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Summary

Three experiments were carried out in which lactating Hereford X Friesian cattle walked up o
ten kilometres & day for three periods of five days with two ncn-walking days belween cach walking
period and in which the animals were fed different diets. Measuremenis were made of milk yield,

milk constitnent yields and concentrations and blood

metabolite concentrations.  Exercise caused

significant reductions in mitk yield and in the yields of Jacicse and milk protein. Milk [at yield was
nct reduced when animals were exercised. During esercise the concentrations of A-OH butyraie and
free Latdy acids increased. whereas the concertrations of glucose, magnesivm and inorganic phospborus
decreased. Diet influenced the effect of exercise on some bluod melabolite concentrations.
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Introduction

Draught animals provide the tractive efTort
for cultivation and transport in many parts of
the wortld. Female cattlc form a large part of
draught animal populations and i countries such
as Bangladesh this . proportion is incregsing
(Abmed, 1978). The cffects of the encrgy demands
for work on factational performance arc not well
understood. Previous published literatare (Krant-
forst, 1947; Rajapurohit, 1973; Munzinger, 1982;
Kibria, 1982; Goe, 1983; Barlon, 1987) offered
conflicling evidence and often only speculative
viewpoints aboul the elfects of work on milk yield

and milk composition and the consequent
implications for nutrition.
It has been suggested that the increascd

nutrient demand of work for lactating and pre-
gnant cows may cause imbalance in the supply
of glucose and its precursors (Lindsay. 1959;
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Leng, 1980).

Studies with sheep (Bird, Chandler and Bell,
1981; Pethick, 1984) indicate that exercise increases
the use of nutricnts which are important for the
support of lactation. Exercise incrcases glucose
and free fatty acid uptake by the hind hLmbh,
3-4 fold, with a smaller proportionate increase
in the uptake of acctale. Jarrett, Filsell and
Ballard (1976) emphasised the role of frec fatty
acids #s a primary metabelic fuel during exereise,
but Pethick, Harman and Chong (1987) placed
a much greater emphasis on glucose utilization.
Glucose and free fatty acids ave likely to be in
high demand for support of work and milk
productian, but perhaps especially glucose, because
of its role in lactose production (Kuhn, 1983),
Previous work with lactating cattle (Rizwan-ul-
Mugtadir, Gill, Ahmad and Ahmad, 1975; Barton,
1987) has not clearly indicated the manner in
which cxercise effects the proportions of milk
constituents and the usc ol nutrients for laclation,

The purpose of this work was to measure
the eifect of exercise on the secretion of milk
constituents and on the use of nutrients for
lactation in execrcising cattle.

Materials and Methods

Three experiments were conducted, each using
Hereford % Friesian suckler cows from the
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Edinburgh School of Agriculture’s autumn-calving
suckler herd. The animals were all second parity
or greater and calved in August to October in
the year preceding experimental studies, which
were conducted in May to July. The cows were
in their sixth or subsequent month of lactation
at the beginning of each experiment.

Before the experiments started the calves were
gradually weaned while the cows were introduced
to the new diets and to machine milking into
buckets. This procedure took about 7 days, when
the calves were finally removed. Milking was
carried out twice per day at 7am. and 6 p.an.
daily. Samples for milk constituent analysis were
taken at individual milkings on Mondays,
Wednesdays, Fridays and Sundays and analysed
for fat, protcin and lactosc by infra-red milk
analyscr.  When housed, the animals were tied
by the neck in concrete standings with rubber
mats. When walking. they followed a path which
for each circuit covered 880 metres in distance
and a change in elevation of 40 metres.

The cows were weighed twice a week.

Experiment ]

The objective of this experimenl was to
measure the effect of a fixed amount of exercise
on milk yield, milk composition and body weight
change. Twelve cows were used which  were
offered fixed amounts of a complete pelletied feed
{high roughage diet HR), rationed to individual
cows to supply sufficienl melabolisable energy
to mect ME nceds (according to ARC, 1980) for
milk production and maintenance of body weighl
measured in the week immediately preceding the
formal experiment. A daily allowance af 7 M)
ME was allowed for pregnancy. Composition of
the diet is shown in table 1. Fceding was twice
per day at milking times.

The exercise treatment consisted of 10 walking
circuits calculated to be eqguivalent to an increased
energy demand of 12 MJ per day, calculated
using the estimates of Ribeiro, Brockway and
Wehster (1977), that energy expenditure is 2 Jikg
R.Wt/m. moved honzontally and 26 J/kg B.
Wit.fm. moved verlically. In this experiment the
mcan body weight of the cows was 440 kg.

TABLE 1. COMPOSITION {g/ kg), ESTIMATED ME CONCENTRATION (MJ/kg DM) AND MEASURED CP
" CONCENTRATION (g / kg OM) OF FACH DIET IN EACH OF EXPERIMENTS 1-3

, Experiments |
Ration code: ——XpEnmeny L

Exgeriment 2

Experiment 3

HR HSI HS2 DF HP
Barley straw 300 170 = * *
Barley 230 455 . - -
Wheaticed 220 100 - - -
Molasses 100 100 50 50 S0
Sayabean meal 70 70 - - 310
Megalac (80% protected fat) 15 15 - = -
Fishmeal 25 - = 300
Molassed beet pulp — 871 326
Urea 10 10 40 36
Ground maize - - 431 - -
Flaked maize — 431 = -
Salt 15 15 13 2.5 4
Dicalcinm phosphate 15 15 22 30
Calcium bicarbonate 20 20 5 35 3.0
Limestone 2.5 2.5 1 = =
Vitamins & trace elements 25 25 7 7 7
ME (MJfkg DM) 10.39 11.29 13.14 11.44 11.89
CP (%) 14.00 15.26 18.10 18.40 32.20
CP{ME 1.35 1.35 1.38 1.61 2.7

* Barley straw was offered ad Lbitum in addition to 4 kgfd (freshweight) of each diet.
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A cross-over design was used for the experi-
ment. The experimental freatments were a) walk-
ing (W) when cows were rcleased from  Lheir
stalls for approximately 3 hours to walk, or b)
not walking (NW) in which the annhnals were
kepl in their stalls. There were two periods, cach
of three weeks. In the first period six cows
walked, while the remaining six stayed in their
stalls. The trealments were then changed over
so that in the second penod, the cows which
walked in period onc remained in their stalls,
while the other six cows walked.

The animals were herded in a grecup of six
and walkced at their own pace with a two minute
pasise between each 440 metres. On day onc they
walked one third of the full distance, on day two,
two thirds of the full distance and on day three
and subsequent days they walked the full distance
of approximately 9 kilometres, They showed no
signs of stress, The cows were divided into two
balanced groups accarding to milk yield and body
weight in the week preceding the experiment.

Measurements made dally were milk yield and
milk composition (fat, protein and total solids)
and liveweight on (wo occasions per week.
Refusals of (ood were collected betore the mor-
ning feed. but these were small and effectively
zero.

Fxperiment 2

Results of experiment 1 showed a substantial
cllect of exercise on laclational performance. The
seccond cxperiment was designed to invesligale
the influence of diet composition on the response
to exercise and to determine whether supplying
a diel with a higher proportion of starch would
have a moderating influence.

Twelve cows were used and after a four week
adjustment perjod to diet, were divided into two
groups according to milk vield and liveweight
in the week preceding the formal experiment as
in expcriment 1. The diet trcatments werc ran-
domly allocated to each group. One group received
diet HR, rationed according to the same principles
as in experiment 1. The second group received
another complete pelletted diet, designed (o bave
a higher sfarch content (FH(S1) (table 1).

The design of this experiment (and of expe-
riment 2 which was (he same) differed Mrom that
of experiment |. In experiments 2 and 3 there
were Lhree experimental periods, each ol three

609

weeks. All (welve animals walked in the sccond
{middle) periocd and did not walk in the first and
third periods, which were control periods.

The cxercise challenge was 10 circuits of the
exercise path, equivalent to an average energy
challenge per animal of 15 MJ per day. The
higher energy challenge in experiment 2 was the
result of the higher average body weight of caws
in experiment 2. Animals in this experiment had
a2 mean body weight of 530 kg.

Measurements were daily milk yield and milk
composition (fat, protein and lactose), body weight
twice a week and one blood sample (from the
tail vein) once each weck at 14.00 hours, less
than one hour after the end of the walking
period,  Blood samples refrigerated
mediately and analysed using standard auto-analy
tical methods {(Chemlab Instruments) in the
Dalgety Dairy Health Recording Unit of ihe
Veterinary Ficld Station, University of Edinburgh.
Glucose, magnesium, phosphorus and urca were
estimated by a continuous flow method, /5-OH
Butyrate by an automated colorimeiric method
and free fatty acids using a C-Test Kit (Wako).

were im-

Experiment 3

Experiment 2 showed that the nature of the
diets uscd influenced some aspects of lactational
performance when animals walked. The third
experiment f{urther investigated the effect of diet
on the Jactational response (o exercise.

Twelve cows were used and divided into three
groups balanced on the basis of milk yicld and
body weight in the week preceding the first
treatment period, as in experiments 1 and 2. All
animals reccived ud lthiturn barley straw, and each
group received a diflerent supplementary  feed.
The average dry matter of the straw was 938
g/kg fresh straw and the average chemical
composition {g/kg DM) of straw was neutral
detergent fibre 913, acid detergent fibrc 603,
hemicellulose 310, lignin 130, cellnlose 462, resi-
dual ash 11, crude protein 33, ether extract 9
and ash 29. The supplements were designed to
contain a high proportion of fermentable fibre
(DF), rapidly fermentable carbohydrate (HS2)
or digestible protein (HP). All diet supplements
were designed 1o provide adequatc rumen degra-
dable protein and were offered at a lixed rate
throughout the experiment.

Four kilograms of each of the threc dict
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supplements were offered each day to each cow
in two cqual meals at milking times, in the same
bin in which the straw was offered. Straw was
offered to the cows ad [ibitum. The daily allo-
cation of straw was adjusted to ailow refusals of
between [0-20 percent per day.

The experimental desigh was the samec as in
experiment 2. The exercise challenge was 10 cir-
cuits of the exercise route, equivalent to an energy
demand of 14 MJ per day. Animals in this
experiment had a mean body weight of 500 kg.

A sample of blood from the tail vein was
taken from each animal once each week at
14:00 hours, being less than one hour after the
cxercise period. Measurcment of milk yield, milk
composition and liveweight were as in experiment 2.

Statistical analysis
In experiment 1, a (wo way within-cow
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analysis of variance of period means (factors
period and treatment) was carried out for milk
yield and milk constituents. In experiments 2 and
3 a split-plot analysis of variance was carried
out. The main plot (between cow) analysis asse-
ssed the effect of diet. The within-cow analysis
compared the walking period data with the
combined non-walking period data. The variation
between the threc periods was decomposed into
a contrast between period 2 and the average of
periods 1 and 3. Assuming a linear trend over
the periods, this contrast shonld not be significant
unless there is an exercise effect. Interactions
between these contrasts and diet were also asse-
ssed. In experiment 3, data from a one week
pre experiment period with all the cows fed a
mixture of all three diet supplements was used
as a covariate, Analyses of variance were made
using GENSTAT 5 routines.
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Figure 1. Mean milk vield (kg /d) and yields of milk fat, protein and Jactose (g/ d) for cows fed high
starch (HS2), digestible fibre (DF) and high prctein {HP) diets in experiment 3 in each 21
day non walking (NW) and walking (W) pericd.
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Results and Discussion

Fxperiment 1

Exercise significantly (p < 0.01) reduced mean
daily yield of milk, milk protein and milk lactose
(table 2). Milk fat yields werc not affected, but

the concentration of fat it mitk was ncreased
during exercisc (p < 0.001) (table 3). Milk protein
and laclose concentrations were not affected.

Walking had an jmmediate effect on milk yield
and composition.

TABLE 2. MEAN YIELES OF NILK (kg /d) AND MILK FAT, PROTEIN AND LACTOSE (g/d) FOR WALKING
{W) FOR NON-WALKING (NW) GROUPS FOR EACH DIFT OFFERED, AND THE SIGNIFICANCE OF
DIFFERENCES BETWEEN W AND AW DATA (P)

= mm = — Milk_yield Milk fat
Kperimen " UNW W SED  df P NW W SED df P
i HR 589 526 020 10 <001 233 228 83 10  ns
2 HR 732 662 026 289 297 121
2 HSE 801 740 0.26 252 248 124
Mean 767 70t 018 20 <001 270 272 86 20  ns
3 HS2 467 428 031 155 161 116
3 DF 288 248 0.31 o 11 116
3 HP 402 1365 0.3 164 181 116
Mean 38 347 018 I8 <005 143 151 67 18  ns

1 actose

gkt ~ . Milk protein
St YEUTTNW W SED df

P NW W SED df P

| HR 171 156 4.7 10

2 HR 262 24] 9.6
2 HSI1 291 271 9.6
Mean 277 256 6.8 20
3 HS2 143 133 1.1
3 DF 92 32 1.1
3 HP 148 139 11.1
Mean 128 118 6.3 18

<0.01 348 308 12.5 0 <001

346 310 13.1
383 351 13.1
<0.05 364 330 92 20 <001

218 192 15.0
133 104 15.0
189 167 15.0
ns 179 154 8.7 18 <0.05

There were no significant diel exercise interactions [ar any componenl.

Fxpeviment 2

As in experiment 1, exercise significantly
reduced milk yield (p < 0.01), milk protein (p <
0.05) and milk lactose (p < 0.01) yiclds, but did
not significantly affect milk fat yield (lable 2).
Milk fat concentration shawed a significant (p <
0.001) increase during exercise (table 3), but milk
protein and lactose concentrations were  pol
affected.

Significant diet X exercise interactions cccurred
with same hlood metabalites, but there were no
significant diet exercise inferacticns regarding the
lactaticnal respanse to exercise. Milk yield was
greater in cows led diet HS] than HR (tatle 5),
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but this was not statistically significant.  Fat
concentration and fat yiclds werc greater with
HR than HSI, but these differences were not
statistically significant. Both milk protein yield
and milk protein concentration were greater with
HSt than HR. Milk lactose yield was greater
with dict HSI than diet HR, hut lactose concen-
trations did not differ between diets.

In experiment 2, exercise increased the con-
centration of serum /A-OH butyrate (p<<0.001)
and reduced plasma glucose and phosphorus
concentrations (p < 0.001) and magnesitm con-
centration (p < 0.05) (table 4). The eflects on
blood glucose were greatest in the first weck of
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TABLE 3. MEAN CONCENTRATIONS (g/ kg) OF MILK FAT, MILK PROTEIN AND LACTOSE FOR WALKING
(W) NON WALKING (NW) GROUPS FOR EACH DIET OFFERED AND THE SIGNIFICANCE OF
DIFFERENCES BETWEEN W AND NW DATA (P)

Experiment Diet Milk fat Milk protein
i NW w SED ar P NW W
1 HR 40.0 443 0.6 10 <0.001 29.6 302
2 HR 387 44.5 1.1 366 36.5
2 HSI1 33.5 34.8 1.1 389 38.1
Mean 36.1 367 0.8 20 <0.001 378 37.3
3 HS2 353 40.0 2.1 304 304
3 DF 351 42.4 2.1 350 34.4
3 Hp 39.7 4R.7 21 415 41.1
Meun 36.7 43.7 1.1 18 <<0.001 356 153
Milk prolein Lactose
Epesneg] Ot SED  df P NW W SED _ df P
1 HR 06 10 ns 58.8 58.2 05 10 ns
2 HR 0.8 46.9 46.6 0.5
2 HS1 0.8 46.5 46.0 0.5
Mean 0.6 20 ns 46.7 46.3 0.4 20 ns
3 HS2 21 453 451 1.8
3% DF 2.1 41.5 39.5 1.8
3 HP 2.1 452 447 1.8
Mean 1.1 I8 ns 40.0 43.1 1.0 18 ns

TABLE 4. MEAN BLOOD METABOLITE CONCENTRATIONS FOR NON-WALKING (NW) AND WALKING (W)
ANIMALS |IN EXPERIMENTS 2 AND 3 AND THE SIGNIFICANCE OF DIFFERENCES BETWEEN W AND

NW CATA
Metabolite Experiment NW W df SED p
B-OH Butyrate 2 0.80 1.29 20 0.09 <0.001
mmol/] 3 0.48 1.17 18 0.08 <0.001
Glucese 2 3.93 3.57 20 0.10 <0,001
mmol/] 3 3.51 3.21 18 0.10 <{.001
Free fatty acids 2 NM* NM - - -
meq/t 3 Q.61 0.96 18 0.10 <0.00]
Magnesium 2 2.27 2.16 20 .09 <0.05
mg/100 ml 3 2.13 1.86 18 0.09 <0.001
Phosphorus 2 7.33 6.20 20 049 <0.001
mg/100 ml 3 6.27 4.24 18 0.50 <0.001
* Not measured.
walking, suggesting a transitory impact of excrcise exercise interaction effect on B-OH butyrate
on this metabolite. concentrations in the walking period of experiment
There was a significant (p < 0.01) diet X 2. The increase in the walking period was greatest
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for cows fed diet HR compared with cows (ed
diet HSI. In the walking period, animals on the
high roughage diet (HR) had average SOH-
butyrate levels of 1.47 mmol/l compared with
levels of 1.1} mmol/l in animals fed the high
starch diet (HS1).

Dret also had a significant effect in experiment
2 on phosphorus concentrations in the walking
period (p < 0.05). Phosphorus declined by 289,
in cows fed the HR diet, compared with a decline
of only 119, in cows [ed the HS1 diet. As with
AOH-butyrate, this indicates that diet can be used
to reduce the impact of cxcrcise on nutrient
deficit during exercise.

Experiment 3

As in expermments | and 2, exercise signifi-
cantly {p < 0.05) reduced milk vield with each
of the three dietary treatments (table2). The
percentage change in milk yicld with cxercise was
greatest with diet DF (149, compared with 8%
and 9% declines for cows fed diets HS2 and HP
respeclively), for which lactational performance
overall was least). Exercise resulted in anincrea-
sed milk fat concentration (p < 0.001) with all
thrce diets (table 3), but with diet HS2 and DF.
With diet supplement HP exercise resulted in a
slight (non-significant)} increase in vield of milk
fat (table 2). Excrcise did not affect milk protein
or lactose concentration with any dietary treat-

ment (table 3). Milk protein yield declined, but
this was not statistically significant, whereas the
decline in lactose yield was significant (p <
0.05. Figure 1 shows the changes in milk yield
and milk fat, protein and lactose yields over the
three periods.

Exercise increased concentrations of serum
B-OH butyrate (p < 0.001) and reduced concen-
trations of plasma glucose, magnesium and phos-
phorus (p <0.001) as in experiment 2 (table 4).
Serum free fatty acids increased (p < 0.001). As
in experiment 2 the effects on plasma glucose
concentration and phosphorus concentrations
appeared to be greatest in the first week of
walking and thereafter reduced,

There were  dictary  cffects on  lactational
performance (table §) and blood metabolite
concentration, such that in relation to the other
diets HP sustained significantly (p < 0.01) greater
rates of milk fat and protein secretion, as the
result of enhanced concentration of fat and
protein in milk. There was a dietary influence
on milk yield in which diet HS2 sustained a
higher milk yield (p < 0.05) than other diets,

The increascs in AHB concentrations on
walking were greatest for diet HP (1729, increase
for cows fed diet HP compared with 110% and
1149 for cows fed diets HS2 and DF respecti-
vely). This Interaction was almost slatistically
significant (p=0.059).

TABLE 5. MEAN MILK YIELDS (kg/d), MILK FAT, MILK PROTE.N AND LACTOSE CONTENTS (g /kg) AND
MILK FAT, MILK PROTEIN AND LACTOSE YIELDS {g/c) FOR EACH DIET IN EACH EXPERIMENT
AND THE SIGNIFICANCE OF DIFFERENCES BETWEEA DIETS IN FXPERIMENTS 2 AND 3 (P)

Miik Milk fat Milk protein lactose
Experiment  Dict yield Content Yield Content Yield Content Yield
(kg/d) (gfke) (gid) (afkg)  (g/d)  (gfkg)  (gfd)
HR 7.09 41.0 291 4 316.6 2551 463 3337
HSI1 7.81 34.0 250.7 38.7 2842 46.8 17122
2 df 10 10 10 10 10 10 10
SED 1.55 46 59.5 32 50.1 1.6 76.3
p ns ns ns ns ns ns ns
HS2 4.54 36.9 157.1 304 139.9 45.2 207.3
DF 2.75 375 Q.3 4R 88.3 40.8 123.0
3 HP 3.90 428 169.3 41.4 145.3 45.0 181.7
df 8 8 8 8 8 8 8
SED 0.5 34 20.9 4.0 16.4 2.0 25.5
P <0.05 ns <0.05 ns <0.05 ns <0.05
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A significant (p < 0.001) diet X excrecise
interaction was also seen with phosphorus con-
centrations. The proportionate effect of exercise
on phosphorus concentration was less in cows
fed diet HP than in cows fed diets HS2 and DK
(a 17% change compared with 45% and 17%

changes respectively).

The Elfect of Exercise on Milk Yield and Cam-

position
Milk yield was depressed by exercise by
between seven and fourtcen percent in these

experimnents. The results agree with those of Riz
wan-u-Mugtadir et al. (i975) who found that
warking caused a {4 percent drop in milk yield
in working female buffaloes.

The Jevels of response demonstrated in the
present experiments were lower than those of
Barton (1987) who found that cows in Bangladesh
in the second month of their first lactation lost
between 23 and 40 percent of their milk yield.
Similarly, Tornede (1939) reporicd that hcavy
work can canse up to an 80 percent fall in milk
yield.

The variation in milk yicld response over the
full walking periods in the pecsent experiments
lell into patterns which were repeated in each
experiment. The declines were greatest on the first
walking days of each week. Over the three week
walking period with two resting days belween
cach five day walking period, an adjustment in
the milk vield response to exercise was observed
in which milk yield reduction was less in succes-
sive walking weeks. When animals were rested
for two days, the yield recovered and then
declined again when walking recommenced. The
recovery of milk yield on resting days was very
quick and after two days yields had often retu-
rmed to the same level as at the beginning of
the previous five day walking period.

The effect of exercise on milk yieid over
periods longer than three weeks was not investi-
gated Barton (1987) worked animals continuously
for five weeks and found a greater milk yicld
decline than was demonstrated in the present
experiments. This could be explained by the
longer overall working period, the absence of
resting days or by diet, which may have been
poorer than in the present experiments. Rizwan-
ul-Muqtadir et al. (1975) worked their animals
continuously for 21 days and found a similar
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decling as in the present expertments.

When animals walked, lactose and milk protein
yields declined, but milk fat yield remained
relutively constant in walking and non-walking
periods. These results differ from those reported
by Rizwan-ul-Mugtadir et al. (1975) who recorded
no effect on milk compasition when animals
worked, even though milk vield declined, Barton
(1987) recorded no cffect of work on solids not
fat yield, but found an increase in milk fat
content as milk yield declined.

Although there may bave been an overall
energy shortage or Jess than optimum metabolite
balance for milk production during excrcise, therc
was no cshortage of energy or metabolites for milk
fat production, which stayed relatively constant,
presumably as a result of tissue fat mobilisation,
as indexed by the increased fice fatly acid con-
centrations in klood which were observed.

It is possible that differences between experi-
ments in Lhe response in milk fat concentration
during excrcise reflect the conditicn, or body
of animal subjected to exercise.
Where reserves of body fat are substantial, then
motilisation also might be expected 1o be subs-
tantial, with consequent effects on milk lat con-
centration. But where body reserves of fal are
low, then obviously, there is much less opportu-
nity for this kind of responsc.

Milk protein vields were depressed by exetcise.
The protein content of the milk stayed relatively
unchanged and as milk yield fell, so the yield
of protein dropped accordingly. Since amino acid
requirements for exercise are neglipible (Lawrence,
1985; Pearson, 1986), it is difficult to ascribe Lhe
decline in milk protein to an amino acid deficil
arising from cxercise, although a reduction in
amino acid availability consequent on enhanced
demand for amino acids for gluconcogenesis could
be a possible explanalion.

Mean lactose yield declined by 11.9and 14
percent in each cxperiment respectively and this
1s most casily explained by a deficit of glncose
and glucose precursors as a result of the greater
demand lor these during exercise. The contribution
of glucose oxidation in skeletal muscle during
sustained exercise increases by up 1o 38 percent
{Pethick, 1984). Bird, Chandler and Bell (1981)
showed that glucose uptake by the exercising hind
limb of the sheep wore than tripled in mainten-
ance fed sheep and more than doubled in sheep

composition,
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fed at 1.5 maintenance refative to the resting hind
limb. The most impeortant limiting factor to milk
yield in the present experiments appearcd to be
the availability of lactose precursors, which con-
forms to the hypothesis that glucose supply is
a major limiting factor to lactation in working
ruminants (Leng, 1985). The particutar diets in
the present experiments which were designed to
provide high levels of glucose precursors via
propionate or starch sustained higher milk yiclds
than diets of low glucogenic potential (HR,
Experiment 2; DF, Experiment 3) offered under
similar ¢ircumstances. In Experiment 3 in parti-
cular, feeding a dict of low giucogenic potential
(DF) reduced milk lactose yiekis and concentra-
tion in contrast to the olher diets, and even more
so when the cows were subject to exetcise. In
general though, the effects of dict on lactational
performance were at least as greal as were the
effects of excercise. Walking reduced outputs of
milk, milk protein and milk lactose to similar
extents, whether dicts were designed to have either
a high or a tow glucogenic polential, so there
were ho diet X exercise interacticns as far as
these mcasures of output were concerned. As the
diets themselves influenced lactational performance
in line with expectation (mjlk volume, proten
and laciose outputs . were enhanced with high
starch, rather than high fibre diets) the interpre-
tation must he cither that the incrcased energy
supply demands of walking could be met non-
specifically as regards source of metaboilic fuel
or that, for these diets, supplies of critical nut-
rients (eg glucose) were always above a minimum
threshold such that the addijtional demands of
exercise caused no specific metabolic embarrass-
raent.

The Effect ol Excrcise on Bload Metabolite
Concentrations

The commencent of walking affected blocd
chemistry. A8-OIl butyrate and free fatty acids
increased on all the diets when the animals
walked and glucose, magnesium and phosphorus
levels decrcased when they walked.

The rvesults of the present experiments are
similar to the changes in blood melabolite halance
found during exercise in cattle and bullaloes by
Singb, Soni and Bhattacharyya (1968), Georgic,
Sastry and Razdan (1970), [{ays, Bianca and Naf
(1978), Nangia, Rana, Singh and Ahmed (1978)

615

and Upadhyay and Madan (1985). Resting
levels were within normal ranges as rcported by
Baird (1977) and Swaid, Sing., Sastry and Georgie
{1986).

One hour of exercise in oxcn has been shown
o affect levels of glucose, free fatty acids, 2-OH
butyrate and inorganic phosphorus (Pearson and
Archibald, 1989), though the changes were short-
lived and values had usually returned to resting
levels by 75 minutes after exercise stopped. No
effect was found by these authors on levels of
urea and magnesium.

In fed lactating cows, A-OH butyrate levels
are on average 0.42 mmol/l (Baird, 1977), but
are quantitatively more important in starved
tactating cows (2.86 mmol{l) when the contribution
of free fatty acid to ketone production increases.
In the present experiments blood concentrations
of A-OH butyrate increased more on diets with
a high fibre conlent than an high starch diets
when animals walked and increased to approxi-
malely 1.6 mmolfl during walking. The increase
in free fatty acids when animals walked was
similarly greater for animals fed the high [bre
dicts rather than the high starch diels.

Blood glucose concentrations fell in the present
experiments when animals walked, but the efiect
of excrcise appeared to diminish with time. The
greatest decrcase of 21.9 percent was seen in
experiment 2. The reduced effect in subsequent
weeks may result from increased [litness and a
lower cnergy expenditure for pulmonary and
vascular activity. This explanation is supported
by the work of Hays, Bianca and Nafl (1978)
who found that in oxen there was a training
effect which resulted in a subsequent reduction
iv cxercising heart rate, respiatory rate and rectal
temperature. Tiitter animals are also better co-
ordinated and may waste less energy through
stumbling and uncertainty of gait.

Decreases in phosphorus and magnesium were
observed in the present experiments as a result
of exercise and the changes in phosphorus
depended on diet. Decreases in magnesium {(and
phosphorus in some amimals) in working buffalocs
were also reported by Agarwal, Singh, Agarwal
and Dwaraknath (1982). These reductions may
be refated to the increased use of both mincrals
in the processes associated with increased energy
metabolism during excreise.

We conclude from these studies that exercise
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has a rapid and pronounced effect on lactational
performance, characterised particularly by a
reduction in yield of milk, protein and lactcsc.
This reductinn can quickly be corrected when
exercise stops, but was difficult to ameliorate by

the dictary means adopted in these experiments.
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