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ABSTRACT

I

- Two experiments were conducted dealing with
,equine nutrition. The first experiment, conducted at Olds
College. involving eight pregnant and four Open mares had
the primary obaective of evaluating the relative adequacy
of NAS- NRC (1973) Nutrient. Requirements for Horses as they 3
applied to mares receiving minimal shelter under. central
‘Alberta weather conditionsu In the gecond experiment
conducted at the Edmonton. Research Station, seven geldings
were used to compare the total fecal collection versus the
insoluble ash’ technique for determination of apparent -
',digestibilities.
In ‘the reproductive experiment mares were ’
'randomly placed in two groups. The first group received |
a diet” deSigned ‘to meet NAS-NRC (1973) requirements.- The
second group received the same diet but at levels of 15%
less. by weight. The dietary regime :9ﬂ'maintained from
~ early gestation until 30 days post partum for both groups.
. No significant (P 0. 050 differences were found
for mare weights or for rate of gain, birth and 30 day
weights for foals. Only three of “the twelve measured ‘
blood constituents showed any significant difference.gﬁipu-
B;Lod urea ﬁ‘grogen concentration was’ greater (P < 0. 05) |
in group 2 ﬁhan group 1 foals. Plasma cholestc;v g

Tconcentrations were greater (P'< 0 05) in LSRN
iv . o



group 2 foals.- Plasma total protein concentration was
greatér (p <o. 05) in group l-than group 2 mares."Analyses
_.of colostrum and milk samples showed no significant -
differences for the constituents measured except for milk
protein samples which were, greater (P-( Q. 05) in group 2

-

than group 1 mares. g
It was concluded in the reproductive study, forﬁ
) the phases of reproduction measured. that the low level
diet 85% of NAS;NRC (19?3) did not differvfrom the high
",level diet in terms of maintenance for ‘pregnant mares.

The second experiment, involv1ng a rate of
passage of digesta trial and three digestibility trials
used a diet identical to that which was used in the = -
reproductive experiment for digestibility Trial 1. Trials
_2 and 3 as well as(the rate of passage trial used a diet
_consisting of 1/3 déhydrated alfalfa pellets. and 2/3
crushed ‘oats. Y | ‘

Digestibility studies Wlth geldings revealed no
~significant differences regarding method of determination.
Standard deviations tended to be greater in determ%nations
derived from total collections than.from the . insoluble
ash technique. No significant differences were km
' encountered for random—grab versus periodic saﬁpling rith
the insoluble ash technique. : 'W_x - s
The digestibility trial provided evidence %

] .
: suggesting that the random-grab insolublevash téeﬁnique



/ was ndt significantly different and. in fact, Was
superior to the total collection method. in terms of

consietent estimates for the determlnation of apparent

dlgeskibillties. jf,,,

.y

!\‘
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INTRODUCTION

In Canada; as in the resttovaorth America,
man!s”userof'the'horse has chanéed ouer the past three
‘decades (Ensminger, 1969). The horse, o6nce valued as a
‘work animal on the farm has become a source of recreation
. almost to the eXCIUSIOn of its past functions. With thls
change; the light horse has replaced the heavier, draft

‘breeds.

horse population and sc1ent1flc advances regardlng
. nutr1t1onal requ1rements of other domestic species. much
of the pre—l965 research has had to be re- evaluated and
updated Not- only has past research needed further

'etamlnatlon, but the research that ‘was avallable

B ‘regardlng ‘nutrient requlrements of horbes was scantL

Recently. there has been a tremendous increase
. "in the area of establlshing spec;flc nutrlent requlrement
“l guldellnes for horsesx The studles over the past ten )
.'Ayears have been forced to deal w1th the most basic -
"phy81olog1cal and dlgestlve functlons of horses.
‘fConsequently. 1nformatlon pertainlng to the nutrltlonal

requlrements of horses under extraordlnary condltlons

'-.'have largely ‘been derlved from extrapolated data of other

ﬁspecies and subjectlve evaluatlon. Rellable data for

As a result of. these fundamental changes in the

N
. N w .
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nutrlent requlrements of horses have been slow to

.

.accumulate. largely because it is difficult to ma1nta1n

the large numbers of anlmals necessary for establishment

of statlstlcally slgnlflcant results. It was in response

%Yo the cr1t1ca1 need for additional information tngt

‘these reproductbve and dlgestlblllty studles with hdrses -
N\

Z'were begun A ' o o B ‘_ ‘ \

Reproductlon is necessary to the ‘maintenance and
development of animal populatlons. The effects of andg\
requlrements for nutrientsare of crltlcal importance tb \\
the efficiency and success of th1s phase of the animal's
11fe cycle. Unfortunately,‘very little research dealing
dlrectly w1th nutrlent ‘requirements’ of the reproductlve
phase in horsescls'avallable. Consequently. it was felt
that studies of'preénant~mares with particular emphasis on
the. eyaluation of NAS-NRC (1973) nutrient requirement »I
(guldellnes, would prov1de valuable quant1tat1ve |
information for the. further refinement of requlrement
.guldellnes for horses.-‘ | |

o A second extremely important facet of research
‘-1n the fleld of nutrltlon is the determlnatlon of '
':dlgestlblllty of feeds for a. glven anlmal A great deal .
more 1nformat10ﬁ is needed 1n this regard for horses. .
viDetermlnatlons of these dlgestlbllit1es is a costly and
tlme consumlng affair As a result, few dlgestlblllty

’studles-w;th horses haue been completed. It_ls for the



%

purpose of reducing}thé cost and fime involved for
déterminatiéns of digéstibiiity that newiméthpds of
aetermiqation have been deveioped. It was decided that
digestibility studies comparing fWo of these methods of
determination would be of value to the overall study |

of nutrition in horses.



LITERATURE REVIEW

Reproductlve Stugx

There is scant research work avallable on

-~ e

nutrient\requlrement of mares that can be applied to

current conditions. Early work referred to by Olssén
‘(l9h9)* Olsson‘and Ruudvere (1955) indicate that mares
durlng gestatlon need no addltlonal nutrlents above
maintenance untll the seventh month of gestatlon All_
agree that the ierlod of lactatlon represents the 1nterva1
of highest nutrltlonal requlrements. -However, at that -
time, there was.COnsiderahle_disagreement as to how the
Arquirementsbshohld be estimated. In spite of this
obvious need for further'clarification.'reviews (Robinson
and‘Slade, 1974; Hintz, 1969) indicate that there has been
"little.recent research conducted in this field. '

Determlnatlon of Nutrltlonal Requlrements
in_the Pregnant and Lactatlgg Mare

Hlstorlcally, there has been very 11ttle
reseqrch done ,relatlng dlrectly to horses. The
establlshment of spe01f1c nutrlent guldelines for7
‘»‘pregnant and lactatlng mares rs even. less well defined.
‘.With very few exceptlons. the recommendatlons (NAS-NRC,“
_‘1973) are a compromlse Between early obserVatlons and ‘

extrapolatlons of more recent work with non-pregnant
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Lhorses—and pregnant and - iactatlng catfie (Roblnson and
Slade, 1974). Vlrtually the only exceptlin to thls. for
pregnant mares;, is work by ott (1970) referred to by
Robinson and Slade: (1971») which 1ndlcated that dletary
protein levels naVe a dfrect 1nf1uence on the maintenance
of body weight by brood mares” and on birth weights of
foals. Estimates of'nutrient requirements (NAS-NRC,1973) °
for energy and protein have been adjusted partially on

’Athe'basis of moreprecent work with digestibilitiegy

Parameters Used to Measure Performance
in Horses .

Horses more than ‘any other farm animal have been
the focal point of much confu81on over what constltutes
'superlority in the animal. Unlike cattle or other more,
conventional farm animals, ‘the horse in North Amerlca
is not a meat_produc1ng anlmal.- In fact. the most popular
use for horses today isvreoreational. whioh_may or may not
entail heavy work. The parameters used to judge the
‘__performance‘of a horse; in.nodern application;‘are |
subJect to subtle and often confu81ng interpretation.

VAs a result dlets whlch sclentlflcally. meet the

partlcul requlrements of a horse may not be adequate
: for %:how :mg where many 1ntanglb1es are cons1dered

u"(@onﬁ' *973) The ma,]or purpose of pubhshlng

;.‘Tnerefdggg

i . AR, . A o . .
e - -t} .



. guidelines”rests solely on what parameters are initially
used to measure relative performance. "I do not wish to
bursue this line of thought any further at this time,

| except'to point out that the parameters we have chosen

to measure ‘tn this trial were intended to relate only to

basic performance and were- not intended to apply

necessarily to the more subtYe traits of the show horse.

(a) We ights ™
One of the‘first s&mpfoms of an inadequate diet
" in any animal is a loss in weight. (Guyton, l969;~Maynard f
‘and Loosli, 1969). However,lnof all nutritional deficiencies
‘are 1mmed1ately reflected by weight ‘loss. (Maynard and
‘xLoosli, 1969). Therefore while the recording of weights
in mares and foals is basic to ‘the evaluation of a ration

1t cannot be assumed Yo be the only necessary measurement."'

(b) Blood Measuremgnts

s

Horking in 1969 with some slxty light horses and
ten ponies, Medway (1969) obtained results from blood | .
ahalyses, as shown in Table 1. and ZVu.Somewhatrdifferent“results
from electrophoresis were obtained by Wolff et al (1969)
_ Table 3. The latter found. by comparison with prevxous
B literature, that their results fell within the. range of
previously established normal levels.; Similarly. the
results of Kirkham et al (1969) obtained blood analysis
' results from 247 mares, some. of which were pregnant. »The

values obtained for serum calcium and phosphorus agreed
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‘with. those of Medwav Kl969). Unfortunately.‘Kirkhan and
‘co-workers did not separate the results obtained.for
pregnant"mares from the other mares. As a,result.'no
1nformatlon Whlch could be applled speclflcally to
Apregnant mares, was available. There dpes not appear to
be any information publlshed to date on blood, constltuents
-relatlng spe01f1cally to’ pregnant mares.
In an effort to measure early response of |
‘mature horses to changes in dlet Fonnesbeck and Symons'

(1969) measured some blood parameters in six geldlngs

. belng fed successively six dlfferent types ‘of roughage.

They found that plasma urea nltrogen concentratlons were
greater when diets of highest proteln content were fed
_ -Plasma proteln concentratlon was not found to change in
response to dletary proteln levels Thls“observatlon'has,
been supported by Reltnour and Treece (19?1) .Plasma
glucose concentratlons were found to anrease in re8ponSe
to dlets high in ‘soluble carbohydrates The rapid '
response of plasma glucose concentratlons to soluble
| 'carbohydrates 1s con51dered attrlbutable to the fact that
1 the horse, in contrast to the rumlnant 1s able to dlgestc'
and. absorb soluble carbohydrates w1thout subJectlng_them :
to fermentatlon (Alexander. 195#) Slmllar results w1th
.regard to blood glucose levels were’ obtained by Crawford
‘et al (1970) However. Hlntz et al (1971 b) ‘found that |
blood glucose levels were not influenced by the forage—

.~/



‘l
grain ratlo. Furthermore blood glucoae concantraqﬁons~ o
have .been shown to be unaffected by gxewuiae. geatatlon
"vor lactatlon (Evans, 19?1) HoweVer, bluod glucose
u concentrat1ons in. the horse have been ahown to rapidly fwuf'
demrease under fasting condltlone (Alexander. 195#) and
(Evans. 1971). "_' Lu_ | ”'}A. |
|  ‘ Recent work w1th lnfu81on trmals ahow that |
glucoée %ugépverﬁwas 2. 8 “times hlgher thun reported for
lactatlng mares (Anwer et al, 1975) Furthermore, it was ;“,
found that 90% of the lactose 1n mllk 13 derlved from plasma
glucoee and that mllk comp081tlon accounted for #0% of the
glucose turnover 1n 1actat1ng mares. Gonsequently. it ;s
not surprlslng that relatlvely w1de variations were notéd‘

"iﬁ. for piasma glucose concentratlons. Presumably. these
;’/.K\‘\-.- e

variations are concomltant w1th milk production of jfgi'j*%

1

4:'.f-ind1v1duals. = | 3
" T The measurement of blood plaama oonstltuents has.
1nlthe past been of value in evaluatlng sources of feed
auf and the subsequent overall metabolic pathways 1nvolved. .

E In additlon, these same constituents have been used for

- tﬁa detection of disease atrxss\ espeaially from responses

nﬂvalues

D ﬁIngone of the few recent{experimwnts'dealing
fwith the compoeition of mares' il Ullreyﬁet 31::1966)




9TZ

t .
-
\
.
- >, N
. < E :
« e
- "
AN
a .
R4 .
X s
i H

Ty

| .. oHHaH
uw._wu.aﬁmmﬂ

L et
o

28l
e

.

68
&5
e

29

SE€T

s

65
8§

2.
84
94

KA
e
g2
§°2
%2

40

'€
R
€

€€
g€

. a.mHA

ST
£ 1T

Lener

#°TT

L STt

2°5z

o

-

wE/Fou  ud/Fou
SnpudBoyg  WNFOTE)

" wloot Te0Y

.

zoug swooa\aw auooﬁ\s»

88015

8803097

uuﬁnﬂn

:mmv xt
: ou:uo

auoaaxﬁm
P18

8303

.

co«vdaoaﬂg
«o -uapnx.

o JERRREER 13 1" .uwwns nourwqanu«vuﬁouagfmwmnwww_m_.w,.w 

.-

‘-



-reserves comblned with mtlk 1ntake supply sufflclent 1ron j”

" and - copper to prevent deflciencles.ﬂ ff¢13”~”““'

__1970)

XY IR
” 13

: : - S ‘%ﬂ&x
found that values for gross. energy. spe01f1c grav1ty. total%}

_sollds, crude proteln, ash, magne91um. sodlum and potasslum

decreased abruptly follow1ng parturltlon to 12 hour post :”'

partum and then tended to decllne slowly throughout

|
: lactatlon (Table L), Lactoee ooncentrations tended to

1ncrease throughout lactatlon. Levels of nutrlents
found by Ullrey et al (1966) are 1n general agreement
with those presented by Altman (1961) Iron, 21nc and

‘copper values obtalned from mares mllk were found to _f

be slmllar to those reported for: other spec1es (Ullrey

et al, 19?4) However. when 1ron and copper concentratlons'

are compared with»NAS NRC (1973) estimates of dletary

regulrements, the values obtalned from these milk samples _:'

'appear to be low. Ullrey et al (19?#) Suggested that

. —
—

def1c1enc1es of this nature are rarely found Elther

i'foals exhibit lower than estlmated requlrements or natal

e

Contrary to ‘what was: once suspected."foal heat';g

. scours- assoclated wlth the mares' flrst estrus after

'.‘partur1t1on has not been found to be related to any

In order that we mlght maintain our pérspectlve,f*‘
w1th regard to the nutrltive value of mares milk the
1nformat10n presented in Table 5 shows the estlmated v@ﬁﬁi;if;‘f




o Téble75' Comparlsons of Mllk Constltuents

fOr Mares and’

i . COWS ,..:__...,‘. O S

4_;wMaxg;..;5

. Cow -

© Dry Matter () -9k
~ Crude Protein (%) . 2.0-2.4

| -ACarbohydrate (lactose)(%) -5 9:': 1 ""
| J_Ash (%) L 4" .

A

5ff:D1gest1ble Energy (kcal/kg) Shoz'fffk,’f'*“

?'tlé;a't__
k9

BN

T2

1

e .

and(Ensmlnger. ;yf'

1969)

(Morrlson, 19#6)‘ ;'fQ s



/- |
nutrlent comp081tlon of mares' milk as it compares with
estlmates of cows milk (Morrlson. 19#6; and Ensmlnger.k»
11969).. |

Nutrltlonal research has been late in comlng’

. 1to the horse famlly. As late as this last decade the -

differences between horses and cattle have been

. 'mlnlmlzed (Olsson. 1949 and OISSon and Ruudvere, 1955).

In come cases,’ the Equldae has been completely 1gnored-
from the dlscu381on of animal nutrition (Maynard and .
"Loosll, 1969) Furthermore. until recent years; -the
‘fmaJorlty of research WOrk in horse nutrltlon has been
.;of the qualltative type However, current research 1€
: attemptlng to be’ more preclse in its attempt to deflne,

'the nutrlent requlrements of horses.l

.'hﬂnatonx ofbthe‘Digegtive’Tract'
o The Equldae,‘like other grazing anlmals. o,
'd.have evolved spec1a1 adaptations for thelr survival. hOne'
of these areas of speclal adaptation has been in thev o
" .digestlve tract allowing“ét\to utlllze dlets hlgh in

Acellulose. lee other herbivores, the horse is :‘_

' dependent on a'mlcrobial population w1thin the dlgestlve
Tdﬂtract capeble of cellulytlc digestlon in order to |
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~

utilize diets high in fibre. In the ruminant, the
spec1allzed area for bacterial activity is a multle
chambered stomach located anterior to the small intestine
(Alexander, 1952). Horses. on the other hand, possess |
an enlarged>oecnm and-eolon-sltuated posterlor to the.
small 1ntest1ne The essential’ d1fferences aSSOClated
with the-dlgestlve trdcts of the horse compared with
.ruminants are that in the former, (1)\there is no
‘rumination, (2) there is no -eructation, (3) the rate
of passage of dlgesta 1s more rapld (ﬁj food material
is exposed to enzymatlc dlgestlon prior to fermentatlon,f ﬂ
- (5) microbial cell bodies are not erposed,to enzymatic - |
digestion in the small intestine, (Robinson and Slade,
1974). T :

| | It is interestlng to note that,estlmates of
the concentratlon of bacterla in ceoal fluld of horses
can. vary from. 101 to 1011/g ingésta (McCreery et al,
;,1971) These microbial populatlons are 81m11ar to those
occu:1ng in the rumert of" steers on a mlxed diet. However;
the proportlons and types of bacterla are somewhat
dlfferent and there are fewer caecal’ protozoa present in- -
horses (Kern et al. 1973) S e

Digggtion | |
By studylng parotld sallva secretlons in two .

ponies, Alexander (1966) found that sallva is. secreted
only durlng ‘the. mastlcation of food. In these two ponlesbf‘

| the average 24 hour flow of parotld sallva was 5 6 11tres; -



Alexander was able to show that concentrations of sodium,
'potassium.chloride and calcium in parotid saliva, increased
~_with the rate of saliva. flow. |

The rate of passage of.food~material‘has been
'shownj(Alexander'and-Benzie,il95l)»t0»be more»rapid»in...
the adult horse than in the foal. This snggests that
'-gastric digestion plays a less'important role in the
adult than in, the foal. ‘ _ | |

In a comparlson of the gastro 1ntest1na1 tracts
of ponies.and steers, it was found- that fermentatlon does
occdr in the stomach of the horse. Proteolytic activity
was found to be greater in the ileum of ponies than in
| steers.: Protozoa were detected in the rumen of steers
and cecum of ponies but not in the cecum of steers. These
studles 1nd1cate that in ponles the colon may have more
.total proteolytlc and as many cellulolytlc bacterla as
‘the cecum (Kerna et al, 19?3) Thls bacter1a1 populatlon
1n the cecum and colon of ponles‘vhas been shown to be
essentlalkfor the effectlve utlllzatlon of: plant flbref
'(Knapka. 196?) , Converslon to volatlle fatty aclds
(VFA) and ‘ammonia is a possible- fate of the bacterlal

‘amlno aclds assoc1ated with cecal and colon mlcroblal

' '_actinty (Wysock:. a.nd Baker. 1972)

The addltlon of oats to hay diets of horses.
| lresulted 1n both an increase 1n the total number of o

‘ bacterla and in speclfic species of bacterla, (Kern et al

17



1973). Robinson and Siade (l97h); point to’other'work
which suggests that the cecum and colon are major sites
'of absorptlon where sodlum, chlorlde. bicarbonate, VFA
and amino acids are removed Furthermore, Fonnesbeck, (1968
" b) found that thé;ventralucolon acts ag the major site of
‘water ahsorption. o | |
| hutrientS'.
" (a) Rate of Passage |
' Owing to the differences in the digestive tracts
of horses'compared with ruﬁinants “horses show measurable
dlfferences in the rate of passage of dlgesta compared
w1th cattle and sheep. YanderNoot et al (1967) found
that the cumulatlve'recovery of chromic oxide uas
-;maxlmal from 36 to 48 hours and generally complete by
.372 hours. Thls agrees w1th work clted by - Olsson and \
rRuudvere (1955) Using coloured styrofoam particles.
Hintz and Loy (1966) found that horses belg fed a |
'pelleted ration excreted an average of 61$ of all
partlcles 1ngested by 27 hours. However. horses on a
non-pelleted ratlon excreted only 295 of all partlcles
"withln 27 hours. Uslng chromlc 011de W1th 91x penles, B

Haenlein et al (1966 b) estimated rate’ of passage of

‘ f;dlgesta to take approximately 48 hours Pulse et al

| ‘(1973). found that retention of both chrong.c oxide and
'polyethylene indicators was 1ncreased follow1ng cecal
flstulation.v From these and other studies 1t 1s evident
that apparent rate ‘of passage of digesta 1s.} S

18



| dependent on both the'type of feed (Haenlein et al 1966 a,
and Hintz and Loy, 1966) and the type of indicatorlused.‘
Haenlein et al, (i966 a) suggest that while the physicai o
form of the feed used will influence the ‘rate of

passage, the actual diet composxtlon does not. It appears
that the overall xrate of passage of digesta in equine
‘spe01es is 1ntermed1ate’between small non~ruminants.

such as plgs, and'ruminants.

Work by Alexander (1966) and Alexander and »
.‘Benzie'(l951)vsuggest that in spite of a morezrapld rate
;of passage of digesta on the part of horses compared w1th
rumlnants. the reduction in dlgestlblllty coefflclents'
is not comparable. ThlS would imply that cellulolytlc
act1v1ty is more efficient in the equine cecum than in
the rumlnant rumen, ThlS tends to support earller work
by Balch and Johnson (1950) whlch showed slower rates
”of dlsappearance of suspended cotton. threads in the :
rumen than in the equlne large intestlne."‘

It has been. reported that cattle w1Ll dlgest
proteln more eff1c1ently than horses, (Olsson and ' |
Ruudvere, 1955; Olsson. 1949; Kennedy; 1972; and Knox.
' 1971) I belleve there 1s reason to dlspute the ‘
unlversal appllcatlon of thls suggestlon. The results
h'of these workers showed that for speciflc"horses |
rrece1v1ng spec1flc ratlons, cattle tended to utlllze

proteln more efflclently. There is, on the other hand.. L
:abundant ev1dence to suggest that horses should not be



compared'with cattle on the basis of typical cattle;feeds.
'Work}in‘ the U.S.S.R. by Andreyev (1971) suggests
that ranges not'able to support cattlehare'often used for
‘horse-meat production, Fonnesbeck (1967) found that there
were large~differenoes-between»individual horses in their
ability to utilize proteins; lIn my opinion the discrepancy
‘lies in the fact'that the'equine evolved on a*highlya -
varied diet. Consequently, when forced to consume a
ratlon with two or three proteln sources, the horse does
not show the eff101ency it may have shown under natural

'condltions where rates of passage of dlgesta have been

' .found to be slower (Haenleln, 1966 b).

e

(b) :4Sitesaof Digestion"

Several studles have been made w1th equlne
,spe01es to determlne the gites of dlgestion and -
"absorptlon. Unfortunately much of this data has been
calculatgd using ‘chromic oxlde as an 1ndicator."In

light of the failure ‘of this technlzue w1th rumlnants ;
(Drennan et al 1970) and - horses (Knapka et al, 1967) much

_of the follow1ng 1nformat10n must be treated wlth a'

-;certaln amount of skeptlclsm.

Hlntz et al (1971 a) sectioned the dlgestlve'
tracts of eleven ponles 1mmediately after they were'_‘

"killed.. By calculatlng chromic oxlde nutrlent ratlos for

20
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each section they were able to estimate digestion'co-
efficients of dry matter (DM), crude protein~(CP).:
‘available carbohydrate (ACHO) snd neutral detergent fibre
(NDF). They found that the major site of ACHd and CP
‘dlgestlon was prececal ‘whereas the maJOr sites of NDF

dlgestlon were the colon and cecum regardless of the hay-

grain ratio being fed. From these results they suggested'

that the relatlve 1mportance of digestion in the 1ower
'gut ‘{nereased w1th 1ncreased levels of" roughage
WOrklng on the- comparatlve dlgestlblllty of

components of forages by. geldlngs and steers, VanderNoot

and Galbralth (1970) found that as the ratlo of crude flbre'

1ncreased in the diet, the dlgestlblllty of proteln by
horses relatlve to steers decreased However, they were
.not able to show a slmllar relatlonshlp w1th cellulose
dlgestlon. They suggested that proteln digestion is
,predomlnantly prececal Reitnour et al (1970) reported |
»studles in agreement w1th both. Hlntz and VanderNoot.
Finally. Kern (1974) found,that proteolytlc act1v1ty was
'greater in the small 1ntest1ne than 1n the large
intestine of. the horse o |
- ', With regard to vitamln and mineral absorptlon.
Schryver et al (1972); Hintz et al (1973 a,b) and -
‘Argenzlo and Lowe (1974) have suggested that the maJor
‘sites of - phosphorus absorptlon are J.n the small and large

_ dorsal colon._ Calclum. along Wlth magnesium. appears

._v_‘

21
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to be absorbed predominantly in the small; intestine,
(Hintz and Schryver, 1972 b, 1972 :c). Little}if any work
has been reported on the sites of absorption'for“Other’

LY ' : [

mlnerals.

(). Digestlon Coefflclents
 As has been pointed out earl&ﬁg% the number of
dlgestlon trials w1th horses and “the varkety of feeds
evaluated are llmlted However. there has been a
certaln amount of lnformatlon publlshed In a review"
by Olsson and Ruudvere (1955) they refer to earller ‘work
on over 1000 dlgestlblllty trials, predomlnantly with
heavy horses, to suggest that the relatlonshlp between
the digestibility coeff1c1ent for organlc matter (y) is
related to the flbre content (x) by the following equation.
For horses y=97.0 - 1. 26x f'* '
For'cattle/ ”' y'='86.0 - ‘0'66x j .
' The fact that horses apparently are 1ess efflclent 1n '
‘ dlgestlng crude flbre than cattle. has. been further
| "substantlated by V‘anderNoot and Galbralth (1970) Slade

. and Hlntz (1969) and Fonnesbeck (1968 a), Ina reView

'artlcle by Roblnson and Slade (l9?h), they referred to.-
_work by Hintz in 1969 that suggests that "tables of
B dlgestibllity obtained wlth rumlnants could be used
h:dlrectly for formulating horse rations when the feed
. contained less than 15% ‘crude- fibre";ﬂ Above 155 ‘erude
fibre. rabblt data would underestlmate and rumlnant data

~»wou].d overestlmate the value of the dlet for horses..
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Other workers have noted similar changes in
dlgestlblllty coefflclents. Applegate and Hershberger
(1969) studylng in vitro and in vivo technlqueé found
" that the crude fibre content was the single best |
1nd1cator by step-w1se regress1on of dlgestlbllltles.

Later studies by VanderNoot and Trout (l97l)_came to
similar concluﬁlons.‘ |

' Fonnesbeck (1968 b) found that water intake of.
hcrses. like cattle wag closely related to dry matter in-
take.' However. dlets having a hlgher cell wall constltuent
content also caused an. increase in water 1ntake

-(d) ' Energy: B |

| Slnce ‘the horse has hlstorlcally been ‘
‘acon81dered a work anlmal there has been an abundance of
early research on the utlllzatlon of energy sources by

qulnes. These studies have been referred to by Olsson

‘and Ruudvere (1955) Morrlson (1956) Nelson (1961) and
.01sson (l9b9) Olsson (1949) points out that energy
'requlrements are usually’ expressed 1n terms of malntenance _

!
and product{en requlrements in units of kllocalorle (kcal)

o of dlgestlble energy (DE)

The quantltatlve estlmate of energy requlred for

& = aWo:* 75
Em aw

_ In this model E ‘is in klloaoules (kJ) of DE per day, a

”malntenance 1s derived from the expre381on~

18 a constant. dependent on the stage of maturlty of the
~animal,. and W is the live welght 1n kxlograms. (Pearce,

l975)a A varlety of values for a,has*been calculated for s



mature horaes... For example,.a was calculated to be’

727-by Albert (1959), 477 by Knox et al' (1971), 594 by -

WoOden'et al (19?O)Iand 652 by'Stillion§ and Nelson‘(l972).

‘The reason for the sizable range in estimates may be due

to the use of dlfferent types of horses, dlfferent

measurement technlques and to dlfferences in the amount of

prior act1v1ty of the horses belng studled Also, 1t

should be p01nted out that the value of a, when calculated

" from a predetermined E ’ acts as a pool for all varlations

between 1nd1v1duals and therefore may be expected to. vary
conslderably . The current recommendatlon of NAS-NRC |

(1973) allows for normal actiVLty of a ﬁon—working o

horse" and uses 648 xJ DE/WO 75 Thus ‘the malntenance .

: requlrement of'a horse welghlng 450 kg would be 63 280

kJ DE/day (Pearce, 1975) . \' ‘ '

Estlmates of energy requlred to do“work have

'been done by Hlntz et al (1971 e); and are shown in

Table 6. From thls it can be seen that compared with |

3 walklng. strenuous effort" can require almost 80 tlmes R

as much DE/hour Whlle these estlmates have been lm

“'accepted by the NAS—NRC (1973), it should be noted ‘that
t}factors such as weight of rider. envmronmental temperaiyre.
,temperament of the horse and previous conditionlng will

Jlnfluence the energy requlrements for work.v"' '

o S ‘j Robinson and Slade (197#) refer to work by
jf(Blaxter 1967, and earlson et al 1964) that suggest

24




iu"Although glucose is more efflciently used than VFA's as

‘ha source of energy in ruminants. which of thesei

'_substances is preferentially ox1dized in equines and the _ﬁl :
:i‘capac1ty for utillzatlon at the tissue level has not |

;;been clearly establlshed.*m They continue to p01nt out y' 91;4;-

,ff.fhat both free fatty acids” (FFA) and glucose canbe 4

»;*futlllzed as an energy source. This is at least partlally

7?;'substant1ated by Goodman et al (1973) Using four

5imature geldings. Goodman et al compared the response to

'h”:iéxer01se by both condltioned and unconditioned horses.'"'

'thhey'found that both fat and carbohydrates serve as

'lsources of energy for the unconditloned horse. Further-- .

'vf*more,.they found ‘that 1/2 hour of trottlng represented

-:jf?a measurable stress 1n the unconditioned animal This

V:ffstress was found to elevate plasma FFA and depress muscle.;h

"iglycogen. ‘The conditioned horse was not greatly affected

vlea 72 hour fast redueed the plasma~ooncentrations.

E fExercise or lactation wera found to cause a two~fold

:..by the stress of trotting Goodman et al (1973) suggested
'fivthat thls re51stance to stress was due to more operative-;u“
vre homeostatlc mechanisms An. the conditioned horse. f;f [
ff Evans (1971) found that plasma g1UcoSe

. concentratlons were unaffected by exercxse. gestaxion oryftyffﬁj

"llactation when compared with a control group. ‘However. ’;”;55573

iﬁ%{iincrease while fastzns‘caused a two-fold deorgﬁse“;nfT;ﬂti:j» .
' 1oss of plai h-glucose. .Thistwould suggest,ﬁi "




that the horse haa the ability. during faatina.~to

alter its metabulism so that substratas other than glucose‘,;g

may n‘yused as a sburce of anargy.‘ Robinsoﬁ and Slade. --'

(197h) refer to other etudies to suggest that plaamﬁ*

between those of ruminanta and monogastrie animala.; Dieta

'“hown to elévate

high 1n soluble carbohydra%as have bae
blood glucose levels in the horse (Grawfofd‘et al 1970)

o glucosé concentrationa 1n the nvrse axe fﬁtermediatej‘}}fi?%5?~w»~
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: Dlgestlble Energy Requlrements above: Maintenance
r Various Act1v1ties

le 6;

U Activity

equirement - -b”. f¥§;
kJ/hr/wo 75‘l ’
' Walking S 1 0.5
Slow trotting, some canterlng 21.3 .. . 5.1 B
Fast trottlng. cantering, *'> : B e |
some jumping 52.3 - 1l2.5
.-Cantefing.-gellopiné. ”i:f | . _ | | o
- jumping . . .. 100.3 . ZQ;O,
' Polo bfecticeAand games- ‘_‘_163-9 | 3910

(Hlntz et al,
1971 Pearce
19765 .

R Yd]
Y
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.although glucose entry rates were found be higher

in grain rations compared with hay ratlggthﬁlntz et al,

-1971 b). Subsequent work by Argenzio and Hintz (1972)
'showed that glucose ox1datlon rates w1ll 1ncrease.d1rectly‘
-w1th'entry It would appear from this: 1nformat10n that
glucose is a preferred substrate for oxldatlon However.
under fasting condltlons these workers found that the
oxldatlve requirement for glucose was comparable-tovthat
.of ruminants. The work by Argenzio and Hlntz (1972) 1led
_them to suggest that equlnes fed high graln dlets will
opt a pattern of metabollsm similar to monogastrlc
anlmals an e fed high fibre dlets a pattern similar
to rumlnants.3 In add1t1 X4 an ablllty to alter 1ts

pattern of energy metabollsm. ‘the horse =ppears to have

a pecullar mechanlsm for glucose homeostasxs._dlstlnc

o dlfferent from rumlnants, (Argenz1o and Hlntz. 1970)

| Mehrlng and Tyznik (1970) suggest that the removal rate
~of exogenous glucose from the blood of ponies As. slower'v

‘than non—rumlnants but faster. than adult rumlnants.; A o
further flndlng by Argenz1o and Hlntz (1970) was that X ,

dfasted anlmals have a lowered gluc?se tolerance. Thls o

‘ft'has been substantlated by Glnochio (1973) 1n his work

iw1th glucose turnover 1n Shetland ponies..- . '

| o Slnce the’ 1n1t1al demonstration that 1arge"‘

:pquantltles of VFA are present in the’ blood of horses,'

| f_'llttle work has been done to- establlsh the relatlve

pfslgnlflcance of . VFA (Roblnson and Slade, 197h)
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(e) Protein |
' | Information'on‘nitrogen metabolism'in the horse
-appears to be rather confused, centerlng around the
discussion. of whether or not equlnes have the ablllty to.
utlllze non-protein nitrogen (NPN) sources. In this
regard I will attempt to present the llterature in
vapproxxmate chronologlcal order, in order that we may
Vexamlne the matter in the llght of progre881vely more'
: recent research.

There is still some dlvergence of oplnlon as to’
"pre01sely where the maJor site of proteln dlgestlon
~occurs. Robinson and Slade (1974#) refer to the questlon
.as being one of small 1ntest1ne vs.‘large 1ntest1ne. .

Fonnesbeck and Symons (1969) later supported .

y Johnson and Hartu(l974). found that the level and

source of dletary nltrogen will influence such parameters

'absorptlon of ‘amino ac1ds taking place in the small-
“*intestine. Support for thls comes from such workers as.
| i_Reltnour et al (1970) and Hrntz et al, (1971 b) However.
"prlor to. 1970. Reitnour et al (1969) uslng chromlc oxlde
indlcators found that the ma;ority of proteln dlgestlon td
l took place in the cecum and colon. Slade and Robinson,

‘;r(l970) went one step further and suggested from their’ data ,s‘

-t
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that the ablllty of the horse -to ‘digest protein was '
potentlally equivalent to that of rumlnants Thls 1mplied>
:,that there was ex¥ensive mlcrohlal activity in the equine
gastro-intestinal tract, presumably in the cecum and
L colon areas. It nas_later found that large intestine
ferméntation of previously undigested proteins results
in the formation of ammonia, amino'acids and protein
(Hecker 1971, and Slade .et al, 1971). Baséd on the earlier ‘
flndlngs of Slade and Robinson (1970) Slade et al (1971) |
.supplemented urea to protein def1c1ent diets and found
an 1mprovement in nitrogen balance and dlgestlblllty.

They were'also able to. show 1mprovements of a 31m11ar
nature ‘with complete diets. | .

" Fonnesbeck and 'Symons (1969) suggested that the
improvement in dlets supplemented.w1th urea was in fact
'due to mlcrob1al synthesis of pl te1ns from the urea.

3

_.Based on: ‘these earlier flndlngs

proposed that a nltrogen cycle 81m11ar to that of

;lrumlnants exlsts in horses.' This hypothesls was further ;
supported by suggestlons from ﬁysocki and Baker (1972) that.
a p0881b1e fate of. bacter1a1 amlno aclds could be ' |
converslon tO»VFA and ammonia.~ Indirect cr1tic1sm of thls'
'.hypothesls was brought forward by Know (1971) when he found=
_that dlgestible crude proteln (CP) requlrements for hlB two, -
xceeded NAS—NRC (1966) guldelines by 955

m Nelson and Tyznik (1971)

horses on’
fKnox failed to flnd suppo_
"when they suggested,from their data tha, ~



the horse was able to utilize urea a8 a NPN source and
further, there appeared to be evidence of ammonla
absorption from the cecum. ,
The extent to which horses can ut111ze sources
of NPN is still not clearly established.- Alexander.(l966)
| found that concentratlon of urea in parotld saliva of
. horses was 81milar to that of sheep.' However. total
amounts of sallva.secreted by the horse were found to be
significantly:less.than sheep. Pearce (1975) refers to
Houpt and houpt (1970) as suggesting that salivary urea
is absorbed in the small 1ntest1ne and utlllzed ‘in the
'11ver to synthe81ze non-essent1al amino. aclds. It has
been found that dletary urea does not reach the cecum
via the dlgestlve tract but that recycled urea in the -
blood is used to promote mlcroblal act1v1ty in the cecum
(Slade et al, 1971 and Nelson and Tyznlk 1971) Cecally
1nfused urea has been found to increase concentrations

of amino acids in the cecal fluid and in plasma, |

(Johnson, 1972 a,b). Reltnour and Treece (1971) dl&t

obtaln any benefit from the addltlon of dletary urea, but_'

: Hlntz and Schryver (1972 ‘a) showed that a small |

proportlon of dletary urea was utlllzed. However. the _7
i#
.ﬁderlved from dletary protein.~f“

It has been found that under certaln c1rcumstances,

fhorses can tolerate 1arge quantltles of d1etary urea..

31

efficiency of this utillzatlon was less than for nltrogen -
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(Ratcliff et al‘l963)..but when Hintz et al (1970) fed
450 g urea to 8 ponies after 24 hours. of fasting, 7 of |
'_them’died - o %
There is con81derable confusion regarding the
‘need for dletary essentlal amino aclds in mature horses.
However, for an immature horse- welghlng 225 kg a
requirement,of 0. 75% ly81ne has been found, (Breuer and
Golden (19?1) suggest that a grow1ng horse weighing 2l5'kg‘
requires about 29 g‘lysine/day.'which is approximately
0. 6% of 1ts ration) . The 1mplicat10n of thls, is that the
immature horse is substantlally more dependent on prececal
'nltrogen than nltrogen derlved from microbial fermentatlon
in ‘the cecum. |

_ . More recent work by Kennedy and’ Hershberger
"(19?4) regard;ng microblal fermentatlon, suggests that
.“Whlle micro- organlsms of the 1ower tract 1mprove the
blological Nalue,oi low quallty proteln. proteln thus
_‘formed may be poorly absorbed from ‘the cecal and colon
.regions.v Reltnour and Sallsbury (1972) found with four'l
cecally flstulated ponles that nltrogen from cecally :

-1nfused proteln was less efflclently utxlized than the

. nltrogen from protein administered orally.

' | Flnally. Kern et al (1971. 1973) present data
'to show that the mlcrobial populations necessary for k
microbial synthesisyare present in the intestinal tract
”.Aof ‘the equine.: These observatlons indicate the

vd-potential for utllizatiOn of NPN sources 1n the horse.’

T

S
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,
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The overall~functhn of:the digestive system_.
in the.horse is obviously not well defined. -Howeverr
the most prevalent theory is that while the cecum and
_colon are largely responsible for the absorption of
nitrogen, they are not: solely responsible for the dlgestlon
of protelns. This leaves us with two alternatlves, The .
first is in support of Slade et al, (1970), where it is
suggested that the stomach and small‘intestine degrade,‘
~ nitrogenous portlons of feeds, partlcularly soluble ; '
'protelns. subsequently fac111tat1ng microbial
_fermentatlon Therefore. by -passing the’ stomach and'
small 1ntest1ne would be expected to reduce the
Leffectlveness of mlcroblal fermentatlon._ The second f
‘alternative is. that a 81gn1f1cant amount of nitrogenr.
'rabsorptlon takes place 1n the stomach and small |
intestine. Therefore, preventlon of thls absorption‘
' would naturally reduce the total amount of protein ”
. dlgestlon that w1ll take place 1n the animal In,- ~‘i .
 general, it may be stated that horses ‘are affected by |
u'the proteln quallty of a- dlet but are not totally
’ dependent on dletary proteln source. Thus the _ _
X de ndence on dletary proteln 1s 1ntermed1ate between ;’:-
uzanants and monogastrics. f'lt‘"tf7’:*' R
.(f) Mlnerals | L ‘. |
' Horses are assumed to requlre the same mlneralsl
| 'as other anlmals.‘ Estlmates of requlrements for horses =

R

are largely derlved from experlments w;th cattle. Some_;f
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»recent work deflnlng mineral requlrements for horses aret

-

“Stowe, (1971); Hintz et al, (1971 d); Schryver et al,

"Stowe. (1967, 1968); Schryver et al, (1970 a; b);

(1972), Hintz and Schryver (1972 a, b) Hintz et al, 9
(1973 a, b ); Argenzio et al, (l97§),Sohryver,et al, - '
(1974). ] | o .
Dletary requlrements depend upon_ the live welght

of the an1ma1 ‘the amount of work. stage of maturlty.
'the loss in sweat and the avallablllty of each. mineral

1n the diet. _

. (i) VCalcium' Pho rug _
' The levels of calcium requlred for malntenenee
| is recommended to be 45 mg/kg live welght/day and for A
- phosphorus 30. mg/kg live welght/day (NAS-NRC 1973). . Teeter
et al, (1967). suggested rqu&rements equlvalent to 167-
- 222 mg/kg llve welght#day for. calclum and phosphorus in -

1‘expectatlon of low avail; ility 1n the types of feeds

"normally fed to hors";f/SchryVer et al (19 0 a) reported

'.Qcalclum avallablllty to be approxlmately #O - 50%. wh;lep_

tiWhitlock ot al (1970) obtained availabilitles up. to 70% :

from grass hay pellets. falling to 45% w1th the addltion

~ of. limestone. Hintz and Sohryver (1972 b) fed a wxde .

‘;{”range of feeds providing minerals at levels close to o
:frequirements and found mean ealcium avallabillty of -
772’ and*phosphorus availability of 435 Overall ’

',availabllity of phosphorus over a wide varlety of levelsfl
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of intake were found to be about, 45%, (Schryver et al,
1971. b). Hintz, et al (1973 b) found that in many cereal -
| grains and their by products, a proportion of the
'phosphorus occurs as phytin which, despite the probable
-action of a phytase produced by cecal bacteria, is less
available than 1n organic phosphorus.
The  absorption of calcium occurs predominantly

in the small 1ntest1ne, (Schryver et al 1970 ). )
| Signlficant levels of phosphorus have been found to'be
absorbed in the large as well as the small intestine |
B A(Schryver_et‘al, 1972). Furthermore, these workers .
suggest-that.the efficiency}of utilization depends on- the
- Ca:P ratio, the chemlcal form of the elements. the
v1tam1n D. status of the animal and 1nteractions with -
other minerals. The optimum ratio for calcium and
phosphorus. is- suggested by Schryver and Hintz (1972) to
bellhl to 2sL. | - g
| Calcium absorption has been found to ‘be reduced
| by high 1ntakes of phosphorus (Schryver et al, 1971 a)

.while high levels of calcium did not appear to influence -
o phosphoruf?absorption. High levels of calcium intake '

- (over #00 mg/kg live weight /day) have been shown: to B L

{significantly reduce magnesium absorption (Whitlock et al, Ny f;ﬁ:
E | Loss of calcium and phosphorus due “to light -

*exercise 1n horses has been estimated (Schryver etfal

»;'.19?2) to be.trom 250 to 1000 mg calcium and 100 tJ 300

1.4‘,

of
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mg phosﬁhorus per hour.
(ii) Magnesium

| The'requiremeﬁts-of.horses for magnesium have
recently been estlmated tofbe.l.jlg/loo kg body weight/
day (Hintz'and Schryver,vl973). Requiremeﬁts of magnesium
for growth are estimated at 12 to 18 mg/kg body welght
galn/day (Schryver et al,: 1974).
| Magnesium has been found to be almost exclusively
absorbed from the small intesfine-with little-or.no
absorption from the large intestine (Hintz and Schryver,
11972). These same workerg also found mean availability
~of dietary magnesium to be spproximatély 50%} a level of
.‘availablllty ‘which decreased in the presence of hlgh
levels of phosphorus 1n,thevd1et. Whltlock et al, (1970)
found that highilerels of.calcium tended to decrease the
avsilability of magnesium; | | .

(111) Sodium Chlorlde

Pearce (1975) refers to work by Popov (19#6)
suggestlng that horses may lose 50 - 60 g sodium chloride
'1n sweat and 35 g in urine dally Presumably, losses of
g,sodlum chlorlde may be greater under condltions of "
exoess1ve heat or. heavy work. ' ; ‘ | .

| (lv) Selenium | f

Horses are susceptible to selenlum toxicity
(Roblnson and Slade, 1974), called alkaii dlsease .

The levels 1n_the feed at-whichetoxiclty occurs has not
lbeen'qusntitatiVelyvesﬁaﬁlisﬁedl"However; inlareas where-



gelenium is as high as 5 - 40 ppm in natural feeds,
lcharacterlstlcs of alkali disease may develop. ‘
.A‘condltlon known as"tying up' has been found
, to be_allev;ated by_add;tlpn of_eelenlun_to the drlnking
water, (SteWaﬁt 1§60) ‘The requirements for seleﬁinm

(Stowe,‘l967 a) are estlmated to be 240 ug/100 kg body

o

weight/day. | S

(v) Zinc

Requirements for z1nc are not known for horses
(NAS- NRC 1973). _However. zinc def;clenc1es have been _
.reported in grow1ng.horsea being fed'avdiet of 4appm ef,f
zine, While a diet of 40 ppm appeafed to prevent deficiency‘
(Harrlngton et al 1973, cxted by Roblnson and Slade 1974)
(vi) lgglgg | | o
Requlrements for iodine are estlmated to be 0 10
'vmg/day (NAS NRC 1973) Exceasive levels of iodlne have been
noted in pregnant mares and causea g01ter in the mares
and foals (Baker and Llndsey. 1968) |
(vii) __npl_ | o | ‘5‘0'
_ Low levels of copper have been tentatively
'llnked with hemorrhagxng eepecially in older pregnant
mares ., (Stowe, 1968 a). Precise reqnirements have not -
“yet been estlmated for horses.' : 'T\i)""ll o
- (Viil) e _-:' = B o
| Robinson and Slade (197#) refer to recent work |
' y Schmltt et al (1971) a8 auggeeting that growing horses

LN
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’may be. partlcularly susceptlble to lead toxlclty Howemer.
no spe01f1c toxxcmty or. requlrement 1evels haVe been N
estimated for horses to date., “

Toxic effects of excess fluorine oan occur.;-ée::
a result it has been recommended t t dletary levels of

fluorine be held below 50 ppm/day'(NAS-NRC 1973)
(x) . Other Mlnera;s o -

Requlrements by horses for the remalnlng trace
'elements have not. been determlned. nor have there been_ :
":any studles rélatlng speclflcally to horses for these
‘elements (Roblnson and Slade, 1974) | SR .;  R
(g) Vitamins e
N Very' little research has been conducted to
_ establlsh preolse v1tamin requlrements of pregnant mares.Lnf‘la
Here again, most of the recommended requlrements have been:'“
eat;mated from work w1th non-pregnant animals.'f,_,' ,
" Work by Garton et al, (1964) has shown that |
‘rseasonal fluctuatlons in’ lzver, fat and blood concentrations;;‘}
-of carotene and v1tam1n A occur in horses. Early _ “‘
, *_-researchers have ﬁoted symptoms of vitami.n A deflciency
'*fin horses (Olason.and,ﬂuudvere. 1955) Results reported

jby Stowe (1968) show that 9 o -1 o m vitemin.A per kg

"fgvitamin.A per kg body weight for pregnancy and lactation

vlfbody welght per day for maintenance and an additional 50 IU'J”

- Wbuld prevent defieiency 8ympt0ms (Robinson and Slade. o LT:#L “
.1974) S S T N
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| : Stowe (1967) euggests that vxtamin E in "; ‘ :
"comblnatlon w1th v1tamin A appears to enhance reproductive

performance 1n mares. Roblnson and Slade, (197u) refer Tf°efal

fto other: work that suggests that vitamtﬁ E hay the
|  ipotentia1 td allev1ate 'dry coat' in horsee 1n the troplcs.-?A1VL
' Furthermore. an’ average of 233 mg of oral alpha~t000pherol/

kg body . wt /day was required to maintain erythrocyte :

'-stabllity " - e

Vltamln D has been shown to have a p081t1Ve

Y

}Qarelatlonshlp to calcxum and phosphorus absorptlon 1n ﬁ'g‘ﬁ'
' ";1nintz<et Bk, 1973 ). ;,Llu~” I

It has been suggested (Stillions et al 1971 a) L

$”¥thax vitamln C ls“ﬂ;w""
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Over the past:deeade there hawe been numerous
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Thls assumption for some: markers has not been valld as We

t.

‘vlffw111 dlscuss in more detall later.; Some markers that
o a-are used 1n dlgestlon trlals are carmlne, ferrlc oxide.

.'chromlc oxlde and soot (Maynard and LOOSll. 1969)

Whlle dlgestlon trlals.-lnvolv1ng total

collection ‘of feces over an exten ed perlod of tlme, are

-valuable, they are ‘also very costly ln terms of tlme and
_f‘labor., Very few thorough dlgestlon trlals haVe been done
- ltFW1th horses w1th the exceptlon of " Olsson 1n 1949 (Olsson . -
aand Ruudvere. 1955) Recent research? Whlch 1nvolved the o
o determinatlon of dlgestlbllltles, has. for the mos& part
ﬁrused chromlc oxxde as an 1ndlcator (Hlntz et al 1971 b .}
‘;sand‘Hlntz et‘al -197l'c) Chromlc oxlde was.lln the pastv
v‘n',censidered to be a falrly aocurate 1nd1cator.‘ However,l o
st‘con81derable doubt was cast on. thls assumptlon when |

-'zworkers such as Haenlein et al (1966 a, hnd 1966 b) found that e

ijfecal chromlc oxide samples taken at random from horses.

”73est1mabes of starch digestion ranging from 56 to 92ﬂ

1.

'"sf:7prov1ded estlmates of fecal excretlon rates whlch dld not o

agree with those from total collectlon procedures.;,hp,['

Worklng 1n 19?0 Wlth cattle and sheep, Drennan o

.fet al (1970) supplled a variety of'markens to estlmate
:dlgestlblllty.- They found that chromlc oxide gave

S fIn v1ew of the'unreliable results obtained using chromlc
4"7,eoxide, they suggested that estimates based on lignin

eontent of the feed would give more reilable results.eeﬂfe

o



,f‘materlal.g The fact that the - use of thls material

et al 1976)

4labelled Ce

j o£ passage of dlgesta.

;analysls of the nutrients_remalning in the feces as well

;to de rmihnmthe nutriti
- roximaﬁe analyaia (ti?f,f

4

,\Knapka et al (1967) found that recovery of chromlc oxide
© was only 81 5% as compared with 96 6% and 103. 2$ of L

144 and polyethelene respectlvely Pulse et al

4(1973) found that cecal fistulation of horses will -cause

-Thrs apparently 1s due to an overall decrease in the rate

)

Most recently thee has ‘been the development -

~
of an alternative method of estlmatlng fecal nutrlents. o

whlch untll ‘now has only been used for the determlnatlon }il

of apparent dlgestlblllty in plgs and poultry (MCCarthy‘ Q?

"et al 1974) and (Vogtmann et al 19?5) ThlS method '

:[1nVO1ves the use of HCL insoluble ash as an lndex

‘appeared to glve more reliaﬂie results than chromic oxlde
L‘r_lwhen compared W1th total collection, has encouraged other’-
f}workers to apply this method to other anlmal species such
"V?ias poultry (Vogtmann et al 1975) and cattle (Van Keulen -

AN

Once the collection ofﬁfeces has been made. .

 both chromlc oxide and polyethelene to ‘be retalned longer.'\

Yoo

L2
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digestion of nitrogen-free extract (NFE) which is
presumed to. represent'the more digestible carbohydrates,b
z'1s found by difference. from the results of the other
vdeterminations. Consequently, the 91gestion of carbohy-
.”drates‘calculatedlin thisvhanner'include'ahy and all
vexperimental errors (Van Soest, 1969). The basic
probleniassociated withdthis technique appears to be the
* failure offcrude fibre and NFE estimates to indicate |

Aa-nutritional'separation‘of fibre. To elaborate,,there'
-- is a. failure to clearly define the nutritional | |

"avallability of carbohydrates, thus separating lignin

'*efrom the soluble digestible carbohydrates (Van Soest 1969)

,Fonnesbeck (1969) suggests that the soluble carbohydrate
_fraction should in turn be diVided intos (l) fibrous

' rfcarbohydrate. digestible by symbiotic microorganisms in

| {the digestive tracts of herbivorous animals- and (2)

!~ffﬁsolub1e carbohydrate. digested by enz&mes secreted by the

a;ﬂjdigestlve system of-all an1mals.~ Other work by Fonnesbeck _

_ff;et al,. (1967, 1968 b) suggests that there' is indeed ag“
f;significant difference in nutritive values associated .
3 fwith the different carbohydrate fractions.’ They further
, suggest that the analysis which provides the most '
"efmeaningful separaitpn ‘of nutrients is the estimate of ‘"’iv*‘*ﬁig

""5mce11-wa11 constituents (CWG) contained within the

:Afplant (Fonnesbeck. 1968 b)
A review of the literature regarding recent



brogress in the field of:equing‘nufritioﬁ points to the
need fdr'additional researcﬁ; It was for the pufpose‘
of increasihg the amount of informatign pertaininébta
.the.hutrient requirements of ﬂsrses. that the following

’ expefiments were employed.



EXPERIMENTAL
‘Reproductive Experimental

' ObieotiveS'

Thls experlment was deslgned to monitor several

performance parameters.in order/to judge the relative

| adequacy'of recommended nutrlent requlrement.estlmates,
B based on NAS-NRCL Nutrient-Requirements.of Horses:(1973).
for pregnant and‘lactating mares under central Alberta
'k'w1nter conditions. Thelparameters used‘included weights'
of the mares throughout gestatlon and early lactatlon.

’ blood serum chemlstry proflle of mares and foals, foal
N birth welghts and rate of galn, and analy81s of several

| constltuents of mares colostrum and mllk.

Animals o v )
Working with tweive‘half Arabian‘maresv(half sibs)
leased from Mr. B Langdale of South Edmonton. this *
‘experlment was inltiated in December 1974 and’ terminated
in June, 1975 Horses were oared for by the students of,d
-ethe Horse Husbandry course under the superv1slon of . | |
4er. W. D, Ratcliff Instructor. Department of Anlmal
“~'Soienoe..01ds College . Olds. Alberta. ‘tf ‘”*f_ _
T Monthly maximum and minimum temperatures were‘l
4:recorded for the duration of the experiment.» This data :
ftogether with temperatures from 197# to 1964 are o
Vipresented in Tabll ' i,d Q*J'g'*"; \oﬁf :-£~ij ’s%%f}'l
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'

“Table 7. Monthly Average Wind Spced and Monthly
. - Maximum and MlniTun Temperatures for
o entral Alberta . L

Windtaph)2

Month . Year
: Min.

h7.8

T Jan. 1970 © 7.9 1.3
N 8.3 -37.5 W47
1972 9.1 -54.8 4#3.0
1973 7.8 -28.9 43.0
1974 8.8 -bb.0 35.3
1975 - -34.0 4.0
Peb. - 1970 8.1 . =10.7 M1.9
‘ a9 7.3 -28.0 4h,0
1972 74 -28.1 4.9 -
1973 - 8.1 -26.1" 48.8 .
1974 8,6 -33.4% 40.9
A 1975 - -25.0 b9.0
March 1970 9.3 -23.2 46.3
1970 8,8\ -20.3 39.9
1972 7.2 N -b8.3 867
1973 7.4 "= 0.1 52.5
1974 8.1 -z\’b\< 40.8
‘1975 - -~ 5.0\45.0
April 1970 8.0 16.0
© .97 0.1 - 0.9
1972. . 9.9 Y. 7 |
1973 8.4 11.7
1974 8.3 7.3
: 1978 . - -7.0
“May 1970 . 11.2 23.1
1971 9.2 26.9 -
1972 7.7 25.3
1973  10.7 27.8
g 7.7 26.8
1975 - - 25.0
" June 1970 . 8.8 . 37.0
' 1970 - 9.b - 3.2°
1972 - 8.7 36,1
1973 9.5 - 36.0
- 1978 . 8.1 . 38.0

1975_

‘o ) t

-, 1 emperatures prior to 1 S ‘were recorded
. at the Edmonton International Airport. &
_ 2 For 1975 wind speeds were rot availadble, |
-3 g raturn for 1975 were recorded at Olds -
College. = = . N
- --'”\v. ‘: . .



The trial was initiate§ by the random allotment
of the twelve mares into two grpups. Then adjustments
were made based on predlcte foaling dates. in an |

. effort to 1nsure that

similar times. Mares

The fyrst group of mares were fed a dlet
designed to méet NRC requlrement levels . (NAS—NRC Nutrlent
Requirements of Horses. 1973) " The second group recefved
the same dlet at a 15% lower level of dally 1ntake
Iodlzed salt and ground limestone were offered free
ch01ce for the duratlon of the experlment d v

“All mares were contalned in an open pen w1th 8
dlmens10ns of approx1mately 100 X 30 msters. They were
‘1nd1v1dually fed in tle stalls and recelved no other
'shelter except shortly before and after parturltlon,
:when they were housed in a. heated barn. approxlmately
5 C When a mare showed‘81gns of immlnent parturltlon.
.she was moved into a large stall and observed contlnually
-untll foallng. No a881stance was glven at foallng.
' ' After parturltlon. placental welghte were | _
:recofded. An 1odine navel- dip and mercOnial.enemas (Fleet)

"were appli.ed to foals. Foals were also encouraged to )

'_suckle before any colostrum samples were taken.~ o

A

L7
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Within twelve hours, where possible; colostrum
samples were taken. from the mare and blood samples were
taken from. the foal. Additional blood samples were taken
froﬁ:the foal for three\moré cohsecutive-days‘and again .
30 days later at the termination of the trial. A'finsi.

| milk sample was also taken 'at the termination of the trial.

Expe 1mental Dlets-

The mares were malntalned through three nutritional
phases (early gestatlon. 1ate gestatlon and early lactatlon).;
nece881tat1ng perlodlc adgustments in d1et Formulatloh snd , |
'comp081tlon of experlmental dlets are glven in Table 8. The
‘*experlmental design outlln;ng dletary treatment 18'summarized
in Tab;e 9. Since it was not the“purpose of this expsriment
to introduce new feedstoffs-for horses, the scleCtion of o
.1ngred1ents was llmltedrto what mlght be con81dered common
components of horse rations 1n central Alberta. Maaor
h'dletary 1ngred1ents were : tlmothy hay (Phleum prategg )

'ibarley (Hogdegg xg;gggg) and oats (Avena sgtlvg)

Collectlon " Dgtg

B . Mares were welghed at the middle of every month
‘and blood samples were taken at that tlme. A flnal welght :
A7was recorded and blood samples taken at the termlnatlon -
1‘of the experiment.‘ As previously descrlbed. colostrum B

ff and milk samples were taken at 12 h and.30 d
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Table 9. Dietary Treatments: Mares

50

Mare # Phase I

~ The same diéts.were'used-tér.both‘treatment {See Tgb1§ 8).

.2 . S T L. o
.~ Mares which were pregnancy tested and found not pregnant
- were classified as "open” and maintained at Phase I level.

December 16-February 19 Feb?g;fgoiiing Fhase 111
kg-feed/day xg-feed/day kg-feed/day
. Group 11-
b9 _ 5.0.. open® i
LI : 6.1 5.6 _
69 7.9 7.0 1.1 .
% 6 s.7° 0.2
%9 - 6.6 6.3 10.2
99 6.0 open B
v 6.6 6.3 10.2
- 205 T l 5.9 open . 3
206 O a open N
207 5.6 6.9 ' 10.2
208 7.0 ‘6.8 10.5
209 6.8 6.6 9.1
1  §&§“.
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after parturition, respectively. Foal birth weightssand

. 304 weights were recorded. Blood samples from'foals'

were collected in a manner prev1ously described. Fecal

samples from mares for calculatlon of energy ‘and nltrogen .

dlgestlbllltles were also taken.

ThHe objective of the weight measurements Were .

to_monitor relative weight changes as they related to the -

.uacy'of the two rations. Based on the
:andom_allotment of mares to treatments

- wou lolek ol _<'fesponSe in weight gain'or'loss being

: odueﬁbi;. ty nt efd‘ct (Steele and Torrie, 1960);

e u

further assdﬁption was made, that if 1n1t1al mean weights

)

of the mares were 81m11ar, the mean welghts of foals at

birth, would also be 31m11ar, if there was np treatment

effect. Conversely, lf there ‘were treatment effects.

these would be reflected in the weights of the foals at

birth and at one month.

Analx81s of Fegd, Blogg and Milk: L o
The energy and proteln content of the feed

¥

1ngred1ents was analyzed from samgles submitted to the
SOll and Feed Testlng Laboratory, Alberta Agrlculture.
0.S. Lbngman Building. Edmonton, AIberta.'; o L
" The chemical analyses of blood plasma.samples
‘were done at Hanson and Associates Medical Laboratorles
in a manner descrlbed by A. 0.A. C (1965) '
‘The purpose of this facet of measurement is (l)

to galn further knowledge and appreciation of the_=if

51



| J;A o A, C. No. 16 053; and proteins, Kjeldahl (A 0.A.C.
» 1965) | |

52

variation of some blood parameters and (2) to enable us
to. compare these reeults with similar data obtaf%ed
elsewhere and, (3) to enable us to compare these

parameters in llght of the effects of nutrltlonal

: standard between treatments.c

The analyses of colostrum and mllk samples
from mares were conducted at the 8011 and Feed Testlng |

Laboratorles. 0.8 Longman Bulldlng, Edmonton, Alberta.

The procedures used for analy81s were as faﬂlows: “ 7
'fcalcium and phosphorus. atomic absorptlon spectrophotometry,

fylactose A. 0.A.C.. No., 16.049 and No. 16050; llplqs, Babcock

Dlgestlb;;itx Studx w1th Mg;eg

Estlmates of dlgeetlbllity of energy (D E.).

.and nltrogen (D. N ) were made durlng the 1ate gestatlon
‘phase for the eight pregnant mares and at the same time

',-for the remalnlng four open mares. A seven day total

collectlon perlod was 1nvolved In addltion. the randcm

| grab method was used (McCarthy ét al 1974 and Vogtmann et
| 'al 1975). Random grab samples were taken at 1o 00.. - lOs3O
o A. M and 5:00 - 5:30 P. ” every day of the collection f“d o

‘ Tperiod These samples were frozen and then transported to ;ﬁfﬁﬁj?
 the Uanersity of Alberta and dried at 65.C for. 72 hours. :
. Feed samples were also returned to the. Unxverslty 3”;¢3¢g;ﬂ;;ﬁ‘v
,};Alaboratory and drled. After beingrallowed to dry .:ﬁ' - ‘
"_all samples were finely ground 1n a Christle and ::,;; fgfnhi;k'



"*W“.waffié”féed*grihdingfﬁiiif Analyses of total energy,
total Kjeldahl nltrogen and dry matter were made
aCCordlng to the methods of A 0 A C. (1965) Energy )
_ \‘  content of feed and fecal samples were determlned w1th
'”3f? a Parr Oxygen Bomb Calorimeter.. The determination of T “ 
| Kaeldahl nltrogen involved the nse of a commercial o .{nif':'
'Kel-pack' as a catalyst and h% boric acid for the.e
collectlon of ammonia.vnﬂffL Vfﬂf'm{fghf'177ffj ‘i£;';:i2}f#§ o
The digestibility of the diets was estimated i
using the lnsoluble ash method of McCarthey et al (197h)

Feed and fecal samples were b01led 1n UN-HGI for 0 5

ﬁxrs.;vThe result&ng ineoluble ash resldue was’ then '73?Q5f_;ﬁ;e;




...Qdeslgn outlining the diets fed for the experiments are ;JtiifﬁfEF
, Wf{presented"1n Table lla Formulation and composi%ion of .  . I
__” ud1ets are gmvén in ﬁable 10. The diet used for the flrst

B

. _l collectlon period was the same aa that used thh the
- f}mares at Olds Cpllege. S S .5~  ‘ . jm..y S
- o Methogs and ggocegure R _*"l[g;;f_A e §‘“ﬁ@f

"7(d)5ffate‘ifvP 88

SR 'Four geldlngs Were placed on a diet (Table 10)
; f~three weeks prlor to the initlation of the trial. After

| thls perxod of adjustment, cotton cloth strips 5 0 X 2¢
'fixfcm were placed in the feed.i This méthod of estimating‘

”'}firatpﬁof passag@ 19 not based on any pravious use of

| ”:otton strips and is therefore, to my knowledg&..v: ;:?'ﬁA
‘Jif forig1na1 method of estimation. Prsvious uae of cotton if if*
L y“fthnﬂad5was made by Balch and Johnson (1950) as an V“‘ .

“nly 'wkzF'rﬁ§8h;,1bca1 material was‘eal;ected every‘

;.rst' epiicﬁte énﬂ eﬂ? 2h for the sécon
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-, Table ‘}l Di,etﬁrqureatments: Geldings ..
) N . (gv ,.z/. ) A , AR

F . ‘ Trial l Trlalz Trialj
) . (kg feed/dhy) R

e

2

- " — .6 9:; - o




_ geldlng used for all three trials was a two- yéggﬂ

g 1n Table 11. _ .l‘: . _’,“" v "' e

(b) Digestibility Studies
_' A total of three digestibility trials were
) completed us1ng four geldings for each trial. Seven

NN
geldings in ‘all were used over the three trlals./‘

: Of the remaining 81x. three .were over 12 yea

three ‘were .over 5 years old.

57

Horses for these trials were housed in a heated "L.

barn and separated by tle stalls, approximately 3 2 X
' L3
-2, O meters’ 1n size. The levels of feeding are describeq
. TR A

Trial l,_using the diet obtained from4glds >

Collsge. involved" two repllcates using four geldings..a“~

6

Fecal collections were: taken from a concrete i&oor, twﬂﬁe

daily. After the second collection each day. the floor
was thoroughly washed As a result. it is probable that .
’_ some small portions of few material were lost. , The

'tf collection period lasted«seven days.; Gomsequently. all

.‘ v'
dhe horses tended to have sore‘gset by tﬁe end of the

collectiOn period.. A resovery period of seven days was

R ?

- »,.j.‘.‘:/

:* rate;of pessege experiment, the collection periods were -
iw,aef : L e e

allowed between the replicates with the';nimals being

stabled in a dirt’peni;f s _ t;
‘\. Trial 2, using’ the ration shown in Table 10,

B S
(O

involved two.replicatio '?with the objectives of .

"s*

R

‘”r comﬁ;ring the éftects of'days of, sampling on random grab}<]¢

samplq results. Based on the results of trial l and thef'

e L
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shortened to ’+ days. . 9therw1se this trial was completed
'1n a manner 81milar to trial 1.

' Trial 3 was started seven months later in | _
. January. 1976. Four geldings were individ-ually housend- N
in metabolism crates. The crates themselves were
constructed of 'wood with slotted floors in the middle
section to allow for sepaxation of urine and £eces.'_ These
crates measured approximate,ly 2.5X 1. 5 meters. . 'Tﬁqe .
}horses we‘{e allowed only minimal movelnen'lm,- 'Feoal ssﬂnples

&
. were collected in the manner described iq.‘::f : "

that feces -were taken from the metabolism

Analyses of feed and feca.l samples were completed 1n the

",manner described in the Re.producti**vExperiment

~.Statistical h R L m A _ T a

Rgnrgdgctixe E;ggg;iment
Usi.pg the parameters measured and described

. earlier. one-way analyses of variance were computed to .
-determi,pe if significant differencés existed between R .,,;,: ¢
_*'treatments. Ration treatment vias consid‘ered to be ‘the | ”
‘only fixed source of variation._. Notations used to -
indicaj;e level of significancq are-‘! (P,<*O-._05») snd o
(P( o 1o).a -]_‘,.'- . AR ', o |

| The par‘ameters in this expenl’ment were measured

.

4 over a lengthy period of time. @s a ,result. it was '\ ;-:"



\Hecided to plot these variables agalnst tlme, gsome of

which are presented in Appendix A, ‘in order to more
2 t.
clearly establish the Ereeence or absence of any trends.

'-:}

Digestibxla%y S’tudies = Mm%
' 2 7
The - potential comparison presented by estimates

.of digestibility coefficients from the insoluble aeh

t%fhnique were the relationships of parent digestibility

"vs. time and appaﬁ&@@ dfgestibility of open vs.. pregnant

'mares., One-way analyses of varfance were calculated for ”I'

v

59

‘these relationships. | _ - . o 'ﬁf;f .rﬁ;ti';.
Di ggstibility Studies - Geldigg '7 gj f{*jf75“

MultiWay c1a831f1cations (Steele and Torfie,.i_ Y

1960) wrth two—way analyses of variance were done for

trials 1 and 2.- One-way analyses of variance were done for

, trial 3 as. time period was. not a variable factor.';In;:
'~tadd1tion to multiway classifications for trllj?j. a
f'“comparieon of. grand means using a t teet and . pair wzee j )
;:;;correlations of insoluble ash vs.'total collection
g t%chniques were calculated for trial 3 -

P
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RESULTS AND DISCUSSION ‘ |
0,

o '{<Thls discussxon pertalns to the two experlmentsr
;"> the reproductlve study and the,dlgestibility ‘studies,
TQ? results for the former are considered under the
'fellowing-Catagoriesx-'
| ‘(a) performance " "- ‘ . - L
- (b) dlgestibillty of diets | E
. (e) - dlood" constltuents
‘ deesults of the geproductive experiment aTe.
dlscussed 1n terms of mare and foal Welghta..colostrum
. and m11k Samples. and mare and foal blood serum |
. constltuents._-Comparlsons for~digestibility of diets

are dlscussed and reference to weather conditions -are .

made._ g S ;-‘ T L .
,: ~£= Result@'of the & eétibillty experimgrm are

discussed in terms of 1nsnluble ash andlzotai“eollection ¥
methods of estimating apparent dlgestibilities of feeds.j‘n

Rute of paesage of feed 1e consldered in light of its:
effect on collegtipn periods. .

(a) _gim

ﬂ‘iaﬂd&‘h&h of mares (Teble 12) were recorded forA

1
‘ '3;1‘0

)
the durat&qn‘ar the trial and.weights of foals (Table 13)

. ﬂ. B

60



‘Table 12. Record of Weights for Mares. . . 9. L

. Mare S . ~Peri°d1 T — - v

Dec. Jan. Feb., Mar. . April May June

Group' 1 - : _
49 . 418 386 336 349 355 347 -

" 59 s 468 418 W43 - 450 455 . W76

69 -600 611 557 576 522 521 . --
79 ~ 459 4p7 b4 . L6h 486 - 436, - --

61 -

89 495 509 . 468 . 488 495 - 486 439 o

400 . 419 - "b3‘4“ 439 -

CTu3r Base. w3y 4n B

f-jf&g&_‘_,u79 -  '#93  "ua6 836
418 Bk k27 W32 -
375 . M1z hoz W09 . . - B
Cugs 506 - s ey em

209 513 . 523 b7y . 518 . B86. W32 . M3

 Mean . bBY  S01 Sk h7L - 471 W59 kb

Ne hta rccorded at monthl 1ntamla comenci
De:gmber 16 197“ Cal y g ng

] _"L'_\'.'



Tap‘l,e 13. MRecord of :Weights, for _F"qals

B - - N ‘;” . . . . ‘ A B ‘ : .
Foal, 'ﬁ«r?‘i‘rth Weight .  30-day Weight Average Daily
- S ST . Gain (ADG)

F-69 ,53}6  - 'f' .87.2 . ; - ?glfa;*v'

N .

S O N "-TO B 135,

P89 - s18. . 800 . o.o
Mean . 497 . 837 1.13

. »'. o
N

CR2os . k59 7500 0.97
2 Fr2078 - v‘qu.57 1'  fi L 79.6 f,,’ | 1.;7< -
 Mean .- 48.9 R | o %97 . ‘b - 103

R I
BRI

62
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were recorded at birth and at one month of age. No
significant différences were found‘due'to treatment oetween
* either mares or fcals.._,.,." S ., R w.
_ Mean weights of h62 4 kg for mares is well o
within the suggested range of 400«600vkg (Ensminger, 1969)
Vfor light’horses | Mean weights'of.49 3 kg for foals at
~‘b1rth are similar to birth weighte of 110 1b. (50 kg)
for 1, 071 trotting-bred foals (Morrison, - 19h6)
(v) Rates of Gain
~ Mean average daily gain (ADG) for foale. at
30 daye of 1.07 kg per day is thhin the range of estimated
~ growth curves c1ted by NAS- NRC (19?3) ~ The calculation -
of - ADG for foals Table 1}5 shows no 51gnificant dif:ﬁ‘erencj
between groups This would appear to imply that while
esome 81gnificant differences were noted anpng milk and
“blood constituents. to be reported later. theae differencea |
. were not reflected in the growth performance of the :

ale over the period of time that these measuigmente

'nere taken. However. it ehould be pointed.out that since
theee weight aeasurements were only taken up to one . ’,'._
month after foaling. several important erfects may have |

, been miased. This experiment was terminated somewhat

prematurely for reasona important to the owner of the ‘

mares.i-f- ‘ 'f . ;~" i f’f o f'i'v o

, | Maree generally.attain maximnm milk production g
at approximately 8 weeks (NAS,~NRC 1973) th this -"“



e ' e

‘experiment been aliowee‘to;continue beyond this'teak

. period we may nave seen some trends develop, in.terms

~ of foal performance. For example, it is logical to

V“'suggest that differences in nutritional levels of the 4

two rations would be most noticeable after the maximum

period of milk production had been reached. 'Furthermoref

a nutritional deficiency-nas,'by nature, a_cumulatiVe |

effect;'that is, that unless corrected, a nutritional | o

deficiency of any kind tends to become more critical |

with the passage ‘of time.’ Consequently. the lack of .

ﬁ eignificant differences found " between treatments.v.

'fparticularly with regard to foal weights, cannot be-~‘,?'

~assumed to prove that NRC guidelines are in /exoess. of "

" the true minimum requirements for all pregnant and lactating

.,horees .over the whole period of 1actation.- S

‘One parameter that was not: measured was that fﬁ~j'

of conception rate for mares.. Thls parametef. in ; "
i'particular. is of great economic importance to . horse .n?.=
."breeders. ﬁgﬁis is- eepecially true in- light of the - fact '

. »that conception rates in horses, relative to other

H"domestic speciesr 1s historically low (Ensminger. 1969)
?and the effects of flushing on concéption has not been

: . g 0
widely studied.iv, L o

The effects of weather conditions. panticularly '

.. -

ti ambient temperature,,on nutritional’requirements has been




. The fact that NAS‘NRC guidelines (1973) make no !

‘“frequent perigds when the marejﬁmere subaecte.

~,may~be»considerable variety.in.termsuof.relative

| _are noted between treatments for‘these mares.ino .

particular reference to these effects suggests that ther

adequacy of these guidelines under‘varying weather
.conditions. o . | : | R :
Alberta 8 relatively inclement winters prov1 e !
.an excellent opportunity to study'the adequacy of NAS
NRC (1973) guldelines in animals which are frequentl '

subaected to cold stress conditions during the coursgle

of the season.‘ Presumably. if no significant diffe ences -

»ly." .
81gn1flcant differences are likely to b;

f& more favorable climates.i

presented in Table 7 Ls can be en from this data.

. f N
somewhat mllder th&n norﬁal Nevertheless. th re were

to ‘
4.‘7

considerable cold stress.

‘il« Table lh taken from Young (1975)

and amblent temperatures.i

’: Colos Mil

Analyses of variance for. levels £ fat, Ac-"i -

} lactose. calcium and phosphorus in colos ‘um and milk

}Qﬂsle 15, revealed no significant diffe ences due to'

e 7
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Table 15. Analysea of Mares Milk L

Dt C Ingredient * A - . v,_f.‘._‘, ,f.:.:_l
Mare Samplel ,P_rotein Lactoge Calcium Phosphorus

:FQixgzob 7. 79 5 12. R i%f e

e ‘ e Lo - e . —— /

,L 0. 3°'3, 1'58 7 12 0.1l . 0.0h i
;ifl 2o?~ - 2.79 - .5 12  . ‘* S R
0. 8 1 78 7 64:Q - 0)12. 0,05

o

8y

Mean

W @ w T

;,'to;7o 12 82 u ao‘ 0,08 f '_o”of“x*ﬂ-"ﬁj v
'*‘ <;:0;70 2.7 1?7;85_ 10.10 ;‘55?50 05 o
2o aae o bvel s 0ar
| ";{1 25 z 25 7 80 0312
71,05 19 25 3 38 j'j 0fi2.
‘__'j;o 60 . 2 44 75 ;;a{{ 0:10:" S
.’,P,§:Q133°c.~A a1 3'¥1* g ?»¥9'935"‘
Sy 0,55 277 © 0,08

o

,'..}. ©ap .

L a0

i
e e ws w e we
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treatmeht. Milk proteih samples werd!&ound to be _;;ga§§iv+.'ﬁ'
818n1f108n$1¥ (P‘< 0 QS) higher in group 2 as. compareg to. ‘fﬁh:
group 1 mares._ Overall means for colostrum and milk ;'rng'p',y-f

V‘...j constituents are simllar gmfh?ggﬁ Slight1y hlgher in  ; ;f ;ﬁ&%ﬁi
e ._-,proteln and lower in fat than ‘%.’mdi:ngs of Ensmlnger (19@) i

: ;ai ';and Mcrrlson (l9h6) o _.v;'yf¢~g’ i ;:J~;ﬂg;n'*i 1l N 5§sf
R Y B s

k

| Slnce foals were glven hrior for colostrum

— _ 1t was nof possible t‘o colleot eufﬁciﬁ colostrum

: samples to provxde for analysie for a number of mares.<‘ )
Consequently. interpretations derived from these resﬁlts

?, x‘should be approachea*wlth a certain amount‘of reservation.

mgestibiyty trie.l‘s com_“’ ‘a’% oms- Colleee

. ’:;;were 1nitially'begun in oﬁger to rind diﬂﬁorencqs in,-_vi
o ,51;he ability to digest feeds on. tha pa.t‘t R

7of mares.;.However. thq lack of availsble,l

: "_
. .‘,v r,

% dictated ‘that total oollectibns be.made frOm & clay flaor; ___'
PUIRE whlch I feel 1ntro f:ed substeptiel error in our findlngs ) e
’Anticipating thf thede pifriculaties may arxse.. n was )

75de¢1ded to takelrandom érab sehples;'

total collections. as’als;bvlggﬁle ofltotal colleotions

Jfor the determination of 2 -7ent digestibilities using

the EN-HCI insoluble asﬁ?f“*ﬁbd (NbCarthy et al 1974)
In spite of'the error associated w1th total
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d&between indiv‘idual anima]:s. quever. :

wu'e foung due to. treatment

cellections were made p

- WL
-

These results wei'e found on the basie of either

me thod of determination.
’ I

-

However. since the variation o
i within groupe was large using the total collectlon

#methbd.«the errg term paed for analyeis of variancea

v)as aiao iar'ge. resultiﬁg' 1n lower F valuea thari would

collectioh Provided more . @ |
¥ T ‘vw’{

X the peesxmnty iut |
k C
.eignificant« differenoec_*i_l:ue to treatment effect were

«
i .;.v 4*7""

: M ’ i : :‘ . \: ».. .4
N mieséa ‘by the tota;;*_&gollection metho& ingreaaee the g '

depenﬁency on zthe ineoluble ash: technique. ‘Thig %’ecl'uﬂifw‘a .: a;\.‘ﬂ
has motsyet heen ehown to be reliai:le fox horaea. :
Cmsefluently. :lt cannot be agaume‘:l thﬁ'{ there were no
Bisniﬁwnt differences in digestibilitiee between | g e

maree. based aolely on the ineoluhle aéh technique.
‘erref‘ore.

:'y“, :_"&a

the rdnabili.ty of the 1n!olub1e ash tgchnique

=n- the three tﬁe p@riods (3.——77--;



assumed that energy and, nftrogen digestibility dlfferences‘

due to treatment or-stage of pregnancy were not encountered..
Analysis of the digestibility data (Table 17 and

‘18) revealed- that: “the -standard- deviations acress colléttion

periods were generally much 1arger for the total collectlons

,than for the nandom—grab samples for "insoluble ash.. This .tr ,.V

{? substantiates the impress%aﬂ that s&gnificant sampling

,\,error was involved for total collections. and that much of
| this sampling errorjuas avoided by - the use of the inloshble _
ash techn;que. S j'~, . i'lm.f_ . ',VJ' |

A

‘B d Serum Co ituents - ‘ 'cﬁ~» 'f' ;"

l 3_(@)_-_ |

* lavéls of Ca and Tables 19 and’ 20) betweeﬂ gr D
j‘Serul*levels of gp ﬂerelglsoéhimilar for mafes ‘ . |
: as Well a8 pregnant and non-pregﬂsnt mares. However’I v

: l,_‘_ . "M“

_serum ¥ 19Vbls !n foals were con;Tﬁtently h;ghsr than

‘serum P’levqls'in effher pregnsn& or open mares. This is

) apparentiy assoeiated wi ;he graater amount or bone growth
iR foals and 1s in gensral agreemsnt with ﬂ%ﬁft et al (1969)

-

'1Both serum Ga dnd P levels*for€§a:es are in olose 4 o
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“(Alexander. 1954) associated with the individual tested. :

.Since no attempt was made tb take these samples under

L. fasting conditions. serum glucose leVels are subject ’

- I
to considerable variation. as .can be seen in ’I‘ables 19 @

u-

~.and 20, . As result of the vﬁri.ation encomw E -0 ‘v P
interpretaticn of results is difficult. In ) of this.
these results are- in general agreeme witg the range & e

’ shown by Alexander (195’#) of . approxina 1y 80 - 150 Mg/loﬂ"

. ; o “ : ’;J,‘.* v.ffi-v;:" C . _ ) . -
ml. '. A S A L S VO
, : o * . R e Ty ,@ et
s : e Q '3" Y
. L : --. Q."-‘ \,‘ e B
oo Concvmtrartions of bo*l.'h p.lqsma albumin ‘and. uric ’

acid sho‘ined .no ﬁignificant differences beﬁ:ween groupa _ W

_of; manse Or\ i‘oale.i Furthemnose. ‘d;);xese concentratiqns | B
N ‘7 t:_“”‘to be a:!'fepted b;g@regnancy or. s‘bage of B
> ""maturlty.,, “Méan value # ? 'i’ g/lOO ml~'for pIasma albumirf )

- _:Lri mares is in general a&reement wi?th Wclt‘f‘et 1-1 (1969)

" . of 2. 3 - 3 88/100 ml. for plasma albumin.

_ ‘ ‘I‘he meaeurement of BUN is oi‘ten used %0 : g‘ﬁ .
, :';.‘estimate efi‘icieney of kidney function in humans In
A‘..-';'cases of acute renal fa.ilure the BB‘N will rap,i.dly rise to
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colostrum and milk from their respective dams; thus’
influencing the degree of dependence on glycolysis
“(Lehnlnger, 1970). With this in mind, lt is my opinion

that serum LDH ‘concentrations are potentially good

~ indicators of: the relative performance of mares in terms

iof milk production. The fact thatfno significant differences
in LDH activity were notedlfor the two groups of foals

would appear to indicate that the performance of the

mares, at least'during the initial stages of lactation,

was not significantly affected by the levels of feed |
_imposed during the ceurse of this.trial.

(f) Alkaline Phosphatase’(Alk-P)

There were no significant»differences between
grouns of mares (TableyZl)‘orkfoals (Table 24) in levels
of serum Alk-P., Tests of significance were not done for
mares as compared with foals. The overall mean value
of 1386 mg/da for foals was. much hlgher than mares 196 mg/dl
‘for Alk-P. act1v1ty Presumably, this is due to the greater
'osteoblastlc acthlty in grow1ng bone. Correlat1ons of
Alk-P act1v1ty versus time after parturition for foals,
groups l and 2, were -0. 48 and -0.58 respectlvely as
shown in Appendlx A, Flgures 3 and 4. There did not appear .
to be any marked dlfferences in Alk-P act1v1ty between

pregnant and open mares.

(g) Serum Glutamlc-OXalo
. .The SGOT concentrations were nof significantly.

different between groups of mares (Table 21') or foals



¢

(Table 24). Comparing SGOT activity in foals to elapsed
time after-parturition revealed correlation for groups 1 '
and 2 _of 0.66 and 0.76 respectlvely (Appendix A, Figures 5
and 6. Presumably this is due to the rapid development
of tissue in the grow1ng animal, necessxtating inoreased
activity .of SGOT Wolff et al (1969) po&ggs out that
SGOT concentrations are occasionally used to indicate
alterations of cell necrosis in many tissuesr‘ The
reaction of SGOT to diseaselappears to be an'increase
'in variability ratner than-a marked increase inlactivity
Mares from both groups hgd serum levels generally
within prev{ously established hormal ranges (Wolff et al
1969 and Medway, 1969). In addition there did not appear
to be any dlfference between pregnant and non- pregnant Q
mares. | |

(h) Total Protein (TP)"

' The analysls of serum total proteln reveals that

the levels in group l mares were significantly (P < 0 05)

hlgher ‘than the group 2 mares (Tables 21) No significant -

.dlfferences were found in serum total proteinhlevels of

¥

foals'(TableAZQ) -~.Graphical representation of changes in

serum total proteln are given in Appendlx A, flgures 7

and 8

Interpretatlons of these results are made

somewhat dlfflcult by some confu81on in the 11terature-r
:especially with regard to what the serum toxal proteln
response should be to,dlsease_stress. Wplff<et al,(1969)

. .«
\ y

84
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found that there was no difference in total protein
between groups of-diseased‘horses versus groups of
healthy horses. Medway (1969) was unable to explain |
pAtterns in total proteln. albumln and globulln conoen-
tratlons among 60 horses. \

Mean serum TP values of 7.28 gf (Medway, 1969)
for mixed light horses and 7.46 g& (Wolff et al, 1969) for
mares, suggests that both group 1 and 2 mares hao serum
TP levels within an acceptable range of the previously
established norms. g

Bowland (19?4) points out fhst measurement of
plasma proteins are of limited value 1n diagnosis of
dlsease stress. Presumably. this is because the globulin
fraotion of serum proteins is smail. The largest .portion
of total serum‘proteins is maoe'up of albumin,'(Lehninger.
l970)> Fonnesbeck and Symons (1969) found that plasma
protein concentratlons d1d not slgnlflcantly respond
to dietary protein levels. However, in terms of our own
experimental data, we are presented with very few
alternative explansfions. in spiﬁe of .the findings of
Fonnesbeck and Symons. | -

; Conslderlng there was v1rtually no change 1n
albumln levels between groups, it may‘be assumed ‘that the
non- albumln fractlon was respon81ble for the dlfferences
noted in total proteln One exPlanatlon would be that
-the hlgher serum total proteln is a reflectlon of a

: hlgher nutrltlonal plane via the presence of a hlgher
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concentration of metabolized amipgb aéids in the blood.
This‘is.not to say that the gloup 2.mares were in a
deficient étate. in terms of protein.. The decision as
to whether or,not'total:@rqtein’can be used tb evaluate
a diet's’adeqUacy must be based on information derived
from a wider raﬁge of nutritional levels. o rephrase,
I feel thét while total protei; may have potehtial to
be calibrated in such a way as to ihdicate rélative‘
protein status, it can only apply to fhe protein
f‘?ction.of‘a ration and not to the other eésential”
constituents of a diet. |

(i) Bilirubin- (Bili)

No significant differences were gﬁsérved among
the bilirubin-leQeIS'in_the serum of mares{ (Table 27).
Values for these mares ranged-betJ:en appfgiimately d.5 -
3.0 mg per 100 ml. ~ However, thére was a trénd for |
. bilirubin levels to rise approaching parturition and
fall rapidly aftér foaling, és shoﬁn inuégpendik A;,Figurgs
"9 and 10. . This is in agreement with the findings'
“of Wolff et al, (1969)and Medway,§1969). Arthouéh these
workers were not dealing with prégnaht.méres and therefo#e
| did not hote ;he tendency forfbilirubinlto rise approaching
partufition.. | |
Blood serum samples from.thé foals also'did‘nOt-
sﬁow any sighif;cant_difference‘in bilirubin levels,

. . re \
Table 24. For the most part bilirubin levels were higher

o, -
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ih the foals than in the mares and definitely tended to\
increase with time.‘.dt no time, for‘either xroup of
' mares and foals, did the serum biIirubih IeVels rise to
concentratlons indicated by Ford and Gopinath (1974)

as being 1ndlcative of jaundice or llver malfunctlon.'

Bilirubin 1s one of the major end products of

hemoglobin decomp081t;on. Bilirubin 1tself is relatively
insoluble in the&body fluids. . As a result. it combines
with some of the plasma proteins;'maﬁnly albumin and- to

a lesser extent alph—globulin,'and is transported in

this comblnatlon throughout the blood and lnterstitial
fluid, ( With, 1968). | |

_ | It is generally asﬁumed that all blle.pigments
formed in the organism are excreted with the bile.
However, 1f exper1mental flndings obtalned with horses and
cattle are consldered this assuymption may not always hold @&
~ true. « Wlth (1968) refers to work by Blerthen (1906) that
shows that the horse excretes only a minimum amount of
blle plgments with bile, has a hlgh serum b111rub1n

level and, vunder normal condltlons, Dbile. pigments ane
not excreted in the form of tetn;gyruvole plgments but

that further degradatlon to 51m11ar compounds occur.
»Worklng with horses, With (1968) noted that Cornellus
et al (1960) found bilirubin levels to fluctuate as much *
| a§)25 mg per 100'1& of bile. He malntains that this widei
ttvarlatlon is prlmariiy due to ‘the fact that the horse .

‘has no gall bladder and the technlcal dlfflcultle&n;

Voo
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- &
.

assooiated‘witn collections.
" Garner (1953), as cited by With (1968), found

Athat'serum'samples of normal cattle showed only traces
of bile plgments Further, he found that hemolysis will
result 1n serum blllrubln concentratlons of 7 - 8 mg

| per 100 ml, 1e51ons of 11ver parenchyma or bile duct

obstructlon cause only 1nslgn1flcant billrublnemla ‘
This 'would appear to indicate that these anlmals have, to
" gome oegree; developed the ability'to'further degrade

’bilirubin. particularly the conjugated type. Whether q% yi
not ‘the marked fluctuatlons found in serum blllrubin T
levels in horses ‘is assoc1ated with thls phenomenon has

not yet been studied. ‘

(3) Chole sterol (Chq_l

_ Blood chemistry proflle analyses reveals no -
significant differences 'in serum cholesterol_levelsrof
the two groups of mares (Table 21) _Anderson et al
- (1952) points out that the prlmary determlnant of serum
cholesterol levels in the blood of man is calorlc 1ntake

a83001ated w1th welght loss or galn. Thls relatlonshlp
¥ z{_r

was further elaborated on by Mann. et al (1955) whenslt

- was shown that feedlng healthy young men tw1ce thexr le
normal - calorlc 1ntake, failed to influence thelr sergm -

',1 #
cholesterol 1evels as 1ong as they were allewed to - #8
1ncrease thelr energy expendlture accordlngly From this
! ¥
1nformatlon we may consider’ two alternate oonclqslghs

Restrlctlon of diet did not result in any dlscernabyﬁ
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_representative of an energy deficiency during the:first

89

difference in caloric intake relative to requirements,

tnus'implying'that.NRC guidelines\for energthere higher
than absolutely necessary under the environmental
conditions of thislexﬁﬁriment.' The second alternative may
have been that the mares in group 1 (high energy level)
were more active than group 2 mares, thus reduc1ng thelr‘

serum cholestrol levels accordlngly From observation

. of ‘the mares dufiﬂg the course of this experiment; no A .

consistent behavioural dlfferences were noted at any time.

Analyses of variance showed’ significant (P < 0. 05)

differehces for serum Cholesterol in foals (Table 24),

Exam1nat1on of the plotted data (Appendlx A figures 11 and 12

\ shows a large difference at one day, decrea31ng slightly

at two and three;days4after birth. Blood samples at-
30 days showed that‘serum choiesterol'levele which were

1n1t1ally lower 1n group 3 had 1ncreased to the point

that both groups were almost 1dent1cal : This would

suggest that a 81gn1ficant dlfference in terms of calorlc

-intake was experienced; between groups of foals..-waever,

_ the question of whether or not this difference is -

few days post partum\cannot,beﬁanswered on the'oesis'of

serum dhoiesterol levels alone. Furthermore. whether

'thls dlfference in calorlc intake is due to 1ncreased '

milk productlon of group'l mares or_exce331ve protein
: . & S

intakelof group'l foals, cannot,be.answered directly.

Y
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There is evidence to suggest that 1ncreased
dietary protein. ‘in horses, can result in increased ‘W
_levels of serum cholesterol (Reitnourvand Treece, 1971).
Presumably. this increase in protein levels isrtreated.
as being excessive ov tHe horse and is subsequently
degraded to produce energy, ~ostensibly for fattv acid
synthesis. If this, in fact{'fere the case for group 1
foals, regardless of the cause; then significant
differences noted for serum cholesterol need not oe
‘indicative of failure to meet NAS-NRC (1973) energy
requiréhent levels. however, it should be repeated that
NAS - NRC)(1973) may not necessarily be adequate in terms of
performance. for example, in the showring, for all horses.
Furthermore, any nutritional differences between groupsiA
of horses at thls early stage of 11fe ‘may have long term
consequences which should not be ignored merely because
“the extent of these differences are not knqyn

The 91gn1ficance of these gerum cholesterol .
levels are confounded by the results obtalned for serum

BUN., The serum BUN levels were significantly higher

in group 2 foals (Table 2L), Presumably th&s is due
to a hlgher dietary protein intake., . This conflicts
directly with the 1mplications derived from the results

. for- serum choleaterol
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Examination of blood serumlconstituents of foals
by electrophoresis (Table 25) did not reveal any%*
significant dififerences between groups of foals?

e Resulté of the reproductive gfudy. for the
parameters measured, suggest thét. while some differences
were.néted be'tween groups of mares’énd foals, the lower
nutritioﬁal regime PGroup 2 mafes) suppliedinutrients
of sufficient quality and quantity to maintain

pregnanf mares through the reproductive phases measured.
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DIGESTIBILITY STUDIES J
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)fglgestlbillty studlep,pons1sztag¢ ﬂﬁ@ee ' -

N
experimental trials, uslng total D

collection techniques, 4£nékﬁne ra

experiment . were conducted%ﬁn four géﬁdlngs in eachvtrlal.

LS ’.
-

'Rate of Passage

| There has been a variety of materlals used for
rate of passage studles that were deslgned'to reflect the
rate of movement of digesta through the gastro intestinal
tract of the horse. There has been almost equal variety |
in estimates of rate of passage. It‘would appear that
this variation is due'tO'the types of indicators and feeds
used . .In an effort to .use an indicator that would not
diffuse through the GI tract at a rate different than
the rate of passage of dlgesta, 1t was d901ded to use
-a material of similar bulk density that would also be
easy to identify. The material tpat was selected for
this experiment was cloth cut up into.strlps.. '

The. results of th'ese trials are smarized?in

- Table 26. The,mean rate of passage found was 71 1 h and
69.3 h for replicates 1 and. 2 respectlvely. These
‘estimates agree closely with Hintz and Loy (1966) who
'_quﬂd elapsed time for the passage of styrofoam particles
“of 72 h. VanderNootoetjal‘(l967)aand Pulse et al (1973)

92
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Table 26, Rate of Passage - Geldings

Elapsed Time (Hours)*

Horse ' Replicate

I II
1 73.25 ' 68.0
2 67.08 72.0
3 e N n - —-—
n 73.0 : 68.0
Mean 71.1 ¥9.3
»

Elapsed time refers to the duration,

~ ‘time from when the cloth strips were
_fed until first cloth strip was

detected in the feces. »



! U
found a retention time of 96 h using chromic oxide and

polyethelene markers. Carbon g}anules used by Alexander
(1946) appeared in feces after 47 h. These results tend
to suggest that both selectiveureiention and diffusion ~;
ef.markers is a problem. The fact that rate of. passage
is markedly decreased by the addition of fibre (Hintz and
Loy, 1966) and (Haenlein et al, 1966) only serves to
accentuate the need for an accurate method for determining
the rate of passage of feedstuffs for horses.

Digestibility Trial 1 - |

Thie trial was designed to exactly rejlicate the
digestibility'stuay done with the mares,-with two
exceptions. Firstly, geldings Mere used and secondly, total.
collections were done in additioh to 1neolub1e ash
collections. - | |

Resuits (Table §7,and.28) show that fhe'average
total collections gave a lower estimate of appa;ent
. digestibility for both nitrogen and energy than the
iﬁeoluble ash technique. ‘Phig is different from results
obtained by McCarthy et all (1974) working with pigs and
Voghtman et al, (1975) working with chickens; where they
found,estimates~of‘apparent digestibility todﬁe higher
by the total collection method' however, these results
are in general agreement w1th estlmates of apparent .
digestibility for cattle, Van Keulen (unpublished data)
One p0581b1e explanation for this was the fact that waste

of a small portion of feed;was unavqldable with fﬁevhorsesa
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This error would Dbe reflected in the total collectlon
calculations resultlng in a lower estimate of apparent
dlgestiblllty. However.-81nce insoluble ash is

o represented a3 a ratio of the ash in the feed versus the
ash in’the fecal sample.‘this error would not be reflected
in the estlmate of apparent dlgestlblllty. Add to this

] the fact that any errors encountered in either the
'welghlng of the feed or weighing of the feces are going

to be reflected in the estlmates by total collectlon but
not in the 1nsoluble ash technique; we are faced with

the possibility that the predominance of re81dual error

.,lles in the total collectlon rather than the 1nsoluble

-ash technlque. ;
Analyses of variance showed ne slgnlflcant
difference in dlgestlblllty for method of determination.

However, there Were significant differences (P € 0. 05)

" between animals and between repllcates for the insoluble

nash technlque.- There was significant dlfference (P <'0. 10)

'only between animals for the total collectlon method. Theﬂ

reason for the 1ack of 81gn1f1cant dlfference between .
repllcates for total: collectlon wasg - due to the fact

' that the standard devxatlon .and thus the error term was
larger than the error term calculated for the 1nsoluble

ash data. The w1der varlatlon encountered in the total

97

:collectlons tends to support the suggestlon that considerable

~ error. can. be encountered by thls method However, for this

i \ Ce .:‘. . )
) ' '. 4

L [
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trial these differences do not appear.to be critical to
the comparison of the two methods of collection.

‘ Correlatlons - the raw data for nltrogen and
energy determlnatlons (Tables 29 and 3a.) shcw a very
strong relatlonshlp of tdtal to 1nsoluble ash methods;
These"’ encouraglng results 1ead us to suggest that the'
"insoluble ash technn;ue for determlnlng apparent

\

d;gestlbllltles has the potentlal for accurate predictlon,
, are accurate.'

o Dlgestibilitx?Trigl‘Z“- |

Information:regarding the efficiency of feed

utilization by light horses is mlnlmal (Roblnson and
Slade, 197#) There are a number of reasons for thls
s1tuatlon. the most 1mportant of which is that the
collectlon of the data necessary for the determlnatlon
of dlgestlbllltles is a time consumlng task Whlch,
’relatlve to the labor 1nvolved. ylelds 1ittle information.
Ideally. the dlgestlblllty of a feed for a partlcular

anlmal would involve about the same amount of labor

- as . feed testlng for total nutrlents. With thls 1n mind. o

: the p0381b111ty of obtalnlng accurate estlmates of -
_'dlgestlblllty by a random grab method of collection,
1mplies gome fa301nating appllcations. » b

b‘ As a’ result of the potential benefits to be -
_accrued from the proven appllcation of the random gra(_ i

5*method. tr1a1 2 ‘was. designed to compare estlmates of 1,/

based on the assumption that the\total collection estimates.

98
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apparentgdigestibility by the'insoluble ash technique
by collection for four -consecutive days. Mean digestion
‘ coefficients of 92.1 for nitrogen.and 88.7 for energy
(Tablesdglland_BZ) compare favourably with estimates obtained
in trial 3 using diets based on the same formulations.
Analyses of variance showed no significant
differences between days. ‘This-would suggest that
estimates obtained by random grab collections are
sufficiently'accurate to eliminate the need for further
collections. Standard'deviations for the insoluble ash
- collections (Tables 31 and 32) are much lower than those
encountered in Trial 3 and suggest that some of the
errors. noted in thls later trial have affected“lnsoluble
ash results as well as total collection estimates. |
Howeyer,_standard deviations_for Trial_jzincluded replicate
. effects whichluere not. included'in these standard deviationl
calculations' The 1mpllcatlon of this is that, prov1ded
'the accuracy of the . lnsoluble ash technlque is verlfled
it would be posslble to determlne the apparent dlgestlblllty
lfof a feed by merely taking one feed and one fecal sample
in ghe field. S '
' The results found in this tr1a1 are similar to . {
.results obtained by Vogtmann et al (1975) in that the. |
random grab method of collectlon appears to accurately

’reflect results obtalned from longer term collections.

‘This trial was similar to trial 1 and was intended
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to add further information to the total'collection
insoluble»ash relationship. However, geldingS'in this
trial were fed a slightly dlfferent diet (Table 10).
Therefore direct comparlson of raw data was not possible.
3 Analyses of varlance revealed no slgniflcant
:'difference between methods of determlnatlons. Slgnlflcant
_dlfferences (P < 0,05) between anlmals and between '

repllcates were found for the ‘insoluble ash technique.'

No 31gn1ficant dlfferences were found in the total

collectlon method. The suggested reason for this result

is the same as was found for trial l In thls case the
difference 1n standard deviations for the two. methods

was much greater in th1s trial. In fact, the wide
.varlatldp encountered w1th the total collectlon (Table 33)
'constltuted a crltlcal source of error. Varlatlons for

the 1nsoluble ash were also larger due to repllcate

effect’ but remalned lower tﬁan total colleotlon varlatlon.'

~

.Thls would suggest that for whatever the reason. the

llnsoluble ash offered more con31stent estimates of :

V:digestlblllty.' Therefore it would’ appear that thls
4'ftechn1que is less subaect to error than the total |

'CQllectlon method..

A number of possible sources of error for the

"total collection method have been dlscussed under trial 1.

;The fact that these errors were larger ln trlal 3 than the"

"'other tr:.als is dlfficult to explam. I feel that the

104
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efforts that were made to improve the accuracy of fecal
collections in thisllaterltrial may - have actually
confounded the results. For exsmple, in trial 1
collections were made.fromba concrete floor. This
.condition precipitated prompt fecal collections and
thorough washing of the floor area. The fact that the
floor area was kept cleen meant that a small loss of
_ fecal material was unavoidable. Otherwise total
collections sppeared to be accurate.' In this later trial
collectlons were made w1th the aid of metabolism crates.
Wood chewing became a serious problem in this trlal and
wastage of feed was increased. ' In addition, some steallng
bof feed was also encountered: and dlfflcult to completely
ellmlnate. Furthermore, feed wastage and stealing is
not a dlrect S%Prce :f error in the 1nsolub1e ash method.
However, any 31gn1f1cant amount of bulk (ies wood) added
to the feces or feed waste and steallng !%}1 be reflected
in the total collectlon estimates. | »
PalrWLse correlations of data (Table 3#)
‘show that the relatlonshlp between 1nsoluble ash_and
total collection estlmates 1s only a weak one.» This<;

tends to confuse the encouraglng results found in trial 1.

The initial objective of these experiments was

to test the rellablllty of the lnsoluble ash method as.-:

it related to the presumably most accurate, total
.”collectlon. Based on the awareness of the 1nherent

}errors assoclated w1th the. total collectlon technique

106



Table 34, Correlations of Insoluble Ash vs.
Total Collection for Digestible
Nitrogen and Energy - Trial 3

Replicate Nitrogen:

.'Energy
1 0.48 -0.38 .
2 ) 0.84 0.21
3 ‘ 0.93 0.85
y . 0.35 0.35
5 7 0.66

0.4k
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it is questionable, whether thls provides an adequate
ﬁtandard by which to compare other methods of determlnlng
apparent dlgestlbllltles From the results of: these trials
it is my oplnlon that the total collectlons, if carrled out
with extreme care, can give very accurate estimates,
but that total colleotion is not sufficientif reliable
in all caees to be considered a base for oofnparisonf

| The Hggse industry is in'a position-where au
great deal must be learned in terms of breed. sex and
"age differences regardlng the dlgestlblllty of feeds,
before prec1se recommendatlons based on estlmates,of
‘nutrient requlrements can be issued. This, in turn,
-1mp11es the n808881ty of determining the value of feede
'1n a con81stent and reproducable manner. It is wlth thls’
‘problem of obtalnlng eon51stent/results that the;maaor
value of the insoluble ash method_lles. ‘The insoluble
_ash technique displays considerabie ootential for use
with 1arge numbers of anlmals, due to the fact that the
‘random grab sampllng method ellmlnates the need for ’
lengthy fecal collectlon periods. Clearly. thls technlque

deserves further examlnatlon into 1ts potential to»

'vaccurately estlmate apparent dlgestlblllty of" feedstuffs‘l'

for horses.' S
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designed to meet NAS-NRC (1973) requirements for three

GENERAL DISCUSSION AND SUMMARY
. \ . )

1 An experiment'was conducted at the Horse
HUEban&ry Unit, 0lds, Alberta. An additional experiment
was completed at the Edmonton,‘Research Station, the
Unlversity of Alberta, Edmonton, Alberta. The main

objective of~the first experiment was to asgess the

‘relative adequacy of a diet deslgned to ‘meet NAS-NRC (1973)

nutrient requirement guidelines throughout three phases
of reproduction. The gsecond experiment was designed to
evaluate the reliability of the random grab 1nsolublew
ash“teohnique for determlnlng apparent dlgestibllltles

in horses. : : w'jyh
X The first experiment involved feedlng a 31mple

dlet at two'levels to two groups of mares The flrst

group ‘of mares (group 1) recelved a ration at levels

phases of reproduction; early gestatlon. late gestatlon
ags early lactatlon. The second group of mares (group 2)
received a ration. l5ﬂ less by welght than the flrst
group. | :

~In theuéecond experiiéﬁt three separate'trialsl

were: completed. The first trial (Tr1a1 1) involved four

P
G

‘fecal collectlons were made over‘a period of seven days.

i~

_geldlngs. They recelved an identical ratlon to that

recdlved by the mares in the first experlment Total

. 3
’



'dvlqsome smgnlflcant differences due to treatment. effect
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The coMparison of feed intake and feces output provided - |
for the calculatlon of apparent dlgestlble nitrogen (DN)
and energy (DE) Slmllar determinations for DN and DE
were calculated by ‘the 1nsolub1e ash method Samples

- for. inso\Ngle ash analy81s were taken as ‘sub- samples of
total tollectlons. An additional fecal sample for
insoluble ash>Was;taken by a random grab selection. Tne
.two:methods“of defermination,were‘then compared in terms
jof repeatablllty of results and accuracy of predlctlon,'
u81ng the total collectlon method as a control. The
second tr1a1 (Trlal 2) 1nvolved the comparlson of
';dlgestlbllltles “to perlod of collectlon uSLng only the.
"insoluble ash technique for analyses. The third trial
(Trial‘BJ inyelved,comparisons similar to Irial_1~except.
'thafithe.period‘of"collection‘was for‘four days only.
‘.Rate of passage of digesta was estlmated h31ﬁg cotton
ddstrlps.as markers.'df,' - ?7

The reproductlon study w1th mares., showed that

1 were encountered notably.vserum total proteln, urea nltrogen,
cholesterol and mxlk proteln samples." However. the maJorlty
*lof parameters measured dld not 1nd1cate any trends 1n

:Tﬁfawour Qf the group l mares or foals. Furthermore. the .

".}signiflcant differences that were encountered tended to

e |-
_"tconfllct. As a result 1t would appear that for the perlods
';;;measured NAS NRC (1973) Nutrlent Requlrements of Horses
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are in'exoess of minimum maintenance requirements.for
pregnant mares.» However, the nutrients required by
suckllng foals to attain a maximum rate of gain were not
dealt with.
The dlgestibility study with geldings 1nvolving

three dlgestlbility ‘and one rate of passage trial
provided ev1denCe to suggest that the random grab insoluble
ash technique can be used for the determlnation of | ;
apparent digestlbllltles 1n horses.. Tn addition-the rate
of -passage trlal showed that for pelleted feeds the

expected rate of passage of digesta would be approxlmately
72 hours. | | - N
| Trial 1 showed that there was no signlficant
dlfference between<methods of determination of apparent
dlgestibility nor' were there signiflcant differences
noted for periods of collection for horses. Correlatlons
of total collectlon ‘and 1nsoluble ash at three days were
fO 93 for dlgestible nltrogen and 0. 87 for digestible '
energy Correlations for the seven day total collection
 and the random grab insoluble ash were 0.77 and 0. 76 for
-dlgestlble nitrogen and energy respectively..

< Trlal 2 showed no significant differences of
apparent digestiblllties uslng the 1nsoluble ash :
technique for- cdllection periods ranging from random

vgrab to four days.'

£

Trial 3 showed no signiflcant difference

‘between methods of collectibn. However. correlations for .



total collection compared with insoluble ash for digestiole'
nitrogen and. energy ‘were generally less. conSistent than )
Trial ) or the digestibility trial ‘with mares. These |
correlations also showed much greater variation between
replicates than any of the previous studies. The standard
dev1ations for this trial were. also larger than any other
trial. The maaor source. of variation 1n this study was
from the total collection estimates of digestibility.

| In general these digestibility studies have
shown that the insoluble ash technique provides more
con31stent estimates of apparent digestibllity than total
fecal collections. The random grab sampling method of |
'1nsoluble ash determinations has shown the potential 1 |

to con81stently predict apparent digestibility similar to

o total collections and are 1n fact more reliable than

total collections under condltlons not well suited for total
fecal collection.'_ .

, The. practical appllcation of this particular :
a»finding 1s that a potential exists for estimating
"apparent digestibilities of . large numbers of animals'

'w1thout prolonged confinement of the 1nd1vidual.
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