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ABSTRACI

To evaluate the quality of protein sources for dairy cattle, estimates of rumen
degradable protein (RDP) and rumen undegradable protein (UDP) were determined by ‘both
in situ, Experiment I, and in vivo, Experiment il. techmiques. A method for evaluating
prO[C*l availability in the small intestine - the mobile nylon bag technique (MNBT) - was
developed Experimcﬂl 1. Total diCl‘dr_\' matter digestubility (DMD) and crude protein
digestibility (CPD) were, determined using the traditional total fecal collection technique
(TFC). [t}c MNRBT and the rare earth ‘markcr_ dysprosium (Dy), Experiment IV Six diets
were fed 12 [imies daily to six’ pregnant Holstein heifers with rumen and duodenal cannulae in
a 6x6 Latin square desigﬁ. The protein sources evaluated were barley (B), canola meal (CM),
soybcaﬁ meal (SBM) and meat and bone mecal (MBM). The six diets (50:50 hay/‘;:onccnlralc
(DM basis)) were formulated to provide different levels of CP in the- ration: B, 14% CP;
CM, 16.5 and 19% CP; SBM, 16.5 and 19% CP; MBM, 16.5% CP. The MBM16.5, CM19 and
SBM19 were equivalent on a UDP<basis. Estimated values of .UDP values for the MBM diet
were highest and rahged from 35.0% as determincd by the in situ technique to 40.6% by the in
vivo technigue. How\e.ver, UDI;Avalucs for the SBM dicl_s increascd'with increasing protein
llevels using the\n situ technique. The reverse was true for the in vivo tgchnique. Results for
the control and CM diets were similar with l;oth techniques. In conclusion the formulation of ‘
diets to increase the UDP level was effective in increasing the amount of feed N reaching the
small intestine suggesting that animal performance can be more accurately predicted when

diets are formulated on the basis of RDP and UDP. To overcome seme of the difficult§' and

expense involved in conducting convefitional digestibility studies in large ruminants, the

»

MNBT was devefbped and the Dy - ratio techniqué was evaluated. The MNBT was used

successfully to determine intestinal and total tract digestibility of both individual protein
sources and total diets. Crude protein digestibilities using the MNBT and the TFC technique
for the six complete diets were: 65.6, 67.2; 70.8, 73‘.0; 70.0, 72.8; 71.7, 712.9; 73.6, 75.8; 77.0,

"78.4; respectively. When Dy was used as a digestibility marker, ingested Dy was recovered at -

v



. L3
the 1ate of 95 1% and there was no cvidence of daily* vapaton following a 7 day adjustment

pertod. Dy matter and CP digestibiliics using the THC technique were highlv correlated to

\
resalts using the Dy ratio technique \r= .86; and .75 for DM and CP | respectively).

\
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I INTRODUCTION

[he crude protem (CF) and dipesuble crude protem (DCP) systems are recognued as
being senoush )10(1\1('11( as methods of evaluating the quahity ol feedstufs for rummnant
hvestook  This has led to the development of new protem teeding svstems (Jarnge et al 1978
Black ¢t ol 1980, Van Socst o al 19820 Apncultural Rescarch Counal 1989, Natonal
Rescarch Councd 1989) which attempt to take nto account the miluence of the rumen
cnvitonment on the supply and qualin of protein to the smatiantesune and subscquently to
the tissues -

~

Histonically ) the CP osvstem had the advantage of being exceedingly stmple in that only
-
the nitropen (N)Y o CP(CP 0 N6 ) content of the dict or individual feed igredients was
tequited 1o determine the CPovalue (National Rescarch Counal 1978)  However, ratfons
containmy the same level of CP from difterent feed sources will not alwavs support cqual
levels of productivity burther, non protem nitrogen (N}’N)‘;md truc  protein weie  not
ditterentiated by the CP system, nor did the svatem consder the varniation between and within
protein sources o mectng rumen microbial protemn requitements and subsequent protein
'

supply to the small intestine

The new protein svstems dictate that a sufficient supply of rumen degradable protein

S "(RDP) is available. not only to meet the requirement of the rumc_r‘l microbes, but to facilitate
optunal ruminal fibre digestion. In addition. the dict should contain sufficient rumen
undegradable protein (UDP) to meet anyv additional protein requirements of the animal 1n
excess of that supghgd by microbial protein.

Several in vitro methods for determining ruminal protein degradability hawg been
evatuated in tecent vears (Broderick 1982; Poos-Floyd et al..1985). A significant proportion
of this research has focussed on the in situ or 1n sacco tcchniquel. The in situ technique differs
from the typical in vitro digestion proced'ﬁrc in that feed samples are suspended in nylon bags

within the rumen, thus simulating a normal rumen environment. Protein degradability is

calculated on the basis of rate of protein disappcarance from the bag as a function of ruminal
NI Y



{racuonal onttlow rate (Oishov and McDonald 1979) 0 Tt must be recognized, however, that
the i situ mvion bay techmque does not take mto account repeated feed processing by the

ammal e mastication, mmn? with saliva cte . which would notmally occur before the feed s

cyposed 1o rumen nncrobes I addioon | the i siu techunque sunply measures the movement
of feed protem from the bap to the outsade covironment Kate of disappearance from nvion
Bags v not necessandy sy g mous with rate of protem degradation o vivo. To provide true
estimates ol protemn depradation a measure ol the hinctics of particle movement is required
These values are difficult to accurately determmne (Gl et al 1984)  Further, estimates of the
cifective degradabidity of feed protamn by the m o site téchnigue cannot necessatily be compared
ducecthy toom o vivo estimates However o thev are valuable ;1.\’1('1.1(1\'&‘ estimates of the RDP
content ol varous teedstulfs

A \xm‘plc laboratory procedure for routine ¢valuation of rummal protem degradabihity
which would take mto account the hincucs of paruculate movement through the rumen has
vet to be developed  The use® of proteolvtic  enzyvmes  to measure  protein catabolism
(Nitshnamoorthy ¢t al 1983) 15 of considerable Mrcsl However, the results are vanable
when compared to other mn vItIo nw:h(;d.\ (Poos Flovd et al. 1985)

In vivo estimates of the total non ammonta N reaching the small mntestine are the sum
of UDP. rumen microbial protein and endogenous protemn. Undegraded dietary protein is
deternnmned by calculating the total protemn reaching the duodenum minus microbial protein,
ammoma and endogenous protemn. Undegraded dietary protemn includes feed protein which s
resistant to ruminal microbial degradation, as well as any potentially degradable feed protein

.
that escaped rumen degradation. Rumen microbial protein production is subject to adequate
amounts of all nutrients, including prcfor}ned amino acids and pepuides being supplied (Cotta
and Hespell 1984) . A'Ilhough a vanicty of microbial markers have been evaluated, the\;esulls
are disappomung due to lack of arreement among methods for measuring microbial protein

production within the same experiment (Tamminga 1978). This suggests that, although it may

“be reasonable to.compare treatments using a spccif‘ marker within an experiment, the same



comparison among capenments mayv produce conllicung 1esults, reflecung methodological
ditterences  bEndogenous protemn Contribution has been recently esfimated at 158 ¢ N/day in
non lactating dairy cows nounshed by intragastnic infusion (Hovell et al. 1984) . Wi geherally
assuted  that endogenous Nosecrctons will vary with intake (National Research Council
1989)

A cntical calculatton n the determination of  protemn quality s the intestinal
digesubility or disappearance of the undegraded protein f;acnon. Determmation of this value
i vivo s difficult because of  the problems associated with scpamlion. of endogenous,
microbial, and feed N o ileal digesta.samples. Historically, these values have been estimated
using regression analvsis (Faichney and White 1979; Zinn an_d Owens 1982) or dlg(‘tﬁmn of the
UDP fracuon by rats (Rooke et al. 1981). m)wcvcr‘ these estimates only provide values for
the entire diet as opposed to individual feed ingredients

Recenty . estimytes of the intestinal availability of . U.l)l’ for total dicts and spectfic
protein sources have b&‘(‘r;l obtained using a technique known as the modified or mobile nylbn
bag technique (Kirkpatnick and Kennelly .1984; Hvelplund 1985 de Bocer et al. 1986; de Boer ct
al 1987). Briefly the technique involves incubating samples of feed in the rumen for various
lengths of time in 3.5 2 5.5 ¢cm nyion bags. The bags are then incubated in a pepsin-HCI. bath
ot inserted directly into the duodenum and recovered in the feces. Results using this technique
suggest that the intestinal digestibility of ihc uDP frz;clion of feedstuffs can be dcteﬁincd
stmply and reliably. \ .

An ongoing problem in dairy cattle research has been the lack of a suitable indicator
of diet digestibility for use with lactating dwiry cattle in confinement and loose housing

) »
conditions. Conventional internal indizaters guch as lignin and acid insoluble ash are variable
° .
and incomplete in percent recovery (Block et al. 1981; Muntifenind 1982), while standard total

fecal Yollection techniques are time consuming and labour intensive, with the additional

complication of urine diversion.
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Rarc carth elements have a hl‘ugh alfimity for feed parucies (Combs et al. 1984; Beever

Cand BIls 19KS) and appear to be un;ahsmtx-d in the ruminant digestion process (Ellis 1968
Young ct al. 1976). Dysprosium, a rarcvcarth clement, has been suggested as a c:onvcnicm
mdicator of dict digestibitity m cattle (Ellis 1908) .

The ()h‘J(‘(lI\’C.\ ol the studies described herein were to evaluate the quality of several
locally avalable protemn sources in the diets of pregnant heifers. The protein sources and their
respective total diets were exanuned in terms of their rununal d‘cgradabili(y_ intestinal protein
supply and avatlabthty of the protem supphied to the small intesune. In addition, the efficacy

P J

of dysprosium as a dxgcsuhlﬁ(v marker for rummnants was examined.
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I1.IN SITU DEGRADABILITY OF PROTEIN AND DRY MATTER FROM SINGLE

< PROTEIN SOURCES AND FROM A TOTAL DIET .

A. lN‘l'R()l)UCI‘l()N‘) p

gl of feed protein degradation in the rumen has been the focal point of proposed
protein feeding systems for ruminants (Jarnige ct al. 1978; Black et al. 1980; Van Soest ct al.
1982, ARC 1985). The systems are based on the recognition that ruminal microbial protein
synthesis is not adequate to meet the N rcqui.rcmenls of rapidly growing ruminants or
lactating dairy cows. The duodcnal‘amino acrd needs of high producing ruminants are met by
a combination of microbial proléin and ruminal undegradable feed protein (UI)P)_ Dietary
protein requirements for ruminants thercfore, are best expressed in terms of JDP and
ruminal. degraded protein (RDP). The most efficiernt use of dietary N otcurs when the correct
balance of UDP and RDP is fed (Murphy and Kennelly 1986; Murphy et al. 1986).
Currently, a major factor limiting the widespread application of feed formulation based on

- I )

RDP and UDP is the absence of reliable data on these parameters for many feedstuffs under
differing levels of ;;rc;tcin and dry matter intake. |

The in situ nyion bagWa; been suggested as an alternative to the in vivo
1cchm’quc (r\;ichrcz and @rskov, 1979) for estimating crude protein (CP) disappcarahce from
the rumen. Degradability estimates using the in situ nylon i)ag technique have proven reliable
_in ranking individual protein-sources relative to in vivo estimates (Stern and Satter 1984).

Although meat and 'bone meal (MBM) is not a traditional jngrcdient' in the diets of
ruminant animals, it is of considerable interest because.of its low degradability (10-30%) in
vitro {ARC 1985), and in vivo-(Z?nn et al. 1981). This may be the resull of current

\
processing techniques (vat drying), which involves heating via steel pipes, where prolonged _

-

exposure 1o high temperatures can occur.

'This chapter has been previously published. Kirkpatrick B. K. and J. J. Kennelly.
J. Anim. Sci. 1987. 65:567-5764 ’ :

-



- )
The objectives ol studies reported herein were 1o examine the in situ DM and CP

3
degradation of both protein sources and the total diets in which they were incorp8rated.
Samples were incubated in the rumen of cattle fed diets which differed in both source and

level of protein. Dry matter and CP disappearance was estimated by fitting the dalé to

nonlinear equations.

B. MATERIALS AND METHODS ) . /

Six pregnant Holstein heifers o(3()() 10 350 kg bodyweight) fitted with permancnt
ruminél and duodenal cannulae were assigned in a 6x6 Latin square to six dictary treatments.
Experimental diets were ,based on chopped brome alfalfa hay and \barlcy (control)
supplemented with canola meal (CM) soybean meal (SBM) or meat and bone mcal (MBM).
Diets (Table [1.]1) were designed to compar; these four protein sources in addition to CM and

- SBM at two dietary CP levels. The six coggentrate mjxtures (dry basis) were: barley 14% CP
(B14), barley/canola meal 16.5% CP (CM16.5), barley/soybean meal 16.5% CP (SBM16.5),
barley/meat and bon'e meal 16.5% CP (MBMI16.5), barley/canola meal 19% CP (.CM19) and
barley/soybea;l meal 19% CP (SBMI19), Diets CMI16.5, SBMI16.5 and MBMI16.5 were
equivalent on a CP basis; whereas on a calculated UDP eqyivalent ba;s (ARC 1984)
MBM16.5, CM19 apd SBM19  were similir. Heifers were fed 8.5 rkg of a 50:50
hay/concentrate (dry basis) mix in 12 equal amounts each day at 2-h intervals. N

All feeds (obtained commercially) were ground through a 2-m}m screen béfofe bging
placed in nylon bags. The MBM product was commercially processed by vat drying (boiling‘i in
oil) at 250 C rather than the moLre common process 6f heating by steel pipes. Samples of
protein sourcé and total diet wcrel only incubated in the rumen of heifers only Whe_rein they
constituted a component of the die‘t."P;or example, CM was ;ncubateq in both CM16.5 and
CM19. : | ' <

23

Bags were made of nylon cloth? with an average mesh size of 48ufn. The nylon cloth

——

e

B and SH Thompson and Co. Lid., Montreal.



10

(20 cm x 15 ¢m) was folded in half and sewn with a double row of slitches\&h rounded
corners 1o allow easy removal of particulate material. The final bag size exposed to ruminal
fermentation was approximately 7x10 cm. Approximately 5 g (air dry) of test proteins were
placed 1In nylonﬁbags which were tied shut with a nylon string. A total of 14 bags per
treatment were tied at the end of a 70-cm main line, which was weighted with a sandlﬁllcd
bottle and suspended in the rumen. The line was secured at lhc ruminal cannula and the bags
were incubated in the ventral sac of the rumeh for 1, 3, 6, 9 12, 15 and 24-h. At the end of
cach incubation lime, wQ bags were removed randomly from the rumen and washed under
’runm’ng tap water until the rinsing water was colorless (approximately 3 min). An additiona
" wo bags per treatment, washc@y the procedure outlin;:d above, were used for zero-hour
(0-h) values. Washed nylon bags were dried in a forced-air drying oven at 65 C for 48-h. The
conteats of cach bag wer? subjected 1o Kjeldahl N analysis (AOAC 1980). The percet%l
disappecarance of DM and CP at each incubation time was calculated from the proportion
remaining after incubation in the rumen. The disappearance rate was fitted to the following
cquation (@Prskov and McDonald 1979): i
P=a+b(l-¢ K, .

where P = disappearance rate at time {, a = an intercept representing the portion of DM or
CP solubilized, b = the fraction of DM or CP which will be degraded when gi‘:en_ sufficienl
~ time for digestion in the rumen, k = a ral;: constant of disappearance of fraciion b,and t =
tume of incubation. Nonlinear parameters a, b and k were estimated by an iterative

least-square procedure and best fit values were chosen using the smallest sums of squafes

radability at given incubation times,

after 1(piterations. While the above equation gives CP

it does not predict the amount of protein which wil actually be degraded in the rumen

been made in this study to calculate

-

the following equation (@rskov' .

(cffective degradability). Thus, further attempts hav

effective degradability of DM (EDDM) and CP (EDCP
&

and McDonald 1979) . ' I

.. (-‘,’;ﬁ ;

EDDM or EDCP = a+ ((bxk)/(k+r1))
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where 1 is the estimated rate of outflow from the rumen.

Data were subjected to analysis of variance. Period effects were x‘10l significant
(P>0.05); therefore, treatments were tested for significance against animal x test protein.
When F vélucs were significant (P<0.05), trcatment mecans were compared at probabil‘ily

_ o
" level of 0.05 usiné Student- Newman-Keuls gsle(fheel and Torrie 1960). Estimated effective
degradability of DM and effective degradability of CP f(;r CM16.5, CM19 and SBM16.5 and

SBM19 were subject to analysis via orthogonal contrasts in order to evaluate within protein

differences (Steele and Torrie 1960).

C. RESULTS AND DISCUSSION

~

Dry Matter and Crude Protein Disappearance from Protein

Sources. » Dry matter and CP disappearance values of protein source as a
function of ruminal incubation time are summarized in table 2. Dry h;atter disappcarancc" bf
- MBM in heifers fed MBMI16.5 ‘was lower (P<0.05) than D;M disappearance from all other
protein sources. Soybean meal samples in SBM16.5 tended to have a higher DM disappﬂcarancc
than CM samplés in CM16.5, with significance (P<0.05) at 0, 1 and 24-h. Results were
'similar for SBM samples in SBMi9 which had higher (P<0.05) degradability at 1, 12 and
24-h than CM samples in CM19. Dry matter disappearance of l;arley ‘samplcs in Bl4 was
consistently higher than all other diets. Within protein source at differing CP levels (CM16.5
vs CMI19 and SBMI16.5 vs SBM19) a consistent trend of increasimg DM disappearance, at
higher protein levels, was. noted; SBM19 being greater than SBM16.5 gP<0.0§t) al 24-h.
Disappearance of CP in SBM16.5 and CP"in MBM16.5 was less (PZU057 than
observed ‘for other test samples. Soybean‘mealL in SBM}6.5 tended to be less degradable than
MBM in MBM16.5 at ez{rly incubation u'me;. Within protein source at different CP lcvcls’
(CM16.5 vs CMI;.S and SBM16.5 vs SBMf9) there was a consistent trend for increased _CP .
disappearance at Hiéher protein levels. While not significant, CP disappear;ncc of CM in

CM19 tended to be higher than in- CM16.5. Crude protein disappearance of SBM in SiBM'19

.
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was greater (P<<0.05) than SBM in SBMI16.5, at 12 and 24-h and tended to be-higher at all
other ;imcs considered. In contrast to results observed for DM, CP disappearance from CM
was consistently higher than SBM: Crude protein disappcarance of barley in Bl4 was not
different from cither of the CM-based dicts. |

-

“Evaluation of the DM and CP disappearance data for thé¢ protein source shows that
the initial 0-h wash did not appear to gcncralé major differences, but after 1-h of incubation
cach of the test feeds differed (P<0.05). Weakley et al. (1983) suggest that the major

: -
differences in disappearance rates from nylon bags due o particle size would be established in

the first hour. Qur data support this conclusion. g

~ ‘ Within protein sources, DM and Ci’ losses were similar I.O other data (Ha and
Kennelly 1984; Vik-Mo and Lindberg, 1985). Dry matter and Ci’ disappcarz;ncé carves for all
protein sources were similar though distinct’ in shape (figures 11} and 11.2). Visual appraisal
of the DM disappearance curves suggés[s that for MBM, DM disappearar;ce is relatively
constant; barley is highl.y curvilinear; and CM and SBM (at both protein levels) are
mntermediate. Crude protein disappearance curves were less distinct, particularly at early
incubation times. Meat and bone meal was lowest at later incubation times, CM and SBM
dicts (at both protein levels) were intermediate, and barley was highest. These estimates are in
agreement with previously reported disappearance curves for barley and SBM (Vik-Mo and

l,indbcrg’1985), MBM (Loerch et al. 1983) and CM (Ha and Kennelly 1984).

. Dry Mauer and CP Disappearance of Total Diets. _ Dry matter

and CP disappca;ancc vatues of total diet as a function o.f fuminal incubation time are
summarized in table [1.3. With the exception of lower (P<é).05) DM disappearance of
MBM16.5 at 12-h', DM disapPearance of total diets were not affectéd-by source or level of
dietary C;’_. |

ISiffcrcnccs in CP disappearance for toial diets foll;wed those seen when protein

sources were incubated (Table 11.3). Diets did not show any differences in CP disappearance

~at 1, 9 and 15-h. Interestingly, SBM1\6.5 was lowest in dcgradabilirt"y\ai'ali times except 0 and
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24 h Within protemn sources at ddferent dictary evels (CM16 5 vo CMIY and SHMIG S v
SBM19) samples mthe Inpher protem diets tended (o be mote degradable

Dy matter and CP disappearance cutves were relatively  indistunguishable when
samples of the vanous total dicts were studied . Differences m amtal (0 h) wash weie
observed only between MBMIT6 S and SHBM19 s

Effective Degradabiluy of DM and P for Protetn
Sources. Fticcuve degradatnlities of DM and CP for the ;;mmn Sourees
studied are summanzed i table 1T 4 Mceat and bone mceal in MBM16 5 had a lower (P <20 05)
soltible DM fraction (patameter a) than all other protein sources. The soluble N fraction
(paramcter a) for MBM 1in MBMI16 S was equrvalent to that obscrved for SBM i SBMIo S
and SBMI19. higher than barley v B4, and lower than CM in CM16.5 and CMI19  The
potentially degradable fiaction tor both DM and CP (sum of paramcters a + b) was least
(P<005) tor MBM. i MBMIG S and greatest for SBM in SBMI6.S and SBMI1Y. The
fracuonal rate constant (h) of both DM and Eyvuus mtermediate for MBM 1in MBM16.5 and
least tor CM- and SBM-based dicts. Elfective degradability of dry matter was lower
(P<0405) for MBM in MBMl(l‘,S than for the other protein sources. The rapidlv degradable

-

N fracuon (a) was higher for CM than SBM at both 16.5 and 19% CP levels (15.6 vs 15.5
4

I

and 22.2 vs 14.2, respectively ). %hc sum of the fractions a and b)atﬂ'}‘rcalcr than 100%. It

has been suggested that large b values may be due to disproportionate disappearance of CP at
34—h (Ha and® Kennelly 1984). Effective degradability of CP for CM and SBM tended to
increase when percent protein in the diet increased (63.2, CM16.5_v:‘72.0_ CMI19 and 60.2,
SBMI6.5 vs 64 .4, SBM19). Analyses of the CM and SBM results, via orthogona! contrasts
(Steele and Torrie 1960)). show an increase (P<0.05) in effectiVe degsadability of CP for
CMI19 when compared (0 CM16.5. Recent work suggests that SBM may exhibit an adaptive
interaction to the occurrchce of SBM (Vik-Mo and Lindberg 1985) and other protein sourécs

(Loerch et al. 1983) in (he basal diet. Although result€ obtained in this experiment were not

always significant, therc was a definite tregg for increased effective degradability of CP of the



protemn soutce as CPevel i the diet ncreased Barno ot al. (1985) has suggested that thas
cffect may be turther confounded by the tatio of concentrate 1o forage in the basal diet,
however | ithis should have lll{l(‘ consequence m practical feeding situations for high producing
datiy cows

Fifecuve CP odevradabiity values indicate that MBM 1o MBMI16 S was most resistant
1o mnciobial attack  Tow rumnal degradabiliy values for MBM have been reported
extensively 1 the hteratuie (Stock et al 1981 Orshov 1982, Barno et al 1985) . Stock et al.
(1981) correlated low and vanable degradabilities for MBM with high aad detergent insoluble

.
N (ADIN) values, suggestung the protemn may be damaged ot msoluble (c.g keratin). In this
cvpenment. ADIN values for MBM were so low as to be virtually nondetectable Effective
< .
depradabihinn of CP of MBM appears not to be intluenced }‘:\ the occutrence of MBM n the
basal dict (Tocrch et gl 1983) o1 by torage concentrate r;mu\( Barno ot al. 1989)

b tfective Degradability of DM and CP of Total Diets. 'I'hc\ )
nonhnear patameters for effectuve degradability of DM and cffectve dcgmdabilxl'}' of CP for
total * et are summarnized in la‘hlc 115, Effecuve degradability of DM and effective
degradabihiy of CP oot the diet were influenced by the soufce of supplemental prolcm‘_
particularhy - for MBM{ and SB;\d dicts.  Effective degradabibty of DM and effective
degradabihiv: of CP ovalues for MBM16.S were lower (P<0.05) than all other diets. The
cffective depradabihiv of DM rate constant (k) (f)r Bl14 was (P<0.05) higher than other
dicts There were no differences among dicts for a amd b. Effective degradability of DM and
effecuve degradability of CP values obtained in this study correlate well with published values
(Stern and Satter, 1984).

Fractional Qut flow Rates. Effective degradability of DM and
effecuive degradability of CP estimates were calculated assuming that protein sources would
not influence solid outflow rates from the rumen. Variation in particle size among protein

supplemuients in the diet may affect fractional®outflow rates. However, Eliman and Qrskov

(1985) found there were no difference between coarse (9.5 mm) and fine (1.5 mm) particles
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for SBM or hish mcal. Although many factors such as physiological status (Gonzales ¢t al

1985), environmental temperature (Kennedy et al. 1976) and frequency of feeding (Orskov

1982) can mfluence outllow rates from the rumen, different protein sources at the same level

of Teeding are not expected to change outllow rates to any extent (Orskow 1982) 1t has been
suggested that within a given expenment, ranking of protem sources should not change at

vanous fra®@ional outflow rates (ARC 1984) . Fftecuve degradability of CP values for the
W
protein soutce studred at five fracuonal outfiow rates are in table 1.6, Protem degradability

vatlues, paruicularly SBM (165 and 19). were affected by Y outflow rates.  Fffective
degradability of CP ‘ranks (M n CM16.5 lower than SBM 1o SBM16.S at 04 h ' outflow
while at .07 h' the ranking was reversed. Between 04 h ' and 06 h ' effective degradability
of CP of both SBM dicts changed by approxmately 10 units while CM16 S changes- by
approaymately 7 untts. Effective degradability of CP values at fractional outflow rates used in

this caxperiment are in agrecment with ARC (1989).

A

D. GENERAL DISCUSSION

Mcat and bone meal, although not a traditional ingredient in dairy cattle dicts, was
t

considered 1n this study because it is a good source of -DP and furthermore the method of

T d
processing used resulted in low acid detergent insoluble N (ADIN) levels. There were no

palatability problems in the feeding of this product. Research by Craig and Broderick (1984)
. N -

suggests that MBM may actually have an improved essential amino acid profile after microbial

attack in the rumen. In vitro studies indicate that a disproportionate release of nonessential
amino acids during ruminal degradation results 1/0 an enhanced profile of essential amino acids

moving to the small intestine. If properly prog:ssed, then. MBM may be an effgctive source

of UDP for dairy cattle.

.~

v Ruminal protein degradability is a function of the protcol;'tic activity of the diet in’
question. It has been suggested (McAllan and Smith 1983) that as cellulolytic bacteria are

partially dependent on a supply of preformed amino acids and peptides, degradable fractions

-



1%

ol protem sources that pmwd‘c appropriate substiates would cvoke a stronger bacterial
response  The sesult as suggested by Barnio et al. (1985) 15 that as dictary parameters are
- b)
changed the difterences are not due 1o chemical charactenistics of the substrate in question but
rather to shifts i microbial acuvites. The result may be an adaptive dietary influence on
ruminal pl()llcm degradabihity (Locrch et al. 1983). Vik-Mo and Lindberg (1985) suggest that
mcreases moproten level m the basal diet (15 vs 25%) induce an»'incrcasc in ruminal protcin
degradabihty . lx\(hc study reported herein, protein degradability tended to increase with
imcreasmg protem level in the “dict. However, this effect was not consistent acros§ protein
sources or rumal incubation sime.

It 1s very difficult to obtain absolute degradability values for protein source sources or
total dict {Stern and Satter 1984) . 11 ts more realistic therefore. to determine relative RDP and

. ; ’ .

UDP values. These values rank protein sources and didts relative to one another under specific
feeding condivons In this experiment, assuming a fractional outflow rate of .05 h ' MBM CP
was least degradable, SBM was mtermediate and CM had highest effective degradability of S}.’/
valuc. These results are valid both for the 1r]dividual protein sources and the total diets.

In situ CP degradability values will be affected by the characternstics of the feed in
question, expenimental technique  (Setala 1983) and the occurrence of other dietary
components (I oerch et al. 1983). In order to 'accuralely evaluate the UDP and RDP fractions

of available protein sources, the degradability values should be deggrmined under similar

physiological and feeding conditions to which theLare to be applied.
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HI INFLUENCE OF SUPPLEMENTAL PROTEIN SOURCE AND PROTEIN

CONCENTRATION ON RUMINAL AND INTESTINAL DIGESTION .

A INTRODUCTION

Kecognition of mheient deficaencies i protemn sysfems based on crude protein (CP)
and dipestible CP (DCP) | speaihically (T_l.\l dicts contamunyg the same amount of CP o1 l)(l\P
will not necessantdy support the same level of productivity - has resulted in the development of
several new rummant protem fecdig systems (Van Soest et gy 19820 ARC, 1989, NRC 1985).
Formulation of dicts for rumiunants using the new systems dictates that sufficient rumen
depradable protemn (RDP) g8 available to optuinnse mucrobial fermentation g, the rumen. and
that additional protam s supphed e the fonm ol rumen undegradable protein (UDP) n
sttuations where micreobial protem svnthestss i not sufhicent to meet the protem requiresents
of the ammal . Bitective dict tormulattion then, s hughly dependent on accurate estimation of
UDE nuctobial nittogen (N) svnthesis, and subsequent otal protein supply to and digestion

-~
.onn
4

and absorpuion an, the small intesunc. e
A /

1\‘
. ' !: .
Rumen protemn degradabihty values are commonly dqzcmnnf:d cither by the In situ

nvion bay techmque (Orshov and McDonald 1979) o1 from in vivo measurements using
duodenalhy cannulated ammals Fstmates of degradability obtained using the 1o situ nylon bag
techiique can be wfluenced by factors such as pore size, surface arcwa_ Incutation ume and
”W\-t.]» size of gnnder screen (Mcever and Mackie 1986, Setala 19}5‘3), while in vivo estimates are
subjeet to error from assumptions regarding the amount of endogenougs N entering the small
wtestine (Fgan et al 1984)  vanabiiity in parucle marker techniques (Santos et al. 1984) . and
crrors  assocuated with unrepresentative duodenal  samples  (Rgbison.,  personal
u)mnmmc;mon>A Although the correlation between in situ and tn vivo values can be relatively
poor_,‘mc,\ bqth tend to rank protein sources in the same order (Lindberg 1983; Madsen and

W

Hvelpund 1985)

‘This chapter has been submutted fa® publicaton 1n J. Anim. Sci.

3
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A vanicty ol protem soutces have been evaluated 1o deternune theu tesistance to
"

tuminal microbial attack and the resulting amount of protemn available 1o, and digested 1 the
small mtestine (Zainn ot al, 1981, Locteh ot al 19834, Santos ¢t al. 1984, (;.’!‘I‘I(‘l ct al. 1987)
Several factors can ntluence rummal deyradation rate and rununal outftow of proten to the
small mtestine. Among these are hormonal anfluences (Gonzales ¢t al 1985) . level of feed
mtahe (Robinson et al. 1985, Madsen 1986) . gndAl x;qu;‘m’y of feeding (Tamnunga ct al,
1479) Further, prowein concentiation has been shown o mfluence ruminal degradabiiiy of
protein sources - some expeniments (Vih-Mo and Lindberg 1985 Madsen 1986; Kirkpatrick
and Kennellv 1987) but not i others (Murphy and Kennelly 1987)

Although meat and‘ bone meal (MBM) 1s not a traditional gredient in the diet of
tummant anmumals, 1t s of considerable interest because of ats low ruminal degradability (10 to
%) 1 vitto (ARC 1989) and m vivo (Zinn ¢t al 1981, Locich ¢t al. 1983b). However,
gm&(h tnals with cattle and lambs (Stock et al. 1981) ‘demonstrated that the quality of MBM
can vary considerably This mav result from the current processing technique of (vat-drying)
which involves heating via sgeel pipes. where prolonged exposure to high temperatures can
occur . Research by Craig and Broderick (1984) suggests that the essential amino acid profile
of MBM reaching the small intestine may actually be enhanced after microbial attack in the
rumen due to a disproportionate release of nonessenual amino acids during ruminal
degradation. If properly processed, then, MBM can be a good source of UDP for dairy cattle.

The objectives of this Sluay were to examine the effect of protein source, (canola
meal, soybean meal and meat and bone meal) and protein system formulation (CP and/or

UDP) on supply of drv matter (DM) and CP to the small intestine of-dairy heifers. .

B. MATERIALS AND METHODS
Six pregnant Holstein Freisian heifers (300 to 350 kg body weight) were assigned to
six dictary treatments in a 6 x 6 Latin square. soft rumen cannula (Bar diamond Inc,, Parma,

Idaho) and a T-type duodenal cannula (2.5-cm i.d.) in the proximal duodenum 5-10 cm



0

distal o the pylorus. Distance from the pylorus was confirmed via endoscopic examunation
Fapenmental  diets were based on xhwptx‘d brome alfalta hav and batley  (control)
supplemented with canola meal (M), .xoyt(){"an meal (SBM) o1 meat and bone meal (MBM)
Ihets (Table HE 1) were desipned to compare these tour protem sources in addition to €M
and SBM at two dictary pm(cn? levels  The sioconcentiate miatures wege: barley 14% P
(Bl14). batlev/CM 16 5% CP (CM16.9). h;ul'by/SBM 16 5% CP (SBMI16.5), barley/MBM
16 5% CP (MBMILGS), Baitley/CM 19% CP (CM19) and barley/SBM 19% CP (SBM19). Dicts
CMI1I6.5 SBMI16 S and MBMI6 S were equivalent on a CP basis, whereds on a calculated UDP
cquvalent basts (ARC 19585) MBMI() 5. CMI19 and SBMI19 were sumilar. Heifers were fed a

SOCOM0 hay concentrate mua by automated feeders in 12 equal amounts cach day, at 2 h

intervals )
N ’ N . €

Digesta flow rate was calculated  using dvsprostum (Dv) and  cobalt (Co)  as
Colalt cthvlenediamenctetuaaccue aad (Co FDTA). The preparation of markers was  as
outhned by Kennelly et al (1950) and Kennelly et al (1982) . Markers were incorporated into
S kg subsamples of the total dict. Five grams of marker min was included with cach of the

*

twelve dady feeds in order to mummize vanation i marker concentration.

Anmimals were confined to metabolic crates during the 7 d adjustment, 7 d total fecal
collechion and 3 4 digesta collection period with a minimum of a 7 d rest pentod 1in bedded |

v
pens, between cach Laun square peniod. The 12 fimes daily feeding protocol (including
marker miny) was mantained dunng the rest period in pents. Antmals had continuous access 10
water and salt
dq

Fecal samiples were collected once daily in plastic pans, weighed and an aliquort of
total feces was dnied ina forced -air oven at 65°C for 48 h. Upon compietion of each period,
saiples were pooled on a per animal basis and stored for later analysis. Approximately 200
ml. rumen, and 200 ml. duodenal digesta were obtained through the cannula 3 x/d (30, 60

A3

and 90 min after feeding) on each of the last 3 d of each experimental period. Rumen samples

were strained through 4-lavers of cheesecloth, pH was measured using a general-purpose
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clectrode . and samples W(‘l’.(‘ immediately stored at =20 C Portons of digesta samples taken
from the duodenum weie sttamed through nyvlon gauze. with aperatures about 100 2 200 um.
as outhned by Farchoey (197%) and filtrate was frozen Both total digesta and filtrate were
Ivsophilized pnior to determmation of Dy and cobalt (Co) concentration by neutron activation
analysis The sample preparation and analytical conditions were the same as those reported by
Kenncellv et al (1980; 1982) Amn}nnia m rumen and duodenal samples were measured using
an ammoma clectrode (HNU Systems, Inc., Newton., MA). Dry matter, organic matter

(OM)and total nitrogen (N) were determined as outhined by AOAC (1980). Digesta flow
¢ .

rates were calculated from the concentrations of Dy and Co in dicts, digesta and digesta
filtrate using dual marker techniques (Faichnev. 1975) . Nudeic acids were extracied by the
method of Zinn and Owen (1986) for microbial N determinanon,

All data collected were analysed using analyses of vaniance procedures with trcatment,

- \

ammal  and  penod  as factors. Treatment  means  were  compared  using  the

o

Student- Newman -Keuls test when treatment effect was significant (Steel and Torrie 1980) .

C. RESULTS AND DISCUSSION

All diets were readilv consumed and feed refusal w.a'.s rarc. Zinn et al. (198N reported
reduced feed intake in animals fed dicts containing MBM from a variety of sou“lrccs and
processing conditions. The processing method used By Zinn et al. (1981) was a val-dr'ying
system 'wherc contact of MBM with heated steel pipes can cause heal damage which may
reduce palatability. In contrast, the MBM used in this experiment was proccssc%by boiling in
oil. This process results in more uniform hc;al distribution such that the MBM product is less
likely to suffer heat damage.

Diets were formulated using barley, a readily fermentable carbohydrate source, so ;hal_
enefgy availability was unlikely to be a limiting factor for ruminal microbial growth. Total
vc.)'latile fatty acid (VFA) concentrations were not aff ected by protein source or concentration

[ ]

(Table I11.2), although diets containing SBM ,tended to have the highest total VFA



concentiations. Acetic aad levels were significantly lower (P<.05) for MBMI16 5 and-lhc M
diets (('M](» SO OUMIY) . Ammals Ted MBMI6.5 had S/lgrli[i(‘allll)' l()w\g_xv\(\}’\’.(?\) propionate
concentrations than SBM16.S and SBMI19. Isobutyric cor;/ccnlralions were highest (P<.05) for
SBM based dicts and (M19_ and Jowest for Bl4. Animals fed the SBM diets had higher
(P < 05) 1sovalene concentrationy than all other dicts. Santos ct al. (l‘)?ié}) reported similar
results for dicts supplemented with SBM. Siiznil’iuml differences in ruminal branched chain
VEA concentrations for the SBM dicts suggest an cnhanced breakdown of valine and leucine.

Ruminal ammonia (NH,) levels were affected by &)(h level and source of protein in
the diet (Table 111.2). Ammals fed diet B14 had significantly (P<.05) lower NH, levels than
those Ted other dicts, while diets containing 16.5% CP (CM16.5, SBMI16.5 and MBM16.5) had
similar levels. Rumn*xl NH, levels for t;olh the CMI19 and SBM19 diets were significantly =
(P~2.05) different I£a>m cach other and from all other diets. Recent work by Odle and
Schaefler (1987) suggests that a portion of the variation in estimates for optimal NH,
concentrations (Satter and Shvter (1974) - 3.5 mmol Ni_i,~N/l vs Mehrez et al. (1977) - 14
mmol NH,-N/1) may be due 1o the type of degradable substrate fed. Ammonia concentration
required 1o achieve maximal rates of rununal degradation of barley DM were 7.8 mmol/L. in
contrast to 44 mmol/l for corn¥Further, Smith and Oldham (1983) have suggested that
bacteria may utihize diffzrent pathways o ammonia assimilation ie. passive diffusion vs active
transport, to i\untain cellular ammonia concentrations. Although NH, levels varied between
diets, NH, concentrations weic 1 the optimal range for all diets (Odle and Schaeffer 1987).
Protein level and source had no effect on rumen pH values which were optimal (6.1 10 6.3)
tor rumen proteolvsis anfd dcaminatiomaecording to Lewis and Emery (1962).

Duodenai pH values ranged from 2.5 to 2.8 and were within the range expected for
samples taken from the proxinial duodenum (Czerkawski 1986). Endoscopic examination
revealed that cannulae were located ‘within L’O cm of the pyloric sphincter 1 5 of the 6
animals. In ‘the sixth animal the cannula was located approximately 18 - 20 ¢m from the

pyloric spincter. Periodic endoscopic examination of the intestine indicated that the intestine
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surrounding-the cannula was healthy with no visible pouching.

Feed DM intake was maintained at a constant level o-vcr the course of* the experiment.
However, due to_substantial increases in body weight during the course of the experiment DM
intake, as a % of body weight, decreased from approximately 2 4% al\thc beginning to 1.9% at
the end of the experiment. Total duodenal DM flows for heifers (Table 111.3) fed Bl4 were
lower than for all other diets, with the exception of SBM16.5. Ruminal digestibility of dict
DM, intestinal DM digestiblity and apparent fecal DM digestibility were not (P> .05)
influenced by diet.

Organic matter intake of MBM16.5 was significantly (P<.05) lower than all other
dicts due to the lower OM of the MBM produg. Protein concentration and source influenced
(P<.05) OM digcslibilily' (Table 111.4). Ruminal digestibility of OM was highcsi (P<.05) for
Bl4 and lowest (P<.05) }or MBMI16.5. These results are similar (o corrlparisons made by
Zinn ¢t al. (1981) between SBM and MBM diets. All other diets had similar ruminal OM
digestibilities. Intestinal digesu’bilily of diet OM was not (P>'.05) affccl\éog protein level or
source. Total tract OM digestibility of MBM16.5 was significantly (P<.05) lower than SBM19
while all other diets did not differ.

Total N flow to the duodenum was affected by protein concentration an(’i“ source
(Table 111.5) with values for Bl4 being lower (P<.65) than that for all other diet3. Animals
fed SBM19 had highest duodenal total N flows with differences being higher (‘f(.OS) than
observed for Bl4, CM16.5 and SBM16.5. Values for MBM16.5 were similar to CM19 but
differed (P<GS) from 314. Results suggest that the formulation of these diets (MBM16.5,
CM19—ahd SBM19) on a UDP equivalent basis was effective iﬁ promoting similar flows-of
rumen escape N.to the small intestine.

Flow of non-ammoﬁia-nitrogen {NAN) tc; the duodenum (Table II1.5) was lower
than N intake for all diets. It has ‘been observed (Loerch et al. 1983b; Santos et al. 1984;,

Garret et al. 1987) that NAN flow to the duodenim from diets containing less than 17% CP

(DM basis) are often, though not always, greater than N intakes. It i_s'suggcsled that this
? :

i
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may be due to the cfficient utilization of dietary N and recycled urea for microbial growth
(M’LAllan ct al. 1986) Duodenal N flow for all diets was slightly less than N intake. Zinn ct
al. (1981) obscrved that in dicts containing greater than 17% CP duodenal N flows were less
‘than N intake. Duodenal NH, flow foy SBM19 was greater (P <.05) than for CM19 while all
other dicts had signifigantly lower flow rates than CMI19. T_hcsc results reflect rumen
ammonia levels fo®the various diets. Microbial N flow 10 the duodenum (Table I11.5) was not
(P> .05) affected by dict, protein source or protein level. Increasing total dietary-N,
assuming cnergy is not a limiting factor. should increase microbial protein synthesis. In ‘this
cxperiment the cfficiency of microbial N convcrsifm decreased as protein level in the diet
increased.

Estimates of dietary escape N (Table I11.5) as a pcrgcnl of intake were determined as
the diﬂ'cr’cncc between duodenal NAN flow and microbial N flow. The resulting estimates are
for the entire diet, as opposed to individual feedstuffs, and as corrections for endogenous -
protein were not made, final mcasuremcms;' represent apparent degradation or apparent N
escape. Values for escape N ranged from 29;‘1 1o 40.6%. The MBM16.5 diet was most resistant
to rumen degradation with’a,highcr proportion of N reaching the small intestine than the Bl4,
CMI16.5 and SBM16.5 diets. Values for escape N obtained for the MBM16.5 diet are similar to
those reported by Zinn et al. (1981), for steers at similar levels of intake while values for the
wCM and SBM diets were similar to those reporied by Ha and Kennelly (1984). Rumen
undegradable protein values obtained for these diets using the in silu*‘nylon bag technique
(Kirkpatrick and Kennclly 1987) were 29.1, 28.6, 3‘2.3, 35.0, 28.0, and 27.2 for B14, CM16.5,
SBM16.5, MBM16.5, CM19 and SBM19, respectively. Both techniques ranked the MBM16.5
diet as least degradable in the rumen and highest in percentage of escape N. However, in ¢itu
cstimates showed increased (P<.05) N escape as protein cohtent in the diet inc.reascd -;{ile

the reverse was wue for the in vivo technique. Madsen, (1985) comparing two levels of SBM
intake observed a decline in percent escape N with increasing dietary N concentrations for

both in situ and in vivo techniques. Results for CM at two dietary CP levels were similar for

\
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both techniques. The ranking for the basal diet ;vas higher using the in vivo vlcchniqucA
I;lslimalcs of acl.ual feed N cscapc.may bc\ influenced by level of feed intake and feeding
frequency. Tamminga ct al. (1979) obscrye that in animals fed twice daily, degradation of
dictary protein was lower at higher levels of feed intake. This was attributed to an increased
ratc of passage through the forestomachs. Further, Q{\/‘efﬁcicncy of microbial protcin
synl-hcsis was not affected by level of feed intake. MaQscn (1985) evaluated SBM, cotton seed
meal, grass pellets and fish meal at two levels of intake. While degradability of SBM was
lower at higher ]cveks_of intake, the opposite was true for all other supplcmcn{ls_ Tamminga
(1981) reported that frequent feeding (6x/d vs 2x/d) decreased the proporli‘on of feed N
escaping degradation in the rumen. However this may be offset by a mort efficient microbial

protein synthesis in the rumen.

Microbial N synthesized/kg OM apparently digested in the rumen ranged frag 20.3 to

30.7. These values are similar to those obtained by Veira et al. (1980) and Zinn et al. (198
for cattle f‘e% May and concentrate diets. Garret et al. (1987) fed isonitrogcr;ous straw diets
with low rumen degradability to steers. Their results suggest that while fecding, of highly
resistant dietary N sources will increase escapej dietary N, microbial growth may be
depressed due to reduced N availability in the rumen. The MBM supplement used in this
experiment may also have this effect under feeding conditions where RDP is in limited supply.
However, on the basis of ARC (1985) requirements RDP was no; limiting,.

The nucleic acid:total N ratio technique (Zinn and Owens 1986) was used to estimate
microbial N. This technique takes into éccount protozoal N which can be considerable under
éome feeding conditions (Harrison et al. 1979). Further, since the nucleic acid N:total N ratio , .
technique includes both RNA and DNA it should be more constant than tt-xe RNA:N ratio
technique. !

Apparent ruminal digestibility of diet N tended to be influenced by both protein
concentration and source. Nitrogen digestibility in the rumen decreased as protein level
increased for the two S\RM diets (SBM16.5’and ‘SBM19) while the CM diets were, unaffected.

. . - .

N, T 3

3
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H:r(hcr l‘(hc apparcnt ruminal digestibihity of diet N for the MBMI16.5 diet tended 10 be lower
than the Bl4 diet and both 16.5% CP dicts (CM16.5 and SBM16.5). These results are in
agreement with Garret et al. (1987) who found that ruminal digestibility of diet N tended to
decrease as r{minal degradability of the protein supplement increased.

Apparcn‘: intestinal N digestibility was affected by both protein concentration and
source . Intestinal N disappearance was significantly (P<.05) greater for SBM19 than all other
dicts with the exception of MBM16.5. The apparent intestinal N digestibility for the MBM16.5
dict was significantly greater (P<C.05) than B14 though it was similar to all others. The high
intestinal N disappcarance of the MBM16.5 dict reflects the absence of heat damage witthjlhe
processing techniques used in the preparation of MBM.

Apparent fecal N digestibility was affected by both protein concentration and source,
with diets B14 and MBM16.5 tring significantly (P<.05) lower than all other dicts. Both the
19% CP diects had signiﬁcanlly (P<.05) higher apparent fecal N digcslibili?y than the 16.5%
CP diets. Although ruminal digestibility of diel\) N was depressed for both the 19% CP diets
and for MBMIGZS, this depression was compensated for by enhanced intestinal digestibility.

A comparison based on predictive (ARC 1985; NRC, 1985) estimates and actual
calculation (in situ and in vivo) of dietary RDP and UDP are presented in Table 1I1.6. There
are scveral potential reasons for the disagreement be[w‘éen in situ and in vivo estimates. In
situ degradability estimates are influenced by diet, protein source and energy level (Loerch et
al. 1983a;: Madsen and Hvelplund 1986) and pH (Loerch et al. 1983a). Further, Madsen and
Hvelplund (1986) found the differences were confounded for vegetable pi‘otein sources but
not for fish meal protein sourscs. Comparison of in situ vs in vivo estimates of UDP (Table
111.6) indicate that the in vivo technique resulted in a higher estimate for the vegetable protein
diets and a lower estimate for the MBM diet. Theoretically, the new protein feeding systems
provide a more accurate prediction of the- protein supﬁ]y to thé small intestine, and thus

- ‘ ]

improved prediction of animal performance. However, actual performance data which

supports the UDP and RDP recommendations of the various feeding systems is lackihg. In



3

gcncrall high producing animals respond 10 increased levels of UDP (Murphy and Kennelly
»

1987) in the dict, however the absolute levels which a&c required for specific production levels
o
_is far from being clearly defined.

In conclusion. the results suggest that when dicts are formulated on the basis of RDP
and UDP the prediction of animal performance is likely 1o be more accurate than when diets

are formulated on the basis of CP. Further, concentrations of RDP and UDP pr?)vidc a more
1

i
v

accurate description of protein quality of feedstuffs than CP or DCP. .
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1V THE MOBILE NYLON BAG TECHNIQUE AS A PREDICTOR OF THE NUTRITIVE

VALUE OF FEEDSTUFFS FOR DAIRY CATTLE *.

-
A INTRODUCTION

The concentration of rumen degradable protein (RIDP) and of undegraded dietary
protein (UDP) in ruminant feedstuffs more accurately reflects protein quality in ruminant
feedstuffs than does crude protein (("l’) content (Agricultural Rescarch Council {ARC)
1985). In high producing dairy cows, microbial protein synthesis from RDP is generally not
sufficient to meet the protein needs of these animals. Under these circumstances, microbial
protcin supply to the intestine must be augmented by substantial quantities of UIDP. Extensive
rescarch has been completed on protein degradability in the rumen (ARC 1985, National
Research Council (NRC) .1985); however, there are very few reports (Rooke et al. 1981) on
the digestion of the UDP fraction in the small intestine. Intestinal digestion of UDP is &n
essential prerequisite to the utilization of UDP by the animal. Protein wplch has been
rendered unavailable in the rumen through heat damage or chemical trealmerit, and protein
sources which tend to have naturally low availability (eg. feather meal) can be excellent
sources of UDP. However, if the UDP is indigestible in ihe intestine it will not contribute to
the protein needs of the animal. The research presented here, previously published in abstract
form (Kirkpatrick and Kennelly 1984) describes a modified or x%;bile nylon bag (MNB)
technique for estimating intestinal digestibility of UDP. qu lcchﬁiquc is a modification of
that first described for use in swine by Sauer et al. (1983).

)

B. MATERIALS AND METHODS
Ammals and feeding

Six pregnant Holstein heifers, 325 + 25 kg body weight were assigneq ina6x 6 Latin

square design, to six dietary treatments. Each heifer was equipped with urine diversion

‘This chapter has been conditionally accepted ‘yr publication in thé Can. J. Anim.
Sci.
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hamcsscs and fitted with a 10-cm (1.d.) soft rumcn.cannula {Bar diamond Inc., Parma,
ldaho) and a T-type duodenal cannula (2.5-¢m 1.d.) in the proximal duodenum 5-10 c¢m
distal 1o the pylorus. Distance from the pylorus was confirmed via endoscopic examination.
Further, periodic endoscopic examination of the intestine indicated that the intestine
surrounding the cannula was hcalih)t with no visible pouching thus ensuring that bags would
not be held in the cannula opening. Experimental dicts weré based on chopped brome alfalfa
hay and barley (control) supplemented with canola meal (CM). soybean mecal (SBM) or meat
and bone meal (MBM). Diets (Table IV.1) were designed to compare these four protein
sources in addiuon to CM and SBM at two dietary protein levels. The six concentrate mixtures
were:  barley 14%1:CP (B14), barley/CM 16.5% CP (CM16.5), barley/SBM 16.5% CP
(SBM16.5). barley/MBM 16.5% CP (MBMI16.5). é:rley/(‘M 19% CP (CMI19) and
barley/SBM 19% CP (SBM19) .. Diets CM16.5, SBM16.5 and MBMI16.5 werc equivalent on a
CP basis, whereas on a calculated UDP equivalent basis (ARC 1985) MBM16.5, CM19 and
SBM19 were similar. Heifers were fed 8.5 kg of a complete diet consisling of a 50:50 hay
concentrate mix by automated feeders, in 12 equal amounts each day, at 2 hr intervals.

All feeds were obtained commercially and ground though a 2-mm screen prior to
being placed in nylon bags.. The MBM product was commercially processed by vat drying
(boiling in oil) at 250°C, rather than the more common process of heating in steel pipes.
Nylon bag evaluation of protein sources (PS) and total diets (TD) was only carried out in
animals fed that PS or TD. For example, CM PS was evaluated in animals fed CM16.5 and

CM19.
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Nylon Bags

Bags. measvang 3.5 x 5.5 cm, were made of nylon cloth (B and Sﬂ Thompson and
Co. lLad., Montreal) with a mesh size of 48um (which was confirmed by microscopic
exanunation). Approximately 2.0 g (air dry) of the PS or 1.5 g of the TD) being evaluated,
were placed i each nylon bag which was heat scaléd (Audion Impulse Scaler, Audion Electro,
Packing Aids Company, 469 Bryant Strect, P.O. Box 7723, San Yrancisco, Ca, 94107). Bags
were tnmmed and the corners rounded, to avoid damage to the small intestine.
Rumen and pepsin HCI incubation

.

Ten bags per test feed per animal (10 samples for cach of 6 animals =60 bags per test
fred) were attached to the inside of nylon stockings and incubated in lhg; rumen for 15 h.
Previous work by:Kirkpalrick and Kennelly (1987) with the same diets determined that
ruminal digestion of CP and DM from standard nylon bags was virtually complete after 15 h.
Up_})n removal from the rumen, the bags were incubated m a pepsin HCl solution (1 g
pc;mn/l, (LIN-HC), (Sauer et al. 1983) adjusted to pH 2, at 37.5°C for 3 h with constant
stirring. After both rumen and pepsin HCI digestion one bag from each sct was retained for
DM and CP analysis.
Inlm'"{znal insertion and recovery of bags in the feces

After pcpsin-HCl digestion, all bags were put on ice and kept refrigerated at 3°C. Bags
(6 bags/test feed/animal) were introduced into the small intestine, via the duodenal cannula,
at the rate of 2 per 2 h, using curved tissue forceps. Up 1o 14 bags per animal per day were
inscrted into the intestine. The bags were recovered from the feces, wiped clean with a tissue
and dried in a forced air oven at 60°C for 48 h as described by Sauer et al. (1983).
The contents of each bag were subjecléd to Kjeldahl nitrogen (N) analysis (AOAC

A

1930. method no. 7.015). The percent disappearances of CP and DM were calculated from the

proportion of the original'yeight remaining in the bags.
Data were subjfct to analysis of variance. Period effects were not significant

(P>0.05); therefore/treatments were tested for significance against animal x test protein. '
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'
. . g b
When F values were significant (P <0.05), treatment means were compared at a probability

level of 0.05 using Student-Newman-Keuls test (Steele and Torrie 1980).

C. RESULTS AND DISCUSSION ‘

The disappearance of CP from nylon bags after 15 h incubation in the rumen, 3 h
digestion in pepsin HCL and recovery in the feces, for the PS and TD, are in Tables 1V.2 and
1V 3 respectively. Although this is a sigpiﬁcamly higher weight to surface arca ratio than is
recommended (Setala 1983) for rumen incubation experiments, due to the high intestinal
disappearance of sample material seen in iwine experiments Sauer (pcrson'al communication)
reccommended a higher sample weight to bag size. Ruminal plus intestinal crude protein
disappearance rates for PS were about 10 units higher than observed for TD. Disappearance
values ranged from 79.1 to 92.9% for PS. whercas TI) disappearance values ranged from 65.6
1o 77.0."‘/’

The pH of abomasal contents in dairy cattle fed mixcd diets is slightly greater than pH
2 (Church 1976). The principle function of pepsin and HCI in protein digestion is indirect, as
together they expose peptide bonds within protein molecules. This improves access by
pancreatic enzymes and results in more effective protein digestion. Hvelplund (1985) found
significant changes in éP disappearance in the small intestine when fo;maldchyde treated SBM
was incubated with abomasal contents of different pH. Crude ‘prolein disappearance of

%
formaldehyde treated SBM was significantly lower than untreated SBM at all pH levels; CP

disappearance decfeased (0.75 to 0.54) as pH of abomasal contents increased from 2.21 to

3.22.
On the basis of intestinal CP disappearance data for protein sources in this
experiment, pepsin-HC1 incubation appears to have limited influence on the extent of CP

disappearance. This was confirmed by de Boer et al, (1987) who found that high CP

disappearance was achieved in the absence of pepsin-HCL.
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The effect of the pepsin-HCL appeared to be minimal at the higher protein levels
(CM19 and SBM19). Increased CP disappecarance in samples pre-incubated in the rumen after
pepsin-HCT incubation are likely due to the rinsing out of soluble CP. This is consistent with
Cherian (1985) and Sauer et al. (1‘98}) who found no immediate effects of pepsin-HCI
incubation on various protein sources. |

Dry matter disappearance values for protein sources (Table 1V.4) were considerably
less than those obtained for CP (Table 1V.2). Dry matter disappearance values for TD (Talble
IV.5), were low relative to-estimales obtained using total fecal collection. However, the
rélau’vcly high correlation (r= 86) observed suggested that the technique could be used to
rank feedstuffs. Subsequent experiments (de Boer et al. 1986a; de Boer et al. 1987) suggest
that the relatively low DM disappearance values observed in this study, could be attributed to

)

the mclhodsl‘uscd for suspension of nylon bags in the rumen (nylon stockings). cleaning
rather than washing of bags, and sample volume to nylon bag surface arca. Replacement of
nylon stockings as a method of rumen containment with a polyester mesh bag (mesr} size 3
mm), {(de Boer et al. 19%6a; dc‘ Bocrr et al. 19877, resulted in greater CP and DM
disappearance in the rumen. In addition, washing of bags (de Boer et al. 1986a; de Boer et al.
1987). in contrast to removal of adhering particulate matter, is probably a critical factor and
also rcsu.lled in achieving hj‘geslimales of CP and DM disappearance.

A comparison between the MNB technique and the ftraditional lotél fecal collection
method for the: determination of CP digestibility is shown in Table 1V.6. The MNB CP
digestibility results are consistent with the total fecal collection technique (r=.99) though
slightly lower. The regression equations. using the MNBT to predict apparent CP digestibility
and apparent DM digestibility are, CP:4.0?+.97(MNBT) and. DM =10.77+ .86(MNBT),
rcspcclivély. The reduced (mean=1.9%) CP digestibilities obtained using the MNB technique
may have been duc to losses incurred during final recovery of material from the bags. This is
consistent with results obtained by Saucr et al. (1983), who noted a slight underestimation of

CP disappearance using a similar technique in pigs. The difTYsylty of recovering material from




Y <

#large intestine, particularly with high fibre diets. Hvelplund (1985), using N-free cellulose,

T
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bags has subsequently been overcome (de Boer et al. 1986; de Boer et al. 1987) by using
Nytex material and a se!f-scaling procedure, such that the entire bag and contents is subject
to CP analysis. The difficulties associated with achieving complete measurement of ima’kc and
fecal output with Ehc conventional 1o collcclipn method may also result in slight
overestimation of digestibility. .

The bag pore size of 48 um ms chosen because it allowed ruminal digestion and
subsequent intestinal digestion, without the additional step of transferring the sample to
smalles pore size bags. The bore size of the bags is of concern as it must be small enough to
avoid losses of undigested particles yet, large enough to allow intestinal contents to flow freely
through the bags. Cherian (1985) using pigs, compared intestinal disappearance of CP from
48, 20 and 10 pm pore size bags. Imesu';xal CP disappearance was more acCuratcly determined
using 48 um pore size. The use of the MNB technique to determine "truc” CP digestibility,
where bags are rinsed upon recovery from the feces (chlpiund 1985). may necesitate the use
of smaller pore size material to eliminate the flushing of undigested nitrogenous material
associated with DM out of the bag.

The average residence time of bags (n=145) in the intestine was 158 h (6 h minimum-~"
and 32.0 h maximum). Thesc times are Ba\s;d on observations made every 2 h. There was a
marked variation in passage time; however, this did not appear to affect CP disappearance.
Hvelplund (1985) and ~Voighx et al. (1985) have reported similar results.

There is concern that significant microbial contamination of bags may occur in the

LN

determined that the digestibility of the cellulose ‘between the terminal ileum‘ and féces was
3-5% ihdicating some microbial activity'. However the CP content of the residuc was only 0.39
mg/g suggesting ‘tbat residual microbial contamination is unlikely to have a significang
influence on digestibility estimates. |

_There are few ;stimabcs of UDP digestibility in ruminants. Rooke et al. (1981)
determined that the UDP fraction from SBM had a higher true digestibility than nonruminally

)

~
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digested SBM in rats. Hvelplund (1985), using sheep, estimated the true digestibilities of SBM

7

and CM to be 9%% and 76%. respectively. The low CP digestibility of CM was attributed 1o
high levels of cell wall bound nitrogen. Woight et al. (1985) determined the true CP
digestibility of SBM, CM and barley in dairy cattle to be 97.2, 91.8 and 89.6%. respectively.
De Boer et al. (1986) estimated the true digestibility of MBM CP to be 80.1% a‘flcr 24 h
incubation in the rumen. The results of the present study for CP digestibilities are in good
agrcemcent with the above research.

The CP disappearance values derived using t& MNB technique, fop the various TDs
tested, showed signilicant differences between diets. These results are in good agreement with
the total fecal collection method (Table iV.())_ indicating that the technique is valuable as a
rapid method for the estimations of apparent CP digestibility. In addition, the MNB technique
can be used 1o obtain estimates of intestinal digestion of CP for individual components of the
dict. Finally, the use of the _technique to determine the intestinal availability of UDP is

particularly attractive.
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V. DYSPROSIUM AS A DIGESTIBILITY MARKER FOR CATTLE °.

A INTRODUCTION

The availability of a vahd indicator for estimating total tract digestibility would
greatly facilitate dairy catue nutritional research gs ecially with lactaung dairy cattle n
confinement and loose housing conditiony where total collection of feces 1s difficult o1 not
feasible. Total fecal collection lcchniqucﬁ (TEC) are time consuming and labour intensive.
Because confinement of animals to metabolic crates is necessary, this lcééiﬁ'quc is  not
practical under normal dairy cattle management conditions. With dairy cows the /ﬂddiuonal
complication of urine diversion has 1o be overcome.

Conventional internal indicators such as lignin acid insolublc ash are variable and
are not complecely recovered (Van ‘Soesl 1982). C 11c oxide (Cr,O;) a commonly used

‘
external digesubility marker, is subject to diurnal variation and behaves as a heavy hquid
passing more quickly from the rumen than coarse fibre particies (Van Soest 1982).

Extensive use of radioisotopes for the evaluation of digestive processes in cattle has
been/ made in recent years. Although radioisotopes have high recovery and low varniation they
do require the complete collection and dispdsal of orts, feces and animals. These limitations,
tend to prohibite their use in dairy cattle.

Rare carth elements have a high affinity for feed pasticles (Kennclly et al. 1981b),
and further appear to be unabsorbed in the digestion process (Ellis 1968; Young et al. 1976;
Kennelly and Aherne 1980). Fecal recovery of rare earth markers in ruminants is usually close
10 100% (Young et .al. 1976). In swine less variation is observed in eétimalcs of diet
.digestibility using rare earth elements than with other markers such as polycthyleneglycol and
Cr,0, (Kennelly and Aherne 1981). |

The instrumental neutron activation analysis (INAA) technique involves the addition

of the stable rare earth isotope to the feed material, the concentration of marker in feed and

LY

*This chapter has been submitted for publication as a nete in the Can. J. Anim.
Sci.

63 .
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fecal samples 1s then determined by INAA L Although dysprosium (Dy) may be analyzed by
techimqgues  such as mass spectrometry,  x 1ay  fluorescence or atomic absorption, these
procedures require higher marker concentration,  significant .samplc preparation and arc
considerably more ume consuming than INAA. Dysprosium is extremely sensitive 1o INAA

ppm.

and can be quantitatively detected at concentrations of
I'he objective ol this study was to evaluate thd efficacy of Dy as an incert marker for

the determination of digestibility coefticients in cattle.

B. MATERIALS AND METHODS

Six pregnant Holstein Freisian heifers fitted with permanent rumen and duodenal
cannulac were assigned ina 6 x 6 latin square to six dietary treatments. Experimental dicl.s
were based on chopped breme alfalfa hay and barley (control) supplemented with canola meal
(CM) soybean meal (SBM) or meat and bone meal (MBM). Diets were designed to compare
these four protein sources in addition to CM and SBM at two dictary crude protein (CP)
levels. The six concentrate mixtures were: barley 14% CP (Bl4), barley/CM 16.5% CP
(CMI16.5), barley/SBM  16.5% CP (SBMI16.5). barley/MBM 16.5% CP (MBM16.5).
barley/CM 9% CP (CM19) and barley/SBM 19% CP (SBM19). Heifers were fed a 50:50 hay
concentrate mix in 12 equal amounts cach day at 2 h intervals. |

Dysprosium (DyCl,.6H,0) solutions were prepared according to Kennelly et al.
(1980). The solution was then sprayed ‘onto 5 kg of ground (2 mm screen) feed (2.5 kg
concentrate, 2.5 kg hay) using a common houszhold plant spray bottle. The marker feed mix
was dried at 60°C and mixed. A 60 g aliquot was evenly distributed across 12 daily feedings,
such that each animal received 36 ppm Dy per d. ‘

Animals were confined in metabolic crates during a 7-d adjustment, 7-d total fécal

collection and 3-d digesta collection periods with a minimum of a 7-d rest period, in bedded

L)
'pens, between each latin square period.
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Fecal samples were collected once daily in plastic pans. weighed and an aliquant of
total feces was dried in a forced-ait oven al 65°C for 48 h. In order to cvaluate diurnai
variation additional grab samples for cach diet were collected during one period and processed
similarly to the total fecal collection samles. Upon completion of cach period. total fecal
samples were p()(?lC(i on a per antmal basis and stored for later dry matter (l)M)‘ nitrogen
(N) and Dy analysis. Kjeldahl N analysis was as outlined by the Association of Official
Analytical Chemists (1980, AQAC) (mclhod no. 7019%) .

Dysprosium conienl of feed and feces were determined by INAA as outlined by
Kennelly ct al. (1980). Recovery of Dy was determined and digestibility coefficients wcr<\lhcn
calculated using Dy ratjo in feed an&ffcccs. |

All data were analysed using analysis of variancc'proccdurcs with treatment, animal(
and penod as factors. Treatment means were compared by the Student-Newman-Keuls lcst’

when treatment effect was significant (Stecle and Torrie 1980).

C. RESULTS AND DISCUSSION
' Dry matter digestibility (DMD) coefficients predicted by the Dy ratio technique are
slightly lower, b"ul highly correlated (r=.86) with the TFC method (Table V.1). These regults
are in good agreement with results of previous research with cattle. Olbrich et al. (1971) using
cerium (Ce), and Young et al. (1976) using Dy, reported DMD by the Dy‘ ratio technique
versus the TFC technique to be 55.9 vs 59‘ and 66.1 vs 68.7, respectively. Kennclly ct al.
(1980) found the Dy ral%o t&hnique to be an accurate predictor of digestibility coefficients in
pigs. Crude protein digestibility coef fiéients are sli‘ghtly overestim#d b‘ the Dy ratio
technique when compared.wi[h TFC (Table V.l) (r=.79). These results (Table V.1) are in
“od agreement with Olbrich et al. (1971) using Ce in bulls and Kennelly et al. (1980) using
) Dy in growing pigs. ’

)
An important characterlsnc of. external digestibility marker is that it must bind

tightly to ingested feed particles and remain bound througho-ghe digestive process. Research

Iy

K
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bv Hartnell and Satter (1979) suggests that the rare earth elements samarium (Sa) and
lanthenum (La) remarn tightly bound through the digestive tract. However, Kennelly et al.
(1981a.b) with Dy (incubated in rumen fll;nd (pH 6.4)) found that high proportions of the
Dy did not remain bound to the particulate fraction but precepitated out or could be found in
the supernatant fraction. Further, Combs ct al. (1984) with yuerbium (Yb) and Ce
deternuned that at low pH (in the abomasum) these rare earth elements, particularly Yb, do
not remain with the digesta particles but migrate into the liquid phase. Further, it has been
suggested by Miller et al. (1967) that lower recovery rates of Ce in cattle might be due to
adsorption of the rare carth on to the lining of the digestive tract.

A sccond characteristic of a digestibility marker is that it must not be digested or
incorporated mto body tissues. 'Kcnnclly ct al. (1980) with pigs and Koyama and Miyamoto
(1985) with goats found no fraces of Dy in urine. Koyama and Muyamoto (1985) found no
rarc carth residues in scveral organs and ussues of goats fed Europium (Eu) in long term
studies. It should be noted, howcverA, that the lining of the small intestine was not examined
for residues. The percent recovery of Dy averaged 95.4% (Table V.1) for the six diets
cxamined. This is in agreement with Young et al. (1976) and Koyama and Miyamoto (1985)
who found 91.3% recovery in steers and 95.6% recovery in goats. respectively. Siddons et al.
(1985) using Yb found 103% recovery, while Ellis (1968) using Ce found 99.8% recovery.
Kennelly et al. (1980) demonstrated 100% recovery of Dy fed to pigs. Variation in recovery
may be due, in part, to mall§ administration. Young et al. (1976) found lower recovery in
steers when Dy was administered twice daily in the form 6f a bolus.~ Lower recovery has also
been attributed to adsorption of the rare earth on surface of the digestive tract (Miller et al.
1967) . , /

The DM and CP digestibility” values obtéinégj for the four subsamples collected over a
24 h beriog (for one cow on each dict) are in good agreement with the corresponding TFC
results (Table V.2). Ellis (1968) and'Olbrich et al. (1971) evaluated within day variation of

v

fecal Dy concentration for animals fed twice daily and found it to be minimal. The absence of
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significant within day varnation ndicates that DM and CP digestibility can be reliably
<1clcrn1i;1C(i by daily grab sampling. Further, Kennelly et al. (1980)._ Olbrich et al. (1971) and
Ellis (1968) found day to day variation 1o be minimal.

Use of rare carth elements, such as Dy in digéslibilily studies with dairy cattle
eliminates the requirement for total collection of feces and allows digestibility coefficients to
be estimated by grab sampling. The technique can be used to o:lain rcliable estimates of
coefficients in situations where the use of conventional methods for measuring digestibility are

\
impractical.
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b VI. GENERAL DISCUSSION \

[he ohjectives of the rescatch descibed herem were to evaluate the nutnuonal gquahty
ol protem soutces m the dicts of pregnant heifers. The protein sources and then respective
total dhets. were examined o terms of  thenr rununal degradability, protem supply to and
Aw.nlgmnlm“ in the small intestine In addivon, the elticacy of dysprosium as a digestibility
marher for rumimants was exanined.

Protemn feeding systems should be able to predict the |)r()p(;lll()r) of feed mitrogen (N)
which will become available to the rumen nuciobes (RDP) and the subsequent proportion
which 1s avatdable for digestion o the small intesune (UDP). These systems therefore will
requite mformanon on the chemral composton of feeds plus estimates of digestion by
rumen microbes and mtestnal disappeatance and subsequent tssue utilization. These concepts
have been tecopnized in the development of several new proten feeding systems which have
been proposcd over the past len years, 'Ill,n' difficulty arises in finding techaiques which
accurately measure feed protemn degradability in the rumen and digestibility in the intesune. It

. .

is generally agreed that in vivo techniques are most accurate even though they have the
greatest techmical compleatty. The 1n situ nylon bag technique i1s widely used in the
determmation of rumen degradability because it is relatively rapid and correlates well with 1n
vivo results (Madsen and Hvelplund 1985; Oldham 1983). The in situ technique (@rskov and
McDonald 1979) assumes that the measurement of protein residue remaining in the bag at any
one pont i time ¢an provide an estimate of prolein degradation. The technique estimates the
s”izc of three protein fractions: soluble, ruminally degradable and ruminally undegradable.

The first experiment {Chapter 1) reported herein used the in situ nylon bag technique
o mca\surc RDP and UDP oP*®veral protein sources (canola meal (CM), meat and bone
meal (MBM), sovbean meal (SBM) and barley (B)) and two protein levels (for CM and
SBM). The individual proteins were evaluated as well ai‘lhe total diets in which they were
incorporated. Data from the in situ nylon bag technique are combined with estimates of
ruminal outflow rates to determine effecti;'e degradability.

- .
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Several tactors may aflect the estmates of effecuve protean degradability (EDP) .
Ihese include the presence of the protem source bemng tested i the basal diet, (Loerch et al.
1983) (Vik-Mo and Lindbery 1985) fracnonal outfllow rate (Amaning-Kwarleng ot al. 1986);
physiological state (Gonzales et al, 1985) and concentrate to forage ratio (Barno ot al. 1989).
For these teasons and because of the ditficalty 1 obtaming 1n vive data the in situ technique
should be used primarily to rank protein sources and diets (on the has‘ts of RDP and UDP
values) relative to -one another under speafically  described feeding and  physiological

<

conditions. The EDP values for individual protein sources obtained in this experiment (using
a fractional outflow rate of .05 hrl) tended to increase with increasing level of protein in the
dict, however, this result was not consistent across protein soutrces of rumen incubation times.
The FDP values indicated that the MBM product was most. SBM intermediate and CM least
resistant lo rumen microbial attack. Thg low FDP value for MBM suggests that, if’ properly
processed, MBM may be an effective soutce of UDP for dairy catte.

The second experiment (Chapter 1) used the in vivo technigue to estimate RDP and
UDP for the various protein sou\r“:s and diets. In vivo mcasurements of UDP flow to the
small intestine are assumed 10 be pivotal in the cvaluation of ruminal protein degradation.
Vatidation of results from the in sttu technique are dependent upon the correlation of in vivo
and in situ Tesults, however, the in vivo measurements are subject 1o several potential sources
of error. Estimates of microbial N rcaching the smalt intestine vary depending on the

) . .

technique employed, the animal and the diet (Arambel 1987). Errors in estimates of solid and
liquid flow rate to {he small intestide can result in significant variation in estimates of protein
reaching the small intestine (ARC 1985). therefore, choice of marker and miethod of analysis
can be critical. Madsen and Hvelplund (1985), tompargd in vivo and in situ data for a wide
variety of feeds fed to daify cows. They found a good relationship between the two methods
when a fracii(ﬁl outflow rate of .08 h'l was assumed.,Thcy recommended -standardized diets

. .
for experimental animals and that animals be fed small a’ounls of a wide variety of protein

supplements. - .
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In general, dry matter (DM) digestion and tlow to the small itestne were not
affected by protem source or concentration  Rununal orgame matter (OM) digestion was
altected (P<05) by protemn source; MBM beng lower than all o(hcr(dxcls. Total N flow to
the small intestine for the three diets ?()rlxxljlgilcd on a UDP cquivalent basis was 224.0, 225 .6
and 241 1 ¢ N/zday for MBM | CM and SBM | respectively . Microbial N flow to the duodenum
was not affected by protem souree or concentration. Dietary UDP concentrations were not
alfected by proten source, however, the MBMI6.5 diet tended to be less degradabie thdh the
batley or CM amd SBM diets at the lower level of inclusion.

A comparison based on predictive (ARC 1985; NRC 1985) ecstimates and actual

p

calculation of dictary RDP and UDP arc presented in Chapter 1I (Table 11.6). In situ
degradabihity estumates are influenced by dietary protein source and energy level (Locrch et al
1953, Madsen and Hvelplund 1985), and rumen pH (lLoerch et al. 1983). Madsen and
chlplumi'(l‘)XS) found the differences dcgrad'm_v esimates were confounded for
vegetable protein sources but not for fish meal protein sources. Comparison of in situ versus
in vivo estimates for UDP indicate that the in vivo technique results in a higher estimate for
z’cgclablc protein dicts and a luw;‘r estimate for the MBM diet. Theoretically, the new protein
feeding systcmsiprovidc a more accurate prediction of the protein supply to the small
intestine, and. thus ir‘npro‘ch prediction of animal performance. Results of the above sen’e'ls of
experiments suggest that animal performance can be more accurately predicted when diet; are
formulated on the basis of RDP and UDP, than when diets based on crude protein (CP) or
digésliblc crude protein. .

] Under normal feeding conditions the amount of UDP entering the smdll intestine is

o - :

less than the protein contributed by rumen microorganisms. However, t\t}e amino acids

sﬁpplicd (quanutatively and quaktatively) by the ‘UDP fraction will have a significant impact

+

’on the value of the feed protein, especially in animals at high levels of production.

. V4

The mobile nylon bag technique (MNBT) as a method for determining ruminal and

Intestinal CP digestibility was evaluated in the third experiment (Chapter IV).

4
| , N
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Hvelplund (1985). using sheep, estimated true digestibilities of SBM and CM o be
97% and 76%. respectively. The low CM digestibility was attributed o high levels of cell wall
bound nitrogen. Voight et al. (1985) determined the true digestibility of SBM. CM and B in

dairy cattle 1o be 97.2, 91.8 and 89.6%, respectively. De Boer et al. (1986) estimated the truce

-

digestibility of MBM CP o be 80.1% after 24 h ir:cubalion in the rumen. The results of the
present study for CP digestibilities are in good agreement with the above r_ésearch. A
comparison between the MNB technique and the traditional total fecal COHCCliQP mt?thod- for
the determinatuon of total tract CP digestibility resulted in a high correlation (r=.99).

The availability of a valid indicator Tor estimating total tract digestibility woulds
n

greatly facilitate dairy cattle nutritional research, especially with lactating dairy cattle in
confincment and loose housing conditions where total coliccigh of feces is difficult or

infeasible. The fourth experiment Chapter 1V, was conducted to evaluate the efficacy of

’

dysprosium (Dy) as an inert external marker for the determination af digestibility coefficients

in dairy cattle. The use of instrumental neutron activation analysis for the measurement®of
|

Dy in feed and feces has been established (Kennetlly and Aherne 1980, 1981). The regults of

the present experiment demonstrated that Dy can be used as a digestibility marker in dairy
cattle. The procedure climinates the requirement for total collection of feces and allows

digestibility c®fficients to be estimated by grab sampling of feces. The technique results in

reliable estimates of digestibility coefficients, in situations where the use of conventional

) »
methods for measuring digestibility are impractical.
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