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ABSTRAü'I'

The "In Sacco" technique anci the Mobi,ie Nylon tsag Technique were

r¡seci to conlpare canoia meal (CM) and soy'Ðean meal (SBM) with respect r,o

rumen escape anci lower ciigesrir¡e tract ciigest.ibility of dry matter,

prûtein, enerp,-y, and essentiai arnino ¿rcids (EAA.l.

A sample of CM was obtaineci frorr five different processors and

designat.ed .A, B, C, D, and E. A StsM samp_ie w¿ls obrained from a

processor in Altona, þlanitoba, and designated F. r'wo rumen cannulated

Hoistein sieers and three duodenaLlv cannulateci Holstein steers were

used. Snali nyion bags, 3 cm x 5 cm, containing .b C of sample, were

incubateci in the rumen for various time intervals, then removed. Half

of the bags removed were analyzed for rumen effects, the other half ltlere

the¡r incubated in pepsin-HCl solution for s hrs at 39'c, to simulate

abomasal digestion. The bags were then passed through the fower

digestive tract of the duodenally cannulateci sr,eers, subsequently

collected in the feces, and analyzed. Six trials were carried out wir:h

the runen incubation periods as follows: 0 h; 4 h; I h; j.Z h; 16 h; 30

h.

The data obtained siroweri that the N escape values of SIìM in the

rumen fall wirhin the range of values obtained for Clt. The daca

obtained shorueci that tire DM escape of stsM is less than cM ai 30 h, but

at the other time intervafs it falis witìiin tire ranÊe of values obtained

fc¡r 0M. the data obtained showed that energy escape from tÌre rumen for

SBM is higher than that of CM at 4 and 16 h, but at B, IZ, and S0 ir, it

is sinilar to the vaLues obtained f rom sone of the CM samples. 'I'he data

vii



obtained sirolued i:hat EA.A escape of sBM fa1Ìs in ï-ire rang^e of vajues

obtaineci for CM at ali time intervals, except for: His at 4 h; Met at

12 h; Met at 16 h.

The digestibi-lity dai-a obtaíneri showeci thai N, DM, and energy

digestibi li ty f rom SllM is greater than f rom CM. l'hese data suggest that

al] IìAA had digestibjlities that were greater from SBM than from CM in

the iower diges i:ive iract, except: Met at 0 h; l{et at 4 h; Lys Ílis Val

Thr ile Leu and Met at B h; Lys His Phe and Met at 12 h; all EAA at 16

h.

In genera_l these data suggest that CM and SBM sampì_es were not

different wÍth respect to rumen escape of clry rnatter, protein, energy

anrì essential amino acids. Hovuever, these data suggest that lower

digestive tract nutrient digestibility fron stsM is g;reater than 0M.

vLtl.



¡.OIìF]WORD

The format followecl in this thesis is that of the Canadian Journal

of Animal Science. Manuscript I and Manuscript I i ltrill be suirmitted f or

publication. Èlanuscript I, In Sacco Runen Degradation of F'ive Different

canoia MeaI sanples, conpareci to soybean Meai, with steers Receiving a

iliet f"ormuiated for High Producing cows, was written by E. M. Kenciall.

Manuscript II, The Digestibilicy of I.'ive Different Canola MeaL sampies.

Conpared to Soybean Meal, In the Lower Digestive Tract of iìuminants, was

written by E . M. Kendal l" .
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LI]'FJRATURE RHVIilW

iNTROiJUC IOI{

The ruminant animaÌ is unique wÍth respect'co its digestive Þh)¡si-

ology anci nutrition. 'I'he vast nicrobiai popularion present in the rumen

is essential to the ruminant. The microorganisms fermen¡ the fibrous

constituetrts of feedstuffs, which would otherwise be unavailable to tire

animal, and yield the volatile fatty acids that provide the rumlnant

animal with most of the energy to meet its requiremen.üs.

Rumen microorganisms are also highly proteolytic. They use dietary

protein as a source of energy, and in so doing break it cìown _inr:o

per¡tides, amino acids and anmonia. 1'hese components are then utilized

by the microorganisns to synthesize microl¡i¿rl protein. Therefore, mosr

of the amino acids that reach the small intestine of ruminants. ancl that

are ultimateiy utiLized by the animal, are of microbial origin, There

ís considerable debate as to whether nicrobial protein can supply the

higii producing ruminant animals of today, such as dairy cohrs, with all

of the essential amino acids they require. This makes the measurenent

of protein degradability in the ru¡nen very imporiant, as it is the

amount of protein that escapes degradabjlity anri the amount of microbial

protein synthesized, that determines t.he amino acid supply to the small

intestine .

The interest iir rumen bypass protein, and the abi.l i ty to accurately

nìeasure protein degradability in the rumen, irave been at tire forefront

of runinant nutrition research for many years. This interest has led to

the development of many techniques ro measure protein degradability

(Ørsi<ov 19BA). It has led '[o a ]ot of research on feedshuffs thac are
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natural iy resistant to nticrobi¿r1 ciep;radai-ion, and on chemical anci heat

treatments that make feecistuffs resjstant to microbjai degradation. It

iras ultimately 1ed to a better understa¡rding of thc reiationshj.p between

rumen microorganjsms and the hr¡st rumlnant anima-i, arrd shoujd _lead to

the intproved protein nutrition of the highly prodr:ctive rum,in¿rnt animals

of today.
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RUT¡iEN DEGRAI]ATION

The Rumen Mricrobes

The envi:^ûnntent wiihin the rumen contains a 1arge mjcrot¡j.ai biomass

nade up of a great variety of microi:iai species. The rumen only perrnics

the growth of microorganÍsms for which the subsrrate and ruminaL pll is

optimal, altd usually only microorganisms that have a high rate of celi

division (Prskov 1982). The nicrobial nopulation ferment feed partici.es

that enter the rumen to obtain the energy they need to grord. They also

require an adeguate supply of nitrogen and ¡najor minerafs such as

sulphur and phosphorus. This nnicrobial action is esse¡rtiaL to a

ruminant in that plant cell wall.s, which would otheru¡ise be

indigestible, can be digested and then used by the animai.. The volatile

fal-ty acids (VFA), acetic, propionjc anO but;z¡iç acids, produced by

microbial fermentation, suppì.y the ruminant witir up to 657" af its total

energl¡ yielding nutrients. According to Van soest (19e2) up to g096 of

the digestible fibrous constituents of feedstuffs can be fermented in
-the rumen.

Rumen inicroorganisms can be subciivjrìed into r.hree populations bv

location: rnicrok¡es that float freeì.y in the liquid content, micr.oLres

tha't- adhere to feed particles, and microkles associated with the rumen

wall (drskov 1982) Protozoa usnally move freely through the Iiquici

content or cluster around feed particles. Rumen microorganisms are

tlassified according to sui:strate specificity, products and nutrition¿r1

requirements, a system developed by Hungate (19tìô).

The first classification is the cellulolytic bacteria. These

bacteria aLlow ruminants to efficiently utilize feeds that woulcì be



Linsuitable to most monogastric animals. The primary cellutolytic

microorganisms are tsacteroides succipc¡genes, Ruryinocoçcus albus, and

Rum!¡rococcr-r9 IIa.ys-f_q_a¿gns (Baj.dwin and Ailison 19Ag) . These

microorganisms are sensitive to a ptl of less than 6.2 which inhibits

their growth. They are strict anaerobes, and nlost require nitrogen in

the form of ammonia. They also requine B-vitamins ancl branched chain

fatty acids such as isobutyrate and isovalerate (drskov 19S2). These

other nutrients are often suppried by other rumen microorganj.sms.

The amylolytic and dextrinolytic microbiaL species vary most in

numbers because starch varies a great deal rrrith the diet. These

bacteria are Less sensitive to changes in rumen pH than cell.uloly[ic

bacteria. ln an exper-irnent by Mould and prskov (:1981) the rate of

digestion of starch in the rumen of sheep, consuming barJ.ey as their

sole feed, wiìs unaltered by increasing the pH fron b.6 to 2.0. The

proportion of Vl-A's ploduced are also not affected by a change in rumen

pH (Ørskov 19s2). The nate at which starch is at't.acked and fermented in

the rumen depends both on type of starch as welL as the method of

processing of the feedstuff involved. Barley ferments much more rapidly

than corn and flaked coru ferments more rapidly than grouncl corn (Ørskov

1982 ) .

T'here are only a few ma.jor strains of bacteria that are

obJ.igatorily proteolytic. One of the principal proteoiytic microbes is

Bacteroideq amylo-philus_ (Mahadevan et al. Lg8O). The strains that have

so far been isolated appear to use other bacteria as their sui¡strate

source (Hungate 1966). Nugent and Mangan (1981) suggest that soluble

proteins, amino acids and peptides, are degraded rapid.ly because they
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become attached t-o bact"erial cel1 wal1s very quickty. The less soluble

protein, anci particulate matter containing a irig;h proportion of proteip,

is degrariecl at t¡a¡:ious rates. These dif ferential rates are thought to

be r-elated to the chemicai properties of protein, such as tire nu¡nber of

disuifide brj.riges present and tertiary struciures (Ørskov 19SZ).

Frotozoa are assumed io be of less inportance than bacter.ia, mainly

because rumen f,ermentation proceeds normally without them. Irr fact

cattle and sheep only acquire ciliate protozoa after exposure to other

faunated animals (Veira 1986). Prc¡tozoa are usually found to be less in

nunber in the runen than bacteria, however, protozoa are much larger in

size, Protozoa do attack major feeci components and this indica'tes that

they may serve a ilìore important role in rumen fernentation than was

previousiy thought. However, protozoal nitrogen (N) found to arrive at

the abomasum is consicierably j.ess than would i:e expected from tireir

contributj.on to the microbial biomass (prskov 1982). tsauchop and C]arke

(1976) suggest that this is because protozoa attach thenselves to large

feed particles and this actually prevents them from leaving the rumen in

the liquicl phase. Tiris probably aids in their survival in the rumen

since it increases 1.heir rumen retent-ion time. Harrison and McAllan

( 1980) f ound that the meatr division time of protozoal cells is 24 i"rours,

whí le rurnen retention of f luid is usual ly less than l0 hours. If'

protozoa left the rumen at the same rate as the fluid phase their

survival rate would be very lolv.

Veira (198G) has shown that any effect that protozoa have on the

nutrition of ruminants results from the effects thelz have on rumen

function. The presence or absence of protozoa has been shown to affect
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rumen pH' anmolìia concentration, volume anci dil,ution rate, anrl bacterial

numirers and types (veira 1986), The pH of tire rumen was shown to be

iower in defaunated anim¿rls than in faunated c¡nes (Veira et a_] . 19BS).

This r¡as proi:i:b1y cÌue to protozoai uptaì<e of sr¡lub_1 e sugars and

starche¡s. Thjs worild remove sugars ancl starches from imnediate

fermentation by-bacteria anci t-herefore regulate ruminal .1 actate

metaboiism (Veira rgs6). ln this way rumen protozoa may prevent

accumulation of excessive leveLs of lactate and l-hus help to prevenr

acidosis. The ammonia concentrations are consÍstentÌy higher in the

rumelì in faunated animals than in defaunated ones. This is thougtrt to

be due to the greater recycling of microbial protein !ìríthin the rumen of

faunateci animals witir the result being fewer bacteria to utilize the

amnc¡nia, and increased dietary protein breakclown (i,eng and No_Ian lgS4l .

This finding has ted to speculation of inefficient utiLization of

nitrogerr in faunated aninals (veira 1986). Nonammonia ni.trogen (NAN)

flow fro¡n the rumen is usually higher in def,aunatecl aninals than in

faunated ani.mals (veira 19s6). This is indicative of increased

efficiency of microbial protein synthesis and a ciecrease in degradation

of dietary protein in the defaunatecl animals. The active proteoJytic

enzymes founcÌ in ciliate protozoa and their abi.lity to engulf feed

partJ-cles are factors that contribute to increaseci dietary prot.ein

degradation in faunal-eci animals.

MicrobíaI Growth and Growth l¡actors

Microbial growth is an important part of the ruminant. protein

systen. There is an optimum balance between nicrobial growth
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requi'ements and substrate avairability. 
'he 

optimum is usually
dictated by the utilization of degracied protein and carbohy¿ra.te from
any oi' the f eedstuf f s or ingrecrients used in criets. If the nitrogen (r\¡ )

ieveL is excessive, .hen protein wastage wi.Il. occur rrer:ause energy is
the linriting factor for eff icie¡rt N utilization (Arli.son 1982). In
contrast' if' the energy ievel js excessive then carbohyrirate digestion
v',ir1 be reciuce<i because protein is the iimiting factor (A1lison i9s2).

Bacteriai growth can be rapid, doubring trmes can range fl:onì 14
mrnutes to 14 horrrs (Bulr et ar, 1gg5). Trre rate of bacterial growth is
a partiar function of the avairability of substraie at any given time
interval ' tsacteriai. growth is usuarly describeci as a chang_e in mass per
unit' of time. A1- steacry state conditions in the rumen, bacteria groüu or
multiply at a rate onry sufficient to replace those passing out of the
runlen or J'ysing' Growth rate is an index of the rate at which cells are
replaced (Buì'1 et al ' 19es) ' Microbial yield is comnlonly calcuratecr as
the multiple of substrate used. The preferred way to express microbiar.
yield is by the amount of carboirydrate surrstrate fermented (drskov
1eB2 ) .

Russe-* and Hesperl (19s1) divided the microb.iar nass into two
najor catego'ies: primary and secondary fermenters. The prinary
fermen{:ers ciegraded the ceir warl, starch and sugars. The secondary
fermenters utilized the proclucts prociuced by the prímary group. Reaclily
avaj'lable carbohydrate such as starches ancl srrgars provicie the greatest
amount of energy f,or microbial growth both irl fffffq and in yjvo (Stern
et al . 19zB). when starch is adcied to a high ceÌ lurose diet or rep_races
part of the cellulose, increasecì nitrogen utilization has bee' reported
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($tern and Hoover 1979).

Microbial nitrogen requirenents vary quantitatively. The microbes

that digest fiber require ammonia and may require branched chain acids

for protein synthesis and growth (Russeli and srriffen 1gtì4). primary

and secondary fermenters also seem to requir-e ammonia. ,Ørskov (1gsz)

guestions the abjlity of conpounris like ammonia, or compouncls which upon

degradation yield ammonia, io supply tìre sole source of I\ to achieve a

maximal yield of micrr¡bial protein. .drskov (19ga) suggests that some

preformed amino acids are reguired to suppi.y tire sole source of N.

Amino acids are stimulator¡r to a few nricroorganisms such as Ruminococcus

albus, R' ftavefaçiens and Megasphera gfggg!]a (Russerl et aI. 19Bg).

Cotta and Russell (19s4) have shown that amino acids and short peptides

are essential

of bactería is

There is evidence that many runìen bacteria

during growth in media with am¡nonia as the ma-in

to sone species such as Streptococcgs bovis . Since lysing

a natural ongoing process, some bacterial amino acids

will always be available in the rumen. Maeng and Balciwin (1925) clearly
de¡nonstrated that the yield of the nicrobial biomass was increased by

100% wiren 25"¿ of the urea N in a purified diet was replaced by a mixture

of amino acids ' The division time in this experiment was al-so reducecl

from 6.7 hours to s.4 hours. Teather et aI. (1980) reported that diets
containing urea-silage or soybean protein supported ruminaL bacteria
populations that wete 7O?o greater than with equivalent urea (IZ.S% Cp)

as the sole supplement. It is yet to be determinecl whether brancherl

chain fatty acicls prociuceci from ihe deg;radation oÍl added protein ancl

anino acids are responsible for these observatjons.

excrete amino acids

N source (Allison 19SZ)
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The amino acids excreted by pure cultures in gl'eatest amounrs were

alanine, glutamic acid, valine, aspartic acid, and glycine. These alnjno

acicls were found in hiehest concentration i¡r the rumen fluid. The

degradation of excreted amino acids may partially explain the presence

of branched-chain fatty acids in the rumen of animals ied diets that do

not contain branched-chain fatty acids (Allison 19SZ).

The sulphur containÍng amino acids make up a constant proportion of

microbial amino acids. The microbial bionass can contain as much as I g

sulphur/kg dry matter (drskov 1932). The requirement for sulphur may be

expected to be related to the requirement for N. Microorganisms usually

derive their sulphur from the degradation of proLein. Therefore a

deficiency of sulphur is likely to occur only if there is alsc¡ a

cieficiency for nitrogen from protein sources (Ørskov 1982).

Sources of Nitrogen for Microorganisms

The most intportant source of nitrogen for runìen microorganisms is

dietary protein and non-protein nitrogen (NPN). Rumen microorganisms

are highly proteolytic so that most of the dietary plotein that enters

the rumen is degraded to peptides, amino acids and uttimately deaminated

to ammonia. Proteolytic microorganisms use protein degradation as a

sollrce of energy so protein degradation is carried as far as possible

(Ørskov 1932). The extent to which protein is broken clown is influenced

by a nunber'of factors such as structure of the pro'tein, solubility,
processing and storage, a¡rd residence tine in the rumen.

Access to the protein by proteolytic enzymes is influenced by the

tliree-dimensional structure of tire molecule, Proteins rsith exlensive
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cross-linking, such as disulficie bonds, are less accessable to

preiteolytic enzymes and are re-latively resist¿rnt to degradation (satter

1986). 'rhis fact is currentiy being used to protect protein from

degradation (Satter 1986). Protein treated with formaldehyde contajns

sufficient netirylene cross-linking to reduce the rate of proteolysis

(Satter 1986). Cyclic features can also reduce the rate of proteolysis.

ovalbumin is a soluble protein, ìrut it is a cyclic protein çsith no

term.inar amine or carboxyl groups. oval-bumin is therefore highly

resistant to degradation (Satter 19S6).

Proteins that dissolve readily jn the rumen are the most

susceptible to microbial degradation, aJ.though tiris is not always true.

Soluble proteins differ greatly in the rate at which they are

hyclrolyzed. This indicates that the difference in the rates of

microbial hydrolysis of so¡ne proteins are caused by something other tharr

solubility, such as structure (satter 19s6). protein solubility

therefore is a poor predictor for extent of ruminaJ. degradation across a

wide variety of feecis, but may be used to predict the protein

degradation of sinilar feeds (Owens and tsergen 1gB3).

Processing and storage can effect degradability of protein. Satter

(1986) shows that as heat input increases the amount of undegraded

protein increases. Honever, the arnount of unavailabLe protein in the

snall intestine will also increase, but initial,ly the quantity of

unavailable protein formed wilL be less than the amount of protein

protected from degradation (satter 19S6). Therefore, the maximum amount

of protein available for digestion in the small intestine will most

likely occur when there is a modest amount of heat damage to the
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proteill. Feed processing technigues sucir as pe1lei:ing, extrusion and

stean roJling may generate enough heat to alter pro'tein ciegrarìat-ion in

the rumen.

Rumen retentir¡n time ancl feed intake can alter Þrotein

degradability to a certain degree. Usual.ly only certain protein sources

that have continuous degradation, such as soybean, sunflower and alfalfa

neals, are affected by retention time and feed intake (Owens and Bergen

1983). Protein sources that are considered high bypass such as

distillers grains, fish and meat meal have a lower rate of proteolysis

after about 4 hours of incubation in the runen (Owens and Bergen 19gS).

rncreased feed intake can greatly increase protein bypass as shown by

Tamninga (1979) and Zinn and owens (19Bga). Tamminga (1929) reported

that the anount of undegraded protein, as a percent of total dierarv

protein, r4ras 29 and 45% tor dairy cows consuming g.2 and 12.9 Kg of DM

daily, respectively. Zinn and owens (19S3a) showed that a L0% increase

in feed intake of a high concentrate diet increased the bypass of plant

protein from the rumen by 6.5%. This increase in bypass may be due to

both decreased residence time and to changed fermentation

characteristics in the rumen. A change in fer-mentation characteristics

may lower rumen ptl ulhich would decrease the amount of bacteria and

therefore proteolytic activity. Rumen pH is normaliy between 5.5 and

7 .o, so protein with an isr¡electric point in this range would have

altered solubility and possibly altered degraciability (Satter 19g6).

Increasing the dilution rate of rumen fluid can increase flow of

protein from the rumen of sheep and steers (co1e et al. 19?6; Harrison

et a-I. 1975; Prigge et al. 19zB). This is thought to be due to a ner
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increase in bacterial protein and an increase in the proportion of

undegraded dietary protein (Satter 19S6). Environmental temperature can

influence residence tirne of feed in the rumen. Kennedy et aì-. (1926)

shorved that sheep in a cold environment had an increased rate of'

passage. This would increase the amount of microbial crucie protein and

clf undegraded dietary protein reaching the smalI intestine.

Ruminal Amnonia and Nitrogen Recycling

Nitrogen recycling to the rumen, in the form of urea, is a

characteristic unique to ruminants. This process serves to supplement

low nitrogen diets and the urea can be used as a source of nitrogel by

runren microorganisms. Kennedy and Milligan (1980) showed that 23 to 92%

of the plasma urea is recycled to the digestive tract, with the higher

value associated with low nitrogen intake. Urea can be returned to the

rumen via saliva and via the blood. The extent to wh-ich urea is

retunned via the sa.liva seenìs to be directly proportionaL to the b.Iood

urea concentration and to the amount of saliva excreted (Ørskov 1982).

saliva excretion is infLuenced by physical for.m of the diet, for it

increases as the proporEion of J-ong fibres increases. The bloocl urea

concentration is influenced by the extent to which absorbed amino acicls

are oxidized and on tlre absorption of anmonia from the mrnen (Ørskov

1982). The entry of urea via the bLood is more important than via

saliva. It has been shr¡wn that up to ?.3 g of nitrogen enters the rumen

of sheep claily as urea anci only 15% of it is accounted for by salivary

urea (Kennedy and Milligan 1980).

Ammonia is passively absorbed in the nonionized form. The pK of
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anmonÍa is above 9 and the¡:efore absorption is low at pFI ? and decreases

as pH decreases (Visek 1968). Absorption is pr:sitively correlated witìt

anmonia cc¡nceni.rat.ion irr the runen (Chalmers et al . 1gS4). The

concentration of ammonia in the rumen can affect tire transf,er of urea

across tlte rumen wall. The quantity of nitrogen recycJecl to the rumen

appears io be negatively related to ruminal ammonia cotìcent.ration and

positively related to plasna urea concentraLion, and to organic matter

fermentation (Owens and Bergen 19S3). The transfer of urea across the

rumen wall is thought to be an attenuated diffusion process (Chalmers et

aI. 1954). BacteriaL urease in the rumen epithelium hydro,Lyzes urea

diffusing into the mucosa from the blood stream (Cheng and Costerton

1980). Liberated ammonia rapictly diffuses into the rumen where it is

trapped by conversion to the ammonium ion at the pH of .t.he rumen (Oheng

and costerton 1980). High ruminal amnonia concentration recluces

recycling either by inhibiting urease in the runen wall or by decreasing

the arnlnonia diffnsion gradient (Owens and Bergen 19BS).

Recycled nitrogen becomes useful to the ruminant animal rvhen it is

incorporated into microbial crude protein. This incorporation of

recyc.led nitrogen can cause daily duodenal nitrogen flow to exceed

nitrogen intake on a low nitrogen diet (Chamberlain and'fhomas 1g?9).

on a higfr nitrogen diet, however, a net loss rather than a net gain of

nitrogen in the rumen is usually observed.

Iìndogenous Nitrogen

It has been suggested that endogenous nitrogen enters the rumen via

slolrghed epithelial ceLls (NoLan and Leng ß,fZ). This type of
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contribution to the total passag-e of protein to the duodenum apÌlear-s

small (Ileever et al. 19?4). However, Ørskov (Igsz) sugges.ts that. Lhe

quantity of nonammonia nitlogen from rumen epithelial cells is probably

greater than the amount of nitrogen containeci in enzyne secretions in

the abomasum. It is also possible that under normal feeding cond.itions

the abraded epithelial cells will be partÍarJy rlegraded by rumen

microorganisms. The extent to which this fl'action is really available

is as yet unknown.
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METHODS OF MEASURING RUMEN DEGRADAB],E PROT¡ìl'N

Measuring runen degradabJe protein is important, since the suppry

of amino acids to the snalL intestine of rurninants is deternined bv the

amount of dietary protein that escapes rumen clegradation, and the

guantity of microbial protein synthesized in the rumen. There have been

many techniques devised to evaluate protein degradability in the runerl.

These include in vivo techniques wiilr post ruminal collection of

digesta; in vitro techniques such as ammonia rel-ease; ancl the Ín situ

technique which utilizes artificial fibre bags.

In Vivo Method

The in vivo method involves the colfection of digesta post

ruminalìy. This involves surgical preparation of the animals with

cannulae in the onasum, abomasum, or proximar duodenum. There are two

types of cannuiae commonly used, the re-entrant type usualJ.y placed in

the small intestine, and the singre t-type usuali.y placed in the

abonasum or proximal duodenum. The collection of duodenal flow can give

an accurate assessment of the quantity of nitrogen which is passing into

the snalL intestine.

rf a duodena-l re-entrant cannula is used, small quantities of

digesta are collected, about 100 ml for sheep and up to 1 I for cattle,

in a cylincier and placed on ice (Ørskor¡ 19S2). 0f this, about 10% would

actualy be analyzed, the rest would be returneci to the animaL by luay of

the cannula, after being heatecl to body temperature. In some cases

incligestible markers are included in the diet to distinguish between

microbiaL protein and feed protein. samples are then taken over one or
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more clays, the microbial protein is isolated and feed protein is

calculated as the difference between total duodenal ni.trogen ancl

microbial nitrogen (Ørskov 19S2).

The use of a single t-type cannula requires less surgery ancì only

spot samples need be taketr. Normal feed intake is usually maintained by

the animal, and the cannula is easier tc¡ maíntain. Sampling ta}<es pìace

every hour or every two hours over a 24 or 4B hour period. The samples

are frozen immediately until analyzed, which is usualty the same as for

the re-entrant cannula technique.

stern et al. (1979a) usedthe single t-type cannula technique to

estimate digesta f low to the duoclenum. Chromium (Cr.) IiDTA and lanthanum

(ta) were sprayed onto portions of the grain mixture and fed four times

daily at rates of 80 and 15 ntg/R?: of total DM fed respectively. A 400

ml sample of duodenal digesta was collected over a 4 day period every g

hours. If the duodenal digesta samples taken were representative of

true digesta flow past the cannul-a, then the ratio of cr:La in the

duodenum shoulcl equal the cr:La ratio in the feed. overall, the mean

ratios were 5.62, 5.35 and 5.36, and in the feed, duodenum, and feces

respectively (stern et aL. 19?9a) . A 9s% recovery was indicated from

both the duodenum and the feces (Stern et al. 1979a) . Other researchers

who irave usecl the single t-type cannula to determine N degraclation and

flow tc¡ the small intestine include Hvelplund et al. (19?6), Merchen et

al. (1980), Prange et al. (1980), stern et al. (19s0a), stern and satter

(1982) and Tamminga et al. (1979) .

The two matirematical ntethods used most often to estimate protein

degradability from samples obtained, via digesta collection, are the
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"reg*ressiorì technique" ancl the "by difference" technique. The

regression technique assumes that the proportion of undegraded dietary

protein can be estimated from the relationship between cluodenal protein

fLow and protein intake (stern and satLer 1982). The by clifference

technique nìeasures dietary protein intake and the total protein flow to

the duodenum. The microbial and enclogenous sources of protein are

estimated at the cluodenum, and the undegraded dietary protein is

calculated by difference. since there is little data availabl.e

regarding endogenous protein flow, undegraded protein is calculatecl as

the difference between total protein fìow at the duodenum and microbial

protein (Merchen et al. 1980; prange et aL. rg80; stern and satter

1e82 ) .

The use of digesta colÌection tc¡ calcul,ate undegraded feed N is a

relatively inaccurate ¡nethod. The reason for the large error is that

the feed N is normally the smallest fracti.on and, since it is determined

by difference, it means that the error of measurement is similar in

magnitude to the error in determination of nicrobial proteiir (Ørskov

1982). The method requires a lot of effort in the collection and the

analysis of samples. The animals used require an adjustment period of

at least 2 weeks. The technique is too laborious for routine feed

eval.ua'tion. The Lechnique's most serious djsad.vantage is that it is

only applicable to dietary conditions in røhich the rate of outflow rlras

simj.lar to that whjch occuri:ed during the actual experjment and

collection of digesta.
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In Vitro Method

There are various ¿g viJro techniques and these include; ammonia

release using rumen inocul¡.rm; nitrogen solubilicy in buffers and other

solvent-s; the rate of protein hydrolysís using various co¡nmercial

proteases; and ¿rmmonia plus total amino acid release in rumen inoculum

modified by an inhibitor of metabolism of protein degradation products.

The antmonia release technique has faLlen to disuse for two reasons.

Experimer|ts were conducted using lar¡¡e quantjties of protejn source anri

rvere interpreted without regard for microbial uptake, as well as release

of ammonia (tsroderick -19S2). Amnonia release from cottonseecl meal was

found to be faster thau casein suggesting greater ruminal degradation.

Horqever, it is now known that casein j.s degraded to 1-he greater exten1_

{Broclerick L982). Experiments witir corn and sorghum grains resulted in

negative amnonia release because readily fermentable carbohvdrate

stimuJ"ated greater microbial upLake of ammonia. The presence of

fermentable energy sources with nost feed proteins make this technique

unreliabl,e.

The nitrogen solubility techtrique has been used by many researchers

(craig and Broderick 1981; crooker et al. 19zg; Hendrickx and Martin

1,963; Mahadevan et al. 19so). Hendrickx and Martin (196s) found that

the degradation of purified proteins during rumen fluid incubation was

correlated (r = .99) with their solubility in Burrough's buffer. The

solvents used most often to date for the nitrogen solubility technique

have been: 1) 10% tsurrough's buffer; 2) autoclaved rurnen fluid ARÞ'; g)

McDougallrs buffer; 4) NaCl solution; S) hot T¡rater; ancl 6) dilute NaOH

(Broderick 1982). A series of experiments by Crooker et aL. (192S)
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shor{ed that ARF was the least desirable solvent due to sampling and

uniformity problems, and that NaCl was the best soLvent to use since it
was the simplest and most convenie¡rt to prepare. Broderick (19gA) foupd

that there was too much variation using the solubility techni.que. The

soluble N fraction of one f,eedstuff rvas found to vary in different
solvents' For example, the solubility of corn gluten neal- was found to

be very high in Nacl solution, but very low in Burrough's buffer

(tlroderick 19s2). The solubility of different feedstuffs was found to

be similar in the same solvent, such as SllM and oats (tsroderick lgg2).

ln a series of experinents using cottonseed mea.'l and correlation

techniques, tsroclerick and craig (1980) concluded that NaoH (ra = .9g)

and McDottgaJ.l's buffer ("2 =.83) were the nost accurate predictors of

degradation and Burrough's buffer. ("2 =.b5) was the poorest predictor.

McDougall's buffer and NaOH were probably both sensitive to changes rn

the properties of the protein fractions which were normally classified

as insoluble, but which quantitatively represent most of the degraded

protein (Broderick and craig 19s0). solubility alone is not the only

limiting factor of protein degradation, protein structure also plays an

important role in degradation. This, in conbination with the

variability of the nltrogen solubility technique make quantitative

interpretation of nitrogen soLubility data difficult.

The amino acid plns ammonia release technique is a new in vi.tro

system for estimating runinal protein degradation rate. Hydrazine

sulfate, krhen added at r.0 mM to an incubation medium consistine of

strainecl rumen liquor (SRL) and McDougalI's buffer, effectively inhibits
removaL of added amino acids and ammonia by rumen microorganisms
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(tsroderick 1978). Therefore, protein degradation may be estima-Led fron

the accumulation of these endproducts. Broderici< (19T9) applied this

procedure to casein and observed mean in vitro and in vivo degradation

rates for casein of .30% and .46y"/hr, respectively. Casein escape was

estimated to be 1,1 .8v" from in vitro data and g.0% from in y.ivo data

(Broderick 197s) . ln studies with cottonseed meal, Broderick and traig

(1980) determined protein degradation rates fron a bioexponential

interpretation of in vitlo data on amino acid and ammonia reLease. The

results were comparable to those previously reported from in vivo

feeding studies. Est-imating ruminal protein degradation from

accumulation of endproduct may result in inaccuracies because this

method does not take into account the rate of passage out of the rumen,

which is also an important deter¡ninant of protein degradation.

Artificial Fibre Bag Technique

To date, the preferred (Ørskov 1gSA) method of obtaining

quantitative estimates of degradability is the artificial fibre bag

technique, also known as the nylon bag technique and the in situ

technique. This technique allows for the estimation of rate of

degradation which cannot be derived from digesta collection techniques.

Tlre nethod ís not new, it has been documented since 1938 (Ørskov lg8z).

Artificial fÍbres, such as nylon or polyester, are no[¡ir uti]izeci since

they are totally resistant to microbial desraciatron.

The technique has been subject to some uncertain't-y as to the periofl

of incubation which would be most etppropriate, this being dependent upûn

the ti¡ne that protein is retained in the rumen (úrskov and McDonald
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1979). Pore size of the bags must aLso be adjusted for finely ground

feeds, and the pore size nust be a compronise to allorr¡ entry of ¡nicrobes

and escape of gas, but prevent losses of solid particles. Nocek (19ss)

investigated specific variables associated with the fn sitU cligestion of.

sBM. Bag porosities of 6 and z0 pn gave the lor,Jest, and g0 and 102 um

gave the highest rate constants of ¡¡ situ DM and N disappearance (Nocek

1985). Bag porosities of 40 59 80 and 102 pm compared favorably with in
vivq ru¡ninal available protein studies (Nocek 1gs5). Ørskov and

McDonald (1979) used dacron bags with pores of 50 um, and crawford et

al. (1978) used bags with 3s to z0 um pores. Therefore, bags with a

pore size of 40-50 pm seem appropriate for use.

fìample size to sui:face area of the bag is also critical. Crarufor¿

et al. {1978) reported that apparent N disappearance from ciacron bass

increased with decreased ratio of sample mass to bag surface area, but N

disappearance plateaued at S. S mg/cm?. Craig (192S) did not observe a

plateau, N disappearance continued to increase with sample mass ro

surface area as low as .7 mg/cm?. Ørskov ancl McDonald (19?9) and Mehrez

et ai.' (1980) conducted in situ studies wÍth ratios of sample mass to

surface area c¡f I mg/cn?. Nocek (j.9g5) used a sample weight to surface

area ratio of 12.6 ng/cn? that resulted in acceptable estimates of

ruminal protein availability.

Another important problem is that microorganisms invade the bag and

some may become attached to feed particles in tire bags. This causes

reduced apparent nitrogen disappearance. Not atl of the microbes are

readily rinsed away during the normal washing period after rumen

incubation. craig and Broderick (jgsO) tried to correct for this bv
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using blank (empty) in sjtu bags contairring N free material. Microbial

N contamination can be determined through anaJ.ysis for diaminopimeJ.ic

acid, the amino acid specific to the cell wall of most bacteria (Ørskov.

1982), ft{ehrez (1977 ) reported that bacterial protein amounted to less

than L% of the total protein in the bags.

DeBoer et al. (198?) reported that DM and N disappearances frorn

small bags (3.5 x 5.5 cm) were lower than from large bags (?.0 x 11.0

cm)' These differences were attributed to the variabilities in the hand

washing technique. They devised a mechanjcal washíng devÍce which was

designed to reduce the variability due to hand washing. After the

utilization of this device, there were no significant differences for DM

or N clisappearance betso¡een bag sizes (DeBoer et aÌ. 1gS?) .

The fleed sample to be jncubated must represent the feed as it would

appear in the rumen, i.e., as if it has been consumed by the aninal.

For dry protein supplements no preparatíon is required. For other dry

materials, they should be passed through a hammermill with a screen size

of 2.5-3.0 ,rm (Ørskov 19sz). Þ'or green materials, sucçurant naterials

and silage, a mince is nore appropriate with a 5.0 um screen size

(Ørskov, 1982). The diet given to the aninal while inc¡bation is taking

place must be similar to the feedstuff for which the resu.lts are to be

applied. The type of diet fed witl affect the rate of protein

degradation. An example of this is that a protein supplement of

vegetable origin wirl be degraded ¡nore slowly in an animal given a

high-concentrate diet, than in an animai. given a high-forage diet

{Ørskov 19S2).

Different feedstuffs have different rates of degradation. The
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sinplest rate is r'Jhen the substrate starts to degrade as soon as it is

incubateci irr the runen. It contains no water soluble fraction and in

iime çuil1 completely degrade. A formula developed by firskov (19s2)

illus.trates this:

p = 100 (1 - u-ct,

where p is the amount degraded at time (t) and (c) the degradation rate

for N disappearance. This is a very simplistic description and very few

feeds degrade according to this formula. Most protein suppJ.ements that

are incubated using the bag technique folìow a pattern of rapid initial

disappearance, reflecting N so]ubilization as wel_l as protein

degradation, followed by a slower rate of N disappearance du¡ing longer

incubation times. This type of degradation can be described by the

kinetic interpretation of Ørskov and McDonald (19?9):

p=a+b(r-e-ct,

where p is the amount degraded at time (t) but (a) (b) and (c) are

constants in the exponential equation. 'fhe proportion and degradation

rate of this more slowly degraded fraction (b) was quantified from the

regression on ti¡ne of the log of the fraction of N remaining in the bags

(Broderick 1982). The slope and intercept of this regression

corresponded to degradation rate (c) and proportion (b) of the more

slowly degraded fraction (Broderick 19g2). The rapidly degraded

fraction (a) was estinnated by difference a = 1 - b and assumed to be

completely degraded in the runen (Broderick 19Bz). That which is

totalJ.y undegradaLrle in the rumen can be shown by 100 - (a + b) (Ørskov

1982).

The (b) fractj.r¡n of a feedstuff is of greatest concern, since the
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(a) fraction is assumecl to be degraded instantaneously, and the

insoluble fraction will not be degraded at all. The degradation ra-te

(c), that applies to the (b) fraction, must be applied to rumen outflow

rate (K) (Ørskov 19sa). Outflow rate is another important factor in

measuring degradation. There are two possible fates for feedstuffs

enteri.ng the rumen. They can continue to be degraded or they can flow

out at any time and escape degradation. outflow rate depends on the

panticle size of the basal feed (Ganev et aL. 1929). rf the basal feed

consisted of long particles, then the outflow rate of small particles

wouÌd be faster than if the basal feed itself a.lscl consistecl of small

particles ' Therefore, the outf low rate of srna-ì. I particles is af f ected

to a Ìarge extent by the structure of the feed and the level of feeding

(Érskov 1982). OutfloüI rates are difficult to determine, maiply due to

the problem of distinguishing between dìetary f-low ancl microbjal N flow

from the rumen.

Calculating Rumen Outflortr Rate

uden et al. (i978) developed a method where chromium (cr) was

mordan't.ed to the protein source under study. This process renders the

protein insoluble and unclegradable. The outfLow of protein from the

rumen can then be followed by determining the flow of chronium. This

method has since been used by many researchers: Ganev et al. (1grg);

Mehrez et al. (1980); Ørskov and McDonald (19?9); Ørskov et aI. (1g8g);

and stern et al. (1980b). The rate of dilution of cr in samples of

rumen contents can therefclre provide an estimate of the rate of passage

of protein fron the rumen. Ørskov and McDonal"d (19?9) plotted Cr
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concelltrations otr a.iogariihmic scale rtrhich showeci ¡Ì iinear decr.ease

with time. The rate of decrease (K) can be estinaterÌ by regression

anarysis anci can be "interprei-ed as rhe raie constant at wirich r:he

treated protein passes from the rumen to the abomasum, if it is assumed

that the lteight of rumen contents remains approximately constani (Ørskov

and McUonald 1979).

Another method of rietermining (K) is to take grab salnples of the

feces ittstead of rumen samples. Chromium treatment not only renclers

protein undegradable in the rumerr, but indigestible in the lower rrac.t-.

It catr therefore be used witir a method developed by Grovum and F/ill-iams

(1973) where fractional outflow of cr can be determined from the

descending concentration of Cr in the feces. The correlation bei:ween

fractional outflow rates of Cr as determineci from the feces and the

rumen was r = .99 (Ørskov 19s2) , Tire ntean values f or outf Ìow rates were

0.21 and o.23"t,/hr, estimat-ed fron the rumen anci feces respectively

(Ørskov 1gsz ) . Hartnel.l and satter ( 1979 ) f ound no signif icant

difference between grab sampling and ot.her ¡netho<is for cieterminins the

rate of passage for liquicl, grain and hay.

Ðhanoa et al. (19ss) question the use of a single exponential

eguaciotr, and the assumt¡tion that the slower rate constant represents

outflow from the rumen. Dhanoa et al. (19s5) reported that our.flow fronr

the caecum may al.so be slov¡. They proposed a new model that provides

two rate constants, which in theory relate to the two compartnents with

the longest mean retention time. Their fornuia for describinc fecal

outflow rate was:

y = Ae-clt **p ¡-ne-cetl
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Thj.s model was f,ound to be superior to all other published modeLs,

including that of Grovun and williams (Lg7g). However, it has ye[ to be

de¡nonstrated clearly which rate constant belongs to the rumen and whicfr

one belongs to the caecurn (Dhanoa et al. 19BO).

There has been much discussion as to whether water soluble markers

are as good as solid markers for measuring rumen outflow rate. Teeter

and owens (1983) examined five water soluble markers for measuring rumen

outflow rate. They examined polyethylene glycol and

ethylenediaminetetraacetic acid (EDTA) complexes of cr, co, Fe and yb.

They found a-tl of the narkers to be suitable for rneasuring rumen outfj.ow

rate (Teeter and 0wens 1989).

To date many estimates have been made using the fecal cclncentration

method. The val,ues reported so far range from 1.o%/hr for maintenanre

feeding of ground diets 'to sheep (Mansbridge ancl Ørskov 1980), to

1o.o%/hr for feeding at a high leve_l of intake for dairy cows (Etiman

and Ørskov 1985).

once K has been determined, the percentage of protein actual.ly

degraded can be calculated from a formul_a deve.loped by Ørskov (1982):

P=a+ bc
c+K

where (a) (b) and (c) are the constants from the equation p = a + b (r -

"-"t) descrÍbing degradation, and K is the outfl_ow rate.

Protein supplements with a large (a) val.ue and little or no (b)

value, such as wel,l preserved fishmeal, the outflow rate will have

littIe effect on degradability (Ørskov 19s2). Protein supplements that

have a large (b) value and a high rate of degradabílity, such as

sunf lower meal, their actual rlegraclability will change from g? .97o to
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rate, therefore, has the greatest effect on protein supplements .Lha-t

have a large (b) value and a low (c) val.ue. Ørskov (rgee) showed that

the rankiug of protein based on degradation can also change at different
outflow rates. Therefore, some protein supplenents are more suitabte in

feeding situations with ]ow outflow rates, ancl others at high outflow

rates.

Measurement of Microbial Nitrogen

&Iany methods have been developed to estimate bacteriaJ. nitr.ogen.

Of [hese, dianinopinel.ic acid (DAPA) has been the most widely used (Amos

and Evans 1976; El-shazly and Hungate 1966; Evans et al. 1975; Hogan and

fdeston 1,977; Hutton et al. L9?1;6rskov et al. rg77; Rahnema and rheurer

1986), Tire amino acicis lysine and reuci¡re have also been used to

estimate microbial N (Muntifering et al. t9B1; potter et al . J.971:

Rah¡rema and Theurer 198ô). Nucleic ac,ids and radioisotope tracers for

nicrobial N determina'tion have become more common over the vears

(Pilgrim et al. 1.970; prigge et aI. 19Tg; Salter et al. 1g?9).

Comparative in vivo experiments using various marker techniques have

been used (Harmeyer et al. 1976; Ling and Buttery L9z8; Nikolic and

Jovanovic 1973; smith et al. 19zg; ülalker et al. 19zb). The use of

2-aminoethyì.phosphonic acid (AEP) as a marker for protozoal nitrogen has

so f,ar been unsuccessful (Abou-Akkada et al. 1g68; Ling and Buttery

1978; Rahnema and rheurer 1986). The following are the most comnorl

methods in use todav.
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Protein-free ¡rurified diet

The use of a purified proteln-free djet minj.mizes the compljcation

of distinguishing between feed N and microbiaL N (Ørskov 1gS2). Animals

are fitted with postruninal cannulae and alt digesta flowing out of the

rumen is collected to determine N florr¡. Ammonia N is then subtracted

from this value. The uncertainty with using this method exists in the

cleternination of the endogenous N contribution from abraded epithelial

cells and enzymes.

2. Diaminopirnelic acid (DAPA)

Diaminopimelic acid (DAPA) is the amino ac.id founct in the cell watrl

of many, but not all, rumen bacteria. It has been used extensiveJ.y to

measure the rnicrobial protein entering the duodenum. fìanpJ.es are

obtained from strained ru¡nen fluid and conrpared with the DApA content in

the duodenum. The disadvantages of this method are that DA,pA is

contained in only some bacteria, usuaLly fron the fluid phase, and the

amount of DAPA relative to bacteria N can vary between different species

of rumen bacterial (Purser and Beuchler 1966). However, it has been

demonstrated that on fixed dietary regimes the N:DAPA ratio of bacteria

remai¡rs reasonably constant (Hutton et al. 19?1). .Another disadvancage,

when using an anino acid analyzer, is that ¡nethionine and DApA have

simiLar elution patterns. This can be overcome, however, through

conversion of methionine to nethionÍne sulfone by performic ac_id

( Ibrahim et al . 1970 ) . This ¡nakes ì.t possibl"e to distinguish between

DAPA and methionine. The assumptions inherent in the use of DApA as a

marker for bacterial N are that no feed DAPA is degraded in the rumen,

the protozoaL contribution to the abonasum is minimal and that
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endogenoLls N in the aboniasunt contains ¡ro DAPA (Rahnema and Theurer

1986). rn a study that compared DAPA, lysine, anci ]eucine for

estintating bacterial N, Rahnema and Theurer (1986) found that corrected

DAPA consistently gave the best estimate of bacteriaJ N.

Nucleic acids

This nethod is based on the assumption that there is a constant

proportion of nucleic acid in microbial N. It includes protozoal N, but

it assu¡nes that the feed is free of RNA, or that RNA fron the feed is

degraded in the rumelì. However, many feeds do contaili RNA, especially

protein supplements of aninal origin (Ørskov 1gS2). Nucleic acids are

therefore not very reliabte markers of microbiat N.

4. Amino acid profile in postruminal digesta

Microbial protein has a constant arnino acid composition ancl is

independent of the diet given. Therefore, variation in the amino acid

composition of the digesta e¡rtering the duodenum should be mainly due to

the variation in the amino acid composition and guantity of feed proteirr

escaping rumen degradation (Varvikko 1986). A method was devised based

on this theory, whereby the amino acid profile in abomasal- or duorlenal

f-Luid could be used to neasure microbial N. The disadvantase with this

method is that the amino acid composition of endogenous secretions, and

of many feedstuffs, are not different enough from microbial protein to

make an accurate distinctÍon. Varvikko (1986) reported that errors ft¡ere

particularly large with fibrous or starchy feeds of low protein content.

This metltod gives the lowest measurement of microbial N in conparison

with other rnethods that have been used.
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5. Isotopes 35s o" 15N 
"nd 

32p

The most reÌiable ¡nethod, so far, for determining microbial N, is

the use of a nucl ide labe-l . The most common labels are 3SS Lblil and SZp .

These are incorporatecl into the microorganisms after influsion of the

label into the rumen (Beever et al. lg74; Kennedy et al. 1984; Mathers

and Miller 1980; Matheson and Miltigan 1971). The disadvantages of this

method are that the microorganisns have to be isolatecl from the rumen

fluid. Many microbes become attached to digesta particles making it

difficult to obtain a microbial fraction that is representative of the

population. Kennedy et al. (1984) found that in vivo and nylon bag

estimates of rumen degradation of forage diets were subject to

unacceptable errors. Methods for accurate measuremen.t of endogenous

protein secretions and microbial flow from the runen are required to
nake isotope use mor.e practicat.
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TNTEST]NAL PROTEIN SUPPLY

The nitrogen that. enters the duodenum is a combination of nicrobial.

crude protein, undegraded feed protein, and endogenous protein.

tsacteriaf crude protein and undegraderi crucie protein influence the

supply of absorbable amino acids to the greatest extent. Ðigestion of

protein in the abomasum and small intestine is essentially the same as

for monogastrics except for a fer,I differences {Van't Klooster and

tsoekholt tS72\.

Microbial Protein Composition and Nutritive Value

A J.arge part of the dietary N reaching the smaj.l intestine will be

of microbial origin. !ùeller et a1. (195tÌ) reporteci that rumen microbial

N accountecÌ for 63-82% of the dietary N. In other stuclies, about bO% of

the protein passing from the rumen to the small intestine of sheep ancl

calves, was of microbial origin (Hogan and weston 1970; smith and

McAllan 1s71'). Ørskov (19s2) estimates that, under most dietary

conditions, the microbiar protein synthesized in the forestonach of

ruminants accounts for 60-85% of the total'amino acid N entering the

small intestine.

The amino acÍd composjtion of microbial protein appears to remain

constant regardless of dietary and animal conditions, and the

differences in conposition of microbial protein and of animal protein is
quite smal] (chamberlain and Thomas 19?9; Þferchen et al. 1986; prange et

al. 19tì4; storm et al. 19sg; Zinn and owens 19sz). Although amino acid

N probabiy makes up about 79% of the total microbial N, storm et ar.

(1983) found that in a large sample of isolated rumen microbial biomass
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RNA' was 1,7.3% and DNA 4.r%, giving a total value of nucleic acid N of

J-5.4% of the total microbial N. Nucleic acid N however is unlikelv to

be utilized to any great extent in the animal bociy. Microbial N may

also contain other nonprotein compouncis such as lrù-acetylglucosamine as

cell wali components (Ørskov 19gZ).

Information on the djgestibil.ity of mjcrobjal N is difficult to

otrtain due to the problems of isolating microbial protein. Most of the

work so far has been done with rats and determined as the digestÍbility

in the whole digestive tract. In data summarized by Bergen (19?g)

digestion of pure cultures of rumen bacteria in vitro ranged from 0.44

to 0.93. Zinn and Owens (19s2) reported true absorrrtion of rumen

bacterial and protozoal protein in rats'to be 0.66 and 0.Bg

respectively. studies with 3bs yielded values of 0.?4 (Bird lsrz) and

0.85 (salter and smith rg77\. A study using 15N gave a value of 0.29

(Salter and Smith 19?7). Tas et al. (1981) used regression analysis and

obtained an estimate for microbia.l amino acid digestibility of o.,ò7.

Zinn and owens (1982) used regression analysis and obtained a lower

value of 0.73. Storm et al. (19S3) reported that the true digestibility

of microbial amino acids was 0.84, closer to the value reported by Tas

et al. (1981). Storm et al. (19S9) also estimated that the

digestibility of RNA and DNA was 0.8? and 0.8i, respectively. These

values compare well with the digestibility estinates of smith and

McAllan (1971) of 0.89 and 0.Bo for RN.A and DNA respectivery.

Many researchers have founcl the digestibility of microbia_l

methioniue to be higher than that of other amino acids. Hol"rever. tirÍs

vsas not confirmed by the work of storm et al. ( lgsg ) . Arnstrong and
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Hutton (1975) found the digestibility of cystine to be quite high, while

Shar¡na et al . (1974) and Storm et a1. (19s3) dicl not. The cligescibility

of the different amino acids varied little anci only cystine and

histidine showed values that çsere significantÌy lower than the average

{sharna et al. i974; storn et a.ì. 19sg). rn generai, the true

digestibility of amino acids in the smalÌ intestine appears to 5e about

85%, and there appears to be no difference anong nicrobial amino acids

in their digestibility.

Apparent Absorption of Feed N

Measuring the disappearance of N or amino acicls betçr'een tire

duodenum and ileum provides an estinate of apparent absorption. rn

general, the apparent absorption of nonammonia N (NAN) appears to be .6s

and.6B of the amino acids entering the duodenum (tsutl et al. 19S5). In

an experiment using various protein sources, santos et al. (lgsg)

reported the apparent absorption of NAN to be 69.3% 70.g% 64.6% ancl

57.9% for soybean meal (sBM), corn gluten meal (cGM), wet brewer's

grains (wtlG) and dried distillers grains (DDG), respectively. The

apparent digestibilities of total amino acids were 70.5% 76.5% 7L.Le¡ and

65.5% for stsM, cGM, hlBG and DDG, respectively. van't Klooster and

Boekholt (1,972) found the apparent absorption of NAN to be 65% and of

amino acjds to be 73%. In generaj., the apparent absorption of NAN seems

to be less than the absorption of anino acids. Tamminga (1gs0)

concluded from various experiments that apparent absorption of totat N

is usually.05 Less than that of amino acids. Bull et al. (19s5)

suggests values for apparent absorption fron the snall intestine of NAN



and

the

amino acids to be .65 and

ciuodenun.

34

70, respectivetry, of the amounts entering

The apparent absorpl.ion of essential amino acids (EAA) appears to

be about .05 greater than nonessential amino acids (NE.AA) (Tamminga

1980)' Van't Klooster and Boekholt (1,972) reported values of 75% for
EAA and 72% for NEAA. However, santos et al. (1g8g) reported vaLues of

64% for EAA and ô?% for NI:AA. To date, apparent absorptions of EAA

suggest that absorption of Lys ancl Arg is greater (sharma et a.l . tg74:

Armstrong and Hutton 19Tb; santos et al. 19Bg; Burl et al. 19s5), whil,e

absorption of Tirr, val and phe is less (sharma et al. rg74; BulL et al.

1985) than the absorption of total tsAA.

True Absorption of F'eed N

True absorption is the sum of apparent absorption and endosenous

loss. Endogenous protein enters the smaj.l intestine in the form of

enzynes, bile, mucus, serum albumin, lymph, epitheLial ce,lls, and other

degradable products from the gastrointestinaJ. lining. The N jn duodenal

contents from abomasal juice, pancreatic juice, bile and epithelial

cells was estimated at 0.004 x DM consumed (Tamminga et ar. 1gz9).

Èlogan and !ùeston (1970) used regression analysis to calculate the

endogenous loss from the smaj.I intestine that appeared in the feces. as

0.0016 x organic natter (oM) entering the duodenum. The endogenous loss

appearing in the feces from the entire tract was 0.oo4 x oM consumed.

Hogan and Weston (1970) and Hogan (1965) conctuded that only about j./3

of the N in the metabolic fecai. portion is of endogenous origin, and the

remaining 2/S is of microbiat origin.
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To date, estimates of endogenous fosses for nonlactating cattle are

0.77 e/d NAN (Zinn anci Owens 1982; Sharma et al . 1.9,'t4) and 9S e/¿ amino

acids (Sharma et al . 1974). Estimates for -Iactating cattle are A.L3% of

tlre N supp.ly to the proximal duoclenum (Merchen 1981; Merchen and Satter

1983).

Estimates of true absorption can also be obtainecl from regression

analysis. 'I'he true absorption of NAN from the small intestine of sheeo

was reported to be 0.76, and of BAA it was 0.80 (Ilogan and weston 1920).

Tas et al. (1981) reportecl values for NAN in sheep to be 0.g0. and of

amino acids to be 0.86. True absorption val,ues obtained by isotopically

labeling plant materials with 15N gave values of 0.85 for 1eaf nrotein

absorption (salter and smith 7977). smith et al. (rsr4) used 14c

labeled chloroplast prot.ein which gave a rang'e of 0.23 to 0.g2 for

absorption. Zinn and owens (19sa) reported lower values far true

absorption of NAN for nonlactating cattle of only 0.ô8. Bull et al.

(i.985) suggested the following vafues for true absorption of NAN and

amino acids from the small intestine, 0.zs and 0.g0 respectively, of

amounts entering the duodenum.

Amino Acid Uptake

The mucosa of the smalf intestíne contains uptake systens for free

a¡nino acids, peptides, nucleotides, and nucleosides. In studies with

sheep the mid to lower ileum has been founri to be the most- active site

for amino acid uptake (Buli. et al. 19s5). However, the highest rate of

amino acid disappearance in sj-tu from the digesta has been found in the

nid ieiunum {Bull et al. 1985) . It has been demonstrated (Johns and
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Bergen 1973) that amino acid uptake in sheep occurs aÊ-ainst a

concentration gradient, exhibits saturatíon l<inetics, and depends upon

metabolic energy' iL has been shovun by various researchers that þjAA are

preferentially absorbed over NEAA (tsulJ. et al. LggS; santos et a_l.

1983). Amino acid absorption has been ranked as follows, by Bult et al.
(1985), using exteriorized intestinal loops:

I I e>Arg>Val >Leu>Met>phe >Lys >Try
>Asp>Ser>Al a>pro>Hi s >Thr>G I u>G ty

Johns and [3ergen ( J,973) used jejuna j. strips in vitro and f ound

Met>Lys>Gly. Phil.lips et al. (1976) used everted sacs in vitro and

found MeL>val>Thr. prange et al. (1994) in a study with lactatrng cows

found that the apparent absorption of Met Arg Gly Lys Vai Thr ancl phe

was greater than the average for total amino ac.ids. The apparent

absorption of Ser Prcl Ala and Ile was Lower than the average for tota.l

amino acids (Prange et al. 19s4). In general, the orcier of uptake of

a¡nino acids fro¡n the small intestine of sheep is simitar to that of nan

(8u11 et al. 1985) .
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PROTECTEI] PROI'EiN

Numerous methods have been proposed for increasing prote,in bypass.

?he use of feeds that are relatively resistant to rumen degraciation,

heat treatment, and chemical treatment, all have potential for improving

animal productivity through increased protein bypass. The icteal method

for protein protection should decrease clietary protein degradation in

the rumen, without adversery affecting nther aspects of rumen

metabolisn, and should increase the total supply of nonammonia nitrogen

to the small intestine.

Protein Íìources that are Resistant to Runen Degradation

Proteitr sources that are relative-ly resistant to rumen degraclation

are often desíred for supplementation of diets for young growing

runinants or high producing dairy corvs in early lactation. The feeds

most often studied for these purposes are corn gluten mea.L and feed.

distillers grains and brewers' grains.

Research carried out to date on corn gluten neal- indicates that it
is a relatively resistant protein source. In the wet-milling process

corn is steeped in djiute acid and sone solubilization of protein and

hemicelluLose may occur. Since solubility nray influence the extent of

rumen protein degradation, the protein in corn gluten meal and feed mav

be degraded more rapidly than protein fron other byproducts (stern er

al. 1983)' Research has shown that microbial degradation of protern in

corn gluten meal- ranged irom Gg% to 54% çchen fed to growing cattle
([{aller 1978; Zinn et at. t9s1). stern et a.l. (1983) used regression

technique to find that 57% of the protein in corn gluten neal left the
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rumen undegraded' However, Firkins et al, (i9s4) found ilrat the rumen

escape protein for wet corn gluten feed was only 26% and for dry corn

gluten feed only 14%. The difference in values for wet and dry corn

gluten feed are attributecl to the fact that the mean particle size is
larger for nret corn gluten feed ancl this, therefore, decreased the

susceptibility r¡f the protein to microbial attack (F'irkins et al. 19S4).

Total amino acid degradation in the rumerì of corn gluten meal was

43% as determined by linear regression (stern et al. 1gg3). This

compares well with the vai.ues found by waller (19T8) and Zinn et al.
(1s81) that ranged from s8 to s4% in growlng cattle. stern et al.

(1983) found that the six most ctegradable amino acids were the essential

amino acids, with the basic amino ac,ids rankÍng near the top. The most

degradable of the amino acids was lysine, of which only 38% escaped

degradation (Stern et al. 19s3). The basic amino acids have been shown

to be relatively nìore degradable and threonine less degradabl-e than the

total amino acid degradability for several protein supplements (Stern

and Satter 1982). Chalupa (19?6), however, found that threonine was the

second most degradable essential amino acid.

Stern et a1' (1983) reports that corn gluten meaL has potential as

a resistant pro'tein supplement for lactating dairy cattle, especially

when compremented with a relatively resistant protein source high in

lysine. Firkins et al. (19s4) suggest that even though wet and dry corn

gluten feed is degraded more rapidly in the rumen than other byproduct

feeds, it courd stilL be used to replace a very rapidly degraded protein

source such as SBM.

The rumen escape of dry distillers graÍns (DDG) has been
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extensively rese arched (I.'irkins e-t al. 1984; Satter et al . 1g,77: lrri¿rlIer

et ai. 1980) . The rumen escape of I,reì: disti_l ,lers g;rains has not been

researcheci ¿rs much (!'irkins et ai . igS4 ) . The rumerl escape of lgilG r{as

found by Firkins et al. (19s4) to be 4?% and oË ÐuG to be s4%, satrer

et- aÌ. (1977) found the value for DDG to be öo%, while santos et al.

{1983) determinec{ that 53% of the prote,in in DDG escaped degraclation

compared with 30% for SBM. Firkins et al. (1954) found no dj.fference in

runìen degradation between DDG protein and WDG protein in the rumen of

steers. The feeding of both may be beneficial to growing anci _lactating

cattle.

rn a study by Davis et al . (19s9), pressed brewers' grains rriere

snbstituted for grounci corn and sBM at u, zo, B0 and 4or" of the ration

DM and fed to J.actating dairy corj.rs. At the 40% level DM intake was

suppressed, but 4% fat corrected niLk was the sanre for all diets (Davis

et aL. 1983). At the 40% level of intake no effects hrere apparent on ÐM

or N disappearance from dacron bags (Davis et al. lgsg). Milk yield was

not affected by dietar¡r treatnents and therefore efficiency of milk

production favored the pressed brewers' grains diets over the control.

Davis et ai. (1989) theorize t.hat the nutrients in wet brewers' grains

ane utilized more efficiently than those in the control diets. porter

and Conrad (1975) compared dried and wet brewers' grains jn the rations

of lactating dairy cows at 20% of the total DM, Milk production was

reported to be equal for the tsuo rations even though DM intake was

significantly lower on the diet containing the wet brewers' grains.

conrad and Rogers (19T2) also found ÐM intake depressed by rations

contaiuing rtlet products , but mi lk production r{as essential ty the sane
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for a.ll rations tested. &lurdock et at. (19S1) found no depression of DM

intake when wet brer{ers' grains made up 30% of the total ration IIM for

daìry co&rs. Most of the research so far indÍcates that wet brevuers'

grains are equal to or possibly superior in nutritional value to dried

brer{ers' grains.

satter and whitlow (1922) reported that the protein in brewers'

dried grain was highty resistant Lo rumen degradation. In a stucly iry

Merchen et a-I . (1979) anina.ls fed brep¡ersr dried grain, or a combination

of brewers' dried grain and urea, had consiste¡rtly higher ]evels of

total nonamnonia nitrogen reaching the abo¡nasum, than did anj,mals fed

all-urea supplements, and ].evels equal to those fed sBM and urea

combinations. The bypass values of brewers' dried grain for two trials
were reported at 61 and 48%, whereas values for SBM were reported to be

onry 24% (Merchen et al. lgrg), The feedjng of brewers' dried grain and

brewers' dried grain-urea diets tended to produce more vaLine, jeucine.

phenylalanine and methionine entry into the intestinaL tract than the

feeding of urea or sBM-urea d.iets (Merchen et al. 19?9). The flow of

lysine into the lower tract was sinÍìar for alt diets indicating that

the lysine to protein ratio is lower for brewers' dried grain than for
bacteriaL protein (Merchen et al. 1979) . The results to date indicate

that brewersr dried grain is resistant to rumen degraclaLion and

therefore has potent-ial to supply more dietary anino acids to the l.ower

tract for absorption than conveniional pi:otein supplements.
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Heat Treatment

Heat is generated or applied in many procedures used to nanufacture

feed ingredients ' Heat treatnent often results rn improved a¡imal

prociuctivity. The effect is caused by the Maillard reaction which

irreversibly binds sugar aldehyde groups and free amino groups, thereby

decreasing the rumen degradab:i,tity of the proteÍn. However, as a result
of this binding, the protection of protein by heat treatnent is often
accompanied by a reduction in availability in the small intestine.

Goering and I'{aldo (19?4) summarized data that demonstratecl

decreased protein digestibitity and anirnal performance attributable to

heat damage in forages. Effective heating time, remperature, and

moisture were alL rel,ated tû amount of damage in forages. Temperatures

above 60' c for 24 hrs with moisture contents between 20 and zo%

resulted in heat damage to forages, but differences in susceptibijity of
different forages were large (Goering et ai. 19zg). soybean meal

treated at 1Bo" c for 25 nin resulted in extensive rumen degradation

(Crooker et al. 1986)' Defatted soy flakes were heated at 2S0o C for S0

min; 250" c for 20 min; z1s" c for 20 min; and 1g0o c for 25 min. The

untreated and the heat treated sBM samples demonstrated the most

frequent occurrence of changes in amino acid content due to runen

exposure (crooker et al. 19s6). Tlrerefore, heat treatment is
ineffective in preserving the amino acid profile of sBl{ exposed to rumen

degradation. However, in vitro studies by Thomas et al. (19Tg)

indicated that tempera'tures of L3g" c up to 14g. c for 4 hrs, r,{ere

needed to minimize degradation çsithout reducing availability in the

small intestine. rn feedlot trials, heat treatnent of 13Bo c to L49" c,
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resu.lted in 50% faster weight gaiirs anð, 237" more eff icient feed

conversion over untreated SBM (Thomas et aI. 1g?g). Sherrod ancl Tillman

{1964) reported that cottonseed meal autoclaved for 60 min produced

superior daily gains and feed efficiencies to nonautoc,laved meais or

meals treated for Ìonger periods of time.

The results of studies to date, on heat treatment, have not been

consistent' It is still difficult to arrive at a temperaLure and time

period which will protect the protein from rumen degradation, anrl at the

sane time ensure the availability of protein in the small intestine.

Chemical Treatment

Some chemical, agents f.orm reversible cross linkages with amino and

amide groups which decrease the solubility of pr:oteins at the pH of the

rumen. The advantage of the use of these chem_ical agents, is that the

protein is subsequently made available to the host by destruction of

these linkages in thel acidic abomasum. The agents most investigated

include aldehydes (crawford and Hoover 19g4; crooker et al. 1986:

Ferguson J'971; Fohman et al. 1981; Hatfield L9z3); tanning materials

(Ferguson 1975; Hatfietd L9Z3; Zelter et al. 19?0); acetic acid (Ames

and Robeson 19?6; Atwal et al. lg74; Vicini et al. 19sg); and alcohc¡l

(van der Aar et al, 1982a; van der Aar et aI. 1gS4).

Many studies so far have concentrateri on the use of formaldehvde to

protect proteitt ' Many researchers have found that casein treated stith

formaldehyde genera.lly results in increased N retention, wool growth,

and muscle growth (F'aichney 19?1; Hemsley et al. 19?g; MacRae et al.
1'972; Reis and Tunks 1969; wright 19T1). The treatment of plant
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proteins, however, has not yielded consisient

rates and feed efficiencjes have been improved

1972; l'aichney and Davies 19ZZ; Nimrick et al.

19't2\ .

responses, but growth

(Driedger and Hatfield

1972; r\ishinuta et al .

Many of the problems associated with formaldehyde treatment have

been attributed to overprotection. stanton et al. (19gg) used beef

cattle and conmercially treated sBM at the following J_evels: .z.B and

.6% formardehyde. The iq s_¿!g digestion rates appeared to be reduced

with '2 and '6% fornaldehyde treatment conparecl with untreated stsM

(stanton et al' 19s3)' Lactating cow perfornìance and pepsin insoluble N

suggesl- that a lower level of formaldehyde treatment nay be nore

desirable for ruminants fed a low quality roughage. The J.actating beer"

cûws seemed sensitive to overprotection of protein, and the weight gain

in caives is responsive to changes in protein ].ever fed to the dam

(stanton et a.I. 19Bg). In a study by crooker et al. (19sg) sBnn was

treated with .s g formaldehycte/lOO g sBM and fed to lactating dairy
cows. The digestibilÍty of dietary crude protein by cows fed the

formaldehycle treatect SBM was Loçqer than by cows fed untreated SBM (62.4

vs 65.4%) (crooker et al. 19s3). This indicates that treating sBM with

'3 g formaldehyde/lOO g sBM may decrease the availability of sBlt protein
for lactating dairy cohrs. crawford and Hoover (1984) reported that
formaldehyde treatment recluced the solubility of sBM from 22.7 to 2.g7o,

it also reduced mirk proteÍn (3.08 vs z.g5%) and sorids-not-fat (8.51 vs

8'35%)' Formalciehyde treatment did not affect intake or overalL milk
production. crawford and Hoover (l9sa) attributed the lack of
production respolìse and the reduced milk protein to overprotection of
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protein. Research by Crooker et a-[. (1986) using SBÞI treateri with .S .6

and .9% forrnalclehycte shorçed that formaldehyde preserved the arnino acid
profile of SIìM very effectiveJ.y. However, it was noted that a decrease

in tyrosine and -lysine content occurred as a result of formaldehyde

treatment. This v¡as attributed to the fornation of crosslinkecl proclucts

that were resistant to the 6 N HCl hydrolysis (crooker et al. 19s6).

rt has been suggested by Junkins (1981) that optimum treatmenr may

be itrfluenced by rate of passage of the treated feed. At a retention
time for solids of 14 hours, treatment with ,3% by weight of

formaldehyde decreased crude protein digestion by 427" compared co a

decrease of onry ze% at 24 hrs retention (Junkins 1gsI). At a shorter
retention maximal depression of crude protein digestion coulcl be

achieved with only .15% formaldehy<le (.lunkins 19s1). At short retentlon
tirnes, especially for high producing daj.ry cattle consuming in excess of
3% of body weight, the anount of formaldehvde to adequately protect
protein from rumetr degradation may be less than for animals at 1oçqer

intakes and longer runen retentions (Junkins 19s1). Thomas et ar.
(1979)' in a study w.ith beef cows, found increased weight gains and feed

efficiencies by feeding sBM treated with .4 to .6% formaldehyde, a leveL

considered to be overprotective. spears et al. (19so) also found linear
increases of gain and feed efficÍency for beef cattle fed sBM treated

with '9% formaldehyde. F'ohman et aL. (1981) fed SBM treated ¡uith 1.2%

formaldehyde to dairy cohrs. This level ruas thought to be too low for
adequate protection in dairy cows, yet production increased from SB.9 to

40.4 Kg milk/ttay.

crawford and Hoover (1984) suggesL, however, that dose related 1_o



+c

flos+ rate may affect the availabitity of protein Þostruminaliy. The

rapid fl-ow of cìigesta through the abomasum and small intestine trould

result in shorter exposure to acid hydrolysis. This then may reduce the

maximum at which formaldehyde could be apptied without adversely

affecting the availabilíty of amino acids in the small intestine
(Crawford and Hoover 19S4).

l-ornaldehyde treatment does inhibit rumen degradation and preserves

the anino acid profile of protein supprements such as sBM. However,

more research needs to be done to find the optimum level that can be

applied without decreasing the availability of amino acids to the small

intestine. To date, resurts have not been consistent; perhaps a singre

level of pr:otein protection with fornraldehyde is not suitabLe for all
diets and production areas.

other chemical agents have been stucliecl for their ability to

protect protein from rumen ciegradation. schmidt et at. (19Tg) studied

the effects of gjyoxal and hexamethylenetetramine (HMT) treatment of

sBM. The treatments were as follows ; 1 z 3 4 or 5 ml of 40% gi.yoxal; or

3 6 12 L8 or 36 ml of 47.6% HMT, diluted to a finaL volume of 1g ml

(except the HMT-36 mJ.). The solutions were then sprayed on an amount of
sBM equivarent to 1oo g crude protein. Al1 of the glyoxal treatments

resulted in gains less than the controls, but these results were

confounded by parallel depressions in intake (schnidt et al. 1g?g). The

response to increasing ì.evels of HMT was not consistent over thnee

toials. Animals consuming stslI treated with HMT-86 gained less .than

controls and retained less N (schmidt et aI. 19zg). At the jower levels

of HMT, such as HMT-12, amnonia release was effectively reduced without
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corresponding decreases in gains or N retention (schmidt et al. 19?g).

This study indicates that since Flllll'1s safe to use and easy to handle,

the potentiaL is there for reducing rumen degradation. Glvoxal

treatment, however, resulted consistently in depressed intakes and gain.

Thomas et al. (1979 I) conducted experiments to evaluate a wood

molasses (!{M) product in protecting pro'tein. The l{M was applied to stsM

at levels of either i.0 or z0%. Iq vitro studies showed that ü/M at

either 10 or 2o% was effective in decreasing rumen amnonia reLease and

crude protein solubility (Thomas et al. 19?9I). The !{M was then used in
a feeding trial where it increased body weight gains an average of 36%

and improved feed conversion an average of 24% over cattle on control

diets (Thomas et al. 1979iI). Thomas et aI. (19?gII) estimated that the

!{M prodttct protected about ïOv" af the SBM protein as compared with about

25% which escaped degnadation fron untreated S[J]f.

Some researchers have used acetic acid to protect protein and have

achieved decreased anmonia production (Ames and Robeson 19?6: Atwal et

al. 1974; Vicini et al. 19SS). Vicini et al. (1983) treated SBM rvith B%

acetic acid, and used the nylon bag technique to incubate samples for
t 2 4 I 12 16 and 24 hrs ' Acetic acid treatment gave lower degradation

rates than untreated sBM for DÞI and N (vì.cini et al. 19ss). The mode of

action possibly involves the lower pH of about 5.o røhich may decrease

microbial degradation. The SBM treated with acetic acid, also released

¡nore amino-N than SBM treated with formatclehyde or untreated SBM, at L2

hrs of incubation (Vicini et al. 19s3). This may indÍcate that acetic

acid makes SBM ntore available than formaldehycle (Vicini et al. 19s3).

The treatment of sBM with various al_cohof-water nixtures has
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resulted in lower protein sc¡lubi lit j.es in Burroughs, mineral mix, s_lower

rates of -i¡ situ ciisappearance and lower in v-itro arnmonia release (van

der Aar et al. 1g82a). A. study was conducted using five N sources:

urea; hexane extracted dehulLed sBM (control); sBM treated with 50%

ethanol; SBM treated with 4o"¿ propanol; and SBM treated with ethanot in
combination with heat and pressure (EHSBM) (van der Aar et aI. 19g4).

The sBM treated with 50% ethanol and 4o% propanol resulted in lower

protein solubilities and slou¡er rates of degradation during in situ
digestion, than did the controi. sBM (van der Aar et al. 1984). The

control SBM had the fastest rate of in situ degradation a¡rd the lowest

percentage of escape, trrhereas the EHSBM was the most resistant to in

situ degradation and resultecl in the highest percentage of escape (van

der Aar et al. 19S4).
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CAI\OLA MEAL

One of the norÌt important- oilseed crops in Canada is rapeseeci

(canoia) ' Canoia are ne['J cult.ivars of rapeseed -chai are 1ofi] in erucic

acid and glucosinolates. The seed contains aL¡ouï- 4û-42% oil anrl viejds

a protein supplenlent containing Gb-402o Þrorein after the oil is

extracted. The oil accounts for about 46% of the vegetable oils used by

Canadian consunìers and the meal is rnarkeLed widely both within Canada

and abroad.

Rapeseecl (8. canpestris) was first introduced to Canada in 1936,

and the B. n¿rpus type f rom Argetrtina çsas introduced a felq years later

(Bel"l 1984)' In 1"96s, the first low erucic acid cultivar was produced

in Catrada, to be folloa¡ed by several- lnore until the first "double low"

cultivar,'Iower (8. napus), ]ow in both erucic acicl and glucosinolates

was licensed in 1974. The low glucosino.late natur.e of Tower was

obtained from a Polish cultivar, tsronowsi<i (Ilel1 I gS4) . Another ner,r¡

"double 1ow" cttltivar of B. campestris was soon produced afterward. 1'he

production of high glucosinolate cultivars had nearly ceased in Canada

by 1981 (Bell 1984) . Tire low g.lucosinolate cuÌtivars inclucie Tower,

Regent, candle and Altex. The nane "canola" was adopr_eci in Lg?g -to

apply to all "douirle 1ow" cultivars. Oanola is ciraracterized by having

less than 3 mg of glucosinolates per gram, and less than 5% erucic acid

(8e11 1eB4),

Composi tion of Canola ltea_i

commercial canola meal (cM) contains rz.1% crude fibre, most. of

wlriclr is derived froin the hulls {Bell 1984). ?he ether extract is 4.r%
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and js composed of residual oiì plus gums derived from oij. refining and

added back to the mear (Berr 1984). The N-free extract and gross enengy

value of the hulls and the meal- are about equar. The amino acid

compositio¡r of CM compares favorabty with that of SBM. The CM contains

more sulphur amino acids and slightly lower lysine vaLues.

canola meal has a lower ener.gy level than sBM mainly due to the

higher fiber content in the hull fraction. The hulls make up about 16%

of the seed weight (Appelqvist and ohlson 1972). This is equivalent to

about 3o7e sf the oil-free cM. To date reports on the crude protein

content of the hulLs are highly variable. This is attributed to the

difficulty of separating the hurls fron the seed embrvos (llell and

shires 19B2). Finlayson (r974) took special care ro remove the seed

embryo and reported a crude protein va-lue of IZ% for the hu]ls. other

researchers have since reported values around 16%. It has been

suggested that the protein of the hull fraction woufd be very poorly

digested (Finlayson J,974) .

It is difficult to assemble an accurate conposition

hulls. There is a lot of uncertainty about the amounts

polyphenols present (BeIl 19S4). CelluLose seens to be

carbohydrate and most of the remaining carbohydrates are

1984 ) .

for canola

of lignin and

the domÍnant

pentosans (Bej I

cano.La meal has a higher B vitamin content than sBM, except for
pantothenic acÍd. Most ninerals are higher in cM than in sBM.

especially calcium, phosphorus and selenium. However, the phytin

content in cM is quite high and its effects on phosphorus, calcium, anci

zÍnc may require attention when formulating diets. It is possible that
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two-thirds of the phosphorus in cM is bound in phytin (Beli 19s4)

The Use of CanoLa Meal in Dairy Rations

Before the development of canola, rapeseed meal (RSM) was studiect

in dairy diets. Incorpora'Lion of RSM into the diet at the level of 13

to 27% of the concentrate was found to significantty reduce concentrate

intake ( Ingal ls et a_1 . 1968 ; !ùaldern 19?3 ) . It was af so shown to reduce

milk yield by waldern (1929) but this was not shovr¡n by the work of

Ingalls et al. (196s). The high glucosinolate content $ras attributed as

the cause of the reduced animal performance.

taarveld and Chrjstensen (1976) reported 'that incorporation of a

"doui¡le loçv" cui.tivar RSM in the ration at the level of 8 to 30% tended

to increase milk yieJ.d and total solids. The feeding of a high

glucosinolate RSM (span) at the same levels had no effect on mirk

production (Laarveld and christensen 1976). Ingalls and sharma (1925)

included RSM of the cultivar Bronowski into a lactating clairy cow diet,

up to the 247" leveL without affecting grain consumption, nilk yield or

milk composition. sharma et al. (1977 ) incorporated "double low"

cultiva¡:s into the diet up to a lever of zs%. Feed intake, nirk yield,

and fat content were not different when compared to SBM (Sharna et al.

1'977). Pa¡:as et a]. (192s) found that the incorporation of RSM at the

30% level actually increased the mitk yield of cows. Incorporation of

RSM at the 20 and 26"4 leveLs resultecl in equal miìk yietrls and feed

intake with no effect on milk composition. F'isher and walsh (1976)

found that as the proportion of RSM was increasecl in the concentrate.

there firas a significant linear depression in milk yield. However, they
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reported a high residual oil contamination containing erucic acid and

hexane, which may have been re.lated 'to the negative response.

Sanchez and Claypool (19eS) compared CM wiflr SBM and cottonseed

mea-l (CSM) as single protein supplements in comp.l.ete dairy rations. The

levels used were 11,.7% clr, 10.4% csM, and 8.6% sBM. The results

reported indicated that actua} and 4% Tat-corrected milk production dicl

not differ among diets (sanchez and claypool lg8g), However, the cows

fed the cM produced 3.2 and L.z Kg more mi_Lk per day than the cows

receiving sBM and csM respectively (sanchez and claypool 1gsg).

Depeters and Bath (L9S6) conducted four trials to evaluate the effects

of incorporating csM or clvl in dairy diets. The yielcls of milk, milk

components and feed intake were not affected by the diffe¡:ent protein

supplements (Depeters and Bath 19S6).

These studies indicate that 0M may be incorporated in dairy rations

up to the levei. of 25% ¡uithout adversely affecting the performance of

lactating dairy catt-Ie. These studies also indicate that CM can equal

SBM in rations for dairy cows.

Rumen Degradability of Canola Meal

The increasing use of CM in ruminant rations makes

that its degradabitity in the rumen be known, since this

determines the amount of undegraded protein that will be

the animal in the small, intestine.

it inperative

ul t imate 1y

available to

Ha and KenneLly (1983) reported an Effective Degradable protein

(EDP) value of 67.7,a6 far cM and an EDp val_ue of 5s.5% for sBl{, using the

nylon bag technique. Ha and Kennelly {19s4), again using the nylon bag
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technique, reported that N disappearance from StsM was consistently Ìess

than that of cM across an incubation range of 4 g 12 ancl 24 hr.s. The

EllP for cM, at a K value of .05, was 65.8% ancl 53.6% for sBM (Ha and

Kennelly 1984). The N in sBM disappeared at a srower rate than cM N

during the first L2 hrs of incubation, but disappearance was simÍlar
after 24 hr incubation in the rumen (Ha and Kennelly 19s4). Ha and

Kenne]ly (1984) reported that the DM disappearance va.Lues of SBM and CM

were not different, with the exception of 12 hrs íncubation tqhere CM DM

disappearance ruas higher than for sBM. The Effective DegradabJ.e Dry

Matter (EDDM) values were BZ% and g5% for cM and sBM respectively.

Bairey and Hironaka (1984) reported an BDp value of bB% for cM, and an

EDIIM value of 5?% for CM at a K vaLue of .06. Kirkpatrick and Kennellv

(i.985) reported that at higher protein levels (-r9 vs 16%), K at .ob. EDp

tended to decrease,66.3 vs 64.5 for cM, and 65.0 vs 61.5 for sBM. The

values reported by Kirkpatrick and Kennelly (19s5) for EDDM follo¡ved the

same pattern as EIlp. KenneLly et ar. (1986) reported protein

degradability values for SBM Lo be 64.6% and for CM to be 7o.1.yo. DeBoer

et aL. (1987) reported EDp values of sBM and cM to be 75.8 and,Is.gy"

respectively, and HDDM values of sIìM and cM to be 81.ô and 70.7%

respectively. The K value used r,Jas .o5. Most of the research to date

shotos that cM is more degradable in the rumen than SBM, which indicates

that more undegraded protein will be avaiLable to an animaL in the smaL_l

intestine from SBM than frc¡m CM.

The clegradability of CM in the rumen can be effectively reduced by

chemica-l treatnent. To date the most successful of these is

fornaldehyde treatment. varvikko et al. (19sg) treated rapeseed meal
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{RSI{) with 0.4 or 0,8 g formaldehyde/10O s cp. The ciisappearance of

both DF'I and N was clearly reduced with increasing formaldehyde.treatment

{Varvikko et al. 19Bg). Setätä and Syrjälä-Qvist (1984) treared RSM

with 0.4 or 0.8 g of formaldehyrie/1oo g cp, and they also reported a

dramatic reduction in protein ctegradabiLity. Ha and Kenneily (1984)

afso showed that degradability of cM can be effective_Iy reduced by

formaldehyde treatment. They reported that formalclehycìe treatme¡t

reduced EDDM of cM by about 50%, and it reduced EDp of cM from 66 to

22%. Bailey and Hironaka (1984) added 5 g of formaldehyde/Kg of CM and

substantiarly reduced the degradability of DM and N from cM. Thev

reported that EDDM was reduced from 57% to 34v", anrl EIIP çvas reduced from

58 to 6%.

In general, the amino acid composition of unclegraded CM residue

does not deviate fron that of the orig,inal sample. Many researchers

have observed, honever, that nethionine is the most easiry degraded

amino acid in the rumen (Setälä and Syrjälä-Qvist 1982; Setåilä and

syrjälä-Qvist 1984; Varvikko et al. 19sg). This finding nay also be

typical of cM protein, and indicates that a rarge proportion of

nethionine is located in the sol_uble fraction of cM. rn addition to

methionine, setäiä and syrjätä-qvist (1984) atso found that histidine

serine and glutamic acid were the most degradable anino acids in feed

protein. The glutamic concentration was aLso found to decrease in
protein supprements in experiments conducted by Ganev et aL. (1gzg),

Tamminga (1979) a¡rd varvikko et al. (1999). However, varvikko et al.

{1983) did not find a decrease in gJ.utamic acid concentration in SBM.

sorne researchers have found that alanine, valine, iso,leucine and
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glycine of cM protein were resistant to rumen degradation (Lewis and

Emery 1962; Setä]ä and Syrjälä-Qvist 19s4).

To date little research has been carrieci out on the digestibility
of cM in the lower tract of ruminants. However, a nehr technique has

been developed for the rapid determination of intestinal disappearance

in ruminants. The technique is based on the Mobile Nyton Bag Technique

designed for pigs by sauer et al. (19s3), and modified for ruminants by

Kirkpatricl< and Kennelly (19s5). The technique invoLves isolating a

small feed sample (i-2 e) in a smarl ny10. bag (3.5 x 5.5 cm) and

following it through the entÍre digestive tract. The animals used must

be fitted with rumen and duodenaL cannulae. The small nylon bags must

be incubated in the rumen fc¡r a predetermj.ned amount of time, removed

and incubated in pepsin-l{Cl- solution for 3 hrs at 39. C to simulate the

effects of the abomasum, then inserted into the duodenum via the

duodenaL cannula and finally collected in the feces about 16_20 hrs

later. This technique has so far yielded results that are sirnilar to

those obtained via conventional methods.

Kirkpatrick and Kennetly (1gss) reported the digestibility of cM

protein to be 7o.6%, at a protein lever of 16%, and 62.g% at a protein

level of 1,9%. The protein digestibility of sBM was 7r.g% at a protein

level of 75%, and 79.4,6 at a protein level of 19% (Kirkpatrick and

Kennelly 1985). Rae and Smithard (1985) found that the N digestibility
of cM decreased ¡ryith increasing retention time in the rumen. Intestinal
disappearance of rumen undegradecl N from cM was 7g.7% at I hrs of rumen

incubation, '14.s% at 1.2 hrs incubation, and s6.9% at 24 hrs incubation

(Rae and Smithard 19s5) ' IntestinaL disappearance of rumen undegraded N
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of sBM r{as 90.5% at I irrs rumen incubation and Bg.g% at 1.2 hrs

incubation (Rae and Smjtttard 1985). ÐeBoer et al. (19g6) also reportecl

a similar trend in intestinal disappearance of rumen undegraded N of CM,

but di<t not find the same trend for sBM. The research to date shows

that the runelì undegraded protein of CM is not as available in the ]oyuer

tract of runlinants as the rumen undegraded protein of sBM.
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MAP{USCRIPT T:

INSACCO RT]P{Eru DEGR.åI}ÅTITH OF FIVE DIFFEREIüT

CÁI{OLA MEÂT, SAMPN,ES, GOruPAREI} TS SOYBEAN

}ffiAf,, WITH STEERS RECETVXNG Â DIET

FORHULATED FOR IIIGH PRODUCIP{G COKIS
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ABSTR.ACT

The nylon bag iechnique lvas ttsed to compare cano-la meal (cM) ancì soybean

meal (stsM) degraaabilÍty in the runen with respect to dry maiter,

protein, energy, and essential anino acids (EAA). A sample of cano-Ia

meai- was obtained fro¡n f ivel djfferent processors and ciesignateci A, ts, C,

D and E. A sBM sample was obtai¡red f¡.om a processor in.Artona,

Manitoba, and designated F'. Two rumen fistulatecÌ steers were used.

small nylon irags 3.s x 5.5 cm, containing .5 g of sanple, ,{ere incubated

in the rumen for various time intervals, removed a¡rrl rinsed. l'_ive

trials were carriecl oui: with the incuba[ion periods as fol]ows: Trial 1

*16h; Trial 2-12h;'frial 3-Bh; Trial 4*4h:Trial 5_{JOh.
The N degradabilil-y value of SBM in the r'umen fell within the range of

values obtained for CM with 4 to 30 h fer¡nentation per:iods. Nirrogen

degradability of ore sample of canola mea,r was greater than soybea'

meal after 0,4 and 30 h of fernentation. With one excep'tion the other

four samples of canola meal resulted in similar or less (p<0.0s) rumen l,ù

degradati<¡n at the different fermentation t.i.rne periods compared with

soybeau nteal. Dry ntatter degradability of SIIM is greater than CM at 30

h' but at the other time intervals .it falls within the range of values

obtained for CM. Ðnergy disappearance from rumen incubation for sBM is
lower than that of cM at 4 and 16 h, but at B, 12 and g0 h, it is

similar to tire values obtained from some of the CM samples; hoçuever

apparent energy digestibility did not appear tr: increase with longer

fermentation periocls' Disappeanance of EA.A from SBM falls i1 the range

of values obtained f or ËAA disappearance fro¡n 0F{ at al-L time intervals.
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excepi f or ; his LidÍne at 4 h; rnethionine ¿rt rZ It; methionine at 16 h ancl

i.n some cases canola sample A. In general, chese clata suggest that ai
least four of the cM samples were simifar or -less ciegradable for" IlM,

nitrogeir and EAA, in the runten than the SBM samp.les.

INTRODUCTIOP{

The most important source of nitrog_en for rumen mlcroorganisms is
ci-ietary crucie protein. Rumen mÍcroorganj.sms ar:e highly proteolytìc ancl

a higir percentage of the dietary protein thar enters the rumen ls
degraded to peptides, anino acids and ultimately deaminated to ammonia.

The extent to wirich a protein sounce is broken down is infLuenced bv

factors such as, protein structure, solubility, processing technigues

and resicience time in the runerì. 'l'he degradabi l i ty of a protein source

in the rumen also determines the amounL availab.le for utilization in the

s¡nal I intestine by the animaI

rn light of the recently proposed pr'tein systems for the feeding
of ruminants, it has become increasingly impor-tant to accurately measur-e

protein degradability. The nylon bag technique provides a me.Lhocf of
obtainj.ng quantitative estimates of degradability (DeBoer et aL. 1987;

Ha and KenneJ.ly 1984; Kirkpatrick and Kennely 1985; Ørskov and þicDonald

1979; Nocek 1985; stern a¡rd satter 19s2). This technique allows for t¡e
estimation of dry matte. and protei* rìegradability at various ti¡ne

intervals, and it allows for the estima'cion of rate of degradabilitv.
one of the most important oirseeri crops in western L'anada is

canola' canola is a culiivar of rapeseed that is low in erucic acid and

gluc'sinolates. canola meal (cM), used as a protein supplement, can

contain up to 4o% protein and is marketed uridely. The increasilg use of
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cM in diets fol dairy cows makes ii imperative to obtain estimates of
rumerr degradability of cM, as'ttt-is will cietermine how efficienLly it can

be used by a ruminant animal, studies have been carried out on tne use

of CM in runtinant djets and its degradability (Bailey and Hironaka L9B4:

DeBoer et a1' 198?; Ha and Kennelly 19gs; Ha and Kennerly 1gg4; Kennerly

et al. 1986; Kirkpatrick and Kennelly 1985; Varvil<ko et al. 19Sg).

Little work has been carried o't to compare d1fferent canola neal

samples or amino aci.cl degradabitity.

The ob.jectives of this str-rdy were , us ing the

to compare the rumen degradabilities of CM and StsM

matter, protein, energy and essential amino acids.

nylon bag technique,

with respect to dry

HATERIAT,S ASÐ ffiTHODS

Animals and Diets

The rations fornulated for high proctucing cows (TabJ.e 1, 2) were fed art

libitum to two runlen fistulated steers. Tire roughage source had to be

changed from alfalfa tr¡ trrome, after Trial 1, due to an unforeseen delay

bet¡oJeen Trial 1 and subsequent trials. Protein and fiber Levels were

sirnilar (Table 2). Hay and concentrate u¡ere fed twice daily at a 35:65

ratio.

A sample of canola meal (CM) was obtained from five different
processors (Tai:le 3, 4) and ciesignated A, B, c, D and E. A soybean meaJ.

(sBM) sample was obtaineci from a processor in southern Manitohra, ancr

designated F' (see Appendix l-).

Bag Technique

small ny-lon bags (3.5 x 5.5 c¡n) were made by heat-sealing pieces of

nylon, pore size 50 micron (Felco Industries). The bags were weighed
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fistulated steers

Trial

I ngrecil ent #1 le6) #2-5 (ei)

Aì.falfa hay

Brome hay

Canola meal

Bar-ley ( rol ied )

Urea 281

Bio Piros

CaC0,

Sal t-TMa

36.0

17 .4

51.7

ñ9-.

4.32

0.35

.ìri t

20.8

43.i

u, ¿ð

0.29

0.38

'l race MÌ neral
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Tab.le 2. Analysis of feed inp-redients ("/")

Ingredient
I]M

( as fed)

Crude
l'i bre

(as fed)

Crucie
Prote in

(as fed)

Alfalfa hay

tsrome hay

Cano.la neal

Barley

Ðiet (DM basis)

90.5

90.0

92. €¡

89.0

100.0

28.6

\)¡+ . f

72 .7

5.6

t4.a

Lf.1

9.4

38.i

13.0

18.5
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Table 3. Anirlysis of canola meal
receiveci frorr different

(Cru¡ and soyi:ean neaÌ
processors (% as fed)

(StsM) samples

Sample
AD¡'

(% DM)

ADIN
(% Dr,4)

AI]IN
(% N)

Energy
( kcalz g)CPDM

A (CM)

B (cM)

C (CM)

D (CM)

E (CM)

r (sBl!{)

92.9

9"7 .6

97 .7

94 .4

Y4.C

9:t .5

12.r

15.5

1Q 1

14 .3

ta 17

Õ.¿l

1.8

2.O

¿ ,.t

,5 . t,

ca

2.2

72

to

1ej

1(}

16

it)

38. i

35.¿ì

38.3

39.8

!)r.,

4C. t

4.2

+.ù

4.¿

4.3

4.2

^n
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Table 4, EAA and DA.PA content of
(% DH)

samp-ies received from ¡:rocessors

Samp I e

EAA

Lys

His

Val

Thr

i 1e

Leu

Phe

Met

DAPA

7.92

1.30

1 .83

1 .50

1.54

2.39

1 .50

.64

.042

1 na

1.20

1 .59

_L . út)

a . ùÕ

á.l-¿

7 .32

.52

. 054

1 ,84

.|ù¿

1.74

1,.57

1 .53

t) 41

1 .43

.72

.068

1.76

r. .40

! . Õ¿

'I {Q

¿ . ,f.l

i {t

t7C

.09r

1.86 2.69

7.28 7.27

1 .7B 2.14

1 RÃ 1 ryAr. aù

1.55 2.L4

2.33 3. 18

7.47 2.24

.74 .31

.059 .030
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and then fillecl with ,s g of sampie as receivecl from the processof.

Tuventy bags of. each sarnple were incubated per trial along lrith truenty

empty bags ( blanks ) , The -blani<s rvere used io correct f or any f eed

particles and bacteria that adhered to the nylon. Five trial,s were

carried out at different rumen incubation iniervals: Trial l. * 16 h;

Trial 2- rzh; Trial B-Bh; Trial 4- 4rri Trial S -30h. To

estimate soluble DM and cir at time 0, rrdo bags of each samÞ.le were

rinsed in dist-illed water for 10 seconds. In total there were 140 bass

incubated per trial' The small nylon bags were contaÌned in [domen,s

panty hose durirrg the rumen incubatj.on periocl . Marbles lvere p1acecl in
the panty hose along with the bags to act as weights. upo¡ removal from

the ru¡nen, the bags were washed under colci tap rùater until the rinse

n¡ater was colorless, and then driecl at 60"C f or 4g lt.

Outfloss Rate

The outflow rate from the rumen of the f-i.stulated steers r.iras calculated
by injecting 250 m.I of chrontium ethylene cliametetraacetic acid (Cr-EDTA)

{Binnerts et al. 196t}) into the rumen of each steer. Fecal grab samples

{Grovum and williams 19?g) nere the. taken about every 4 h over a 4B h

period. The descending concentrations of cr in the feces were

transforned to natural ì.ogarithms and a series of linear regressions

were then perforned on the post--peak values (HartnelL and Satter j9T9).

The slope with the best fit fiJas then taken as the outflotq rate from the

rumen, see Appendix A. once outflow rate was determ.ined, the cumula.tive

percentage of N and DM c'iegradation t4;as calculateri acccrci.ing to the

nethod of Ørskov and McÐonald {1929).
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Chemical, and Stati.stical Árral.ysls

Þ'our bags per sampJe plus bi.anks frorn each trial were ana-lyzed for N,

DM' energy and lliaminopimeric acid (DAPA). Two bags per sample per

trial were analyzed for regurar amino acids, and 2 bags per sample per

trial were anaÌyzed for methioni*e ancr cystine. The entire bag and

sanple l';as suLrjected to KjeldahJ N ana,lysis (Association of official
Änalytical Ciremists 1980 ) . The entire bag anci samp.le r{ras analyzed f or

energy ( cal/e) usi ng a bomb cal orineter . Approxi mat.ery 0 . :ro0 g of

samp-le was femoved from each bag ancl analyzed for amrno acids

(A'ssociatir¡n of Official Analytical chemists 1980) using an amino acÍd

analyzer (Association of official Analytical chemrsts r98o). l,he

purpose of DAPA t'tas to esCimate bacterial con{-aminaticln, since DApA N is
about ' 6v" of total bacterial N (Hutton et al . 19?1 ) . The va j.ue otrtainecl

for DAP¡I N was divided by .6% to get a vaLue for bacterial N anct this
value u¡as then subtracted from the total N found in the bags, see

Appendix B. 'I'he DM' energy and essential amino acids (EAA) values found

for the bla.ks were subtracted from the i;otar of each bag, see

Appendix c. The percerrt disappearance of corrected N, DM, energy and

EAArs' were calculated from the proportion remaining after incubation in
the ru¡nen, see Appendj.ces Ð and E.

Results l'rere analyzed statisticarry by analysis of variance ro

examlne ciifferences between samples within each incubation interval.
with the student Neuman Kettlrs tesL useci to cûrûpare sample neans v¡ith

signif.i,cant values (snedecor and cochran 1980). Each incubation

interval rvas treated separately for statisticar. anarvsis.
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RESULTS

The rumen escape of N (0 h) rvas loruer (p<0.05) for t¡ço samples (A, û) of

cM compared with sBM (!'ie;, 1 ) . At 4 h, sBI,{ was similar (p<0. 0s ) to cM

samples B, c. At B h, all samples had sinilar escape values, except A

which had the lowest (p<0.0s) value. At la h, sBx{ hart the highesr-

(P<0.05) value' The CM samples were similar at 12 h, except A which had

the lowest (P<0.0s) escape va-Lue. At 16 h all samples were similar,

holvever, this was due to high standarci erroí.s _in the statistical

analysis of tiris j.ncubat-ion inte¡rval . At 30 h all sampJ es r,ùere s 1nj lar
with the exception of cM sample D, rshich had the hip;Ìrest (p<0.05) vaiue.

The rumen escape of IllrÍ for sampJ.e.A, was less (p<0.0s) at 0 ancl 4 h

conparecl wiLh the other c&l sampres (F'ig. 2). At 72 h DM was similar
(P<0.05) between cM and sBM. .At. ts h ÐM escape was similar (p>0.0s)

except CM sample D was liigher (P<0.05) than SBM. ê,t g0 h DM escape was

high (P<0'05) for all sanples of CM compared with SBM while CM samole D

hacl an evetr higher (P<0.05) escape value than the remainder of the CM

samples. At I h DM escape lolas similar alnong all samples, however, this

was due to a loss of clata resulting in a high stanclarcl error of 2.8.

The mean standard error for the other incubation perioris was i_.8.

At 4 h energy clisappearance (Tabfe b) was greater (p<0.05) for the

CM samples compared wittr SBM wittr significant but small differences

amon?; the cM samp.les. The dif f erences amonp_ samples appeared less at g

h; however eflergy disap¡rearance was greater for 3 of'tlre cM samples (8,

c, D) compared to siJM. At 12, 16 and {J0 h energy disappeararìce rq/as

si¡nilar or greater (P<0.05) for cM samples compared to sBM.

Rumell escape of lysine at 4 h was hig-lr {P<0.0s) for two cM samples
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Table 5. .[ nsacco di sappearance
in the rumen of steers
diet (%)

of cano ia meai anci
receir¡ing a irigh

6g

soybean meal energy
energy ano protein

Samp I e

Rumen incubation time (hi

4h th 12 h 16 h 30h

a

Èl

i)

F

SE

29 .2l)

32.Oa

30, 2ab

28 .4b

30.1ab

23 .3c

.6

20,6trc

23.8a

22 .7ab

23.Zab

21 . Sabc

19.1c

7

23 , 0¿ril

26 .3a

20. 1bc

21. Sabc

23.8ab

1-{ .6c

1.3

B.12a

11.6a

6.2a

B.3a

B.Oa

-0.2b

1.9

21 .]bc

33. 2a

30. Sabc

28. Babc

31.6ab

26.3c

7.2

a,b,c - Means in the same co,lumn with different ìeiters riiffer {p<0.0S )
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(B' Il) than sBM while all cM samples had lor":er (p<0.0s) histidi¡re escape

varues than sBM (Fig.g). Histidine escarre value from cM was oc

appeared to be less than from StsM at 8, 12 ancl 30 h intervals but not at

the 16 h i*tervat (Fig. 's s, 4, s) . In genera.l EAA escape of canola

neal A was less than the other sarnples except for- methionjne and this
tended to be true for the L2 h interval. Escape of cM methionine at 4 h

tended to be and was less (p<0,0b) at 12 and 16 h than that of stsM.

This difference was not apparent at g and 30 h of fermentation. At 4. B

ancl 12 h (Figure G, 4) rvith the exception of one cM sampJe (A) the rumen

escape of valine, tirreonine, isoJ.eucine, leucine anci phenyialanine from

cM and s[ìM appeared simii.ar whi.]e at s0 h the rurnen escape values

appeared trower for SBM compared with CM.

The effective degradable N for sBM appeared to fall within the

range of values obtained for CM (Table 6 - statistical analysis r{as nût

carrÍed out). The effective degradable ÐM in the rumen appeared Eo be

less for CM than SBM (Table 7).
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Tablr+ 6. ðffective ciegradabi-tity of canoia meal and soybean me;af N (%l

Sample

lì-1ow rate

K.O2/Yt K ,04lh K .05/h K .08/h*

¡ì.

B

Ð

c

F

62.0

52,8

49.0

45.1

60.6

53.9

5{ì.0

47 .3

43.9

43 .0

57.9

46 .7

56,0

AÊ A

42.1

42 .1

56.7

44. L

53.0

40.9

!)(}. ¿+

39.7

53 .4

38.5

+Act¡:a1 calculated va_lue obtained fro¡n dai:a.



Table 7. Flffective degra<iabiiity c_rf canoÌa meai ancÍ sovbean

nE<

meai DM (%)

I.'low rate

Samp-l e R .02/h K. .04/h K .05/h K .08/h*

B

D

T:)

F

67.O

62.9

64.3

57.0

61.6

ILr

60.8

s5.9

56.9

50.4

54 .4

68.8

s8.2

n1 e

53.9

47 .7

51.6

64.3

52. 1

46 ,4

46.9

+1, O

45.1

55.8

#Actual calculated value obtaineci from data.
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DISCUSSIO$

The vaLues for N and Ðlti escape in the rumen of SBM and 0M reported irr
this study, are similar to values reported by some other researchers.

ÐeBcler c't al . (1987) reportecl N escape for SBM at 0 and 4 h incuba.tion

to be 82 and 65% respectively. These values are sinilar to the values

shown in Figure 1, BS and ô9% respectively. Holtrever, the val,ues

reported by DeBoer et aL. (19s?) for B, l_z and 24 h incubation, ss, g9

and 24% respectivel-y, are Lower than those shown in Figure r. Ttre

values in F igure 1 r"or B, rz, and 30 ir incrrbation, are 62 , 64, ancl 3L%

respectivelv. Barrio et al. (1sS6) r'eported a N escape value from stll{

at 4 h incubation to be 68%. This is sirnilar tr¡ the value shown in

I'igure 1c¡f 69% for 4 h incubation. Hovuever, the values reported by

Barrio et al' (1986) for L2 and 24 h incubaLion,4g and 20% respectively

are -lower than the va-lues shown in lrigure 1. The values shown in Figure

1 al'e 64 ancl 31% for 12 and 30 h respectively. Comparing values at 24 h

and 30 h is justífied by the finding that measurements beyond 24 h add

little to the estimate of clegradability (Ørskov ancl McDonatd 19?9). The

N escape va-lues for sBM reported by Ha and Kennelly (19s4) at 4,8, lz
and 24 h were 70, 64,58 and 28% respectively. These values are simil¿rr

to the values shown in Fìgure 1 v¿hich were 69, 62, {i4 and sJ,% for q, 8.

12 and 30 ir respectively, Flowever, they reported a value of 92% for 0 h

incubation, which is higher.than the value or gB% shown in Þ.igure 1.

Ø¡:skov ancl Mcllonald ( 19?g ) reported v¿ìluc-s , f or sBM at B, g , 15 and 24 h

incubation, of 62, 41, 21 and 11% respectively. These values are a.L1

lower iiran those shorsn in Figure L, çvl-rich were 6g, 62, 40 and 3j.7" for 4.
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s' 16 and 30 h respectivelly. Howeverr, the values repor.ted bt¡ Ærslrov ancl

&fcüonarcl (1979) are ¿rl.so .lov¿er than those reported by Detsoer et al .

(1987)' llarr:io et a.l. (i9s6) and Ha and Kennelly (1984). The values

reportecl by DeBoer et al. (1987) were also lower than those reported by

Ha and KenrrelJ.y (19S4) ancl tsarrio et al. (19S6).

Sonte of the differences bet¡ueen researchers rnay be explained by the

use of IIAPA as a microbial marker. The data relportecì in this study fc¡r

rumen N escape ntay have been higher ir" IIAPA in the feed samp.le (Table 4)

had treen subtracted from the rumen incubaterl sanples. Recent research

{Nocek 19ss) has shown thai tire presence of DAPA is significant rn sofiìe

feeds, and therefore a correction must be nade for it. The presence of
DAPA' in feecls may be ait¡'ibutec.l 1-o the presence of bacteria in t-he feect.

and,/or protozoa, ancl also the presence of DApA in the cell walls of the

feed itself (ll.airnema and Theurer 19g6). At the time this study was

conducted, Ít was generaJly assuneci that ilApA in feed was negligible

{Rahnema and Theurer 1986), and therefore correction for DApA in ilre

initial samples was not carried out. The other researchers discussed

herein (Barrio et al. L9g6; DeBoer et at. 19BT; Ha and Kennelly 1984;

Ørskov and McDonald 1979) made no rnentÍon in thejr papers of the method

they used to correct for microbíal contamination, or if they even

attenp'i.ed to correct f or it.

DeBoer et al. (19{J?) reported DM escape values for
12 and 24 h to be 64, bg, 42,29 and 17% respectively.

0n 4,8 and 12 h are lower than those shown in Frgure Z,

s3, 53 and 5896 respectively. However the value for 24 h

ihe value shown fr¡r B0 ir in Figure ? î/ùhich was ir9¿. The

St.lM at O, 4, {J,

The values for

which were 85,

is simiiar to

val.ues reported
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Iry Ha and Kennerly (1984) for DM escape çuere 80, 62, 54,48 and 2()% at
il , 4, 8, IZ and 24 h respectively. The r¡alues at 4 anri [ì h are sjmilar
to those shov¡n in I''igure 2, hoq,¿ever t.rre varues at 0 ancr 12 h are rower
than the values in lrigure 2 and the varue at 24 h is higher, trran the
varue in Figure 2 for 30 h. Barrio et ar, (19g6) reportecr varues of 63,
42 antJ' 24% at 4, 12 and 24 h respectively. The value of 4 h is similar
to the var.ue shown in Figure z but the value at rz h is lower and the
va-iue at 2,4 h is higher tharr those reported in Figure z. The rralues
reporteci by Ha and Kennellv (19s4) and Barrio et al. (198ô) are sinrilar,
yet the values of DeBoer et al . (1gáÌ?) nre ]okrc'r than th'se of the other
researchers.

I'he 
'M 

escaÀle values for cM reported by De'oer et al . ( i 9g7 ) were
69, 59, 49, 31 a.d 772'" v¡ g, 4, 8, 12 ancl 24 h respectivery. Tire varues
show¡r in !'igure Z were 86, 67, 56, 59 anci 29%, respectively. The values
at 4 and B h Ir¡ere similar Lo those shown in Figure 2, however ilre values
of 0, 12 and 24 h are rower than.hose shown in F'igure z. Ha an.
Kennelly (1984) reported values of .r9, 63, 54, 42 and 2g% at 0, 4, g, 72

anð' 24 h respectivei.y. The vaÌues at 4, B and 24 h were sr.,nirar to
those shown in Figu.e 2, rrowever, trre varues at 0 and r.2 h were lower
than those in r+igure 2 . The va-rues of Delloer et al . ( 19s7 ) are again
-lower than tirose of other fesearchers.

Detsoer et ar. (19s7) reports an effective degradabre N value for
sBM at K = .05 to tse 76%. This varue is irigher than the varue reported
in Table 6 which was 44%. Effect.ive degradaL¡re N varues reporterÌ for
sBM by tsarrio et al, {19s6) range from 60--66% aL K = .06 and from 73_78%

at K = '03. These vafues are higher than those obtained for K = .05 anrl
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K = .04 in Table 6, çshich were 44.0 and q7.û% respectively. Ha and

Kennelly (1984) reported effec'tive degradable N values for SBM at K =

'05 to be 547", which is also higher than the vaiue reported in Table 6.

Stern et al . (19{ì0b) reported values rang.ing from 6lÌ*689ó for SIIM at K =

.05, also higher than the value reponted in T'able 6, Effective

degradable N for sBM at K = .05 was reported by Ørskov et al. (1981) and

Broclerick et al . (1989 ) to be 63% again higirer th¿rn the value reported

in TabLe 6. The differences with respect to effect-ive degradable N, may

be due to the fact that the other researchers clid not correct for

microbial contaminatiorr.

The effective degradable N value repolîied by Delìoer et a].. (Jgs7)

f or CM at I( = . 05 is 74%, again higher than T-he values reported in Tairle

6 witich ranged l-rom 42-57%. The effective degrariable N value repor.ted

for cM at K = .os by Ha and Kennelì.y (1984) was 66%, which is also

higher than the vaÌues reported in T'able 6 for K = .0s. The mea¡r of the

effective clegradable N values for cM at R = .05 is 4B%, this is similar
to the value of 52."6 reported by Broderick et al . (1gBB).

The effective degradable DM value for sBM of K = .05 reported

DeBoer e't al . (19s2) was g2%, again higher than the val-ue reported

Table 7 for K = .05 which rvas 64%. Ha and Kennelly (1984) reported

effective degradabre DM valu.e of 5g% at K = .05 for sBM. The v¡rlue

K = .05 is loçqer than the value reported in Table T.

The effective degradable DM value for 0M at K = .0b reported by

DeBoer et al. (1987) at 7av" is higher than the value reported in Tabie ?

which ranged from 41-58%. The effective ciegradable DM value for CM at

K = "05 reported by Ha and Kennelly (19sa) is s7%, Tiris vai.ue is

by

in

an

dt_



similar. to the values reported in lable ?. The

by most re-.searchers to date is ttrat. as or¡Cflow

ef f,ective clegradable N and DM clecrease (Fta and

al, L9B1; Stern arrd Satter 19S2).

80

g,;eneral trend re¡lorted

rate (K) inrreases,

Kennelly 1984; Ørskov et

The rapidly ciegradable protein fr-action (a), taken at 0 h, was

lowest for SBM, indicating that proLein in SBM was les;s soluble than in
cM. This was also reported by Ha and Kennelly (198a). The values i.rr

Figure 1 indicate that SBM ancl CM are not different with respect to N

ciegradability in the rumen, This is in co¡ttrast to the repott of Ha and

Kennelly (:1984) that states the N in fìtsM disappears at a s]"ower rare

than cM N during the first rz n, but that disappearance is similar

thereafter. !'igure 2 shows that while stìft{ hasr a greater ÐM

degradability at 30 h, SBM and CM are not ciii-terent wiilr resper:t to DM

degradabiJít¡r' This is similai: to what Ha and KenneJly (19s4) reponteci,

however they found that CM DM disappeared rnore at lZ h than sB¡{ DM. Ti-re

effective degradable DM values in Table -/ -inciicate that these sarnples ofl

cM were similar or sonewhat less degraciable than sBM.

These data, and the data of many ot.her researchers, further support

the statemetrt by setälä and syriåtä-qvist (1gs4) that incubation per'iod.

experimental animals, and different diets, can all affect the results

obtainecl with the nylon bag technique. l.urthermore, t-he nylon bag

technique onJy measures disappearance from the bag itself, and as

sltggested by Ha and Keunelly (1984) it is desirable to valiclate ilre

techtri.que by cornparing values obta-ined for the same feecis iir vivo.

Several r'esearchers have observed that rne l-irionine was the mos t-

easily degraded {lor,r escape value) amino acid in the runen {Setiålä ancf
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syriå1ä-Qvist 1984 ; varvikko et a] . 19sg ) . In this stucìv me t-hioniEre

seems to degraciel to the same extent as the¡ other anino acids a-t 4 h. and

in samples ts and F (sBM) it see¡ns resistairt to cìegraciation (Fig. g).

Methionine compared wjth the other ÐAA, except his.tidine, does appear ro

have a lower escape value at B h, for cM, however, metirionine has üre

lowest escape value cornpared with the other EAA's in the stsM. At 12 h

rnethionine has the lowest escape val-ue Ín sanrples A and C, but it seems

resistant to clegradation in the sllM. At 16 h, methionine has the

highest escape value in sampJ.es A, B and F (sBM). At 16 h methionine

iras the lowest escape val,ue in sample ü. At g0 h, methionine appears.to

escape to the same extent as the other amino acids in the CM samt¡les,

but it appears to have a higher escape va-lue compareci with the other

EAA's in SBM.

In addjtion to methionine, setät?ì and syrfå1ä*Qvist (19s4) founrl

that histidine was a hig'hly degradable (low escape) amino acid in feed

protein. In this study, histidine appearecl to have the lowest escape

value in the cM samples at 4, B and 30 ir (Fig.'s 3, 5). Hi.sticline

appeaned to have the lowest escape value fron cM samples ts, D and !l at

12 lr and from CM samples A, B and D at 16 h (¡-ie. 4).

The observation has been made that valine and isoleucine of CM

protein were resistant to ruminal degradation (Lewis and Emery Lg62;

SetälÍi anrl S¡rrjälä-Qvist 1984). At 4 h (f ie. S) vaJ.ine appears to have

r: liigh escape value in samples B and c, however it appears to degrade

to the sarne extent as the other amino acids in thr_'cM samples at 4 h.

At 8,'J,2, 16 and 30 h, valine anct isoleuc.ine appear to be degraded to
'the sane extent as the other amino acids in the cM sampJ_es (Fig.'s B, e,
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5).

Lysine com¡rarecr wi Èh otrrer EAA's appears to rrave the ]owest escape

value in SIIM at 4, IZ, 16 ancl 30 h (Ì"-ig.,s S, 4, S). Methione compared

tt¡ith other EAA's appears to have the highest escape value in sBß{ at 4.
72, 16 and g0 h (F.ig. rs S, 4, 5) ,

It luould seem that conclusions reached, rtrith respect to tsAA escape,

using the tryLon bag technigue are in disagreernent r¡¡it¡ those reached

using more conventionar methods, However, the escape of the t[{o most

limiting amino acicls for ruminants, methioníne and lysine, are sj.milar
between 0M and stsM for 48 and 30 h incubation using this method.
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A,BSTR,&CT

The "Mor¡i'e Nyro. Bag Tecirnique" çvas used tû compare the

digestibi I i ry of canc¡ia mea.r and soybean meai. protein , dry natrer .

energy and essetltiat amino acids in the lorver digestive tract of steers,
A sanple of canola meal (cM) was obtainecl fron five different processors
and a sample of soybean meal (sBM) was obtaineci from a processor 1rl

Altona, Manitoba. Five tria]s were carried out at difìferent rumen

incubaticn intervals: 0 h; 4 h; B h; 12 h; ancl L6 h, ,the bags were

then incubated j,n pepsin-HC-r. sorution for 3 h at 39"c to sinurate
abomasa.L digestion. tr'he bags were then arrowed to pass through the
1ov¿er digestive tract of rìuodenar cannu-ra-i-ed I{orstein steers,
subsequently coltected i¡r the feces, and trnalyzecr, Nitrogen, DM, and

energy d-igestibility of sBM, is greater (p<0.05) than that of cM in the
ìower digestive tract-. This dif f erence cou ld l¡e accor¡nted for by a low
digestiblLity of rapeseecì hu-[s. Hssentia], amino acids had

dieestibilities that were greater. (p<0,05) f¡om sBM than from cM in tire
lower digestive tract, except: methionÍne at 0 h; methionine at 4 h;

lysine' histidine, valine, threonine, isoleuci¡re, leucine and meürioni_ne

at t h; lysíne, histidine, phenyralanine and methiclnine at 1.2 h; and a1l
EAArs at 16 h' There was a trend that the longer cM is retained in the
rumen, the less digestibl,e the N and DM becomes in the Lower digestive
tract ' a trend that wou-ld be expectect if lolnr digestibiLity hulls make up

a greater proporti.on of the digesta presented to the lower digestive
tract' soybean hulr-s are readily digested by ruminants. Bnergy

di'gestibili ty in the lower tract a¡:peared to increase as reten.Ljon time
increased for both cM and sBM. Rumen retention (fernentation tirne) h¿rd
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no r$jgnificant (P<Û.05) ef fect orr dígestitrì1ity of most El\,Ars L'rom both

cM and stsM. F{owever, again a generaì. t¡:enc,[ appeared that althoush

digestibilitv after 4, tì anci 12 h did not differ much, digestibilitv
after 16 h tended to be reduced in trre rower digestive tracL.

I$TRODUCTION

The suppry of nutrients, sucrr as amino acids, to the smarl

intestine of a ruminant animal, is determined by the amount of cÌietary
nutrients that escape rumen degradation and nricrobiai synthesis of
protein' The extent to which nutrients such as proteins and anino acids
are broken down are influetrced by factors such as residence time in the

rumen' protein structure, sorubility and processing techniques.

'lo ctate litile luork has been tlone on the guantitatÍve absorption of
nutrients, particuiarly amjno aciris, fron the small int.estine of
ru¡nina¡rts ' clarke et al . (1966) cliscusseti the absorption of inctividual
amino acids fron the small intestine and found that essential amino

acids were preferetrtially absorbed over nonessential amino acids. This

has since been confirned by coelho ria sirva et al. (rg7z), purser

(1970), and van't Klooster and Boekholt (19?2). In general, the order

of aminc¡ acid uptake for sheep has been found to tre similar to that of
¡nan (Bull et al. 19ss). However, much of the information so far has

been based on in vitro studies, and the in vivo rvorl< t.hat has been done

was performed otr sheep. The biggest problem to ciate has tteen the

partitionìng of bacterial crude protein from undegraded feed protein, as

well as to estimate endogenous conl-ributions. These problens have made

difficult tfre quantitative measurement of nutrients available for
absorption from the snall intestine of rumjnants.
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A more accural-e nethod for determining the true digestibiJit.¡r 3¡
¡rut'ients is required. A procecirl.e recent.ry deveroped by sauer et a_t.

(1983) for pjgs, rnay be ther nrost sr¡itabje method to date for deïermrning
digestibility in the lovrer gastro-intestinal (GI) tract of rurninants,
sauer et al ' (19s9) insert.ed snrall nylon bags con'taining feerf samples,

into the duodena of pigs, subsequently recoverect the bags from the feces
and determjnecl digestibility. This technique has since been nodified
for runtinants (Kirkpatrick and Kennelly 19s5), and n¿rmed the ,,Modified

Mobile Nylon Bag Technique". It has since been used successfurly by

lle.oer et aL (198ô), KÍrkpatrick and Ke'nerly (19s5) and Rae ard
Snithard (19Ss).

The objec'cive of this study was to determine the ,,true,,

digestibititv of p'otein, dry matter (DM), energy, and essential amino

acids (¡ìAA) of canora meai and to conpare these 
'r,ith similar

measureme.ts on soybean meal using the "Mobir.e Nyron tsag Technique,,.

Also, to determine the ef.freci of. ru¡nen retention tine on the
digestibjlity in the small intestine of nutrients remaining in the bag,

MATERIALS ANÐ WETHODS

Animals and Diets

Two rumen cannu]-ated steers and three duodenalry cannulated

Holstein steers trere used in this stuciv.

The rat_ions were fornulated to meet the energy and

reguirements (19% Cp - 14% Cr^) of high producing ciairy
Manuscript I. FIay and concerrtrate were fecl acl libitum
twice daily.

prote in

cot{s , see

in a 40:60 r-atic¡

A sample of canora meal (clf) was obtained from five different
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llrocessors alìcì designateci A, lJ, c, ij ¿rncì E {Tabje g) (see Appenciix F j.

A. soyi:eian meai (SEIM) sample was obtainerì lrom a Ðrûcessor in sout-irern

Ùianii,oba, and desisnateci l.'.

Small nyj.on bags (13.5 x 5.5 cm ) were macie by ireai-sealing pieces of

nyion w.i tir a pore size of 50 microns (Felco Inoustries ) . .I'he bae-s l,uer.e

weighed and then filled with .5 g of the sampie as it was received from

the processitrg pIant. Twenty i:ags of each sampie luere incuitateo per

trial, along with twerrr:y empty bags (blanks). The blanks were used to

correct f or any f eed particles tirat aclirered to or entereci the nvloll

bags . I+ir¡e trials were carried oul- at dif f erenr rumen j ncuba,tion

j.nt-erva-ls: 'l'rial 1, 16 h; Triat Z, 12 ir; Trial S. 8 irr; Trial 4, 4 h;

T'rial 5, 0 il . Ihese triai.s rvere tarr. iecÍ out. at the sa¡re i-i¡ne as t-hose

in Manuscript i . i¡r to tai ther.e were i4u irap_s Ðer rriai .

After l^enova-i f ron the rumen, these baÉds werc-. rncubated in a fiepsrn

* HC1 soiution (1 g pc-ps in per i . û1 l'{ fiClL ) f or íj ìl at 39"C to sinuiate

abomasal ciigestion. After pepsìn -'FiCl incu'oation l-he bags were placed

on ice at 4"C. The bags were the¡r insertecì into the proximai duocienu¡n

ai. the rate of 2 per h. The bags were subsequently separateci fron the

feces, r:sing a 30 x 60 x s0 cm wooden'box with a .6 cm screen in the

botto¡n. The fecal material was shovelled i.nto the box and then washecl

through the screen wj.th a garden hose, wir-ir tire bags renai¡i¡g on tire

screen. Ï'he bags were wiperi dry wiih paper toruels and therr {ried a1

60'C for 48 h.

Chemical and StatisticaL AnaJ,ysis

Four irags per sampie per triai were ana jyzeci f or lr,l , IlM, energy and

diaminopi-meiic acid (DAPA). Two bags per sample per trial were ana-lyzecì



Tabie 8. Ana-iysis of canola meal ancl soybean meaj

{iB

snmpies (as fed) (%j

Sam¡r I e CPDM

ADF
(e6 DM )

ADIN
(.'r DM )

.{DIN
(7. I{)

Energy
1 i<cal /e )

ft

U

u

F (SBM)

92.9

97.6

97 .7

s4 .4

94.5

91.5

12 .1

15.5

1J. _t

1,4 e

13 .7

.1 .4

1.8

2.O

2.3

3.0

2.3

2.2

72

t-o

1t)

10

1tJ

38.1

35.8

38.3

39.8

37 .7

45 .7

.+.¿

4.3

A'

4.3

4.2

+.á

A,Il ,C,D,E * Canola meal sampJ_es.

ir - Soybean meal sanrpie.
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f or nelth j onine and cyst-ine anrl 2 bags per sample per tr j ¿¡l were ana-l vzecì

for the rernaining EAA (see Manuscript r). The percent di,sappearance oË

corrected N, DM, energy anct EAA's in the rower digestive trac1-' were

ca-lculated by subtracting the proportion remaining after fecovery from

the feces, from the proportion remaining after recovery from the rumen

{see Manuscript I ancl Appendices D ancl E). Rumen digesta and fecal llfr{

rì¡ere corrected for DM found in the blanks, see .qppendix c. Rumen

digesta and fecal N were corrected for bacterial N as calcu.Lated from

DAPI\, see Appendix B.

Results were anar,yzed statisticartry by anaJ.ysis of variance to
exantine dif ferences betr¡leen samples within j.ncubation interval , with tire
fìtudenl Neuman Keuls test used Lo compare sanple means with sÍgnificant
1.' vaLues (snedecor ancl Cochran 1980) .

RESUTTS

Digestibility of l{utnients f¡o6 ftr¡msn Residues

with no rumen incubation, N from sBM was mclre digestible (p<0.05)

than N froln cM sarnples B and E (Fig. 6). After 4, {J and 12 h rumen

incubation, sBM N was more digestible (p<0.0b) than N froln any of the cM

samples. Nitrogen digestibirity among the cM's were not different
with the exception of cM c and ts at 12 h. After 16 h runen incubations

sBM N digestibi I ity was simi lar to cM samples c anci Il , There we'e

differences among cM's after L6 h incubation, sample A FJas different
f rom C ancl D.

Af'ter 0, 4, 12 and 1.6 h rumen jncubation

more digestible (p<0,05) than DM f,rom any of

exception of sample C at 4 h (Fie. 7). There

periods, DM from SBM was

the CM sanples with the

ü¡ere no significant
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{P>o'05) differences in ÐFI ciigestibility aïnong the CftÍ samples with the

exception that CM sanples D anci ll were nore digestible (ir<O.05) than Cl{

sample B a1- 16 h. 'I'he IIM digestibility data ai- B ir was not

signif i cantly <i j f f erent-, horoever, again this was ciue to a loss of bags.

The statistical analysis had to be performed on 2 bags per sample,

instea<l of 4' This resulted in a standarci error of 1L.S0, compared with

a standarcl e¡:ror averaging 3.30 for the other. incubation intervals.

Energy digestibility was Lower (p<0.05) for clvl than sBM with B, la,
and L6 h rume¡r incubation periods (Table 9). Tirere appeared to be an

increase of energy digestibility for 16 h rumen incubation samplesì over

4' I and L2 h samples. Relative to N and DM the digestibility values

for enengy are very low but similar for the 4, g ancl 12 h rumen

fermentation samples r,{ith an apparent increase for the L6 ir rumen

samples.

Itlith no runen f ermentation prior to pepsin-IIC1 riigestion lysine,

histidine, valine, threonine, isol.eucine, Leucine and phenylalanine

(Fie. B) were more digestib.le (p<0.05) from sBM than any of the cM

samp.ies which were al-l similar (Fic. B). Digestion of methionine

however, was similar (P>0.05) for CM ancl SBM after o ancl 4 h incubatjon

(Þ'ig'B) with a trend of Lower methionine digestibiLity for CM samp.les

at I and 12 h incubation (Fig.,s B, 9).

The digestibility of lysine, histidine, valine, threonine.

isoleucine and pheny.iâlanine af'ter 4 h incubation rlrere all mc¡re

digestible (P<0.05) frorn SBM than the CM samples rqhich were simitar røith

a few exceptions (Fig. B), At B (Fig. s) of incubation, EA,A digestion

appears to be lower for samples A and B compared ç"rith the other cM



û'ì

TabJe 9. i.'he i¡isacco dip_estibiiìty of energv fron
residues of c¿¡noia meal. anci sovbean meai
digestive tract (.¡"i

runìelì undegraded
rn the lower

Rumen .inr:uoation time (h)

SanÞ I e
16I¿

ts

u

E

É.

qË'

33.3a

36.8a

32.7a

33.0a

33.1a

35.8a

7.4

10.4aD

14. Lab

1O. 1ab

72.9aY¡

7 . O'ir

23.Oa

o1
ù. L

14,0b

8.7t)

10.3b

12 .2b

9.Bil

28.2a

1.6

i1.3b

6.2b

12.5b

13.2b

8.3b

23,3a

2.4

27 . Ol)

33.6b

24 .5"t)

28.8b

26 .41t

6.0

ä,b - Means in tire same coiumn with different ìetters differ {P<0.05)
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sampies.

lhe data suggest that at g and 12 h (F'ig.,s B, 9) EAA, except

methionine , had digestibi i ities tirat lJere greater f rom SIIM than f ro¡n CM

a]though the differences are not aJ_ways signif :'.cant (p>0.0s). At 12 h

valine, isoleucine. leucine and threonine ai1 hari dip;estibilities that

were greater (P<0.0S) from SBM t.han from CFI

Effect 6f ftuws¡1 Retention Tiøe on Ðigestibility

The effect of rumen reten'tion time on N rligestibility (Tab1e 10)

was nteasured, however, the data must be vieweci witir caut -ion because each

rumen lermentatjon time represents a trial carried out on a rìiffercrri.

day. These clata suggest a general trenci for cM, though not aiways a

signÍficant one, that the J.onger cM is retained in the rumen, the less

available the I"1 becontes in the lower digestive rract (Table 10 ) . This

irend was not apparent for StsM N except at 1ô h.

Runen retention tine did not appear to have an effect (p<0.0b) on

stsM DM digestibì.lity (Table 11). For cM, a retention time of L6 vs 4 h

resulted in a significantÌy iower (p<0.05) ÐM digestibility of sample A,

fl , C and Il wi'Lh a similar trend for samnl,e E.

Energy cligestibility (Table 12) in the lower GI tract appeared to be

Low compared with that of DM (Table 11). For cM samples a, c, Il and !1,

and silM, a runen retention time of 16 ir comparecl with 4, g or r.2 h,

resulted in a significantly higirer (p<0.05) digestibirity in the lower

digestive tract.

Rel,ention i,ime of. cM sampJ.es A, c, D, IÌ hacl no significant (p<0.05)

effect on the ciigestib.iiity of EAA with rhe exceptio¡ of sam¡:.ie C and D

.leucine, D and Þl methionine and Iì hisi-icline (Tab_les 13, .t_5, 16, 17l.



Ta-ble i0. The effecr- of rumen rerention
_loçver digestive trac.l (%\

g1

iine on N <iigestibiiitv in Lhe

Sanrp,ies

íletenr i on
rime (h)

.L¿

to

SÈJ

iì4.0a

81.0a

77.Oa

56.0b

¿.(t

84. Oa

80.0a

74.Oafs

6ô.0b

'1 ô

87.0a

84.0a

85.0a

75.0b

1.5

83,0

80.0

80 .0

75.0

1.5

Éi3.0a

83.0a

79.0a

67, CIb

lo

95.0a

94.Oab

96.0a

89.0i)

() ll

ä,b - Means in the same column hrith different letters differ (p<0.05).
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1'abl e 11 . The ef f ect of
digestibj lity

rufiìen retent.ion t ime on insacco iJM

in the Lower digestive tract (%J

Sa¡ntri es

Retent-i. on
Ti¡ne ( iì )

4

I

1.2

16

SE

60 .7

51 . 1ab

51.8ab

39,0b

4.8

57.0a

52.0a

5ô.6a

29.6b

a/1

69.1a

33.Sil

58.8ab

37 .2'b

u.4

Éi4. €ìa

50. ôa

62.0a

4,(i .4b

ù.ô

64 .4

s2.3

48. 0

47 .6

6.4

80.6

rJo . .J

82.O

84.5

io.8

a'b - Means in the same co-lumn with rÍifferent letters differ (p<0.05)
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Tai¡.le 12. The ef f ec t of
ciigestibil j i:y

rurnen retention time on
in ihe Iov¿er riigestive

-insacco energy
tract (%\

Sampì es

Re tention
T.ine (h )

/1

I

1¿)

_to

Jtr

10.4b

14.0b

1:1 . 3b

27.Oa

2.1

14.1

o17

6.2a

33. ô

t..f

i0.1b

10 . 3'lr

12.5L)

24 .5a

t.t7

1.) Cl

L2 .2'.)

r.5.2b

2B.Ba

2.I

7.0b

L Bt)

B.3b

26.4a

2,8

23.0b

28 .2t)

2í:i.3b

55.0a

2.t)

â,b - Means in the sane co_lumn with rjifferent .letters dif f er {p<0.0S ) .



Tai¡le 13. 'l'i're ef,r"ect of
digestibiiitv

rumen retenti.on time on
in the I ower ciigestive

i i.)0

rnsacco fll\A
'tract f rom Sampie A (9; )

Essential amino acids

Retent i on
Time (h) Lys His Val Thr Ileu Leu Phe Met

A

I

.L ¿,

tô

SE

84.7

64. 1

tt).¿

ô5 .6

-i .6

86.8

62.8

85.0

55.0

11 .5

85.'/

58 .0

72 .5

72 .'.i

7.3

85.1 84.7

57.9 5¿J.9

76.9 ö2.1

65.3 67,5

8.6 8.3

85.5 ?9.8

ô8.9 7t.4

81.0 66.7

77.4 84.9

4.6 7,I

86. 6

()¿.Y

80.3

65.4

7.A

a - Means 1n the same coÌumn wil.h rtifferent -letters differ (p<0.05)



Tai:ie i4. The effect of
rilgesiíbi1Íty

_r0i

r'ufiìen rerention tinre on insar:co LìAA
i.n the j.ower digestive tracl- from Sainple B (9,"1

Hssenl-_ial anino acicis

Reten.tion
Time (h) Lys His Va1 Thr i leu Phe Met

4

Õ

L2

16

SB

84.9a 86.7a

{ì0.2b 70.1b

81.4a 88,4a

64.0b 57. Oc

3. S 2.7

82.2a

58.3b

83. tìa

60.3b

3.5

82 .2a

52.8b

84.0a

59.4b

3.9

81 .3a 82.7

61 . Bb 62.7

82.2a 86.7

58. ?b 53.7

s.9 5.8

81.8ab 76.4

ô7.6b 59.9

85.5a 55.7

70.1tr ô6.1

2.9 10.7

a't]'c * Means in the same coìumn with riifferent letters riiffer (p<0.0s).



Tab,ie i5. 'i'he ef f ecc of
ciigestibl iit.y

102

runen retent:ion tinre cn insacco EAA
in the lower ciigestive tract from Sampje t (%)

Re tent i on
Time (h)

Hssentiai amino aciris

Lys His Val Thr I-leu l,eU Phe l{et

^

T2

16

SE

87. I 90.6

86.3 88.0

81 .4 88.4

85.3 76.9

3.5 2.5

BB.2 B7. B

84.2 90.2

84.0 82.2

77.9 77.6

3.3 2.6

90.3a 89.1 84.0

uB.2a 85.6 Z6. g

86.7a 85.5 55.2

73.4b 85.7 91 .7

2.8 3.4 12.9

89.0

87.0

83. ô

82.9

t.l

a'b * Means in the same coLumtr with different letters differ (p<0.0b).



Tai:.le 16. The ef i-ect of
diges't.ibi iii.y

rumen re.ceni:ion time on
in the iower ciigestive

10s

rnsaccr¡ iiA.A
tr¿¡ct from lìanrple D (%.ì

Hssentia.l aminc¡ acicis

Retent ion
Tine (h) Lys I{i s Val Thr -ì. leu Leu Phe Met

4

o

12

16

SE

87.9 91 . r.

79.7 43. ô

81.6 88.2

7B. B 76.5

2.8 21.8

86.2

O4 , LL

¿J4.9

80.3

â,¿

()I. t

80.5

85.7

7't .9

ó,t,

BB.2

81.9

86.L

78.8

2.9

9O.2a 88.0

83.4b 82.7

88.8a 78.2

74.8c 86,2

1.3 5.8

82.9ab

7 7 .71)

85.7ab

94. 1a

1.8

a,b,t - IVleans in the same column with different letters rÍiffer {p<0.05).
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digestibi lity

rumen retenLion time on
in the Lower digestive

i04

insacco EAÁ
tract from Sample E (%)

Retent -i on
Time (h)

!ìssential amino acids

Lys gi.-
ttlù Val Thr I leu Leu Fhe Met

4

ú

I¿

16

S¡;]

88.?

80.0

78. i.

79.8

,ì ,:

Éì7.5

84. B

80.2

81. i

'). ã

tjg.5

öo.()

tìl. û

74.5

4.0

85.3

86.1

80. 5

87. 1

l_ .8

90.0a

BB,7A

82 .2a

14.8b

1.9

8s.7 87,3

82. I 81.9

80.4 Bû.2

79.4 ',l4.6

at.J1

88. 7a

65.1b

68. Ob

80.4ab

4.O

&, il - Means in tire same co-iumn witl¡ rlif f erent letters dif f er (p<0. OS )
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Rumen retentíon ti¡nes of g and 16 h for tM sample ts (Table 14) appeared

{P<0.01) to reciuce EAAs digestibility cornoarect with 4 and rz h. A

similar though nonsignificant (P<0.05) result was noted for CM sanple A

(Table 13 ) . 'I'he chang;e f or methionine dici not appear to f ol1or¡¡ a s imi lar
pattern.

Digestion of EAA's from sBM appeared uniformly high and not

different (P>0'05) with rumen retention time al"tirougir there appeared,

except for leucjne, to be a uniform non-significant decrease after 16 h

rumen incubaiio¡r {Table 1g).



Table 18. The eLfect of
rÍigestikri.l ity

rumeTì rete¡rtion iirne on
r"n ihe iorver ciigestive

i06

insacco ÉlAÄ

tract from SBM (tr) (%)

Re tent i on
ïi¡ne ( h )

Llssentia,l amino acicis

Lys His VaI Thr IÌeu teu Phe Met

t1

I

72

16

SÈ]

96.5 97 .7

96.5 91 .2

94. J 93.5

89.7 84.3

1.9 4.L

ori ¿:

95.4

93.5

83.8

¿.3

96.ta

96.5

93 .7

85 .0

3.7

96 .2

97 .3

44.2

83.6

\t.¿

96.3a

97.0a

94.5b

fì'/ .0c

o,2

96. ? 83. t

9',7.3 19.2

95.4 94.1

84.6 90.0

4.2 8.3

a,b, c * Means ín the si¿me co-iumn with diÍ.fe::errt let-i:ers ciif.f er ( P<0.05 ) .
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ÐISCUSSXON

The values of N digestiirility in the lower digestive tracr reporteci

in this stuciy' are similar to the values reported by other researchers.
Rae and smitirard (1995) , using tire modif iecr mobile nyron bag technisues

reportecl that the i{ digestibility of CM at I h rumen incubation r¡¡as

79't%' ar' 72 h it was 74'5% and at 24 n 56.9%. 'Ì'irese vaiues are simitar
to those reportecl i.n Figure 6 which were g1.iJ, 29.5 anci 67.s% for B. rZ

and 16 h respectiveì-y' A.lthough values for incul¡ation ai 24 h were not
reported here, the same decreasiirg trenci ín ciigestibitity can be seen bv

comparing :16 ir values to 12 h vaiues . Rae and smi.i:harci ( 19g5 ) reporteci

that the N digestibilicy of'sBM at I ir was 90.5% and ss.5% at iz h. The

value for B h is simitar to the one shown in rigure 6, gs.1%. Hohrever,

the value for 12 h is iower than that reported in this stuciy.

Kirkpatrick and Kennerry ( 19s5) , also using the rnobile ny_Ion bae

technique, reported N digestibili.ties of 20.ô% with a ciietary protein
levei of 1ô%, and öz.gv" with a dietary protein ievel of r.gu", for cM.

The N digestibility of stsM was 71..g"/" at a dietary protein level of 15%

and 79.496 at 19% protein (Kirkpatrick and Kennelry 19ss). other

researchers have a-1so reported that the longer cM is retained in the

rumen' the less availabi.e it becomes in ¡:he rower digestive traci-

{DeBoer et al ' 1986; iìae and smithard 1985). This trenci is not apparenï-

for sBM (ÐeBoer et ai. 19s6). The ciif ference in huli ciigestibirity Í.or

CM anci StsM may explain this differencÉ) between 0M and SBM.

Energy digestibirity (Tar¡i,e g, iz) appears i-o be Ìow usins i_ne

mobiie bag technique. Iìunen fermenl.aLion times ol 4, g or 12 h haci
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little ef f ect on energy digesr;iï:iì.i ty in tire iower Lìt tract. Tire Lô ir

rumon fermentat-ion resui.ted in increased (p<0.0s) energy digestibility
compared witii tire 4, g ancl 12 h fernentation periods. It was shown

previously in Manuscript i that energy disappearance from the samples in
the rumen incubated for 16 h had an apparent lower energv digestibility
compared with incubation periods of 4, g, 12 anci 30 h. This may not be

a rear difference. It may be experimentar variation due to the day

that the rumen fermentation was carried out, or <iue to the type of
forage (alfalfa vs brome) the cannurated steers received.

Huil digestíbility may expiain the difference in rÌigestibilìt¡r
between CM and Siltl . Limiteci research (S. ?homke, personal

communicat j on ) suggests that rapeseecÌ hul -ls are 25-30% ciigestib j e . ,i,hel

hull fraction of cM could make up a sign,ificarìt proportron of tire

resiciue leaving the rumen antl an even larger proportion of the fecal
resiciue. In general, cM contains about gov" hulls (Bel1 r9s4) which

contain 74% c'P' of which 1o% is available in the fower cligestive1-ract

{8e11 1s84).

Lower GI tract DM and N digestibirity appeared to decrease with
longer rumen f,ermentation periods for cM but not for sBM. Digestibility
of nethionine appears to be equal from cM anci sBM even though other

EAA's tend to be less digestibte in cM. ,1.hese differences may be due to
the relal.ively low digestii¡ility of CM hulis conpareri with SBM hulls.
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GENERAI, DISCUSSION

Nyion tsag Technique

The supply of arnino acids to the snaÌl intestine of runinants is
determined by the amount of dietary protein r-har escapes rumen

degradation, and the quantity of nicrobial protejn synthesized rn the

rumen. To date, many systems have been proposeci to evaluate diet.arv
protein suppiv to the lower digestive tract in ruminants. These include

the ig vivo. method, the !g y¿ffp. method and, ntost recentjy, the in situ
rnerhori, or nylon bag technique.

The in vivo methoci .involves col iection uí tiigesia post.-ruminal lv
ancl surgical prepai:atio¡r of the animals witir various rypes of cannulae,

in the omasum, abomasum, or proximal duocienum. T,he collection oi-

duocier¡al flow can give an accurare estimate of the quantity of protein
passing to the smalj intestine from the r-umen.

ln vitro- techniques inciude: ammonia release using rumen inocufum:

nitrogen sotuirility in buffers; and ammonia plus total amino acid

reLease in rumen inoculum. The amnonia release technique has fallen
into disuse largely because the results were interpretecl without regard

for microbial uptake. TTre problens with nitrogen solubility are that
the proportion of soluble nitrogen for different feecis may be similar in
different solvents, and the proportion of soruble nltrogen for the same

feed may differ in dif,ferent solvents. The amino acid ptus ammonia

release technique is a neu¡ system for estimati.ng ruminar protein

degraciation rate. To date resulr.s obtained f ron this cecirnique

(tsrocierick anci craig 19s0) have been comparable to those prevìousJ,y
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reported f ron i¡r vivo stuciies. This mei:hod may leacr ro more accurare

estimates of degradation rate, however, it stili requires modificatjo'.

The preferred method to date, of oetermining protein ciegradability,

is the in situ, or the ny-Ion bag technigue. I-his simple technique

allows for the rapid determination of rate of degraciation and rate of
passage' which cannot be cieriveri from eitherthe in vivo or irr vr_Ltq

tecirn-iques. The results reported in this study, using the nylon bag

technique, indicate that Cld and StsM are not different wÍth resÞect tcr

nitrogen ciep;radability in the rumen. Tiris observation is supported bv

ila anrl Kenne-lly (19s4) for samples incubated tor iZ hrs or nore, but not

for less than 12 hrs' Ha and Kenneily (19s4) observed that at jess than

12 hrs' stsF1 nitrogen riisappeared at a slower rate than cM nitrogen.

Ilolvever, it is important to remember i:hat if DAPA is useci as a marker

for microbial contamination it nust be analyzed for, and subtracted

from, the initial feeci samples. canola meal and SBM were similar with
respect to DM degraclahril.ity and Ha and Kennelly (19g4) have reported a

simii.ar r-esult.

rhe results reported in this study, using the nyJ.on bag technique,

show that at ali- incubation periocls EAA ctegradation is simiLar from both

CM anci SBM' However, the order of degradation of EAA is different from

that reported by other researchers. other researchers have reported

that nethionine is the most easii,y degraded amino acrd in the rumen

(setä1ä and svr.iål?i-Qvist 1982; setätå and syrjäi'á-Qvisr 1984; Varvikko

et al. 1983). In this study the degraclabjìItv of nethionjne was similar
to that of other am"ino acids, except at B hrs where it did appear to L¡e

more degradable. flowever, Ín sBM, methionine appeared to be the mosc
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resistant amino acid at 4 l'2 16 and 30 hrs. valine anci isoleucine of tM

protein Ìrave been reported to be tire mosi: resistant to ruminal

degradation (Lewis and Hmery 1962; setärä and syrjårä-qvist 1984).

However, in this stucly there were no ¿ìpparent differe'ces between valine
anci isoleucine degradability and that of the other EA1-r,s. Histidine was

found to be the most degraciabÌe amino acid from CM at 4, g ancl 30 hrs,
anri this observation is sttpportecì by that c¡f setälä an¿ syrjätä*t¿vist

{1e84).

The data reporteri in this study, and that reported by other
researcirers, sr,pporrs the statenent that the nylon bag technique only
measures <iÍsappearance from the bag itself at a partlcular point in
time ; experimentai- anintals anri the various diers used can al l af f.ect ihe
results obtained using this technique (setlira anrl syr.iäÌåi-Qvist 1gs4).

Furthermore, it iras been suggested by Ha anci Kennelly (19g4) that the

nylon Trag technÍque can only be vaiiciateci by comparing results obtained

fron it, to results obtained for the same feeds from j.n vivo Lechnigues.

The nylon bag technique is sinple to use, and ar.rows ior rapid
determination of rate of degraciation of protein sanples at a particular
point in time, however, care must be taken in the interpretation of the
results obtained.

Mobile Nylon Bag Technisue

It is ciifficutt to quantitare the aosorption

particular_iy amino acids, from the small intestine

biggest problem i-o crate has'been the partiti-onins

protein fron undegraded f: eed proteirr. A proceciurr:

of nutrients,

of ruminants. 't,he

of bacterial crucie

recentiy cievej.oped by



i72

sauer ei a'[' (198í']) for pigs may be the most suitable method to date for
determining true ciigestibility. It has L¡een modified for ruminants

{Kirkpatrick and Kennellv 19t}5), and named the "Mociified Mobile Nr¡ron

tsag Technigue." rt has been used by DeBoer et al. (19s6), Kirkpatrick

and Kennelly (1985) ancl Rae anci smitharri (19ss). The procedure invoJves

isolating a small feed samp].e (7-z Ð in a smari nylon bae (3.5 x 5.5

cnl) and following it through the entire digestir¡e tract. The animals

must be fitteci with runen and duocienal cannui.ae. The nylon bags nust be

incubated in the rumen for a predetermined length of time, removeci ancl

incubated in pepsin-H01 solut,ion for 3 hrs at 39o C to sirnulate abomasal

effects, tfien inserted inro the snal.l intestine vra the duodenal

cannula, and finally collected in the feces abour_ 16-20 hrs iater. This

technique is encouraging as it yieiris lor,,rcr.c¡:ac't digestib.ility resuits

that are símilar to those obtained througir conventional methods.

The results reported jn this study show that both N and IJù{ were

more digestible in the lower tract from sBM than from cM. This rs

supported by Kirkpatrick and Kenneily (19s5) and Rae and smitharcl

{1985). This study also shows that the longer CM is retained in ilre

rumen, the less available cM in the digesta becomes in the lower

digestive tract' The trend üias not apparent for SBM. This observation

was also reported by ÐeBoer et al. (1996) and ltaei and smithard (19sb).

The results reported in this stucty show that at 0 and 4 hrs, ali

EAA, except Met were more digestible from sBM than fro¡n cM. At I hi:s

a]'l EAA, except Met and Pire hacl digestibì lities that were sinriLar f rorn

Ìroth StsM ancl CM. At 12 hrs Lys and Met digestibiljties were sjmilar

frorn both sllM and cM, ancl val , Il,e, teu and rhr vüere rnore dip:estibte
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i'¡rom SBM ' At i6 hrs, all EAA had s:imil¿rr ciigestibilitj.es from both SBM

and CI{. Tire effect of runten retention time on EAA ciigestibiiity showed

.that the digestibility of most EAA's, between 4 and 12 hrs, did nor

ciiffer much. However. a trend was apparent that the digestibility of

most FiAA's was reduced after 16 hrs, although this was not alwavs

significant. Most of the work to clate on amino acid absorption in the

lower digestive tract of ruminants has tleen done in v:!¡!¡_o_, and on sheep

(Coe-l1o da SiLva et al . 1g7Z; phi j.Iips et al. 19Z6; Santos et al. 19Bg) .

It' therefore, may not be appropriate to compare those results with the

results obtained in this stuciv,

The "Mobile r\ylon lìag Technique" shows pronise for the future. lt
¿rllows cietermination of the digestibiliry in the lower dig:estive rracr
of nutrien'ts that have escaped rumen deg;radat_ion. This type of

information is extremely irnportant for ration formulation in light of

the new protein systems for the feeding of ruminants. Energy

digestibiiity data obtained raised some guestions on ihe suitabijitv of

the technique for measuring energy availability. It is hc¡wever the best

method, so far, for partitionitrg bacterial CP fron undegraded feed Cp.
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SUMMARY

Rumen Degradation of CanoIa Meal Compared to Soybean Meal fc¡r Rumtnants

These data show that the N escape values of SBll{ in the rurren fajl.

within the range of values obtaineci for the N escape of CM in the rumen.

The ÐM escape va-lue of sljM is lower than thai of cM at 30 h, but for

other incubation periods the values f,or SBM fatl wilthin Lhe range nf

vaLues obtained for CM. Energy disappearance from Lhe runen for StsM is

lower than r-hat of 0M at 4 and 16 h. Flowever, the energy disappearance

values from the rumen for SBM at 8, 12 and 30 n were similar to some of

the vaLues obtained for CM. These clata show that ËAÁ escape for SiìM

falls çuithin the rang;e of values found for cM from all incubation

periocis, except His a1- 4 h r¡,rhich riegraded less for SIIM than from Ctrr. and

Met at 12 h, wirich degradeci less f,or SIIM than for CM.

Although the nylon bag technique to date is the ilest method of

measuring the rumen clegradability of feecistuffs, it only nìeasures

disappearance from the bag itself at a particuLar point in time.

Therefore, great care shouLd be taken in interpreting data obtained fron

ihe use of Lhis technique. There j-s still a lot of variation invoj.ve<i

in this type of experinentar-ion and more work neecis to be done to

standardize r-he technique.

The Digestibi-iity of Cano1a Meal and Soybean Meal in the Lower Ðj.sestive
Tract r¡f Runrinants

these data show that the N digestibi.lity from StsM is gr.eater than

ihe N digestibiìity from cM in the ìower cligestive tract. The DM

digestibility of sBM is greater than the DM digestibitity of cM in the
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lower tract, again except at I h rumen retention time where the¡:e is no

apparent difference between stsM and CIM in the .iower rract. Ènergy is

more avaii.able from stsM in the iower tract than from cM, exceÞt at 4 h

rllmen reteìltion time, at which point availa-iriì lty is siml jar f or both

$BM and 0M. These dat.a show that a1l EA,A digest.ibilities are greater

from SBM than fron üM at 0 ¿rnci 4 h rumen retention time except Met which

is similar for botkr SBM and CM. All FìAA digestjbilities are simjlar for

SBM and CM at B L2 and 16 h, except iltet anci Phe at B h whicil are more

avaiiable for sIìM, anci val , I-le, Leu ancl Thr at 12 h which are more

avai lable f rom SIJM.

These riata show a trend for cM, though not always a significant

one, that the longer CM is retai¡red in the rumen, the less available the

i\ becomes in the f ower digestive tract. This .trend vuas not apparent for

SBM' At a long retention period such as 16 h, the DM digestibility of

cM is significantly reduced, agaín this trend is not apparent for sBM

IIM' A retetrtion period of 16 h also results in a higher availability of

energy in the lower tract for both sBM and cM. Retention periods

between 4 and 12 h did not result in digestibilir:y differences of EAA

for SIìM and CM, however, a retention period of l-6 h resultecl in reduced

EAA ctigestibility for both sBM and cM. The trend for EAA

digestibilities, howerrer, [sas not always significant.

The "Mobile Nylon Bag Technigue" is a very simp,le technique that

al lows f or rapi d determ-inat j on of "true" digestl.bility in the lower

digestive tract of ruminants. Ílowever, since tiris i-echnique depends on

nyJ-on bag incubation in the rumen, which is a technisue that still needs

to be standarriizeri, care must be i-aken in inrerpreiing data obtained i¡y
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this technique. It is, hol.,¡ever, the best methoci to daie for
partÍt"ioning Llacterial 0P from undegracied feed Cp.
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Appendix A

OutfLow Rate Sample Calcutation

step 1. 'l'he concerìtrations of cr in the f eces are transf ormed
natural logs.

Rumen Incubation 4 h

to

Sanple lime
r (h)

s!-c-qå- -f 2

CR

Conc % 1n

0

4
I

I¿

16
20
24
2B

0
.0018
. 0032
.02i6
.o126
.0117
.0067
. o044

-6.32

-3.84
-4.3'7
*4 .45
-5.01
-5 .43

Mean of 1n = -4.62
Prociq_c_!
iln

o^tep 2 ' The absol ute value of the regressì on coef f icient ob1ained frc¡m
Ln of cr concentration in the linear portion of the curve is K1. ,l,he
highest or peak value (12 h) was used as the starting point for the
regress ion .

Ilumen Incubation 4 h

Steer #2
r=20

szuere
.Lá

.78

.25
,rt

-. 39
-.81

64
i6

0
_t tf

ô4

160

= _1_Q_*2_q = .10
160

_L1gi_il.!__-æJ- =' _1._g-æ
1 .508 1.50S

-6 .24
-1.00

0

-1.56
-6 .48

-i5 . 28

{S.iope b) K1 =

r2=

(1n cieviations f rom
the mean)

Outflow rate (Kt) = .10

Deviations
From- the M.ean
i1n

-8
_A

0
Á

tÌ

= 1.0
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Appendix A

outfiorç Rates obtaineci over the lrntire Experiment

Rumen Incubation
Period

Steer #1
Ki

Steer #2
K1

rzn
th
4h
0h

.10

.04

.09

.10

.04

.47
. _tu

.10

Average K1 over Entire Experiment = .0g

SampIe Ca_Lculation for Cumulative lJegradarion Rar-e

Protein Degraciation of Sample A:

P = ¿r + b (l - e-ct) P = a -F bc

-;

s{:ep 1, calculate c, rhe rate per hour at which the ',b,' fnaction isclegrading.

a (0h) = zg.z)e6
p (t ah) = 44.4% (a value from a sensitive part of the curve)a + b = 67.OO%

"-c4 = a + b - P- = 2s.20__L_Q.!!__gg_;_34-, js = .5825
b 38.80

Calculate 1n of .S8A5 = -.540

--c4 = -.540
c = .135

fìtep 2. CalcuLate p, cumulative degradation rate.

P = 28 .2O + (42:1Þl_L:94j|)
'135 + '0tÌ

= 28.2O + 24.37

= 52.6(1%



A¡:pendix B

0a-lculation of tsacterial N as a % of Total N, tontent of
OAPÄ N as a Marker.

r38

the ilags Using

SampJe CaLculation: llumen zd h

SampJ.e A. 0.0289 = 0.04? x 100 = 4.7y"--0.6

Rumen Incubation 4 h

Rumen

lìampl e IIAPA N % tsact. N%

Lower Tract

I]APA N % Bact . I{9ó

A

B

C

D

L'

þ

Rgle4_j4qubation B h

Sanp-le

Rumer-l

D^APA N % Bacr. N%

Lower l'ract

DAPA N % Bact. N%

û . 02fì3
0 . 0203
o.014'7
o.0227
û.0167
0.0315

4 .',l
3.4

3.8
2.e'
5.3

0 . 0iB2
a.0212
û .0207
o.0242
0.018û
0 . 0230

3.0
¿l ri

4.1)
3.t)
{1.8

A

B

0
D
tì
Ë
I

0.0357
0.0162
o. 0164
0.0554
0.0311
0.0332

6.0
2.7
2.7
9.2
5.2
5.5

0.0131
o.0228
0.0168
0.0195
0.0149
0 .0303

3,8
2.8
3.3

5.0

Itg_¡¡gq,--ljûç'rÞqt i on 1 Z h

Sample

Rumen

DAi'A N % tsact. N9¿

Lower Tract

ÐAPA N % tract, N%

ti

Ð

-rr

¡'

0.0108
0.0314
0.0219
0.0242
o.02tB
0.0419

1.8
5.2
QN

4.0
3.6
7.0

0. 0141
0.0159
0.0794
0.0146
0.0171
0.0273

2.4
2,i

r.7.¿
2.4
2.9
4.6



i39

Appenriix B

Rumen Incubation 16 h

Sample

Rumen

DÁ.PA N % tsact. N%

Lower Tract

ÐAPA N % tsact. N%

B

L

D

E

r

0.0104
0.0113
0.0j14
0 . 0117
0.0107
0.0114

I .',t

1.9
1,9
2.O
1.8
¡()

0.0045
0 . 0060
o.0125
o . oo44
0. 0056
o.4252

.75
r .00
á.r

.73
o.2

Aq

Ruman incubation S0 h

Sampl e

Rumeln

ÐAPA I{ % Bact. N%

.É\

tìU

D
u
L

Ruman Incubation 0 h

Sample

Lower I'ract

DAPA N % Bact. N%

0.0116
0.0134
o . 01.29
0.0170
0.0120
0 . 0125

i".9
2,2
2.2
2.8
2.O
2.7

A

B

L
Ð

0.0i07
0.0143
0.0126
û.0111
0.0119
0.0129

1.8
¿.4
2 .1.
lCt

2.O
¿.¿
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Appendix C

CoI¡Tlçtlon !'açtors

DIIIg Lìriergy CaI / e

Ny.lon

Blanks

.7Oe6

.00039
. 0002
.0003
Neg
Neg

.0005

. 0002

.0006

.0006
,0011

. 0036
. 0002
. 0028
.0041
.0004
. o0B4
,0iCIO
.0724
. 0068
.0385

3656.99

13û2.31
1.247 .62
1507.62
1491.81
1597.6B
1584.95
13',7 4 . O'J.

730.66
860.00

1703.78

0ir
4h

Bh

12 ir

16h

30h

R
D

LT
R

LT
R

LT
R

L1'
R

R-
l,T -

Rumerr
j,ower Ðigestive Traci



Appenciix l,r

s'lubility of samples RinsecÌ in ilistiilert water for
of two sanp.les ) (e)

i¿Lj

10 Seconds (Average

Sarnpl e
initial

Sample Wt
IJM

Res i due
hl

Residue
lnirial

N

DM and N Residues,
16 h (g) (Average

.4155

.47 46

.4534

.4796

. +o ¿.(t

.4680

Correctecl f clr ilac ter.i ai
of 4 Samples)

Contamj.nation, !'rom the Rumerr

DU

Ð

If

¡

. 5026

. rJ | ùZ

.5162

.5369

.5424

. 5405

. 0222

. 0233

.4237

.o272

fì, ri r,

. 0324

.0309

.0309

.0317

. 0342

.0327

. û395

Sanpie
lni tial

Sample Wt
It¡{

Res i due
initial

i\
ì\t

Res i due

a

ts

U

u

F]

F'

.4677

.4926

.50ô5

. 482 i.

.48i.0

.4628

.2031

.2227

.2105

.2344

.2090

. i.694

.0308

.4297

. 0332

.0339

. 0325

.0389

. o J.23

.0158

. o171

.0179

.0i.51

.0162



Appendix i)

Dlf anri Iiù Rc;sidues, Correcteti ior Baci_eri¿rl
4 h (e) (Averag;e of 4 Sampj.es)

i42

Cr¡nl-amination irrom the Rumen

fìamp-l e
initi¿¡i.

Sanple Wt
DM

Residue
Ini tiai

N

N

Residue

ts

tl

þ'

¡'

.47 68

. 5092

.5132

.4873

.4835

. 4857

.2884

.3423

. 321ô3

.3458

, \7 4Yl)

.2468

f or llacteri al
)

.0315

.0301

,0321

.0332

. 0309

. 0385

.0175

. 0203

.o219

. 0215

.0193

,uá\'t¿

IIM and N Residues, Correctecì
I h (e) (Average of 4 Samples

Contaminat_ion, ¡'r'om the Runen

Sanp -l e
lni tial

tìample ltit
DM

Res i due
Initiai

hl

N

Res icìue

A

ts

D

E

ir

.4834

.4962

.5308

.4867

.4883

.4795

.2405

.2825

.2871.

.2960

.27 42

.2483

.03i0

.0296

.0313

.0325

.0314

. Q372

.0133

.01-79

. û1'76

.oI74

.o172

.0230



Appendix i)

DÞl and N Residucs,
12 ii (g) (Averag;e

0onre-'r:ted f or tsacteri ai
of ¿l Sarnpies )

143

üorrl-amination Írrom tire Rumen

Sampi e
initial

Sample t{t
I]M

Residue
iniiial

i{
N

Residue

A

B

L

rì

I

Èì

.5277

.5371

. 521 ¿t

,5265

.5187

. s203

.27 54

.3140

.27 06

.3099

.2877

.áT¿¿

.0337

.0314

.0316

.0341

.0311

. 0375

.0157

.0177

.0175

.0195

.0165

.0246

I]M

30
anci N Residues,
h (e) (Average

Oorrected for
of 4 Sarnpies )

Bacterial Contami¡la.ti on, !,rom the ilumen

Sample
lnitial

Samp1e Wt
I]M

Residue
i¡ritial

N]

N

Residue

A

B

C

D

r\

b-

.5742

.5345

.5310

.5091

ã?Ozl

. 5239

. tI77

.1433

. i016

.7622

.1398

.0488

.0315

.0300

.0315

.0331

.0309

, u()ór)

.0104

.0115

.0132

. o173

. û112

.0131



.Appendix Ð

ÐM a¡rd N Resiclues, Correr:te¿i
'ì'ract, Rumen Incubation 0 h

i44

for ljacterial Contamination irrom the Lowr-.r
(g-) (Averag_e of ¡¿ Sarnr¡1es )

Sampl e
Initial

Sample Wt
llM

Res i due
initial

N

N

Res i clue

A

B

D

Lf
I'

.485_i

.5037

.5130

. 4850

.489íl

.4722

.1581

.1742

.1530

.7462

. 16tì8

.0683

. 031'/

. 0297

.0319

. 0332

.0317

. 0380

.oo42

.0053

.0035

. 003/,

.0046

. 0026

ilM and It Residues, Corrected
Tract, iìumen Incubation 4 h

fr¡r Bacterial ContaminaLion, Iìron the Lower
(C) (Average of 4 Sanples)

tiamp i e
i_lM

Res i due
N

Res i clue

A

ÞD

ll

L

F'

xAvera¡¡e of 3 sanpies

. 7134

.1464

.1070

. 1223

.1.207

.o574

.0035*

.0041

.0036

. 004?

. oo41.

. {J016



lrppendix Ð

DM and I{ iìesiciues, Uorrecteci for Bacteriai
Tract, iìumen Incubation I h (e)

145

Oontarìination From the Lower

Sample
DM

Res i due
N

Re s i ciue

IIM and N Residues, Corrected for Bacierial
Tract., Ilumen Incubation 12 h (e)

. oo27

.0088*

.0032

.0041

. 0032

.0û14'k

Contamina tion I.'rom the Lower

1.{

B

C

Ð

tl

lf

*Average of 3 sam¡lles

.7 177

.1352

. 1075

.1439

.1285

. û349

Sanple
DM

Res idue
N

Residue

lå

B

E

Lr
!'

,1315

.1370

. 1190

. 1181

. 1483

.0488

.0036

. û054

.0030

.0045

.0040

. ao12



.Appendix ü

iiff and N llesidues, Corrected
Tract, Rumen Incubation _16 h

146

a-i tontamination !.rom the Lowerfor tsacteri
(s)

Sanp i e:

ilfti
Res i due Res i due

D

U

fi

F

*Average of 3 sampl es

.1236

.1531

.1315

. 1301

.7237

.0385

.0054

. 0057

.0045

.0049

.0053

. 0023

Corrected Energy Values Cat/g, Rumen Incubatio¡l 0 h

Sampie
Ini tíal
Energy

Lower Tract
Energy

A

B

L

Ð

EJ

*Average of S sampl es

4229 .93

4304.59

4246.80

427 1 .67

42L6.92

4163.21

2822 .55

2721.70

2859 . 20

2862.92

'¿823 . 02*

267 4 .97x
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Appendix i)

Corrected Energy Values Cai/g, Rumen incuiration 4 lr

!iamp 1e
Runen
lrnergy

Lower Tract
Energy

B

i)

E

F

'r'Average of 3 samples

299{ì . 62

2927.05l-

2963.23'i

3057 . 54*

2949.32

3:i94.55*

2942 .43+

2872.09'.-

287 2 .86*

2859 . 88

2898 . B8

2910 . 57*

Corrected Energy Values Cal/g, Runen Incubation g h

Sampl e
Rumen
Energy

Lower Tract
Energy

A

ts

D

E

h

ä'Average of 3 samples

3360.9 i

3260 . 89

3306.49

3281.86

3319.66

3í166 .49

3404 . 37

3239 . O0

3251.03

3318.69

3291.25*

3328.87
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Appendix D

Llorrecteci Hnergv Vaiues Cai/g, I{umen Lncubation 12 h

Samp I e
Rumen
Fìnergy

Lower Tract
Ëirer:gy

å

ts

C

D

Í\

!'

xAvei:age of 3 samples

3256. i2

31?3.08

3393 . 88

3362.13

3212.99

3431 . 93{.

3385 . 86

2524 .97

3139.25

3247 .4il

3385.55

3329 . 76

Corrected Energy Values CaI/e, Rumen Incubation j.ô h

Sample
trlunen
Energy

Lonrer 'I'ract
Energy

A

B

D

t¡

*Average of 3 sanples

3Ét86.50

3807 .45

3984,1s

3918.30

3977.90x.

41i _t.¡)t)+

2829.66

2993. 70

3009 . 64

2'.7',i9.85ì..

2855.48*

1Éì83.29
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Ap¡:enciix Ð

correci-ed Þìnerg5r values cai/g, Rumen incubatio' 30 h

Sanp Ie
Rumen
Energy

â

B

(.

l)

E

xAvelage of 3 sam¡lles

3089 . 66

28'l6 .14

2951 .59

3042 .20'{

2885. 15

3069 .43
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Appendix iJ

líssential Amino Acid
of Sanples Incubated

0 ir Rumen ïnr;r¡baLÌon

C-anoia f{eai S.Alip-iC A

Disappearance Values in
in the iìume¡r for Various

(Lov,'er'I'ract 0nlf¡)

the Lower Digestive T'ract
Time intervals.

Amino Acid Ar¡e. Ini Cia-i Ave. LGII' Itif . e Dis. %

_W.!._ g_ _* l¡Jt. _g_---___
. û10i .0111[,rr ç

llr s

Val

Thr

Ile

Leu

Phe

Met

.0068 .0004

.0014

. 00.11

.0010

.0016

.0010

.0006

. 0û90

.0064

.0082

. o0ô7

. û071

.0109

.0068

, 0028

89. i._1

94 .72

85 .42

85.90

87.65

87.20

87.18

82.34

.0096

. 0078

.0081

.0125

. 0078

.0034

Canola Meal*Se4ple Ê
Amino Acid Ave. Initial Ave, LGIT Dif

[dt.
Ilis. ?o

I'{t.

Lys

fli s

Val

Thr

I1e

Leu

Phe

Met

.0089

.0062

.0083

.oo71

. 00'/ 1

.0r09

. 0068

. ou27

.0011

.0004

.ooL2

. oo11

. tì01 i

.00i 7

.0û11

.0û04

. 0078

.0058

.0071

.0060

.0060

. 0092

.005?

.0023

87.64

93.55

85 .54

84.51

84.5-i

tj4 .40

où. (f ¿

85.19
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Appenciix E

0 h Rurnen Incubation (Lov.rer Tract Only)

Canola Meal Samule C

Amino Acid

Lys

tlÍ s

Val

Thr

ILe

Leu

Phe

Ave. Initiai Ave. lGfT Dif. c Dis. %

*.W!j_f_ -__ !{t. p,

. 0096

.0069

. 0092

.0082

.0080

.o127

. 0076

.00i0

.0003

.0014

.001 1

.0011

.00i6

.0013

.008ô

. 0066

. 0078

.0071

.0069

.0105

. 0063

89.58

95. 65

84.78

86,59

86.25

86.78

82.89

86,49

Canoia Meal Sample l)
Ami.no Ac-id Ave. ïnitial

wt. g
.Ave. LGIT

l4i't. q
¡lif. e Dis. %

Lys

His

VaL

Thr

I.Ie

Leu

Phe

Met

.0089

.0û71

. 0092

. oo77

.0079

.0ji7

. 0076

. 0037

.0011

.0004

.0016

.0012

. o01L

.0016

.00i1

.0004

.0078

. 0067

. 0076

.0065

.0068

.0101

. 0065

.0033

87.64

94.37

82. ô1

84 .42

B6.OB

86.32

85.53

89. 19
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Appenciix E

0 h Runien Incubatjon (Lower llract Oniy)

C a n çrl.a_ M e a 1_-Sgry¿.Lg*_U-

Amino Acid Ave. Initial Ave. LûlT Dlf,, e. Ði s. 4

þ{t, Wt,

1,ys

His

Va,l

Thr

Ile

Leu

Phe

ftlet

,0100

.0069

.0096

.0CI83

.0083

.0125

.0079

. 0040

{J9.00

94 .20

83.33

a4 .34

85. s4

86.40

8ô.08

*"*"_8? . 50

.0011

.0004

.0016

.0013

.4o 12

.001?

.0011

. 00CI5

.0089

.0065

.0080

.0070

.0071

. 0108

.0068

, 0035

$oyþge4__Ue_q,ì. Sampte !'
Anino Acid Ave. Initia.L Ave. LGll ilif . S-

- "Wt. g. _ ---__-- Wt_. P- --*_-
Lys

His

Val

Thr

I -le

Leu

Phe

Met

.0138

.0064

.0109

.008u

.0109

.0163

.0115

.0084

.0002

.0005

.0003

.0004

.0006

. 0004

.0002

.0134

. 0062

.0104

,0085

.0105

.0157

.0111

.0014

97. 10

96. 8B

95.41

96.59

96.33

96.32

96.52

CIq_i q 8?.50
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Appendix l)

4 h Rumen fncubation

Canol a &þa-i sie4pJ_g,-$
Amino Acid A.ve. initial Ave. LGiT

[{t. Ê

Dif . ?; ll-is. "/o

iÄl'f- I

Lys

H1s

Val

Thr

I le

Leu

Phe

Met

. 0059

.0027

. 0060

. 004'7

. 004ô

. 0075

.0048

.0022

,0û09

.0003

.0009

.0007

. 0007

.001 0

. û007

.0003

.0050

.oo24

.0051

.0040

.0039

.0065

.0041

. o01q

84 .'-t 5

8fì.89

85.00

85._t1

ti4 .7 8

86. 67

85 .42

öo..Jtl

Catrola lïea1 Sample lJ

Amino Acid Ave. Initial Ave. LGIT Dif. c ilis. %

i¡¡t o ldi q

Lys

His

Val.

Thr

Il-e

Leu

Phe

Met

.0069

.0030

.0070

.0053

.0054

.008'i

.0054

. 0025

.0011

. CI004

.0013

.0010

.0010

.0015

.0010

. 00115

. ooSB

. 0026

. 0057

.0043

.oo44

.007 2

. ao44

. 0020

84.06

Bô.67

87 .43

81. i.3

81 .48

82.76

81.48

80.00
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Appendix E

4 h llumen Incubaticln

Cano -t a _Mtea I Samp I e.-¡.'-
/rmino Acid Ave. Initial

t{t. g
Dif. e Drs. 96Ave . Lc i'l-

wt. s

Lys

His

Val

Thr

l1e

1,eu

Phe

iliet

. 0062

.0032

. of¿7 7

.0059

.005'/

.0093

. 0059

. vv¿¿

.00û8

.0003

.0009

.0007

. 0007

.0009

.0006

.00û4

. 0054

.0029

.0068

.0052

.0050

.0084

. 0053

. 0i118

87.10

90.63

BB,31

88.14

87 .12

90.32

89.8s

al .82

Anrno Acrd Ave. Initial
l¡/t. s

Ave. LGIT Ilif . C Dis. '/o

Lys

His

VaI

Tirr

Ile

Leu

Phe

Met

. oo70

.0035

. oo77

.00ôi

.0059

. 0097

. 0062

. 0029

.0009

.0003

.0010

.0008

. 0007

.0009

.0007

. 000s

.0061

. 0032

. 0067

.0053

.0052

.0088

.0055

. o024

87.14

91.43

87.01

86,89

ft8. 14

90.72

88.71

82.76
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Appendix E

4 h Rumen Incubation

Canoi.a Meaì Samnle E

Amino "4cid Ave. initial Ave. LGiT Dif . e' Dis. t6

- Wt _=L___ Wt. e

Lys

His

Val

Thr

Ile

Leu

Phe

Met

.0066

.0030

.0070

.0055

. 0052

.0086

.0054

. 0026

.0007

.0003

.0009

.0007

. 0007

.0009

.0008

. 0003

. 0059

. oo27

.0061

.0048

.0045

. oo77

.0046

.0021-l

89.39

90.00

87.14

g',î .2t)

86.54

B9 .53

85, 19

¿,t] . 46

Ca¡ro
Amrno Acid IJis. %Ave. Inltial Ave. Ì,GIT Dif . e

t¡it $ t¡Ji. o_:,:: Þ vtLr_L_

Lys

His

Val

Thr

1le

Leu

Phe

frf et

.0086

.oo44

.0079

.0066

.0078

.0123

. 009i

.0017

.0003

.0001

.0004

.0002

. 0002

.0005

.0003

.0003

.0083

.0043

. oo75

.0064

. 0076

.0118

. 0088

vr, . c1

97 .73

94.94

96,9?

97.44

95.93

96.70

82.350014
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Appenciix !l

I h Rumen Incubation

ç_Ano_r_a [ge]__qaml¡t e A
Amino Acid Ave. Initial A,ve. LGIl' Dif

I]l¡t. !{t,

. oo4'i

.0017

.0044

.0041

.0033

.0060

.0041

.0014

. 0020

. 0007

. 0023

.0021

.001-i

.0028

.0015

.0ûû5

. oo27

.0010

.0021

. 0020

. 0011

.0032

.0026

.0009

DiS

57 .45

58 .82

47.73

48.78

48 .48

53.33

63.41

Lys

His

Val

Thr

I i-e

Leu

Phe

Met

Ca¡rola Meal
Amino Acid Ave. InitÍal Ave. LGIT Dif Ili s

WT, lqt.

Lys

His

Val

Thr

Ile

Leu

Phe

Met

.0050

. 0023

.0055

.0049

.0044

. 0075

.0048

.0012

.oo20

. 0007

. 0023

.oo2I

.00L7

. 0028

.0015

.0005

.0030

.0016

.0032

.0028

.oo27

. oo47

. oo33

.0007

60.00

69. 57

s8. 18

57.14

6L.36

o¿.ot

68,75

58.33



Appendix E

I h Rumen Incuba't_ion

Canola Meal Sarnpte C

Amino Acid

t5?

Ave. lnitial Ave. LGIT Dif . C Dis. %
h/t. tdt.

Lys

His

Val

Thr

lle

Leu

Phe

Me't

. 0052

.0026

.0058

.0052

.0055

.oo72

.0053

.0015

. 0007

.0003

.0008

.0008

.0005

.0008

.0007

.0004

.0045

.0023

.0050

. oo44

.0050

.0064

.0046

.001L

86.54

88 .46

86.21

ti4 .62

86.21

88. B9

86.79

73.33

Cano i-a Meal Sam 1e
AmÌno Acici Ave. Initial ^Ave. LGI? Dif. c Dis. %

l{t. Wr-.

l,YS

His

Val

Thr

Ile

Leu

Phe

Met

.0056

.0016

.00s7

,0055

.oo42

.0081

.0052

. 0023

.0011

.0004

.0011

.0010

. o00B

.0014

.0009

.0006

.0045

.0012

.0046

.0045

.0034

.oo67

.0043

.0017

80.36

75.00

80.70

81.82

80. 95

82,72

82.69

73.91
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appenciix E

I h Rumen Incubation

lenqla_ Ivrgel_.$qltpje H
Amino Aci.d Ave. Initial Ave. LcI'I' llif , c Dis. %

tdt. . ldt.

Lys

His

Val

Thr

Ile

Leu

Phe

Met

.0043

. oo22

.0046

.oo44

.0039

.0067

.0044

.00i5

.0009

.0003

.0008

.0008

.0006

.0009

.0006

.0005

.0034

.0019

.0038

.0036

.0033

.0058

.0038

. 0010

79.07

86.36

82.61

81.82

84.62

86.57

86.3ô

66.67

Cano I a Meal Sanr

Amlno Acid Ave. Initlaì Ave. LGIT Dif. c Dis. %

vìtrt. ltt.

Lys

His

Val

Thr

IIe

Leu

Phe

Met

.oo74

.0038

.0064

.0058

.0058

.0100

.0075

.001?

. 0002

.0001

. 0002

. 0002

. 0002

.0003

. 0002

.0001

.007 2

.0037

.0062

.0056

.0056

.0097

. 0073

.001ô

97 .30

vt.õ,

96. BB

96.55

96.55

97.00

97.33

94 .12
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Áppendix E

i2 h Rumen

Canola Meal

Incubal. i on

Sa¡nnf e
Amino Acici Ave, Initial Ave. LciT Ilif . c llis, %

Wt. g_- Wt. s

Lys

ili s

Val

Thr

I le

teu

Phe

Met

.0046

.0019

,0042

. 0037

. 0029

.0061

. 0040

.0010

.0003

.0011

.0009

. 0007

.oo12

.0008

.0û04

.00s6

.0016

.0031

.0028

.oo22

.0049

. 0032

.0005

7B .26

84.27

73.81

75.68

75.86

80.33

80.00

55.560009

Ç-44ola Meal Sampi.e B

Aminc¡ Acid Ave. Initial Ave. LGI:l' Dif . C Dis. %

Lys

His

Val

Thr

Ile

Leu

Phe

Met

llt,

.0062

.oo24

.0065

.0055

.0045

. 0079

.0054

.0020

Wr.

.0011

. 0004

.0011

,0020

.0009

,001_4

.0009

.0004

.0051

. 0020

.0054

.0035

.0036

.0065

.0045

.0016

82.26

{J3.33

83. 08

63 .64

80.00

82.28

83.33

B0 .00



Appendix !ì

12 h lìumen

ûano1a Mea.t

I ncubat:i on

Sample Ll

Amino Acid

Lys

His

VaI

Thr

I le

Leu

Pire

Met

Cano l Meai Sample ll
Amino Acid

Ave. Initial Ave. LGIT Dif . C
lqt . !{t.

i60

Dis. %

.0055

. 002Éì

.0070

.0061

.0045

.0092

.0054

.0010

.0003

. 0011

.0009

.0008

. ooJ.z

.0008

.0005

.0045

.0025

.0059

,0052

.0037

. o0Bo

. 0046

.000-l

81 .82

89.29

84 .29

85.25

82 .22

86.9ô

85.19

58.33.4012

Ave. Initial Ave. LGIT Dif'. c Ðis. %

lIIt. lVt.

Lys

His

Val

Thr

Ile

I ar¡

Phe

Met

.0049

. 0025

.0063

.0056

. oo47

.0085

.0054

.oo21

.0009

.0003

.0010

. 0009

,0007

.0010

.0006

.0003

.oo40

.oo22

.0053

. oo47

.0040

. 0075

.0048

. o01B

8:i .63

BB. OO

84. .t_3

83.93

85.11

88.24

88.89
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Appendix B

12 h Rumen I ncubat i on

9aqq-le_Usel Sampl e iì
Arnino Acid Ave. I¡litial Ave. LGIT Dif. s

I,?t. wr.
Dis. e6

Lys

His

Val

Thr

lle

teu

Phe

I'Iet

.0048

.o022

.0056

.0048

.0043

.0073

. 0046

.0014

.0011

.0004

.0011

. 0010

.0008

. 0014

.0009

. û0û4

. 0037

.0018

.0045

.0038

.0035

.0059

. 0037

.0010

77.08

81 .82

80.36

7S.17

81.40

80.82

80.43

71. . 43

Sovbean l{eai Sam le F'

Amino Acid Ave. Initial
ll¡t.

Ave. LGIT iljf. s, Di s.
I/ìIt.

Lys

His

Val

Thr

Ile

Leu

Phe

Met

.oo77

.0038

.0069

.0064

.0069

.0114

.0085

. 0017

.0005

.0002

.0005

,0004

.ooo4

.0006

.0004

.000i.

. oo72

.0036

.0064

.0060

.0065

.0108

.00{}1

,0016

9í-i . 51

94.74

92.75

93.75

94.20

94.74

95.29

94 .72
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Appendix !ì

1ô h Rumen Incubation

Canola ð4eal Sample A

Ami no .Ac id Ave. Initial
I.r/t. g

Ave. LGIT
V{t. s

Dif . C Dis, %

Lys

fli s

Va1

Thr

I le

Leu

Phe

Met

.oo24

.0015

. 0026

. 0014

.0029

.0032

. ao22

.0017

.0007

.0006

.0006

.0003

, 0007

.0010

.0005

.0011

, 0017

.0009

.0020

.0011

.oo22

.oo22

.0017

.0006

70.83

60 .00

76.92

78 .57

75.86

6iì.75

7'l .27

35.2S

Ami.no Acld Ave. Initial
t{t, s

Ave. LGIT
i{t . p:

Dif. e Dis. %

Lys

His

Val

Thr

Ile

Leu

Phe

I{et

.0025

.0017

.0026

.oo24

.0026

.0033

.0024

.0015

.0009

.0007

.0010

.0010

.0011

.0015

.0007

.0005

.0016

.0010

.0016

.0014

.0015

.0018

.0017

.0010

64.00

58.82

61.54

58.33

57.69

54,55

70. 83

oo.o/



eppendix E

1Éì h Rurnen Incubati.on

Canola Mea.i Sa¡nplc (l

Amino Aciri Ave. lnitial /\ve. i,GIT

i63

Dif . s ljis. %

ldt. i4Jt.

Lys

His

VaI

Thr

I le

Leu

Phe

Met

.0036

.0026

.0038

.0036

.0038

.oo47

.0035

.0012

. 0006

.000ô

. o00B

.0008

.0008

.0013

,0005

.0001_

.0030

. 0020

.0030

.0028

.0030

.0034

.0030

.0011

83.33

76.92

78.95

77.78

78.95

72.34

85.71

YI. t i

Ca¡rola Meal
Amino Aci ci Ave. Initial Ave. LGiT

I,tlj- ç ltjj- fr
Dif. e Dis. %

Lys

His

Val

Thr

Ile

Leu

Irhe

Met

.0037

.0028

.0039

.0038

.0039

. û048

.0037

.0017

. 0007

.0006

.0008

.0008

.0008

.0012

.0005

.0001

.0030

. oo22

.0031

.0030

. 0031

. 0036

.0032

81.08

7B.51

79 .49

78.95

79 .49

75.00

B6 .49

94 .72.0016



J,6ti

Appenciix Ëì

16 h Rumen

Cano"la Meal

Incubat i on

Samp-i e li
A¡nino Acid Ave. Initial AVe, LGIT IJif . ?:

lìIt. [{t.
Dis. %

LYS

His

Val

Thr

I1e

Leu

Phe

Met

.0034

. oo24

.0036

. oo31

.0034

.0045

.0035

.0015

.0006

.0006

. 0007

.0007

. 0008

.0011

.0005

. 0002

. 0028

,001éì

.0029

.oo24

. 0026

.0034

.0030

.0013

82.35

?5.00

B0 .56

77.42

76 .47

75 .56

B5.71

86.67

So an Meal Sannle F

Amino Acid Ave. Initiaì Ave. LGIT Dif. C Dis. %

!ì¡t.

. 0025

. oo17

. 0025

. oo22

.0026

.0035

.0025

.0015

!{t.

Lys

His

Val

Thr

Ile

Leu

Phe

Met

. oû02

. 0003

.0004

.0003

.0004

,0007

.0004

.0002

.0023

.0014

.0021

. 0019

.oo22

. 0028

.oo27

.0013

92.00

B2 .35

84.00

86.36

84.62

80.00

84.00

86,67
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Appendix E

30 h Rumen

Canola Meal

Incubation (Rumen 0n1y)

Sample A
Ainino Aci,d Ave. Ini tial Ave. LGI't' ilif . s- llis. %

Lys

His

Val

Thr

Ile

Leu

Phe

Met

Idt.

.otoz

.0069

.0096

.0079

.0081

.0126

.0079

.0034

[{r .

.0016

. 0007

.0018

.0015

.0017

. 0026

.aot7

.0009

. 0086

, 0062

.0078

.0064

.0064

.0100

.0062

84.31

89.86

81.25

B6 .49

79.01

T 9.74

78 .4A

73,53,0025

Canoi.a Meal Sam 1e
Amino Acid Ave. Initial Ave. LcIT Dif. ,¿ Dis. Yó

t{t. lrlt .

Lys

His

Val

Thr

Ile

Leu

Phe

Met

.0090

.0063

.0083

.oo72

. oo72

.0110

.0069

.0028

. oo27

.0010

.0026

.0019

. oo22

.0034

.0023

.0009

.0063

.0053

.005,2

.0053

,0050

.0076

.0046

.0019

70.00

84.t3

ô8.67

73.61

ô9.44

69.10

oo.o1

67.86
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Appendix E

30 h Rumen

Cano-ia Meal

I ncubati on (Rumen Only)

Samole C

Amino Acid Ave. Initiai Ave. LGIT
Wt. P'

llif. e ilis, 96

InJt. E

Lys

Ili s

Val

Thr

I1e

Leu

Phe

Met

.0096

.0069

.0092

.0082

.0080

. o727

.0076

.0037

.0016

. 0007

.0019

.0015

.0016

.0026

.0017

.0008

.0080

. 0062

. 0073

. 0067

.0064

.0095

.0059

. 0029

83.33

89.86

79 .35

ör. /t

80 .00

78.51

74.68

78.38

Canola Mea-l
Amino Acid

Sample
Ave. Initial Ave. LGIT Dif , c' Dis. %

h¡t .

Lys

His

Val

Thr

Iìe

Leu

Pire

Met

. 0089

. oo71

.0092

. ooTB

.0079

.0118

. oo77

,0037

.0030

.0012

.0040

.0031

.0034

.0051

. 0037

.00i.5

.0059

.0059

.0052

.oo47

.0045

.0067

.0040

.4022

66.29

u3.10

56.52

60.26

56. 96

56.78

51,95

59.46
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Appenciix E

3û h llunen I ncubat i on (Rumen only)

Canola Meal Samole E

Amino Acid Ave. Initial Ave. LGIT DÍf . e Dis. %

Lys

His

Val

Thr

I1e

Leu

Phe

et

t{t ,

.0098

. 0068

.0094

. 0081

. oo82

.0123

. o07B

.0039

ldt.

.0026

. 00i 1

.0029

. oo22

.0025

.0040

. oa27

.0012

. rJaT 2

. 005?

.0065

.0059

.0057

.0083

.005i.

.oo27

73.47

83.82

69.15

72.84

69.51

67.48

65.38

ô9.23

Sovbean Meal
Amino Acid Ave. initial Ave. LGIT Ðif . c Dis. %

I¡¡t. !{t.

Lys

His

Val

Thr

Ile

Leu

Phe

Met

.0136

.0063

.0107

.0087

.0108

.0160

.0113

.0015

.0015

.0008

.0014

.0012

.0015

.oo22

.0017

.0004

.0121

.0055

.0093

.0075

.0093

.0138

.0096

.00i1

88.97

87.30

8ô.92

86 .27

B6.11

86. 25

ÍJ4 . 96

73. 33
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Appendix E

4 h iìumen

Canola Mea

Incubation

1 Samp.te A

(Rumen 0nly)

A.i"r ã;ä Ave. Initial Ave. LGIT Dif . c Dis. %

W-t_. g Wc. s

Lys

His

Val

Thr

Ile

Leu

Phe

Met

.0CI99

.0066

.0093

. 0076

. oo79

.o722

.0076

.0033

.0059

. 002?

.0060

. 0047

.0046

.0075

.0048

.oo22

.0040

.0039

.0033

.0029

.0033

. oo47

.0028

40 .40

59.09

35 .48

38.16

41- .77

38.42

36.84

33 .33i-1

Qg¡_o_]a Fieal Sample B

Amino Acid Ave. Initial_ Ave. LGIT
Idt. !{t.

Dif Dis. Yo

Lys

His

Val

Thr

Ile

Leu

Phe

Met

.0089

.0063

.0083

.0071

.0071

.0109

.0069

. oct27

. 0069

.0030

.0070

.0053

.0054

.0087

.0054

. 0025

.0020

.003t-Ì

.001s

.0018

.00j7

.oo22

. uu..L t)

.0002

22 .47

52 .38

15 .66

25.35

23.94

20 .1.8

2L.74

7 .41
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Appendix E

4 h Runen Incubation (Rumen Only)

CanoLa._Meal Éìenrple C

Amino Acid -*-æ 
A"". tcfr Djf. S ilis. %

Lys

His

Vai

Thr

Ile

Leu

Phe

Met

.0094

.0067

.0090

.0080

.0û79

.0119

.oo74

.0036

.0062

. 0032

. 00'77

.0059

. 0057

.009s

.0059

.oo22

. 0032

.0035

.0013

.oo2r

.oo22

.0026

.0015

34.04

52.24

i4 .44

26.25

27 .85

21.85

20.27

38.89

Canoi.a Meal Sample D

Amino Acid

014

Ave. Initial Ave. LGIT Dif. g Dis. %

- 
W!. r !rlt. g *

Lys

His

Val

Thr

11e

Leu

Phe

Me1.

.0093

.0075

.0097

. 0081

.0083

.0123

.0080

.0038

.0070

.0035

. oo77

. 0061

.0059

.0097

. 0062

. 0029

. 0023

.0040

. 0020

. 0020

.oo24

. 0026

,00:i8

" 0009

24.73

53.33

20.62

24.69

28.92

21 .74

22.sO

23. 68
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AppendÍx E

4 h Rumen lncubation (Rumen OnIy)

Ave. lnitial
wt.

.0096

.0066

.0092

.0080

.0080

.0120

.0076

.0038

Oanoia Meal Sample E

Amino Acid Ave. LGIT' Dif. Dis. %

l,ys

His

Val

1'hr

I1e

Leu

Phe

Met

.0066

.0030

. 0070

.0055

. oo52

.0086

.0054

.002ô

.0030

.0036

.oo22

. 0025

.0028

,0034

.0022

.0012

31.25

54.55

23.91

31.25

35.00

28,33

28.95

31.58

Soybean Meal
Amino Acid Ave. InitiaL Ave. LGIT Ðif . c Dis. %

ltt. tll/t.

Lys

His

Val

Thr

Ile

Leu

Phe

Met

.0142

.0066

.01 13

. 0091

.0113

.01 69

.0i _LB

.0016

.0086

. oo44

. 0079

.0066

.0078

.0123

.0091

.001 7

.0056

.4022

.0034

.0025

.0035

,0046

. oo27

+ . 0001

39.44

33 .33

30.09

27.47

30.9'i

27 .22

22.88

f6.25
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Appendix E

B h Ru¡nen Incubation (Rumen Onty)

I e¡ ! 1 q _lggg.l__$e rnp_l_e_A__
Amino Acid Ave. Initial Ave. LGtï' Dif

}{t.
Ðis

!{t,

LYS

His

Va-i

Thr

Ile

Leu

Phe

Met

.0100

.0067

.0094

.oo77

. 0079

. 0123

. oaY'7

.0033

.oo47

.0017

. o044

,0041

.0033

.0060

.0041

.0014

,0053

.0050

.0050

.0036

.0046

.0063

.0036

.001"9

53.00

74.63

53.19

46.75

58.23

51,.22

46.75

57.58

tþno]_a Uçql Sampl e B

Amino Acid Ave. Initial Ave. LGIT Dif
!1]t.

.0050

.0023

.0055

.0049

.0044

.0048

.0012

.0038

.0039

. oo27

.oo22

.0026

0020

0015

Dis. 9/o

43.18

62.90

32 .93

30 .99

37.L4

29 .41

55.56

Lys

His

VaL

Thr

I le

Leu

Phe

l{e t

fil l-

. OOBB

.0062

.0082

.oo71

.0070

oo68

002
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Appendix E

I h Runen lncubation (Rumen 0nly)

Canola &leai Sam

Amino Acid Ave, lnitial Ave. LGIT Dif. C Ilis. %

. 0097

.0069

. 0092

. 0082

. 0081

. 0121

. oo77

. 0037

.0052

.002ô

.0058

,0052

.0055

,oo72

.0053

.0015

.0045

.0043

.0034

.0030

. 0026

.0049

.0023

.oo22

46.39

62 .32

36.96

36.59

32 .1,O

40.50

30.26

59,46

Wt, Ø [i]i- s

Lys

His

Val

Thr

I le

Leu

Phe

Met

Canol"a
Amino Acid Ave. InitiaL Ave. LGiT Dif. C Dis. %

Lys

His

Val

lnr

I le

Leu

Phe

Met

. oo89

. 0071

.0092

.0078

.0079

.0118

.0076

.0037

.0056

.0016

. 0057

.0055

.oo42

. 0081

. 0052

. 0023

. 0033

.0055

.0035

.oo23

. 0037

.0037

. oo24

. 0014

3./.08

77.46

38. 04

2S .49

46. B4

ó-t.,Jf)

31.48

íl? . 84
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Appendix lì

I h Rumen Incubation (Rumen Only)

Ca¡rola Meal Sampie E

Amino Acid Ave. Initial Ave. LGIT Dif. C

".Wt. g Wt. pJ

.0043

. oo22

.0046

. oo44

.0039

. 0067

. oo44

.0015

.0054

.0045

. oo47

.003ô

. oa42

.0054

.0033

.0023

llis. %

s5.67

o r .1û

50.54

45.00

51.85

44 .63

42.86

Lys

His

Vai

Thr

Ile

Leu

Phe

fi{e t

. 0097

. 0067

.0093

. 00B0

. 0081

. 0121.

. oo77

.0038 60.53

So_ybean l-4eal gqm
Amino Acid Ave. Initial Ave. LOIl' Dif Dis. %

9,lt . IrJt.

Lys

His

Val

Thr

I -[e

Leu

Phe

Met

.0135

.0063

.0107

.0086

.0107

.0159

.0112

.00i5

.oQ74

.0038

.0064

.0058

.0058

.0100

. 0075

.0005

.0061

.0025

.0043

.0028

. o049

.0059

. 0037

.0010

45. 19

39. 6{ì

40.19

32.56

45. ?9

ó / . _t1

33.04

66.67
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Appendix E

12 h Rumen I ncubati on (lìumen 0nì y )

Ca¡roLa Mea-ì Strmple A
Amino Acid Ave. Initiaì Ave, LGI'I' Di f . Dis. %

Lys

His

Val

Thr

Ile

Leu

Phe

Met

.0104

.0070

.0099

.0081

.0083

. 01.29

.0081

.0035

.0046

.0019

.oo42

.0037

. 0029

.0061

.0040

.0009

.0058

.0051

.0057

. 0044

.0054

.0068

. 0041

. 0026

55.77

72.86

57.58

54.32

65.06

52.77

50.62

74.29

tanola Meal Sam le
Amino Acid Ave. Initial Ave. LcIT Dif. E Ilis. %

I4¡t. ltt.
Lys

His

Val,

Thr

Ile

teu

Phe

Met

.0087

. 0061

.0081

.0069

.0069

.0106

.0067

.041¿7

. 0062

.oo24

. oo65

.0055

.0045

.0079

.0054

. 0020

, 0025

.0037

.0016

.0014

.oo24

. oo27

.0013

. 0007

28.74

60. ô6

tY. 1Ð

20.29

34.78

25 .47

19.40

25.93
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Appendix E

12 h Rumen I ncubati on (Rumen 0nly)

Cano-la lfeal Sample C

Aminr¡ Acid Ave. lni tial Ar¡e. LGIT Dif. s
't/t.

hJt
Dis. 96

Lys

His

Va-l

Thr

1Ie

Leu

Phe

Met

.0095

.0067

.0090

. 0080

.0079

.0119

.o474

.003ô

.0055

.0028

.0070

.0061

.0045

.0092

.0054

.0012

.0040

.0039

.0020

. 0019

.0034

. 0027

. 0020

. oo24

42 .1.1

58.21

22 .22

23.7s

43.04

22 .69

27.O3

Ðo,o/

Canola Meal Sam lo

Amino Acid Ave. Initial Ave. LcIT Dif , e Dis. Yo

t4lt . !{t.
Lys

His

Val

Thr

i ìa

Leu

Phe

Met

.0090

.oo72

,0093

.0078

.0080

.0119

. oo77

.0037

.0049

.00e5

.0063

.0056

. oo47

.0085

.0054

. ooz'L

.0041

. oo47

.0030

.oo22

. 0033

. oo34

. 0023

.0016

45.56

65 .28

32 .26

2B.21

47 .25

¿ö .5'(

29 .87

43.24
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Appenciix E

12 h lìumen Incubation (Rumen

9eæl-A*U9a1 Sampte E

Amino Acirì

0nly )

Ave. tnitial
V{t. s

Ave. LGIT Dif . S;

-*wt' g
Dis. 9á

Lys

His

Val

Thr

Ile

Leu

Phe

Met

.0094

.0064

.0090

. 0078

.0078

.011?

. oo't 4

. 0037

.0048

. oo22

.0056

.004e

.0043

.0073

.0046

.0015

.0046

. oo42

.0034

.0030

.0035

.0044

. 0028

.oo22

48.94

65.63

37 .7 Íl

38.4ô

44.87

37,61

37.44

59.46

Ave. Initial
IaI+ g ldf Þb _--_- 9YL' r

Ave. LGIT Dif . C Dis. %

Lys

fIi s

Val

Thr

Ile

Leu

Phe

Met

.0137

.0064

.0r.08

.0088

.0108

.Q762

.0114

.oo77

.0038

.0069

.0064

.0069

.0114

. o0B5

.001?

. 0060

.0026

.0039

.oo24

.0039

.0048

.0029

+ . 0001

43.80

40 .63

3ô.11

27.27

36.11

29.63

25 .44

+Éi . 25.001ô



i'7 7

Appenciix Lì

1ô h Rumen Incubation (Rumen Only)

_c_epp_¿-q_ M q_q]*$_enpl e,,A
Amino Acid Ave. Initial Ave. LGIT ur1

ll¡t.
Dis. %

[{t.

tys

HiS

Val

Thr

I le

Len

Phe

Met

.0099

. 0067

.0094

.o077

.0079

.0123

. ao1'i

.0033

.oo24

.0015

. 0026

.0014

.0029

. 0032

.oo22

.oo1?

. oo75

. 0052

.0068

.0063

.0050

.0091

. 0055

.001ô

75.76

?'.l , rìI

72.34

B1 .82

63. 29

73.98

77 .43

48.48

CanoLa Me

Amino Acicl Ave. Ini t.ial Ave , i,c iT Dif Dis

Lys

His

Val

Thr

I le

Leu

Phe

Met

.0089

.0062

.0082

.0071

.0071

.0109

.0068

. oo27

.0025

.0017

. 0026

.oo24

. 0026

.0033

.oo24

. 0015

.00ô4

.0045

,0056

.oo47

.0045

.0076

.0044

.0012

71 .91

72.58

68.29

66. 20

63,38

69.72

04, /t

44 .44
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AppendÌ x lì

tr6 h Ru¡nerr

0anola Me¡rl
Am i no Ac.ict

Þ-i1gp_i_e* C

Incubat. i. on (i{umen û¡rIy }

Ave. rni'Lial
I4lt. z.

Ave. L,GI't' Dif. s llis. %

-ry1_.*_9-

Lys

HiS

Va-l

'i'hr

I le

Leu

Phe

Met

. û095

, 0068

.0090

,0081

. 0079

.0119

.oo74

. 003?

. 003e;

. 0026

.0038

.0036

. û038

.0047

.0035

. oû12

.0059

.0042

. 0052

.0045

.0041

. oo72

.0039

. 0025

()¿.rt

oLio

5',1 .7 8

55,56

51 .90

60.50

52.70

67.5*

0anr¡1a Meal Íìamnle ll
Amino Acid Ave. initial Ave. LGIT

Wt. n
Dif. s Ilis. e6

Lys

His

Val

Tir¡r

ile

teu

Phe

Met

iqlt. e

.0093

.007 4

.0096

. ooBl

.0082

.0L23

.00Bo

.0038

. 0037

.0028

. 0039

.0038

.0039

.0048

.00í17

.0017

, 0056

.004ô

.0057

.0043

.0043

.0075

.0043

. oo21

rðo .22

62.i6

59.38

53.09

53,09

60.98

53.75

55.2ô



i'7I

Áppenclix E

1ö h Humen Incubation (llumerr Only)

Cano -L a loleal Salnp i e È

Am-1no Ac-id Ave. 1ni tiai Ave. LGIT Dj f . fI
W!. "s __-._._._*ry!-.g_*_

Ði s . 96

r,ys

f{ -r. s

Val

'lirr

lie

l,eu

Phe

Flet

.0096

. û066

.0092

.0080

. CI080

.0120

.UUIO

.0038

.0034

. o024

. 0036

.0031

.0034

.004õ

.0035

.0015

. 0062

. oo42

.0056

. 0049

.0046

,0Ci75

.0041

. 0û23

64.58

oJ, o+

riO.8'1

61.25

57.50

62.50

53.94

60.53

Soybean Me4l-_qerul9_l
Amino Acid Ave. I¡ritial

[llt. s
Ave . tG i'I

tst. s.

rlif . c ljis. %

Lys

His

Val

Thr

Ile

Leu

Phe

frfe t

.0138

.0065

.0110

.0089

.0110

.0163

.0115

.0016

. 0025

.0017

. 0025

.oo22

.0026

.0035

.0425

.0ûi5

.0113

.004fì

.0085

. 0067

.0084

.oL28

.0090

. 0001

{J1.88

73.85

77.27

7 5 .2t]

76. 36

7Éì.53

tö.¿tJ

ti.25
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Ap¡rendix it

Origin of. Prc¡ie in $uppi almerrt Sampl es

¡1 CSP ltoods L td . ( Al tona )

ts NAIIP Processofs
t Alberta Food f)rodr¡cts
Ð Cani¡ra i¡oocls
E United Oilseed Proclucts
F ( SìlM ) CSP lroods Lrci . (Al tona )


