EVALUATION OF TECHNIQUES FOR ESTIMATING MILK PRODUCTION
BY SOWS
1, DEUTERIUM OXIDE DILUTION METHOD FOR ESTIMATING MILK INTAKE
BY PIGLETS

S. Prawirodigde' , R.H. King2 , A.C. Dunkin and H. Dove?

School of Agriculture and Forestry, Melbourne University
Parkville, Vic. 3052, Australia

Summary

Two experiments were conducted tc determine the validity of the deuterium oxide (D, Q) dilution
method to estimate milk intake by pigs. A total of 39 piglets weancd from their dams 24 — 36 houss
alter birth and trained to drink from artificial nigples, were used for two experiments. Estimates of
milk replacer consumptian of individual piglets over 1, 3, 5 and 7 days were made by the D4 O dilution
methcd and by dissappearance. Milk intakes estimated by this D, O dilution method were significanily
correlated (R2 =0.98-0.99) with milk intake measuted by disappearance. The average difference
betwean estimates by disappearance and estimates by the D,O dilution method were -1%, +0.5%,
+0.5% and —2.1% for measurement period of 1, 3, 5 and 7 days respectively.
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Introduction

The accurate determination of the amount of
milk produced by lactating sows is very useful in
investigations into their nutrition and physiology.
The traditional methad for estimating milk con-
sumption by piglets, the weigh-suckle-weigh
(WSW) technique, has been widely accepted
{Lewis et al., 1978). However, this technique has
been repcrted to have several disadvantages.
Weighing the litter before and after suckling is
labour intensive (Hartman ctal.,, 1962, Mahan
et al., 1972), possibly inaccurate because of piglet
weight losses due to defaecation, urination (Van
Spacndonck and Vanschoubroek, 1964; Yanp et
al., 1980) and also as a results of water evapcra-
tion and metabolism during the nursing bcut
(Klaver et al.,, 1981; Noblet and Etienne, 19886),
It may also disrupt the normal maternal-cffspring
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relationship (Pettigrew et al,, 1985): agitation in
the sow may prohibit narmal milk ejection, and
the vigor with which the piglets suckle may also
be affected.

An alternative method for estimating milk
consumption is the deuterium oxide (D,0)
dilution method. Deuterium oxide becomes
uniformly distributed in total body water and can
be used tc estimate total bady water in piglets
{Rudolph et al,, 1988). Milk intake can be
calculated knowing the proportion of water
derived from milk and the extent to which body
water is diluted after milk intake provided that the
only water consumed is that in milk.

The purpose of this study was to determine
the validity of the D,0O dilution method to
estimate milk intake by pigs by comparing the
estimates derived from the D, 0 dilution method
with accurate physical measurerment of the milk
intake of artificial-reared pigs.

Materials and Methods

Animals

Twenty-four and 15 Large White piglets were
used in expcriment | and 2 respectively. In these
experiments piglets were removed from their
dams 24 - 36 hours after birth and were rcared
artificially on a liquid milk replacer. Neomycin
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(Neobiotic, Upjohn) was added to the milk of
animals exhibiting clinical diarrhoea, for a periad
of 2 — 3 days as a precaution agzints the possitle
development of bacterial infection.

The piglets were individually housed in wire
mesh cages (48cm x S8¢m x 53cm high) which
were raised approximately 45 ¢m above floor level
in a heated room. The ambient temperature was
maintained at 30°C for the first two weeks after
which the temperature was reduced to 25°C as
suggested by Campbeli and Dunkin (1983a).
In addition, 175-watt lamps were placed atove the
corner arcas of the cages to provide extra warmth
for the piglets.

Design and Treatments
Feeding and Measurement Periods

Experiment 1

After a pre-experismental period of seven days,
piglets were allocated at random to six treatments
and fed the semisynthctic liguid diet as shown in
tahle 1. Piglets were offered either 0.90, 1.15,
1.40, 165, 190 or 2.15 MJ egross energy
{(GE)/W975/d for the next 13 days. Piglets were
weighed weekly to determine feed allowances

TABLE 1. CCMPOSITION QF LIQUID MILK RE-

PLACER

Tngredients Amount (g)
Whey protein concentrate! 1263
Dextrose 705
Butter fat 837
Saya bean oil 210
Minerals solution 45C |
Methionine 6
Choline ' 6
Formalin 12
Water 11511
Chemical analysis (g/kg air dry)
Dry matter 190.9
Crude protein 63.8
Fat .7
Lactase 568

VAlacen 312" whey prolein concentrate containing
76.5% crude protein and supplied hy N.Z. Daity Enter-
prise Ltd. P.B. 25 Mouni Waverly, Victoria, 3149.

for the following week. Thereafter 12 piglets were
removed from the experiment and the remaining
12 were reallocated to three levels (1,15, 1.65 or
2.15 MIGE/WO078/d) far the fcllowing nine days.
Individual milk intakes were recorded daily.
Milk intake was estimated by the disappearance of
liguid milk replacer and by the D.0O dilution
method over periods of 1, 11, 1 and 8 days
respectively.

Experiment 2

The piglets were ajlocated at random to three
levels of feeding, either 1.15 165 and 2.15
MIGE/W97S/d after a pre-experimental period of
seven days. They r1emained on the respective
treatments for the following three weeks.
Estimates of mndividual milk intakes by the dis-
appearance cf liquid milk replacer and by the D, O
dilution methnd were conducted over periods of
1. 3, 5 and 7 days in both the first and third weeks
of the feeding treatments.

Procedure of D, 0 dilution method

The principal component for determining the
milk consumption of piglets by the D, O dilution
method included infection of D, O into the bedy
of the piglets. Collection of blood samples, separa-
tion of bload water, determination of DO con-
centration, calculation of water turnover and
calculation of milk intake. The steps of these
procedure are presented below.

Piglets were fasted for 45 minutes before and 2
hours after D, O injecticn. The purpose of the first
fasting was to standardizise gut fill and the second
to obtain an equilibrinm of D, O with the total
body water {Pettigrew et al, 1987). Deuterium
oxide (99.7% D,0) was administered by intra
muscular injection into the ham of the piglets
using the syringe fitted with 4 23 gauge ncedle.
The syringe, together with the needle, was weighed
to nearest 0.1 mg hefare and after injection to
calcujate the amount of D, O injected. Deuterium
oxide was administered at the beginning and at the
end of each measurement periad to estimate
total body water space. The amount of D3O
administered depended on the length of measure-
ment period and ranged from 0.8 to 1.8 g/kg
body weight to ensure that the concentration of
the 1,0 in the body water was at least SQOmgikg
at the end of the measurement period.

Blood samples were taken from vena cava
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(Love, 1985) using a 10 ml vacutainer containing
lithium heparin and attached tc¢ a 20 gauge needle.
An cutline of the procedure involving injection of
D, 0 and collection of blood samples is shown in
figure 1.

Suckle

Separate (fast) 45 minutes

First injeetion of D, O (1.75 gfkg L.W.)
Tast 2 hours

Ficst blood sample (initial D3 O concentration = C,)
Measurement pericd
Separate {fast) 45 minutes

Second blood sampte (D4 O concentration = C,)
Second injeetion of DO (0.50 g/kg L. W)
Fast 2 hours

Third blood sample (Final Dy O concentraticn = C5)

Figure 1. Procedure of D, 0 injection and coliec-
ticn of blooc samples.

The concentration of Dy O in the boady water
samples was determined using an infra red analyser
as described by Bycrs (1979). In experiment 1,
water was extracted frem blood samples by
vacuum sublimation using Thurnterg tubes.
However, this proccdure often failed to satis-
factorily remove all the water. Consequently,
in experiment 2, water was extracted from samples
placed in long-necked flasks connected to can-
densation fingers. The extracted water was then
assayed for D, by infrared spectroscopy. Tctal
water turnover was cenverted to an estimate of
milk intake using the determined water content of
milk and estimate of the metabolic water derived
from the ingested milk solids.

The calenlation of milk consumption involved
the determination of water turnover which was
then converted to milk consumption by the
methods described below,

The water turnover during each measurement
period was calculated by the following farmula
(Dove and Freer, 1979):

WTO = [(Ve-Vil x [1n(C/C)/ In(Va/ V)]

in which WTQ is water turnover (g/d), V, and V,
are the volumes of body water pool (ml) at the
beginning and end, respectively, of the measure-

137

ment period, while C, and C, are the concentra-
tions of D, O (meg/ke) at the beginning and the end
of the measurement period and C, is the concen-
tration of D, 0O (mg/kg) after equilibration after
the second injection (dose; ) of D, O. The length
of the measurement period is expressed as t {days).
In any cases where volume of body water pocl was
naot determined directly at the end of the measure-
ment period, poo! size was estimated from the
hodyweight and the proportion of body water
determined directly at a previous measurement.
V, and V, were calculated as follows:

dase, D, 0 x 1C8

v, =
] Cl
and
v dase, D20 x 10%
2 (C3-C2)
The water turncver estimate was then usced to

estimate milk consumption using the various
correction described below. Not only does the
water content of milk contribute to the water
turnaover estimate but the water turnover estimate
also includes water that is liberated by oxidation
of the protein, fat and lactosc in milk. Thus the
amcunt of total water obtained from milk as
percent of milk, is calculated as follows:

Water (%) = (100-%DM) + (%CP x 0.41) +
(%fat x 1.07) + (%lactose x 0.60)

where DM is dry matter and CP is crude protein
(Mitchell, 1962). Not all potentia} metaholic water
from milk is liberated, as some remains bound in
pretein and fat deposited in the piglet’s body.
The amount not liberated depends on the
amount of protein and fat deposited in the piglet’s
body, which was estimated from the growth rate
piglets in the following manner. Regression
equaticns relating the amounts of fat and protein
deposited to growth rate of piglets were esta-
tlished from data reported by Campbell and
Dunkin (1983t); the respective equation being:

F=0238GR - 19.58 and
P=0.131 GR + 9.339

where F=amecunt of fat deposited (g/d), P=
amaunt of protein deposited (g/d) and GR =
grawth rate of piglets (g/d).

The amount of potential metabolic water

deposited as protein and fat and thus not
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liberated, was calculated by the following equa-
tion:

PMWD = (P x 0.41) + (F x 1.07)

where  PMWD = metabolic  water
depasited (gfd).
Thus milk cansumed can be calculated by the

following equation:

potential

Estimated milk intake (g/d) =

WTO + PMWD

Water (%) i

Statistical analysis

The actual milk intakes and those estimated by
the D,0 dilution method were compared using
the paired t-test and by regression analysis (Steel
and Terrie, 1981).

Results

The amount of liquid milk replacer consumed,.

TABLE 2. THE AMOUNT QF

estimated by disappearance and bty the D,0
dilution method is shown in table 2. The milk
intakes which were determined by the D0
dilution method were significantly lower (p<
0.001) than actual milk intakes in experiment 1.
However, in experiment 2 the estimates of milk
intakes using D, did not differ significantly
(p > 0.05) from actual milk consumption (table
2).

Regression analysis of the results revealed
similar differences tetween the results of experi-
ment 1 and 2. The coefficients of determination of
actual milk intake with intake c¢stimated by D, 0
dilution over the measurement periods of 1, 11,
I and 8 days were 0.58, 0.42, 0.86 and 0.95
respectively, In experiment 2, milk intakes
estimated hky the [, QO dilufion method were
highly carrelated with actual intakes for all periods
(R? = 0.98 — 0.99). Furthermore there was no
significant  difference between the regression
equations for periods of 1, 3, 5 and 7 days (figure

LIQUID MILK REPLACER CONSULMPTION AS ESTIMATED BY

DISAPPEARANCE AND BY THE D,O DILUTION METHOD

Measurement Number of Mean Range
Perioc(days) Measurements (g/d) {(g/d)
Experiment 1

Actual milk intake 1 20 583 303 ta 925
11 20 7584 357 to 1451
1 2 996" 414 10 1903
8 1 750¢ 490 10 1179

D, Q dilution 1 2 515 170 to 886
11 20 5252 248 to 1223
1 23 445t 172to 807
8 11 403¢ 288 to 594

Experiment 2

Actual milk intake 1 30 632 168 to 1193

3 30 664 259 to 1315

5 30 663 255t0 1315
7 45 628 250 t0 1278

D, O dilution 1 30 63C 269 to 1221
3 30 674 244 to 1359
S 30 677 245 to 1376
7 45 616 250to 1179

In experiment 1 a, b and ¢ in rows of actual milk intake differ significantly (p <0.01) from a, b and ¢

respectively in rows of intake estimated hy D4 O dilution.
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Figure 2. Correlation between actual milk inteke and milk intake estimated by the G,0
dilution method over the measurement periods of 1(a), 3{b), 5{c) and 7{(d) days

{experiment 2).

2) and the regression equation of the combined
data is presented (figure 3).

Differences within piplets between actual and
estimated intakes were taken as a measure of the
accuracy of the D4 O dilution method and revealed
that the isctope dilution method was inaccurate
in experiment | with the mean deviation of the
D, O dilution estimates from actual milk intakes
ranging from 8.5 to 55.3% (table 3). However, the
isotope dilution method proved much more
accurate in experiment 2 where the mean devia-
tions of the D,QO dilution estimates from the
measurcments of disappearance were only —0.1,
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+0.5, +0.5 and ~2.1% among 1, 3, § and 7 day
measurements.

Discussion

The results of the present study suggest that the
D,Q dilution method is an accurate method for
estimating the milk consumption of piglets for
periods of 1 — 7 days. However, several problems
were encountered in experiment 1. Firstly, blood
samples were often not completely dried under
vacuum sublimation using Thurnberg tubes. It is
possible that D, O, being more dense than water,
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TABLE 3. THE DIFFERENCE BETWEEN ACTUAL MILK INTAKE AND MILK INTAKE ESTIMATED
FROM WATER TURNQVFR MEASURED BY D,C DiLUTION

Difference between actual and

Mea_surem’cnt Number of estimated (D, 0) milk
period (days) measurement consumption (%)
Mean SE Range
Experiment !
1 20 B.46 5.86 43.2t0 52.0
11 20 29.94 4173 —-12.1t077.3
1 23 55.32 1.43 40.0ta 728
R 11 44.02 1.65 38.1 to 50.4
Experiment 2
1 30 -0.1 1.02 157t 11,7
3 30 +C.5 1.25 —13.3to 15.6
5 30 +Q.5 J.18 -15.3to 16.0
7 45 -2.1 0.84 -15.7tc 7.2
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Correlation between actual milk intake
and milk intake estimated by the D,0
dilution method {combined data) over
the measurement periads of 1, 3, B
and 7 days lexperiment 2).

Figure 3.

may be deferentially removed from blood under
vacuum sublimation. Consequently the concentra-
tion of D, O in extracted water would be less in
samples which had not been completely dried.
This may account for the lower values of milk
intake estimated by the D, O method which were
recarded in experiment |. Sccondly, the amount
of spilt milk and possible lasses of water from the
liquid milk replacer through evaporation were not
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recorded in experiment !. These errors would
contribute to an overestimate of actual milk
intake. Finally, the DO concentration at the end
of the [1-day measurement period was often very
low and could not be detected accurately by
infrared spectroscopy. The validity of an estimate
of milk intake for the 11-day measurement petiod
and the subsequent l-day measurement pcriod
would be affected by this possibly inaccurate
estimate of D; O concentration.

The results of experiment | were included in
this paper to highlight some of the inaccuracies
that may be encountered when using the D,0
dilution method to estimgte the milk consumption
of piglets. The possible errors discussed above
were eliminated in experiment 2 and in the sub-
sequent experiments reparted in later papers.

The resulis of experiment 2 showed that the
isotope dilution techmique for measuring milk
consumption of piglets was acceptahly accurate
and precise. Pettigrew et al. (1987), who com-
pared cstimates of milk replacer consumption of
individual piglets over periads of 1 or 3 days,
also found close agreement between estimates
derived from the D, O dilution methed and from
actual measurement by disappearance. Rudoliph
et al. (1984) concluded that milk intake may be
accurately predicted by measurement of water
turnover via D, O dilution in pigs. However,
although there was a close correlation between
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actual milk intake and D,0-estimated water

inflow, water inflow using D, was between
4% and 10% lower than known nilk intake
(Rudolph, 1685).
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