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.’fForty e1ght crossbred p1gs of average 1n1t1a‘“we1ght 2l Kg

fvwere fed 10% Tower rapeseed meal (RSM) and 10% Candle RSM as

- part1al replacements for soybean meal (SBM) D1ets were

R

"”-formulated to be 1socalor1c P1gs fed the SBM d1et consumed -

'less feed ga1ned 51gn1flcantly (P(O 01) faster and were

more eff1c1ent at convertlng feed to ga1n than those fed the R

- RSM d1ets Performance of p1gs fed Candle RSM was not

'slgn1f1cantly dlfferent from that obtalned w1th Tower RSM :k

f‘fIn a second eXperwment dehulled Tower RSM and Tower RSM
: H:,}hulls were m1xed 1n amounts to produce RSM w1th crude f1berv
. levels of 6.8, 10.8, 13, 5}and 15.8%. Rats fed SBM had: -
*fbgsugn1f1cantly (P(O 05) higher average da1ly ga1n (ADG) than .
'T;ithoseofed Tower or Candle RSM or. d1ets COAtalnlng the uj]jrf{f;f'
-Tflrapeseed meats There was no S1gn1f1;mnt (P<0 05) d1fference

.4f;,n ADG feed 1ntake, feed to ga1n rat1o or thyro1d we1ght of ,pe_”<;

’;fga1n rat1o and fecal'volatlle f_tt*'EETdTEBHcentrat1ons

AR

,e:theefTower—or*ﬁandle-RSM reed 1ntaKe feed to

lqncreased wh1le ADG decreased w1th 1ncreas1ng level of hulls

(e
.Iri

;x\l The 1nfluence of qual1tat1ve and quant1tat1ve‘:.}- L

J*“_d1fferences in energy and prote1n 1n d1ets w1th s1m1lar

'7Vcrude f1ber levels, on performance carcass compos1t1on and SN

fd1gest1b1l1ty coeff1c1ents dn sw1ne was studted 1n aq

‘Tiexper1ment in wh1ch 72 p1gs, average 1n1t1al wefght 22 6 kg,
,}were fed 4 d1ets D1et 1, the control, contalned 14 1 Md

'T”-,dlgest1ble energy (DE) per kg ,_17 1% crude prote1n (CP) and o



R 2

RN :

; _f9d any of’ thé thh flber d1ets Wthh d1d not d1ffer 7‘]i L

o sw1ne was determ1ned us1n '

P

 4.0% erude fiber (CF). Dlets 2 3 and 4 each cont 1ned 2%
t‘.,oat hulls ;_9 8 9. 6, and 10 2% CF had resoecttve energy
*'contents of 12 2 12, 5 and 14 9 Md DE/kg and 17 0, 14.4 and-'"

17 3% CP respect1ve1y Dtets were prov1ded ad lettum }}n;'

";f'the grow1ng (22 63 kg) per1od control an1mals had

’ ra»s1gn1f1cantly greater average da11y ga1n (ADG) than Qhose tr

)

o s1gn1f1cantly In the f1n1sh1ng (63 92 kg) per1od there werefy; o
tffﬁno s1gn1flcant d1fferences between d1ets in ADG desp1te B
"dtfferences in CF \ntakes ranglng from 135 6 to 404 5 g/day ST

S zHowever d1fferences\1n energy and protetn levels 1n d1ets

\

’"}w1th equa] CF’ levels were shown to affect CF 1ntake feed
ff*eltntake and feed/gatn s1gn1f1cantly in both per1ods 'Ihf;ﬁhi*¥5k
rﬁkttko;1nolus1on of. 22% oat hu]ls 1n d1ets 2 3 and 4 had no. ff*hh:htqif'.u

d_'tf%s1gn1f1cant 1nf1uence on total backfat The method of
“y*:;*add1t1on of " CF 31gn1f1cantly 1nf1uenced dry matter (DM) A
vFﬁhdFdwgest1b1l1ty w1th coeff1c1ents of 70 2 72 8 and 65 O% foriff;CV{fwf

hhf;fdtets 2 3 and 4 respecttvely N1trogen d1gest1b111ty was '

: Fiﬂg)unaffected by the leve] of CF 1n the d1et wh1ch also fa1led'u°:i
"”“Qh}to alter am1no ac1d dlgest1b1l1ty The method of add1t1on oftffﬁhth
'-:nyftber resulted in s1gn1f1cant dlfferences in the - | o
»fd1gest1b1111ty of CF,_neutrai detergent f1ber and a01d

‘adetergent f1ber 1n d1ets w1th 51m1lar~CF ]eve]s

Volat11e fatty ac1d (VFA) product1on in the h1ndgut of L

uf*tnfu31on system In exper1ment 1 a control dtet 0ﬁaet 1)

'":‘conta1n1ng 4 BA crude ftber (CF) was fed to four p195 f‘ttEd :”*

. «»-.

'_oonttnuous caecal 1sotope ff_Q-:F“



% -

i,

3a;nwifhicaebai cannulae. In exper1ment 2 the same control dtet

ey

pJUS tWo dﬁets_(d1ets 2 and 3) conta1n1ng. respect1ve1y, 9. 9

jgand 15 OA CF were fed Follow1ng a 15 wk adaptat1on to diet ,"‘

DR h

;}3 VFA product1on rates were aga1n determtned (exper1ment 3)
In eXper1ment 1 average VFA concentrattons,'1n caecal f}u1d
"fwere 79.1, (33 O'and 9. 9 mmolar whiTe. VFA molar percent were f"r
- 64, 8 27 1 and 8 1 for acetate prop1onate and butyrate,:
‘t'respect1ve]y Net product1on rates fon acetate proplonate
: ’I_}and butyrate respecttve]y were 42 6 14, 3 and 4, 9 mmoles/h

uThe average contrlbut1on of VFA to the ma1ntenance energy

L=y

’r;ﬂ{ equ1rment of the p1g was ca]culated as 19 7A In exper1ment,ui

‘ACJ“ R

tota] VFA ooncentrattons for ptgs fed d1et 1 and 2 were ‘?-

t_sinignot stgnlfICant]y d1fferent Plgs fed 15% CF had
Ldf51gn1ftcant]y lower total VFA cofdentrattons than those fedi_5'
';{fftd1et 2 No s1gn1ftcant d1etary differences were observed 1n_f“

“*’;;fVFA ppoduct1on rates However p1gs fed the 10% CF d1et

- Qtended to have h1ghest product1on rates w1th 1ntermed1ate

fﬁf:lncreased VFA product1on

| kcflevels belng recorded for p1gs fed d1et 3 The energy
”T:;f;contr1but1on o¥ VFA for ptgs fed 5 10 and 15%aCF was
%':;fifdgcalculated as 10 l 15 5 and 11 1% of the matntenance energy f{t;;*-“
»5;requ1rements, respect1ve]y Fo]]ow1ng a 15 wk adaptat1on

':-=fPeF1°d to the h1gh ftben dtets there was no ev1dence of SR

\‘.
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I. GENERAL INTRODUCTION
Increasing cdmpetition'petween man'and an;mals for low
fiber foods and a greater awareness of the role of f1ber in |
human health and disease has resulted in an upsurge of
_1nterest in-all aspects of d1etary f1ber by both-anlmal and
1human nutr1twonvsts In the long term the surv1val of the:
pig . 1ndustry may depend on 1ts ab1l1ty to utllase hlgh fiber
foods for wh1oh it does not compete d1rectly with man.
Whtle the pr1nc1pal components of dietary fiber are
cellulose hem1cellulose and llgn1n 1t also contains h1ghly‘~
‘ftvartable ammounts of pect1ns, gums and muc1lages Also |
,assoc1ated W1th the f1brous fract1on of the d1et are waxes
cut1ns and und1gested protelns .and - mtnerals Cellulose |
. consists of an unbranched polymer of D- glucose w1th B 1,4
'f_ltnkage The hem1cellulose molgﬁule is usually much smallerv‘
than cellulose and encompasses a w1de vartety of pe?tosans
- and hexosans 1nclud1ng, for example xylans and
.glucomannans Wh]le chemical methods are ava1lable to
separate the -various components of dletary flber the1r
"complex1ty often precludes their use in rout1ne feed
evaluation. The most w1delylused method for est1mat1ng the
/' fiber level of the d1et is the well known and aptly named
crude fiber (CF) method." The regovery of cellulose, |
hemtcellulose and l1gn1n, respectively, in the CF fractton
'be1ng 50-80%, approx1mately 15% and 10-50%. In view of the
| forego1ng, attempts have been made to develop methods which

more prec1sely measure the chemtcal components of d1etary

|



fiber In general these methods recogn1se that fiber g1ves
‘ structural support to the plant and therefore is found
pleaPl]y in the cell wall. Neutral detergent ftber (NDF)
theorettcally esttmates the total plant cell wall while ac1d?
detergent flber (ADF ). recovers both cellulose and llgn1n As
NDF primarily consists of cellulose hemtcellulose and

lignin, NDF m1nus ADF g1ves a measure of the hemlcellulose

- content of the dlet

Because the f1brous portions of many feeds ‘may be
V‘assoctated w1th substances whtch 1nh1b1t animal performance

| for example tannlns and gluc051nolates 1t is extremely

f d1fftcult to 1solate the effect of fiber per se. Wh1le
"-rapeseed meal (RSM) contatns glucos1nolates wh1ch have . been |
‘w'shown to reduce anlmal performance, it also conta1ns |

| apprec1ably hlgher levels of CF than soybean meal (13% vs

%) The htgher fiber level of RSM has been 1mpl1cated as a

o causat1ve agent 1n the Tower performance observed when low

"glucos1nolate RSM is fed as. the sole proteln supplement 1n
xthe dlets of young p1gs The 1nfluence of low f1ber
var1et1es of RSM and dehulled RSM whose CF level was
' 51m1lar to. soybean meal has’ been examined w1th anlmal
,'performance as the cr1ter1on This 1nformat1on should prove
'useful in predtcttng the benef1ts to the p1g 1ndustry should
current efforts to reduce the fiber level of RSM be .
successful . 3 |

' The problems assoczated w1th current methods of f1ber’

B analys1s and the confoundtng Wthh can result from



1nh1b1tory substances assoclated W1th the f1ber source is
not the only d1lemma fac1ng«the researcher in th1s area.
Hav1ng decided on the source and level of d1etary ftber the
| mode or mOdQQ to be used in formulat1ng the d1et must be
approaches to th1s problem most of ‘the stud1es fall into one"
. of the three categortes outl1ned 1n Chapter III Although
~the fiber level of the diet Will be similar regardless of f
the model chosen qualitative and quantltattve d1fferences
in energy and prote1n will occur. The extent to wh1ch these
‘factors modify the effect of flbeP on growth and” carcass-
:compos1t1on has been exam1ned in chapter 3, while thelr
_effect on d1gest1b1llty coeff1c1ents has been -studied in
chapter 4 vv |
Non rum1nant anlmal research W1th f1ber has been L
'lgenerally of a negat1ve nature L1ttle attent1on has been
pa1d to the extent to wh1ch sw1ne ‘can. ut1l1se VaPlOUS types )
. of f1ber P1gs possess enlarged areas of 1ts
.F-gastro1ntest1nal tract where - act1ve mlcrob1al populat1ons
“thrtve The prtnc1pal end products of th1s mlcroblal |
_fermentat1on are volatlle fatty actds (VEA). Wh1le the _-‘
| product1on rates of VFA and the1r nutr1t1onal and metabol1c
s1gn1fksance have been studled in depth 1n rumlnants. only |
‘l1m1ted 1nformatlon 1s ava1lable for sw1ne In chapter 5,
VFA product1on rates in p1gs f1tted w1th caecal cahnulas are';:‘
_"reported Isotope d1lut1on techn1ques w1th (“C) acetate, |

(lfC) pr0p1onate and (3H) butyrate in a cont1nuous 1nfus1on
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system were used to estlmate the effect of fiber, age and/or

adaptation of the an1ma1 on (a) VFA product1on rates and (b)

the1r contr1but1on to the ma1ntenance energy requ1rements of .

 the pig.

In the exper1ment reported in Chapter v chrom1c oxide

- 'was used as an 1nd1cator for the determ1nat1on of

d1gest1b1l1ty coeff1c1ents However it was found-to be
unsat1sfactory espec1aTTy when used in conJunct1on w1th grab'
samp]1ng The alternat1ve markers wh1ch are’ avatlable are

-

mainly rad10act1ve 1sotopes wh1ch result in an1ma]

) contam1nat1on and probTems assoc1ated w1th the dtsposal of

;rad1oact1Ve waste. Instrumental neutron acttvat1on anaTys1s

\# T
(INAA) wh1ch allows the ‘use of non rad10act1ve elements as

: markers overcomes many of " these prohlems The study out]1ned
f1n append1x I ‘was’ des1gned to devebop an INAA method wh1ch
Tcoqu be used rout1ne]y for the measurement of these *
'ﬁrmarkers The su1tab111ty of one of these markers |
T(dyspros1um) for determ1nat1on of d1gest1b1T1ty coeff1c1ents

_'was exam1ned in the exper1ment reported 1n append1x II

i
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'}II THE EFFECTS OF LEVELS DF ISDLATION OR VARIETAL

DIFFERENCES IN, HIGH FIBER HULL FRACTION OF LOW
| |
GLUCOSINOLATE RAPESEED MEAL DN RAT AND PIG PERFORMANCE

Ty

A. ABSTRACT

Forty e1ght crossbred plgs of average 1n1t1aT weight - o1

f Kg were fed TOA Tower rapeseed meal (RSM) ‘and. 10% Cand;m\QSM f
- as partial replacements for soybean meal (SBM) D1ets were
formulated to be 1socaTor1c P1gs fed ‘the SBM- diet consumed Rh
~ less feed ga1ned s1gn1f1cantly (P<0 01) faster and were
ff[ mo e eff1c1ent at convert1ng feed to ga1n than those fed the |
} RSM d1ets Performance of p1gs fed CandTe RSM was not

“T's1gn1f1cant1y d1fferent from that obta1ned w1th Tower RSM \,"

In a second exper1ment dehuTTed Tower RSM and Tower RSM '

huTls were mixed in amounts to produgeqRSM W1th crude f1ber

Tevels of 6 8 10. 8 13 5 and 15 8% The s1muTated RSMs and

‘Tower and Candle RSM were used to completely repTace SBM 1n |

the d1ets of w\anTlng (75 g) rats Rats fed SBM had ,

tys1gn1f1cantly (P<O 05) h1gher average da1Ty ga1n (ADG) than Ti@f@wwm
. those fed Tower or CandTe RSM -or d1ets conta1n1ng the .
',_;irapeseed meats There was no s1gn1f1cant (P<O 05) dlfferenceTC"v' -
. ‘f*gd1n ADG feed 1ntaKe or feed to ga1n rat1o of rats fed e1therfh

-Tower or CandTe RSM Feed lntake feed to galn rat1o and s
vh};fecal voTat1Te fatty ac1d concentrat1ons 1ncreased wh1Te ADG;t 5:f o
ta.fdecreased w1th lncreasxng TeveT of hulls 1n stmuTated RSM

*‘d1ets There was no s1gn1f1cant d1fference (P<0 05)

':5thyro1d welght between rats fed SBM Tower RSM or: Candle ‘



RSM.

B INTRODUCTION . o g
| Rapeseed meal- (RSM) conta1ns a substant1ally h1gher
crude - f1ber lével than soybean meal (SBM) (13% Vs B8%) and
'nth1s may contr1bute to the lower performance observed when
low glucos1nolate RSM 1s fed as the: sole prote1n supplement

f~:1n the d1ets of young p1gs (Castell 1977a, Aherne et al f’

_ \\§=%>977) o . - ( R .

‘...:;h'{p” ‘The 11m1tat1ons 1mposed by the high f1ber 1evels of RSM'_ d' |

| have prov1ded a maJor 1ncent1ve for plant breeders to af‘ N

."f'.develop var1et1es of RSM W1th lower f1ber content Because e

~~ of the small size of the rapeseed the hull forms a h1gh 7
;proport1on whxch makes genet1c select1on for reduced fwber:
,cu1t1vars d1ff1cult (Bay]ey and H1ll 1975) However
dStr1ngam et al (1974) reported that reduced f1ber content

‘ f{i» in RSM 1s assoc1ated w1th yellow seedcoat, and that a » C

:"d‘reduct1on of about 4% unlts crude f1ber was' poss1b1e though EER

‘f;_‘tihe 1ntroducttgn of yellow seeded cult1vars f‘l L | |

- The obJect1ve oL experlment 1 was to determ1ne the :{p,;va..

nutr1t1ve va]ue for

}w1ne of a recently llcensed

“‘~Tgye110w coated cu]t1,ar of ]ow glucos1nolate RSM Brass1¢a

"fcampestr1s (cv Cand e) A second exper1ment was des1gned to [ﬁﬁff,~-“:
ya.ﬁidetermwne the effeht of hu]l levp] of RSM on: the performanceft;t*ffrjld
;t}dof weanlwng rats ; ecal volat1]e fatty ac1d (VFA) _ Lo
: concentrat1ons we e measured to obta1n an est1mate of the

‘~g”extent of m1crob'a1 d1gest1on of the f1ber fract1on of Tower»,,,r>7'




~ RSM (Cummings 1973; Argenzio ahd Southworth 1974).

c. MATERIALS}AND'METHODS

Expertment 1

Forty etght crossbred (Yorksh1re X Lacombe) p1gs,

-1nclud1ng equal numbers of barrows and gllts, w1th an 1‘-‘
‘.average 1n1t1al we1ght of 21 Kg were allotted on the basts

'of sex artd we1ght to the three dlets shown in Table 1, The_ .

control d1et contatned SBM as the supplementary protetn

-vsource d1et 2 contatned 10% Candle RSM and d1et 3 conta1ned :
; MlO% Tower RSM which 1s a low glucostnolate culttvar of B |

’nagu type The dtets,_whlch were calculated to contatn 16 %

”wfcrude prote1n and to be 1socalortc were based on barley and

:"’Sctences - Nattonal Research Counc1l (NAS NRC 1973) nutr1ent‘

’,fwheat and formulated to meet or exceed Nat1onal Academy of e

'ﬂirequ1rements The p1gs were allowed ad lwbttum access to '

."'fd feed and water, and the env1ronmental temperature was Kept

s ]f at 21 to 22 C throughout the exper1ment P1gs were housed

’7"fas m1xed sex palrs 1n 1. 2. x 1 2 m parttally slotted floor f;ff'l'

SO

“»fopens for the durat1on of the exper1ment from 20 to 60 kg

t*;;;llvewelght

Data were analyzed us1ng analy51s of vartance Tj; =

:7iprocedures (Steel and Torrte 1960) The two treatment

s 5bfdegrees of freedom were parflttoned 1nto two orthogonal

| [Tcompar1sons a SBM control vs dlets conta1n1ng RSM ft,-f g

’{,v}compar1son and a W1th1n RSM compar1son




| '_Yggperiment 2 E

Y

F1fty six maTe and 14 female wean11ng Sprague DawTey
”ﬁrats of average 1n1t1aT we1ght 75 g were ass1gned to 10
:~5blocks on the ba51s of sex and we1ght W1th1n°each b]ocK .
’ frats of both sexes were randomTy allotted to seven d1etary‘
- treatments The compos1t10n and chem1ca1 analys1s of the rat
A diets are presented 1n TabTes 2 and 3 Tower rapeseed meats
"‘and huTTs were separated by an m1111ng, and were then |
°1pTaced in shaTTow trays 1n Tayers 20 mm deep and autoclaved -
’rfor 20 min at 100 [ to 1nact1vate the myros1nase enzyme |
h(AppeTqv1st and dosefsson 1967) After autoc]av1ng, the -
VT”meats and huTTs were coo]ed and dr1ed under vacuum at 37 C

-They were then ground and ‘the o1T was extracted W1th hexane

‘Tu'dur1ng a 24 h perlod\(AOAC 1975) The dtets were formulated ‘-“

‘A.fi'to be 1son1trogenous D1ets 1 through 4 conta1ned Towerv'\

| rapeseed meats and hu]ls in rat1os to s1mu1ate RSM w1th

o _:crude f1ber levels of 5. 8 10 8 13 5 and 15, 8% Tower and

'5Candle RSM were 1ncTuded in d1ets 5 and 6,_and d1et 7

Tft conta1ned SBM as the prote1n supp]ement These prote1n T:

"Hti;papeseed meats and hulTs

flsupplements rece1ved s1m1lar heat treatment to that of the -

Rats were chosen for th1s experlment because of the T;TVT:T‘

‘Tf7jsmaTT amOunt (10 Kg) of dehulled rapeseed ava1lable Rats

'*Tgwere 1nd1v1dually housed in 24 X 20 X 18}cm sta1nless steell-'&T

"th'cages 1n a room ma1nta1ned at 22 C w1th re]at1ve hum1d1ty

:f“f”?of 50 % and art1f1c1a1 T1ght1ng g1v1ng 12 h conttnuous Tughts}f;f

"'.per 24 h Feed and water were ava11able ad T1b1tum for the fJf? i



}"7-22 day trial perwod Rat welghts and feed consumpt1on were
i"recorded weekly '_ | | ‘~
:I On day 14 of the exper1ment rats were cont1nuously
Jzobserved for an 8 h per1od feces were collected as v01ded |
‘1mmed1ately frozen Wlth l1qu1d n1trogen and stored at -20 |
}fC; For VFA anaIYSlS feces were thawed thoroughly“m1xed and'T
.1 o samples were placed 1n test tubes To each tube was
”_added 2 ml d1st1lled water and 0 5 ml of a-50 A phosphor1c
“,ac1d solutlon 1n wh1ch 1 5 mg cyclohexanone was present as
an. 1nternal standard The solut1on was then homogenlzed and
" centr1fuged at 8, OOO X g for. 20 min at 2 C ‘The supernatantha
‘a;was then poured off and analyzed for VFA by 1n3ect1ng O 4|nl_y

vjlnto a. gas llqutd chromatograph (Aerograph 600 D Wllk1ns

“uhInstrument and Research{Corp ) w1th a column packed w1th lO/;

| SP 1200 (Supelco Inc Bellefonte PA U.s. A ) in %

'1 u,phosphorlc ac1d coated on Chromasorb W (80/100 Mesh Supelco dn:”

‘Inc ) The carrler gas was bubbled anugh d1st1]led form1c

. acid to help m1n1m12e ghost1ng The response for 1nd1V1dual f:d

IR:VFA and thelr molar concentratlon was calculated by
*Kreference to the tnternal standard and\a standard solutlon

'{»(38 2 mmolar acetate 8 58 mmolar prop1onate, 4 56 mmolar

.'Vftbutyrate and 2 99 mmolar cyclohexanone) anected between

tﬁdep]’céﬁg samples Crude f1ber .ac1d detergent flber (ADF)

:-_"and neutral detergent f]ber (NDF) analyses were performed byfﬁfdtjifj

| 'tf.Q.the standard method of the Ass001at10n of Off1c1al ffffff”"

*ufyAgrlcultural Chemlsts (1975)

Dn day 22, rats were kllled w1th ether and thyro1d

e



kafcelluTose & T1gn1n)

‘glands were 1mmed1ate1y removed and wetghed Data were
-analyzed usxng anaTys1s of var1ance procedures Treatment
'T means were tested for s1gn1f1cant d1fferences us1ng Duncan S

-

"Mu]t1pTe Range test. o

l_iD RESULTS AND DISCUSSIDN B

E_pertment 1

An- analys1s of the RSM used in exper1ment T 1s 1ncluded*4
'Ailn Tab]e 4 Tower and CandTe RSM conta1ned crude f1ber |
.TeveTs of 12 9 and 1. 2% respect1ve1y ADF . (pr1mar1Ty
- ‘25-1%-and»18 4% ;and NDF Tprlmartly B

ce]TuTose hem1cellu ’
"‘:Tower and Candle RSM resp ctlvely These results 1nd1cate E

:rwcons1derable genetwc 1mprovement has yet to be achleved

"~before the f1ber Tevel of RSM 1s reduced to that of SBM.. T

:.'totaT gluoos1no]ate Tevel of the Candle RSM was O 84 mg/g 5n5ff
';;and ‘that. of the Tower RSM was 0. 95 mg/g H "
O Plgs fed the SBM d1et consumed Tess food ga1ned fih‘
Tit51gn1f1cantly (P<0 01) faster and were more eff101ent

TI(P<0 01) at convert1ng feed to galn than pﬁgs fed the RSM

"”“{}ti;dwets (Table 5) These resuTts are 1n contrast tO those Of

VJELchKtnnon and Bow]and (1977) and Moody et aT (1976) but are-’5r

“ft;jtn agreement w1th those of CasteTT (1977b) thferences in-

! eﬁ'-'.

*Tff{ppote1n quaT1ty of meaT process1ng effects, gTu¢os1nolate

| wfidlevel or ]eve] of unprocessed rapeseed contam1nat1ng the f@?:‘af;w

:":,and T1gn1n) were 35 5% and 24 3% ofn“f

“”egra1n sources m1ght account for the dtfferences reported in e

,these expertments
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Feed 1ntake and performance of plgs fed Candle RSM was
:not 51gn1f1cant1y (P<O. 05) d1fferent from that obta1ned w1th

'{ p1gs fed Tower RSM Thus,_the Tower crude f1berx ADF, NDF
"and gTucos1noTate TeveTs of Candle were not reflected 1n

.'s1gn1f1cant1y 1mproved swine performance

' -;Exper1ment 2
‘ Average dawly—feed 1ntake was . Teast for rats fed the

- d1et conta1n1ng rapeseed meats alone and 1ncreased w1th

.3, 1ncreas1ng TeveTs of added huTTs (TabTe 6) The d1fferences
,1n feed 1ntake were stgnlflcant (P<0 05) onTy at the 9. 9 and :

=j15 4% 1ncTus1on Teve] The lncreased 1ntaKe of these an1mals |

“d may have been a response to h1gher f1ber TeveTs and thus

t:reduced energy content of the d1et (Peterson and Baumgardt

‘ f{1971) or to the dry powdery nature of the meats (Bay]ey and d{;aa-

“’~ ,:*H1TT 1975) A factor contr1but1ng to reduced feed 1ntake
;f‘couﬁd be the hlgher g]ucos1no]ate and tann1n Tevels offmeats d

’T_(Seth and Cland1n1n 1974)j Though rats fed SBM had the _TF,;ff:'
'?]argest feed 1ntake the dlfference was on]y 51gn1f1cantly T -

L 'gpeater than that of rats fed the d1et conta1n1ng Tower

ngfmeats aTone (d1et 1)

Rats fed Tower and Caﬁdle RSM had s1gn1f1cant1y

“hf(p<o 05) Tower average dally ga1n (ADG) than those fed SBM
'iff[rThere was no s1gn1f1cant d1fference between rats fed Tower

t*“:ffor Candle 1n average da1]y feed 1ntake ADG or feed to ga1n

;;iexper1ment 1 ADG was s1gn1f1cant1y greater for rats fed

ﬁi&Tower meats (d1et 1) than for those fed the h1ghest TeveT Of

£

"'forat1o Th1s result 1s s1m11ar to that observed W1th p1gs 1n 37QT,T"'




'\T:‘fed dlets conta1n1ng rapeseed meats

:12t7

e

huTls‘(diet.4)-‘B there was no 51gn1ﬁ1cant d1fference in

| ADG of rats fed 5.6, 9.9 or 15 4 % hulls (dlets 2, 3 or 4)

Feed to galn rat1o was not s1gn1f1cantly dlfferent

’between d1ets conta1n1ng RSM SBM or rapeseed meats fed
";alone Feed to gain rat1o 1qpreased as level of hul]s 1n the5'

"d1et lncreased (d1ets 2 3 and 4) rats fed 5 6 and 9 9%

hu]]s be1ng s1gn1f1cant]y d1fferent from those fed 15“4%

hul]s D1gest1b111ty coeff1o1ents for . energy and n1trogen

:pwere s1gn1f1cantly h1gher‘for rats fed diets 2 and 3 than
f'for those fed d1et 4 (Table 7)) D1gest1b1l1ty coeff1c1ents ‘?tt“
lifor energy and n1trogen tended to be 1ower for the Tower and'
ai.Cand]e RSM than for the SBM diet. The depress1ng effect of
- -fiber on d1gest1b111ty of bo%h n1trogen and energy 1s in 4
‘{agreement w1th the observat1ons of other authors (Farre]l
aand dohnson 1972 Teague and Hanson 1954) D1gest1ble energy \»
t‘(DE) and d1gest1ble n1trogen (DN) 1ntakes per 100 g galn |

'were lower for rats fed the RSM and SBM d1ets than for rats

~

No 51gn1f1cant d1fferenoes in: thyro1d we1ghts of SBM

3°Tower or Candle fed rats were observed (Table 8) Thyro1d

.$;:<fwe1ghts were s1gn1flcantly (P<O 05) heav1er for rats fed

.td1ets conta1n1ng rapeseed meats Thyro1d welght 1ncreased

f[”W1th 1ncreas1ng level of hul]s but the d1fference was

wiffs1gn1flcant only for the dlet conta1n1ng 15 4% hu]ls,tfait” -

.‘}gfreflectlng the h1gher tota] percentage of rapeseed in the

'-.-sifd1et (Table 2) 'inLE:sf"

A s1gn1f1cant (P<0 01) sex d1fference in. thyr01d we1ght;pff71-t
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was observed, witﬁ‘females having'more thyrotd'tissue‘per

100 g body'weight MaTe rats fed SBM had s1gn1f1cant]y lower |

;(P<O 05) thyro1d we1ghts than males fed Candle whose thyr01d C

we1ghts were not s1gn1f1cant]y d1fferent from those fed
B Tower RSM Although not s1gn1f1cant rats fed Candle RSM had,
. ;cons1stent1y h1gher thyrp1d welghts than those fed Tower",

B RSM Desp1te the1r QTUCOSTnO]ate TeveTs Tower or ﬁandle RSMs
"fed ‘as sole proteln supplement 1n the d1et of rats d1d not

"eT1C1t a go1trogen1c respgnse’} _ |
‘ Table 9 shows 1ncreas1ng feca] VFA conceptrat1ons w1th -
?1ncreastng Tevel of huTTs in d1ets 1 through 4. Th1s is f

2 probab]y a refTect1on of the 1ncreased quant1ty of

und1gested mater1al ava1lable for. m1crob1a1 ferment tton in ‘,:T;

the caecum and colon as the Teve] of huTTs in the

'1ncreased The concentratlons of butyr1c ac1d rema1ned

'}relat1veTy more stabTe but there were s1gn1ftcant (P<0 01) g'alu‘

(4

:“1ncreases in both acet1c and prop1on1c a01d The h1gher

",'fecal VFA. concentratTons recorded 1n rats fed SBM may be due B

',to the passage of more read1]y fermentable carbohydrate 1nto"

.".}the caecum and coTon of these rats A Tow f1ber SBM may a]so;i'fta

'result in a sTower rate of passage aTTOW1ng more t1me for:

"tghmtcroblal fermentatlon Rats fed Candle (18 4% ADF) had a

5‘!,Tower tota] VFA concentrat1on than rats fed Tower (25 1%

',ffADF) An exam1nat1on of the rat1o of ac1ds show 1ncreas1ng

"Tf:acetate buéyrate and acetate prop1onate p]us butyrate whlle klfﬂig.'ﬁﬁ

Thgiacetate prop1onate rat1o decl1nes The resu]ts 1nd1cate thatTi“V':*

s ht;some m1crob1a1 d1gest1on of rapeseed flber may occur



Further study of NFA product1on rates and absorpt1on are
(requ1red to determtne the extent of th1s fermentatton
The present exper1ments 1nd1cate that a 2% reduct1on in t;
' the crude f1ber ]eveT of RSM does not resuTt in 1mproved pwg‘h“f"T_e-
or rat performance The absence of response in ADG observed B

in rats foTTow1ng complete remova] of huTTs 1nd1cates that

'~.f'very T1ttle of ‘the depresston 1n performance assoc1ated w1th‘

. study Whvle pTant breeders are current]y act1ve]y pursu1ng

w';.the feed1ng of RSM 1s attr1butable to 1ts hlgh ftber hu]l
;inract1on The extent to wh1ch other factors whtch affect

7vvpalatab111ty are respon51b1e 1s not cTear from the present Tk

..§the search for var1et1es of rapeseed w1th fower “f1ber"'
"“TeveTs, results of these exper1ments makes thTS an act1v1ty

_of quest1onab1e vaTue to the feed 1ndustry
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Table 1. Formulation and composition of diets .in experiment 1
Diets | S S22 ‘ o 3
Protein Supplement - (sBM) “ (CANDLE RSM). . (TOWER RSM)
Barley . 40.0 . 40.0 40.0
Wheat - 4.5 3.5 1 39,5
' Rapeséed‘meél - S : S 010.00 - o 10.0
Soybean meal = . B 13.7 . : 5.4 - 5.4
Tallow o 1.0 3 1.3
Ioaizedgsalt . _,‘ : 0.4 ; 0.4 ' 2 0.4
Limestone 1.2 - CooL2 o
" Monocalcium phosphate 1.2 - 1.2 .FI o 1.2_:
Mineral & vitamin mix’ 1.0 = -~ . 1.9 1.0
100,0 100.0 100.0°
Analysis (3, as-fed) '
Protein 162 160 : 16.0.
Crude fiber = -~ 4.0 - 44 L 4y
Lysine(calculated) - - 0.66 = A T R AT 0.64 e
. Contributed the following per kg -of diet: 2n, 120 mg; Cu, 10 ng;

Mn; 48 mg; Fe, 100 mg; Se, 0.1 mg; Vitamin A, 7,500 IU: Vitamin'D, . .
700 IU; Vitamin E, 45 IU; Riboflavin, 12 mg; Niacin, 40 mg; Calcium
pantothenate, 27 mg; Vitamin B1l2, 28 mcg and .5g Furazolidone. '

"
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Table 4. Comp051t10n (2) of rapeseed fractlons and meats used in
o experlment 2 : ) : S , ‘ _ N

Tower , ToWer-ll - Tower. ~ Candle
Meats . ' 'Hulls | RSM - RSM

‘Protein (Nx6. 235) L are 164 3.8 37,4
~ (Fat free ba51s) . o R R T

Ash. o s a2 e 6.4
| crude”fibe&' 3 ‘f L e 3047 L1209 L2
' Ac1d detergent flber (ADF)’ 1920 63.2° . 25.1. . 18.4

Neutral detergent flber L 2207 fﬂ_ *74.ﬁ s 35.5 . 36.9.
~(NDF) o | R

.HehiCelluIese,; i3 11.71"" 10.4 -‘18}5_
(NDF-ADF) S e e T e

Eéﬂﬁ - Cell selubie material B 7_"”77a3'§" e25:lv ”‘_f54-5n HA“53fl_

w

Residue remaining after ;embvdl'ef.hullS'by pin#milling.

. .



Table 5. Performance of

rapeseed meal:

22

plgs fed diets contalnlng soybean meal or

experlment 1

Diets

SBM

108

Candle
“ RSM - -

Grower perlod (20 =60 kg)

Number of. pigs

In1t1al welght kg

EFlnal welght,>kg

QDally feed*lntake, kg

Dally galn, kg .

;Feed/galn

Sl

61,0,
©1.98
0,75

S C2.66 .

108

Tower
RSM

Pboleds’

SE

16
20.9

601
2.04
0469

2,98

'8

16 - .

20,6 .
>‘ _60;;
201

v°f§7
sig

10.07-

Cokx

 N$
NS
NS
ks

* %

(P20.01). -«
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II11. THE EFFECT OF FIBER ADDITION TD DIETS FORMULATED .
'_ TO CONTAIN DIFFERENT LEVELS OF ENERGY AND PROTEIN ON GROWTH
_ cF AND CARCASS QUALITY OF SWINE

T AL ABSTRACT A ' |
The 1nf1uence of d1etary crude f]ber, and the methods used AH
in formulat1ng h1gh ftber d1ets, on the performance and-
N'carcass compostt1on of sw1ne was stud1ed in an exper1ment 1n
wh1ch 72 pigs, average 1n1t1a1 we1ght 22.6 Kg, were fed 4
-d1ets Dlet 1 the control, conta1ned 14 1 MdJ dtgestlble t

| energy (DE) per Kg , 17 1% crude protetn (CP) and 4. 1% crude -

"ffyber (CF). D1ets 2, 3 and 4. each conta1ned 22% oat hulls '
'R‘9{8L 9‘6{ and 10.2% CF , had respecttve energy contents of f"'
12.2, 12,5 and 14.9 MY DE/Kg and 17.0, 14.4land 17.3% P,
:respect1ve1y Dxets were: prov1ded ad T1b1tum In the grow1ng
‘T,(22 63 Kg) per1od control an1mals had 51gn1f1cant1y greater '

average dally ga1n (ADG) than those fed any of the h1gh o

"fIftber d1ets whlch d1d not d1ffer s1gn1f1cant]y In the

f1n1sh1ng (63 92 Kg) pertod there were no s1gn1f1cant

:*.d1fferences between d1ets 1n ADG desp1te d1fferences 1n CF »

'N-'Fdntakes rangtng from 135.6 to 404 5 g/day However'FvaR

g;d1fferences 1n energy and prote1n Tevels 1n d1ets w1th'equa1

‘c>CF levels, were shown to affect CF 1ntake feed 1ntake and “
ffeed/galn s1gn1flcantly 1n both per1ods The 1nc1us1qn of t'i

'I‘22% oat - hu]]s 1n d1ets 2 3 and 4 had no s1gn1fwcant -

El1nf1uence on total backfat The present resu]ts 1nd1cate

ltﬁi}tthat changes 1n prote1n and energy assoc1ated w1th f1ber



add1t10n to sw1ne d1ets and the phys1olog1oal age or -
adaptatlon of the an1mal to the d1etary fiber may
' 51gn1f1cantly 1nfluence the parameters measured and the .

. conclu51ons drawn

' B. INTRODUCTION B | |
| There is cons1derable dlsagreement.among authors w1th
Trespect to the 1nfluence of dletary crude flber on the-'
‘growth feed/ga1n (FG) and carcass characterlstlcs of sw1ne,,
| espec1ally W1th reference to the effect of ftber on carcass'

" fat content (Crampton et al 1954a MerKel et al 1958a |

_ Pond et al 1962 Hochstetler et al 1959 Cunntngham et al
:"‘1961 Noland and Scott 1960 Klay et al 1964 Ba1rd et al

- 1969; 1970; '1974; Larsen and Oldfield, 1961 Teague and.

‘Hanson 1954) These d1fferences could be due 1n part to the

— source,of f1ber and hence tts compos1t1on

&

Crude f1ber determlnat1on 1s a very 1mprec1se 2

’”"h;hanalytlcal procedure The recovery of cellulose

'*:vfhemlcellulose and ltgn1n 1n the crude ftber fract1on be1ng

'Tilflon average 50 BOA 20% and 10 50% respectlvely (Van Soest

."’f}”and McQueen 1973) The orlg1n of the cellulose, Forhes and

i'tsh?fHamtlton 1952) hem1cellulose and ltgn1n (Nehr1ng and

':'h?ufhf'and pPOCéSSlng effects (Crampton and Bell 1946 Calder et

'”ﬁUhlemann 1972) the degree of cross llnkage (Mangold 1934)

N+

1959) are further sources of varlatlon 1n dtetary f1ber

"'.lead1ng to cons1derable d1fferences 1n 1ts phy31cal and ,,f”;}ff



i quant1ty chang1ng with the prote1n content of the}
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chemical composition and hence the biological response of ' .

the animal. Compar1sons between var1ous stud]es are further

complicated because of differences in protein and energy
levels 'in the diets arising from the dietary model selected
Fur thermore, changes in f1ber levels are frequently
a35001ated and confounded with alteration 1n,f1ber and
protein source (Bohman et al., 1955)

‘While the cr1ter1a used in formulat1ng h1gh fiber diets.

vary cons1derab1y the maJorlty of stud1es can be divided

into the following broad categorles.

t. The.high fiber diet is maintained isonitrogenous but no

attempt is made to maintain a constant digestible energy

- (DE) level (Baird’et al. 1970 ‘Boenker et al. 1969; Bohman |

et al. 1955 Hochstetler et '351959 Lowrey et al. 1959)
2. The high fiber diet 1s achieved by a s1mp1e d11ut1on of'

the control diet with the fiber source resulting in

decreased energy dens1ty, and wvth prote1n qua]1ty and

source (Ademosun 1976 Axe]sson and Er1ksson 1953'“Boenker

et'at 1969 Bohman et .al. 1953. Coey and Rob1nson 1954;

Cor]ey et al. 1978; Crampton et al. 1954 Cunnvngham et al.
1961; Farrell and Johnson 1970 Fr1end et al 1962 Larsen
and Oldfield 1961: Lloyd and Crampton 1955 togrey et al.

‘1959 Merkel et al. 1958a: Pals and Ewan 1978 Stevenson et

al. 1959; and Teague and Hanson 1954), and

3. The high fiber diet is formulated to be of a similar

nitrogen and digestible energy content‘as'the.control'diet
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(Baird et al. 1969; 1970; 1974; Merkel et al. 1958; Forbes
and Hamllton 1952) . - | o !

The present study was des1gned to compare h1gh f1ber
diets formulated according to the above three categortes
with respect to the effect of dietary. flber on the '
performance and carcass characterlst1cs of growing-finishing
swine. Oat_hulls were»selected as.the fiber source because

their low crude.protein level (4%) helped prevent

confounding“of'fiber level_with'source of protein.

"C.“MATERIALS AND METHODS

Experimental'

'Three models for determ1n1ng the effect of dletary f1ber on
the performance and carcass comp051t1on of swine were
' examlned w1th 72'crossbred (Yorksh1re X Lacombe) pigs (38
barrows, 34 g1lts) of average 1n1t1al we1ght 22.6 kg b1gs
 were randomly allotted on the bas1s of sex and we1ght to the
four diets shown (Table 1). P1gs on treatment 1, were fed a
standard Un1vers1ty of Alberta ‘swine diet conta1n1ng 17.1%
crude protein (CP) and 4 1% crude fiber (CF) Dletary
‘}feaments 2, 3 and 4 were. formulated on the bas1s of
publlshed values (Allen‘ﬁ978)‘ to contain equal CF levels ofg
'}10.0% the greater portlon of the CF ar1S1ng from the .
add1t1on of 22% ground oat hulls to each diet Treatment 2
was formulated to be 1son1trogenous w1th treatment 1 wh1le .

treatment 4 was both 1son1trogenous and of s1m1lar
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digestible energy with the control diet. Treatment 3 was
obtained by a simple dllution.of 78 Kg'control ration with
.22 kg oat hulls thereby reducing the'CP level,of‘treatmenth
from 17.1 to 14.4%.

Pigs were penned in pairs of the same sex’ in
concrete- floored pens (1.52 x 4,06 m) w1thout bedd1ng The
rﬂp1gs were allowed‘ad l1o1tum access to feed and‘watervand
the environmental temperature wasdcontrolled at 21-23°C
throUghout the experiment..All diets were‘fed'in meal form
and Weekly‘feed lntake and pig-weights‘were.recorded. At the
conclusion of the growing period (63 kg), four pigs from
eaCh treatment were. transferred to a d1gest1b1l1ty trial
from which the dlgest1ble energy values (Table 1) were'
,determ1ned follow1ng a l -day total fecal collection (Chapter
IV) Forty an1mals cont1nued on. expertment until slaughtered |
at 90- 95 kg when carcass measurements and commerc1al grade
1ndexes were obtalned (Table 3). Proximate analyses of the
diets (Table 1) were performed by the standard methods of .

the As5001at1on of Off1c1al Agr1cultural Chem1sts (1975)

Statistical Analysis

ATl statlstlcal analyses were conducted on an 1nd1v1dual plg_
bas1s, except feed 1ntake and FG for Wthh results were
computed on a pen bas1s Data»were analyzed us1ng'least

' squares analy31s of var1ance for unequal numbers (Harvey o

- 1960) adJustlng for. all 1dent1f1ed sources of var1atloh

‘Means for s1gn1f1cant treatment d1fferences were compared
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using Student-Newman-Keuls mu]tiple range test (Steel and
& | ‘
Torrle 1960) tak1ng into account unequal number of:

observbt1ons per mean.

D. RESULTS

Performance data ) / | -

Growing period (22-63 kgl While:pigs tended to increase feed

intake when fed low energy diets the d1fferences were not
s1gn1f1cant The 1nc]us1on of 11.5% tallow in diet 4 was

| associated w1th a sxgn1flcant reductlon in feed intake from .
that obta1ned with pigs fed all other diets. "No s1gn1f1cant

| d1fferences were observed between ptgs fed the three h1gh

| fiber diets 1n DE intake. |

‘The inclusion of 22% oat hulls caused a s1gn1f1cant '
reduct1on in average da11y gain (ADG) in pigs fed diets 2, 3v
‘} and 4 (Table 2). P1gs fed diet 4 had s1m11ar feed/gain (FG)
to those fed the contro] dtet wh1ch was s1gn1f1cantly better
than that atta1ned by pigs- fed d1ets 2 and 3. |

F1n1sh1nq pertod (63 92 kq)

‘The effect of energy leve] of the dtet .on feed 1ntake was

more apparent in the f1n1sh1ng per1od because p1gs fed dlet
2 had s1gn1f1cant]y h1gher feed 1ntake than p1gs fed diet 1
or 4. Wh11e not swgn1f1cant p1gs fed d1et 3 also tended to

d‘have h1gher feed 1ntakes resu1t1ng in s1m1]ar DE 1ntakes and"'

~ the absence of s1gn1f1cant treatment d1fference in ADG

- between p1gs fed the h1gh CF ‘and those fed the control (4 1%

A
\.
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CF) diet. Feed to gain ratio reflected the crude fiber and
energy level of. the diets w1th p1gs fed d1ets 1) and 4 having

‘~s1911f1cantly 1ower FG: than those fed d1ets 2 and 3 whtch
did not differ (P< 0.05) from each other |

- Overall period (22 92 hgi | ,
'ftplgs fed the control diet reqU1red 51gn1f1cant1y‘fewer days'
to reach slaughter wetght than pigs . fed the three hlgh ftber‘
Vd1ets (Table 2). There were no s15n1f1cant differences in
days on test. between pigs fed fiber diets}formulated to the
three modelst however, animals fedhdiet 4 had significantly
(P<0.05) 1ower feed 1ntake than those fed diet 2. Feed
dlntake was not s1gn1f1cant1y different betweeh diets 2 and
3. There was no s1gn1ftcant treatment dlfference in DE
intake, but, pth fed the control d1et tended to have h1gher
1ntake than those fed the htgh f1ber dlety' Wh11e not
.s1gn1f1cant feed 1ntake on the htgh fat diet was depressed
in both growth pePtOdS be low that obta1ned w1th ptgs fed
the control d1et Plgs fed dlet 4 had 51gn1ftcant1y ]ower
da1]y CF 1ntake than those fed dtets 2 .and 3 wh1ch had
51m11ar CF leve]s Conswderab]e dlfferences in CF 1ntake
occurredtn the f1n1sh1ng per1ods between pigs . fed dtets 2

and 3 w1th pigs fed diet 3 hav1ng s1gn1f1cant]y Iower -

.1ntake

”Carcass data @-h

A summary of the resu]ts of carcass measurements are, AT
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presented (Table 3)' There‘were no-signtficant'treatment

_d1fferences in f1na1 we1ght but there was a s1gn1f1cant

“reduct1on in carcass we1ght of p1gs fed d1et 3. -compared tb

contro] animals. An1mals fed dvets 2 and 4 also tended to

have 1ower carcass we1ghts Therefore all carcass data

presented in Tables 3 and 4 with the exceptton of dre551ng

percent were adJusted for final carcass weihgt., However
correct1ng for final carcass wetght did not 1nfluence

treatment differences. Final wnght,waslused as a~covartate

'..for dressing percent. However, no significant influence of

| diet on dress1ng percentage or total backfat (the sum of

three measurements shoulder back and lo1n) was observed

o Ham we1ght, area of lean in ham , percent ham of side and
"predlcted percent y1e1d of tr1mmed cuts (Anonymous 1968)

h'showed no s1gn1f1cant dtfferences across treatments There

were no s1gd1f1cant treatment d1fferences in pred1cted
percent y1e1d of tr1mmed cuts.however pigs fed d1et 2 had

51gn1f1cant]y better comnerc1a] grade lndex than p1gs fed

“d1ets 1 or 4

Table 4 contatns a summary of the effect of treatment

on carcass qua11ty of barrows and g11ts Sex s1gn1f1cantly
. -affected backfat 101n area area of ]ean 1n ham commerc1a1

‘grade 1ndex and percent yleld of tr1mmed cuts but had no i;j""“

/

B 51gn1f1cant 1nftuence on dress1ng % ham welght or area of -

”r'r]ean 1n ham Barrows had more backfat but lower lo1n area,»‘jtﬁ’

commercta] grade 1ndex,-and yleld of lean cuts than gmlts

"f;-Wlth the exceptton of commerc1a] grade 1ndex (Table 4) therean_t
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were no significant treatment by sex interactions

E. DISCUSSION
'The‘inclusion of fiber.tn'swine‘diets decreases energy
digestibility and generatty resultshtn increased feed intake

.'1954aj:Baird et'at‘-t975"DinUSson et al.

(Crampton et a]
Noland and Scott 1960) as the an1ma1 attempts to

t961
malntatn d1gest1ble energy 1ntake (Agr1cultura1 Research
Councll 19&7 Baird et al. 1975 Nat1ona1 Academy of B
 sciences-National Research Counc;] Levels of crude -
'fiberfin exeéss of 10-15% of the diet,
f1ber source proce531ng effects, and the ageand/or]enqﬂ1of
frequently result in depressed feed intake. It'f

therefore, to dlst1ngu1sh between the effects

1979) .
‘ depend1ng on the

adaptat1on

‘is 1mportant
of crude flber result1ng from a slmple d11ut1on of

d1gest1b1e energy and’ that due to bulk or patatab111ty
Th]s is part1cu1ar]y true in the case of

(Braude 1967)..
alfa]fa where 1ncreases in crude f1ber 1eve1 fo]]ow1ng 1ts

add1t1on to the d1et frequently falls to e11c1t an 1ncreased

feed 1ntake and may even result 1n a depress1on 1n feed
1956) It seems e

1955 Hanson et aT

'1ntake (Bohman et a]
11Ke1y that dlfferences in relat1ve feed 1ntaKe obServed

Crampton et al

A

where 81m11ar f1ber sources have been stud1ed (densen et a]

Larsen and 01df1e1d 1961
No]and and Scott>1960) can be

1959 1959a)
1961
to changes 1n palatab1]1ty due-~

1954a,‘D1nusson et al
attr1buted, at 1east 1n part
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‘to differences ln_processing{lCalder et'al.'1959,.Crampton

and Bell 1946, Patience et al. 1977).

' Dletary fiber and gﬁrformance » |

| In the grow1ng per1od (22-63 kg) the energy d1lut1on
:result1ng from the 1nclu51on of 22% oat hulls (diet 2 and-3)
had no s1gn1f1cant 1nfluence on feed 1ntake P1gs fed h]gh
‘CF d1ets 1ncreased the1r feed 1ntake in the f1n1sh1ng (63 =92 -
‘Kg) period suff1c1ently to ach1eve S1m1lar or greaterll o
"‘d1gest1ble energy 1ntake to plgs fed thelcontrol diet, It 1s‘.}
not clear whether the 1ncreased feed 1ntake of p1gs fed |
v} d1ets 2 and 3 in the f1n1sh1ng per1od was, a result of the
1ncreased age of the animal or. due to -animal and/or
\.mlcrob1al adaptat1on to the d1etary f1ber It would appear
that the duratlon of the experlment and age. of the animal.
lcould be 1mportant var1ables in f1ber stud1es and could

‘51gn1f1cantly 1nfluence the results obta1ned

The avavlab1l1ty of feed 1nfluences the p1gs ab1l1ty to o

'vma1nta1n DE 1ntakes when presented Wlth h1gh f1ber dlets

" ‘Stud1es conducted where free access to feed is not allowed

‘7,~can lead to erroneous conclu51ons as l1m1ted t1me feed1ng ] o

| .1nev1tably leads to restr1ct1on 1n feed 1ntake (Wyllle and :

'thwen 1978) The lnfluence of restr1cted feed1ng 1n stud1es

'f_where free access to feed 1s not allowed (Babatunde et al

'legss 1957 Barber et al 1972 Calder et al. 1959 C‘aWSOH‘fdfe

‘f?tfa] 1962 Coey and Rob1nson 1954 Crampton et al 1Q54f,tif't
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- 1954a; Cunninghamfetval t96§' Davies‘anBVLUCas;1972{~Fuller
and L1v1ngstone 1978 densen etaaT 195%a;. Lucas and‘CaTder |
1956 Vanschoubroek et aT .1967) can thus be confounded with
the effect of dletary f1ber B L | .

The ADG 1n the grow1ng per1od was cToseTy reTated to
Tdtgest1b1e energy 1ntaKe and was s1gn1f1cant1y greater for -

“the control p1gs than for those fed the three high f1ber :

,',dtets However as the ptgs 1ncreased 1n age and/or adapted

to the h1gh fiber d1et thelr ab111ty to eat to d1gest1bTe

. energy requ1rements resu]ted 1n 51m1lar average datly ga1ns

'rto those obta1ned on the’ controT dtet Wh11e there were no
.s1gn1f1cant dlfferences due to the add1t10n of 22% oat huTTs_'
.; 1n the f1n1sh1ng per1od the controT an1ma1s ga1ned

s1gn1f1cantTy faster overaT]

-‘fDietary-fiber and carcass'quaTity‘“

The level of. crude f1ber 1n the d1et d1d not

*:51gn1f1cant1y 1nfTuence any carcass measurement However ‘the:

1nc1us1on of 22% oat huTTs 1n dlets 2 3 and 4 reduced
7:dress1ng percent by 1. 6 2 1 and O 7 un1ts respect1vely

T:When corrected for carcass wetght (TabTe 3) the s1tuat1on 1s:g

'V73lreversed w1th plgs fed h1gh f1ber d1ets hav1ng Targer

}v':d"ess‘”g percent Coey and Robtnson (1954) suggest that the L

:-fgreduced dress1ng percent, assoc1ated W1th Targer gut f111

o jcontr1butes at Teast 1n part to the lower bachat somet1mes y;'**"

1.71Qobserved foTTow1ng add1t1on of f1ber to sw1ne d1ets The
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lower carcass weight'of animals‘fedfhigh fiber. diets place -

_them at a younger phys1olog1cal age and consequently lower o

carcass fat However,‘1n the present study backfat was not
'a]tered when corrected for ‘carcass weight. | |

The fa11ure of d1etary f1ber to s1gn1f1cant]y reduce
‘carcass. fat or. 1ncrease carcass leanness is’ 1n agreement
.w1th the. resutts of Hochstetler et al. (1959) Klay et a]
'(1964) Ba1rd et al. (1969 1970, 1974) Larsen and Oldf1eld

(1961); Teague and Hanson (1954) but contrary to the reports y

o of Axelsson and Er1ksson (1953) Bohman et al. (1955)~

Crampton et a] (1954)q Cunn1ngham et al. (1961) Merkel et
al. (1958, 1958a), Pond et al. (1962) Troelsen and Be]l
“v(i962) Waldern (1964), |

Ihe absence of effect of d1etary f1ber on carcass fat
‘Jreported 1n the above exper1ments can be exp]alned on the
'bas1s of factors other than the CF 1eve] of the diet.

' The tendency to decreased carcass fat -as dtetary CF

'd_level 1ncreased reported by Axe]sson and Er1ksson (1953) fs_l_

t~confounded by the eXper1menta] d8819n used Straw was used 'v:_f

”sas the source of f1ber wh11e all anlmals 1nc1ud1ng the

' 'controt group were bedded on straw reported 1ntakes of

: crude ftber are therefore open to quest1on Decreased

| }"iﬁzbackfat on htgh f1ber dlets reported by Bohman et a] o
»f. (1955) Cunn1ngham et al (1961) Pond et al (1962) is not

surpr1s1ng as 1n contrast to other reports plgs fatled to

'f1ncrease feed 1ntake 1n response to 1ncreased d1etary crude

B yf1be§ levels In the case of Bohman et al (1955) thvs

R )



v‘response can be attr1buted to the 1nh1b1tory 1nfluence of
alfalfa on. feed 1ntake (Hanson et alt. 1956 Becker et al
19856) . Result1ng changes in backfat can therefore be
attr1buted to restr1ctton in energy 1ntake and d1fferences
_1n palatab1l1ty rather than energy dilution due to level of
CF.. As feed was not ava1lable ad l1b1tum in- the stud1es of
' Crampton\et al. (1954a) and Troelsen and Bell. (1962) it is-
f1mp0551ble to d1st1ngu1sh between ‘the. effect of reduced |
1ntake ‘and 1ncreased fiber level of the dlet

H1ghly s1gn1f1cant correlatlon coeff1c1ents between
percent CF and backfat th1ckness reported by Merkel et al
_:(1958 1958a) are surpr151ng as- the authors report no.
‘s1gn1f1cant 1nfluence on’backfat w1th d1ets varylng in. CF
percent from 3 14 to 13 56. S1gn1f1cantly reduced backfat
f'was only q?served followxng the 1ncorporat1on ‘of 529 of
:f extremely weathered" alfalfa hay 1nto the d1et w1th
‘Rresultlng CF level of 19. 85% Wh1le Waldern (1984) reported

decreased back and lo1n fat on h1gh f1ber diets no y

}7o_519n1f1cant d1fferences were observed in shoulder fat. It_iSf

“'fnot clear to what extent results were 1nfluenced by -

e confound1ng changes in source of prote1n w1tH fiber level

B leferences in carcass tralts between barrow and gllts
4_are reported in Table 4 Wh1le barrows had s1gn1f1cantly o

alower area of 101£$ commerc1al grade 1ndex calculated

"-; percent yelld of tr1mmed cuts and area of lean 1n ham than

“:_g1lts, no S1gn1f1cant d1fferences were observed 1n dress1ng |

:_percent or ham we1ght
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‘Effect of differences in grotetn and'energy %eveT‘in:high

fiber diets = o ,

%Zeed intake and hence 9; 1ntaKe in the

gylng perlods P1gs fed/d1ets w1th s1m1lar

»pect1ve1y (TabTe 2) T is emphas1zes the need

Fsource of CF are the same. The 1nf1uence of CF per
h and carcass quaT1ty is more T1kely to be «
med rough the actual CF 1ntake rather than the-
ndietary percent Some of the treatment d1fferences in
performancc and carcass tra1ts, can be attr1buted to

fd1fferences in energy (Talley et aT 1976) and protein

an have an-xmportant 1nthence,on‘thehresu1ts\
”vobtained“ e’dtets‘with stmilarvfiberﬂieyeT andlsourCe are.
used , | | . n.a . - .,_
PTgS tend to 1ncrease feed 1ntake in an attempt to
B ma1nta1n d1gest1bTe energy 1ntake when presented W1th ‘
vtncreased TeveTs of d1etary f1ber The ab1T1ty of the p1g to }
;’maintaln d1gest1bTe energy 1ntake appears to be reTated to .
~the per1od of adaptatlon to the dlet and/or phys1oTog1caT |
"age of the an1maT Fa1Ture of swine: to ma1nta1n d1gest1bTeA

"energy 1ntake can. be attrtbuted to changes 1n paTatablllty

Tdue to excess1ve TeveTs or 1nh1b1tory substances 1n the.hj

:"T{fxber source Where any factor other than f1ber per se
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Trenders h1gh f1ber diets unpa]atab]e the effect on
performance and carcass quallty should not be attr1buted to
‘the energy d1lut1on of the crude flber fract1on of the diet.
’Many of the resu]ts attrlbuted to the energy d1lut1on effect
of CF or.. the effect of CF per se are more 11kely to be due '
to changes 1n palatab111ty of the d1et In th1s study p1gs
H'ach1eved s1m1lar digestible energy 1ntakes, in the f1n1sh1ng
: perlod on 10% CF diets to that atta1ned on a 4% CF d1et |
_fUnder such c1rcumstances it was. shown that the level of CF
had no 519n1f1cant effect on carcass qual1ty Qua]1tat1ve
and. quant1tat1ve d1fferences in energy and proteln were 3C

shown to 1nfluence feed 1ntake and CF 1ntaKe s1gn1f1cant1y '

-_on dlets w1th s1m1lar CF ]evels
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Table 3.” Summary of carcass data
5 _ ;
Diets 1 2 3 4 S.E.M.
No. of animals g 10 10 10 10
Days on test S 92.8a  100.3b 103.1b 98.7b 1.7
Final wt (kg) 92.3 92.3 91.7 92.1 1.9
S e - i . L P ‘
Hotgcarcass wtﬁ(kg) 76.4a 73.7ab ',72 ob . 74.6ab 0.7
Dressing (%) 78.5 76.9 76.4 77.8 1.2
'Total backfat® (cm) 10.2 9.5 10.1 10.3 0.2
Ham wt (kg) 8.7 8.7 8.7 8.6 0.1
Area of lean in hdm(cm ) 134:2‘ 135.9 131.4 - 129.5 6.4
i R : . . .
Percent ham of 51de (%) 27.0 27.1 26.9 26.7 S 0.4
.‘Area_of,lpln (cm?) 29.7 31.6 30.8 31.0 1.2
Commercial grade index = 10l.6ac  103.2b 102.3bc  100.3a 0.6
¥ - 69.1 70.5 69.3" 68.6 0.8

§ 'all carcass data except dresslng percent adjusted u51ng carcass welght

as a covarJ.ate

'+“sum of three measurements (shoulder, back and 101n)

F predlcted percent yleld of trlmmed cuts.

a, b means 1n the same row w1th the same letter are not dlfferent (P<0 05)

' .
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1v. THE EFFECT OF FIBER IN DIETS FORMULATED TO CONTAIN
DIFFERENT LEVELS OF ENERGY AND PROTEIN ON DIGESTIBILITY
CDEFFICIENTS IN SWINE -

}A.'ABSTRACT

The 1nfTbence'of'dietary'crude fiber (CF), and the methods"

used in formuTat1ng h1gh f1ber d1ets, on d1gest1b1]1ty .

”coeff1c1ents has been 1nvest1gated FoTTow1ng a 10 weeK .77 L

adaptat1on per1od to. the four dietary- treatments, 2 barrows

and 2 g1Tts ,per treatment of an average 1n1t1aT we1ght of

67kg,,were transferred to metabollsm crates D1et 1,

;;_conta1ned 14 T MJ d1gest1b1e energ% (DE) per kg, 17. 1% crude

" protein fCP) and 4.1% crude f1ber (CF). Diet 2, 3 and 4 each
.conta1ned 22% oats huTls, wh1ch were added to the d1ets
’1son1trogenously (d1et 2), by s1mp1e d1lut1on (d1et 3), or
1son1trogenous]y and 1soenergetlca11y (d1et 4) The three._

diets conta1ned respect1ve1y, 9 8 9.6 and 10. 2% CF 12 2{7

,”Y12 5 and 14 g Md DE/kg and 17.0, 14 4 and 17 3% CP. The. S
.fmethod of add1tlon of CF swgn1f1cantly 1nf1uenced dry matter

'r(DM) dlgest1b1l1ty w1th coeff1c1ents of 70.2, 72 8 and 65 0%

.»for d1ets 2 3 and 4 respect1vely The add1t1on of 11 5% -
tallow to d1et 4 s1gh1flcantly 1mproved ether extract

d1gest1b1]1ty over that obta1ned w1th d1ets 1 2 and 3

letrogen dlgest1b111ty was unaffected by the leveT of CF 1n F-FT‘

H;<the dlet wh1ch a]so fa1Ted to alter am1no ac1d

d1gest1b111ty The method of add1t1on of f1ber resuTted in

"»;Es1gn1f1cant dlfferences in the d1gest1blxl1ty of CF neutra]i
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-,detergent fiber and acid detergent fiber‘in diets with

similar CF levels.

- B. INTRODUCTION

Attempts to 1solate the 1nfluence of crude f1ber on
digestibility coeff1c1ents from the effects of result1ng
.tvconcurrent qual1tat1ve and quant1tat1ve changes 1n other
'dletary constltuents has led to the. use of d1ets 1n research

which- though equal in crude f1ber levels d1ffer markedly in

‘,‘-other respects (Kennelly and Aherne 1980)

The effect of crude f1ber 1s frequently confounded w1th -

o qual1tat1ve and quant1tat1ve changes in prote1n and energy

level (Lloyd and Crampton 1955 Greeley et al 1964) and may
be further compl1cated by d1fferences in palatab111ty :

: assoc1ated w1th the use of a part1cular f1ber source (Larsen‘
{,and Dldf1eld 1961) . o | e |
' u Ut1l12at1on of crude flber by nonrumlnants has been i

4‘shown to vary cons1derably depend1ng on. the flber source‘~

.”",(Mangold 1934 Bre1rem et al. 1958 Bell 1960 Nehr1ng and

' -thlemann 1972) degree of l1gn1f1cat1on (Forbes and Ham1ltonu;
'g'1952) level of lnclu51on Ldust 1979 Farrell and dohnson j'

v‘1970) and the extent of processtng (Crampton and Bell 1946

"”Saunders et al 1969 McNabb 1975) The results obta1ned andt%}ﬁi5~' ;

f:the conclusnons drawn w1ll also be 1nfluenced by the
phy51cal and chemwcal comp051tlon of the total dlet
"-1(Schne1der and Lucas 1950 Myer et ala 1975) level of
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feeding (Cunningham et al, 1962), age and weight of the |
animal (Nordfeldt et al. 1954; Zivokovic. and Bowland 1970)
adaptation to the fiber source (Poliman et al. 1979),
1nd1v1dual d1fferences among an1mals (Wh1t1ng and . Bezeau
1957, Sp1ller and Sh?pley 1977) and in their m1crob1al flora
(Forbes and Hamilton 1952; Friend et al 1963). Furthermore,
drude fiber represents only part of the.fiber intake of the
.animal (Van Soest and. McQueen 1973). It is not a’d1screte
chemtcal entity (Southgate 1973) and may contain highly
}vartable proportlods of cellulose hem1cellulqse and l1gn1n
’ (Van Soest and McQueen 1973; Kennelly and Aherne 1980)

n In view, of the foregoing it 1s hardly surprising that |

. the’ dtgest1b1l1ty of crudé ftber has been shown tq vary

_between zero and 97% (Rerat 1978) and that the literature

© contalns conflicting reports on the effects of crude f1ber'n

on the ‘digestibility of other dletary nutrlents
| The obJecttves of the present study were to exam1ne the
t,1£fluence on- d1gest1b1l1ty coeff101ents of qualttatlve and

-quant1tat1ve dtfferences in protetn and energy levels 0
'iassoc1ated w1th methods whtch are frequently used to add |

f1ber to sw1ne diets’ (Kennelly and Aherne 1980)

C.- MATERIALS ‘AND METHODS . .

Exper imental

The effect of qual1t“§9ve and quant1tat1ve d1fferences

in energy and n1trogen levels in h1gh ftber dtets on /
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d1gest1b111ty coeff1c1ents were determined with 16 p1gs

qQ

ﬁ‘wh1ch had been fed diets of the same compos1t1on as those

used in the present study for a per1od of 10- weeks from 23
kg 11vewe1ght (Kenne]]y and Aherne 1980) Pigs- allotted to
d1et 1 were fed a standard Un1vers1ty of A]berta diet
conta1n1ng 2.74% nitrogen and 4. 1% crude fiber (CF) (Table
1). Diets 2,3 and 4 were formu]ated on the basis.of
publ1shed values (Allen 1978) to conta1n equal CF 1evels of
10.0%: most of the Cﬁ)ar151ng from the add1t1on of 22A oat
hulls-to each diet. Diet 2 was formulated tq<be

1son1trogenous to the control d1et D1et 3 wih O bta1ned by a’

- simple d11ut1on of 78 Kg control diet with 22 Kg oat hulls

thereby'reducing-the nitrogen'leVel in diet 3}from 2.74 to
2.30%. Diet.4 was both isonitrogenous with and had'simi]ar
DE to the control dget Equal numbers of barrows and gllts
(Yorksh1re X Lacombe) were held in sta1n1e55 stee]

metabollsm_crates which perm1tted separate collection of-

durine and feces The env1ronmental temperature was

ma1nta1ned at approxwmately 20° C The average weight of the
p1gs was 67 Kg at the start and 75 Kg at the end of the

exper1ment The an1mals were’ a]]owed 7 days to adjust to the

[
O

9

feed1ng procedures and metabol1sm crates prlor to the

commencement of a 7- day total fecal collect1on per1od Ur1ne

was col]ected on days 4-7 1nclus1ve of the total fecal .

1 collectlon per1od Female p1gs were fitted With bladder
: catheters for ur1ne collectlon wh1le in the case of male

‘an1mals the des1gn of the crates kept contam1nat1on of ur1ne

Q..
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by fecal mater1a] to a m1n1mum The pH of the urine was
maintained actd1c during collections by the presence of HCI
in the holding vessels. Because of Iimitations in the number
. of metaboltsm crates available, the exper1ment was conducted

in 2 phases with 2 pigs per treatment kn each phase. Pigs

.~ .were fed 0.7 kg at 0800 h and 1.4 kg at 1600 h of the diets

shown in Table 1. Water was available ad libitum. The
experimental diets were sampled as fed. Composite samples
were ground through a 20 mesh screen prior to analysis.
Total fecal collectlons from each an1ma] were collected once
"da11y and thoroughly m1xed pr1or to. drytng in a forced air
oven at 60 C for 3 ~days. to determtne dry-matter. Samples
from dried daily fecal collect1ons were then ground through
20 mesh screen and proximate analyses (Table 1) were
per formed. by the standard methods of ‘the Assoc1at1on of
\ Offical Agricultural Chem1sts (1975). Am1no acid ana]yses“
Table 2) wer y he procedures descr1bed by Sarwar ‘and
Bowlan&ii; Acid detergent fiber (ADF) analyses (Van
‘Soest 1963) and neutfal detergent fiber (NDF) analyses (Van
',Soest and W1ne 1967), us1ng a pre- dtgest1on step for feed
"samples (McQueen and N1cho]son 1979) were also performed
\ ,

”Statisticalfanalysis’

AT stattstlcal analysts were conducted on an
1nd1v1dua1 pig ba51s Data were' analyzed us1ng least squares

';analy51\ of vartance for unequal numbers (Harvey 1960)

i fiadJUStl g for all 1dent1f1ed sources of var1atlon . Meansl
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for significant treatment differences were compared using
Student - Newman - Keuls multiple range test (Stee] and
Torrie 1960) with adJustments for unequal number of

observations per mean.

D. RESULTS |
Whtle formulated to be equal in DE (Allen 1978),

analysis of diets and of fecesbshQWed-DE'levels of’14.1 and
14.7 MJ/Kg re%pective]y‘for dieta 1 and 4 (Table 1), .Dietsv
2, 3 and 4 formulated to contatn 10% CF were shown to have
CF levels of 9.8, 9.6 and 10.2% respect1vely Diets 2, 3 and
4 were s1gn1f1cant]y ]ower in gross energy (GE)
d1gest1b111ty than dlet 1 (Table 3). As waS‘required by the
design of the experiment, DE 1ntake of pigs fed dIetS 1 and
4 were the same and both groups had s1gn1f1cant]y greater DE
intakes than pigs fed diets 2 and 3 Whiie DM intake was
similar for all exper1menta1 dietg, cons1derable d1fferences
were observed in DM excretion. The 1nclus1on of 10% CF
(diets 2, 3 dnd 4) cadsed.a sign1f1cant reduction in dry
matter d1gest1b111ty (DMD) over that obta1ned with plgs fed

the,control (4. 1% CF) QJEt (Table 3). This reductlon was
- most marked in the case of pigs fed diet 4 whose DMD was
65 O% compared W1th 81.4% for pigs fed the 1ow f1ber control_
d1et Dry matter d1gest1b111t1es for p1gs fed d1ets 2 and 3,

\

| at 70. 2 and 72 8% respect1vely, were not s1gn1f1cantly
B

d1fferent from each other but dlffered markedly (P<O 01)

P
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gﬁs1gn1f1cant treatment effect on n1trogen excret1on

from diets 1 and 4,

The addition of 11.5% tallow to diet 4 increased ether

:extract (EE) excret1on but improved (P<0. 01) EE |
*d1gest1b111ty by 16.3, 15.7 and 18.1 percentage units over

that obtained for diets 1, 2 and 3}respeCtive]y.

‘Nitrogen . a s

Differences in ene;gy level and brotein level and

quality in diets with similar CF levels had a significant

'influence‘on nitrogen intake, fecal nitrogen and nitrogen

absorption but nad,no influence (P<0.05) on nitrogen
excretion;=dige5tibility and retention or apparent
biological value (Table-4). As DM intakes Were similar
across treatments the lower percent n1trogen in d1et 3

resulted 1n decreased (P<0. 05) n1trogen intake. The higher =

‘DM excret1on observed with pigs fed d1ets 2, 3 and 4 “than

those fed the.control diet was a55001ated W1th a ]ower fecal
nitrogen content. The overal] result was an absence of

,(.
N1trogen d1gest1b111ty was s1m1lar for pigs fed the 4

dlets de5p1te d1fferences in the ratio of grain to soybean

meal in these d1ets or the add1t1on of 22% oat hu]ls to

ot

e .
d1ets 2,3 and 4 Slm1lar]y, these d1fferences had no Lo

’s1gn1f1cant 1nf1uence on n1trogen retent1on or b1olog1cal

value. However, p1gs fed the 1ow n1trogen d1et (d1et 3)
tended to have Tower nltrogen retent1on and b101091cal

va]ue



Amino acid digestibilities

With the exception of proline (diet 1 vs diet 2) the
fiber level of the diet did not exert a. detrimental effeot
on amino acid digestibility‘(AAD) The d1fferenées observed
in. AAD appear to be more closely re]ated to qual1tat1ve and
| quant1tat1ve d1fferences in nltrogen and energy levels
rather than the 1evel‘of CF in the diet. D1gest1b1]1t1es‘of
~isoleucine, leucine, 1ysine, threonine,_aspartic‘acid énd

. serine for pigs fed the high fat’diet'(diet‘4t Were}

: s1gn1ftcant1y h1gher than those observed for the other 3

~ diets. These results are in keepxng with the h1gher
inc1u51on level of soybean meal in d1et 4 Wlth the ;
exceptton of pro]1ne no 51gn1f1cant d1fferences in AAD were

observed between dlets 2 and 3

[
/A
L

~F1ber d1qest1b1ll§y

Desptte s1m1]ar CF intakes by plgs fed the 3 high f1ber‘A
d1ets, 81gn1f1cant d1fferences were- observed in both NDF and
. ADF 1ntake (Table 5). DIgest1b1]1ty coefflc1ents for CF NDF
sand ADF tended to be h1gher for p1gs fed the 1ow f1ber d1et "
.s:than for those fed the hlgh“f1ber d1ets The add1t1on of a e
;hlgh Ievel of fat (d1et 4) depressed the d1gest1b1l1ty of
CF NDF and ADF the d1fferences be1ng s1gn1ftcant for CF
_and NDF Whl]e f1ber dtgestton coeff1c1ents observed W1th &8
p1gs fed d1et 3 were cons1stant1y larger than those fed d1et:;‘

2 the dlfferences were only s1gn1f1cant for NDF
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E. ‘DISCUSSION

~  The method of add1t1on of fiber to the d1et may exert a
constderable 1nfluence on the compos1tton of the diet (Table
1). Problems of 1nterpretat1on of data can also occur w1th1n
’ and between expertments because of the 1nherent 11m1tat1ons
of terms 11Ke 1son1trogenous and 1soenergettc Formulattng
"dtets to be 1son1trogenous or 1soenergettc provides Timited
tnformation untess'the‘sources and digesttbj]jty of nitrogen'
and energy are specitied &Thts ts oTearly demonstratedtby
reference to Tab]e 2 where constderable d1fferences are :
hobserved 1n the amino actd compos1t10n of dtets 1 and 4
: desptte the s1m11ar1ty in thetr throgen content. |

Depre351on in GE and DM dtgest1b1]1ty observed w1th

.1ncreastng dtetary ftber 1eve1 (Table 3) conftrm the results"
of De Goey and Ewan (1975) Forbes and Hami1ton (1952) "f'_,
'Kennelly’et al. (1978) and others. However the method”of,
~addition of CF also exerted a marked’ 1nf1uence on ‘DM
excret1ons desptte s1mtlar DM 1ntakes Dry matter excret1on ,
‘fifor d1ets 2,73 and 4 were stgntftcant]y d1fferent at 555
'5t503 and 627 g/day respecttvely Wht]e the ]evel of CF per '
‘tse desp1te 1ts 1nherent var1ab111ty, w111 almost always ,:‘ﬂ?;,}'
',,have a negattve lnfluence on GE and DM d1gest1b1]1ty 1t is ,f?; :

' unl1Ke1y that thts relat1onsh1p w111 be a constant one The \\g

N e

‘sfstrong 1nf1uence of the cr1ter1a used 1n formulattng htgh

b _“ftber dtets further emphas1ze the fut111ty of f1nd1ng a

,duntversally appltcable correlatton It is hardly surpr1s1ng,,
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‘ttherefore, that d1sagreement exists (Nordfe]dt et al. 1954)
on a genera] formu]a to. explain the 1nf1uence of d1etary CF -
on DM d1gest1b1]1ty. ,
The signtficantlimprovement in EE didestibi]ity

observed with increasing level of EE (Table 3) is in '
agreement w1th the work of Greeley et al. (1964) and Boenker
et oal. (1969).
| Nttrogen digestibi]ittes— in’diets ranging tn CF“levets‘*_
‘;between 4.1 and 10 2% were not s1gn1f1cant1y d1fferent

These results are in agreement w% Gouwens - (1966) Frtend ‘
'3(1970) and Eggum (1973) but contffary to the reports of Pond .
' .et al. (1962) Boenker et a], t1969), Kornegay {1973) .and /)&P

‘Pals and Ewan (1978). | . | 2 g .
Wh1le the apparent absence of 1nf1uence of dletary
-f1ber on n1trogen dtgest1b1]1ty is conf1rmed by reference to
T}the AAD (Table 4) it must be recogn1sed_that feca] estimates
‘_of AAD are susceptible to moditication’by'miCrobial activity
:1n the h1ndgut (Mason and Palmer 1973 Mason et al. 1976)
thth the except1on50f prol1ne AAD were as h1gh if not hlgher

‘dfor plgs fed the h1gh ftber d1ets ‘as for those fed the

f-f,.control d1et S1m11arly d1etary CF had no s1gn1ﬁﬂcant

:'hh1nf1uence on n1trogen retent1on or apparent nglog1cal
| Thevreasons:for dlsagreement among authors w1th respect-.'
*to the 1nfluence of CF on n1trogen d1gest1b1]1ty are o
“trprobably as varted as the source of f1ber and the
tyexper1mental cond1t1ons employed The reported negat1ve f_::
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influence of dietary”fiber on njtrogen digestibility can in
lmany cases be attributed to the lower availability of the
prote1n added with the flber source (Eggum 1973) Thus,
where alfalfa is used as a source of fiber it is dlfflCUlt

if not 1mposs1ble, to d1st1ngu1sh between the effect of
changlng proteln source and dietary fiber level In general
where the f1ber source does not contribute a s1gn1f1cant
amount of ‘the d1etary prote1n ‘the effect on prote1n

1; d1gest1b1l1ty 1s likely to be negllg1ble ‘Wh1t1ng and Bezeau
(1957) reported 1ncreased metabol1c fecal n1trogen excret1on
'.1n response to 1ncreased d1etary f1ber Gouwens (1966) fed
dlets w1th 7, 14 and 21% CF to swine and concluded that CF
had. no 1nfluence on. total n1trogen or 1nd1v1dual am1no ac1d
”excret1on The present results, - Observed follOW1ng a’'10 weeK
adaptat1on per1od to the d1et, appear to conftrm the report
-fof Gouwens (1966) Because cellulose d1gest1on is dependent
on m1crob1al actlon it is l\kely that the extent of 1t5'
f"dlgest1on W1ll be 1nflueﬂced by the length of time allowed ;3
' for m1crob1al adaptat1on The normal 7- day adaptatlon period -
to the diet may not be suff1c1ent to allow for the : 4

development of an opt1mum m1crob1al populat1on The presenCe,

‘-;of an act1ve m1crob1al populat1on 1n the h1ndgut can also

- _wwmodlfy or mask changes in n1trogen d1gest1b1l1ty Infu31on

'1dpof cellulose 1nto the Gaecum of sheep (Mason et al 1977)

7tresulted 1n lower ur1nary nttrogen excretton due to

”i?d1ncreased bacterlal nltrogen ass1m1lat10n 1n the h1nd gut

X TWhlle 1ncreased d1etary flber results 1n greater quant1t1es
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- of carbohydrates reaching the hind gut, 1ncreased fecal
nitrogen of bacterial origin will only arise where the fiber -
is susceptlble to bacterial fermentatjon. Fiber sources
“which undergo extensive degradation'in the large intestine
can, ‘therefore, decrease the apparent digestiblllty of’
nitrogen, The poss1b1l1ty of adaptat1on to a h1gh fiber d1et‘
~is a further variable wh1ch could alter the effect of CF on |
d1gest1b1l1ty coefficients. However Cunn1ngham et al. (1962)
'rconcluded that the pePlOd of adaptation had l1ttle 1nfluence
| on the plg s abal1ty to digest cellulose

The d1ff1cult1es a55001ated W1th obtaining a good
.r>measure of dietary f1ber 1ntake 1s 1llustrated by reference
"to Table 5. While CF intakes were s1m1lar for pigs fed the
vthree hlgh f1ber d1ets, 519n1flcant d1fferences were

l observed 1n NDF and ADF ‘intake. Pigs fed d1et 4 had largest "
CF 1ntake but the1r NDF intake was 51gn1f1cantly lower than
observed for p1gs fed diets 2 and 3. In theory NDF and ADF

should g1ve the best estlmate of d1etary fiber, however

, vproblems assoc1ated with the1r analys1s (McQueen and-

.,‘NlChO]SOn 1979) cannot be 1gnored The use of CF rema1ns a

B popular method for est1mat1ng d1etary f1ber pr1mar1ly due tor'

‘the absence of a rel1able alternat1ve method wh1ch can g1ve .

rs1m1lar pre01s1on and ease of operat1on The use of NDF 1n

o ‘~the analys1s of h1gh energy foods 1s beset by cons1derable

”5f1lter1ng problems Whlle these problems can be partly ;m;;'

&;ylase d1gest10n they cont1nue to
( )

'}dresult 1n substant1al loss“of pre01s1on Wh1le the use of

.'4'allev1ated by pepS1n and
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- ADF and NDF appear more de31rable from a chem1cal standpo1nt

they are unlikely to ga1n in popular1ty until problems
associated with their analy51s are resolved. A chemical and.
nutritional evaluationvof currently used methods for
estimating dietary fiber is required to clearly establish

their usefulness in feed evaluation}

‘"¢,f4‘ Desp1te its aesthet1c appeal, the temptatlon to ascribe

a general cause and effect relat1onsh1p between CF and

d1gest1b1l1ty coeff1c1ents mus t be res1sted The present

,results indicate that the d1etary model selected 1n diets

‘with 31m1lar CF levels is an important, add1t1onal var1able

wh1ch can confound the results obtalned The use of a
general relatlonsh1p between CF and d1gest1b1l1ty
coeff1c1ents is of doubtful value and as such is unl1kely to

have general appl1cat1on

-
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'determ1ned (exper1ment 3). In exper1ment 1 aV%rage VFA ‘ﬂ‘

‘concentrat1ons, in caecal flu1d were 79 1 33 O and g.:

'ffacetate prop1onate and butyrate, respect1vely Net Cfff -
.lproduct1on rates forﬂpeegafey»pr_
flirespect1vely wereld%ﬂéf’; 5
.'fllxcontr1but1on of VFA to thevma1ntenance energy requ1rment of |
Ahfathe pig was calculated as 19 7% In experlment 2 total VFA i;;;f;fié
~11;sfconééntratlons for plgs fed d1et 1 and 2 were not I

uils1gn1f1cantly d1fferent P1gs fed 15% CF had s1gn1f1cantly

V. PRODUCTION RATES OF ACETIC, PROPIONIC, AND BUTYRIC
| ACIDS IN SWINE

A. ABSTRACT o
Volatile fatty acid (VFA) production in the hindgut of

swine was determ1ned using a contlnuous caecal 1sotope

infusion system In exper1ment 1 a control d1et (d1et 1)

- conta1n1ng 12.9 MJ' d1gest1ble energy (DE) per kg, 2.3%

nitrogen and 4, 8% crude fiber (CF) was fed. to four p1gs
f1tted wvth caecal cannulae In expermment 2 the same

control d1et plus two dlets (d1ets 2 and 3) contalnlng, ,

: respect1vely, 27 § and 52 O% alfalfa, 10. 9 and 9.1 Md DE,
9.9 and 15. O% CF were fed In exper1ment i pigs were fed 2. 7

Kg da1ly~of d et 1 1n 24 equal feeds In exper1ment 2 plgs" d

.were fed 2.4 Kg da1ly of the 3 d1ets (1ncomplete blocK
des1gn) in three equal feeds at '8 h 1ntervals Followxng a

'f15 wk adaptat1on to d1et 3 VFA product1on rates were aga1n

mmolar wh1le VFA molar percent were 64 8 27 1 and 8 1 for*:

g"lonate and butyrate',”j,'.-_;:__:

"_£4l9 mmoles/h The average e

S
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: gastro 1ntest1nal tract where m1crob1al dlgestgon occursvf

81

~ lower total VFA concentrations than those fed diet 2. No

‘,signifioant dietary“differences were observed in VFA

productlon rates However pigs fed the 10% CF diet tehded to
have h1ghest production rates with 1ntermed1ate levels being .
‘recorded for pigs fed diet 3, The energy contr1bution of VFA
for pigs fed 5, 10 and 15% CF was calculated as 10.1 15 5
and 11 14 of the ma1ntenance energy requ1rements, (
respect1vely Follow1ng a 15 wk adaptat1on period to the -
h1gh f]ber dlets there was no ev1dence of 1ncreased VFA |

productlon

o
®

4

Most mammal1an spec1es possess enlarged areas of - thelr

o

(Hlntz et al. 1978) Volatlle fatty ac1ds (VFA), as the

pr1nc1pal end products of m1crob1al fermentatlon (Elsden et

: .alj 1946) are uttl1sed by rum1nant an1mals w1th an.

efflclency comparable to that observed for glucose (Hungate

1966) ‘While VFA are. the major end products of carbohydrate'o

E ? d1gest1on in rumwnants (Bergman et al. 1965 Leng and Brett]-

1966 Fa1chney 1969) s1gn1f1cant VFA concentrat1ons have
also been found to occUr 1n the large 1ntest1nes of SUCh
dwverse spe01es as the popy (Gl1nsky 1976 Argen210 et al
1974) porcup1ne (dohnson and McBee 1960), rabb1t (Parker o
1976 Parker and McM1llan 1976) -rat (K1m et al 19780 Yang

et al 1969 1970), and plg (Fr1end et al 1962 Imoto and

g o : -




Namioka‘1978a; Kim'et al. 1978a)
Thetmicroflora found in the hindgut of swine are
;similar ?o those observed in the rumen (Salinatro et al.
1977) Furthermore; the caecum‘and colon of swine: have been
’:shown tostransport VFA at rates equ1valent to or greater
":‘ than equ1ne large 1ntest1nal mucosa or bovine rumen E
‘ ep1thel1um (Argenz1o and Southworth 1974). The large
1ntest1ne of swine compr1ses 38% of the volume of the
gastrowntest1nal tract in contrast to 11% in the case of the
° ~ cow (Bayley 1978) The retentton t1me of digesta in the
A"i large 1ntest1ne of SW1ne is 51m1lar to that observed for

qsheep rumen (Hecker and Grovum 1975 Braude 1976) and 2 and

3 t1mes that man1fested for sheep and cattle large 1ntest1ne

'respect1vely

.

s Energy rather than n1trogen appears to be the l1m1t1ng

factor in h1ndgut fermentatlon (Orskov et al 1970; Mason ‘
: and Palmer 1973 Mason et al, 197%)} the 1nfus1on of starch

1nto thé: caecum. of sheep resultlng 1n s1gn1f1cantly greater

bacter1al fermentat1on Unl1ke the rumen very l1ttle soluble

carbohydrate appears To reach the h1ndgut (McBee 1970; Keys

1974) w1th bacter1a depend1ng on the more fleOUS COmponentsj} ‘ :

of the feed for the1r energy source Wh1le 1ncrea51ng

d1etary f1ber results 1n greater quant1t1es of cejlulose and;:;{t

requlred for opt1mum bacter1al growth (Hungateu‘f : if:

2

:\
¥
p
]
)
=
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The eff1c1ency w1th which dietary VFA are ut1l1sed by
‘swine (Bowland et atl. 1971) suggests that the end products,
of h1ndgut m1crob1al ﬁermentatton could prov1de a read1ly
'ava1lable energy source to the anlmal The nutritional
contr1butlon of VFA to swine has been variously esttmated as
o 5 28Y of the animals maantenance energy requ1rement (Fr1end
et al. 1964 Farrell and Johnson 1970 Imoto and Nam1oKa |
. 1978a; Kim et al - 1978b). Us1ng barley based dtets
_supplemented w1th maize or potato starch (Mason 1979 Mason
and Just 1976) 18 and 44 respectlvely of the ptgs |
ma1ntenance energy was calculated as. be1n der1ved from
organtc acwds produced in the large 1ntest1neQ\Kass et al.

%
(1980a, 1980b), u51ng alfalfa as a f1ber source. calculated_

- that VFA product1on in the large 1ntestgne can: contrlbute

- 4.8, 11 4, Qd 0 and '12. 0 % of the malntenance energy
requ1rements of 89 Kg p1gs at - 0 20 40 and 60 % alfalfa

respect1vely L a:, R

In cattle and sheep relvable estimates of VFA /tu.”[ o

productton rates have become ava1lable through the use of .

. 1sotope d\lutton techn1ques (Leng and Brett 1966) These

"7-l'techniques have not been used 1n swwne, est1mates of VFA
,”;product1on rates be1ng based on 1n v1tro technlques (Farrell"
"5tand dohnson 1970 Imoto and Nam1oka 19788) OP ‘qﬁw”ﬁhd“

'”'~j;arter1al venous d1fferencq5 (Frlend et al 1964 Imoto and

“hVLNam1oka 1978b) Calculat1ons based on arter1al venous

»

“‘ffd1fferences should be treated w1th cons1derable cautton due'f o

S

- ol . r
B
RO

‘:ﬁ N -

ltfi;fto extenswve metabol1sm of VFA ln their passage through the ;;j;ﬁ I
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intestinal mucosa (Freeman et al. 1979;,5teyens-J970;’Imoto

and Namioka 1978b) o
The obJect1ves of the present stud1es were to measure.

VFA concentrat1ons and product1on rates.vln sw1ne‘fed three

levels'of dietaryrftber uswng a m1xed éaecal 1nfusate of

(1-14C) - acetate, (1-"C) propnonate and (2 3- 3H) butyrate g

= Tt n

C. -MATERIAl_S AND METHODS

Cannulae and Surgical Procedure ‘y"' - o

Four crossbred (Yorksh1re x Lacombe) castrated maler
"\\

p1gs were f1tted w1th sxngle T’ plece caecal cannulae at v

e

40-50 kg l1vewe1ght The cannulae used 1n th1s study were as
descr1bed by Sauer (1976) These cannulae are egtremelyT
‘-uflex1ble due to thelr polyvxnyl chlor1de constructwon and

| rtherefore less l1kely to be accldently removed by. the i
‘kan1mal Replacement of these cannulae 1s easwly performed
fand unltke the replacement cannulaé reported by Decuypere et

al; (1977) problems WIth 1ntest1nal perforat1on durlng the |

j;{v,=‘g". Lgiyreplacement procedure have not been encountered

The an1mals were den1ed access to feed and water for 48

"_fand 24 h respect1vely before commencement of surgery Th1rty

';j'i'_ ‘

.lt;r‘fm1nutes prlor to\surgery plgs recelved an WUTQqﬁan:i_ij;.i;;;r

e fflffr;1njeotlon of .0 25 mg acgpromaz1ge maleate (Atravet Ayerst ‘fff:'H

}'iwLaboratOry,.Montreal Canada) Follow1ng the 1nduct10n Of

e
S et R S o K 3.0

;'aanaestheSIa by an 1ntravenous«1n3ect10n of 2@ mg/Kg sod1um rfgjjitﬁf'

fdlﬂﬁentobarb1tal (Nembutal ABbott Laboratorres, Ltd. MontrealllJ-';”\



e

th roughout surgery The caecum was exter1or1sed through a

7-10 cm posterolateraT 1nc1s1on (r1ght s1de) 5 10 cm

&

\\Canada) it was ma1nta1ned w1th haTothane 1ntroduced through
a face mask w1th oxygen, at a condentration ot 1~ 2% The
‘an1mal was placed 1n a dorso ventra] position with h;art

- rate resp1ratlon rate and rectal\temperature bé1ng

, ,mon1tored and str1ct asept1c techn1ques ma1nta1ned T]‘ :{ )

poster1or to the Tast\r1b The site seTected fSr the cannula'

~>was in the prox1mal end of the caecum (approx1mately 5 cm

d1stal to the 1Teocaecal vaTve) such that when the cannuTa

was exter1or1sed through the body waTT the caecum woqu l1e -
| '1n a vertlcal pOSTtTOR when the p1g was standlng The |
o cannula ‘was exter1or1sed through a stab wound)1n the

_ abdom1nal waTT 2 3 cm- d1staT to the 1nc1s1on A p01¥x1nyl

) chlor1de washer and b]amp p]aced over the barrel of the

fcannula her the cannula securely in. place The resultan?

cTose contact betWeen the caecum and the body walT promoted
I

E rap1d adheston between ‘the two so that within 10 days the ;

,rCannuTa cou]d be replaced w1thout danger of contam1nat1ng |

the abdomlnal cay1ty w1th dlgesta P1gs rece1ved an

T 1ntramuscu]ar 1nJect10n of 6 ml_pen101ll1n (300 000 1u/m1)

~‘da1ly for. 3 days post surgery Recovery was&kap1d with ?TT_

animals. eat1ng normaTTy w1th1n 5 days.

\‘.

Measurement of‘VFA Production Rates |

7Infus1on techntgue Rad1o1sotopes (acetate prop1onate and -

butyrate) were infused into the caecum through a Tygon



Tr'_'so that 1t ran parallel. to the outer wall of the barrel of

_ c . . .
catheter (Norton. plast1cs and synthetxcs d1v1510n) (1nternal

diameter 08 mm and external d1amter 2 3 mm) us1ng o
\"1nd1v1dual lambda/pumps (model'1352 Harvard Instruments,h
’150 Dover Rd 3 M1llls Mass USA) for each an1mal Control
.over the stte of 1nfus1on and un1fo§m d1strﬂlht1on of the
- infusate was obtatned in the follow1ng manner A 30 cm
'Jength of copperfw1re was 1nserted (35 cm) 1nto the end of
the catheter and the lafter was heat sealed A 22 gauge :

needlekwas heated over a: bunsen burner and used to make

‘,‘t20 30 perforat1ons around the barrel of the term1nal\j5 6

B -.cm) end of the catheter The presence of the copper w1re

caused a sl1ght bu1ld up,in: pressure as the lnfusate was

\n“\,_forced passed 1t w1th a re/ultant band spray effec¢ as the |
ltqu1d was eJected through the perforatlons Sampllng from ;jff

~ the caecum showed that this. method resulted 1n more unlform -

\
dlstr1butr1on of rnfusate than was . ach1eved w1th a s1mple

catheter placed in the caecum The catheter was 1nserted
A

through the cannula ?nd held in place by bend1ng 1t sharply S

‘the cannula In th1s p031t10n 1t could be taped securely in
: place allow1ng the rubber stopper of the cannula to be

w1thdrawn W1thout 1nterfer1ng'w1th the p051tlon of the

.\_ :

,catheter -
A

Site of inquton The effect of site of 1nfus1on on ‘the

untformtty of 1sotope dlStPlbUtlon in the caecum was

vexamlned under both s1ngle inJectton and contlnous 1nfus1on

*~\ cond1t1ons Un1form1ty of d1str1but1on was checked by
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d

‘w1thdraw1ng 5-10 samples (5 10 ml) from var1ous s1tes in the 5,'T :

N

caecum u51ng a (1nternal dlameter 5. mm) polyethylene tube

attached to a 50 cc syr1nge, and measur1ng rad1oact1v1ty In f'75sf“

general the un1form1ty of d1str1but10n 1mproved as the s1te dpfﬁ

‘ ;of 1nfus1on was . progress1wely moved towards the poster1or

I S
; .fUnder such cdﬁd1t10ns the coefflc1ent of var1at1on of

aspect of the caecum Dpt1mum cond1t1ons were ach1eved*when ‘i&

the 1nfus1on s1te was 1n the ven?ral 5 6 cm of the caecum

;1sotope concentrat1on among 10 repl1cate samples taken fromg]

,var1ous s1tes in: the caecum was less than 7% Conseqdently |

:t:jth1s procedure(was employed throthout the exper1menta]

7 in excess of 5 ml The use of a vacuum‘pump also proved Nj}ﬁff"

'.per1od

]'{Sampl1nq method Because of the v1scous nature of the caecalltﬁfi7:‘

B :

| 1contents d1fflcult1es were exper1enced 1n obta1n1ng samples

_'unsuccessful As the homogene1ty of TSOtOpe d1str1but1on 1n

',jthe caecum was good the follow1ng procedure was found to

s glve representatwve samples and allowed sampl1ng to be done .
tw1thout d1sturbance to the . an1mal The rubber stopper on the

_cannula was removed and a we1ghed 20 ml SC1nt1llat10n v1al.}fr

o held over the mouth of the cannula was rapldly f1lled due to

;jthe backpressure assoc1ated W1th caecal contract1ons The pH

of the sample was 1mmed1ately determwned by 1nsert1ng a

RS

i comb1nat1on electrode (F1sher Sc1ent1f1c Co ) d1rectly 1nto

-f‘}the v1al The sample was we1ghed quwck frozen w1th l1qu1d

n1trogen and stored at--20 untll analyzed Total fecal

..samples\were collected as v01ded we1ghed and mlxed Two

~
\\:\
BN .
.



}5 lr ',-.~\‘ u-f‘; . 488

1; : subsamples (approx 209) from each collect1on were placed in.

f? 12“501nt1llat1on v1als, qurck frozen with llqu1d nltrogen and

l? - | stored at -20° c T . |

l} S _ Infus1on and sample collectlon} In experlment 1 2 and 3 the
;?'J?‘ e baCOn}anOUS 1nfu51on lasted for 8 12 h at a rate of 0. 16 0 21 B

A”?ml/m1n Th1s 1nfu51on rate suppl1ed approx1mately 0. 48
}V}§m1crocur1es/m1n (l-’4 ) acetate,.O 21 m1crocur1es/m1n
”ﬂf(1-‘4c) proplonate and 1 16 m1crocur1es/m1n (2-3- 3H)

f*iffibutyrate Caecal samples were coll ted 1mmed1ately PP‘OP t°

?""; commencement of contlnuous 1nfu31on and each hour thereafter

'5‘7:}Exper1ment 1

After surgery the four cannulated p1gs were placed 1n

lufp1gs recetved 2 74 kg da1ly of dlet l (Table 1) 1n pelleted
,f}form 1n 24 equal feeds from an automat1c feed1ng devvce

-;»(Turner et al 1980)

Ptgs were allowed 18 days to recover from surgeﬁg and t;

"f;h 10 d° total fecal collectlon Da1ly total fecal collect1ons o

~‘ffrom each an1mal were drled ina forced a1r ‘oven at 60° C for y';

_ffit3 days Dr1ed dally samples from each anlmal were ground »
| ffithrough a O 84 mm screen \mlxed and subsampled for
o jSubsequent analy51s . S

At the conclus1on of th_ d1 est1b1l1ty study VFA

SRR PINE productlon rates were measured as descr1bed prev1ously

) .Hiimetabol1sm crates 1n a room ma1mta1ned at 20- 22 C All four ,fl#’

':'adJust to the feedlng reg1me pr1or to the commencement of a _f[f



oy

oo

o Expertment 2
S "

fed the 3 d1ets shown 1n Tab]e*t The experwmental deS1gn
was 1ncomp1ete block w1th 4 p]gs and 3 d1ets 1n eachfof‘3 o

per1ods Ptgs were fed 800 g at 0500 1300 and 2100 h datly

Volatt]e fatty ac1d product1on rates were determ1nad

descrtbed preV1ously, in each’ perbd after a 7

adaptatton per1od to the dtet

Expertment 3

At the conclus1on of eXpertment 2 the ptgs were moved

to 1nd1V1dual pens (concrete floored W1thout bedd1ng) and

%

fed d1et 3 (ad llbttum) “for. 13 consecuttve weeKs The:V,,*,f[de{)*

an1mals were then returned to the metaboltsm crates and

W

e

allowed 2 weeks to adJust to the1r enV1ronment and d1e2ary }gj; :
'reg1me Durtng th1s perlod and throughout exper1ment‘3 p1gs; SO

, ‘were: '_fféd 2 4 Kg datly of d1et 3 1n 3 equal feeds at

’”"'_"O_soo 1400 and 2200 h B et | ’

.............

l;;t Chemtca] Methods fr e
VFA analysts '”

';‘ Sample preparat1oni- Plasttc 501nt111atton vwals conta1n1ng

caecal and fecal samples were thawed and altowed to |
equxltbrate overnlght at room temperature Follow)ng remova]

of screw caps the v1als were centr1fuged for 15 m1n< at}:5';’

20, 000 g An Oxford ptpette was used to w1thdraw the t;tJ:WN
supernatant The v1a]s were then lyoph1llsed and dry matter L

determ1ned
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Total rad1oact1v1ty - A 0. 2 ml aquuot of supernatanﬂlwas v¢§;

p1petted 1nto a sc1nttllat10n v1al to wh1ch 15 mi Aqu sol
(New England Nuclear Mass. ) was added for determtnatlon of-

total sample radloact1v1ty whtch was, later used to calculate
| .

| ;‘““the percentage of total rad1oact1v1ty assoc1ated w1th

acetate proptonate and butyrate Samples were counted }or
20 m1n in Searle Mark III (Tracdg\Northern Inc Wl USA;

53562) sc1nt1llat1on counter u51ng dLal label (‘4C and 3H)r)ﬁ
. :1vcount1ng program W1th var1able w1ndow settlngs to opt1m1se

fcounttng eff1c1ency wh1le m1n1mﬂz1ng splllover

f;VFA separat1on and concentratwons- Two ml of supernatant
‘gfrom centrtfuged caecal and fecal samples was placed ‘”
.Lt”BlO Gamma v1als (Beckman Instruments) to wthh was added O 2
>iffpml of a. 85% phosphor1c actd solut1on 1n wh1ch 3. 44 mg
'rtftalso valer1c ac1d was present as an 1nternal sta%dard
’iiiffDupl1cate samples were 1nJeCted 1nto a. gas 1quld

e_chnnmafnnranh,(Benle model 2526 1) w1th ‘a column.(l 24 m X .

v

e 375 mm) packed w1th Chromsorb 101 (80 100 mesh) The column'“fﬁ"%

ﬁ:ffwas fltted w1th a splttter wh1ch d1rected 15% to the flame
| o 10n1zatton detector and the rematntng 85% to a 7 cc glass =
‘idgtrap pacKed w1th cotton wool soaked tﬁ ethanolam1ne By
.‘chahging traps between peaks separate collectton of acetate; |
:}proptonate and butyrate peaks was poss1bl% The cotton wool
'ftwas placed dlrectly in a sc1nt1llat1on vial and quantttattve.id:°“
7“recovery ach1eved by r1ns1ng the trap WIth approx1matel¥ 1
hml methanol whlch was shown to glve 100% recoveryfof ’

Vfradtoact1v1ty 1n the trap Follow1ng the addltton of 15 ml
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‘5‘Prox1mate analys1s- Prox1mate analysls Of feed and fecal
'7_samples were performed by the standard methods of the
"'xAssoctat1on of 0ff1c1al Agr1cultural Chemtsts (1975)

1ﬂStat1st1cal analysvs

‘ 7:Torr1e 1950) w1th adJustments for unequal number of

:VTsobservat1ons per mean ;Aff';'

Aquasol samples were counted for 20 m1n 1n Mark III |

- to sample quenchlng The response for 1nd1v1dual VFA and

"s_the1r molar concentratlons were calculated from the Lo

_1ntegrator response of the flame 1onlzat1on detector by

’ refenence to the tnternal standard and a: standard solutlon L

- (44 15 mmoles acetate 8. 67 mmoles prop1onate 4 84 mmoles ,"

tbuytrate and 4 11 mmoles iso- valer1c) 1n3ected between every

.9"

All statlsttcal analyses were conducted on an

~analysjseof,.yamance for unequal numbers (Harvey 1960)

f-adgust1ng for all 1dent1f1ed sources of var1at10n ‘ MeanS’*MVlef'

‘hStudent - Newman'-‘Keuls mult1ple range test (Steel and

-y \ S .

'i'sc1nttllat1on counter USlng the dual label prOgram//lhe use"j E

- of cotton wool_ methanol or ethanolam1ne d1d not contrlbuteij ;

ﬁﬁ}lnd1v1dual plg ba515 Data were analyzed u51ng least squares yj;fT;:

vpffor stgn1f1cant treatment d1fferences were compared u31ngrl¥? ?x
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At n1ne months post surgery two of the above an1mals:»‘

3¥d/h_f? , ’;}a.were slaughtered and post- morteﬁPexam1nat1ons conducted :'{‘j'
i%“_Wh1le the dlstal 0 1 to 1 1 m of the 11eum was mlldly .

iy‘»t~' g"ﬁe't‘rd1]ated no ex1dence of any smooth muscle react1on or mucosal o
i:;ih”':‘rj e abnorma]tty ‘was ev1dent In general the examfﬁat1on revea]ed
B " that the caecum was well adhered to. “the body wa]] at the . vjf,,ff

EET i
h:;h~po1nt of entry of the cannula Wh11e no s1gn1fwcant

'”';1morpholog1cal alterat1on was observed 1n “the: 1ntest1nal

'"hgtract above normal counts of co]1forms were found in. all
.;:*sé%t1ons of the small 1ntest1ne w1th s1m1lar counts occurr1ng rrw
?'tsbi{ﬁﬂ?°gff[i1n the dUodenum,-JeJunum and ileum, "‘f,' | Pt |
‘:i‘"“:fﬁ}iﬁool s1ze ,y;;Agivhnt{k;‘,;&ﬁii%fﬂ;tks.y-,.

The wexght of caecal contents has been var1ous]y

r¥j**g;fg3ff;;f;g (Frlend et al 1963a) Among the factors wh1ch appear to
. tﬁﬁalnfluence the we1ght of caecal contents are the breed of the :
| '3»afan1mal and the éxper1mental d1et The plg caecum_1s 8

”b?fgfgenerally cons1dered to have a vo]ume of only a few hundred
”°5fthe ppesent study us1ng s1ngle caecal 1nfu510ns of 1sotopes

Ebﬁfﬁ;results would appear to 1nd1cate that the VFA pool be1ng _77"w

t&-s'h}}fjfttfrmeasured 1n the/present study 1ncluded thh,the caecum and

”rhikdetermlned as. 82 42t g (K1m et al '1978a; 1978b) and 195 694 }Z;,{

(McBee 1977) However. est1mates of pool 512e obta]ned 1n:glf3:f

”dvaere always greater than 450 ml and as h1gh as 920 m] These~hjgfﬁf

&*°*fprox1mal coton The pattern of caecal contractlons,,measured yf7'"'

”V[f{us1ng a pressure transducer lnserted 1n the caecum appear Ea



e to conflrm that free rever51ble movement of d1gesta occurs '

.,between the caecum and prox1mal colon All est1mates of VFA
product1on rates therefore refer to the caecum and prox1mal At;

,colon A &f R 3l'ﬁ--

» “Experlment 1

Dne p1g was W1thdrawn from th1s exper1ment as steady

l \

djastate tracer levels were not observed in caecal samples
”iafter a 9 h c0nt1nuous 1sotope 1nfus1on dﬁy ‘ , | .
| Dry matteF %DM) 1ntake was equal for all anlmals (Table"'*”
f'~2l but cons1derable an1mal var1at1on was observed in DM L
l; nltrogen and crude flbéP (CF) d1gest1b1l1ty | '

S1gn1f1cant d1fferences among an1mals were observed in

W@3

'IVFA concentrat1on,_VFA molar percent and VFA rat1os (Table co

.”HCB) The mean VFA concentrat1ons in caecal flu1d were,.b‘"

‘:cfrespect1vely, 79 1 33 0 9 9 and 122.0 mmoles/l for acetateiftj:fx'

s{proplonate butyrate and total (acetate+ prop1onate + t i,'

"11>~butyrate) VFA Average Caecal RH over the 24 h sampllng

Gross VFA product1on rates for each an1mal are

:"77¥fapresented 1n Table 4 Productlon rates (mmo]eS/h) for

"b'f{}acetate prop1onate and butyrate respect1vely var1ed betweenf;"i”i'"'

’f’"_"pvgs from 45. o to 58.4, 12 8 to! 16. 0 and 4. 3 Yo 7. o When Fia L

7";corrected for 1nterconvers1ons between acetate and butyrate o

'ﬁfﬂf}the average net product1on rates were for acetate

ngprop1onate and butyrate respect1vely, 42 57 14 33 and 4 86'ﬂs;;bﬁyhﬁ

f{i_mmoles/h Interconver51ons were calculated as described by

dr'Depg and Leonard (1965) and Leng and Brett (1966) As these b"f
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'”T,fratvos for exper1ment 2 are presented 1n Table 5 'e“'”'f

'*fffexper1ment 2 was 122 7 mmoles/l 1n contrast to 122 O

"'1f{mmoles/l for plgs fed the same dlet in: exper1ment 1

‘ h;"ﬁfdconcentrat1on than observed Wlth d1et 1 Acetate :1?'

““{l,ﬂthe 15 % crude f1ber d1et than for those fed d1et 2.
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"authors show a very low rate of 1nterconver31on between

'prop1onate and both acetate and butyrate no attempt has beenﬁ f"

'made to correct fongthe1r 1nterconvers1ons

The gross energy values for acetate prop1onate and

”Tr_butyrate have been calculatedg(Leng and Leonard 1965) aS‘d'vf;.;

.';14 6 Kd g. 20 7 Kd/g and 24 9 kd/g, respect1vely Thus

' 2
acetate. pr0p1onate and butyrate ranged between 1491 and

"‘}1947 Kd/d (Table 4) The ma1ntenance energy requ1rement of d* -

' 50-60 ke pigs is about 8550 ki/d digestible energy (ARC

: A S
1967) The contribut1on of VFA to the anlmals ma1ntenance
4 S

equ1rements would therefore range from 17 4 to

x{ijExperiment 2

Mean caecal VFA concentra11ons,»molar percent and

“‘ffaverage total VFA concentratlons for plgs fed dtet 1 in. '*f}'”

.'f_, The addltlon of 27 3 and 52 O% alfalfa to d1ets 2 and 3

| _;respectlvely resulted 1n s1gn1f1cantly hwgher acetate
: ,7fconcentratlon 1n the caecum tended to be lower 1n p1gs 1ed

:f‘IﬁgreaSIng d1etary f1ber s1gn1f1cantly lowered prop1on1c

acid concentratlon Consequently total VFA concentratwons

' ‘uef'were s1gn1f1cantly lower 1n p1gs fed d1et 3 than those fed

Co assum1ng complete absorpt1on of VFA the energy suppl1ed by
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id1et 2 Molar percent acet1c ac1d 51gn1f1cantly 1ncreased

‘-,,with 1ncreas1ng f1ber level in the d\et wh1le that of

,-.'_prop1on1c decreased In general 1ncreased d1etary flber j" -

'resulted in: 51gn1f1cantly h1gher acetate/prop1onate rat1o

"'fMolar percent for butyrate for p1gs fed d1ets 2 and 3 d1d

. )
. not dlffer srgn1f1cantly but both were s1gn1f1cantly lower

Vthan that calculated for p1gs fed d1et 1.

The 1nfﬂuence of an1mal varlag1on was part1cular1ly

Ig'

3~jfeV1dent in pr5b1onate concentrat1ons (Table 6) Wlth caecal

/

.ﬁi’concentrat1ons rang]ng between 22 1 and 35 3 mmoles/l These '

"1ﬂ‘d1fferences 1n turn were reflected 1n s1gn1flcant

o/
- gd1fferences between antmals 1n total VFA concentrat1ons, VFA

'l,t)molar percent and rat1os

The largest product1on rates for acetate prod1onate .

w”::and butyrate were observed for plgs fed the 10% CF dlet

iwtf;i(Table 77,/Whlle VFA product1on rates were lower when plgs: élf'l'

'h"5;€£were fed 15% CF d1ets they were st1ll 13 1% hlgher than |

V§i5determ1ned for p1gs fed the low f1ber control dlet When

:*\_fnadJusted for 1nterconvers1ons between acetate and butyrate, 1

/

':;f;total VFA product1on rates were calculated to acrount for

‘",*jrespectuvely, 867, 1294 and 946 Kd/d for'5, 10" and 15% CF

A ;and 59! O% alfalfa respect1vely

*fgﬁdd1ets Assum1ng complete absorpt1on of VFA thls‘represents:gfwatiﬁg

7}}an energy contr1but1on of 10 1 15 1 and 11 1% of the

5/h'an1mals ma1ntenance energy requ1rement for p1gs fed O 27 3 o

/"c}f:Exgerlment 3

As 1n exper1ments 1 and 2 con51derable an1mal var1at10n .;}f~



- was aga1n observed Wh1le no s1gn1f1cant dtfferences between
”’:antmals were observed in acetate concentratton. s1gn1f1cant o
_d1fferences were observed 1n propton1c and butyr1c ac1d ‘T'\u

concentrat1ohs and hence VFA molar percent and rattos -:f,ﬁ

l;\bVolat1le fatty ac1d coné”ntrat1ons were much lower 1n thts N

e

'eXper1ment (Table 8) than observed for p1gs fed a 51mllar

‘7f[f d1et 1n?exper1ment 2 (81 8 vs 115 3 mmoles/l) However,

| ,total product1on rates of VFA were s1m1lar (58 2 vs 56 g |

| Lpg/d) 1n both exper1ments Agatn assum1ng complete absorpt1on
fof VFA a product1on rate equxvalent to 999 kd/d would supply
:9 5% of the ma1ntenance energy of the an1mal

At the concluston of these exper1ments VFA product1on

'“.rfrates were est1mated us1ng a 51ngle 1sotope 1n3ect1on rather

L than a conttnuous 1nfus1on system The 51ngle 1nJectton_f;£:'

*f'method resulted 1n cons1derable var1at10n 1n estlmates of

l-l”pool 51ze The resulttng vartablllty 1n productton rates of
VFA were con51dered excess1ve and therefore w1ll not be |

ﬁ}presented However VFA concentrat1ons (Table 9) show a o

9%

’7Tfstmtlar pattern to that observed in the prev1ous studles fdifﬂﬁvf~

ﬂﬁf{fiThe htghest and lowest concentrat1ons respecttvely were

”"f_observed for plgs fed the 10 and 4 8% CF d1ets The total

l”slfVFA concentrattons for the 3 daets were con51derably lower 7tf;;fﬂfQ

.;ujthQQ‘ObSéPVed 15 weeks earl1er 1n experlment 2 Enhanced

}*\

”:Tfl.absorpt1on or a shuft 1n the s1te of fermentatton '?fﬁ;_rﬂvltld“’”

”-7°assoc1ated w1th the physxologtcal age of the antmal or 1ts fj?;?ff:f

,;.:115 week adaptat1on to the 15%?CF d1et may have contributed

’F,to these d1fferences As 1n the prev1ous studles 51gn1f1cant ff“

P P SR N T
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“animal variation occured in' VFA concentrations and ratios.

. o) . . ‘

oy

The present exper1ments appears to conflrm the report

of MacRae and W1lson (1978) that the use of T’—p1ece.':j‘

lricannulae do not resu]t in gross, morphologxcaT Ghanges 1n‘_

PENFLTSSS S

hVFA concentrat1ons and rat1os

Caeca] VFA concentrat1ons were h1ghest 1n exper1ment 1

”i;where pigs were fed 1n 24 equal feeds per day However the

tlevel of feed 1ntake was also thher than exper1ment 2 and
'3:;reach1ng the caecum Total caecal VFA concentrat1ons

”Ffafdthan the 23 7 mmoles/l observed by Kass et al (1980b)

“'tf*;27% of ‘the total organ1c 301d concentrat1on The*values

FALSEREE

'}h¢,peported by Imoto and Nam1oka (1978a) (approx1mately 125
y ftftmmoleS/]) are 1n agreement w1th the requts of the present
Avtff,study The ]ow VFA VF]ues reported by Kass et al (1980b)
"tﬁare parttcularnly surpr1s1ng 1n v1ew of the fact that the
'tf_f;dlets used (Alfalfa as f1ber source) were somewhat s1m1lar ”
- jto those fed in the Qresent 1nvestmgat10n Wh1le some of the b
ﬁdtfferences 1n caecal VFA concentrat1ons are undoubtedly due

Wt”fto an1mal and d,etapy varlat1on 1t 1s 11Kely that the

'rTETth1s may have resu]ted 1n larger quant1t1es of carbohydratey:djftfg
‘"tfreported here (80 9 130 4 mmoles/l) are conSIderably h1gherfﬂf?,f;f
;?Q;Fr1end et al (1963a) observed tota] VFA cOnoentrat1ons offéff§:55“

'”?;176 246 mmoles/l These Ievels were for p1gs fed d1ets w1thjf_:’ 8

“3;?a hlgh lactose content where lact1c ac1d contr1buted up to ‘r;eft



| eapertmental techniques‘used in measurtng{VFA concentrations
~will strongly influencé'the}results obtained. Previ?us
‘estimates of VFA conce trations‘have/for-the most part~been

U_based on measure nts m e in secttons of the 1ntestgnal

p tract follOW1ng s 9 ter of the an1mal Post mortem._

vchanges, therefore may have exerted a con51derable

1nfluence on the results obta1ned o | ) -

The average caecal molar percent of acetate proplonate'f'

and butyrate in exper1ment 1 were respect1vely 64. 8 27. 1
~and 8. 1 While these results are in accord with those
_'reported by Kass et al (1980b) they differ from those
recorded by Frtend et al (1963a, 1963b) In p1gs fed a dlet
s1m1lar to that used 1n the present study (Frtend et al |
“1963a) the percentage proport1ons of. acetate proptonate ,

butyrate and lactate respect1vely ﬁklere 47.2, ‘31, 2, 5.0 and

,16 4, However in the same study ptgs fed a d1et htgh 1n bran -

were found to have. proport1ons of 60, 32 and 7.5% for

acetate proptonate and butyrate respectlvely

As the level of alfalfa 1n the diet was’ 1ncreased from .vhk

‘0 to 27 3% caecal concentratton of acetate 1ncreased (Table
T 5 and 9) whlle that of proptonate decreased These results
:are in agreement wtth those of Frtend»et al. (1963a). and
Kass et al. (1980b) . Howeveniwhen the level of alfalfa ‘was
"1ncreased to -52% total VFA concentratlons decl1ned while the
'_acetate/proplonate rat1os cont1nued to increase. Caecal VFA
concentrattons for pigs fed diet 1 in exper1ments 3 (Table ,

8) were conSIderably lower than observed in expertment 1.



The age of the animal or the 15 weeK ‘adaptation perlod to

' the h1gh flber diet appeared to have a depressing effect on
caecal VFA concentratlons However»tpese results could also
be explained by enhanced absorption. or a shift in r
fermentation towards the distal colon. | |

| VFA productlon rates

Productlon rates of VFA were h1ghest for plgs fed d1et o

1. in experiment 1 (61 8 mmoles/h) and were least for p1gs
ufed dlet 1 in experlment 2 (32.46 mmoles/h) These
d1fferences were undoubtedly due in part to the*® h1gher feed
1ntake of- plgs in exper1ment 1. Howevery the frequency of -
feeding’ (hourly versus 3 tlmes da1ly) may also have
-1nfluenced the results odtalned 7

_ Total caecal VFA productlon rates in eXperlment 2 were“
51gn1f1cantly h1gher in p1gs fed 27 3% alfalfa than those |
| :fed O% alfalfa However the add1tlon of 52% alfalfa

: Nresulted 1n 1ntermed1ate Vaaues for VFA productlon It

- appears that where alfalfa is used as a source of f1ber.'f3‘

' VFA productlon 1ncreases up to about 10% CF 1n the d1et
‘Where the fiber: level of the d1et 1s 1ncreased to 15%. VFA

‘productlon ends to decrease sl1ghtly Increased dletary

‘<”f1ber results 1n greater quantltles of fibrous materlal

| “enter1ng the hlndguf However. th1s materlal is l1kely to be_

"tless read1ly available for m1crob1al fermentat1on than

- ‘:dstarch or soluble carbohydrate In consequence fermentat1on

;may ‘tend to occur at a later stage in the large 1ntest1ne
Whlle VFA prOdUCthH rates in the caecum or prox1mal ‘colon
— , . ; o £~

RESTNNEN




. may- tend to decl1ne on a very high f1ber d1et this may’be
compensated for by 1ncreased product1on qnfthe distal colon
‘Caecal VEA product1on nates of 7.23 to 18.9 mmoles/h have
been reported by Kim et a{ (1978a) wh1le total product1on
rates for the caecum and colon of 23.6 to 52.1 mmdhes/h have
| been calculated by Imoto and Namioka (1978a) lhe' |
contrlbut1on of caecal VFA to total VFA product1on has been
: aest1mated as 15.8 to 19. 0% (Imoto and Nam1oka 1978a) and as

‘hlgh as 29. 9% (Kim et al 1978a, 1978b) .

A5 week adaptatton per1od to the 52% alfalfa d1et\
,appeared to have l1ttle 1nfluence on VFA product1on rates
‘;eP1gs fed the 15% crude ftber d1et for 15 weeks had s1m1lar "
VFA production: rates (Table 8) to those observed follow1ng a.
2 wk- adaptat1on%;er1od to. the diet (Table 7). These_results
-would appear to conftrm the report of Cunntngham et al.V
(1962) who found no ev1dence of 1ncreased ablltty of sw1ne
K to d1gest cellulose follow1ng a. 15 wK adaptat1on perwod |

”vHowever the type of f1ber and age of the an1mal may

Z_.1nfluence the results obtatned Moreover,'as VFA product1on n'“

o :has not. been measured 1n the total h1ndgut a Shlft in

- ;fermentatton towards the term1nal colon could confound the
Aresults | ' | | | E ,l |

- It 1§Nclear from the present ser1es of exper1ments that

}substant1al VFA product1on occurs 1n the large 1ntest1ne of

Asw1ne regardless of the level of f1ber in. the dlet f :-

5 M1crob1al fermentat1on,_therefore makes an 1mportant

',contrtbut1on to the ut1l1zat1on of d1etary energy by sw1ne

[



ﬁ#—\ B | R . o © 101
F. REFERENCES ) |
o | '_ARC_1967 The nutr1ent requ1rements of farm 11vestock No 3
: u: a . | Pigs.. HMSO London ‘ » . | |
‘#*i”/e%*“/r -ADAC 1975 Methods of analys1s 12th'ed. AOAC, Waehington,
ARGENZID. R.At'and.SDUTHWDRTH.VM; 1974, Sites of organic
‘”5?5 ractdwprdddgtion<andeab50rpttdn tn“gastrointesttnal tract
| | 'Aof/the pig. ‘Am. J. phys{¢1'2ée-'454-4605 S
R ARGENZIO, R.A. SOUTHWORTH ‘M. and STEVENS, C.E. 1974"éités
| | of organ1d acid product1on and absorpt1on 1n the equ1ne
| gastro1ntest1nal tract Am. U, Phys1ol 226 1043 1050
o .BAYLEY H S. 1978, Comparatlve phys1ology of the h1ndgut and
o 1ts nutr1t1ona1 s1gn1f1cance J. An1m Sc1 46 hd ;:‘“
1800 1802. | |

BERGMAN E: N. REID R S MURRAY ‘M. G,, BROCKWA7 d M and”.

l

WHITELAW F G. 1965 Interconversfons and product1on of
:f volat1le fatty ac1ds 1n the sheep rumen Bjochem.id. 97:.
Cosese D AT
o BOWLAND P YOUNG, 8. A. MILLIGAN L. p 1971 Influence of
| d1etary volat1le fatty ac1d m1xtures on performance and
on fat compos1t1on of grow1ng p1gs Can d Anlm Sc1

‘51: 89- 94

on d1gest1on and absorpt1on in the 1ntest1nes of grow1ng
p1gs Measurements of the flow ‘of d1gesta and pH Br J. o -
Nutr. 36: 497-510. A | | |

BRAUDE, R., FULFORD, ROSEMARY J. and LOW, A, G"19765‘studiés‘f‘t:



DECUMPEREx J.A. VERVAEKE, HENDERICK H.K. ,wand

“ 102

CUNNINGHAM, H.M.), FRIEND D.W. and NICHOLSON, J.W.G. 1962.

The effect of -age, body we1ght feed 1ntake and o

adaptab111ty of pigs on the d1gest1b111ty and nutr1t1ve o

value of cellulose. Can. d Anim. ‘Sci 42: 167v175
DIERICK N A. 1977 Gastro 1ntest1na1 cannulatlon ln
plgs A s1mpte techntque allow1ng mu1t1p1e rep]acements

J. An1m 501 46: 463 467

',ELSDEN S.R., HITCHCOCK, M.W, s, MARSHALL R.A. andy
PHILLIPSON\\A T. 1946. Volatile acids’ in the d1gesta of ~

R rum1nants and other\an1mals J. EXp B]Ol 22; 191- 202

ﬂ-FAICHNEY G U 1969 Product1on of volat1le fatty - ac1ds 1n

the sheep caecum. Aust d Agr1c Res 20 \ﬁ94\258

thARRELL D. u AND dOHNSDN K. A, 1970. Ut1ltzat1on of

“ Cellulose by plgs and ‘ts effeCtSkén\caecal functnon
An1m Prod 14; 209 217 o | SRR

7FREEMAN c P NOAKES D E., and ANNISON E.F. ’1970""

metaboltsm of gﬂucose acetate pa1m1tate, stearate and

' oleate in p1gs Br J Nutr 24 705 716

tl;vFRIEND D. w CUNNINGHAM H M. and NICHOLSON J. w G. 1962;:74}

a

_The product1on of organlc a01ds in, the p1g I‘7Thef1 S

effect of d1et on the proport1ons of volat1le fatty

,}‘f.ac1ds in p1g feces Can . An1m,aSe1.,Q2. 55 62, ;_:‘5 .



M

-

103

~

- FRIEND, D.W., CUNNINGHAM, H.M. ~and NICHOLSON' J.W.G. 1963a.

The product1on of organ1c acids in the pig. II._The:‘ .
effect of d1et on the Ieve]s of volat11e fatty acids and‘
’ ]aCtIC ac1ds 1n sect1ons of the allmentarywtract Can.h
. Anim. Sci. 43: 156-167. o
FRIEND D. w CUNNINGHAM H M. and NICHDLSON J. w G. 1963b'
Vo]atlle fatty ac1ds and lacttc ac1d in the alimentary
| tract of the young p1g Can. d Anim. Sc1' 43 174 181
FRIEND D. W, NICHDLSON J. " G. and CUNNINGHAM H M 1964
Vo]attJe fatty ac1d and lact1c ac1d content of p1g .
‘blood. Can. . Anim. Sci. 44: 303- 308 .-I'N;fr__’}ff_
GLINSKY M d 1976 Volatlle fatty aCId product1on and |
ammon{a k1net1cs 1n the eqU1ne cecum. PhD The51s.";f.

Un1vers1ty of Ill1n01s at Urbana Champa1gn 77- 9003

o HECKER J. F. and GROVUM w L 1975 Rates of passage of

d1gesta and water absorpt1on along the laﬁge 1ntest1nes:;_:fu-'

. of sheep, cows and pigs. Aust d BIO] 28
161 167 ~vqi%;_;';x«" SENS R s
HINTZ H F SCHRYVER “H. F},}an

STEVENS C E 1978
D1gestlon and absorpt1on 1n the h1ndgut of nonrum1nant

//herb1vores J of An1m 501.

Press Inc New York o i
IMOTO S and NAMIDKA S 197_a VFA product1on in: the p1g
Iarge 1ntest1ne d Antm Sci 47 467 478 o

G 4ﬁda1803 1806 =(fjjjfii,ff§,4gg.,«
"If HUNGATE R. E. 1966 The rumen and: 1ts mlcrobes Academ1c T?'”f-V"



'104\,

© IMoTo, s, and NAMIOKA S, 1978b VFA metabo]1sm 17//Ai pig.
R An1m Sci. 47: 479- 487 | , L B
‘dOHNSON J.L. and MCBEE R H. 1967. The porcuplnedcecal L
A fermentat1on J. Nutr 91: 540 546 ’_ "}_ lh o
.KASS M. L., VAN SOEST, P.y. POND, W.G., LEWIS, B, 5ﬁd':-d
.fMCDOWELL R.E. 1980a Ut111zat1on of d1etary f1ber from
'-_»alfalfa by grOW1ng sw1ne If Apparent d1gest1b111ty of

'd1et components 1n spec1f1c segments of the j?”

f-gastro1ntest1nal tract J. Anlm Sc1 50 175 191

’J'KAss M.L. VAN SOEST' P _and POND w G 1980b

h*ﬂKIM K.I., BENEVENGA, N.u. and GRUMMER R H. 19783, Lactase

e_Ut111zat1on of d1etary flber from a]falfa by gPOWlng
vty,sw1ne .tI Vo]at11e fatty ac1d ncentratwons in and f';'
‘;_fd1sappearance from the gastro1ntest1na1 tract d,,An;m.-
- o Sci - 50: 192 197 ;;b [ .,," ; A' | |
d;f;fKEYS J. E and DEBARTHE J’V 1974 S1te and extent of

. carbohydrate dry matter energy and prote1n dlgest1on sf‘:fff

"'-f and the rate of passage Of gra1n d1ets ‘” sw1ne d f-d*£f¢°;~

Anim. 501 39: 57-62. o '*’Qm“i"

: act1v1ty and VFA productlon 1n cecum and colon of p1gs
fed a corn soy or 40% whey d1et d “Anim.. Sc1 46

 1648-1657. [‘“L | 1»'__ ‘"A,f;‘_ ; ‘", _”

}t3KIM K I o dEWELL D E BENEVENGA N. d and GRUMMER R. H.

f 1978b The fract1on of d1etany lactose avallable for‘;‘ﬁ

fermentat1on 1n the cecum and colon of plgs d An1m



"_. ‘ 3 ,".'1.0_5 .

T'KIMvwxltf.BENEVENGA‘tN u'\and?GRUMMER RAH. 51s7ach.
o Est1mat1on of the fractwon of the lactose 1n a h1gh
1actose dlet avatlable for fermentat1on in the cecum and
| colon of the rat. J. Nutr 108 79 -89. T f
»'LENG R.A. and LEONARD G 1965 Measurement of the rates o
| of product1on of acettc pFOp10n1C and butyr1c ac1ds tn
" the rumen of sheep s 4. Nutr 19:469-483. "
"iLENG R.A. and BRETT D d 1966 Stmultaneous measurements
'5t of the rates of productton of acet1c prop10n1c and k |
butyrtc ac1ds in, the rumen of sheep on dtfferent dlets
~ and the correlat1on between product1on rates and

R concentratlons of these ac1ds in the rumen Br»«d Nutr

20: 541 552 ~;j;f_g\

'°3‘MACRAE d C and WILSON S A 1977 The effects of vartous :_:

forms of gastr01ntest1na] cannulat1on on d1gest1ve |
. X ;

measurements 1n sheep Br d Nutr 38 65 71

"5flfMA50N ViC. and PALMER, R. 1973. The Influence of bacter1al TS

act1v1ty 1n the alwmentary canal of rats on fecal

';ff n1trogen excret1on Acta Agrtc Scand 23 141—150

':“PitMASON V C and dUST 1976 Bacter1a] act1v1ty 1n the

g ff{d1gest1b1]1ty Qf d]etary energy and fat Z

fnfhtndgut of p1gs Its 1nfluence on the apparent f_hpf,_;igﬂlr‘ﬁv

»”“'?5T1erphy51ol T1erernahrg U Futterm1ttelkdexv36 "Q:th" o

"‘t 301- 310



106

‘-i 'MASDN v.C. MARANG M.P., DNDNIWV . C A, D KESSANK P.
fiyr 1877. The relat1onsh1p between n1trogen metabo]1sm 1n :
o the h1nd gut and n1trogen excret1on E,A.A.Pt4Eubl, No;j
, | 22 61 63 : }..W. l -". ; '“' h‘- -
LRMASDN v, c: 1979 Role of the Targe intestine in the
| processes of d1gest10n and absorpt1on 1n~the p1g

Presented at the sem1nar on d1gest1on and. absorpt1on in -
' cannulated pigs NIRD Sh1nf1e1d Read1ng RG29AT Berks

'RMCBEE R H: 1970 Metabo]1c contr1but1ons of the ceca] flora
. Am.J. Clin. Nutr 23: 1514- 15t8 DT lvf |
YIRREMCBEE R.H. 1977 Fermentat1on in the hlndgut Ih'Micpopial.;rd
L Ecology of the. Gut Edlted by R T Clark and T. Badehop}<e
o o Academ1c Press, New York. o _' ‘: e
5N;RDRSKDV E R. FRASER C MQSDN V C and MANN S O 1970
' | Influence of starch d1gest1on 1n the large 1ntest1ne of t";
;;;_ sheep on caecal fermentatlon caecal m1croflora and S

faecal nttrogen excret1on Br d Nutr 24 671 682

':f77ﬁijPARKER D S 1976 The measurement of product1on rates of fftf_h'

volat1le fatty ac1ds 1n the caecum of the consc1ous

rabb1t B d Nutr 36 61 70

Z'E_qdijPARKER D S and McMILLAN R T 1976 The determ1nat1on of

g

SRR volat11e fatty a01ds 1n the caecum of the consc1ous -t:td"::
yg_'f;fg,rabbtrw Br. J. Nutr. 35: 365-371. ':; ' "
Nf_i:SALANITRO 4P, BLAKE Cand MUIRHEAD, P A. 1977

Isolat1on and 1dent1f1cat1on of fecal bacter1a from :ffpftiffﬂi

'f adult sw1ne APDI 'and Env M1crob1ol 79_34}:>}j7_7_;15*10



LI

'"‘{ J. Nutr 971 260- 264

SAUER W, C 1976 Factors affect1ng amino. ac1d
avaw]ab111t1es for cereal gra1ns and the1r components

for. grow1ng monogastr1c an1mals Ph.Dﬂ_Thesls,.Un1v.“of,e

Man1toba Canada
, \\\\\\

"; STEEL, R G, D and TDRRIE d H. 1960 Pr1n01ples and

i proeedures of stat1stlcs McGraw H111 Book Company, :
- Inc., New York NY. . _,"
STEVENS c E. 1970 Fatty ac1d transport through the rumen

ep1thel1um In Phys1o]ogy of d1gest1on and metabo]1sm in 3*;;N
[ » ‘

*; the- rumlnant pp 101-112 Ed A T, Ph1111pson 0r1e1
Press, Newcastle | f B 'e' L ‘ l“N

TURNER BLVC KERRIGAN B KENNEDY P M and DLDHAM d D.
1980 A programmable mach1ne to d1spense predeterm1ned
amounts of pe]leted d1ets Can J} An1m Sc1 60(3)
Press IR I T e

YANG M G MANOHARAN K‘ ahd YDUNG A K 1969 Influence

ANG M G MANDHARAN K..and MICKELSEN O 1970

Nutr1t1onal contr1but1on of volat1le fatty acxds from

RN

- the cecum of rats. J. Nutr. 100: 545 550. o

R :’;m.? i

107 -

fivand degradat1on of d1etary cel]u]ose ln cecum of rats def‘fnff



o . 08

“Table l."Formulatlon, composxtlon and prox1mate analyses of '
L : experlmental dlets- ) ‘ . : .

* Diet No. i . o :(;v- R S URNE &

'ingredient (%)1 e o | Ea ,,1'_ R ?{[

‘Barley - = T 835 . el a2,

‘e<Soybean meal ;'ia"112:5"“tl’ ‘:".'ft3e7_3. e T c2.4

'17DehYdrated alfalfa:t.’z"—ltnﬁv t ’;fTF*VE 27'3‘;n:1. » JV, 52.0
ledized salt’ ' 0.5 0.5 . Qs

RPN f’,2!f7'5Calc1um phosphate o ';QS"tNVI"ilfﬁ“'ﬂ; 1.5 ei o 1.5

N S 'Calc1um carbonate SR 1;017 :"j',€;IfaVl’0.5; e »>,  -
o | FaV1tam1n~m1nera1 premlx+ 1.0 :C . 1;0:7",”‘f",l o100

1oo of_f-~, -~ 10000 - 100.0°

‘ Analxsxs I _
a{ Calculated (% as fed)

‘3Ca1c1um'fﬁfj ft‘..ft;:lf 0. 73 :Eﬂefi f;*’o;éifg-3f ST fl.b'f
 ‘*Meth1on1ne & cyetane. “Cfo 56 k‘>;‘?§>e,ﬁwl 0. 53_;€;?;fiytjift5915l3.e;
"Dlgestlble energy 12 9 ;,'}ffasj.?eifio¢9lffﬁf';t;a&?nﬂfk§§iﬁijl?

(MJ/kg) : L T T S

e L i

_~b) Determined (% as- fed)

| Nltrogen (%) ”;" f}» 2 32 7‘.>ff:n}: g f2.43f‘tj::i;;ﬁ't3712.45;--x

Y
3

"- + Contrlbute the follow1ng per kg of dlet Zn, 120 mg, Cu 10 mg, Mn, 48
ng; Fe, 100 mg; Se, 0.1 mg; Vltamln A,.7500 IU, Vltamln D, 700 1U;

"V1tam1n E, 45 IU; Riboflavin,. 12 mg;.’ Nlac1n, 40 mg, Calc1um pantotheﬁ-i
ate, 27 mg, Vltamln BlZ" 28Hg TSR ci : .



V’TabléiZW Dally dry matter (DM) nltrogen and crude flber (CF) intake

excretlon and dlgestlblllty ‘in experlment 1.
A S

3
T

DietNo. 1 . 1 |
Pigiy sz 56 A 130 . seM

DM intake (9/aay) 2462, . 2462y 2462, 10.5 -

| vDﬁﬁéxérétioﬁ(g/dayYﬁ=604,4f}”f*;” f547;3‘ ;[_5,g:553.1_ L-~ j 2l;4_ LE
'ijM dlgestlbllltY(%) .75'5';ﬁf 'rv"i7F3;-f. ufi ﬂ?j;s” P ilé3 v
J' fN1trogen 1ntake(g/day)63 5‘L€' _'Jf 63;5'f '; .’; 63ﬁ5"‘ ’; 1_ 0.2 -

*T;Nltrogen excretlon' RS o s e e T
CGe/day) 166 11 53 06

Nltrogen dlgeSt— . .fﬂ7358 , 3  _'173;é*'ﬂ u :‘3 75;9u  "  vl;2'

‘:¢1b111ty (%)

CF intake (g/day) L1305 130,50 130.5 0.5 T

"”T"CF dlgestlblllty ;f' 2404 31700003009 0 0.8

R
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x';i' S ‘Table 3. Volatile fatty~aéid{(VFA)aconcéntrétiohst,molar‘percent VFA
o - ' o ~ ratios and caecal pH for pigs fed diet 1 in experiment 1.
 ‘Pi§'# : - 1"' 83 e 56 :“fl13o,' . Mean

/

VFA éoﬁcéntrations (- m 1&&) ;' _ A o
wBeetic (A) . g0.0dk3.2  76.8brd.0 70.3b+2.7 . 79.1%1.9
- ‘Propionic (p) = - . '37.1a#l.5 . | 30.5b+1.8 31%b41.2. 33.0+0.9 .
Butyric (B) 10.6a+0.7 11.1abt0.9 = "8.0c+0.6 .  9.940.4
 Total (A+P+B) ‘- 137.7a+4.8 '118.4b#6.0. 109.8b#4.0 122.0+2.9

f“VEA:ﬁolar pérCeﬁtv :
Acetic .Y L g5y £0.9 . 64.9 +1.1 64.0 $0.7° 64.8 4015
Propionic = . 26;95ioa7,_,;;5.7aio;s»f_f28;8bio.5 S 27.140.4
Butyric . 7.7a40.4 . 9.4b%0.5 - 7.2a%0.3 i1 +0.2°

a0 _‘v;i“]ia*éi44abf9;69;[2;§5ai01lif~2,2§b'6Qb7a'2;4 +0.05
COABL BT E0.51 7.29 10,63 5.10 k0,42 84 4003
© O A/(P+B). . 25 1i90 470,07 1.88 4009 1,80 0;06};1;b<+0<04

Y

i Gaecal pH . .. 7610 $.0.20° 6.25 ¥ 0.25 6.16 40.26 6.1740.20

i

PG T~

"Qé;b;C”fmé;ns;iﬁ tqe;sémeiroﬁgwiﬁh;diffe:éntflettérsjaréjdiffeféhf'CpéoQoéjf

v

e ©'determined’ in caecal fluid

‘*;fg';;.:eggh?yalue~i§;the‘méap*of;24“observat%ons taken:over,a,24hgp¢;ioqi,

S e st et
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A,‘Taple 4{

[y

SR

Volatlle fdtty ac1d productlon rates* of plgs fed dletl in’
e . experlment 1 , S . .

'5e Acetate

‘V{”fProplonate'vwia

L Butyrate R
mmoles/h |

fTotal (A+P+B)

_'Pig '

53 . 56

130

" Mean: .

sem

GrOSé;productien'réte’(mmoleS/h)-

P

Acetate (A) .

Propionate (P). . -

‘Butyrate (B)
‘TOTAL (A+P+B)

Interconver51ons‘

' Acetate to butyrate,kf S

percent m:f'
mmoles/h +

Butyrate to acetate '

3 percent f*‘,';;
mmoles/h ‘

12,8
4.3
62,1

mmoles/h

';g/d.;, iffv-'t:?? . e
S Ble

kJ/d

Emmgles/h_gjef
lé/df f1 R
kI/d.

:’g/dflz'iﬁ{tt;t

mmoles/h é

;,[:g/d,vV‘

ames

Ce2207 0
.f;llisﬁ}jf"xf

'~f201_z~‘e‘“'
Sé’hatf*'

1491 o

45.0

‘7.0

:,69 7

'6.15 9.76"

2.1

JjNet productlon ratesi’ L

| 8. 64
55.94 . . 70.040
S '1026
"16'6
28,4,
590

3 83'“'
8.1

70 94'

1 86.74/

o sg.

NS D0 NP

6 30,*3
v331;1 ,;f“f;f

e 111 75 ‘t
,1947_ S

46,3 .
14,207

4.9

. 65 4,'

6.07

40 23' 2

57 93

| 349
‘*25;2-*'

»4144,¥_‘

9 38
-233_::

58 87
QZ 51

3 1606

2.0

5.4

Cee.6

49.9
14.3

67.7

Y 3% 33

~t2;171f:f¥{
L U0as4 T 0ul

| 42“56‘"5g
S0 10030

~61: 30

898:¥d75

14 3
25 4

\"”4'96 S
“10. 263q3:”“
0 255

51572"'_
‘96 967,;

' 1681

1518

3 7
79 2

o 9 ;
1 8
45 9

‘7;3i@” .
11 5
173 6

=-*L+_~‘sée7tex£;fér.détailffff



o e e e

f

L , ; . ’ ‘ .. - .+ :
Table 5.:Average caecal volatile fatty -acid (VFA) concentrations, molar"
percent *and ratios for pigs fed 3 levels of fiber in
. experiment 2. .

~

o

‘Crude Fibre 8 -~ . 5 .10 15
- biet No.o .0 .1 . .20 L3 . SEM'

"VFAﬂébncentrations‘(mmolar)

‘Acetic (a) © . 78.0a®  87.3b  sa.8b o 1.60
PropioniC'(P)' . 34.0a : i 28.8b 22.5¢ - 0.74
Butyric (B)°  © . .10.7a . “9.5ab - 8.0b  0.62

Total (A+P+B) . 122.7ab 125.6a - 115.3b  2.44

VFA molar percent - . S . .

' Acetic’ ' . . 64.2a ' 69.6b | C74.2¢ . 0.38

Propionic: . 27.4a - . 22.8p  19.0¢ " 0.28
. Propion: ' * 2.8 _ | .

Butyric. " “sa 7.6 6.8 0.28
VFA ratios o : }‘ - . .‘ ;; f - ,LUY
AP LT 2,418 3.06b ;4.25cv' 0.07
a7 S  g.49a 9.67b 11.93c \f-»< 0.27

A/(P+B) 7 1.85a 2.30b © 3.12¢  0.05

+ determined in caecal fluid- v ' v
+ each value is the mean of 96 observattgps

. a-c means in the samé.row with different letters are different (P<0.05)

I 4
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A ' : +
"~ Table 6. Average caecal volatlle fatty acid (VFA) concentratlons '
molar percent and ratlos for 1nd1v1dual animals fed 3 diets
in experlment 2 . :

Pig ¢ = 53 56 _‘61’ 130 - éEﬁ A
" VFa cqnceneratioﬁs (ﬁmelar)‘
Acetic_ (A) o 80.1% . 83.6 84.4 - 85.4 1.80

" Propionic (] ~22.0a 2.2, 20.m 35.3 '~ 0.83
Buytric (B) 7.3 8.6 T 12,1 s oho
Total (A+P+B) -~ 109.5a = 119.4p 125.65c  130.4cd  2.76

VFA‘molar'percenﬁ ) » - | | _

: Acetic_ . “'73.63‘ 0. 67.7c 65.50 0.43
aﬁropiohi§' 19.%a . 22.3 23.1be  27.0d4 . 0:32
Butyric 6.5 . 9. 7.e 0.3

VFAaraeios ' R | ; - ! ' o

a0 sora 3.3 3.06c  2.46a  0.08
A/B . 12,35 10.47 8.0%c 9288 031
AZ(+B) o 3.04a 2.5% 2.1% © 1.93 . 0.06

)

o+ determlned in caecal flu1d , _
: # each value is the mean of 72 observatlons taken over three 24 h

>

perlods. R 4 . R , : , _ . : .
a-d- means in the same;row'with:differentfletters‘areedifferent (P<0.05)

B S

v
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Table 7. Average volatile fdtty (VFA) production rates in experiment 2.

— L N , ,
- [3

. Diet = - L o S 1 o 2 - 3

Gross prodhctién rate (mmoles/h)+ SN ' Lo .-
6.1 31.86.
173 7.10
0.72: 1.96
7.6 40.92

Acetate (A) ¢ 25.85 + 5.2 40.98
Propionate (P) - . 8.38 ¥ 1.} 11.20
Butyrate (B) . "1.95 4 0.64  2.40
'TOTAL (A+P+B) - 36,18 + 6.3 54.58

5.2
1.1
0.64
6.8.

[+ 1+ 1+ 1+
I+ 0+ 1+ 1+

Net Production rate (mmoles/h)+ :

Acetate\ o - gf',;~ :
 mmoles/h . - 22.50 + 4.5 37,28
g/a - . . " 32,40 + 7.2 53.68
x3/d © . 475.00 +.104. 786.00

4.6
6.7
98 "

5.5 - 28.29
7.9 40.74
115.-597.00

B B L
I+ 1+ 1+

_‘ProPiénatév - : S . _ :
~ mmoles/h. . . 8.38 + 1.1 . 11.20
g/a .. ©14.90 % 2.0 . 19%82"

Refviin : -t T
ka/q g . . 7309.00 + 40. 411.00

1.1
2.0
40.

1.3 - 7.10
2.3 12.57
-48.  261.00

S g
IEREE

LS

’ 'ButYr§te . 11  . h: . | ~ vwi:

muoles/h - . 1.58 +0.52 1.83
cg/a . 333411 3.86
ky/a 0 7T 83.00 328, 96.00

‘0.55
1,17
29,

0.55. '1.69
1.17 . 3.57
29, . .89.00

NN,
I+
TR g

- Toﬁal (A¥P¥B)~' T AR
- .mmoles/h'. . . - . 32.46a 50.31b 37.08ab
IR 7 . 50.63a . 77.36b° '56.88ab
ke 867a . 1294b . 946ab

'+ see text for details

A )
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-Average caecal volatlle fatty a01d (VFA) concentratlons, molar
percent, ratios and productlon rates in experlment 3. :

L

+

see text for detalls

Acetic . Propiohic Butyric . )
Concentration(mmoles) 57.9 +'1.4% 17.7.+ 0.5 6.2 +-0.2 - 81.8 +-2.0
" Molar & - '70.9 + 0.2  21.6 %+ 0.2 7.5+ 0.1 100.0 * 0.3
. Gross pfoduétion rate¥
_ mmoles/h \ ' ©32.18 + 5.9 6.39 + 1.0 3.73 + 0.8 42.3 + 7.7
e deugmn rated | 5 o
- mmoles/h | 27.34 + 5.0 6:39 1.0 3.54 + 0.8 37.27+ 5.9
g/da '39.37 # 7.2 11.35 .+ 1.8 7.48 + 1.6 - 58.2 + 10.6
kI/d - - 577. 0+106.1 236 0+37 8 186. 0+40 2 “999;Oi 183
determlned in caecal fluld , N :
-+f ‘each value is the mean of - 24 observatrons taken over -a 24h perlod
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‘Table 9. Average ‘caecal volatlle fatty acid (VFA) concentratlonét molar
~percent and ratios for pigs -fed 3 levels . of fibre after a 15 '
‘week adaptatlon to a 15% crude flber diet. - Lo

_ Crude fib % s 10 . s -
Diet Nu. | R 2 3 . smM

“VFA éohcentratlons (m molar) o o -
CAcetic () 55,7a 63.9b s9.gab 2.4
; Propionic. (P} E o 30a1a 25.35 -18;49, .".‘1.6.: .
lputyric (B).  o  3 o j'9;0a o ‘7;5ab‘ h 6.2b'”
Total (A+P+B).  ,;'} ' .94.8 96.7 B 84.4nv“ _:_14.1V‘
VFA mqlaf>éer¢?n£fv». o  _ , | . : .
'Acgtié B ;;J ) 59;5a‘, fv 66.4n . 70 6c 10

: Proﬁidnic;;é .. .7 31.4a . 25.9p - 22.06  0.8L -
o R A A T . R

~ Butyric. . . f.:»hg'?é  ~v7.7b”}-i ."7}4b.[' 0435
A atios” e N
"fA/f R B o 2.02a 2;81§ 3270 0.10

" +.. determined ihfcaeéalﬁflﬁid _,:

AT

o



VI GENERAL SUMMARY

\

lThe need for caut1on when attrtbut1ng a cause and effect

A

re]atlonshtp between level: of f1ber ‘and an1ma1 performance

7t; 1s 111ustrated by reference to the present rapeseed meé]

| (RSM) study The assoc1at1on of 1nh1b1tory substances with

the fiber source maKes it extrmely d1ff1cu1t to 1so]ate the

"

:1nf1uence of flber per se. While the h1gh 1evel of f1ber 1n:'

'.RSM has frequent]y been 1mpltcated 1n reduced antma]

v:performance, Tow f1ber var1et1es of RSM or dehul]ed RSM used
in the study reported here were - not assoctated w1th 1mproved°
'j;anlmal performance over that obta1ned W1th the h1gh f1ber K

'_varfety of RSM.

' It is clear from the present resu]ts that the fi‘
- oy
1*d1sagreement 1n the 11terature on the 1nfluence of flber on

‘performance carcass compos1t1on and d1gest1b1l1ty

| Qecoeff101ents is due at 1east 1n part to qua11tat1ve and

';7_quant1tat1ve d1fferences assoc1ated w1th changes in the

ﬂ,tppote1n and energy level of the dlet When Compar150ns are ff ;fs}gg

L ’be1ng made between var1ous stud1es cons1derat1§§inmst also

‘ajbe gtven to factors other than the 1eve1 and source of f1berh.~5"*

*_1n the dtet Changes occurr1notn energy and prote1n as a-f

fresult of the mode of add1t1on of the f1ber cannot be

jvtgnored Ptgs possess the ab1]1ty to 1ncrease feed 1ntaKe totif:

'*dcompensate for the d1qest1b1e energy d11ut1on upon addltton:ﬁ?

- of f1ber However this ab111ty appears to be. related to the

"-'f]ength of time to wh1ch the an1mal has had to adaDt tO the

"cd1et. In the eXper1ments reported here p1gs rece1v1ng 10% CFu” o



u<d1ets from 22 Kg to slaughter at 92 kg had s1m1lar backfat
.to control anlmals fed 4% CF d1et | | o _'
lt is. generally assumed that 1ncreas1ng d1etary f]ber

| results 1n depressed n1trogen d1gest1b1l1ty However;

| follow1ng a 10 wk adaptat1on per1od to the f1ber source the
level of flber d1d not 1nfluence n1trogen d\gest1b1l1ty

VWhere depressed n1trogen d1gest1b1l1ty is observed 1t is

“; more l1kely to be due to 1ncreased bacter1al n1trogen

ass1m1latlon in the h1ndgut rather than a reduct1on in the

:.u true n1trogen d1gest1b1l1ty of the d1et A-poss1ble 1"

~

'except1on is where the f1ber source contr1butes apprec1able -

quant1t1es of nwtrogen wh1ch has lower ava1lab1l1ty

Currently ava1lable methods for measur1ng the chem1cal

‘ comdbnents of d1etary f1ber are 1nadequate The compos1t1on o

‘,‘of d1etary f1ber cannot be measured with. the prec1s1on wh1ch;J

u_1s currently ava1lable for other d1etary constltuents The

”Tuse of crude fwber (CF) rema1ns popular because of the

‘tabsence of a rellable alternat1ve method wh1ch g1ves stm1lar'
H.hfotfprec1s1on and ease of operat1on A chemlcal and nutr1t1onal
uithevaluatwon of currently avallable methods for f1ber analys1si€gh:_fr_ﬁ
“'fh1s long overdue The challenge for the chem1st 1s the S =

h?development of a method wh1ch separates the var1ous chem1calujg;t7'

w7tcomponents of d1etary f1ber wh1le st1ll be1ng amenable to

"f_jggrout1ne feed evaluat1on

The results of the 1sotope d1lut1on study (chap v)

5_‘1nd1cate that extens1ve m1crob1al fermentat1on occurs in theT]"‘f;’:“

f:hlndgut of sw1ne Total caecal VFA concentrat1ons



e

“;‘by SW1ne

g

>,(8O 9- 125 6 mmoles/l) var1ed W1th the feed1ng reg1me and
s exper1menta1 d1et The 1ength of adaptat1on (2 vs 15 wKs) to
- the f1ber source had no. s1gn1f1cant 1nfluence on VFA E

"product1on rates. The product1on rates of VFA 1ncreased as

'~ the crude f1ber 1eve1 of the d1et was ra1sed to 10% However‘
:dwhen diets w1th 15% crude f1ber were fed VFA product1on f‘"’

- rates. tended to dec]1ne be]ow those observed for the 10% CF %
d[d1et The contribut1on of VFA to the DIQS ma1ntenance energy -
";requ1rement (9 5-22. 8%) ver1f1es the 1mportant role of

‘fﬂm1crob1al fermentat1on 1n the ut1112at1on of d1etary energy | '
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'jdySpros1um (Dy), : cer1um lCe) and chrom1um (cr) us1ng the

\

VII APPENDIX L. DETERMINATIDN OF DYSPROSIUM CERIUM AND
CHROMIUM BY NEUTRON ACTIVATION ANALYSIS

A ABSTRACT

e An 1nstrumental neutron act1vatlon analys1s (INAA)

) procedure has been developed for the measurement of

s

Canadlan SLOWﬁOK nuclear reactor These elements weretff

'1ncluded 1n anTmal feed at 25 ppm 6l ppm and 0. 347

= respect1vely Concentratlons in feed and d1gesta samples

"*-bfwere determ1ned by measurlng, w1th a Ge(L1) detector coupled

:- : to a 4096 mult1channel analyser the radloact1v1ty 1nduced

yhby neutron 1rrad1at1on Quant1tat1ve analys1s procedures

Ji’based on 165mDy (half l1fe T1~l 26 m1n) 5‘Cr ( 28 dJ and.hin

fand fecal materlals For short 1rrad1at1f

Q R
"‘Ce (Tx 32 6 d) were developed after a study of the maJor

55-contr1but1ons to 1nduced background ac 1v1ty 1n both feed

tfﬁ”fdomlnant 1nduced background act1v1ty.'for longer :ff[fjfﬁdﬁ'f S

‘T%f;1rrad1at1ons (> 2 h) 38C] 56Mn and 24Na dom1nate Inert

’:”*afmarkers Wlth rad101sotopes of halfl1ves less than several e

ilfmlnutes (‘55mDy) or longer than several days (5'Cr and

't'f;‘4‘Ce) are most amenable to 1nstrumental analys1s Theigiffﬁlj”

”f;_analy31s t1me

"t:ffappl1catxon of the methods developed to rout1ne analys1s 1s_[f¥:g_'

ﬁ”i:idlscussed from the v1ewP0mt OT sample throughput and
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| Wh1le rad101sotopes are ga1n1ng 1n popular1ty as }_
arkers in stud1es of dtgestwve phys1ology, the d1ff1cult1es' -
L;assoc1ated w1th an1mal contam1nat1on and the dlsposal of |
large quant1t1es of fecal waste rema1n These problems can

- be- avo1ded by the 1nclus1on of a nonrad1oact1ve marker in

rthe feed W1th subsequent quant1tat1ve analysms of ltS

v__sconcentratlon in feed and d1gesta mater1al General]y thls R

ﬂlncorporat1on must be at the trace level to avo1d adverse

, .a'phy51olog1cal effects (Hutcheson et al 1975) wet'Ghemtcalv . “1:9

: analys1s or lnstrumental technlques such as mass eyt-~

'ri'spectrometry, x ray fluorescence and atom1c absorpt1on can.

T}be used but generally 1nvolve ted1ous procedures If the
” markers are su1tably chosen 1nstrumental neutron act1vat1on_'.'~
3 analys1s (INAA) can prov1de a degree of sens1t1v1ty not |
.often ava1lable W1th other methods In add1t1on both the
f’nondestruct1ve nature of the analys1s and the ease w1th

lﬁ'wh1ch the trace levels of s1ngle or mult1ple markers (Luckeyik

’ 'ffaet al 1975 1977 1979a) can be quant1tat1vely measured

o ffﬁa s1ngle determ1nat10n, in w1dely d1fferent b1O]°glca]

.‘Tlﬁf'matr1ces (Clemente et al 1977 Ell1s et al 1977) w1th0Ut

-vfb*chem1cal work up greatly encourages the development of INAA TETV;‘j?"

;ﬁ-r?[[procedures for use by an1mal SCTent1sts

The appl1cab1l1ty of 1nert markers coupled w1th neutron fﬂﬁ;?kf

'fihact1vat1on analy315 has been the subJect of a l1m1ted numberﬁr;;j75f*:

. of studies (Ellis 1968; Olbr1ch et al. 1971 Young 1975

”“7f}.Martz 1971) These stud1es have been l1m1ted to rum1nant
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5anrmajs and w1th the exceptton of E]l1s (1968) longer 11ved o

h‘__ rad1onuc]1des have been used desptte the. decreased analys1s

t1me potentta]ly ava11ab1e w1th the shorter 11ved nucltdes

The obJect1ves of thts study were to develop an

L analyt1cal procedure for the INAA of d1gest1ve markers u51ng"

tf;the Canadtan SLOWPOKE nuclear reactor and to dev1se an
'opt1mum procedure for routtne analys1s wh1ch woutd readtly
'llend 1tse1f to automatton | |

Of the var1ous potent1a1 1nert markers reported in:

'V’frecent 11terature (Gray and Vogt 1974 Luckey et al. 1979b)

'~dyspros1um (Dy), cer1um (Ce) and chrom1um (Cr) were chosen j”?"

}('}for this study Both Ce (Huston and E]]]S 1968 Olbr1ch et
. al, 1971) and Dy (E]]ls 1968 Young et al 1975) have been
'“shown to possess many of the properttes of 1deal 1nert

(markers and are, 1n add1t1on, good candtdates for INAA at

'1trace 1evels D1ssat1sfactton expressed W1th the ana1y51s Oft.szf;

, chromtc ox1de by co]or1metr1c methods (Carew 1973) prompted

(bthts ]nvest1gat1on 1nto the poss1b1]1ty of 1ts measuhément

"sfffby INAA It was therefore dec1ded to develop an analyt1cal

"tiiprocedure for these three elements a]though other markersff?

(fjnare poss1ble and have been proposed (Gray and Vogt 1974)

A survey of the trace elements observab]e by INAA 1n:ff;l

'fnffboth the feed and fecal matertal of SW1ne was carrted outgtobﬁf3th5f

”fff'ascerta1n whether any were su1tab1e cand1dates for use asf;jp;;ﬁfﬂwif

';};1nternal markers or could 1nterfere w1th added marker ;QV((

*ﬁﬂ;ff;measurements Thls 1nformat1on about the sample background

‘1"(’Ti“°aCt1V1ty used in desagntng the INAA pPOCGdUPeS for DYr Ce
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e MATERIALS AND METHODS

__An1mals and D1ets 3'"
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t,

_ ' ) [
and Cr shou]d prove a. valuab]e awd in in both the se]ect1on

of other markers and in determ1n1ng the feas1b111ty of us1ng

*:»thts INAA scheme for mtneral metabollsm studtes (Budlnger et .

]. 1972. Kostic et a]..1977. Schelenz 1977, Tanner and

. Friedman 1977).

Four ptgs of average 1n1t1a1 wewght 67Kg were conf1ned |

o }to statnless stee] metabottsm crates and fed a d1et (Table '

_'p'1) formu]ated to meet or exceed NRC nutrtent requ1rements
_:p}The anlmals were fed tw1ce datty O 7Kg at 0800 h and 1. 4Kg_}[;?
»’.at 1&00 h S "r_ f’tﬁ..-'*'*”glt” ‘H.ﬁsvgh

Htum (25 ppm elementa] Dy) cr'(0”34% etemental

205 and (NH4)4Ce(SD4)42H20 respect1ve1y

dded gradually untt] complete m1x1ng at the

¢ *ff}gof the feed showed that departures from homogene1ty for Dy _¥e;fff
',ljfand Ce were less than 1 ppm I o .

"’iSamp]e Collectton and Preparat1on

FOIIOW1ng an adaptatton per1od of 7 days, total feoa]

i ppm elemental Ce) were added to the feed as E_ ;‘

_tion of these markers 1s at the ppm tevet Cape.ii":‘ff*
to“ensure homogene1ty Dyspros1um Ce and Cr were~f]f‘._3

w1th a s1m11ar we1ght of ftnely ground feed Moreﬁ};_g:;
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output was cotlected da11y from each an1ma1 for‘7y@\'A

consecut1ve days The dally total collect1on for each p1g
‘was m1xed wet and three 50 g random subsamples were taken

_ for ana1y51s

Samples (100 mg) of feed and freeze dr1ed fecal matter

flvwere accurately we1ghed 1nto ac1d c]eaned 1 5 cm3'

‘, po]ythelene v1als wh1ch were 1n turn enc]osed 1n the 7 cm3 f'

N~

_polyethetene capsules used as 1rrad1at1on rabb1ts Dur1ng

all sample preparatfbn stages, clean cond1t1ons were S

-«ma1nta1ned Pr1or to count1ng, the sample v1a]s were removed.

hit»from the protect1ve outer conta1ners, thereby reduc1ng

- background counts due to any externa] contam1natxon

. . N
o
¢ B

i-ﬂ‘Nuclear Reactor and Gamma Spectroscopy System
All neutron 1rrad1at1ons and gamma ray ana]yses were _'

"{ conducted at the Un1vers1ty of A]berta SLOWPOKE reactor

'?hfSLDWPOKE is an acronym for the Canad1an poo] reactor

'Y?fldeveloped and marketed by Atom1c Energy of Canada Ltd and |

.%'ffls der1ved from Safe LOW POwer Kr1t1cal Exper1ment As there;7jfh;b
:yrﬁare a number of equ1valent and 1ndependent 1rrad1at1on 51tesfﬁj;?}:f
0 inthe SLOWPDKE reactor,_the INAA of d1gest1ve samp]es cou1d.'{,,}_;_-.ﬁ_f;f

b.iffi;be carr1ed out at the same t1me as other 1rrad1at1ons in the;fcfgj;;

:‘Hﬂé;ireactop Due to the reactor s 1nherent flux stab111ty and

‘d'eigreproduc1b111ty (Kay et al 1973 derv1s et al 1977) the

~_...

:'7‘constant 1nclus1on of elementat standards,-flux mon1tors and_7;}~~2“

4

f’f&orrect1ons for reactor geometry (Young et al 1975) are notf

*fjfh‘requ1red thereby great]y s1mpl1fy1ng the analyt1ca1 fv
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fprocedure A pneumatlc rabb1t system w1th a trans1t time

.(1n or out of the reactor) of approx1mately 1 5 s and an

utomat1c 1rrad1at1on t1me contro]ler made the analys1s of

: shortllved rad1onucl1des poss1ble

The gamma ray spectroscopy system cons1sted of a so]1d o

',‘state Ge(Ll) coaxial detector (18. 5% relat1ve eff1c1ency and‘jta
11 33 kev FWHM at 1332 Kev) coupled to a 4096 channel ND660 -
'f(Nuclear Data Inc Schaumburg. Ill1no1s 60196) mult1channe1
'analyser Al] spectral data were stored on ftoppy d1scs for_wl

' ;subsequent computer ana]ys1s Raw data cou]d be reca]led for',,a

o later dlsp]ay and v1sua1 analys1s on the NDSSO term1na1 or f€f7ff*

"gthjfd copy obta1ned by means of an X Y po1nt plotter |

P

Neutron act1vat1on ana]y51s 15 the determ1nat1on of

t:gie]ement mass (M) by quant1tat1ve measurement of the |

bgjcharacter1st1c radlonuc11des 1nduced by neutron 1rrad1at1on
'i[i(RaKov1c 1970) Durlng 1rrad1at1on the act1v1ty of a. .
‘.‘d:radlonucllde 1ncreases exponent1ally towards a saturat1on

'*f_:f]evel (mA w1th 1ncrea51ng \rrad1at1on t1me (t 5 Th‘s

t SE Hep!

}fgfsaturat1on 1eve] depends on the neutron cross sectlon (c)
“Tttfor the nuc]ear react1on the molecu]ar welght (M) and b?wtffi°z
'“fff7xsotop1c abundance (6) of the target nucleus. and the

“ijﬁi_neutron flux (¢)

As at:sozx 1@"2 'vaf,»( Ox a XQ S L f*__.:"(_l}l_,)“, G e



Upon removal from the reactor the induced activity
i . decays in the usualtfashionlwith characteristic decay‘
¢ constant A(A=]n2/T%'where'T' is the ha]f life) as .the cool

}'time (t increases. The growth and subsequent decay of

cool)
the act1v1ty 1s g1ven by:

; | _ - R - -
. - Azmpgay (1-e _kt”‘r) Meodl dPS | (2)

é o ," | h S In INAA the gamma . ray em1ss1on accompany1ng the decay

| o | of the rad1onuc]1de is usual]y measured Allow1ng for
*detect1on,eff1c1ency (e) and gamma yield'(Y).vthe degected

i R events accumuﬂated'after‘cdunting_?or-time tccunt‘ is given'

\ . . .
- . . NS

”by:

A eYmAsat (1;ef?tirr)éf}tcdo1(1_efltcount)‘Counts (3)

" University af Albésta

o | Certain of the var1ab]es in the re]at1on such as tippn,

T

t.oo1 and tcount are under the analysts control and may be ';

B A

b ”. : manipulated to enhance the determlnatton of the elements of
P . lnterest Others such: as Y 0,0, M and X are character;stlc |
~of the spec1f1c rad1onucl1de and nuc]ear react1on by which
it was produced The available neutron flux and the absolute K
fdetect1on efficiency, wh1ch varies with gamMa ;zg energy, |
are 1nstrumenta1 11m1tatlons to the techn1que Certain
instrumental phenomena such}as pulse pvle up effects which
cCCUr at relatively high count rates can be corrected for- by |

ah_eXperimentatlyudetermined factor (In the procedUres

o
"
-
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reported here this factor is unity). . (;‘}‘

Both the precision and sensitivity with whtch'a'given
rad1onuc11de can be measured depends not only on‘the counts
(C) observed for its character1st1c gamma ray but a]so on'l‘
the background (B) obta1ned in the same energy window

(Curr1e 1968) . Thts is expressed by a standard deviatton

// oF C+2B for a'single COUnting>period It is 1mportant to

note that a major contr1but1on to background counts can come"

LAY

from other acttvated spec1es in the sample By recogn151ng
‘the source of these contr1but1ons, one can choose tj,y,

tcoo]’“tCOunt and the neutron f]ux to'optimise the'

measurement of the elements of 1nterest

, F1gure I shows typlca'/INAA spectra of unlabel]ed feed
and feca] mater1als follow1ng a short 1rrad1atlon (45 s) at g

O‘chm‘2s Gamma rays from the shortl1ved rad1onuc]1des

: of Sc O A] V Cu Ca Mg, U, C] Mn and Na. 1n the samples

:: can be read1]y observed The most act1ve component 1n both |

feed and feca] materlals for th1s short 1rrad1at1on 1s 28A1

andbthe Compton p]ateau assoc1ated W1th 1ts 1778 kev gamma
a

ray forms the ma jor contr1but1on to the background at

energles below 1555 kev. The gamma em1sstons of ‘Gsty fa]]i“ B

in thls range but. as will, be shown 1ater the background is

l low enough to not appre01ab1y d1sturb the measurements

T A_]onger 1rrad1atton tlme 1ncreases_the,act1v1ty of the-
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longer lived radionucltdes (Equation 2). Following a 2 h
“irradiation andl2 h cool time at lO‘zncm’2sec"al 38C1
‘tT '37 min), 55Mn (T4=2.58 h) and 24Na (T1-14 8 h) are very
active andeiompletely domtnate the gamma spectrum (th 2)
.F1gure 2 exhibits spectral.d)stortton (peak broadentng).due
to very htgh countirates and'WOUld be‘unsuitable:for
,quantwtat1ve measurements ; .
After a one day cool1ng pertod (F1g 3) 24Na remains
intensely acttve. Both 69Zn (T1-13 8 h) and: 42K (T1-12 4 h)
have"half~llves comparable to 24Na but, because present in
large quanttttes. can be seen clearly The measurement of
other elements in trace amounts 1s severely ltm1ted by the

24Na gamma ltnes and their assoctated Compton plateaus Even -

after 5 'days f(ca. 8 half ltves) when the 24Na act1v1ty has .

' ‘_dropped to 0.4% of 1ts ortglnal value, the quantttattve

measurement of other elements 1s st1ll hampered by 24Na (th' -

The measurement of markers Wlth half l1ves comparable
to,24Na thus presents spec1al problems Rad1ochem1cal

'fprocedures (De Soete et al 1972) can be used to remove thls

“ntnterference but at a cost Of cons1derable 1ncrease in

‘complex1ty compared to purely 1nstrumental methods

As w1th dalry cattle rumen content (Hartnell & Satter

e‘1979a, 1979b) the 1rrad1ated sw1ne samples must be cooled~

'for at least 10 days before measurement of the longer ltved S
radlonucl1des such as 5'Cr and 1“Ce In add1t1on to the Cr1

' and Ce markers, the natural constttuents Sc, Fe and Zn can
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be seen in both feed and fecal mater1al fotlow1ng a 2 wk

s

coo] pertod (F1g 5).

Naturat background rad1atton from the bu11d1ng

' construct1on mater1a]s makes up ‘most of the background in. _
‘the long coollng per1od spectrum (F1g 5). This can be

‘cons1derab1y reduced by shle]dwng of the detector. Because

the sample spectrum is relattve]y s1mp1e countlng can also

: be carried out with a NaI(T]) well detector thereby

1ncreas1ng the sen31t1v1ty for the long lived markers More

'1mportant1y. automated count1ng systems are readlly

.avatlabte with NaI(Tl) detectors

Dysprosium marker-anatVstsv

;Two radiohuc]tdes‘of dysprostum canube used’for INAA

h_marker analysts. the nuclear data for both is gtven in Table
2. From the above it is apparent that the 1owest background |

,‘1nterference W1ll be obtatned w1th the shorter 11ved 1sotope

,‘g dlﬁsty (Tr=1 26 m1n) H:ﬂfﬂ_ v ;-i»gti 5 k;ﬂff .
IR An anatys1s scheme of t1rr‘45 S'IICOO] 30 S, nd '

-t = 60 s at a source to detector d1stance of 3 cm was

coun.

': used At the tevel of marker 1nc1us1on used (25 ppm)
‘Vi-acceptable 165"‘Dy counttng stattsttcs were obtalned w1th .a. fi"
f“',reduced reactor f]ux of 1 X 10“ncm %sec A Thts lower flux Ht'T
5ureduces the 1nduced background act1v1ty as well as. 165mMpy. by_

I‘Za factor of 0 1 (Equations 1 and 2). Flgure 6 shows a |

“7typ1cal spectrum of a label]ed feed sample under the’ 5

standard cond1ttons of marker analys1s The reference pU]ser‘
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: peak appear1ng at channel 2000, electron1cally s1mulat1ng a

detected gamma ray but w1th nonrandom 1nput rate can be

' used o make pulse ptleup correcttons Slnce the busy-ttme‘_

was never allowed to eXCeed 10% these corrections werefnot

requ1red

Wh1le extend1ng the t1me of 1rrad1atlon would 1ncrease

the ’55mDy act1v1ty (Equation 3) 1t also results 1n

'1ncreased background act1v1ty due to 28Al Where a. major :

background component has a s1m1lar half life to the element ‘

130

of 1nterest the 1ncreased act1v1ty due to longer 1rrad1atlon o

may be offset by concurrent changes in background act1v1ty

A s1m1lar argument may be applwed to the quant1tat1ve

measurement of the longer l1ved 16SDy (T1 2 33 h)' Although

 the short l1ved 28Al may be allowed to decay away, any
attempt to 1ncrease the 1rrad1atlon t1mes to 1ncrease 1"5Dyi_”
“act1v1ty w1ll result 1n proport1onally 1ncreased 55Mn 3B_C»l-

“and 24Na act1v1t1es wh1ch, as was shown earl1er will ‘ﬂ”

s |

f‘adversely 1nfluence the 185Dy measurement
Nevertheless, Young et al (1975) used the longer llved‘ o
‘f"55Dy when study1ng rum1nant dtgesta In contrast Ell1s |

"(1968) worklng w1th 165mDy and rum1nants fed a hay d1et

-

f-dreduce the 4Na act1v1ty to manageable levels Whtle
’g‘elemental Dy levels of 25 ppm were used 1n the present

g1nvest1gat1on the method allows cons1derable flex1b1l1ty 1n

Dy 1nclus1on levels The determlnatlon and detect1on l1m1tsv"

| '_;(Curr1e 1968) for Dy w1th the above method are .2. 5 ppm and

lf-found pre 1rrad1at1on chem1stry (wet ashlng) necessary to
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0. 73 ppm respect1vely for 100mg samples

A d1st1nct advantage of the present analys1s scheme is

B the speed of analys1s An INAA throughput of 45 samples/h

has been rout1nely ach1eved and as no chemical procedures.-
.are 1nvolved, sample preparat1on is. m1n1mal Th1s.advantage
comes,k1n part, from the 1nherent character1st1cs of the
_SLOWPOKE:reactor Accurate presettable 1rrad1at1on and short‘
‘transfer times (1. 5 s) are ach1eved w1th the 1ntegra1 ‘
1pneumat1c rabbit system The very stable, un1form and
. ‘reproduc1ble neutron flux of the SLOWPOKE reactor a]lev1ates}
the need for t1me consum1ng, repet1t1ve comparator standards‘
and flux mon1tors (E111s 1968) or for correct1ons_such as “
~the t1er effect reported by Young el al. (1975) BecauSe
'_correct1on factors for geometry an;>f]ux are not requ1red
| fd1gest1b1l1ty coeff1c1ents can be calcu]ated by a 51mple

fjrat1o of detected counts 1n feed and d1gesta The earlier

'-quoted coeff1c1ent of var1atton bears test1mony to the

,pre01s1on avatlable w1th the 1nstrumentat1on
Dyspr031um 1s relatlvely 1nexpens1ve and can e read11yj}
1ncluded in an1mal feed to prov1de a rapld means of :

'lf.evaluat1ng the d1gest1b1l1ty of feedstuffs on a commer01a1

fffvh{scale D1gest1b1l1ty coeff1c1ents could therefore be made /lehﬂf%-

1';ava1lab1e to producers on the bas1s of grab samples from ﬂ'f

fxfeed and fecal mater1a1 (Kennelly et al. 1980)

R 8 IR LR R e
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‘,Cerlum and Chromium marker analy51s

- Of the two chromlum rad1onuclldes produced by thermal

»neutron 1rrad1at1on only the 28 day S‘Cr 1s ava1lable for .

INAA by gamma spectroscopy of the several certum products
both 139Ce 'Tt =33 h) and "‘Ce (Tp 32. 6 d) have been used
for INAA (Tolgyessy and Varga 1974) In ‘the SW1ne d1gesta ofl

’ thls study,'however the short l1ved 139Ce cannot be

detected agalnst the hlgh 24Na background at ‘the level of

inclusion (61 ppm) used

o -

Both ‘4‘Ce and 51Cr are. best observed after a. coollng

’perlod of 2- 3 weeKs when the maJorlty of the sample act1V1ty:“1'
‘has decayed to. negl1g1ble levels The analy51s scheme'p‘

:employed for Cr and Ce marker measurements was ti -2 h at

cool’10 18 days and tcount 20 mtnute at a

lfsample to detector dlstance of 3 cm. At the levels of marker_”
ei_addltton employed th1s gave adequate counttng stat]st1cs
.'dtfor both the 320 kev 5‘Cr and the 145 Kev 141Ce gamma l1nes
.:'ﬁfor feed samples In the case of Ce, countlng statlst1cs cantﬂ
tff;;be 1mproved by 1ncreas1ng 1nclusJon levels to 100 200 ppm
}imflhe determtnat1on l1m1t (Curr1e 1968) for Cr and Ce for the:.
‘E;hINAA scheme outl1ned here has been calculated as 204 and 173;‘f?
| h]ppm respectlvely for 100mg samples The detect1on l1m1ts ‘f-vb
;=hhgwere found to be 64 ppm and 56 ppm respect1vely R

Longer 1rrad1at1on and count1ng t1mes would g1ve lower

h}:l1m1ts of quant1tatlon but would result 1n 1ncreased

tanalys1s t1me A better approach would be the use of a t:*”fr‘
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Nal(T1) welt“detectOr“uhich' at the cost of reduced
'resolutton prov1des htgher detect1on eff1c1ency and is
‘tftamenable to automat1on Because of the 1ong 1rrad1at1on ttme-

-requ1red for 5‘Cr and ‘4‘Ce the1r use in rout1ne analys1s

can be opt1m1sed by batch 1rrad1at10ns The stmu]taneous‘

S 1rrad1atﬂon of severa] hundred samples is pos51b]e W1th the
T SLOWPOKE . Such a system wou]d make the use of- 51Cr and - -

fb 141Ce as determlned by INAA more attract1ve

In summary, quant1tat1ve ana]ys1s procedures for the i

‘use of Dy . Ce and Cr as 1nert markers for antmal feed and :

dlgesta samples us1ng INAA in qre SLOWPDKE reactor have beenr s

'1nvest1gated In addttlon a study of the maJor 1nduced

background act1v1t1es in feed and dtgesta samp]es 1nd1cates '

"greatest success can be expected for markers whose
‘radto1sotopes have e1ther very short ha]fl1ves (Tx < severatf
jfvmln) or moderately long ha]f 11ves (Ty>> several days) Th1s;
df1nd1ng bears part1cu1arly on the potentta} for rout1ne
- danalys1s where htgh sample throughput 1s requ1red Us1ng the'ﬁ"
- fshort lwved ‘55"Dy and on ]1ne ana]ys1s w1th a; Ge L1) i )
’vdetector sample throughput of 45/h 1s eas11y achteved For?idf:
vwvftthe longer l1ved 5‘Cr and 14Ce ; batch 1rrad1at1ons and »
“Qfautomated count1ng w1th a we]] detector can prov1de hxgh

:’d_fsamp11ng capab111ty but analysls ttme 1s extended over



~ E. REFERENCES - ’a;,_"‘ ST -
Lf’BUDINGER TLFL, #ARWELL' J.R., SMITH A. R and BICHSEL

| 1972 Human tissue trace - element detect1on by neutron
act1vat10n w1thout chem1ca1 separat1on Internat J.
App1 Rad1at1on and Isotopes. 23: 49- 56. |
“'d_CAREw L. B. 1973. Establ1sh1ng»standard1sed procedures for

| metabol1zab1e energy determ1natlons Feedstuffs 45

(12): 25 26 ',' ';Vav o o

;}9CLEMENTE G F ROSSI L‘C"andVSANTARONI G, b 1977 Trace .

e element 1ntaKe and excret1on 1n the Ita11an populat1on
",qu Radicanal. Chem 37: 549-558. T
"CURRIE L A 1968 L1m1ts for quant1tat1ve detect1on and P
PR, quant1tat1ve determ1nat1on Anal Chem 40 586 -593.
n,De SOETE D. GIdBELS R. “and HOSTE 1972 Neutron o j_
L act1dbt1on analys1s Chem1ca1 Ana]ys1s Vol 34 dohn ;ﬂ

W1]ey and Sons Ltd London

'rfiELLIS w C. 1968 Dyspros1um as an 1nd1gest1ble marker and 77[

1ts determ1nat1on by rad1oact1vat1on analys1s d Agr

Food Chem 16 220 224

*fjn{-ELLls Kode CDHN s H VASWANI ';;'2ANzI“'1 RDGINSKY P
: M and ALOIA d 1977 Total body sod1um and chlor1ne 1nfvj@7f

norma] adults as determlnedLby neutron act1vat1on

analy31s d Rad1oana1 Chem 37 333 343



135

‘GRAY D H ~and VDGT d R. 1974 Neutron act1vat1on ana1y51s

*3‘ of stab]e heavy metals as mu1t1p1e markers 1n

nutr1t1ona1,mon1tornng.:d.(Agrt Food Chem{ 22: 144-146.-
.HARTNELL G.F. and-SAfTER" L, D1‘1979a féxtent of'oarticulate'»'

'r‘-marker (Samar1um, Lanthanum and Cer1um) movement from i
. one d1gesta part1c1e to. another v AnrgynSc1. 48:
375 380 T T

;HARTNELL G.F. and SATTER, L.D. 1979b. Determination of

rumen f111, retent1on t1me and rum1na1 turnover rates of

: 1ngesta at d1fferent stages of lactat1on in da1ry cows fy,_"

| ', 4. An1m Sci. 48: 381 -392. - o ;
'HUSTON d E and ELLIS w C 1968 Evaluat1on of Certa1n
propert1es of rad1ocer1um as an 1nd1gest1b1e marKer JZ

1._Agr. Food Chem 16 225 230

~'.;_-HUTCHESON D P. GRAY D.H. VENUGOPAL B'*and'LUCKEY"T‘D"

1975 Studtes of nutr1t1ona1 safety of some heavy metals.ﬂeﬂf

in mtce d Nutr 105 670 675

- *\n::deRVIS R E HANCDCK R G V HILL D E and ISLES K

1977 BIOmed1cal and hea]th stud1es w1th the new
Canad1an SLDWPOKE reactor Rad1oanal Chem 37
S N '?*Z}vy _"‘y_f“’j . ”ﬁh’tt“f._ ﬁ‘ '. -
"{;KAY R. Es STEVES GUILLE P D HILBORN d w and dERVIS
R E 1973 SLOWPOKE A new low cost laboratory reactor
Inter d Appl Rad1at1on Isotopes 24 509 518

e




136

t‘sKENNELLY J.U., AHERNE, F and'APPS M.J. 1980. Dyspros1um
- as.an: 1nert marker for swine d1gest1b111ty studles Cant
d. Anlm Sc1 60 441 446 “ | . |
-KOSTIC K. DRASKOVIC, er. RAKOVIC M. KOSTICt Dt?and
. DRASKDVIC-;R s. 1977 tDeterm1nat1on of Some5tfac¢ :
elements in d1fferent organs of norma] rats 'J;
© Radicanal. Chem. 37: 405-413. .
.nLUCKEY T. D. KOTB A. VOGT d R. and HUTCHESON D P 1975
o Fea51b111ty stud1es in rats fed heavy metals as. mult1plez"

nutr1ent marKers d Nutr 105 660 669

- ‘LUCKEY, T. D VENUGOPAL B GRAY D. and HUTCHESON D

't'1977 Lanthan1de marker- ev1dence for one. and two t"'
phys1olog1c compartments 1n the human al1mentary tract -

| Nutr Rep. Intl.:16: 339-347. : e ';V‘ | :w

}:LUCKEY T. Dd@'HARTMAN R KAY M and HUTCHESON D 1979a

Al1mentary K1netics of plgs fed three meals da11y Nutr '

| Rep Intl 135 141 } " ';:;e»v_ ;y '?'j-_ ':-“f45-3~;f
»fj?LUCKEY T. D HARTMAN R KNOX PALMER s KAY M and :

TERRY B 1979b Lanthan1de marker trans1t t1mes, and g#»'?}

'“sjf rateS of flow and passage for three meals 1n humans

Nutr Rep Intl 19 561 571

'-?_;;fMARTz ASAY, K.H., LEDDICOTTE, G.W. KRAUSE 6. 'd" a

DANIELS L B 1971 \Act1vat1on analy31s of gold'-197 for~’_ftf

measur1ng rate a& 1ngesta passage in rum1nants d Da1ry»h';§?

54 926 928



137

';MCKDWN; D;M.mand MORRIé J.S. 1978 Rapld measurement of

| .v Seleniulm;nmb1ologlcal samples u51ng neutron act1vat10n
| '@ralysﬁf 7gaioana1 Chem. 43: 411-420.
"OLBRICH;”Sé‘ ?, F. A VOGT J. R and HILDERBRAND E. S

_”itron act1vat1on analys1s 1n the'
}of d1gest1b1l1ty with cer1um as an 1nent- e
| Anim.. Sci. 33: 899-902. S
rakovic,tn. 870, Activation Analy81s Il1ffe Books Ltd.
VT'SCHELENZl 1977 D1etary 1ntake of 25 elements by man.
estii
“ b
'lTANNER K

'by neutron act1vat10n analys1s Ad. Rad1oanal;ln"
539- 548. _ T
'nd FRIEDMAN M H 1977 Neutron act1vat1on
analys1s of trace elements 1n food J. Rad1oanal Chem;" -
| 97:529-538. o o L
.f:TbLGYESSY

l; VARGA S 1974 Nuclear analyt1cal

chem1stn ”V 3 Un1v Park Press Baltlmore London

‘571Y0UNG M. c HASKIN F E WACKS M E THEURER B. “nd;fz S

OGDEN P R 1975 Neutron act1vat1on analys1s of

dyspros1um (a potentlal 1nert marker) 1n hay and feces:'ijj:_

| u An1m 501 41 178 184



PRy

.38

s ' : P ’

. R R L
Table 1. ExperimenﬁaltDietf IR

~ Ingredient (%)

“
Barley
/ : ' R s Wheat - - P
./ ... . . ' Soybean meal .. . - . |’
B P Iodized salt = .- | . |
AU .. ‘calcium phosphate | =~ |
' . calcium carbonate |: .,
© Vitamin-mineral premlx
VAfChromlc ox1de . :

mrwy |

COHMONIO

LR Y 3

oo ouvouvno |

-

o
(=]

..
o

. '*4Contr1buted the follow1ng per. kllogram oF dlet Zn, 120
S mg, "Cu, 10 mg; Mn,‘48 mg; Fe, 100:mg; Se; 0.1 mg; Vit.
7,500 IU,Av1tam1n D, 700 1U; - ‘vitamin E, 45 IU; Yibo-
S _flaV1n, 12 mg; nlaqln, 40 mg, ca1c1um pantothenate,_27mg
}'"v1tam1n 512,‘28ug k' \ v A

”f:_+_Conta1n1ng 25 and. 61 ppm clemental dyspr051um and cerlum-
T;respectlvely % . Dyl .

. . s R i ST R 0. o C Lo B
S T :
R B -,_A ‘,." ‘.
. IR TR Lt
A S . . o
T ) %
A Sy
‘o,
. <; —




139

L @..“.amnmﬁvmqﬂm.whhmﬁwz.GQOH.

wr

.mq*a uo wm@E ma@Emw e
..hmﬁuﬂnm m > ¥ Hmumvmq E U

pue o o

vaodm mEEmm ou uwwmu mumxowun :a mmSHw> H

N:.v3 Naod wo xnﬂu HMEuwnu e. T04 -

hn kuavm c0aua@m gun mmaouoma mnu wo manma #U

(820 v TvoT

un.%wnavmasoawm

x,”mcﬂffm.nn rr_;_au_wu+m¢_.aam:mW . _Aum

8¢

(%00 T° ¥SLT

(300T)S7§9€T.  © 0T

sa9Y30, 3

vaﬁvﬁ MHHN Awhmvh 0T8T

7 (s66Y80v8 -

0T

x”mvuchmwagywmmN

_ MEOTST N ooh e

U WW\OV—YZ« OO.H : ’ ,‘ :z

Lt

U (%00T) 87 LLLT

o

X .56y

SI9Y30 +. (3z°5)0°zTL
- (spe g)o* vmmAWH "TI)VLS
mmmmxm

0t Ty ¢ mm

L (sBp)bUSYT

(szv)e-c62

- Rt vv
meH z

._«awa.@w.w“d,p,mWH¢...m»obﬂw.,_Lu,.._Hﬁ;

g g» mm_ ep? TIT
»mc 9°2€ Hvﬁwu@;ﬁw.mm ,m.;u,.m_:mu

< : .S - . . - euoN

. erqibribou

- (%0T) T 02E.

¥ : ,,,_.u.., .,m‘,.m..”

. gm..cﬂE.Nmtﬂﬁ
x 618

| - uo 9g* T S
_AepoLtiz Bogey o m

. SIAYIO + -
C(%L8YLTTOE
..m%mmxu

(36S°)p-€g9

o Z'vs gLy
* ' (%$0°)0°96

{SYES)LTT9E

. pUES LULTSy.

- (%L7€) L°¥6
(392°0) L"€ST DRI
(RSTT)SSTS -
" skeux.

Coe

(3E) Z'80T

0T

X LLtT

0T

o weEtT oo Aa

st

Emma H mm fq _1 4a

A®) SSUTT 19430

+

nw>®v~ :

IUTT

mEEmm pmmmcouumi

S e
S x K3TATIDY
uotrijexnies.

S i3Tem

%)
mo:mvasn« S
‘ordojosy .&f. .
,,uwmuma. u:w&oamw,

.umvmaosz
= oTpRd:

03 @3NQIIFIUOD ﬂoﬂsx.mu:meuﬁw«HOhmeuwuu@cmssdwwmu yEJwEownu

B

.sEsﬁmoummhv uOm

huﬂ>«uum 0:90ngumn

Leiee ummﬂogz. .N oﬁnmau

e




140

-a .

"punoubyoeq |PAnlRU 07 m:u,m;m;mxmma nmﬁrmnmﬁcz
BWE3 100D S Qf puUB UOLJIBLPRULL S Gy © BULMOL[O04

letdszew (q) _mw%m pue Amv pasat pairaqefiun mo m;pumam

. o)mxv>mhmcm . _
101010} - 000¢ ~. 0002 ooot - . 0
T T . T N - T 0

| 298 09 L Wnedy
088 0¢ 1009

o8s gy 0L
1-098 z_WOU 7,01 XN|JUOINAN.

.

S, 6 50 © 3084

(38) 0gy
(3S) eNyz

000Z 000l 0

T T 0
- s8s0g , tunody
035 0F 1009,
295 Gp A )
1-09s NlEuc wpow Xn|4 uosnaN | _o_.

paad4 |

mrm



Total Counts -

10 $6Mn (SE)
. 6
Backscatter 2Mn (a)
. \izK + 2:‘Na) ) ‘ 24N’a '
]04 [~ . Gngn : 55Mn (SE)
L : K 511 . 4~:.Ar v 24Na (SE)
103 | 56Mn
]02 B Feces 05g
NeutronFlux 10'2 ncm~2 sec™!
tier 2h
1 L ot 2h . N
10 . ‘tm,- 10 min
0 1 L 1 L i
-0 1000 o 2000
10° - - :
L G
s » ) 69mzn ' 56Mn (SE)
103 _V\\ls-u 41,\%
02y ' .
Feed 05g
"NeutronFlux 1012 ncm~2 sec™! '§
o'k tir 2h &
ool 2h .
’ teount 10 min R
o — i _J '. i | 1
o 1000 : - 2000
v Energy (keV) :
Fig. 2 Spectra of unlabelled fecal {a): and feed (b)

cool. time.

Unlabelled peaks are. due to natural background

material follow1ng a 2h 1rrad1at10n and 2h

141



103

‘ 24Ng

142

(2

A

E

24Ng o
Backscatter Compton 2“Na (@)
. /Gngn s Continuum ’
4t . 55™Mn | 2Na(DE)  2eng (s
104} i 151 i 24Na (SE) | sk, ) 24Na(SE)
‘ : - /— \ 42K
103 \J | N
an2 Feces 05¢g- Rk
10 NeutronFlux 1012 ncm~2 sec™! Mo
: i 2h TR
— teool 1d. - »
10! - 'tcounl - 20 min .,
5oL e | L R _— =
R 0o 2 1000 . 2000 - : A 3000
1g§_v5. .
S ~ Lo
- ]Q » 24Ng -
-Backscatter - B R / 2ana (D)
4 2k . [2*Na (DE). ST
10 24Na (D) o, ok [0
R Mn a2y 24Na(SE) v
511 24Na (SE) o o
0% - ‘ L ;
.;,’.«g-'s.v - ~; .
A TP e, e . ‘ B N
, .IO?F,’T ; .
‘ Feed 05¢g SR
_ Neutron Flux 1072 ncm“"’ sec - ‘ _
b iy 2h . ;
10 . ‘cr;ol 1d - o
teount 20 min
o & 1 1 I B i L
-0 1000 N 2000 "3090 o
Energy (keV) ‘
’,F ig. 3 Spectra‘bf unlabelled fecal (a) and feed (b)

material follow:Lng a 2h irradiation and. 1d

cool time.

Unlabelled peaks are due to natural background



B

143

3.
|
105 rX-Rays(Pu). .
{ + Y- Rays(239ND) 24 . (a
. From 233U Decay Na : () >
04k _ S i - 24Na
10 N 4oLa 465c | : , _ ‘r/ '
A . 24Na (DE) . - '
. ! 652n " e a ( E) 24Na (SE)
103+ <
102 . ,
: o I .
Feces 05g: v . “
Neutron Flux “1012 ncm~2 sec L
1L tir 2h
o teount 29 min o . ‘
5.0 L ! : | I I L A | ,
8 O . 1000 +2000 o 3000
5 | e
10°r ) o
) Lo x-”Rvays‘(PU).f, - ] ' e
104k | +7-Rays39Np) 24Na | ()
“o -] From 239 Decay . © 2aNg . ¢
. .‘a ) ’ ) B 24 PN
4’ K Na (DE) 2“Na (SE)
‘0'1 B NeutronFlux 1012 ncm"" sec"‘ o
e th'r 2h . w o
3 tecol 5d R e
o teount - 20 min . o -
-0 ' 1000 . . ' 2000 ‘ 3000
Energy(kevo ;
'Fig.4 'Spectra of unlabelled fecal (a) and feed (b)

" cool time.
Unlabelled peaks are due to natural background

o

material follow;ng a 2h 1rrad1atlon and Sd



144

104 - ¥ A
o 65Zn + 465¢ o I
10.3&\.'\ * + Bkgd. Feces osg ‘ :
N 40k (B) ‘NeutronFlux 1012 ncm= 2sec 1
. ' e 2h
1 ' 14d
0% - tzz.,d,,g : 20 min
10t . o
- ..O» i 1 i 1 - ‘-‘»1,-.. . \
. -0 - = 1000 2000 - 3000 '
'~'«b.‘03>f‘ . . | © Feed osg (b}
T \/\ 40K (g) - NeutronFlux 1012 ncm~2 sec™ v
3 : ot 2h :
‘ ) R 652Y1+4680 irr )
O 2 . % 511 5 : . ,'cool . ‘1>4 d )
g e kg . v
Y et ;
- 10'F o .
e T 1000 - ; 2000 3000
S e
 _‘ e Ray) SR _(C)'
. 04 H g : s |
. AR | 141Ce L ‘LabelledFeces - 121 mg .
R P Neutron-Flux = 1012 ncm"2 sec’1
S R O R : e c2h : .
: 03 M : 852n+4sSc4°K(B) _tcr:,o, o - 14d
! o S ’ toount o 20 min -
102 f--
BTN S :
. 0 ! T R R
S ¢ 1000 - 2000 -3000 . -
| | Energy (keV) o .
Fig. 5 Spectra of unlabelled fecal (a) and feed (b)
~and labelled (c) (Ce and Cr) fecal material
. following a 2h 1rrad1atlon and 14d cool time. _
Unlabelled peaks. are due to naturalfbackground'. .

Dl



145

O

.v::o;mxumn nmxzwm:won;uau mpd.mxmwa.ﬁmhﬁunmﬁcn_x

e Buimoylpoy e

-y . ) .

o)mxvxmhmcm_wa ,mw

*dWL]l [00D S 0€ pue uotlelpeddr -
mxmumshvmmw,A%ovvmﬁﬁmnmp.mo_E:Lu

-

o83ds g "Brjy -

006!
R

000L" v 006
1 . " y

jesiig

‘035 09
235 OF

088Gy

1995 z_wou {01
Bw gz1

. >o£3‘_...., AGuweay|

AQugg, -
«.c:ou« )

) _ooo« .

. . Hhy
Xn|4 uonnaN"
pasd pajjage:

o AQugg,

1
o~
SIUN0D [ejo)

~




VIII. APPENDIX II. DYSPROSIUM AS AN INERT MARKER IN
SWINE DIGESTIBILITY STUDIES

A, ABSTRACT
| The fea51b1llty of uslng dyspros1um as an 1nert marker for

:ld1gest1b1l1ty stud1es w1th sw1ne has been 1nvest1gated

;E1ght barrows and 8 g1lts of 1n1t1al we1ght averag1ng 65 Kg i

‘,twere fed four d1fferent dlets w1th .crude F1ber levels
brang1ng from 4, 1 to 10. 2% Dyspr031um was lncluded in the

diets at 25 ppm and the 1nduced rad1oact1v1ty 1n feed and

‘ w_fecal samples, follOW1ng 1rrad1at1on in the Canad1an

wSLOWPOKE reactor, was measured w1th a Ge(L1) detector
- coupled to a multlchannel analyzer Dyspr051um was evenly
d1str1buted in feed and fecal samples Ingested dyspros1um

was quant1?at1vely recovered in feces and there was no

i~”ev1dence of var1at1on 1n 1ts da1ly excret1on follow1ng a 7 :

”'1;day adaptat1on per1od Dry matter and crude prote1n 1_;"v
VV*T:fdwgest1b1ltty coeff1c1ents obtalned w1th the dyspros1um ;J

;y,ratto techn1que were not s1gn1ficantly dtfferent from those flﬂ.i ‘

o determ1ned by means of total fecal collect1on The present

:nresults 1nd1cate that dyspros1um as determlned by

R 1nstrumental neutron act1vatlon analys1s can be used as a O

’fvrel1able 1nd1cator 1n sw1ne d1gest1b1l1ty stud1es

-
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B. INTRODUCTION

The rare earth elements are’ becom1ng 1ncreas1ngly popular as T

markers in rumlnant stud1es (Gray and Vogt 1974 Luckey et

al _1975) Among the. elements which have been stud1ed are '

‘cerium (Ce) (Huston and E]]ls 1968 M1ller et al 15%77?“4:;\\H,

fdyspros1um (Dy). (Ell1s 1968 Young et al 1975) These

.. _elements are not absorbed from the gastr01ntest1nal tract

| :and possess many of . the properttes of ideal nutr1t1onal ; /o
'markers (Ell1s 1968) Rad1oact1ve 1sotopes of these elements///‘
have been used but result in an1mal contamtnatton and A

'f“problems assoc1ated wtth the d1spos I of large quant1t1es of -

.-radioactive waste The use ‘of 1nstrumental neutron

wtactlvat1on analysis - (INAA) ctrcumvents both.these e

 difficulties. - ,' oo 5 ,“

| Elltz (1968) wet ashed fecal and rumen - samples pr1or to 41:j

hINAA because 1rrad1atton of unprocessed samples was not

‘fp0551ble under the experlmental cond1t1ons employed |

.e‘pHowever Young et al (1975) successfully 1rrad1ated 51m1lar

| Jf]samples w1thout pr1or proce551ng In both these stud1e3\the i,‘ﬁ~

h(ﬁfflux charactertstlcs of the reactors employed necess1tated

"'5T-the use of stmultaneous 1nternal standards w1th correct1on ”

"factors for each sample In contrast the 1nherent stab1l1ty,~mllﬂ

| funlformtty and reproducwbtllty of the neutron flux 1s a T
“fldes1gn feature of the Canadlan SLOWPDKE reactor (derv1s et H;'lf
tv"tal 1977) and obv1ates the need for repeated standards and S
Ti_icorrecttons for var1at1on 1n neutron flux

The purpose of th1s study was to determ1ne the
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rel1ab1l1ty of Dy as an 1nert marker in swine d1gest1bll1ty

}lstud1es us1ng the SLDWPDKE reactor and INAA

,C MATERIALS AND METHDDS |
'Slxteen crossbred p1gs (Yorkéh1re X Lacombe 8 barrows and 8

g1lts) w1th average 1n1t1al and final we1ghts of 65 and 75

o~

kg respect1vely, were conf1ned to stainless steel metabol1sm E

' crates in'a room ma1nta1ned at approxlmately 20 C At 0800 h o

‘and 1600 h da1ly, the p1gs were fed O 7 and 1. 4 kg
n_respect1vely, of the d1ets shown in Table 1. The control
d1et (dlet 1) was a standard Un1vers1ty of Alberta TTT Q"

-grOW1ng f1n1sh1ng rat1on w1th 4 1% crude f1ber D1ets 2 ‘3

'e'and 4 each conta1ned 22% oat hulls result1ng in an. analyzed

: *crude f1ber level of apprOX1mately 10% Dyspros1um chlor1de

j(DyCl36H20) was 1ncorporated 1nto the feed at a

’flf concentrat1on of 25 4 ppm elemental Dy It was f1rst added

:,to 100g of a feed 1ngred1ent ground to a s1mllar f1nenesS’“}vy,.lt

T;f-m1x1ng of Dy w1th the exper1mental d1et was achleved

The an1mals were allowed 7 days to adJust to the feed

—

'T-ffitotal fecal collect1on per1od The 4 exper1mental d1ets weref

_ﬂfj“sampled as fed and compos1te samples were ground through a [

*?fflthe rest of the feed was then added gradually unt1l complete"

*”-j;feed1ng reg1me and metabol1sm crates before start1ng a. 7 dayff~fT'

o 20 mesh screen before analy31s Da1ly fecal collect1ons from;ffw”'

’l each anlmal were thoroughly m1xed and three 50g subsamples

-Ttaken for subsequent freeze drylng and analys1s by INAA The'
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rema1nder of the compos1te fecal samples were dr]ed 1n a
,forced air oven at 60°'C for 3 days to determ1ne dry matter
‘content.. Crude prote1n content (ADAC 1975) was determ1n§@ on};
the compos1te da1ly fecal collect1on from each p1g

| Grab. samples of fresh feces (509) were taken tw1ce .
daily (0800 1200 and 1200-1600-h) and freeze dried w1thout

'_mixing F1ve 100 mg samples from each freeze drled grab

'.sample and da1ly subsample was accurately welghed into ac1d e-"’

-tcleaned 1. 50m3 polyethylene v1als and 1rrad1ated in the
| SLOWPOKE reactor Br1efly, the act1vat1on scheme con51sted :
of 1rrad1at1on for 45 sec at a thermal neutron flux of |

ilxlO“ ‘ncm 2sec ‘, coollng for 30 sec and countlng the .

lphotopeaks of 165mDy for 60 sec w1th a Ge(Ll) detector This

~,"act1vat1on scheme enabled samples to. be processed , and the |

;spectral data stored on floppy dlSCS. at the rate of 30 45
Psamples per hour The gamma ray spectroscopy system '

'cons1sted of a sol1d state Ge(L1) coax1al detector (18 5%

”;(jrelat1ve eff1c1ency and 1, 93 Kev FWHM at 1332 Kev) coupled

”flto a 4096 channel NDBGO (Nuclear Data Inc ) mult1channel

leanalyser All raw data could be‘recalled for later analys1s _

’:ggau51ng the NDBSO computer system to quant1tat1vely determ1ne _-’,])

u'tﬂftthe spectral peaks assoc1ated w1th ‘65 Dy

'(ﬂﬂ Data were analyzed us1ng least squares analys1s of

(dt(?var1ance for unequal numbers (Harvey 1960) adJust1ng fOP a((;(fl

‘Hfhdfﬁ1dent1f1ed sources of var1at1on (Mehlenbacher 1978) Means

”_;for s1gn1f1cant treatment d1fferences were compared us1ng

"rStudent Newman Keuls muﬁ&1ple range test (Steel and Torrle
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1960) W1th adJustments for unequal number oﬁ\observat1ons B

per mean. N A

AN

.‘*.'

.“D RESULTS AND DISCUSSION ‘
”-Dyspros1um (‘55mDy) decays W1th the em1531on of 4 s1ngle
‘gamma rays at 108 154 362 and 516 KeV . Dry matter |

vtdtgest1b1l1ty coef§§c1ents determ1ned by total collectlon

| f.and 165N Dy ratlo techn1que for each photopeak, are

”'presented 1n Table 2 No s1gn1f1cant dlfferences were
'observed bet&een dry matter dlgest1b1llty coeff1c1ents
. obta1ned by total collect1on and that obta1ned us1ng any or
all of the ! photopeaks of 1ssmoy U
| ‘ Gr1nd1ng feed samples to a flour 1mpro/ed the |
rrhomogene1ty of Dy d15tr1but1on w1th the coeff1c1ent of

v:var1atlon (CV) among 10 repl1cate 100mg samples decreas1ng

: -from 2 7 to 1. 5 percent The lower CV. is probably a good

‘wvreflect1on of the var1atlon a55001ated w1th the analyt1cal

'llfgtechn1que, the dlfference in the two CV represent1ng

slahomogene1ty vartat1on 1n the coarse ground feed Factors_'

"7[[contr1but1ng to the analytlcal var1at10n 1nclude

”'7bfffuncerta1nt1es of sample we1gh1ng. neutron flux count1ng

:*flofgeometry and stattst1cal count1ng errors fff}grffl";fft:“;)%faf?

Excellent homogene1ty for Dy d1str1but1on was observed ¢'7"

j.‘_;'m samples from compos1te da1ly fecal collect1ons (Table 3);}:1
‘“‘The coeff1c1ent of var1atton among 10 repl1cate 100mg ff’l-l7b

’j}'unground fecal samples was found to be 2 1% Gr1nd1ng of
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fecal samples to various degrees of flneness did not alter

-Vthe homogene1ty observed Wh1le the CV observed for Dy -

"'concentratlon in fecal samples is greater than that deduced

for the analyt1cal method 1t lS less than that observed

~with unground feed samples 1ndlcat1ng un1form dtstr1but1on'

,;of Dy in fecal mater1al

. " , ,
In a study w1th rum1nants Huston and Ellls (1968)

”‘f:showed that cer1um was rap1dly adsorbed on and rema1ned s
'”ntenac1ously bound to d1gesta particles 51m1lar results have.‘
'been observed for Dy (Ellls 1968)._samar1um and lanthanum ‘f
_ (Hartnell and Satter 1979a,}1979b) However, 1t is 1mportant;':
‘thhen sampltng to select materlal of representattve part1cle
:r131ze as part]cle s1ze may affect the extent of adsorpt1on oful-
f3;Dy Where samples are m1xed wet and freeze dr1ed. separat1ont -
".j__of d1gesta does not occur, and un1form sampl1ng 1s poss1ble
?Under such c1rcumstances gr1nd1ng of fecal mater1al 1s ‘_'“

va 5unl1kely to lead to greater homogene1ty 1n Dy d1str1butwon

Dry matter dlgest1b1l1ty (DMD) coeff1c1ents were

: .

Tﬁld;absence Of Slgn1f1cant datly var1at1on 1nd1cates that DMD«;;@%TVJ
Il’".hcan be relwably determlned by taK1ng subsamples from dally’{fssit
‘;fil;compOSIte samples any day follow1ng a 7 day adaptat1on _ A., :.
D::’per1od These results are supported by those of Ell1s (1968) ;:ix
f”t'arwho found Jow w1th1n and between day vartatlon 1n fecal Dy :
’;iconcentrat1on of cattle ler1ch et al (1971) have reported

:7,51m1lar results when us1ng cerlum as a marker 1n rum1nants

A compar1son of d1gest10n coeff1c1ents based on a ?,vfrff
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single morning'(0800-1200 h) and a terndon (1200-1600'h) L

sample from one p1g on each d1et 1s shown in- Table 5 Whlle |
' not s1gn1f1cant h1gher d1gest10n coeff1c1ents were |
; cons1stently obta1ned from morn1ng sampl1ng wh1ch could be 5

'assoc1ated with longer dlgesta retent1on t1me in the an1mal

< or the larger feed allowance at 1600h

(j Dne of the most 1mportant features of Dy as a marker 1s_‘_g:

'e1ts use to accurately determ1ne d1gest10n coeff1c1ents us1ng:‘

,_grab samples taken tw1ce da1ly (Table 8). No 51gn1f1cant

'v'.‘gd1fferences were observed in DMD coeff1c1ents obta1ned from,;

I

e:total collect1on and those determ1ned from a comp051te of a' L
‘ls1ngle morn1ng and afternoon orab sample from each an1mal |
‘As w1th DMD no 31gn1f1cant d1fferences 1n crude

eproteln d1gest1b1l1ty coeff1c1ents (Table 7) were observed’
}us1ng the total collect1on or 165"‘Dy rat1o method However

the d1gest1on coeff101ents observed for the total collectlon_;:

‘f;method tended to be sl1ghtly h1gher

The INAA of urlne samples from anlmals f1tted w1th

"1“lur1nary (bladder) catheters fa1led to detect Dy The

L quant1tat1ve recovery (100+2%) of 1ngested dyspros1um 1n |

“°7t*f]9fecal samples observed 1n th1s study, 1s in agreement w1th - D[IN'

T"t;Hutcheson et al (1975) and Ell1s (1968) who CODC]Uded that

"”'ledyspros1um was essent1ally unabsorbed from the 1ntest1nalyj;f’fff'f

s thract of rum1nants In contrast Luckey et al (1977 1979)[3;5’f'<15

"”t"_t“observed ) that 1n humans,.recovery ranged between 73 and dﬁ_;‘;;xﬂ

’f§97% for: varaous rare earth elements Whvle these i

“Tfnmeasurements followed s1ngle pulse rather than cont1nuousr”’

. \\’
i
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‘marker 1ngest1on, 1t is un11ke1y that th1s cou]d account foh“
’1-the 1ow recover1es reported | o : : | ‘
| | The 165'“Dy rat1o techn1que has been shown to g1veﬂ*7-”
‘d1gest1b111ty coeff1c1ents s1m11ar to those obta1ned w1th

total co11ect1on The: results 1nd1cate that Dy can be used

| '-vas a re]1ab1e 1nd1cator 1n sw1ne d1gest1b1l1ty stud1es The

f,use of th1s method in d1gest1b1l1ty studles for sw1ne has

| many advantages over convent1ona1 methods of measurlng

‘v-s{digest1b1lity 1nclud1ng speed s1mp11c1ty and app11cab111ty [

Sem

‘ fto on farm- d1gest1b111ty stud1es

' : ‘>$‘,‘

Iy I [ R R j/. X ﬁ“ DR
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Table 1. Composition.(%) and chemical analysis of experimentai diets.

So.

‘ ‘ . ‘ . Diet : ‘
Ingredients (%) . 2 , 3 .4

Barley R 50.0 35.4 139.0 - " 40.0

Bl e e RS LR

- Wheat 3 : . 31.5 20.0° 24,5 -

Soybean meal 15.0 9.1 Co117 2300

Y, i o

Oat hulls - . - » 2200 22.0 . 22.0

Todized salt o 0.5 - 0.5 0.4 0.5

Calcium phosphate ' .o : 1.0 0.8 : 1.0 -

N . Calcium carbonate 1.0 l.o - 0.8 ~ l.o

Vit. mineral mix' I ’ Ll - 1.0 ' 0.8 1.0

T L s et

Tallow . i - B Rt O

vDeterminéd‘analysis_(és—fed)“_,

Gross emergy (MJ/kg) 17.10  17.00 = 16.80 20.70
_— Digestible energy (MI/kg) . 14.10 12.20 - 1250 - 14,70

Crude Protein (8) . 7.1 176 144 17.3

Crude fibre (1) . 410 9480 9.60° . 10.20

‘ . Ether extract (8)  2.13  1.97  2.02 15.60
o aehm | © 532 6.27 5.6 5.4

!’
/

Contributed the following per kilogram of diet: Zn, 120 mg; Cu, 10 mg;

Mn, 48 mg; Fe, 100 mg; Se, 0.1 fng; vitamin A, 7,500 IU; vitamin D,. 700
o - IU; vitamin E, 45 IU; riboflavin, 12 mg; niacin, 40 .mg; calcium panto-
e ° thenate, 27 mg; vitamin Blz' 28 ug. " C

L
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Table 2. Dry Matter Digestibility Coeff1c1ents (%) Obtained Using the
108, 154, 362 and 516 Kev Photopeaks of 65mDyspr051um. :

L4

Diet .
1 2 3 4 SEM
‘ e ’ ‘ . ¥ e . ‘ ) N -
& Total Collection - 8l.4a  ~ 70.2b 72.8b 65.0c 1.3
Dy 108 80.0a+ - 71.3b . 73.4b  66.3c - .41
Dy 1s4 S 80.0a  70.9b . 74.1b - 64.0c . .56
- Dy 362 .+ "179.sa 72,46 . 72.8b . 66.8c .49
Dy 516 =~ 80.5a  71.0b  73.5b 67.1c .40
Mean Dy = 80.la  71.3b  73.5b  66.3c .39

a}b,c Means in the .same row ‘or column w1th dlfferent letters are
51gn1f1cant1y dlfferent (P< 0 05) o

+ Each value for Dy is the mean of 56 observatlons (4 animals x 7 days,
s ' dupllcated)

S
-
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Table 3. Dry Matter Dlgestlblllty Coeff1c1ents (%) Egtermlned From

- Subsamples Taken Frdm Feces of One ng Fed ach Dlet f

. g 'Subsample
Diet A - B . ‘ c SEM .
1 '82.8+ . ST 8240 - o 92.9f} 6.85:
2 67.2 -~ . 67.6 67.7  0.91
3 75.7 . 715.4 15,6  0.96
7 R X e . . ' . ) ) . . ) ' .
4 S 63.5 . - 63.7 6206 . 0.96
+ ”Each value is the mean of five. observatlons calculated u51ng the 108

’kev phctOpeak of l65mD

";Three 50-g" subsamples (A B and C) were taken from the comp051te dally"

'_collectlon, flve lOO—mg samples from each were then analyzed for Dy.
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v o . Table 4. Daily Variation in Dry Matter Digestibility Coefficients

L o . Diet 1 2 34 5 6 . . 1 .SEM

1 8l.6a++ 80.8a 80.3a 80.0a 8l.0a 8l.3a  80.5a 0.75 -

2 . 70.8b  71.4b 71.8b 71.8b  70.1b  70.9b  71.5b 0.90
3 . 73sb . 72.1p  73.0b 73.5b  73.7b 72.6b  72.3b 0.97 -
4 . 66.0c- 65.3c  65.9¢c' 65.5¢c 65.7c  66.9¢ . 66.8C 0.97

e

-

' . a b c ‘Means in the same row or column with dlfferent letters are
A T ! 51gn1f1cantly dlfferent (P< 0.05) 2 ’

‘+ Each value is. the mean of 8 observatlons— 2 samples per. anlmal obtalned
from dally total fecal collectlon.

-;# Calculated u51né the 108 eV phot0pcak of 165mDy
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Table 5. Comparlson of Dry Matter Dlgestlblllty Coeff1c1ents (%)
‘ . Obtained From the Morning and Afternoon Grab Samples From One
Pig Fed Each Diet

piet ¢ : : evMOfning o o ~Afternoon - o SEM

EE T | 'e;' . Bl.e+ 41' . so.4. 1
2 ©13.0 R - Y : 1.7
+ 4 i_ . B : L 66.7 ,"ﬁ _.b.‘ﬂ, . 63.6 " ‘ N 1.8

A+ Each value is. the mean of 7, observatlons (7 days) calculated US1ng the
+ 108 keV photopeak of 165mD : L /)
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Table 6.. Dry Matter Dlgestlblllty Coefficients. Calculated from tota11
: ~collection and DysprOSLum using Grab Samples*

Diet
Method - 1. 2 . 3 IR SEM
. Total . ' v ‘ ' _— - S
‘Collection .-82.la%¥ .. . 68.8b .73.5b - 64.7c¢. - 2.6
Dysprosium © 8l.0a B 71.8b L 74;3b o 65.lc'_m "-l.6f

-_'+V'For one plg on each treatment
L

¥ Two. grab samples each of 50 g taken morning and . afternoon from each
.vanlmal samples were freeze dried and 100 mg of each were analyzed N

a,b,c Means in the same row of column Wlth dlfferent letters are
SLgnlflcantly dlfferent (P<0.05). : : :

* Calculated u31ng the 108 keV photoPeak of 165mD

Q’)f
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.Table 7. Comparlson of Crude Protein Dlgestlblllty Coefficients
obtained by Total Collection and by Using DySprOSLum as

an Indlcator

, - - Diet _ _
Methed =~ 1 .2 3 4 'SEM

=Total .. g2.0 82,7 79.1. 81.7 1.4
' Collection ' ' R - _

‘Dysprosium = 81.2+¢ . BL.6 78.9  .80.8- 0.3

P

'+ Each value for Dy is .the mean of 56 observations (sée_Table 2)
'vcalculated usxng the 108 keV photopeak of 165mDy :

o,



