon silage preservation (Jensen
Diskstea (1954), using immeture grase afxfures, found
Wﬁh“&M&Mm%M@ﬂ%
lower from silases treated with Kofesalt than witvented satorlial,
Differences, however, were not sufficlent to pecomend Yofesalt
as a satisfeotory ensiling meen. Iz ftricis conducted YLy
Brikason {1953), the effeet of XKofasslt sddition o jmmature
lucerne nt ensiling tine vas found to be wost aprasent vhen the
erop was unwilted, Vilted wmaterial was l1ittle inmproved by the
addttion of the salt., Axelsson gt al. (1955) also found wilted
silage to be of similar quality to that produced by application
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‘of Korasalt. In additional trials (Axeclsson gt gl. 1955)
Kofasalt was added to red clover. The resultant silages gave
&muﬁuzmwmhmmaemm

Sovilon (halogenated acetate of glyeol) has been used }
experimentally to produce partial steriliszation of ensiled material,
Barnett (1955) showed the addition of Sovilon to be effective in
reducing volatile acid formation in gress slurries. Hurdoch gt al.
(1956) compered silages made with end without addition of Sovilon
in & small seale field trial. Adaitfon of the salt reduced
treated and untreated silages, however, coniained appreciadble
anounts of wolatile seids. A alight reduction in dry matter
mwmmamwmm In an additional
trial, in which Sovilon was applied at varying rates of
were obtained (Murdoch gt al. 1956).  Even at application rates
higher than the recommended level (100 g./ton green material) the
salt failed to markedly reduce nutrient losses occurring within
the silo.
~ Sodium formate (Ensilen) and a variety of formate compounds
have recently been used as additives in silage experimentation.
Axelsson gt al. (1953}, in lucerne silage studies, reported no
improvement inm the quality of the resultant silage nor reduction
in putrient losses following the application of Ensilan to
fmmature herbage. That fommate compounds have no favoursble
infiuvence in reducing nufrient losses and 1it6le effeet in
improving the quality of silage, made from immeture herbage, is
confirmed by the studies of Dijkstra (1954), Jensen gt al. (1955)
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end Amon. {(1953).

In general, it may De concluded that there is some
improvement in the preservation of silage following addition of
Kofaselt. Evidence avaliladle, however, is ilnsufficient to
Justify the use of Eofasalt as an additive on a farm scale.
Prom limited dnta availsble on the use of formate compounds and
Sovilon, as additives in silage-making, it would appear that

(a) Digestibility

Nost farm grown focdstuffs are fed to livestock mainly at
_ the stage of maturity. As a result, they show fairly constant
chemieal composition and digestidility and thus may be elassified
with a certain degree of accurscy. Silages, on the other hand,

differ widely in physical and chemiecal properties. These
metmmnmmmwmw

the ensiled material and changes which oceur in the mass during
are, therefore, essential to an accurate evaluation of their
watson (1939) and Monroe gt al. (1946) meintain thet the
digestibility of the various feed constituents in well made
silage and the original material are of a similar order. Vhere
large decreases in digestibility occur, following ensiling,
other than in the true protein fraction, Watson (1939) considers
that the method of meking is at fault, Watson and Ferguson
{1937) compared the digestibility coefficients of fresh herbage
and the resultant silages made without treatment in towers and
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pita. Thelr resulis showed no decline in the digestibility
of the dry matter, organic matter, crude protein and crude fibre
fractions of the material as a result of ensiling. The ether
original materisl. The latter result was attributed to the
reduction in &igeatidility in the former case was atiribuled to
the breakdown of $rue protein in the process,end ia the latter %o
m.umumm,mmmam“mm
end hence readily fermentable fraetion of the ensiled material.
That the digestidility coefficients of the mutrlents in well made
pit and tower silage are little if at all inferior to those of the
(Woodman 1922; Drew gt al. 1938; French 1939).

In steck silage, very large differences in digestibility
between the fresh crop and resultant silage often occur (Watson
1939). Watson and Horton (1936 b) compared the digestibil
coefficients of the individuel feed constituents in stack and
tower silapges made from similar herbage. A marked reduction in
dlgestidility of the erude protein, nitrogen-free extract and
wWatson and Horton (1936 b) to be due to the occurrance of high
temperatures within the mass, & condition arising from extreme
respiration of plant tisswe. The undesirable effeet of high
temperature on the digeatibility of the crude protein fraction in
silage has been reported Dy numerous workers (Woodman 1925; Knott
gt al. 1935; watson and Ferguson 1937; Dijketra 1948). Hodgson




mm&.mmmumamm Over a
period of three years, simdlaer digestidility coefficients
obtained for silages made in stocks and pits. In these

naAss.

wetson and Horton (1936 b), Watson and Perguson (1937), Drew etal.
{1938), King {1942, 1943), Menroe gt al. (1946) and Bailey et al.
(1955) found the addition of molasses, whey, cereal grains and
mineral aclds to have no marked effect on the digestidility of the
ary matter in the resultant silages, Davies gt el. (1937) and
Amelsson (1952), however, reported that the addition of molasses
or mineral acids to ensiled forage increased the dlgestidility of
 ordinary silage lowest (60,3%), molagses silage intermediate
(64.3%) and seidified silage highest (68.0%). Corresponding
mammwzwmwmmmu
froction were given as 62,2, 62.1 and 72.1 per cent reapectivel;
watson (1939) mmm{*w&) bave also reported an

In vecent trials, Cowan g4 gl. (7953) found silage treated
with sodium metebisulphite to be slightly higher then untreated
aigestidility were given as 66.5 and 64.8 per cent for




Corresponding voluss for silages wade from lucerne-grass mixtures
were given s 7i.3 and 65,5 per cent for the treatuents listed.
The edaition of molaases resulted in ailages of similar dry
the éry matter were given as 61.0, 61.2 and 66.8 per cent for
respectively. The difference in dry matter digestibility in
shown to exist between the three treatments in the digeotibility
of the crude protein fraction.

Bratzler gt el. (1956) found the addition of metabisulphite
o ap imaoture mixture of red clover and lucerne to have 1ittle
effect on the digestidility of the feed comstituents in the
resultont silage. Treatment of the ensiled material with molasses,
matter by 6 per cent but bad no effect upon the digestibility of
the crude protein frection. Gordon gt al. (1954), who treated
an Lmeture grese-leguse mixture with metebisulphite and used
untrented material as o control, also obtalned no difference in
the digestidility of she dry mutter of the two silages. Wittwer
brewers' greins and sodium metebisulphite. Haterial ensiled
aigestibility of silege dry matter was given as 63.0, Gli.k, 63.6




mm?wmmmwm;zﬁmm*
mmmmmmmmma
mewzmsmwmw_& it
it would oppoer dhat these additives have litile or no effect on
In genersl, slthough several workers have inereascd the
cases deen senll, xtw,mummms,m
silages ere made frou lamture materials, provided satish
silage~toking nethods are followed, the use of additives has no
mm«:awmmwatmma 1ag

elatability fuplies a noar relation-
m;ummamm where the word iz used in humen
syoonye of the word "attractive” and the palatability of a
foodstuff as the oum of the factors which operate to determine
Iia experiuental practice, the asssessment of palatability is besed
(1952). Iu one, the animals have amccess fo only one type of
food and in the other, access is given to wore than one fype. The
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former method 1s used to indicste the pelatability geoup to which
within a group.

Watson (1950) considers well presgerved silage %o de a
pelatable, succulent and safe food for all clssses of livestook.
mﬁuﬂ%mﬁwmm&wm&k’h
provided by the results of numerous $rials in which large amomnts
of silage have been fed susceasfully as the sole constituent of
the ration. At the Rowett Research Institute, Ayrshire cows,
producing 50 to 60 pounds of milk d@ailly, consumed up to 150 pounds
of silage per head per day ac & sole foed. Throughout the trial
msinteioed (Watson 1950). At Jesllot's Hill research station,
dairy cows were observed by vWatoon (1939) to consume up to 80
of maturity. Watson {1939) considers that the type of fermentation
undergone in the silo may alec hove s marked effect on the palat-
ability of the resultant produst. e stated that silege which
than a normal silage. Geaves (7929) bus reported that silage
to stock.




palatability of sileges made with and without additives hag
‘been compared. A review of the literature indicates that the
Fiteh 19173 Watson 1939; Woodwerd gf 8l. 19593 wWaugh gt a8l.
1943; Rupel Tohily; Xing 1945; Axelsson 1952),. Stedics
conducted to determine the effeet of direct esidifieation on
the palatibility of the resultant silages, have produced
conflieting results. Bohstedt gf gl. (1937), in feeding trials
with dairy cattle, found the addition of A.I.V. solution to
iucerne to be ineffective in improving the palatability of the
resultant allage. In additiomal trisls (Bobstedt gf al. 1937)s
asilages treated with A.L.V. solution and molasses were found to
be equally palatable. lHegsted gf al. (1939) elso reported no
daifference in palatebility between silages treated with nmolasses
and A.I.V. solution. Johnson gf al. (1940), who compered sileges
difference in paletability between the treatments. This result
is in agreement with the findinge of lLepard and Savage {¥95%)and
Avehibald and Parsons (1940),  King(1943), on the other hend,
found molassed silage o be superior in pelatebility to thet
treated with phosphoric acid. Isolated reports have also apreaved
in the iterature condemning the use of minerel acids in silage-
malking on the grounds that silage produced by their adiition is
unpaletable to stock (Woodward gt al. 1942; Homroe gt al. 1946;
Sears and Goodall 194,7). Watson {1939) maintains that the
onpelatdbility of mineral acid silages is vot common in pmotice
and only occurs at high acidities.



In recent studies, the relative palatability of silages
treated with sulphur dioxide and sodium metabisulphite has been
(1950) conducted feeding trials with silage treated with sulphur
dloxide. The gas was applied o the enciled erop at a rete of
5 pounde per ton of green herbage. Te obtelred no indication
thet paletebility wes & prodlem. In sue experiment, dairy cous
consumed in excess of 80 pounds of oulphur dioxide treated silage
dioxide exceeding 6 pounds per ton of frech herbege, tended to
(Report 1950). Teere gt ol. (1953) deternined the effvet of
sulphur dioxide treated silage on the vitomin synthesis in the
digestive traect of ruminants. Sulphur dioxidée was shown to
destroy the greater proportion of thisuine present in tue silage.
It wes clatmed, however, that the fugestion of silage treated with
the synthesis of thismine,

Dufowr gk al. (195L) conpared the selstive palotability of
silages untreated and treated with sulphur dioride at an apsilcation
rate of 5 pounds of the gao per ton of bDorbage. They found vo
averaged 65 pounds per head. In e teisl confucled by Luodt (1950),
cows given & free cholce of silages treated with sulphur dicxide
and hominy, sluost without exception consumed sulphur Gloxide

Cowen gt al. (1953) have commented on the supericey




without additives. In an 8-day palatsbility trial, 15 two-year
old heifers recorded an average daily inteke of 63 pounds of
metabisulphite-treated silage end 18 pounds of siluge made
without edditives. Gordon gt al. (1953), Little (1954) and
stock for silage trested with metebisulphite, when given & free
cholse of silages untreated and treated with She sels,

In feeding trinls with doiwy cattie Butewsn gf ol. (1955 b)
be more palatadle than similar material treated with sodium
metabisulphite. Animols fed wolssees beet pulp silage consuneds
against 56 pounds for animals fed metedisulpbite silage. The
results of Wittwer gt al. (1955) bove alse shown setabisulphite
silage to be inferfor in palalability to silages oade by the use
of other additives and sllage made without additives. Deiry
cows, when given a free cholee of untreated silspe and alisges
metabisulphite, showed a distinet preforence for the molasses

Bratzler gt ol. (1955, 1956) compared the relative palatebility
of grass silages made with sulphw dioxlde cnd sodliam netabisulphite.
In one free cholee paletadility trial, dairy heifers consumed '
average of 58 pounds of metabisulphite-treated silage daily and
16 pounds of sinilar meterisl treated with sulphur dioxide., In
a second trial, wetabisulphite silage was preferred to sbout the




From limited informetion aveilsble on the use of Korasalt
and formate compounds in silage-making it would appear that the
1953, 1955). Their melative palatadility in eomperison with
bave Deen oo fou mell a sealc %o pevuit feeding of the sileges
to livestock. |

In genersl, 1t oay De concluded that, selative to other
livestock fecding stuffs, well made gress eilage is s palateble
relative polatebility of ellages untreatod and treated with
recorded the Sfufokes of the  same aninals when their choice was
restristed $o one sllage. Withwer g§ al. (1955) reported o
prefercnce for aolasses silage when cowe were given a Tvee cholce
of silages treated with metablioculphite, molasses and dvled brevers’
grains reopectively. In s further $eial, vhen the same aninnls
were giwes a £ull ratfon of ~otabisulphl te~teealed slilages as a sole
feed, the total cmount eonsuned wos similer to thet yecopded for
the molesses silage o the previcus telsl. 4As palatebility is
foportant in eninel nulrition only io Sk cense thet it determines
of o partleviar siiage velative to the other gilages offered
the snimals,

P4



CHAPTER IIX

I! Wm‘

During the 195455 season & 20 ton lot of herbage, ensiled
in an unlined pit on the Hassey College dairy farm, was treated
with sodium metabisulphite. The material was cut at an advanced
stage of maturity in late November 1954, from a permanent pasture
composed mainly of perennial ryegrass with some white clover and
small amounts of rough-sgtalked meadow grass and Yorkshire fog.
Sodium metabisulphite was applied to the swathe as o water spray
at an applieation rate of 6 pounds per ton of green material.
Treated berbage was thereafter picked up by the forage harvester,
chopped into 4 - sammammmwuwm
truck for trensport to an unlined pit of dimensions 100" xz 13 x 4L.5'.

All treated material was ensiled during the first day and so
placed within the pit that 1t formed a complete section of
dimensions 20" x 13" x 4.5'. The remaining section (80" x 13" x 4.5
was subsequently filled over a G-day period with 80 tons of similar
herbage. The herbage was chopped but not treated with meta-
material with a tractor during the ensiling process. Lengths of
twine, extending from the dase to the surface of the pit and
spaced at regular intervals across iis breadth, were placed in
position bdetween the two treatments to serve as a line of demarcation.
surface with a tractor on the day following completion of filling,
a practice normally employed on the fern.
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a preliminary iovestigation, the objectives of which were twofold:
1. To study the chemical composition of both silages for
constituents providing information on the nature of the
2. To eatimate and compare the nutritive value of the silages
on the basis of their chemical composition, digestidility
and relative palatability.
The experimental work undertalken is presented in three
final section with their digestibility and feeding value.

lactic scid, butyric acid and propionic acld contents and pH

values were determined. Dry matter and carotere walues were
further determined end, in the case of treated materisl, residusl
sulphite.

Silage can be a very vardable product and no single sample
is adequate for an accurate cstimnte of the material within the
ner sonseguently , 12 sanples were taken at cach of two
ummmm,mmuammmm
block design (Cochran and Cox 1955, pp.9h et 8gQ.).

An area 6' x 12%, marked out upon the surface of each silage
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at an identieal distance from each end of the pit, was
subdivided into 6 hloeks, each 4' x 3'. From the total depth
of each silage (54") the upper 18" layer, consisting mainly of
spoilage, and the lower 12" layer, were excluded, the remaining
24" in depth being divided into two equal lagers. Within each
block four sample points were selected from a table of random
nusbers, such that two samples were located in the upper and two
ériving in wooden pegs to the appropriate randomly selected
,m(m»m%m,

2 FProCeauiy

Both ends of the pit were opened on the 3fst May 1955 (177 days
after the completion of filling), the two silages being fed out to
the College dairy herd and experimental animals. On reaching a
semple point in the feeding out proecess an 8" cube of silage wes
removed for analysis, the tip of the marker veg serving as the
~ mid-point of the eube. A sharp Imife was found to bDe satisfactory
for removal of the samples.

Sampling was conducted over a 12-day period (16 - 18th July),
the emptying of the pit deing so regulated that identical samples
in both treatments were obtained on the same day. Each sample,
following removal from the pit, was thoroughly mixed and
representative sub-samples transferred to sealed glass jars, the

. Dry matter and pli determinations were conducted on all 2
samples from each silage. For volatile acid, non~volatile acid,
residual sulphite and carotene, Dlocks T ond 2, Sand §, 5 and 6
were considered as three blocks Ay B and C respectively., Within
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Layout of randomized block design for
sampling the untreated silaze.
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Figure b

layout of randomized block design for
sampling the treated silage.
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each of the latter, four sample points were present in each layer.
for volatile and non-volatile acld determinations, giving 2 total
shown in Appendices I and I, for untreated and treated material

respectively. Dry matter, i1 and residunl sulphite values were
obtained for all sub-samplee within two hours after their remowal
acid estimations was stored in s deep-frecze cabipet and anslysed
at a later date. All analytical values were subjected to the

Analysis of Varlance Test, according to Snedecor (1955, pp.2ih et
8QQs e

n:mummmuammmw
mwmmmmmmmwm
mmmmmmmwuwmwmm
araught type at o temperature of 150°F. All samples were removed
after 10 hours, allowed to cool to constant-moisture content,and
welghed, Wo correction was made for any possible loss of velatile
material which may have oceurred during the drying process.
A Pl Yalue. A 100 g. semple was boiled for 5 minutes with 100 g.
Deteruinations were made on the resultant water extract using a
Macbeth pH meter with a glass electrode. A check on the method




the §l on the juice obtaimed. 45 both methods gave identieal
results, the latter was alscontinued.
; Content mumammmmmzr

mwmm«wwmmwwm
am{ms),mmmwmwma {19512)
mhmmammwitm,sm
which permits of the sepavation of the individual acids. In the
present investigatlon a measure of total wletile acidity in terms

,am.mmmwmmmmmm

suntuing 1s the Sewted sfinge sns sntinated ustug an adapiion of
a method proposed by Barnett (1957, To a mixzture of 2 ml, 710
fodine solution @iluted with 10 ml, water, was added 1 ml. of
treated silage julee, cbtained Dy extraction of the sample in a
press. Excess iodine was titreted egninst VA0 sodium thiosulphate
solution, using otarch indieator. The thiosulphate solution was
dized agauinst the fodime daily and results corrected for

mmmwmumammww
untreated silage. Resulis were expressed in p.p.m. total residusl

variable in magnitude and in sections of the plt penetrated deeply



mxmnmmm
muxwtmmhmmmhmmm,
overheating. A faint colowr difference, however, was detected
material showing a gradusl gradation to o greenish-yellow colour,
In both silages the original material could eesily be
identified and, as is evident from figs. 5 and 6, whieh show
further illustrated.
xnmmm.mwwum
ammmmmmm&mm
ensiled at an advanced stage of maturity without ; .

Mmtmtrzdrymmrmm,wwatﬁam:ﬁm,m
shown in Teble VI, Individual deteruinations, made on all 24
samples selected at rendom within cach trentument, are given in
Appendices I and II for untreated and treated materisl respectively.
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Figure 5§

Sample of unitreated grass silage.

Sample of metabisvlphite-treated grass silage.
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Hean Treatment, Depth and Block Values

of the Dry Hatter Content and pi

Value of the Silages

{a) Dr{ Hatter Percentage
air dry basis)

Untreated Silage

Metabisulphite-Treated Silage

..g:\::m uppgr Lmr | §cth Upper | Lower | Both
1 14.50 15. 70 15. 10 16.90 19,10 18.00

2 14,60 16.55 15.57 17.80 19.20 18, 50

3> 16,30 17.55 16,92 20.50 19,60 20.05

L 14,35 18,85 16,60 18.90 19.55 19,22

5 16.70 17.30 17.00 17.70 19.55 18,02

6 16.40 21.05 18,72 14,95 18.75 16,85

All 15\.8? 17.83 16.65 17.79 19.29 iﬁri

(b) pH Value

g f”m i Upper | Lower | Both ﬂm Lower | Both
1 L.70 5.20 b.95 .30 .25 h.28

2 5420 4.25 4.73 4.70 .20 H.105

3 4.90 4.00 L5 4.80 440 4,60

4L 5.30 L.10 .70 k.15 3.90 4.03

5 4.80 4.90 5L.85 4.00 4.90 L.145

6 5.30 | b0 | 5.85|  5.20 | 465 | 493
A1l 5,05 | 447 | 14.75 4e52 | Bu37 | BliS
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Dirferences between the mean values were tested by Analysis of
Variance and the results presented in Toble VII, There was a

dable YVII

Analysis of Variance of the Hean Hatter
mﬁMmdtmaw

Source of ‘mmmw ﬂ»m:u

of | jean | lean

Variation f Square| F | Result|Square| F | Result
Silages 1 42,75 | 10.17 =s 19,027 | 3,21 | N.8,
Depths 1 .66 | 10.63 #e 1,541 | 4.85| *
Silage X

Depths 1 2,21 | <1 | B8, [0.568 | 1.79| m.8.
Blocks within

§i vi

‘ — 20 | .20 0,318 | 2.63| =
Samples within

Blocks 2l 6,07 0. 121

Coefficient | |

of .1 T2
**nighly Signifieent (p < 0,01) “significant (p<0.05 >0,01)

.8, Not Significant (p>0.05)

highly significant difference between the mean dry matter values
of 16,65 + 0.42% and 18,54 + 0.427 recorded for the untreated and
treated silages respectively. As no dry matter input and output
data were available for the silages, however, it was not possible
to ascertain if more dry matter was retained in the treated

material. Within each treatment the dry matier differences

between the depth meens were also highly signifieant. The dry
matter content of each silage increased with depth, the inerease
showing @& similar trend in both treatments. Visual examination
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upper layers. Ho significant differvences could he demonstrated
between the mean dry maitter walues for the blocks at any one depth
ic coch silage. The dry matter content of the middle portion of
each silage was of similar magaitude o that in the outer portions
of the pit. '

Fo significant difference wos found for the mean Dl values
Of 4,75 & ©.12 and 4,545 & 0.12 which were vecorded for the
untreated and freated silages respeetively, Both mean values
were well above the desired TH lewvel of 4.0, while several samples
in each silage showed values in exeess of 5.0, Within each
M.Mm'ﬂawm&mtﬁn
mesn depth velues, the pii of each silage decreasing with depth.
In both treatments the fall in 3l value with inereasing depth wes
of pimilar magnitude. HNo significant differeunces could de
demonstrated for the pii values of the three blocks at any one
«mmmwmmwmmmu
Table VIII. Icodividunl walues for the 12 samples anslysed within
each silage are shown in Appendices I and II.

Preatoent with metabisulphite did not result in a higher
retention of earolene within the silage. The mean values
obtained for the untreated and treated silages were 2,29 £ 0.18
and 2,07 * 0,18 mgn carotene per 100 g. of fresh silage.
significant (Table IX).

within eech silage no significant differences could be
demonstrated for the mean carotene contents of the material in the
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Hean Treatment, mwhmm Values of the
Carotene Content of the Silages

 (mgm. earotene/100 g. fresh silage)

Apalysis of Variance of the Hean Carctene

Values of the Silages

| | msm m | te-Treated Silage
2 - i :
\EIE ’;’“f’ pper | Lower ?ﬁ: Upper Both
A 2.15 1.65 1.90 1.55 1.80 1.68
B 2.10 2.90 2,50 1.65 2,30 1.98
¢ 2,05 2.90 2.47 2.20 2.55 2,38
~ - SV B—— - —— e , ""ﬂ
A1l 2.10 | 2.48 | 2.29 1.80 2.22 ‘l 2,01 e
Zable IX

Souree 8.8. | a8 s,
8ilages 0482 1 0.482
Depths 0,960 1 0,960
3”“" x 0,000 | 1 | o001 | <1 | » a F.S.
ﬂsm vithln
mma" Ea— 3.967 | 8 | 04396
Samples within .
Blocks B.770 | 12 | 0.u81
Total 10,380 | 23
Coeftiotent | | |

3 =
Variation —

¥.S. Yot Signifieant (p > 0.05)



residual sulphite (free and combined) in the treated silage at the
teraination of the storage period are presented in Table X.
Individual values for the 12 samples anslysed are shown in

_Appendices I and IT.

s Gk U

Iable X
Hean th and Blogk Values of the , Sulphite

the Treated Silage
(Popem. of fresh silage)

\m' A B c

... T . S

Upper 361 354 k1o 375
*}-m i 540 I 635 T 649
o e .. Y el I

Total residual sulphite was found to average 512 * 49.6
PeDsMs in the fresh silage with a fairly wide variation sbout
this mean.
the depth means was shown to be significant, The means and
their standard errors were 375 * 50 p.p.m. and 650 % 50 p.p.m.
in the fresh silage for the upper and lower layers of the pit
respectively. As sodium metabisulphite is water soluble, the
tncrease in concentration of the salt with depth probably
resnlted from & lesching effeet within the pit. The foet that
no significant differences in residual sulphite values were
found for the block meens at any one depth (Tadble XI) supports
this view.
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Source 7 m»
Depths 226, 326 1 | 226326 | 15,31 | 7.71 | 24,20 .
Bloecks within
Depths 59,125 B | 1,781 | 1.21| L5353 | 995 | N5,
sm&ng
73596 6 | 12,266
Total 359,087 | 11 |
W’t
21,6
mm

%xgntttmt (p <« 048 > 0e01) N.S. Not Significant (p > 0.05)
The mean organic acid values of the

mnm,wnmarm,mm,wmmm
Mummwumum. Individual values,

Bean Organie Acid Content of the Silages
(individual acids as % fresh silage)

m  Aetd 'ﬁ:“ Aeid acid
Untreated Silage 0.29 0.19 Q.07 Ualif
Hetabisul

mm m 0.2 0.16 0,07 Ouly7

determined on 6 samples within each treatment; are shown in
Appendicea I and IT for the untreated and treated silage
respectively.



Hoderate amounts of volatile fatty acids were present in
of acetic, butyric and proprionic acids showed that the formmer was
lower butyrie aecid and & higher acetic acid content, the differences
XIII). Both silages contained treces of proprionic acid, a

W

mmarw Hean  and
Agld Contents of the S1

e e e JnL s :u.n--ﬁ
Square | F | Result Square| ¥ |Result

of

Total 11
Between Silages| 1 L0099 | <1| W8, | 05 |3.57| ms.
WeiNin Sliages | 0 | J0000 N i TN

¥.5. ot Significant (p> M!s} | e ‘

values were less than one-half the walue of ¥ « 2 per cent lsctic
sllage (see Peview p.8 ). An examination of individual walues
desived pi level of 4.0.

In Teble XIV the awerage non-volatile and volatile meid
conlentas of the two silages are given as perveentages of the total
aeidity and the relationship between the two types expressed as
a ratio.
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Relationship between the pif Value, Total Volatile
wav'ﬁmmh&twsm

Silage o | | w
| (5 total aeld)| (X total scldd)  Aeids

Untreated 49 Sh.9 45.1 130,82
Pranted

b7 581 1,9 11072

- : - . : S

watson (1939) maintains that in well made silage the volatile
acide should be outweighed by the non-volatile secids, a ratic of
1:1.3 being steted as sultsble. In the present study the vatlo
of non-volatile acids to volatile acids showed that the latter
were in excess in both silages, On the basis of Watson's
ecannot, therefore, be considered as satisfactory.

In individual semples a high pil value wes escoclated with a
in Teble XV.

In both silages & high leetie seld content was shown to
be significantly correlated with a low pil level. Correlation




Zablg XV

Correlation Coefficients, as Determined for
WMM&“Q&W

"m‘ Acid {12 + w "S. 4 G;” Mg

# 3ignifiecant (p: ﬁ.as >&.m) .8, Bot amt {p>0.05)



There are indications in the literature that pelatadility
is an important characteristic in determining the guantity of
grass silage consumed by farm animals. Aeccordingly, 2 series
of three trials was condueted to determine differences in the
intakes of sheep and dairy cows fed grass silages, untreated
and treated with sodium metabisulphite. In the first trial,
sheep had access to either untreated or treated silage; in the
second trial, the same sheep were given a free cholce of both

of eight full grown Romney wethers, designated 1 to 8 respectively.
from a group of forty wethers such tiat, as for as possible, the
were in good health and general condition. At the termination
of the first trial, sheep nos. 2 and § wvere discarded and the
to test their preference of the untreated and treated silages.
The experimental animals employed in the cattle trial
consisted of three dry non-pregnant Jersey cows, comprising one
set of h~year-old monosygous twins and one 3-year-old cow. All
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ryegress-clover paddock and, prior to the commencement of the
To overcome differences, due o wmrlations in fermentation at
morning, theroughly mired and trensported to the feeding shed.

The sheep were housed in individual feeding pens in a
wooden shed with a concrete flsor. Hach pen was equipped with
a feeding box of the type shown in Fig.7. Hooden boards were
six feeding sialls, cach containing a large metal feeding bin

W mmw&mmmm

,f#&m,MMﬂmemﬁ
adjusteent could be made to overcome this souree of bias, through
mmwm,umwmﬁmmyanmh
The eight experimental sheep were allocated to the individual pens
at rendon and subdivided into four groups of two sheep each,




Figure 7

Feeding box used in

sheep trlals,

Pigure &

e

Welghing the experimental

sheeyp.

-'892_—



mumr [tlon in the shed. Within each group
two treatment mmmatmmnmm
WMW}*

17 mm :tm
s Trested silage
X . #

wmmmmamm:u; ;
mmummmmmmmmm
Mamtmmw“m{% '
mplance analysi ammmmwm
Mm!,hﬁm&am*” rodueed ﬁwmm
MWMMKMM&&BmﬂMM
unbrestsd silage; ond Pinally, an experimentsl period dneing which
mmmwmwmmmmmm Intakes
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10 days for the preliminary period

The trial was undertaken over the winter months, comencing on
the 6th June and terminating ou the 8th Iy, 1955,
introduction of & preliminary period.

cosmeceed on the 20th July sad terminated on the 30th July, 1955.

Sheep. At the commencement of Trial 1, each sheep was fed

umwmwammmam&mm
sflage. The silage component of the reation was gesdually
w:&m‘wmmmwm
up te the eigh® day of the $rlal, when an all-silage o '_

15 poands wes feod. mmammmw
the remsining three perlods of the trial. Although slightly in




m&:mmw&mam&mm
mhm#am ition, 1t was not suificlient to

m m ) shoep were fof deily at 8 ..,
ammkm mmmmmmmsw
ailages were stored in e cool seotlion of the shed and covered with
the portion of the feed loft by the individual sheep ot the end

Ixial 2. ‘The sheep were fed once d8ily, at 8 a.m., and the
next Zp-howr peried, before & fresh supply of the siiages was
wade availahle to them.
mmmm,wm;m
exercise peried {*‘! . %0 3 m} in ¢ concyete m




datly, once at 8 a,m. and again at 4 p.m., and received 45 pounds
into two equal comparizenta by o length of sacking.

Prinking water was also available in the ewercising yard. The
stalls werpe oleaned out whilast the anfimals were fn the yard,end
fresh bedding supplied dally.

In all three trials a 250 g. sample of each sllage, as
 offered the experimental anwals,and & 250 g. sample of each
gamples were drawn prior to the 8 a.m. feeding tiwe and drted in
a forced-draught type oven at a temperature of 150°F. for eight

teriods, A1l weights were pecopded prior to the 8 a.n. feeding
tine, by wesns of & spriag belscee and baress (fig. 8). The
aepparatus from the roof of the Ivediug shed, o method whish gave
not recorded in Trianls 2 and 3.




The following records were collected in all three trials:

{f£) The weights of fresh untreated and treated silage daily
(11) The dry matter content of the silages offered the animals
(131) The bebaviour, health and general condition of the

daring the initial and main experimental periods of Trial T were

Bxperinsntal Reanld
Trial 1

At the commencement of the trial, all sheep showed a steady
When silage formed the sole feed, however, appetites fluctuated
similarity in this deily veriation in intake. Sheep transferred
from untreated to treated silage in the experimental period, showed

After each feeding time the snimals nosed their ration sbout
the feeding dox, as if they were seeking something different.
intake pattern, but tended to nibble and rest alternatively at
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short interwals throughout the day.

At the commencement of the experimental period sheep no.2
developed pizzle trouble, with a resultant decline in intake,
Although the condition was remedied in 2 few days by penicillin
wmmmm Sheep no«8, for no apparent
intake was investigated by means of the acetone tablet test, dut
gave a negative result. All ofther animals pemmined in normal

The total silage consumption of each sheep during the
initial and main experimental periods is shown in Tebles XVII
and XVIII respectively. Values mecorded for sheep no.2 were
(1955 pp.268 et 8gg.). Individual day-to-doy records of silage
consuned, on an average, less than their counterparts. Mean
intakes of 57.5 and 68.9 pounds being recorded for the two lots
silage consumed an average of 85.6 pounds of fresh material, as
compared with 64.5 pounds for those fed treated silage. The



Total Feed and Hatter Consumption and Changes in Livewelight of 8 Sheep
T 4 tﬁfnmmum%m -

fed Untreated 5ilage over a 7-day Ini

1 52,15 967 124.3 - 0.8
2 63452 2,07 - -

3 6l 95 13.15 127.0 + 24
L 62,00 11,39 132.4 - Oy
b 69435 12,89 11440 + 345
6 73.25 1393 138,1 - 0.3
7 7780 70 120.5 - 1.5
8 L2,70 8.23 149,0 - 245

ined by Missing Plot Technique



Total Feed and Dpy Hatter C

Sheep
Yo

~NwvwN

o OE -

Zable XVIIX
tion and Cha

each of L Sheep, fed Untreated and Treo
»'amtr & 10-day Experimental

Treatment

Untreated
84lage

Hetabisulphi te-
Treated
8ilage

Silage
Conasumed

87.92%
96,00
81.30
7715

66480
60,20
87400
43.88

Dpy Matter
_Consumed

17.56"
18,22
15463
1450

1334
11.69
1759

es in Livewelght of Two Groups,

Liveweight at
Start of Period
- pounds
127.5

1180

12040

22,5
131.0
h1.5

6alyt

*Values obtained by Missing Plot Technigue

420

3ilage re tive
3= ’:ﬁ spectively,
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period thus showed an intake of 21,1 pounds in fawvour of the
untreated silage.

In Table XIX is presented the analysis of covariance and
8ilage intakes recorded over the initial experimental period were
period. As values recorded for sheep no.2 were dcbtained by the
missing plot techmigue, one degree of freedou is lost in the

The results of the analysis showed that there wes no
silages.

Although the reduction in sum of squares dwe to regression
reduced from 231,73 to 193,09, This does reveal a valusble increase
in the precision of the experiment through the use of covarlance.

fgble XX

Analysis of Error Variance in Sheep Data

Souree of Variation Q.1 8.8, H.8. ¥

Btm intakes) 5 | 158,65 | 231.73
Reduction due %o ,
Regression 1 386,30 | 386,30 | 2,00 1.8,

b | 77235 | 193.09
. N.8. Not Significant (p > 0,05) A
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Treated

Slali7 68,92

Nean dry uatter values for the silages offered to and
(18,85%) was similer to that of the seme silage fed in the main




Zable XXIX
Mean Dry Matter Content of the Feed Offered to and Refused by 8 Sheep

fed Untreated Silage over a 7T-day Initial Bxperimental Period
(stated as % fresh sllage - air dry bosis)
Sheep No. 1 2 . L 5 6 7 8
o o #u- - e s o S o R , s sz
Peed Analyeis| 18,85 18,85 | 18,85 | 18,85 |18,85 | 18,05 | 18,85 | 10.85
Refuse Analysis| 19,02 19,52 | 18,0 | 1932 (19.31 | 10.4 | 18,78 | 18,61
Hean Dpy Matter Content of the Feed Offered to and Refused 2 Groups,
each of L Sheep, fed Untreated and Treated S1 respective 5
Pieee s f0day Rxpesinental el T
(stated as ¥ fresh silage « air dey basis)
Sheep No. 3
s Hetabi- e T |Metabie o |Metabiw | we. |Met
Silage g -xm! :urggm trented|Sulphiter cateq mﬁ'&t peated “‘
PR " . " ‘ LR , xi.tu,l.\): . < i, A WU
Feed Analyeis| 20,06 19.04| 19,08 20,06 19,04 | 20,06 | 19,04 | 20.06
Refuse indlypls| 20419 19:58| 19,25 20,48 | 18,9h | 20.27 | 19.35 20440

-
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mwmmwmm@ummm
similar bDetween animals fed the same silage, a further

respectively, Values for sheep no.2 were ohiained by the missing
Deperduent of Hassey Agricultural College.

consunpiion of 12,0 pounds of dry matier was recorded for the &
sheep. The four cnimuls selected to receive treoted siloge in
NM'W.m‘Wmmwm.a
silage consumed an averape of 13.2 pounds of dry metier, a2

of 16,48 and 12,26 pounds were recorded for the two groups

of untreated silage.
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in Pgble XV is presented e anpalysls of covarianes and
tent of signiflicance of the adjusited mean Ary matter intakea
over the experinental period. Dy ootter intakes over the
initinl experivental nerliod werce uscd ag the independent wmeisble.
One degree of freefon 1s lost in the snniveis for the date
chtained by %he nisging nlot fzehniocue.

v of drsy

“he peduction in arprcr wovioncg, Gue (o pegzoosio

-

metter iniaolke over the moln experiownial wericd agsceionted

with intoke over the initicld peeiod, wos ant signiticant {(Toble
¥XV ;. Thus, the trial denonpimalod Uhot thors oo uo olondficont
Sifference in the dry maitier intslkos of shusp foa orimaded and
e - - y n ;
treated silage respoctively.
Panie  UUY
fnalysio of Zopor Varlanoce is Shesp ot
L ANEL P ] g AT £ e T TR
Beonpae ¢f Vardation e e Salt, Y8 ., @
Betwecn Toegatuents
E e T e i 3
{onadjested intakes) 5 T2e 5 1,557
» LS
Nedaeticn duc to )
T . =E & - [543 -y SR
- Recpession ( 3% .57 1o 58 3400 L5,
Erpor for Adjasted _
Intalten i i87e28 10,32
Teide It Jizniflcent {(n 20,05
Toble VI shous the mean dey matier dindains of fTel oooep

L]

[ TR Ear y PR PR - - Ay RIS ' eI Pa s I T 5
over e 10=doy nlin consrinendal peviad, wnoadjunded and oldjugded

r [ S TR X .—,:._'.3 1 [ . S J A Ry o o P R TR L ol

far pemmesslon, Uhe GIfensuns Ao odjusted dey maticr Lontukos
F T I zn Y, " - A= e [IED N T o T R, o 1y -
btz Yhe T olinses wos .30 DDWID. Yo Aldlercnce wan
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smm mmtmm

wmﬁw mvm

mmmmwm&mxwmmm
 for £11 sheep exeept nos. 3 and 5, which showed smll apparent
the main experimental perlod were in all ceses lower than those
period showed, on an average, an appavent weight loss of 2.3 pounds
less than their counterparts fed untrested material. A mwber of
1 variations in mtmﬂmmmmmm The

' wees recorded for sheep nose 1, 3, b, 5, 6 and
7 over the two » tal periods conld be accounbed for by
variation in "gut £111° and errors in weizhing. The weight
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fable HVIT
Feed Intakes of 84x dheep given o Pree sholee of Untreated

and Treated 3ilages over a T=day Perilod

Silage Consumption in Pounds
letabileulphite~freated Untreated Total
~—_._Sheep To. | T | -

Day of éf;{gim L 3. L 5 6 7 1 3 _I-s. 5. 6 ?_ ‘i_ _.":5 £} | 55_ 6 _7

yi 1e5 Fell 2e7 beb 3.4 2.4 5.7 2.6 | 5.0 | 3.4 G35 2.6 |1 Te2 6,0 Ta7 Te9 Se? 6.0

2 3.8 3¢5 | 3.0 Te0 | o5 Be7 3.5 ] 1.8 b7 53 5e7 2e5H Te3 B.3 Te? H.3 | 10.2 6.2

3 3.t | 240 ! 2.3 | 3l 2.8 Qe | Hatl Fe2 | Fa9 1 Ll Toi 548 6e5 Hed Ge2 8.0 e O G

i BeB | 2¢6 | 2.1 ] 542 1 B0 [ 202 | Te3 1 207 [ hte? | 142 | 402 1 6,0 | 541 | 5a353 | 602 { Gy | 942 | 8,2

5 268 | 242§ 209 | a1 ] 562 | 009 | 2:6 | 30 { 39 2.7 .| he Ga3 | Beli | 548 | 68 | 5,8 110.1 ! 7.2

& 169 1.7 3.6 2+ 546 DeB | B3 | 3ut laly 12 Le2 Ga2 5.2 a8 B0 | Lot 9.8 Te0

7 Be5 | 360 | Bals | 3ot 58 | Beli | 2eT | 260 ] 5uB 1¢2 | 3.8 | Le7 | T2 560 | 849 | BeB3 | D3 10,1

Total 2907 (185 12040 12362 [ 3260 (9642 (222 {1960 315 1100 {3662 |35 [U3eG |37l [51.5 [12.,8 | 68,2 81,3
Average 3,901 2.63] 2.85] 3.3 LeB7] 2031 3217] 27 5aB0{ 2480 5617 5a01] 6a27] Be3l] 735] 611 9e7h| 7.32




ar93~
dirference of 10 pounds recorded for sheep no.S over the entire
trial period, however, was undoubtedly in part a true weight loss,
ag this animal hed o daily dry matter intake well below its

mw& This deily variation in intake showed no
agreement between animals., Total silage consumption

all enimals, indicating that they wese desirous of a change i
feed. The sheep tended to nibble both silages frequently
throughout the day, there beinz no intensive feeding periods nor
marked desire to concentrate entirely on one silage. During the
course of the trial all sheep mainteined nermal health and

In Table XIVII are presented figures for the daily
each sheep over the seven-day experimental period.

Over the entire experimental period the average deily intake
of silage per sheep was 7 pounds, comprising 3.9 pounds of

Hean dally inteke differences in favour of the untreated
silage, as recorded for each sheep, were regarded as & random
selection from a population of sheep and days and a simple t-test
(Snedecor 1955, p.62 et sug.) used to determine whether the mean
of the differences in intake of the two silages was significantly
greater than sero and hence 1f overall preference was significant.
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Since the mean daily difference in intake of 0.76 L 0.35
pounds fresh silage was shown £o be signifieantly greater than
mﬂummxm»uammma
mammmmmmmx,m,
and of little practical importance.

An ezamination of individual intakes of the two silages over
the entire trial showed that sheep nos.?, 3, 4y 6 and 7 consuncd
a greater amount of untreated silage, while sheep no.5 showed a
higher consumption of treated material. 2

vhen each sheep's preference was tested statisti by the
favour of untreated silage as g randon gelection of possible days,
awmtmmamupmhmwmmmmwm
for untreated silage significant. The remeining four sheep gave
intermediate resulta.

The dota presented do show that in a trial of this type it is
experimental feeds, owing to their individusl variation and to the
faet that a single isolated animsl may not bebave in a normal matner.

P S P P g v —
offered to and the portion refused by each sheep are shown in
feeds and refuse are lodged with the Dairy Husbandry Department
of Massey Agrieultural College.

The silages, as offered the experiumental sheep, were similar
in dry matter content, while mean dry matter values for each
sheep's refuse were similer between animals and 1ittle different
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; 0.65 | 0,58 | 0.k9
5 0461 | 0.38] 0,46
B : 086 | 0,59 047
5 OuhiB | 0431 Ouli3
6 Os3l | 030 | 0,68
7 L 078 | 0,51 0,58

0.29 | 0.82

| 059 | 0,73
) 0*&9 Ql&’

0.69| 0.75
0,65 | 0,89

0:32| 0493

0e52 | 0484

0.95
0.88

0426 |

050
.23

Outly |

0.51 |

: LA—— —

O.li5
1.1k
Te2h
1.27
1.27
0.78

097

.27
1418
112
0,95
1,00

*nm'

1.15

0.087
097
1.18
1,00
0s95
0.83

0.99

131
1.99
1.30

157

1451

136

1.96 | 1,79
1.55 | 1,97
142 | 1,99
0,99 | 1,92
085 | 1.86

0467 | 1,61

oty | 1,85

1.08
1,50
1.76
137
1.2
174

140



from the corresponding feed value, Individual day-to=day dry

The daily consumption of the two sileges on a dry matter basis
experimental period are shown in Table XXXIX, Throughout the triel
each sheep consumed,on an everage, 1.3 pounds of dry matter daily.
the remaining 0,73 pounds from untreated material. Through uee
of the statistical method previcusly deseribed (see pape 93), the
mWMummammwmsﬁ*&me
favour of the unireated silage, w gnifice
A&MMW&&MM&MM f,s,ﬁ.ﬂmz
consumed a greater amount of untreated silage on a dry natter
significant preference.

conditions and ate both silages readily. Day-to-day fluctustions
in appetite vere observed and, although the trend was similer for



m«xmmﬂmmmmmmw
silage consumed. .

no marked desire to concentrate on any one silage, but consumed
both altermatively. At the close of the trial all Siree cows

On en average, each cow consumed 81.24 pounds of fresh silage
daily throughout the trlal. This total comprised 42,31 pounds of
mmm%ﬂmwmﬁamﬂmw
@ifference of 3.38 pounds in favour of treated silage. When mean
material, as recorded for each cow, were regarded ss a rendom
selection from a population of cows and dnys and & simple t~test
(Snedesor 1955, p.62 et sqy.) applied to the datn, the overall mean
wummw}asagi«&maukmww

mmmmtmmnmmamm
armmmm. Mmmwummmm
M&MRWManmaﬁ&ﬁmﬁ
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Silage

Poed Analysis) 18,18 | 9.4 | 18,18 9.4k | 18.18
Befuse Malysis| 17,74 | 18,58 | 18,38 18,81 | 18,64
with mtreated material, but the @iffercnce of 1.26 per cent

refuse were wsed to estimate the d&ry matler intekes of the cows

- — .




of dry matter was recorded per cow, 8.55 pounds of the total
difference of 1,17 £ Oy pounds, in faveur of the treated
material, when subjected to atatistical treatment, according to
the method employed for fresh silage intakes (sec pege 97), was
found to be highly signifisant.
to be non-sigaifieant.
Mmtmmm&!mmuam
m,nmmmmmmmm
elither silage could be &




Zable X1l

Ha 4 a
L IR S AT
_ Pry Natter amm ih Pounds | R
mummmuwrmuﬁ % Untreated i Total
i [ 1 2 b 1 2 .
1 7+09 Ts00 | 6469 | 894 | 9402 | 8,81 | 16,03 | 16,02 | 15.50
2 6401 7409 6490 6.73 5409 3481 | 15,84 | 12,18 | 10,71
3 8.33 Te55 8.88 | 6,99 8el43 6450 | 15.32 | 15.98 | 15,38
L 11,60 10.31 936 8.86 TeB5 | 6475 | 20,46 | 17,06 | 16,44
5 ﬂ% ‘*ﬁ ’t” ’lﬁ “ 9&” a“? ‘l 80 ‘9&7@ "Gn M *&“
6 Selly 930 8:90 | 6G.18 Te87 | hel33 | 18«02 | 17:17 | 13.23
7 9463 Te53 Te93 | 8479 | 7455 | 7467 | 18,42 | 15,08 | 15,60
Total 62,89 | 58,17 | 58,5 | 56402 | Bhe30 | Uhe67 118,91 |112.47 (10321
| 6.38 | 16,98 | 16,07 | 174
I—— o o o e o TEPEN oo —— V'l

-
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Purther @ate were obtained on the relative feeding values
of the untreated and treated silsges by detemmining the
two periods of the first atability trial, described in the
mmm%ummamu

ses i Setamtes wmmivwmm were
Wawmmeanu?mm
untrested silage and sheep nos. 1, 4 and 6 for the treated materdie
The trlal consisted of o preliminary period of 5 days followed by
a eollection period of 10 days, these periods being Senoted the

A full description of the experimental zaniuals and silages,
pages 75 - 81).

Bach day, before the first feed was glven, the two silapes
mWMM:Mﬂm& gample of each



analycis.
weve slse thoroughly uised and & 250 g. sample of each talen for

The “conventional" method of detemmination of dipestidility,
means of leather harness (fig. 9), as designed and deseribed by
Sears and Goodall (1942). The sheep were harnessed in the
wearing the apparatus and to frequent bawndling associated with its
use. Urine was ellowed to pun away 6s neither a nitrogen nor
to each feeding time, with o further collection ot 10 p.n.
to & plastic conteiner and stored in a cool section of the

in an electric oven of the foreed dreught type at a jeuperature
of 150°P for eight hours. PFeeces sanples were dried at the seme



— 1038. -

Migure 9

P S mirai

Sheep Titted with harness for the eolliection of faeces,



isboratory mill. Dried ground samples were stored in sealed
 Composite ssmples of the two foeds and the individaal
the daily sauples, giving a totel of fourteen samples for
chemical analyeis. All amiyses were done in duplicate on
Agrienltural Chemists (1952).

All experimental sheep were weighed at the commpencement and
{see page S0}«

Collgetion of Dats
1. The weight of fresh silage offered to and refused by each

2. The dally faccal output of each sheep.

4. A complete feeding stuffs anslysis of the two feeds, individual
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ealeulated according to the method of Kellner (1915), by adding
the products of the digestible erude protein x 0.9, the
digestidle ether extract x 1.97, the digestible crode Pibre

plus the digestidle nitrogen~froe extract x 1.0 and sudbtraeting
0.58 z; the percentoge of crude fibre in the food. In concidering
the volue of the silages eo sources of protein, the dlgestidle
silages were cbtained dy the method of Woodman (1952), by adaing
extract, crude fibre and ether oxtrect x 2.25.

of the following expression, given by Weodman (1952):

The average chenical gomposition of the two feeds, the
Both bad a low crude protein and high crude fibre conteni, &




Table XXXIIT

Chemical Analysis of Feeds, Refuse and Faeces
{(moisture~free basis)

(a) Feed Analyses

Silage

Percentage Compositlon of Feed

Titrogen—

% Dry | Crude | Ether | Total | Crude - Organic
Matter| Protein| Extract| Ash | Fibre|Extract|Matter

Untreated 18.01 | 12.09 2,26 | 9.58 | 33.31| L42.76 |90.42

Metabisulphite
(b) Refuse Analyses

lShegp __Percentage Composition of Refuse 4
Silage ¥, | ® Dry | Crude | Ether | Total | Crude NE0EenT organte
_| _Matter| Protein|Extract| Ash | Fibre|Extract| Matter

3 18.40 | 10,94 1.75 | 10.58 67| 41.06 | 89.42
Untreated 5 17.89 | 11.34 | 1.77 |10.9 33‘2.&% 39.08 | 89,04
7 | 18.52 | 11,42 | 1.78 |11.40 | 36.73| 38.67 | 88.60

Metabi- 1 18.87 | 11.64 2.2 |11,99 | 35.18] 38.95 | 88.01
sulphi g 19.35 11.% 2,14 |11.56 | 35.41| 38,92 | 88.44
Treated 19.28 | 11.5 2,19 |11.72 | 34.51 .02 | 88.28

(¢) FPaeces Analyses

Percentage Composition of Faeces

silage | % Dry Grude | Ether | Total | Crude Ni:;@‘organic
® | Matter| Protein|Extract| Ash | Fibre|Extract| Matter
5 | 36.65 | 15.98 | 2.65 |13.25 | 29,25 38.87 | 86.75
m;m:t:% 5 | h2e3h | 15.18 | 2.66 |13.21 | 28.19| 10.76 | 86,79
7 | 37001 | .77 | 2.63 |12.90 | 28.91| Bo.71 | 87.10
Metabi- | 1 | B3.30 | 16.64 | 3.32 |14.88 | 27.54 37.62 | 85,12
Treated ¢ 09 | 16.56 | 3.34 |1h.30 | 27.41| 38.39 | 85.70




animals, en indication that some selective feeding wes practised
There was very 1ittle differenee in composition of the
of sheep nos. 3, L end 7 were slightly lower than those of the

mummmmmmmm

The former constituent wes 6 per cent more digestidle and the
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Apparent Digestibility Coefficients of the Silages
Untreated iietabisulphite-

Constituent Jﬁ gmw@ Treated Bi#i;ﬁ#
Dry Hatter 522 5349
organic Natter 5.6 5549
Crude Protein ha.2 38.9
Ether Extract 9.7 4246
Grude Fibre | 5546 .7
i -free

e o3 | 57.1

latter 7 per cent less digestible in the treated silage.

Treated silage had a lower mean crude protein digestibility
end a higher nitrogen~free extractive digestibility than
untreated material, It is doubtful, however, if the treatment
differences were real, as the individual coefficlents determined
for these constituents showed considerable variation (Appendix IIT),
In doth silages the erude protein fraction was of low digestibility
There was no indication from the sppearance of the silages that
excessive heating was responsible for the low values recorded.
The mature nature of the material ensiled, and undesirsble
fermentations whieh oceurred in both treatments, following the
penetration of rain water, suggest themselves as more likely
esuses of low protein digestibility. The admission of rain
water into the silages may also have sowme bearing on the overall
low digestibility coefficients obtained for both treaiments.

The changes in liveweight of the individual sheep over the
collection period are given in Table XXXV,



tarmhs  at the Deginning
amixnﬁ he 10-day Colleetion Perio

sheep | Stlage | Isttar | e | 088 (1)
SRS SRR . . WSS . % W
Hetabi 122, 119.0 3

sulphite-] 1 Y20 133: 332
Treated 1h1.5 ?39.0 2.5

iies | 1i5a 3
120,0 115.0 =50

The individual liveweights of all sheep recorded at the
recorded at its commencement. Individual differences between
- the initial and final weighings, however, were all of a low
order. There was no apparent relationship between weight
change and digestibility. Furthemore, the average daily
faceal output of the individusl sheep was in one case greater
and in all other cases smaller in magnitude than the weight
conelude that weight differences were due to variation in "gut
£111" and for errors in welighing and were not actual weight losses.

Untreated

U e

?&mhtiw;&nﬂagm&mn@%aﬁmt&sshmin
Table XXXVI,
sinilar composition and digeatibility of the silages
resulted in their having very similar total digestible nutrient
 eontents. Treated silage furnished about 51 pounds of total
digestible mutrients in 100 pounds of dry matter and the
untreated silage about 48 pounds., Treated silage, being superior




Zable XXXVI

Mean Velues for the Total Digestible Mutrient Content,
the Stareh Bquivalent, Digestidle Crude Protein
Content and Nutritive Ratic of the Silages

Totil, Ngestiile | Stareh | Dige
| % [ Hester| * lMatter|

Untreated| 8,6 | 48.0 5.8 | 29.4

Metabi-
sulphitel 9.6 | 50,8 | 6.3 | 33.0

Proteln | Futritive

i3 8,8

t: 99

to untreated material in erude fibre digestibility, bad a slightly
higher starch eguivalent walue. The starch eguivalents ol the
dry matter were 33.0 and 29.4 for the treated and untreated silages
regpectively. Comparsble values for the digestible crude protein
fraction were 4.7 and 5.0 per eent, the difference between the
treatments being small and ineignificont.

The results of the digestibility trial, therefore, indicated
that the energy values and digestible erude protein contents of
the two silages were similar. Velues recorded for both treatments
were of o low order, a factor due Peimesily to the poor
chemical conposition of the products and the low digestibility of
all mutrients in each. Sioee the ratio between the digestible
crade protein and digestible non~protein fractions was wide in
provision of a maintenance ration for livestock.



A comparison of analytical figures showed that the
on the quality of the silage made. Treated silege was no
material untreated with the sdlt,and both silages had a similar
findings of other workers. Govrdon gt al. (1953), Cowan gt al.
(1953) » Sears (1955), Bratsler gt al. (1956) and others have
metabisulphite treated herbage to yileld silage of a higher
various stations (Cordon gt al. 19543 Allved gt al. 1955;
‘Brataler gt al. 1956).
control silage, it was doubiful if this difference was real,
In further snslytical studiecs, conducted to determine the
nutritive walue of the silagea, no marked differvence in dry

mmm“mum:nmm
silages, & resnlt in agreement with the findinge of Iittle (1954)
mwwtmﬁh mummtw}.w
mW,W:WMﬂ&W
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Alired gt gl. {(1955), on the other hand, found metabipnlphite
silages to contain less nitrogen-free exitract on a percentage
basis than untreated silage, Values for the nitrogen~free
extract fraction in silage muet, however, be interpreted with
csution. Nitrogen-free extract is obtained by a difference
fermentation products in the sfilages. It uay, therefore,de
ation during storage. Each was charvecterised Dy a high pil
valee, moderate amounts of acetic and butyric aclds, a trace of
proprionic acid and a low percentage of lactic acid, indicating
degree of acidity attained in the silages, however, could not de
of 4.0 and lactiec acld concentration below the sange of 1 -« 2 per
cent of the frosh material, considered by Watson (1939) and
The results obtained in the present study do not agree with
the finding of Aldeymnn g% pl. (1954) and others that treatuent
of ensiled herbage with metabisulphite resulted in a type of
preservetion different from that which mormally oceurs in herbage
ensiled without treatment. Purther data (Aldewwan gt gl. 1955)
showed that the production of scetic and lnetic zcide by dacterial



butyric acid production was almost elimimated, Gespite pi
velues well obove the desired level of 4.0, The effectivencss
bas been substantially confirumed Dy Archibeld (1954), Scars
{1955, 1956), Musdoeh g% al. (1956) and others, while Cowan
gt al. (1953) and Allved gt al. (7955) bave conmented on the
with regard to the content of fermentation produets in the
metabisulphite silages are preserved primarily by the action of
the bisulphite fon instend of the hydrogen Ion &s in other
treated silage, showed no significant difference in fresh silape
of the silages did exbibit a significant preference for
favour of the control silege were, however, slight and of 1ittle
practical sipnificance. Several workers have used sheep in
palatable (Woolfolk gt al. 195h; wittwer g8 al. 1955; Bratsler
et al. 1956); but no literature is available cu the relative
That dalry cattle exhibited oo merked feed preferentce when
giver a free choice of the silages,dees not agree with the results
obtained by Little (1954), Dratsler gt al. (1955) and Bratsler
et gl. (1956). These workers reported i) narked preference of
dairy heifers for metebisalphite-treated silage over sllage made
fron the same orop withont preservative eddition. In studles
condneted by Wittwer gt al. (1955}, on the other hand, silage



mmmm.ﬁwmammm

by deiry cows than untreated silage.

mmumm&wmmmm
undergone by each, 1t is handly surprising that no marked
gt al. (1956), the use of sodium mgtabisulphite resulted in a
herbage. In the studies of Pratzler i al. (1955) metabisulphite
Thia foctor could sccomt for the difference in consuuption im
favour of the treated silage. In telals, reporied by Wittwer
£t e, (1955) metabisulphite treatment d1d wot geeatly fohibit
ferncutation,while dry mmtter loeses of similor magnitude were
treated siloge was attriduled in pert to the poor keeplng quality
of the material following removal from the silo, & fuctor not

Present rescarch 4id support the view of Watson (1939),
Monroe gt gl. (1946) and others, that the use of preservatives
mummmmumwwmmnm
mmmmmmmmMW
finding of Goedon gt gl. (195h) and Wittwes gf gl. (1955) thet

the dipestivllity of the dry matter in the resultent silage.
Lencaster (1956) in eme tricl sctunily fornd metabisulphite silage
to be slightly inferior to untrected materiel in dry matser
digestibility. These resulis, however, disagree with the



of the dry matter and total digesiibile@ nutricnt content, and in
of a more nutritious fodder. Woolfolk ot 8l.(7954), in feeding
fermentation products in the silages. These resnlis ave in
agreemeat with those of Lencagter (1956), whe, in addition,
aata relating to the conventicnal feed Sractlons and fermentation
not, therefore, be expeeted to possces & higher nulritive walue
time fuilled to produce o silage of superior quality te tint wade
from sisdilar material untreated with the =0lt, may be attridbulted
to ome or all of several esuses: the mature nature of the
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herbage ensiled; the rate and method of application of the
additive; and the penctration of vain water into the silages
during storage,

Sodium metabisulphite ia a powerful reducing apgent when in
solution and will oxidise to sodium bBieulphate (Alderman gt gl.
1955). ‘Thercfore, any factor tonding $o increace the access of
air or reducible material to the metebleulphite w1ll corresponds-
ingly lower the residual sulphite in the silaze, Aldemmen gf
gl. (1955) have listed sueh factors os the dry notter content of
the ensiled berbage, the rate of Pliling, type of silo, degree
of consolidation, and type of seal used,

In the present investigation, herbege was ensiled at an
advanced stage of maturity, Americon work (Cowen gf al. 1953)
emphasizes that the additive should not de used with material of
this type, the salt boving proved to be positive in action oaly
when applied to immature matepicl. Thus, Gordon gt al. (1953),
who used high dry uatter herbage, found no diffevence in dvy
Failure of the salt to produce a high quality silage was
attributed to its oxidation Ly ercess atr remaining in the
herbage was chopped prior fo ensiling, well consolidated and the
plt repidly filled, faetors which should reduce the access of
oir to the metabisulphite, Furthermowe, Murdoch gt al. (1956)
found metabisulphite %o be effective in lowering fermentation
activity end nutrient losses in silage when applied to chopped
herbage of high dry matter content. Thus, the mature notuve of
the experimental herdbege cannot in iteelf satisfactorily explain
the failure of metebisulphite to produce a silage superior in
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msmmm
mtmﬂmmmmwﬂm&unm
spray at an application rate of 6 pounds ner ton of enailed
to the Bohaviour of the salt in the oresence of sxcess air; it
oxidized prior to the entry of the hesbege fnto the it and Shus
beeame ineffective as a sterilizing agent. The findings of
Lancaster (1956}, that metebisulphite applied to irmature
berbage as o wvater spray falled to improve the gquality of the
silage, supporte thie assumption. Although residunl sulphite
determinations conducted on the treated silage showed thet o
of the silage. mmuwmmmm
uwm«rmmmmmmawmma
pit cannot be overlooked as o poscidle fuctor in explamation of
the results. The loss of auy silage additive, vhen applied in
solution, is well kmown (Murdoch gt al. 19595 Dijketra 1951).
where there is lesching of the silage by rein, as cocurred in the
present investigation, 1t seems proboble that & peadiiy soluble
mmmwaum»mw
been in using the additive, The Sack that & slgnifioantl
mmmwmmﬂmmmmuzm
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reported by Hurdoch g al. (1956) the failure of metablsulphite
to produce a high quality silage was atfriduted in port to
leaching of the salt following pencetmation of rein weter into
the mass. Cowan gt gl. (1956), in studdes with trench silege,
alsc found metabisulphite to be ineffective as a sterilizing
application of metabisulphite as & water spray is of little
value when compared with wntreated silage. Although it 4s not
in itsell ecould bave affected the performnnce of the additive,
of the sdditive as the major eausal fuetor, with stage of mturity
The poor Qualily of the unieented silage requires further
explapation. Ascosding to Peierson (1925) and othess, laotic
acid ferventatlon norually oecurs if the crop is horvested at a
mature stage of growth with a decrense in pH to 4.0 or leoe.
Fartherpore, the besfbage was chopped, a Tactorgwhich, according
to Woodward and Shepherd {1938), Wartia and Buysee {1953) and
others, should further encourage a lsotic femmentation. It
Barnett {195k} bas steted that lesching of silege way resuilt in
the removal of lnotic acld, with the subaeguent altack of butyrie
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protein, while Archibeld (1946) has shown that butyric acid
formation mey be high in excessively wet silage.
at en advenced stage of maturity and not, therefore, typlcal of
fermentation in the silo with the production of on undesirable
type of silage, it eould not be considered cuitedle for
asgessing the value of sodiun metebisnivhite as an additive.
The value of the latter liesin i ability to vrevent undesivable
within the mess. |

On thess grounds 1t wos considered desiyeble to further
tovestigate the value of sodium metabisulphite as an additive
mmmmu&mamwmmx

t phite, Hature material, untreated and trested with the
mymmwwammgmmm
used in the present study,.
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relative palatability and digestibility of silages made
in an unlined pit from chopped mature herbage, untreated
and treated with sodium metabisulphite.

gquality of the resultant silage. Each silage was
characterised by & high pfl velue, a low lactic acid and
ecarotene content and a relatively high volatile aecid
content with no significant differences between them,

Treated silage contained a portion of the original
salt showing a significant increase with depth in the pit.

Within cach silage a significant deerease in pH value and
a highly significant increase in dry matter content was
observed with increasing depth in the pit, while a low
lactie acild level was significantly correlated with a high
pH wvelue.

Similar digestidility coefficients were obtained for the

dry natter, orgenic matter, erude protein and nitrogen-free
extraet fractions in the silages, while the crude fibre wos
slightly more digestible and the ether extract slightly less
digestible in the treated silage. In consequence, treated
silage had a higher mean starech equivalent value and total
digestible nutrient content, but observed differences between
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The silages had 2 similar digestible crude protein content

When sheep were fed either untreated or treated silage there
was no significant difference between the treatments in fresh
silage or dry matter intake. The same sgheep, when given

e free-cholce of the silages, showed a sigaificant but slight

Three dry cows, given a free-cholice of the silages, showed
as an index of palatability. On a dry matter basis, the
o) PR -

The failure of metabisulphite to reduce fermentation within
the mass and produce a silage of superior guality to that
made from similar material untreated with the salt, was
attributed to the method and rate of application of the
storage of the silage, and the mature nature of the materiasl

Further studies are planned to investigate the walue of
metabisulphite as an additive when applied to immature and
present study.



PURTHER STUDIES IV THE USE OF SODIUN METABISULFHITE

In the present investigation, a gress-legune sward was cut
at the leafy and early flowering astages of growth, chopped and
ensiled in small experimental silos, with and without the addition
of sodium metabisulphite. The objectives of the investigation
were: to determine whether immature material needed to be
treated with an additive to ensure successful preservation and
if there was sny advantage to bde gained by applying the salt to
mature material; whether and how metabisulphite redmces nutrient
losses during storage and whether the addltive influences the
feeding value of the final product.

The results of the investigation are presented in two sections.
The first section deals with the nutrient losses incurred by the
silages during the storage period and their resultant chemienl
composition, while the second section is devoted %to a study of
their autritive value, this Deing assessed in the present
instance by determining the digestibility and relative palatability
of the silages.

Estimates were obiained of the dry matier, organic matter,
the storage period. In addition, samples of the resultant
silages were analysed to determine their pH value, carotene and



of fermentation undergone during storage. Carotene determin-
ations were also made on the fresh herbage as ensiled,

Experimental Silog
A bpattery of four rectangular concrete silos, each of inmner
dimensions 5' x 4 x 5 and with a capacity of 2 - 3 tons,
depending to a great extent on whether or not the herbage io
chopped before emsiling, were used in the experiment (fig. 70).
Each silo had a cement base and & draiv in the vottom
(£1g. 11), the lattor boing led by earthenwere pipes, 4 in
diemeter, to a suitable cortainer for the eclleelion of exudmte.
Wooden oversilos, 3' in height, were fitted to the top of the
silos, giving a total buight of 8' and a capaeity of approzimetely
5 tons of chopped herbage. A 6" layer of yoad metal was placed
in the botftom of each silo to improve the efficiency of the deain.

A S-sere padiock, seeded in 1954 with a general purpone
perenniel ryegress, b pounds broad red elover and 2 poundswhite
clover per scre,; was selected for the experiment. ''he paddock
was cut the same year for silage, oversown with 7 pounds of short
rotation ryegrass per acre duving April 1955 ard closed for silage
on the 9th Seplember.  Two blocks, each of 1 acre, were selected
at random t$o provide the berbage requirements.

determined one day prior %o the cutting of each, by use of the



~ 123a =

Figure 10

The experimental silos.
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Percentage Productivity HMethod (Brown 1954).

Ten 4" x 3" turf samples were taken per block, All
samples were drawn from random throws of a frame over the whole
from each turf sample was cut 3" fron the dase, placed 4n a
plastic container and therecafter transferred to o deep freese
cabinet. Each sample was disnccted out into the following
thoroughly mized and tvo 50 g. sub-pemples taken for dry matier
determination. Deying ves erwrded out in an over of the Torced

Blocks ¥ and 2 of the emperimeatsl paddock provided the
All herbege wes eut with a hoy mower end fmediately 11f%24 Ly
the forage hapvester (fig. 12) with inives set to cut the material
into 4 - 6" lengtha. The resultant chopped tmterial was blown
into an accompanying $ruck end immediately transported to a
wilting.

Immature materiol was ensiled on the 31t October and st
November, at which timee the gesture wes 12 - 15° 1n beight snd
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the 25th FNovember when the pasture was 18" in height and the
treatments were:

8ilo 1 - Untreacted immeture material.

S1lo 2 - Untreated more-matupe material,

8ilo 3 - Hetabisulphite-treated more-mature material,

81lo 4 - Metabisuvlphite-treated immature materlsl.

As the objective of the experiment was to compare silages

made by the best possible technlques, ustreated immmture muterial
deseribed by Watson and Perguson (1937). 8ilo 4 was repidly
£illed, a method which should prove satisfactory when a
sterilizing agent is employed es an additive. The £illing of
silos 2 and 3 was rapid and continucus, & procesc advoecated by all
anthorities for the ensllage of mature material (Watsen 1939;
Husgrave 1950; Bawrnett 954.)
one-third of its eapacity and the mass allowcd to hoat. As the
desired temperature ievel of 00'F was veached the follcwing day,
ensiling wvas recommzuced. Silos 1 end § were sapidly Pilled,
loads being alteraaiod between sllos to cugwre cven diatribution
of the terdage (fig. i3). Hach silo was topped up tulee (2nd
and 5th FNoveuiber) and thereaftes sealed. €ilos 2 and 3 were
filled wituin thewe howrs Tellowiag the commencement ol casiling.
Loads were ogain alterneted between silos to eusurs that esch
received similar materiel (fig.%). Both silos were immediately
sealed after filling. Sealiug of =ll ailos was effeetud by the
use of a double layer of sissilaft pajer, on top of which waa
placed a layer of soil, spproximately 10° shlek io the midlle of



f
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Pipnpre Gl

T™M1ling the silos with more-mature herbage.

The experimental siles, ropfed to prevent
penetration of rain water.
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the sile and 6% on the edges. This seal served the twofold nurnose
of excluGings alr aand giving added consolidotion %o the mmas,
Thepreafter, all four silos were roofed with corrugated iron covers

to prevent pepetration of pain water (fig. 15).

Heighine and Sowmrdine of flowpba
A21 pyecn matericld veg welohed into the silos én Jods of

50 pounda, Helgbts were recomied by use of 2 gorins bholancs and
triped (fig. 16) 2nd a set of plotfomn seales (Fis. 17},  Dirnt
wooden boxes cormed ag eontalperss for the harbape. A0 caeh -
potnd 1ot of greon matericl wen welsbed oul, o scaple ef sboul

1 pournd weizht war foken nd piaced iIn a weite) container. Swmples
were ballksd and shoroushly wined sfier ench 1000 pouvnds of hevbage
had ¥een enailed end g0 pilenniss, sach 0f 250 g.. thes talen
for dry metter determiinadion. Subw-sgmples vere Jmediately
trensferved o thes laborafory cnd ivizd 4n 5 forced drouht dlesivic
oven at {50CF fop & bounao. ADTey welighing, esal oalr of ovie
sanples wes bulued, Mioely reound in o loboratory nill ang stored
in apn airtisht euhtelner. Orads opotelin, nineral mtier and
orgauic metber Getepninnticons vere copducted in duplicate on
laboyatory sampises Gravn Zvom ench dulked swnple of gromnd naterial,
after thoronsh mixing of e lattes.

A3 fordy sanrdcos drawn DROD 8ael ZU00 pounds of onmilud neghoge
weye thoroughiy wnized and one mpeesentative sdwesanpis of
approximtely 100 g, veichd taken Yor caroicne deteorminaticn. Hach
sub=gampie Wos placsd in & plagitio containor, ireedintely
transportaed ic & doep Nene cobliaet and analysed at o later daltee

The weights of &ry aatiep, cruds protein, wmiazral matier apd
organic antier ousiled wevre calculated by wppiying sanlytical
valacg for these constituends to LThe welighita ef rech forage enniled.
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T.oure 16

Trivod and spvring halance used to record
the weights of ensiled herbage.

Figure 17

Platform scales used Lo record the
wvelghts of ensiled hevboge,



Sodium metabisulphite was applied as a powder at the rate

of 10 pounds per ton of unwilted herbage. To ensure even
distribution of the sali, previously weighed 200 g. portions

were sprinkled uniformly over each 100 pound of fresh herbage as
ensiled (fig. 18). A fresh load of herbage was lmmediately placed
on top of the treated material to prevent possible loss of sulphur

a 10-gallon metal can (fig. 19). During the first few 2h-hour
periods after completion of £1lling the volumes of exudaie from
the immature silages were measured at frequent intervals sad from
the average of the resuits, the flow for every 2h~hour roriod wie
ealeculated. On cessation of the initial heavy flow, exudate wus
allowed to cclleet in the ean over a 2i~-hour period sand as flow
further deereased, rsedings were taXen at intervals of & few days.
The estimated flow during these intervals wos ascertalned by
interpolation of tle results, Exudaites from the more mature silages

Exudate volume wes meacured by means of a graduated container
(fig. 19) and the resclts expressed on & gallomege basis. 4 200 ml.
Thereafter, the conteunts of each can were thoroughly mixzed and a
representative semple withdrawn.

The pH value of each sample wes recorded and chemiecal analiyses
made to determine the dry matter, erude protein, mineral matier and
organic matter content, Hach somple from treated silages wogs also



Figure 18

o 5 S e

Application of sodium metabisulphite.

Pigure 19

Collection of exudate from one of the
exnerimental silos.
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analiyeed o Setermaing 4o%al zeslidonl sulphite, Specific
gravity éeterminaticons wore mads on the first deawn samples Lfrom
each gilo, As valucs obseinsd were found €o apy inate closely

to 1,00, the amlysis wvas dlacontinoed.,

Pron chemioend analysis data and total welights of exudade
voided, the weighis of dry mmiter, crude protein, mineral matter
and opganic matter lost in the exudate from each sllo and the less
of metabiauniphite from treated siloges were calculated. The loss

of each constituent was expressed oo a2 persentage of that ensiled.

Phernocoupiesy ceonstrusted feon conper-constanten wire, as
desceibed by Bggert (19h6; end shown in £ig. 20, were placed in
the centre of esch 2ilo Guring the filling procedure, &t depths of
2' and 4 Coom the base of slias i, 2 and 3. Only she coanle wes
placed at $he former dephia io silo L. 411 counles were led up
the inner wall of their reaspective gilos to a2 ecentral point to
facilitate ftemporatupe FECOREiNS.

Ppequent pocordings weps token daily followling the £1iing of
easch silo until temperatuns peashed o naxinm, ?rﬁréafterg anily
deeline in tomperature within cach eilo wvas recorded tntil smlues
reached atusapheric level or ronsined at a conetant walze over a
prolonged perled of tize, Tevordings weve made with a porlable
potentione ter and stendordized by placing an ice bath 1n the elpealit,
to sorwe as & "eoid Junction' (Pipg. 21). Teoperatupe readings wele

expressed in deprees Fabhrenbelt.

Removnl of Silege

The two silos (1 and L) contolining untreeted and ftmocbe

™
)

immataore herbage were opened 8 days aPfher £A134ng and the tolsl
contents of each welghed. The octher twe stles (2 and 3}
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digure 20

Close view of thermocounle lead.

i oure 21

Recording the tenperatures in the silages.
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containios $the nore-inadose horbacos were opened 73 daye afler
£1liing 20d sinilerly Srcataed.  As trials werme slanped 4o
detepmine She nubritive walue of the silages, eseh silo wes
enrbied over & 16-3ay pericd. Adoption of this procedure ensured
thet the sxperioninl animels received £ revrcsentative socmple of
¢ach gllage im theliy dict.

Haterisl from ooch silic wes cut tat Lo sections delly
throughout the 16-Gay neriod and pliched on %o a canvas sheed
(£iz, B2). Bilepge which anroered lnedible vas senamited sut foom
edible materlal. The $ofal smeliphiz of inedlible end aditle silane
wape recorded by reans of a sprlig balence and tripod (fip. 23).
A1l e8ible materlal wos retalinegd for feeding fto aheep anddalry cowd
on Aigestibility and ralatability irials reapectiwely.  Following
the vemoval of delly silage reguirements; the surfnce of ench pile
wag covered with damp oneking t2 prevert avying oot of the surfneoe
layers of slloce and o woodss 1ild plaosced in nosition o prevwent
renetration of min waler,

A repvegsntative S50 . saple of inedidhie ond odi%hls silece
vag tnken dpily from the moterial roveved fron eoch 8ileo. Samples
wvere drled in & fested drought elecipic oven at 15090 for 12 heurs,
weligbed, Pinely gromwmd in o lohoratopy 0All and Iecooforsed 60
airtight confciness. Irind sanples of edible gilore fvon eash
1000 pounds of fyesh silsoe mere Halked, 411 é&ried puamies of
inedible silage from cach sllo were bulked., Orade Lroteln,
minerel matier and orranic vatéer deterninations wers condueted fa
duplicase on repregentative ishoratory samples dvown eom fach
balked ssmpic of edinle 2rd lnedible silenc.

The welghta of fresh edible and Ineddible ellape riwmovedand
analyfical vailues wore 2g9cd fo calewdats the tolal elhliec and

inedivie dry matier, crade protein, minerel madtter and opmanic



Flieure 22

Removal of silage f£rom experimental silo.

Pipure 23

=

ripod and spring balance uged to record the
weichts of sllage removed from the silos.



mineral matter and organic matter, ineurred by each treatuent
matéer from the total amounts of each constituent ensiled.
Spoflage Losg. The losses of the above mentioned constituents
as inedible silsge were detewmined by subtraciing thc amount of
the totel amounts of each constituent ensiled.
A1l losses of dry matier, crude protein, minersl matter and
organic ustier wore cxpressed as percentages of ihe tolel ensiled.

All eilos were sudélivided inte {wo equal decths atrter removal
of top apoiloge. Withie each silc four sauple pointe were
selected from a2 table of reandon nwdiors, such that twe samplen
were located in the opper and two Iin the lower depth. Their
position within the ailo vas marked Dy deiving in uetal rods to
the appropriate randonly selected deptiba.

On resching e somple pofnt in the ewplying process of tha
silo and 8" cubde of silage was remeoved for anslyses, the $ip of
the metal rod perwiog es the mid-polnt o the cube. Theopeafier,
easch sample was thorovghly mized anc thvee representsiive




were stored in a deep freese ocabinet and amslysed at a later date.
Teat, acsonding to Snedecor {1955, pe2th of 9gg.).

srade Frotein, Hipoeni Naiter gnd A31
determinations were conducted in daplicate on werwesentative
Chemists (1952).

38 Value. Gilage ssaples were extracted in @ press and
determinations sade in duglicate on the jJulee extract, Dy mtens of
:mgm%agmm
nmwswmmaﬂmmm
m,mm&mmam{%}.
ﬁmwmwmmmmm
was Getermined on fres: leboratory sauples, according to the metivd
of James end Murtin {1352).

(b) Exudnte.
by evaporating 20 wl. ssogles o drypases on & water bath, Afler
drying for three bowrs in sn electrie wven at 1009%, the product
mmmmummnmmtmmmum
caleculated.
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Crude Protein. The crude protein content of exudate samples
was determined by pipetting 20 ml, of the sample inte a 300 ml.
Kjeldahl flask, adding a few drops of concentrated sulphuric acid
and evaporating nearly to dryness., To prevent buaping, & copper
eatalyst, in the fom of a peilet, was added @uring the process
of evaporation. The digestion wes then conducted in the usual

2esidual Sulphite. Totali residual sulphite (free and
Mﬂ.mﬁﬁt&mﬁhmwmm.m
estimated as sulphur dioxide, according to the method described
by Barnett (1951 b).

pE Valpe. All determinations were made in dupliecate on 40 ml,
samples of exudate, by means of a Conbridge pi meter with a glass
electrode.
ammmwm.mummw
the Assoclation of Offfelal Agricultural Chemists (1952).

as determined oue day prior to the cutting of each experimental
block, is shown in Talie XAXVII.

A% the Pirst cutting, the herbape was 55 per cent gmass,
39 per cent legume and 6 per cent weed on a dry-weight basis. At
the second cutting, the grass component accounted for 66 per cent
of the owerd, legames 33 per cent and weeds only 1 per cent. At
both cuttings Lolium specles (ryegrasses) were dominant, while
Trifolius pratense (red clover) was the dominant legume,
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Tahle 2 I

Hean Chemienl Compesition of Herbage Ensiled and the
RNepultant Silages

{rnoipture~-Lree basis)

?matment

of

LSRN

igt Cut
{iomature )

Gontrol

Hatabisalphitew
Tpettad

Emam«raatum)
Control

Hatabisnulphi to-
Treated

' Dify Matder Ag Peracntage the Dy Hattor
Perscentage | Grude Protein | | Hineral i&a%ez* Organic Hattei& |
Herbage ~ Silage ~Herbage| 8ilage ~Herbage]  8ilape | Herbagel —  Silagy
Edible | Inedible Edible | Insdible | Bdible ; Incdible Edible | ITnedible
17:.70 | 16,12 | 16,58 19,65 22,41 | 23.53 8,72 10.38 | 1240 91.28 | B9,66 | 87.G0
17.28 117,16 | 15.65 2042 21,80 22,11 8,6 Qe3h | 11,87 91,36 190,66 | 88,13
21,91 | 19.24 | 16,30 15,03 | 18.35 | 20,60 6,87 B.58 | 840 93,13 | 912 | 91.6D
20,73 (49,08 | 16,25 1h6G0 {17.92 | 19,80 Te26 8498 (11,89 92.72 {91402 | 88.14
L " R L




Trifolium pratence 26,0 28,0

m &tm aaamm 5
*Wigther Speecies” include Rumex spp. and C.arveanss.

Mean anslytical values of the green material ensiled and
the resultant sileges are shown in Toble XXXVIIX. Complete
details of all analyses are presented in Appendices IV to XI
fnclusive,
the ingeing material was similar for both siles. The dry matter
herbage, on the other hand, had a slightly lower dry matter content
than the ingoing herbage. Addition of metebisulphite had 1ittle



- 134 =

effect on the dry matter content of the silages.
The erude protein content of the herbage showed a decline
with the composition of the herbage, sll silages bad a higher

mmﬁm;mmmmam@
The general trend of the flow was & rapid inerease in the omount
of exudate voided during the Pirst fwo o three days, with a
seeond but smeller poak flow a few days later, & result attributed
Thereafier, flow from each silo showed & repid decline o & low
level, whieh in furn gradually decwecssed with tinme (fig. 24).
the third day after ensiling, when 27.5 gallons of exudste were
volded. Flow fror the control siloge did not rosch as greatl a
Gally maximun, & figure of 8.5 gallons being recorded on the
eollected by the end of 14 ays. A corresponding Piguve of bt
Both more-nmature siloges commenced flow on the £ifth day
after completion of ensiling. The genepal trend of flow was &




N GALLONS

FLOW

I GALLONS

FoOw

- 15}_}_& -

LST CUT LIMMATURE]

o——0 UNTREATED

——8  TREATED

et » =
" L 1 1
z 4+ & a 13 12 [ [ =] 20 22 24 26

TisE  IN DAYS
. oure 2L
Tlow of exudate fron the immesture

siloges during 26 days after
completion of filling.

Z2ND CUT CMORE MATURE )

° ® UNTREATED.
- -~ TREATED.

TIME IN  DAYS

Fimure 25

Tloyw of exudate from the more-mature
silages during 26 days after
complsetion of filling,

.t



the 73-day storage period and thereefter & gradusl decline (£1g.25).
exceeded 0,5 gallens from either silo.
mwﬁ,mm,mmmmmm
matter contents of the exudate Drou ssoh eilo aye shown in Teble
XXXIX. MMWMMMW:,»W
for exutate froz untreated nnd treatsd imwture and mope-mature
silages,; are presented in Appendices XII $o XV tnelusive.

Hean Chemical tion

of the

Doy As m Presh sm
Treataent Hatter e i Crude Mineral '
Sl i % | Ppotein | Hatler w |
1&) ‘
Coutmol 5. L.96 Tolily 145 .29
ﬁw te-

Treated o 6.42 5.57 | 1.78 1.69 L.72

2u6 Cut
{mm}
Control 4.55 713 1.26 1.45 3,08
Moneoned Th% | nush | 6466 | t3m | tsT | 2497

Ezudate Crom actablsulphite-treated silages had a much
eontrol silages. The conceniration of dry mantter in the exudates
fron all silcs varicd throughout the collection period, but tended
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to decrense with time. Bxtremes in dry motter conceantration
ranged fron minimum values of 4.7 and L.50 per cent o maxisum
vaines of 6,50 and 7,75 per cent for the control and treated
immture silagos., Corresponding dry matter values for the control
ané treated more-mature allages were 3,68 end 2.35 per cent (ninimum)
ani 6,00 and 5.67 per cent (maximwm) respectively.

““he mean dry matter coutent of the exudste from untreated
umaterial treated with the snlt. Both more-mature sileses had e
similar concentration of dry matter in the exudste, but walues were
treated immeture silage had o higher conecentration of crude protein,
The letter had ¢ imilar misersl meiter and erude protein concentrat-
ions in the exudate, but Lotn wore-meture sllapes were iower in
orgonic matter econtent than vatreated immetwre zaterial.

Exudate from iometure silages had lower mean pil values ¢han
that from matwe astesial. In the former esse, treated material
had the higher pil value, while in the latier case the reverse
seeuryed. Threughout the period of flow pil values of all
exudates varied greatly (fig. 26). Although pil deterinations of
epeenlinte from them on the pocaible nature of the fermentation
2 period of time. I% seems prodeble that, under these conditions,
the pil of the exudates may hove alfered somewhat from their
original values on firet entering the caus.
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TIME iN  DAYS

Tisure 26

pH values of the exudate Trom the
silages during 32 days after
completion of £illing.
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Appendices XII $o XV iaclusive.

mnmmmmww
(mwisw&nm)

int ant{mm} 2n0d m(mm}
| Eetabie km
Control mm». Control

mmm ?&99 6.9@0 h, &,m

Exudate voided 21.5| 220.6 105.1 250.9
Perceuntage loss of ersiled '
wet weight 4n exudate 9.6 17.8 2.2 5.3
R 1526.5 | 1193.5 | 99%2 | 970.8
Lo.t 65,7 b.78 8.35
3.0 5.8 05 0.9
260,0 | 2W2.2 8.9 | 1.6
2.3 27,80 131 2.47
3.8 8.2 0.9 1.7

195.5 | 103.20 68,0 70.6
10.70| 17.60 1.56| 3.08

9.3 17.1 3

2.3
1291.0 | 1090.3 923.2 | S00.2
29.4 5t 3e22 5.30
0.3

2.6

2.4 el
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with their corrcsponding controls and almost twise as mush dvy
matter, uineral natter ané ormunic matter. Thers wao, howower,
with in the literature.

compered with their sorrespending controls are malaly due to
small differences in chemical congositloa between the exudates of
treated ond control sileges (Table XXI¥). The greater fiow of
exudate from treated material lo ALffleult (o explain, A cheek

of metabisulphite in the exudate fron fomture treateld material
gradual {fig. 27). The somcentredion of the salt in the exudate
frou more-noture frectel material slowmed greater dafliy variation
coupared with fcmmture materiel, Lut tcudsd to decrease with time
(Pte. 27). Axtresws in concutratios of retabiauipbite renged
from ninfnua welives of 0,02 and G.04 g. per 100 ml., of exadate fo
maxionm values of Q.20 and 0,09 £., or the immture and move-mature
silages recopectively., Hean concentration values of 0,08 snd 0,05 g.
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1ST CUT AT URET

M

TIME IN DAYS

2ND CUTIMORE MATURE]D

TIME IN DAYS

Piloure 27

The loss of metabisulphite in ithe exudate
from treated silages.
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Percentage losses of metabisulphite in the exudate were 4.7 and

0.6 for the immature and more-mature silages respectively (Table XLI).
The higher loss of the addifive in scepage from immmture mieriel
silage.

Pull detalls of spoilapge losses cre presented in Appendices VIII
o XI inelusive,
silages. Side spoilage was present in the upper helf of a1l silos,
laysr of silage was well preserved in all silos, a foctor attridbuted
‘Treated immature silage showed lower peveentage losses of dry
silage, compered with the covvesponding comtrol meterisl, but
differences between the silages vere sandl, DBoth move-matore
losses of the above meaticned constituents. Differenses hetween
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Total and Percentage Losses of Dry Hatter, Crude Protein
nmmmmwm:mimsm »

(mnmuhM)

18t Cut(immature) | 2nd eut(mtm)
T Hetabi- “Hetabi- |
Dry Hatter
Ensiled 1326,5 | 1193.5 991.2 | 970.8
Removed as Imedible Silage| §3.0 32.5 62,8 60.0
% Loss as Imedible Silage 3.2 2.7 6.3 6.2
Grude Protein
Ensiled 26040 22,2 .9 | Wi.6
Removed as Imedible Silage| 10.16 7a2 12,6 1.9
% Loss as Inedible Silage 3.9 3.0 8.l 8oy
Ensiled 115.5 103.2 68,0 70.6
Removed es Inedible Silage| 5.3 3.9 5.3 6.6
% Loss as Inedible Silage L6 3.8 7.8 %3
w
Ensiled 1211,0 | 1090.3 923.2 | 900.2
Removed as Inedible Silage| 37.7 28.6 575 53.4
% Leoss as Inedible Silage 3.1 2,6 6.2 5.9

Estimates of total and percentage nutrient losses, due to

fermentation processes which occurred in the silages during storage,
are presented in Teble XLIIX.



Zekle XLIII

mmmmmwmnmc de Protein,
Mineral Hotter end Orgonic Matter 2 ;:
Fermentation mmmn

(mmam)

Drg Hatter
Lost in Fermentation
Percentage Loss
Crude Protein
Eneiled 260.0 | 242.2 155.9 | Tyl
Lost in Fermentation 6.5 | 26,9 11.2 T3
Percentage Loss 17.9 3 75 S5e2
Hiperal Hatter
Ensiled 195,5 | 103.2 68,0 70.6
Lost in Fermentation 99 1.7 3.3 1.5
‘Pereentage Loss 8.5 1.6 B9 2.2
Ensiled 1211,0 | 1090.3 923.2 | 900.2
Lost in Permentation 369.2 | 232,1 247.3 | 251.3
Percentage Loss 30:5 21.3 26.9 25.6

On a percentage basis, feruentation losscs were highest in

the silo containing irmature material ensiled without metabisulphite
losses in untreated silages were high but in agreement with figures
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Goodall 1947).

The application of metabisulphite to fumature material was
MS&M&WM%%MM&& With
mmmﬁrmmw Treatment of
iomature herbage reduced dry matter, crude proteln, mineral matter
and organic matter losses by 9y 6.6, 6.9 and 9.2 per cent
respectively over those vccurring in the control silage. With
fermentation losses through application of the salt were 1.7, 2.3,
2.7 and 1.3 per cent for the above listed constituents respectively.

matter, crude srotein, mineral mmtSer ond organic metter which
presented in Teble XIIV. Complete details of all measurenents
made in determining these losses are given ia Appendices IV to
XI inclusive.

lgsses of dry matter, organic matier and erude protein, Within
through seepape, spoilage and fermentation. In gencral, losses
silages made in conerete silos (8111 and Sears 1941; Sears and
Goodall 1947). ‘



Crude Pro%ein,; ¥
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Zabie VI

Hatter from the Silages

{all welghts in pounds)

Losses of Dry Hatter,
Hatter and Ovganic

fat Cut( mr) 2nd cnt(r;_m;ﬁm)

- - sl e e
Dpy Hatser

Ensiled 1326,5 | 1193.5 991.2 | 970.8

Removed as Edible Silage 86l4.3 857.5 673.0 | 670.3

Aetual Loss 462.2 | 336,0 | 318.2 | 300.5

Pereentage Loss 34.6 28,1 521 30.7
Srude Protein

knsiled 2600 2452,2 48.9 11,6

Removed as Edidle Stlage | 195.5 | 186.3 | 123.8 | 119.9

Aetual Loss 6645 55.9 25.1 21,7
Percentage Loss 25.6 232 16.8 15.3
Hinera) Hatter

Ensiled 115.5 103.2 68,0 7046

Removed as Edible Silage =4 8040 578 59,4

Actual lLoss 25.9 2342 102 1.2

Percentage Loss 22.4 22,5 1540 15,8
Qemagic Hatter

Ensiled 1211.0 1090.3 923.2 900.2

Removed es Edidble Siiage Tia.7 771.5 615.2 | 610.6

Actual Loss 436.3 312.8 308,0 | 289.6

Pepeentage Loss 36.0 28.7 33.1 32.1 4
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3.2

2.7

63

28,6

19.6

25.3

Zsble XLV

(Mmefuatnwm.

32.1

Bxudate

3.8
8.9

0.9

Loss |

3.9

3.0

i

Loss

17.9

11.3

75

25,6

23.2

16.8

i

Erudate

9.3

171

2.3

L.6
3.8

748

e

s

: ",

it

8.5

1.6

Be9

Loss

15.0

2.4

L8

043

5.1

2.6

6e2

30.5
2.3

26.9
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effective in lowering the perecentage losses of dry matter and
Hineral matter losses were identicol for Doth fmmeture silages.
Total losses, s recorded for immature treated silage, were 6,7,
2.0 and 7.3 per cent lower for the dry matter, erude proteia and
untreated with metebisulphite. Treatment of more-mature material
with the additive, on the other hand, d4id not greatly reduce the
Total losses of dry matter, crude protein and organic matter were
1.lip 1.5 and 1.3 per cent lower in trected materisl conpared with
those occurseing in untreated silage. Doth silages lost similar
mnmm
ary matter, crude pretein, minerel aatter and organic matter,
due %o seepage, spoilage and ferwentation, are set out in Teble
for the greatest portion of the total dry umitter, crude protein and
organic matter loss, while seepage accounted for the greater poréicon
of minerel matfer lost. With more-mature materinl, the highcet
percentage losses of dry matter and organic matter cecurred as @
result of fermentation, while spoilage accounted for the highest
losses of the mineral wmetier apd ernde protein fraciioms. The
reduction in total losses in all constituents following
of femeniation locses, the eiffect being more marked with immature
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untreated silage, an effect which tended to lower the margin of
difference in percentage total losses of mutrients detween
untreated and treated silages.

The major temperature changes which oceurred in sach silo
auring the storege pericd,sre sbown in Teble XVI, Day-to-day
in fig.28.

' Zable XLVI
lican Temperatures in the S8ilages
{°»
o e mmw’ . - o
Days after Filling| 1 2 3 4 10 25 31
_—-—-—ﬂf e s e -
%m)
Control  * 8 |8 |87 | R & | 63 | 63
- doz 99 | 96 | &2 66 63 63
Hetabisulphite-
i * 73 i | B 72 65 6l
%ﬂ&t)
Comtwol ¢ ™ T | ™ || T | 67 | 65
o 88 92 | 34 | 9% 89 77 7
Hetabisulphlte-
Treated * : Fa L | 72 n 69 65 6l
o 82 88 | o1 | of 85 Fs) 67
*ifmmwm *2 LY fron base of sile.

those at lower lewvels. With the exception of the fmmeture control



°F

TEMPERATURE

RATURE

TEMPE

90

8¢

10

L)

8o

0

24

- 1hba -

1ST CUT LMNMATURE]

. O ANTREATID L2 +
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TIME IN  DAYS

2ND CUT [ MORE MATURE ]

X UNTREATEDE4BASE OF SILOJ]
o—=2 ~ w2 I

b  TREATED[4BASE OF SILO]
a . ' " " » ]

TIME  IN  DAYS

Pigure 28

Daily temperature changes in the silages for
%22 days after completion of £illing.
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silage, maximum temperatures recorded within the silos were low.
HMetabisulphite-treated silages showed a lower rise in temperature
compared with their corresponding control silages, In the
immature silages, the maximum temperature, ot n depth of 27 from
the base of the silo, was %7 lower in the treated material,
However, 2 direct comparison dpawn betwesn lompesature Alfforences
in the immature silages cannot he considered as valid siace
temperature cootrol vas effected in the untreated material by the
£111ing procedare adopted. I papld £11ling of the silo had deen
practised in making the latter siiege there is every resson to

. Hetsbisulphite treatment of more-matuve materfal hed lsss
effect on heat production compared with immatnre material. Heximom
teperatures, as recoxded at depths of 2" and 4° from the base of
the etloa, were 4° and 3°F lower 1 the treated silage.

Hazizun teuperature in fomature silages was reached within
of more-mature watericl, temperature continued o rise in the
region of the upper couple for a further Zh-hour period. Sealing
of the silos 41d not prevent temperature rising in the wore-mature
silages. With immature silages, maxioum temperature was reached
level within 30 days after completion of ensiling, dbut remained
above atmospheric level in the upper layer of both mepe-meture
thermocouple in each sile had been subjected to an undegirable
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Conetd tuent

pil Value

by g oy o
(a) Acetic Aeld

(b) Putyrie Acid
(e) Proprionic Aecid

o Ty

Depth

b 36

0u71 |

0.23
0s11

Lower

e l7

0,81

.10
0,11

1.90

he26

0.76
0.16
011

1450
*(5.94)

Zable JCGLVIL

Mean Treatment and Depth Values of the piiy Velatile Organic Acld
and Carotene Content of the Silages

18t Cut (immature)

Woan Sarotens Yaines Tor bevbagt aw enelied (Name/!

00 gs fresch herbagds

2nd Cut (more-mature)
lletabisulphite-Treated Contrel | mmmmud'
Upper | Lower | Beth | Upper | Lower| Doth | Upper | Lowesr Both
be31 | Be70| LaB50 be27 | 3484 hLaOS Be37 | La36 | La36
Os7 | 0.59| 0.53 0.67 | OM6| 0.56 0.56 | 0,78 | 0.67
0426 | 0,00 0,13 0,96 | 0.03| 0.08 0,06 | 0,09 007
0.03 | 0,00 0,01 0.0l 0,03 | 0.03 0.03 003 | 0,03
2,70 |/ 231|250 | 0453 | 0.75| 0.8 | 220 | 23| 230
*(5.81) *(5.16) *(5.91)




On the basis of visusl analysis, 01l four silages were
exeessive breckdown of plant tissue, wmould or preifcolysis in eny
of the silages exeept for smsll smounts of top and side spoilage.
Hetsbisulphite-treatcd sllages, on the luuls of eolour and muell,
could be distinguished frou untreated matericl. Both antreated
eqlour of immsture materizl wes greenisbeyellow (fig. 29) while
ttat of the mare-mature meterisl wes yellowish-brown (fige 31).
colour of the freshly ensiled herbage compared with the control
material. This effect was more marked in the imeture silage
(rigs. 30 and 32). Doth silages possessed a faint but pleasent
acid smell,

DVIZ. Individual determinations, made on all four somples,

selected et randon within each silage, cre shown in Appendix XVI.

Differences between wean values vere tested by Amalyeis of Varfance

(Snedecor 1955 p.2%% et sgas) and the resulis given ic Teble

XivIii. Valuss for the mcan caroiene condent of the berbage,

as ensiled, are also presented in Table XLVII, while figures for
¥ean pH values of h.26 mnd k.05, as recorded for the untreated



.-.wi'.#sm&u gt

e v b

b rwwr._

(oY s

. s wm-wpe

Hem;mmmmm

g
!
e




by — DR

{(a) Immature Silages

Opganic Acid and

m of Variation
8$11ages
Depths within Silages

..awmu Sube

S S T

a Velue

0t
0,095
0401

1.15
95

Reault

N8,

** Highly Significant (p < 0,01)

Source of Veriation

S1lages
Depths within silages

. e

4

0e13

fah2
<4

Repult
M8,
‘t “

o5 Nighly Significant (p< 0.01)

Hean

Square;

254
01l

0.12

:

21,20
1.67

Result|

g

. 8.

0,002

P

6.67
725

* Signifioant (p < 0,05 >0,01)

() Hore-mature Silages

»M‘h‘m Content

liean

5466
005

0u19

¢ gignifioant (p< 0,08 > 0,01)

4

29478

<1

| Result

L.

H,8,

n.8.
&

1.8, Not Significent (b > 0,08)

' Mean
squave|

0.02
0.006

0,008

¥

250

S.12

Repult
N8y
H.8,

<1
966

K.8,

| Hean

Square
0400005

0,001

1.8, Not Significant (p> 0,08)

4

toll

< |

NS
N.S.
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KODAK
READY-MOUNT

Fizare 29
Sample of untreated immature grass silage.

LNNOW-AQV3y
AVAON

P 30
Semple of &Qmp&wmm immature
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" KODAK
READY-MOUNT

Blgure 31
Sample of unticated wmore-mature grass silage.

KODXAK
READY-MOUNT

Figupe 22

Semple of mtabiculphiu-mated aore-mna ture
rogan ailooe



values attained in the eorresponding treated silages (4.50 and
4.36). Differences detween untreacted and treated silages,
however, were not statistieally significant at the 5 per cent level
(Tabdle XIVIII). The il of untreated frmature uaterial showed a
significant decrease with increasing depth in the silo, widle the
reverse was true in the corresponding treated silage. Iio
significant difference in pH value with increacing depth could be
demonstrated for the untreated and treated silages made from
more-me ture material.

The mean pi of untreated more-mature silage approached a level
of 440, the accepted value for good quality silage, while the pit
of the corresponding immature matorial was only slightly higher.
Treated sileges had lower wean pil values than was expected with use
of a sterilising agent as an sdditive. The pil values clearly
indicated that & reasonable amount of fermentation had occurred
within 21l silages.

Hoderate amounts of volatile organic aeids were found in all
silages. Analysis of the fatty-acid mixtures in terms of acetie,
butyric and proprionic acids, showed that acetic aeid was always
present in the greatest amounts, but within the norsnl range for
well preserved silage made Dy other technigues (Watson 1539). No
significant differcnce could be detected betwsen the mean acetic
Immature silages showed & significant but smell inerecse in acetic
acid content with increasing depth in the sile,

All silages contained traces of proprionic scid.
Hetabisulphite treatment did not significantly reduce the amount
of this ecld present in either the immature or more-mature material,
while no significant incresse or decreese in the amount of proprionic
acid with inereacsing depth in the silages could be demenstrated.
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Small amounts of butyric acid were present in the silages.
Hean treatment values for the aeid were slighily higher in
fmmature compere with more~mature material. Treatuent of the
herbage with metabisulphite at both steges of cutting, however,
d4id not sisnificently reduce the meun butyric aeld content of
the resultant silagea. The content of the acid in untreated
more-nature material showed e sigaificant but emall lnerease with
increasing depth in the sile, while the reverse occurred in the

Although metadisulphite-treated silages had mean pl values
anounts of the latter acid were produced. Furthermore, individual
data (Appendix XVI) showed that three samples of immmture treated
silege, with pE values of N.ul, L.74 and 4.66 respectively, were
entirely free from Dutyriec and propriouic aeclids. Thus, it would
appear that the pH level is of 1little use in judging the value of
metabisulphite~-treated silage.
metabisulphite treatment of the latter cuiting, which had a lower
mean carotenc sontent. Individual herbage samples within each
outting, however, showed considerable variation in carotene content
(Appendix XVII). 411 silages hed & mach lower mean carotene
content than the fresh herbage, differcunces being most marked with
the untreated mature material, Treatment of the herbage with
metabisulphite at both stages of growth resulted in a silage of
significently higher mean carotene content than the corresponding
untreated material.

Untreated more-mature silage, which coantaiaed an average of
0,64 milligrams of carotene per 100 grams of fresh silage, had the



equivalent to 290 milligrams per 100 pounds of fresh silage.

At this rate, 28 pounds of the fresh silage wes capsble of
meeting the dally nutrient allowance of carotene for a 1400-pound
lactating non-pregnant deiry cow, as outlined by the National
Research Council (1945). On this besis, therefore, more than
enough carotens wns present in each of the silages to supply the
needs of dairy cows.



The relative feeding walue of the four silages was asscosed
by Geteraining the digestibility of the warious conventional
fractions in each silage and from these, by standard procedures,
nutrient content, as a measure of energy welue, digestible crude
to assess the relative palatability of the silages, dairy cows
were given a free choice of treated and untrescted silages and

" (a) Digestibility of the Silages
Experimental Progedure

Two digestidbility trials were conducted and the effect of
metabisulphite on the material eunsiled at the immature and more-
mature stages of growth evaluated separately. The "conventional”
trial consisted of a S5~day preliminary period and a 10-day
silage as a sole feed, at a plane of nutrition alightly above
maintenance level. The seme sheep were used in both trials and
housed in individual pens in a wooden feeding shed, a full
description of which has been given in an earlier section (see
page 76},

To overeome differences in the silages due to variations in
fermentation at different depths and thus ensure the experimental
sheep received a representative sample of each silage Quring the
trial, the silos containing immature material were emptied over a
16-dny period and a portion of the total silage, removed daily, fed
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XEEX

Chemical Analynee of Feeds, Refusge and Faeces
{modstare~free basis)

" {g) Feed nnalypig ——ee _
| | 3 Pepcentare Commosition of Feed B _
Silage ney Crude Bther Totul Crude Img%@w Gpganic
o — datter | Proteln | Extroct Ash Fibpe | Extpact Iattep |
igt Cut {iomature) _
Control 1 16.73 | 21.64 h.25 Geli2 28416 36,49 99458
metabisulphite-Prested] 16,08 21.45 L il 10,90 27.50 35,92 89,01
2pa Cug {move-mature) .
Gaatr’oj{; 19, B4 15,66 3.03 10.59 0G4 72 38,00 8.1
‘féetabiaulphuew’i‘maﬁe& _19:;1_-&2 '%8.9(.3 _2- 50 11 :Lloﬁ 204 58 . 57 ?7 88, 55
) ) -y ¥ “"é. _ o o " ) "
5 Sheep | : Peroentare Conpopltion of Refupe
silage Dry | Crude | Sther |  Total | Orade 0T
_ A Hos Hatter | Ppotein | Extract LAeh, | Fibee tiac
dst gut (tomature) P 1740 | 19449 473 16,15 | 29036 | 35e27 88,65
Control I - 16,18 164 70 e 78 1547 29,89 Bta1 8L, 53
5 ; 16.0@ 18: 98 3o98 12.3&; 39050 35.2@ 87066
i 1758 19.40 1308 13,06 | 29,2 B3a441 86, 1L
tetablouiphtte-Treated | 3 | 16085 | 19.02 3001 18.13 | 20,10 | 3. 83,87 1.
- ) - 17626 196146 3,67 12,68 | 29.12 35,07 87432
M re-nabure, . o o
Aog.gut (o 2 2152 | 16460 1467 15406 | 32,93 | 3B.74 Slie 2t
Sontrol b 24450 16.08 2418 Ol | 32,97 3354083 - B5400
- 5 20,76 16,85 177 13.62 32483 5he95 864,38
. 1 20473 16,410 e gls e 59 32. 78 M7 85.49
Hetabiculphite-Ireated 3 21,63 17622 1.68 t5e51 5287 32472 49
. . e 6 1 21.30 16,00 1,74 13,63 | 32.87 | 35,79 0 37
She‘@ré B _ Pereentage Gm@éﬂitian i;af Pasces
91lage Tt OCrude | Zther Total | Crade | Miroren= | oOpmnie
| 0. datter | Protein | Dxtroct Agh Fibpa Egtract | Uatter
daf gug (1omature) 2 57,61 24,20 17 W62 | 28.20 | 31.81 85,38
Gontrol ] 27.04 206 30 4.83 - bl 5k 27.60 33433 85.46
5 38,83 20,79 Le63 14,67 2705 3242 B5. 33
| 1 3185 | 18.99 %020 MOl | 27.59 | 35.56 | 85,96
Hetabiouiphlite-Troated 3 32419 18,60 4a80 14.05 | 27.97 3l 58 85495
o { ) & 3 & 31.58 19. 57 587 _1&95{-& 2770 35.52 35- )
Spd.ut (more-natuee 2 | 29,64 | 16,65 | 3.15 | 17.28 | 20,75 | 3het7 | f2.72
Gontrol & 43,26 17.50% 30?3 1769 27«17 Bhe 88 82239
5 32&6’4 76@;85 39- 3 1 088 2?-82 35‘3& 83.?2
4 33466 15,88 Bs 71 16,24 | 28.53 | 30.0h 83.76
Hetabisulphite~Treated g 25640 15,99 B3l 15428 28,89 1 36,98 Bl 72
. : 32.05 1&.8* _ 3030 16.85 28066 _35.18 83.?5
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to the experimental sheep. Hore-mature silages, used in the
second trial, were subjected to similar treatment.

Hethods eaploysd iz the collection of fueces, sampling of
feeds, refase aul fucees, chemieal delerminations and weishing of
experimeatal anlmals, along with a 1ilat of the dafa ecollected im
each trial and descripiica of the standard procedures used to
ealculate the digestidility coefficients and feeding walne of each
silage, tave been outlived previously (see pages 102 - 105).
the collection period of cach tsiul is presented in Table XLIX.

within each cutting, the silages as fed were similar in
chemical composition. Sileges made from the first cut had a
values obtained for the dry matter, srude protein, mineral matter
and organic matter fractions are in fairly close agresuent with
nutrient losses (Table XXXVIII).

Individual refusals of the sheep fed any one silage vere
similar in chemical composition. All refusels, compared with the
original feed, were lower in crude protein and higher in erude
the refuse consisting mainly of excessively stalky material,
showed a variation in dry matier content, the effect dbeing more
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mnmmmm This foctor, however, 4id
not affect the composition of the dry matter of the fueces, which

sheep were changed over from irmature to more-mature silage, a
frastions of the faeces with a corresponding rise in the total esh
and pitrogen~-free extract fractions.

Detailed colenlations of the digestibilities of the
conventional fractions in eech silage are given in Appendix XVIII.
chemical ansiyses data (Table XIIX) end the totel weights of dry
silage are sumerized in Table L.

Isbis L
¥ean w W Coefficients
1st mun 2nd Mﬁ;_—_!

Constltuent T T Netabi- T | Hetabi~

B s i 4
Dry Hatter 65.2 68.h 557 60,7
Organic Hatter 67.5 70.0 60,0 6346
Crude Protein 675 72.8 62,5 69.5
Rther Extract Ghaly 654 61.2 62.2
Crude Pibre 65,5 67.8 53,1 59.3
Fitrogen-free Extract | 65.4 70.5 64.9 63,6
o s canciammn et cm ek
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at each cutting, the average apparent digestibility coefficlents
silages (Sears and 8111 1949). As shown in Tadle L, there was
a diminuation in the digestibility of all constituents between
cuttings, a result arising from the more mature nature of the

second cut of herbage.

Both metabisulphite~treated silages were superior to their
corresponding control silages in digestibility, Differences in
digestibility of the various constituents in treated and
untreated material shoved a similar trend within each cutting.

The mean digestibility of the dry matter was 3 and 5 per cent
higher in treated immature and more-mature silage respeetively,
compared with their corresponding control silages, while the
organic matter froction was sbout 3 per cent more digestidle. The
main differences in digestibility were in the erude protein fraction,
values for this constituent, in trcated immature and more-mature
material, being 5 and 7 per cent higher than those of their
corresponding no-preservative silage.

The digestibility of the crude fibre fraction was much higher
(59.3) in the treated more-mature sllage compared with the control
material (53.1),but wvithin the immetuve silages this difference
was less marked, digestibility values of 65.5 and 67.8 per cent

The ether extract frection was more digestible in the
treated silages, but differences between untreated and treated
material, within each eutting, were small and of 1little praetiecal
significance., Similar digestibility coefficients were obtained



silages within each cutting.

The results of the digestibility trials, therefore, suggested
that application of sodium metabisulphite to immature and more-
mature herbage, prior to emsiling, had a slight benefieial effect
on the digestidility of the resultant sileges, the erude protein

The changes in liveweight of the individual sheep over the
collection period of each trial are presented in Table LI.

The individesl liveweights of all sheep, recorded at the
the first trial, average weight gains of 3.3 and 2,8 pounds were
respectively, while corresponding average weight gains of 1,0 and
trial can de partly attridbuted to the lower leaf : stem ratio of
factor led to a lowered intake of fresh silage, since by feeding
the silages at a level slightly above mainenance, excessive
in weighing and reduction in digeatibility of all nutrients

Date on the relative feeding walue of the stlages are
presented in Table 1IIX.
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Values for the total digestible nmutrient content of the
silages were lower than figures of 79 and 65 per cent, as veported
more-mature herbage respectively (Sears and 8811 1ohl; Sears
{Schneider 1947). Although sileges within each cutting were
similer in chemical composition, the siightly higher digeetibility
of treated material (Teble L) resulted in the latter having a
higher content of total digestidle nutrients. Within esch cutting,
however, differences between treated and untreated silage in %otal
digestible nutrient content per 100 pomnds of dry matter were
small and of little practical significance.
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Zable LII

ive Ratio of the Silages

Total stible Nutrient Content, Starch
mgz? Grude Protein Content and

1 Stareh 0t |

SIS £ Dry % Doy % Ratio
, - . % atter % atter % Ak I
%ﬁn}

Control 10,22 61,090 | 7.76 | 464 2ells | W78 | 11 3.4
Netabi 1te- |
Troated T 0| 10.58| 6231 | 8413 | k7.9 | 265 | 15.61 | 11 3.2
%hn)

Control 10144 53.43 7’056 ’7&69 2.18 "";" 11 k4

tabisul phite- |
:'mna . 10,68 | 54,99 | 7.75 | 30.81 | 2,35 | 11,92 | 1: &



than values of 54 and 42, as reported in the literature for
where o starch eguivalent value of 48 - 50 for pasture silage is
ave within the range of 38 to 40 (Report 1952).

great.
mmwm«nmmm
m.mummamwmm
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{b) Relative Palatebility of the Silages

Two free choice palatability trials were conducted to
silages in the second. Each triel was condueted over a 15-day

Throughout the empiying perded of the silos, & representative
portion of the total silage removed daily from each silo was set
comparinents, were speeed at intervals in & concrete yard
adjoining the milking shed of Bhe Dairy Resserch Institute (M.2.)
experimental farm (fig. 33), to serve as containers for the
placed in separcte compertnents of sach feeding bin prior to the
adnitted to the yurd efter milking (fig. 34), and their preference
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mure 33

Layout of feediug bins in concrete
vard for palatahllity vests.
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1

igure

The admission of the cows to the yard to test
their preference of the silages.

Figure 35

The experimental cows on the palatability test.



- 167 =

to all feeding bins (fig. 35). Ko quantitative measurements
consume and not cecessarily the firet selected. :

Owing %o mfavouradle weather conditions; 1t was not possible
terd restricted sclection, with the result thet more than one
(fmmature sileges) ond second(more-uature siiages) trials
as outlined by Snedecor (1955 p. 6 ot s00. ).

Lzpepinental Rgsulis

sllages untreated and treeted with metabisalphite, 5 cows
refused either silage, 96 animls sbowsd a preforcuce for treabed
material end the remaining 6 cows faveured the untreated siliage
{Table LIIZ).

with the mofe-aature silages, 2 cows out of a total of 20
in the trial refused either ailnge, & animals favoursd untreaied
material and the remaining 1 cows showed a distinet prefersmce
for treated silage (Table LIII).
silage, cs shown by the oows which conpumed silage, was statistically
significant at the 5 per cent level of probabiliiiy (Tabie LIII).



; mmms&xmm
Irmature and Horee-mzture Bnhnm
and Treated with Sodium He hni

(a) Iomature Silages

Tnatvidnals 6 16 22
S e - s

2 e Sk Porasl, Pes08 12 = 58

(t)‘ Hore-mature Silages |
| Stlege Prefesence

Contrel | "Cpniseiobite= | sotal

Honber of
Individuals L i 18

8&5.55. Formnaly P= .05 1203.&

Visual observation seemed to suggest that the overall
preference shown by dalry cows for treated silapges, could be
were cbscrved to nose the silages sbout in the feeding bia snd
however, cannot be overlooked as a controlling factor in the
cholice of silages, since metabisulphite silages had less odour

As the experivental cows employed in each trial were
selected at random from one small population, many animals were
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more-mature silages. It is, therefore, of interest to comgare
material.

In the first trial (fmatuve sfleges),the preference of 15
cows for the sileges was recorded oa two occcasfons and that of
35 cows on three cccasions, while ! cow appeared in the trial four
times throughout the experimental perfod. With one exception,
all animals exhibited the same prefercunce cach time they were
subjected to test. The exeeption was one animel which refused
either silage the third time on test, having previously shown a
preference for treated silage. '

In the second trial (more-mature silages), 3 cows were
subjeeted to two ocbservations, 4 cows o three observations and
3 cows to four cbservetions. With two exceptions, & similar
and fourth times on test respectively. Doth animals had shown a
preference for treated silage on previous occasions. '

Of a total of 14 cows whieh spreared in both trials, 10
animals preferred treated materisl in each trial, 3 animals
switched their preference from treated to untreated meterial, when
refused to consume either silage in both trisls,
to show 2 similar preference cach tire they were given a free cholce
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whether the silages were made from immeture or mope-mature material,



Present research substantiated the finding of Cowen gt al.
(1953) and others, that the application of metsbisulphite to
ensiled herbage, as compared with no addition, improved the
colour and odour of the final product and resuited in a higher
retention of carotene. All silages, howewver, hed low carotene
values compared with those of the herbage as ensiled, although
maxinmun temperatures recorded within the siles suspested that
effieient packing and exclusion of air were adequately controlled
That metabisulphite was imeffective in sizmificantly
reducing volatile acid formation in the silages 4id not agree
with the results of Bratzler gt gl. (1953), Sears (1955),
Hurdoch gt al. (1956) and Cowan gt sl. (1956). iowever, the
untrested silages of the above workers were characteriped by
pil values sbove the level of 4.0, as considered desirable for
the successful preservation of untreated material (Watson 1939).
In the present study, both untreated silages were well preserved
as judged by the mean pil values and quantities of fermentation
products formed, If the untreated silages had been leac
advantage of using metabisulphite might, therefore, have been
greater. TNevertheless, Alderman gt al. (1954, 1955) found
metabisulphite silages to contain lactie, acetic and dbutyrie
acid contents of approximately one-half the values reported by
Archibala (1954) and others for well preserved silages made by
varicus other technigues. 1In the treated silages under
discussion, mean acetic and butyriec aecid values were of similar
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magnitude to those reported by Archibald (1954). Present
results did not, therefore, support the claim of Alderman

gt al. (1955) and others that metabisulphite partly inhidits
acid production by bacteria in eilage, Owing to the limited
ounber of fermentation products investigated in the present study
and the extreme variation within the dats preseunted, however, it
would be unwise to conelude that metabisulphite was ineffective
in redueing fermentation. It is peobeble that o more detailed
experiment, invelving a large swber of samples and their
subsequent analycis for all common fermentation produets, would
have detected any possible differences which might have existed
between the treatments in this respect.

That oo marked differences in the velues obtained for the
conventional feed fractions in the silages were discovered as
a result of preservation with metebisulphite, agreed with the
results of Little (195h) and others.

 Present research supported the finding of Cowan gt a}.(1953)
and others that the application of netebisulphite to chopped
resulted in a seving of dry matter, but that the salt had little
effect in reducing nutrient losses, when spplied to more mature
herbage. However, the 7 per cent redustion in dry uatter loss
recorded in favour of metabisulphite-treated immature silage in
the present study weas, in general, lower than that reportsd by
other workers who used the additive in siomiler trials (Bratsler
gt al. 1955, 1956). A

That metabisulphite had but & slight denmeficial effect upon

L GE A1
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siiage., Bratzler gt al. (1956) aid find that metabisulphite
the loss of this constituent., Unfortunately, sasmpling was .
in the degree of earbohydrate fercentation which might have
the ezudate frem immeture metublisulpkite sllage, compared with
the control meterisl, doee not agree with the results of other
& maxtmam eariier in metabiszulphite silage, due to the repid
Sears (1956).

was applied to more mature herbage, compared with immature
material, require further ezplanation. It has been shown that
the additive (Cowsn g% al. 19563 Hurdosh gt al. 1956). Im
the present study, however, loss of metabisalphite throush
leaching was found %o be of & low order in both treated silages.
a powerful reducing eageni when ino solubion and will oxldise %o
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therefore, a major foctor influencing the performance of the
additive. Immnture herbage, once ensiled, packs firaly in
&mmmmm{m%}‘ The
zain reguirement for the posiiive acilon of metablonliphl :
a vactericide is thus seilaficd, mwmmm
hervage, enalled withont preservatlves, invarisbly undergocs en
undesirable type of fermeutation (Musgreve 1950). Cenditions
metebisulphite treatment. ¥ith sore-maturs materisl undeoimble
feruentaticns should not coecur and nuteient losses Guring storage
exclusion of free oxygen from metuve silsge is @iffieuit to
vhen & mature orop is ensiled.

In the present sludy, it is probeble that a poption of the
mammmmmm,awm
not produee cuch o narked saving of mutrlents, ss reporied by
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8ilage can be a very variable produet under the influence of
of individenl iaovestigstors. Secause of this, ressens
metabisuiphite iu silage studles man enly be suggestive in mature.

It way be that the type of fummiure materia) ensiled is an
es an additive. lew Zeauluad ullagss, mede from dominantly
ryegrass~clover mixtures, cut al an iuzature stage of growth and
by higher fermentation losces than nomlly ccour in Zmerican
and European silsges (Sears and Coodall 1947; RParnett 1954),
where differeat miztures of grosses an® legumes cre ensiled.

In American studies (Bretzler gt ol. 1956) the greatest
saving in nutrients resulted vhen metabisulphite was added to
medium bloom red clover =~ the reduction in nutrisnt losses
through application of the s2lt to groos mizxtores beling less
marked, In this cousnsetion it iz wertbehile noting the results
{1956), who compered treated ond untrasted silages, made from
an immature ryegrasceclover nlzture, recorded a percentage
reduction in dvy matier loss in faveur af metebisulphite treatment
of sisilar magnitude to tha? obisised in ths present study. In
trials, conducted by Laneaster {9956), metedisulphite treatment of
protein-rich herbage resulted in a clightly bisher soving of dry
matter. In the studles of both workers, metebisulphite silages
lost approximately cus~fouprth of the dry matter ensiled - =
vesult 1ittle aifferent from tlst recorded in the pwesent
instence. These losses, although lower than those recorded for
siniler matepiel anteected with $he solt, ave still of a high



answer to the problem,

digestible autrients, stareh equivalent wvalue and digestible crude
protein content. Similar findinge have been reported by
Wmmw(mmmms}mmmm
mmmmauwmm«nw
ineressing the digestibility of the dpy matter in silage,compared
with mo treatment (Gordon gt sl. T954; wWittwer gt al. 1955).

In view of the finding of Monree gt al. (7546) and others
that no wide variation exists in dry matier digestibiliiy between
no-preservative silage, may account for the improvement in ary
explain the higher digestibility of the dry matter fraction in
metabisulphi te~-treated more-mature silege, compered with no
treatment, as almost identicel dry uatter losses were recorded for
both silages.

That metabisulphite treatment of the herdbege inereased the
agreed with the results of Pennsylvesnisn workers (Cowan gt gl.
1953). lurdoch gt 8l. {1956) have shown that the use of



metabisulphite reduced true protein lossces from silage - @
finding of Aldemma gt al. {1955) that metabisulphite merkedly
reduced preotein Dreakdown, in comparison with other types of
eilage, may clao have some bearing on the results obtained,

Bratsler gt al. (1956) found the digestidility of the erude
Tibre fraction in uelabisuiphite silage to bde of a higher order
thaa that recopded for similar material ensiled without preservative
addition. Yhis result was atiributed to a deereased loss of erude
fibre from treated material during storage, through a lowering of
fermentetion witidn the mass, It may be that e similar action
occurred in the more-mature silages under discussion, as crude
setiasfoctorily explain the less warked difference between the
imature silages in erude fibre digestibility, as results showed
that metabisulphite was, in other respects, more effective as an
edditive with lmmatare herbage.

On the busis of these results 1t would appear that the use
of metebisulphite bes iittle effect on ifmproving the feeding value
of gilage wade Crom immature and more-mature herbage, provided

That dairy cows given a free choice of metabisulphite~treated
end untreated silages showed a distinet preference for the foruer,
agreed with the findings of Little (1954), Bratsler gt al. (1956)
sllage readily consumed it and although no guantitative
meagurements were made, there is every reason to believe that
frosh silage intakes would have been little different for the
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It must De dorne in nind that the essential eriterion of
- a food %18 its contribution to efficient animal preoduction. In
view of the fact that the use of metabisulphite had but a slight
beneficial effeet on the feeding walue of the silages under
discussion,and both were readily consumed when fed alene, 1t would
free choiece trials, was of little cconomic importance.

In general, the results of present research indicated that
free choice pelatebility tricls mey ereate a false impression if
not followed up by further experimentation, in which each food
under test is fed separately to the some animals. Thus Bratzler
gt al. (1956) and others, who reported the preference of cattle
consumed by other livestock. As mentioned previously (sece revisw,
page 59), Wittwer gt al. (1955), who reported the preference of
same animals, overall intake wac not significantly aifferent fyem
that recorded for the molassed silege in the free cholce test.

Present resecarch has proved to be of value, however, since it
has shown that the use of metabisulphite aid mot sdversely affect
the palatability of the silage, relative to that wade from similar
(a)

The true test of efficicncy of eny process for adédtion on
the farm is the relaticn between cost of production and relative



cash value. I giving 2 relative cesh velue for the untreated
foru the basis of ealculation.
nutrient losses incurred by the silages durdng storege, made it
{D.0.4.) removed froum each siles per 100 pounds of orgunic matter
(.M. ) ensiled,

Resuits showed that approximately 43 and 49 pounds of D.O.H.
per 100 pounds of O.H. ensiled were obtained frum he silos
a difference of 6 pounds D.0.H. in fevour of metabloulphite
treatuent. Corresponding wvalues of 40 and 43 pounds D.0.H. were
recorded for the untreated and treated more-matuore silages - a
aifference of 3 pounds D.0.M. in favour of treatuent with the salt.

The cost of metabisulphite was 10 shillings per ton of fresh
herbage ensiled, this vslue being equivelent $o 36 and 30 peunce
per 100 pounds of O,M, ensiled at the fmmmture and more-mature
stages of growth respectively. Other silage-meking costs for
considered tc be of egual magnitude, efter exeluding tbe time
invoived in applicaticn of the pregervative. Thus, the extre
6 and 3 pounds of D.O.lk,, present in the treated immature and
nore-mature silages, per 100 pounds of 0.M. cosiled were obtained
at a coet of 36 and 30 pence pespectively. : |

by means of a prediction equation, forualated by Wallace
{1956) for the 5,0.H. consumption of gresing Jersecy cows,
[5.0.8, = 0.35 18 (o) + 0,08 (18°°7%) ¢ 3(190)| and assuming
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D.0.M., it was calculated that 6 pounds of D.0.H, would

produce approximately 0.7 pounds of butterfat. This latter
figure, at current aerket values, is equivalent to a cash value
of 28 pence ~ & Lfigure below that of the cost of the preservative
per 100 pounds of O.H. ensiled. Thus, the use of metabisulphite
in the present investigation proved to be an uneconomic
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The effect of adding sodiun metabisulphite on the guality,
is dlscussed.

Hetabisulphite silages retained more of the original green

A1l sileges were characterised by low mean butyric and
above the level of 4.0, with no significant differences
between the untreated and treated silages within each cutting.

Treated silages had & significantly higher earotene content

The application of the salt to immature herbage resulted in
a greater saving of dry natter and organic matter but aid not
serve to reduce crude protein and mineral matier logses,
compared with the control silage.

With more-mature material, metabisulphite proved to be an
ineffective means of reducing loss of nutrients during the
storage period of the silages.

Hetabisulphite silages were superior to their contrels in
digestibility, the orude protein and crude fidre fractions
being mainly affected by the treatment. In conseguence,
they had a higher mean starch equivalent value and a greater
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significance.

Dairy ecows, when given a free choice of metabisulphite and
treated material, irrespective of the stage of maturity of

It was concluded that the small saving in digestible
natrients whieh resulted from the use of metebisulphite
with immature herbage, did not justify the bigh net cost
of the additive and that no adventage wes to be geined
through application of the salt to mature material.



CHAPTER V
FINAL SUMHARY ARD CONCLUSIONS

This manuseript presents a study of the problems
associated with the production of high guality silage from
grass-legume mixtures and the role of additives in their

A brief outline of the process hasshown that bacteria
are the principal agents in the preservation of herbage as
silage, dbut all too frequently undesireble types predominate
when immature herbage is ensiled. Their prolonged action
within the mass gives rise to inefficient chemieal reactions
with an accompanying loss of nutrients. A detailed review
has indicated that these losses are of a high order in all
grassland countries - a factor which limits widespread
adoption of the process as 8 method of conscrving surplus
growth when the feeding value iz highest. The use of additives,
as a means of reducing these losses, has received considerable
attention. A review of the meany materials subjected to test
adoption by the farming community as a whole. In view of the
herbage at ensiling time with sodium metabisulphite decreased
storage losses and improved the qualily of the silege, a study

In & prelininary trial chopped wmature herbage was ensiled
in an uniined pit, untreated and treated with metabisulphite.
Addition of the salt to the swathe in a water solution, at an
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applicatien rate of 6 pounds per ton of herbage, failed to
Both silages were considered to be of inferior quality, as
Judged by the guantities of fermentation products formed. The
inadbility of metabisulphite to effect an improvement in the
silage was attributed to one or all of several factors, which
could not be isolated on the basis of the data colleected:
oxidation of metabisalphite orior to entering the pit; leaching
addition of the preserwative.

In a second trial with slightly less mature herbage, the
use of metabisulphite, at a higher rate of application and in
during storage or improve the guality and feeding value of the
were considered to be well preserved. Oxidation of the
to be the major reason for the failure of the salt to exhibit its
of other workers that metabisulphite was ineffective as a sterllising
agent vhen applied as a water solution to immature herbage, would
suggest that the method of applying metadbisulphite in the
rreliminery trial wos unsatisfoctory. However, had the salt been
applied as a powder; conditions preveilins within the pit would
st111 have nullified soy poscible adventege to be grined through
its nse, If the berdage bad been ensiled unchopred, conditions
would have been still lses fMavourchle for the action of the
sdditive,

In general, these studies bave confirmed the finding of
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metabisulphite as & water sprey or in powder form to mature
of metabisulphite cannot De considered as an "insuronce” against
ation and improper sealing of the container, being detrimental to
the efficacy of the additive, ’
in a further trisl chopped immature herbage was ensiled with
and without the edaition of metabisulphite in powder form. Silage
saving in dry matter appeared to involve mainly the carbohydrate
value in favour of the metableulinhite silapge were, however, of a
the additive with immature herbage, and not sufficlent to offset
the purchage coat of metabilaulphite. On the Dasis of this study,
one could not reconmend the use of metabisulphite as & preservative
As gllege con be 2 highly verieble product, conclusions drewn
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good guality silege from ifmmature herbege. Heuwse 1t may well
the feeding velue of the finel product. Data presented, however,
would suggest thet if conditions on the farm are such that a well
ensiling technigues, metabisulphite would probebly improve this
it ie not advisedle to make allege from immmture crops without
some form of treatment comparison with sther nmethods of silage~
can be agsessed for precticel use in New Zealand,
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