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Abstract. The aim of the present study was to investigate the effect of liquid milk supplement on litter perfor-

mance (weight development of the piglets, weaning weight and mortality) and on sow back-fat thickness change

during the suckling period.

Data were collected from 150 litters, with the weight of a total of 1709 piglets measured at birth, at 14 days

of age and at weaning (28 days), respectively. Sow (n= 150) back-fat depth was measured the day before far-

rowing, 14 days after farrowing and at weaning. In the control group (n= 363), the piglets were suckled and

got pre-starter feed from day 10. In the four experimental groups (MS1; MS2; MS2 and MS4; n= 1346), the

piglets received additional milk replacer in various concentrations from the 10th day of life. While there were

no significant differences in birth weight between the control and experimental groups, we did find significant

differences between the 14-day weights and weaning weights. The milk supplement significantly reduced mor-

tality compared to the control (11.6 vs. 4.9; 5.9, 8.9; 8.3 %). However, there were no statistically significant

differences between litter homogeneity data, based on the CV% of piglet weight. Three experimental groups

(MS1, MS2 and MS4) were more homogenous compared to the control group at weaning (25.3 vs. 20.9; 20.3;

20.3 CV%). Based on the examination of sow back-fat thickness reduction, there were significant differences be-

tween the control (C) and MS3 groups (7.61 vs. 5.57 mm reduction, P < 0.05) during the suckling period. These

results demonstrate the advantage of milk replacer on weaning weight. Litter homogeneity, piglet mortality and

back-fat thickness of the sows were affected by providing milk replacer to the piglets during the suckling period.

1 Introduction

Sow milk production is the major factor limiting pig growth

prior to weaning. Weaning weight is quite variable from lit-

ter to litter and much of this variation is due to the quantity

of milk produced by sows. Several factors cause a variation

in milk production, e.g., number of parity, in general. High

environmental temperatures during lactation decrease milk

yield, litter growth and reproductive performances. Milk pro-

duction depends on the sow’s nutritional status. For example,

supplementing diets with L-carnitine during lactation sows

resulted in higher milk yields than the controls for days 11

and 18 of lactation. Highly significant breed difference was

found in the amount of milk produced and in the average

size of the litter suckled, whereas a significant difference was

found in the average litter weight at the end of the suckling

period (Allen and Lasley, 1960; King et al., 1997; Ramanau

et al., 2004; Spencer et al., 2003).

However, most suckling pigs from litters of 10 or more

commonly weigh only 7–8 kg at 4 weeks, indicating that

there is a shortfall in milk supply at the udder. The poten-

tial for growth and the availability of sow’s milk begin to

diverge at about 20 days of age; therefore, it may be assumed

that, from this point on, supplementary feeding is beneficial.

Published by Copernicus Publications on behalf of the Leibniz Institute for Farm Animal Biology.



230 G. Novotni-Dankó et al.: Effect of feeding liquid milk supplement on litter performances

Generally, suckling pigs may begin to eat trivial amounts of

supplementary feed at around 10 days of age (Kyriazakis et

al., 2006).

The neonatal growth period of the pig, from birth to wean-

ing, represents a critical phase in pork production. Genetic

selection for larger litter size (from ≤ 11 to ≥ 16 piglets) has

also resulted in a reduction in mean piglet birth weight, in-

creased within-litter variation in birth weight and a rise in

the proportion of low-birth-weight piglets (< 1.0 kg) within

these large litters. Below 1.0 kg birth weight, more than 11 %

of piglets are stillborn and more than 17 % of such low-birth-

weight piglets die within the first 24 h. Despite a low number

of small animals still alive at weaning, the higher the birth

weight is, the higher the average daily gain over the suck-

ling, the post-weaning and the growing–finishing periods.

The growth potential of a suckling pig may be limited by

several factors; heavier piglets are able to remove more milk

from the anterior mammary glands of lactating sows and con-

sequently grow faster than lighter piglets (King et al., 1997;

Mitchell et al., 2012; Quiniou et al., 2002).

Genetic improvement of the prolificacy of sows during the

2 last decades has resulted in an indirect increase in milk

production. Currently, the growth rate of a litter can reach

3 kg d−1, which corresponds to an estimated milk yield of

about 12 kg d−1. In improving reproductive performances,

breeders focus on increasing the lactation performance of

sows, simultaneously. However, if the milk production meets

the needs of the litter, it has a positive effect on the piglets’

later feed consumption behavior, as well as in their weight

gain. A positive correlation was found between the amount

of milk produced by a sow and the amount of creep feed

consumed by her litter, with the piglets of those sows pro-

ducing the most milk consuming the most creep feed (Allen

and Lasley, 1960; Renaudeau and Noblet, 2001).

Skorjanc et al. (2007) indicated that neither milk produc-

tion after the second week of lactation nor consumption of

creep feed is sufficient enough to cover the nutrition needs

of fast-growing piglets. There is still a lack of optimization

of nutrient in the pre-weaning period, especially for heavier

piglets with their higher growth potential.

Weaning weight is predictive of overall pig performances.

As the swine industry moved to earlier weaning ages, the

need to increase weaning weight has become more criti-

cal. The study of Azain et al. (1996) demonstrated that sup-

plemental milk replacer resulted in a significant increase

(main effect) in weaning weight and total litter weight. Milk

replacer also reduced the difference normally observed in

piglet weaning weight between primiparous and multiparous

sows (Spencer et al., 2003).

Low piglet weight at weaning implies a loss of income for

the farmer and could influence the welfare of the affected an-

imals negatively. Several factors, in combination, determine

the weight gain of a pig between birth and weaning, e.g., the

herd/sow, the pen, the litter and the piglets (Johansen et al.,

2004). Season has shown to strongly affect weaning weight

as well, with lower weaned weights typically seen in summer

(Knecht et al., 2015). Sow fertility increases with increas-

ing back-fat thickness. Sows with a thicker layer of back fat

achieve better litter performance and more litter in the course

of their lives. The increasing back-fat thickness of sows with

a higher number of parturitions indicates a positive effect on

average longevity. The analysis of the number of all live-born

and weaned piglets again corroborated the fact that fertility

increased linearly (Cechova and Tvrdon, 2006). Maintain-

ing adequate body tissue reserves throughout a sow’s lifetime

is thought to be important to maximize herd productivity. If

primiparous sows mobilize more than 12 % of their body pro-

tein mass during lactation, then subsequent ovarian function

and, in turn, reproductive performance will be negatively af-

fected, in addition to decreased litter growth rate (Clowes et

al., 2003).

Although the milk production of hybrid sows has in-

creased in the last decades, many environmental factors af-

fect their actual performances. Use of a supplemental milk

replacer can be an appropriate solution to ward off uncer-

tainty, equalize milk quantity based on piglet appetite and to

ultimately enlarge weaning weight. Milk replacer usage may

also improve reproductive performance by diminishing the

negative energy balance of the sow during lactation.

The aim of the present study was to investigate the effects

of feeding liquid milk supplement on litter performances

(weight development of the piglets, weaning weight, mortal-

ity and litter’s homogeneity) and on sow back-fat thickness

change during the suckling period.

2 Material and methods

2.1 Animals

Data were collected from 150 farrowings of Large

White×Landrace hybrid sows, primiparous vs. multiparous

(October and November 2013). The weights of a total 1709

piglets were individually weighed.

The sows were kept in groups during gestation and

moved into a farrowing house (30 sows/unit) using crates

with solid concrete floors, 3 or 4 days before the ex-

pected date of farrowing. On the day of parturition, they

were offered 2.0 kg day−1 of a lactation diet containing

12.66 MJ ME kg−1, 18.7 %, CP/kg and 10.2 g lysine kg−1.

Thereafter, daily feed allowance was increased by 0.5 kg un-

til ad libitum intake was achieved.

On day 2 postpartum, all piglets received industry stan-

dard processing (tail docking, ear notching, iron injections

and castration of males). The daily consumption of the milk

supplementation was measured in the farrowing house.
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2.2 Experimental groups

There were five groups:

– a control group (C; n= 363 piglets) in which the piglets

were suckling and received pre-starter feed, but did not

get milk supplement;

– MS1 group (n= 347) in which the piglets got milk sup-

plement (MS) in 10.7 % weight percentage solution:

1.2 kg dry milk powder was added to 10 L water;

– MS2 group (n= 305) in which the piglets got MS in

13 % weight percentage solution: 1.5 kg dry milk pow-

der was added to 10 L water;

– MS3 (n= 347) in which the piglets got MS in 14.5 %

weight percentage solution: 1.7 kg dry milk powder was

added to 10 L water;

– MS4 (n= 347) in which the piglets got MS in 16.6 %

weight percentage solution: 2.0 kg dry milk powder was

added to 10 L water.

The piglets in the control group were suckling from birth

till weaning, and they got pre-starter feed from day 10

(BiominProfi Start G3, Biomon GmbH, Austria; protein:

20 %, fat: 8 %, lys: 1.45 %) ad libitum.

The piglets in experimental groups were fed with liquid

milk replacer from day 10 after birth as well as suckling

and consuming pre-starter feed. Liquid milk replacer was

prepared by hand-mixing. The milk powder (SanAmmat F,

Sano GmbH, Germany; contains 21.5 % protein, 18 % fat,

1.7 % lysine, Ca= 0.8 %, P= 0.7 %) was admixed to 40 ◦C

water in the necessary concentration. The volume of the cen-

tral tank is 100 L, which was filled with the liquid milk re-

placer. The liquid milk supplement was charged according

to the piglets’ appetite. The tank and the milk feeders were

washed and fresh milk replacer was added every day. The

residuum was measured and taken away from the daily por-

tion and the net consumption was registered.

The weights of a total 1709 piglets were individually

weighed at birth, at 14 days of age and at weaning (28 days),

respectively, using an electronic scale.

Sow back-fat depth was measured 6 cm from the midline

at the level of the last rib with an A-Mode ultrasonic Renco

Lean-Meater® SERIES 12. We followed the changes in the

sows body condition by measuring back-fat thickness three

times: on the day before farrowing, 10 days after farrowing

and at weaning (28 d).

2.3 Statistical analysis

Data were analyzed using descriptive statistics, one-way

ANOVA, chi-square test and repeated measure mixed effect

models in R program (R Core Team, 2014). Multiple compar-

ison tests were done with the Duncan’s new multiple range

test (Mendiburu, 2014). Normality of residuals was tested vi-

sually by normal plot and by the Shapiro–Wilk W test. Ho-

mogeneity of variance was checked by plots of the standard-

ized residuals against predicted values. To account for the re-

peated measures per piglet (across time: period), the individ-

ual was nested within treatment and treated as random effect

in the analysis. The model included fixed effects of treatment

(Tri), time (Tj ) and treatment× time (TrT )ij :

yijk = µ+Tri + εik + Tj + (TrT )ij + εijk.

For all analyses, significance was considered to be P < 0.05.

The mortality rates were calculated for the five levels of treat-

ment and the significance of differences was tested using the

Pearson’s chi-square test and Pearson residuals were calcu-

lated. Pearson chi-square tests were used to test the alterna-

tive hypothesis that an association existed between survived

piglets and the different level of treatments.

3 Results

3.1 Milk supplement consumption

Table 1 shows the total milk supplement and dry milk powder

consumption and the average consumption per piglet from 10

days of life till weaning. The total milk supplement consump-

tion per farrowing house was between 1047 and 1572 L. Av-

erage milk replacer intakes (liters per pig) from 10th to 27th

days of life were 4.46 L pig−1 (0.725 kg dry matter).

The price of the dry milk powder is ∼ 2.3 EUR kg−1

(700 HUF kg−1), so the cost per piglet is between 0.85 and

2.13 EUR, differing from the weight percentage of the solu-

tion and the consumption, respectively. The price of the pre-

starter feed is∼ 1.66 EUR kg−1 (500 HUF). Based on our re-

sult, taking into account the cost and the weight development,

a 14.5 % weight percentage solution (1.7 kg dry milk powder

added to 10 L water) is the most economical dilution. How-

ever, as the economic analysis uses approximate calculations,

further studies are needed to calculate exact efficiency, which

is not the focus of this paper.

Figure 1 shows that consumption of milk replacer varied

according to period. There were three isolable parts during

the 17 days of consumption. During the first week of the

experiments, the average consumption was approximately

25 L day−1 farrowing−1 group (0.08 L piglet−1 day−1), on

the following 6 days, it was 85 L day−1 farrowing−1 group

(0.26 L piglet−1), and on the last 4 days, there was 180 L

of daily consumption in a group (0.56 L piglet−1 day−1), re-

spectively.

3.2 Effect of milk supplements on piglet weight,

mortality and on sow back-fat thickness

The weights of piglets were individually recorded at birth, at

14 days of age and at weaning (28 days), respectively.
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Table 1. Milk supplement and pre-starter feed consumption in different treatments.

Treatments Control MS1 MS2 MS3 MS4

1Number of piglets (on day 14) 333 333 287 319 330

Total milk supplement consumption

from 10th to 27th life days, L

– 1047 1472 1572 1541

Average milk supplement consumption

from 10th to 27th life days piglet−1, L

– 3.14 5.12 4.92 4.66

Average milk supplement

consumption piglet−1 day−1, L

– 0.17 0.28 0.27 0.26

Total milk powder consumption

from 10th to 27th days, kg

– 126 220 267 308

Average milk powder consumption

from 10th to 27th life days piglet−1, kg

– 0.37 0.76 0.83 0.93

2Total milk powder cost

from 10th to 27th life days piglet−1, EUR

– 0.85 1.74 1.91 2.13

Average pre-starter feed consumption

from 10th to 27th days piglet−1, kg

0.75 0.52 0.52 0.54 0.45

2Average pre-starter feed cost

from 10th to 27th days piglet−1, EUR

1.24 0.86 0.86 0.89 0.74

1 We calculate with the number of piglets on day 14 (Table 2).
2 The economic calculations are informative.

 

 

 

 
 

          
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           

Figure 1. The periodicity of total milk supplement consump-

tion from the 10th day of life until weaning, in different groups

(L day−1).

Table 2 shows the piglets’ weight with time after birth.

Based on Duncan’s new multiple range tests, there were

no significant differences in birth weight between the con-

trol and experimental groups, respectively. However, we

found significant differences between the 14-day and wean-

ing weights, subsequently. The chi-square test showed a re-

lationship between mortality and treatments (P = 0.012).

Based on the Pearson residuals, it can be observed that the

C_3 mortality was significantly higher than in the other

groups, so the milk supplement significantly reduced mor-

tality compared to the control.

Pre-weaning mortality was significantly different in the

groups fed with milk replacer and in the control group

(11.6 % vs. 4.9; 5.9; 8.9; 8.3).

We did not find significant differences between litter ho-

mogeneity data. However, based on the CV% of weight, we

recorded an improving trend. The MS1, MS3 and MS4 ex-

perimental groups became more homogenous, contrary to the

weight of the control group at the end of the lactation period

(25.34 vs. 20.87; 20.28; 20.29 CV%).

Table 3 shows the results of the repeated measure mixed

effect model. There was a significant difference between

the control and the four milk supply feeding (F4,1625 =

33.42; P < 0.001). There was a time effect (F2,3250 = 23 785;

P < 0.001), the milk supply and time interaction effect

(F8,3250 = 39.23; P < 0.001).

In examining the reduction of sow back-fat thickness dur-

ing the suckling period, we found that the reduction was the

highest in the control group, although there still were signif-

icant differences between the control (C) and MS3 groups

(7.61 vs. 5.57 mm, P < 0.05) (Table 4).

4 Discussion

Milk is the main energy source for piglets and is, therefore,

essential for their growth and survival. In addition to be-

ing dependent on the lactational ability of the sow, the ac-

tual milk received by an individual piglet is a function of

the number of piglets suckling, the size and vigor of those
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Table 2. Effect of milk supplement in different solutions on piglet weight, daily weight gain and mortality.

Treatments Number Average piglet SEM Min Max CV% Daily weight Mortality,

of piglets weight, kg1 gain, g %2

Control C_1 (birth) 363 1.40g 0.03 0.49 2.07 21.01 – –

C_2 (14 d) 333 4.11f 0.06 1.10 6.77 25.06 0.20 8.2b

C_3 (weaning) 321 7.38c 0.08 2.01 12.29 25.34 0.23 11.6a

Milk supplement MS1_1 (birth) 347 1.41g 0.03 0.51 2.32 20.86 – –

in 10.7 % solution MS1_2 (14 d) 333 4.25e 0.05 1.66 7.48 22.59 0.20 4.0b

MS1_3 (weaning) 330 8.24b 0.07 2.51 12.85 20.87 0.29 4.9b

Milk supplement MS2_1 (birth) 305 1.52g 0.03 0.66 2.46 23.03 – –

in 13 % solution MS2_2 (14 d) 287 4.61d 0.06 1.67 7.36 23.64 0.22 5.9b

MS2_3 (weaning) 287 8.26b 0.08 2.52 12.57 25.06 0.26 5.9b

Milk supplement MS3_1 (birth) 347 1.48g 0.03 0.48 2.25 20.95 – –

in 14.5 % solution MS3_2 (14 d) 319 4.66d 0.06 1.15 7.72 22.75 0.23 8.0b

MS3_3 (weaning) 316 9.17a 0.08 2.53 15.08 20.28 0.32 8.9b

Milk supplement MS4_1 (birth) 347 1.40g 0.03 0.58 2.22 23.57 – –

in 16.6 % solution MS4_2 (14 d) 330 4.76d 0.06 1.70 5.61 22.80 0.24 4.9b

MS4_3 (weaning) 318 8.38b 0.07 4.47 13.15 20.29 0.26 8.3b

Table 3. The results of the repeated measure mixed effect model.

Denomination SS Df MS F value P value

Milk supply 372 4 92.97 33.42 P < 0.001

Residuals (milk supply) 4520 1625 2.78 – –

Time 38 711 2 19 356 23 785 P < 0.001

Milk supply× time 255 8 32 39.23 P < 0.001

Residuals (time) 2645 3250 1 – –

SS: sum of square, Df: degree of freedom, MS: mean square

piglets and the stage of lactation. Nevertheless, sows cannot

produce enough milk to sustain the optimal growth of their

litters. This inability is seen as of approximately 8 to 10 d of

age and the situation worsens as lactation progresses. This

problem was exacerbated in recent years with the introduc-

tion of hyperprolific sow lines (Farmer, 2013; Kyriazakis et

al., 2006).

Our result suggested that piglets fed with supplemental

milk replacer during lactation had better growth rates. How-

ever, while there were no significant differences in birth

weight between the control and experimental groups, we

found significant differences between the 14-day weights and

the weaning weights, subsequently. Supplemental milk re-

placer resulted in a significant increase in weaning weights.

Selection for sow ability to give birth to a higher num-

ber of piglets has led to an increased within-litter variation

in piglet birth weights. Piglets with low birth weights grow

more slowly than piglets with higher live weights at birth.

Variation in piglet weights within a group at weaning can

affect the productivity of commercial pig production sys-

tems, particularly those implementing all-in all-out animal

management. It is widely accepted that light pigs at birth re-

quired number of days to reach the same market weight than

did their heavier littermates. The strong positive relation-

ship between weaning weight and the growth of pigs post-

weaning suggests that there are considerable economic ad-

vantages associated with increasing the weaning weights of

pigs (Gondret et al., 2005a, b; King et al., 1997; Vaclavkova

et al., 2012; Wolter et al., 2002).

There were no statistically significant differences between

litter homogeneity data. However, based on the CV% of

weight, an improving trend has been noted: three experimen-

tal groups became more homogenous, in contrast with the

weight of the control group at the end of lactation period.

In our experiments, pre-weaning mortality was signifi-

cantly different in the groups fed with milk replacer than in

the control group.

Therefore, providing piglets with supplemental liquid milk

during lactation has a significant effect on growth perfor-

mances, can increase weaning weights, reduce pre-weaning

mortality and tend to increase the uniformity of a litter.
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Table 4. The effect of feeding pigs with milk supplement on sow back-fat thickness (mm) change during the suckling period (number of

sows= 30 in every group).

Milk supplement treatments C MS1 MS2 MS3 MS4

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Farrowing 21.70 0.70 21.28 0.65 20.13 0.76 22.10 1.06 19.61 0.85

14 d 17.26 0.75 16.06 0.68 14.83 0.63 20.93 0.93 16.26 0.82

Weaning 14.09 0.67 13.96 0.61 13.23 0.81 16.53 0.87 13.55 0.77

Reduction from farrowing to weaning 7.61a 0.48 7.32ab 0.53 6.90ab 0.58 5.57b 0.48 6.06ab 0.51

a,b Within a row, means with different superscripts are significantly different (P < 0.05) using the Duncan test.

There is a substantive body of evidence to show that rapid

growth achievement before and after weaning (through the

use of high-quality diets and excellent management) will

have a positive residual effect throughout the remaining

growth period through to slaughter. Compensatory growth

following poor post-weaning performance is not evident un-

der practical production conditions, and investment in max-

imizing early growth is handsomely returned at slaughter in

terms of superior daily gain and feed efficiency through the

grow-out period (Kyriazakis et al., 2006).

Further research should be done on the effect of milk sup-

plement on the behavior and welfare of the piglets, as well as

on their performance until slaughter.

In primiparous sows, a sufficient layer of back fat was a

guarantee of fertility also for the second parturition. Further-

more, there is a significant effect of back-fat thickness on

litter size and the scheduling of first insemination (Cechova

and Tvrdon, 2006).

In examining the reduction of sow back-fat thickness,

while we found that the reduction was the highest in the con-

trol group, there were still significant differences between the

control and MS3 group during the suckling period.

Further studies are planned to examine the subsequent re-

production performances of the sows and the female piglets,

which were utilized later as breeding sows from the experi-

mental and control groups, respectively. We record the repro-

ductive data, measure the back-fat thickness of young sows

and follow up their first date of insemination, fertility and

litter sizes.

In this study, we provided piglets with milk supplement in

different solutions (10.7; 13; 14.5 vs. 16.6 weight percent-

age). Based on our results, the 14.5 weight percentage so-

lution (1.7 kg dry milk powder added to 10 L water) is the

best from the standpoint of weaning weight (9.17 kg), litter

homogeneity (20.28 CV%) and the reduction of sow back-fat

thickness during lactation (5.57 mm). According to the pre-

liminary calculations, this solution is economical; however,

further investigations are needed to calculate the exact eco-

nomic indicators.

Consequently, providing piglets with supplemental liq-

uid milk replacer has an identifiable effect on growth per-

formances, increases weaning weight, reduces pre-weaning

mortality, has a positive effect on litter homogeneity and re-

duces sow leakage during lactation. Our results serve as the

bases for further reproductive and economic research in con-

nection with feeding liquid milk replacer in the farrowing

house.
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