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Wu, Yuqun. Ph.D., The University of Manitoba, May. 1998. The EEects of Moisturey 

Lignosulfonate, Aicohd and Heat Treatments on Canola Meal Protein Degradation and 

Digestion in Ruminants. Major Professor: J. R Ingalls. 

Four experiments were conducteci to investigate the methods for pmtecting canola meal (CM) 

prOten h m  ruminai degrpdation, Canda meal was moist heat treated at 1 10°C for 60 min. 

The n.eated and mtmikd CMs were used to fonnuiate a treatment and a control diet which 

were fed to two groups of lambs. The plasma total amino acid (AA) concentration was 

inaeased and weight gain &ciency was improved in lambs fed treatment diet compared to 

control. The CM lignosilfonate (LS), waters alcohol and heat treatments were tested in a 

4 x 3 ~ 2 ~ 4  fadorial design. The increasing LS level inaeased digestrile undegradable intake 

protein (DUIP) of CM protein by 41% with 6.5 % LS added. Three temperature and t h e  

leveis were not different in improving the DUIP in CM in the presence of 4.0 and 6.5% of LS . 

GeneraDy addition of water and alcohol did not improve the DUIP in CM. Canola meal was 

heat treated with or without LS on an industrial scale resulting in four CM treatments, Le. 

Ullffeated, or heated to 129°C with 6.5% LSs 154OC with or without 6.5% LSy and held for 

32 min These four CM treatments were tested with four cannulated heifers in a 4 x 4 Latin 

square design. Canola meal heated to 154OC with LS had a lower in situ effective 

degradability of protein compared to the control. These four CM treatments were M e r  

studied in the same four heifers during their first lactation over four penods in a 4 x 4 Latin 



iii 

square design The in vivo undegrachbfe uaake nitmgen was increased in the diet containhg 

CM heated to 154OC with LS compared to those ob&ined with the control diet and the diet 

containhg CM treated to 129T with LS. The in vivo apparent digestibility of dietary N and 

DM in the Iowa and total GI tract was unalterd by the inclusion of treatd CM in the dia. 

Heating to 154OC with LS and held for 32 min thus was suffcient to d u c e  the niminal 

degradabiiïty without darnaging the apparent digestibility of CM protein, and improve the 

nutritive value of CM to the dais, cows. 

Key words: Canola meai, Protein protection, Heaî, Moist, Lignosulfonate, Aicohol, Mi115 

Lamb, Cow. 
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INTRODUCTION 

Diets wllsumed by Nminants are arposed to the fermentation adVities of microbes in the 

~ m e i  prior to and intestinal digestion. The rniaobii biomass in the rumen is made 

up lsrgdy of bacteria, protozoa and fi@. Baaeria are d y  predominant in the men. 

Ciliate protozoa may represent up to @/O of the ruIlden microbial nitrogen (N) when 

conditions are ideal fbr than, and h g i  Rpresent up to 8% of the total biomass (Nolan 1989). 

Many spdes of bacteria and protozoa display proteolytic adVities, in addition to their 

cellulolytic activities. Bacteria in the rumen locate in three phases, Le. they attach to the 

rumen wall or attach to the solids in the m e n  or stay free in rumen fluid. Those bacteria 

attached to the rumen soli& and in fluid play a m m  important role in proteolysis than those 

attached to the rumen wall (Broderick et al. 1991). Prototoa are predators to the m e n  

baaeria and are pmbabiy of minor importance to dieîary proteoiysis (Wallace 1988). ahhou@ 

they do engulf small dietary particles of appropriate six. Fungi also show proteolytic 

activities, but their ecological role is l e s  known (Wallace 1988). 

Dietary nitrogenous compounds and polysaccharides are degraded extensively by nuninal 

m i ~ f ~ - ~ r g a n k m  to pmduce armnonia (NE&) and energy for growth. The host anunsl in tum 

uses the degradation end products, the undegraded dietary nutrients and the microbes which 

lave  the rumen as energy and protein or amho acid (AA) sources. The NH, produced in 

the rumen can be reused by microbes either directly (Bryan 1974) or recycled via the liver 

(thimtlligton et ai. 1995) or lost through lactation (Clark et al. 1978) a d o r  urination (Nolan 



and Lmg 1972). 

To improve the eEaency of the protein util idon in ruminants* high quality dietary protein 

sources such as soybesn meal (SBM) and canola meal (CM) have been treated in rnany ways 

to Grna pro& losp b m  Nnmial degradation and thus increase the arnount of dietary protein 

avsJable for post-nnnen digesPion (Brodaidr et al. 1991). The objectives of this study were 

to investi* the enécts ofthe moishue, lignosulfomte (LS), alcohol and heat treatment on 

the rumen degradation and the post-men digestion of CM protein when fed to ruminants. 



RUMEN METABOLISM OF NITROGENOUS DIETARY COMPOUNDS 

Protein Degradation 

Most oftk ingestecl protein entering the rumen is degraded to MI, and volatile £&y acids 

(Wh, such as d c  acid, propionic acid, but* a d ,  isobutyric aciâ, valeric aQd, 

isovaleric acid and 2-methylbu~ric acid). Microbial dvities inchde protein hydrolysiq 

peptide degradaton, AA deamination, and fmentation of the resultant carbon skeletons. 

Hydrolysis of dietary protein by rnicrobi protease into oligopeptides is the initial step. 

Rumen microbe proteoiytic activity has an optimum pH in a broad neutral range. Cysteine 

proteases are major contniution to proteolytic activity with large contniutions from serine- 

and metallo- protease (Mackie and White 1990). Bacteria producing these proteases 

comprise about 38% of the total bacterial population in the rumen (Fdghum and Moore 

1963). 

Proteofytic enzymes of ruminal bacteria appear to be predominantly ceil associated, as Little 

pmteoEytic edMty can be detecred in celi-h rumen fluid (Brock et al. 1982). Bacteria have 

both odl srirtiieabondcd anci M u i a r  peptidase activity. The first step in the breakdown 

ofdietary protem by bedeia is adsorption, either soluble protein is adsorbed to the bactaial 
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surface (Watlace 1988) or bactaia are adsorbed to the UIsoIuble protein particle. 

Susa(itibiüty of diffaent proteins to hydrolysis may correspond to their relative adsorption 

affinities. Protozoa aigulfbactaii a d  di- particIes of d size and cany on furtha 

intradular prot'6teolysis. 

Rotozoal protease is mainly of the cysteine type but the aspartic EICtivity is also sigainant 

(Fo- et al. 1984). Rasdyiic, peptidolytic and d eannnatioa activities of aliate protozoa 

ancl, pmbably to a lesser ment, ahaaobic fhgi are considered less important than b a c t e  

however, the ranovai ofciliate protozoa can di cause a significant dedine in proteolysis of 

dietary protein in the rumen (Broderick et al. 1991). 

The raubg oiigopeptides can be absorbeci d i r e  into the ce11 or be hydrolysed into smaii 

peptides by pepidase on the d surface and then be absorbed (Cotta and Hespeli 1986). nie 

absorbed peptides wiiî be hydroly& into AAs by intra-celIular peptidase. The resulting AAs 

are d eaminated to produce NH3 and VFAs (Cotta and Hespeii 1986). Bacteria can use short 

chai. peptides, AAs and NH, for k i r  own protein synthesis, but peptides are more 

&ecfivdy incorporatecl into bacterial protein (Mackie and White 1990) and a greater 

proportion of AAs undergo rapid d eamination (Wright 1967). The importance of 

deamination of AAs may exist in the fkct that the bmched-chain fatty acids resulting nom 

the deamù>ation and degradation of s p d c  AAs such as leucine, ideucine and valine are 

eirher required or highiy stipulatory to the growth of many ruminal bacteria, particulariy the 

fibrolytic species (Bryant and Robinson 1%3; Mackie and White 1990). Ciliate protozoa 
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seem to have a signifiant role in d eamination. Most species of protozoa produce NH, âom 

the intra-cellular hydro1ysis of protein or A A  Speafic d d o n  adivities of mixeci 

protozoa wae fiund to be about three times those of bacteria (Hino and Russe11 1985). 

Excess NH, and VFAs will be difised into the m e n  nom microbial ceiis. 

Rdaihun W o n  is similar to that of the rumen and thus is wnsidered a part of the rumen 

in this d i d o n .  nie omasum's funaion in metaboiigm of nitrogenous products is less 

b w n  (Aspiunâ 1994). although its enviromnent is fivourable for miaobial growth (Smith 

1989). Some evidence suggerted that the rumen and omasum may be an important site for 

peptide absorption throughout the length of the nuninant gastrointestllial tract (Webb et al. 

1992). 

The WdegradabIe dietary pmîein, syathesised microbial protein and non-protein N (NPN) or 

the residue of degraded protein will be turned over to the abomasum for host animal 

digestion. Quantity of N flowing out of the rumen will depend on the dietary protein or N 

idce,  the degradabiiity of dietary protein and the production of rnicrobial protein in rumen. 

Utileition of NPN Compounds 

Non-protein N can appear as a form of nucleic acids, nitrate, ethanolamine or choline firom 

natumi feedshiffS (Wailace 1988) or as NE&, urea or slow NE&-release wmpounds such as 

biuret, ieobutylïdene diucea and ladosy urea fiorn supplements (Smith 1989). The nucleic 
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aâds wnipise about 5.2 - 9.5% oftotai N in grasses and hay (Smith and McAlian 1970) and 

abad 20% of nimai backdd N @RC 1985b). The nucleic aads are repidly hydrolysed in 

the nnnai ud degddcm pmducts otnbornicteic d and deoxyrihinrdeic acid introâuced 

into the rumen wae readily idatifirihle as pyrimidine nucleosides, uracil, hyproxantbe, 

xanthine, guanosine and thymine (McAllan and Smith 1973). These producîs disappear 

completely d e r  4 h in the rumen (McAllan and Smith 1973) and are prerwnably degraded 

&or incurporated by nri~oorganhs ( W a b  and Cotta 1988). Nitrate is quite abundant 

in some plent matai.lo (Waliace and Cotta 1988). N ~ e s  are reduced in the m e n  to 

nitrites, and then can be reduced to hydroxylamhe and to NH, (Shirley 1986). Choline is 

essential fbr the growth of the protozoan Entdïnillfn mdldum and is rapidly incorporated 

irdo phospholipid (Broad and Dawson 1975). However the main fate of choiine in the mixed 

rnicrobial popuiation is to be converted into trirnethylamine which in airn is converted into 

methane by methaaogen bacteria (Wailace and Cotta 1988). 

Urea is broken down exîremely rapidly in the rumen to release MI,. Urease activity is 

greatest within the stratifieci layers of rumen epithelium and bas been shown to be associated 

with the a d h m  fbaWidy anaerobic and strongly proteolytic bacterial population which 

cdonizesthistissue(Whitelaw et al 1991). Theurease d v i t y  in nomal m e n  contents is 

thought to result maidy h m  the dwghing of heavily-cotonired epithelial c d s  (Wallace and 

Cotîa 1988). Numerous popiiations of strict mierobes in the m e n  contents in generai have 

low urease auivay, whaeas a rnuch smder population of atypical, fbitative anaerobes are 

chamckkd with high speciflc wease 8ctivity (Hobson and Watlace 1982). The organisms 
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rrsiding on the n m ~ n  Wall may be most Unportant in the hydrolysis of urca transfmed across 

the  men Wan, wtiile the organims m the fluid may be important in the hydrolysk of dietary 

and saüvary urea (WaI&ce and Cotta 1988). The degrdation of biunt, isobutylidene diwea 

and lactosy urea .re slower than that of urea in the rumen (Smith 1989). The NPN 

substances that have ionic bonds, such as ammonium sume, ammonium phosphate and 

ammonium chlonde, wül dissociate in water to release ammonium ions without enzymatic 

activity (Shirtey 1986). 

Most species of bacteria can use MI, as their source of N for growth and in fa4 NH, is 

essential for the growth of msny @es (Bryant 1974). Efforts have been made to determine 

the optimal rumen NH, level for rnaxixnum microbial growth or rumen fermentation. Men 

. * 
and MiRer (1976) reporteci that abomasum nomammonia N (NAN) flow was m a d  when 

NE& m o n  reached 16 mgldl for wethers fed a low crude protein diet supplemented 

with urea Mebrez et al. (1977) found that the minimal NE& N concentration for mavimal rate 

of Mey femiaitabion (Mon bag DM disappearance) was 19 mg/dl for sheep. Rof£ier et al. 

(1975) reporteci that the total uptake of NH, by m e n  microorganisms remaineci static and 

was d e c t e d  by the change in concentration ofN& N over 5 mgldl. Russeli and Strobel 

(1987) also showed that 4 mgldl of NH, N was required for maximal microbial protein 

synthesis when mixed ruminai bactexia were provided with growth rate iimiting amounts of 

mixed -hydrates. Russeil and Strobel(1987), however, suggested that the bacterial 

growth rate in th& experiment was possibly fiu too low (0.091h) compared to rate in the 

a p b e n t  ofMdinz d al. (1977). Odle and W é r  (1987) point out that the optimal NH, 
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N concentration nquired to manmize the rate of grain digestion in the nimen rnight be 

influenced by the chanid or structurai characteristics of the grain. Carbohydrates and 

prosePi9 am the major d e n t s  supporting microôii growth, and the diet of a lactating cow 

can vary mndembly in the quentitY and composition of both d e n t  sources (Hoover and 

Stokes 199 1). Based on data fkom in vitro and in vivo studies, Hoover and Stokes (199 1) 

concluded thaî the rate of digestion of carbohydrates is the major fiidor controhg the energy 

available for microbial growth. Protein affects both total fermentation and production of 

miCrobiel DM pa unit of famented Maxhnum DM digestion, microbial protein 

synthesis efiiaency and IIlicZ0b.d protein yield wae  whieved when the diets containeci 10 to 

14% degradable intake protein and 56% oftotal &hydrate as non-structural carbohydrate. 

The rumen NH, which resulted from the degradation of dietary or microbial tme protein or 

of NPN can be absorbed into the rumen wail and enter the bloodstream (NoIan and Leng 

1972). The NH, concentrations in portal blood tend to p d d  rumen NH, concentrations 

@ d e y  et ai. 1981). The NH, in blood rnay also be derived &om the deamination of AAs 

in the tissues (Nolan and Leng 1972). Liver synthesises urea fkom blood NH, and released 

the iirea into the blood Stream (Krebs and Henseleit 1932). The kidney rnight also produce 

smaIl amouBts ofurea (Huntington et ai. 1996). Nolan and Leng (1972) reported thaî urea 

was synthesized in the body (sheep) et a rate of 18.4 g N/d fkom 2 g N/d of NH, absorbed 

through the rumen wall and 16.4 g N/d apparently atising fkom other Nt4 sources. It is 

notewortiiy that many Won rnay affect the urea concentration in blood. Huntington et al. 

(1996) showed thaî toîai urea removed fiom blood increased as the level of dietary 
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concartrete incraued f9r beefstca. Blood wa N was positively associaîed with intakes of 

ninmially degradable and undegradable protein and negaîively associatecl with the intake of 

net energy p e t e r s  and Faguson 1992; Rosela et al. 1993). A large part of blood NE& can 

be daMd fhm the dednaîion of AAs in body tissue (Brucicental et pl. 1980). The urea N 

levd in blood can be affected by the q d t y  and quantity of protein and AAs absorbed from 

the intestine (Depeters and Faguson 1992) and the nutritional and physiological status of 

animais (James and Olson 1995). 

About 46 to 91% of dogarous production of urea can be recycled to the lumen ofthe gut 

(Norton et ai. 1979; Kennedy 1980) and the p ~ c i p a i  sites of recychg of urea are saliva, 

ruminal and post-ruminal (Nolan and h g  1972). Urea transfer fiom blood to rumen 

occurred rapidy by simple dasion and the urease activity in the rumen is able to hydrolyse 

ail urea p- (WhMaw 1991). Presumably, this urea was also recycied to saliva and to 

the Iowa guî h u g h  diffusion. nie amount and proportion of urea recycling respond to a 

variety of dietary &ors which include N intake, degradabifity of dietary N in the rumen, 

forage typq hay : @ ratio and fmentability of carbohydrate in the nimen (Huntington et 

al. 1996). 

Urea can be excreted out of the body in many ways. A substantial arnount of urea is 

sequestered by the kidDey for exCreton in urine (Nolan and Leng 1972). Some urea recycling 

to the Iowa gut fiom blood can be lost in a form of microbial protein through the feces 

araetion &er the urea is incorporated into microorganisms (Nolan and Leng 1972; Nolan 
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a ai. 1976). Urea is also secreted into the milk through passive transfer fiom blood (Clark 

et al. 1978). The concentration of milk urea N is highiy comefated (r = 0.89) to the 

concentration of Mood urea N (Roder et al. 1993). Factors affecting the concentration and 

flux of bbod urea N will also a&ct the mük una N @@eters and Ferguson 1992). Milk 

wea N data shwld be mtapseted with d o n  in relating to the di- nutrient supplies and 

the body conditions but can give some dues as to nutrient balance in daky cow diets. 

DETEFâMINATION OF RUMEN DEGRADABIISrY OF DIETARY PROTEIN 

A great deal of sort bas beai direaed towards developing methods for determination of the 

protein degradabiiity affeed ingredients. The o b j d v e s  of developing these methods are to 

provide acauate data for ruminant diet formulation and to compare Werent processing 

treatmenta for nuninal protein protection. Three types of methods, i. e. in vivo, in situ and 

in vitro me8suTements have been used in ruminai protein dephôiility determinatiom. 

In Vivo Measurement 

In vivo measurernent serves as a standard for evaluating the efficacy of other methods in 

estimation of protein degradab'ities W C  1985b). Animais ~8nnuiated in the rumen and 

abomasum or proximai duodanun are used to make me8Surements. The amount and 

composition of di- flow are me8sured. Two types of duodenal cannuias have been used, 

Le. re-entrant and simple "TH types. Raentrant cannuias offer the advanme of the 
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conductioa of totd digests coiiedions, thw diminating the n e 4  for digesta phase markers 

(Nocek 1988) and pmviding the most representative digesta sample. "Tm cannulas are more 

physiological and give less disturbance to the digestive tract (Nocek 1988) and require less 

labour and &ort to care for Mimals. Thus at present *Tu cannulas are used most often in 

digestive studies for in vivo measwements. 

Markers used in measuring digesta flow fiom the rumen to s m d  intestine were reviewed 

extensively (Owens and Hanson 1992). There are two types of markers, i. e. the internai 

markers which are the cornponents of feedsftiffs and the arternal markers which are inert 

compormds added to dida lhkkem can be administered either as a single puidose, or can 

be providecl coaPtaatly (or fkquedy) for a period of days (Owen and Hanson 1992). Pulse- 

dosing t/picaly is used to estunate digesta volume and retention tirne, while continuous 

dosïng is used primarily to measure instantanmus fiow at a specifïc point in the digestive 

tract. Chromic oxide powder has been used fiequently and s u d y  in several recent 

strdies (Zinn 1993; Dernjanec et al. 1995; Ovaton et al. 1995; Streeter and Marthis 1995). 

Both curvepeding (linear regasion) and nonlinear regression methods can be qually usefiil 

for evahiating passage kinetics of grain in cows (Poore et al. 1991). The sampling site, 

i. e. duodenum or reztwn, and the dosing time of markers have linle effect on passage 

parameter estimates (Poore et al. 199 1). 

hrGcrob'i flow can be determined by ernploying microbd markers. Broderick and Merchen 

(1992) reviewed the possible markers for quantification ofmicrobial protein synthesis in the 
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rumen. They ncommaided the w of the total purine andor '% techniques with either 

c o n t h a s  intmmmW Einision or discontinuous dosing via feed. The total purine isolation- 

q d c a t i o n  procedure descriiiied by Zinn and Owens (1986) has bem widely acceptecl for 

microbial protein quantification in duodenal digesta (Zinn 1993; Murphy et al. 1994; 

Demjanec a al. 1995; Overton et ai. 1995; Streeter and Marthis 1995). It is noteworthy, 

ho-, that the contrikition of pmtozoal protein would k undaestimated if t o d  microbiai 

crude protein flow wae compded b a d  on the bacterial purine : N ratio. That is because the 

protozoal purine : N ratio is about haif of bacterial ratio (0.44 : 1 vs. 0.90 : 1, Broderick and 

Merchen 1992). 

There are two common methods available for detennining nimen protein degradability in 

vivo, i.e. ticrementa1 and diEerence methods (Nocek 1988). In the incremental method, 

degradability of a given protein source is measured based on the increase in flow of protein 

to the d intestine in response to incremental additions of the protein source to the basai 

diet For the difference method, the quantity of undegraded intake protein (UIP) or AAs in 

the diet are caiailated fiom the difference betweai NAN flow and the swn of endogenous and 

microbial protein flows in abomasum or p r o d e  duodenum digesta. 

The incremental method (Stem and Saîîer 1980) can measure the protein degradabii of 

individual féedshiffs and does aot requin the measaxement of endogemus p r o h  

contribution The bias of this method may Wst in the usage of a reiatively high 

protein 1 4  with the basal diet and the ammption that protein contents in the rations do not 
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~ u e t l c e  the (NRC 1985b). The Merence h o d  me8suTes protein 

degrPdabiMy ofthe wboie did or@. A basai diet also can be used as a refisence for the extent 

of its contribution to the duodenai protein %ow. The degradability of an ùadividual feedstuff 

can be evaiuated by subtracting the a i  of basai diet nom the experimentai diet (Siddons 

et al. 1985; Cleale et ai. 198%). Endogenous protein has to be estirnated in this m e h d  to 

inaesse the acauacy (Nocek 1988). Estimations of the endogenous conm'bution to the 

duodeml protan flow are vecy variable, âifIicuit to obtah, and thus ofken ignored which may 

lead to an under-esthation of protein degradability (NRC 1985b). 

In Situ Messurement 

h t e b  degradability estimated by &cial fibre (Le. Dacron or nylon) bag inaibation in the 

rumen (in situ) bas gained widespread application since it was suggested as a routine method 

for testing by Mehrez and 0rskov (1977). In this method a feed sample is Seaied in the bag 

and s e v d  of these bags suspended in the m e n  via a rumen carmula for a serial period of 

times. The bags are withdrawn and washed &a suspeasion in the men.  The protein 

disappearance h m  the bag is citecl as the protein's degradability in a certain t h e  @cd. 

Mathematcal models are deveioped to descrii protein disappearance fiom bags in the rumen 

over a series of t h e  penods. These models are used to calculate effective degradabüity of 

cade protein (CP) of a feedsaiff by taking into consideration the outfiow rate of protein 

nOm the rumm (0rakov and M;CDodd 1979; Michal&-Dom and Ould-Bah 1992; 0 d o v  

1 992). 
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Fsctors SttéCring m situ nsults have been mRewed a d  recommended procedures were given 

by N d  (1988) and BrsLov (1992). An appropriate bag porosity is v a y  important in 

r e a c h g  a ~om~romise among limiting intlux of men contents not associateci with the test 

sampk, allowing influx of microbiai populations to degrade the test sampie, and at the sarne 

time Iuréting the ed3ux of undegradable particles of test sarnple during the rumen inaibation 

( N d  1988). Wd  a prauminnl incubation (at 39°C for 15 min) of SBM in watq Nocek 

(1985) sbowed that the N wuashout of SBM fkom the bags of porosity fiom 6 to 20 pm was 

10- than that h m  80 to 102 pm, with the 40 and 59 pm not bang dierat f b m  ali others. 

The author further demonstrated that bags of low porosity (6 to 20 pm) underestimatecl, 

w h m  of poroaty b e x  than 40 pm wmpared fàvourably with in vivo protein niminal 

d m i l i t y .  Bag porosity thus was suggested to be 40 to 60 pm for in situ measurements 

(Nocek 1988; Michaiet-Doreau and OuId-Bah 1992; M o v  1992). ûnyango (1995) fùrther 

compared two types of nylon bag, i. e. monofiIament (which has a pater percentage open 

a=) and muElment bag types, in the rumen incubation. The monofilament type was f m d  

to gke a relative higk N disappearance fiom the bag wmpared to multifiiament type. This 

research &lies that not only the pore size, but also the total pore area wili dfiect the adent 

of protein disappearance eom the bags. Cmentiy no recommendation is available on the 

total pore area of nylon bag. 

The ratio of sample weight to bag surfàce ana is also important for in situ measurement, as 

this ratio may restrict the circulation of bacteria and protozoa responsiile for nimen 

degmiation (Michalet-Doreau and Md-Bah 1992). Incr&g the sample weight to bag 
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su&m ana wül demase the rumen DM ( ü d h  et el. 1974) and protein disappearancc 

( N d  1985). A ratio of 12.6 mg/cm2 was found to result ia a Nminal available protein of 

SBM that most closeîy approximated in vivo results (No& 1985). Nocek (1988) further 

suggested that the range in sample sUe to bag surface area should be 10 to 20 m g l d  for 

most forage and concentrate type ingredients. Michalet-Doreau and Ould-Bah (1992) 

suggested 15 mg1un2 should be used. 

Data h m  Michalet-Dorieau Md Cerneau (199 1) showed that concentrate N degradability in 

the m e n  decreased as the screen size of grhding changed fiom 0.8 to 6.0 mm, but forage 

N degradabity did not. This increme in N degradabiity may be p d d y  attriiuted to the 

increase of N losses through the bag pores (Michalet-Doreau and C m w  199 1). The fine 

grindnig of feed cpn aLPo correspond to an increase in microbial population (Legay-Carmrer 

and Bmchart 1989) and thus wuid over estimate degradability. Michalet-Doreau and 

Cerneau (199 1) fùrther reported the considerable &fierences in pazticle size between feeds 

ground with the same saeen. T o  reach some degree of  uniformity in size within major 

a e g ~ n e ~  of feedstuffk, No& (1988) proposed thaî protein supplements and by-product 

type bgd i ts  shwLl be grouad to pass a 2 mm sieve prior to in situ digestion with a 5 mm 

sieve for forage. 

The exîent of N disappearance fiom nylon bags was different between hi& forage and hifi 

coacaitrate diets fed to cows (Weakiey a ai. 1983), 16th the highest concentrate diet having 

the lowest N diseppearanœ. Nocek (1988) indiateci that diet was the major fador 
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ddamunng 
. . the quanti@ and types of microbes ad, thedbn, the rate and extent of digestion 

of didnry d e n t s  m tbe nima 0rskov (1992) sugp&ed that the diet &en to animals Mted 

with nyion bags be smüar to the diets for which the resuîts wae to be applied. Onyango 

(1995) dernonstrated thaî the in situ DM and N disappearances (12 to 24 h niminal 

incubation) of test feedstuffs such as untreated CM, heat-treated (at 1 lOOC for 60 min) CM 

or a formulateci ammal-vegetable protein supplement could behave differently if these 

f m  were tested in cows fed diets containing the different test protein supplements. 

The maibation times of bap m the rumen may be diffefent for different kinds of feed samples 

(0rskov 1992). For an adequate and reliable mathematical description, the most sensitive 

part of the m e  shouid be wetl supported by obsenmtion, and the asymptote must be weli 

described. Bag hahaîion sequence can tifluence dietary digestion rates in the bag. The 

produre of bag introduction a.  Merent tims with removal d at once gives a higher rate 

constant for DM and N disappearance compared to the reverseci procedure (Nocek 1985). 

Standard ingrediait(s) were mggesteci to be used in egch incubation tirne suspended with test 

samples ( N d  1988) to give confidence for resuits &om different m. 

Madsen and Hvelptund (1994) investigated the predictions of in situ protein ruminal 

degradabüity in 23 European iaboratories. They reported that the differences found in protein 

degradabüities between laboratones were too large to be acceptable. The variation was 

mainly 8SSOCi8fed with differences between iaboratories in the methods used for sample 

pnpsration and processhg. Thus standardkation of the procedure for in situ measurement 



is necessary to dow data cornparison between laboratones. 

The aswimption that di prutein disappearhg &om the bag is d y  degraded may r d  in 

serious bias. By inarbating many protein sources in vitro aî 37°C with protease h m  

&Icteroih cm>yophiZus, Mahadevan et al. (1980) demonstratecl that soluble and inso1uble 

protek of soybean wae hydrolysed at almost identical rates though soluble, saum aibumin 

and naornicllesse A were resistant to hydroiysis. Furthemore, undegradecl particIes of the 

test sample may be lost by passing through the beg pores during nimen incubation and bag 

washing (MÎcaleet-Doreau and Cemeau 1991). In spite of these possille biases, in situ 

rneasurements were shown to have a close relation to the in vivo r d t s  (Madsen and 

Hvelplund 1985). 

In Vitro Measunment 

In vitro mchods were devdoped to give rapid, low cost and consistent laboratory means for 

protein degradability rneasurements. 

Solubilii had long been used to estimate protein degradability by inaibathg samples in a 

solvent such as distillai water, d e  solution or autoclavecl rumen fluid (Little et al. 1963; 

Waldo and Goering 1979; Crooker et al. 1978). Currently this method io seldom used, 

because t does not rdect the protein degradation dynamics in the m e n  (NRC 1985b). 
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V c  techniques have been ernployed in protein degradability detemination. Enzymes 

CM corne nom two sources, Le. rumen miaobial ongin or commercial. Poos a al. (1980) 

used f.ke anmnerciel praeohltic enzymes: a bacterial protease (S&epf~myces g ~ t ~ ~ 4 ;  three 

plant proteases, papain (Ananas C~OSIIS)). ficin (Finrs glrbrata) and bromelain (Anonas 

cornosus); and a neutral fûngal protease ( A ~ ~ I I t l s  oryzae) to daennine the ruminai 

degradabilities of nine amentrate samples. They found that in vitro enymatic degradability 

was hi* cornlated to protein bypass daennineci by animai performance. Fmgd protease 

gave the highest correlation across di incubation tirnes (average r = 0.86, n = 4). These 

resdts wae  n-confirmed by Pws et al. (1985). Pepsin, pancreatin and a protease (Type 

XIV) were aloo used in the estimation of N degradability in the m e n  (Siddon et al. 1985). 

None of these three -es, however, d e d  the feedstuffs (SBM, groundnut meal and fish 

meal) in the same orda for degradability as in vivo procedures (Siddon et al. 1985). 

Krishnamoorthy et al. (1983) firactonated total feed N into pool A (N soluble in borate- 

phosphate Mer), pod B (total N - @od A + pool C)) and pool C (acid-detergent-Uisoluble 

N or residd N d e r  24 - 48 h incubation in a protease enzyme (Streptomyces griseus, type 

XIV) solution. Pool B was m e r  divided into subMons BI, B2 and B3 by means of 

airve pedl>g the netural logacithm of pool B vs. tirne of the protease incubation of substrate 

in vitro. The runnnally wrdegraded dietary N of ciiffiirent N sources in the mixed diets was 

predicted by using a mathematical modd with data inputs of rate-constants and the pool size 

ofN fiadions obtahed f?om in vitro protease incubation. A good agreement (r = 0.78, n = 

12) was obtained between the ruminally undegradecl dietary N vahies estimated Eom 
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simuiated rumen proteoiysis and those detamineci in vivo for the mixed di&. Ra et al. 

(199 1) investîgated the acanacy of in vitro methods using Sireptomyces griseus, ficin and 

nadral protease with amylase in predicting in situ protein degiadation of concentrate feeds. 

The ardhors famd diat the m vitro mthods generated degradability estimates in confiict with 

tbose obtsmsd h the in sihi mdhod, aithough high correiation wae  found between in situ 

and in vitro 840s a series of tirne pdods (O to 48 h) for the individual feeds. 

The method of using neutral protease with amyIase d e d  the test feeds according to the 

extent o f 8  M o n  at 24 h most similar to that of in situ. At least 67% of the variation 

(18 h niminal incubation) could be explained by the in vitro estimates intheinsituestimates 

(neutml prokase and amylase incubdon for 1 to 12 h) (Roe a al. 199 1). The advantage of 

ushg amylase in addition to the protease in an in vitro incubation may exïst in inaeasing the 

access of protease to the dietaq protein exposed by amyiase which is more similar to the feed 

degtadation proces in the rumen. 

Luchini et al (1996) used mirtuns of commercial proteases to mimic the rate and extent of 

protein degradation obtained by using stfaineci r u d  0uid. The foiiowing mixtures of 

proteoiytic enzymes were tested: a mixture of Streptomyces protease, chymotrypsin 

and proteulase K at 0.042,Z.S and 0.5 aizyme d x d ,  respective, and a mixture of =sin, 

carboxypeptidiase A & B anci chymotrypsin at 116.5, 0.5, 0.5 and 2.5 enyme units/mi 

respectivPIy. Tb protein degdation rates obtained with strained ruminal fiuid wae two to 

six times Wer than those obtained with enzyme mixnues. Thus they conciuded that the 

c o d  îested did not mimic the protein degradation activity of strained ruminai 
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f h d  One ümiteoion wtnch may be 8SSOa8fed with tliis research is that the proteotytic actRrity 

was charactaized by using 13 Lamino acid pnitroanilides as the artificial subsaate. The 

protein degradaton activity in the incubations when feed protein was the subssate was 

diffèrent h m  that when &cial protein was used (Luchini et al. 1996). 

A partisny purifid pIotease originatmg h m  Bacteroides AmyiophiIw was used to study the 

degradation of soluble and insoluble proteins in vitro (Mahadevan et al. 1980). Resuits 

i r m d i d  that the n d n g s  of degdabiiities of sohble and insoluble proteins fiom SBM were 

siniüar betwem the den obtamed h m  the protease incubations and aude microbial W o n  

in vitro incubations. Mahadevan et al. (1987) htha prepared the protease from mixed 

microorganisms originating in nimen fluid. The majority of the protease extracted had a 

m o l d a r  weight greater than 300,000. The relative degradation rates of the tnie proteins 

ficm different feedshiffs incubateci in the rumen protease wen: SBM > fish meal > Iuiseed 

meai and blood meal > rapeseed meal > corn giuten meal. They also found that substituthg 

Saeptovnyces griPecrF prokase for the rumen protease gave results which were very Mixent 

Eorn those obtained with the ruminai protease. The authors concluded that protease other 

than rumen protease may not have the same action on feed proteins as rumen protease and 

thus might g in misleadhg r d t s .  The preparation of protease fiom mixed nuninal 

microoqpism does not solve the problem of variable proteolytic activity ofprotease &om 

diffèrent sources. 

Rumen rnicro-organism inoculations wodd seem to provide a more physiologically sound 
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proaQre to simulate rumen pro& degiadation (Tiiey and Tary 1963; Slyter et al. 1964; 

Hoover et ai. 1976; Czerkawski and Brekenridge 1977; Broderidc 1978; Raab et al. 1983; 

Luchini et ai. 19%). These methods also have problems mich as accumulation of degradation 

ad products (Raab et al. 1983). pnsence of inhiYiors and low microbial BCtivities (Broderick 

1978; Broderick and Bdthrop 1979; Luchhi et al. 1996), decmased miaobial numbas and 

change in the proportion of microbial species (Hoover et ai. 1976; Slyter and Putnarn 1967) 

in the in vitro incubations which may limit the usefihess of  these methods. 

For fiture studies, in orda to obtain a reprrsaicative resuit, some purifiecl m e n  microbial 

aiym*r such as proteas6 cellulase and amylase n a d  to be developed for the use of in vitro 

enymatic metbods Li detennining dietsry proteh nimina degradability. Including enzymes 

in addition to protease, such as amylase for high concentrate feeds or cellulase for high fibre 

feeds in an in vitro incubation system and using a nabual protein as substrate in characterizing 

the proteulytic activity wiii incre8~e the a~curacy in measuring. 

POST-RUMEN DIGESTION, ABSORPTION AND METABOLISM OF 

NITROGENOUS COMPOUNDS 

Abomuum Protein Digestion 

Ornasal digesta mtering the abomasum for nirther digestion consists of various nitmgenow 

wmpounds wbich include microbiai protein, undegraded dietary proteh, the endogenous 
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protein and the intennediafe or ad products of degtaded protein such as peptides, AA and 

NH,. Protein is hyhlysed into large or medium peptide segments by pepsin which was 

secreted into the acidic a b o m  environment by the c d s  on the aborna- d. The 

absorption of N compounds fkom the abomasum is probably quantitatively unimportant 

(Smith 1989). 

SmPn Intestinal Protein Digestion and Absorption 

Peptides and undigested proteins h m  the abomasum are subjected to extensive digestion by 

pancreatin and intestinal proteases in the d intestine to proâuce smaii peptides and AAs 

which can be absorbai into intestinal mucosa (Friedrich 1989; Webb and Matthews 1994). 

The absorption of small peptides are more rapid than that of AAs and an independent 

tfansportation system for small peptides is possible (Webb and Bergman 1991). While large 

peptides may be absorbed h m  the small intestine, the absorption of quantitative importance 

is Iimited to di- and tripeptides. The absorption of these peptides can be affected by rnany 

b r s ,  for ktance, the peptide AA composition, the location of a s p d c  AA in a peptide 

and the cornpetition among peptides (Webb and Bergman 199 1). 

nie quantity and the proportion of AAs in the srnall intestine are maidy determineci by the 

infhs of mïQObial pmteh, diw protein and endogemus protein (Clark et al. 1992). The 

peptides and A h  which escape rumen degradation rnay a f f i  the AA composition of d 

intestine digesta (Webb a al. 1993). After sumarkhg 152 dietary treaîments fkom the 
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hmûm, Ciark et ai. (1992) reportai that microbial N supplied an average of 5% of NAN 

that passed to the s d  intestine of dajr cows with a range of 34 to 8%. The apparent 

digestibility of rumen bacterial pqarations measured between the abomasum and faces in 

sheep is 77.5% on average and the tme diged'ibility of microbial AAs is 84% (0rskov 

1 992). 

Most of the absorbed peptides fkom the small intestine will be hydrolysed into AAs in the 

cytosol of the iritestinal wail cd. A small part of absorbed peptides can be released into the 

b l d  stream together with some AAs which are absorbed fiom the intestine or derived fiom 

the hydrolyzation of peptides in the ceil (Friedrich 1989; Webb and Bergman 1991). A 

substatltial part ofabohci Mis are metaboli& in the intestuial wall (NRC 1985b). It was 

shown that 10 - 35 % the amho N entering the blood during the absorption of the partial 

hydrolysate of casein and soybean Mght weii have been in the fum of srnall peptides 

(Matthews 1991). The author fùrther suggested that red blood cells might carry more 

peptides than plasma 

The AAs are transported in blood for utilizaton by body tissues (Amentano 1994). The 

hepatic uptake of amho N is considered to be around 23% of duodenal entry while the 

essential AAs utiüzed by liver can account for approximately half of the non-marnmary 

utüization of duodenal entry (Armenîano 1994). The author also rniggested that hind limbs 

of growing d v e s  aa;wited for roughiy one-fourth to one-third the rate of hepatic AA 

uptake. The niarrniaiy glend ibiüzed substantial quanîities of AAs h m  blood (DePeters and 



Cuit 1992; Anaaitano 1994) in the h a h g  cow. Based on the composition in milL. 

individual AAs cm be characterized into three groups (DePeters and Cant 1992). Group 1 

AAs, Le. phaiyiaianine, tyrosine, methionine and tryptophan, are tratisferred nom blood to 

milk without alteration. Group II A& which include the rernainder of essential AAs, are 

taken up from blood in acess of the miik output. Group III AAs, whidi include the 

reminder of nonzsaartial AAs which are takm up fiom b l d  in insdlicient quanfities to 

auaunt for tkir aecrehn m mi&. nie  authon suggested that the group 1 AAs are likely to 

be the most limiting U s  in mülr protein synthesis. Mer acamùung rnany acperiments 

conducted to define the AAs that limited rnilk yield, the authon concludecl that, in general, 

methionine and iysine are comidered to k the limiting often termed CO-Limiting AAs for mfi 

yield with normal dPiry cow feeding practices. 

Rulqyin (1994) and Ruiquin et al. (1995) stuclied the responses of miik protein content to the 

addition of rumen-protected methionine and lysine in dim. The results suggested that the 

milk protein responses were dependent on the methionine and lysine content of the protein 

mmntmte and the physiologicai state of the cuw. Tbe author showed that the response to 

the W o n  of protakd rnetbionk and lysine was low with fishmeal which has a high lysine 

and methionine content, high with groundnut m d  which has a low lysine and methionine, 

while intermediate with corn gluten meal (low in lysine and high in methionine) and blood 

meai (iow in methionine and high in lysine). The aiiowances for lysine and methionine as a 

of total intesth digestible protan m d i a  wae ceoommended to be 7.3 and 2.5%- 

rrspectively @&pin 1994; Rulquin et ai. 1995). Schwab (1995) fi>rtber suggested that lysine 
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should contribute at least 15.W of total essential M in d u o d d  digests for maximum 

contait and yidd of milk protein, and methionine should contri%ute about 5.3% of totai 

essential AA in d u o d d  digesta whai and only wheq lysine made up approxkmte 15.W 

of totd essentid M 

E r y h q k s  wese demonstrated to transport f k e  AA to tissues such as the mammary gland 

(Hanigan a al. 1991). The authors suggest that uptake data derived fiom piasma is not 

adequately representing AA uptake by whole blood. Moreover, data fiom Pocius et al. 

(1981) fùrther suggested that srnali peptides, such as glutathione might be absorbe- by the 

mammaiy gland and thus contribute to the AA pool available for utilization by the mammary 

glaod Thus the AA utilization in the mamrnary gland needs to be examined more carefÙiIy. 

Small peptides, especiaily lùnited to di- or tripeptides, also can be absurbed and utilized by 

other tissues such as liver, kidney and muscle (Webb et al. 1993). The contribution of srnail 

peptides to the AA nutrition of animal body tissues needs to be investigated in more detail. 

Other nitrogenou compounds present in small intestine digesta indude amides, NH, and 

nucieic aQds (Oldham and Tamniinga 1980). Amides and NE& can be absorbed fiom the small 

intestine (Church 1976). Nuclcic acids are broken d o m  into nucleotides , nucleosides and 

bases by deoxynibonule85e~, ribonuleares, phosphodiesterases and phosphornonesterases and 

absorbeci in the d intestine (NRC 1985b). 

Endogenous protein in the small intestine includes enzymes, bile, muais, serum albumin, 
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lyinph, epithelial ceils and otha degrodation products from the gastrointesthal liniag 

(Swrurwn 1982). Swrnsai (1982) reponcd ttuit a large Mux of N, presumabiy endogenous, 

in the first part of the d intestim raiseci the protein per-e ahost 45% above that of 

abornasal content in steeis. The mount of endogenous N can be equivafm to the sum of N 

ofundegraded intake protein and microbial protein present in sheep small intestine (NRC 

1985b). Thus, endogenous protein rnay play an important role in protein nutrition of 

niminants. 

Large Intestine N Metabolism 

Protein and NPN passing fiom the ileum can be degraded by microbes present in the large 

intestine to produce NH, whkh a n  be used for rnicrobial gowih or can be absorbed into 

blood thrwgh the mtesrine waü W C  198%). The undegraded protein and unabsorbed NPN 

will be excreted in feces togeîha with endogenous N and the rnicrobiai protein synthesised 

in the large intestine. 

DETERMINATION OF POST-RUMEN PROTEIN DIGESTIBILITY ADID 

ABSORPTION 

In Vivo Meamrement 

Appamnt protem or AA absorption (#d) m the d intestine can be estimated by measuring 
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the disappearance of nutnent (gld) betwem~ the p r o d  duodenum and the temllnal ileum 

(Zinn and Owau 1982; Santos et al. 1984). True absorption is the sum of apparent 

a b s q t h  and endogrnous loss, i.e. the enâogaiw input that is not reabsohed. Through 

the @on ofapparent disappearance in the d intestine (Y, g/d) the supply to 

the p r o d  duadanun (Y gld), using the equation Y = a + b*X, the true absorption @, % 

of the supply to the proxhate duodenum) and the negative value of endogenous losses (a, 

gld) can be derived (Zmn aud Owen 1982). 

Apparent digestible intake protein or AA (gld) in the whole digestive tract is equal to the 

disappearance of imake protein or AA (s/d) as measured by difierence between dietary intake 

Ud) and fécal 10s Wd). True digesb'bIe protein or AA Wd) equals the sum of the apparent 

digestible protein or AA @/ci) and the fècai dogenous  loss (gld). A h e m  regression of the 

apparent digesbbe protein or M content (% of di- DM) against the di- protein or 

AA cuntent (% of dietary DM) can be plotted and the dope will represent the tme 

digeshbility (% of dietary protein or AA) (Harris et al. 1972). 

Mobile Nylon Bag Technique 

Sauer et al. (1983) irrtroduoed a mobile nylon bag (MNB) technique to de$ermine the apparent 

digestîbilitiies for pigs. This d o d  was adqted to study the post-rumen digestion of dietaq 

protein and AAs in ruminants (de Bon d al. 1987; Kendall 1988). 
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Presently, the MNB technique is used routinely in the University of Manitoba with 1 g 

sampfes that are seaied in a 3.5 X 5.5 cm nylon bags of 50 pn pore size ( S m  et al. 1983; 

Kendail et al. 1991; Moshtaghi Nia and Kngalle 1992). The nylon bags are incubateci in the 

rumai for 16 hours. Sorne incubated bags are washed and dried and the residues in the bags 

are measmeci for disappearance in rumen. The remaining bags are incubated in pepsin-HCl 

solution for three hom (Moshtaghi Nia a d  Ingaiis 1992) to simulate the abomasum 

digestion and thai the bags an inserted into duoci- and collecteci fiom feces. The true 

digesbiility of dietery protcin or AAs can be me(isufed through their disappearance fiom the 

b w  

De Boer et al. (1987) tested six f k b f &  using a simular MNB technique as the one used in 

the University of Uanitoba excepting that they used nylon bags of 48 pm pore size and 

omitted the pepsin digestion step. The measured intestinal aV8ilab0ities of undegradable 

protein @ssed on 8 h xumen maibaton) are 73 and 79% for the meat and bone meal and the 

CM, respedvely. These values are higher than the values of true N intestinal digestibility of 

ruminal residues (based on 8 or 24 h rumen incubation) of meat and bone meai (55%) and 

rapeseed meal (67?!) in rats (Rooke 1985). However the values obtained for fish meal an 

quite dose (83% in MNB vs. 86% in rats digesti%iIity) between these two methods. 

Hvelphud et al. (1992) rnessiired the tnie digestiiility of undegraded dietary protein from 12 

dZkent feeds using the MNB teclmique. Sarnples were put into nylon bags (9 um pore size) 

and incubated in the rumen for O to % h. A f k  incubation the sample residues were 
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preincubated in a pepsin-HCI solution (100 mg/i pepsin, pH 2.4) prior to insertion into the 

s d l  intestine. The r d t s  suggested that the e&ct of preincubation in rumen was 

numeridy vay d for the four concentrates, but statisticaüy siBnificant excepthg one. 

The d u e s  o f  tme digestibriity of the intact f d  protein estimated by the MNB technique 

(Hvelplund et ai. 1992) are much higher than those in vivo (Titggemeyer 1988) and in nit 

digestion aials (Rooke 1985). The small intestinal digesti'bility of undegradable CM protein 

(MNB technique) dcuiated h m  the data presated by Moshtaghi Nia and Ingalls (199Sb) 

is 82.8% with a rumen degradab- of 69.1% for the original CU Moshtqhi Nui and 

Xngails (1992). however, reported a Iowa d u e  (63%) of  d intestinal diged'b'i  of 

undegraâable CM protein (MNE technique) together with a higher ruminai protein 

degradability (74.4%) of CM. Thus the extent in Nminal proteh degradability arnong 

different sources of the same feedstuffi may influence the digestibility of the undegradable 

dietary protein in smail intestine as measneci by the MNB technique. 

Hvelphuad et al. (1992) indicated that the resuhs obtained with MBN technique showed good 

agreement with the tnie intestinal digesti'bility results obtained in infûsion experirnmts with 

sheep. More data regarding the direct cornparison between the in vivo and the MNB 

technique in measuring intestinal digestibility of dietary protein are required More a 

conciusion a n  be drawn on the acairacy and reliab'ity of the MNB technique. 



In vitro methods such as enzymaîic digestion, chernid methods and dye biidir~g were 

d h p e d  to es th te  the digestaiiity or (IV8i18biiity of protein or AAs of foods or f a  

in pailtty, swine or human nutrition (Akeson and Stahmann 1964; Hsu et al. 1977; Sibbald 

1987). 

Enrymatic methods were used vay 9uccesSf.LIuy in predicting proteh biological d u e s  

(Alceson and Stahmm 1964) and eStimating protein digesbiility ( E h  et al. 1977). Akeson 

and Stahmann (1964) incubated 100 mg protein with 1.5 mg pepsin in 15 ml of 0.1 N 

hydrochloric acid at 37°C for 3 h. Mer the pepsin inaibation, the digestion mixture was 

neueralized with 7.5 ml of 0.2 N NaOH and 4 mg pancreatin in 7.5 ml of pH 8.0 phosphate 

b d k ,  and and hcubated Mer for an additional 24 h a& 3TC. Merthiolate (50 ppm) was 

added to the digestion mixture to prevent the growth of rni~0i)rganisms. The amount of AA 

released h m  the PIcubation was used to caldate the pepsin panmeah index of the dietary 

protein. The authors reportai that the values of pepsin pancreatin index for 12 proteins were 

h i a y  mrrehed (r = O -99) to the biologicaî values of these proteins in growing rats. Hsu 

et al. (1977) used a multienzyme system, which wnsists of trypsin, chymotrypsh and 

pepbdase, to evalevalwite the pro* digestiiility in vitro. An aqueous protein suspension was 

incubated in the muitienyme solution at 3TC. A rapid decline in pH of the incubation 

solution ocamed, caused by the fieeing of AA carboxyl groups fiom the protein by the 

proteolytic enzymes. The authors fmd that the pH of the protein suspension after 10 min 
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of digestion was highly correlatecl (r = 0.9, n = 23) with the in vivo apparent digestiiüity by 

rats. The advantage of this denzy l l le  digestion d o d  is that it is rapid (completed within 

1 h) and simple, with a high degree of d t i v i t y  (Hsu et al. 1977). 

Recently, Caisamigiia and Stern (1995) developed a thr-step in vitro procedure for the 

rneasmmnt of mtestmal diged'b'ity of protein in ruminants. The par~creath digestion step 

in this procedure was modified h m  the method used by Akeson and Stahmann (1964). Feed 

samples (1.5 g) were ground t h u g h  a 2 mm screen, kat-dled in 6 x 10 an Dacron 

poiy*aa bags and suspaded in tbe ~ n a i  for 16 h Samp1e nsidue (1 5 mg N) was incubaîed 

in 10 mi of pH 1.9, 0.1 N HCl solution containing 1 fl of pepsh for 1 h in 38.C. AAa 

pepsin incubation, 0.5 ml of 1 N NaOH solution and 13.5 ml of pancreatin solution (0.5 M 

Kl&Fû4 bunér standardid at pH 7.8 containhg 50 ppm of thymol and 3 g/l ofpanaeatin) 

was added into the digestion solution The sarnple was incubated at 38OC for 24 h with 

votexing at 8 h intervals. Three ml of 1W/o (w/v) trichloroacetic acid (TCA) solution was 

added to the digestion solution to stop enymatic action and precipitate undigested p r o t h  

after the aiymetic incubation The digestion solution was centrifbged at 10,000 x g for 15 

min and the supernatant was measured for soluble N content. Thus the pepsin pancreatin 

digesb'bility (PPD) of protein is calculated as TCA-soluble N divided by the amount of N in 

the Dacron bag residue. The pancreatin assay was vaiidated by using d u o d d  samples 

obtaiaed h m  animais M dids coaifainmg a wide V8fiw of protein supplements. niirty-four 

d u o d d  samples, fkom which srnaii intestine CP diged'biliiy was detennined in vivo, were 

m e a d  for the pancreatin digestibüity. A high wrrelation (r = 0.91) was found between 



in vivo esthnates end the pancreatin digestion. 

The intestinal absorbable di- protein (% of CP), the product of nunen UIP (% of CP) 

measured by the in siai Dacron bag technique and the PPD (% of WP), can be used M e r  

to evduate the inttstiriPI availability of di- protein and AAs for Nminenul (Stem et al. 

1995). The three-step in vitro procedure provided an alternative to the use ofintestinally 

C8I1I1U18ted arwials for estLnating intestinal digestion of protein supplemenîs (Caidglia and 

Stem 1995). 

MANlPULATiNG PROTEIN FLOW FROM THE RUMEN 

Dietary protein is degraded adarsively in the rumen by microbes to produce NH, w k h  can 

diflkse into blood and be lost largely through urine in ruminants. To use high quaiity dietary 

protan sources more efficiently, many techniques have been üied to manipulate the protein 

flow fkom the rumen and protect dietary protein or AA from Nminal degradation. 

Some &orts have been made to manipulate the rumen fermentation environment so as to 

reduce the nimen protein degradation. Carboxylic polyaha ionophores such as monensin, 

tetronash, ladoid, lysocellin, maresin and laidomych are antiiotics produced by various 

strains of Streptomyces (Bagen and Bates 1984; Russeli and StrobelI 1989). Various 
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ionophores have ban useâ to improve the production efnciency of growing iuniinanu since 

the 1970% with monaisin king the most extensively studied (Goodnch et al. 1984; Shirley 

1986). Hanson and Klopfenstein (1979) investigated the &ectS of monensin on growing 

steers fed dinerent protein sources and Ievds. Supplernentation of monensin at 200 

rng/head/âay to 10.5 and 12.5% CP diets d t e d  in 16.3 and 8.T.h irnprovanents in 

feedgain efticietlcy, rrspectively. Monensin efliectively altered volatile fâtty acid 

concentrations in fàvour of propionate. Rumen NH, N concentration was reduced by 

monaisin. Lysocellin (80 rng/hdday) and tetronasin (60 mg/head/day) were shown to 

hcrease avgage âaiiy gain of steers graPng ryegresp by 9.6 and 7.W respectively, compared 

to the control (Sticker et al. 1991). However, iysocellin and tetronasia did not &kt the 

rumen NH, concentration (Stick- et ai. 199 1). 

Ionophores are regarded as having "protein-sparing" e f f i  on dietary protein utilization in 

Mainants (RuseIl and Strobel1989), as they gen- improve weight gain while decreasing 

fgd irfîake (Goodnch et al. 1984). Ionophores were shom to decre85e NE& production in 

vivo (Hanson and KlopfeflSfein 1979) and in vitro (Chen and Russeil 1990; N h 1 d  et ai. 

1990). Ruminai bacteria with a high specinc activity of NH, production were found to be 

sensitive to monensin (Russd et al. 1988; Chen and Russeil 1989). Chen and Russe11 (1989) 

fiirther found that monensin had M e  &ect on protein degradation, but it causeci a large 

decregge in NH, production and an Uiaease in non-NH3-protein-N in vitro. Thus they 

suggested that monensin could incre85e peptide N flow f30m the rumen. NewboId et al. 

(1990) also UIVestiigated the &écts of an ionophore, tetronasin, on N metabolism by nimllial 
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m k w q p k m  m vitro. Rotedytic Iictivay (14Clabdled CeSem hydroiysis) was d e c t e d ,  

buî the dease rate fiwn Akr was demaseci by 8%. The addition of tetronssin to the 

cultures of nimen bacteria Bacieroidos nrminicoh and Ruminobacter mnylophiilar did aot 

decrease bacteria proteotytic and deamhase activities. However, after they adapted to and 

were fùrther incubatecl in the presence of tetronasin, th& deaminsse dvities were 

completeiy inb'bited, aîthough the proteolytic advities were not d e c r d .  The authors 

speculated that the mechanism employed by these species to grow in the presence of 

t e t n , d  interfkd with the uptake or rnetabolism of AAs, perhaps by altering pemeability 

charact&stics of the bacterial c d  envelope. The authors suggested that the effects of 

tetronah, and probabiy of ouia ionophores, on AA d eamination could be the elirnination of 

gram-positive desrmnsbng 
. .  badaia and an intaférence in AA breakdown in Surviving species. 

It was reported that the dnving force for the active transport of AA into the c d  is a Na' 

gradient, while the active transport of peptides is dnvm by a H+ gradient and possibly by a 

Ca2+ gradient (Webb and Bergman 1991; Webb et al. 1993). Ionophores which are able to 

dissipate the proton and Na' gradients across the cell membrane (Bergen and Bates 1984; 

Russell and Strobel 1989) thus may intdere with transport o f  AAs and peptides across 

membranes for furthe metabolisa An in vivo sîudy dernonstrated that monensin was able 

to manise nimen pfotein bypass h m  22 to 55%, while decreasing rnicrobial NAN flow and 

m i d i a i  growth efliciency or protein synthesis (g microbial CP/ 100 organic rnatter digestecl 

nuninally) on average of 15 and 2 1.5%, respectiveiy (Bergen and Bates 1984). Protozoal 

inbibibion by maisin ancl iasdocid was reported to be transient because prolonged antiiiotic 

fgdEig resdted in die seleceion of a rtsistant population in the m e n  of d e  ( D d s  et al. 



1986). Fungi are dso inbiited by ionophores (Waüace 1994). 

Microbial foed additives, i.e. tive miaobial cultures (iiuding their extracts) such as 

A3;pergif.h~ aryroe (AO) and cereviisae (SC) have k e n  used as tuminai 

faiaitation manipuking agents in nimiaant diets (Wallace and Newbold 1993). The use 

of small amount of yeast cuiture (YC, Sàccharomyces cerevisiue plus growth medium), 

typicaily 4 - 100 g/d (Waiiace 1996), has been associated with improved feed intake (P < 

O. 10, Erasmus et a l  1992) and milk yield (P < 0.05, Wfiams et al. 1991) in daiiy corn, and 

altemations in milk composition and improved weight gains and feed efficiencies in meat 

producing animais (reviewed by Dawson 1990). The most reproducible &ect of microb'd 

feed additives is that they increase the viable count of total anaexobic, especially cellulolytic, 

bac&eria recovered fiom ruminai fluid (Wallace and Newbold 1993). Harrison et al. (1988) 

supplenaited 114 gld ofYC to a 40% corn silage and 60 % concentrate (DM basis) diet to 

WWS~ They observcd 58 and 82% inmases m the cooceatration of anaerobic and cellulolytîc 

bacteria, respectively, in rumen fiuici, d e  the Nminal pH, NH, concentration and the 

acetate:propionate ratio were lower when YC was included in diets. Dawson a al. (1990) 

recordeci 10 fold inaease in total culturable bacteria and about 8 fold increase in celluiolytic 

bactaia in vivo using camulated steers. 

Furtberrnoe Emsmus et ai. (1992) fbund that the AA profile of bacterial protein was altered 
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such that the proportion of some AAs , i.e. cysrine, gftrtanimc. saine and threonine (P < 0.05) 

and metliiame (P < O. 10) was Urrawd and the duodenai flow of methionine was increased 

(P < 0.05, treatment 58 W. control4 1 g/d) when YC was supplemented in the d i a  for the 

lsaatllig cows. 

U Hasssn d al. (1993) suggested that yeast cdls do not grow in the rumen and YC need to 

be both viable and mefabolically active fw the fd of YC on the rumen feflllentation 

to be reaüzed. The authon demonstrateci that &er 4 g YUd was fed to sheep the viable 

count of yeast cdls in the rumen declined at a similar rate as to the outfiow (0.086 vs. 0.095) 

of chromium mordanted yeast added to the rumen. Wallace (1996) pointed out that the 

enonnous changes in the viabiiiry ofthe bactaial celis that are presented when YC is used do 

not neasady rnean îhat the total inunba of bacteriai particles is cWEerent, ody that a higher 

proportion is dive or at least vigorous enough to d v e  in viable counthg. The author 

suggested that YC must in some way improve conditions for the cultivation of rumen 

bacteria 

The availaMe e>rpaimmtal evidence thus suggests that the microbial feed additives increase 

the rate of fibre breakdom througb hula î ing  bacteriai growth, which in tum wiU enhance 

feed intake and increase the flow of nuûients such as protein and energy to the srnail intestine 

for animal digestion and absorption, and M e r  improve the animal production. 



Deôumetion wu found to d u c e  NX3 coCy;enttafion, dietaiy protein degradation and inaease 

baaeria production in the rumen (Ushida et ai. 1986; Punia et al. 1987) and thus improve N 

or NAN fiow to the lowa gut (Veira 1 984; Ushida et al. 1986; Punia a al. 1987). Protease, 

peptidase and deaminase dvities were found in protoma (Williams 1989). 

Entodiniomorphid (oligotrkh) protozoa use oniy a partidate protein source, whereas the 

kotricbid @dotrich) protozoa are able to utilize both particdate and soluble proteins (Hino 

and Rwseii 1987). The elhination of protoma, the predator of rumen bacteria, g e n d y  

increase m e n  bacterial counts fbwfold (Nagaraja et al. 1992). and increase rniaobial N net 

syntbesis in the rumen (Demeyer end Van Nevd 1979), and thus increase the bacterid N flow 

to the duodanim (Ushida et al. 1986). In vitro ruminai bacterial and protozoa incubations 

demonstrated that isoiated bacterh ahaqs produce more NH, than isolated protozoa, but the 

difference was less with heat-treated, partiailate proteins (Hino and Russel 1987). These 

results suggest that the presence of protoma may ulaease the availability of insoluble pmteins 

for microbial utilization and thus increase dietary protein degradability in the rumen. 

Protozoa also wen sbown to be liimted in their capaQty to take up peptides and AAs, as non- 

NH3-NPN was bigha in inaibatons containhg protozoa than bacteria, while bacteria on the 

other hand have a higb capacity to take up AA sources and deaminate (Hino and Russell 

1987). Thus the synergism was observed between the protozoa and bacteria in NH, 

production (Hino and Russe11 1987). Waiiace et al. (1987) M e r  found that the leu& 

enimopeptidase, deamhase and trypsin-iike protease activities were 58,64 and 55% higher 



when naairal mixed protouui were present in sheep compared to ciliate!-&. 

Rotoma contn'bute significantly to celiuioiytic and Pmyiolytic activities in tk nimai 

(WSUmP 1989). DeSBunation can cause general depression of fibre digestion ( W i  and 

Coleman 1988). Coteman (1986) fbnd that the carboxymahylcelluiase activity in m e n  was 

derreased M./. due to d-on in sheep. Veira (1984) ais0 indidecl th& on average, the 

adent of ruminai organic matter âisappearance h m  the rumen in ciliate-fiee sheq wss only 

85% of that observed in fiiunated shap. Thus the ben& of defaunation to  ruminant 

production have to be examined carefùily. 

PROTECIING DIETARY PROTEIN FROM RUMEN DEGRADATION 

Emphasis bas been placed on the dardopment of physicd or chernical meuiods in treating 

dietary protein directly to protect it from microbial degradation in rumen. Broderkk et ai. 

(1991) and Atwal(1995) have wntten extensive reviews on this subject. 

Heating has long bexn used as a method to d u c e  the protein degradability in the m e n  

( S h d  and Tülman 1964; Stem 1984; Faldet et ai. 199 1; Satter et al. 1994; Moshtaghi Nila 

and Ingalls 1992, 1995a,b; Onyango and Ingalls, 1994; Onyango 1995). The mechanism of 

protection in heat treafment involva p~cipally the Maillard reacton (or nonenymatic 
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browning) bawan the fine anMo group of lysine &dues in protein and the ddehyde groups 

of redllcing sugar such as glucose, h a o s e  and dose  which are present in or are added to 

diets (Humn and F i  1985). In the Ulitial stages of the Maillard reaction (Finot et al. 

1977), a SchitPs base is formecl and a molecuie of wata is released through the addition 

reaction berweai the a m h o  and aidehyde groups. The SchifPs base is reversiile and can be 

trandbrmed to other FRtersible intermediates before the formation of a stable and irreve~~iiIe 

Amadon product (ketose fom). The SchifPs base and its reversiible intermediates are M y  

bi-le to animais (Finot et al. 1977). Heat can enhance the formation of S c W s  base 

and its reversiile intermediates. SchifPs base is mon stable at a neutral pH while an acidic 

environment can induce the reversal hydrolysis process to produce the original sugar and 

lysine residue. it can be assumed that the SchitPs base formed through heat treatrnent 

s t a b k  the protein and renders it less degradable in the rumen (pH 5.5 to 7.5). whereas it 

remaihP dige~a'ble in the acidic condition of the abomasum @H < 3.0;. 

However, Humn and Carpenter (1977) showed that excessive heat may induce the formation 

of Arnadori products, its further derived produds, and the stable final products 

premelanoiclins and melanoidins (poly-polymeric nitrogenous compounds). These reactions 

are ineversl'ble and thus the products are indigestible to the host animal because of the 

'advan&' Mailiard reactioe The modified lysine involved in the reaction also becornes 

nutritionally unadable (Hmell and Carpenter 1977). The authors fürther Uidicated that 

satere or prolonged heating can cause the formation of new isopeptide bonds between lysine 

and aspartic or glutamic acids, and also cause the formation of cross-linkage produas such 
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as lanthionine and lysinoalanine within the protein. Thus the digestibilities or biologid 

availabilities of proteins and lysine espeûaiiy are deaeased during severe heat treatments 

( H d  and Carpenta 1977). Pmlonged heating can aiso destroy other AAs such as 

methionine, cystine, leucine, wghhe or histidine and the damage to AAs becornes more 

severe in the presence of sugar (Evans and Butts 1949; mer a al. 1965). 

Thus t is important to control the reaction conditions in heat treatment so as to limit the 

Maülard d o n  to its iaidal reverslile step. Two major variables having the most ened on 

the formation of Maülard products are tanpaature and duration of heating (Satta et al. 

1994). Most shidies on heat treatments have Uivolved defining the range of heating 

tempera- and tirne for optimum treatment which will supply xnaxhum available dietary 

protein for d intesthe digestion and absorption through manmizing the protection while 

minimizing the damage déct to the protein through heafulg. 

Extrusion was used as a rnethod to apply heat to diets to increase protein bypass rate. The 

tanperature of soybeans exithg the extruder can be in the range of 132 to 149°C (Satter et 

al. 1994). A r&ew on the praaicai usage of extrusion treatments (Atwal 1995). indiateci 

improvements in mille production in s e v d  studies but not al. The lack of response to 

extrusion may be the result of too short heating tune a d o r  the temperature is too low for 

effective treatment . 

D m  roasters (e.g. Roast A - Matic or Gem) and high temperature air dryers (e.g. Jet-Pro 
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or Thermo-Pro) were used most ofkn in applying hegt to proteins (Satter et al. 1994). 

Protein supplements were exposed to the hot air environment of 204°C to 316.C or men 

higher for a short paiod f f i re  exi!ing the heating apparatus. These treatments became more 

effective with steeping or conditioning for an additional pesiod. That is the heated protein 

produds have to be heid for a certain t h e  period in a container with slow cooling. The air 

dryer was considemi to be more &cient and caused less scorching of treated materials in 

cornparison to drum roastas (Satter et al. 1994). 

Plegge et el. (1985) found tbat rwdng at an exit taiipaature fkom 1 15 to 145°C had a linear 

effed on the amount of SBM N escaphg Mmnal degradaton, *ch was increased fkorn 14.7 

to 47.3%. However, acid-detergent-inso1uble-N and acid pepsh insoluble N in SBM were 

inaeased three fold when SBM was roasted to 14S°C, compared to wntrol. Faldet et al. 

(1991) observed a signifiant inaease in estimated postnuninally availab1e lysine by roasting 

and holding SBM at a temperature of 110 - 1 2 K  for 0.5 to 3 h. McKinnon et al. (1990) 

treated CM at 125 and 14S°C for 10,20 and 30 min in a vacuum turnble dryer. The authors 

observed the decreases of in situ DM and CP disappearance and an increase in post ruminai 

supply of DM and CP due ta the tteatmeat &eds. S ~ a e r  et al. (1994) reported that soybe811s 

shollld be heated to approxhateiy 146OC exit temperature and then held without cooling for 

approximately 30 min, Higher undegradable protein, pst-niminal a d a b l e  lysine, plasma 

bianched-chain Aks concentration and milk production were achieved under this treating 

condition. 
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Recently, moist heat treatment was shidied exteasively at the University of Manitoba 

(Moshtaglii Nui and IngaIis 1992,1995a,b; Onyango and Ingaiis 1994; ûnyango 1995;). The 

CM was îreated at 1279: with a stem p r m  of 117 kPa for 15 to 90 min and the treated 

CM sbowed a deaease in N diseppearance in rumen h m  74.4 ta 18.9%, but an inaease in 

N avaüability in th 10- GI tract h m  162 (confroi) to 64.2% (45 mh) (Moshtaghi Nui and 

Ingails 1992). However, the c o ~ o ~  and apparent digeshiilties of lysine and arghine 

were reduced in 45 min moist heat m e n t  (Moshtaghi Nia and Ingalls 1995a). Moist heat 

treated CM at llWC for 60 min increased miik yiefd about 2 kdday over control in 

piimipanxis cows &ring esify ladation (ûnyango and In@s 1994). In an eafier study with 

autoclaving, which is similar to moist heat treatmemt, Broderick and Craig (1980) also 

observeci that the protein degradation rate of cotton seed meal decreased dong with the 

inaeese of autoclaving t h e  h m  O to 240 min at 121°C and the intestinal protein digestib'ity 

increased to a maximum at 60 min and then declined. 

Heat treatment in the presence of reducing sugar has received more and more research 

interest (Stem 19û4; Cleale et al. 1987a,b,c; Nakamm et al. 1992; Wallace and Falconer 

1992; McAILister et al. 1993). Caeals and oilseeds contain little reducing sugar ('Humeil and 

Carpaiter 1977). The addition of reducing sugar to heat treatment will help to establish the 

Maillard reaction and nach the potential of maximum protein protection by supplyiag 

adeqi~nt~. reducing agents. 

Cleaie et al. (1987a,b,c) investigated the effects of various reducing sugar sources and 
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trtatment conditions on SBM protein protection. Cleale et al. (1987a) found that xylose as 

a reducing sugar was more &dive  than glucose, hctose or lactose. IncreasLig the sugar 

lewls (hm 1 to 5 moVmol SBM lysine) r d t e d  in a linear decrease in NH, release in vitro. 

Treatment with xylose and heat at pH 10 gave the lowest NH, reiease. The increase of 

tnatllig time (fiom 30 to 60 min) deaeesed MI, release in vitro (Cleale a al. 1987a). The 

treated SBM ( h d  at 150.C for 30 min at pH 8.3 and 83% DM) showed an increase of 

1 Sr! (33.m M. 13.1%) of m vivo nmiinai protein escape over control (Cleale et ai. 198%). 

Xylose, a more expensive reducing sugar source, wuid be substihited by glucose when 

heating time was increased to 60 min at 15O.C (Cleale et al. 1987~). 

Wallace and Falcona (1992) tnated d o n -  14 labelid casein for various t h e  durations (5 

min to 6 h) with a range of temperature (60 to 180°C) in the presence of 8 % glucose, sucrose 

or xylose or 12.4 % cane molasses. These researchers reported that as the t h e  and 

temperature of heating increased the in vitro protein degradability was affecteci More 

d i g e s t i i ,  such that an eSlEicacy window for produchg protected protein became apparent, 

in which degradability was depressed without significantly affècting digestibility. Their 

resultg in agemmt with Cleale et al. (1987a), showed that xylose was the most active agent 

in inhicing the optimum protection of protein. The temperature needed to be increased to 

1WC for sucrose and molasses and to 120°C for glucose to achieve a similar protein 

protection e f k â  @rotein de@abBy 18%) of@ose at 100°C with a 30 min heating @od 

(WaUace and Falconer 1992). 
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Stem (19û4) showed that calcium lignosulfonate (CL), a by-produd of the wood industry 

wtiidi consisted m d y  ofre&cing sugar such as xytose, den& the protein degradability 

of SBM incubated in a continuous culture apparatus after CL was peileted with SBM. The 

partitionhg of duent  N into NH, N and bacteria N was decreased, whiie the di- N 

portion was mcressed mon than 70.A when the unfreated SBM was replaced by CL treated 

SBM In another apaimait, Wudsdiid and Stem (1988) reported that a diet (16% CP, DM 

basis) made up of l7?! SBM which was treated with 5% CL at 95 - 100°C for 30 min in a 

steam-jacketed processor and held for 45 min at 90 - 95OC, decreased the pro th  

degradabiîity and EIII, concentdon m the continuous culture appatatus wmpared to control. 

Nakamura et al. (1992) demonstrated uiat simüar mük production wuld be obtained whm 

untreated SBM was r e p W  with omhalfas mch protein h m  SBM treated with 5% suifite 

liquor (containing 200/0 @ose) at 93.SOC for 2 h in dajr diet (16% CP, with 13.6% of SBM). 

McAUister et ai. (1993) treaîed CM with 5 or 10% LS (containhg 20% reducing sugar) or 

2% dose for 1 and 2 h at 100°C. The r d t s  indicated that heating reduced in situ protein 

ruminal degradability and the reduction was more pronounced with LS or xylose addition. 

The treatments with 100/. LS and 2% #ose were not different, whüe both of them were more 

effective than 5% LS treatment. 



Formddehyde briment 

Formaldehyde has bem used to treat casein, oil seed meak, forage and siiage to d u c e  

nrmllisl ckgdation of prutein and thw enhance the pasage of dietary proteh to the lower 

gut fw digestion (Brodmck et al. 1991). Formaidehyde treatments were found to increaae 

wooi growth, N retention and body weighî gain in sheep production trials (Clark et. al. 1974). 

BfOdexick et al. (199 1) reviewed the Merature and summarized that: fomialdehyde can fonn 

a S c W s  base with the lysine residue present in protein; f o d d e h y d e  aiso can react with 

0th AAs (sucb as Ugmme. histidine, d o *  tiyptophan and tyrosine); the amide groups 

of asparagine a d  glutamine and the peptide bond also react with f o d d e h y d e  and these 

r&ons lead to the f i d o n  of methyiene bridges between polypeptide challis. The proth 

thus was stabW by forrnaldehyde (Wallcer 1964). 

However, many studies wnducted recently Med to show any benefits of fonnaldehyde 

treabnads ofpiotellis on dairy cow production (Rae a al. 1983; Bailey and Hironaka 1984; 

Crawfiord and Hoover 1984; Ede 1986), even though in situ protein degradability and 

ruaùnal NEZ3 release wem decreased and total essential AA (EU) absorption was increased 

(Rae et ai. 1983; Bailey and Hironaka 1984). The problem of protein over-protection 

( F i i n  and Armstrong 1986), the carcbgenic potential of  foddehyde and the conoeni 

of envitonmenîai pouution 8SSOCi8fed with the tnetment ümit its application (Atwal1995). 



Feading tannin-contaimng forage togetha with white clova, red clover or lucerne was found 

to prevent cows fkom the bloating by formation of stable foams in the rumen (Jones et al. 

1973). The latter forage contains a large quantity of soluble leafprotelli. C o n d d  tannin 

present in the forage appeared to prevent bloating by precipitating bloat causing proteins 

(Jones et ai. 1973). The complexes f o d  between condeased tannins and proteins were 

stable at pH 3.5 - 7.0, but readïly disasPoQated below pH 3 (Jones and Mangan 1977). Piant 

leaves with high c o n d e d  tannin content were fed to ruminants to d u c e  dietary protein 

niniinai degradation (Barry et al. 1986; Waghom et al. 1987; Makkar et al. 1988). B q  et 

al. (1986) showed that rumen ME, conceahation was reduced and, the flow of non-NHrN 

(NAN) to the srnail intestine and N retention were inmeased due to the increase of di- 

rcactive condensed taM1i when h~"irspeà?mculatus (containhg 95 g condensed tannidcg 

DM) was fed to sheep. Waghorn et al. (1987) also reported a decrease in NH, concentration 

and protein degradation in rumen and au increase in NAN and EAA flow to srnail intestine 

w b  a low condaised tannin lotus (Lofirs c o n r f i r s c r î ~  L, 22 g condensed tanninkg DM) 

was fed to sheep. 

Dnedger and Hatfield (1972) treated SBM with Aiiepo tannin (tannic acid). They observecl 

that the optimum protein protection was reached at 100? tannUl addition which dmeased in 

v h d  eamination 92%. The authors mer reported that the SBM treated with 1W Tara 

tamin inacased lambs' daüy body weight gaiii9 and daily N retention. The pellethg of treated 
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SBM redted in sripsicu N retention ova an uiipeneted m t e d  SBM @nedger and Hatfield 

1972). 

Tannin treatrnents thus presented an alternative method in protecting dietary protein nom 

e>densm ruminai degrachion. Ho-, tannin also has the potentiai for toxicity to animais 

and consistently had n w v e  effects on nutrient digestion and growth in non-nunLiaat 

Mimais (hkqwdt 1989; Salunkht et al. 1990). Tannin was nported to teduce the small 

inteshi &gestion (Driedga and Efatfield 1972) and the energy and N metabolism (Barry et 

al. 1986, Waghom et al. 1987) in ruminants. The application of tannin to reduce m e n  

degradation of dietaxy protein requins M e r  examination. 

A number of other cbemical treatments to reduce protein nuninal degradation have been 

studied. Lynch et al. (1987) treated SBM (800 g) with 7û?? ethanol(2ûûû ml) at 23 and 

78°C for 1 h They found that the SBM N disappearance tiom nylon bag (3 to 12 h nuninal 

incubation) was significantly decreased (P < 0.05) due to the treatment effis .  The N 

retained by lambs was higher 0.05) for lambs fed SBM treated at 78.C than that of 

control group. Mir et ai (1984) treated SBM and CM with 5W!! solution of NaOH at levels 

of 1,2,3 and 4 g NaOWlOO g DM fw 24 h and thai dned at room temperature. The authors 

reported that the effective degdability of CM and SBM were decreased (P < 0.05) when 

they were treated with 2 to 4 g NaOWlûû g DM. Atwal et al. (1974) peileted SBM with 

voiaiiie Wy acid (5 to ZOO! of protein). They found that the NE& accumulation rate @Mm) 

in the rumm was mhiated by 57 to 84% foilowing the provision of  the treated SBM protein 
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( 3 0  eaha dirsdty thrargti th ~ n a i  via fishila or through the feeding to sheep compareci 

to the d. Data from Cecava et al. (1993) showed that the measured ruminai escape N 

coataitofSBMandmie-tnstaiSBM(prrparedbyCmtralSoya, Decaftrr, IN) were3Oand 

57?6 (a = Z), based on a 12 h Dacron bag ruminai incubation. 

Physical application of coating materiais ont0 the surnice of dietary protein particles c d d  

be a useful alternative to chexnical treatments. Coating materials should be designed to 

sustain the attacks ficm microbial degradation activities, the existing abrasive forces in the 

men, and remain rumhally insoluble but becorne soluble or digestible post-rumenly so as 

to rd- the coated protein for animal digestion. The key compounds of coating materials 

CM be modified or made from natural polymeric products or &om synthesized polymers. 

Fresh blood (0rskov et al. 1980; Mosimanyana and Mowat 1992) and fish hydrolysate (Mir 

et al. 1984) were used in coating SBM a d o r  CM end wae found to be efféctive in reducing 

rumen microbiai degradation of di- protein. The effediveness of these products as 

coathg materials is limiteci because they are hydrolysable in the m e n ,  although th& 

degradaûilities are much lower than the one to be protected (NRC 1989). Mosimanyana and 

Mowat (lm) incrudeci @ose in blood and used the resulting mixture to mat SBM. Xylose 

can reduce the degradebüay of the protein m blood through the mechanism discussed for heat 

treatment. Wallace (1989) also uscd dose to treat casein and hydro1ysed gelatin so as to 
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forrn a sugar-protein min The SBM was aicapsulated with this rnixhire et 14ûT for 1 h. 

This treatmemt d t e d  in a decmse of about 50% in ruminal degradability of SBM. 

Lipid has also been used to wat the particles of protein supplanents to reduce th& 

degdabilities in the rumen (Gienn et al. 1977; Lynch d al. 1987). Rumen microbes have 

very linnted abilities in utkation of long-chah fiitty acids (Wood et al. 1963), although they 

an able to hydrolyse lipid to produce fatty acids (Hawke and Silcock 1970; Hespeil and 

OBryant-Shah 1988). A limitation of this treatment is that lipid used in coating could also 

depress digestibiiay of  nutrients other than lipid in diets (Shirley 1986). Coconut oil-coated 

linseed meal reduced the MI, concentration in rumen, but also decreased d q  matter and 

cellulose dige~b'bilities (Glenn a al. 1977). Smith and Boling (1984) used a lipid-protein 

rnatrix (50% h d y  ground mm, 37.5% coconut oif and 12.5% zein) as a coating for DL- 

methionine and thus inmeased its pst-rumen availability and absorption. Zein, an aicohol- 

soluble M o n  of corn protein, is insoluble in water and also is low in m e n  degradabüity 

(NRC 1989). 

Calcium soaps of long chain fktty acids, a by-pass fat, were used succes9nilly as a &g 

material to protect protein from m e n  degradation ( S b  1989; Sklan and Tinsky 1993). 

The calcium soaps of long chah fany acids are insoluble in wata and can not be utilized by 

microbes. And most important, they will not cause the side effet% of iipid treatments 

mentioned More. ûne O n e o n  associated with this method was a large quanti@ of calcium 

soaps (about 75 - 85% of hished coaîed product) had to be used for adquate protection 
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Recmtiy, Agiarlture Canada developed a process for protecting SBM (Mahadevan 1990). 

In this pracess chemicaüy modifie. rein was used as a coating material for SBM. The 

protected SBM was reported to have up to 90% ruminai &stance (Ivan a al. 1996). The 

authon fiutha showed that dietaq N flow to die d ht&h was increased by 23 1% (9.08 

W. 2.74 g/kg of OM intake) when the treated SBM was fed to sheep compared to control. 

Howevet, the treatment demasxi the bacteria N flow by 18% (1 5.78 W. 19.13 gkg of OM 

intake) and thus had no &kct on the total N A .  fiow (25.77 vs. 23.05 g/kg of OM htake) 

to tbe d intestine (Ivan et al. 1996). Milk production was sisnificantly i n d  during 

week 7 to 16 of m o n  for cows fbd treared SBM dias (Atwal et al. 1995). The drawbacks 

of this method (Atwal et al. 1995) were that the treatrnent preparation procedure was very 

tirne consuming (about a month) and included a costly wating material (zein) and solvent. 

Methods developed for AA (i. e. methionine and lysine) protection fiom rumen degradation 

also rnay be u d  for di- proth protection. Some coating materials of pH-sensitive 

polymer such as vinypyridine-styrene copolymer (Dannelly 1980; Wu and Sandhu 1984), 

v i n y l p y r i b s t y r e n e ~  aayiate polyma (Wu et al. 1989), Eudragit E 100 (Morita et ai. 

1986) or NNdimethyiaminioethyl methaaylate - Et methacrylate copolymer (Ueda et al. 

1990) wen uaed and pataitcd for protedng AkP fiom ruminai degradation with release for 

post-nunen absorption niese coating maîeriais wae suggested to be stable above pH 5.5 

in the m e n  but tabile bdow pH 3.5 in abornasum. These polymers are d t i v e  to pH 

change and have e x d e n t  catirtg pmperties. The ditncuities Ui using them are that they have 

hi& product costs. c o d  wdabilities are iimited for some and the coating procedures 
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are compücated andor arpaisive. Less expensive poIymers and simpler coating procedures 

n a d  to be d d o p e d  befon they can be used for dietary protein protection. 

Canola is the regisrered name for rapeseed containhg less than two percent of the total fàîiy 

acids m the oil as eruQc acid and less than 30 mol ofalkenyl glucosinoIates per gram of oü- 

fiee dry matter of the se& (Bell 1993). The CM is the by-product of canola oü industry, 

resuhing from the cnishllig and the oii extraction of canola seed. Afier surveying the 

chernical composition of commercial CM produced in m e n  western Canadian crushing 

plantg Bell and Keith (1991) reported that the mem of aliphatic glucosinolates concentraton 

in CM was 16 ~ m i ~ V g  wiiich waa much lowa that the 1 10 - 150 pmoVg in the earlier varieties 

of mpeseed (Bell 1993). The CP percentage of CM was 4 1.85% (DM bases, Beli 1993) on 

avaage which was lower than the 52-7%, dry matter bases of SBM ( Z b  1993). Compared 

to SBM, CM had lower lysine but higher methionine and cystine concentrations (Table 1). 

The lysine/methionine ratio of CM is closer to those of milk and beef compared to that of 

SBM (Table 1). Thus CM is considerd to have a betîer AA profile and protein quality 

compand to SBM Resedy CM is widdy used as a protein source for ruminants in western 

canada. 

The CM has a relatively high m e n  degradation rate. The degradaùilities of CM protein 

were reported to be 75% (Rook et al 1983) and 72% (NRC 1989), higher than or close to 



52 

those of SBM protein, Le. 73% (Satta 1983) and 65% W C  1989). Many dairy dKts bassed 

on firagé, cereals and SBM endlor CM do not meet requhments of about 37% undegraâable 

intake protein (NRC 1989). Reducing the nunen degradability of CM protein wiU thus 

Breatly improve the &ciency of CM protein utiliEation. 



Table 1. The composition of essential mino acid (% dry matter) in canola meal (CM), 
soybean meal (SBM), millc and W. 

Lysine 5.7 6.1 8.2 9.1 

Methionine 2.0 1.2 2.9 2.7 

Lysine/M&onhe 2.9 5.2 2.8 3 -4 
Vdue  caldatecl h m  Bell and Keith (1991). 
%lue caldated fiom Zinn (1993). 
Vaiue adapted âom 0rskov (1992). 



TBE EF'FECI' OF MOIST HEAT TREATED CANOLA MEAL ON LAMB 

G R o m  



Canola meai (CM) wss moist heat treated at 1 W C  for 60 min to reduce protein ruminal 

degddiility and inmase protein post-rumllial flow, and thus to improve the Lamb growth. 

The treated and untreated CM were used to fonnulate an iso-caloric and iso-nitrogenous 

eeatment a d  control dier Twtnty-f'bur Suffolk lambq averaging 100 days old and 20.5 kg 

of body weighf were split into two groups (12 lambs including 6 male and 6 female per 

group) and two diets were dgned to these two groups of lambs randomly. The feading 

period was 8 weeks. Ddy  dry matter (DM) intake, weight gain, wool growth, and wool 

gmwth efiiaency (wool gmwtMIM intake) were not diffèrent between larnbs fed the control 

and treatment diet. However, f d  efnciency (weight gain/DM intake) was i n c r d  in 

lambs fed the m e n t  dieî relative to lambs fed the control diet. Concentration of total 

amino &ci, wiiich equsls the sum of free and short-peptide fonn amino acids, was inaeased 

in the deproteinized plasma in larnbs fed the treatment diet relative to the lambs fed control 

diet. The mokî hest treatment (at 1 10°C for 60 min) thus increased the nutritive value of CM 

for the growing lambs. 

Kqatord: Moist heat pmesbg  protein protection, canola mal, lambq plasma amho acid, 

weight gain, wool growth. 



INTRODUCTION 

Heat treatment has been used cxterisnteiy rr a method to d u c e  the di- protein 

degradability in the rumen ( S h d  and Tülmen 1964; Stem 1984; Faldet a al. 1991; 

Moshtaghi Nia and Ingalls 1992, 1995a,b; Onyango and Ingalis 1994;Satter et al. 1994; 

0-0 1995). The medianiSm of protedion in hait treatment involves p~c ipa l ly  the initial 

stage ofMaillsrd d o n  The readon is betweai the fkee amino group of lysine in protein 

and the ddehyde group of ducing sugan such as glucose and hctose which was present 

in the féedsun(Hurrd and Fmt 1985). The products (the SdiitPs base and its intermediates) 

of& iiiitial stage of the Maiflard d o n  are reversible and thus are bio-available to animals 

(Finot et al. 1977). Heaîhg may enhance the formation of these reversible products which 

are more stable at a neutrai pH and are üable in an acidic environment. Heat treatment thus 

is asmmed to s&bilize the di- protein and rends  it less degradable in the m e n  (pH 5.5 

to 7.5) and tinis increase the flow of dietary protein to the abomasum (pH< 3.0) for further 

digestion by the animal. 

Cawla meai (CM) has a high protein content (up to 42% crude protein (CP) on dry mat&er 

(DM) basis, Zirm 1993) and also is a good source of sulfur amino acid (AA) (methionine plus 

cyshe). The sulfin AA content of CM is 4.7% on a DM basis (Bell and Keith 1991) which 

is highex than that of soyberui meal (3.1 % on a DM basis, ZUui 1993). SulfÙr AAs have been 

show to have a positive iduence on wool growth in wethers (RadclXe et al. 1985; 

Stephenson e$ al. 1991). Canola meal protein however has a relatively high rumen 
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degradation rate (72% NRC 1989). Some moist heat is applied to CM during the oil 

extradon process M the aushing plants. Additional moist heat treatment to CM may be a 

convenient method for reducing the rumen degdabiity of  CM protein and AA and thue 

increasing th& amounts pst-ruminly. Onyango (1995) reported that the &&%ive 

degradability of CM protein was deaeased (P< 0.05) when CM was moist heat treated at 

100°C for 60 min utilizing pilot plant equipment compareci to control. Millr yield was 

increased (P < 0.05) about 2 kg/d in cows fed tr;eated CM vs. control in prirnparous cows 

(Oinlango and Ingails 1994). The objectives of the presait research were to sîudy the &kct 

ofthis same moist h a  treated CM (1 10°C for 60 min) on the rumen condition, plasma AA 

levd and the growth of lambs. 

MATERIALS AND METHODS 

Heat Tmtment of CM 

The CM was heat treated at the Protein ûiil Starch püot plant (Saskatoon, SK). Heat 

treatment involved passlig CM through a stem jeîketed conveyor set at the lowest speed 

(90 kg CMm) with 5% stem addition and et the maximum stem pressure (130 psi). The 

water was added at 45 kgm to generâte steam. The CM was then held on hot trays and 

steeped for 60 Mn at 1 10°C on average (Onyango 1995). 



Arnim* Dieb and Esperimentai Design 

Tweaty-fbur SdbIk lembs (made up of 12 d e  and 12 fémale, averaging about 100 days old 

and 20.5 kg body weight) wae  randomiy divideci into two groups which were baianced for 

sac Lambs wen hwsed in pens (two lambs of the same sac per pen) in the ANmal Science 

Research Unit (University of Manitoba, Wuinpeg, MB) such that there were 6 pais per 

dietary treatment. Larnbs were fed one of  the two peiieted diets, the control and tre8tment 

(Table 1.1), on an ad lib basis fw 8 weeks. Feed was onéred once ddy at 9:ûû Pm. The di& 

wae formdated to meet the maintenance and growth requirements of lambs (NRC 1985a) 

and to be iso-cdoric and iso-nitrogenous. Canola med protein made up 38% of total diet 

cmde protein. The lambs were adapted to a concentrate diet over a period of 10 days and 

then adapted to the experimaital diets over a four day period. Feed offered was recordeci 

daiiy and the weight backs wen rtxurded wsddy. Feed sampies wae coîieted nom eaeh 500 

kg bulk bag of peUeted feed and compositeci over the experimental period. The composited 

feed samples were analyd for DM (934.0 1, AOAC 1 99O), CP (796.06, AOAC 1 WO), acid 

detergent fiber (ADF, 973.18, AOAC 1990) and neutral detergent fiber (NDF, Goering and 

Van Soest 1970). 

Lamb wae weigtred on two c o d  dsys prior to and immediately after the finish of the 

trial. Tbey elso were weighed every two weeks during the trial. The lambs were shaved on 

both flanks in the begùuiing of trial. A 10 x 10 cm patch of wool on both flanks was clipped 

and weigbed upon completion of the trial. The clipped wod was washed by immersing in 400 
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mi of cornmerciai petmlami ether (Fisher ScientSc, N e p q  ON) for 10 min with mamial 

agitation and repeated squeePng (Raâcine et al. 1985). The wool was washed twice in 

petmlaan ether f o i l ~ ~ e d  by a final rinse in distilied wata (WC), and was dried at 700C for 

24 h a d  weighed to caldate daüy wool growth (Radcliffi et al. 1985). 

Rumen Pluid, Blood Simpiing and Anaiysk 

Rumai hici and blood samples were collecteci over three altemate days during the 5" week 

of the apaimmEal paid Lambs within control and treatment groups wae each randody 

divided &O three groups. These three groups oflambs (baianced in control and tre8tmient) 

were assigned to three sampling patterns (Le. l*, sampled at O and 10 h post-feeding; zd, 

sampled at 2 and 14 h post-feed; 3"'. sampled at 6 and 22 h post-feeding) over the three 

aitemate sampiing days via a Latin square design. Sarnpies of rumen fiuid and blood were 

obtained to represeid the sampIes of six time points, i.e. O (right before feeding) ,2, 6, 10, 14 

and 22 h &ex moMng feeding. The nimen fluid samples at the 2 and 14 h (after momhg 

fading) time points were not available due to the d i f f id ty  in obtainUlg m e n  fluid at these 

tirnes. 

Rumen fluid sarnpks (30 ml) wae obtained nom the m e n  by ushg an oesophageal tube 

(Tngalls et ai. 1980). The samples were rneasured for pH and were then stored fiozen (- 

20°C). They were tben diawed at room tempeatm and centrifiiged at 25,000 x g for 20 min 

to obtain a clear supematant which was stored fiozen (-20°C). The ammonia 
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concentration in the clear rumen fluid (thawed at m m  tempaature) was measund with an 

Nil, dectrode (model95-IO, Won  Research Inc., Cambridge, MA). 

Blood samples (10 ml) were coliected into two 10 mi vacuumed and heparlliized tubes 

through cervical vaiipuncture. The blood sample was centrifirged immediately at 2000 x g 

for 10 min to obtain plasma whidi was îhm stored fin- (-20°C). The plasma samples were 

chosen randomîy fiom one of the lambs in each pen to be anaiyzed for AA composition. 

ThRe ml of plasma (thawed at room temperature) was deproteinized by the addition of a 75 

mg 5-dphosaiicyiic acid and the resulting mixaue was centrïfbged at 27,750 x g for 10 min 

to obtain a deproteinized plasma. One ml of deproteinid plasma was lyophiiized at 30°C 

for 72 h (MM Genesis LE 25, The V i  Company, Gardiner? NY) in a hydrolysis tube. and 

1 ml of 3 N HCl and 2 drops 2-octanol was added into the tube after the lyophibbgg The 

aibe was evaaiated and aoppered. The mixture was then hydrolyzed at 110°C for 24 hour 

on a kat block. The cooled hydmiysaîe was neutraliz#i with 0.5 ml of 25% w/v NaOH and 

cooled to roam temperature. The resuiting rnixîure was made up to 10 ml in a volumetric 

fiask and filtered through #40 filter paper and storexi fiozen (-20°C) for the d y s i s  of AAs 

composition. Anotha 1 ml of deproteinized plauna was lyophilized in a hydrolysis tube and 

oxi- with 1 ml perfomic acid (88% foxmic acid and 35% H203 and 2 drops of 2-0ctanol 

for 20 h at 4OC. A 6 N HCl (0.25 ml) solution was added to the mixture to react with the 

remaimng PerfORItic acid for 6 h m a fimie bood Another 1 ml of 6 N HCI was added to the 

tube to hydrolyze the mixture at 1 10°C for 16 h. The tubes were covered with marble balls 

during the o ~ ~ o n  and hydroiysis pmxwes. The cooled hydrolysate was neutralbd with 
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0.625 ml 25% w h  NaOH and cooled to room temperetun. The mimve was made up to 10 

ml in a volumetric fia& and filtered through #40 filta papa and stored fiozen (-20°C) for 

further aneh/gs of cysteine and methionine. AU the hydrolyzed sampies were analyzed for AA 

contents by high pressure liquid chromatography (Mode1 Alpha Plus 4151, 

LXB~IOCHROM, Cambridge, Endand). About 0.3 ml of deproteinized plasma was 

prepared and analyzed for fbe AA content by ion-exchange chrornatography (Mode1 

Biochrom 20 AA Analyzei, Pharmacia Biotech (Biochrom) Ltd., Cambridge, England). nK 

AA content of short peptides in deproteinized plasma were d d a t e d  by the dxerence of AA 

content of hydrolpd deproteinid plasma and the £iee AA content in deprotanized plasma 

(McCormick and Webb 1982). 

Statistid Anaiysis 

The ccperimait was a completely random design. AU the data were analyzed statistically by 

using GLM (Beneral linear modds) procedures of SAS System (SAS 1989). Statistical 

dierences between treatment means wae tested by using Tukey's shidentizcd range test 

(SAS 1989). 

The treatment &kt on DM intake, weight gain, wool growth, feed efficiency and wool 

growth efficiency was evBiiInteA by using the following model: 

Y,=p+T,+e,  

whexe 



Y, = & d o n ,  

p = oVaan mean, 

T, = treatment &ex& 

e, = residue, 

i = 1 to 12 animals for weight gain and wool growth, 1 to 6 pens for the remahder. 

The treatmeat effecr on the pH and NH, concmtration of the rumen fiuid, and the plasma AA 

concentration were evaiuated by using the foiiowing model: 

Y, = observation, 

T, = treatment effect (i = 1.2). 

G- = animai group effkct ('j = 1,2,3), 

Dk = sampie c~llecîion day &ect (k = 1.2.3). 

CI = sample coilection pattern effect (2 = 1,2, for pH and NH, 1.2, 3 for plasma 

Sm = sample collection sequence effkct (m = 1.2). 
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There were 6 and 10 obSeeVBfions missing for m e n  0uid pH and NH, concaitration, 

respectively. M y  the m e n t  &éct (Le. TJ and the interaction d e c t  (Le. T,*CpSJ 

behmm the tnatment and the sample collection tirne were of interest and investigated in the 

present study. 

RESULTS AND DISCUSSION 

Ali of the 24 lambs comp1eted the 8 weeks trial. The concentration of digestive energy in the 

d i e  (Table 1.1) estimated h m  NRC (1985a) were adequate for lambs ranging fiom 20 - 60 

kg body weigîü to have weight gain mghg fiom 300 - 400 g/d. The actual CP level in the 

diets (Table 1.1) was dose to the NRC (1985a) levd (16.9 %, DM basis) for lambs averaging 

20 kg body weight with 300 g weight gain/& and would be adequate for lambs ranghg fkom 

30 - 60 body weight with weight gain ranging nom 325 to 400 g/d (NRC 1985a). The DM 

intake of lambs as kgld or percentage of  body weight (Table 1.1) was within the range of 

prediaed value for lambs ranghg fkom 20 to 60 kg body weight with weight gain ranghg 

h m  300 - 425 gld (NRC 1985a). nius the diets f o d a t e d  in the present study were able 

to meet the nutrient re~uirements of the growing lambs. 

DEerences were show between the control and treatment diets in the measured CP, NDF 

and ADF contents (Table 1.1). These differences might be caused by the variations of feed 

samplbg Data from ûnyango (1995) showed that the same moist heat treatment (1 IOOC, 60 

min) did not alta (P > 0.05) the CP content (39.6 vs. 40.4%, SEM = 0.1%) and the ADF 
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content (18.1 vs. l6.I./4 SEM = 0.2%), but incnased (P < 0.05) the NDF content (25.1 W. 

21.1%. SEM = 0.6%) in CM cornpared to the control. A higher (P < 0.05) NDF and ADF 

content in the heat treateâ protein meal was obsaved by Moshtaghi Nia and Kn@ (1992) 

and Hussen et al. (1995). This increase in NDF and ADF content may be attributed to the 

inrnaPe in the content of protein which is less soluble in the n d  and acid detergent buffers 

due to the heat deneturing e&êct to the proteia duhg the heating p c e s s  (Moshtaghi Nia and 

hgab 1992; Van Soest 1994). 

The daily dry matter intzJce, weight gain, wool growth and the wool growth efficiency wae 

not different between lambs fed the control or treatment diets (Table 1.2). Howevet, fd 

&ciency was increased whai lambs were fed moist heat treated CM (at 1 10°C for 60 min) 

diet compared to the control (Table 1 2). These results were consistent with the finding of 

Chyang0 and Ingails (1994) d o s e  data also showed an in=- in mille yield efficiency (milk 

yieldlDM intake, 1.62 vs. 1.49 as calculateci) in cows fed the diet containing moist heat 

treaîed CM relative to the cows fed the control &et. They obsened a 7.3% increase (P< 

0.05) in milk field (29 vs. 27 kg/d) in primparous cows due to the treatment effect. 

Onyango (1995) showed that the ruminai effective degradability of CM treated with moist 

heat at 110°C for 60 min was lower (P < 0.05) than that of untreated CM (44.35 vs. 

56.15%,). The d- in the protein degradability of moist heat treated CM thus might be 

acpeded to cause a deaease in NH, production in the m e n  when the treated CM was fed 

to lambs in replacing the untrested. However the m e n  NH, concentration and m e n  pH 
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which serve as an index for the extent of ruminal degradation of dietary nutrient were 

not afk%ed by the inciusion oftrrated CM in the diet (Table 1.2) in the present study. The 

interadio11 efkct betweai trcatment anci rumen fluid sarnpling tirne was not signincant on the 

nimen pH and the m e n  NH, concentration. 

The concentration of total AA (Le. the sum of fkee and short-peptide form AA) in 

deproteirtised plasma were incrras+d 0.05) m total A& in essential and non-éssential A 4  

and in individuai AA, Le. alanine, arginine, aspartic acid, glutamine, isolaicine, laicine, 

phenylalanine, proline, threonine and serine for larnbs fed moist heat treated CM compared 

to the lambs fed the control diet (Table 1.3). This increase in AA level in the plasma rnay 

indicate that the amount of AA absorbed fkom the small intestine was increased due to the 

hest treetment effect *ch may cause the decrease of the protein degradability in the rumen 

and thus kcrease the flow of CM proteh or AA to the small intestine for animal digestion. 

This result is consistent with the observation by Onyango (1995). He showed that the 

availaôiiity of AA in lower GI tract fkom CM was increased by 146% as rneasured by mobile 

nylon bag whea the CM was moist heat tnated at 1 10°C for 60 min compared to that of 

untreated CM (67.16 W. 27.28%). The mois heat treatment (a- 1 10°C for 60 min) thus 

inaeased the by-pass protein in CM and increased the protein supply to the lower GI tract 

for animal digestion and absorption. No measure of bacterial proteh was made. The 

interaction between treatment and blood sampling time was not signincant for the 

concentration of total AA with the exception of threonine in the deproteiniKd plasma 
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Wool is especidy rich in the suifùr-containing AA, Le. cystine and methionine (Btsdbury 

1973) relative to beef (0rskov 1992). CM (Beil and Keith 199 1) ad SBM ( Z h  1993). 

Methionine is Uarany the most ümiting AA for wool production (Ensminger and Parker 

1986). The total ioiitfirrantaining AA levels in deproteinized plasma were not improved by 

the inchision of treated CM in the diet compareci to contml (Table 1.3). even though in situ 

data suggested a 132% inmase (57.9 on average vs. 25%) in the percentage of ruminai 

escape of these AAs following a 16 h nylon bag ruminal innibation (Onyango 1995) usLig 

the same moiSc heat treated CM related to untreated CM. 

The total AA is made up ofthe fize and short-peptide fom AAs in deproteinized plasma 

(McConnick and Webb 1982). The concentration of fiee and short-peptide AAs in 

deproteinized plasma m not diffkrent (D 0.05) in total and in individual (excephg fie 

alanine and cystine, and short-peptide fom aspartic acid, serine, isolaicine, leucine and 

phenylalanine) between larnbs fed treatment and -01 diets (Table 1.3). The interaction 

berweai treatment and b l d  sampling t h e  (Le. the 6 tirne points of collection pattern 

x collection sequence) was not signifiant for fiee AA and short-peptide form AA 

. . c o d o n s  in deprotesmzed plasma in lambs fed the treatrnent and wntrol diet. The total 

(Le. fkee plus short-peptide form) AA level in the deproteinid plasma rdected more 

changes in AA level than the fke or short-peptide AA did individually (Table 1.3). 

Therefore, the concentrations of the total AA in the deproteinized plasma is more 

represadative in d e d q  the AA nuüihe stahis in the lower gastrointestinal tract in animai 

than the concaitration of fia or short peptide M 



67 

In conclusion, moist heat treatment of canola meal at ïlO°C for 60 min improved the 

ebaorption of di- AA in the Iowa &astrointestinal tract and the feed efnciency of a bariey 

based diet when treated CM was fcd to lambs in place of commercial CM. Moist heat 

treatment thuo improved the nutritive vahie of canola meal for growing Iarnbs. 



Table 1.1. The ingredient and nutrient composition of the diets containhg control and moist heat 
treated canota meal for lambs. - 

Diet ITEM 
Con~rol Tre8tmeat 

Ingredient (%, as fed) 
Badey grain (rollad) 69.2 69.2 
Cawla med (untreated) 
Canola meal (treated) 
Suaflower seed huiis 
Be& molasses 1 1 

ADF (%) 16.1 13.4 
'The mineral prem0c includes: 93. cobalt iodized sait, 5% dynamate, 0.93% zinc sulphaîe, 

0.84% manganese sulphate, O. 13% copper dphate (25% Cu) and 0.003% Sodium selenite 
(300A Se). 

2The vitamin premix includes: 967 Iü vitamin A/mg, 76 ïü vitamin D/mg and 1 Iü vitamin Wmg. 
3~ovatec. a lasalocid premix, consists of 15% of lasalocid, fiom HoffmaM - La Roche, Nutley, NJ. 
'The TDN (total digestiile nutrients) and DE (digestible energy) values were estimated fiom NRC 

(1985), and the DM, CP, NDF (neutral detergent fiber) and ADF (acid detergent fiber) wae  



TaMe 1.2. The eneCt of moist heat trrated c a ~ f a  meai on da@ dry matfer intake @MI), daüy weight 
Bain (WG), growth 0, fèed eEaency, wool growth &ciency, rumen fluid pH and rumen 
fluid ammonia m3) concentration oflambs during an eight-week growth trial. 

Item 

Initial body weight 12 20.4 20.5 0.6 

Dv matter intake @MI) 

% of body weight 6 3.79 3 -65 O. 08 

W d  growth (m&m2/d, WoG) 12 0.97 0.94 0.06 

Feed &ciency (WCk(DM) 6 0.3 lb 0.34a 0.0 1 

Wool growth efhciency (WoG/DMI') 6 0.76 0.75 0.06 

Rumen fluid3 

m 3  (mg/dl) 43s 10.6 8.6 O. 8 
a,b: means in rows with different Inters were Merent (P < 0.05). 
'Observation number. 
2Standard error of means. 
3Least squares means. 
'Average of o b s d o n  nunhxs of two treatmtmts with n = 46 for control and n = 44 for treatment. 
'~verage of obsenrstion rumbers of two with n = 45 for control and n = 41 for treatment. 



Table 1.3. The cned of  moist heat treated canola meal on the composition of total AA (TM), fke 
AA (FAA) and short-peptide fonn AA ( S M )  in deprotanized plesma of lambs (nL = 36). 

AA TAA FAA SAAS 
( m g / a  C2 T3 SEM' C T SEM C T SEM 

Individuai 

Aspartic acid 
Threonine 
Serine 

Glutamine 

Proline 

Glycine 

Alanine 

Cystine 
Valine 
Methionine 

holeucine 

Leucine 
Tyrosine 

Phenylalanine 

Histidine 

Lysine 

Arginine 

Total 

Essential 

Non-essentid 35.80b 39.56a 0.43 20.8 21S6 1.1 15 18 1 .O6 
qb: means in rom with ciiffixent letters were diBFerent (P C 0.05) within T& FAA and Sm 

respectively. 
'Observation number. 
2C~ntr01. 
"r=tmtment. 
'Standard error of means. 
S ~ ~ = ~ ~ ~ - ~ ~  



TBE EFFECIS OF LIGNOSULFONATE, WATW, ALCOHOL AND HEAT 

TREATMENT ON THE RUMEN DEGRADATION AND POST-RUMEN 

ENZYME DIGESTION OF CANOLA MEAL PROTEIN 



Canoia meal (CM) was heaî treated with 1ignmuEonate (LS), wata or alcohol to protect 

thcproOanfmnnimuialdegradaticm. Thefourhcmrs: LS, O%, 496,6.5% and 9% CM 

DM; temperature and the, 100"Cll h, 12S°C/0.5 h and 150"ClO.S h; water, no added 

wakr and added-water to moisture of 20% of CM DM with or without LS added; and 

alcohoI,O%, 596, 10% and 15% of CM DM with or without LS added were tested in a 

4x3~2~4 fhctorial design. The inmeashg LS leva up to 6.5 1 increased digestible 

undegradable intak protein (Dm) of CM protein. Temperature and time b e l s  did not 

differ in their effects on DUIP and alcohol addition did not increase DUIP in relative to 

untreated CM. Addition of water d m  D W .  Four CM treatrnents, Le. control, 

12W32 &6.5 % LS, 154OU32 min, and 154OU32 min/ 6.5 % LS, were testeci m e r  

using a 4 x 4 latin square with four rumen cannulated heifers over four perds. Alcohol 

or water addition were not used in the treatment. Heating CM to 154°C with LS increased 

the in siîu effective degradability of CM protein, and thus increased the arnount of CM 

protein available for digestion in the lower gasîrointestinal (GI) tract over the control. 



INTRODUCTION 

Reducing sugars such as xylose, @ucose, fructose or lactose have beai used with heat 

treatments to protect dietaq protein from rumen degradation (Cleale et al. 1987 a, b, c; 

Wallaçc and Falcarer 1992, Masimanyana and Mowat 1992; McAUister et al. 1993). The 

meciraniSm of protedion with the reducing sugars and heat treatments involve principally 

the initiai stage of the Maillard reacton. The reaction is between the fiee amino group of 

lysine in protein and the W y d e  grwp of reducing sugars (Hufzell and Finot 1985). The 

pducts  of this initial stage of the Maillard &on, namely the S c W s  base and 

intermediate products are reversible and thus were bio-available to animals (Finot et al. 

197'7). Heating may enhance the formation of these reversible products which are more 

stable at a neutral pH while liable in an acidic avironment. Thus the reducing sugars and 

heat treatments s&brlize protein and rrnder it less degradable in the rumen (pH 5.5 to 7.5) 

while maintaining digestibility in the aôomasum (pH < 3.0). 

Lignosulfonate (LS), a byproduct of the wood industry, has been used successfully as a 

nch source of reducing sugar in heat treatrnent to protect soybean med (SBM) protein 

(Stern 1984; Wudschitl and Stern 1988; NaEQmura et al. 1992) and canola meal (CM) 

protein (McAllister et al. 1993). Alcohol solution was shown to decrease the rumen 

degradation of SBM in larnbs when alcohol soalred SBM (unheated) (van der Aar et al. 

1982), and alcohol and heat treated SBM (Lynch et al. 1987) was fed. The objective of 

this research was 0 investigate the potential of the combination of LS, water, alcohoI and 
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heat treatments in mducing CM protein rumen degradation and improving the availability 

of CM protein in the lower gastro-intestinal (GI) tract. 

MATERLAL AND METEODS 

Trial One 

ORe souce of CM (38.8 96 aude protein (CP), dry matter PM) basis, from a local feed 

mill was exposed to the following treatment combination involving four factors: LS 

(Ligno Tech USA, Inc., WI) consisting of 65 % DM, 70% of reducing sugar and 40% 

xyiose (DM basis); temperature and tirne of heating m; a h h o 1  (AU=, 95% vfv 

ethanoi); and water (W) via a 4 ~ 3 x 4 ~ 2  f'actorial design. nie leveis of these four f&ors 

were: LS, 0, 4, 6.5 and 9% of original CM DM, TT, lWC/l h, 125"CIO.S h and 

15O0C10.5 h; AU=, 0, 5, 10, 15 A of CM DM with or without LS added; and W, no 

added-waîer treatment with moisture at 12% (standard deviation = 1%) of CM DM with 

or without LS added on average, and added-water treatment with moisture at 2096 of CM 

DM with or without LS added. The LS was nrst added to the original CM (150 g DM) 

to the assigned LS levei and then alcohol was added. Finally, water was added to reach 

the moisbire ievd asigned to the added-water. The moistun level of CM treatment was 

dcuiated as the foIIowing: 



Moisture (% of DM of CM with or without LS added) = 

(moisture in original CM, g + moistue in added LS, g + moishvt in 

added alcohol, g + added water, g) / (DM of CM with or without LS 

added, g) x 100. 

The CM mixtures were put in an 18 x 18 cm aluminum tray covered with aiuminum foi1 

to prievent the cvaporation of moishne h m  the CM mixture. nie covered tray was heated 

in a f a - a i r  own to the assigneci temperanire and time level. After heating the tray was 

reûieved h m  the oven, and the mixture was mixed and cooled without a cuver and left 

to air dry at m m  tempenitue for two days. There was no replication for each CM 

breatment of the combination of each level of the four factors. 

In situ nylon bag incubation 

The ninty-six treated CM samples were randomly divided into 5 sets (18 - 20 samples per 

set) and were inaibated in the rumen of a dry dairy aw to daemiine the nylon bag protein 

disappearance of the sarnples on five separate testing days, Le. la, 3", 9&, 1? and 20" 

&y in a 21-day experimental period. No refmce standard of feedstuffs was used. Tnree 

grams of each treated CM sample were placed in a 10 x 10 an nylon bag (50 um porosity, 

T e h  Industries Ltd., Concord, ON). This d t e d  in 15 mg sample per cm2 of nylon bag 

(Mkhkt-Doreau and Ouid-Bah 1992). (ni any given test day duplicate sample bags were 

held sepsrately in two large 25 x 45 cm nylon bags with 2 x 3 mm me& containhg 18 - 
20 small sample &S. The large nylon bags were tied to the m e n  cannula (Bar Diamond 
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4", Bar Diamond, Inc., Parama, ID) by a 45 cm nylon coxd and wae weighed dom in 

the nimen with a bottle of sand. 

The rumen cannuiated mature dry Holstein cow was fed a lactation diet fret choice with 

50 : 50 (DM basis) forage and concentrate twice a &y (9:O and 16:OO). The awv was 

adapted to the diet 10 days prior to the start of the experimental period. Bags were 

incubated in the rumen for 16 h h m  17:00 of the first &y to 9:00 of the next &y and 

remwed befm the morning feeding. Incubated sample bags were retneved h m  m e n  

and washed with cold water in a wringer type washing machine for 10 min foîiowed by 

another 5 min washing in clean water. The washed bags were dried in a forced-air oven 

at 60°C for 48 h. Tbe dried bags were weighed. The original and the treated CM, and the 

residues in the bags were sampled and analysed for CP content. The nylon bag 

disappearance (NBD) of  CM protein in the treatments was calcuIated as follows: 

NBD (96 of CM @) = (the dü%erence of CP contents in the nylon bag before 

and after rumen incubation, g) / (8 contents in the nylon bag before 

rumen incubation, g) x 100. 

The mean of the two NBDs dcuiated h m  two duplicated nylon bags was used to 

represent the NBD value of each CM treatment ample. 

In vitro pepsin and panvePtin digestion 

A pepsin and pancreafin digestion procedure (modified from Alceson and Stahmann 1964) 
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was used to investigate the eff'ects of m e n t  on the in vitro pst-sumen digestibility of 

CM pmteh in vitro. A half gram of sample (about 167 mg crude protein) was incubated 

with 25 ml, 10% (wfv) pepsin (No. P-7000, Sigma) HCI (0.1 N) solution in a 250 ml 

f h k  ( C O V ~  with aluminum foil) at 39°C for 3 h in a incubator. After the pepsin 

digestion, th mixture was neutralized with 12.5 ml 0.2 N NaOH. A pancreaîin solution 

wbich was made of 6.67 mg pancreaîin (8049-47-6, Sigma) in 12.5 ml pH 8.0 phosphate 

buffer was added into the mixture. A 0.25 ml of 1% thimerosal solution 5125, Sigma) 

was added into the incubation mixture right before the pancreatin digestion to pment 

miCrobial growth in the culture. The mixaire was covered with aluminum foil and was 

hcubated M e r  for 24 hours at 39°C in an incubator. Five ml of 80% t-butyl alcohoI 

solution was added to the digestion mixture upon the finish of pancreatin digestion to stop 

enzyme d v i t y .  The final digestion mixture wds nItered through a filter paper (Whatman 

No 541) and the residue was analysed for CP content. The pepsin and pancreatin 

digestibiliîy ('PD) of CM protein, Le. the CM protein bat had not been incubated in the 

rumen, was measured as the foUowing: 

PPD (96 of CM protein) = (the Merence of crude protein content between the 

input of CM and the residue after the pepsin and pancreatin incubation, g) 

/ (CM protein input, g) x 100. 

Each CM treatment sample was measured for PPD value twiœ and the mean of these two 

values was used to represent the PPD value of the treatment sampIe. 

The pst-rumen digestibility of CM protein was assumed to be unaitered by rumen 
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fermentation. nius the measUrrd PPD of CM protein was used to reprrsent the post- 

rumm digestüiility of CM protein that wouid escape rumen degradation. The percentage 

of digestible undegradable intala protein (DUIP, % of CM protein) of treated CM proteui 

can be calculateci h m  the foiiowing formula: 

DUIP (% of CM protein) = (PPD, % of CM protein) x (100 - (NBD, % of CM 

protein)) 1 100. 

The NBD and PPD in the formula were the means of the vaiues of two duplicated 

measurements as mentioned above. 

Trial Two 

IlgnosuIfonate and heat treated CM 

Canola meai was heat-treated (Sureleen-Albion Agra Inc. West, Alrdrie, AB) together with 

or without LS in a Jet-Pro heating apparatus adapted for med (Jet-Pro Company, 

SprhgfieId, OH) in April 1995. For the LS treated CM, the CM was mixed with 6.5 % 

LS before heating. The CM or its LS mixture (about 450 kg) was heated to teach the 

assigned exit temperature of 129 or 154°C in 2 min 34 sec. The heated CM remained in 

a holding chamber for 32 min (Le. steeping) without further heating. The tempemtwe 

dmpped to about 27T durùig skeping before exiting the holding cbamber. Water (790C) 

was addcd at 2.73 kg/min to the treatment in the beginaing of steeping to make up the 

moisture lost during the whole treatment proces. Four treatments were made up of: 1 
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(control), original untreated CM as a caitrol; II (l29C +LS), CM heated to 129°C and 

held for 32 min with the addition of LS at 6.5% of onpiMi CM DM; III (154C), CM 

heatsd to 154°C and held for 32 min without LS added; and N (154C+LS), CM heated 

to 154°C and held for 32 min with the addition of LS at 6.5% of original CM DM. 

Samples of these four CM treatments were taken with a sample probe and were analysed 

for DM, CP, NDF, ADF and ADIN. 

Four Holstein kifers, averagùig 507 kg body weight (standard deviation = 51 kg) and 

about 2.5 month before caiving, were fitted with rumen cannula (Bar Diamond 4''. Bar 

Diamond, Inc., Parama, ID) and duodeaum T-shaped cannuia (K2,  Ankom, Fairport, 

NY; at the proximal duodenum). 

The four heifm were fed the same dia free choie prior to and during the whole trial. 

The diet was formulaid to meet the NRC (1989) requirements using a least cost ration 

program (TriLogic Systems, Des Moines, IA) for a 500 kg lacîating w w  produchg 40 1 

milL (3.696 butter fat) daily. niediet consisted of M e y  grain 22.35, CM 13-75, tallow 

2.055, vitamin anci m i n d  premix 0.5396, limestune 0.1896, dynamate 0.0596, salt 

0.12%, alfalfa hay (18% CP) 17.5% and c m  silage (eared) 43.2% (as fed), which 



80 

resuited in a dia of 53% coc~centrate and 47% Ioughage (DM basis). Heiférs were housed 

in pais in tbe Animal Scimce Researdi Unit (University of Manitoba) and were fed twice 

a &y at 9:ûû and 16:OO. nie axwntrak was f d  to heifers mixed with the roughage and 

weigh backs were taken before the moming feeding. The quantity of diet fed to a heifer 

was based on the amount of diet that heifer mnsumed the &y before plus about 2 kg. 

Heifers were used in a 4 x 4 latin square design to measure the in situ protein degradation 

and mobile bag digestion over four periods. There was a five days adjustment with an 

expeimental perwl of nhe days for @od one, ttiree and four, and with an expairnatal 

period of sevm &YS for period two. One h e i k  aborted in the beginnùig of period four 

and was milking during the testing period. 

Nylon bag incubation in Nmen 

The sample bags (3 g of sample in a 10 x 10 cm nylon bag, 50 pm pore size, Adcorn, 

Fairport, JW) were prepad as indicaîed in trial one. Ten rumen incubation the points, 

Le. 0.32, 4, 8, 12, 16, 24, 36, 48, 72 and 96 h were assigneci to each cow x matment 

observation duMg each period. Duplicate sample bags were incubated in the rumen to 

reprtsent each ww x diet x thne point observation. Duplicate bags for two time points 

were held in a iarpe 25 x 45 cm nylon me& bag with 2 x 3 mm mesh which was tied to 
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the rumn cannula by a 45 cm nylon cord and was weighed down with a bottle of sand in 

the rumen. The sample bags were ïnserted into the  mai in a merse time point 

soq~ena, such that thai the nylon bags (five large mesb bags in total, with four sample bags 

residing in each large me& bag) in each cow was retrieved k m  the rumen at the same 

time upon the completion of rumen incubation. For the time point 0.32 h, nylon bags 

wae heskd into the rumen 19 min kfore they were retrieved together with otha nylon 

bags *ch were ioser(ed into the nunen earlier. The inaibated samp1e bags were Washed, 

driedandcun&ntsanalysedfor8, andtheNBDof CMproteinwascalculatP11ashtM1 

one. The nylon bag &ta was not available in one cow during period three due to the 

failure of the rumen cannula. 

Outfïow rate of CM supplement fnun the m e n  

The oudlow rate (k) of CM h m  the rumen of each cow was measured by the 

administration of Cr mordanted CM (Moshtaghi Nia 1994) as an ingestible marker via 

diet. During the third experimemtai period, cows were held in stalls and 65 g of Cr 

mordanted CM (6.57% of Cr, as fed) was rnixed with a portion of grain (1 kg) in the daily 

ration and fed to each cow before the rernaining ration was fed at 9 : O  am of &y one. 

Feces was coliected and sampled every three hours in the first one and a half &ys and 

every twelve hours in the remaining three and half days. The collected fécal samples 

(around 500 g) w a e  stored fiozen (-20°C). The fecal samples were thawed at m m  

tempaahire and dried at 60°C for two days in a forced-air oven. The dned fecal samp1es 
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wen g m d e d  through a 2 mm sc.reea and were analysed for DM and Cr (Williams et al. 

1962) ccmtents. There were 19 f d  samples for three cows and only the fimt 16 fecal 

sampLs were avaifabk for m a>w due to the loss of rumen contait caused by the failure 

of the men cannuia during the f d  coiiection. 

The R values were rneasured by using the foliowing linear regression model: 

i n y = a + b * t  

whexe 

ln = natural logarithm, 

y = the pealc and pst-peak vaiue of Cr concentration mm), 
t = the average duration of time a f k  the administration of Cr-mordanted CM 

through the diet to the hcllection of f- O), 

a, b = constant. 

The absolute vaiue of constant b in the above mode1 represented the outfiow rate k (%h) 

in which the CM supplement was passing out of the rumen (Hartnell and Satter 1979). 

The followùig model was used to describe the protein disappearance h m  the nylon bag 

(0mbv and McDonald 1979): 



t = ~ncubafion time of nylon bag (with CM in the bag) in the rumen O), 

p = the percentage of protein disappaued h m  the nylon bag (Le. NBD) by the 

tirne t of nuninal incubation (%), 

a, b, c = constant. 

The constant a, b and c in the mode1 w a e  estimated for each treatrnent in each cow by 

anaiysùlg for the protein disappearances (the mean estimated h m  the two bags in each 

time point) h m  nylon bags at ten time points with the non-hear mode1 ('LIN) 

procedures of SAS system (SAS 1989). 

The constant a, b and c were interpreted to represent the rapidly-soluble protein fiaction 

of CM protein, the degradable protein fiaiction of CM protein and the fiactionai-rate 

constant at which the degradable protein fraction of CM protein degrades in the rumen 

in situ, respectively (0rskov 1992). 

The in situ effective degradability of CM protein in treatments was thus caicuiated h m  

the foiiawing quation, considering both the degradation and ouîflow of CM protein in an 

actual rumen avironment (0rskov 1992): 



ED = a + b*c/(c + k) 
w here 

ED = in situ effective degradability (Ri of CM protein), 

a = @dy-soluble protein M o n  (96 of CM protein), 

b = degradable protein fraction (% of CM protein), 

c = fractional-rate constant at which degradable protein k t i o n  of CM pn,tein 

degrades in the rumen (Wh), 

k = outfiow rate of CM protein (%A). 

The DM, CP, ADF and ADIN content in the sample was analysed according to method 

number 934.01, 976.06, 973.18, and 973.18 and 973.06, respectively, published by 

AOAC (1990). The NDF content of sample was measured by using the method of 

Goering and Van Soest (1970). 

Al1 the daîa w a e  analysed Statistically by ushg GLM procedures in SAS system (SAS 

1989). 

Trial one was a factorial design. The effects of the four factors, i.e. LS, TT, ALC, and 
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W, and the intexadon effed amcmg these four W r s  were evaluated using the foiiowing 

modei: 

Y, = p + LSi + TI; + ALCk +W1 + LS,T,  + LSi*ALC, + LSi+W, + 
+ mIwf + u t * w I  + L S i ~ j * ~ k  + L S i w , w I  4- 

nj*AIIX:Itw1+ e, 

whexe 

Y* = observation, 

= overall mean, 

LSi = lignosulfonafe effect (f = 1, 2, 3, 4), 

TTj = tem- and tirne effed (/ = 1,2, 3), 

ALCk = alcohol effect (k = 1, 2, 3). 

W, = =ter e f f ~ t  (1 = 1, 2). 

UiT,, LS,*ALCb =,Lw, n j * m t ,  =j*w1. ~ k f W 1 ,  W q t ~ f ,  

rSp,w, TI;.ALCkw = interaction among factors, 

%, = residue. 

The statisticai significanœ of the ciifferences among means of the main effects, Le. LS, 

Ti', ALC, and W, was tested by using %y's studaitized range test (SAS 1989). The 

s t a t b i i d  significance of the difiefence among a set of means in the interadon effect was 

tested by using Poly-diff'ce test (SAS 1989). 

Trial two was a Latin square design. The treaîment effects on the in situ estimated rapidly- 
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sdubie priaan fhdon (a), degradable piotein fraction (b), the fiactional-rate constant at 

which degdable pmkh fiaction degrades in the rumen (c). effective degdabiiity (ED) 

and the undegradabIe intake protein of CM protein were evaiuated by using the following 

modei: 

Y r = p + T , + C , + P k  +e, 

where 

Y, = observation, 

C< = o v d  mean, 

T, = trratment effect (i = 1, 2, 3, 4). 

C, = cow effect (j = 1, 2, 3, 4), 

Pt = perîod effect (k = 1, 2, 3, 4), 

e, = residue. 

One observation, Le. Y,, was missing in trial two due to the Eailure of the nimen 

cawuia. The sratistical significance of the differeices among means of the treatment effect 

was tested by using Tukey's studentized range test (SAS 1989). 

RESUL'I'S AND DISCUSSION 

TrPl One 

Disappearance of CM protein h m  the nylon bag at 16 h incubation was degeased (P < 
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by 14.9% (62.9 w. 53.5%, SEM = 1.096) whm the LS levels were incnased from 

O to 4% with afurther decrease (P < 0.05, SEM = 1.0%) of 16.2% to44.996 forthe 

6.5 % LS breatment flable 2.1). These resuits were consistent with the finding of 

McAllista et al. (1993) who also demonstrated that' increasing the LS (20% reducing 

sugar)amœn~onfromOîo5% andfrom5to 10% dcaeasedtheeffectivedagmdability 

of CP in treated CM. nie pepsh and pancreatin digestibility of CM protein was not 

affected by the addition of 4 % of LS in CM treatment (Table 2.1). However, 6.5 % LS 

decreased (P < 0.05) the PPD of CM protein by 6% (79.1 vs. 84.296, SEM = 0.5%) 

mmparedwiththeamtroi. TheDUIPinCMp~wasincreased(P < 0.05)by25.1% 

(38.5 vs. 30.896, SEM = 0.8%) and 12.896 (43.5 vs. 38.546, SEM = 0.8%) when LS 

lm& were inmasexi fkom O to 4% and h m  4 to 6.5% in the treatments, respectivdy. 

However, the increase of LS levels h m  6.5 to 9% did not altere the NBD, PPD and 

DUIP of CM pmtein. Thus, the addition of 6.5% of LS in the CM DM was suffiCient to 

reduce the CM plotein degradability in the rumen and irnpmve the availability of pro* 

in the lower GI tract. 

InaeaPing tRatment temperature h m  100 to 12S°C while decreasing exposive time h m  

1 to 0.5 h did not affect the NBD and DUIP of CM protein, although the pepsin and 

paaaeatia digestîbility was iacRased (P < 0.05) siightly (82.1 vs.84.2%, S E M  = 0.596, 

Table 2.1). When the trrabnent temperature was increased to 150°C from 125°C (heating 

time 0.5 h), the NBD and PPD of CM proSein were dg.seased (P < 0.05, Table 2.1) with 

no signifïcant change in DUIP. The three temperature and time combinations thus weze 
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not diff-t in improving the the avaiiabiüty of CM protein in the Iowa GI tract. 

However the higher temperature (Le. 125 or 1 5 0  and short heating t h e  (30 min) 

treatment will be more desirable than the lower temperature (1WC) and longer heating 

time (1 h) treatment as the former saved more time and space in producing pmduct than 

the lamf. 

nie LS and 'IT resuited in significant intaaction eflects on NBD, PPD and DUIP of CM 

progÙi. W1th 4 and 6.5 % LS application, the NBD (Figure 2.1) and DUIP (Figure 2.3) 

of CM protein was not different among the three levels of Ti' in each LS level, although 

the PPD was lower for the 1SO"C m a t  relative ta 125°C treatmerrt at 4% LS or the 

IoOqC heatment at 6.5% LS (Figure 2.2). However, the interaction effect among LS, TT 

and W (Figure 2.4) showed that the DUIP was highest (P < 0.05) in CM treated at 100°C 

for 1 h with 4% LS and water added or in CM treated with 6.5% LS and no water added 

as wmpaffd to CM treated at 1250C fa 0.5 h with water and the same level of LS added. 

IaaeaSng theLS b e l  h m  6.5 to 91 ,  CM treated at 125T for 0.5 h had a higher (P < 

0.05) PPD than that of CM treated at lOOOC for 1 h or CM treated at 1500C for 0.5 h 

(Figure 2.2), and had a hjgher (P < 0.05) DUlP than that of CM treated at 150°C for 0.5 

h (Figure 2.3). me inkmcîiion of water and LS at the level of 9 % (Figure 2.4), however, 

. . .  diminished the d i f f i  of the effects of thnx temperature and time combination on the 

DUrp in CM ptein at 9% LS (Figure 2.4). 

Without the presence of LS in the treatments, the heating temperature needed to be 
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increased to 150°C to deaease (P < 0.05) the NBD of CM protein to a hi* level 

(Figue 2.1). Aithough the PPD of CM protein was deçreased (P < 0.05, Figure 2.2). 

the DUrP was fiirther increased (P < 0 . 0  when CM was treated at 1SO"C for 0.5 h 

compared to the TT bels  whm the LS was absent f h x  the treatment (Figure 2.3). Data 

further showed that only the tmatment with no added water had a significantly highez 

DUIP in CM tmtexi at 1SVC comparexl to the that in CM treated at lower temperaaire 

when LS was absent (Figure 2.4). Thus the higher kmpsahm of 1500C (for half an hour 

with no added-water) was needed for CM to increased the level of rumen escape protein 

if LS was not included in the treatmmt. This result is in agreement with the recommended 

beating d t i a n  (exit temperahure 1469: and steeping time 30 min) of soybean to achieve 

optimum protein protection (Saüer et. al 1994). 

Alcohol levels showed no effed cm the MD, PPD and DUIP of CM protein (Table 2.1). 

Howwer, diere is a significant interaction between water and alcohol on NBD, PPD and 

DUIP. Without the presence of water, 5 and 15% of alcohol deaeased (P < 0.05) the 

NBD (Figure 2.9 and PPD (Figure 2.6) over the cuntrol. Alcoh01 did not alter Q > 

0.05) DUIP in both water levels (Figure 2.7). Lynch a al (1987) treated SBM (800 g) 

with a 70% (vlv) e h 0 1  solution ('2000 ml) at 78°C for 1 h. They reporteci, in agreement 

with the present study, that the treatment decreased (P < 0.05) the in situ nitmgen 

disappearance (O to 18 h ruminal incubation) of SBM compared to the untreated SBM. The 

rumen NH, concentration was decread (P < O.OS), the N d e d  in the body was 

increased (P < 0.05), and the apparent N digestibzty was unaltered when treated SBM 
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wasMtoiambsinrepkingtheuntnatadSBM. Ithmtmmthythatin theirtrialalarge 

quantity of ethanoI (140 mVlW g SBM) and a bw tempera&m wen used in the treatmeot 

comparing bo thme in the pmmt üial. From the resuits of the present study, alcohol wiU 

not be recommended for use in CM tmtment. 

The addition of wata to CM increased (P < 0.05) NBD and PPD, but deaeased (P < 

0.m DUIP of CM pn,& (Table 2.1). Cleate et. al (1987a) howeva repoNd thaî the 

amount of ammcmia r e l d  h m  tceaîed SBM (heated at 150°C for 30 min, at pH 8.5 and 

three mole of xylose for each of mole SBM-Lysine) in an in vitro system was increased 

drastically wbai the moishrre b e l  in SBM was d e c d  from 20% to 10%. The reason 

for the di&raîe betweai thQr hial and the present trial, regarding the effect of moisture 

on the protein rumen degradability is not apparent. The wata levels in CM treatmenis 

howeva had different effects on the PPD of CM protein among the three TI' 

curnb'IIliitiolls. At high temperature (150°C for 0.5 h), adding water reduced (P < 0.05) 

the damaging eff& of the treatment on the PPD of CM protein (Figure 2.8). However 

this decliae was significant ody when 5 or 15% of alcohol was presented in the treatment 

(Figure 2.9). This d t  thus suggested that the decrease (P < 0.05) of PPD in the no 

dded-water levei in relation to the added-water level at high tempetature treatment (Figure 

2.8) was mainly Qused by the presence of 5 and 15% of alcohol and water can reduce (P 

< 0.05) thb decline (Figure 2.9). Wata togeîher with alcuhol wiil not be recommended 

to be used in îhe CM treatment. 
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In g m d ,  the treatmmt of 6.5% of LS in CM DM, 125 or 150°C heating temperatum 

and 30 min heaîing t h e  with no added wata or alcohol is recommended for use in 

reducing the rumen degradability of CM protein and improving the availability of CM 

pmtein in the lower GI tract. 

Trial Two 

The nuhient wmpitions of mtreaîed (control) and three LS-heat treatment combinations 

for CM are shown in Table 2.2. The regression c w e s  and r e m o n  models of the 

NBDs (96 of CM protein) of four CM treaûnents against rumen incubation times (h) are 

presented in Figure 2.10. The values of constant a, b, and c representing the rapidly- 

soluble protein fraction, the degradable protein fiaction, and the fhctional rate at which 

degradable protein fraction degrades in the rumen, respectively, are show in Table 2.3. 

The rapidly-soluble protein fraction of CM protein decreased (P < 0.05) when the CM 

was treated at 154'C with 6.5% LS compared to the control (19.5 vs. 40.2%, SEM = 

3.4 96, Table 2.3). Aîthough the other two treatments were intermediate in the rapidly- 

sduble protPin hcticm, the differmces were not sisnifiant (P > 0.05) amaig the three 

treated CMs (Table 2.3). nie heat treatment at 154T with LS tended to increase (P < 

0.10) the degradable protein fraction in CM protein compared to the control (75.3 vs. 

54.5 % , SEM = 3.8 2) with the other treatments king intermediate in value. The 

fiactiond-rate constant at which degradable protein fracton degraded in the rumen was 

darruised (P < 0.05) whea the CM was treated at 154°C with or without 6.596 LS 
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compeftd to amtrd. The xegmsion cums of NBD of protein for each of four treatments 

agabut nuaen incubation times (Figure 2.10) showed that the CMs h d  to 129°C with 

6.5% LS and CM heateü to 154°C without LS d t e d  in the NBD curves bang Simüar 

and midway betweai the conml and 154°C with 6.5% LS treaûnent. In geaeral, high 

tempaaaire (154"C) with LS added decreased (P < 0.05) the rapidly-soluble fraction and 

reduced the Nminal degradation rate of CM protein in situ over the wntrol CM. 

The Oufaow rat*, (k) of CM supplement were estimated at 3.1.4.5, 3.9 and 3.6 %DI for 

ww 1, 2, 3 and 4, respectively (Figure 2.1 1). The average of the estimated k vaiue 

(3.7%/h) is thus very close to the k vaiue (4%/h) estimared (Moshtagaghi Nia 1994) in steers 

fed a 50% concentrate dairy diet. The estimated in situ effwtive degradability of CM 

protein was demasxi (P < 0 . 0  when the CM was treatcd at 154°C with 6.5% LS 

compared to the oontrol eable 2.3), and thc estimated undegradable intaLe protein of CM 

protein was increased (P < 0.05) by 64% over the mntrol. 

nie estimated in situ effective degradability of untreateâ CM protein (74.7 96, Table 2.3) 

was close to the in situ estimates by McAUista et al. (1993, 69.9 96 on average) and 

Moshtaghi Nia (1994, 69.9%) and in agreemmt with the in vivo estimates in Rooke et al. 

(1983, 75 %) and NRC (1989, 72 96). Moshtaghi Nia (1994) feported that moist heat 

treatrnent at 127°C for 15 to 45 min decreased (P < 0.05) the rapidly-soluble protein 

hct im,  increased (P < 0.05) degradable protein fraction with no significant effed on 

fraictiorial-m amstant at which degsdable protein fraction degraded in rumen, and thus 
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demasxi the in situ effective degradability of CM protein by 47% (37% on average vs. 

69.9%) comparai to untreatcd. This reduction ia the in situ effective degradability in CM 

protein through the k s t  k a t  tmitment is more signifiant than those in the presat trial 

Fable 2.3) thFwgh the LS and heat treatment. McAUister et al. (1993) üated CM with 

water, 5 or 10% lignosulfonate (20% reducing sugat), or 2% xylose at 100°C for 1 to 2 

h in an oven, which reduced the in situ effective degradability to 64.9, 55.9, 48.9 and 

50.2 96, respectively, compared to 69.9% for the untreaîed CM. These d t s  are 

amsistmt with the results h m  the present trial (Table 2.3) regardhg the efiects of LS. 

In cornparison with the low heat (100°C) and long treatment dwation (1 to 2 h) in 

McAllister et al. (1993), the high heating temperature (154OC) and short treatment time 

(32 min) resuited in a similar level of niminal protection to CM protein Uable 2.3). In 

the present trial the curve for decrease in temperature during steeping is not known, but 

the exit kqemtm after 32 min was 27°C. Heating to 154°C with 6.5 96 LS and steeping 

for 32 min significantly decreased the in situ niminal degradability of CM protein. 

In conclusion, LS addition up to 6.5% of CM DM is sufflcient to reduce the ruminal 

degradabiiity of protein and improve the protein availability in the lower GI tract. 

T V  and time lm& at lOO"C/l h, 125°C/0.5 h and 15O"C/O.5 h in the p m c e  

of IS do wt differ in th& effeds on the avaiiability of CM protein in the lower GI tract. 

The addition of alcoi101 or water to the heated CM wiU not be beneficial in impmving the 

pmteh availabiliîy in the lower GI trad In the absence of LS, the 15û"C/0.5 h treatment 

will impmve the CM protQn availability by 21 % and 24 96 in the lower GI tract over the 
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100"Cll h and 125"UO.S h treatmerits, re~pectively. The optimum treatment combination 

in this trial was to 154°C with LS added at 6.5% of CM DM, heid for 32 min (with no 

akW Md Pddsd-water) wwül be an ef%xtive method in protecting (3M protrrin h m   mm 

degradatm, hcmsing the amount of CM protein available for digestion in the lower GI 

tract, and improving the nutrient value of CM protein for dairy cow. 





Table 2.2. Nutrient composition of four canola m d  (CM) tteatments.' 

@ (46 DM) 36.6 36.8 39.1 37.0 
ADIN' (% N) 5.5 5.8 5.3 9.3 
NDE' (% DM) 29.8 27.1 28.3 29.2 
& (% DM) 22.4 23.1 22.9 25.7 
Amino acid (% DM) 

Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Histidine 
Lysine 
Arginine 
cystine 
Methionine 

Essential AA 14.3 13.4 13.7 12.4 
Non-Essential AA 18.7 17.9 18.1 16.8 
Totd AA 33.0 31.3 31.7 29.2 

l~verage of the values of two measurements. 
Vntreated CM. 
'CM heated to 129°C with LS added at 6.5% of onginai CM dry matter PM). 
4CM heated to 154T without LS a e d .  
'CM heated to 154°C with LS added at 6.5% of original CM DM. 
6cMleprotein. 
' ~ c i d  &exgrnt insoluble nitrogm. 
'~eutral detergent fiba. 
' ~ c i d  detergent fiber. 



Table 2.3. The e&cts of the heat treatmmt with or without iignosulfonate (LS) on the estimated 
in situ effective degndability (ED) of protein, undegradable intake protein m), rapidly-soluble 
protein M o n  (Le. constant a), degradable protein faction (Le. constant b), fractd-rate 
constant at which degfddable pmtein fraction degrades (Le. constant c) for control and treated 
CM (n' = 4). 

UIP (96 of CM pmtein) 25.4b 32.W 34.3ab 41.6a 2.1 

Fractional-rate constant at 7.3a S.6ab 4.3b 4. lb  0.5 
which degradable pmtein 
fraction degades (Wh) 

a, b: lest squares rneans in rows with different letters are different (P < 0.05). 
'Observation numbers = 4 for aiî treatments but control, for which n = 3. 
Vntreated CM. 
'CM heated to 129T with LS added at 6.5% of original CM DM. 
'CM heated to 154°C without LS added. 
'CM heated to 1540C with LS added at 6.5% of original CM DM. 
%tandard error of means. 
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Figure 2.1. The interaction effects of lignosulfonate (0,4,6.5 and 9%) and 
temperature and time (lOOC/lh, 125UOSh and 150C/OSh) levels on the 
nylon bag disappearance (NiBD) of canola meal (CM) protein (the means 
bearing different labels in each lignodonate level are Merent, P < O .Os). 
(n = 8, SEM = 1.81%) 



Figure 2.2. The interaction effects of lignosulfonate (0,4,6.5 and 9%) and 
temperature and time (lOOUlh, 125C/OSh and 150C/OSh) levels on the 
pepsin and pancreatin digesti'bility (PPD) of canola meal (CM) potein (the 
means bearing different labels in each lignosulfonate level are different, P < 
0.05). (n = 8, SEM = 0.92%) 



Figure 2.3. The interaction effects of lignosulfonate (O, 4,6.5 and 9%) and 
temperature and time (100C/lh, 125C/OSh and 150C/OSh) levels on the 
digestible undegradable intake potein (DUIP) of canola meal (CM) protein 
(the means bearing dinerent labels in each lignosulfonate level are different, 
P <O.OS). (IL= 8, SEM= 1.31%) 
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Figure 2.4. The interation effects of lignodonate (0,4,6.5 and 9%) and 
temperature and time (lOOC/lh, 125C/OSh and 150C/0.5h) and water (no 
added-water (nw) or added-water (w)) levels on the digestible and degradable 
in&e protein (Dm) of canola med (CM) treatments (the means bearing 
different labels in each lignosulfonate level differed significatltly, P < 0.05). 
(n = 4, SEM = 1.85%) 
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Figure 2.5. The interaction effects of water (no added-water (nw) and 
added-water (w)), and alcohol(0,5,10 and 15%) levels on the nylon bag 
disappearance W D )  of canola meal (CM) protein (the means bearing different 
labels in each water level are Werent, P < 0.05). (n = 12, SEM = 1.48%) 
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Figure 2.6. The interaction efEects ofwater (no added-water (nw) and 
added-water (w)), and aclcohol (O, 5,l O and 15%) on the pepsin and 
pancreatin digestibility (PPD) of canola meal (CM) protein (the means 
bearing different labels in each wter Level are different, P < 0.05). 
(n = 12, SEM = 0.75%) 
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Figure 2.7. The interaction effects of water (no added-water (nw) and 
added-water (w)) and aclcohol (O, 5, lO and 15%) levels on the digestible 
undegradable intake protein (Dm) of canola meal (CM) protein. (n = 12, 
SEM = 1.07%) 



Temperature and Time 

Figure 2.8. The in tedon  effects of water (no added-water (nm) and 
added-water (w)) and temperature and time (lOOC/lh, 125C/OSh and 
15OC/O.%) levels on the pepsin and pancreatin digestiiility (PPD) of canola 
meal (CM) protein (the means bearing Werent labels in each temperature and 
t h e  level are different, P < 0.05). (n = 48, SEM- 0.65%) 
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Figure 2.9. The interation effects of temperature and tirne (lOOCIlh, 
125C/0.5h and lSOC/OSh) , alcohol(0,5,10 and 15%) and water (no 
added-water (nw) and added-water (w)) levels on the pepsin and pancreatin 
digestiibility (PPD) of canola meal (CM) protein (the means bearing different 
labels in each alcohol level are different, P < 0.05). (n = 4, SEM = 1.3%) 
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Figure 2.10. Plot of the value and the regression m e s  of the value of 
nylon bag disappearance (NBD) of canola meal (CM) protein of four 
treatments (contro~l29C+LS7 154C and 154C+LS) against incubation time 
(t) in the nmien (n = 4 for ail treatments but control, for which n = 3). The 
models of the regressions are: 

conb.01: NBD = 40.2 + 54.5fld073t) (r = 0.96), 
129C+LS: NBD = 27.9 + 66.9fl-0.056t) (r = 0.98), 
154C: NBD = 30.0 + 66.3fl-0.043t) (r = 0.96), 
154C+LS: NBD = 19.5 + 75.3fl-0.041t) (r = 0.98). 
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Figure 2.11. Plot of In(Cr concentration in feces) against time (t) after Cr-mordanted 
canola meal was dosed in the m e n  and the linear regression curves of ln (y, peak 
and pst-peak value of Cr concentration in feces) against time for four cows. The 
models for the linear regression are: 

cow 1: y = 8.28 - 0.031t (n = 10, r = 0.98), 
cow 2: y = 8.62 - 0.045t (n = 12, r = 0.95), 
cow 3: y = 8.84 - 0.03% (n = 6, r = 0.94), 
cow 4: y = 7.95 - 0.036t (n = 13, r = 0.93). 



EFFECT OF IJGNOSULMINATE AND HEAT 'IREATMENT ON CANOLA 

MEAL PROTEIN DEGRADATION IN THE RUMEN, POST-RUMEN 

DIGESTION AND PRODUCTION 



Canoia meal (CM) was heat treated with or without lignosulfonafe (LS) to protect protein 

h m  ruminai degradation. Four CM treatments: untreated; heated to 129°C with 6.5 % 

IS; 1549: without LS; and 154OC with 6.5% LS were used to formulate four diets which 

were fexi to fan Holstsn dairy a>ws cannuiated at the rumen and the proximal duodenum 

over four 214 periods in a 4 x 4 Latin square design. The in situ undegradable intake 

nitrogen 0, amino acid and dry mattes; and the cstimated true digestibility of N in the 

lower gastrointestinal (GI) tract were increased; while the estirnated hue digestibility of 

N and DM in the total GI tract were not de- in treated CMs cumpared to those in 

uneeatcd CM. The conceritrations of a d c  acid, butyric acid and the total voMe fa#y 

acid tmded to be lower in cows fed CM heaîed to 154°C with LS than those in cows fed 

the untreakd CM. The in vivo undegradable in- N was increased in the diet containing 

CM heated to 154°C with LS compared to that in a diet containing unireated CM or CM 

eeated at 1290C with LS. The in vivo apparent digestibility of d i e q  N and DM in the 

lower or total GI tract, and nd production were not altacd by the inclusion of treaîed 

CM in the diet. Heating to 154°C with 6.5% LS thus reduced the calculated ruminai 

degradability of M protein by 49% without decreasllig the pst-ruminal digestibility. 

Key w o d :  Canoia meal, heaî, lignosulfonate, degradation, digestion, VFA, milL 

producfion, dahy cow. 



Canola med (CM) is a by-product resuiting h m  the cnishing and the oil extraction of 

canola d. Canola is defined as rapesgd containhg less than 2% of total fktty acids in 

oiI as d c  acid and less than 30 cm01 of aîkenyl glucosinolates per gram of oil-free dry 

maüer (DM). Canoia meal has a high protein content (Zuui 1993; Manuscript II) and it 

has a more fiivorable amho acid (AA) profile than soybean meal (SBM),, as CM has a 

lysindmethionine ratio (Bell and Keith 1991; Manuscript II) which is closer to those of 

rniiir and beef muscle (0rskov 1992) than SBM (Zinn 1993) . In western Canada where 

canoia is planted most widely, CM is used extensively as a protein source for ruminants 

because of its cornpetitive price. The CM, however, has a relatively high rumen protein 

degradatian rate (72%, NRC 1989) whirb is ctose to that of SBM ('7096, NRC 1989). The 

degraded protein in the m e n  can be used to grnerate rumen miCrobial protein, passing 

to lower gashointestinal (GI) tract or otheniyise lost as urea in milk (Clark et al. 1978) or 

in urine (Nolan and Leng 1972). To use CM protein more efficiently in dairy rations it 

would be desirable to duce  the ruminal protein degradability of CM pmtein and thus 

increase the perçentage of CM protein or AA escaping rumen degradation and p d n g  to 

the lower GI tract for digestion by the host animal. 

Heating has bem used exîmsïvely as a method to reduœ the dietary protein degradability 

in the nimai ( S h d  and Tillman 1964; Stem 1984; Faldet et a1.1991; Moshtaghi Ni 

and Ingalls 1992, 1995 a,b; Sama e$ al. 1994; ûnyango and 1ngdl.s 1994; ûnyango 1995). 
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The mechanism of protection in heat trea,tment involves principally the initial stage of 

Mailhl d m .  The reaction is between the h a m i n o  gmup of lysineh protein and 

the aldehydc group ofreducing sugars such as glucose and fnrtose which were present in 

the diet (HurreU and Finot 1985). The S c W s  base and intennediate products of this 

initial stage of the Maillard reaction are reversïble and thus are bio-available to animais 

(Finot et al. 197). Hcabing may enhance the fomiatiai of these reversible products which 

are wae stable at a neutrai pH while Wle in an acidic aiviroament. Heat treatment thus 

is assumed to stabilj7P. the dietary protein and rerider it less degadable in the rumen (pH 

5.5 to 7.5) and, thus increase the flow of dietary protein to the abornasum (pH < 3.0) for 

further digestion by the animal. Previous work (Manuscript II) demonstrated CM moist 

heaî headed ta 1 lOOC for 1 h increased the AA concentration in deprotehhd plasma and 

improved the feed efkiency when the treaîed CM was fed to growing lambs in repla;cing 

the untreated CM. 

Recently, reducing sugars such as xyiose, glucose, fiuctose or lactose were tested to 

enhance the heat treatment e f f~ts  on protein protection h m  rumen degradation (Cleaie 

et al. 1981 a,b,c; Wallace and F a l m  1992; Moismanyana and Mowat 1992; McAllister 

et al. 1993). Lignosulfoaate (LS), a byproduct of the wood industly and a rich source of 

xylose (20-4096 of DM), has b e n  used successfully in heat treatment to protect SBM 

(Stem 1984; Windschitl and Stern 1988; Nakamura et al. 1992) and CM (McAUister et 

ai. 1993) pmkins from ~ m a i  degradation. Revious research (Mimuscript Ki) showed Uiat 

LS (40% x y b ,  DM bah) applied at 6.5 96 of Onginai CM DM was sufficient, and the 
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heating temprahne of 125 and I S W  and heating time of 0.5 h w a e  effective in reducing 

the in situ nimirial &gradability of CM protein and improving the estimated digestible 

u n m l e  in- protein of CM in Iowa GI tract. nie objectives of this rrsearch 

w a :  to investigate the effect of LS and heat treafmeats (Manuscript II) on the in situ 

niminal dtgradaton and the esamated post-rurninal digestion of the CM and to investigaie 

the in vivo effect of these CM treatments on the rumen condition, ruminal degradability 

of diegry nitrogen 0, AA and DM, the post-rtlIIllIlSil apparent digetibility of the dietary 

N and DM, the plasma AA and urea N îevel, and the milk production in dairy cows fed 

diets containhg these CM treatments. 



~ ~ o n a t e  and Eeat treatmens of CM 

Four CM tteabnents were made up oE 1 (control), original untreated CM as a control; II 

( l x + =  ), CM heated to 129T and held for 32 min with LS added at 6.5% of original 

CM DM; III (IS4C). CM heated to 1WC and held for 32 min without LS added; and IV 

(154C+LS), CM kated bo 1549: and held for 32 min with LS added at 6.5% of origiaai 

CM DM. Tbe treabnent procedure and the nutriait amtent, Le. DM, cnide protein (CP), 

neutraï detergent fibre (NDF), the acid detergent fibre (ADF) and the acid detergent 

insoluble N (ADIN) of these CM treatments wae reported in a prwious study (Manuscript 

n)- 

Four first lactation Holstein cows, averaging 91 days (standard deviation = 37 day) in 

millr and 558 kg (standard deviation = 52 kg) body weight, were used. Each cow was 

fitted with a rumen c a ~ u I a  (Bat Diamond 4", Bar Diamond, Inc., Parama, ID) and a 

dwdenal T-sbaped cannula (ICZ la, Anlrom, Fairport, N'Y) at the proximal duodenum. 



Four di& weze h u h t e c l  to include the four CM tnatments. About 36% of di- 8 

came from CM protein. The diets w a e  fomulated to meet NRC (1989) nutrient 

mphmnt far ams wej% 550 kg and producing 35 kg of milk with 3.4% milk fat using 

Trilogic Systems Ration Package (1990, Trilogic SystEms, Des Moines, IA). The ratio 

of concentrate : forage was 61 : 39 (DM basis). 

Cows were housed in a tie stali barn at the Gldea Agriculturai Research Station 

(University of Manitoba, Wiwpeg, MB) together with the main herd. Cows were given 

the diet as a total mixture ration free choie once a day at 10:OO am. Concentrate was 

mixed with silage in the manger at the time of feeding. The quantity of silage used was 

adjusted weekiy according to the DM pefcentage in silage. The amount of ration fed to 

each cow was based on the amount of diet thaî cow consumed the &y before plus 2 kg of 

extra. Cows were on rubber mats and bedded with chopped straw except for sample 

co11ection &YS when bedding was removed. 

Cows were used in a 4 x 4 Latin square design to test the four die& over four pexiods. 

Each pesiod (21 &y) consisteci of a 134 adaptation period and an 8d sample collection 

pend. 



Samples (1 g) of CM were heat-sealed in 3.5 x 5.5 cm nylon bags (50 pm pofosity, 

AnImm. Faùpat. NY). lkro sets of ample bags were prrpaffd so that one set was usai 

forthe- . of in siîu ruminai DM and N degradaôiliities and the other set for the 

dehmhtion of the estimated tnie digestibility of CM DM and N in the lowa and total 

GI tract. These two sets of sampIe bags (4 repiication bags for each set) for each CM 

treatment were incubated in the rumen of the cow that was receiving that diet. The 

incubation was cunducted on day 6 of the 8 4  sample mUection paiod. AU the sample 

bags (eight) wae held in a large nylon bag (25 x 45 cm sùe, 2 x 3 mm mesh) which was 

tied to the nimm cannuia by a nylon cord (45 cm long) and weighed down in the rumen 

with a bottie of and. Bags wexe retrieved from the rumen afkr 16 h incubation and were 

placed on iœ immediately to stop microbial activity. The bags of the first set were stored 

fiozm (0- until the dcterminaton of DM, N and AA disapp*uance h m  the bags in 

the nimai. The secad set of bags was hcubatd in a pepsin-HCi solution (1 g pepsin per 

fiter of 0.01 N HCI, 20 ml/bag) for 3 h at 39°C (Moshtaghi Nia and IngaUs 1992). nie 

bags were stored fiozen (-2CPC) after the pepsin digestion. On day 8 of the 8 4  sarnple 

coiieCtion +od, these pepsin digested bags (four replications for each cow x diet) were 

thawed at m m  ~nperabire and imxkd into the duodenum via a duodenal cannuh at 20 

minintervals. BagswaewIlededfromfmsmtil32haftathe~onofthefirstbcig. 

Tb bags were ~epafated h m  feœs by washing with a high pressure tap hose on a metal 

screai (about 5 x 5 mm me&) and the collected bags were stored h z e n  (-20°C). 
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AU fkozen bags were thawed at m m  tempaahire and washed with cold water in a 

wringer-type washing madiine for 10 min followed by another 5 min in clean water. AU 

the washed bagP were dried in a forced-air oven at 600C for 48 h. The dried bags were 

weighd. Ibt dried bags of the second set and haif of the first set were m e r  anal@ 

for N amterit, and the dried bags of the 0 t h  half of first set were analyzed for AA 

content in the residue. 

The following equations were used in the calcuIation of in situ measurements: 

In situ undegradable intake DM, N or AA of CM (96 of CM DM, N or AA) 

= @tedue DM, N or AA ccmtent in the bag after 16 h Nminal incubation, 

g) I (Initial DM, N or AA content in the bag, g) x 100; 

Estimated true digestiiiility of DM or N in the total GI tract of CM (96 of CM DM 

or N) 

= (Residue DM or N amtmt in the bag recovered h m  feces, g) / (LRitia.1 

DM, N or AA content in the bag, g) x 100; 

Esthakd true digestibiiity of DM or N in the lower GI tract of CM (A of intake 

CM DM or N) 

= (Estimated true digestibility of DM or N in the total GI tract of CM, 96 

of CM DM or N) - (100 - (In situ undegradable intake DM or N of CM, 

% of CM DM or N )); 
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EptiiilahA ûue cügedbility of DM or N in tbc lower GI trad of CM (% of DM or 

N of rumen escape CM afkr 16 h niminal incubation) 

= (Estirnated tnie digestibiiity of DM or N in the lower GI tract of CM, 

% of htake CM DM or N) 1 (h situ mkgdable intake DM or N of CM, 

% ofCMDMorN) x 100. 

In Vivo Measurements 

The amount of concentrate and siiage intakc, and weigh-back was recordai M y  during 

the 8 4  sample collection period. The weigh-back, concentrate and silage samples were 

takm every two days, composited and subsarnpled for each cow x diet combination. nie 

silage and weigh-back samp1es were dried at 600C for 48 h in a forced-air oven to 

determint the moistun amtmt in the original wet sample and to &tain the relatai dry 

samples of sikge and weigh- AU the cmcemtrafe, and the dry silage and weigh-back 

samples were ground (2 mm screm) and analyzed for DM, N and Cr content, and the 

concentrate and the dry silage samples were M e r  analyzed for AA, NDF, ADF and 

ADIN content, 



A rumen fiuid sample was collected every 8 h in a day for four consecutive days in each 

cow. Cows were arrangeci to be sampled two hom a p t  during this 8 h. Four sample 

colkcîh pattEms (Le. sample collectai at: 1, 1:30, 990 and 17:30; II, 3:30, Il:% and 

19:30; III, 5:3û, 13:30 and 2 1 9 ;  and IV, 7:30, 15:N and 2350 in each sample 

cdlectiai &y) were assigned to four cows over the four consecutive days following a 4 

x 4 Latin square design. nius the samples (12 in total) obtained h m  each cow over 4 

days represented every two h of a &y (24 h). 

Rumai contents (500 ml) wexe collecfed and sûained through c h a s d o t h  to resdt in a 150 

ml rumen fluid sample. The residue was retunied to the nimm aller the fluid was 

coliected. Rumen duid was measured for pH and was then acidified with 0.5 ml H$04 

(7.2 N). Acidifiai fluid was split into two parts and stored frozen (-20"C), one (50 ml) 

as a spare sample and the remahder (100 ml) for fiutha analysis. Rumen fluid was 

thawed at room temperatun and centrifuged at 25,000 x g for 20 min to obtain a clear 

supemaFdat which was stod h z a  (-2û"C). ?he amrnonia (N'Ha concentration in rumen 

fluid supeaatant thawed to nxnn ternpature was r n d  with an NH, electrode (mode1 

95-10, Orion Research k., Cambridge, MA). Ten mi of rumen fluid supematant and 0.6 

mi of NH, pH-adjusting ISA (5 M NaOH, 10% methanol, color indicator, 0 . 0  M 

disodium =A) were useû. Rumen fliiid samples for evay two samples of adjacent time 

points were compoBited to rrpresait samples at six time points of a &y (Le. 0.5, 4.5, 8.5, 
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12.5, 16.5 and 20.5 h of post-fexdiag the) for each w w  x di#. The oomposited samples 

ais0 were analyzeû for volatile fatty acids (VFA) by gas chromatography (Emin et al. 

1961). 

Rumen microbes 

Rumai amtent (750 ml) was sampled h m  each ww at 6:00, 14:O and 22:00 on day 8 

of the 8-d sarnple collection period. The rumen content samples were stored frozen (- 

UPC) for fiirthex isolation of rumen microorganisms. The ~amples were thawed at m m  

tempaature and bhded in a blender (Model W-AC, The Harbart MFG Co., Troy, OH) 

for 3 min at speed 4 to rrlease the microorganisms a d h d  to feed particles. The blended 

samples were sîrained Ulrough 4iayers of cheesecloth to &tain rumen fiuid. Bacteria 

were isolateci h m  rumen fluid via différentia1 centrifigaiion (Lardy et ai. 1993). The 

isolatecl bacterial sarnples were lyophitized (30°C for '72 h, Model Genesis LE 25, The 

Virtis Company, Gardiner, NY) and the simples of the t h e  tirne points were further 

composited îùr each cow x dia combination and &round (1 mm screen). The compited 

siample was arialyzed for AA, purine, DM and N contents. 

Duodenal digesta was sampîed hdf an hout iater than rumen fluid samples in each cow 

tbrough a duodenal cannula hliowing the same coiiectim pattern and querrce conducted 
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in îhe nimai flGd wllsdion. The collected duodenal digesta (150 ml) was split into two 

parts d statd fbzm O, me (50 ml) as a spare sampk and the remahder (100 ml) 

far fiirtiia analysis. The samples were lyophilized (UW: for 72 h, Mode1 Genesis LE 25, 

Tb V i i i  Company, Gardhea, NY) and then ground (1 mm screen). Every two samples 

of adjacmt time points were wmposited to 0bta.h six samples for each cow x diet. These 

compoeited -les were anal@ foa DM, Cr, N, NH3 N and AA. The six sample tirnes 

of duodaial digesfa werr furtha composited end the composited sampIe was r n d  for 

purine content for each cow x diet combination. 

The gum was ananged for fecal cdlecfion. Feas was coiiected for 24 h h m  each cow 

during the 3rd. 5th and 7th &ys of the 8-d sample collection period. Feces were weighed 

and a subsample of about 5% of total f- was taken for each &y and stored frozen (- 

20°C) until analysis. Feces ~amples wae thawed at m m  temperature and dried in a 

forced-air oven for three days at 600C. F m  were ground (2 mm m) and M e r  

cornposited for each cow x diet combination. The composited sample was analyzed for 

DM, Cr, and N content. 

Caiculations and EISSUII[I~~~OIIS 

The following quafions wexe used in calcufation of duodenal digesta flows: 



Duodenai DM flow @Id) 

= (Cr intake, g/d) / (Cr concentration, % of D d d  DM); 

Duodenal N, NH, N, or AA flow (%d) 

= (Duodenai DM flow, g/d) x (N, NH, N, or AA concentration, % of 

duodenai DM) 

Dwdenal non-NH, N (NAN) flow @/d) 

= (Duodenal N flow, g/d) - ( D u o d d  NH, N flow, g/d); 

Duodenai mimbial N flow (g/d) 

= (Duodenal DM flow, gld) x (Purine content, % of duodenal DM) 1 

(Purine : N of rumen microbe); 

Duodenal endogenous N flow (g/d) 

= 0.004 x (Dietary DM intale, g/d) pmminga et al. 1979); 

hodemil mdogmow AA flow (%d) 

= (Duodenal endogenous N flow, g/d) / (Duoderd NAN flow, g/d) x 

(Duodenal AA flow, gM); 
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Duodenai di- N fiow (%d) 

= (Duodenal N flow, g/d) - (Duodenai NII, N flow, g/d + Duodenal 

miCrobial N flow, g/d + Duodaial endogmow N flow, gld); 

Duodenai dietary AA flow Wd) 

= @ u d d  AA flow, gld) - (Duodenal miCrobial AA flow. d d  + 

Duodenal endogenous AA flow, gld). 

The in vivo undegradable intake N (UIN) and undegradable intake AA (UIAA) were 

calcuiated h m  the foliowing equation: 

UIN or UIAA (% of dietary N or AA) 

= @uodcnal di- N or AA flow, gld) I (Dietary N or AA htab ,  Ud). 

The in vivo UIN of treated CMs included in die dieg was calculated by the following four- 

step pl"0=dm 

Step one. an equation was established fa each of four treatment diets as followhg: 

UIN of diet (96 of dietary N) 

= ((UIN of CM in diet, 96 of CM N) x (CM N amcéntratim, 96 of di- 

N) + (UIN of dietary source other than CM, % of N of dietary source 

other than CM) x (Concentraiion of N of dietary source other than CM, 

% dietary N)) x 100. 
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Step two, the in vivo UIN of untreated CM in the control diet was assumed to be 

28% of CM N (NRC 1989). nie values of CM N concentration (96 of dietary N) and the 

cmœntraîion of N of dietary source d e r  than CM (% dietary N) in the above equation 

were imoWn for each diet h m  the dlecary ingredient WIe 3. l), and the diet pable 3.1) 

and CM (Manuscript II) N composition. Thus the d u e  of UIN of dietary source 0 t h  

than CM (% of N of dietary source other than CM) can be deriveci in the above equation 

for the control diet. 

Step t h ,  the value of UIN of dietary source other than CM in diet, % of N of 

dietary source other than CM in diet was assumed to be constant in a l l  of the four 

treatment diets. 

Step four, the UIN of treated CM in the diet (46 of treated CM N) thus can be 

calnilated by substituthg the value of UXN of d i e q  source other than CM (% of N of 

dietary source other than CM) deriveci for the control diet to the equaîion established in 

step one for each of other diets containing treated CMs. 

Tk ~uantity of fecal DM and N exmetion, and apparent digestibilities of dietary DM and 

N were caicuiated as follows: 

Fecal DM e x d o n  @/ci) = (Cr intake, g/d) 1 (Cr concentration, % of fecai DM); 



Fecal N excreîion @/d) 

= (Fecal DM exmetion, g/d) x (N concentration, % of f d  DM); 

Apparait digcstibility of diegry DM or N in the lowa GI tract (% of dietary DM 

or N in-) 

= ((Duociaial DM or N flow, gld) - ( f d  DM or N excretion, gd)) 1 

(Dietary DM or N intake, g/d); 

Appatent digestibility of di- DM or N in the lowa GI tract (96 of d u o d d  

DM or N flow, g/d) 

= ((Duodenal DM or N flow, g/d) - (fecal DM or N excretion, gd) )  / 

(Duodenal DM or N intake, g/d); 

Apparent digestibility of dietary DM or N in the lowa GI tract (96 of dietary DM 

or N intake) 

= ((Dietary DM or N intake, g/d) - (fecal DM or N excretion, gd)) 1 

(Dieary DM or N intake, g/d). 

Blood samp1es (15 ml) were taken 4:30, 10:30, 16:30 and 22:30 h from the coccygeal 

veialmtay during each rumen fluid and duodenurn digesta sampling day. The four cows 
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were assigned to these four t h e  points ova four sample coUection &YS in each period 

following the same latin square design for rumen fluid and duodaium digesta sampling. 

The blood sample was coiiected in two 10 ml heparinized vacuum tubes. Blood was 

ceatrifbged at 2000 x g for 10 min to &tain plasma (10 ml). The plasma was stored 

fnnen (-20°C). Time ml of plasma (thawed at m m  temperaûue) was deprotehkd by 

the addition of a 75 mg 5-sulphosaiicylic acid and the resuiting mixture was centrifugai 

at 27,750 x g for 10 min to obtain a deproteinized piasma. The deproceinized plasma was 

1yophiliIed and then hyblyzed to detenmnc the AA amtent foiiowhg the same procedure 

reported in a previous shdy (Minsaipt I). The A& in deproteinized plasma are 

comprised of free AAs and short peptide AAs (McCormick and Webb 1982). 

Cows were milked twice daüy at 4:30 and 16:OO. Mük samples (about 50 ml) were 

collecteci during each milLing from 16:W of &y 1 to 4:30 of day 7 in the 8 4  sample 

collection period. Sarnples were presewed with Bmtab-"IO" (30% 2-bromo-2- 

nitropropane-1,3-di01 and 1.4 % pimaricin) and stored at 4°C. The three 4:30 samples 

h m  day 2 to 4 and the other three 450  sarnple h m  &y 5 to 7,  and three 16:00 samples 

fiom day 1 to 3 and the otha t h  16:ûû samples h m  &y 4 to &y 6 were composited 

and subsampled seperatdy to &tain four mik saniples (two 4:30 and two 16:ûû samples) 

for each amr x diet combination. These composited milk sampla (50 ml) were sent to 

Manitoba Miik Recordkg Corporation (MMRC) for analysis of CP (33.2.11, AOAC 



127 

19%). fat and 9otid-1ion-fht (Fos M S 3 0  Infia-red Spectroscopy Anaiyzer, Milk-0-Scan 

Mode1 203B Type 17920, Fosselectnc C o r n d ,  ON) contents. The remaining mük 

Sarnpks wat shond fnxnen (-20°C) mtil analysis. niey were thawed at room temperatme 

and compositecl (at same volume basis) in the same way conducted before and were 

and- for the mülr non-protein N (33.2.12, AOAC 1999, miik tnie protein (33.2.14, 

AOAC 1995) and mik urea N afferwards. 

The DM, N, ADF ADIN content in the sample was analyzed accordhg to the method 

numkr 93401,976.06, 973.18, and 973.18 plus 976.06 in AOAC (1990), re~pectively. 

The Cr, NH, N, NDF, purine, and AA (excluding AA of the deproteinized plasma) 

content in the sample was determined by usuig the method of Williams et al. (1962). 

Bremner aad Keeney (1965), Goering and Van Soest (1970). Zinn and Owens (1986) and 

M d g g h i  Nia end Ingaiis (1995a), Rspectively. The essential M s  (EAA) measured are 

comprised of thnonine, m e ,  ideucine, leucine, phenyialanine, histidine lysine. 

arginine and methiorillie. The non-essential AAs (NEAA) measured are comprised of 

aspartic acid, serine, gluOMic acid, pmline, glycine, alanine, tyrosine and cystine. The 

toial AA incl- both EAA and NEAA. The urea N in the plasma and mi& was analyzed 

by using Sigma Diagnostics Kit (number 535, 1990). 



AU the data were analyzed statistidy by using GLM (general linear models) procedm 

of SAS System (SAS 1989). The statisticai signiticance of the diffmces among 

treatmmt means weze tested by using n<hey studeritizeû range test excepting those 

auitment mauis of di- intake of degradable N flable 3.3) and the diet UIN (Table 

3.9). ANOVA F-test indicaîed that m e n t  had a signiticant effect on the dietary intake 

of dcgradable N and the diet UIN. Tukey's studentized range test, howeva, did not show 

any signifiant d i fbnce  among treaiment means. Least signifiant différence test (wifh 

a hi* experimental-wise Type 1 error rate, SAS 1989) was used to compare treatment 

means of dinary in& of degradable N and the diet UIN. The -cal significance of 

the difference among a set of means in the interaction eflect was tested by ushg Poly- 

ciifference test (SAS 1989). 

'Zbe Wowing model was used in evaluaîing the fiidors affecthg the rumen fluid pH and 

NEI3 concentration (two observaiions were missing in the pH observation): 

Y r s i l = p + T i + Ç + & + I ; * ç * P ,  +CI; + &  CI& +CI;*& + T V * $  

+ e,, 

where 

Y- = observaton, 

p = o v d  mean, 

Ti = m e n t  effat (i = 1, 2, 3, 4), 



Ç = cow effixtÿ = 1, 2, 3, 4), 

Pr = perid effect (k = 1, 2, 3,4), 

= sample collection pattern effcct (2 = 1, 2, 3, 4), 

Sm = sampie collection sequenœ effect (m = 1.2, 3). 

D. = sampie coilection &y effect (n = 1, 2, 3,4), 

TITI*Pk, ml*S,, TITI'l*Sm = i n d o n  effect, 

e, = residue. 

The f;ictor~ affecting the rumen fluid VFA and the percaitage of milk components were 

evaluaîed by the following mode1 (eight obsewations w a e  missing for the percentage of 

each d k  cumponents): 

Y@ = p + Ti + C, + PI +Ti*CpPk + TMl +TirTMI +ew 

where 

Yw = obsewation, 

= overaii mean, 

T, = treatmmt effezt (i = 1, 2, 3, 4), 

C, = cow effect ÿ = 1, 2, 3, 4). 

Pk = period effect (k = 1, 2, 3, 4), 

TM, = sampling time effect (1 = 1, 2, ... , 6), 

TiTIVk, TITMI = intaaction effcct, 

e,, = residue. 
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Factors affecting the urea N and AA concerrtration ia plasma wexe evaiuatd in the 

fdEowing modd (am observation was missing for both of urea N and AA concentration: 

Y, = p + T, + C, + Pk +Tl*CI*Pk + TM, + Dm +TiTMI ++ 
where 

Yw = obsemtion, 

= overaü mean, 

Tt = treatment eEect (i = 1, 2, 3, 4), 

C, = cow effed ÿ = 1, 2, 3, 4). 

Pt = period effeçt (k = 1, 2, 3, 4), 

TM, = sampling time effect (1 = 1, 2, ..., 6), 

Dm = samphg &y effect (m = 1,2,3,4) 

T,*C,*P,, Ttrm, = interaction effect, 

% = residue. 

In aU aie tbree models discussed above, the TIC,*P, was useû as an ermr term in testing 

Ti, Cj and P, û d y  the treatment effect (Le. TJ and the interaction effect between 

treatment and sampling time (Le. Ti*CTI*S,,, or Ti- were of interest and d i s c d .  

Factors affecting the remahhg estimates were tested in the following model (one 

& d o n  was missing for both in situ undegradable intalre DM and N): 

Y m = p + T d + C j + P k + +  

where 



Y* = obsavation, 

p = o v d  mean, 

T, = treatrnent effect (i = 1, 2, 3, 4), 

C, = coweffect ÿ = 1, 2, 3, 4), 

P, = per iodeW(k  = 1, 2, 3, 4), 

e, = residue. 



IngAdients and nutrient compositions of diets are preserited in Table 3.1. The variations 

of the detennined CP content among diets might have been caused by sampiing variations. 

The CP content in CM t - e n t s  with added LS wouid be arpected to be diluted to 96% of 

tbe 8 contad of the original CM due to the addition of LS (65% DM) et the levd of 6.5% 

of original CM DM However this dilution &ect did not show up in the determined CP 

content of the diet containhg CM treated with LS cornparrd to the determined CP content 

of conîr01 diet (Table 3.1). 

In Situ Measuremeitts 

Rumm 16 h incubation of treated and untreated canola meals showed that heating to 129°C 

with LS or to 154OC with or without LS increased (P < 0.05) the in situ undegradable 

intake N, AA (excepting methionine) and DM in CM compared to the unhreated CM 

(Table 3.2). These results are consistent with the findings of other researchas on heat 

treatment (McKinnon a al. 1990; Moshtaghi Nia and Kngalls 1992, 1995 a,b; Onyango 

1995) and heat plus LS treatment (McAllister 1993) on CM protein. 

Heating CM to 129T with LS did not hatase (P > 0.05) the in situ undegradable inidce 
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methionine in treated CM compared to U t  in the untreated CM (Table 3.2). In the 

pieamce of LS, incna9ng exit temperaairc h m  129T b 154T fbrther increased the in 

situ undegradable in- N in CM and innaued the in sihi undegradable intalrt aspartic 

acid and glycine in CM flabie 3.2). Heating to 154°C without LS had the same effect as 

heating to 154OC or 129°C with LS on reducing N, total and individual AA (excepting 

pmline) and DM in situ ruminal Qegradability of CM Fable 3.2). 'Ihe in siîu undegradable 

intake proline was lowa in CM heaîed to 154°C without LS cornparcd to that with LS 

fiable 3.2). 

In general, heat treatment (to 129 or 154°C) with or without LS decreased the in situ 

ruminal degradability of N, total AA and DM in CM. In the presence of LS, increahg 

exit tmpmtm fiam 1299: to 154OC Mer reduced the in situ Nminal degradability of 

N in CM. Addition of IS in the high temperahae Ge. l S 4 Q  heat treatmmt did not alter 

the in situ niminal degradability of N, total AA and DM in CM. The CM heated to 129°C 

with LS was not different h m  the CM heated to 154OC without LS in reducing in situ 

ruminal degradability of N, AA and DM in CM. 

The estimated true digestibility of CM N and DM in the lower GI tract was increased 

< 0.05) in tm&â CM compared to untreated Fable 3.2) but was not ciiffernt among 

treated CMs. nie estimatEd tnie digestibility of CM N and DM in the total GI tract was 
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not affected (P > 0.05) by the three differmt heat trieatments with or without LS, 

excepting that heating to 129°C with LS increased the estimated tnie digestibiliîy of CM 

DM in the total GI tract compved to that of the untreated CM W l e  3.2). Heating to 

154T with or without LS was not dinerait < 0.05) h m  the heating to 129°C with 

LS or the untreated on the estirnated true digestibility of CM DM in the total GI tract 

(Table 3.2). Thus it can be concluded thaî heat treatment with or without LE caused the 

shift of digestion of CM N and DM h m  the rumen to the Iowa GI tract by reducing the 

nuninal degradability of N and DM and this shift did not nduœ the digestibility of CM 

N and DM in the lower and the total GI tract. 

Moshîaghi Ni and Ingalls (1992) demonstrated that moist heating at l2TC increased the 

Iower GI tract digestibility of the CM protein and DM compared to the untreated. They 

ais0 showed that the CM protein and DM digestibility in the total tract were not 

Signincantly decreased untü the heating time was over 30 min at 127°C. DakowsLi et al. 

(1996) roasted rapeseed meal to 130, 140 and 150°C (allowing a short heating time of 

approxhmtdy 5 min). niey reported that ragesecd meal treated to 1300C had a similar 

estimated true digestîbility of protein in the total tract (92 va 93%) with a higher estirnated 

true digestibility of the rumen escapt protein in lower GI tract (81 vs. 73%) compared to 

those of untreakd rapeseed meal. Howewer they observed that heating temperatures over 

130PC deaeasd the estimated tme digestibility of rapeseed meal pmtein in the lower and 

total GI tract cumpared to that of the untreaîed rapeseed rneal protein. This reduction in 

the protein digestibility may have resulted h m  the longer exposure t h e  (Le. 5 min) to 
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high heat in reaching the heating temperature of 140 and lSVC compared to that (2 min 

and 34 seconds in reaching 154°C) in the presait study. Extensive exposufe of protein 

meal to high heat thus might cause damage to the protein and d u c e  protein digestibiliîy 

significantly. 

In cunclusion, the in situ incubation data showed that heat treatment with or without LS 

i n c d  undegradab1e intake N, totai al and DM in CM without SaMificing the 

estimated m e  digestibility of CM N and DM in the Iowa and the tutal GI tract. The 

pqmtion of N and DM of CM digested in the lower GI tract was thus increased due to 

the progctive &kt of heat treatment to the CM. The treatmmt of heating to 154OC with 

or without LS was d c i e n t  in reducing the in situ niminal degradability of CM protein. 

In Vivo M;easurements 

Daiiy intake 

The DM, N, AA and Cr naily intakes wexe not different among cows fed different di& 

flabie 3.3). Iliese rrsults the hdlligs of many other studies which also reportai 

that heaî tr*mnait (to SBM) had liale e f f e  on dietary DM or N (or 8) intake in stem 

(Pkgge a aï. 1985; Coomer et al. 1993; Aldrich et al. 1995; Dunjanec et al. 1995; 

Ludden and Cecava 1995) and in larnbs (Cleale et al. 1987b,c). Due to the tteatment 

efkt of LS and heat, cows fed a diet containing CM heaîed to 154OC with LS w a ~  14% 
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Iower (P < 0.05) in the intaloe of degradable N than cows fed diets containhg CM heated 

to 129T with LS and the untreated CM (Table 3.3), and tended to be 4796 bigher (P = 

0.06) in the undegmhble AA intalce than the cow fed a control dkt  (Table 3.3). Some 

variations occurrrd in the individual AA amsumption dcuiateû h m  in* and feed 

analysis, but total AA, EAA or NEAA intakes were wt dflerent among diets vab1e 3.3). 

n ius  CM heat tnzatmmt with or without LS did not alter the total dietary DM, N and AA 

intakes compared to the untreated CM in dairy cows. 

Rumen fluid and nunen microbes 

The rumen pH and NH, concentration were not différent (P < 0.05) among cows fed 

diffexent dkts (Table 3.4). In agreement with the p m t  study, many other saidies also 

f d  no e f k t  of kat mabnait ai the Nminal NH3 conœnaatiion when heat treated SBM 

(Coomer et al. 1993) or soybean (Aicirich et al. 1995) was fed to steers. Plegge et ai. 

(1985) however reported that roasted SBM (at 115 to 14S°C) gave a significantly lower 

ruminal NA, concentration in steers (6.3 on average vs. 8.9 mg/dl) wmpared to that of 

the untreated SBM. Dernjanec et al. (1995) m e r  showed that SBM roasted at 16S°C for 

75 to 210 min d e d  (P < 0.05) the ruminal NH, concentration in sheep in a hear 

fashion. Consistent with the pnsmt trial, the rumen pH was unaitered by the heat 

lnatmeat in most of the studies (Dernjanec et al. 1995; Piegge et al. 1985; Coomer et al. 

1993). 
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The total VFA, acetic and and butyric acid levels in the rumen fluid mded to be lower 

q < 0.10) in cows fsd a diet containing CM heated to 154°C with LS corn@ to those 

in the cows fed control diet cable 3.4). This tendency to have a darrased VFA ievel 

migM be cau& by the degea~e (P < 0.05) in the di* intake of degradable N Fable 

3.3) available for rumen metaboh in oows fed diet containing CM heated to 154°C with 

LS compaffd to the anvs féd ccmtrol diet. Stern (1984) also observed a decrease in VFA 

production whm a diet containing SBM pelleted with calcium lignosulfonate (8 g/lO g 

SBM) was fal to a continuous culture compared to that of the contml diet. Demjanec et 

al. (1995) reported that roasted SBM (at 165T for 75 to 210 min) decreased (P < 0.05) 

the totai VFA 001lcentrati011 in rumen fiuid of shgp by 14% wmpared to that of sheep fed 

the untreaîed SBM. The authors specuiated that this reduction in VFA level might mflect 

the decrease of the quantity of fermentable substrate available in SBM roasted at mer 

temperature. 

No interaction between trratment and rumen fiuid sampling time was obsaved for rumen 

pH, NH, concentraiion and VFA level. 

The purine (ribonucleic acid equivalent) concentration and the purine : N ratio of mixed 

microbes @anest& h m  the  men content) wexe not mirent among cows fed different 

diets (Table 3.4). 'Ihe purine : CP ratio of microbes was 0.80 : 1 on average and thus is 

in agreement with the ratios reported by CeCava et ai. (1990, 0.82 on average) and Firkins 

et al. (1987, 0.80 : 1 on average), while lower than the ratio (0.90 : 1) reported by 



Titgemeyer et al. (1988). 

It is concluded that the inclusion of CM heat treated with or without LS in replYiag the 

untceated CM in the dairy diet did not altes the rumen fluid pH and NH, concaihation, 

and the rumen miCrobial purine concentration and purine : N ratio in cows. The total 

VFA, acetic acid and butyric acid levds in the nunen fluid were d e m e a d  in cows fed 

CM heated to 154OC plus LS compared to those in cows fed untreated CM. 

Duodenal DM and N flow 

'Ihe Cr& was employed as a single m a r k  in estirnating the duodenal digesta DM flow 

in the present study. The Ci& has been used in several studies (Overton et al. 1995; 

Sînxbx and Mathb 1995; Zinn 1993; Demjanec et al. 1995). Rohr et al. (1984) reported 

that the mew recovery of Cr2q from the diLodeaal digesta (total collection) was 96 to 98 % 

whai th Cr24 mixed with wheat flou was giveri to daj cows in four portions through 

the rumen. However Cr@, has been Cnticized for not closely associating itself with either 

the solid (MacRae 1974) or liquid phase (Merchen 1988) in digesta. Attempb had been 

made to inciude two or more marbirs in representing both solid and liquid phases or other 

phases (MacRae 1974; Faichney 1980, Doyle et al. 1988; Armentano and Russell 1985). 

However, then was mt diffct evidence inri;ntmg that two or more markers were achially 

superior to a single m a r k  (Cr,4) in estimating duodenal digests flow. The duodenal 

DM and N fïows estimated by using Cr203 as a single mark  were demonstrated to be in 
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dose agrraneat with those obtained thtaugh the totai dwQeaal d i g m  coilection via re- 

entrant camula (Rohr et ai. 1984; Corse and Sutton 1971). 

The duodenal digesta DM, N, NAN, calculaîed endogenous N, rnicroôial N and dietary 

N daily flows, and Cr and puMe mncentrations were not different (P > 0.05) among 

anvs fèd differait di& vabie 3.5). The duodenai NH, N flow tended to be higher (P = 

0.09) in cows fcd a diet containhg CM heated to 154°C with LS than that in cows fed 

diets cont.aining CM heated to 129OC with LS, although the increase seems too srnail to be 

biologically signifiant, 

M a y  other d e s  showed, in agreement with the present study, that protein meal heat 

treatmait did not change (P > 0.05) duodenal organic matter flow (Plegge et al. 1985). 

and duodenal micfobial or dietary N flow (P1egge et al. 1985; Cwmer et al. 1993; 

Aldrich et al. 1995; Ludden and Cecava 1995). Demjanec et al. (1995) reported that SBM 

roasted at an increasing the from 75 to 210 min (at 1 6 5 O C )  increased (P < 0.05) the 

duodaial N tlow lineariy w h  the treated SBM was fed to sheep. The heaiing decreased 

(P < 0.05) the bacterial N flow while increasing (P < 0.05) the non-bacterial N flow in 

the du0denu.m of sheep when the heated SBM was fed to sheep in replacing the untreated 

SBM @emjanec et al. 1995). Lack of change in duadaium m i d i a l  N flow (Table 3.5) 

indicrrtPA that the men miCrobial growth was not iimited in cows fed heat treatcd CMs 

compared to the mntrd in the present study. The NH, concentration of m e n  fluid was 

between 32 to 35 mg/d uble 3.4) and was weil abwe the observed minimal NH, 
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oc#rceritration (24 mg/&) for maamal rate of ruminal fermentation (Mehrez et al. 1977). 

Thus the caiculated degradable protein content in the diets (Table 3.1) supported a 

maximai rate of rnimbial protein production in the present trial. 

Tbe w t a g e s  of rnicfobial N in the duodeaal NAN flow w a e  not diffetent (P > 0.05) 

among cows fed different dieg (Table 3.5). nie pefcentage of caicuiaîed endogenous N 

tead& to be lower (P < 0. IO), whüe the percentage of die- N îended to be higher (P 

< 0.10) in the duodeial NAN fiow of cows fed diet containing CM heated to 154°C with 

LS compared with the cows fed control diet or diet containing CM heated to 129°C with 

LS* 

The daily flow of duodenal N as a perceatage of intake was not different among cows fed 

different diets (Table 3.5). Duodenal N fiow represented 87% of intake for controi to 

103 % of intake for 154°C plus LS Uable 3 5). Overton et al. (1995) also reported high 

N fbw through the duodenu as a perœntage of intake (90 to 103 96) in lactating cows fed 

die& (50% amantrate, on DM basis) containing differetlt proportions of corn and barley 

starches. Data h m  Demjanec et al. (1995) showed that the quantity of duodenal N flow 

was increased linearly h m  81 to 106% of N intake when wethers were fed die& 

containhg SBM roasted at 165°C for O to 210 min. These data are consistent with the 

nndlligs in the pxesent shdy. The &ts of the present trial and those of Demjanec et ai. 

(1995) iadicate that the ina*ise of duodenal N flow as a pefçentage of in& is the direct 

resuit of an in- of rumen escape dietary N due to the protective effect of the heat 



treatmeat with a feIatively uoaltered m i d i a l  N production. 

Nolan and Laig (19R) studied the dynarnic aspeçts of NR, and urea metabohm in sheep 

fed lucane hay (18.5 96 CP as feed). They reported that 60 % of dietary N was degraded 

in the rumen. 9% of intake N was absorbai as NH, through the rumen wall and 5% of 

the in- N or 7% of tuta N produced in the body was recycled to the rumm. The 

ruminai NH, N amtributrd oniy 1 1 % of the urea N produced in the body. The dwdenal 

N fiow was 92% of the N intalre in thev study. niese dati thus suggested that the amount 

of NEI, N recycled to rumen or wasted in the body was relativeiy insignifiant compared 

to the amount of NH, N and the degraded dietary N reused by microbes in micfobial N 

production. niis same siîuation rnay also exist in the presait study. 

Tarnminga et ai (1979) reported that, in dairy cows fed a diet of 12.9 kg DWd, the 

inaease of CP percentage in diet h m  13.6 to 19.4 or 24.5% deaeasd  the duodenal N 

flow from 138.6 to 108.5 or 87.5% of N Uitake. These data suggest the recycled N 

contribution to the tocal duodenal N flow became more significant as dietary N 

caitributian deaeased. In agreement with these findings, Doyle et al. (1988) reported that 

the inaease of the N level h m  3.6 to 8.2. 12.5 and 15.5% of organic mattex decreased 

îhe total ruminal N content as a percentage of N intalre fmm 300 to 178, 105 and 81 96, 

and deaesscd the abornasal N flow as a percentage of N in- h m  200 to 137, 109 and 

9496, reqxdvely in lambs. The higher duodenal or abornasal N flow as a percmtage of 

N in& may man a higha efficiency in the utilidon of both dietary and recychg N. 
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In conclusion, the inclusion of CM heat treated with or without LS in replacing the 

mbreated CM in the dairy diet cüd not aiter significantly the total DM and N flows in the 

dwdmum. ïhe percaitage of di* N in the duodenal NAN flow, however, tended to 

be incRased by the substitution of CM heated to 154T plus LS to the untreated CM in the 

dairy diets. 

The total AA and the total endogenous, micrdbial and dietary AA daily flows (Table 3.5); 

and the individual AA Fable 3.6), miCrobial (Table 3.7) and diegry AA (Table 3.8) flows 

in the duodenun were not different (P > 0.05) among cows fed different dietS. 

Demjmec at al. (1995) showed that SBM loasted at 165PC for 75 to 210 min improved (P 

< 0.05) non-bacteriai AA flow by 114% (130 on average vs. 60 g/d), while decreased 

bacterial AA flow by 15% (130 on average vs. 152 gld) in duodenum in wethers. The 

higher temperature and longer heatuig duration might account for the more signifiant 

eff8dS of heating on the duodenal digesta AA flows in th& trial compared to the prisent 

study, although the differetlce betweai the responses to heat treated protein meal h m  the 

different animais (Le. wethers vs. dîiry cows) was unknown. 

The pemmtage of lysine and methtomne 
. .  in the EAA of duodeoal digesta (Table 3.6) were 

14.5 and 4.3% on average, respediveiy, which is siightly lower than the recommended 
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level of 15 and 5.396, respectively, required for the maximum mi& yieId and the 

maJcimum production of miJk componmts (Schwab 1995). 

The totd duodemi AA (Table 3.5), EAA, NEAA, and individual M, excepting cystine 

and meChionine flabIe 3.8) flow as a percentage of i n t h  were not different amoag cows 

fkd differeat diets. In cows fed CM heated to 129°C with LS, the duodaial cystine flow 

as a paceatage of intakir: tmded to be lowa (P < 0.10) than that in cows fed CM heatcd 

t~ 1S"C with LS and the duodaial mefhionine flow as a pcentage of intake tended to be 

lower (P < 0.10) than that in cows fed CM heated to 154OC without LS (Table 3.8). 

The totai duodenal AA pable 3.3, EAA, NEAA and individual AA (Table 3.8) flow as 

a percentage of intake were below 100% b u s e  rumm AA degradation surpassai 

miCrobial AA synthesis (Table 3.3 and 3.5). The glycine in duodenal digesta, however, 

was 144 to 166% of intake Fable 3.8). The duodenal flows of tyrosine, in al1 the di&, 

and mme otha AA sudi as methionine and lysine in the contrul diet and diets containing 

CMtreated to 154"CwithorwithoutLS werecioseto 100% of intake (Table3.9). Santos 

et. al. (1984) nqmrted that the individual AA flows to duodenal digesta were generally 

higher tban di- intakes in &iry cows fed various protein supplements. The duodenal 

AA level approaching or surpassing the intake level indicated an active m i d i a l  AA 

syn- or a agnificant endogenous influx of AA or both which in quantity approximated 

or surpassed that degraded in the rumen. 
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The CM heat treatment with or without LS thus did not change the duodenal digesta AA 

flow compared to the untreated CM whm fcd in d a i ~ ~  cows. 

Undegradable intake N in Met and CM 

The in vivo die- UIN was higher (P < 0.05) in die& containing CM heated to 154°C 

with IS than the die& containing untreated CM or CM heaîed to 1290C with LS (Table 

3.9). Whüe the UIN of diet coataining CMs hated to 129T plus LS or at 154°C without 

LS were not diffaent > 0 . 0  h m  that of contml diet (Table 3.9). The in vivo 

undegradable intake N in the CM heated to 154°C with LS was estirnated to be 225% of 

that of the un- CM Çrable 3.9). Thus the higher heating temperature (154°C) 

tog* wiîh LS (6.596) wcre nesxssary to treat CM to increase the UIN level in the diet 

in which the CM was used as a main protein source. 

Cleale et al. (1987b) treated SBM at 1500C for 30 min with xylose (3 moi/ mol SBM- 

1ysUr). Tbey Rported that treated SBM had a 157% higher in vivo rumen escape N (33.7 

vs. 13.196) than the untreated SBM had in lambs. Xylose is also the main active reducing 

reagent in LS. nie results of the present sbdy thus supported kir  findings. Plegge et al. 

(1985) found that the perœntage of SBM-N escaphg rumen degradation was 15,30, 36 

and 47% for SBM non-roasted and m t e d  to 115, 130 and 145°C in proximally 2 min, 

respeCtnfeiy. In contrast to th& W, the low t e m m  heat treatment (at 129 C) with 

LS did not duce the ruminai degradability of CM protein in the present shidy (Table 



niein situ mmodin thepieserit shdy predicted that the UINof original CM was 22.9% 

Fable 3.2). This is chse to the assumed in vivo UIN of untrrated CM (28%. NRC 1989) 

and that (25%) of Rooke et al (1983). However, the in situ prediction of UIN of CM 

heated to 129°C with LS Uabe 3 -2) was rnuch higher (40 vs. 27 %), while the prediction 

of CM heated to 154°C with LS Rable 3.2) was mu& lower (45 vs. 63%) than the in vivo 

estimate (TabIe 3.9). A previous study (rnanwcript II) estunated that the undegradable 

intake protelli (caicuiated h m  the effective degradability of protein) of CM untreated, 

heated to 129T plus LS, 154°C or 154DC plus LS were 25, 32, 34 and 42 96, respectively . 

These estimates employed the nylon bag disppeam~ce and the ruminal outflow rate in 

estimating the di- UIN. These in situ estunates st i l l  overestirnated the protein 

undegradabiliîy of CM heated to 129°C with LS, while under-estimated that of CM heated 

to 154°C with or without LS compared to the in vivo estimates (Table 3.9). Thus the in 

situ estimates in predicting the rumen protein degradability shall be interpreted cautiously 

in relating to the actual feeding practice. 

In amclusion, CM heated to 154°C with LS increased the UIN of dietary N compared to 

the untreated CM in daky cows when fed. 



Undegradable intake AA in diet 

nie UIAAs of W, essentiai, mni-essential and individual (excepting cystine and glycine) 

M werc not diffumt (P > 0.05) among the diets (Table 3.9). In the prcsena of LS, 

increasing the heatùig temperature h m  129°C to 154°C tended (P < 0.10) to increase the 

undegiadabie in- cystine. The diet amtaining CM heated to 154OC with LS also terided 

to have higher (P < O. 10) undegradable intake glycine than the wntrol diet. 

The degmdable in- giycine was the one of the highest among the ü I A A s  in the diets 

(Table 3.9). The in situ data showed that the undegradable intalce glycine was medium 

high among the individuai undegmiable intake AAs in CM (Table 3.2). The undegradable 

intake glycine of the dietary sources other than CM was unlürely to be very hi@. Thus 

it was spculattd tbat fAe giycine or glycine amtainhg compounds rnight be secreted into 

the digesta and passed to the duoderiun in a substantial amount. However, the exceptional 

accumulation of glycine aompared to other AA in duodenal digesta was not praiioudy 

reported in the litemûm. Scheifinger et ai. (1976) obmed two species of rumen bacteria 

isoiated h m  the pure culture of nimen bacteria that used AA as an energy source but did 

not use giycine. The signincance of these rumai bacteM in the dietary glycine 

degradaton is unclear. 

Dietary iso1eucine and proiine were close to complete degradation in the rumen with the 

exception of the isoleucine in the diet contatiing CM heated to 154°C with LS and pmline 
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in the diet containing CM heated to 129°C with LS (Table 3.9). The cystine and 

methionine were rrlatively stable arnong AAs as was glycine in die& exœpting that 

methi& mis dose to amplete degradation in the diet mntaining CM heated to 129°C 

wiîh LS (Table 3.9). A f k  evaiuating the in vivo nimllial &gradability of AA in SBM, 

corn giuten meal, blood med and fi& meal in s t e a s ,  Titgemeyer et al. (1988) reporte. 

threaaine, valine and isoleucine w a t  more resistant to ruminal degradation; methionine, 

cysteine, histidine and arginine were more extensively degraded of EAA. The different 

protein s ~ a s  and methods (imcremental vs. diffimnce method) used in the studies may 

have riesulhed in the diffii.rerices betweai the d t s  ObQined in their and the present trial. 

In the haemmtal method, the effects of different levels of N or AA intalre on the level 

of endogenous N or AA flow in duodenal digesta were not considered and thus might 

cause a bias in the measuring of undegradable intake AA of feedstuffs. 

The undegradable in- total AA was about 10 to 13 percentage points below that of N 

in diets for dairy cows (Tabie 3.9). This data suggested that the degradability of N is 

higher oian AA in dairy di&. This ciifference in degradability rnight account for a lower 

pacentage of dietary AA in total duodenal AA flow than the percentage of dietary N in 

the mtai duodeal N (Table 3.5). 

In g-, CM heat tmtment with or without LS did not improve the undegradable intake 

total AA and essential AA in the diet compared to the untreated CM when fed to cows. 



F d  exCretion and diet apparent digesübility 

The totaL fecal DM and N excretions were not different among cows fed different d i a ,  

aithough the fecal N concentration was higher (P < 0.05) in cows fed CM heW to 

154°C with LS amparrd to cows fed control diet uable 3.10). 

The apparent digestibility of DM and N in the lower and total GI tract were not different 

among die& suggesting lack of heat darnage on apparent protein digestion of CM (Table 

3.4). High tempemure heat treaement shifüng the digestion of CM DM and N h m  

ruaien to the srnail intestine wïthout reducing the apparent digestibility of CM DM and N 

thus should irnprove the nutritive value of CM for ruminants. In agreement with the 

preseit study, Demjana: ct al. (1995) showed that the percentage of intake N disappearing 

in the tuîai ûact was not affected by the roasting treatment to SBM, while the percentage 

of intake SBM-N diappearing in the saiall intestine was improved by 89% on average (55 

vs. 28 96) compared to the untreated. 

The in situ meaSwEments showed that treated CM had significantly higher estimated true 

digest.ibility of CM DM and N in the Iower GI tract over untreated CM (Table 3.2). This 

inmase however was not iadicated in the in vivo mea~urements of lower GI tract apparent 

digestibility of diets cuntaining rrlated CM. It may be noteworthy that the estimate 

measunxi by the mobile bag technique was considercd as a m e  digestibility (de Boer et 

ai. 1987) whiie the in vivo estimate is an apparent digestibility. Bias might exist in the 
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estimatecl tnie digestibility as the method used in the determination (Le. mobile bag 

technique) assumed that the nutrients which diqpami h m  the nylon bags were Qthcr 

Qgraded in the rumen or digesîed in the lower GI tract. For the practicai feeduig 

situation, the ia vivo estimates will be valuable in evaluating the degrada,ility and 

digestibility of dia. 

The inclusion of CM heat treated with or without LS in replacing the unüeaîed CM thus 

did not alter the apparent digestibility of dietary DM and N when fed to cows. 

The ma N level, which might save as an index of the quality and quantity of protein and 

AA absorbed h m  the infestine (Depeters and Ferguson 1991), and the AA composition 

of deplotanized . . 
piasma were simüar (P > 0.05) for cows fed different diets Fable 3.11). 

nie interaction eflkct betwem tnabrmt and plasma sampling the  on the urea N and AA 

level in the deproteinued plasma was not sisnificant. 

A previous shidy (rnanusaipt 1) showed that the concentration of AA (total AA and most 

of the individual AA in the deprotanized . . plasma were increased (P < 0.05) in iambs fed 

moist heat (1 100C for 60 min) treated CM compared to the cniiml. It is unclear if the 

responses of plasma AA levei to the heat treated CM were different between daky cows 

and lambs or because of treatment dinerences. Red b l d  cells were suggested to be 
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involved in the transport of AA to tissues (Hanigan et al. 1991) and might carry more 

peptides than plasma (Matthews 199 1). The role of mi blood d s  in the transportation 

of AA in animals was not examined in the present study. 

The CM heat treatment with or without LS did not affect the urea N and AA 

concentrations in the plasma of dairy cows compared to the untreated CM when fed. 

The percentage of non-protein-N (NPN), tnie protein m), fat and solid-non-fat (SNF) 

in rnilk, and the &ciency of the milk TP prodIlc.RI1 h m  the CP intake and the milk yield 

produced from the DM intake were not different among cows fed different diets (Table 

3.12). However, in the presence of LS, increasing the heaîhg temperature of CM 129°C 

to 154"Ctendedto decrease (P = 0.054) rnilkyield by about 8%. Thisdecreasein miik 

yicJd caused a signiflcant reduction (P < 0.05) in both milk TP and SNF production a ~ d  

a tred towards dduced  (P < 0.10) effitiency of milk yield h m  the DM intake in cows 

fed the diet containing CM heaîed to 154°C with LS compared to cows fcd the diet 

containing CM heated to 129OC with LS. The interaction between treatment and milking 

t h e  on milk component concentration excepting mülr SNP concentration was not 

observeci. The SNF amcentration in the milk taken in the first three mornings (Le. the 

morning samp1e of day 2 , 3 and 4 of the 8 4  sample coUection period) was higha in 

cows fed control diet than that in cows fed diet containing CM heated to 154OC with LS 
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(8.8 vs. 8.446, SEM = 0.07%, data was not w t e d  in a tabuîar f m ) .  The treatment 

at Iowa temperature (129°C) with LS thus rnight reQin more available nutrients in CM 

compared to the treatment at higher tempefature (154°C) with LS. 

However, ail the three die& wntaining treated CM were not diffkrent (P > 0.05) h m  

caitrd diet on milL production. Data h m  many otha studies also showed that heat 

treated SBM had no significant effect on miik production ( A h  and Schingoethe 1979; 

Netemeyer et ai. 1982; Chen et al. 1987). TG dekct the heat treatment or protein 

protection effect on millr production, the levels of dietary protein or AA supplied to the 

animal need to be examined carewy. The effects of the increase of rumen escape 

protein 01 AA on mdk production may not be signincant if the quanti@ of protein or AA 

@g to the srnall intestine is already in excess to the requirement for milk production 

in ôoth experimental and contrai die&. 

The inkasive sample colleceions in the present digestion trial would increase animal stress. 

nie  production data generated h m  the triai thus may not be applicable to a normal 

pduction situation. The Wrpenmental design of this trial may be better in detecting the 

change in die nutrient composition of digesta throughout the animal digestive tract rather 

than in ~efiecting changes in the animai production. 

In amdusion, heat trrahnent with or without LS increased the in situ rumen escape of N, 

AA and DM of CM, and improved the pefcentage of CM N, AA and DM digested in 
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I m r  GI tract, without saaifiang the e s h i i d  digestibiliîy of CM N or DM in the lower 

or togl GI tract. The CM heated to 154°C plus LS tended to in- the perceatage of 

diegry N in the duodenal NAN flow w m p d  to the untceated CM in dairy cows. The 

in vivo undegradable intake N in the diet containing CM heated to 154°C with LS was 

SigaiIicantly higher than that in the diet containing untreated CM. The in vivo apparent 

digesthility of N and DM in the Wal or lower GI tract were not affected by the inclusion 

of the trrated CM in the dairy diet. Heating to 154°C plus 6.5% LS and steqhg for 32 

min showed the maximum effect in improving the rumen escape of protein without 

damaging the N or DM digesttiility of CM, and thus improved the nutritive value of CM 

to the d a i q  cows. 



Table 3.1. The ingredimts and compoBitian of ihc fora treatment d i a  fed to lactating dairy cows. 

Item Diet 
controll 129c +LS2 154e 154c+LS" 

Ingrediedt (% DM) 
BarIey-mUed 24.8 24.9 24.9 24.9 
CM (control) 18.6 - - - 
CM (129C+LS) - 18.7 - - 
CM (154C) __. - 18.7 - 
CM (154C+LS) - - - 18.7 
Smflower seah 5.8 5.8 5.8 5.8 
Tallow 0.3 0.3 0.3 O. 3 
Beet NP 9.1 8.9 8.9 8.9 
Beet molasses 0.5 0.5 0.5 0.5 
Chromic oxide 0.3 0.3 O. 3 0.3 
Ihesbne 0.9 0.9 0.9 0.9 
Vitamin lMix O. 25 0.24 0.24 0.24 
Mineral premix 0.5 0.5 0.5 0.5 
Corn dage 17.9 17.9 17.9 17.9 
A M  silage 21.1 21.1 21.1 21.1 

Composition7 
NE(L) (McaVkg) 1.73 1.73 1.73 1.73 
CP (% DM) 18.7 19.4 19.7 20.0 

(% DM) 5.8 5.9 7.5 8.6 
DIP (96 DM) 12.9 13.4 12.2 11.3 

NDF (96 DM) 36.5 36.5 36.6 38.1 
NDIN (96 nitrogen) 19.8 22.6 24.4 29.1 
ADF (96 DM) 20.9 20.5 21.4 21.6 
ADIN (96 nitrogen) 6.0 6.5 6. O 7.8 

'Contains untreated canola meai (CM). 
2Contains CM heated to 129°C and held for 32 min with LS added at 6.5 96 of original CM dry - @W. 
3 ~ t a i n s  CM heated to 154T and held for 32 min without LS added. 
-tains CM heabed to 154OC and heu for 32 min with LS added at 6.596 of original CM DM. 
vitamin mix inchdes vitamin premix (4409.2 kIUs vitamin A, 1102.3 kIUs vitamin D, and 

11023.0 IUs vitamin E) and 300 g niacin per 500 kg of the concentrate. 
6Mineral prexnix includes: potassium iodide 75 mg, copper sulphate 1,875 mg, zinc oride 7,560 

mg, manganese oxide 8 1 g and salt 8 19 g per kg of mineral premix. 
'NE&) (net energy for lactation) value was estimated h m  NRC (1989). UIP (undegradable 

intalre puoOan) and DIP (degradable in* protan) were deterrnined by the in vivo dieîary 
proteio ruminal degdability data of the pnrsait shidy, and NDF (neutral detergent fiber), 
NDIN (netltral detergent insoluble nitrogen), ADF (acid detergent fiber) and ADIN (acid 



Table 3.2. The eff- of lignosulfonate (LS) and heat m e n t  on in situ undegradable intake 
nitrogm (N), amino acid (AA) and dry matta (DM) of canola meaï (CM) in the rumen, and the 
e s b a k d  tnie digestibility of CM N and DM in the Iowa and total gastrointestinal (GI) tract in 
dairy cows. 

In situ undegradable &tak (96 of htake) 
N' 8 

M Asparîicacid 
Threonine 
Sesine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Isoleucine 
Leucine 
Tyrosine 
Pheriyiaianjne 
Histidine 
Lysine 
Arginine 
Cystine 
Meuiionine 
Essential AA 
Non-Esserithl AA 
Total 

Estimated true digestibfity (in lower GI tract) 
96 of inW N 4 14.9b 

DM 4 7.2b 
% of rumen escape N 4 65.6b 

DM 4 26.7b 
Estimated tnie digestibility (m total GI trac)' 

% of in* N 109 92.2 
R U  0 4  

a, b, c: means or leapt squares means in rows with different letiers are ciiffixent (P < 0.05). 
'Observation number. 
antains un- CM. 
3 ~ t a i n s  CM beated to 129°C and held for 32 min with LS added at 6.5 96 of original CM DM. 
*Contains CM heated to 154OC and M d  for 32 min without LS added. 
'Contains CM heatd to 154OC and held for 32 min with LS added at 6.5% of original CM DM. 
%tandard error of means. 
'Least squares means. 
'Obsevation numba = 8 for a i l  treatments but control, for which n = 7. 
'~vezageof ns of aIL tmatnmts with n = 11 for amtrol and 129C+LS, and n = 9 for 154C+LS. 



Table 3.3. nie daily Cr in- and the e&ctp of lignosulfonate (LS) and heat treatment of canola 
mesi (CM) on the dry matter (DM) undegradable and degradable dietary nitmgen (N) and amino 
acia (M) in* by cows (os= 4). 

DM 
N Total . 

undegradable' 
Degdab1e8 

AA Totai 
~ndeg*idable' 
~egradable' 
Aspertic acid 
rrireonine 
Serine 
GluGunic acid 
Proline 
Glycine 
Alanine 
Vahe 
holeucine 
Leucine 
lLrosine 
Phen y laianine 
Histidine 
Lysine 
Arginine 
Cystine 
Methionine 
E§serlfial 
Non-Essential 

Cr 36.4 35.4 42.6 48.8 3.5 
a and b: means in rows with diffefe31t lettas are diffkrent (P < 0.05). 
'Obsexvation number. 
2 C o a t i i j n s u n ~ C M .  
3~~ CM beated to 129°C and held for 32 min with LS added at 6.5% of onginal CM DM. 
o  on tains CM heated to 154°C and held for 32 min without LS added. 
S~~ CM beated to 154OC and held for 32 min with LS added at 6.5% of original CM DM. 
6~verage of the standard m r  of means of the four CM treatments. 
'Equal to duodmum die~ary flow. 
'Equal to the di- htake less duodenum dietary flow. 



Table 3.4. The in vivo efkts of Iignosulfonate (LS) and heat treatment of canoia meal (CM) on 
pH, ammonia and volatile fatty acid V A )  concentrations in rumen fluid; and the purine 
concentration and purine : nitrogeri ratio of rumen bacteria in dairy COWS. 

n1 Diet 
Item SEM6 

Contro12 129c+u3 154C' 154C+LS5 

Rumm fluid 

PH' 

NH3 (mddl) 
VFA (W 

Acetic Acid 

Ptopioaic Add 

Butyric Acid 

Rumen bacteria 
PurineLo (% dry matter) 
PurineLo : nitrogen 4 0.78 : 1 0.78 : 1 0.80 : 1 0.83 : 1 0.03 : 1 

'Observation nwnbexs. 
2Contains untxaîed CM. 
'Contains CM heaîed to 129°C and held for 32 min with LS added at 6.5% of original CM dry - @W. 
'Contains CM heated to 154T and held for 32 min without LS added. 
5 ~ t a . i n s  CM heattd to 154°C and held for 32 min with LS added at 6.5 96 of original CM DM. 
%tandard error of means. 
'Least squares means. 
*Observation number = 48 for aii treatments but 154C and 154C+LS, for which a = 47. 

VFA includes major VFAs, i. e. acetic acid, propionic acid and butyric acid , and minor 
VFAs, i. e. isobutyric acid isovalenc acid and valenc acid. 

'~bonuc1leic acid quivalent. 



Tabk 3.5. nic in vivo efïkcts of ligndonate (LS) and heat traihnait of canoia mcal (CM) on 
the composition and quantity of daüy duodenal digesta flows in d&y cows (nl = 4). 

DM (%a 10,528 10.1 14 1 1,208 12,945 903 
(96 intake) 56.0 56.4 62.0 68.3 3.9 

Cr (96) 0.34 0.35 0.38 0.38 0.01 
purine7 1.68 1.71 1.72 1.68 0.07 
Nitmgen Totaî 487.5 476.9 548.1 622.5 40.6 

(46 intake) 87.6 86.3 96.2 103.0 4.0 
Ammonia (%d) 15.5 14.9 16.7 19.3 1.1 
NAW (%dl 472.0 462.0 531.5 603.2 40.3 
Endogenousg (%d) 74.7 72.8 72.0 75.5 3.0 

(96 NAN) 15.9 15.7 13.8 12.9 0.8 
MiCrobial Wd) 228.0 221.3 245.1 264.6 20.0 

(96 NAN) 47.8 47.7 45.5 43.9 2.0 
Dietaryl* @Id) 169.3 168.0 214.5 263.0 25.5 

(% NAN) 36.3 36.7 40.8 43.3 2.0 
Amino acid Total km 2002 1965 2138 2521 182 

(96 intake) 66.3 72.8 76.5 80.9 4.0 
~ndogemous~~ (g/d) 307.0 301 .O 280.6 307.0 16.7 
MiCrobiai (g/d) 1171 1112 1245 1235 113 

-12 dl 513.7 542,7 968.7 157.3 
'Observation numbers. 
a n t a i n s  untteated CM. 
3Contains CM heated to 129°C and held for 32 min with LS added at 6.5% of original CM c k ~  

fnatter (DM) 
'Cmtains CM heated to 154°C and held for 32 min without LS added. 
5 ~ t a i n s  CM heated to 154OC and held for 32 min with LS added at 6.5% of original CM DM. 
 tanda dard error of means. 
7~ibon~1eic acid equivaient. 
'~on-ammoaia-nitrogm: equals to total duodenal nitmgen (Dl) flow @/d) l e s  duodenal ammonia 

fiow (pld). 
'Assurned to be 4 g per IO00 g of dietary DM intala (Tamminga et al. 1979). 
'%pals to duodenal NAN flow (gld) less duodaial miCrobial (%d) and aidogenous (%d) flow. 
"Assumed tûaî th AA amposition of the adogenous flow was the same as that of total duodenai 

flow, and thus the endogenous AA flow (%d) was caiculafed by the pial duodenal AA 
flow (%d) times the percentage of endogenous N in NAN (Ri). 
to duodenal totai AA flow @/d) las duodenal endogenous AA fiow (gld) and miCrobial 

AA flow (g/d). 



Table 3.6. nie in vivo dkctP of lignosulfonate (LS) and heat treatment of canola meal (CM) ai 
the duodenal daiîy amino acid (AA) fiow and the lysine and methionine content as a percentage 
of essential AA in duodenal digesta flow of dairy cows (nl = 4). 

Duodenal AA flow @Id) 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Prohe 
Glycine 
Alanine 
Vaîine 
Iso1eucine 
Leucine 
Tyrosiae 
Phenylalanine 
Histidine 
Lysine 
Arginine 
Cystine 
Methionine 
Essential AA 
Non-Essential AA 

Lysine (96 Essmtial AA) 
AAI  4-3 3.9 4-9 4-1 0-3 

'Observation numbers. 
%ontains untreated CM. 
3 ~ t a i n s  CM heated to 129°C and held for 32 min with LS added at 6.5% of originai CM dry - (DM). 
'Contains CM heated to 154°C and heid for 32 min without LS added. 
 anta tains CM heattd to 154OC and hdd for 32 min with LS added at 6.5% of onginai CM DM. 
6SQndard ermr of means. 



Table 3.7. The in vivo effeds of lignOSUUlonate (LS) and heaî treatmait of canoh med (CM) on 
the duodenaial miCrobial amino acid (AA) daily flow of da iq  cows (n' = 4). 

MiCrobial AA Flow Diet 
ontro12 1 2 9 ~  +u3 154c lS4C- 5 

SEM! (%a 
Individual 

Aspartic acid 
Threonine 
Senne 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Isoleucine 
Leucine 
Tyrosine 

Phenylalanine 
Histidine 
Lysine 
Arginine 
Cystine 

Methionine 
Eseatial 
Non-Essential 584.8 552.4 615.7 622.9 57.1 

'~bservation nwnbers. 
2~nta ins  untreated CM. 
3Contahs CM heated to 129OC and held for 32 min with LS added at 6.5% of original CM dry - PM). 
4~nta ins  CM heated to 154OC and held for 32 min without LS added. 
'Contains CM heated to 154°C and held for 32 min with LS added at 6.5% of original CM DM. 
'Standard emr of means. 



Tabie 3.8. nie in vivo eneCt of lignosulfonate (LS) and heat trratment of canola meal (CM) ai 
the duodeaal M y  amino acid (AA) flow as the V t a g e  of the cWary AA intake in dairy cows 
(nl = 4). 

Duodenal GA Flow Diet 
(% of di& intake) IBC +y 3 154C' 154c+I.S.' 

sw 

Individual 

Aspartic acid 

Threonine 

Serine 

Glutamic acid 

Proline 

Glycine 

Alanine 

aline 

Isdeucine 

LRucine 

Tyrosine 

Pheny lalanine 

Histidine 

Lysine 

Arginine 

Cystine 

Methionine 

Essential 

Non-Esseritial 63.6 70.0 72.6 77.5 3.3 
'Observation numbers. 
%ontains utreated CM. 
3 ~ o n ~ s  CM heated to 129aC and held for 32 min with LS added at 6.5% of original CM dry - @W. 
4~~~~ CM heated to 154°C and held for 32 min without LS added. 
5~~ (hil heated to 154°C and held for 32 min with LS added at 6.5% of original CM DM. 
%tadard enm of means. 



Table 3.9. 'Ibc in vivo efkts of lignosulfonafe (LS) and heat treatment of canola meal (CM) on 
the degmdable intakie nitmgen and amho acid (UIAA) of the diet fed to dairy cows and 
the e f f e  of this treatmmt on the UIN of the CM included in the diet (nl = 4). 

Item C-I* ~'IQCI+TS~ 1 154cl+l~.' 
s e  

Diet UIN7 (96 of dietary intake) 30.9b 30.6b 
UUU7 (% of dktary intake) 

Total amino acid 17.1 20.2 
Individual amino acid 

Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Pruline 
Glycine 
Aianine 
Valine 
Isoleucine 
Leucine 
'ïposiae 
Phenylalanine 
Histidine 
Lysine 
Arginine 
Cystine 
Methionine 

Essential amino acid 
Nonessential amino acid 
TM I % n f < l M  J&fl 76 9 47 6 67- 1 

a and b: means in rows wiîh differerit leüm are diffèrent (P < 0.05). 
NIA: value is not available as tbe UIN data mis derived from a simple dculation as indicaiexi in 

the text. 
*Mean is not ciiffixent h m  zao (P > 0.05). 
'Observahion numbers. 
%ontains untreated CM. 
'Contains CM heated to 12VC and held for 32 min with LS added at 6.5% of original CM dry 

-@M). 
'Contains CM heated to 154OC and held for 32 min without LS added. 
 o on tains CM heated to 154OC and held for 32 min with LS added at 6.5% of original CM DM. 
%tandard error of means. 
'~quals to duodaial dietary flow (g/d) divided by di- intake (gld) times 100. 
'UIN of untraitcd CM was assumeci to be 28% of total N of CM ( M C  1989). The UIN of 

treaîeû CM was adjusted based on the changes in total diet UIN for tteatment vs. contrai 
dietS. 



Table 3.10. The in vivo effects of ligoosulfonate (LS) and heat treatmerït of canoia meai (CM) 
on the fecal arcsetion of dry matter (DM) and nitmgen (N), the concentration of N and Cr in 
f e a ,  and the apparent digestibility of dietary DM and N in the Iowa and totai gastrointesîhaI 
(GI) tract in dairy a m r s  (nt = 4). 

Item Diet 
cm12 C+llS3 154C' 154~+1,$ 

SEM' 

Feces 
DM (%a 6,665 6,186 67% 7,746 435 
N (% of DM) 2.68b 2.76ab 2.77ab 2.86a 0.02 

(%dl 168.9 158.4 178.5 209.8 13.2 
Cr (96 of DM) 0.57 O. 63 0.66 0.67 0.02 

Apparent digestibility (iower GI tract) 
% of intake7 N 57.7 57.9 65.0 68.4 2.9 

DM 20.8 22.3 24.6 27.5 2.1 
96 of duodenal flow" 65.8 67.0 67.4 66.5 1.1 

DM 37.1 39.3 39.5 40.1 1.6 
Apparent Digestibility (total GI tract) 

% of intak9 N 70.1 71.6 68.8 65.4 1.7 
8 69.9 62.5 59.1 2.2 

a and b: maris in rows with different Ietters are different (f < 0.05). 
'Observation nwnbers. 
*Contains una.eated CM. 
3Contains CM heaOed to 129°C and held for 32 min with LS added at 6.5% of onginal CM DM. 
4Contains CM heated to 154°C and held for 32 min without LS added. 
S ~ t . U n i r  CM heated to 154OC and held for 32 min with LS added at 6.5% of original CM DM. 
%tandard errer of means. 
%pd~ to the duodenal tlow (%d) Iess f d  a d o n  (g/d) divided by dietary intake (%d) times 

100. 
'Equals to the duodeial flow Iess fecal excretion (gld) divided by duodenal flow (%d) times 

100. 
%quais to the di* intake (g/d) less fecd excretion &Id) divided by dietary inîake (%d) times 

100. 



Table 3.11. The in vivo effects of lignosulfimak (LS) and heat treatment of canola med (CM) 
an the urea nitrogai and amino aéd (M) c01~';entiation in the deproteinized plasma of dairy cows 
(Il1 = 16). 

Plasma composition Diet 
(m%dl) 

sw 
~ontrol' 129~+LS' 154C' 154c+rs' 

Urea nitmgen 
Amino acid 

Total 
Individual 
Asparbic acid 
Threonine 
Senne 
Glutamic acid 
ProLine 
Glycine 
Alanule 
Valine 
Isoleucine 
Leucine 
Tyrosine 
Phenyialanine 
Histidine 
Lysine 
Arginine 
CystUie 
Methionine 

Essential 
83.8 83.1 78.6 81 .O 4.9 

'Observation nurnbers = 16 for ai i  treatments but 154Ci-LS, for which n = 15. 
%ontains untreated CM. 
3Contains CM heated to 129°C and held for 32 min with LS added at 6.596 of original CM dry - @W. 
'Contains CM heated to 154°C and held for 32 min without LS added. 
'Ccmfahu CM heatsd to 154°C and held for 32 min with LS added at 6.5% of original CM DM. 
%tandard enor of means. 



Tabie 3.12. nie in vivo effects of lignosulfonate (LS) and heat treatment of canola meal cm the 
milk ykJd; the amamnatian ofmillr irrea nitrogm 0; the production and the concentration 
of mqmt& nitmgen WN), truc protein (TP), fat, and solid non-fht (SNF) of M y  milk; the 
effiuency of daily mü)r yield (kg/d) h m  daüy dry matta (DM) intake (kg/d) (Milk yieid/DM 
intake); and the efficiency of the M y  milk TP (%d) produad h m  daily dietary cru& protein 
(CP) intalre (%d) ('IP/CP intake) in dairy mm. 

Diet 
Item n1 sEM6 

c0ntrd2 129c+& 154C' 154c+IS5 

MUN mm 16 13.3 13,2 13.6 14.1 0. 3 
NPN (96 of daily ma) 16 0.03 0.03 0.03 0.03 0.0007 

TP (% of daily milk) 14 2.96 2.89 2.94 2.89 0.04 

Fat (Iofdailymilk) 14 2.9 2.8 2.8 2.9 O. 1 

SNF (96 of daily rnilk) 14 8.57 8.56 8.61 8.51 0.04 

TP/CP intake 4 0.23 0.23 0.22 0.21 0.09 
a and b: means in rows with different letters are different (P < 0.05). 
'Observation numbers. 
%ontains untreaîed CM. 
'Contsrins CM beated to 129°C and held for 32 min with LS added at 6.5% of original CM DM. 
'Contains CM heated to 154°C and held for 32 min without LS added. 
5~~ CM &ated to 154OC and held for 32 min with LS added at 6.5 % of original CM DM. 
%tandard m r  of means. 



GENERAL DISCUSSION 

The gaiaal pirpose of heat treatrnent is to decresse the degradab'ity of dietary protein and 

anmi0 eQds (AA) in the nunm Md to mcnaSe the amount of dietary protein Pnd AA prPsing 

tbrough the rumen to the abomasum and srnail intestine for animal digestion. 

The present shidy showed that canola meal (CM) moist heat treated at llO°C for 1 h 

inawsed the AA level in the deproteinized plasma and improved the weight gain &ciency 

in pwing  iambs coniparrd to the untreated CM. These improvemmts wae caused by the 

decrease of the rumlial degradsbiliîy of CM protein and the increase of the quaatity of CM 

AA adable fbr animal digestion and absorption in the lower gastrointeainal (GI) tract due 

to the moist heat treatment effas as indicated in Onyango (1995). These r d t s  were 

mnsisteat with the finding of Onyango and Ingds (1994) whose data showed an inaease in 

milk yield in primparous cows fed rnoist heat treated CM compareci to that of the oontrol. 

These resdts wexe also consistent with the observations of Brodexick and Craig (188 1) who 

autodaved cottonseed meal at 121°C for 60 min and found that the treatment increased the 

percentage of undegraded digestiite protein to a maximum in the cottonseed meai. The moist 

heat treatment m the preçiinary work reported here however was a tirne consurning process 

(i.e. 60 min). A reiative shorter duration of heat treatrnent will be more desirable for an 

industriai d e  production of high rumen escape protein CM. 

A laborzltory scale CM heat treatment was set up in the present study. The heating 
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tanpaaanr and duration, and the addition of lignosulfonate (LS), wata and alcohol during 

the heating poas~ wae scrraYd to fincl an effective method to duce the heatllig d d o n  

ad aihance the effectP of heat tmiîmmt on pmtedng CM protein fiom ruminai degradation. 

R d t s  showed that the heat treatment of 1 SWC for 0.5 h increased significantly the in situ 

protein nuninal undegradability and the estimated digestible undegradable intake protein 

content in CM cornparrd to those of  the treatment of 10°C for 1 h or 125°C for 0.5 h when 

LS was not added during the heaîing process. This hdhg wa<> in a good agreement with 

the observation of Saîter et al. (1994) who reporteci that the optimum heat treatment 

condition in protedion of soybean protein 60m ruminal degradation was roasting soybeans 

tu 146°C Md steeping for 30 min without cool& It thus can be expected that inaeasing the 

heating temperature to 150°C with a shorter steeping duration of 30 min in the moist heat 

treatment will not only Save the heaî processllig tirne, but ais0 wili M e r  reduce the 

degradability of CM protein and thus f.urther improve the quantity of dietaq AAs available 

for digestion in the lower GI tract. 

The addition of LS (4 to 9% of CM DM) during the heat treatrnent improved the in situ 

rumen escape protein and the estimated digestible undegradable intake protein in the CM. 

This resulr thus connmred the finding of other researches on the protective déct of reàucing 

sugars on the protein in the rumen ( S m  1984; Clede et al. 1987a,b,c; Nakamura et al. 1992; 

Wallace and Falconer 1992; McAUister et al. 1993). Thus it also can be expected that the 

addition of LS at the levd of 6.5% of CM DM in the moist heat treatment wili fùrther 
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haesse the undegradable intake protein content in the CM and improve the aV8ilab0i of 

CM and AA tû the Iower GI tract digestion in numnantS. Results f i d e r  showed that 

the CMs tregted at t h e  diffmnt leds of heating temperature and time (i.e. 1WU1 h, 

12510.5 h and 15010.5 h) were not different nom each 0th- in the in situ ruminal proteh 

degradability (16 h incubation) and the estimated digestible undegradable i d e  protein 

content when LS was added at 4 to 6.5% of CM DM during the heat treatment. 

The present study showed, in agreement with the hding of  Lynch et al. (1987), that the 

addition of alcohol in the CM heat treatment (in the absence of water) decreased the in situ 

ruminai protein degradability, but the dcohol treatment was not beneficial for the 

improvemait of  the estimated digestible undegradable intake protein content in the CM. 

IncresSng moishae level in the CM heat treatment was shown to cause an increase in the in 

situ ruminal proteh degradabüity and a deaease in the estimated digestiile undegradable 

intake protein content in CM. This result contradicted the finding of Cleaie et al. (1987a) 

who reported that the arnount of ammonia released fiom SBM heat treated with xylose 

(which also was a major reducing sugar agent in LS) in an in vitro system was decreased 

when the moisture level was increased in the treatment. However, the reason for this 

dinaence, regardhg the &éct of moi- on the protein ruminai degradation, is unclear. 

Based on the above fhdîngs, fùrther research was conducteci to investigate the in situ and in 

vivo ei%cts ofCM heat treatments in &ch CM was îreated on an industrial scale for a short 

heating duration (held for 32 min) at a medium high temperature (heating to 129°C) with 
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6.5% LS, or at a higher temperature (heating to 154OC) with or without 6.5% LS wfiich 

a p p r o d e d  the treatment conditions of CM with heat and LS in the laboratory scde. 

The present study showed that only the treatment of heating to 154°C with 6.5% LS and 

holding for 32 min reduced signincantly the in situ effective degradability of CM protein 

compared to the control. nie in situ 16 h incubation resuits however showed that di three 

heat treated CMs were improved in the in situ protein and AA undegradabüity (16 h 

incubation) compared to the control. CMs treated under the three ciiffient treatment 

waditiofls were not Mixent among thernseives in both the in situ effective degradability of 

pro& and the in smi 16 h incubation undegradabilitiies of protein and total M The Li situ 

16 h mcubation undegdability of protein, total AA, lysine and methionine of CM heated to 

154'C with 6.5% LS were measured to be 196,207, 190 and 17 1% of those of untreated 

CM, respectively. 

The in MM resuits fiirtha demonstrated that only the CM heated to 154OC with 6.5% LS and 

held for 32 min was d c i e n t  in improving the in vivo ruminal protein undegradab%@ of a 

lactation diet wmpared to the untreated CM when fed to dairy cows using CM as the main 

protein source. This f h k g  is wiui the in siîu r d t s  of the effixtive degradabitity 

of pmt& in CM treatments indicated above. The m viw resuIts showed thai, in the presence 

of6.5% LS, incredng h m  129 to 154°C in the CM treatment improved 

the undegradable i d c e  protein content in the dairy diet containllig these wated C M  as the 

main protein source. This improvement howeva was not predicted by the in situ 
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measumnents of  the niniinal protein degradability of these treated CMs in the present shidy. 

The reason for this dierence was not apparent. The duodenal total AA, lysine and 

methionine 00- and the di- AA flow in cows fed CM heated to 154'C 4 t h  LS were 

126, 123,124 and 28% of those in cows fd the untreated Cl& respectively. 

The in vivo ruminai protein undegradability of CM heated to 154°C with LS was estimateci 

to be 225% ofthat of the untnated CM whai féd to the dairy cows as a main protein source. 

In agreement with the present study r d t ,  Cleale et al. (1987b) reported that the in vivo 

nvoinel protein escape was increased by 157% in insoybe meal roasted a -  150°C for 30 min 

with xylose and NaOH cornpared to that of untreated SBM in steers. The improvement in 

the in vivo nimùial protein undegradabiiity of CM heated to 154°C with LS relative to that 

of the unîreated CM however is higher than that predicted by the in situ effective 

degradab* which showed a 64% bczease in the percentage of undegradable intake protein 

in CM protein or that predicted by the in situ 16 h incubation undegradability which ahowed 

a %% increase in the pecentage of undegradable intake protein in CM protein 

The esiimated in vivo ruminal protein undegradability of CM heated to 154°C without LS and 

CM heated to 129°C with 6.5% LS was 170 and 96% of those of untreated CM, respectivelyY 

The low esrimeted m w o  Milinal protein undegradability of CM heated to 129OC with 6.5% 

LS on an industrial scale was not predided by the in situ degmhbiility of CM treaîed at the 

proximal heaîing condition on a labotatory scale which showed that the ruminai protein 

d w i l i t y  (16 h incubation) o f  CM heat treated with LS was improved over that of CM 
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heat treated without LS. This inconsistency may be caused by the diaerences between the 

methods employed in treating CMs in the laboratory and industrial sale heat treatments. 

The pmmt study demonsüated that the heat treatment (with or without LS added) reduced 

the nunid degradability of CM proteh and increased the amount of CM protein d AA 

available for the post-ruminal digestion and thus improved the efliciency of CM protein 

utilization in ruminants. This findimg is consistent with the r d t s  of other researches 

regarding the protective effect of heat treatment (with or without reducing suga. added) on 

the dietary protein in the rumen (Sahlu d al. 1984; Stem 1984; Cleale et al. 1987a,b,c; 

McKinnon et al. 1990; Moshtagii Nia and Ingalls 1992, 1995a,b; McAUista et al. 1993; 

Sarta et al. 1994; Hsu and Satta 1995; Onyango 1995). Results f?om the growth of lambs 

fed the treated CM, the estimatecl true digestiility of protein and dry matîer (DM) of the 

treeted CMs, and the m d  apparent d i g e s t i i  of protan and DM of the diet containhg 

the treated CMs as the main protein sources demonstrated that heat treatment (with or 

without LS) at the present study leveis did not cause damage to the digestibility of CM 

protQn and DM in the 10- GI tract of mnhanîs. This finding is also in agreement with the 

obsemations ofotha studies on the effkcts of heat treatment (with or without reduàng sugar 

added) on the protein digestiiility in the lower GI tract of nrminants (Plegge et al. 1982, 

1985; CIeale et al. l987b; Moishtaghi Ni and Ingalls 1992, 1995a,b; Wdace and Falconer 

1992; W m a  et al. 1993; Aldrich a al. 1995; Onyango 1995). 

As the digestibiiity of CM was not &&ed by the heat treatment in the present SRidy, it 
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suggests that the Maillard d o n  (Fimot et al. 1977) induced through the heat treatment 

unda the hedng condition ofthe present study was controlled to the initial reversi'ble stages 

in which a SchifFs base and it's intermediates were produced nom the addition rerdion 

between the t he  amino group of AA in protein and the ddehyde group of reducing sugar. 

Th preseDt study thus support the hding that the SchifiPs base and its intamediates were 

remri'ble and bio-available (Fimot et I 1977). These data supported the hypothesis that the 

S c W s  base and its intermediates produced through the Maillard reaction during the heat 

treatment were stable in the rumen neutral condition and thus protected dietary protein fiom 

miaobial proteo1ysïs in the rumen. The Schins base and its intemediates couid be 

hydroiyzed badc to the original protein and reducing sugar in the acidic condition when they 

passed the rumen to the abornaam, and thus the heat treated dietary proteh remairsed 

digestible for the animals. 

It is concludeci that heating to 154OC with 6.5% LS and holding for 3 2 min on an indumiai 

treatment scale was effdve in reâucing the ruminal degradability of CM protein and 

improving the amount of CM protein and AA (essential AA especiaiiy) passing the m e n  to 

the Iowa GI tract for ruminant animal digestion and absorption. 



CONCLUSIONS 

Canola meal (CM) moi* heat treated at 1 10°C for 60 min inaeased (P < 0.05) the weight 

gain &tiency in lambs wmpared to the untreated CM. This treated CM also improved the 

anillio md (AA) absorption in the lower gastrointestuial (GI) tract in larnbs ovei the conîrol 

as measwd by change in blood levels. Moist heat treatment thus improved the nutritional 

value of CM fbr the growth of iambs by inmeashg the passage of nutrients such as essential 

AA to the lower GI tract, 

The addition of up to 6.5% lignosulfonate (LS) in CM during heat treatment decreased (P < 

0.05) the in situ nyion bag protein disappearance, d e  slightiy increasiog (P < 0.05) the in 

vitro pepsin and pancreaîin digest'bility of CM protein, and increased (P < 0.05) the 

perceatege of estimated digestible undegradable intake protein (Dm) in CM. Three 

temperaaire and tirne levds 0.e. 1 0O0C/ 1 h, lZOUO. 5 h and 1 50°U0. 5 h) were not dinaent 

(P > 0.05) m improving the percentage of DUIP in CM in the presence of 4 and 6.5% of LS 

during the heat treatment. However the heeting temperature of 150°C (heated for 0.5 h) was 

naded in treating CM to increase its rumen escape protein and the DUIP in CM, ifLS was 

not added to the heat treatment. Generaily adcihg water or dcohol did not improved the 

DUIP perceritage in CM duMg the heat treatment in the present study. 

Compared to the other two treatments 0.e. 129"C/32 min with 6.5% LS and 154"C/32 min 

without LS), 154OU32 aiin with 6.5% LS d e ~ ~ e a s e d  (P < 0.05) the in situ & d v e  
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desradabiiayofCMproteinwmplvedtothecontrd nieheattreatmentwithorwibutLS 

inxased Q < 0.05) the edmated tnie digestiiiiïîy of CM Ntrogen (N) a d  dry matter (DM) 

in the Iowa GI tract, d e  they did not decrease the estirnated tme digesb'b'ity of M N and 

DM in the total GI tract compareci to the control. 

The rumen pH and ammonia concentration was not aitered (P < 0.05) by substituîhg 

untreated CM with treated CM in the dairy dim. The incîusion of CM treated to 154°C for 

32 min with 6.5% LS however tended to decrease (P < 0.10) the acetic, butync and total 

volatile fktty acids concentration, and tended to decrease (P < 0.10) the percentage of 

endogenous N in the duodenal non-ammonia-N (NAN) flow, while tended to increase (P < 

0.10) the percentage of dietary nitrogai in the d u o d d  NAN flow. However, the total N, 

NAN, endogenous N, miaobial N, dietary N, and the total, endogenous, rnicrobial and 

di- AA flows in the duodemim were not différent (P > 0.05) arnong cows fed different 

diets. Diet containhg CM îreated to 154°C for 32 min with 6.5% LS had a 40% higha 

@<.OS) undegradable intake N content than the control diet. From these data the 

undegradable intalce N of CM heated to 154°C and held for 32 min with 6.5% LS was 

estimated to be about 225% of that of untreated CM. 

The a p p m  dige~biility ofN and DM p d  to the lower GI tract, the apparent digesti%iüty 

of dietary N and DM in the total GI tract, and miîk production were not aEécted by the 

Musion of treated CM in a daky diet in place of untteated CU 
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Heaîing to 154T and heid for 32 min wah 6.5% LS reduced the degradability of N in M 

anâ increased the pacaaage of dietary N in the duodenai NAN fiow in dairy cows fed this 

treated CM compared to those in the dahy cows fed untreaîed CM, and thw irnproved the 

nutritional value of CM protein. 

For a firrthi study, it d d  be of interrst to tty and iaipove the protective e f f i  of heat and 

LS treatment. hrIaintaining the steeping temperature more constant through out the wbole 

steeping process (32 min) at the exiting temperature level (i-e. 154°C) would be of interest, 

as the steepÏng temperature deEnased fiom 154OC in the beginriing of steeping to 27°C at the 

end of 32 min. ûther methods such as the use of Nmen fermentation manipulating agent 

ionophores and miaobial feed additives dso wodd be of interest to investigate M e r  to 

improve the dietary protein and AA supply to the lower GI tract in ruminantS. 
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