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ABSTRACT - Feeds for pigs can be attributed different energy values according to, first, the step considered in

energy utilization (DE: digestible energy, ME: metabolizable energy and NE: net energy) and, second, the method

used for estimation at each step. Reference methods for evaluating DE content are based on in vivo digestibility

measurements; indirect estimates of DE values are obtained from in vitro methods or prediction equations based on

chemical characteristics. Methods have also been proposed for estimating urinary energy (and gas energy to a smaller

extent) in order to calculate ME content from DE value. The NE values originate from energy balance studies (slaughter

methods or, more commonly, indirect calorimetry measurements in respiration chambers) and their compilation allows

the calculation of NE prediction equations based on digestible nutrient contents or DE or ME contents. Such equations

are applicable to both ingredients and compound feeds. They may differ between origins according to the fractionation

method of organic matter or assumptions such as the NE requirement for maintenance (or fasting heat production).

These measurements represent the bases for establishment of energy values in feeding tables.

Results indicate that energy digestibility of feeds is negatively affected by dietary fibre content but this negative

effect is attenuated with body weight increase, which suggests that feeds should be attributed DE values according to

pig BW; in practice, at least two different DE values, one for growing-finishing pigs and one for mature pigs

(reproductive sows), are recommended. The energy digestibility of pig feeds can also be affected by feed processing

(pelletting, extrusion, etc.). Efficiency of ME utilization for NE averages 74-75% for conventional pig diets but it is

directly dependent on diet chemical composition with efficiencies higher for ME from fat (90%) or starch (82%) than

from protein or dietary fibre (60%). The hierarchy between feeds and results of least-cost formulation are then dependent

on the energy system with overestimation of protein rich feeds and underestimation of starch and/or fat rich feeds in

the DE or ME systems. The NE system provides an energy value which is the closest estimate of the “true” energy

value of a feed; it predicts more accurately the performance of the pigs and allows implementing new feeding approaches

such as the use of low protein and/or high fat diets. Energy requirements expressed as DE or ME can be transformed

to NE requirements if we assume that the average efficiencies of DE or ME for NE are 71 and 74%, respectively.

More sophisticated methods including modeling techniques can also be used for evaluating energy requirements.
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Introduction

The cost of feed is the most important cost of

pig meat production (#60%) and the energy
component represents the greatest proportion.

Therefore, it is important to estimate precisely the

energy value of feeds, either for least-cost
formulation purposes or for adapting feed supply

to energy requirements of animals. Evaluation of

energy content of pig feeds is usually based on
their digestible (DE) or metabolizable (ME) energy

contents. However, the closest estimate of the true

energy value of a feed should be its net energy

(NE) content which takes into account differences

in metabolic utilization of ME between nutrients.
In addition, NE is the only system in which energy

requirements and diet energy values are expressed

on a same basis which should theoretically be
independent on the feed characteristics. The

objectives of this paper are to review for pig feeds

1/ the methods used for estimating their energy
value, 2/ the main factors of variation of digestive

and metabolic utilization of energy and 3/ the

available energy systems. A last part will be
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devoted to the expression of energy requirements
of pigs according to the evaluation system for

feeds. For all aspects, emphasis will be given to

net energy. Complementary or more exhaustive
information has been considered in previous

reviews (Noblet and Henry, 1993; Noblet, 1996;

Noblet and Le Goff, 2001; Noblet and van Milgen,
2004; Noblet, 2006).

Methodological aspects

Gross energy of feed (GE) is not totally

available for meting the requirements of animals

since some energy is lost in faeces, in urine, as

maintenance energy supply, ∆ME is used for

sparing energy from body reserves with an

associated HI (HI
m
); the efficiency of utilization

of ME (k
m
) corresponds then to the ratio (∆ME -

HI
m
)/∆ME. But, in practice, only the amount of

total energy retained (RE) or total heat production
(HP) can be measured directly in animals and k

g

(or k
m
) or HI (or HI

m
) correspond to the slopes of

the relationships between RE or HP and ME intake.
As discussed below, HI of a given feed is not

constant over a large range of ME intakes and it

depends on physiological factors. For instance, it
tends to be lower below than above maintenance

energy supply (Noblet et al., 1993, 1994 a,b); it is

also lower when ME is used for fat deposition than
for protein gain (Noblet et al., 1999). Therefore,

for comparing different feeds for their HI or their

efficiencies of utilization of ME (k
g
 or k

m
), it is

necessary to calculate these values under

comparable conditions such as similar feeding level

and/or constant composition of the gain.
It would then be necessary to feed the pigs

different energy levels in order to calculate the

values of HI or k of a given feed. Such
measurements are complex and time-consuming,

so that only one feeding level is usually applied.

The slopes are then calculated by assuming an
estimate of fasting heat production (FHP). The

value of FHP is either directly measured in fasted

pigs or calculated by extrapolating HP as
measured at different energy levels to zero ME

intake or estimated from literature. In positive

energy balance animals, the NE value
corresponding to a given amount of ME intake

is then equivalent to the sum of estimated FHP

and RE. Such an approach means that, in such
animals, the efficiencies of ME for gain and for

maintenance are supposed to be the same for a

given diet or the efficiency that is calculated
corresponds to a combined energy requirement for

maintenance and for growth. It also means that

the NE value of a feed is directly dependent on
the estimate of FHP.

From a practical point of view and in order to

avoid any bias in the calculation of NE for a series
of feeds, it is then highly suggested to carry out

energy balance measurements in comparable pigs

(one sex, one breed and the same body-weight range,
etc.), to keep them in a temperature-controlled

environment (above their critical temperature) and

gas of fermentation (methane, hydrogen) and as

heat (or heat increment). The DE content of a feed
corresponds to its GE content minus energy losses

after digestion in the digestive tract and is obtained

as GE minus energy losses in faeces. Even they
are related to digestion, energy of gas and heat

originating from hindgut fermentation is not

considered in the calculation of DE. The ratio
between DE and GE corresponds to the

digestibility coefficient of energy (DCe). The DE

content is usually measured in pigs kept in
digestibility cages; the amount of faeces over a

minimum of 5 days is either obtained from total

collection or estimated according to undigested
markers included in the feed. The ME content of

a feed is equivalent to the difference between DE

content and energy losses in urine and gases. Most
of the energy lost in gases is due to methane

production. While the energy content of feed,

faeces and urine can be measured with pigs kept in
metabolism crates, the measurement of methane

production necessitates the pig to be housed in a

respiration chamber. Consequently, most ME values
reported in literature and tables ignore energy

losses as methane.

Net energy is defined as ME content minus heat
increment (HI) associated with metabolic

utilization of ME and the energy cost of ingestion

and digestion of the feed; the energy cost
corresponding to a normal level of physical

activity is also included in the heat increment. In

growing or fattening pigs fed above their
maintenance energy requirements, only a fraction

(so-called k
g
) of the additional ME supply (∆ME),

is retained in the body and the other part which
corresponds to HI, is lost as heat. Similarly, below
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to feed them at the same energy level. Under such

circumstances, an erroneous estimate of FHP will

affect the absolute NE value but not the hierarchy
between feeds within a series. Energy retention

can be measured either according to the

comparative slaughter technique (direct
measurement) or calorimetry methods

(measurement of heat production) in which energy

gain is calculated as the difference between ME
intake and heat production. The most commonly

used calorimetry method is indirect calorimetry

which consists in calculating heat production from
oxygen consumption and carbon dioxide

production (Brouwer, 1965).

While measurements of DE value and, to a
smaller extent, of ME value are easy and can be

undertaken on a large number of feeds at a

reasonable cost, measurement of NE is far more
complex and expensive. The principle is then to

carry out a series of NE measurements on different

diets and to combine all results in prediction
equations of feed NE content, the predictors to

consider being available from digestibility

experiments. These predictors must be easily
available, either from feeding tables or at the

laboratory level. According to above

considerations, NE measurements can be
conducted only on balanced diets and the

prediction equations obtained from these

measurements are then applied to any type of feed.
For DE and ME measurements, measurements are

conducted on feeds that can be consumed by the

pigs, which means that some ingredients such as
protein- or fat-rich ingredients cannot be measured

directly. Therefore, they are measured indirectly

and included at reasonable levels in feeds and their
DE value is estimated according to the so-called

difference method or to regression methods.

Measurements of energy values according to
reference methods can be used to establish

prediction equations of DE, ME and, to a less safe

extent, NE contents based on chemical criteria (Le
Goff and Noblet, 2001) or other criteria directly

available on feeds such as NIRS information or in

vitro methods. The in vitro methods that simulate
in vivo digestion (Noblet and Jaguelin-Peyraud,

2007) are probably a more reasonable option than

physical methods
Measurements of energy values of ingredients

conducted on pigs according to reference methods

have been compiled and they represent the bases

of most feeding tables. Several feeding tables have

been published for energy value of pig feeds.
Those published recently by INRA and AFZ

(Sauvant et al., 2004 a,b) are multi-species tables

(pigs, poultry, cattle, sheep, goats, rabbits, horses
and fish) and data concerning chemical

composition of feeds are identical for all species

and representative of ingredients available
nowadays in Europe; forages are not concerned.

The data for nutritional values were mainly derived

from in vivo measurements performed in INRA
laboratories or obtained from the literature. The

concepts that will be described in the next part of

this review have been used for calculation of
energy value of most ingredients available for

preparing pig feeds.

Energy utilization

Digestive utilization
For most pig diets, DCe varies between 70 and

90% but the variation is larger for ingredients (10

to 100%; Sauvant et al., 2004). Most of the
variation of DCe is related to the presence of

dietary fibre (DF) which is less digestible than

other nutrients (<50% vs 80-100% for starch,
sugars, fat or protein) and reduces the apparent

faecal digestibility of other dietary nutrients such

as crude protein and fat (Noblet and Perez, 1993;
Le Goff and Noblet, 2001). Consequently, DCe is

linearly and negatively related to the DF content

of the feed (Le Goff and Noblet, 2001). The
coefficients relating DCe to NDF are such that

NDF or DF essentially dilute the diet. In other

terms, even though DF is partly digested by the
young growing pig, it provides very little DE to

the animal (Noblet and van Milgen, 2004).

Digestibility of energy can be modified by
technological treatments. Pelletting, for instance,

increases the energy digestibility of feeds by about

1% (Skiba et al., 2002). However, for some feeds
(corn, full fat rapeseed), the improvement can be

far more important with subsequent marked DE

differences (up to 100%) between mash and pellet
forms (Skiba et al., 2002; Noblet and Champion,

2003; Noblet, 2006). In that case, pelletting

improves fat digestibility.
Energy digestibility is affected by other factors

than those related to the diet itself. In growing pigs,
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DCe increases with increasing BW (Noblet and

Shi, 1994; Noblet et al., 2003; Noblet, 2006). The

largest effect of BW is observed when adult sows
and growing pigs are compared (Noblet and Shi,

1993; Le Goff and Noblet, 2001). The difference

due to BW increase is most pronounced for high
fibre diets or ingredients. In the case of adult sows

and 60 kg growing pigs, the DE value is 1.8, 4.2,

6.0, 10.3 and 16.6% higher in sows for wheat, corn,
soybean meal, wheat bran and corn gluten feed,

respectively (Sauvant et al., 2004). This

improvement of energy digestibility with BW is
mainly related to an improved digestive utilization

of DF (via a slower rate of passage in the digestive

tract; Le Goff et al., 2002) and the DE difference
between adult sows and growing pigs is

proportional to the amount of indigestible organic

matter as measured in the growing pig (Noblet, 2006).
The effect of feeding level on DCe is negligible even

in adult sows when lactating sows and gestating sows

fed at very different energy supplies are compared
(Noblet, 2006). Little information concerning

comparative digestibility in piglets and growing pigs

is available. Considering that piglets are usually fed
low-fibre diets for which the effect of BW is

minimized, piglets can, from a practical point of view,

be considered as growing pigs with regard to
digestive utilization of energy.

ME:DE ratio
In growing pigs, average energy loss in

methane is equivalent to 0.4% of DE intake

(Noblet et al., 1994). In sows fed at maintenance

level, methane production is 2 to 3 times higher
and may reach up to 3% of DE intake in sows fed

very high fibre diets (Ramonet et al., 2000; Le

Goff et al., 2002; Noblet and Le Goff, 2001). From
the compilation of literature data conducted by Le

Goff et al. (2002) and unpublished data from our

laboratory, Noblet et al. (2004) proposed that
methane energy is equivalent to 0.67 and 1.33 kJ

per g of fermented DF in growing pigs and adult

sows, respectively.
Energy loss in urine represents a variable

percentage of DE since urinary energy depends

greatly on the urinary nitrogen excretion. At a
given stage of production, urinary nitrogen

excretion depends mainly on the (digestible)

protein content of the diet. Consequently, the
ME:DE ratio is linearly related to the dietary

protein content (Noblet and Perez, 1993; Le Goff

and Noblet, 2001). In most situations, the ME:DE

ratio of complete feeds is approximately 0.96.
However, this mean value cannot be applied to

single feed ingredients. The most appropriate

solution is then to estimate urinary energy (kJ/kg
DM intake) from urinary nitrogen (g/kg DM

intake). The following equations have been

proposed:

Urinary energy in pigs =
192 + 31 x Urinary nitrogen

Urinary energy in sows =
217 + 31 x Urinary nitrogen

for growing pigs and adult sows, respectively. For

implementing these equations to feed ingredients,
it can be assumed that urinary nitrogen represents

50% of digestible nitrogen or 40% of total nitrogen

(Noblet et al., 2003).

Metabolic utilization of ME
From measurements conducted on a large set

of diets, Noblet et al. (1994) showed that the
efficiency of ME for net energy in growing pigs

(kg) varied with chemical characteristics (g/kg

DM) according to the following equation:

k
g
 = 74.7 + 0.036 x Ether extract + 0.009

x Starch – 0.023 x Crude Protein
- 0.026 x ADF  (RSD = 1.2)

A comparable equation was proposed for adult

sows fed at their maintenance level (Noblet et al.,
1993). The variations in k are due to differences

in efficiencies of ME utilization between nutrients

with the highest values for fat (~90%) and starch
(~82%) and the lowest (~60%) for DF and crude

protein (Noblet et al., 1994). These values were

confirmed in recent trials (van Milgen et al., 2001).
These differences in efficiencies between nutrients

also mean that heat increment (per unit of energy)

associated with metabolic utilization of energy is
higher for crude protein and DF than for starch or

ether extract. Measurements conducted in pigs

which differed for their BW and the composition
of BW gain suggest that the efficiency of ME for

NE is little affected by the composition of BW

gain, at least under most practical conditions
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(Noblet et al., 1994). Similarly, the ranking

between nutrients for efficiencies is similar in adult

sows fed at maintenance level and in growing pigs.
These results have been confirmed in recent trials

(Noblet, 2006). Finally, the heat increment

associated with protein utilization, either retained
as protein or catabolized, is constant (van Milgen

et al., 2001). This means that the NE value of

dietary CP is not dependent on its final utilization.

Energy systems

similar efficiencies for maintenance and energy

retention. The system used in the Netherlands

(CVB, 1994) has been adapted from the equations
proposed by Schiemann et al. (1972). The system

proposed by Noblet et al. (1994) and applied in

the INRA & AFZ feeding tables (Sauvant et al.,
2004 a,b) is based on a large set of measurements

(61 diets). The NE prediction equations that have

been generated from these measurements are given
in Table 1. They are applicable to ingredients and

compound feeds and at any stage of pig production

(Noblet, 2006). It is important to point out that
different DE values or digestible nutrient contents

should be used in growing-finishing pigs and adult

sows with two subsequent NE values. Reliable
information on digestibility of energy or of

nutrients is then necessary for prediction of NE

content of pig feeds. In fact, this information
represents the most limiting factor for predicting

energy values of pig feeds.

The INRA-AFZ feeding tables provide values
of digestible energy (DE), metabolizable energy

(ME) and net energy (NE), as well as digestibility

coefficients of major nutrients and organic matter
(Sauvant et al., 2004). More details are provided

in other review papers, especially for estimating

the energy value of ingredients whose chemical
characteristics are slightly different from those

listed in the feeding tables (Noblet et al., 2003;

Noblet and Tran, 2004; Noblet, 2006). It must be
stressed that the energy values for energy and

digestibility coefficients have been obtained only

from literature values, thus excluding a copy/paste

of previous feeding tables. The concepts used

originate from studies conducted at INRA over the

last 20 years with two major innovations for pigs:
net energy instead of DE or ME values and energy

value dependent on the pig physiological stage.

For simplification purposes, two stages were
considered: the 50-70 kg growing pig (the data

Table 1 - Equations for prediction of net energy in feeds for growing pigs (NEg; MJ/kg dry matter;
composition as g per kg of dry matter; from Noblet et al., 1994; 2004).

Equationa RSD,%
NEg2a = 0.0113 x DCP + 0.0350 x DEE + 0.0144 x ST + 0.0000 x DCF + 0.0121 x DRes 2.0
NEg2b = 0.0121 x DCP + 0.0350 x DEE + 0.0143 x ST + 0.0119 x SU + 0.0086 x DRes 2.4
NEg4 = 0.703 x DE - 0.0041 x CP + 0.0066 x EE - 0.0041 x CF + 0.0020 x ST 1.7
NEg7 = 0.730 x ME - 0.0028 x CP + 0.0055 x EE - 0.0041 x CF + 0.0015 x ST 1.6
a CF: Crude Fibre, CP: crude protein, EE: ether extract, ST: starch, DCP: digestible CP, DEE: digestible EE, DCF:
digestible CF, DRes: digestible residue (i.e., difference between digestible organic matter and other digestible nutrients
considered in the equation).

DE, ME and NE systems
Apart from direct measurement on pigs, the

DE and ME values of raw materials can be
obtained from feeding tables (NRC, 1998; Sauvant

et al., 2004 a,b). But the utilization of these

tabulated values should be restricted to ingredients
having chemical characteristics similar or close

to those in the tables. As illustrated in the previous

section, DCe is affected by BW of the animals. It
is therefore appropriate to use DE and ME values

adapted to each BW class. However, from a

practical point of view, it is suggested to use only
two values, one for 60 kg pigs which can be applied

to piglets and growing-finishing pigs and one for

adult pigs applicable to both pregnant and lactating
sows. The DE content of compound feeds can be

obtained by adding the DE contributions of

ingredients and assuming no interaction, which is
usually the case. When the actual composition of

the feed is unknown, the possibility is to use

prediction equations based on chemical criteria (Le
Goff and Noblet, 2001) or estimates from near

infrared or in vitro methods (Noblet and Jaguelin-

Peyraud, 2007).
All published NE systems for pigs combine

the utilization of ME for maintenance and for

growth (Just, 1982; Noblet et al., 1994) or for
fattening (Schiemann et al., 1972) by assuming
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can be applied to fast growing animals between

10 to 150 kg live weight) and the adult sow (the

results can be used for both gestation and
lactation).

Comparison of energy systems
From previous observations on energy

utilization in pigs, it is obvious that the hierarchy
between feeds obtained in the DE or ME systems

may differ in the NE system according to their

chemical composition. Since NE represents the
best compromise between the feed energy value

and energy requirement of the animal, the energy

value of protein or fibrous feeds will be
overestimated when expressed on a DE (or ME)

basis. On the other hand, fat or starch sources are

underestimated in a DE system (Noblet et al., 2001;
Sauvant et al., 2004 a,b; Noblet, 2006; Table 2). With

regard to NE for pigs, several systems have been

proposed over the last 40-50 years (Noblet and van
Milgen, 2004; see above). The INRA proposal

(Noblet et al., 1994; 2004) is probably the most

advanced system and it has been validated both by
calorimetry measurements and growth trials (Le

Bellego et al., 2001; Noblet et al., 2001; Le Goff et

al., 2002; Noblet, 2006).

Table 2 - Relative DE, ME and NE values of
ingredients for growing pigsa.

DE ME NE NE/ME,
%

Animal fat 243 252 300 90
Corn 103 105 112 80
Wheat 101 102 106 78
Reference diet 100 100 100 75
Pea 101 100 98 73
Soybean (full-fat) 116 113 108 72
Wheat bran 68 67 63 71
Soybean meal 107 102 82 60
a From Sauvant et al. (2004). Within each system,
values are expressed as percentages of the energy
value of a diet containing 68% wheat, 16% soybean
meal, 2.5% fat, 5% wheat bran, 5% peas and 4%
minerals and vitamins.

system. This is illustrated by several growth trials,

especially conducted with variable dietary fat or

CP levels that show that the energy cost is
independent on diet composition when expressed

on a NE basis. On the other hand, on DE or ME

bases, the energy cost is increased when CP
content is increased or fat content is decreased

(Table 3; Noblet, 2006).

Table 3 - Performance of growing-finishing pigs
according to energy system and diet
characteristicsa.

Energy system DE ME NE
Trial 1: Added fat (%)

0 100 100 100
2 100 100 100
4 99 99 100
6 98 98 100

Trial 2: crude protein content (30-100 kg)
Normal 100 100 100

Low 96 97 100
Trial 3: crude protein content (90-120 kg)

Normal 100 100 100
Low 97 98 100

a Energy requirements (or energy cost of BW gain)
for similar daily BW gain and composition of BW
gain; values are expressed relative to the energy
requirement (or energy cost of BW gain) in the control
treatment (considered as 100; values in bold
characters); from de la Llata et al. (2001), Noblet
(2006) and unpublished data.

As previously mentioned, it is extremely

important to use the same energy system for
expressing the diet energy values and the animal

energy requirements; in addition, energy values

provided by different NE systems cannot be
combined. From that point of view, the only energy

system in which the requirements are the most

independent on the diet characteristics is the NE

Energy requirements

Energy requirements are expressed on different
bases. In ad libitum fed pigs, they consist mainly

in fixing the diet energy density according to

regulation of feed intake (appetite), growth
potential of the pig, climatic factors or economical

considerations. In restrictively fed growing pigs or

in reproductive sows, it is necessary to define feeding
scales according to expected performance or

estimated requirements. In more sophisticated or

more theoretical approaches (factorial approach or
modeling approach), it is necessary to determine the

components of energy requirements (maintenance,

growth, milk production, thermoregulation, etc).
Whatever the level of approach, most trials and

recommendations were conducted according to DE

and ME estimates for feeds and conclusions were
expressed as DE or ME requirements. These

recommendations were obtained with rather
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conventional feeds, i.e. cereals-soybean meal based

diets whose efficiency of ME utilization for NE in

growing pigs was close to 74% (Table 2); this also
means that the NE:DE ratio of such feeds would

be 71%. The proposal is then to estimate the NE

recommendations (diet energy density, daily
energy requirements, components of energy

requirements, etc.) as DE or ME requirements

multiplied by 0.71 or 0.74, respectively. Our
calorimetry studies have shown that absolute

values of efficiencies of ME for NE differed

slightly according to BW or genotype in growing
pigs (Noblet et al., 1994) or were higher for

maintenance fed adult sows than for growing pigs

(Noblet et al., 1993). But that difference was not
dependent on diet characteristics or, in other

words, the magnitude of the difference was

identical for all nutrients (Noblet, 2006). This
means that the above proposal for calculating NE

requirements is applicable at any stage of pig

production, including pregnant or lactating sows
or growing pigs with different growth potential.

Since the most reliable and accurate NE equations

have been obtained in growing pigs, it is proposed
to use these NE equations at all stages of pig

production; requirements are then expressed

according to a growing pig NE value (Noblet,
2006). However, these growing pig NE values

should differ according to pig BW or physiological

stage; in practice, only two NE values should be
used, one for growing pigs including piglets and

one for adult sows, either pregnant or lactating

(INRA & AFZ, 2004).

Conclusion

This review indicates that energy value of pig

feeds can be measured according to different
criteria (DE, ME or NE). The most advanced and

practically applicable energy evaluation system

appears the NE system proposed by Noblet et al.
(1994) for which energy values of most ingredients

used in pig diets are available (Sauvant et al.,

2004). In addition, these authors have proposed
energy values that are different for growing and

adult pigs. This system has been widely used in

considerable variations between ingredients or

compound feeds when either fat or crude protein

contents deviate from values in standard diets.
Even it has not been considered in detail in this

review, the change from DE or ME systems to a

NE system is usually associated with a shift in diet
composition with lower crude protein contents and

slightly higher fat levels. Finally, significant

improvements in prediction of energy value of pig
feeds will come from an improved knowledge of

energy and nutrients digestibility, which depends

on chemical characteristics of the feed,
(bio)technological treatments and animal factors.

Unfortunately, current information is insufficient

to take this systematically into consideration and
it should be a promising area for future research.
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