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In dairy cow production, the milk yield is quantified in 

many herds for each individual each and every day and 

even the production of each udder quarter may be 

recorded at each milking. In sharp contrast to this, the 

milk production of sows is very seldom quantified, and 

even more so the colostrum production. During the past 

20 years the litter size of sows has increased 

dramatically and when more piglets are being born, the 

demand for colostrum and milk produced by the sow 

increases concomitantly (1). This paper describes how 

the colostrum production and the milk production may 

be estimated using different techniques along with the 

associated advantages and disadvantages for each 

technique/approach. 

The most accurate and precise technique to quantify 

production of colostrum and milk in sows is to use 

isotopes, i.e. using deuterium to quantify the body water 

pool of the piglets and to quantify the water intake from 

either colostrum or milk (2-4). Then, by analyzing the 

colostrum or milk for chemical composition, the water 

intake may be converted into colostrum intake or milk 

intake for individual piglets and the sow colostrum yield 

or sow milk yield may be calculated by summing the 

intake of each individual within a litter. The isotope 

technique is often called the deuterium dilution 

technique, mainly because isotopes from injected 

deuterium is diluted due to the amount of body water at 

the time when a piglet is enriched, but also because 

water intake from either colostrum or milk dilutes the 

deuterium within enriched piglets. The technique relies 

on several assumptions and fairly complicated equations, 

and readers specifically interested in the dilution 

technique may benefit from reading literature focusing 

on applications of the isotope technique with piglets (2-

7). In contrast to dairy cows, the colostrum or milk 

production of sows cannot presently be quantified 

directly.  

Colostrum production 

Colostrum is defined as the mammary secreta being 

ingested by piglets from birth of 1
st
 born piglet and until 

24 hour later (5, 8, 9). While the start of the colostrum 

period seems very obvious, the end of the colostrum 

period is more a choice. Recently, Vadmand and 

coworkers (11) showed that milk production (i.e. stage II 

of lactogenesis) is not onset until 23 to 39 hours after 

parturition, indicating that defining the colostrum period  

 

 

 

from onset of parturition until 24 h later is a good 

compromise. Even though colostrum is being secreted in 

a very limited period, the chemical composition changes 

abruptly from approximately 6 hours until 24 hours after 

onset of parturition.  

 

The first attempt to estimate colostrum intake of piglets 

and in turn the colostrum production of sows was made 

by Devillers and coworkers (5). They milked colostrum 

from sows, pooled these collections into early and late 

colostrum and from these two pools supplied piglets 

with different proportions of early and late colostrum to 

mimic the natural pattern of changing chemical 

composition of sow colostrum. They then bottle-fed 

piglets with colostrum and quantified the colostrum 

intake as the disappearance rate from the bottle (i.e. the 

bottles were weighed before and after sucklings). 

Moreover, they enriched piglets with deuterium to 

quantify the colostrum intake using isotope dilution, and 

based on these bottle-fed piglets they developed a 

mathematical model to predict colostrum intake of 

piglets. Inputs to the model was birth weight, actual 

weight of the piglet, weight gain during the colostrum 

period and time from birth to first suckle. According to 

Devillers et al. (2004), the colostrum intake (CI) may be 

calculated as: 

CI = -217.4 + 0.217 ✕ t + 1,861,019 ✕ BW24/t+ BWB 

✕ (54.80 – 1,861,019/t) ✕ (0.9985 – 3.7 ✕ 10
-4

 ✕ tFS 

+ 6.1 ✕ 10
-7

 ✕ tFS
2
) 

in which CI is individual colostrum intake (g), t is time 

(min) elapsed between the first and the second weighing 

(which define “duration of colostrum intake”), BW24 is 

BW at 24 h (kg), BWB is expressed in kilograms, and 

tFS is interval between birth and first sucking (min). 

However, the prediction equation developed by 

Devillers and coworkers failed to reveal the correct 

linear relationship between colostrum intake and piglet 

weight gain, highly likely because piglets without access 

to suckle colostrum from the sow becomes rather 

inactive. As a corollary, the piglet heat production is 

likely reduced and the efficiency of energy for retention 

is likely elevated, which causes an underestimation of 

colostrum intake based on the equation above. 

We have developed a new model to estimate colostrum 

intake in sow-reared piglets (6). In that study we 

evaluated possible effects of sow characteristics (back 
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fat and body weight), colostrum characteristics 

(chemical composition and energy content) and outdoor 

climate (temperature and humidity), on piglet colostrum 

intake. The outdoor climate was studied because it 

affects the ventilation rate and may potentially cause 

chilling of the piglets. A graphical model was build and 

it showed that sow characteristics, colostrum 

composition and outdoor climate indeed affected the 

piglet intake of colostrum but all the variation 

originating from these traits could be accounted for by 

three traits characterizing the piglets. Thus, the model 

that was developed revealed that piglet colostrum intake 

could precisely and accurately be predicted from piglet 

birth weight (BWb), weight gain in the colostrum period 

(WG) and duration (time) piglets were able to suckle 

colostrum (24 hours [equivalent to 1440 min] for the 1
st
 

born piglet and less for piglets born later). According to 

this model, the colostrum intake may be calculated as: 

CI, g = –106 + 2.26 WG + 200 BWb + 0.111 D – 1,414 

WG/D + 0.0182 WG/ BWb in which WG is expressed in 

grams, BWb is expressed in kg, and D is the duration of 

colostrum suckling (time elapsed from birth until 24 h 

after the 1st piglet was born) expressed in minutes. 

The mechanistic model developed by Theil and 

coworkers (2014) revealed that the model developed by 

Devillers and coworkers underestimated the actual 

colostrum intake by 30% in sow-reared piglets, which in 

turn caused an underestimation of the sow production of 

colostrum. With the new mechanistic model, no piglets 

were predicted to have negative intake of colostrum 

which support the appropriateness of the new model.  

Milk production 

Sow milk production may be assessed directly by the 

weight-suckle-weigh (WSW) technique or by isotope 

dilution or indirectly by using prediction equations.  
 

Weigh-suckle-weigh. The WSW technique is fairly 

simply to understand and apply as piglets are weighed 

before and after each suckling bouts throughout a day, 

and all weight differences are summed to quantify the 

milk production of the sow. However, several aspects 

cause this technique to underestimate the actual milk 

production (2). First of all, the milk production is likely 

inhibited at the day it is measured because the procedure 

prevents the natural interactions between piglets and 

their mother. Secondly, the suckling intervals are fixed 

at 70 min intervals, whereas they typically are suckled 

naturally each 45
th

 to 50
th

 min, and extending the 

suckling intervals will reduce the milk production 

because it takes roughly 35 min for the glands to refill 

after milk has been removed (Walter Hurley, pers. 

comm.). Third and finally, the weight differences are 

typically underestimating the milk intake of the litter 

because some piglets urinate and defecate between the 

initial and final weighing, which will give rise to 

underestimation of the actual milk production by 13 to 

20% (2, 10). The advantages of the WSW technique are 

that results are obtained immediately and that the 

technique is fairly simple, whereas the drawback is the 

low accuracy.  

Deuterium dilution technique. The dilution technique 

was validated in piglets fed with milk replacer in order 

to compare the ingested amounts of milk with the intake 

of milk quantified using isotope dilution. For that 

purpose, 10 suckling piglets were removed from their 

sow, kept in respiration chambers and fed with milk 

replacer once per hour with a known amount of milk. 

The study showed that the milk intake quantified using 

deuterium dilution accounted for 98% of the milk 

supplied to piglets (3), indicating that the technique is 

quite accurate. The precision was also high as the 

deviation between recorded intake from milk 

disappearance and measured intake from deuterium 

dilution was less than +/- 70 g/d. The relative deviation 

for individual piglets was less than +/- 8% in the first 

week piglets were fed milk replacer and less than +/- 4% 

in the second week. The high precision was also 

supported by another study which aimed at invstigating 

whether it was necessary to enrich all littermates within 

a litter to assess the sow milk yield. In that study we 

found that we could predict the sow milk yield by 

selecting three piglets per litter randomly and still get a 

precise and accurate estimate of the sow milk yield (2). 

The advantages of the deuterium dilution technique are 

the high precision and accuracy, whereas the drawbacks 

include costly analyses and labor-requiring protocol.  

Prediction of piglet milk intake. Individual piglet intake 

of milk may be assessed from the weight gain of the 

piglets. The relation between milk intake and weight 

gain follows a curvilinear relationship. The 

curvilinearity is highly likely due to the fact that when 

milk intake increases, a steadily higher proportion of 

energy is retained as fat at the expense of protein. Fat 

retention is a condensed way of storing energy, and 

when piglets store substantial amounts of energy as fat 

their efficiency of converting milk into growth 

decreases. Similarly, the efficiency of converting milk 

into growth decreases with piglet age because steadily 

more milk is used to cover the energy required for 

maintenance. Concomitantly, increasing live weight of 

the piglets leaves less energy available for growth. As a 

consequence, we found that 3.78 g of milk was required 

per gram of piglet weight gain, and this increased to 4.58 

and 4.89 gram milk per gram gain in week 2 and 3 of 

lactation. Overall we found that piglet milk intake (MI, 

in g/d) could be predicted according to the following 

equation (2): 

MI, g/d = Milk required for maintaining live weight + 

1.168 X Gain + 0.00425 X Gain
2 
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Where MI, milk required for maintaining live weight 

and Gain are in g/d, and milk require for maintaining 

live weight was 317 g, 531 g, and 582 g/d for week 1 

(day 3 to 5), week 2 (day 10 to 12), and week 3 (day 17 

to 19), respectively.  

Prediction of sow milk production.  

In a rather new study we developed a model to estimate 

the lactation curve of sows (10). The model was built 

upon all published data on sow milk yield from 1980 

until 2012 where the yield was measured repeatedly by 

either WSW or the deuterium dilution technique. A 

classical wood curve was employed to form the basis of 

the lactation curve and the logarithms to the yield at 

days 5, 20 and 30 was included to stabilize the 

prediction equation, because very few data were 

available in early lactation. Prediction of the lactation 

curve was built upon the two most influential 

parameters, namely litter size (LS) and litter gain (LG; 

in kg/d). Along with the published paper an excel sheet 

can be downloaded for free and used to calculate the 

milk yield for any sow or for a herd average. According 

to the model, the milk yield is affected by litter size at 

day 5 and by litter gain at day 20 and 30. The mean time 

to reach peak lactation was 18.6 days according to the 

prediction model, although this trait changes slightly 

with the productivity level of the herd and the yield 

seems to peak around d 17 if sows are highly productive 

and a few days later if sows have a low to moderate 

level of productivity. The model also predicts changes in 

chemical composition of the milk with progress of 

lactation. The advantage with the model is that the 

inputs (litter size and litter gain) are very simple to 

derive even in practical herds and the model can 

therefore be used by any herd and any research project. 

The disadvantage with the model is that data used to 

build the model were scarcely available in early 

lactation. As a consequence, the model do not fully 

account for the impact of litter gain during the first days 

of lactation. 
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