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Nutritional values for pigs
Jean Noblet, Bernard Séve and Catherine Jondreville
Energy value

Introduction

The estimation of the energy value of feed ingredients for pigs requires several steps. The first
one is the estimation of digestible energy (DE}, calculated as the gross energy multiplied by the
apparent faccal digestibility coefficient for energy (Ed). This coefficient varies according to the
characteristics of the feeds but also with the live weight of the pig Two main physiclogical
statuses were considered: the 30-70 kg growing pig (the data can be applied to fast growing
animali between 10 to 150 kg live weight) and the adult sow {the results can be used for both
gestation and lactation) (Le Goff and Naoblet, 2001). The energy losses in urine are calculated
using the amount of nitrogen excreted in the urine and the losses in the form of gas from
degraded cell walls; the latter energy loss differs between the two physiological statuses used
to estimate DE The metabolisable energy (ME) content is the difference between the DE value
and the energy losses in urine and gas. The net energy (ME) value is estimated using the
equations proposed by Moblet et ol {1994) which can be applied to both the growing pig and
the sow.

Estimation of the digestibility of energy and nutrients

Growing pig

Energy digestibility (Ed) was estimated using prediction equations specific for each feed material,
These equations used one or two chemical characteristics that were variable encugh and able
to discriminate between different feedstuffs. These equations were established using literature
values and unpublished INRA data. However, for the majority of feed materials, thers were not
enough original digestibility values available for a single ingredient, and we had to group the data
from fead materials having similar characteristics, such as botanical origin and anatomical
structure. For example, the data from wheat and its by-products (bran, shorts, middlings, gluten
feed, wheat distillery by-product, etc.) were combined (n = 52) and the Ed was calculated using
cell wall constituents (crude fibre, NDF or ADF) as predictors. This method is illustrated in
Noblet and Le Goff (2000) for wheat and maize products. Similar equations were establishad
for the protein digestibility coefficient (Md). These equations are reported by Meblet et al (2003)
and are available in digital format at www.inapg fridsa/afz/tables/energie_porchom,

However, for several (families of) ingredients given in the tables. there were insufficient or no
data in the literature or the results had been obtained using products that had very similar
compositions {i.e. no variability). It was therefore impossible to establish specific prediction
equations for Ed and Nd based on chemical compesition. We used either the average values
calculated from literature data - if the results were consistent - or, in the case of DE, values
prediceed by the following global equation (Le Goff and Nobler, 2001 and Moblet, unpublished;
n= 77 diets):
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DE = 02247 CP + 03071 EE + 0.1720 Starch + 0.0318 NDF + 0.1632 Residue (RS0 = 0.35)

DE is expressed in M)'kg dry matter; CP (crude protein), EE (ether extract), NDF starch and
Residue are expressed in % dry marer. The Residue corresponds to the difference between
the quantity of organic matter and the sum of the other constituents used in the equation.

For some feed materials, none of the previously described methods could be used so we chose
a likely value. In all cases, Ed or DE content for each feed material were calculated using the
chemical characteristics published in the tables In addition, when several equartions to predice
Ed or Md were obained, the estimate provided by the most precise equation(s) was used.

The faecal digestibility coefficients for starch and sugars are considered to be equal to 100%,
both in the growing pig and the adult sow. There is a paucity of data for faecal digestibility of
fats {EEd) in the licerature and the values found are sometimes incoherent and above all
imprecise for products with less than 5% fat, as are the maority of the feed materials in the
tables. Except for fat sources {oils and fars, see below), we decided to predict the digestible fat
content (EE) from an equation established by Le Goff and Maoblet (20010) using 77 diets. EEd
corresponds o the ratic between DEE and the fat content (x 100). The following eguation was
used:

DEE = 082 EE - 0.02 MDF - 0.7 (RSD = 0.33)

where DEE, EE and NDF are expressed in % dry mateer. This equation gives very low EEd values
{which can even be negative) for products with low levels of fac.

For numerous reasons, there are few reliable data concerning cell wall digestibility in the pig
Therefore, it was not possible to estimate directly the digestibility of this fraction. The indirect
method used was to estimate the faecal digestibility coefficient of organic matter (OMd) or the
content of digestible organic matter (DOM). Firstly, a residue {Res) which corresponds to the
difference betweean organic matter and the sum of crude provein, ether extract, starch and sugars
was caleulated. Secondly, a digestible residue (DRes), equal to the difference between the DOM
content and the sum of DCP DEE, starch and sugars {calculated according to the methods
described abowe) was also calculated. The components Fes and DRes are theoretically equivalent
to respectively the cell walls and the digestible cell walis. However, the values are calculated by
difference and not measured directly, OMd was estimated using the following equation {Moblet,
personal communication, n = 270 diets):

OMd = 7.0 + 0.955 Ed - 0.05 DCP - 0.03 DEE (RSD = 0.4)
The following equation has the same precision as the previous one:
OMd =79 + 0915 Ed + 0.031 (Starch + Sugars) (RSD = 0.4)

OMd and Ed are expressed in %; DCP DEE, starch and sugars are expressed in % of dry matter.
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For all feed materials with high fat content (cils and fats), the EEd, Ed and OMd were assumed
to be 85%, both in the growing pig and the adult sow. This value is the same as the average of
the literature values and does not take into account the potential (but unlikely) differences in
digestibility associated with the degree of fatty acid unsaturation. However, it cannot be used
for products rich in free fatty acids (e.g acid oils) for which the EEd {and the Ed) are much lower.
Finally, the Ed of synthetic amine acids was fixed at 100% and the DE value was therefore
considered to be the same as the gross energy concentration of the pure amino acid,

Adult sow

It is stated in the literature that energy digestibility is higher for adule sows than for growing
pigs. This effect depends on the quantity and botanical arigin of cell walls and it clearty justifies
the choice of two distincr energy values for feedstuffs {Le Goff and Neoblet, 2001). However,
due to a shortage of literature data, energy digestibility for the sow cannot be estimated by
regression, unlike the growing pig In addition, the few data available do not necessarly
correspond with the feed materials defined in the tables. The approach described by Le Goff
and Moblet (2001) in which the DE content for the sow is estimated using the DE content
measured or estimated in the growing pig was possible for some families of feed materials
{wheat, maize and soybean; Noblet and Le Goff, 2000 and Le Goff and Mablet, 2001}, However,
such equations were not available for all the feed materials in the tables. In addition, there was
a risle that a bias would be introduced if the same equation were used for all feed raterials,

A fur ther analysis of the data used in the publication of Le Goff and Moblet {2001) shows that
the diflerence in DE content between the sow and the growing pig is directly proportional o
the level of indigestible organic matter in the growing pig. In their study, concerning 77 diets,
an increase in the DE concentration per g of indigestible erganic matter in the Erawing pig
(DEdiff) was on average 4.2 k| per g, This extra 4.2 kf of DE is associated with an additional supply
of 0.195 g of DOM, made up of 0.058 g DCP and 0.137 g DRes. However. 2 comparison of
digestibility measurements in the sow and growing pig shows that the DEdiff varies according
to the (families of) feed ingredients {Moblet et o, personal communication), For example, DEdiff
is 2.9 i) for wheat products compared to 7.5 and 8.0 k] for soybean and maize products,
respectively. The data obtained by INRA for about 50 feed materials {Moblet et al,, unpublished)
made possible the estimation of DEdiff for all the products in the tables (values vary between
0 to B.4). I has also allowed the calculation of the differences in DE, DOM, DCP and DRes
contents berween the adult sow and the growing pig using the level of indigestible organic matter
in the growing pig (as has been previously defined). It was assumed that the amount of DOM
per k| (0.047 g/kj) and the repartition of the surplus DOM between DCP and DRes were
constant whatever the value of DEdiff The levels of DE, DOM, DCP and DRes in the adult sew
were then abtained by adding the calculated differences to the levels of DE, DOM, DCP and
DRes estimated in the growing pig It was assumed that the digestibility coefficients for fat, starch
and sugars are identical for the growing pig and the adult sow,

Estimation of ME content
As indicated in the intraduction, the energy losses in urine {Euri) and in fermentation Bases

(methane; Egas) were taken into account in the calculation of the ME content of feed materials.
An analysis of the data obtained in 50-70 kg growing pigs and in the adult sow (n = &10; Noblet,
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persanal eemmunication) showed that Euri (M)/kg ingested dry matter) depends on the quanticy
of nitrogen measured in the urine (Nuri: g/kg of ingested dry matter). The prediction equations
are:

Growing plgz  Euri = 0.19 + 0,031 Nuri (RSD = 0.05)
Adult sow: Euri = 0.22 + 0.031 Nuri (R5D = 0.05)

The quantity of nitrogen excreted in urine is directly proportional to the difference between
the daily supply and the capacity of the pig to fix nitregen in the form of protein. We can assume
that for most stages of pig preduction, when the protein supply hvas a correct amino acid balance
and meets the animal’s requirements, close to 50% of digestible nitrogen is fixed or the quantity
of nitrogen found in the urine represents 50% of digestible nitrogen. This assumption was applied
to each feed material and for the level of DCP (M x 6.25) estimated according to the methods
described above.

The quantity of energy lost in the form of gas (Egas) was calculated using the quantity af
fermented cell walls. This was considered to be equal to the DRes value obrained in the nutrient
digestibility method. The compilation of data obtained in respiration chambers (Le Gaoff, 2001)
allows the estimation of Egas: 0.67 and 1.34 k) per g of DRes in the growing pig and the adult
sow, respectively,

For feed materials containing neither cell walls nor crude protein (oils and fats), this method
produces a ME value which is very close to that of DEas observed in animal experiments, The
synthetic amino acids generally represent a limiting factor for nitrogen retention and it can be
supposed that the retention coefficient for the nitrogen supplied by these aming acids is higher
than that for total nitrogen. We have estimated it to be 65% when ealculating their ME values.

Estimation of HE content

The ME content of feedstufis has been estimated using equations established by Moblet et al
{1994) with 61 diets. Three equations were preferentially used:

MNE2 = 0.121 DCP + 0.350 DEE + 0.143 Starch + 0.1 19 Sugars + 0.086 DRes (R3D = 0.13]
ME4 = 0.703 DE + 0.066 EE + 0.020 Starch - 0.04] CP - 0.041 CF (RSD = 0.18)
MNE7 = 0.730 ME + 0.055 EE + 0.015 Starch - 0.028 CP - 0.04]1 CF (RSD = 0.17)

MNE. MF and DE are expressed in M)ikg dry matter, The chemical constituents are expressed
in % dry matter.

Equation ME2 is actually a variant of the equation NE2 preposed by Moblet et al. (1994), as the
“Wveende" analysis was not used here 1o define the values of digestible elements. In practice,
the ME value given in the tables is the average of the three NE values obtained using the above
equations and applied to the feed materials for which the chemical characteristics are given in
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the tables. The values of digestible nutrients or DE or ME were obrained using the metheds
described above. For sources of fat {oils and fats) and feed materials that contain practically only
starch (maize starch), equation NE2Z was used to calculate the NE value. In the case of synthetic
amino acids, it was assumed that the efficiency of ME use was 85% for the fraction fixed in body
protein (65% of DE) and 60% for the fraction which was deaminated (35% of DE).

Conclusion

The approach proposed for the calculation of the energy values of feedstuffs for pigs generates
six energy values appropriate to the physiclogical status of the animal - growing plg and adule
sow - according to three different systems (DE, ME and NE)

The NE system should be preferred, because it results in the estimation of an energy value which
is the closest to the “true” value and thus allows the formulator to diferentiate more precisely
between feed materials when calculating diets, Finally, it should be noted that the NE value of
a feedstuff is highly dependent on its DE and ME values, which are themselves dependent on
the chemical characteristics of the feed, the animal that consumes the feedstuff and the
technology used (milling, granulation etc..) to produce the diet. The values given in the tables
are principally for ground feeds, rapeseeds being the sole exception: the table values are given
for pelleted rapeseed as the non-pefleted form has a very low digestibility. In general, pelleting
improves energy and nutrient digestibilities. However, literature data are insufficient to
propose, for all the materials used in pig feeding, energy values that mke inte account the
different types of processing, in particular pelleting,

Mutritional value of proteins and ileal digestibility of amino acids

The nutritional availability of amino acids (AA) can be estimated by measuring their digestibility
at the end of the small intestine, or ileum. Indeed, in the large intestine, microorganisms can
metabolise some undigested amine aclds, which prevents them from appearing in the faeces,
Therefore “ileal” digestibility is used, The data fer apparent and standardised ileal digestibilicy
given in the tables are derived from experiments started in the early 1980's by Adissec, by |TCF
(with the help of Ajinomoto Eurclysine) and by INRA (Rennes). These data were collated
between 1996 and 1999 and published as a CD-ROM (AFZ et ol., 2000).

lleal digestibility can be determined in pigs fitted with an iieal cannulz, after measuring the
concentrations of an indigestible marker, or in pigs with an ilec-rectal anastomosis (IRA), after
collecting the totality of the ileal output. The data presented in the tables were obtained using
the termino-terminal ilec-rectal anastomosis technique, validated by Laplace et af, {1994), where
the large intestine is completely isolated. The way in which ileal digestibality is expressed depends
on how the endogenous losses have Been taken into account in the caleulations (Séve, |994),
Both “apparent” and “standardised” digestibilities are given in the tables.

Apparent digestibility

Apparent digestibility ignores the endogenous or exogenous origin of the undigested nitrogen
(M) or AA. The quantities of undigested N or AA are considered proportional to the quantity
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of dry matter ingested for the feed material being studied, If the diet used for the measurements
contains other ingredients, it is necessary to estimate the quantities of undigested N or AA
generated by the dry matter of these ingredients. The quantities of undigestible N or AA
effectively associated with the tested feed material can be calculated “by difference”. This applies
when the material under test is substituted into a basal diet, which can contain protein or be
protein-free, and the apparent digestibility can then be estimated as if the diet was only
composed of the source of proteins being tested.

Therefore, in the case of protein-rich feed materials diluted with protein-free ingredients (starch,
sugar, vegetable oil etc..) so that they are the only source of protein in the diet, the contribution
of these ingredients to the indigestible fraction needs to be subtracted from the apparent
undigestible value. Without this correction. the quantities of N or AA that are apparently
digested for protein-rich feed materials are underestimated. In addition, the values are not
additive for feed materials having a protein content low enough to make dilution unnecessary.
Mast of the values for apparent digestibility published to date and measured in this way are not
corrected and are therefore not additive.

Standardised digestibility

The concept of biclogical value proposed by H. H. Mitchell in the 1920' distinguished between
hitrogen losses due to dietary proteins from endogenous losses due to maintenance
requirements, |t is now known that these endogenous losses can vary depending on the
composition of the protein source. This is why it is necessary to consider separately the basal
andogenous losses. These basal losses are independent of the compaosition of the feedstuff being
studied and are not proportional to the guantity of protein ingested. However, they can be
proportional to the total quantity of dry matter ingested (figure 3)

Icteal flow of aming acid [l

2577 B Basal endogencus losses
w0 Truly indigastibie

o 2 4 & B 10
Ingested amng acid {gid}

Figure 3. Effect of the quantity of ingested amino acid on the ileal flow of amino acids, at a
constant level of dry matter intake.



Nutritional volues for pigs m

By subtracting these losses from the measured indigestible fraction, the true digestibilicy, as
defined by H.H. Mizchell, can be calculated. It is independent of the metabolic leve! of the animal,
In the case of measurements performed by diluting a protein source with protein-free
ingredients, it is possible to calculate, from a variable apparent digestibility. a true digestibility
independent of the level of the feedstuff in the diet (figure 4),

Digestibilty (%)

100 ) W Apoarem digastibiliy
B True digasiibility

ingastad aming acid (gid)

Figure 4. Effect of the quantity of ingested amino acid on apparent digestibility, at a constant
level of dry matter intake,

Furuya and Kaji (1991) have shown that, contrary to the values of apparently digestible AA (not
corrected), the values of “truly” digestible A4 are additive. This is explained by the fact chat, as
is the case for the quantities of “truly” undigestible AA, they are strictly proportional to the
protein content of the feed material being studied. To aveid confusion with the concept of “real”
digestibility, it Is now preferable to use the term "standardised digestibiliy”

The standardised ileal digestibility values (SID) depend on the estimation of basal ep dogenous
losses of N or of each AA_If the animals do not receive the diet for a lomg period, the use of a
arocein-free diet is the most appropriate method to measure these losses, It has been shown
‘hat the basal endogenous losses, when measured using protein-free diets of similar composition
Stve et ol, 2000}, depend on the laboratory where they were measured.

—alculations

Fhe tables provide the averages of measurements taken at three different sites. Each feed
naterial was usually the only protein source in the diet For each individual value of brue
ligestibility, the apparent ileal digestibilities of the diet (AID in %) were estimated by using the
asal endogenous losses characteristic of each site (FrdnhPIMI 1 avnrascad ie allie of inend
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Table |. Basal endogencus losses (gfkg ingested dry matter) in the three laboratories that
produced the digestibility data used in the tables.

Laboratory A B c

Crude protein 8.66 1.22 9.67
LYS 029 Q.24 0.4
THR 033 0.27 0.39
MET Q.08 0.05 0.13
CYs Q.14 a.nl 0.7
TRP 0.09 0.09 0.7
ILE Q.24 018 0.33
WL 0.34 0.25 0.48
LEU 0.45 0.30 0.53
PHE Q.30 019 0.33
TYR 0.25 0.4 028
His 0.l& 010 0.13
ARG 0.27 022 0.35
ALA 0.32 028 0.50
ASP 0.54 041 072
GLU 078 0.52 0.92
Gy 0.3%9 0.47 0.45
SER 0.35% 0.25 0.38
FPRC 0.54 D 0.52

M = not determined

dry maccer (table |) and the AA content of the diet (AADIetDM), expressed in % of dry matter,
The following equation was used:

SID = AID + (EndebDMI = |WAADetDM) equation |

The protein-free ingredients used to dilute the feed materals were similar to those used to
estimate basal endogenous losses, The corrected AID walues given in the tables were
caloulaved using the 510 and A& content of the feed material (AAFMDM, in % of dry maccer)

using:
Corrected AID = SID - (EndobDMI__ = 10/AAFMDM) equation 2

This corresponds to the following relationship between the corrected apparently digestible A&
content (Corrected AIDC) and the standardised digestible A& content (SIDC), both expressed
per kg dry matter of the feed material:

Corrected AIDC = 31D - EndobDM| eguation 3
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Use of the data in formulation

The basal endogenous losses are independent of the nature of the constituents of the feed
materials. They represent an expense of bady nitrogen that must be covered by the diet The
standardised supply of digestible amino acids allows this requirement to be taken in account
In contrast, the corrected apparent undigestible component of the feed material simply includes
the basal loss without any differentiation from the feed protein loss, Therefore, the requirement
expressed in standardised digestible AA must exceed the requirement expressed in corrected
apparent digestible AA, of a value at least equal to the basal endogenous loss. There are three
conditions for the least cost formulation to lead to the same result whatever the mode of
expression, |) the correction of the apparent digestibility (see above), 2) the hypothesis of
proportionality between basal endogenous losses and ingested dry matter, 3) the assumption
that the requirement for net synthesis of the basal loss is not higher than the loss itself, meaning
100 % efficiency of digestible AA for their incorporation into endogencus protein, ie., zerc
metabaolic cost for this protein.

Standardised digestibility system or apparent digestibility system?

As long as basal endogenous losses can be considered to be strictly proportional to ingested
dry matter for all feed materials, they can be integrated into the total losses aceributable to the
dry matter of the feed material, This means that the digestible AA contents, be it corrected
apparent or standardised, can be used indifferently and carnverted from one 1o the ather with
equation 3. However, some factors related to animal feeding behaviour, physiclogical
characteristics (live weight, age etc...) (Hess and Séve, 1999) and environment {Séve et al, 2000),
can significantly modify this proportionality and introduce a bias in the estimation of apparent
digestibility. In addition, within the standardised digestibilicy system, it is possible to take into
account the metabolic cost of the basal endogenous loss, which is impossible within the apparent
digestibility system. Therefore, the use of the concept of standardised digestibilicy appears to
be more pertinent than that of apparent digestibilicy.

Phosphorus digestibility

The principle used for the calculation of the “phasphorus value™ of a feed material is its digestible
phosphorus concentration. It is calculated by multplying the total phosphorus concentration
by the apparent faecal digestibility coefficient of phasphorus. The digestibility coefficients were
obtained in most cases from published or unpublished results produced over the last ten years
by Arvalis - Institut du Végétal (formerly ITCF Institut Technique des Céréales et des
Fourrages) using pigs weighing approximately 45 kg (Barrier-Guillat et of, 1996; Chauvel et al,
1997, Skiba et ol, 2000). We have also used additional datz from the literature based on the same
concept (jongbloed et ol, 1993; Jongbloed et al, /' $99). In some cases, due to the lack of recent
reliable references, the digestibility coefficient can be absent from the tables.

In some feed materials, the presence of endogenous phytase causes a problem concerning the
additive nature of digestible phosphorus values calculated in this wiy. The endogencus phytase
found in a feed matenal can increase not only the digestibility of its phytate phosphorus but also
the digestibility of the phytate phosphorus found in the other diet ingredients. This is why two
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vaiues for apparent faecal digestibliity are given for feed materials with a significant endogenous
phytase activity (wheat and ies by-products, rye, barley and triticale). The first value (Pd)
corresponds to the feed material when phytase has been denatured, e.g by heating. The second
value (Fy, d), which is higher, corresponds to the same feed material in cases where it is
processed in a way that does not affect phytase activity, milling for instance Only the first value
allows the calculation of additive digestible phosphorus concentrations; the second value only
gives an indication of phosphorus digestibilicy.

Twa steps are therefore necessary in order to estimate the concentration of apparent digestible
phasphorus in a diet In the firse step,apparent digestible phosphorus is estimated in a diet made
up of feed materials where the phytase has been denatured, This is done by multiplying the
phospharus content of each feed material by its apparent faecal digestibility. The second step
is to take into account the phytase activity of the diet by adding to the previously caleulaced
value an estimation of the quantity of apparent digestible phosphorus released by the phytaze
present in the diet The second step is problematic for several reasons. Firstly, the phytase activity
in a given feed material is variable Secondly, the phytase present in a diet is sensitive to any
technological treatments it has undergone. Finally, in the case of plant phytase, the estimation
of a relationship between phytase activity and the level of apparent digestible phosphorus
remains difficuit in the light of present knowledge.
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