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ABSTRACT

In the first experiment 30 steers wefe fed an
alllconcentfate Eaxley based diet supblemented with 1.9 mg
thiamin/kg of diet ‘or a similar ﬁnsupplementéd‘diet. Average
daily gaihs‘t1.14 versus 0.92 kg/day) and carcass weights |
(281 versus 265 kg) were piéher (P<0.05) for the thiamin
supplemented»group. éleVen samples from nine -animals
exhibited more thén a 15% increése in the activity.ofggpg
efythrocyte transketolase enzyme (E.C.P}?.1.1) due to the
addition .of thiamjn pYrophosphate (TPP effect). ‘A trend
:(PSO;JO) for a négative reiafiénship was found beﬁween 2
‘week weight changes of the steers.and‘the TPP effect. A
positive.relationship (PSOgOJ) was Qbserved between the TPP
effect and plasmg glucose concentrat&on.gplasma urea,
magnesium'andVCalcium concentrations ?nd the TPP-effect were
.not infiuénced by aietary treafmenti but plasma urea |
coﬁcentrations were low enough to'suggest that a protein
déficiehcy was present.. * A

In furthef-fesearéh, two éxperimeqts were conducted to
degégmihe whether additional benefiﬁ abgvé that obtained ﬁy
dfétéry.thiamin éupplementatioﬁ would be obtained by a
weekly injection of ‘a vitamin B-complex éontaining thiamin,‘
and if supplémental magnésium wouldléggraQ;te a potential
thiamin'def?ciency. The first experiment involved 963steérs"'

- A}

which were fed an all-concentrate centrol diet or diets
supplemented with 0.19% magnesium, 6.25 .mg fhiamin/kg of
diet, or both nutrients. No significant differences relating

~
L Y

iv



to _dietary treatments were obtained fof performance
measureménts, cafcass data or blood measurements with the -
exception of plasma magnesium which reflected dietary
magnesium levels. The numbers of bloats.which occurred were

9, 14, 5 and 9 (P<0.05) for the control, magnesium,

4

o
L
“

- - . .
magnesium plus thiamin and thiamin supplemented fiets,

respectively. The second experiment-wva

ébnducted as,a‘3fx 3

. "’ " ‘.
factorial design with 72 steerﬁgmqggéc fiz the effects of
' ) } " :,p?.; : ﬁs ] j‘,» o ok
three levels of magnesium sup§1¢m ‘ - (0, 0.19, and.

0.75% magnesium oxide) in diets with ‘and without dietary
thiamin or with dietazy thiamin plué weekly vitamin
B—complex;injections. Neither feedlot performancé nof
incidence of bloat were significantly influenced by thiamin
treatments. Avérage daily gains. (1.64, 1.48 and 1.26 kg/déy{
decreased (PS0.0S)ﬁas,dietary magnesium levels increased.
Feed daily dry matter intakes were decreased by 5 and 12%
and feed conversion efficiencies by 4 and 16% due to gpe'
inclusion of 0;19 and 0.75% ﬁagnesium oxide respectively. A
‘trend KPSO.10)fwas‘obtained in the inciaencé'oﬁ bloat acro;s
magﬁgsium leygls, with the finél nuébe; of bloats being one,

: . \ .
six and eight for the control, low and high magnesium

levels, respectively. ’

A survey-involving a total of 64 samples, collected
from 331 cattle'from six sources,:yéé/conducted to determine
the possible incidence of thiamin deficiencies in Teedlot

cattle in Alberta. The TPP effect was used as the index of

thiamin status. It was found that 2.7% of the samples



-collected had a TPP effect in excess of 13%. A trend
' \

A : .
(r=0.824; P<0.10) existed for a negative relationship

. N
between mean TPP effects and dietary crude protein

concentrations. Weaning stress did not result in TPP effects

above 15%. ‘ , | \\\

S (‘::b‘ .
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INTRODUCTION

o -
Prior to the 1950's’it uas'generaily acceptea that

m1crob1al synthe51s would, under most circumstances, meet

the mature ruminant anlmal 5 requ1rements for the

B- v1tam1ns Durlng the early 1950 S, the feedlng of high

starch dlets based on the use of feed gralns, came into

ommon»practlce as a means'of'flnlshlng cattle faster and

more profltably However,‘since the ruminant evolved as a

‘foraglng anlmal normally consumlng materlals hlgh in fiber

¢

'content, many problems have been encountered w1th.the use of

large amounts of rapidly fermentable materials in the diet.
It became clear‘that're—evaluation of'the“ruminant's
reqylrement for th1am1n and p0551bly the B- tltamlns in

general was necessary when it, was dlscovered in 1966 that

‘polloencephalomalac1a (also known as cerebrocortlcal

4

necros1s)‘ a d1sease which is pre01p1tated by lactlc

ac1d051s resultlng from the feedlng of rapldly fermentable

'matérlals, was respon51ve to th1am1n admlnlstratlon

c

Although research has been conducted to determine the
et1ology of pol1oencephalomalac1a, comparatlvely little is
known about it. It has been concluded that the most likely

R
cause of the disease is the presence of a th1am1nase enzyme

(E.C.2.5. 1.2)gdn the rumen. It 1s further belleved that thls

enzyme performs 1ts funct1on by subst1tut10n of the thlazole

m01ety of thiamin with a p1collnrum like compound.such as ~

N

. nicotinamide, histamine or histamine-like compounds, etc. (a



f o S
finding which also places the a;;ilability of nicotinamide
in‘qUestipg;when the thiaminase enzyme is present). The
resulting compounds may be éffective an;imetabolites o?‘ |
thiamin aﬁd it has been 5uggested that the p:bduction of .
suéh antimetﬁboiités is prpbably the\feasén'for the rapid -
oﬁsethof polioencephaidmalacia. It has also been found that
the presence of‘thé thiaminase enzyme does not “necessarily
result in clinical thiamin deficiencies; although this does
nog\p{eclude the possibility of sqbclinical‘deficien;ies.‘

¢

’Limited research has been cohducted to eValﬁate'the
.significance of subclinical thiamin deficiencies in(cattle.
Feealot;trials-designed'to assess t%e possibié benefit of
thiamin éupplementation of the'diét or to the animal
’directlj are very limifed in number and fhe results are
variébie. General assessments of the fhiaﬁin_Status of
feedlot cattle fed commercial feedlot diets are,‘to_the
authoy's knowledge,,pbnexistent.-Interactions'Of thiamin
_withrother_dietagy components such as magnesium, whichbare,
known fo-occur iﬁ monogastfics; also have not beenfi

investigated in the ruminant. :
Three years prior to the initiation of this'fesearéhfit
was foﬁnd.by other workers thét the percentage increagg/in
the activity of the erythrocyte transkétolase enzyme :
(E.C.2.2.1.1) due to the inwvitro additionﬁof thiamin
pyropho;phaté (TPP éffect); a technique used in assessing
.the thiamih status;of humans, was also an effective means of -

assessing the thiamin status of ruminants. Therefore, it was

-



£

determine whether subclinical deficienc

)

felt that sufficient information existeihto-accurately»

*es do commonly occur
“« .

g

in feedlot cattle as a result of feeding/large proportions

of raﬁidly fermentable materials in the diet, and to examine

| the influence of possible. thiamin deficiencies on animal

p}qéuctibn. Reiatéd work was also conducted to determine'if
any beﬁeﬁit could be derived.from*providing the animal
‘direcily with B—vitamin complex‘injections during the
feeding period and ‘to assess the significance.of a possible

.dietary magnesium x thiamin interaction.
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I. THIAMIN SUPPLEMENTATION OF AN ALL-CQNCENTRATE DIET FOR

~

'FEEDLOT STEERS
| -
3 ’ /

A, ABSTRACT

Thirty beef type-steers’uere fed an all-cOnceatrate
barley based diet supplemented with 1.9 hg'thiamin/kg-of
diet or a similar unsupplemented diet. Average daily gains
(1.14 kg/day vs 0.92 kg/day) and‘carcass weights (281 kg VS
'265‘kg) were higher (P<0.05) fof the supplemented group. |
‘uSupplementaL.thiamin;had no significant effect on other
measutes of petformance or other carcass traits. Eleuen
samples from nine'anlmals exhibited more than ‘a 15% increase
’ln tHe aetivity oE the erytﬁtocyte transketolase‘enzyme.
;(E;C:2.2,1.1)‘in response-to added thiamin pyrophosphate
(TPP effect) which suggeste@lthat_a<marginal thiamin
deficiehcy existed in some of these steers. SUpplemental
thiamin did not significantly reduce the TPP effeet. A trend
(P<0.10) for a neéative linear relationship was found
between 2 week welght!gains offthe steers and the TPP
‘effect A positive relatlonshlp (P<0. 01) was found between
the TPP effect and glucose concentrations. Plasma urea
~concentrations were not"related.tp treatment but were low
enbugh.(4,52 mg‘ureavN/dL) to suggest that the animals were
‘deficient in dietary proteia. Plasma magnesium and calcium
concentratlons were unrelated to treatment or animal

performance, but plasma magnesium concentratlons did

increase (PS0.00I) in the first half of the trial. The



results indicated that  some animals were marginally
deficient in thiamin and that decreased pfoductiop in catifb
" fed all-concentrate diets is possible due to thiamin

“inadequacies. . -

‘B. INTRODUCTION

It is-generaily considéred that sufficient amountssof
B-vitamins are syntheéized in the rumen to meet mature
ruminant animal's demands (ﬁational Academy bf Sciences
1976). However, acute deficiencies of thiamin have been
fouﬁd in.;uminants (Loew 1975);’and there are ;ndicatiéns~
tpa¢=subclfnical deficiencies may occur (Lihkléte: et al.
1977; Brent 1976). = = ey I

‘Loew (1975) described six;%h@oreticQI situations in'
which ruminants could become deficient in thiamin. These
included inadequate net_microbial synthesis of thiamin,
impaired’absorption or utilization of thiamin, presence of
th{émin énfimetaboiites, lack of SUfficient apoenzyme,
increased métabolic‘deﬁand for thiamin and increased rate gf
thiamin excretion. ) |

‘Bﬁziass§‘and‘Tribe (1960) reported that intra-ruminal
synthesis of thiamin in sheep wasvoﬁly 2.3 hg/day which is
consistent with other calculations of 1 to 3.5 mg/day
(Hungate 1966; Barr et al. 1971; Breves et al. 1980). Naga
ét al. (1975) were able to demon#trate that mature sheep fed

a purified diet containing urea égveloped typical thiamin

-deficiency symptoms such as general nervousness, repeated



-

teeth gnashing, muscle tremors and gradually increasing
polyuria as well as iﬁpaired rumen motiliti\after about 7
mopths. Based oh ﬁhei} dwn estimates of the requirement for
thiaminwby,Sﬁeep of 2 to 4 mg/day they also suggested that,
if estimates of ruﬁen(s&nthesis are éorrect, sheep must

necessarily develop a thiamin deficiency unless the vitamin
is contained-in the diet. ) |

Some rumen baqteria have a specific ;eqﬁirement for
thiamin (Huhgate 1966). Hoeller et al..(T977) found that in
vitro addition of thiamin to rumen contents of éheép fed a
urea based purified diet reéulfed in ihcreasés of’yp.to 123%
in microbial protein producfion but only'slight and .
inconsisﬁent incréééeswin'prdduction of volatile fatty
acids. |

Jensen et al. (1956) first described the>deficienc§
disease, polioencepﬁélomalqcia; and Davies et al. (1965)
fourd the disease to be résponsive to thiamin
‘adhinistration. Edwin et al. (1968) proposed that
polioencepha&oméléqia was éaused by a thiaminase eniyme !
(E.C.2.5.1.2) and latér demonst}ated'this to bé the most
Vlikely cause (Edwin and Jackman 1970). Mella et al. (1976)
were able to initiate polioéncephélomalacia in’as'little asl
four days using a feeding system based on molasses and urea.
In a review, Breht (1976) staéed that the development of |
‘lactic acidosis due to the feedihg oflrapidly fermentable

materials is conducive to the initiation of

poliocencephalomalacia. Brent also noted that he has observed



no cases of the diseaee in_ the absence of lactic acidosis.
In a review .by Loew (1975), polioencephalomalac{a was
said to be characterized by 'elevations of blood'lactate{
pyruvate and glucose concentratlons...and by lowered
-1actate:py:uvate ratlos.‘_Quaghabeur et al. (1@74) found the
metho% of Brin (1966) for oetermining the resgonse of the
erythrocyte transketolase'enzyme (E.C.2.2.1.1) to added
thiamin pyrophosphate (TPP effect) to oelan effective means
of identifying the dlsease condltlon |
¢ 'Few feedlot trials have been conducted to determlne
what influence supplementa£\thiamin may have on animal
perfotmance although Loew (1975) indicates that thiamin
deficiencies can be a serious problem when high carbohydrate
diets are fed. Brethour (1972) found average daily ga%ns of
steers increased from 1.14 kg/day to J.26‘kg/day (P<0.05)
due to the addition of 1 g thiamin 100 g‘sodium
bicarbonate to a wheat based ration. A second trial using
the same diet failed‘to produce significant results.
The purpose of this experiment‘wés to provide )
add1t10na1 1nformat10n on the possible benefits of the
addltlon of th1am1n to feedlot dlets. Erythrocyte |
transketolase activities and the TPP effect were also

utilized to determine the incidencé and severity of thiamin

deficiencies.



. ‘ 4
C. MATERIALS AND METHODS

Thirty beef type steers from a previous silage trial
were utilized for purposes of this experiment which was
conduéted at the feedlot facilities of the Ellerslie
Research‘Station, The sieers were ﬁrovided with a good
'quality alfalfa-grass hay and a 50:50 mixture of trace

mineralized salt and calcium phosphate, given an

intramuscular injection containing 1000000 I.U., 150000 I.U..
" , -

“and 100 I.U. of vitamins A, D and E respectively, and

»implanted wifh Zeranol (Rglgro;'lnternational'Minefals and

N

Chemicél Corp. Terrf Haute, IN.) prior to this trial. These
animals had previously been vaccinated for blackleg and
malignaft edema. A barley concentrate (1.8 kg/héad/day) was
introduced to the diet 6 days pretrial to ensure that the
animals would be accustomed to“gréinf |
For the_expérimént the‘steers were.rankéd éccording to
_initial wéight and the ‘ranks divided into five groups of six
animals. The six animalslwithin eaéh group were thén
randomly allocated tovo%e of six pens (4.3 x 10.2 m).
The feeding prbg;am involved beginning the animals at
1.6 kg concentrate (Table I.1) per head/day. The concentrate
portion‘of,tﬁe d}et was then incfeased at a rate of 0.3
kg/head/day and ‘the hay pbrtion decreased about 0.6
kg/head/day:for the fi&st 10 days on-trial until an
all-concentrate feeding’regime was ;chieved.
'Feed intakes were recorded daily on a pen basis. Animal

~

weights were taken on three consecutive days at the



Table 1.1 Diet composition and analyses

> Thiamin Control SEM'

Ingredients (% air dry basis)

Analyses (dry matter basis) -

Barley, dry rolled 98 98
~Calcium carbonate . 1.1 1.1
Trace mineralized salt 0.275 0.275
Thiamin premix? % 0.625 ~----
Control premix? . S mmme- 0.625.

Dry mgtter (%) 84.3 84.4 0.19 4

Crude protein (%) 12.0 12.2 0.10
Thiamin (mg/kg) :
Actual : 4.81 . 3.05 0.05
Calculated 4,93 _
Ash (%) ‘ + 3166 3.66 -0.02
Calcium (%) : 0.44 0.48 0.002
‘Phosphorus (%) 0.43 0.43 0.01

Magnesium (%) 0.16 0.15 0.002

i}

Standard error of the mean is based upon 1 analysis on
each of 10 samples for dry matter, 4 analyses per sample
+for crude protein, 6 analyses per sample for thiamin, 2
aAnalyses per sample for ash and magnesium and 3 analyses
per sample for calcium and phosphorus.

Thiamin premix to supply 1.875 mg/kg‘of thiamin as
thiamin-HC1l and 6000 I.U., 275 I1.U. and 90 I.U./kg of
diet of vitamins A, D and E respectively.

Control premix to supply 6000 I. U., 275 1.U. and 90
1.U./kg of-diet of vitamins A, D and E respectively.
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beginning and end of the trial and once every 2 weeks during
the trial. Water was withheld for 16 h prior to weighing.
The animals (mean weight 361 kg) were divided into two

groups across diets for purposes of blood sampling. One

‘group from each diet was then sampled on alternate weeks.

Samples were not collected on weeks 11 and 12.

All animals were‘gﬁaughtgred one day after termination
of the 98 day feedlot trial. After 6vernight chilling the ¢
cércasses were graded by plant offic{éls in the normal
manner under the Agriculture Canada Beef Cafcags Appfaisal
Service (Agriculture Canada 1972). Dressing percentages were
calculated from warm carcass weights and final weights in
the feedlot.
Apalytical procedures ,

Crude protéin was determined using the Kjeldah;.methqd
for pitrogén determination (Association of Official
Agficultdral Chemists 1980). Calcium and magﬁégium
determinations on blood piasma samples were csnducted
according- to the hethod of Young apd Booth (1967) using a
Pye Unicam SP2900 atomic absorption spectrophotometer.

I3

Sample preparation/fér calcium and magnesium determinations

in feedstuffs was conducted according to Association of
Official Agricultnral-Chemisfs {1980) with subsequent

‘treatment in the same manner as. for blood samples. | -,

Phosphorus was measured using the meta-vanadate method’
(Association of Official Agricultural Chemists 1980).

Thiamin was determined according to Association of Official



Agricultural Chemists.(1980) for dry or semi-dry materials
containing no appreciable amounts of basic substances.
Plasma glucose concentrations were measured using a
glucbse oxidase‘meﬁhod (Worthington Biochemical Corp.
Freehold, N.J.). Plasma urea was determined using the

diacetyl-monoxamine method for the Technicon Autoanalyzer II

-

e,

;(Mefhéd No. 40Q1FD4, TechniconfInstruments Corp. Tarrytown,
N.Y.). Blood L—Léctate and pyruvate .concentrations wege
measured using lactate”dehydrogenase methods (Sigma
Téchnical Bulletin No. 826-UV and No. 726-UV respectivély,‘
Sigma Chemical.Co. St Louié, MO.). Assessments of
erythrocyte transketolase.activity (E.C. 2.2.1.1) and TPP
effect were conducted by the procedure of’Brih (1970).
Activiiy of the transketolase'e;zyme was expressed aé mg
riboée metaboljzed/g hemdglobin in sample/h to alloﬁ for
more accurate comparisons of enzyme activity between
samples. ﬁemoglobin was determined using the procedure
outlinéd in SigmédTechnical Bulletin No. 525 (Sigma Chemical
Co. St Louis, MOZ);
Ségtistjcal analyses

A t test for unbalanced data was applied to carcass
charaéteristics, feed intake, weight gain and feed
conversion efficiency'data accbrding to the method of Steel
aﬁd Torrie (1980) to examine differences between treitments.

'Biodd data was tesged for homogenity between sampling

groups~aeros$ weéks. fhe aata was subsequently subjected to

repeated measures analysis using the method of Grizzle and



Allen (1969).

Covariate anaylsis, according to Steel and Torrie
(1980) was.utilized to determine if significant
relationships existed between aniﬁal gains and blood
parameters. fhis.analysis was also used to determine if
significant relationships existed between selected blood

parameters.

D. RESULTS
Feedlot performance and carcass Lharacterig;jcs

During the first week of the experiment two animals on
the thiamin diet gxhibited symptoms characteristic of lactic

acidosis. These animals were removed from the trial and-

-

-

subsequently recovered. No other obviously sick animals were
observed during the‘course of the trial with the exception
of two bloated amimals on the control diet.

Thiamin supplemented animals had a higher (P<0.05)
average daily gain than unsupplemented animals (Table.I.Z).
Initial separation in the animal weights occurred by week 4
(Fiq. I.f)!and continued throughout the course of the
experiment. Final differencég in average daily gains (0.22
- kg/day) therefore seem to be attributable to a @eneral
improvement in performance following ﬁhe 10 day introduction
»period onto the.all—concehtréte feeding regime, The
improvemeng'in performance of thg thiamin fed animals was

also reflected in heavier (P<0.05) carcass weights (Table

. 1.2). No other differences between treatments were noted for

T | |
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Table 11.2 Feedlot pertormance and carcass characteristics

Item Thiamin Control SEM'
Number of animals 13 15 ’
Days on trial 98 .~ 98

Avg initial wt (kg) 362 360 3.40
Avg final wt (kg) 474 450 8.40
Avg daily gain (kg) 1.14 0.92 0.073 =«
DM? consumed(kg/day) 7.03 6.57 0.293
Feed DM?/gain 6.32 7.20 : 0.598
Carcass wt (kg) 281 265 5.23 =
Dressing percentage 59.4 58.8 0.314
Rib eye area (cm?) 69.1 66.8 1.89
Avg fat cover (cm) 1.28 1.24 0.071

' Standard error of the mean.

* DM=dry matter.

* Significant at (P<0.05).
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carcass characteristics} feed intakes,Aor feed conversion

efficiencies. .&)

ﬂnlood parameters
Altﬁough not 51gn1£&cantly dlfferent mean values for

the TPP effect in this trial for steers fed the thiamin and

e ~

control diet were 7.?U\and¥?.62% respectiyely (Table 1.3).
'iﬁlgherv(P56,05) values otcurred duging the first, ninth and
,tenth»weeks than during'otner;himés (Fig. I.2). Individual
TPP effects ranged from 1.96 to 25% with eleven‘samples
'(three from the thlamln supplemented d1et and eight from’the
control dlet) from nine anlmals hav1ng values greater than
:15% at some point in the trial (Table I.3). Of thektwo_
an1mals on»the<th1am1n diet removed due.to severe‘lactiq
r»ac1d051s, neither exhibited TPP effects‘above 10%. The
hlghest TPP effect (25%) was noted durlng the second week’
for a steer fed the control d1et The’ TPP effect in this
Steer decreased from 25 to 15.8 and 5. 5% dur1ng weeks 2, 4

and 6‘respect1vely,‘wh1ch demonstrates the tran51tory nature -

. -of elevated TPP effects observed in thlS experlment.

Although no v1s1b1e symptoms of polloencephalomalac1a were

" apparent, the‘concentratgons of plasma gluoose (161 mg/dL)
.and’blood pyruvate (2.7 mg/dL) for tnis animal during the

\*\second veek were hlgh enough to be con51dered abnormal and

rsubstantlate the occurrence of a th1am1n def1c1ency None of

the\\ther anlmals with TPP effects 1n the 15-20% range or

the 20\;5%\\ange demonstrated plasma glucose or blood

pyruvate concentratlons h1gh enough to substantlate a

DN P

~
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- Figure 1.2 Mean TPP effects and mean erythrocyte :
T .transketolase activities without added thiamin
pyrophosphate throughout the trial (e thiamin;
A control). Vertical bars are standard errors..
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thiamin deficiency.

| A trend (PS6.10) for an inverse relationship occurred
betwéen the TPP effect and two—week‘wei&ht changes (Table
1.4). |
K Erythrocyte transketolase aqtivity yas_expressed on theb
é;éis of mg ribose metabolized/g hehoglobin in sample/h.
This method of expression was considered to be superior to
that of exp:essing activity on tﬁe basis of ug ribose.
metabolized/mL hemolyzed red blood cells (Brin 1966) because
the latter brocedure for sample preparation was ofien
unrepeatable., Mean erythrocyte transketolase activities.
ranged from 8.75 to 19.04 mg ribosé metébdliied/g‘ﬁemoglobin
in sample/h (Fig. I1.2). On the basis of ug ribqée.
hetabolized/mL hemolyzed red blood cell/h, activities ranged
‘between 1375 and 1880, thch is-compérablé to th§>range of
838 to 1784 reported by Quaghebeur et al. (19745}

_No differences exiéfed between freatments nor was there

a tréatment by week ihteraction for-erthyrocyge.,
trJZSketolése activiﬁies.(Fig. I.2). A time effect (Pé0.00ﬂ)
irrespective of treatments did_exist with transketolase
activities being 15.38 mg ribose metabolized/g hemoglobin in
gample/h duping the first week of sampling and decreasing to
10.25 mg ribose metabolized/g hemoglobin in sample/h By the
final Wéék_of sampling. A highly significant (PS0.001)'
negative‘felationship also existed between base |
transketolase activities and the TPP effect (Table 1.4)

which “is consistent with the findings of Brin (1970).



Table I,4 Covariate regression coefficients for
weight changes of steers, TPP effect’
glucose on selected blood parameters

19

two-week
and plasma

Covariates Two week TPP Effect' Plasma
' weight: (%) glucose
changes . - (mg/dL)
(kg)
Plasma urea (mg/dL) -0.725 %%
TPP effect (%) ' -0.565 *
Transket@Qlase activity
(mg ribose
metabolized/g ‘ ,
hemoglobin/h)? ~-0.696 -1.072 *%%x
Plasma glucose (mg/dL) -0.206 *x 0.066 #*x*
Plasma Mg. (mg/dL) 0.958 -0.189 :
Blood lactate/pyruvate -0.034 0.021 0.142 *%
0.855 0.431 10,42 *xx%

Blood pyruvate (mg/aL)

' Percentage increase in activity of. the erythrocyte
transketolase enzyme due to the addition of thiamin

. pyrophosphate.

* Erythrocyte transketolase activity measured without added
‘thiamin pyrophosphate.

% P<0.10; ** P<0.05; *** P<0.01; **x*P<0.001.
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Plasma urea; glucose, magnesium, calcium and blood
pyruvate_concentrationé, and the lactate to pyruvate ratios
(Fig. 1.3 and I1.4) were not significantly influenced by
dietary treatment or the treathent beweek interaction. A
week effect (P<0.001) existed irrespective of treatments for
blood pyruVéte and the L-lactate to pyruvate ratios and
plasma maénesium concentrations (Fig. 1.3 and I.4). The mean
- plasma magnesium concentrations (Fig. 1.4) increased
(P<0.05) from 1.79 mg/dL to 2.09 mg/dL by week 4 and
remained'ﬁelatively constant thereaﬁter. No othef
siénifican£ time effecté were noted ~for other blood
constituents.

Plasma glucose dgmonst:ated a highly signifiéént
(P$0.001) positive relationship to the TPP effect (Table
I.4). Negaﬁidé relationships (P<0.05) also existed for
. plasma uréé'and glucose Qith two-week weight changesv(Tabfe'

1.4).'

E; DISCUSSIbN
Increases in averagé daily gain and carcass weight of
steers weré“obtaig;d by suéglementation of an
all-concentrate diet with thiamin under the conditions of
this experiment (Table I.2). Brethour (1977) also found a
“signifﬁcant increase in average dailiwgain of steers when a
very high level o£ thiamin in é&mbihation with sodium
_bicarbonate was included in a diet composed of hard.red

winter wheat. It is not clear which of the ingredients in
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Mean plasma glucose, blood pyruvate
concentrations and L-lactate to pyruvate ratios
throughout the trial (@ thiamin; A control).:®

Vertical bars are standard errors.
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concentrations throughout the trial (@ thiamin;
A control). Vertical bars are standard\errors.
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this/combination was of value in improving animal
perfommaqce. |

Measurement of the TéP effect is accepted as the best
method of determining the thiamin status of animals
(Quaghebeur et al. 1974). Brin (f97d)‘indicates that in
humans TPP effects from 15 to 25 indicate’a mérginal
deficiency and values of greater than 25% a severe
. deficiency: It‘is not clear whether these classifications
may be applied to cattle although the‘results of Quaghébeur ~
et al. (3974) suggest that a clinical deficiency may occur
at values above the 25% level. In this trial‘thé elevated
plasma‘gluc05e (161 mg/dL) and blood pyruvafe (2.7 mg/4dL)
levei; found in the one ahimal with a TPP effect of 25%
provides supporting‘evidence that thiamin-defiéiencies do
occur when the TPP effect is in the range o? 25% and that
deficiencies of thiamin'can_exist without abparént symptoms
being present.

Although 2 week weight changes are greatly influenced

N

by gut fill and thus may not be closely related to animal

health, a negative trend (P50110; Table 1.4) was observed
between TPP 5ffécp and %animal weighﬁ changes. In particular,
there were inaications that animals with TPP effects,greater 
than 15% had lower‘2vwéek weight gains than animals with TPP
effects less than 15% (Table 1.3). This provides further
evidenceqthaé ‘the relationships between TPP éffects'and
health’iﬁ humans, as outlinea by Brin (1966), are similar to

the relationships which might be expectéﬂ with cattle.
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The foregoing discussion indicates that measurement of
‘the TPP effect is a suitable index of thé thiamin status of
cqttls. When results of different experiments are compared,
howevgij consi@eration must be given to the method by which
theﬁmﬁb effect is measured since literature values for TPP
effects can be found to varyvfrom 0 to 431% for cattle
(Quaghebeur et al. 1974; Edwin et al. 1879; Loew et al.
1975). Quaghebeur et al. (1974) using the method of Brin
(1966),.which is based upon the rate of disappearance of‘
ribose—s—phqsphéte or the appéarance of glucose-6-phosphate,
found that the TPP effect in apparently normal animals
varied from 6.1 to 38%, and in polioencephalomalacia
suspectea animals the range was 9.1 to 59.5%. Edwin ét al.
(1979), using a modiﬁiedlmethod of Massod et al. (1971),
which is based on ghe appearance of '
seéoheptulose-?—phosphate, found TPP effects of 2 to 114%.
(95% confidence interval) for apparently normal animals énd
TPP effects of 120 to 247% (95% confidence interval) for
animals suspected of having poiioencephalomalacia. |

Supplementation- -of the diet with thiamin had no
statistically significantbéffect in terms of lowering the
- TPP éffects in this experiment in spite of the fact that
~dietary thiamin .did have a positive influence on animal
‘performance"(Téble,I.Z):and the magnitudé of the TPP effect
observed éuggeéted.that some animals were receiving ‘
inadequate‘dietary thiamin. The lack of a statistically

significant influence of dietary thiamin on the TPP effect

5
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could have beeg because added dietary thiamin was broken
down by thlamlnase enzymes and thus did not reach the
animals system, Brent (1976) suggested that hlgh concentrate
diets, and ensuing lactic acidosis which can occur when
théée diets are fed,lis cqndgcive to the development of the
thiaminase enzyme and polioencephafomalacia. Siegmund (1979)
suggested that supplemental ‘dietary thrgpin will be of
little value in preventing polioeﬁeephalomalacia although
Blood et al. (1979) recommended 5 mg thlamnn{kg of diet for
this purpose. Linklater et al. (1977) reported that in a
study in which one or more sheep in a flock had succumbed to
polioencephalomalacia, up to a third of the apparently |
normal sheep in the same flock were found to be excreting
thlamlnase‘on any one day, and that up to half the flock
could be excretlng thlamlnase during an outbreak of

/
polloencephalomalac1a. Since Roberts and Boyd (1974)

otserved~that feEal thiaminase activity reflected ruminal
thiaminase activity,’these results would suggest that it is
quite possible for ruminal thiaminase to be present without
any overt symptoms of polioencephalomalacia in the herd.

It is possible that animal performance was improved
because the addeq thiamin‘influeﬁced rumen fermentation
thch in turn influenced factors such as the supply of
prbtein to the animal (Hoeller et al. 1977). In this reéafd,
since all mean plasma concentrations were less than 11.5 mg

drea/dL (5.4 mg urea N/dL) (Fig. I.4), there is reason to

believe that the animals were deficient in dietary protein
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o
(National Academy of Sciences 1978) even though the 12%
crude protein level in the diet should have beeh adequate
for steers of this size (National Academy of Sciences 1976).

The suggestion by Boyd and Walton (1977) that a thiamin
deficiency might contribute to lactic acidosis seems
inconsistent with the fact that the two animals removed from
the experiment due to severe laqtic acidosis were fed the
thiamin supplemented diet. Also, these steers failed ta
exhibit TPP effects above 10% while on trial. Brent (1976)
and Sabienza and Brenﬁ (1974) suggesfed, however, that
lactic acidosis may precipitate theudevelopment of
pblioenééphalomaiacia rather than the converse.

It is not possible to»provide a complete e#plahation as
to why the TPP effect varied with time.(Fig. I.2), although
the observations of Brent (1976) and Sapianza and Brent
(1974) that thiamin deficiencies in cattle are linked to the
,occurrence of lactic acidosis could exp;ain thé'higher TPP
effects during the initiation of animals onto the
all-concentrate diet (weeks 1 and 2). 1t is.not obvious why -
elevated TPP: effects occurred again during wéeks 9 and 10.

Samples collected for determinations of blood glucose,
pyruvate and L-lactate were obtained under stress condifions
(ie. in a cattle squeeze) and thus caution must be used when
drawing conclusions from these data. However, if used in
context of substantiating a possible thiamin deficiency, in
which unusualiy high plasma glucose and bload pyruvate

concentrations and lowered L-lactate to pyruvate ratios are



known t?;ﬁf‘“!wdglea &t al. 1974), these measurements may
remain useful. Thé positive relationship (P<0.001; Table
1.4) between plusma»glucose concentrations and the TPP
effect strongly zndicated interference of‘glucosejmetabolism
in some steers in this trial éue to a thiamin aeficiéncy.
Blood pyruvate and the L-lactate to pyruvate ratio (Table
1.4) failed to show a significant relationship to the TPP
effect. The results of Quaghebeur et al. (1974) however,
indiéate that é relatively poor relationship exists between
blood pyruvate and the TPP effect suggesting in turn'that
the measurement of blood pyruvate may be most useful only in
confirming extreme cases of thiamin deficiency in cattle.
The same qualification would then necessarily apply to the
use of the L-lactate to pyruvate ratio.
Plasma magnesium concentrations were not siénificantly

related to treétment (Fig. 1.4), the TPP effect or 2 week

n
weight changes (Table I1.4). Yano and Kawishima (1977)
observedlthat sheep fed a high concentrate diet, composed
primarily of 90% flaked corn and 10% soybean meal, went into
a negative magnesium balance when injected with 50 mg
thiamin tetrahydrofurfuryl disulﬁide/héad/day for 14 days
but remained in a positive calcium bélance. They observed no
significant changes in plasma magnesium or calcium
concentrations. Unfbrtunately~magnesium balance was not
measured in the current experiment and therefore these

results cannot be .confirmed by this work. The initial

increase in plasma magnesium concentrations observed during
: o

“



the first 4 weeks of this experiment (Fig. 1.4) could be due
to an i1ncreased dietary intake of magnesium (Rowlands 1980)
or to a reduction in forestomach pH which in turn resulted
in increased availability of magnesium to the animal (Madsen
et al. 1976).
D

The results of this trial indicated a negative
relationship (PS0.0S) existed between plasma urea and 2 week
weight changes (Table 1.4). In a review by Rowland (1980) it
1s reported.that a posi}ive relationship exists between
protein intake and plasma urea concentrations, but a
negative relationsHip éxists between energy intake and
plasma urea concentrations. Therefore, as énergy intake (ie.
feed intake) decreases, weight gains also decrease and
" plasma urea concentrations may be expected to increase.

Although the results of this experiment indicated that
thiamin supplementation of-an all-concentrate diet did not
significantly lower the TPP effect, a definite negative
trend (P<0.10) existed between the TPP effect and animal 2
week weight changes. This and the performance response
obtained in the feedlot provide ample évidence that, in this
trial, a lack of available thiamin resulted in a loss in
animal production. It was suggested that supplemental
thiamin may have influenced the amount of microbial protein
synthesized in the rumen and thus animal performance
indirectly since erythrocyte TPP gffects were not
significantly influenced by thiamin supplementation.

TN ) . ’
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I1. THIAMIN AND MAGNESIUM SUPPLEMENTATION OF ALL-CONCENTRATE

o

DIETS

A. ABSTRACT

Two experiments were conducted to determine whether; 1)
the benefit of thiami; supplementation of feedlot diets as
previously obtained could be substantiated, 2) additional
i.benefit could be derived from an injection of thiamin with
other B-vitamins, and 3) supplemental magnesium would
ﬁeggravate a potentiai thiamin deficiency; In the first
fexperrment 96 Steers were fed one of four all:concentrate
‘barley based diers:‘a'control diet with no thiamin or
magnesiun supplementation, a magnesium diet supplemented
with 0.19% magnesium oxide, a rhiamin diet supplemented'with
6.25 mg thiamin/ko diet and a magnesium—thiamin diet with
ooth nutrients added. With the exception,of plasma magnesium
concentrations, which reflected (on;bs) feed magnesium
éoncentrations, no significant treatment differences nere
obtalned for rate of gain, feed conversion efficiencies‘or
other performance or blood parameters measured in thlS |
experiment. The incidence, but not the severlty, of bloat
was significantly effected’by diet with steers fed the
magnes1um diet’ beglnnlng to bloat the earllest and hav1ng
the highest incidence of o\oat, steers fed the th1am1n
supplemented diet starting the latest and hav1ng the lowest
incidence of bloat, and those fed the control and
magnesiun—thiamin diet internediate in starting date and

. < .

’
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incideocc of‘bloat A second.3 x 3 factor1al experiment with
72 steers was conducted-«to exam1ne the effects of three
levels of magnesium supplementatlon (0, 0.19 and 0.75%
magnesium oxide) in diets without dietary thiamin, with
dietary thiahin, and with dietary thiamin plus a'B—ﬁitamin
complex injection. Neither feediot performance‘nor-incidence
of bloat was significantly influencea by thiamin treatment.
Average daily gains (1.64, f:48 and 1.26 kg/day) of the
~animals decreased (P<0.05) as dietary magnesium‘levels
increased. Feed daily dry'matcer intakes were decre;éod by 5
‘Yand 12%¢and feed efficiences by 4 and 16% with the low and
high level of magnesium supplementation respectivelj.'A
+trend (P<0.10) was obtained across magnesium levels in the
iincidence of bloat with cumulative number of bloats during ,//5
the experimenf being one, six and eight for the control, low
and high magnesium dicts} The variable feed intake due to
the low palatability of the.magnesium oxide was felt to be
the most likely reason for the depressed feedlot pérformancé
and the'increased incidence of bloats in the second
cxperiment but d1d not adequately explaln differences
observed in the 1nc1dence of bloat in the first. It was
concluded that supplemental thiamin may ‘not be of value in
improving the growth- rate or feed conversions in cattle fed
all-concentrate diets containing 13-16%. crude protein, and
that steers wcre:adversely affected by supplemental
magnesium. No evidence of a thiamin-magnesium interaction on

~ growth rate or feed conversion was.-observed, but thiamin did
/ : : A : : .
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lower the incidence of bloat in experiment 1 thereby

v

"of fsetting the effects of magnesium.

B. 1 ﬁTRODUCT ION

Tﬁis author has previously found an improvemeﬁtAin
average daily gains (0.92 versus 1,14 kg/day) and carcass
weights (265 versus 281 kg) due to the addition of 1.9 mg -
thiamin/kg of a bariey based diet (Chapter I). A negative
trend also existed Sétween the percentage incrigsé in the
activity of the erythrocyte transketolase (E.C.2.2.1.1)
enzyme due to tﬁe addition of thiamin pyrophosphate (TPP
effect) and animal gains, suggesting that animal}weight
gains may have been furtherAimproved by increasing tpe leyel
of thiamin sUpplemeﬁtation in the diet Qrbby suppliing the
animal tissues directly with thiamin. Brethour (1972) found
that aver&ge daily gains of steers increased from 1.14 to
1.26 kg/day due,to'tﬁe addition of 1 g thiamin and 100 g
sodium bicarbonate to a wheat based ration,‘élthougﬁ it 1is

not clear which of these ingredients was'

responsible for
this inCrease;‘The sgcénd.trial by these workers failedfto
produce a signifiéant respénse in animal performaﬁce. In é
" review, Brent (1976).indicates-that the develoément of_
lactic acidogisfdue to the feeding of’rapidiy fermentable
materials is conducive to the initiat}on of

poliocencephalomalacia. Evidence therefore exists to question

the thiamin adéquacy of cattle on high concentrate diets.
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3ensen et al. (1956) first described the deficiency
disease, polioencephalomalacia; and Davies et al. (1965) .
found it to be responéive to thiémin_administration.‘Edwin
(1970) concluded that the most probable cause of the disease
was ;he presence in the rumen of a thiamihase enzyme
(E.C.2.§.1.2). The endproducts og the reaction catalyzed by
thé thiaminase ehzyme were found to be the result of a
suHstitution of the thiaéole moeity in the thiamin molecule
with a picolinium-like compound. It was also suggesfed that
some of these endprodﬁcts may be metabolically competitive-
thiamin-analogues. Fujita et al. (1954) found that
Histamine-like compounds acted as pofent cosubstrates for
the thiaminase enzyme.'Réjerts and Bgyd (1974) found that
nicotinic acid and many of its derivaﬁives were also
effeétivé cosubstrates. It was also suggesﬁed‘by these
workerg that because of this, nicotinic acid deficiencies
must also. be shspected-when a thiamin deficiency is present.

There is\fvidence—which would indicate that a
relationship exists between thiamin and dietary magnesium.
Fujiwara ahdyxawishima (1976) demonstrated that in rats
excesé thiamin incrgésed magnesium excretion and vice versa.
Yano and Kawishima (1977) observed that sheep fed a high
concentrate diet composéd of - 90% flaked corn and 10% soybean
meal went into a negative magnesigm baiance when injected

with 50 mg,thiamin tétrahydrofurfuryl dishlfide/day Sff 14

days.
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‘The purposes of the foilowing experiments were
threefold. First it was desired to further substantiate, it
.possible: the beneficial effects 5f thiamin addition to
all-concentrate diets. A higher level of dietary thiamin
supplementation than was used in Chapter I since there were
indications that.additional supplementation may have been of
value. The second objective was to determine if additional
benefit could be derived from injecting thiamin and other
B-vitamins directlyiinto the animal. This route of
administration has been demonstrated to be effective in the
treatment of polioencephalomalacia (Edwih and Lewis 1971),
it eliminated the possibility of the destruction of thiamin
in the rumen by the thiaminase enzyme and also provided the
animal with other B-vitamins such és nicotinamide. The fihal
objective was to examine ‘the possibility thét supplementary
dietary magnesium méy influence the thiamin status\of steers:

fed. an all-concentrate diet.

é. MATERIALS AND METHODS .
Experiment f

Ninety-six beef type steers were purchased from a local
livestock market for the purpose of>this trial which was
cqnductéd at the feedlot facilities of the Ellerslie
Research~Stq¢ipn. Upén'arrival the animals were given an
intramuscular injection of 1000000 I.U., 150000 I.U. and 100
I.U. of vitamins A, D and E respectively, vaccinated for

blackleg and malignant edema and implanted with Zeranol
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(Ralgro; International Minerals and Chemical Corp:). Thé‘
sfeers were also provided with a good quality alfalfa grass
hay, trace mineralized salt and a 50:50 mixture of trace
mineralized salt and calcium phosphate. Sixteen days
pretrial, a barley-oat concentrate waé introduced to the

diet at a level of approximately 1.0-kg/head/day to ensure

4
%

the animals were familiar with grain. The concentrate
feeding‘rate was maintained at this level until initiation
of the experiment. |

The.animhls were ranked according to initial weights
andﬁthe raﬁks divided into three groups of 32 animals. The
32 animals within each grbup‘wefe then randomly allocated to
one of 32~pens.

Four tréatment; were used for this expériment including ,
a control diet, a magnésium diet supplemented with 0.19%
magnesium oxide, a thiamin diet supplemented'with 6.25 mg
' thiamin/kg~of diet, and a magnesium-thiamin diet with both
‘nutrients added (Table II.1). The feeding brogramzinvolved
_beginning‘the animals on a ration consisting of 3.3 }
kg/head/day of concentrate with a chopped>alfalfa grass hay
being offered at a rate of 6.7 kg/heaé/day. The concentrate
was increased at a rate of 0.33 kg/head/day and the hay |
offering decreased at a rate of 0.67 kg/head/day for a
period of 10 daysjto achieve an ad fibitum all-concentrate
- feeding regime, —

Feed imtakes were recorded daily on a pen basis. Animal

weights were measured on three consecutive days at the
. . /’
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beginning and end of the trial and once every 2 weeks during
the trial. Water was withheld for 16 h prior to weighing.

A five point subjective bloat score was established to
recofd the incidence and relative severity of bloat. A score
of 1 was given for a mild bloat with only a slight
distension of the left side. A score of 2 indicated mild
bloat with obvious distention of the left side. A score of 3
indicated severe bloat with extreme distention of the left
flank and signs of diséomfortﬂ A score of 4 was.given
animals with a severe bloat and obvious signs of diétress. A
score of 5 was applied to animals which died from bloa}.
Bloatiﬁg animals were treated by insertion of a stomac£ tube
to release contained gases and for the administration of 2-3
L mineral oil. Treated animals were returned to experimental
pens. - : ' - , | a

Four pens from each of tﬁe four treatment groups were
randomly selected for purposes of blood sampling. Sampies
were collected 3 daYé pretrial and at days 10, 24, 52 and 90
during the tria;.bBlood samples were also collected from all
bloating animals. |

All animals were slaughtered four days after
termination of the feéding trial. After overnight qhiiling
‘the carcasses were graded by plant officials in the normal
manner undef the Agriculture CanadaiBeef Carcass Appraisal
Service (Agriculture Canada 1972). At slaughter, hearts,‘
kidneys and livers were inspected for gross abnormalities

and the frequency of abcessed livers was recorded. Dressihg

-
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percentages were calculated from warm carcass weights and
final weigﬁts in the feedlot.
Experiment'z

Seventy-two beef type steers obtained from commercial
sources were utilized fdr purposes of this trial also
conducted at the feedlot facilities of the Ellerslie
Research Station. Upon arrival the animals were treated in
the same fashién as for experiment 1. Ten days pretrial a
barley concentrate was introduced to ﬁhe diet at a level of
approximétely 1.0 kg/head/day to ensure that the animals
were accustomed ﬁo grain. |

The animals were ranked according to initial weight and
the fanks‘divided into th groups of 36 animals. The 36
animals from éach group were then randomly aliocaéed to one
of 36 pens (4.3 x 10.2 m).

Nine treatments were used in this expgriment<including
three levels of magnesium (Table I1I1.2) and three tﬁiamin}
treatmeﬁts in a 3 x 3 factorial design. Magnesium trgatments'
included supplementation with 0, 0.19 or 0.75%‘maghesium
oxide. The thiamin treatménts involved either the addition
of no supplemental thiamin, -the addition of 6.55 mg
thiamin/kg of ‘diet (Table II1.2), or the addition of thiamin
to the diet and a weekly injéction of 2 mL of a B-vitamin
complex preparation containing 200 mg thiamin-HCl, 4 mg
riboflévin, 4 mg pyridoxine HCl, 200 mg nicotinamide, 26 mg
pantothenate and 4 ug B,, (bominion Muitiple Vitamiq B

Complex, Dominion Veterinary Laboratories, Ltd. Winnipeg,
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.Man.)..The procgdure for introduction of.the‘animalsvonto_
the diets wag the same as was used‘ih experiﬁént 1 Feed
intakes wereQrecorded daily on a pen basis; Weights were
recorded on_ three consecutive daYs at the.bégipning and end
offthe trial andﬂwoekly during theytrial. &étgr was‘withhe{d
for 16 h)prior to weighind. The subjecfive bloat score as
.déscribed.in experimeng 1 was élso used in thiéheipefiment
to‘determine the incidence and relative severity‘of‘bloats.
All animais wére slaoghtéred'oh the.final day of‘;he feeding
.trial;~Procedures fo;'carcass evaluétion were the same as )
used‘in éxperiment 1. |
Anaiytical’procedutes; -
Crude protein was determ1ned u51ng the Kjeldahl method
for n1trogen determlnatlon (Assoc1at10n of Off1c1al
Agrlcultural Chemists 39&0). Ca%c;um_and mqgne51um
determinationé«on‘hlood plésma samples were‘conducted
according to the method of Young and Booth (1967) uslng a
‘Pye Unlcam\SPZQOO atomlc absorptlon spectrophotometer.
Sample preparatlon for calcium and magnes1um determinations
in feedstuffs was conducted according to Assoc1atlon of
Official Agr1cultura1 Chemlsts (1980) w1th subsequent
treatment 1n the same manner. as. for blood samples.
Phosphorus was measured using the ‘meta-vanadate method
(Assoc1at10n of Official Agrlcultural Chem;sts 1980) |
Thiamin was determlned accordlng to Assoc1at10n of Offlckpl
Agricultural Chemists (1980) for dry: or sem1-dry~mater1als

conta®ining no appreciable amounts of basic substances.

s ¥
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Approprlate tests were conducted to ensure that added
magneslum oxide had no 1nfluence on th@ detection of
: thiamin. Plasma glucose and urea were determined using the
neo-cuproine and diaoetYi—monoxamine methods respeEtively'
- for the Technicon Autoanalyzer II (Method Nos. SE4-0002FF4
and 4001FD4 respectively, Technicon Instruments Corp.
Tarrytown,.N.Y.) Asaessment§ of efythrocyte transketolase
.activity (E.C.2.2.1.1) and‘the”TPP effect were conducted
‘according to the orocedure of Brin (1970). Activit?'of the .
enzyme was expressed as mg ribose metabolized/g hemoglobin
in sample/h. Hemoglobin was determined using the.procedure
outlined in Sigma,Technieai Bulletin No. 525 (Sigma Chemioal
Co. St Louie,_Mor). ‘ -
Statistical analyses

Analysis of variance according to %eel and Torrie.

(1980) was applled to feedlot performance data and carcass

: characterlstl s to dete pine treatment dlfferences An
Student-Neufian—Kuels. test teel and Torrie 1980) waaxused'
for. multlple comparlson of ans. |

Blood data were subjected to a repeated measures.

fana1y51s u51ng the method of Grizzle and Allen (1969)

t

'_Covarlate analy51s, follow1ng the method of Steel and Torrie
‘i

(1980) was utlllzed to»determlne if 51gn1f1cant
relatlonshlps ex1sted between anlmal gains and blood
I:;gf?ameters. This analysis was also used to determlne if
s1gn1f1cant relationships ex1sted between selected blood

~.

parameters.
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Forvthe first trial’where numerous bloats occurred, -
simple linear regressions between days on test and the
cumulative number o{ibloats in each treatment vere
calculatedd Predicted values for the number of bloats at 98
days were computed for each equat1on and 95% confldence
1ntervals were calculated for each of the predicted values
Values not overlapping were considered to be significantly

: o s
different froj?each other. Thissmethod of analysis was

considered to be superior to the Chi-square analysis since

time to initial bloat and the rate of occurrence of the
bloats could be considered in the analysis. The number of’
bloats on the sécond trial were limited so this analysis was

o

not possible thus a Chi-square analysis was utilizeg.

D. RESULTS
Experiment 1

Some destruction of thiamin occurred in the feeds of
5

the magnesium-thiamin supplemented diet as 1nd1cated by
O

comparlng the actual and calculated values in the diet for

the . v1tam1n (Table II. 1). Since all feed samples were held

‘at -20° C after they were collected, and theighlam1n was

8-

premixed only with barley and other vitamins, it was assumed

that the majority ofﬂthe thiamin loss occurred dur1ng the

o

'5-10 day perlod,whlch normally ex1sted betwéen m1x1ng and

feeding..

During ,Te experlment; Qne~animal fedithe‘control diet
’ .5:‘, & U’

\d1ed of pf@ﬁOnged chronxc pneumonla and two anlmals g1ven

a.
&



an”

the magnesium sdpplemented diet were lost due to acute

 b1oat, Bloated animals died on days.34 and 43 of the feeding

" trial.

No significant differences due to dietary treatments

'~ were obtained for feedlot performance or carcass,

characteristics: (Table I1.3). A response (P<0.05) was .
howevé; obtained for the incidence of bloat due to dietary
treatment (Fig. IIZJ); The magnesium supplemented steers
began to bloat at day 33 and had thefhighest (PS0.0s)'

ihcidence of bloat. The th1am1n supplemented group started

to bloat at day 72 and

e fﬂlowest (P<0.05) incidence of

bloat (Fig. II.1). The ngtioi%and magne51um thiamin

suppleménted éroups w%re 1ntermed1ate in both day of first
‘ : o

bloat gnd cumulative number of bloats during the trial an?

were notcsignificantl)‘ different from each other but were

~different (P<0.05) from the magnesium and thiamin groups.

i i Mean bPoat scores with standard errors were 2.78#0.32,
s ) | "

;fﬁ2.73t0.33, 2.56i0,29 and 2.80%0.37 (P>0.05) fofbthe control,

magnesium, magne51um thiamin and thiamin diets respectlvely
' Mean TPP effects were 7.73, 7.16, 6.91 and 7. 12% for
theﬁqontrol, ﬁag@esium, magnesium-thiamin and thiamin diets
respectiVelyr(P>0.05). TPP effects §afied from 0.0 to 17%. -
Bloated animals had a mean TPP effect of 6.73% with a range
of 1.4 to 16%,QTPP effects were not related to 2 week weighf
cﬁanges (Table iI 4) but vere ihflﬁenced (PSO 05) by time
w;th the hlghest values occurrlng at days -3, 10 and 90. A

hlghly 51gn1f1cant (P<0. 001) negative relatlonshlp existed
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Figure II.1 Cumulative number of bloats during the feeding
‘trial (experiment 1) (® control;®m magnesium;
A magnesium-thiamin;O thiamin). Vertical bars
are standard errors.
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between the TPP effects and erythrocyte .transketolase
activi£yi(Table I1.4). No significant relationships existed
between the TPP effects and'plasﬁa glucose, magnésium or
urea gsncentrétions.

Erythrocyte tranketolase activities varied from 7.68 to
17.84 mg ribose metabolized/g hem&globin/h whiéh is
comparable to a range of 8.75 to 19.04 mg ribose
metaboiized/gﬁ hemoglobin in sample/h reported iﬁ Chapter 1.
"Erythrocyte transketolase activities were also siénificantly
(PﬁO.QO1) influenéed by‘time with the highest activities
" occurring at. 52 days (Fig.'il.z).

Plasﬁa glucose coﬁcentrations were not significantly
influenced’by_treatmgnt (Fig. Ii.3) and were uhreiated té‘z
week Qeightvchanges (Table‘II.4). Plasha.urea concenkrations
were alsé not ﬁighificanﬁly influenced by treathents (Fig:
11.3) but were reiated to 2 week weight changes (PS0,0S{
Table II.4), and were influenced by time (P<0.,001).

Plasma magnesium concentrations werelinfluenced
(P<0.05) by tréatments over time (Fig. II.4). In the animals
.fed the magnesium and magnesium—thiaminrdiets, magnesium-
_levels increased ffom’19.7 and 19.3 mg/dL, respectively, at
| day -3 to. 23.5 and 24;0vm§/dL respectively by day:52-of the
“trial and remained relatively cOnstanﬁ thereaftér.»{nitial :

¢

plasma magnesium concentrations for the control and thiamin

~

supplemented animals were 20.1 @nd 19.9 ﬁg/dL; respectively,

and these. levels remained relétively constant thoughout the
s

~

experiment.
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Table II.4 Covariate-regres§ion coefficients for two week
weight changes and the TPP effect' on -selected
blood parameters (experiment 1)

Covariates ' ‘ Two week TPP effect
weight (%)
changes

(kg)

TPP effect' (%) ‘ 0.145

Transketolase activity
mg .ribose metabolized/

g hemoglobin/h -0.694 \ -0.867 x
Glucose (mg/dL) - 0.026 - 0.021
Magnesium (mg/dL) . 0.528 -0.025

Urea (mg/dL) -0.667 * 0.043

' The percentage increase in activity of the erythrocyte
transketolase due to the addition of thiamin
pyrophosphate. '

* Significant at (P<0.001).
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Plasma calcium was not significantly influenced by
dietary treatments (Fig. I1.4) and was unrelated to 2 week
weight changes (Table II.4). A time effect (P<0.05) was
again noted with the highest values occurring in the
pretrial samples (Fig; I1.4).

Experiment 2
| Loss of supplemental thiamin was again observed in this
experiment and appeared to be grea£er on those diets
containing supplemental magnesium {(Table II.2).

 \Maghesium oxide supplemenation of the diet had a
negaiive'(PS0.0S)‘inflhehce on average final weight, averaée
daily gain, feed dry matter fpﬁake and carcass weight (Table
I1.5). Supplemental magnesium di? not influence other
carcass‘characteristics. Although only 15 bloats were
observed during this experiment a positive trend (P§0.10)
existed between thé frequency of bloats and magnesium levels
(Table IIhS).,u

Thiamin treatments had no significant effect od feedlot
performénce or carcass characteristics with the exception of
average fat cover which inexplicably decreased when thiamin
was added to the diet and no vitémin injections were inen
(Table II.5). No significant differenceé were observed in
the occurrence of bloat across thiamin treatments.

No interactions between magnesium levels.and thiamin

treatments were detected for feedlot performance, carcass

~characteristics or incidence of bloat.

AN
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E. DISCUSSION
Eeedlot performance and carcass characteristics

The discussion of the interrelationship between
magnesium aﬁd thiamin is somewhat complicated by the fact
that a breakdown of supplementary thiamin appeared to occur
when magnesiumvoxide was added: to the diet (Table II.1 and
‘II.2). The Merck Index (1976) indicates that thiamin as
thiamin-HCl is unstable at a pH above 5.5. Since.the pH of
the dlets was increased when magnesium was added (Table I1.1
and II.2), this probably accounts for the loss of
supplemental thiamin. Thiamin contained in the grain itself
appeared to be stable in the presénce of magnesium oxide.

The all-concentrate diets fed in theéé experiments
contained betwgen 0.14,an§ 0.51% magnesium (Table I1I.1 and
I1.2). Recommended levels of dietary magnesium are given as
0.04 to 0.10% of d1etary dry matter by the National Academy
of Sciences (1976). The Agr1cultural Research Council (1980)
‘suggests fhat 300 kg steers gaining at 1.5 kg/day require_
5.2 g of‘magnesium/day and should be pr@vided with an
allowance of 8.9 g/day. ThlS translates 1nto 0.06 to 0.10%
magne51um in the dietary-dry mat;ér at an 1ntake of 9 kg of
diet/day. All of the diets in both.exper1ments thus:
céntained more than the recommended level of magnesium
(Table II.1 and 11.2).

Supplemental magnesium oxide h;djno influence on growth
rate or feed i téke of the steers in ekperiment 1 (Table

I1.3), whereas there was a negative response to increasing



& | ~ >

_‘% S ,
magne51um levelsdln average flnal we1ght average daily
gain, feed dry matter intake, feed convers1on efflcméncy and
.carcass weaght in the,second experiment (Table II.3).
\Depressed performance observed in experiment 2 with
’1ncrea51ng magne51um levels can be explalned by reduced feed
.1ntakeﬂ(Table 11.5). Sorting of‘magnesium oxide from ‘the
daily ration was apparent in experiment 2, particularly‘et
the hig;:r;magneeium levelyand may have ceused'feed refusal.

~ Sorting of the ration was not obsenved in experiment 1..{
‘Higher‘dietary levele of crude protein and 1ees calcium

© ‘sulfate vere addetho the diet in experimeht‘1 (Tabie 1.1
'and 11.2) but it is not clear why this would causehdlffer1ng
responses of the steers to the added magnesium. Gentry et
al. (1978) reported that in bull calves the inclusion of
1.34% magneeium as magneeiqm oxide resulted in feed refusal,

. redueed'dry mattér intake and depressed growth rates. |

~Hoyever, Erdman et al (1978) feund no decreases in feed

/
intake on a 40% corn silage, 60% conceﬁfrate dlet fed to

”lactatlngbdalry cows when magnesium Qxlde was 1ncluded in
" the diet at 5 level of 0.8%.
The inclusion of magnesium in’the diets of these steers
caused an elevation (PSO 05) of thelr plasma magne51um
’concentrat1ons. This 1s cons1stent with the suggest1on by
Rowlands (1980) that plasma magne51um concentratlons closelyQ
Vreflect the amount of magnesium avallable in the diet. ’

* The addltlgn of magne51um oxide ‘to the dlets caused an

increase in the number of bloats in both experlments (Flg 1;



o s
Table I1.5). This relationship has also been obseryed with
.legumé.bloéi. Smith.and WOOd.(i962j observed that spreying
alfalfz with calcium and magnesium salts increased the
sevériiy of bloat and that chelatiné agents réduced the

severity. Stifel et al. (1968) found a positive correlation

between bloat and leaf magnesium-concehw
negative correlationywith calg{pm concéﬁ %i§ns. However,
Miltimore (1970) found a negafive‘éorrelatidn b&twegn bibab
aﬁd leaf'ﬁagneSium and a positive correlation with leaf
calcium cbncentratibns.*lt is suggested by Laby (1975) that
Jthe reaﬁon for thglrglationship between divalentipations.and
the incidence of legume bldat relates to the stable soaps
pré@uced wi;h mono-/and di—gi&cefides, particﬁlarly‘with
calcium.ISimilar resulté were not found in the literature
fof éonéentrate'diets, théver, and since it is known that . .
variations in feed consumption increase the ‘incidence of
bloat (Milligén 1973), the palatability problems encountéred
“Jith‘hagnesiUm oxide may have bezﬁ the.moreylikély cause of -
the increased incidence of bloat on the magnesium
suppiemented diet. | ‘ N S

. In the first experiment, thiamin had a beneficial
ef{ect in terms of lowgring the iﬁcidence of bloat, but ¢his
effect was notvseen in the second experiment. Naga et al.
,(i975) found fhat unébmplicated thiamin deficiéncieé in’
sheép were CEaract;rizéd by.inappetencevand a reduction in
'thé inténsity_and pressu;e changes!nQrmally associaiéd with

. s : .
contractions of the ventral sac of the rumen. There is some

a . ' g Y



59

reason’ to speculate that a thlamrn def1c1ency could increase
the occurrence of bloat since large volumes of gases.are
be1ng produced in the rumen and therefore weaker stomach
-_contractlons could result in gas aﬂﬁumulatlons. Furthermore,
there 1s reason to belleve that a pot%ntlal thiamin
def1c1ency could have been aggravated*ﬁy eXxcess magnesium.
Fujiwara et al. (1976) reported that in rats, excess thiamin
‘ ‘accelerated‘magnesiun excretion in the urine and vice versa.
yano and Kaw1sh1ma (1977) demonsgrated that in sheep, the
injection of 50 mg thlamln tetrahydrofurfuryl
dlsulflde/head/day for 14 days resulted 1h 1ncreased

/ magne51um exeretion and a.negative magne51um ‘balance. Blood
'analyses for the first experiment, however, demonstrated
that TPP effects were not significantly influenced by
:dietary treatment. Also the fact that in experiment 2,
thlamln, whether supplemented in the diet or given. by
injection as wefl vd1d not decrease the :nc1dence of bloats
suggests that the tendency to ‘bloat cannot be explalned
s1mp1y by the 1nteractlon between magnes1um and thiamin as
bdescrlbed by FUleara et al. (1977) |

- No 51gn1f1cant dlfferences vere observed for feedlot

\performance or carcass- characterlsugﬁ% across th1am1n

e ¥

treatments in e1ther experlment (Table 11.3 and 11.5)._This

L)

" occurred even though a hlgher level of dietary thiamin was-

. ‘ ’ t =Y '
used than in the previous trial in which a response in
animal performance due to the supplementation'of thiamin was

obtained. Brethour (1972) also found that average daily



gains -of stéers were increased significantly due to the
‘addition of Y g thiamin and 100Ag sodium bicarbonate to a
wheat based ration, whereas:a“second»trial failed to produce
similar results; No response in animal performance was
obtained in the secoénd tria)we{ this experiment due to the
injection of a B-vitamin omplex containing thiamin. Edwin
et ali (i976) fourdd that [the injection of 500 mg thiamin .
three times weekly lowered the TP? effect of 6 month oid
calves to 0 in 6 weeks and,, although the amount of tniamin
injected in this experimentruas only 13%'of that used by
Edwin et al@'(1976) and the animals were larger, the results
‘do indicate the lack of a thiamin responsive condition in
,these animals. Plasma urea levels in thlS experiment
averaged 18.5 mg urea/dL (8.63 mg urea N/dL) which suggests
that the steers were;receiv1ng adequate crude protein
(National Academy of Sci nces 1978), whereasithere was
evidence‘of,a/protein deficienty during theJexperiment
reported in Chapter TI. | ) | | | _
Dietary treatments had no influence on TPP effects in
experiment 1 (Figq. II 2). Since initial sampleS‘wete
collected 3 days prior to the initiation of "'the steers Qn‘
the various diets, the'TPP effects reported\fot this day mai
represent typical values for hay'diets. The decrease in T?PVZE
effects at 28 and 52 days and the subsequent increase‘atvéb
days is as yet unexplained; When the TPP effects were 5du
: cla551f1ed 1nto the ranges 0-5, 5-10, 15 ‘and 15- 20%;

corresponding 2 week weight chaggeszﬁere 14 5 16. 3 16.7
b
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and 11.8 kg reepectively (P>0.05). In Chapter I, this author

found correspondlng 2 week welght changes to be . 15 4, 12.9,
#L]
ol

v 13.2 and 3.1 kg, respectlvely, with a gain of 7. 3’%9 per 2
weeks being obtained. for steers with a TPP effect of between
20-25%. This leadg to the conclusion that no marked
relatlonshlp ex1sts between TPP effects and weight changes

: up to a TPP effect of at least 15% Above this one mlght

expect to see a reduction in anlmal performance as the
magnitude of the thiamin deficiency, as measured by the TPP
~effects, increaees; |

The increaSe'in'erythfothe tfansketolase activities to
day 52 and the'subeequent decrease in activities is
inconsistent with the findings obtained in Chapter I (Fig;
II 2). Nduﬁxplanatlon of these results is p0551ble at this
tlme. ?J/ )

Pfasma glucose was ooeetved to vary with time (P<0.05;
"Fig. II.3). However, since these samples were collected
under stress condltlons, caution must be used fn drawing‘
conclu51ons from this data. No unusually,hign plasma glucose
concentratlons were detected which would have been
indicative of a thiamin def1c1ency (Loew 1975) Plasha '{ET

glucose was’ also unreélated to TPP effects (Table II.4)

cnndlcatlng glucose metabolism was not: belng 1nf1uenced by a.

7

thlamln def1c1ency ,
A relatlonshlp (P=<0. 05) exlsted between plasma urea and
Zvyeek,welght changeﬁ (Table II.%). In a rev1ew\by Rowlands

(1980), it was ;epofted that a positive relationship exists
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between'protein intake and plasma urea concentrations, but a
negative felationship exists‘betwe;n energy ?ntake and
plasma urea concentrations; Similar rééults weqe-rebortéd in
Chapter I. | . .
It can be concluded from fhesé experiments that thiamin
supplementation of all-concentrate diets does not
consistently give a response in tefms of improving animal
performance. The injeétion of.a B-vitamin complex
preparation cdntaining thiamin and nicotinamide did not
result in an improvément in animal performance. Magnesium
supplementétign resulted in an increase in the incidence of
feedlot bloat in bdgh expegimehts and reduced performance in
the second. There were also indiqations that an interaction
“existed between‘magnesium and thiamin in the first
experiment but not in the second. Further investigations -

into factors which may influence the responSe of cattle to

added thiamin are underway. o o
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II1. A SURVEY Oﬁ THE THIAMIN STATUS OF GROWING AND FATTENING

CATTLE IN ALBERTA FEEDLOTS

A. ABSTRACT

, A survey involving a total of 645 samples collected

from 331 steers at 3 locations within Alberta, was conducted

to determine the incidence of thiamin deficiencies in
growing and fattening cattle in Alberta. The pércenﬁage
increase in thé activity of fh% erythrocyte transketolase
enzyme (E.C.2.2.1.1) due to the addition of thiamin .
pyrophosphate (TPP effect) in vitro was used as the index of

thiamin status. It was found that 2.7% of the samples taken

had a TPP effect in excess of 15% and thus these animals
AN .

were expected to be marginally deficient in thiamin. A trend

(r=0.824; P<0.10) existed for a negative linear relationship

between mean TPP effects and mean dietary crude protein

,‘concentrations suggesting that nitrogen availability may be

influenced by, or may be inflﬁencing,.the thiamin. adequacy
of cattle on high concentrate diets. Weaning-stress didwhot
result in TPP effects over 15%. It was concluded that a

small and variable proportion of the animals on high grain

feedlot type diets may be experiencing a loss in

productivity due to a thiamin inadequacy.
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B. INTRODUCTION

Polioencephaiomalaqia, a thiamin responsive disease,
has been_obser&ed in feedlot cattle (Brent 1976; quod et
al. 1979). It is-not known, however, whether subclinical

deficiencies, which could limit animal production and

. possibly cause health problems in feedlot cattle, occur to

any significant extent.
This author has previously found a significant
improvement in average daily gains and final carcass weights

|

due to the addition of 1.9 mg thiamin/kg.of a barley based

diet (Chapter I). A negative trend existed between the

percent increase in the activity of the erythrocyte

" transketolase enzyme (E.C.2.2.1.1) due to the addition of

thiamin pyrophosphate (TPP effect) and 2 week weight

changes. However, second and third feeding trials (Chapter

. 11) conducted to substantiate these findings, failed to

detect significant differences between thiamin treatments in

avérage daily gains or final carcass weights of the steers.

However, the addition of 6.25 mg thiamin/kg of a barley
based diet reduced the i;cidence“ofvbloat in the second
feeding trial even though it was ogﬁerved that TPP effects,
only rangéd from 0-17% as compared to 1.96~tov25%‘found in
Chapter 1. Brethour et al. (1971) also;found variable
results with the addition of 1 g ﬁhiamin'and 100 g sodium
bicarbonate to.a wheat based ratioh;for steers.

The purpése of this survey was to determine, using the

TPP effect as an index of thiamin status, the incidence of

N
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subclinical thiamin deficiencies in three Alberta feedlots..

C. METHODS AND MATERIALS

In total, 645 samples involving 331 animals from six
sources were collected fof this survey. Included in'this is
sample data from'Chapters I and II.'whiqb was utilized to
broaden the ihformation base. The first séurce of data
(Chapter 1) represepts a total of 168 samples collected from
28 steers (at an average initial‘weight of 361 kg)
thfoughouﬁ a feeding trial when an all-concentrate barley
based diet was fed (Table IiI.J). Ninety of these samples/_\W
were collected f:om:steers fed a diet without supplemenﬁal
thiamin and 78 were collected from animals supplemented with

1.9 mg thiamin/kg of diet. The second data source (Chapter

I1) involved a total of 238 samples collected from ‘96 steers

(at an average initial weight of~340 kg) thrdughout a
'feediné tfial‘in whicﬁ all-concentrate barley based diets
were given (Table III.Tf. Diets used iﬁcluded an
unsupplemented diet, a diet sdpplemented with 0.19%
magnesium as magﬁesium oxide, a diet supplemented with 6.25
mg thiamin/kg of diet and one diet withiboth supplemental
magnesium and thiamip.hln bgfh experiments reported |
previously data within eéch"sgurce was grouped and each:
experimeﬁt treated as a single source of inférmafion‘since
no significantvdifféfenceg were obtained for the TPP effect
across treatments. Feed analyses data (Table III.1) AN

represents the mean across treatments within individual
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experiments.

ﬁéﬁ}The third source of data was obtained from blood

5‘samples ‘collected from 45 newly weaned bull calves rat the

%ﬁlver51ty of Alberta Kinsella Ranch (Kxnsebka, weaned).
These animals had previously been ©on pasture‘wlth cows, and,
¥
at the time of sampligg, had been éfparated from the cows
A ‘

for only 24-48 h. Collection of representative samples of

- pasture forages was not possible and these animals had not

& |
been creep-fed. For the 24-48 h period post-weaning, the
calves were offered a long hay diet which was not sampled

since 1t was felt it would not be representative of the feed

- they had been consuming. Samples were collected from 34 of

these animals 35 days after the initial sampling whep full

grain feeding was being acheived (Kinsell, fed).to provide

the fourth source of data. \ ' \
The ﬁ1fth source of data was from an exper1ment

conducted at the Ellersl1e Research Station (Mathison 1981)

1nvolv1ng the %se of d1st111ers dried gra1ns in an

‘all concentrate barley based d1et in which the barley was

A

. elther rolled or ground (Table III.1). Samples were

¥

‘collected from 60 steers (at an«average initial weight of

q3557kg)12~we§k§‘after initiation of the feeding trial. This
; . ‘,’ . ‘Jfgv, ‘g . : o )
. was: 3gain‘treated as a single source of information .and thus

‘ dlets 1nd1cate the range of feed ingredients used (Table

111.1).4 | - )y

F1nal samples were collected at a commercial feedlot in

Brooks, Alberta from 100 steers (at an average initial

-
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.weight of 269 kg) 6 days following the achievement of full
" feed (?ﬁ@%e'lIl.l). ' l'; : i.

"Nutrients in the feeds from the last four sources were

determined by prOCeduresvoutlined in Associatlcn of Official

Agrlcultural Chem1sts (1975) . ‘The TPP egfect, using‘the

method of Br1n (1970), was ut111zed to determ1ne the

1nc1dence and sever1ty of th1am1n def1c1enc1es. Data were

analyzed 1n1t1a11y u51ng the method of Harvey (1960) for

, 1east squares analy51s with. unequal subclass sizes. Data was

11.7'\

then further subjected to a Chi- square ana1y51s of
aSSOC1at10n (S?eel and Torrie 1980) to. determ1ne 1f
assoc1at1on exlsted between the source of sample collection.
and the frequency of TPP effects Qbserved in the |
claSSificatians'0°5;15f10;‘10:]5; leZO‘and 20—25%.
Regression analysiS'acceréingltq Steel and.Torrie (1980) was .
used to determine the*relationship between.meanlcrude_ |

.\protein concentratibns'ana mean‘TPP effects{
'D. RESU%TS AND DISCUSSION .

All mean TPP effects were below the 15% level (Table
111.2) whlch ‘has’ been prev1ously concluded to be the level
at which reductions in average daxly ga?:s might be expected'
to.occur due to a th1am1n def1d1ency (Chapter I1). . |
In61V1dual TPP effects ranged from 0 to 25% with TPP- effects
1above 15% be1ng observed in data as reported previously .

(Chapters I and II) and in samples collected&;; the

commerc1a1 feedlotAxn Brooks but not in the ot er‘three



Table II11.2

Mean TPP effects'

by data source

72

"Number

Source Number Mean SEM?
. of =« of TPP
“ Samples Cattle effect’

) - “ (%) -
Chapter 1 168 - 28 8.19 bc 0.238
Chapter 1I1I ) 238 96 7.13 a 0.200
Kinsella (weaned)? 45 45 , 6.72 a 0.440
Kinsella (fed)* 34 34 6.89 a 0.529
Ellerslie 60 . 60 7.36 ab 0.398
Brooks 100 100 8.83 ¢ 0.309

1

2

Percent increase in activity of erythrocyte tranketolase
- enzyme due to the add1t10n of thiamin pyrophosphate.

AN

SEM=standard error of the mean.

Samples

' Samples

Ranch from newly weaned bulls.

dlffer (P<0.05)

LS

L

3

. .49‘.)‘ "

collected at the Unlver51ty of Alberta Kznsell

in same column followed by dlfferent letters

&

collected at the University. of Alberta Kinsella
Ranch from 34 of the same - bulls once on full feed.

y i

a-c Means

.
.

v

0
";, oé;"'

“‘-q/.

@
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&

v - .
”sampllng groups. Overall only 2.2 and 0. 5% oﬁ the samples
-collected fell into the 15-20 and 20-25% ranges for "TPP |

effq:ts (Table III 3). Individual Chi—square values indicate

that, in relatlon to the overall data, a dlsproport1onate

number of samples were observed in the 15-20 and 20 25% TPP

effect ranges. for. data f}om Chapter I. A dlsproport1onatelv

low number of samples were observed in the 0- 5% TPP effect

Y

range and a dlsproportlonately large number (4% of the

,locatlon total) were observed in the 15 20% range for

samples collected at Brooks.

The mean TPP effect ‘was the lowest for the newly weanedv

bull calves (Table III 2) and no ?PP effects above 15% were

‘ obserVed for thlS group suggest1ng that thxs class of

anlmal when g1ven a hay diets, would be less llkely to be

def1c1ent 1n th1am1n ‘than cattle glven typlcal feedlot

€

d1ets. The low TPP effects observed in these calves 1s

. probably not due to age since Edw1n-and Lewis (1971) andl'

Jensen and Mackey (1979) state that the younger rumlnatlng

animal 1s partlcularly vulnerable to a th1am1n def1c1ency

The‘results are alsovof interest since they suggest that a

thiamin deficiency‘may not be'contributing.to the increaged” -

1nc1dence of dlsease and welght loss commonly observed in

‘ nutrltlonally stressed calves at weanlng (Marlowe 1977)

a

There were 1ndlcatlons that some of the cattle glven
feedlot d1ets at Brooks and Ellersl1e as reported in Chapter
1 were~dé£1c1ent 1nvth1am1n (Table;III.3) Symptoms typ1ca1

of polioencephalomalacia h{ve been'observed and successfully’
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treated w1th thiamin injections at the commerc1al feedlot 1n
Brooks, ‘however, polloencephalomalac1a has not been
: dlagnosed at  the Ellerslle Research Station. Linklater et
S (1977) found that up ‘to 2 third of the sheep from an
apparently normal herd on pasture, "in previous contact with
polloencephalomalac1a,_could be excret1ng fecal thiaminase
at any one tlme. Similar results are . reported by Robertsvand
~ Boyd (1974). Results presented here, suggest that obv1ous
symptoms of polloencephalomalac1a in the herd are requ1red
for elevated TPP effe&ts, 1nd1cat1ve of a thiamin deficiency
to be present in a herd of cattle on high concentrate diets.
The occurrence:of th1am1n def1c1enc1es in these

anlmals,'as measured by the TPP q"bct could not be related

-

Sto any 1ngred1ent(s) spec1f1c to ‘the diets used at Ellerslle'J

ChapgerstI and II) and the commerc1al feedlot in Brooks.

,,Slmllar results WQre encountered in a survey conduct;? by

pence ‘et al (f9619imhere it was. concluded ‘that no coffmon

3

dletary 1ngred1en&(s) or managemenf practlces could be_r

kkkkk

related to the occurrence of pdﬁloencephalomﬂ&ac1a. Mella et<
.

al. (1976) however, descrlbed a diet composed of sufar canep‘

“molasses containing 0.67% urea and a mineral mix given ad

- libitum with 400 g/head/day fish meal which could be used to

C ", - ¥ : . G
“initiate poliocencephalomalacia in a little as 4 days.

’Inpthis'survey,’a.trend (r50.824;'P$0.}0) for a
negatige relationship was obser;ed.getween dietary crude
progein concentrations and’the»mean'TPP“effects (Fig.
~IIL.1). ﬁoeller et aL.lf1977)'found that the in vitro

€
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‘cattle on high concentratexdiets.

addition of thiamin @o the rumen contents of sheep fed /a
protein free diet contalnlng cellulose, starch, sacchdrose,
urea and corn oil resulted in an 1ncrease in’ mlcrob'al

protein production of up to 123%. Feeding a varlet of
nitrogen soutces in diets with varyiné nitfogen 7éd thiamin"
concentrations, Buziassy and Tribe (1960) found/a positive
relat1onsh1p between thiamin concentrations in the rumen °

contents of sheep and the nltrogen content of the d1et

B!

No significant relat1onsh1ps~could be established

=

or phosphorus It

between mean TPP effects and feed calciu
is of 1nterest that poll’Encephalomala 1a has been

assoc1ated w1th low levels of cobalt /in forage (Siegmund .-
1979). o |

It may be concluded from thf survey that newly weaned
calves fed a hay d:et are not aéktubject to a th1am1n
deflclency as cattle which are regelzfng high concentrate
d1ets. Ev1dence existed to suggest that a variable

i

proportlon of the: anlmals on feedlot dlets contalnlng large

. amounts *of*’barley, may be expgrlencmq a los@n’

 Productivity due to a thiamin inadequacy. Evidence also

existed forfa negative relationship (P<0.10) between the
crude protein content of the feedlot diets and the mean TPP
/A

effect indicatigg that nltrogen avallablllty maysbe

influenced by, or is 1nfluenc1ng, ‘the thlamln adequacy of

it *
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GENERAL SUMMARY AND CONCLUSIONS

The major conclusion which.an be drawn from thls
research is that subcl1n1ca1 thiamin def1c1enc1es can .occur
in cattle fed high concentrate, barley based diets. This
conclusion is based primarily on the observations made in
Chapter 1 that elevated TPP effects indicative 5% a thiamin
deficiency did occur, that the animals whlch vere
supplemented with thiamin had h1gher (P<0. 05) average daily
gains and carcass weights than control an1mals and that a
‘negative relatlonshlp (P<0.10) ex1sted between TPP effects
and 2 wveek welght changes. Animals w1th a TPP effect above
154 had a mean 2 week weight change of 4.2 kg as compaﬂ!% to

‘l3 5 kg tér aniﬁals with a TPPheffect below 15%. This
“’%trongly suggesﬂgd that TPP effects above 15% are. indicative
ofra marg1nal th1am1n def1c1ency

Although dietary th1am1n supplementat1on did result in
improved animal performance in Chapte ilar results ., .
‘were not observed in respon:se to dieta‘t)lementati‘on s
with thlamin oruthe‘injectifn_of thiaminrand other- R

B—vitamins in experiments reported in Chapter 2. 'The»reagsﬁ"mﬂbg

]
L]

for - thls was not clear but these results served to
‘illustrate the var1ab111ty of the response to thiamin

supplementalon. Results obtalned in the flrst experlment of

Chipter 2 also d1d not prov1de substantlatlng evidence ﬁor

f

the negative relat10nsh1p betweep—the TPP effect and animal.

weight changes. The results were not 1ncon51stant with those



82

of Chapter 1, however, since only 2 of the 238 samples
collected had a TPP effect over 15%. Also the mean 2 week
weight gain of these two animals was 11.8 kg\as compared to -
“a mean of 16.0 kg for animals with TPP effects below 15%.
| Magnes;hm supplementation had no significant influence
on the TPP effects observed in either the, first or second
experiment reported in Chapter 2. The reason for the
significant increase in'the incidence of‘blost with
increasing levels of supplemental -magnesium observed_in the
first experiment, and the trend (P<0.10) for an increased
incidence.ofvbloat in the second experiment, is not clear.
An apparent benefit ofMSUpplemental thlamin in reducing the
ihcidence of bloat in magnesium-fed steers occurred in the
first experiment of Chapter 2 and this suggested a oossible
1nteract10n between these two nutrients but thls p0551b111ty
- was not substantlated by the results of a second experlment
In Chapter 3, using- the TPP effect as an 1ndex of the
th1am1n status of feedlot cattle, it was observed in a
survey of six groups of cattle -that a low and variable
proportion (0-4%) of cattle on feedlot diets may be
experiehcing a ﬁarginal thiamin deficlency st sqQme time
during'the feediég period. Across all experiments 2.7% of
the animals were believed to heve this,probf%m, The\neéative
trend (PSO.10)'observed between mean TPP.effects and mean |
_crudg orotein concentrations of the diets observed in,
\Chapter 3 deserves closer attentlon partlcularly since all

crude prote1n levels used would be cons1dered adequate
‘ , .
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according to current feeding standards. Sbeh a relationship

A

. may explain the variability of animal response to

3

4

supplemental thiamin observed in the first three

-experiments, and mfy also explain similar variability found

N

in the literature.
On the basis of this research the routine practice of’
supplementing feedlot diets with thiamin as a method of

prevent1ng the occurrence of subclinical thiamin
deficiencies cannot be recommended atﬁghls tlme. e. This i

because of the variable performance response obtained

supplemental thiamin, because dietary thiamin COncenﬁtgiEOns
.were not signifiéantlf related to the TPP effects inﬁ%ﬁe
animei in theSe’experiments and because thiaminase enz}mes
»in the rumen may simply degrade added dietary thiamin.
Additional work is feqnfredrto estabiish whether a
repeatable relationship does exist between the occurrence of
mar%inal thiamin deficiencies and the crude proteln
congentratlon in the d;et. If such a reletlonshlp holés,
dietary supplementetion of fhiamin may be of sig?ificant

value in dlets conta1n1ng under. 12.5% crude protein,

part1cularly since the current cos

Qf supplementing Thiamin
at a rate of 5 mg/kg of diet is 6nly 0.32¢/day if an average
Afeed intake of 9 kg/head/day is assumed

_ L1terature on the thﬁamln status of rumlnants would

tend to suggest that as the proport1on of rapldly
fermentable materxal in the dlet 1s 1ncreased the proport1on4

 of animals experiencing clinical thiamin - deficiencies will

-




tend to increase. Subclinical thiamin deficiencies may .
become of greate;ﬂimbbrtance in the future, then, if ﬁhe use 1
of byproducts from the'sggar refining ipdﬁétry (which may
.éoqtaﬁn‘a significant amount of soluble sdgar)&increases, or
if the proportion of rquhage'J%rmall? includeé in'feed1ot

i3

diets decreases.
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