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ABSTRACT

Two experiments were conducted to d.eterrnine the
effect of dietary pressure-treated aspen (populas tremuroid,es)
on the performance characteristics and. physiorogicar re-
sponses of ruminants.

rn the first experiment, four r.rature rams fitted
with rumen fistulae were assigned to a hx| Latin-square
design to d.etermine the effect of the wood_product on d.iet
digesti'birity and various physiorogieat parameters. The
wood product repraced arfalfa on a dry matter basis at o%,
L5/', 30% and, 45% Levers in isonitrogenous d.iets. The rams
were allowed a Lt+ day adjustment period prior to a 5 day
totar colrection period.. During the corleetion perÍod.,
feed was restricted to 90% ad, Iibitum levels and water r¡ras

available free choice. Br-ood and rumen sampres were taken
2 days after compretion of the collection period at 0g r, z,
3, l+, 6, 8, tZ and 24 hours post-feeding.

rn the second experiment, 36 young steers were used.
to determine the effect of replacinF corn silage with the
wood-produet on feedlot performance. The steers were
randomly assigned to three treatment groups (control " L5r"
wood and J o% wood.) of 12 steers each and alrotted ta j
repricates of lr steers per pen. The I rations were eal-
culated to be isonitrogenous. Feed, water and minerals
were supplied free choice over the 13g day growth trial.

Arr dietary revers of wood. had significantry
(eco.o5¡ lower values of d.ry matter and. gross eneréry
digestibility than the control diet, however, erud.e protein

:s

:1.-j-: -
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and crude fibre digestibilityr nitro¿ren retention and.

ruminal pH were not affected"

Dietary wood did not signifieantly (f50.05). affect
ruminal acetic, isovaleric or valeric aeid. Ievels o:f the
rams, however, high levels of wood. significantry (r5o.oJ):
lowered propionic, butyric and. isobutyric acid revers, fronc
0 to þ hours post-feeding.

Ruminal ammonia, blood. urea nÍ.trogen, b].ood.

amnonia a¡rd brood glucose levels were significantry
(r5o.o5) affected, at various sarnple times by the dietary
wood componento

fn the steer trialr rìo significant (e5O.O5) dif_
ferences in average daily gains or feed. intakes we.re sb-
served arnong treatments, however, the feed./gain ratio of
the 30% wood fed steers was significantly (e5o*05) er.evated
eompared to the control fed animals.

lhe wood product had a rimited. negative effec,t on
the performance and physiologicar parameters of ruminants.
Arthough it did appear to have a rower energy avairabårit¡r.
compared to alfalfa hay or corn silagesr a lower priee,
would compensate for this difference.
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INTRODUCTTON

fn recent yearsr a great deal of interest has de-

veloped in the more efficient utilizatíon of various in-
dustrial by-products. Of interest to many is the possibility
of either feeding low quality roughages to ruminants to act 

,:,,', ,

soleJ-¡t' as a dietary roughage co¡nponent or the treatnent of
these by-products to increase energ'y availability. To dater

on-farm use of many of the new developments in this area is 
.::::::::::Ii¡nited, however, as research progresses, utilization of ;:',:,:,',

' 
i'1 1.,,'.1'these products may become commonplace. 
i.,j::.,:::

Celh¡Iose and. hemicellulose¡ representing up to ?O%
lof the dry weight of shrubs and trees are the most abundant

organic substarrces occurring in the world, (Baker et aI. 
i

I

1975) " In most woody materials however, these fractions are 
i

not available to ruminal microorganisms d.ue to the ligno- 
i

eel}ulose complexr the high degree of crystallinity of i

r

cellulose, and other factors, (¡nthony g! aI. 1969). These 
I

fractionsnaybemodifiedforincreasedavai1abÍIityby
cherni,car and physicar processes, (Anthony * gr, Lg6g), I ,, ,..

:-::.1,1

Utilization of wood products in this nanner is highty de- :'t,,:,,,i...

sirable as millions of tons of wood residues are produced 
::'::1:'

annually throughout the world. To date, these have not

been utilized efficiently, (Tarkow and Feist 1969). 
,:: :,

Depending upon species, untreated wood,s have a dry i:I.'...i

matter digestibifity (DMD) of 0 to J\y',, Ener65y availability
from these products is not large enough to "drive" the

digestive process itself. Therefore, the use of untreated
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woods is limited to a small portion of the ruminant's d.iet,
(Bender g! a]. L970).

Due to structural differenees, hardwoods are much

rnore digestibre than softwoods. Aspen wood and aspen bark

have digestibilities of approximately 30% and JAfi respec-

tively. lvhore tree aspen courd suppry a considerable amount

of energ'y and roughage to ruminants.

Ulany wood by-produets are available from ind.ustry,
In some chemical pulp-mill operations, ,fines,, ea¡ be re-
covered. which are free of und.esirable chemicals. Due to
pri.or chernical treatment, the fines are low in lignÍn content
and thus represent a highly digestibre souree of- energy for
ruminants (Baker ei a!" Lg73),

Many mechanical pulp mills a1low 1arge piles of saw-

dust to accumulate with no recourse but to burn theo and

thus contributing to air porlution, Àlso, ehemiears such

as phosphatesr sulfates and nitrates within the sawdust may

be "Ieached-out" to the soil. Phosphates nay be bound in
soil aggregates but other chemicars malr find their way into
bodies of rvater as pollutants, (Buckman and Brady L969).

A number of companies are presently harvestÍng
trees for the production of rivestock feed. These produets

are "whole-tree" chips, (i.e. bark, wood ar¡d leaves)" Not

only is whole-tree harvesting a potentially profitable
venture' it arso maintains a balance between frora and fauna

in harvested areas as the younger trees provid.e a source of
feed and shelter for wildlife, (Steneker L9?6),
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fndustry is finding more and. more uses for wood by-
products, however, there remaÍns a large porti-on wasted. The

untreated wood. may be used. as a source of bulk in high con-

centrate diets or could be treated. to inerease its nutritive
value e

fn a world of ever-increasing population, every

approach in holding-pace with the increasing food demand.

must be exarnined as there is not a single solution.r, (Bender

93 al. L9?O),

This stud,y was und.ertaken to determine the replace-
ment value airA tne physiological effects of feed.ing a

pressurized-treated aspen-product to ruminants.

i:l



''''. |'. '\

l:r

.l+

LITER.A.TURE REVIEW

Roughages :

Ruminants requi-re a certaín portion of their díet to
be roughage material. Roughage stirnurates the rumen walr to
promote rumen condition and rumination. Rumination stimu-
lates salívation, the saliva acting as a buffer to ruminal
acids produced. This maintains rumen pH and provides for
more efficient fermentation, (Baker et aI. Lg?i). The butk
added by the roughage tends to hord the remaind.er of the feed
ín the rumen for longer periods of time arrowing for a more

sustained and efficient fermentation.

Roughage functions also as a diluent of high enerry
rations and. aid,s in preventing abnormarities of the gastro-
intestÍnal (GI) traet and. liver, (Dinius et al. Ig?O) "

Roughage is the main component influencing the

revel of voluntary food consumpti-on (vnc). Due to its burk,
high levels of roughage in diets wilr d.ecrease the rate of
dÍgesta flow, thus decreasing VFC, (Donefer et a1. l-969,

Clarke and Dyer L973).

Carbohydrates

The rumÍnant is able to utirize celluroses through
the use of cerrulorytic enzyrnes associated with bacterial
celrs within the rumen. Arthough rumen microorganisms are

abre to degrade carbohydrates such as cellurose and, hemi-

cellulose, their ability to do so is severely limited. in
highly lignified materials such as wood. À major portion of
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the cellulose, hemicellulose and other carbohydrates are

unavailable due to a chemieaL and/or physical assoeiation with
lignin. To liberate this energfn a treatment which ruptures,

loosens or removes the lignin barrier is needed, (Coxworth

e.t al. Lg?6), Other mod,ifications of wood fibre such as

destruction of the crystalline nature of eellulose will also

increase availability, (Dekker and Richards L973).

Cellulose is the most abund.ant earbohyd.rate com-

prising the cell wal} and is associated with hemicullulose

a¡rd the pectic substances. These three cornponents are

tenned collectívelyr "plant structural carbohydrates".

Lignin is often Íncluded in tables of plant earbohydrates

even though it ís not a "true" carbohydrate" Its associ-
ation with the structural carbohydrates makes this erassi-
fícation necessary" Its relationship wi-th cellulose, hemi-

cellulose and other substances imparts special character-
istics to the plant fibre, (Spitter and Amen Lg?s).

It is necessary to understand the chemistry of
these components to fully appreciate the effect of treat-
ment and to realize maximum efficiency in treatment of
roughages 

"

Cetlglose

Cellulose consists of unbranched. chains of 1400-

10,O0O glucopyranose units linked by 1--->4 P-D-GLycosid.ic
bonds, (Hansen e3 al. l-95B), In nature, cellulose is found.

in a erystalline state with molecular orientation parallel

:l
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to the fibre axis or j.n an amorphous state which is a loose
arrangement with no specific orientation, (spitter and. Amen

l-9? 5). The more crystarline structure is resistant to
degrad.ative "attack" by rumen microorganisms and, to a certain
extent¡ treatment is directed towards the destruction of
this uniformity.

Crystalline aggregates are interspersed. with
amorphous regions. These aggregates are termed. ,,mi-celres,,

and are short rerative to celrulose ehaín rength" (Hansen

e! al. 1958). The ceI} warrs are made up of many layers
comprising the prirnary and secondary walrs. These consist
mainly of cerrulosic materials but may inerud.e pectins,
ligninsr polysaccharides, polyuronid.es and. silica, Between

adjacent cells exists the middle ramerla containing mainry
pectins, (Hansen et aI. Lg5B),

Hegicellulose

Hernicerlurose is the major structurar carbohydrate
associated with cellulose, (Spitter and Á,men Lg?Sr. Hemi_

cerlulose includes short-chain glucans which exist either
in the cellular fibrirs or outside the fibrÍls in the sur-
rounding polysaccharide. polymers of xyr.ose, arabinose,
mannoser gâlactose and probably other mannose units such
as fucose a¡rd rhamnose are also found in the hemieerrulose
fraction. These contain mixtures of sugar units and uronie
acid units which may be methylated or acetylated., (Hansen

et al. L958; spiller and Amen L9?5; pigden and Heaney 1969),

þ:rJ,::Ì;!

rl:. a:.i
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Hemicelluloses have been divided into two groups,

hemieellulose A and B. Hemicelrurose A consists of high mo-

Iecular weight glycans as opposed to lolv molecular weight glyeans
comprising hemicellulose B, (Hansen et a]. l95B).

Hemicellurose availability is eornparabre to that of
cellulose, (25-90%), (eigOen and Heaney 1969). The degree

of its association with lignin or encrustation with other
materials determines the extent of its utilization by the
rumÍnant, (Hansen et aI. L95Bi pigden and Heaney Lg6gr.

Pe_etins

The pectins are found dissolved in the mid.d.le 1amella
as calcium and magnesium salts, They prornote the adhesion

of adjacent cell walls, pectins consist of long chains of
Ð-galaeturonic acid residues or sÍx member pyranose ri.ng
structures, (Hansen et aI. 1958).

Lisnin

lignin is the main non-carbohyd,rate component found.

in the celI waII" Harkin (Lg?3), referred. to lignin as

"one of nature's most enigmatic entities" as, arthough it
is known that tignin functions in supprying strength and

rigidity to plant materials, its ehe¡nistry is not fully
understood, (figAen and Hean ey Lg6g),

Lignin is a high molecular weight cond.ensation

prod.uct containing one or more types of aromatic compounds.

The deterrnined. structure of lignin depends on the extraetion
procedure used to Ísolate it. Up, to 50% eyclohexyl

1 -::.: :.

i i:l

l;,,,
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d.erivatives are released. upon hycirogenation. Therefore, a

large portion of the rignin is made of phenyl d.erivatives.
The phenyl rins may contain methoxyl groups in the meta

position and hydroxyr or phenyl ether rinkages in the para
position to a síde chain. part of the rignin molecure,
(rive-position as the benzene rÍns), is connected. with a

side chain of another unit via a carbon-carbon rinkage,
however' some of these five-carbon positions are freen
(Hansen.et aI" I95B).

Spiller and. Amen (Lg? 5) describe ligrnin as ,,a

polymer originating from l-phenyl propanoid monomersî p-
coumaryr' coniferyÌ or sinapyl arcohors, interconnected in
a random sequenee and in a variety of ways',. They su¿tgest

the following structure as one "lignin-unit":

ft=
D
¡l 

-

Rt =

H R'

H-p-coumaryl alcohol

= OCHz-coniferyl aleohol)
R = R' = OCHr-synapyl aleohol

Al-though ligain is either chemicalry or physicarty
associated with a large portion of cerlulose and. hemi-
celrulose, (Bender rg?5), the fact that lignin may arso bind.
with nitrogen has been ignored in hypothetical- struetures of
lig.nin eompJ-exes. rt is berieved that nÍtrogen is either
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I

bound to or is an integrar fraction of the rignin comprex,
(Hansen et aI. LgsB),

.â. physicar or chemicar association with rignin resurts
severe d.epression in the availabirity of that substance
rumen microorganisms, (Bender 19? 5'J ,

trn forages, Iignin eontent inereases with araturity,
however' this does not occur in woody materiars. Lignin
content will vary between speeies but the degree to,which it
limits availabirity varies, (AlrÍnson and-osbourn Lg?a¡

Pigden arid Heaney 1969) 
"

For exarnple¡ the digestibility of softwood.s is low
compared to hardwood,s, This d.ifference in availability is
not entirely due to the level of lignin present, Ínstea.d,
the difference in the arrangement of the rignin rnoleeules
themselves is the rnajor factor. Hardwood rignins are such
that they prevent three-dimensionar eross-linkages. soft-
lignins¡ orl the other handr form three-dÌmensional struetures
which effectively block enzymatic degrad.ation, (Bender gt. e!.
1970). This factorr prêvehts softwoods from responding
adequately to treatments for increased nutritive value.

untir reeentry, lignin was thought to be Ìndigestibre,
however, .it has been shown to und.ergo changes d,uring ruminant
digesti-on, (Allinson and 0sbourn lg?AI.

Lignin wilr complex with other components within
a diet post-ruminarly forming indigestibre cond.ensatÍon

products. The components of the rignin fraction found to be

most digestible were sotuble in alkali solutions and were

:r:
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therefore contained in the nitrogen-free extract, (NFg),

(A1tinson and Osbourn Ig?O).

Lignin does not affect the rate at which fibre is
digested, instead, it affects the totar amount of fibre
d.igested., (Lechtenberg et aI. Lg?t+), .â,llinson and Osbourïr

1975¡ ând Baker et al" L9?s, found signifieant, (p.o.o5),
negative comelations between dry matter d.igestibirity,
cellulose digestibility, forage dry matter intake, voluntary
food consumption, (VFC), and lignin content.

rignin appears to be a major obstacre to micro-
biological degradation of prant carbohydrates. Deligni-
fication would seem a straightforward approach to increase
tha availabÍlity of lignin-bound nutrients to rumen mi.cro-
organisms.

Arthough rignin removal is an effective means of
increasing the nutrient availability of low-quality rough-
ages, it is not the sole inhibitory factor present in these
materials.

Ëilicic Inhibitiog
cell warl silica adds structurar strength and is

associated with disease resistance in plants, (van soest
and Jones 1968), Two forms of silíca exist within plant
eelrs, the sorubre and insolubre forms, (Hogan and weston

r97L), sirica has been proven to inhibit utirization of
plant structural- earbohydrates through encrustation or as

a solubre cellurorytic inhibitor, (van soest and. Jones 196Bl

f't.'::.::ì1



Guggolz et a]. L97L) , Hogan and lVeston (L97L) , have demon-

strated the soluble form of silica to exert an additive
effect to the indigestibility of many ptant materials.

the chemistry behind silicic-inhibition was pro-
posed as follows. "Undissociated silicic aeids polynerize

to form polymerS-c silieic acid. These d.eposit within the

ceII waIl, thereby aeting as a barrier to rnicrobiological-

degradation, (liogan and Vùeston 197I).

Treatment of silica-containing by-products is
desirable, as silica's inhibitory effect may rival that of
lignin's, (van Soest and Jones 1968).

Although siliea decreases the availability of nany

forages or straws such as ground rice huIls, (Hogan and

Weston Lg?L), reed canary grasso coastal berrnuda grassr

and tall fescue, (van soest and. Jones 1968), its effect on

digestibility of woody materials has not been established.

Assuming levels of silica to be low in wood.y by-products,

silica's effect may be of litt1e consequence.

Principles of Tleatment of Low Quality Roughages

' T"eatments altering the crystalline orientatÍon of
cellulose effect an increase in the swelling eapacity of the

wood fibre allowing greater penetration of the fibre by

rumen microorganisms, Treatment of wood. may also affeet the

association of cellulose with lignin altrowing better utili-
zation by rumen microorganisms, (Dekker and Richards Lg?3).

Treatment of low quality rougha¡çes is also directed
towards the unavailable hemicellulose fraetion. Hemi-
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cellulose, for the same reasons as cellulose, is limited in
íts availability, however, its response to chemieal treat-
ment differs substantially from that of eerrulose. For
example, hemicerruloses are sorubre in arkari solutions
whereas celluroses are not as easily sorubilized. cellu- , :,,' .

loses which are not sorubl-e in 1?.5% sod.ium hyd.roxid.e (ivaoH),

solutions are termed "oc-celluroses", or ,,true,, celluroses.
Cellul-oses which are soluble in l-Z .516 NaOH and form a pre- 

i:,r,,,,,,.,,,,

cipitate in acid are termed. "¡li -eeLLu1oses,,, an¿ those which '""'"""
'.:'t.:1.: ldo not form a precipitate in acid. and are soluble in base, .,r,..,,,,

are termed "f, -celtuloses"" This is an important factor to 
.

consider in chemÍcal treatment of these prod.ucts, as solu- 
lbitized carbohyd.rates may be lost due to reaching or washing, 
i

The relationship between cellulose and n-emicel1ulose 
l

ias outlined by Hansen et al. (LgsB), is shown in Tabre r. 
ITreatmentofsi1ica-containingloluqua1ityrough-

ages with LZ to L6% NaOl+ converts silíca present
to an ionic state, (ionic silicate). This form of silica
may be easily removed by washing the product follov¿ing treat- i'' 

t'
1 .:.:' 

' 
: 
-. 

.', .:ment, (Hogan and Weston I9?l; Fritschel et p.l. Lg?6), 
,,,,,,,,.,,,,

van soest and, Jones (1968), found. the effect of
silica in the following regression equationi

Dry Matter Digestibility = .98 (fOO - cel1. walts) _ 
i..,,.,,,,

t?,g + cell wal1 (L,4?3 ,?Bg fog lignín) ¡;''r¡:':':':

3 "0 (si02 ) .

:{
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(A) The solubirity of the d.ifferent fractions nay be used
as an indieation of the comparative length of the-ehaÍni for
examprer o< -cerlulose, which is closel¡i' related to trueeellulose, is insoluble Ín 17,5% NaoH sol-ution and. has mole-
cures of an estinated degree of porymerization greater than
200, whereas the hemicelluloses are insoluble iñ Ai1ute
alkali a1d are thought to have usually around 50 unÍts in
each chain.

(B) Holocellulose = cellulose + the hemicelluloses.
(c) As mentioned above, o¿ -cellutose is the materiar thatis insoluble in 1?.5% NaOH. This is merely an arbítrary
method; however, it will contain more than just glueose units
which are contained in the "true cellulose,'.

TABLE l" The relationship between cellulose and

i.:.:r'Ìi:::.l'..,t.|

Increasing Ch.ain Length (A)

-HOI,0CELLUI,0SE 
(s)+

(c)
o<'Cellulose

I lie¡nicellulose probably
F-ñ pã"I-är'u'icãiiv--ã;ä- {' bined with Liprninh LÍgnin

(G) r(Ana1ytically defined )

(D)

Shorter Chains
Containing:

Xylose, Iliannose,. &
Uronie Âeid Units;
Methoxyl & Acet¡rl
Groups; & possÍb-ly
Galactose, Glucose,
& Arabinose Units.

(H)

"True t' Cellulose
(Academic eoncept)

Long Chains of LIGNTN

ContainÍ
the Non-
Cbhy.
MateriaI
of the

D-Glucopyranose
Units

(E)
Cross * Bevan

Border Zone be-
tween the Herni-
eellulose &
"fruet' Cellulose

CeII WalI,

Cellulose

Continugd.... . . .
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Table I (Continued)

(Ð) The "true cellulose,, Ís long ehains of /3-D-glucopy-ranose units,
(n) "cross and Beva¡r celrurose" is the terrn used todesignatg the cerlulose fraction obtained by the method
9gyglop_"$ uy these investigators" Thié fraction containsrLttle lignin' but does contain other ce}l-wa}l constituentsnot attaeked by.boiring Na0H (L%) followed by chrorine andsodium surfate treatmeñt, poryuionid.e hemi"ärioiõããl 

"".removed with the lignin
(F) Hemicellulose.

(c) The faet that arr of the hemieelruroses cannot beobtained free frorn rignín without d.e6çrad.ation ol ihe hemi-celluloses is sometimes explained. by-the theory thái theremay be a bond between lign1n and heñrieelruroseä in so*e
way o

(HJ rhis shaded portio? courd be determined either with thecellulose (.< -cetlulose) or with the he¡nic"iruio*uãr-
depending upon whether cerrurose is determinà¿ åã-ã"rv p-
glucose units- (putting it in the hemicerlutose cateeõiyf o*as a ehernieally sta¡rdardized procedure (e<-ce11"i;;;i whichwould put it in the ce1lulose- fraction.
Hansen et aI. L958"

." li.

14
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Hence' treatment of row quarity roughages is di-
rected toward¡

a) The rernovar of lignin or a roosening of the associ-
ation of plant carbohydrates with rignin allowing
access to bacterial enzymes, (Bend.er j-g?5).

b) changes in the crystarrine nature of cerrurose as a
means of increasing the swelling eapaeity of the fibre
in aqueous sotrutions and providing greater access to
ruminal microorganisms and their associated enzymes,

(Dekker and Richards |g?j), and

c) the rernoval of silica, (van soest and Jones 1968).
The need to utilize wood by-prod.ucts and. various

agriculturar wastes more efficientl.y requires an inex-
pensive chemicalr physical or biological method. which wil1
affect the above factors, (Coxworth et aI. Lg?6).

Utilizg.tion of Untreate4 tVood pTod.uets

Many researchers have investigated the ineorporation
of untreated wood products in a ruminant diet. Arthough 

.,,,,,.,'":_'-these products contribute very rittre energ¡ to the ani¡nal, 
¡,,,,:,.:,

they are inexpensive and. have exhibited. beneficiar effeets ':'::.;:,

as a result of their incorporation" High revels of un-
treated wood products cannot be fed due to their row revers
of digestibte energy, (Bender et al. Lg?O). ,..-f;

The dry matter digestibilit¡¡ of untreated. wood

products is variabre. softwoods, due to their lignin
framework, are low in digestibility, (i.e. 0 to ?/"),
(gaker e! aI, Lg?il, whereas a hardwood, such as aspen, may ir.,r,.,,;,..



reach a digestibility of 4o/", (Melrenberger et al. Lg?L).
crearly, if untreated wood. prod.ucts are to be incorporated.
in livestock rations, it is more d.esirable to includ.e a
reratively digestible product. Ivrost research in this area
has focused on feeding digestÍble hardwoods.

Anthony et aI" Gg6g), conducted. two experiments
evaluating the effect of untreated oak sawd.ust on growing
sheep and steers" rn the sheep growth triar, revers af Lo/,
(D.M" basis), oak sawd.ust did not affect average dairy gain,
(lpc) r or feed. efficiency, (nn). palatability probrems

were not eneountered and steers consumin g LO% oak sawd.ust

did not exhibit a decrease in feed effieiency. As no dif-
ferences were observed between gains or FE in the animals,
improved utilization of other ratj-on components is implied..
This is in part due to the wood fibre,s effect of stirnutated
rumination and extended fermentation, (ritts et al. Lg6g),
Steers fed I5%, (D.iU" basis), oak sawdust exhibited. a d.e_

crease in .â,DG and ín feed. intake. .A.nimars consuming high
levels of oak sawdust disprayed siggrs of rumen parakeratosis
and had a rougher hair coat. .A,nthony et aI. (1969), con_
cluded. that 15% sawaust levers were exeessive and" Lo%

represented the optimum tever of incorporati_on.

untreated arder sawd.ust was fed. to growing beef
earves to levers of i5% n.m, At 13,j/" and. z?.216 ard.er saw-
dust revers¡ âr1 elevated. ADG was noted. over eff, (control),
and, )5% sawdust Ievels. FE decreased. as the lever of wood.

increased. A slight decrease in d.ressing percent oeeurred.

.j
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as the level of dietary wood was increased, (t<itts et al, Lg6g],.

Slyter and Kamstra (t974), exa¡nined the potential of
pine sawdustr â softwood, in replacing alfalfa in runinant
diets. At the L5/, Level of incorporation, (D.M. basis)o no

signifieant (P< 0.05) differences were noted in FE' ADG or in
feed intake. lhe occurrence of liver abscesses was sig-
nificantly (P-< 0.05) reduced. in the wood.-fed steers" This
is a characteristic response to dilution of highry eoncen-

trated diets with a roughage source. No significant
(P.*< 0 ,05) differences were observed in d.ressing percent,
carcass grade, marbling, fat thickness, rib eye area] percent
kidney fat, or in taste from wood fed steers.

High levels of untreated aspen bark, (?2,5ø D.M"

repracing arfarfa), were fed to ewes and lambs and, perfor-
mance evaluated, (nritschel et aI. Lg?61. In maintenance

rations, bark was effectivery utilized by ewes and eows,

however, animar performance was rowered in growth triars.
From a practical standpoint, a bark residues may be in-
corporated to levers srightly higher than their correspond,-

ing wood.s as they are more d.igestible. This has been

attrÍbuted to theÍr higher concentration of fatty constit-
uents, (miuett e3 a}" lg?o), other factors, such as type
and degree of tignification may also be involved..

Physical Trgatrnent of l{ood products

Physical treatment of row quatity roughages reduces
particre size and affects the association of prant ear-



bohydrates with lignin, The red.uction of particre size may

be desirable as it increases the surface a.rea available for
ruminal degradation, (Clawson et al. Lg?O), The smaller
particle size, however, decreases ruminal retention time
causing inefficient utilization of the prant fibreo (eigden

and Heaney Ig69), Physical treatments include grind-
íng' hammer milling, vibratory ball mirring and high energy

electron irradiation"
Grinding and. hammer milling increase the surface

area of the substrate" Clawson g! a!. (I9?0), found, in
vi3ro cellulose digestibirity was rapidly inereased as

particle size decreased. å.pparentry, grinding removes or
breaks down encrusting materiars such as lignin and. alrows
direct access to the wood fibre, The increased. passage rate
may d.ecrease the efficieney of utilization of the roughage,
(Ctawson et aI. L9?O),

vibratory ball milling, (vBM), was investigated in
a number of studies as a means of increasing the nutritive
value of wood products. This process involves bombarding

the wood with high speed ball bearings in an enclosed con-

tainer over a period of time. Baker et a]" (rg?il, found.

In Vitro Dry Matter Digestibility, (M¡¡O), was rapid,ly
j.ncreased to J0 minutes vBM. Response to further mirring
was limited. Aspen and red oak, both hard.woods, reached an

80% ê¡,d 6?% rvDMD at six hours mirling time and. a five day

rvDMD incubation. This was not merely a sorubírization
effect¡ âs there was evidence of d.isruption of the rigno-

l;...1 .: , .!
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eeLlulose assocíation also. The nature and distribution of
the lignin framework was the roajor factor affecting the

effieiency of this process. Millett et al, (1970), found

softwoods were less responsÍ-ve to VBM than hardwoods.

Due to the selective response noted by al}. studies

of different woods to VBM, this process has limited value in
increasing availability of low quality roughages, (mittett
e aI. L97oi Heaney and Bender L9?o; Baker et g!. L9?5).

Irrad,iation with high energJr el-ectrons is one of
the rnore exotic methods of treatment of low quality rough-

ages, Baker e:þ' gI: $975), proved this treatment effective
in Íncreasing the nutritive value of aspen, however, softwood

response was limited. High energy electrons cause:

I) d.estruction of the lignocellulose bond.,

2) destruction of bacteriostatic compound.s in wood, and

3) disruption of the crystalline structure of celluJ.ose¡

(tcítts e! 4, L969) ,

Yu Yu ej aI" (L9?6), summarized, the effeet of
irradiation as "del-ignification, depolymerization, and

destruction of the crystalline nature of cellulosêr.
MMD of aspen increased from 55/" to 7B/, at, a dosage

o
of 10' "roentgen equivalent physical", (rep), (Mitlett e! aL.

Lg?O), Spruce digestibility was elevated to L4/" fron J/"

following this treatment, however, its energy availability
remained too low to be consÍdered as a source of energy.

Although effective, irradiation treatments will most Likely
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remai-n economi-cally infeasible, (lleaney and Bender L9?O),

It appears that physical treatments, particularly
grinding and hammer milling are useful as they increase the

efficiency of subsequent chernical treatment. The increased

surfaee area permits a more effective penetration of the

wood fibre by chenical reagents.

Chemical Sreatment of Wood Products

Sodiurn Hydroxide (Naoli)

The potential of chemical treatment has been studied

as econornical rneans of increasing the nutritive value of
low quality roughages" These treatments are directed towards

the many digestibility-limiting factors outlined. 0n read-

ing the literatureu one wiII quickly notiee the abundance of
research concerning the effect of NaOH on rougha€les. Al-
though NaOH is not the most effective treatment for thÍs
purposer orr the basis of cost, effeetiveness and rel-ative

safety, it is a desirable method of treatment. Its only

disadvantages are its high cost relati.ve to other hydroxides

and the effect of sodium-containing manure on soil structure,
(Coxworth gL aJ, L9?6¡ Klopfenstein L9?5¡ Buckman and Brad.y

t969),

NaOH effectively elevates the digestibility of
naterials with a high silica content. NaOH levels of B/"

(dry matter basis (O.wt. ) ) will dissolve the soluble siliea
fraction and may be washed from the product¡ (Hutanwatr

et a}. L974) " Howeverr âs stated earliern the relevance
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of "silicic inhibition" to the digestibility of wood. prod.ucts

is Iirnited.

Although NaOH is only partially effective in re-
ducing the lignin content of plant materials, (yu yu et el.
L976), it effectively increases the swelling capacity of the

wood fibre allowing greater access by rumen microorganÍ-sms.

NaOH treatment effects breakage of uronic ester bonds

b,y saponifieation, (Baker et al. L9?5; Erlinger and. Klopfen-

stein I9?5; Mitlett et aI. L97O; Tarkow and Feist, L96Ð, fn
effect, polymeric units are broken leaving approxirnately

90 to 99% of t]ne total carboxyl content of the wood fÍbre
unesterified compared. to 3 0% vnesterified in raw wood,

(Tarkow and Feist l969). Broken cross-linlçs increase the

"fibre saturation point", (FSP), of the wood fibre, The FSp

is a measure of the quantit}¡ of water which fibre wiLl absorb

through swelling. Thus¡ ârr increase ín FSP is indieatÍve of
an j-ncreased swelling capacity, Other eross-links are urr-

doubtedly present which are resistant to NaOH treatment and

prevent rnaximum swelling of the wood fibre, (Tarkow and

Feist L969),

The increased FSP effects:
i) an i-mproved diffusion condition for water soluble

nutrients,
ii) improved enzyme- substrate interactions¡ ârd¡

iii) an increase in the maximum molecular weight of
globular protein capable of diffusing into the wood.

fibre, (Tarkow and Feist L96g),

i:l::?:-: r:j:
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Lambs when fed corn cobs treated with 4% NaOU or 4%

NaOH with urea, eonsumed more food and gained more rapidly
than lambs fed. water-ensiled cobs, water-ensiIed. eobs and. urea

or cobs treated with ammonium hydroxide, (Rounds e! aI" L9?6),

Sheep and calves fed l.J/o Na}H-treated straw mixed

with silage consumed similar quantities of dry matter as

those fed silage diets alone, (Terry et al. L97 5) . These

workers conclud.ed that alkali-treated. straw could. replace up

to one-half of the dry matter in a grass silage diet and yet

sustain sirnilar rates of gain"

Two similar studies (lAaeng et al. Lg?L; Ololade and

Mowat L975), revealed treated straw was palatable arrd highly
digestible. Sheep fed the ltlaoli treated straw invariably took

less time to consume their feed allotment than those fed aI-
falfa silage. The digestibility of dry matterr cell wall
constituents, (CWC), cellulose, acid detergent fibre0 (ADF),

and gross energy, (çn), were significantly, (p<0.05)

increased for treated straw eompared to alfalfa silage"
Bhattacharya and Warner (1968), discovered. young

anirnals often show a favourable response in terms of feed.

intake and growth when fed an alkati-treated. roughage.

Lactating cows fed 5%, (w/w), alkati-treated roughage ex-

hibited a LZ to L7% depression in feed intake, The 5%

atkali-treated roughage inereased water consumption and

ruminal pH. The body was, however, able to adjust to these

physiological changes,
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Treatment with higher levels of NaoH, (i.e. ex-
ceeding B% w/w)¡ ftâV cause health problems due to the
residual arkari present (chandra and. Jackson 19?1). Tarkow
arrd Feist (L969), found residual NaoH present as luminar
NaOH or sod.ium acetate. '.,,,,

Treatment of the residual arkari or other reagents
present may be desirable. This may be accomplished through
washing or neutralization of the product following ehenical '.,',,',

treatment. 
i,''":'

,,,,,,,,Neutralization of arkali through the addition of ;',:,;

acids is possible and perhaps more desirable than a washing
step as it eriminates the wash water problem as welr as

contributing to the nutritional value of the product. For 
'

examprer acetic acid woul-d provide a source of energr, 
l

(chandra and. Jackson 1921), and. phosphoric or surfuric acid
would. suppry phosphorous and sulfur to the organism, ,

(Dekker and Richards Lg?j) 
"

Neutralization with acetic acid or dilute hydro_ 
i i):.,:.,

chloric acid, (HCl), caused significant (pSO.O5), inereases '',.,",

,:'r--.,, .in rvDMD over the contror followin g Lz% NaoH treatment of , 
,,,,,::.

rice hulls, (Hutanwatr et al. Lg?4). washing was srightry
nore effective than neutralization in erevating rvDMÐ" rn
this study t LZ/o NaOH treated riee hulls Left a high rever of .,,:

].;,:.:.,,:,

residuar chemical and a form of removal was neeessary.
Perhaps the L2% treatment itself was exeessive as most

studies have d.eterrnined. the optimal level of NaoH treatment
to be B% or less (w/w). (Dekker and. Riehard,s Lg?ji 

,;.,j1:
i'
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Donefer et al. Lg6g; Chand.ra and Jackson Lg?L¡ Gharib et al.
L975; Feist et aI. L970) 

"

Drying following ehemical treatment signifieantly
(p <O.OI), inereased dry matter digestibility by Z to 3%.

The heat of drying causes the hydroxyl ion to further reaet
with the substrate due to a more concentrated. alkari en-
vi-ronment, (Hogan and weston r9?L; Hutanwatr et ar. Lg?u).

Arthough these treatments rnay augment the nutritive
varue somewhat, they represent an extra processíng expense

which may not be rearized by the increased nutritive value
of the product. Generarly, treatment to remove residual
arkali is not neeessary if lower levers of arkari or other
reagents (B% DM ), are used. in treatments, (Chandra and.

Jackson L9?t; Fritschel et. aI. Lg?6; Maeng et al. ]tg?L') 
"

Mixtules of Atkal!
NaOH in combination with other hydroxides will

efficiently increase the digestibirity of lignocerrulosic
¡naterials. Both Rounds gj al. (L9?6), and. Klopfenstein
(L975)' have demonstrated a combination of j/, NaoH anð. l%

calcium hyd.roxid.e (caoHz ) , to increase ADG and feed intake
over a l+% NaOH treatment, Rounds et al" (Lg?6), obtained.

similar results with 3% Naou ana z/" patassium hydroxid.e,
(KOH), eombination.

.A.mmoniation

Treatment of
has a chemical effect

1ow quality roughages with ammonia

similar to NaOH, however, the reaction
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rate is slower. The creavage of the cross-rinks between
porysaccharide chains does not read. to the formation of
ionized carboxyl éîroups, but rather to amide groups. Thus"
maxi-mum swelring capacity rearized. is simirar to that for-
lowing NaOH treatment, (Tarkow and. Feist Lg6g; Baker e! aL,
L975; iliil]ett e! al. I9?O). The amid.es and. ammonium satts
produced are responsible for a 9 to LO/o eLevation in erude
protein (cp), revers as non-protein nitrogen (n¡piv). 

.Thu
ammonia odour is lost if the product is aired for about one
week, (Baker gI al. L9?5; Coxworth et al. Lg?6).

Erlinger and Klopfenstein (Lg?5), studied the uti_
lization of the ammoniated prod.uet as a supplementary
nitrogen (N)' source" They found, the differences in the N-
availability between the arnmoniated product and urea-N were
not apparent in the performance of growing and finishing
steers, As 1ong as the portion of N supplied by the
ammoniated product does not exceed ja% ar tjt,e total N

present and is introd.uced. to the animar grad.ualry, the N

present will be utilized efficiently.
Kernan, (personal communication, l-9?6), has stud.ied.

the effect of ammoniation of crop resid.ues. Baled. wheat
straw was covered with a poryethylene sheet and filred with
anhydrous ammonia through plastie tubin6r. .A,rlowing this to
react for a pårioO of six to thirty days, depending on
ambient temperature, created a prod.uct similar in DIED and
cP content to a medium quality hay. To d.ate experimentar
data is not available"
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Amnoniation is l-ess costly than NaOli treatments and.

provides a source of NpN. Arso, manure from }ivestock con-
suming this product does not eontain resid.ual chemicals which
would damage soil structure, (Coxvrorth et al. Lg?6),

Fiixing the ammoniated product with a fermented feed
may be desirable" This wourd trap the amrnonia present and

reduce the odour problem" Although ammoniation is effective,
the mechanics of treatment and perhaps the necessity of
feeding it with a fermented feed create problems which are
yet unsolved, (Kernan L9?6),

Pqroxyacetic Acj-d

Kamstra et aI" (Lg?6), have adapted the use of
peroxyacetic acid, (peracetic acid.), as a delignifying agent
of low quarity roughages" peracetic acid" is emproyed as a
delignifying agent in the purp and paper industry. comprete

delignification is possible with proper eonditions of acid
concentra'bion, treatment time and temperature. Treatment of
ponderosa pine sawdust caused little damage to the cerrul_ose
or hernicellulose fractions during rignin removal (Kamstra

et ar " L976), costs of tkre acid are high and. practical
application v¡ould demand rocal production of the aeid" This
involves a controlled reaction between hydrogen peroxide
and acetic anhydride. Treatment conditions are quite
hazardous.

Arthough peroxyacetic acid treatment is effective
as a delignifying agent, (Kamstra et aI. ]19?6), its use, on
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a practical basis is limited"

Miscellaneo-us

Other studies have evaluated the use of KOH,

(.Anderson and Ralston 1973; Rounds et aI.. L9?6), calcium :
.:

hydroxide, (Coxworth g! al. L9?6; Rounds et aI. 19?6),

sodiurn sulfide alone or in combination witir NaOH, (Chandra
land Jackson L97}; Gharib et aI-. L9?5; Baker et al. Lg?jì 
,t,' 

*er and Richards Lg?31, "*r"m sulfiter (Chandra a¡rd i!1,,, Dekker and Richards L973), sodium sulfite, (Chan¿ra a¡rd

i ckson L9?l¡ Clarke and Dyer lg?3; Dekker and Richard,s Lg?3i ;,i. 
.::

Gharib et aI. L9?5), NaCH0r, (Anderson and Ralston lgïj,,
chlorine compoundsc (Chandra and Jackson l9?I¡ lu yu et al"
19?6t Gharib et 41. I9?5¡ Snith et al. Lg?o), su]-fur dioxide,
(Baker et aI" l9?5), and. a number of other chemieats in :

their ability to increase the digestibility of low quatity
' roughages a

Many chemÍcals have been evaluated, however, thei.r
cost has generally preclud.ed their practicat applicati.on.

.i Many of these treatments have been adapted from the pulp and 
:,,,,:

, paper industry as d.elignifying processes where treatment ,::

:.:,'l
costs are low relative to the product's value, however,

profits in the livestock industry rery on inexpensive,
practical feeding regimes and the future use of most of the 

:::.::j exotic ehernical treatments for f eeding purposes is d.oubtful. i:i,

Biological Treatment of Viood 3rodggts
Biological treatments. of roughages have also been

evaruated. white-rot fungi, (v¡np), witr decompose lignin as
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werl as cellulose and hemicellulose in wood, (Baker et ar.
L9? 5). sorne wRF witl remove lignin at a rate exceeding that
of hemicerlulose and. cerlulose removar leaving a prod.uct of
row lignin content and increased digestibility. Baker et aI.
(t9?3), found hardwood. lignins were more efficiently removed, ,,,.:'.),

by fungii than softwood lignins. Funga1 degradation is a

very slow process and. one wourd need. to guard against eon-

tamination with toxic fungi and molds, (coxworth et ar. Lg?6). ,,),.,,,,,,:.,

Yu Yu et a!. (Lg?6), investigated the use of ee1lu- 
i;;;,""!1;;'

Iases and. pectinases as means of increasíng the nutritive ..,,,,,.,r,;..,...i.:.:.

value of straw. liowever, neither of these two t¡rpes of
enzymeSwereabIetodecreasefibrecontentorincreaSe
the rvDMD of straw. The lignocellurose complex is respon-

I

sible for this poor response. I

Steam Press;ure Treatment

Steam pressure treatment is a physical treatment 
,,

effecting a chemical response in fibre" Although not de-

veloped recently, its use in production of livestock feed

is only now reaching widespread interest, steaming wood. 
i'''':':;:;;

i : ..:'.. .:.. ..

fibre allows original acetyl groups of the fibre to ,,split- :.:;.t;';,t;,i,;;',;

off", (Bender g! gI. L9?0'), through the rupture of poly¡nerj,c

cross-Iinks ¡
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G,-Cf-0H

ll+*-(x)ñ-i- (x);--x +
"f,ower chain represents a hardwood xyran chain with a free
carboxyl group an{ an esterified carboxyr group funetion-ing as a "eross-rink" betv¡een the xyran- chãin änd. someother polymeric unit', - Tarkow and. I.eist (Lg6gl .

The acid. prod.uced is sufficÍent to bring about a
degree of hyd.rolysis which also increases the digestÍbÍrit¡¡
of the wood, (Bender .et ar. Lg?o). other cross-rinks would,

be present which are resistant to this form of treatment,
(Tarkow ar¡d Feist, Lg69). The effect of this treatment is one

of increased fibre saturation point, (FSp), and. consequent]'y,

inereased fibre avairabirity to rumen microorganisms,

improved diffusion conditions for water soruble materiÍars

presentr êDd a small increase in the maximum molecular weight
of globular protein. eapabte of diffusing into the wood. fibre.
(Tarkow and Feist, L96g), rt is doubtfur that steam treat-
ment affeets the liggrocellulose eomprex to a large extent.

The use of steam treatment has not been investigated
as fully as NaoH treatment but its chemical effect is Ìorown

to be similar' The percentage increase in FSp following
NaOH treatment is predietable. The wood. fibre behaves as a
poryelectroryte arlowing a hyper-swollen state in the wood

fibre at elevated pH, The presence of a:r acid, sueh as those

i't

R

o
I

ð:o Ho-g -- o

IIGG
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prod'uced in steam treatment, prevents the formation of a
complex polyelectrolyte system and consequentry steam treat_
rnent may be slightly Less effeetive, in this respeetu than
NaOH treatrnent, (Tarkow and Feist, Lg6g).

steam pressure treatment exerts its effect rapidly
as a function of time r pf essLl¡:e and temperat'fê c Bender
(tg?O), suggested. that aspen reached. the rvDMD, (48 hrs), of
medium quality hay foll0wing a two hour treatment at L65 to
l?ooC at 100 to llJ psi. This liberates t+ to 5% aeíd. as
aeetic acid equivarent" rncreasing treatment temperature to
zoooc rereases 6% aeetic acid equivalent in one-half hour
but additional benefits, in terms of product quarity, were
not noted over conditions Liberating 5 to 6% aeetate equiv_
alent' various carbohydrates in the wood fibre are
"carmerized" as a result of the etevated. ternperature. This
gives the product a morasses odour and rnay contribute to
the palatability of the product,

Drevjany et af. (tg?6), fed nine levels of aspen
(o to Bo%) replacing corn graÍn, (Ð.M..basis), to IB buÌl
calves for pg days" The wood. product was simirar to the
"Bender-Heaney" produet described above,

rifood stimulated feed intake per kilogram, (lrg) ¡ of
body weight, (nw), to a lever of 6o{" ineorporation. carves
consuming Bo% dietary wood stirr consumed nore DM per kg
of BW than did' control fed animals, (Drevjany et al, Lg?6),

Feeding of wood to revers of 3 0/, of t,,e DM intake
irnproved average daily gain, (ADc), (Dr;vjany et al. 19?6).
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:

This supports the work of Heaney g-l el. Gg?j). Their
steersr when fed a simirar product at, jo% DM gained. weight
as rapidly as did the eontrol 0n corn silage. Drevjany g! gt.
(1976), found revels of ?o to Bo/" steamed. aspen d.epressed

ADG. 0n the basis of ADG, the 6O% level of wood. represented. ,,,.,,

the upper practical limit of ineorporation.
The feed conversion ratio was not affected at levers

of 40/, DM and bel-ow. At higher revers of d.ietary wood.o the .r.'..,
feed conversion ratio was rapidly decreased, (Ðrevjany e! ar. ,'t'

,:'_..l.

:; .-::'t976).

The calves in Drevjany's stud.y were reft on furl
feed unti] time of slaughter so that digestive organs could
be characterized as normal. No effects on the weight of
the full reticulo-rumens were found between treatments.
Thus, rumen irnpaction did not occur at high revels of wood,

incorporation"

Abnormalities were not evident in any of the rivers,
kidneys or reticulo-rumens examined.. steamed aspen appears
to decrease carcass qualityo in terms of warm eareass weight
and dressing pereent at revels exceeding ua/6, (Drevjany et al.
l9?6), Heaney gt a}. ('g?i), found significantr (p< o ,AS),
d.epressions in baekfat thiekness, (Bnf ), at the jO% nVt

Ievel of dietary wood but dressing percent anci }ongissinus dorsi

:':

I, area were not affeeted significantly, (pS O.O5).

Rumen sampres were taken in Drevjany,s study frorn
the calves for pH and VFA determination. No significant,
(P< 0.05), d'ifferences were found. in ru¡ninal pH between
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treatments howeverr sorne VF.A. levels were affeeted. Con_

trary to expectation, Drevjany found increasing revers of
wood in the diet did not significantly, (p< 0.05), increase
the aeetat,e/propionate or aeetate/butyrate ratios. Although
dietary aspen did not affect the production of acetic or
propionic acid.s, butyrie aeid revels were lowered somewhat
by high levels of dietary wood. High levers of wood
signifieantly, (p< 0.05), d.eereased Ísovaleric and vareric
acid prod.uction, A d.epression in the revel of these vFAs
rnay be of some consequenee to the organi-sm as these are
important glucogenic compounds, (Drevjany et aL. LgT6I.

Ðrevjany et al. (Lg?6), demonstrated high levels of
wood significantly lowered blood glueose, (BC), levels. At
elevated levels of dietary wood Íncorporationr animals were
forced to utilize the wood. cellulose, hemicellulose and
added rnolasses as the sole source of glucogenic materiars.
Consequentlyr available energy, rneasured. as BG, was lowered.

At 1evels of 30% díetary wood. and above, Drevja¡ry
et aI. (tg?6), noted el-evated. levels of blood urea nitrogen,
(nuu¡. This is indicative of a decrease Ín the efficiency
of utirÍzation of N-sources present. .A.mmonia which is re_
leased in the rumen, is either converted to baeteri.ar pro-
tein or absorbed. across the rumen warl into the circuratory
systern. ThÍs form of nitrogen is eonverted to urea in the
Liver as a waste product for excretion" Ammonia is 

'ost 
to

the circuratory system if energy is unavairabre to power
amination reactÍons or to provide carbon-skeletons for

:ai,i.

.,:jt_:,...,
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amino aeid synthesis.

Drevjany et al" (L9?6), examined the BG/BUN ratio,
This ratio serves as an indication of units of energ¡ avail-
abre for N-utilization" An unfavourable BG/BUN ratio implies
an imbala¡rce exists" Animal.s consuming rations exeeed,ing ''".'r

3O/" dietary wood exhibited a lowered BG/BUN ratio.
In neither Drevjany.e_t al's, (L9?6), or Hea¡rey et 

::,:.:
a}'s , (L9?3) , studies were health or palatability problems r,,';,

encountered. at levels of i o% and. 4o/" aretary wood. palat- 
¡,,,.,,

ability of the product itself is apparently high as it has .""

a pleasant aroma and nay increase dry matter intake.

i

)

Steam Treatment - Acíd Hydrolysis 
,

Steam treatment of woody by-prod,uets in conjunction 
i

with acid hyd.rolysis has also been studied. Albin (19|6), 
i
i

condueted an experiment to evaluate the use of hyd.rolyzed. i

lhardwood sawdust in heifer diets. The hydrolysis pro-
cedure is patented and would involve steaming with the

addition of surfuric or a similar acid. This effect is il.a,,.

similar to the steam pressure proeess outlined but the acid. ,,,:,,,r,

hydrotysis of the product would. be more eomplete due to the '':i:.:r:

degree of dissoeiation of the strong acid. ad.ded. In
.A,Ibin's study (19?6), the effect of incorporating L9.?51, 

ii,,..,.,,
and )9,5y'" hydrolyzed hardwood sawdust as a grain replaee- 

1,.-,.:,

ment was evaluated. The feed,ing period. lasted l-lf days

during which time animal health was excerrent. rniti-arry
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levels of 3 9 ,5/" sawdust sigrificantly, (e50.05 ) , d.ecreased^

ADG over control' howeverr a continuous improvement was

observed throughout the trial. Feed intake was not affected
signif icantly, ( P<0 . 05 ) , at 'the L9 ,? 5f, level of incorporation 

"

.ê.Ibin (1976), found signifieant, (e50.05) n inereases in the

feed per gain ratio as the leve1 of dietary wood increased

and concluded the wood to be 6O% of the value of corn when

fed to levels of 4O/" on a d.ry matter basis

Hydrolyzed wood-fed animals exhibited }ower values

for d.ressing percentr grading and cutability score (efUin

L976). A slight decrease in carcass quality is a charae-

teristic response if }evels of dietary processed, wood.

exeeed. 3Q/' ptut, This is often noted in finishing animals as

the wood cannot supply the energ'y need.ed for fat deposition,

The effects of wood incorporation in growing rations would

go unnoticed if animals were finished without high levels

of wood in their diets.

Economic Consi-derations

In summaryr the economic importanee of treatment of

' low quality roughages depend upon:

a) the market price of trad.itional feed,

b) the cost of harvesting and transportation, and

, ") cheaper rnethods to supplenent low protein products for
nutritional deficÍencies, (Kamstra et al. L9?6).

Trembling aspen, (Populas tremuloi.des), is the most

prevalent of four species of aspen found in Manitoba.
t'Availab1e" aspen stands are located. in the southeast and

';

, southwest seetion of the province. A.lthough large aspen
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stand.s do exist in the north and. northeast area of the
province, utirization of these stand.s is impracticar d-ue to
their location, (Neilson and l{cBride Lg?I+). Eighteen pereent
of the merchantable wood. within t{anÍtoba is aspen_poplar 

,,,,

fneluded in its uses are lumberr plywood., veneerr partÍcle 1,.,

board a¡rd fuel wood, (Steneker 19?6). Despite its man¡r

usesr â large portion of the harvested, wood. remains wasted.
through the non-use of sawdust and other by-prod,ucts. per- ;,'.i'.

haps these by-products could be more efficientry utirized 
::i:l

i,..,.,.through treatrnent and incorporation into ruminant dÍetsr i:;:"

i,.r'.,,

i..f .1.:ì
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T,{ATERIALS AND ¡,TETHODS

Ram Dieestibility lrial
A ram digestibirity triar and a steer growth triar

were conducted to determine the effects of feeding pressure-
treated aspen-poplar (popula.s tremulgides ) to ruminants.
The treated aspen was suppried by stake Technolory rtd. of
Ottawa who own patents on the treatment process. unfortun-

i.: l'r: ¡'l ¿

i .ì-.'-':'. .'

atelyr stake Technology was not able to provid.e details of l,
lr

the pressure-steam process.

ïn the rarn digestibirity trial, four mature rans
(average body weight of 62 rg) fitted with rumen fisturae
were randomly assigned four treatments in a ¿lxt+ latin-square
design (fa¡1e 2), (Dunn and Clarke l-g?t+) to d,etermine the
effect of repracing sround atfalfa hay with the treated, wood

product" Four levels of wood (O%, L5%, 30%, USÐ replaeed
alfalfa on a dry matter basis, (Table 3). proximate analysis
of the & rations is shown in Table ll.

The rations were mixed in a horizontar ,Marion,, mixer
for l-0 to IJ minutes to ensure thorough mixing and then pel-
leted in a "carifornia" pellet mirl (0,5 cm)" The d.iets were .,

adjusted to LJ/" crud.e protein using soybean meal (sg¡¡i) and

urga.

After a four week post-fistulation recovery period,
the rams were placed in metabotism erates and assigned. a wood

treatment level. The rams were allowed two weeks for ad-
justment to their new diets before each of the four cor-
lection periods. Ad libitum feed consumption was measured

during this time.
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Experi-mental ra¡r dl ets ,: : :

contror '!::: : '

0% Aspen 15% Aspen 3o/" Aspen L5% lspen 1.,,,,.

labre z, Rand.omization of the 4xþ latin square design

Period

I
2

3

l+

d1

e

b

d

b

a

c

d

c

d

a

b

a

b

d

c

(Ðunn and, Clarke, L9?U)

lLutt""r a-d refer to one of four rarns.

;:. ,. -

ljt:r:::it.:.rl
:1r : :r. -.
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During the 5 day total collection period fecal

naterial was collected in vinyl bags attached to the sheepr

and urine was collected in plastic bottles. At the start of
the collection peri.od the rams were weighed and a rneasurerl

amount of feed (90% ad }ibitum) was given once daily over the

5 day collection period. Water was supplied ad libitum and

consumption was recorded. Weigh-back samples, if ârr}rr and

feed samples were taken daily for dry matter analysis.

After eollection, feces were weighed. and. rnixed.

thoroughly in a "Hobart Model 600" mixer befôre sampling.

The fecal samples were placed in plastic. sample bags and

stored at '-l+oC until further analysis could. be performed.

Throughout the collection period daily urine volume

vras determined and a 5% sample was frozen daily for further
analysis. To prevent loss of urinary ammonia, 20 ml of
concentrated sulphuric acid were added. daily to the empty

coltection bottles. After completion of the collection
period, the urine samples were thawed a¡rd combined within
treatments and periods and filtered. Urinary-nitrogen

levels were determined aecording to official methods of the

AOAC, (macro-Kjeldahl) (L97 5),

Fol-Iowing completion of the collection period, rumen

digesta and blood samples were taken at 0rLr?13r416r8rl.'2 and

24 hours post-feeding. Rams were fed at 90% ad libiturn levels
supplied at one feeding in the rnorning and consumed over a 2I+

hour period. The 0 a¡rd 24 hour samples rvere taken prior to

the introduction of the animal's daily feed allotment.

Rumen digesta samples were taken from 0 to Zlt" hours

i:. i
' 

:'',



4r

post-feeding through the rumen .fistulae, Since the d,íetary :

vrood increased the viscoéity of the rumen contentsr con-

ventional rumen sampling techniques were not possible. fn-

steadr a modified grain-probe (nigure 1) was used and a 2OO

mI core sample taken. A "Radiometer Copenhagen Mod.el 26'pH :.:..:.-:r.
: :-: :

meter was used to determine the pH of the rumen contents.

Inmedíately following, 0.5 rn1 of 2O% mereurie chloride was

added to the sample and thoroughly mixed to prevent further 
:;,,,,,,,,

microbial fer¡nentation" One mI of concentrated suJ-phuric ',1', ,

acid, was also added to prevent loss of ruminal arnmonia ,,jj,::,

nitrogen. The rumen d.igesta sarnples were then chilled
overnight.

Digestasamp1eswerecentrifugedat3I0orpmina
swinging-bueket "International Mlodel U" centrifuge for 1O min- 

i

utes" The rumen fluid supernatant was then d.ecanted into sam- f

l

ple bottles a¡rd frozen until further analysis was possibte, 
i

lAt each ti¡ne period, L5 ml blood samples were 
i

taken fro¡n the jugular veÍn with a "Vacutaitter". These

were chilled overnight then centrifuged. at 30OO rpm for 10 
i,r,.,,,,

minutes in a "Sorvall GLC-I" swinging-bucket centrifuge.

The serum supernatant was then pipetted into sample vials
and frozen until analysis could be carried. out.

Feed and fecal samples were dried in a forced. air
dryer at 6ooC and. percentage dry matter' crud.e protein

(macro-Kje1dahl)r a¡d crude fibre were deterrnined according

to â.0.â.C procedures, (L975). Gross energlr levels were

determined with an ".A.diabatic Parr Oxygen Bomb Calorineter".
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43

Dry matter, gross ener€ry, crude protein and erude

fibre digestibilities as well as nitrogen retention of the

experimental treatments were deternined on completion of the

4xþ latin square. Percent digestibitity and nitrogen

retention formulae are illustrated in Appendix I.

Steer Growth Trial
To determine the effect of dietary wood on steer feed-

lot performance, )6 steers (average body weight of 246.5 kg) 
r,,,,,'¡1,r

of Hereford., Charolais and. Selkirk breed.ing were rand,ornly ¡tr:r;:;

t_..:."_::_.-,

assigned to three dietary leve1s of wood (O/,, L5% and 30/6 i,¡,;,,¡,

D.1,1. ) of 3 replicates per treatment and fed, for I39 days.

AII steers were injected with vitamins A, Dl and E

and weighed on two consecutive days prior to the initiation of
.

the trial. The mean value of the two initial weighin€çs was 
I

taken as the starting weight of each animal. The steers were 
j

then weighed at rnonthly intervals throughout the growth trial. 
,

The composition of the three ísonitrogenous (L2% 
'i

CP) experimentat diets is shown in Table 5. The wood sup- '

plement was hand-mixed daily with corn silage and ad iititum !..,.ii
f, -.. 

t.'t,

Ievels of each ration were offered to each pen. As the ,:,,,:,r,,.

consumption of each ration inereased., the amount offered. d.aitry

was increased proportionately, All feed remaining in the

feed.er at the end of each week was removed and. weighed,. 
i:..,.,*,

Feed samples were taken weekly for d.ry matter analysis (¿oeC, l"ii:'ì'ìl

L975), Throughout the feeding period, water and minerals

were available free-choice, i
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Over the feeding trial, feed intake, average daily
gain , feed conversion ratio and animal health were c].osely
fo}lowed" The steers remained on fu1l-feed until completion
of the trÍa}. 0n da¡æll8, L39 and 1þ0, the steers were 

.. ,..,weighedpriortotheirmorningfeeding.ThemeanvaIueof
these J weighings was taken as the finar weight of the
steers.',.'''

To complement d.ata obtained from the ram trial j ,.',''

brood and rumen sampres were taken from 2 rand,omry selected. 
i:,;:,.:,i,;.,r.

steers per pen, (6 per treatment) toward.s completion of the
growth trial, sampres were taken approximately z hours post-
feeding.Toaccomp1ishthis,thesteerswerefed'atstag-
gered intervals. 

I

Twenty-five rnr of steer rumen fruíd were colrected.
through a stomach tube attached to a ,'strainer-burrett,. 

ì

A portable "Photovolt lvlode] IZO.A,,, pH rneter was used to
determine ruminar pH. To prevent further rnicrobial f"l-
rnentation, two drops of ?o% mercuric chlorid.e were add,ed. to i:,:,r,,.:.i...

the sample. Two d.rops of concentrated sulphuric acid, were '

,. ,i',t, t t

arso added to prevent ruminal arnmonia ross. The rumen ::r::,:.:

samples were frozen untir further anarysÍs could. be per-
forrned

After thawing and filtering the ram and, steer rumen ,,.,:,.:,: 
:.

fluid samples, rumen ammonia revels were deternined. v¡ith a
"Technicon Flame Photometer rv" autoanal-yzer, (Borreter
et aI. 1961). To determine rumen volatile fatty acÍd revels,
J.0 mI of rumen fluid were pipe'bted in.to centrifuge tubes, ir,:,:.,.¡,:.:,-,¡
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mixed with I.0 ml of ?5% neta-phosphoric acid and capped.

After equilibrating for I/2 hour, the rumen samples were

centrifuged at 2500 rpm for 10 minutes in a "Sorvall GLC-}"

swinging-bucket centrifuge" Aeetie, propionic, isobutyric,
butyricr isovaleric, and valeric acid levels were deternined

with a "Burre}l Sing1e Flame" gas ehromatograph paeked with

a 20% NPGS, 2% bP04 on Firebrick 6o/80 column.

Steer blood samples (plasma) were taken from the

jugular vein with "Vacutainers" and ehilled overnight, The

blood samples were centrifuged at 3000 rpm for 10 ninutes

in a "Sorvall GI,C-I" swinging-bucket eentrifuge and the

plasma pipetted into sample vials. Ran and steer blood

glucose, blood urea nitrogen, and blood. ammonia leve1s were

determined using a "Technicon Flame Photometer fV" auto-

arøLyzer accord.ing to Bittner and MeCleary (Lg61-), Marsh

et al. (L965), and. Bolleter e} al, (196r), respectively.
The physiological effects of dietary wood were

studied through quantitation of rumen and blood netabolites.
Analysis of variance of the ram data was eompleted. as a
þxl¡ Latin square at the J/, IeveL of significance. The

"Student-Neuman-Keu1" test for rnultiple comparisons was

used where signifieant (P<0.05) differences were deteeted

between treat¡nents. Polynomial and linear regression

analysis were completed on dry rnatter and gross energy

digestibilities, (Dunn and Clarke, L974).



4?

Anarysis of variance was compreted on average d.aily
gain, feed intake and the feed. conversion ratio of the
steers as a compretely rand.omized. design accord,ing to Ðunn
and Clarke (L97t+ ) (pcO.05 ) .

;, i:r::,1 .:r' :)r
iiit l:!ìr,: I íì: ;
, ,t ','i: '
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RESULTS

Ram Digesllbitity Trial
Results of the ram digestibility trial are shown

in Table 6 " The dry matter digestibilities (nrwo) of the
three wood-containing diets were sigrrificantly (e5o.o5¡

reduced relative to the contro] diet. Dry matter intake
(per kilogram of body weight )o'75 (kg Bllü)o,75 was 1owered,

although non-significantly (pcO .OS), by the L5% arrd t+S/"

diets.

Gross enersy digestibiliti es (%) (CnO) of the J

wood-containing diets were arso sig-nificantly (r5o"o5¡

lower than that of the control diet. Gross enersy intake
per (ke BW)O'75 p^r^lIeted the decline observed in dry
matter íntake per (kg Bw)o'75 (Tabre 6).

Polynomial regression analysis of dry matter and

gross ener€çy digestibilities demonstrated a better 'fit',
to the data than did linear regression anarysis. Figures
2 and 3 illustrate the regression lines of Dl!¡iD and GEÐ

respectively, The porynomial regression equations ar'e

shown below:

% pw = ?3 " 
g¿+ _ O,t+6) x* + 0.006 L x2

% eno = ?2.68 - 0.J40 x + o. oo?L x2
i¡it,t.,.

{+-- - -¡¡¡^*.1- l: ^!^--- / nn¡\-x - percent dietary aspen (nm¡

The crude protein dieestibitity (CpO) of the &

experi-mental diets was found to be independent of the
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dietary wood level (e5O .OS), Since the diets were iso_
nitrogenous' crude p"ot"ir intake per (kg Bt¡i ) 

o"?s

pararleled the r-ever of dry matter intake per (ks n!V) o,? s .
(ra¡te 6).

Although significant (pcO.05) differences were
not evident¡ crüde fibre digestibility (CFD) values were
variable. The 15% treatment rowered the cFD eonsid.erabry
relative to the control treatment. The higher revers of
dietary wood (30% ana t+5/.) erevated the cFD near that of
the control diet, (Table 6), The crude fibre intake per
(ks BW )o "7 5 of the þ treatments was infrueneed by the
changing dietary fibre r-eve] and the dry matter intake of
the respective diets" The dietary fibre ]evel increased.
as the proportion of wood in the diet increased. The
crude fibre intake per (kg Bu/)0,?5 of tle JOft treatment
was elevated over the three other experimental treatments.

Although sigreifieant (pcO.O5) d.ifferences were
not apparent, ârr- wood-fed. animals exhibited rowered
values of nitrogen (N)-retained, N-retained per (kS Bt1¡ )O,?5,
percent N-retained, and percent N-retaÍned per (kg BW)o"?5
reLative to the control fed animals, (ra¡te ?) (Appendix r).
T}.e 30% ana 45% diets had r_ittle effeet on these measure_
rnents beyond. the effect of the 15% díet,.

Values for water consumption corrected for
moisture level 0f the diets are presented in Tabre
Dietary wood did not signifieantly (p<0.05) affect
measurement,

the

6.

this
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Rurninal pH, ammonia, and. volatile fatty aeid.

(V¡'¡.) data are presented in figures 4 through / and

.å.ppendices 2 through 1I.
Dietary wood did not influence ruminal pH signifi-

earrtly (e5o.o5) " rn all treatments, ruminal pH ferl rapidly :,, .'
wÍthin r hour post-feeding and was maintained to 12 hours
post-feeding, (Figure ll) (Appendix Z).

Generalry, the higher Levers of urea ín the diets ,,,,,,:,r,,',

containing high levels of wood. significantly (pSO.O5) 
i:'r:':¡::

:, ,, .-,,.,' .-erevated ruminal ammonia ]evels at r through 12 hours :,:. :.:i,:

post-feeding(nigure5)(^A.ppendix3).PeaksinruninaI
ammonia levers were noted. at I hour and at 6 to B hours

ì

post-feeding in all treatments. 
f

At O, I, I+ and t2 hours post-feeding significant i

(r5o.o5) d.ifferences in total vFA levels were noted. among 
'

ithel+experimenta1treatments(rigure6)(Appendixl}}.At
the0hoursamp1íngtime,boththel5%ana45/,treatrnents
rowered total vFA levers rerative to the contror treatment' 

rr.,,,,.,,,.ì.,,,,:At r hour post-feedÍng a significant (e5o.o5) differenee in r,':,:.,,::,:i

total VFA production between the l+5% diet and the other I ., ,,,.,,,,t,::":,

diets was noted. The 45% d,íetr âs welr as the L5% d.iet sig-
nificantry (e<0.05¡ lowered total vFA production relative to
the control and l o% diets at the 4 hour sampring time. At rz . :. . l

1.r1,'..'ìt,:¡ :t:'

hours post-feeding a sig'rTificant (e5o.o5¡ difference be-
tween the control and 45% treatments was noted. Although
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significant (e5O.O5) differences at other sample times

were not apparent, generally, the dietary wood effected
lowered total VFA levels relative to the control diet.

Although non-significant (pcO .A5), the ruminal

acetj-c acid levels of the wood-containing diets were

lowered relative to the control diet throughout the 7It'

hour sampling period (Figure 6 ) (Appendix 5 ).
Propionic acid levels were lowered significantly

(pco.o5) at o, I and þ hours post-feeding (r'igure 6)
(Appendix 6) " At the 0 hour sampling time the L5% díet
depressed. propionic acid production compared. to the

control and 3 0% treatments. At 1 hour post-f eed.inÉç, the

45% Ai.t affected lower propionic aeid production relative
to the I other experimental d.iets. A difference in pro-
pionic acid production between ttre 45/, and l0Ø diets was

noted at 4 hours after feeding. Throughout the 2ll hour

sampling period the )O/" wood fed animals displayed the

hiehest level of propionic acid production, and t}re I+5%

wood fed anímaIs, the lowest.

Sigrrificant (P<0.05) differenees in isobutyric
acid production were evident at 0 and l} hours post-

feeding (¡'igure 6) (Appendix? ). At the O hour sampling

time¡ all diets containing wood exhibited. Iowered iso-
butyric acid levels compared to the controL diet. trIso,
differences between the )Q/" and L5% diets and between the



6o

45% anA l5/" dlets were noted. .A.t 4 hours post-feeding,

the L5% ana 45/" wood-fed anj.mals exhibited lowered ruminal

isobutyric acid levels relative to the control-fed. and

30% wood-fed animals.

Ruminal butyric acid levels were lowered con-

siderably by dietary wood inclusion (Figure 6) (Appendix B).

At the 0 hour sarnpling timer alI wood-containing diets
significantly (P<0.05) lowered butyric acid production"

Significant (pcO.O5) differences were noted at I and 4

hours post-feeding between the control-fed. animals and the

45/" wood-fed animals. At the 2 hour sampling time flne 45/"

wood-fed animals exhibited lowered butyric acid levels
relative to the control-fed and LJrt wood-fed animals. Gen-

eratrIy¡ a decline in butyric acid production occurred as in-
creasing leve1s of wood were added to the diet. Other dif-
ferences did not reach significance (f50.05).

Although high levels of wood changed the prod.uction

patterns of both isovaleric and. valeric acids somewhat, none

of the d.ifferences between treatments were significant
(eSO.05) (nigure 6) (Appendices 9 and. I0). Generally,

valeric acid production was elevated by the JOy'" treatment

and inhibited by tlne 45% treatment relative to the control

and L5% treatments throughout the 24 hour sampling period.

The effect of dietary wood on the acetate to
propionate ratio over the 24 hour sampling period is
illustrated in Figure 7 (Àppendix 1I)" .å.t I hour post-

feedingr a signíficant (p5o.o5) difference was noted

-l - iii

i.::tJr:.
] r.', :r.:
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between the I5/o anð, JO/o treatments while at the lZ hour

sampling time the lo% ana control treatments were found

sigpificantly (e5O"O5¡ different. Atthoueh other
significant (p:O,05) differences were not observed, the

30% dLet effected a large response in this ratio through-, , ' "."','¡,'

out the sampling periodo '

Figure B illustrates eneré{y and" nitrogen release
of the 4 experimental treatments. Relative to one another, ,,,.',,,,,,,,

.:; : : :i:-. ::- ,r--.

the ratio of available energy to availabre nitrogen amoné{
..:. t.:i :':-::- :

i:. , .' ,.;'..,.:.,.,.treatments differed greatly.
The effects of the experimental diets on blood

g1ucose,(gç),bIoodureanitrogen(euN),serumammonia
land the BG/BUN ratios as shown in figures 9 to LZ re- i

i

IspectÍvely(Appenaices12to}5).Significant(e5o:05}dif-
ìferenees in BG Levels were determined at I and 4 hours post- 
I

Ìfeeding. At the 3 hour sample timer the"|Sø diet d.epressed 
I

BG1eveIsrelativetotheJotherexperirnenta1diets.At
the 4 hour sample time, the )O/, wood-fed. animals exhibited
lowered BG levers rerative to the control-fed animals. ,'1''.tì''

i:: .- .'':-.i:',:..

For all treatments, peaks in BG levels were noted at 4 ¡.,....,'.i,.',",
.'r 

r,,r 
'. .,. 

,

and LZ hours post-feeding, (nigure 9) (ÂppendixlZ).

T]ne l+5% treatment significantly (p<0.05) elevated
BUN levers over the contror and 15% treatments at 6 hours i . ,r,, 

,

post-feeding. At the g and 12 hour sampring times BUN 
i';'¡'f"¡'i':':'

levels for both the 30% and, 45% wood.-fed. ani.mals were

significantly (pSO.O5) higher than the control-fed. and

15% wood-fed animals (Figure 10) (Appendixlj). For a1l 
i::,.Ì,:::ii.i..::::,:.
' 

t_ 
" 

t t:-

:¡:
-:{,



C c) O c\ o c 5 L! J F
- () l-.
-

co
nt

 i'
o 

I

\^
-.

1-
\

E
. a O q o - c 5 al LL J t-
- O t-

+
/+

50
0

l+
00

30
0

20
0

10
0

.ì E O
\o Z

- o)
 

):
5o

E
cî

c
T

5
Z

Ã
(ú .=

r
ç rb X
. 

F
-

S

2 1 1

.0 4h
ou

r

+
-+

 R
um

in
aI

 N
H

2
x-

x 
T

ot
at

 V
F

A
 J

F
Íg

ur
e 

B
. 

T
he

 e
ffe

ct
 o

f 
di

et
ar

y 
as

pe
n 

on
 th

e 
to

ta
l 

V
F

.å
. 
an

d 
ru

m
in

al
 a

m
m

on
ia

Ie
ve

ls
 o

f 
th

e 
ra

m
s.

50
0

40
0

30
0

= z Ø 5 C
r)

ï z (ú C E = E

E O O o) o E E .ì, É J t-
- o F

15
o/

o 
A

S
P

E
N

2l 1€ 12 B
20

0

10
0

tl'
;ì

j 
I.

iil
Ìi 

.i

24
ho

ur
s

IJ

0 ) 0 0

.¿
- O
)

E c.
)

- z. rú C E f E
.

2t
40 ho

ur
s

50
0

40
0

30
0

20
0

z c7
' s c.
)

- z rõ C '7 tr 0l

I l I I I I I I I ì ! I I ì ,i t, li I i: I i ! I i I 'i i:: ri:
:r :lì
,

r.
:'ì

00

21
10 r 
ho

ur
s

o\



1 E o a r.
l bo e ; (') o (J = U
) E c) C
)

m E rü E
.

I 7 10

S
am

p[
e 

T
im

e 
(h

ou
rs

)

F
ig

ur
e 

t. 
T

he
 e

ffe
ct

 o
f 

di
et

ar
y 

as
pe

n 
on

 r
am

 b
lo

od
 g

lu
co

se
 le

ve
ls

.

co
nt

ro
L

15
o/

o 
A

S
IE

N

30
%

, 
A

S
P

E
N

45
o/

o 
A

S
P

E
N

o\

I I I I I i I

li.
'r

..r
:i



r.
l E o o é1 I e z. f co E fú É
.

12
34

68
12

S
am

pt
e 

T
im

e 
(h

ou
rs

)

F
ig

ur
e 

tr
O

. 
fh

e 
ef

fe
ct

 o
f 

di
et

ar
y 

as
pe

n 
on

 r
âm

 b
lo

od
 u

re
a 

ni
tr

o6
re

n 
)-

ev
e1

s.

co
nt

ro
I

15
o/

o 
.â

,s
pE

N

30
%

 A
S

P
E

N

45
o/

o 
A

S
rE

N

i:;
ì: 

: 
:

o\ \r
r



= Z
. o, 5 C
Ú 'e o E E E =t- C
J

(n E rú x.

: ii. l': .1
+

co
nt

 r
o 

I
15

o/
o 

¡.
s?

E
N

3 
0%

 A
S

P
E

N

45
o/

o 
A

S
nE

N

S
am

p[
e 

T
im

e 
(h

ou
rs

)

F
ig

ur
e 

11
. 

T
he

 e
ffe

ct
 o

f 
di

et
ar

y 
as

pe
n 

on
 r

ar
n 

se
ru

m
 a

m
m

on
ia

 le
ve

ls
.

'. 
. 
¡l;

1.

o\ o\



67

treatments, BUN levers were erevated within l- to z hours
post-feeding after whieh those of the 3O% and, 45% treat-
ments feII rapidly.

At the o' 6 and rz hour sampling times signifieant
(pco"o5) dÍfference in serum ammonia among the four treat-
ments were noted (f igure l]) (Appendixl¿l). At the 0 hour
sample time, the L5% and 45/" wood.-fed animals exhibited
higher serum ammonia revels relative to the control diet.
At 6 hours post-feeding, the L5% and 45% diet,s elevated.
serum amrnonia levels over the control diet as welr as the
30% diet. At the Lz hour sampling tirne serum ammonia

levels of t]ne I+5% wood-fed animals were elevated over the
eontrol-fed and 30% wooa-fed anímals. Also, a significant
(f5O,O5) difference between the L5% ana control rations
was detected.

The effect of the tl experimentar diets on the BG/

BUN ratio is shown in Figure IZ (Appendix 15) , The )O%

diet had the largest effect on this ratio" At 4, 6 and

t hour sampling times, the )O% dLet significantly (f5O.O5¡

lowered this ratio rerative to the control and. 15% d,iets.
Although other differences were apparent, they did not
reach significance (e5O.o5).

Steer Growth Trial
A summary of the steer growth triar is presented

in Table B. No significant (e5o,o5¡ differences u¡ere

found in the average daily gains (eoc) among treatments.
i .lt'. ,. ;
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Although d.ietary wood appeared to stimulate feed. intake,
the apparent increase was not significant (pcO.05).

The feed/gaín ratio of the wood-fed steers was

elevated relative to the control-fed steers. T'lne j!f,
treatment significantly (e<0.05¡ increased the feed"r/gaÍn

ratio compared to the control treatment (fa¡Ie 8).

The presence of wood in the steers' d.iets did not

affect ruminal pH l-evels, however, ruminal ammonia levels
were lowered eonsid.erably by the 2 wood.-containing diets
relative to the control diet (faUle g).

The blood glucose leve1s of the wood-fed steers
fell slightly relative to the control-fed steers. The

BUN levels of the wood-fed steers rose steadily as the
leve,l of dietary wood increased. Consequentty, iu]ne BGl

BUN ratio of the wood-fed steers felI sharply relative to
the control-fed steers (Tabte 9) "

The plasma ammonia levels of t}:re L5% wood-fed

steers were srightry higher than the ammonia levels of the

eontrol-fed and JO/" wood-fed steers (fabte 9).
Steer ruminal VF.A. data are presented in Table 10.

The L5"/' wood diet appeared to stimulate total VFA, aeetic,
propíoni.e, isobutyric and butyrie acid production relative
to the control and JA% dlets. The dietary wood did not
affect valeric and isovalerie acid levels or the acetate

to propionate ratio of the steers greatly.

t::::1ìì' 1...::::^' .
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DISCUSSION

Nutrient Intake and Dieestibility
The data presented in this study suggest that the

processed wood product was inferior as an energy source

compared to alfalfa hay or corn silage"
The wood fibre appeared to lower dry matter íntake

per (lrs gw)0"75 of the L5% a¡ta 45% wood fed rams¡ however,

it did not greatly affect the ram intake of tlne 30% diet
compared to the control diet. Arthough a large amount of
varíability was evidento the differences noted were not
sigrníficant (e<0"05¡ and were due to animaln period and

error effects rather than a treatment effect,
Gross energJ¡ and crude protein intake per (kS

Bw)O'?5 paralteled dry rnatter intake per (ks BW)0,?5 as the
diets were isonitrogenous and fairry isocaroricn However,

as the crude fibre content of the 4 diets increased with
the level of wood incorporated, crude fibre intake per (kS

BW)O "?5 *^, elevated per unit of dry matter intake" These

results support the work of Kamstra et al. (Lg?6) and

t4ellenberger et al. (rg?r). The ]-";; vatues for both

dry matter digestibility and gross energy digestibirity are
indicative of the quality of the wood. prod,uct rerative to
alfalfa hay.

The pressure-steam treatment is limited in its
effect of inereasing the availabirity of the wood fibre.
rt likery increases the "fj-bre-saturation-point" (FSp) of

i:':ilrì:i!-':;.'¡:-.r :. ' ..r -
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the product through rupture of cross-linkages between car_
bohydrate chains, however, other factors limiting cel_
Iulose and hemicelluLose availability, sueh as their
physical and chemical assocj.ation with lignin, would not 

,..::,.:,.:be affected by this treatrnent, (Tarkow and Feist Lg6g), ,,,,,:,,¡,,,,

The erevation in the Fsp increases the "swerling_
capacity" of the product arlowing greater enzymatic and
microbial penetratíon of the wood fibre. This effect i';.;,.,1,

provid.es for a more efficient utirization of the wood. : :;: ''

f ibre , ( Tarkow and Fei st Lg6g ) . 
1 ': ':t'; ':"l:':'.: ..i:::_..i

rt is difficult to explain the variabirity noted
in the crude fibre digestibility (CFD) among treatments,
rt is unlike]-y that the wood fibre differed from alfarfa
fibre so drasticarly that a different microbial population
was required for fibre degrad.ation. As the primary dif_ 

:

ference between the experimentar d.iets was their energy 
:avai1abi1ityodietswithsimi1arCFDwou1dbeexpected.

to display similar values'of GED" since the GED of the
: -:'' ' ::l : rì'

experimental diets felI as the level of dietary wood i.r. ',.',r-,

¡.1, ,', r'', ,increased, the actual CFD val-ues should have also decreased. ,:¡.:,:..:.1:

As this trend was not evident in the cFD of the experi_
mental diets, these varues are diffieurt to explain 

,

The wood product, eontaining less than I% crude ,:,:,,:.. ¡
ii:,Írr:;.,,proteinr cohtributed very rittre to the crude protein

content of the experimentar d.iets. ihe crude protein
digestibility (cpD) of the experimentar- diets wourd not

l:.-':. . j-,
i il{ i:- i -:'.,

i. .. i



:.1iÌi -: :ì

75

be influenced by dietary wood unress it interfered. with
the utirization of other protein sourees present. .â.s

significant (e5o.o5) differences in cpD among treatments

were not observed, the dietary wood did not interfere
with nitrogen digestibility of the experimentar d.iets"

Ënergy Utilization_ of the Wood prod-uc!

Chureh (f969) an¿ Clarke and Dyer (Lg?j) have

stated that measurement of runinar vFA production is an

accurate estimate of the energy availability of a feed,-

stuff to ruminal microorganisms. The vFA data corlected
in this study support the GED datar ioe. high 1evels of
dietary wood rowered totar vFA production. This response

was exhibited as an inhibition of propionic, butyrÍc, and

to a lesser extentr acetÍcr i-sobutyric and valeric acÍd
production, Clarke and Dyer (lg?3) obtained similar
results in a finishing steer trial feed.ing unprocessed

Douglas Fir sawdust at a l-evel of ?O% of the total dry
¡natter of the diet. In another study, Drevjany _et F.I.
(19?6) reported that the incrusion of a pressur,e-treated

aspen product in growing steer d.iets had rittre effect on

acetic or propionic acid production to levels of go%

dietary wood j.nclusi.on" rn both of these triars, however,

the dietary composition differed greatry from the dietary
composition of the diets formurated. for this study.

rn clarke and Dyer's (rgn) study, the Dougras Fir
replaeed barley to levers of To% of the totar dry matter.

i '.:; . ::
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This would result in large differences in digestibte
energy between the control and wood.-containing d.ietsn thus
influencing VFA production. In Drevjany et aI.'s (Lg?6)

study, the level of molasses increased as. the leveI of
dietary wood increased., thus conpensating for the lower

energy availabitity from the dietary wood component" Con-

seqûentlyo VF.å, production was not adversely affected by

the inclusion of wood. in these diets.
the VFÁ. production data would suggest that the :: :

l:t:.:r..j'.'wood product was an inferior energy source to alfalfa hay, j,',',,,,.;,:

The depress.ion in vFA production occurred within the first
ll hours post-feeding, suggesting that an extend,ed fer-
mentation period. was required for near-equivalent energy

release from the wood fibre as compared to the alfal.fa
fibre ¡

The lowered. ac etate/propionate ratios of the wood-

fed rams in this study are not in agreement with the resurts
of Drevjany et aI, (L9?6), These authors suggested that the
wood product had littre effect on the acetate/propionate

ratio to levels of BO/" dietary wood inclusion.
The JO/o wood-fed rams exhibited higher VFá. levels

relative to the L5% and 45y', wood-fed rams. Âlso , t]ne L5/"

wood-fed steers demonstrated elevated. VFA produetion

compared to the control-fed and JOd/" woad-fed steers.
Similar responses in VFA productÍ-on were noted. by

Drevjany et aI. who reported optimal vFA production in

¡.i:,l:::ìr-li .-

t : :l'.:l'.: _
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steers consuming zo% dietary wood.. .A.rthough this wour_d

appear to be strong evidence in support of the present
study' their results are based. on only two observations
per treatment and the use of their data as supportive
material must be applied with caution. rt appears that
the vFA response to dietary wood is not a simpre funetion
of the lever- of dietary wood. incorporation but that other
regulatory faetors must be involved"

0n discussing the beneficiat aspects of dietary
wood incorporation, Kitts e! aI, 0969) suggested that
the "beneficiar effects of incorporation of sawd.ust in
beef cattle rations was possibly due to the fibre stimulat_
ing rumination and. supporting a more sustained rumen fer-
mentation thereby resulting in more efficient use of
other digestible fractíons,'. with increased rumination,
saliva flow would be elevated, increasing the buffering
capaeity of the rumen, perhaps this effect is rnaximized.
at or r'Ìear the 3 o% rever of dietary wood. incorporation in
rams, thus aecounting for the elevation in vFA production
with this treatment group"

Energy rer-ease may also be ind.icated indirectly
through measurement of blood glucose (ec) revers. Littre
grucose is absorbed. from the gastro-intestinar tract,
instead, it is synthesized. vi-a grueoneogenie pathways from
other energy and amino acid sources, (Chureh Lg6g),
Generally, the wood.-fed ra¡ns and steers exhibited rowered

:.',-:r,,:;,

1..;
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BG values relative to the control-fed animaLs which was

similar to and supported tn: GED and VFA data. Many

factors influence BG levels arid it is therefore difficurt
to attribute a change to the diet. The d.ietary wood

component may have been partly responsÍble for the dif-
ferenees noted among treatments, however, other factors
such as stress may have been involved.

The Effeet of the Wood-containing Diets on Nitrogen
Metabolism

A characteristic response of a ruminant to dietary
wood. j-s one of increased nitrogen (N) excretion (pfand.er

et .aI. L969) , A decline in N retention indieates nitrogen
is being wasted by the organism. N wastage occurs if in-
sufficient energ"y is. avairabre to ruminal microorganisms

to provide carbon skeletons and energy for amination
reactions. N is converted to ammonia within the rumen

and is lost to the cÍrculatory system via the rumen

epithelium i-f not incorporated. into baeterial protein
(Church 1969) 

"

The major factor contributing to the lowered

N-retention of the wood-fed rams was the high urea eontent
of the wood-containing diets. The urea was rapidly
degraded in the rumen to ammonia and required a rapidly
fermenting energy source to incorporate the released

ammonia into bacterial protein. As the ram control- diet
contained only plant protein sources, ammonia was probabry

l.r:t:.''..:'r.
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rereased more slowly and thus, more efficientry converted.

into bacterial protein.

The dietary wood fibre was partly responsibr.e for
the lowered N retention noted for the wood-fed. ramsn As 

, ,.,
demonstrated by the GED and vFA datar the wood product was :::.:

unable to suppry as rnuch energy to the nicrobiar popu-

lation for protein synthesis, thus further contributing 
:, :

to N waste :.r,1 .

The elevated blood ammonia revels of the wood-fed. , '.
i,,,'..t-,ransareindicativeofNwaste.Higherb1oodammonia

revels of the steers were not noted as their ruminar am-

moníaleveIsdidnotpara1}e1theramruminaIammoni-a

levels.
urea is synthesized in the liver from ammonÍa and

other nitrogenous compounds and., once rereased to the
circulatory system, is measured as blood, urea nitrogen 

:

(BUN) (Drevjany et â.I" Lg?6) " Following synthesis it is
usuaI1yexcretedbythekidneysaIthoughitfnayre-enter
the rumen vÍa the sariva or the rumen epithelium, (prrirris i'it:';..

'ì:,,,ì,.
L97o) . Elevated BUN revers, rike ammonia levels, indicate : .: ,. 

:

an inefficient utilization of N by the ru¡ninal mieroorga-
ni-sms. The erevated BUN levers of the wood,-fed rams a¡rd

the JOl wood-fed steers indicate that the wood-contai.ning j .-. ,

diets contributed to N waste. The L5/" Level of dietary
wood did not appear to affect steer BUN levels.
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Little effect on N retention s¡as noted beyond. the
L5% Level of wood incorporation. This supports the betief
that the N source was largely responsible for the lowered

N retention of the rvood-f ed animals " The L5% dLet con-

tained 0"9% urea and the 30% anA VJf" d,iets contained, l,S%

urea" rf higher levers of soybean mear or other eonven-

tional protein sources had been substituted. for urea, this
effeet may not have been as noticeable.

A rnore accurate "picture,' of energlr availabilÍty
to nitrogen avaÍlability may be observed on examination of
the BGIBUN ratio, In both the ram and steer trialso
lowered BG/BUN levels were noted for the wood-fed animals"

Drevjany et g!" OSZA) observed similar effects on this
ratio as the leve1 of dietary wood. was inereased. An

unfavourable BG/BUN ratio ind.icates that an imbarance be-

tween the ratio of availabre energy to availabre nitrogen
exists, however, the ôonsequence of an imbarance is dif_
ficult to assess (Drevjany et al. Lg?6).

Steer Feedlot Perfornance

The dietary wood had little effect on the weight
gains of the experimentar steers. These results support

two similar studies (Drevjany gt a!, Lg?6 and Kitts e! al.
L969) which evaluated average dairy gains as a performance

charaeteristic,
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Feed intake increased as the proportion of d.ietary

wood was increased. This response is. in agreement with
similar studies conducted by Drevjany et a} . (L9?6),

Albin (L976) and Kamstra et a1. (19?6). The palatability 
. ::

of the wood produet may account for this response as the : .:,:.:

steam-pressure treatment car¡nelizes various carbohydrates

giving the product a molasses odour, This may have en- 
. :

eouraged the wood-fed steers to eonsume higher quantities ',,.',r,

";,t' 

:

of their feed all0tment' 
-'t-';.,The smaller particle size of the wood prod.uct

compared to the corn silage could account for the erevated

feed intake of the wood-fed steers. f,ess time may be
Irequired to break the wood fibre down suffícientry to 
,

allow passage through the gastro-intestinal tract.
The1oweredfeed'/gainratioofthewood'-fedsteers

relative to the control-fed steers is in agreement with
Albin (L976) who fed hydrolyzed hard.wood sawd.ust and,

Kamstra et af " (L976 ) who fed untreated aspen chips to ,r :.

i.,-,.,.,.¡steers.rnthisstudythedifferencesinfeed'/gaînmay
t;,:t: 

,t,t:..not be due entirely to the energy availability of the '].-:.:

wood product. The control-fed steers received more grain
supplement per head per day (0.82 kS) than the wood-fed

steers (0,46 kg) throughout the growth triat, and. were 
,,,,,.,,,,,1
!:,. .::

thus placed at an immediate advantage.

: f:l:.: :

l.:: ,::.
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SUMMÂRY

Two experiments were cond.ucted to investigate the
effect of dietary pressure-treated aspen on the performance
characteristics and physioroeical responses of ruminants.

rn the first experi-ment, four rumen-fisturated ,, ,.,
mature rams were randornry assigned to one of four dietary
revers of aspen repracing alfarfa on a dry matter basis
(0/" L5/", 3o/' or u5n in a kx4 latin-square d.esign and 

i:,r:,i,,,r,,:
allowed r4 days to adapt to their new diets. This adap- i:':;r:,'..,'r:

tation period was followed by a 5 day totar correction ;,..-1,,¡,,

period and a 2ll hour blood and rumen sampling period,.
B1ood. samples for blood amrnonia, urea'nitrogen and grueose
determination were taken from the jugular veÍn and rumen

samples for ruminal pH, ammonia and. VFA production were
taken via the rumen fisturae over the 24 hour sampring period.. 

iAll animals received their respective diets (ooy" ad. ribitug)
throughouttheco11ectionandsamp1ingperiodsatonefeed'j-ng

each morning.

After compretion of each period. of the 4x¿r latin- ,1,,:.,.,;. ,

a

square the rams were assigned a new diet and. alrowed r& 
,.,.,,.1.1,..,:.

days adaptation" ::''':

Dry matter, gross energy, crude protein, and. erud.e

fibre digestibirities as well- as nitrogen retention of
the four treatments were determi_ned.

Dry matter, gross energy, crude protein and erud.e

fibre intake per (kg BW)0,25 were not significantly
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(P<0.05) affected by any of the wood.-containins diets"
Dietary wood significantry (pco"o5) r-owered both

dry matter and gross energy digestibirities, but had no

effect on crude protein and crude fibre digestibilities
(p<0.05)" Dry matter and gross energy digestibility
regression equations are shown below:

DMD = ?j,84 - 0,463 x + o.0o6L xZ

GED = ?2,68 0.540 x + 0.00?I *2
where ¡ = pêrcent dry matter aspen in the diet.

.A,rthough the presence of urea in the wood.-eontaining

diets appeared to lower nitrogen retention of the respec-
tive dietsr the dÍfferences observed were not significant
(p<0"05)"

Ðietary wood, being rower in available ener€çy than
alfalfa, significantly (e5o.o5¡ rowered blood grucose

(nc¡ revels as well as total vFA produetion measured. as

propionic ' butyric and isobutyric acid production. The

wood-containing diets had rittre effeet on aeetic, vareric
and isovaleric acid prod.uction, or the aeeta.te to pro-
pionate ratio. .

The urea-nitrogen souree of the wood-containing

diets was rapidry converted to ammonia in the rumen and

caused an increase in ruminal ammonia levers rerative to
the control diet. Consequentlyr sêpum ammonia and BUN

levers were significantry (p<0"05) erevated during the
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2ll hour sampling period. The wood.-containing d.iets sig-
nificantly (P<0.05) erevated the nc/nuiv ratio, however,

this was more a urea-nitrogen effect than a wood,-fibre

effect.
The wood-containing diets did not affeet the water

consumption or the ruminal pH of the rams.

fn the second experiment, j6 youn€r steers averag_

ing 2l+6 kg in weight were randomry assigned. to one of three
dietary levers of processed aspen replacing corn sirage
on a dry matter basis rcf,, L5% or 3O%). The three rations
were isonitrogenous" Feed, water and minerals were

offered free choice over the 139 day growth tria1,
Throughout the trial, feed. intake (FI), average

daily gains (ADG), feed/gaín and animal health were fol-
lowed crosery, ADG and Fr were not significantry (n5o.05)

infruenced by the addition of wood to the steers. diet.
The feed/ga.ín ratio was significantry (pso.o5) increased.

by tl,e 30% Ievel of d.ietary wood incorporation over the
control ration. Throughout the trial animal hearth was

excellent.

ALthough the 15% wooA. diet stimulated VFA pro-
duction of the steers, neither of the wood. rations had.

an effect on rurnínal pH. BG and BUN lever.s of the wood.

fed steers were erevated over the contror fed. steers.
similar to the ram datao rarge d.ifferences in the BG/BUN

ratio vrere noted between the v¡ood fed. and. the contror fed
steers.

!¡,,fi:l
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, 
.t'

Overall, the wood product had. a limited negative
effect on the performance and physiological characteristics
of ruminants. Arthough it did appear to have a rower
energy availability compared to arfalfa hay or corn silage 

:.
a lower price woul-d compensate for this differenee. , ,

.A'dditionar research is required. in other areas
before large scare utirization of this prod.uct v¡ourd be

possible" Stuclies to determine the effeet of dietary wood .:,..,,.:.:on nilk production, butterfat test, earving rater â,,d its 
1,,,,-

use in rarger seale commerciar feedrot operations would be ':':'

desirable. A1so, the optimal tevel of d.ietary wood in_
eorporation,withrespecttooptima1uti}ization,shouId'
be determined.

Feasibility studies evaluatin¿ç tree harvesting,
sawdust processing, marketing and transportation costs ,

wou]-dbenecesSarybeforethisprod'ucteou}d.beuti1ized

on a larger scale. i

i¡...1;i
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Appendix I/ " Mean square values
intake and

of the steer ADG, feed
feed per gain

Effect
Degrees

of
freedorn

Steer perfors¡aqge lnean sguare values

Àverage
daily gain Feed intake Feed/gain

Treatrnent

Eryor

7

L6

0.0061

o.ao?2

o,l+93

O"BBB

.I+?ro

. L08

*Indicates a
trea.tments

significant difference exists between
(n5o"05).




