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The study involved evaldationiof the‘hcid ihs&lublé‘ ‘
‘.ash“{AIA) method for measureafnt of dlgestiblllty of feed—-,
stuffs' for rumlnants - In the first part. of the study the
AIA laboratory: analyt1ca1 technlque of Vogtmann et al. a
(1975) was examined. Mod1f1catlons were made to improVe the
laboratory eff1c1ency and accuracy " The mod1f1ed method
(2N HC1) wds then compared ‘to the AIA procedures publlshed
by . Shrivastava and Talapatra [1962a (Conc. HCl)] and Vogtmann
et al. [1975 (4N HC1)] in both laboratory and anlmal tests
An ana1y51s done to estimate the chemical comp051t10n of AIA
(2N HCl), 9howed that approx1mate1y 99% of AIA consisted of
silica. It was also shown that AIA. occurs in most ‘common
feed stuffs at: read&ly measurable levels

The three AIA procedures (Conc HCl 4N HC1 and 2N HCl)
were compared with the total fecal collectlon method u51ng
| elght d1fferent rations. The resultf showed no. dlfference
_ between dry'matter digestibility estimated by the three
procedures ashcompared to thevtotal fecal collection method..
However, the‘digestibility‘estimated uSihg the*4N HCI' |
.procedure was hlgher (P<0. 05) than those estlmated using the
other two AIA procedures ‘ » |

No d1urna1 excretlon pattern ofAfecél AIA Wae found
when 2- hourly fecal collections were made over a 24 hr e
perlod from sheep, fed a barley- oats grain rat1on. ‘

Dlgestlbxlxtyesumates obtalned by the total fecal
collection method from other researchers, were compare‘ztb

{ R
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.

:digest1b111ty estlmates obt31ned when the1r samples were .
'analyzed u51ng the 2N HC1 AIA procedure. The results e;reed

0 well except for one study where the ration consxsted of

alfalfa .and it was suspected that AIA content vatled leading

" to errors xn digestlblllty—estzma&es.- R B %.-



i

. - ACKNOWLEDGEMENTS
“ I wish to ‘thank Dr. L.P. Milligan, Chairman of Animal

Science for placing the faeilit&es of the department at my

disposel. - .- - &
»

The gu1dance and encouragement provided by Dr. B.A.
- Young, Assoc1ate Professor of An1ma1 Physiology, are "
deeply appreciated and I 11ke to" thank hlm‘for his support.
I also‘like t3 thank Dr. Young.for editing the manuécript,
which greatly benefited me . '

Thanks are due to Pr. R.T. Hardrn for his a551stance
and advice pertalnlng to statistical evaluations of the
data.* . ' L "

My thanks to Dr. P.J. Martin, Alberta Department. of

Agriculture and Dr. R;J. Christopherson, Mr. R,D;~Wei§enburger

“and Mr. R Westra of the Department of ‘Animal Science for use
$

of samples for these- studies
I am thankful to Mr. "J. Franc1s ‘Mr. W Geist and | g ‘
Mr. N: Arbon for their technical a551stance

I am most grateful to my wife, Jenny, for her wonderful
cooperatlon, patlence and encouragement ddrlng my studles,
and for her a551stance in typlng thls thesis. I also thank
my. chlldren Carla, Jerry, Allan and Heather for helplng
me in many 1mportant ways. ' »

‘.Financial support for this“project'fron:the'National
ResearCh‘Councii of Canada and the AlbertarAgricuIture
Research Trust #hs'appreciated. , : RN

vi



Section
I.
II.

III.

TABLE OF CONTENTS

vii

- PAGE
INTRODUCTION ..n.-;‘c‘:uno‘.,ol-oo‘aoo-o---oo---..o- -‘1
REVIEW OF LITERATURE .+ ..o'vessusvnnsnnonnnnnn. 6
A. Digestibility by Fecal Index Method ..... 7
B. Digestibility by Ratio.Method ........ oo 8
C. External Index Substances P
1. Chromic oxide ...... A AP
2. Polyethylene glycol .......coiviia.n, 10
3. Polyethylene ........... it et e, 11
D. Internal Index Substances ............... 11
Q l. Lignin ............. e S B |
2. Plant chromogen ...................... 12
3. Fecal nitrogen ........ e e vevaaes 13
. 4. Silica-............. ettt L S &
5. Acid-insoluble ash R R
EXPERIMENTAL Cheeserieanne e cees Ceieea 18
»A. Introduction R N
. B. Examlnatlon of Individual Steps in
4N HC1 Laboratory Procedures ............ 19
Test 1. Ac1d Strength ....... g"" ...... . .19
Test 2. Filtering Efficiency "....... pee. 20
Test 3. Time of Acid Dlgestlon I |
Test 4. Boiling Time ........ivuuun.... . 22
Test 5. Hot Plate Temperature and Acid ’ :
~Strength ....... . 00, . 23
Test 6. Washwater Temperature RPN 24
C. Initial Modifications to the 4N HCI
Laboratory Procedure and their :
Evaluations ;"“"""“'t ..... e . 26
Test 7. Ashing’ Prior to Acid Treatment .. 27
- Test 8. Acid Strength .................. . 28
Test 9. Acid Volume .~............u... .. 29



SECTION

I o Y0 m

Test 10. Acid Volume
Test 11, Boiling Temperature cocoblinee s

Test 12. Washwater Temperature
Test 13. Furnace Differences

LR L 2 L I B R O RN NN S SPUP

n.“t\&.ocu
[ .

Test 14. Acid Strength and Sample Size ..

Second Modifications a

Evaluatiohs

nd their

{1
s 04 0800 0

Test.15. First Ashing Temperature .......

Test 16. Second Ashing Temperature ......-

Discussion of Labdratory Procedures .....

Furnace Capacity....:...

Composition of AIA

-

L L T O B S I N T S ST SRS

AIA.Content of Common Feedstuffs ........

Compafison of Three AIA Laboratory

Procedures ...

Comparison of AIA Metho
Feeding Trials

ds Using Animal

L R

Experiment 1. Evaluation of AIA as a
Natural Index Substance in Ruminant

Digestibility Studies

a. Experimental design, animal
management and rations .
Feed and fecal collections
Analysis and calculations ..
Statistical anal

Results

MO an o

e s s e

ysis ..... v

Discussion of Expe

.

.Experiment 2. Comparison Between the

2N HC1 and Total Collection Methods in
Estimating Digestibility by Sheep .......

- : . .
a. Experimental design, animal
management and rations ............. .

b. Analysis
c#Results

viii

36
37
40
42
47
52
54

60
67
67
67
69

71
77



)
SECTION . ot

'(
“5,;
)

y.d
AN

J. Experlment 3. D1urna1 Variation ...5..;

. ‘ Y,
1 . Experiment.al PP 85 08 ¢ 000 .}"(‘; LI
2. Results and discussion oy e ind's o

&

PAGE

K. Comparison between;?t?al‘ﬁ Iec ton and ~

Digestibiljpy

Study A.

Study B. :

Study C.. ... & . o ‘%ﬂ%‘ .

' ) _4.\;\\ ) P "/ [ .

IV.  GENERAL Dlscussggn P A
'BIBLIOGRAPHY ............... N
"APPENDIX ........ S

" 4
J ~

ix




| Table

differentAnormalitieﬁwgfﬂﬂdhégciﬂ;,,L,.$++,.».fm~

10.
11.
12.

13,

14,

)
. ‘ N . ‘ .
LIST OF YABLES

Mean (+SE) AIA values of brome grass using

AIA cofitents (%) of brome grass using different
acid digestion times (pre-boiling) and effect
Obeiling oo-/oo'l-oo.iu..onn‘onooooo-ono’.occlh

Mean (+SE) AIA values in bréme grass using
different boiling times Cehee ittt ettt e et

Analysis of vﬁriande of the effects of hot
plate temperature and normality (2N and 4N) on
the AIA content of brome BT8SS ittt ioennnnna

Mean AIA values (%) of brome grgss using )
different hot plate temperature and two
normalities (2N and 4N) of"HCl acid e teriienas

! ‘ - -
Mean AIA values (%) .of brome grass when
different washwater temperatures and two acid
normalities. were used ................ Ceeeiiaas

Mean (+SE)- AIA values of brome grass using
different mormalities of HC1 acid »--.. e .

Medan (+SE) AIA values of brome graés using
different volumes of 4N HC1 acid .iooiiiiiaaay

Mean (+SE) AIA values of bréme grass using
different acid temperatures .......... e

"Mean (*SE) AIA values of brome'grass using

different boiling times ................ e .

Mean (+SE) AIA values of brome -grass using
different washwater temperatures ..............

Mean.(tSE) AIA values of prome grass obtained
by using four different furnaces ......... e e

~ «

Mean AIA values (%) of brome grass and feces

determineéd by usitig different normalities of

HC1 and,two fecal sample S1ZeS .iiiiiiiiiia..

Mean AIA values of breme grass, concentrate and .
feces using different first ashing temperatures. -

Page

Y, B

22

23

24

25

26

29

30
31

32

33

'35

38

{



'

16,

e

~ Table
218,

17.

' o s Page ™

Mean AIA vplues fot brome grass, concentrate .
and feces by using different Second ashing
tempera\tur&os 0..o‘.luo.ttl-ilcllul‘O‘.l“.lblnol'.iott

“The AIA content of common fesdstuffs ddjermined
. the ZN HCI methOd c.ulnO.Qt.a.o‘o‘oo.ncﬁv’iii.ntot“o

Estimatién'ofh(a) laboratory.occupancy ti;p .
(requiring presence of operator) and (b) !

) laboratory time (not requiring presence of

: 18.

19.
20,

21'

operator) required to analyze 12 samples by -the
three (Conc. HC1, 4N HC1 and 2N HC1) AIA

N

labaratory procedures et e e et atees e

57

63

General observétions and a comparison between the
- Conc.. HC1, 4N HC1 and 2N HCl laboratory - o

procedures on the,basis'of materials (per sample)
required l...‘...".."‘.‘OIOOOO..C.l..l‘........l

Percentage composition f rations ...............

i 7 .
- Percentage AIA in rations, determined by three AIA
methOdS ‘e % 0 s 0 0 0 ® 2 ¢ 0 00000000 4 %6 00 00 00 08 0 .o.-c.uou-\_

Relationships between dry matter digestibility
coefficients (%) determined by the total

collection (TC), 4N HCl and 2N HC1 methods ......

22,

Analysis of variance of the effects of rations

" and AIA methods on estimation of dry matter

23.

24,

25.

26.

digestibility coefficients (%) R TP

Mean dry matter digestibility coefficients (%) of
rations (Table 19) estimated by-total collection

and three AIA methods. Two animals were used

for each ration .........ciiiiinninnnnnnnn. chrenn

Mean recovery (%) in feces of AIA. Two sheep
were used for each ration. AIA ¢ontent in feed
and feces was determined by three AIA methods

Mean percent digestibility of dry matter and of
energy on dry matter basis for three rations
eStimated by the total collection (TC) and

"2N HC1 methods ...vivvennennnnnnn EERE TR s e eav

Percent AIA'of alfalfa.(ration 3) on individual
days during three 8-day collection periods ......

\/XI

66

68

72

72

" 95

75

76

82



g

LA S (E R v L Ty
d L ] 'v ) . ‘,‘-W 7)},&‘1

lT‘Sl‘ -. . - | ) "»- ¢ . ‘," .‘4‘4 “ “ ‘, @,f ,‘ l",“J &' f' ‘
27.. The AIA values of‘t@fai-angle!j30116¢t3ﬁ9tt; '

r 2*hout1{ intervals: during & 24 hour porloqg | o ;
o and essigated by the 2N HCl mqthod ... . 7.!...." 89 .

#e
2t

28. AlA‘wglues of fecal samples collegted at:_ - N oo W
2-hourly intervals during a 24-hoth period) s
determined by the 2N HC1 pethod and presentédd = - TN
as a percentage when the mean AIA 'value of each Y 1
"~ animal was eit;essed as 100 .........cioipininesii 90
: ! i s e

29. AIA recovery ahd dry matter digestibility .
cpefficients estimated by the total colleczioﬁh’, e
(Westra, '1975) and the 2N HC1 methods .......WN% ¢ 94 "

30. AIA recovery and dry matter digestibility = -,

~coefficients estimated by. the total collection -
(Weisgnburger, 1976) and ‘the IN HC] methods "..... 9§

S I S ,
.31. AIA recovery and digestib¥lity coefficients - e
" estimated by the totalicollection ‘g,\- ST '
(Christopherson, 19%6)'and§;he 2N HCI-mq;hods‘,.. 97,

e
» )
¥ ' ' L
- - ' *
- . .
ol
- ' ot
P T
B
. L .
eh
i v
. s &
. . R
.. : LY
LS SIEEN
. .’“
S
a . . vt A
EY IS
- v
6
”
s x .
- #. ~
. » ;
e LS
o STy
e .
e » T
T ar .
: :'
. .~ e a
Y— . L I3 * .
s
4
':;l

©  xii ..



Figure

LIST OF FIGURES : ~

Acid-insoluble™ ash gﬁal}tichl procedures .......

"AIA contents of (a) swine ration, (b) brome

grass and (c) feces from sheep fed brome grass,
cstimated Ry u%ing different first ashing

LCmMPeTatures ... ... ..

AIA contentY of (a) swine ratibn, (b) brome
grass and feces from sheep ‘fed brome grass,
estimated by using different second ashing

tempeffatures ... ... ... ..., e e

Schematic representation of incomplete

combustion T T

Relationships between dry matter digestibility
coefficients from three AIA methods (Conc. HC1,
4N HC1 and 2N HC1) and the‘total collection

#cthod .......... e e e e et e et e i

Dry matter digestibility coefficients of a

barley-out grain ration, estimated by the -

ZN HC1 method from samples of feces taken at
2-hourly intervals during a 24-hr period. Each

line represents results from one sheep .........
. Ay .

n

w

>

Xiii



1. INTRODUCTION

A major portion of the cost of animal production is
the feed cost. Conséquently, if a livostock operation is
tQ maximize profit, it isqmoot essential that particular
attention be given to achievement of an economical feeding
sfstem. Only with knowledge onEhe nutritional requirements
of the animals and the nutritive values of the eedstpf?s,
can one hope to a{tain maximum efficiency in ar\jmal produc-
tion. In order to‘obtain nutritive values of fequtuffs
the need for feed evaluatidn becomes apparent.

Different méthods are belng employed for the evaluation
of feedstuffs. Vlsual examlnailon, although widely used and
the oniy practical method when an immediate evaluation is
required, doecs not provioe any information‘aoogt tho:avaiia-
ﬂ‘lity of cnergy and nutrients in the feed. Determlnatlon
of the chem1ca1 composition_ (proximate, aﬁaly51s) vt a
feedstuff is the starting point for the estimation of the
nutrient value. However the quality of a ration cannot be
accu;;tely and fully ascertained by chemlcal analyses alone
(Crampton; 1950; Raymond, 1951). Despite the hesitation, <::
chemica% analyses plays an important role when used in

conjunétion with animal “trials (VanQSoest, 1969).
‘ Apparent digestibility is a‘ﬁutr}tiongl tefm uéed to
déscﬁibe the proportion of a féed§tuff which, when ingested
by an animal, goes'hot appear in the feces. The qualifioa-

tion ‘'apparent' is used because some substances appearing

)

\ . S
in the feces arise endogenously and are not directly

1 )



associafed with the ingested feedstuff. /Because of the
frequent téevihwxhis_thesis the qualificatiyn is.omitted ' ‘;
and simply the word 'digestibility’ ig used Furthermore,
.'unless specified Yh. word 'd1gest1b111ty' is used to refer
to the dry matter YDM) portion of the feedstuff.

A direct estimate of'the~aige£tibility can be obtainea
from measurements of the quantity of material ingested and\ o
the qgantity of feges excreted (Crampton} 1950; Kéne et al.,
1953; McDonald et al., 1969). This is the total collection
method. To ensure complgfe fecal collection it is necessary
to confine animal$ in individual crates or cages for
several days or to attach harnesses and bags for the

coliection (GafriQUS, 1934). Such confinement of the énimals

may lead to stress‘and affect /digestibility values
(Ellenberger and Schneider, 1927; Waldo et al., 1961;
Noblitt et al.,11963; Phar et al.; 1971). Because of the
restraint and possible stress on ‘the animal and because of
the inéonvenicnce and time involvement in total éoliection ’
studic§, simblier and more convenient meanékfor estimation -
of digestibility have been(sought

. ,
‘Most indirect methods for estlmatlng d1gest1b111ty are

+

based on the measurements of a reference substance in the

feed and/or fecesA(Schnelder et al., 1955). Several

synonymé (index, indicatpi, marker) are used in the
scientific litérature to describe these reference substances.
Kotb énd Luckey (1972) have classified them into two main

proups:.(ITfabsorbabIC'aﬁd (2) non-absorbable. .The second



group . contained those most commonly used in d1¥estib111ty
- studies. These substances\mny be further classified into
two maln groups: (L) external ‘index substances, 9ubstances
which are added to a’'feedstuff or taken orally such as ~
chromic ox1de ‘and (2) 1nterna1 index substances, suﬁstances
-.Wthh ‘occur naturally 1n a feedstuff such as 11gn1n. \l

\

. Kotb and Luckey (1972) extensxvely rev1ewed and -

‘)

.'evaluated the use of-magx dlfferent index- substances. One:

1ndcx substance that has been suggested but not extensivel

"evaluated is the acid-insoluble ash'(AIA)'or %esidue of |

wfeedstuffs. In fact, this index substance was overlooked }\

by Kotb and Luckey in the1r review. '_ : / : ,\\
v

The use of an acid-insoluble residue of feed was first A
v

\

\

reported by Shrivestava and Talapatra (1962a) WHen used to
detcrmine the digestibility of feeds by Sheep.'"Results
obtained by Shrivastaya'endiTalapatra,were encouraging and
closely approxlmated the results obtained from. the tota(l o ‘
Ccollection method. McCarthy et al.'(l974)IUSed AIA as dn - |
index substance to estimate the d1gest1b111ty of §w1ne'
rations and also obtalned satlsfactory results w1th thlS
1ndex substance ‘when compared w1th the total collectlon
method. Vogtmann et al. (1975) compared the metabollz1- //
b11ty of fatty acids in poultry ratlons determlned by means
of the AIA 1ndex substance, to results obtalned by ‘the tbtal
'collectlon method and concluded that AIA was a sultabLé

index: substance for determdnatlon of the d1gest1b111ty of

poultry rations. These flndlngs led to- the present study



+ . (& ~

~

in which AIA was evaluated for use as a digestib&lity index

substance for rumlnant rations. , o,
S

Because.of the eqplrical nature of prev1ous ‘studies

"eva Latlng AIA,‘the flrst part of the present study 1nvolved

-l

. exangination and evaluation of the ATA laboratory analytlcal '
technlque of Vogtmann et al. (1975), wh1ch was the same as
that used by McCarthy et al. (1974). On the basls ofg{hose
results some modifications were made to improve the
laboratory eff1c1ency.and-accuracy Tests were made to
evaluate the new procedure 1n both 1aboratory and an1ma1
’h testsvagalnst the procedures publlshed by Shrivastava and
.Talapatra (1962a), Vogtmann et al. (1975) and the total
collectlon method. Further tests were then conducted to )
establlsh the rellablllty of the mod1f1ed method and to-
detirmlne if there were diurnal. Varlatlon excretlon
_patterns of AIA in the feces \

The term AIA used in this study, represents ‘the
1nsolub1e ash or re51due left over when samples (usually
feed or - feces) are digested w1th hydrochlorlc ac1d (HCl)
and ashed * Ashing sometlmes proceded the acid d1gest10n.'-
‘The three ba51c laboratory technlques for AIA, often .'\
'referred to in the thesis are referred to 51mp1y in terms:
of the concentration of HC1 ac1d usedvdurrng the acid
digestio&, viz., Conc. ﬁCl (Concentrated HCl), 4N HC1 and
h;ZN HC1. étepw1ee descrlptlons, laboratory analyt1ca1

procedures of the three basic AIA methods are. glven in

Appendix 1, 2 and 3 and a schematlc SUMmary of each is .

n,“-.en-:...-.;l E S o F- O ]
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/.. V . . s ..
' 'thgif‘l ' Acid- 1nsolub1e ash analytlcal proCedures. JT
| Details of each are given in Appendlces 1,.2: and 3.
: . : ' ‘ ' 3
Conc. HC1 | 4N HC1 . . 2N'HC1- - -
CRUCIBLE
WEIGH (We)l
- SAMPLE - . SAMPLE  _ SAMPLE
WEIGH (Ws)2 WEIGH . WEIGH
‘DRY (135 °C) -
", ) )
WEIGH (Ws)
. ' ) o ! .
- ASH (650 C) - . . - - "ASH (450 C)
ACID (CONC.) - - ACID T4N) - ACID (2N)
FILTER & WASH ~ FILTER & WASH -  FILTER & WASH
ASH (650°C)-  "ASH (650 C) _ASH (450-C)
WEIGH (W£)3 . WEIGH (Wf) - . WEIGH (Wf)
EMPTY CRUCIBLE -  SAMPLE " " EMPTY CRUCIBLE
WEIGH (We) ~ ~ WEIGH (Ws) .  WEIGH (We)
;Wf.* Weight of}cruciﬁlﬁ.withwash, in.g.
e = Weight of empty crucible, in g.
Ws =

Weight of sample, in g dry matter.
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Kotb and Luckey (1972) suggest d that before an index

substance qua11f1e$ as an sffectlve:nutrltlonal 1ndex :
E Y
'substance it should‘ (1) be 1nert with np tox1c phys1olog1—

cal effects'-(Z) be neafher absorbed 10T metabollzed

w1th1n the gastr01ntest1na1 traet (3) have no apprec1ab1e
bulk; - (4) mix 1nt1mat¢iy w1th and remalh unlformly dlstrl-'
buted in the dlgesta, (5) have no 1nf1uemce on gastro- '
lntestlnal secretlon, dlgestlon, absorpﬂ1on mot111ty or - ﬂ}
A excret1on (6) have no 1nf1uence on the m1croflora of the
gastr01ntest1na1 tract; and (7) have phy51cal-chem1cal
propertles which allow ready and prec1se quantitative}

measurementsp However, as p01nted out by Engelhardt et-al.

(1974), none of the available Aindex substances satlsfy all‘

'these cr1terLa. -
k

The appllcatlon of 1nd1rect methods for est1mat1ng

forage 1ntake by grazing anlmals have been, recently,

!

~rev1ewed by McDonald (1968), Raymond (1969), Streeter‘
'(1969) and Kotb and Luck;; (1972) Schnelder and Flatt
(1975) have also reviewed the overall methodology of feed-‘
.stuff evaluatlon The present review is: focussed on the |
. use of. two 1nd1rect methods for est1mat1ng d1gest1b111ty of
feedstj;!t' d con51ders several external and 1nterna1 .
"1ndex»sub$tanges used in d1gest1b111ty studies.




A. lDigeatibiLitQ by Fecal Index Method

v Thls method has been used mainly w1th grazing rumlnants o \
and was developed by researchers who questloned the ab111ty A " N
of obtalnlng representatlve forage samples by hand or
"mechanlcai c11pp1ng (Raymond et al. 1954) i Dlgestlbllity
4'15 estlmated by (l) using the total coilectlon method to \
obtain d1gest1b111ty coeff1c1ents from cut forages fed to‘
penned an1mals (2) establlshlng by regre551on equation the
best relatlonshlp between the fecal index substance and the “w
digestibility coefficients of the pen fed forages (3) col-
_lectlng fecal samples from grazing anlmals, and (4) subst1?
tut&Bg the fecal 1ndex substance concentration into the |
prev1ously establlshed regre551on equatlon and estlmate the
dlgestlblllty Unllke the ratlo method, (see below) index
substances used in the fecal 1ndex method need not. be
completely‘lndlgestlble (thb and Luckey, 1972).

Some’of the fecal. 1ndex substances .that have been .

vproposed 1nclude chromogen (Reid et al., 1952), nitrogen

(Lancaster 1949) methoxyl (R1chards and Re1d '1952) and

crude f1ber (Raymond et al., 1954) Fecal n1trogen and
chromogen were used exten51ve1y and con51dered more rellabﬁe co Ll
than the others (Kotb and Luckey, 1972)

The main d1ff1culty with the use of the fecal 1ndex

R S

method is obta1n1ng a representatlve sample of the foragev

consumed by the an1ma1 (McDonald 1968) Dlurnal variations

JEE S

af the index substance excretion rates (Kotb ‘and Luckey,

1975) are also’ *\<3> ‘

1972) and hlgh labor requ1rements (Langlgn’s
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serious limitations to the use ‘of this method. To improve
forage sampllng, esophageal fistulated anlmals have been-

" used (Van Dyne and Torrell, 1964) Selected: feCal sampllng | .
schedules were adopted to overcome dlurnal variations of

[ RN

index substance concentratlon (Smith and Reid, 1955), Both

the above improvements increase the labor requirements.
B. Digestibility by Ratio Method

By the ratlo method an estimate of d1gest1b111ty is
: obtalned from the ratio of concentratlon of the 1ndex

substance in the feed and feces (Kielber 1975).

. . Mi x No
Digestibility (%) =100 - 100 —0
' ) Mo x Ni
where | s
Mi = $ index -substance in the feed.
Mo = % 1ndex substance in the feces.
‘Ni = % nutrient 1n the feedr . - -

No = % nutrient-in the feces.

'The validity of the use of the ratio method is‘based on
the ability to obtaln representatlve samples of the feedstuff
consumed and feces produced and on the assumptlon that the
1ndex substance is inert and passes through the a11mentary
tract at a unlform rate.. Diurnal varlatlon in the concen-
tratlon of the index. substance in the ‘feces could iead to

blased and/or variable estlmates of dlgestlblllty

i




C. External Index Substances _ I I r\\,
1, Chiomic ozide

Chromium. sesqu1ox1de? (Cr203) 1s presently the most

' commonly used index substance in nutrltlon studles However,
its use has not been wholly sat1sfactory Incomplete and
1ncon51stant recoverles have been reported frequently (Smlth
and Reid, 1955; Davis et al., 1958; Elam et al., 1959;'Carew,
1973; McCarthy et al., 1974). Diurnal variations have been
demonstrated to be quite large, especially when the lndex
‘substance is given- once daily-tBrisson et al., 1957)

Brlsson and co-workers, were however, able to reduce d1urna1
fvarlatlon by administering the c¢hromic. ox1de in a- pelleted
form, six. tlmes dallyél‘he chromic oxide ‘pellet (Plgden and
.Brlsson, 1957) and paper 1mpregnated forms (Corbet:‘:t al
1958) were developed in attempts to m1n1mlze varlatlon in
ats excretlon pattern. . The labor and frequent restraining

of the- anlmals 11m1tSthe use of .this approach and substan- ‘

c1ally reduces the advantage the ratio method mlght have

over the total collectlon method h' -

Kiesling et a1 , (1969) reported that the 1ncorporat10n'
. of chromic ox1de 1nto shredded paper, fed once da11y to)
gra21ng steers produced recoverles con51derab1y less than.
100% and ‘was, hlghly varlable among steers These authors
‘concluded that admlnlsterlng the 1ndex substance in impreg-
nated paper was no better than other methods of administra-

'tlon




MacRae (1974) reported that chromie'oxide does not

. asqoc1ate 1tself with the 'solid phase of dlgesta whlch
raises the question of " 1ts use in studles where a SOlld

feed index substance is requ1red

2. P%Eziihyiene glyecol

Polyethylene glycol QPEG) is w1de1y used as a total

digesta ahd liquid-phase index substance (MacRae, 1974),

b
.
!
!

however some researchers have used it as a water- goiuble ‘
1ndex substance to estimate feedstuff dlgestlbla;t? Sperber
et al., 1953; Corbett et al., 1958). Corbett et al (1956)
reported its suitability'es an indexrsubstance for estihet—
'ing fecal output in cows. Sperber et al. (1953) showed'e
PEG recovery of 90% in. feees and found no apprec1ab1e
'absorptlon or destructlon in the dlgestlve tract They '
1nferred that dlgest;pn studles should be possible usin

PEG but they did not spec1f1cally report data show1ng the

'accuracy of such determlnatlons Sinha et al. (1970)

o

'studled the - fea51b111ty of u51ng PEG as an 1ndex substang\\
- to estlmate d1gest1b111ty of feedstuffs in cattle They

‘reported a low regre551on coeff1c1ent (r =°0.008) between

the estlmated d1gest1b111ty us1ng PEG and the d1gest1b111ty_..“ °.

estimated by the totallcollectlon method,' On the_b351s.of
.'the obtained‘results, Sinha énd co-Workere oueEtioneq the R 'f
use. of PEG in d1gest1b111ty studies. | | |
It appeareﬁ that PEG assoc1ates 1tself w1th the 11qu1dk

phase and not W1th the solld phase of dlgesta ~In addltlbn}<'




- the use of PEG as an index substance is limited becausé-of-
‘the lack of a readily ava11ab1e agcurate and senszt1ve s

analy51s method.

3. Poi&ethyiene'»' - : -
; _ o
Limited but satisfactory results were.obtained bv '
Chandler et al. (1964,-1966) 'when they used mtcrothene
poiyethylene‘pOWder as an index substance to estimate
dry matter digestibility in calf rations. ‘Their resudts
showed a 100% recovery of the 1ndex substance w1th no -
ev1dence of a d1urnal varlatlon Thls 1ndex substance,
: however has not been evaluated for estlmatlon of d1gest1-

b111ty with older animals.
. D. Internal Index Substances = o ‘ | o

1. Zignin

’ - . - 4

In 1946"E11is et ai' (1946) suggested llgn1n as an

. index substance for estimating d1gest1b111ty because 1t '

seemed to meet the condltlons of an ideal index substance

However there has been some controversy over the va11d1ty

c

of con51der1ng 11gn1n an 1nd1gest1b1e plant cons;tituent’

.(Bondl ‘and Meyer, 1948) Smlth et al. (1956) shqwed that
from 2- to 11% on lignin of lucerne’ hay was dlgested by deer

and from 9 to 15% by sheep,

‘ Kane et al. (1951) reported'the results obtained using
~the 11gn1n method and it appeared that the. results were = ©

, influenced by the type of plants used and by the presence
s : -
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of a diurnal variation in the concentration of lignin in

feces. Th1s varlation meant that fecal samples. had to be

abtained at d1fferent intervals of the day and n1ght to

”:obtaln a representat1ve daily sample. Furthermore, varia- ¢
“tion in d1gest1b111ty and : recovery may be caused by the -

analytical methods wused for lignin (Van Soest, 1964).

4o . ! *
2. Plant chromogen

., . .
__‘.
~

‘"The use ofqphe plant chromogen as an internal index
| substance for estimation of d1gest1b111ty’was suggested by
'Reld et al. (1950).. " This method employed\plant plgments
that absorbed 11ght at 406 mp ‘and were found to be 1nd1gest1-
ble and completely recovered 1n feces. A spectroscopic
examination of an 80% acetone extract of the feedstuffs and
- feces. revealed’these substangces. ‘ In a subsequent paper S
Reid et al. (1952) reported that feedstuffs lgw in chromo- *
gen compounds (hay and concentrate) gave an 1ncomp1ete
rncovcr;'of chromogen in the feces. ‘Furthermore, 51gn1fi-
:cant errors were found w1th_feedstuffs«containing’Very
large or.very small quantities of chromogen; The same

' authors, however developed a*mathemat1cal relationship

between the chromogen dry matter ratio of feces voided and .

that of feedstuffs consumed

o g

From studles comparlng 11gn1n and chromogen as 1ndex : j
‘substances for estlmatlon of consumptlon and d1gest1b111ty-
| of forage in sheep, it was concluded byﬁCook and Harrls
(1951) that_chromogen was satisfactory for lucerne but,not

J

i




. . S 18 .
| - s s Eabai

LR

su1tab1e for estxmating digestibility of winter rangé lprage.'

Greenhalgh and Corbett (1960) reported a greater variation 1n'

estimated d1§est1bil1ty with chromogen than when nitrogen } :

-

was used. e - o - o L TRa

]

3. Fecal nitrogen ¢ : -

Fecal nitrogen (undigested, endogenous and indigestible
protein) is correlated with dry matter intake ¢Blaxter and
Mitchell,\1948); a fact that is explained.when'it is realizea

, . . ' W .
that a signific&nt portion of the fecal nitrogen is

endogenous,
Lancasten ;ifjﬁ) showed that fecal nitrogen concentra-
‘tion was relate to the d1gest1b111ty of forages and develop;

?
ed regressions (Lancastet, 1954) relatlng fecal nltrogen to. ‘”

d1gest1b111ty.

' When fecal n1trogen was used by Holter and Reid (195’),
.1t appeared to be suitable for estimation of dry matter
d1gest1b111ty in forages, grazed by ruminants.. However,
Minson and Kemp (1961) reported large errors assoc1ated w1th'
the equations in which d1gest1b111ty was correlated w1th

the nitrogen content of feedstuff and. feces
4. Silica

The use of silica as an 1nterna1 1ndex substance. for
determ1n1ng digestibility was 1ntroduced by Wildt in 1874
’(quoted by Kotb and Luckey, 1972) Slllca was suggested

because it occurred naturally in the fecd and was apparently
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not absorbed by tﬁe animal. The reports on accuracy of the
method have been diverse, some being distinctly favor?bie | o
(Gallup, 1929; Gallup ana Kuhiman, 1931; Jones and Hpndreck,
1965a), while others'suggestéd'a limited applicability
(Gallup and Kuhlman, 1936: Gallup, Hobbs and Briggs, 1945);
When silica and iignin were used to estimate forage
intake with grazing ruminants, the resulfs calculated from
thg‘use of silica showed more variation than those calculat-
ed {from the use of lignin (Van Dyne and Meyer, 1964). The
‘main problems encountered werelihe non—quant}tétive recovery
of silica in the feces and contamination of the feed and
- feces with cither soil or aust. Two factors,suggcsted as
the reasons for the incomplete recovery of silica were
contamination df the fced with dust and the absorption of
silica from the digestive tract ahd‘its cxcretion in the
urine (Forman and Sauer, 1962).' Jones and Handreck (1965a)
Sthed that the solid silica of dry piant feeds ingested by

sheep can be completely Tecovered in the feces and urine.

5 Animals ingest appreciable amounts of silica which is

present in plahts as soluble and insoiuble silica (Jones
apd Héndreck, 1965b). .Silica in soil solution is undisso-
ciated monosilicic acid-and is absorbed through s%mplg
solution in'thcvtranspira;&on stream. The monosilicic acid
1is cérried tg the tops (stems) of -the plant and pclyméfizes
to form solid silica as water 1s lost by transpiration
(Handreck and Jones, 1968). It is deposited thefefore, in
.greatest quantigies in those parts and regions from which

\

= hl



water is IOSE in greatest quantitiés. The-s@lica‘coniained .
in several- grasses was ideniified as opal (8i02.nHZ0) -
(Parry and Smithson, 1957;‘Smitheon, 1958). .
Daiiy ihteke of silica by ruminants varies with feed -
intake, the individugﬁ animal and the silica content of the
ﬁthts consumed Sheep, grazing pasture ef barley which’
Contained at three different stages of growth 1.70, 2.81
and 3.65 percent of silica, excreted silica in daily amounts
of 6.2, 14.7 mg and 20.6 g in their feces and 164,'95.3 and
76.2 mg in theif urine, respectively, (Nottle and Armstrong;
1966) . | Y o | v
Monosilicic ac1d was found in the recticulo- -Tume f1u1d
Of sheep (Jones and Handreck, 19653)/and cattle (Balley,
1976) This meant that there i's some dlssolgtlon of 1nge5ted '
5111ca Wthh lcvels off at approx1mately 190 ppm of mono- ’ J
silicic acid in sheep and sl1ght1y above 200 ppm in cattle
reticulo-rumen fluid. ‘When the feed contained more than .two
~bPercent silica the reticulo-rumen fluid was saturated (Jones
and Handreck 196Sa) | The concentratlon of. mon05111c1c acid
1n the retlculo rumen of cows was also sden to level off at h
or slightly above, the saturation concentratlon of 200 ppm, at

‘all levels of intake when a rough fescue (Festuca a'rabrelia)

ratlon (S 70 silica) was used (Bailey,.1976)..'The absorbed

monosilicic acid is carried. in. the blood strégm to the

kidneys (Jones and Handreck, 1965a). 1Its concentration in

the blood stream remained ‘Constant in sheep and cattle with
| . . . . - . )

differcnt levels of intake. . The amount of honosiiicic acid .
- . : i s

. )
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excreted in the urine was influenced by the ration amd
amount of water consumed. In sheep the urlnary excretion °
of silica increased w1th 1ncrea51ng silica 1ntakes ‘of up to
eight gram per day, but no further 1ncreases followed from :
'lncreased 1ntakes and excretlon plateaued around 200 mg of
srllca per day (Nottle 1966) . In cattle the excretlon rate
for monos111c1c acid was nearly constant over extended
periods (Bailey, 1967). | ﬂ

Jones and Handreck (1965a) est1mated the DM d1gest1-
' b111ty coeff1c1ents of three rations using 5111ca and found
the results to be in close. agreeement w1th those determlned
by the total collectlon method Furthermore ‘they- showed
that practlcally all of the 5111ca was excreted in the feces. - . y
' and on the bases of their results suggested that 5111ca be

Te- exam;ned as an. indicator for digestibility trials.
5. Aoid-insoluble'ash

- The use of AIA of feedstuff and feces as an index

‘substance for determlnatlon of d1gest1b111ty for rumlnant

feedstuffs was f1rst reported by Shrivastava and Talapatra

(1962a) Their flndlngs 1nd1cated an average recovery of
the re51due to be 99.8% (91.2 - 108.7%) and the est}mated_f ' .‘f
d1gest1b111ty'coefficients were,- from a praCtical standpoint,
dnot different from values obtained b}vthe total collection

method The ‘same authors used this 1ndex substance to

determlne the pasture consumptlon and level of ‘nutrition. of

gra21ng sheep (Shrlvastava and Talapatra 1962b)f They



obtalned ayerage values for dry matter consumptlon per 45 kg

'body weights of 1.18 kg for both pen -fed and gra21ng animals.’

Recently, McCarthy et al. (1974) evaluated the ‘use of
'AIA as an index substance for determining d1gest1b111ty of -
ratlons in grow1ng plgs and concluded that the 4N HC1 method
ds described by Vogtmann et al. (1975) was superlor to that
of u51ng chromlc oxide as an 1ndex substance in. sw1ne dlets.

Furthermore Vogtmann et al (1975) concluded that the

4N-HC1 method gave a 51mllar accuracy to the total collect10n~

method for determ1n1ng metabollzab1l1ty of enery and
»dlgestlblllty of fatty ac1ds 1n bro11er ‘diets.

 On: the basis of the above results,‘it appears that AIA
o

has potential as an 1ndex substance for d1gest1b111ty
studles However, varlous aspects of AIA such as sen51t1v1ty

of steps 1n the laboratory procedure, comp051t10n, use 1n,f

i A

rumlnant d1gest1b111ty studles and ‘the determlnatlon of its

level in common feedstuffs, require further studles

R
¢

|



III = EXPERIMENTAL
A. Intreduatdon‘

The 4N HCl AIA method has been descr1bed for dlgestl-.
bility studies in swine (Mc Garthy et al., 1974) and poultry
-(Vogtmann et al. , 1975) In the present study thls method
-was examlned for determlnlng d1gest1b111ty of rat1ons by
sheep o | o ’ o )‘

A In V1ew of the emp1r1ca1 nature of the laboratory

'procedure and the unknown 51gn1f1cance of each step to- the
overall accuracy of the. method it was decided to examlne

the laboratory procedure flrst to determlne wh1ch steps were
| most cr1t1ca1 and make change5 ‘where necessary In addltlon,
i it was suggcsted (John McCarthy, personal communlcatlons)
that ‘some steps of the laboratory procedure could be troble-
- some. For example the odor and fumes created when feed or
fecal samples were b011ed in 4N HC1 ac1d requlred an ’p
eff1c1ent fumehood However, work1ng in a fumehood restrlct-
ed the 51ze and type of apparatus that could be used |
-After extensive laboratory evaluataon and revision the me thod
was’ applled and evaluateJ in an1ma1 feedlng trlals ' ;f"

All AIA sample calculatlons were done to four dec1mal
places in order to av01d round off error Accordlngly, AIA
values presented in sections B, .C: and D have all been -
calculated to four—dec1mal places before be1ng rounded off.

to ‘three dec1ma1 places for presentatlon. Duncan S New_"

.Multlple Range Test.(Steel and Torrle, 1960) was'usedhin

18



compariSOn of means. Analysis of variance was, done W1th
' N

_computer programs avallable from the Unlversity of Albdrta‘

Al
N 1

,‘Gbmputlng Centre.“-
- B, Examtnatton of Indtvtdual Steps zn tha 4N HCZ Laboratary

Procedwre

‘ :'_ buring‘these eXaminationSFOf‘the 4N ﬂCl nethod the ‘
laboratory procedures descr1bed by Vogtmann et al. (1975)
were followed except for the step being tested An outllne
<of Vogtmann s laboratory procedbre is contalned in Append1x )
2. | | -
Except were 1nd1cated the 1aboratory tests were on ‘
'.Samples of brome grass (IRN 1- 00 890)1 drled to’ constant (h
"welght ‘in a forced air oven and f1ne1y ground in a Chrlsty-

] " {
'Norrls mil12, :

“_ngt‘i; ‘Aeid Strength
IR Dupllcate brome grass. samples were analyzed for AIA K

fcontent using acid normalltles of O.S,Alyjz, 3, 4 and SN HCl

T

‘instead of'the stahdardv4N HCI ,
) The 6N- HCl was reJected because 1) the filtrate
‘b011ed up. 1nto the steam condensor and HC1. fumes escaped
(2) a partlcular obnox1ous and 1rr1tat1ng odor was’ produced
'durlng the dlgestlon, (3) the fllter paper tended to break
durlng the f11ter1ng process, (4) black re51due remalned

1. Internatfonal Reference Number,“' o T e
2. Model No. 8, Chelmsford, England. : o
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Aﬂprlor to the’ f11ter1ng step._

. “"1, S \
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_Table 1. Mean (tSE) AIA values of brome grass using '
dlfferent norma11t1es of HC1 ac1d.‘.» ‘

_ 'Normality of HCl'i - - AIA valne (%)1 ' ;.'f"* SB-
0.5 ',3;01OC_ o C0.024
1.0 2.9058b - 015
2:.0 s . 2.8783 ) [e— 0007 e
3.0 2.924%® - g2
4.0 0 20980 T g.014
5.0 . _"AVV".Kiliz.eQ;C'ﬂf oo re.016

Vv

-

1sg of means 0. 015%

a- cMeans with different seperscripts‘are'significantly

(PsO 05) dlfferent | T T .

. adhered to the’ walls of the flask after washlng From the;
'ana1y51s of- varlance of the results for 0.5 to SN ‘acid a
51gn1f1cant (P<0 Ol) effect of ac1d strength was 1nd1cated

'(Table«l) The 2N ac1d gave the lowest AIA value but was

’

not 51gn1f1cantly dlfferent from the "IN and 3N HCl values o

Teet 2,.'Filtering Efficiencyi o : _ a : E ‘

o Whlle further tests w1th 6N HCl were d1scont1nued for,

'the above reasons, the quest1on of effect of the ac1d, at
vleast to a strength of SN HCl, on -the f11ter paper remalned

lunSOIVed Twelve feed samples were, therefore, analyzed by

the 4N HCl procedure but 100 ml of SN HC1 -was passed through

: the fllter paper 1mmed1ate1y prlor to the f11ter1ng step.”
-”These results were then compared w1th values obtalned when

100 ml1 of water was passed through ‘the: paper 1mmedlately
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The medn (1SE) AIA contents of ‘brome grass from the

‘ac1d treated and nons treated fllterpapers were 2.944 3

" 0.018% and 2,942 : 0.014%, respectively. It was ther°f°rﬁv

concluded ‘that 5N HCl did not alter the f11ter1ng eff1c1ency

E. of Whatman No 41 filter paper.‘
-Test 3. Iimeﬂaf.Acid ngeétion}

The duratlon of cold d1gest1on was deflned as the
length of t1me between the addltaon of acid at room
temperature to the sample,‘tlll the m1xture (sample plus
‘ac1d) was placed on the hdtplate Two tests were made 'Ini
"the first test, samples (51x rep11cat10ns) were cold dlgest-

ed for 30 and 60 m1n A further six samples were cold

) dlgested for one min but not b011ed in ac1d In the second;'

~ test, dupllcate samples were cold dlgested for.1, 15, 30,

60, 90 150 and 240 min. Half the samples in the second
'test were then b011ed for the standard 30 m1n wh11e the
*b0111ng step was omltted for the, other samples . In both
tésts, the ac1d was added to the Ssamples at dlfferent tlmes
‘so that samples were processed together for the final steps

) The orie- m1nute éold d1gest10n t1me 1n both tests, represent~"
_ed the tlme requ1red to add ac1d to the samples before they
were e1ther washed free of ac1d or b011ed in acid. P

) In the flrst test the mean (2SE) | AIA content of brome_'
grass samples wcre 3.163 .+ O 006% and 2. 884 R 010% for

.the 30 and 60 m1n cold dlgestlon perlods, respectlvely

The 30 and 60 m1n cold d1gest10n treatments were not

1

o
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Table 2. AIA contents (%) of brome grass usxng dlfferent
acid dlgestlon tlmes (pre b0111ng) -and effect of b01ling

L | Acidfdigestipn timeijﬂin)' .
ACid : ."‘ v‘ . ‘ . - : . . .‘ ¥ . . : : .. -

temperature = 1 15 30 . 60 '."90 150 - . 240
Boiledl ' 2.786 . 2.837 2.804 2.795 2.774- 2.809 2,805

Non-Boiled2 3.166 .3.108' 3.134 -3.107 3.105 3.017. .3.128

IMean (+SE) is 2.801 £ .0. 008% |
2 ZMean (+SE) is 3.109.: 0 017%

signifihﬁntly different but both treatments resulte@ in
51gn1f1cant1y (P<0.05) 1ower AIA values than non- boiled
‘samples _ . . |
The second test, also showed Signjficantly (P<0.001)
. higher Values,for,the‘ndn4boiled sampies, however, coid
'tdigestionrtime'from 1 to 240 min had"no cffect on AIA
-‘conteht (Table. 2). - _— _ - l' -
.Test 4._.Bo;Zing Time

To determlne the effect of b0111ng time on AIA content

feed samples (four repllcatlonsJ were b011ed for: 15 ‘30 and
6 iny 1nstead of the normal 30 min tlme perlod |
rﬂ Increasmg the b0111ng time appeared to result in an
‘1ncreased estlmated AIA content of brome grass (Table 3)
However_ no- 51gn1f1cant d1fference between the AIA values.'
of the- 15 ‘and 30 m1n b0111ng tlmes was obtalned ‘and in turn,

CAIA values from the 30 and 60 min b0111ng tzmes were. not

51gn1f1cant1y dlfferent Therefore, 1t appeared that a

..
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Table 3. Mean (£SE) AIA values of brome grass u51ng

- different. b0111ng times.. . S RER
Boiling time (min) -MA,val_ue: wh . s,
s 2.8443  ° 0.005
30,0 | - 2.8673b g g2y
60 . | -~ 2.923b i 0.010
1SE of means 0.014%. ' L.

a-bMeans with dlfferent superscrlpts are- s1gn1f1cantly
“(P<0. 05) dlfferen !

v

30 min boiling time may be reduced to 15 m1n w1thout a -

Significant change in AIA values.

Test 5.‘ Hot Plate Temperatuﬂe.and-Acid Strength

The use of a hot plate for heatlng the sample mlxtures

~during acid dlgéstlon resulted in semé samples being boiled .

more V1gorously than others, due tP Uneven heat. dlstrlbutlon

from the hot plate surface A test was therefore,

'conducted in wh1ch dupllcate samples were boiled on dlfferent‘

hot plates, us1ng drfferent temperature settlngs. Six' : ' '_ -
temperatures of approximately 100 110 120 130 150 andv —7‘
160 C were used w1th two normalltles of. HCl (2 and 4N)

The 2N HCl was used to check the results obtalned in

Test 1. A th1n layer of sand, contalnlng a mercury thermo- -
meter, was placed on top of the hot plate to measure the
effective heat coming from- the hot plate | The Erlemeyer
tlask,-contalnlng the sample mlxture, ‘was then placed on

top ofvthe,sand.,



Table 4. Analysis of variance - of the effects of hot plate
. ‘temperature. and normallty (ZN and 4N) on. the AIA- content of
brome grass. ; '

X
B

Degrees of -

Source freedom &’_.\ _Meanesquare . F-value
‘Normality . . 1 - - o0.00258 8.32% °
Temperature .5 . . 0.pos1s 26.29**“'
Interaction . s # . p.00118 .. 3.81%
Error - o124 . 0.00031
| Total o 23 ' : :
R | &
_*P<0.05 |

**% D0, 001

| "The effects of temperature, normallty and 1nteract10n
between temperature and normallty on the AfA content of
brome grass were all 51gn1f1cant (Table 4) The mean AIA
values for the 2N HCl and 4N HCl used were 2, 797 and 2 817% t
respectlvely The mean results presented in Table S 1nd1cate
‘that a temperature of. 130 C, or lower, resulted 1n AIA
/rvalues which were 51gn1f1cant1y (P<0 05) hlgher than those

Ab01led using hlgher hot* plate temperatures

The use of 2N HCl resulted in- IOWBI P<0- US) AIA

‘vaIues than 4N'HC1 Thus conf1rm1ng the Test 1 observatlons R

on the effect of ac1d strength

Test 6. Washwafer‘Temperature¥

- In the Vogtmann et»al (1975) publlcatlon of the 4N HCl
| method washwater temperature was not spéeefied,_only
referred to as: "hot dlstllled water";_.A ‘test’ wastmade to

f
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Table 5.. Mean AI@/Xg;ue&/(fi of brome grass using different ﬁu
- hot plate tempe’atures and two normallties (2N and 4N) of '

HCl1 ac1d . ..hﬁ:r,. . ;.; MR ﬁ"

o

: _ ‘iehperature o; hot;plﬁteFCC) -
f.Acid — ‘ o e e a SE of '
3 strength 100 - 110 ‘leﬁ_, S bﬁ'lﬁofnffﬂédhs e e o

2N 2.858 2.820 2.858 . 2. 1@8 2.726  2.740 0.012
4N 2.850- 2.865 2.822° 2.818 2.770 2.780 - 0.013

Mean 2.854C2.842C 2.840¢ 2.798b 2.7482 2,760a 0.009

2 CMeans with different superécripts are significantly-
(P<0 05) dafferent‘i R ' " . :

determlne if washwater temperature had an effect on AIA

content. Dupllcate samples were analyzed us1ng washwater

Atemperatures of approx1mate1y 25 50, 75 and 100 c and two

normalltles of HC1 (ZN and 4N) were used
‘ " An analysis of variance Of the' resuIts ‘showed no
51gn1f1cant dlfference in AIA content between washwater'

temperatures when elther 2N or 4N HC1 ‘were used (Table 6)

The mean AIA ‘Values from the 2N and 4N HC1 (2.838 and 2. 929%
respectlvely) were agaln 51gn1f1cant1y (P<0 001) dlfferent
_From thls test it was concluded that washwater" 3 i . 7@\ ‘

temperature wWas ‘not 1nfluenc1ng the AIA value.u,
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Table 6. Meauﬂ}IA values.(t) of brome ngVs when different
washwdter temperaturhs and two acid normallties were used

‘g

'.‘u : ~Wa;hwater tompergture_(C) o
Acid - e - . SE of .
strength. 25 80 75 100  meamns

2N 2.842  2.851  2.830 - 2.828  0.005

4N 2.916 2L937 2,934 2,930 : 0,007

C. Initial Modzftcattons ta the 4” HC1 Laboratory Pracedure

and tJ;ZF\‘EﬂbZ;&ttons

Presented in this secggik are the 1n1t131 mod1f1cat10ns

made to- the 4N Hcl ‘method (Appendlx 2). Prev1ously all acid

dlgestlons for AIA ana1y51s 1n our laboratory were done on
a hot plate m a fumehoad to prevent the rather ‘npleasant
odor from spread1ng throughout the laboratory area This

procedure, however, created addltlonal problems The heat:

from a hot plate was not evenly distributed and resulted in -

A3

© uneven b0111ng of some samples on the Pplates. Furthermore, ' ‘

each steam condenser had to be closely watched and adJusted b

frequently to: prevent HC1 from b0111ng off ,‘f*"f" |
o Many tests were. undertaken to- ascertaln su1tab1e

modlflcatlons and to evaluate the modlflcatlons. ' The more ,

"cr1t1ca1 of the tegts wh1ch lead to mod1f1cat1ons are

i

'presented hereln but not necessar11y in the order in

whlch they were taken ~ Tests on all permutatlons and: gymb1-

natlonifof modlflcatlons were not p0551b1e . Qoneequently, 'i

3



‘.some tests were . made and are reported whexe one’ aspect bf .
the modlfrcatton was examined, while some other step 1n thgf‘- ;-.'
procedure was n°t-] The sequeuce finally settled upon in’ o

. the mod1f1ed‘;rocedure was not: necessarily the same as for )

- “other tests reported 1n "the following séction of. this thesis S

; By addrng an 1n1t1a1 ashing step before the acid |
digestion the odor problem could be avoided. This would ‘
also allow the use of the more convenient crude fiber diges-
tion apparatusl, for boiling the samples and eliminatién of

7 the problem of uneven boxllng on the hot plate as. well as the
need for the steam condensors In add1txon. the initial _x
vash1ng would elimihate the organlc matter from the sample and

- prevent the formation of a substance known as humin. Humgn
was the suspected black-residue‘which was observed to . |
remain adhered to -the boiling flask after;acid digestion,
pertiemlariy with the'higher hermality acids. | Humin . is a

fblack acxd insoluble solid formed during acid hydroly51s of .

,ﬂpzateen*~pruﬁ§bly by condensatmon of the 1ndole,nucleus of
tryptophan with small amounts of aldehydes produced dur1ng

-

Ihe hydroly51s (Haurow1tz, 1963)

S Test 7. Ashing Prior to Acid Treatment
In a series of prellmlnary testsasamples wére ashed o
(overnight - at 650 C) prlor to acid digestion and ashed ' ‘

agaln, overnlght at 650 C affer acid treatment and washlng

to remove the fllterpaper (see Flgure 1 for summary of = :
. . (//) : ~ . .

1Labconco Qprp.,»Kansas4City; MO. Ol ™
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sequences). When this procedure was app11ed in the AIA
+

analys1s the odor problem durlng the acid dlgestlon was

av01ded.
The ‘pre-ashing modification was employed in all tests

geported in this section (III. C.), unless stated otherwise.

. To avoid the necessity for frequent descriptions of these
ashing témperatures, they are presented as follows: (X-Y C)
where X referred fQ first ashing temperature and Y referred

~ to second ashing temperature, both temperatures expressed

in degrees of Celsius. For example 650-650 C means that
samplcs were. ashed at 650 C prior to acid digestion followed

by a second ashing to remove the filter paper.

Test 8. Acid Strength :

’

Triplicate brome grass samples were analyzed for AIA

' content using- the 4N HC1 procedurc-as outllned (Appendix 2)

-

but with an dernlght ashing prior to ac1d'd1gest1on and

with experlmental gg1d‘strengths of 0, O.S,AI,-Z, 4 and €N

¢/

HCY Ashing températures were 650-650 C. The 6N HCl was

included to ob@ervé its influence on AIA compared to qther

'

normalltles desplte its reJectlon on the basis of the’
ggu

wh g . A

observatlons made earller

The lowest AIA value obtained for thc sample using

ui\v

lN HCl was not 51gn1£1cant1y different from 0.5N_HC1l which

~in turn was not 51gn1f1cant1y different from 2N HC1 (Table 7)

With 6V HCl some of the AIA may have beecn lost (see Test 1. ),

¢

however, its mea® AIA value yas higher than when 4N HC1 was

K

42
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Table 7. Mean (#SE) AIA values of brome grass using differ-
ent normalities of HCl acid. l l

Normality of HC' | AIA value Ok i SE
0 3.840d ~ 0.064
0.5 2.854ab , 0.012
1.0 2.789% 0.012
2.0 2.906b -~ 0.032
4.0 2.990¢ 0.012
6.0 3.036C o 0.026

ISE of means 0.026%.

a-bMeans with different superscripts are significantly -
(P<0.05) different. S ' o -

0

used. An. increased AIA value occured W1th 1ncreased

normality from 1N to 6N‘HC1.A This observatlon was con51stant

with those made earlier (Test 1, 5 and 6). Samples analyzed
» using water in place’ of acid, gave significantly (P<0.05) |
‘higher values.

Test 9. Acid Volume

- The effect of acid volume (or acid to sample }atio)lun
AIA value for brqme:graSs wag tésted using duplicate 10 g -
samples Ashing temperatures wdre 650—650 C- and acid -
volumes of 25, 50, 100 200 pnd 400 ml of 4N HC1 were used
instead of the standard 100 Ql

An ana1y51s of variance o}\the results of acid volume
uscd showed a 51gn1f1cant (P<0.0 1) dlfference in AIA value
(Table 8). Use of ac1d volumes of 200 and 400 ml were not
51gn1f1can£1y dlfferent but produced values 51gn1f1cant1y ;

lower (P<0.05) thai when-ZS, 50 and 100 ml were used

29
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Table 8. Mean (:SE) AIA values of brome grass using
different volumes of 4N HCl acid. |

Volume of acid Volume of acid per ~AIA value?(%)l SE

(m1) .. gram of sample
Sooo2s T zs o 3266 0017
50 5.0 : 3.280% 0.007
100 . 10.0 o 3.4 0.010
200 20,0 "3.132>  -o0.002
© 400, | 40,0 3.088°- 0.027
Tsg of means 0.016%. ' : N ” )
a-bMeans with different superscrlpts are. significantly - T
(P<0.05) dlfferent. . . '

Nal

-

The greater volumes of ac1d not only 1ncreased the total
amount of HCl requ1red for each sample, but also 1ncreased;

the time requrred for samples to reach b0111ng_p01nt.

< _Test 10. Actid Temperature

N <

This test was. designed to determiheﬁthe eftect of acid
temperature,'durlng the ac1d dlgestlon step, on estlmated

.' AIA cohten’t ‘of brome gras_s. - Three sub- b0111ng temperatures ‘
_(20, 55‘ahd 95 C) were used plus an(lntermlttent bolllng '

- treatment. Three further boiling temperatures were used

These were based on temperature settings (low medlum and

high), of the crude flber dlgestlon apparatus and thus'

influence’ the vigor of b0111ng Observatlons-were made in
duplicate samples u51ng ashing temperatures of 650 650 C.

Results of thls\experlment showed that AIA values were

not 51gn1f1cant1y 1nf1uenced by - ac1d temperature at or near.

- D
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17 T
Table 9. Mean (+SE) ‘AIA values of brome grass u51ng

‘dlfferent acid temperatures.-

Acid temperature - _AIA value (%)
Subboiling 20 ¢ 3.243% - 0.044
Subboiling 50 C ' 3.044° ~ 0.082
' Subboiling 95 C 2.911* - 0.012
Intermittent boil - 2.9413P ~0.010
Low? o 2.909% . 0.002
 Medium? - 2.928%% 0.003
Highz A 2.9143 ' 0.017

ISE of means 0. 0363, '
Means with different superscrlpts are s1gn1f1cant1y
. (P<0.05) different.
—— Temperature settlngs on- the crude fiber d1gest10n apparatus.

-boiling (Tabie'Q). Therefore, providing‘boiling'is
achieyed, any_temperature setting on the ctrude fiber

+

digestion apparatus could be used. . : .

Test li; Boiling Time

A

The effect of acid b0111ng time on AIA value of samples
of brome grass was examined to determlne if the orlglnally
suggested b0111ng.t1me of 30 min was cr1t1ca1 for-the
mod1f1ed procedure.‘ A shorter b0111ng tlme would be an
advantage and would allow more samples to be processed dally.
On the crude flber dlgestuon apparatus available in our
laboratory,_only 12 samples could be boiled concurrently

Ashing temperatures were,650ﬁ650 C. ,B0111ng was commenced

at.differentetimes so that samples were washed ‘free of acid
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. Table 10. Mean (£SE) AIA values of brom( ggass.using
different, b0111ng times. c - '

Boiling time-(min) LAIA value ()1 . SE.
s S 3.215 - - 0.006
15 E . 3.218 | 0.003

30 o 3.06 - 0.013

ISE of means 0.004%.

Treatment means not 51gn1f1cant1y dlfferent

and ashed; to remove the filter paper, at the same time.
The AIA value‘fof'the 5 '15-and 30 min; bdiling times

‘were not 51gn1f1cant1y different (Table 10) : it'was;

Atherefore, concluded that b0111ng t1mes of either 5, lsedf'

30 min could be used to determlne ‘the AIA eontent.

Test 12. Washwater Temperature

Because, of the'volumes‘of washwater used and7the

dlfflculty in malntalnlng a prec1se temperature, 1t was

"desirable to know of varlatlons in washwater temperatures ' !

had an effect Qn,thevAIA value~of samples,subjected to

initial ashing .

" Triplicate feed. samples were analyzed u51ng washwater
~'tempe:ratures of approx1mate1y 20 70 '95 and 100 C (b0111ng)
Ashlng temperatures were 650 650 C and ‘1N HC1 was- used.

 The" results for Test 12 are shown in Table 11. .An L
:ana1y51s of variance of the results showed no 51gn1f1cant

dlfference in AlA values when dlfferent washwater tempera- .y

tures were used. However, 1t was observed that washwater
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' Table 11. Mean (tSE) AIA values ‘of brome grass using
dlfferent washwater temperatures..; '

"WaShwater temperature'(C)' : AIA vaiue 'OLS .'. SE
70 . ) V}' 3.220 - 0.016
95, - . 3.204 . -+ 0.023
- 100 (Bolllng) . 73,202 o+ 0.028
T ‘ . . :

SE of means 0. 010%. '

Treatment means were not 51gn1f1cantly different.
>'tempenature5‘of 95 C or higher reduced“filtration time.
With washwater at‘room temperature'(ZO C) the-filtration
t1me was about 20 min but at temperatures above 95 C the

times were reduced to about 10 min. Therefore for ana1y51s ,

<

washwater temperatures became 1mportant only in terms ¢f

laboratory t1me requ1rement

Test”laz' Furnabe'Differencea

Electrlc furnacesliwere .used for ashlng | There was
~ p0551b1e varlatlon in temperature and 1n51de ‘ai rculatlon
1n and between the furnaces which would influence the AIA .-‘
ana1y51s ' To determlne.p0551ble effeets of dlfferent
furnaces on the AIA values, brome grass samples (§1x rep11-
cations) were analyzed uglng four furndces Samples were
'ashed both | t)mes in the same furnace at temperatures of

650-650 C. From furnace No. 4.two samples were lost.

lLindberé Hevi-Duty Box Furnace with 200-1200 C Range, o
Digital, Solid State Console. Canadian laboratory Supplies.
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‘Table 12. Mean (+SE) AIA values ‘of. brome grass obtalned by |
uSLng four - dlfferent furnaces ¥ Co >

Furnace--‘ : | ~AIArralues (%)1-_d "_" ' SE
1’ "3.234 . 0T 0,008
2 3.236. - . . 0.009
3 3.226 . . 0.010
4

3.226 - 0.002

"ISE of means 0. 002%
Treatment means  were not 51gn1f1cant1y d1fferent

, Ac1d strength of 2N HCl was used.
Values from the four dlfferent furnaces were not "

Qe

31gn1f1cant1y dlfferent (Table 12)
) Test 141"Acid Strength and SaMpZe Size T

' In a prellmlnary test an attempt was made to reduce '

\hthe welght of sample to l 0 g u51ng dlfferent ac1d volume.

to sample welght ratlos However, the results obtained

when l 0 g brome grass. samples were used had ‘to be reJected

because of unacceptable 1arge varlatlon in dupllcate ‘

'analyses (range 0 015 - 0. 396%) Furthermore, 1t was shown “‘
| earller (Test 9) that the use of a h1gher acid to sample

ratlo resulted in 51gn1f1cant1y (P<O OS) lower AIA values.

'”However, it was cons1dered that, if sample size were reduced

-from 10 g to 5 g then smaller cruc1bles could be used and in

turn' more samples could be ashed concurrently in. the avall-

' fable furnace space

The effect of ac1d strength on estlmated AIA content of
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Table'13 Mean,AIA values (&) of brome grass and feces
determlned by using dlfferent normalxtles of—ﬂcl and two.

_fecal sample sizes. - ...

" AIA values (8)

sample — — o . SE
size  '. ' Normalities ) - o of
(g) : — 2 e means
0.5 1 2z 3 4 5

101 2.953a 2.9123 2,9282 2.9622 2,9608 3,034b  0.017:
52 . 5.839 '5.860 5.846 '5.836 5.888 5.888  0.009
162 6.002 5.978 5.926 5.920 5.902 5.902 - 0.016

*

lprome grass. ’
2Feces from sheep fed brome grass

l brome grass and feces‘from sheeu-fed'bfomebgrass>wes exemined
- in two tests by using'sixynormalities.(0;5} 1, 2, 3; 4'ahd 5N)
of HCldacid . Duplicate'samples‘qf brﬂme‘gtass (lO‘g) “and
feces (5 ¢ and 10 g) were used | Ashing temperatures‘Were -

650-650 C in both tests o - ~ ‘

The'results are presented in Table 13. A, separa e
I

ana1y51s of varlance of the brome grass results showed no

51gn1f1cant dlfference between normalltles, except for 5N -

HC1 Wthh resulted in a 51gn1f1cant1y (P<O 05 higher AIA

-

value.

The var1at10n among 58 fecal samples was less than the
vartatlon among 10 g samples of elther brome grass or feces
An ena1y51s of varlance of the results of acid strengthﬂandl
sample size.of the fecal semples'showed no Signifiéant dif@erf

‘ence between normalities USed,ubUt there was a'significant

t - N . .
. . . . -



(P<0. 05) dlfference between the AIA values of the sample

slzes.used. Mean ATA values of 5 and. 10 4 samples were 5, 8604

-

“and 5.942%, _respect;vely. The ‘results from earlier tests
"(Test 1 and 8),:Showedtsignificant differences when different
normalities were used.i‘Broneﬂg;ass samples were used in

‘all tests where a significant effect of acid. normality was

found In contrast, no 51gn1f1cant effect was . eV1dent An the

- above test when fecal samples were used
D. Second Modificqtions and their Evaluations -

“An initial;ashlng step was added;to:thevlaboratorx
fprocedure in a previous section (IlI.'ng,{but no attempt.
“was made at that'stage’to examlne the effect of ashing ~

temperatures on AlA ;alues In this‘part‘of the'Study
cxaminations were made\ln the flrst and second ashlng semp
‘eratures and the1r‘effects on the estlmated AIA content of a
prepared_graln concentrate mlxture, ‘brome grass and~feca1 ’
samples The grain concentrate mlxture used was a SW1ne
“ration and con51sted of barley‘(56%), oats (20%) and wheat :
(10 ) soybean meal (3. 5%), meat meal (2% ), rapeseed meal
(3.5%) and alfalﬁa,meal (2%) and supplemented W1th m1nerals

(26) and vitamins (1%). Feces were. collected from two sheep

~that were-fed thevpelleted brome, grass also used in the tests.

The . feces were. bulked and well mlxed before use in “the

present tests. All sample material was drled to constant

3

weight in‘anvair forced'oven‘and.ground finely through a

ChriStnyorris'mill‘hefore laboratory analeist;

S Y

36
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The individual !teps of the laboratory procedure for

“each AIA method are presented in a diagrammatic scheme in

AY

'Flgure 1. Ashlng temperatures used are indicated as before
i.e., 650-650 C referrlng, respectlvely, to- the flrst and
second ashlng temperatures of the analytlcalﬁprocedure

All ashings were dOne overnlght. On the basis of previous

tests it was dec1ded to use 5 g instead of the !

10 p'sample
(Test 14), 2N HCl instead of 4N HCl (Test 1, 5, 6 and .14) &

and 5 min instead of 'a 30 min boiling time (Test 11).

Teet 15; First"Aehing.Tempendture
It had been obserued.during'prelimlnary tests thatb
- ashing a feed sample at 1000 C resulted in a hard stone
like re51due whlch could not be dlssolved in e1the1 uater or
,concentrated HCl. The residue had a glazed appearance after
its first ashlng In v1ew of these observatlons it seemed
necessary to examine the effect of f1rst ashing temperatures

on the estlmated AIA content of feed and feces Trlpllcate

samples of brome grass, concentrate and feces were analyzed
using flrst ashing temperatures of 150, 200, 300,- 400, 500,
. 575, , 725 and 800 C. A second ashlng’temperature'of
650 C was used. ,

Two values for concentrate samples (Table 14) were
reJected because of obv1ous 1ncomp1ete combustion durlng the
second ashlng step The cause of the problem became eV1dent
1ater and is. dlscussed in a subsequent sectlon (I1I. E.).

An~ analy51s of varlance of the test results (Table 14)

e



showed a significant effect of first ashing temperature on |

AIA vélues from brome grass (P<0.001), coqceﬂtrate (P<0.01)

and feces (P<0.001).

- there was an increase in estimated AIA content and at

temperatures higher than abouf"SOd'C there was also a.

. : S N . »
‘At the lower first ashing temperatures

significant (P<0.05) increased,AIA‘contentf{n the bfome‘

grass and fecal sampies'(Eigufe'Z).
differenf, the 150 C_firsf ashing'températuré caused a

Vsmaller increase in AIA”content of prbme graéé and feces - than .
- did high 1n1t1a1 ashlng temperatures

ashing temperature lower than 200 C resulted in v1rtually nqm :

Table 14.

‘Although significantly

The use of a first

' ,feces u51ng dlfferent flrst ashlng temperatures

Mean AIA values of brome grass, concentrate and

First AIA value (})°
ashing‘temperature“ v e 7
() Brome gra%s Cbﬁcentrate B Fecesl§
150 ~3.010¢ 0.813P 6.142°
200 2.880°¢ 0.784% 5.9882
300 2.827° 0.706% 5.9212
400 2.682% 0.7932 5.9152
500 2.691% 0.7%79% 5.938%
575 ~z.801° 0.780%  6.220°"
650 " 2.924¢ 0.7832 6.604°
725 3.0059 0.7762 6.815P
800 3.542° 0.7882 7..287%
SE of means 0 0.005, - 0.024

.018

lpeces from sheep fed brome graés '
a-bMeans with different superscrlpts are significantly

(P<0.05) different.

2“lean of two values and not used in stat15t1cal ana1y51s

© 38
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combustionfof organic matter and was essentially the same
as. no initial- aShlng On the basis of these observatlons '
-in the present test. it was dec1ded that 450 C be chosen ‘as
"a flrst ashlng temperature for future tests. o
‘iest 18. Second Aehing-Temperatureﬂ o ' ' ,
o , | B { | : ‘
" Sinece the‘previous'test showeﬁ a 51gn1f1cant effect of
the first ashing'temperature on AIA :content of feeds and o .
feces it seemed necessary .to examine the effegt of -the
second’ ashlng temperature on AIA values., Furthermore} lf '
450 C couldialsp be used as a‘secpnd.ashing.temperature then
samples for either the first or. second ashing could be'done'
'at the same tlme Tr1p11cate samples of brome grass, ' ‘ g
concentrate and feces were . analyzed using second ashlng | |
temperatures of 300, 400 450, 650 and 800 C. Samples were ‘
1n1t1311y ashed ate450C. . A‘ B w
. - An ana1y51s of variance of AIA values showed a A - E
v51gn1f1cant P<0.001) éffect from the use of different o ‘
second ashing temperatures for, ‘both feed and fecal samples '
It is. apparent however that a s1gn1f1cant dlfference arose
ma1n1y because at . the lower temperatures there~was 1ncomplete
combustlon of the f11ter paper (Table 15 and Flgu1e 3)., At p
"temperatures of 450 C or greater there was apparently ‘ |
complete combustlon and there were no 51gn1f1cnnt hlffﬁleﬂCoS
in estlmated AIA values of e1ther feed or fece< '

In view of*these results it was_dec1dtd that 450 ¢ could

be used as the second as well as the first ashing'temperature.
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Table 15. Mean AIA values fgr‘brome_gfasé, contentrate”and
feces by using different second ashing temperatures. -
Second AIA value (%5
- +ashing temperature S— — - . A
. () My . Brome grass Concentrate Fecesl.
.. 300 " -g.ssS '7.355¢  19.023¢
- 400 3.476° 1.127° 6.804P
450 o 2.799% 0.825% 5.8462
550 2.704° 0.797% 5.8992
650 2.728% 0.820° 5.842°
800 ' - 2,779 0.806% 5.860%
SE of means 0.102 0.064 0.135

"lreces from sheep fed brome grass. .

a‘bMeans with different superscripts are significantly ¥
(P<0.05) different. ' ;oo

Howecver, care must be taken that the furnace temperature

‘ n o
stays nearl450 C ¥+25 C) for the first ashing. The second

ashing was less critical providing it remained above 400 C.
Discussion of Laboratory‘Pro%edhres

On the basis of\nggufis from Test 1 to 16 the 2ZN HC1
method was established (for detailed steps see Appendix 3
.-and Figure'ljl The changes made to the‘ofiginal 4N HC1

laboratory précedure\that led to the 2N 1IC1 method are

IR
sy L A

‘diééagéeA“below; In addition observations made during the
laboratory analyses, especially with regafd to laboratory

“time and efficiency, are also discussed.



Initial Ashing T .

E& .'Adding an initial~ashing step to the 4N HC1 laboratofy
procedure ellmlnated .the. odor problem durlng acid digestion
and allowed samples to be processed more qulckly w1thout the
necessity ef a fumehood. The initial 450 C ashlng temperature
also gave more'consistant AIA values t;an no ashing or higher‘r
ashing temperatures except when a swine ration maSIUSed ‘
(Flgure 2.) Furthefmote,-when the crude fiber digestian
apparatus was used, samples could be digested in Berzelius |
beakers (without spout) which allowed for mpre even‘boiling
of the sample‘mixture and easier and quicker rinsing of the
- beakers. The Erlemeyer flaskss, suggested for use w1th the - . ﬁ?
4N HC1 1aboratory procedure, can not be used on a crude flber

dlgestlon apparatus. "

. Sample and Crucible Size

& Redu¢1ng the sample- 51ze from lO to 5 g size appeared
to gl.ve sllghtly 1ower AIA values probably ds a consequence ' q
of the. h1gher acid to sample rat1o The reduced sample size : ‘tm
would faeilitete obtaining sufficient sample where sample
material might be limited. For example, when digesta is
collected at intermediate stages along the aigestive trnct.

Wlth the use* of a smaller ‘'sample size it was alse'

pnsslble to use a smaller crucibile. lThe 4N HC1 method
vployed a 100 ml ctucible in order to haye enough space
for the filter papet conteining‘the acid.digested'sample.f
By introduction of tﬁe smaller sample size a 50 ml crucible

¢
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providedhsufficient space.for the ihitial 5 g of dried
haterial. This not only allowed an ine;eased number of
samples to be put into the furnace at any one time; but also
with'the smaller crucible there was a reduced'exposed surfaee
ahd possible moistufe>absorbtion dﬁfing weighing was
reduced. Empty cruc1b1e welght was determlned by rewelghlng
the cruc1b1e 1mmed1ate1y after the ash was brushed from it,
see sequence of steps 1n analytlcal procedures shown in
Figure 1. Predetermlnatlon of empty cruc1ble welght, as for
the 4N HC1 procedure was con51dered to be less acurate
because of possible day to day variation in the moisture

'

content of the crucibles. : o : S
Acid Normality -and Boiling Time

From the severa1~test5'on the effects ef acid strength
on.AIA»vaiue it was not-always clear1that the use of 2N HCl -
"gave lower and more consistant AIA values;;JHowever; in nene
‘of the tests was the AIA value signifitantly higher or more |
varlable when 2N HCl was- used rather than 4N HC1. ’In 1
addltlon, tW1ce as much ac1d is requ1red when 4N HCl was used~§~
as compared to. ZN HCl ~ The above with. the added safety
factor to laboratory staff with 2N HC1 rather than 4N HC1,
as far as ac1d vapor or ditect splllage is concerned,,were'
additiohal factors 1n‘chang1ng from 4N to 2N.~w R _E, i,
Ih'vie@‘of the nqhsignificant differences with boiling -
times of 5 and SO,minﬂ(Test 11) and on the~basis of results

obtained in Test 4, it was decided to use the 5 min instead



of the 30 min boiling tlme as descrlbed 1n the orlglnal'
laboratory procedure The reductlon in t1me in thls ‘step.
1hcreased by several fold the number of samples that could

, be analyzed each day.
‘Washing and Transferring the Sample -

The initial ashing reduced the - amount of sample
'remalnlng for acid dlgestgon W1th the small amount. of -ash,
~ washwater flltered substanc1a11y.more quickly than;whenfthe
4N HCl method was followed._ AIso; the amount of washwater
‘required was less than half that. of the 4N HC1 prdcedure

After washlng free of acid tﬁb pre- ashed sample could
rbe qulckly and more readlly transferred back 1nto the
cruclble because the ash contrlbuted m1n1ma1 welght and
'addcd no adhe51ve propertles to the fllter paper. Particular
care had to be taken in transferrlng«a fllcer paperi .

containing the unashed sam to prevent breaking of the

)

" filter paper. Furthermofse, if unashed samples were placed-

into the crucible whéh oo”ﬁet, water‘etC}he bottem of the
- crucible wouldzfqrm steam when heated in.the furnace ahd on
occasion samele materiallw s blown Qﬁt of the crucible.
. v ‘
"Seeqnd'Aehing ‘
The eecdnd dshing in both 1aberatoryhprocedures
served'fhe same perpo;e; namely, to remove filter paper from
the remalnlng ash. -Resﬁlts of the use of different secpnd _
r , -

ashlng temperatures showed that & second ‘ashing temperature

<



I . R » ’ , .
of 450 C could be used equally as well as.650 C. By use of

the _same temperatures for the . flrst and second ashlng, 1t

was p0551b1e for flrst or second ashlngs to be done *in the

.same furnace.
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E. Furnace Capaeity
? In our laboratory, limited space and electrlc power .
supply prevented the .istallation of more furnaces. In v
order to increase the number of samples analyzed per day
a: perforated porcelain shelf was 1nstalled in the furnaces.
ThlS allowed'48 samples instead of the- regular¢24 samples-
(50-ml crucibles)dto be ashed at 6ne .time. However, when a
‘new furnacel was modified with a shelf to'hold 48Asampleé'it
“was found that var1at1ons in AIA values between dup11cate
samples were unacceptably large It was. normal procedure tol
repeat any dupllcate analys1s with a standard deviation of
‘more than 0 0505 AIA. | |

Desplte the attalnment of the prescr1bed temperature,
it was suspected that in the new furnace there was incom-
piete combustlon due to lack of a1r exchange. It was
est1mated that for complete combustlon of 240 g of organlc

| matter (48 samples x5 g) approx1mately 20 000 Z of air .

exchange woul be requlred To test if lack of a1r exchange

- was the problem the follow1ng was undertaken Twenty four

crucibles each contalnlng two Whatmann No. 41 filter papers.

(about 4. 7 g of paper) were placed in the furnace in known

positions (Flgure 4 a). A glass tube, sealed 1nto the window

of the furnace, was connected to a vacuum llne via a flow
h meterz;\ Air was W1thdraWn at elther 0, 1, 2, 3 and 4 Z/m1n
1. Llndberg Hevi- Duty Box .Furnace with 200-1200 C Range,

Digital, Solid State Console. <Canadian Laboratory Suppl1es.
2. Roger Gilmont: flow meter, serial No E-439. - -

¢
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In addition, one testlwas done with the'glass tube removed
and the furnace door ajar (Smm) Air was" w1thdrawn rather
»than blown 1nto the furnace to reduce the p0551b111ty of ash
<be1ng blown out of the. cruc1bles. Ashlng temperatures and
) tlmes were 450 Cc and three hours, respectlvely .
If complete combustion’ had taken place neglléeble

amounts-of ash (less than 0. 01% of the paper welghts or

0. 0005 g) should have remalned ‘in each cruc1b1e Closure of

' _the furnace door during combustlon without w1thdrawa1 of air

resulted in amounts of unburned materlal (10 to 15%) at all
_51tes, A def1n1te 1mpnovement in combustion was observed
" with active alr.w1thdrawn;(F1gure‘4J, At 4rZ/m1n'act1ve

. T ‘ L . . . ‘
alrflow there was v1rtua11y complete combustion of the ¢filter

papers 1in the center of the furnace, leav1ng only the front

, and back rows w1th some unburned materlal (up to 0. 05 g)

In an attempt to obtaln prattlcal means for 1mplementat;on |
durlng routlne laboratory use of the. new furnace, the door
was left aJar, approx1mately 5 mm at the top lt.appeared,.
however that the partlally opened door let in too'much'air; L
f thereby preventlng the temperature from rising suff1c1antly 1
for complete and eve? combust1on (see front three ‘TOWS, '

Flgure 4.. f).

In checklng out 51m11ar furnaces but ones that had been
in use for several years it was observed that the furnace |
'door contalned a thin coat of .black re51due wh1ch ‘prevented
the door from being totally closed The openlng around the

door and gaps in the f1re wall apparently allowed suff1c1ent
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Figure 4. Schematlc representatlon of 1ncomp1ete

combustlon of cellulose in new furndce at 450 C.
a.'Slte of cruc1b1e placement and ventlng for oven.
b. Venting.rate. 1 Z/min. ‘
c. Vehting rate,Z‘Z/mln.
d. Venting rate 3 I/min.
e. Venting rat« 4 I/min.
f. Door ajér‘S mm. ’

- At zero ventlng rate incomplete combustlon of

: 10 to 15% occurs at all sites, -
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air to enter into these older fu es, thus allowing
complete combustion. From the results obtained in the
above test w1th the new furnace 1t was dec1ded to ash only
24 samples 1n each furnace at one time. Slnce the center
region appeared to glve'the'most rel;able'ashing results,
lz samples nere}placed on the bottom bf-theffufnacevand the
remaining 12 Sampies on the shelf, both sets were placed
 near the center reglon of the furnace AFurthermore, the
door of the new furnace was left aJar to maintain a space

of about 3 mm between the door and the furnace.
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F. Composition of AIA a

No published information was.available on fhe composi-

tion of AIA. Therefore, an attempt was made to obtain the -

chem1ca1 compos1t1on of AIA

- The follow1ng materlals ‘were analyzed (1) A1 - "

obtalned by 2N HC1 analysis ofgalfalfa and a-barley4oats‘,.f

’graln mlxtgre;

- 4‘*

. o ”the barley oats grain mixture;.
“ N ' .
&  feT paper, Whatman No--413 and (4)

froqlﬁhe 2N HCl analyses.e
These samples dk%e.anélyzed w1th an X-ray fluoresence

spectrometer1 at the Atberta Research Council. Potassium

~ content of the samples were determined by atomic absorption2.

In'addition , one AIA sample (bafley-oats grain'mixtﬁre) was
' analyzed for crystel struceure by X- ray dlffractlon at the
l4Alberta Research Counc11 Samplesvcontalnlng'known quati-
thS of 51lrca, pota551um and iron Qefe.prepared andehséa
as standards. The spectrographs of the known and -unknown -
samples were then'comparbd and the percentage of the three
maJor elementS-estlmated. | RS |
fhe méjbf_elements &etected'b? X-ra§ fluorescence

'_sﬁectroscopy‘were eiliéa; potassium and'iroﬁ. The analysis

of .potassium by atomic absorption showed a mean (+SD)

-potassium'conteht of 0.56 # 0i08%~

1. Model XS-25 DSR; Nuclear Dlodes, Inc.
2. Techtron PTY. Ltd. Velbourne Australia.

‘E“%é J'

t

pbtained by 2N HC1 analyses of fe';/és

- 52
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‘COmparing the spectrographs ef the known and uﬁkﬁowh ‘ng.
samples, the mean lron content. of the samples were estlmated ‘,-:'
at approxlmately 0 005%. Other elements detected could only
be eStlmated as being present in negllg1ble amounts.‘ The
AIA sample, analyzed by X ~ray dlffractlon showed an amorphous.
5111con structure. |

~ On the’ basis of these analyses AIA was Judged to be
mod’ than 99% silica. The presence of potassxum was
accounted for by the ash residue from the filter paper:.'
_Also, the presenae of 1ron and-the trace amounts of other

elements could be explained in terms of ash re51due from

fllterpaper, rather than sample re51due.



G. 'AIA Content of Qommon Feedetuffe ; ©

If the AIA method lS toxbe used it would be deszrnble

to have some 1nd1cat10n of the ATA contents of common L

»feedstuffs ‘To obtain thls 1nformat10n‘81 samples represent**-lvli

‘ing some 20 Tommon an1ma1 feedstuffs were klndly supplled by
'Dr. Martle of.the Prov1nc1a1 Soil end_Feed{vestlng Labo;a:,'
'tery.of the Alberta Department of Ag¥icuitere, These
" samples, with some samplee of wood shavings.ueed for animal
bedding, were analyzed for AIA content by the 2N HC1 method._
The addltlonal wood shav1ng samples were 1nc1uded because
‘when_the AIAJﬁethod is’ employed to estimate dlgest1b1&1t9

. it is 1mpor@£nt to know not. only"’ the AIA 1n the provided
ration but of all materlal,lqgested by the animal.- Beddlng
materiai; sd%h as wood shavings or-sf‘ew materiei may be, o

%gpsumed by the anlmal. Thls materlal may contaln ATA and

o if not accounted for would bias the est1mates of dlgestlbllty

wcoeff1c1ents ~In addltlon, the AIA content of a sample of
"rumen mi croorganlsms (bacterla) was estlmated by the 2N HC1
method. | L
The results of the AIA analy51s are summarlzed 1n Table
.,16. A large varlatlon between feeds and also w1th1n feeds
_was;observed " The coeff1c1ents of variation of some feed-
stuffs w1th low "AIA values were Very hlgh The v1rlat10n

between AIA values w1th1n the dlfferent feedstuffs may be

© the re$u1t of . var'ous factors L . .
m - . . .

(1)

agcordlng to the predomlnant plant spc1es present, but may

mogeney y“o samples Samples were allocated names

- R ) : - e\ e

R . - .
. - e, . -

. :54?{



: A11sted in Table 16 came from dlfferent reglons of the.
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contain other plant mater:,als. Samplo conpo tion in tams ;
of feaves to stem ratlos may vary considerably Sinee AIA |
‘consists of 99% silica (III F. ) And silica content varios
between ﬁtant spec1es (Russel, 1961 P 536) as we11 as
between parts of a 51ngfe plant (Jones et al., 1963), "
considerable varlatlon -in AIA values may result between two -

samples glven the same name by the Prov1nc1a1 So11 and Feed

\

Testing Laboratory - o »IQ;, : o .

{2) Maturation of plants?at time of sampllng.' Matufe'plahts o

are recognlzed to contain more 3111ca than young‘plants j LR

»

. (Jones and Handreck - 1965b). . ‘
T (3) Geographlc or1g1n of sample material. Several»f;ctOrs
such ‘as ‘pH of the soil. (Jones and Handreck 1965b), nutrient. :&;ﬁ
supply (Fletcher and Kurtz, 1964), transplratlon ratios a
(Okuda and Takahashl, 1964) and salt concentrations (Tullln,

fv%1954) influence the levels of silica in plants. “The sampl¥%s

\ "

prov1nce of Alberta. . - T .‘d}_»" - _ ‘
‘w R

. _'In general terms, AIA values in straw wereiihe highest,
followed by hay and grains. Legumes appeared to contain -
less AIA than grasses. On the other hand, AIA content .in-

" wood shavxhgs was very low. - Because the wood shav1ngs
showed a low AIA content :helr contrlbutlon ‘to zhe 1nd1gest-
'ible component of the feedstuffs is greater thhn to the?
AIA component. Therefore, wood sha%ang% used a% beddlng

materlal and, consumed by the anlﬂgl in apprec1ab1e amounts °

>~ -

" during a dlgest;bxdlty trial, will have a 51gn1f1cant effect

e e ek
B v
G
2 .
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.on the feedstuff digestibility. ¢

The AIA analysis of 'rumen microorganisms (bacteria)
revealed an AIA content of 2.56%. The sample was taken
from a cow grazing aMbromg:grass pasturé of undetermined

AIA content.
" S : 4
The AIA level of these Qrgnisms appears to'ye high - .

relative to valUgs in many feedstuffs'(Table 16Y. The -~
question of the origin'of the AIA in thempicrobrganisms is.
therefore; raised. Also, iglthexAIA level of these _
organisms directf§ related to the level of AIA in the fged?

At this stage thesg questions remain unanswered and further
'investigations,areﬁhccessary. ‘f
.- [N



°
Table 1l0. Th\e AIA content of common feedstuffs determined -
by the 2N HCl method. : . )
: roaon 2w ; . - i |
Feedstuff . sample = Dry Matter  AIA value C
number (%) - (%)
GRAINS o | _
oats . 4772 . 90.81 ©1.949 b
L - . 3979, 91.98'.  1.428
St 4682 89.32 1.173
Barley ,' & e~ 4794 9.44 .  0.812
E ., . :
e § - 4789 89.76 0.506
- ,JfZ’; & . srs 8. o 0877
. Wpeaf¥ T 3926 890.50 ~ * 0.133
.ﬁﬁ?‘ R - 4768 89.80 0.190
R 4769 89.33 . 0.161
o o 4593 ‘; 90.99 . 0.228
S . 4594 90.58 0.078
“ Fababeans " 4708 . 87.66 °  0.134
| 4901 90.18 0.372
4453 89.17 0.023
4454 . 89.43 0.057
STRAW . | | ‘ ;
Oats - . 4782 85.89 1.516
| . 3883 93.14 1.295
' 4724, 90.18 ' 3.456
4720 . 92.00 2.007
_ | 4718 . 92.83 -  1.533
Barley . . . 4761 -« . 92.10 -  1.630
N "‘ | "Q 393?1;?» 92.0% 1.625
A 4693 89.98 ,  4.546 '
¥ 4678 92,70 L7540t
Wheat &, - 4557 9329 5.370 L
N o g 4spsn . es.g3 . 6.000
L ® : 4677  93.18 2.567

4368, < 92.01. 2.177
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Table 16 (cont.)
Feedstuff Sample Dry Matter  AIA value
‘number (%) ' (%)
Wheat 4311 . 94.83 4.730 .-
HAY _ o o . - 1&gl
¢ Native Grfass 5325 92.19 3)44‘03‘@
5326 92,55 | 1.gé§i§k; |
Brome 3502 '91.94 1,197 B
4671 93.12 3,555 - -
. 4551 92.72 2.880°
4928 . 93,15 5.614
| - 4868 - 188.20 3.872
‘Alfalfa .< 4692 86.74 . 0.113
4673  90.55 0.107 :
- | 4660 90.59 0.307, .
Grass-leguga _ 4787 92.65 ‘ 1.683-Lh v -
» L . 3982 92.82 0.800 4{
| 4729 191.78 0.765 -~ v 9‘
A 3950 92.68 1.470 <+ 0 d
Oat 4793 91.10 0.851
4778 93.15 ©1.565 v
4657 . 1 92.64 1.520
] 4618 254 1.993 1
- . 4600- 84.23  5732.071 "
. = Clover (sweet) 4783 91,06 ¥ 40.060 |
! | ' 4308 - 928 0.204
o Timathy - 3848  ~  92.23 1.208 -
o 4504 88.33 - 3.794
‘ - 4338 93.49 “1.803 .
SILAGES o P e
Oats ~ . | 4650 91.80 2.189
| I . 5042 ~. 50.58 ©1.973
f 4998 90.51 1.905
4925 91.33 2

.206
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Table 16 (cont.) ’ N ‘
Feedstuff . - . Sample ~ Dry Matter . AIA value
‘ number (%) (Y
Grass-legume 5065 89.78 11.073
| - ~ " 5068 91.62 ° 1.128
4869 90,20 . '1.243
- 5309 - .91.75  0.840
" Corn Silage 4713 . - '90.02 3.235
. o 4546 .o 90.01 1.364 °
o 4939 . 9l.e1 | 1.875. <
4897 C91.64 . - . 1.874
oLy 4844 92.18 - 15268 0 -
SPECIALS  ~ - , : . ' L ~ﬁ;§?i.+;f’?fr.a
~ Dehydrated alfalfa ' | D ég&’" L
pellets © 4788 92.07 - 1.19®e i
‘ T 93.29 » ouﬂsg'gééﬁzéj;ﬁ;\
| 4613 © .~ 93.98 0.195 . THGI,
, 4519 - 92.42 . 0.758
; . 4521 92.46 - - 0.437
Screenings - - : N t’ ' -
(rape) 4699 81.10 ﬂ- 2.889
(flax) ' 5022 92,11 % 0.673
. 4937 92.ﬂ< 7.488
Supplement-graiyp : . . ‘ | .
mixed ' - o I ) 4
~ (hog ration) 3936 ,90.84 1 . 0.299
‘(dairy ratiom) . 4709 90.77 7 1.068
(beeN ration) - 4663 92.35 1.556
WOOD SHAVINGS o o
 Cedar o 91.17 0.019 .
Fir by 91.18 . 0.124 '
Spruce ff e | é ‘g1.74" _0.326
Mixture as off Truck : - 90,40 0.019

P P . N - ' ‘-.



A;batéhes of 12 samples 'This was done, because the labora-

.
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H. Comparison of Three AIA Laboratory Prooedures‘-

- Three AIA laboratory prOcedures are now available.
Conc. HCl (Shridastava and Talapatra, 1962a), 4N HC1
(Vogtmann et al., 1975) and 2N HCL, see Append;x 1, 2 and

3, respectlvely, for descrlpfion of procedures ‘nd a scHema- -

tic summary of each is contalned in F1gure 1. The Conc
HC1 method was not fully\descrlbed in the or1g1na1 publlca-
tlon (Shrlvastava and Talapatra, 19623), but .was .
1nterpreted and used as $HKéwn TﬁlAppendlx 1,

B In this sectlon is reported an examlnatlon of laboratory

time and equipment requ1rement for the three AIA methods

- Other factors such as convenience, odor and safety are alsq

P

considered. = ‘ : o . R J

In an attempt to obtain unbiased results'for each .

laboratory procedure the summarlzed datafﬁas based on obser-

VatIOS% made over an extended?perlod of t1me * ‘During this’

time' seventy two samples of both feed apd feces were .*'

analyzed by each of the three laboratory procedures .

However,.analyses were done and expressedton theAb351s.of.

tory equ1pment for washlng the samples free of ‘acid could

accommodate 12 samples in each batch

- :‘A‘maJor dlfference between the three AIA procedure/
o~

thirtlme take xﬁor various steps and\number of . ashlngs. .

Whgre,,the Conc‘?}lCI and ZN HC1 laboratory procedures started

V"
L] -~ v 4

&lth an.1n1t1a1 ashlng aftef sample preparatiom, samples
s
analxzed-by the 4N;¥q;xp;ocedure,were,ac1d digested befor

>

L4
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'fashing. The flrst ashlng step elim%pated obJect1onab1e

odors that are assoc1ated with acid digestion, a problem~
especially with fecal samples. 'This step also. e11m1nated

the need of a fumehood and made it p0551ble to use a crude

flber dlgestlon apparatus However, two ashlngs added,tlmer

to the procedure.

Incorporat1on of dry matter determlnatlon at the begln-
ning of the laboratory procedure, as 1n the Conc HC1 and
ZN HC1 methods elamlnated the need for separate analysis'of
.dry matter. lTherefdre, dry matter-anddAIA measurementsﬁwere
done on the same sample.: Determfgation.of empty‘crucible |

weight after the ashes were cleaned out,was cons1dered more

' de51rable than estlmatlon of empty cruc1b1e welght at the .

"-start of the:procedure. This m1n1m1zed p0551b1e variation

-among empty crUC1ble welghts

The Conc. HCl me thod requ1re% the use of 150 ml
crucibles. The 4N HC1 apd 2N HCI™se thod requlred 100 and

‘ 3 %
50 ml crucibles respectlvely. The ‘smaller crucible ha&

A

‘useveral adVantage§ They allowed a greater number of

.samples 1n the avallable furnace space and reduced the

61

<

.

’mnumber of de51ccators requlred for coollng the samples. The /”‘\\

LY

f;smaller surface area of the 50 ml crucibles reduced p0551ble

3;m01sture absorptlon when exposed to the air durlng weighing.

- In addltlon, 1t was more convenlent to handle" the smaller

sized cruc1bles A k
The switch £rod the use of the hot. plate in. the fume-

hood (4N HC1 method) to the’ use of the crude flber dlgestlon

&



fapparatus (2N HC1 method) for acid digestion provided more
even boiling of all samples Tt also a}howed ?fe use of a
Berzellus beaker rather than an Erlemeyer flask asza. |
container for the ac1d-samp1e mlxture, thereby ea51né.the
rinsing procedure\~ Furthermore;'putting'theTSample'héiﬁgrs:
on thescrude fiber digestion-apparatus saved time and_was
easier-as‘compared to attaching~the portable‘condensersf
(4N HC1 prgcedurej to the_Erlemeyer flasks. | ,f

- A summary of the est}nateddtime requirenentkfor'thé
threeslaboratory procedures is shown in Tablei17 Tlmesl
were divided 1nto (a) laboratory occupancy t1me (requlrlng

e.prcsence of operator) and (b) 1ab;;atory t1me (not requ1r1ng

presence of operator). leferent t1me gFrlods for welthng

_qﬁ

the 1n1t131 samples 1&,@‘38}1 procedure, were ithe result of

different sample welghts used betweén procedure

ease of transferrlng the welghed sample materlal "tp their

respectlve contalners

30111ng and, eVaporatlon (ac1d d1gest10n) ‘times (
17'step 7), 1nc1uded in the total 1aboratory occupap

‘represents the necessary preparations that must be made

_ v
~ before samples could be washed free of ac1d, uch as folding

/////fllter papers, prondlng hot water,” etc.

) R1n51ng contalners (Table 17 and step 8)Aaccounted for

more t1me in the AN HCl procedure as compared to the other

-
o~

. two procedures ThlS was due to their shape and the

quantlty of sample they contained (Erlemeyer flasks)_and it
.
was more dlfflCult to achieve complete transfer of re51due
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o | o 65
Time required to wash sampgles free of acid (Tabie 17
‘step 9) was greatly reduced by an 1n1tia1 ashing of the
' samples. Ashing reduced the total amount of sample mater1a1
. and allowed washwater to filter through rapldly The Conc.
HC1 procedure requ1red concentrated HC1 acid wh1ch 1ncreased
the total-Washing t1me
| Materials and equlpment requxred for each of the three
iaboratory procedures are shown in Table 18. For the greater
part common available laboretory'equipment was used, with
the p0551b1e exceptlon of the portable condensors (4N HC1
method)vfor ac1d digestion. However, if no crude fiber
dlgestlon apparatus 1is avallable, a hot plate can be used
to boil the samples, During the latter part of the stud;es
the convent10na1 electric kettles, ‘used to: provide hot
A washwatcr, were replaced by a. contlnuous hot water warmer. °
A round bottom ‘glass bowl (12 1) was: connected ‘to the: o v
'dlstllled water source. The water in the bowl was continu- . '
- ally heated electrlcally or by the steam Supplled to the
1aboratory In addltﬁﬁn, ‘a special hot water dlspencer was
. devised to wash four samples at.one time. This set-up

provided a steady Supply f hot distilled water and reduced ‘

total time required for washing  samples free of acid. iR

Q
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Table 18. General obsérwations and a compgrisén between

the Conc. HCl, 4N HC1 and 2N HC1 laboratory.procedures
on the basis of materials (per”sample)Treguired;

CAIA laboratory procedures.

&
7.

DJ;cription ‘Conc. HCI 4N HCl ' 2N HCl
No of days for analysisl 3 2 3
No of ashinés 2 1 2 d
Ashing temperatures (C) 650-650 650 450-450
Odor during acid digestion none yes . none
Normality of HCl acid 11-12N 4N SN
CﬁQCéntrated HC1 (ml) 35 32
Hot distilled water (ml) 300 750
‘ o : y
Dryiﬁg oven yes yes
Furnace % yes yes
Steam bath O - yes
Crude fiber digestion apparatus I
'Fumehood ' yes - - Yes,
Hot pldte . yes"
Portable condensor %f yes

of time requirements see Table 17.

: — — —fY - . T -
1Expired #ime. from starthto end of analysig. For breakdown: I

ZA hot plate and portable condensor can be ﬁsgd.
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Expertment 1. Evaluation of?Z}d/aa a Natural

'Subetances in Ruminant Digest'bility Studties

1 .
.2N HCl were used and evaluatedp

aable enery- requ1rement to metabolic size.

I. _CQmparison of AIA Methods Uaingwﬁﬁémal’tye

7.
’

/
The objective of thls/experlment was to compare the

‘d1gest1b111ty coeff1c1ents of several ruminant rations

FA

determlned by the- total collectlon method, with the

: dLgestlblllty coefflcients estlmated using the AIA natural

1ndex.substance. Three AIA methods Conc. HC1l, 4N HCl and

o

a. Ezperimental design, animal management and rations

" The digestibilitf-methods were cvalueted using mature
Suffolk wethers (79-86 kg), kept 1ndoors and 1nd1v1dually
housed in flberglass metabolism crates. Each ration (Table-
19) was fed to tWo sheep twicevdaily at a level of approxi~

T

mately 1. 2 times maintenance. These levels were calculated

/faccordlng to the equation presented by thp Natlonal ‘Research

Counc11 (NRC, ’1968) whlch relates.the‘malnenanee metabpllze- ,

- Kcal = 112 x body welght (kg)o L

ng times were 0930 and 2100 hours. Calcium and phos-

1

Feed
@hat
were prov1ded to -NRC requirements and put 1nto the feed each

time the animals were fed Sand (20.0. g) added to rations

-4, 5 and 6 (Table 19), was mlxed w1th the feed and m01stened

to prevent settling out, before the anlmals were fed Water

o

/.

in the form of. ground 11mestone and dicalcium phosphate‘

:57
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was avallable at all tlmes and fresh.water was given once
dally ' ( . ; ' ‘L

The choice of ration for the present test wag based on
predlqted &ifferences in chemical compn51t10n4 AIA,contenT—
anq digestibility. Alfalfa péllets used were supposably
. from a single batch from a commerc1a1 plant.- Ihey were'
obtained in paper bags of'2217 ké weigbt. No attempt wae,
made to remix the pellets after delivery. Rations 7 and 8
(Table l9)séonsisted‘1grgely of brome grass (Broméb eppu)l
and some cresied wbeatgrass :They&came from two differenb‘
Vbatches and were con51dered as two dlfferent rations. The
concentrated barlef(oat graln ratlgn was. prepared in a
single batch at the Unlver51ty of Alberta feed ﬂﬂLl The
sand added to rations 4, 5 and 6,was obtaxned by qﬁhlng ,

(overnlght .at 650 C) black garden 5011 The ash re51due

thatlpassed throuﬁh\tﬁﬁ screeni(o 840 mm), was wnshed in

dllqted HC1, washed free of acld ‘and drled Partlcal s1zés

#f the remaining materlal term d sand were dgtgfmlned by

water washlng through a serles of \sieves.

‘.
: - »_';_?:l ; . h T, sl
b, Feed and fecal collections . &ﬁQf',‘; ¥‘?.
. ' y . . !
' ’ \ ~. ‘ ;I ’.rﬁ\’ '

A minimum 30 ~day. prellmlna:y geﬁfd&\ufs allowed for the:

’anlmals to .adjust to ‘each ratlon before the 8- day collectlon

>

perlod Durlng the 8-day period dally fecal samples were

~ gy

A L
- collected every 24 hr (0900 Ar) from metal &ays 11ned ‘with

nylon w1ndow screenlng beneath the crate floors .Total .

.dally fecal outputs were welghed u51ng a top loadlng balenfe

BN



ew, N ' -y
LY

.. to the nearest one-tenth of a gram and drled to constant
welght in alum1num pans at. 55 C in a forced ‘ait oven for S N
three days. Féed samples were collected each day and d11ed

-in.the;same manner as the fecalﬂsamples. Both, feed and
fecal samples were flnely groupd_us}hg{a Christy-Nortis 'lﬁg;a T’:

mi1ll and stbned in polyethylene bags. Prior to laboratory = %-
@

analysis, §amples representing a constant proportign .of

daxly feed antake and da11y fecal output’ of diViduaL»‘
le'of:thefy

sheep werestomblned to. make one comp051te sa

- 8-day collectlon per1od.. Compos1te feed samples d1d not

-

~contain sand ground 11mestone or d1ca1c1um.phosphate .The;
g sand, ground 11mestone and dicalcium phosphate were analyzed

“1ndependently for AIA content ,
o . . , L co % S e
. — - D, .l”. - T Ti ’ - . ’ x
e. .Analyszs and calculations ’ o . ' ‘
. o . ' ) - a, - .
R A . R ‘Q. v o o i - , , i
The dry matter contents of feed and‘ fecal y‘les"were E ol
)

' ¥
. P l-}l

de?@rmlhcd as prescrlﬁéd by the AOAC (1975)

4 PR

jeon - va

“dstermnned by the macro KJeldahl method (AOAC 1975) o

QAP

. AIA ‘contents of “and feéal samples weTe calculated

N wlth equatlons as ShOﬁn (Appen‘dlx 1, 2 and 3) for each AIA o q

>

i e 2 . %

method. ' o » .
Apparent dry matter. (DM) d1gest1b111ty coeff1c1ents
were calculated with the formula
- . % Apparent DM d1gest1b111fy
feed DM (g) -fecal DM (g]
feed DM (g)

00 x

1. « Model NoﬂA Chelmsford England £ S R



4. Statistical anaZysia B - 4-' ;

. . v >
- - : , = \

Analysis of varlance and regression analysxs were done

with: computer prOépams available from the, Unlver51ty of

L

B N

e’

Iﬂberta Computlng Centre. Duncan s New Multlple Range Test .v

e Cgteel an&' rle, 1960%'was used 1n_compar;son of means.

e

» !
-

%“,\a.‘_ReSuZts ’ e
) b ‘ '9

by a::?AIA content (Table 20) of the raf“bns ranged from..
t

o
Lo
[

0 .15 08%;. the 1owest valucs wpre found 1n .alfalfa
(ratlon 3) and tho hlghes%yln brome‘grass (fatlons 7 and 83
dh;ent nf the rﬁtlogs

¥ -br 1. 45 ?% 1.80%: \mhere were dlffere’ b f?<"0§£ in the'“

A ,
~Add5t10n of sand 1ncreased th KIAV

t

-

¥ estlmation of AIA obtaxned by 't three’ IQ:&A ‘974'6&5 further -

?g:, lndlcatlng the emp1r1ca1 naturg of theoAdA ethod and the L

' 1mportance of con51stancy of labératory analysls Repeat-

: wi
e ‘ablllty of dupllcate analx?ﬁs ﬁas 0. 02% AIA or better for

W T
>ymore than thls\amount

‘

Approx1mately 8% of ai% analysesineeded to be. repeated

‘§?l;» A llnear, 51gn1f1cant (P<0 01) and p651b£te relatlon-
g~sh1p was found between d1gest1b111ty coeff1c1ents frem-%he
three AIA methods (Conc HC1, 4N HCI and 2N HCL) and the',

- total collectlon ﬂEthod (Table 21 and Flgure 5). There

was no 51gn1f1Cant dlfference (P<0. 05)&1n varlance and slope :

between the three 1nd1v1dua1 regre551ons Intercepts of thei.

regre551ons of total collectlon and Conc. HCY and ZN HCl _,.‘

n

]



. ‘YéAG 'f ) b * P
) . lo - Ratiops '
b pr e [ oL 0 S Coal o - =
. T AIA Lt — ". e « 'Mean
" method - 1 2 3 4 5 6 7 8
e 4-; . » ..f« S
Conc. HCI  1.42%.81 0.21 3. 06 2.60 2:01 3.08 3. os.%z .03
- 4N HC1 ’1230..68016270229191285282 ]’.835.
~2NHC1" ;,40 og0015 2r 236190293287 1.90¢
; e P
See Table- 1—9’ yr ration ca \J(tion :
a-CMeans with . ifferent suferscripts are 51gn1f1cant1y
(P<0.05) dffferent. (SE o{..méarrs 940218) . ¢
SN S _ N R
\ ‘U{_i, “» | \ » 'l . \\;, " . f
‘\ 43"' ’ . ! ,/" 3 |
- . . s/ W

vl ‘ v
. C

, ! ‘S . :
~ Table 20. &ercentage AIA in rations determmed by three )
AIA mq_thod l?”\ o s .

.g, "labdeﬂ Relatl‘onshlps .&et%qen dry matter dlgest1b111ty
goéff;ments % deter.n;lned by the - totab COllthL% (TC), ~

o e N 41(:1 &nd 2N HC1 meth’od;s N <
u:Ag,RA;gIV'essio‘n .igc»s KT i ‘.}S_-I:Zb‘ e RSD
. — SRR L — .. ?
= 6.72 + 0.87 ®onc. HC1 . 0. 95**~’ 20,11, s2.
- ‘f6\= 7.23 + 0.90 4N’ HCl P *sp.11,-,] £2.66
'-Tc=4g % 0.89° ZN HCl L« 20008 22, 01
"'u - s . ~

r=. Corrq;atlon “Loefficient, : e
SEY = Standard deviation pf the regressmn coeff;c1ent.l .
RSD = Standard er,ror of ostimation. = Y

* % (p<o 05) | P “ e

72
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.anf"
for baqth these regreésiqns were,different\(P<0.05) from the
regression involving the 4N HC1 method.

An analysis of variance of the.diéestibility coeffi- = .«
cients showedffhat‘moSt of .the variance arose from differ-
ences in rations,(Tabie 22) but there was also a significant
(PLO OS) difference between varioﬁs AIA.methods (Table 23).
While “pone of the AIA methods dlffered 51gn1f1cant1y from
the - eqal collectlon es:;mates of dlgestlblllty, the 4N HCl
metgik prov1ded estlmates.yhlch were 51gn1f1cant1y (P<0 05)
greater than those estlmated,by the Conc. ,HClvand ZN HC1 -
'methods. - - \ |
. ‘ The mean d{éestibility coefficients ef comparative ‘

.g ratlons w1th or w1thout sadl”were nq; 51gn1f1cant1y differ- ~
,Nr “ent (Table 23). = g6 ™ | | |
. f“ . ﬂsxng'the measuremeﬂﬁ! o? feed 1ntake=and fecal outp'
‘and ALA conﬁent in each, estlmgies w@re obtalned “of the’ g
pertent AIA° recovery 1n feces (Table 24)".The mean AIA g e
recovery us1ng the 4N HC1l method was 51gnrf1cant1y (P<0 OS)

greater than for the other(tﬁo methods R However, none: of

th means dlffered 51gn1f1cant1y from total (100 ) AIA \\\

g theeans aisfered sianicy
' reck ﬁi . . ‘ R -
. . \
- e ~ R '_A"f; -
¢ ..‘% ‘ / r A\
r"- T .
Lt g . .
[ 2 . ]
- .
4 «.

A
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Table 22, Ana1751s of variance of the effects lof rations and -
gIA methods on estimation of dry mdtter dlgestlblllty
fcoeff1c1ents (%) :

I

*?

G : e RN ‘ . ‘ -
Source of error . oo.df -¢'Mean Square F-value ~
" A - e " . ‘

Rations .ﬁi 7. i 303.98 Ibsi§4**

. Methods _ - 3 o 11.77 - ] ®
Error - -2l ¢ 2.95 N
Total 23 . 2

- . L . ' .. ' )’3 ‘
_ df = degrees of -freedom. s
0 %P<0.05 v v L e T e L
**P<0.01 - A ot -
o & . ) . ‘ ':te‘_ P
Table . Méin dry ma:ter d"ﬁestlblllty &ogff1c1ents (%) of Q

atlons (1able 19) estlmgied b#’total collectlon and three
AIA methods. TWo- anlmils were USed for - each ratlon
. ' - -G e

qﬁ)-'

r s _ \ :
ST .-T°t%*a;?“ks‘€V " AIA methgd };: a S
*Ration coLleCtiph“:, ' ‘ ‘
L Tethoqgﬁ'l” Conc. égg < aN Hc1 iN HCI  Means
-~ . S T . '
1 76.2 74.1 . -75.0 72.2 74748
2 63.0 61.0 - 64.1 61.5 . 62.4D
3 - .siv7 50.8 58.2 51,7 s3.10d”
&7 s 70,9  74.4 71 c7zae
5 63,7 56.7  62.5 58.7 - .60.4D
6 50.5 Y . a1 516 4gT s0.8% .
7 - 56.5 55.6 © , -°55.1 - 54.1 , 55.3€
8 . s4.4 . s7.0  .55.4 . 55.2 55.5C
Mean " 60.,9ab. 59073 s’Ksz.gb 5948
a:ﬂﬂeans_ulgh dlfferent'superscrlpts are 51gn1f1cant1y*4 7”
(SE of meﬁns 0. 61%). T
-
. ’ ». P I3 ¢




Tabler24

' were used for each ration.

./'

B

‘ was determlncd by three AlA methqu

Mean recéyery (%) in feces of AIA
- AIA content in feed and - fedes

wa sheep

Ration  Concl HC1 AN HCL 2N HCI Means

| 1, el 9s.2 85,6 90. 84
2 961 . 103.3(  96.4 ~ 98.3bc

L3 98,3 . @ 1‘15 6 L 100.7 104.92

B 97.5 i Pa10.9”7 7 afos 102.92
5 sa.0 * 7 . bels - 87Teg, 89.6d

$ . ez oz L 98,8 ., 101,33b

ot AN 98.1 . 97,0 . 2, 95. o , '96.7C

B o d@6.1 - . 102,3 . ~1“01'9'- . 103.42°

> Mear 96, 7R =w 10300 95.82 . 7 -, -

w v
——

.Me aris Wi

(P<0 Q v dif fe; ent (SE of means L 44%)
- j'}f?Qﬂﬂl S J.\
o %‘7'” SO e ! .
e .. .

‘_3!*

e
h” dif ere t supérscrlpts are 51gh1f1cﬁnt1y

76 -
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‘gf Diseussion of.Expert ent » ' o - o

In dlgestlsn trlals thh rumlnants ‘the length of the

pre11m1nary feeding periods has been d1ctated largely by

the length of t1me_requ1red‘for the feed intake by the

nAnimals'to become cgpstant and forﬂiﬁp feed tesidJesyof‘the

brevious ration to be eliminatedm .However;vthere is‘lncreasf

ing evidence that the composition of a diet has marked

1nf1uence on the m1cr%flora of the rumen (Warnet 1962; _' | g

Hungate 1957, 1966\r¢¢ubb and Dehor1ty, 1975) Several : .
- - workers have come towthe conc1u51on.that the optimum length -

of prellmlnary feedlng perlod depends on, the nature of the .

change in dlet (Nlcholson et aY , 1956) When radlcal , :
l ‘;;bhay to concentrates are’ 1nvolved 4§J C
A 3 3

iod may not be enough to~obta1n o

[

changes in the rf

.a 16- -day prelimi{ .
vrellable d1gest1b111ty valuesv the requlred t1me\may lie : L
\beﬁween 1% and 30 days. *‘However, when the change 1n ratlons .
’affects only the nature of the nltrogen supplemengs while

'the basic- componeﬂtS remalned constant, a preliminary

feedlng per1od of 17 days appears to be adequate " The 1dea v }
.that the time requlred for ad&ﬁ%atlon should vary with the N

nature of the change in diet sé pw reasonable, .since it

,nd on the nature and the. magnltude of the differ-

oy

ences in m1crob1al populatlon in . the rumen of anlmals

)y

condltloned to ‘the two ratlons In the present study feed'

‘changes»were made from a complete alfalfa to a complete

-~

”concentrate ration.. Therefone, a m1n1mum 30 day prellml-

nary perlod was chosen to allow the anlmals to fully adJust
N ' T '
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to each ration.
A highly significant (P<0.01) effect of rations on DM

digestibility (Table_ZZj was'not sufprising, because the

rations chosen for fhis experiment varied in chemical

Composition. The estimated

igestibilities of the different

ratiéns were affected‘byit e methods (Table 22), but a

significant interaction between AIA methods and rations was

not present. ¢ N _ ) i | 'ﬂgg
‘ ~ The standard errors oé\estimation'of the medn
-digestibility}coefficients determined by the three AIA
methods were not'Significantlymdif%erent. This'is an
‘indication that the g&iiabilityVof the digestibility
coefficients of the three AIA méthods were of the same
_ A g

magnitude.

The greatest dlfflCUltY in asse551Qg a d1gest1b111ty

L trial lles in the fact that no. exact standard is avallable.

Accepting either the traditional total collection method,

which is the normal procedure in, digestibility studies'or,-
ithe ratio method such as theﬁAIA method implies accepting - L
a number of‘varlat1ons Wlﬂh the total collectlox method »

DM intake .and DM output are based on weighing all}bf the

material cohsuned znd'excreted‘by{the enimal. ~Weighing in
itself is:critfcal because weighing-errors lead to biaséd
dlgestibllity estlmates and once a welghing error is made it
-'can not be corrected at a. later date., Sehectlﬁe feeding by

the experlmental anlmal (non pelleted ration) demands a

dec151on from the experimentor to verify 1f the welghback

AN




represents a#“nmimi\x of the £ offered. Simple

\*6

B ‘
ngtractlon Teads to a biased dig

Wility estimate.

i

f:Furthermore, losses do occur. 'Fed® is lost in either fécés,
,urine or simply oh the floor.‘ When: large experimentai -
- animals‘cfe used in_digestibility trials ;he losses of feed
and feces could be substantial. ' . . .o
Collecting aii fecal material is in a practj sense
dlfflcult to accompllsh " When fecallmaterial 1s soft'any

surface comlng into contact with such feces removes part

of the total amount. Petry and Enders (1974) found that the’

dirtiest pigs had the lowest fecal recovery. Furthermore,
when soft feces are contaminated. with feed, separation
becomes 1mp0551ble without 1051ng some of the fecal mater1a1

Contamlnatlon of fece*xth u»rmi also ..dlt\flcult to

. pnevent

79
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"en£‘2 ‘ Cahparteon Betveen tif 2 | HCZ and Total

Collectton Methods in Esttmattng Dtgesttbtltty by Sheep

The experiment reported in thlS ‘section was de51gned
to evaluate the AIA natural 1ndex substapce method (2N HCY)
das a method-for est;matlng d}gestlblllty of‘rumlnant-feedv_
“stuffs compared.to digestibiifty estimated?by the total .

collection method. Three experlmental rations wh1ch

s
-dlffered in AIA content and chemicai comp051tlon were used

| .

‘in the study. ‘ | " ' u‘hg' S
i ;, R :
a. Experimental deetgn” antmal managg&%g% and rattons
N
The experlmental de51gn COHSlSYe‘qu'a mod1f1ed 3 x 3

hlatln square wlth 3 pQr (each pe:,@:f;
iggs (each pe il
adaptatlon phase of. 30 days and a colLer”

.~ Y
-~

days), 3 ration and 3 sheep units (each unl"con51st1ng of e

twn shesp) | Two methods for- determlnlng d1gest1b111ty o

.~coeff1c1ents (total collectlon 'and ZN Héf) wemposed on f

each of the above treatment comblnatloda Rgt1ons 1, Z!andnaéf-

'3 of prev1ous experlment (Table 19) were used

Six Suffolk wé?hers (74 to 86 kg) about two years of .

- .

age *were used for the experlment. ‘A anlmals were in good7

-~ PO

physmakcondltlon o L ' g _ -

The -sheep were allotted the three units of two wethers ’ he
_per . unrt oh the\ha51s of*body welght, 58 tﬁat animals among Q-

Ltreatments were as unlform as poss1b1e " The anamals were ‘?'h_ "
-~ kept 1ndoons in individualk metabollsm crates. ,. W 8

Two’ sheep (unlt) rece;ved each of the three rations - . e

. . ) ©
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used (Tahle.19) at one tinme. .Preliminary neriod;;coileition
| period,fleyel of feeoing ano feeding times were‘the same as
deseribed-in'the preVious experiment (E*pefiment 1). The
rations were caiculated on the basis of animal weightlat the

start of the experiment and held .constant thereafter regard-

X
L 1Y

less of weightwhanges.f ' ' B - T d
Feed and fecal collectlons, calculatlons and statisti- a ]

_cal analy51s were the same as described in prev1ous

experlment (Experlment 1). R o

b. Analysis \ B
. B : | - o .

Trlpllcnte gross energy determldatlons of feed and S

feces were determined by a Par# oxygen bOmb calorlmeter1 S

‘5.1 . ey

Furt@;r ana;y51s were done as descrlbed 1n pveV1OUS

experlment (E&perlment 1) L ' “%g.% -
¢ - R

-

- e. Resui;s*"n. IR o

©9 N
L] .

.. ' . "va’
h‘w Dry matter d1gest1b111ty coefflcentsqbnd dry matter

d1gest1b1e energy (DMDE) coefficients- of three ratlons,

estlmated by the tot‘a’L collec‘tlon ‘and 2N HCl metho?ls are- 7' !

[ ‘,.l'.v', “'/‘

shown in Table 25, From these'resultswlt‘ls obvious that.hf‘*,' .
the d1gest1b111ty Values obtalnedfhy the 2N HCl method for .
ration 3 (perlod 2} were . unreallstlg' Also, the dlgestl*\

'b111ty values obtalned for ratlon 3. (perlod 3) by the Same

.method showed a 1§rge devlatlon (8- LO%) from dlgestlblllty

values obtalned by,the total Aollectlon method _

I
Ll \ .
B V@

’ ) ’ "" R ~ ‘\ ) - ; 3 - . : ] N <y
1. Model’ No..101 A, Parr Instrument Corp:, Mollne.bth;, o

- - O oy
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Table 25. Mean percent d1gest1b111ty of dry matter and of

energy on dry matter basis for three rations est1mated by~.

‘the total collectlon @ﬂﬁ) and 2N HCI methods .
X ° .
, _A | ,DMD“l - DMDE?
Period Ration Animal Animal ' -
- S unit ~ TC 2N HC1 TC 2N-HC1
1 1 74 . 1 - 76.9  73.9 78.6 75.6
.83 ! 75.2  71.0 - 76.4. 72.2
S 2z 51 'f.z o 62.1 -65.4 . 61.2 64.6
e W 43 % 634 .67.61 62.8, 67.1
e 3 S0 . 3 . %0.3 51.8. 46.6 48.7
C& . -;77 P ' 52.4...46.7. 52.8 47.1
2 1 st B3 T -277.7 78S »38,0'.2/_%5
R A 153 72,7 @783 738
o2 . 741, 67.5 63.9 _€7.5 © 63,9
83 4 64.3  60.2 64.2  -80.0
X CUs1. 2. o 54.4. -28.0  55.2° -3S5.7°
490 4. saa 107 52,3 7.1°
o510 (,‘; " 76.3 73.8 78.4 76.3
. SR T By 70090 73,0 735 754
2 s0 T 3. 58.2 . 59.0 "57.8° 5846
YL .97 o 581, 67.1 0 57.9  66.9
P S 7 S 1 5018 611 80.6  61.0
Y £ (W49 7. 58.1' '49.0 /57.6
" Mean g Yo ' 63.2 63.8  63.3 - of.0
"'.SE of mean -7 0:70 0.74 Fa 0.78
1p ‘ ST R A
Ty matter dlgastlb . -

" ny matter digest .
‘ 3Coefflclents not 1nc1uded in the treatment mean

\

e
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Dally feed sample; (rag}on 3) durxng the 8- day '“L o ,# ~
collection period; -of each perled wexe aaalyzed for. AIA ;,;l -
content (Table 26). The yar1at10n 1nTRIA gontent aqong
daily alfalfa samples rema1ned relatlvely constant 1n
period 1, ‘but 1ncresed sharply at the”end of perlod 2. This

v

was the .reverse shOW1ng of perlod 3 where AIA'values were
¢

hxgh 1n1t1a11y bug,dropped sharply at the end of the 8 day
collection perlod ~.On the ba51s of " these observed dally )
varlatlons of AIA values for alfalfa, 1t was decxded to
reJect rat‘ion M(penoda 1, 2 and 3) m thl&\gxperlnient.
. Ratlon 3 (p 1od 1) was.re;ected Jespite relatively -
chohstant AIA values, because its val1d1ty became quest10n~'.
ables When reJectlng ratf%n S”then ?atlon 2, wh1ch con»ﬁ e
'_51sted of 50% alfalfa (ratlon 3),mnlso had to be reJected "

) TK@ mean dlgesxhbxllty coeff1c1ehts for ratlon 1,

by

stlmated by the total collectlon and 2N Hel methods, @%re

) . Y

: g ,
,59 4l and 73. 231 respectlvely, and theﬂé coeff1c1ents were .\
. e ~‘N " : - N
not 51gn1f1cant1y dlfferent Mean dlgesﬂlble energy »

| coeff1c1ents for ratlon 1 estlmated by the total coLlectlon

/
‘and ZN,HCI methods were 77 2%2 and 75 1%2, re§pe ety,. -

o and were not. 51gn1f1cant1y dlfferent AR IR

‘ A ¥

o Mean (+SE) AIA reqovery 1n feces from sheep fe ration/ ' _
‘ 1 durlng the three 8- day fecal coliectlon perlods o { P
- 91.8 + 3.76%. SR AR /\, T

' 'J ap //f AR )
'ése of means 04568, . .. . . &L oL F

. “SE of" means - 0 495 . LT :jsSQJ,v~ e o

Y SR o DR U e
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d. Disocussion of Experiment 2 -
4

The importance of a constant AIA level in the feed,
when using‘the AIA index substance to determine digesti-
bility, bccame obvious'in this e¥perimgnt. Dyring this
experiment the sheep were fed alfalfa (ration 3) from the

commercial prepared bags each of approximgtely 22.7 kg.

,,,,,,

E A

The bags were opened in random order and'kach was sufficient
for approximately four days. Daily feed samples taken
(approximately 400 g) for composited samples, alIdwed AIA
analysis on a daily basis (Table 26) and also indicated the
large variation from bag to bag. Y

Analysis of the samples affer completion Af_the . )
fceding phase of the experiment clearly showeg %hat thé
alfalfa feed was of two distinct types, one with_én_AIA_k
content of 0.15 to 0.24% and the other containing 0.80 to.
1.16%. Unfortunately the problem was not discoVéred;uﬁtill
too late and thus the necessity to reject not>6n1y ration¥
3, but also ration 2 since it consisted for 50% of:rétion 3.

AIA values of the concentrate (ration 1) ration on . q
individual Aays during the different collection periods did |
not show the above variaiion. "For example, the lowest and
highest AIA contents of ration l.during the 8-day collection
. period oﬁyperiéd 2 varied by“approximately 7%, whereas '
ration 2 remained relatively constant during the first six
_but increased sharply in AIA content during the last two

days (20% the seventh and '60% the eighth day).

It"ié evident (Table 26) that random sampling banlfalfa



| -

could nat have been used in this experimcnt to deternine

dlgestlblllty by the AIA method. Since the AIA content of

alfalfa wastlow to start with, variations(in AIA values

-

. would lead toagre{’erwarlatxonln digg;gibilityifﬁ;



L

J. 'Experiment 3, piurnal'Variation
CN W e '
.

[} : ¢ " '
.To obtain an stcurate e.timate of feedstuff digesti-" T

bllity by’any of the index substance- methods it is essential o

to obtain representative_samples of- feed-snd -feces: - A-'~ S

dlurggl varjation. in the expretion of an ‘index substance

in feces would create a b:;bleﬁ unless thegpxcretioh pattérn

‘was established and the sampling of feces ﬁonq tb adjust for

the variation. Tests were, therefore, conducted to .

determine if there was a diurnal excretion pattern of fecal

AIA. : B 7 - . ‘ ,
~1. Experimental

A series of 2-hourly fécél collections were made in

.
-

conjﬁnction wi;h Bxperimentvz Collections were started
1mmed1ately f9110w1ng the 8- day.collectlon perlods of
Experiment 2. Thus the animals had.a m1n;mum of 38 days to
édjust to tﬁeir rétions: '

Animal'manégement was indentical to that described in

the preQibus experimentA(Ekpéfiment 2).% Incandesant
lighting illuminated the Metabolic Unit during the day. and
‘wasiturned off during the>night_g;;§p1 for sh&rt'periods
when samples were;éollected | a |

9 Feed and fecal samples were welghed dried in a forced

air oven at 55 C to constant weight and reweighed. Each
sample was finely ground using a Micro Analytical Mill
(Canadian Laboratory Supplies) and stored in a polyethylene

bag.
' ~
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.,

AIA content of feces were determined by the ?N>HCI
method (Appendix 2).. - : o R f
2. Results and disoussion ]

. ) , . & : e Ty

2

Samples collected from sheep fed rations 2 and 3 were

rejected becausé of poésiﬁle'variation'in the AIA conterit
of ‘the feed used immediatelﬁ'hrior to the collectiqhs. 
This problem is'desh;ibed‘in the previpus éxpériant; Only
cqlreéfions from sheep recieving ratién‘l (bérleyloais graih)
were utilized. T - |

. Shown in,Table.27;hre the AIA values of the 2-hourly
Colfbc;ed fecal’samples of each ;nimﬁl. ghelhmissingﬁ
values were intervals of day duriqé which tﬁe sheep did not
dcefecate. An an‘!&sis of varianée_of the effect of tiﬁe on
the ATA content of feces did not show a significant time
effect. However, there was aVSignifiEant'(P<0f001)‘
différencebetwei: the mean AIA values of the six animals.

Animal 49 had a much lower AIA content in its feces during

, I : _
the 24-hr period, the reason for this is not known,

To normalize the values and remove animal effects, each

_2-hr AIA value for each animal was expressed‘relative to the

meanJvalue‘for'the respective‘sheep'(Table 78). However, an

"analysis of variance did not show any sigmificant time

effect. - ! .t -

From the .above results it was concluded that there was
no significant vﬁgﬁation in diurnal excretion of AIA and
 that for digestibility studies a random fecal sample cgﬁlj
. - . _ : ) . . . " .-' ﬁ

[

-y T

'

-

\’h-
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Table 27. The AIA values of fecal samples .collecte‘d‘ at .,
2-hourly intervals' during a 24 hour period and estimated

by the 2N HC1 method. . T T A

sTime ' 4 AIA/va lues(8) - )
of w " Animals |
day 74 83 50 77, . S1 49
T o ) \~‘m; /«‘L /

0600 5.53 * . . ‘5.1l .
0800 5.34 - O 5.43 . 5.05 5.13
1000 5.42 5.30 5.54 5.51 5.49  4.88
1200 ' 5.24  5.51 5.58 '« 4.41
1400 5.37 - 5.39° . 5.45 % 548 549  4.32
1600,  5.26  5.48 ~ ~  ".5.40 . 5.42  4.38
1800 . 5.30 S+ 5,68 .5.48 5.32 4.50
2000  5.23  5.49  5.62  5.34 T asa
2200 - 5.45 - .5.52  §.62 $.29 W 4250
2400  5.21 ° - 5,16, 5 5.29 o
0Zoo  s.2i_ . 5,04 $.33  4.46
o400 5.0 - _ - 5.08, .23

Mean 5.31.  5.44 5.55 5.30  5.34  4.46

S.E. 0.030

o

.043  0.005  0.054" . 0.044  0.031




Table 28.

AIA values of fecal samples collected at 2-hourly

1ntervals during a 24- hour period as determined 'by the 2N °
HC1 method and presented as a percentage when the mean AIA

value of each animal was expressed as 100.

, e _

Time Apimals

of ‘ -

day 74 83 50" 77 51 49
" 0600 102 ‘96 *

0800 101 . 98 95 96

1000 102 97 100 _ﬁqt 103 103
1200 | 96 99 ' 10 99
1400 101 99. 98 103 103 97
1600 99 101 102 102 98
1800 100 102, 103 100 101
2000 98 101 101 101 102
2200 103 101 101 100 | 101 -
2400 98 T 97 99

0200 98 97 100 100
0400 103 96 . 98

907
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have been taken at any time df the d;y (Fiéure 6); Further-
MOTE 4 recent'work Qith horses and pigs (John McCarthy,
personal communicétion) has ;}milarly failed to show diurnal
variation of AIA in feces of these animals.

One.animal (49) showed tonsigtently lower AIA values
during the 24-hr period, reflected in the lpwer‘digesti-
bility values (Figure 6)? No explanation was found for

this variation. f

o1
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Coefftczenta of Dtgcsttbtltty
. 'Q‘ﬂ?
The acceptablllty of the AIA methbd~§2; Giiefﬂinatxon

Sl

of digestibility will depend lagggiy F7_‘.__»__,‘,-~-,':q'-'1"'6",\5:on|pari.son

with the trad1t1onal tod‘l colleptx‘e;f? \xof‘ﬂetermin-

ation of digestibility. ?%' ?“etept'y?

researcher should not, howegﬁk, soly v
\ R

of these conparisons, be%ﬁUSe tﬁe AIA method possesses

some dlStlnCt advantages over -the total collection method.

The major advantage 1is avoidence of the nece551ty for total

collection of feces by determining digestibility from an .

aliquot of feed intake aﬁd fecal output. To obtain a

further assessment between these two methods, results from = o

a number of digestibility  studies involving total collection ‘

were obtained from other reseachers and coppared with results

using the 2ZN HCl method. Feed and fecalnsampies collected

by the researcher were analyzed for AIA by the 2N HC1 method

(Appendix 2) and digestibility values est1mated The

samples wers "from pooled collectlons over perlods of 6-8 days.

Study A.

3

'The digestibility coefficiénts Of.e pelleted hay ration
used by Westra® (1975) in a study on the effect of tempera-
ture on digestion-in sheep, are shown in Table 29. The hay
ration consisted large€ly of brome grass (Bromus.spp{) and

sofie. crested wheat grass. -

There was no 51gn1f1cant d1fference between the two



T
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Table 29. AIA recovery and dry matter digestibilisy,
coefficients estimated by the total collection (Westra 1875)

and the 2N HC1 methods.

Dry matter digestibility (1)

— — SCRRY'}
Sheep / " . Method - recovery '
Total collection 2N HC1 Difference )
98 53.5 55.0™ . . 1.5 . 103.5
92 . 54.4  54.5 +0.1 99.9
9%6 - 58.7 §7.1  -1.6 96.2
94 © 53.6 56.1 +2.5 105.6
90 5§5.5 *55.0 -0.5 98.9
97 ~ 54.9 56.8 +1.9 104.5
98 53.4 - §5.7  +2.3 105.0
90 | 55.1 5§3.2 +0.1 100.1 °
94 53.5 £ 56.0 2.5 105.8
Mean . 54.5 55.5 +1.0 102.2

uf
w

SE - 0. 0.40 Y 0.49 1.16




» j . . "‘j’ : . - - g

methods. Total AIA recovery frog tho‘feoes varied from

98.9% to 105.8% ‘}th a mean recovery of 102.2%. .

On the basis of these results fhe 2N HC1 nethod

compared well with ‘the total collection method. in_astinats,hW_

ing d1gest1b111ty from a hay ration.

Study B

Table 30 shows the d1gest1b111ty coeff1cients

estimated by the total collection and 2N HC1 methods obtain-‘

ed from an experiment with sheep in- wh1ch the effects on

nutritive valug of barley straw were be1ng studied

-~

(Weisenburger, 1876).
J

Mean d1gest1b111ty cocfficients between the two methods '

_were not s1gn1f1cant1y d1fferent There was, however,-
large variation between the estimated digestibiljty
coefficients from sheep 67. No‘explanatiOn was found for
this variation. ‘

Total AIA recovery from the feces varied from 87.23
Mto 119.1% with a mean AIA recovery of 101.0%.

. D-.v

Study C

Table 31 -shows ‘the d1gest1b111ty coefflczents of long
alfalfa- brome hay estimated by the total collection and
J2N HCl methods from an experiment in which beef cows were
exposed for prolonged perlods of various temperatures in a

ntrolled (18 C) and cold outdoor (- 20 to 0 C) énviron-

meot.QChristopherson, 1976).

3

95
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Table 30. AIA recovery snd dry nttxcr di;osg}bility B
coefficients estimated by the total collectidn
"(Neisonburger, 1976) and th\ 2N HC1. !.thod!.

[ . i%" ’ - i .,

T N " Dry mattes digestibility o e
. . o A v KIA A
' Sheep ° . Method T (;»' ; recovery;: .

. Total Co)*:ction 2N HC1 Difference - (8

66 511 - 51.9 .8 ', Jors ’

65 ‘ 49.7 . 50.0 +0.3 - 160, 4

67 . 474 . '55.9 8.5 . 119.1

70 s2. B ) +0.8 ', 101.6,

69 615 s7.8 . W o-n7 . 9L
o160 687 O R 87.2 .,
8 61.8 63.7 +1.9 105.3
: 79 61.3 62.2 +0.9 . 102.4 "

64 53.1 4.0 +0.5 . 102.0

68 . 54.3 ? 5.5 T .z 1027

74 56.1 57.7 . +1.6 10827 fos

75 54.6 " 519 2.7 - 9AuS.

Mean | 55.8 56.3 +0.5 . 101.0 0
SE o .+ 1.68 . 1.29 - 0.97 . ;2,.‘2’.93' -
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Table 31. AIA recoy ry\;nd digestibility coefficients
estimated by the to collection (Chr1stopherson, 1976)
and the 2N HCl methods.

- Dry.matter d}gestibility (%)

’ e - " : AIA
Cow | Method : recovery
Total collection 2N HCl Difference (%)
32 " 60.6 64.2 6 90.8
31 60.9 58.5 2.4 . 96.7
32 61.2 70.4 49.2 76.8
31 62.0 68.6 +6.6  75.5
32 61.6 71.7 +10.1 73.8
& . 62.1 66.9 +4.8 79.5
Mean 61.4 66.7 +5.3 82.2
SE ' . 0.2 96 1.85 3.81

5 1.
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Digestibility coefficients (Table 31) as estimeted by
the 2N HC1 method varied markedk& from those estimated by
‘the total collectioﬁ metbod.' The ﬁean digestibility
cocfficicng§ between the two me;hé Qere signifieantly
(P<0.0§) different. In this studyngxelong.alfalfa-brome
hay ration was fed direetly“from\the ﬁalé.‘ There could have
beecn a variation in the ATIA centent of the ration as a .
.conscduence of‘variation in tatio of alfalfa to brome grass
in each.bale.’ Furthermore, it is‘sometiﬁes difficult to
obtain representative samples of the hay contained in bales.
‘ As there ie a large difference in AIA content of alfalfa
“ ;nd brome grass (IIIK G.) a small difference in the ratio
of alfalfa to bromeﬂzgy could result in a‘}arge'difference
I.tWCen the AIA values of samplesltaken from the hay mixture.
In fact the AIA values of the three feed samples saved from
the experiment were 0.360, 0.266 and 01257% with crude ‘
protein values of 14.3, 15.1 and '14.6%, resSpectively. While-
the lowjg?A values of these feed samples 1nd1cated that the
ration conslsted mostly of alfalfa hay, the variation in AIA | q'
and protein valuecs are 1n§1cat1ve of changes in the prOpor-
tion of alfalfa aﬁd'brome grass. . If there were day to day
changes in the proportlons of alfalfa and brome grass, as
dlfferent bales were used, and consequently changes in AIA
" values of the feed, then reliable estlmates of ratlon o
digestibility by-the AIA method could not be‘expecfed.
The problem encountered in thisnstudy.appearedvto be

hJ . . 2 3
“similar to that in Experiment 2, where alfalfa was one of



n

the experimental rations. In both‘égses, a ration with a
- low AIA value was involved. Therefore, when tﬁe 2N HC1
mephoquis used to est‘mate”d}éestibility of a_r*tion
particular caré must'be{taken*fp ensure .constancy of thé

ration fed. , o '




IV GERNERAL DISCUSSION \

'Dur1ng the laboratory evaluations of the AIA methods
\
that the 2N HCl method as compared to

A1t§vas establishet
‘the Conc. HC1 and 4N HC1 methods was more convenient end
. less time- consumqn i “The addltlon of an 1n1t1a1 ashlng step -
"’\“{flgure 1) not only 1ncreased the number of samples that\

N

, c0u}d be analyzed. per day, but also’ e11m1nated the odor \-
problem assocsated with the 4N HC1 method. ‘ \
In digestibility studies with sheepﬂthe three AIA

methods showed no significant difference between their

coeff1C1ents of d1gest1b111ty for the different feeds

red .to the results calculated by the total

tion method the coefflcxents of d1gest1b111ty estlma-‘
ted by. the four methods were ‘not significantly dlfferent.
These results were in agreement with those that other
workers have obtalned with sheep (Shrlvastava and Talapatra,
1962;5, sw1ne (McCarthy et al. 1974) and chlckens (Vogtmann
;;et al. 1975) On the ba51s of the present study any one of

the three AIA methods could be used to determ1me the .

d1gest1b111ty of the feeds w1th 51m11ar atcuracy

When the 2N HCl method was compared to the total
.zeollectlon method in a d1ge$t1b111ty "study using sheep ‘ d
srrumlnant feedstuffs (Experlment 2.), the valucs.obtalmed hy
 the 2N HCl method showed large variations in estlmated
alfalfa dlgestlblllty ' These variations occurred be;ause'

of day to day variation in AIA content of the alfalfa_retionJ

used. - -Furthermore, the alfalfa, having a Tow AIA vaiue;

100
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was not satisfactorily premigeé.beforevthe experinent starteo.‘
However., it appeared that the AIA levels in alfalfa semples
obtalned from the samb bag remained constunt. Therefore, if
the alfalfa was mlxed before the experiment AIA variat1on
could have been mlntmr;ed? S;mllar results. were obta1ned
" when estimates of digestibillty from the 2N HCl method were
cogpared with those from thebtotal collectlon ‘method
(Study €. |

‘When the ATIA me thod is employed»to estinate'digestif
bility, as w1th other methods u51ng an ‘index’ substance, it

is essent1a1 to obta1n a representatlve sample of the feed .
-ingested. Because the estlmated level of 1ndex substande

ken 1n by the anlmal 15 determlned by that sample. Assess-
ment of the comp051t10n of 1ngesta 1s generally not a
p)bblem for animals in conflnement and offered a total ratlon.t_,.
However, for graz1ng or free ranging dnimals 0T where a
choice. of feedstnffs rs allowed it is more d1ff1cu1t to
ohtain a\representati@e sample of the materlal consumed e

-

‘The use of esophageally: flstulated anlmals {Cook et al.,
19639 may provide a useful means of obtalnlng 1ngesta A“‘
samples under some c1rcumstances At times anlmals may !
consume feedstuffs contamlnated by 5011 or other foreign
- meterla\ Such contam1nat1on of 1ngesta would if an -
’approplate correctlon could not be applled result in a
.greater b1as when AIA was used,as an 1ndex substance than
- for other d1gest1b111ty methods.
Accuracy of AIA method 1s poorest for feedstnffs, shch



" as alfalfa, wlth a low AIA content.l~With'such maferials

extra care must be taken to ensure constancy of the ration

ﬁfd and prec1s1on of analyq\\\\rjaﬁpllng and analysis of 7‘
fetes appears to~pe less of a P oblem becausé of 1ts Hugher-

AIA content. : e

The AIA content of feces is estxmated by chemical

402 .

l'_)l

analysis of an average fecal sample. Therefore, a total

collectlon of all ‘the fecal mater1a1 is not requ1red Care,

) however must be exercxsed if samples are dbtalned off the
ground to av01d contamlnatlon w1th sofl dust or bedding
mater1a1 R;oblems of cq!%aminat:on can be avolded when
samples . of feces are obﬁalned from the rectum (grab sample)

When ‘the AIA method is used for ra;1on d1gest1b111ty

studies 1t foers some dlstlnct advantages ove; other methods-

u51ng index substénces and the tradltlonal total collectlon
method There is no need for spec1a1 crates tO‘conflne or

restraln the anlmals over an extended period of time for col

lection of feces.’ An estlmate of feed d1gest1b111ty can be

b

‘obtalned from an a11quot of feed 1ntake ‘and’ fecal output.
‘-Collectlng fecal samples can be done at any time of the day
(111. J.) and AIA occurs in common feedstuffs (III G.) at

readlly measurable 1evelsdend 1aboratory procedures are not

4d1ff1cu1t nor time consumlng Furthermore, it is conven1ent

to make repeated measurements on the same an1ma1 or on a
relatlvely large number of anlmals. - Thus statlstlcally a -
loss ln accurracy of a 51ng1e measurement Ggan belpade up by

lncrea51ng the number of measurements,x.

L ¥



Posetblc Probteme Pertatnan‘ to - tﬁe AIA Mcthpd

&

During thatemployment of the 'IA method in anlmal

feeding trials 1t becanme obviops that feed and to a lesser
- ¥
extent fecal samples ‘had to be coll cted with care.  This

was especially true when feeds with low AIA content, such

as alfalfa, were 1nvo¥yed Varylng IA levels in ‘the

v

1falfa ration lediab digestibility estimates that were_i

¥

(

~

acceptable
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Collection of representative fecdl samples appeared to ';

' dbe\less troublesome The higher AIA values. of feces and
the’ absence of dxurnal variataon in AIA excretion were. an
advantage. However, contamlnation of the feces by dust or
other forelgn mater1als, especially those containlng high
“AIA content (so0il) should be watched closely

. | "It should also be noted that the accuracy of asse551ng
digestibility by. the AIA method was based ‘on- data
obtained by the total collection method however, thef
latter method is by naimeans fool- proof 'Errors made
during a total collection tr1a1 ‘are not ea51ly detected

For example, fecal losses during a total collectlon period

<

fﬁ dlfficult to est1mate and thelr effect onvrationqdigesti-"..

)ﬂiions showing such p0551b1e errors were made by
' Enders (1974) when ‘they compared the total
collectid  pethod Wlth the 1nd1cator method, . '

) fs were donelﬁb estimate the chem1ca1

é%mpositioh‘ of AIA:it~shdhed that approx1mate1y 99% of the o

. e

\'.
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CAIA was. si?i ca. It 'is possible that the AIA method only
measures th

insoluble components. The acid solublp 5111cas
are removed during the analy31s. Plants take up dlfferent
*amounts of sllica accordﬁng to .their spec1es ahd it is
generally accepted that éramxneae contaln 10 to 20 times
“the concentrations of 51l1ca found 1n.legumes and other
dicotyledons (Russel, 1961, p. 536)r Total s111ca in the
‘ oat plant increased with increasing age, both in the tops
as a whole (Jones and Handreck 1965b1 and in the parts .
(Handreck and Jones, 1968) " Similar 1ncreases in total
' Ljallca were observed in wheat (Russel 1961) T -
The concentratlon of silica among var1ous parts of a |
plant is different.. For example, the glumes, paleae “and
‘lemmas of varlous cereals conta1n much higher: concentrat1ons
rof srllca than the vegetatlve parts (Jones et al. 1963)
This relatlonshlp was afso shown 1n a wheat crop under f1e1d
condltlons (Hutton and Norrlsh,,1974) In dats the leaf
_blade conta1ned 5. 30% srllca Wthh represents 28%of the
total 5111ca in the plant and the silica content in the ‘ ‘
roots of crlmson cloVer was about elght times- that of the a
correspondlng tops (Handreck and Jones, 1967) The lgwer ,;
concentratlon of total silica in the tops of legumes and -
othervcotyledons was attrlbut;d to an exclu51on of
monosilicic ac1d from the. transplratlon stream, elther
1th1n the root or at its external surface and there is

reV1dence which suggest that metabollc processes are involved

- 1n each exc1u51on (Jones and Handgeck 1969) ‘ On the ba51s
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of these obseryations it became clear that-the AIA (being

99% srllca) content of soqe ratlons (such as alfalfa) was
subject to greater varlatlon than the AIA content of some

.

other rations.
Pogsible Applicatddna ‘ . A

The AIA method offers a d1st1nct advantage, as
ompared to the total collectlon method when used in an S
animal feedlng tr1a1 because the requlrements for equlpment
.and labor are reduced Trials involving a“greater<number of -
anlmals and animals in non- experlmental 51tuat10ns are
possible since 1nd1v1dual confinement is not necessar .

Since smmples of feed and feces can be COllected a)l
within one day, an AIA ana1y51s can start 1mmed1ate1y and
results made ava1lab1e w1th1nqa three day perlod. At present,
tests for feed d1gest1b111ty at feed test1ng laboratorles
are rather llmlged {\Tong*term feedlﬁg experlments are

/

‘ usuallyllmpractlcal Data obtalnedﬂthrd/gh/such a feedlng

. trlal is of reduced uée\to a far//r~or feed mllngbecause_ |
_of the time delay in obté&axn@ 1nformat10n ~The simplicity - |
' and convenlence of the AIA method opens the p0551b111ty :

; of its adaptatlon by feed test1ng 1aborator1es respon51b1e

for evaluatlon of feedstuffs for anlmals 'in a practicle
commerc1a1 env1ronment

.
-
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o | APPENDIX .1
PROCEDURE FOR THE DETERMINATION OF AIA BY THE CONC. HCL

METHOD . - =

‘Rbf: Sﬁrivastéva, V.S. and S;K. Talapatré,'1962.‘ Pd%furé,‘

studies in Uttar Pradesh. TI: Use of some natural
indicators to determine the plane of nutrition of a
\grazing'animal. Indian J. Dairy Sci. 15:154.

Reagents:

1. An aqueous, concentrated HC1 solution..
2. Ashless filter .paper, Whatman. No 41..

4

Procedure:

1. Weigh initial prepared -sample (dried-ground), 10 g of
_“feed or 20 g of feces, intowide crucible (150 ml), dry
for 2 hours at 135 C iw"a-
in desiccator to roo
with dry matter.

weigh trucible

2. Ash crucible with sample over a five hour'period by
- progressively increasing the furnace temperature from
250 to 650 C in 100 C increments. o
3. Moisten the resulting ash ith 5 ml of water, and 10 ml
. of concentrated HCl and eviaporate to dryness over a
‘waterbath. Repeat this StEp twice. o o

-4, Add 5§ ml of concentrated HGl to the sample residue and .
" after 15 min over the waterbath filter the contents of
the crucible. Wash sample free of-acid with hot dis-
tilled water, transfer filter paper with ‘ash to crucible
-and ash overnight at 650 C. = y

. . l ~ - ’ . » - ' . 0 B
5. Cool cruciblesin desiccator.to room temperature,.welgh_ A

crucible with ash and weigh crucible'immediately after
emptying. - ' ~ AR e

Calculations:

. ; : . (WE - We) x 100
4 Conc. HCl insouble ash = , .

. Ws

weight of crucible with'aSh,_ih.g.~>

WE =
We = weight of emptygcrucible,.in g
. Ws = weight of sample;. in g dry matter. . ‘

-

3
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oven, cool crucible

L
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| o ' APPENDIX' 2 ,, |
8 L
PROCEDURE FQR'THE'DBTBRMINATION OF AIA-BY‘THE‘4NUHC1 METHOD.
Ref: Vogtmanm, H., H.P. PEirterand A.L. Prabuki. 1975.. .
A new method of determining;metabolisabilityfof‘enérgy
and digestibility of fatty acids in broiler ‘diets.
, Brit. Poul. Sci. 16:531, - L e T ' g .
Reagents:.' ' S A ‘ ' R

1. Aqueous 4N HCl solution. . R
2. Ashless filter paper; Whatman No 41. .

Procedure:

1. Weigh accurately 10 to 12 g 3£ well mixed and fine ground .
sample into 800.ml Erlemeyer flask. Add 100 ml aqueous
4N HC1 solution and boil gently for 30 minutes, _
eventUally«with;occa§iona1 swirling to prevent bumping.

2.~ Filter the hot hydrolysate through an ashless filter
paper, washing the beaker several times with hot :
distilled water and transfer this to the filter paper..
Wash sample free of acid (pH 6) with hot distilled water
(filterate will be-nearlY~color1esS)iand discard’filtrate.

3. Transfer-filtef bager, confaining the sample, carefully
into a wWeighed crucible and ash at approximately 650 C
/ﬁtovernight.(minimum‘6'hours),~ : S
4. Cool crucible in ‘desiccator to robm.temperatufe’and_
determine the weight of -the ash. < .

Calculations® . : =
, T o (W - We) x.-100
/¢ 4N HCT insoluble ash =* — -
~ Wf = weight of crucible with ash, in g. - ¢
We = weight of empty crucible, in g. =~ . . ' ) =
Ws = weight of sample,'in g dry matter, o - S 1
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. APPENDIX 3 )
PROCEDURE FOR THE DETERMINATION OF AIA BY THE 2N HCl METHOD

Reagents: -

. l.? Kquebus 2N HC1 soldtion,.' C SR ‘
2. Ashless filter paper, Whatman No 41, diameter 18 cm.

- Procedure:

1. Initial preparation-of-sample, '
~a. Drying S
L/b.j Grinding ' .
2. .a. Weigh accurately 5.0 g samples;tto'4 decimal places .
i into- crucible (50.ml). . . - e
* b. *Dry for 2 hours.at 135 C (forced air oven).
c. Lool crucible‘in,desiccator.(CaSO4) to room -

... temperature. ST : A el
.d. ‘Weigh crucible with dfy matter.

'3.Ash ‘crucible with sampleﬁayefgighi A 450 C (£ 25C).

Transfer ash into 600-800 ml Berzelius beaker.

4. a. 11 B :
. -b. Add 100 ml'aqueous.ZN'HC1'and'boil gently for 5
~. minutes. ' T X o -
c. Filter the hot hydrolysate'thnpugh,an ashless filter .
paper. - ’ Co ' : S o

d. Wash sample free of acid with hotjdiStilléﬁzwatef,"
_ (300 ml) and discard filtrate. R
e. Transfer filter paper with ash into'crucibleé .
5. Ash_crbciblé overnight at 450 C ( 25 C).

6. a. 'ﬁobl,cruciblein desiccator to rgom temperaturé.‘;.
b. eigh crucible with .ash, — § DM - . -
c. Weigh empty crucible. ——~—e—4f—+; % Acid-insoluble ash..

Calgulations: o " .
ST o . (WE - We) x 100
% 2N HCl'insouble‘ash'= — _—
- Wf = weight of crucible with ash, in g.
. 'We =-weifht of empty-grucible in g.-
‘Ws = weight of sample in g dry matter.



