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SUMMARY

Milk consumption of piglets was measured to study the relation between milk con
sumption and growth. The experiment was part of a series of experiments in which 
the objective was to study genetic and environmental effec ts  on performance traits 
measured during the suckling period.
The within l i t ter  variance of birth weight, growth and milk consumption amounted 
to 75, 46 and 63% of the total variance respectively. The within li t ter  variance 
of growth ra te  was reduced by 34% due to the covariables birth weight and milk 
consumption. 80 to 90% of the between l i t ter  variance of growth of piglets could 
be explained by a model with the covariables weight loss of the sow during the 
suckling period and creep and milk intake of the piglets. Relations between trai ts  
depend on the l i t te r  size during the suckling period.

INTRODUCTION

Selection in pigs is mainly for production and reproduction trai ts  and against 
genetic abnormalities. Most production tra i ts  are measured during the fattening 
period, for instance growth per day from 25 to  100 kg. L itt le  a t tention is paid to 
tra i ts  measured during the suckling period such as milk production/consumption 
and growth of piglets.

Milk consumption of the piglets was measured to study the relation between 
milk consumption and growth. This data set was part of a larger data set in which 
pre- and postnatal effects  on growth during the suckling period were studied.

The general objective of these experiments is to study genetic and environmen
tal e f fec ts  on performance tra i ts  measured during the suckling period.

Preliminary results about milk consumption in relation to growth and creep 
intake will be presented in this paper.

MATERIALS AND METHODS

Experiments were carried out a t  the experimental unit "De Haar" of the Agricul
tural University in Wageningen. Every three month approximately 24 l i t ters  could 
be produced. Gilts produced their first l it ters at  an age of approximately one year. 
A pa t te rn  of four batches per year and per generation was maintained as just first 
l i t ters  were produced. Randomly chosen Dutch Landrace A.I. boars were used to 
maintain the DL population. Experimental factors were: i) standardization level 
of l i t ter  size during the suckling period, iia) energy intake, iib) feed intake or iic) 
protein intake of gilts from 12 to 38 weeks of age, iii) feed intake of sows during 
the suckling period and iv) crossfostering. The structure of the data set is given 
in table 1. More details are given by Den Hartog and Noordewier (1984) and Van 
der Steen (1985).

Milk consumption of l it ters of batches 5 to 8 was measured by weighing the 
piglets before and after suckling. At approximately 11 days a f te r  birth piglets were 
weighed individually while they were weighed in groups of six a t  day 31. The proce
dure was s ta r ted  a t  8.00 h. by observing sow and l i t te r ,  and separating the lit ter  
from the mother af te r  the first suckling. Sixty minutes the reaf te r  the piglets were 
weighed and put together with their mother. After the suckling, piglets were weighed 
and separated again from their mother. This was repeated four times, thus giving
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four readings for milk consumption. Weighing of the piglets was done with an elec
tronic scale to the method described by Klaver e t  al. (1981).

The tea t  order (rank) a t  the udder of piglets was recorded a t  three successive 
sucklings at approximately 21 days af te r  birth. The first pair of tea ts  was indi
cated  as tea t  order 1. A piglet suckling 2 or 3 times a te a t  of the same order was 
given tha t order as the score. A piglet suckling teats  of a d ifferent order at the 
three occasions was given the average score.

Creep feed intake was measured from 21 to 35 days a f te r  birth. Piglets were 
weaned at day 35. Piglets were tested for halothane susceptibility from batch 2 
up to 28 at the age of approximately 60 days by a method described by Eikelenboom 
and Minkema (1974).

STATISTICAL ANALYSIS

A least squares programme (Harvey, 1977) was used to perform analyses of 
variance and to es t im ate  the e ffec ts  of factors and covariables. The models were 
reparameterized by the programme by making use of the sum restrictions. The 
programme applies the classic regression approach i.e. effec ts  are es timated by 
adjusting for all other effects .  '

The following models were used:

y., = u + L. + e.. ■'ll H l il

y ., , = u + L. + Sex. + RU. + e... , ljkl p i ] k ijkl

yH = y + Gi + b(Npig).1 + e.j

*ijl = ^

Y:ijklm

G. + STL. 
i 1

= y + CL. + GG
-ijl

J:l
FSk:i=3 STL :i = 2 "ijklm

(1) + covariables (la)

(2) + covariables (2a)

(3) + covariables (3a)

(4) + covariables (4a)

(5) + covariables (5a)

Where L. 
Sex. 
Ru.J 
G . k 
Npig 
STL. 
C L .J 
GG1 . 
FS ):ik:i = 3

= e f fec t  of the i-th lit ter
= effec t  of the j-th sex (female versus male/castrate)
= ef fec t  of k-th pair of tea ts  (k = 1,8)
= ef fec t  of i-th batch (i = 1,4)
= number of piglets at day 11
= e ffec t  of j-th standardization level (6 versus 12)
= ef fec t  of i-th cluster of batches (i = 1,3)
= e f fec t  of batches nested within cluster
= e f fec t  of k-th feeding of the sow during the suckling period 

(FS 2 versus 3)

The datase t with milk consumption data was analysed according to models 1 
and 2 (individual piglet, data) and models 3 and 4 (litter means). The total data 
set was analysed according to model 1 while part of the data  set (batches 1 to 
8 and 19 to 28) was used to  estimate the e ffec t  of RU. L itter  means of the total 
da ta  set were analysed according to model 5. Cluster 2 contains those batches 
in which standardization levels 6 or 12 of li t ter  size during the suckling period 
were applied. Cluster 3 contains the batches in which two feeding levels of the 
sow during the suckling period were applied. All other batches were combined by 
cluster 1.
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RESULTS AND DISCUSSION

Means and standard deviations of trai ts  per individual piglet or l i t ter  for the 
milk consumption data set are given in tables 2 and 3.

Milk consumption was corrected for weight loss of piglets due to metabolism 
and evaporation, which depends upon the tim e interval between weighings and the 
age and weight of piglets. The intervals between a weighing before and af te r  suckling 
were approximately 12 and 9 minutes for high and low standardization level litters. 
The relation between weight loss of piglets and weight in a  dataset described by 
Den Hartog e t  al. (1984) was y = 0.406 +. 0.079 W where y = loss in weight of active 
piglets due to metabolism and evaporation in g per piglet per minute and W = weight 
of the piglet in kg. Milk consumption data were correc ted  accordingly.

The average number of piglets which suckle a t  a specific pair of tea ts  is given 
in table 4. The piglets showed a preference for the anterior tea ts  which was especial
ly noticeable a t  the low standardization level.

The effec t  of l it ter ,  sex and rank a t  the udder on birth weight, growth and
milk consumption is given in table 5. Although the effec ts  of sex and rank at the
udder on birth weight, growth of piglets during the suckling period and milk consump
tion were or tended to be significant, the reduction in error variance due to these 
factors was small. Growth and milk consumption of piglets a t  the posterion teats  
5 to 7 as compared to the anterior tea ts  1 to  4 were 6 and 13% lower respectively. 
The between l i t ter  variance of birth weight, growth and milk consumption amounted 
to 25, 54 and 37% of the total variance respectively.

The within li t ter  variance of growth of piglets was studied by inclusion of the 
covariables birth weight (linear and quadratic component) and milk consumption 
a t  day 11 in the models 1 and 2. The results are given in table 6. Milk consumption
a t  day 31 was measured per li t ter  and could not be included in the models. The
within l i t ter  variance of growth from birth to 3 weeks of age was reduced by 34% 
due to the covariables birth weight and milk consumption. The relation between 
birth weight and growth was partially explained by the positive correlation between 
birth weight and milk consumption.

The li t ter  tra i ts ,  per sow or li t ter ,  were analysed according to models 3 and
4. Results are given in table 7. Most traits were affec ted  by batch (G) and standard
ization level (STL or Npig). The realised difference in number of piglets a t  11 days 
of age between the two standardization levels was 5.43. So, the contrasts between 
the high and low standardization level (model 4) can be compared with 5.43 times 
the regression of a trait on number of pigs (model 3). At the high as compared 
to the low standardization level a larger weight loss of the sow during the suckling 
period, a lower growth ra te  and milk consumption of the piglets was found. Suckling 
frequency and creep intake per piglet were not significantly different for both groups.

Covariables as listed in table 8 were included, nested within standardization 
level in model 4a. A cubic, quadratic and linear model was used to test the signifi
cance of the cubic, quadratic and linear component respectively. A component 
was considered to be significant in case the overall component and/or the difference 
of components between the two standardization levels was significant (p 0.10). 
The results are given in table 8 and illustrated by figures 1A to II. Growth from 
birth to 3 weeks was mainly affected by weight loss of the sow during the suck
ling period and milk intake of the piglets while growth from 3 to 5 weeks was mainly 
affected  by creep and milk intake of the piglets and sow weight af te r  parturition. 
The most relevant covariables were included in the model to perform a multiple 
linear regression analysis. Results are given in table 9. Factors and covariables 
could explain 80 to 90% of the between li t ter  variance.

Similar regression analysis were done, making use of the total da ta  set.  Regres
sion was within cluster, standardization level and feeding level of the sow during 
the suckling period. Results are given in tables 11 and 12. The means and standard 
deviations are given in table 10.
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The following conclusions can be drawn from the results presented in tables 
9 and 12. A higher weight loss of the sow during the suckling period resulted in 
a higher growth ra te  of the piglets from birth to 3 weeks of age. A similar relation 
was found between weight loss of the sow and growth ra te  of the piglets from 3 
to 5 weeks of age only a t  a low standardization level of l i t ter  size during the suck
ling period. In large l i t ters  a high milk production is important especially for growth 
from 3 to  5 weeks. The highest milk production may be expected a t  a high sow 
weight af te r  parturition. A high weight loss indicates a high milk production which 
results in a higher growth ra te  of piglets. Sows nursing a large li t ter  might prevent 
a further reduction of weight a t  the second part of the suckling period by a reduction 
of milk production especially if the weight af te r  parturition was already rather 
low. Creep intake has a large effec t  on growth of the piglets from 3 to  5 weeks.

Further analyses of the data  will be carried out to asses the genetic aspects 
of growth during the suckling period and to determine which sow tra i ts  have to 
be improved to give an increase of growth ra te  of piglets.
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Table 1. Description of the data set; experimental factors.

Batch Number
of

Experimental factors

numbers batches FR STL ESP FS

1- 4 4 1 8 1
5- 8 4 1 6,12 1 1
9-12 4 1 8,9 1
13-18 6 2-5 8,9 l
19-22 4 2-5 6,12 2 1
23-25 3 6,7 6,12 2 1
26 1 6,7 9+1 3 2,3
27-29 3 8-11 9+1 3 2,3
30-34 5 8-11 9+1 4 2,3

FS - feeding level of the sow during the suckling period.

= 2.5 kg ♦ 0.25 kg for each piglet. 2,3 = 1.8 kg + 0.2

0.4 kg respectively for each piglet.

FR = feeding level of the mother during the rearing period. 
1 = 1.33 M3 ME up to 40 kg, 1.26 M3 ME W"3ft from
40 kg onwards to a maximum of 2.5 kg sow feed (30,5 M3, 
calculated). 2-5 = four energy levels at a similar protein 
level. Energy levels were 3.0 M  (M = ME required for main
tenance), 2.5M, 2.1M, and 1.8M respectively. 6,7 = feed 

_3 jl
intake 80 and 100 g.W respectively. 8-11 = four protein 
levels at a similar energy level. Energy intake was 2.1M. 
Protein intake was 100, 75, 56 and 42% respectively of 
the theoretical ad lib. lysine level.

STL = standardization level of litter size during the suckling 
period.

ESP = experiment during the suckling period. 1 = litters 
standardized at two levels. 2 = crossfostering experiment. 
3 = high .versus low variation within litter of birthweight 
after crossfostering. 4 = low variation within litter of birth- 
weight after crossfostering.

Table 2. Means and standard deviations of the individual piglet traits birth weight, growth and milk consumption at 11 days of age 
at the high (STLH) and low (STLL) standardization level. ,

Trait
Code description X 0 n X a n

W01 weight at birth <g> 1380 210 360 1400 220 198
GO,31 growth from birth to 21 days (g.d’*) 172 39 358 236 39 198
G3.5I growth from 21 to 35 days (g-d*1) 242 69 358 305 72 197
GO,51 growth from birth to 35 days (g.d-1) 200 45 358 264 42 197

milk consumption, reading 1 (8> 20 12 348 30 11 198
milk consumption, reading 2 (8) 23 11 348 31 13 193
milk consumption, reading 3 (8> 24 11 348 32 11 186
milk consumption, reading 4 <S> 24 13 348 33 14 198

Mill total milk consumption3^ (g.240 min"*) 89 34 348 122 34 198

CM11I corrected milk consumption3**̂ (g.240 min"*!) 118 36 348 146 36 198

Corrected to a 240 minute period. 'Corrected for metabolic losses.

Table 3. Means and standard deviations of the litter traits at the high (STLH) and low (STLL) standardization level.

Trait STLH STLL
Code description * 0 n X o n

WAP Weight after parturition' (kg) 172 12 32 171 13 34
WLS Weight loss during suckling period (kg) 35 10 32 27 6 34
W0La) Weight at birth <g> 1378 115 32 1396 146 34
G0,3L Growth from birth to 21 days (g.d'1) 172 24 32 237 24 34
G3,5L Growth from 21 to 35 days (g.d"1) 242 44 32 305 51 34
G0,5L Growth from birth to 35 days (g.d"*) 200 28 32 264 26 34
Npig Number of piglets at day IT 11.25 0.88 32 5.82 0.46 34
IBW11 Interval between weighings at day 11 (min) 11.5 2.5 32 8.9 2.2 34
1BW31 Interval between weighings at day 31 (min) 11.8 2.7 32 9.9 2.7 34
FR 11 Suckling frequency at day 1 i 30.7 2.4 26 31.4 2.4 28
FR31 Suckling frequency at day 31 25.6 2.5 26 26.0 3.5 28
FIS Feed intake/piglet during suckling period (kg) 1.29 0.59 31 1.16 0.64 33
M11L Milk intake at day 11 (g.240 min"*) 89 19 32 122 18 34
M31L Milk intake at day 31 ( " ) 82 18 32 117 27 34
M11.31L Milk intake, av. of day 11 and 31 ( " ) 86 16 32 146 19 34
CM11L Corrected milk intake at day 11 ( H ) 118 21 32 119 17 34
CM31L Corrected milk intake at day 31 ( " ) 128 18 32 162 24 34
CM11,31L Corrected milk intake, av. of day 11 and 31 ( " ) 123 16 32 154 IS 34

a) L at the end of the code refers to a mean per litter of individual piglet traits.
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Table 9. The average number of piglets which suckle at a specific pair of teats for litters standardized at a high or low level.

Teat pair number 1 2 3 9 5 6 7 8

STLH 1.91 1.78 1.53 1.66 1.50 1.56 1.00 0.09
STLL 1.29 1.21 1.18 0.76 0.35 0.65 0.32 0.06

Table 5. Effect of litter, sex and rank at the udder on birth weight, growth and milk consumption (models 1 and 2).

Significance (p)

',a) •2b) litter sex rank
W01 0.258 0.253 0.000 0.025 0.036
GO,31 0.579 0.581 0.000 0.539 0.000
G3,5I 0.986 0.986 0.000 0.036 0.190
GO,51 0.591 0.590 0.000 0.112 0.020
Mill 0.386 0.391 0.000 0.118 0.000
CM111 0.357 0.369 0.000 0.121 0.000

/ (o 2 * a 2), model 1 % , model 2.

Constant estimates WOI (g) GO,31 (g) G3,51 (g) GO,51 (g) Mill (g) C M  111 (g)
U 1380 195 265 223 100 127
sex, female -19 1 5 3 2 2
sex, male 19 -1 -5 -3 -2 -2
rank 1 19 1 10 5 9 9
rank 2 0 5 7 6 7 8
rank 3 55 11 -2 6 10 11
rank 9 -12 7 6 7 2 2
rank 5 -92 -7 -7 -7 -12 -12
rank 6 21 -6 -8 -7 -7 -7
rank 7 -90 -12 -5 -9 -9 -10

Table 6. Effect of within litter variation of birth weight and milk consumption at day 11 on growth during the suckling period.

Model
y-variable
covariable b

GO,31 

P tj^(r> a) b
G3,5I

P b
GO,51 

P ° f t

la W0I-L (g) 0.095 0.000 0.911 0.070 0.000 0.918 0.055 0.000 0.889
W01-Q (g) -0.000065 0.008 -0.000117 0.005 -0.000086 0.002

la CM11I-L (g) 0.603 0.000 0.692 0.999 0.000 0.990 0.591 0.000 0.803
la W01-L (g) 0.030 0.000 0.660 0.061 0.000 0.889 0.092 0.000 0.796

W01-Q (g) -0.000033 0.116 -0.000097 0.017 -0.000059 0.018
CM111-L (g) 0.558 0.000 0.399 0.000 0.973 0.000

2a W0I-L (g) 0.099 0.000 0.919 0.076 0.000 0.908 0.056 0.000 0.888
W01-Q (g) -0.000057 0.018 -0.000117 0.009 -0.000082 0.002

2a CM111-L (g) 0.593 0.000 0.719 0.925 0.000 0.951 0.525 0.000 0.825
2a W0I-L (g) 0.030 0.000 0.682 0.068 0.000 0.882 0.095 0.000 0.760

W01-Q (g) -0.000030 0.156 -0.000101 0.012 -0.000059 0.018
CM11I-L (g) 0.551 0.000 0.321 0.000 0.958 0.000

a)ô (r) is the residual variance of the model without covariables.
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Table 7. Effect of group and standardization level on litter traits.

y-variable
Significanci
G

s (p) 
Nbig

Model 3 
Least 
b

squares-mean
5.43b R 1

Significance (p) 
G STL

Model 4 
STL 
H-L R*

WAP (kg) 0.003 0.621 0.25 1.40 0.204 0.003 0.740 0.93 0.202
WLS (kg) 0.273 0.000 1.45 7.85 0.251 0.369 0.000 8.12 0.252
WOL <g> 0.170 0.899 1 4 0.078 0.174 0.619 -16 0.082
G0,3L (g-d’1) 0.001 0.000 -12 -64 0.743 0.024 0.000 -65 0.707
G3.5L (g-d_l) 0.282 0.000 -12 -65 0.374 0.469 0.000 -63 0.340
G0,5L (g-d'1) 0.014 0.000 -12 -65 0.672 0.135 0.000 -64 0.628
Ml 1L (g.240 min"*) 0.187 0.000 - 6 -31 0.480 0.128 0.000 -33 0.489
M31L (g.240 min" ) 0.119 0.000 - 6 -34 0.431 0.254 0.000 -34 0.400
Ml 1,31 L (g.240 min"1) 0.180 0.000 - 6 -33 0.558 0.284 0.000 -33 0.541
CM11L (g.240 min"1) 0.913 0.Q00 - 5 -27 0.329 0.883 0.000 -29 0.351
CM31L (g.240 min”1) 0.015 0.000 - 6 -34 0.503 0.063 0.000 -33 0.454
CM11.31L (g.240 min"1) 0.209 0.000 - 6 -31 0.510 0.441 0.000 -31 0.493
FIS (kg) 0.527 0.387 0.02 0.13 0.052 0.495 0.413 0.13 0.050
FR11 0.073 0.187 -0.16 -0.85 0.061 0.523 0.321 -0.66 0.046
FR31 0.302 0.633 -0.07 -0.38 0.048 0.325 0.578 -0.46 0.050

Table 8. Effect of sow weight, milk and creep intake on growth of piglets during the suckling period 

G0,3L G3,5L

Covariable Sign.al R*s.m.bl Sign. R2s.m.

(model 4a).

G0,5L

Sign. R 2s.m.

WLS L,Q 0.834 - 0,340 L 0,682
WAP L 0.735 C 0,424 C 0.671
FIS Q»c 0.754 L,Q,C 0.859 L,C 0.816
WOL - 0.707 - 0,340 - 0.628
Ml 1L L 0.802 Q 0.396 L 0.663
M31L L,C 0.772 c 0.417 L,C 0.677
M11.31L L 0.809 - 0.340 L 0.664
CM11L L,C 0.817 Q 0.397 L 0.653
CM31L L 0.799 L,Q,C 0.512 L,Q,C 0.773
CM11.31L L 0.842 Q 0.441 L,Q 0.735

al Significant components; L = linear, Q = quadratic, C = cubic. 1,1 RJ of the significant model.

Table 9. Effect of weight loss of the sow during the suckling period in combination with milk and creep intake on growth of the piglets 
(model 4a).

Significance of b (p) Least-squares mean R*

y-variable Covariable^ Lin H-L b(H) b(L) STLH STLL

G0,3L (g) WLS (kg) 0.011 0.364 1.36 0.66 168 230 0.835

CM11L <g) 0.004 0.502 0.31 0.49

G3,5L (g) WLS (kg) 0.563 0.521 -0.03 0.63 263 311 0.873

FIS (kg) 0.000 0.188 54 67

CM11L (g) 0.620 0.387 0.26 -0.06

CM31L (g) 0.000 0.019 0.96 0.26

G0,5L <g> WLS (kg) 0.031 0.999 0.74 0.76 210 261 0.906

FIS (kg) 0.000 0.337 24 31

CM11L <g> 0.132 0.895 0.21 0.18

CM31L (g» 0.000 0.079 0.69 0.35
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Table 10. Means and standard deviations of the individual piglet and litter traits; total data set.

Trait X a n trait * X O
X

n

W01 (g> 1327 281 9025 WOL (g) 1347 205 944
GO,31 (g.d-1) 209 48 6372 G0,3L (g-d*) 212 34 783
G3,5I (g-d_1) 238 70 6313 G3,5L (g-d-1) 242 51 783
GO,51 <g.d‘‘> 221 47 6313 G0,5L (g.d'1) 224 34 783

WAP (kg) 177 17 840
WLS (kg) 33 12 787
FIS (kg) 0.78 0.54 778

Table 11. Effect of sow weight, birth weight and creep intake of the litter on growth during the suckling period; total data set (model 5a).

G0.3L G3,5L G0,5L
Covariable Sign.a* R*s.m.b) Sign. R2s.m. Sign. R 2s.m.

WLS L,Q,C 0.535 L,Q,C 0.347 L,Q,C 0.476
WAP L,Q 0.410 L,Q 0.342 L,Q 0.424
FIS L 0.343 L 0.579 L 0.457
WOL L 0.367 L 0.333 L 0.392

a) Significant components; L linear; Q = quadratic; C = cubic. the significant model.

Table 12. Effect of the combination of sow weight after parturition, weight loss during the suckling period, birth weight and creep intake 
on growth of the piglets; total data set (model 5a).

Significance of b (p) Least squares mean of b

y-variable covariable Lin.

C0,3L (g) WLS (kg) 0.000
WAP (kg) 0.000
FIS (kg) 0.091
WOL (g) 0.000

G3.5L (g) WLS (kg) 0.034
WA P (kg) 0.000
FIS (kg) 0.000
WOL (g) 0.735

G0.5L (g) WLS (kg) 0.000
WAP (kg) 0.000
FIS (kg) 0.000
WOL (g) 0.017

CL=1 CL=2
STL(H-L) FS(2-3) STLH

0.000 0.397 0.72 1.03
0.037 0.770 0.30 0.35
0.999 0.209 2 0
0.832 0.059 0.03 0.03

0.001 0.999 -1.06 0.09
0.698 0.584 0.65 0.17
0.076 0.200 52 56
0.059 0.779 -0.00 0.03

0.000 0.572 -0.01 0.65
0.285 0.999 0.45 0.28
0.262 0.999 22 22
0.199 0.293 0.02 0.03

CL=3
STLL FS2 FS3 R 2

2.80 0.79 1.11 0.538
-0.09 0.34 0.27
0 -17 - 7
0.02 0.04 0.00

1.97 -0.90 -0.93 0.626
0.29 0.60 0.76
71 60 46
-0.05 0.00 0.01

2.48 0.12 0.32 0.572
0.06 0.44 0.45
28 13 13
-0.01 0.02 0.01
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