











> Taking account of the energy sparing effect of low protein diets

When low protein diets are implemented, a part of the
protein is replaced by starch or lipid resulting in higher NE
contents (Figure 13). If these diets are optimized using
the ME rather than the NE system, the final feed will
underestimate the utilisable energy content.

This underestimate of the utilisable energy in low-CP
feeds has an impact on performance and carcass adi-
posity. Figure 14 presents the effect on carcass fatness
of a protein reduction in diets formulated using either ME
or NE measured in independent trials.

Using the ME system
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Figure 13: Effect of the substitution of 1 g of protein
by 1 g of starch or lipid on the net energy content (Noblet,
1996; Le Bellego et al., 20017).
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Figure 14: Effect of dietary crude protein (CP) reduction on carcass adiposity (% of the level on the high CP diet) measured in pigs

given feeds formulated using the ME or NE system.

When feeds were formulated using the ME system, as dietary CP decreased, the carcass fatness increased up

to 115% of the control treatments.

When the diets were formulated using the NE system, the decrease in CP did not affect carcass fatness. The
2.5% variability was either not significant or was attributed by the authors to small deficiencies in some of the EAA.

The explanation lies in the better utilization of energy in low protein diets. When dietary protein is reduced, urea excretion in
urine and the metabolism associated with urea synthesis both decrease. As a result, there is a reduction in energy excretion
in urine (-3.5 KJ/g of protein) and in heat loss (-7 KJ/g of protein) as calculated by Le Bellego et al. (2001). When a formulation
is based on ME, the large decrease in heat loss is not taken into account. This leads to a surplus of retained energy which is
deposited as fat in the carcass. Only the net energy system takes account of this energy-sparing effect of low protein diets.
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> The Net Energy system predicts performance more accurately

Experiments using feed with a constant dietary Lys/NE ratio but varying levels of NE, have demonstrated that pigs regulate
their feed intake based on its NE content (Le Bellego et al., 2001, in AEL Bulletin 24) and maintain their performance.

Recently, Quiniou and Noblet (2011) tested the effect of a wide range of dietary NE levels on pigs’ performance. In the
tested diets, the Lys/NE concentrations were kept the same (0.90% SID Lys/NE). Animals were individually penned and
had ad libitum access to the feed.

The results are presented in Figure 15 and are expressed as a percentage of the performance obtained with the diet

containing10.5 MJ NE/kg. Due to increasing carcass yield with dietary energy content, to make the data comparable,
performance were adjusted by the authors by using carcass parameters as covariable.

% of the results obtained with the 10.5 NE MJ/kg feed
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Figure 15: Effect of dietary net energy on pig performance, using a constant SID Lys/NE ratio (Quiniou and Noblet, 2071).

When dietary NE increases, feed intake decreases but ingested NE and ADG remain constant unless the NE
concentration is so low that pigs cannot consume enough feed to compensate for the reduction in energy density.

A pig is able to regulate its feed intake according to the NE supply with feeds between 8.7 to 10.5 MJ NE/kg.
According to the authors, below 8.7 MJ/kg animals’ ability to respond to decreases in the NE content of their
feed is limited by their intake capacity.

The FCR values based on DE or NE ingestion are presented in Table 9. It appears that the FCR based on NE remains
constant, while the FCR based on DE is linearly decreased. But this decrease is related to the increasing proportion of NE
in the highest DE feeds and confirms that the animals regulated their intake according to the NE provided by the feed and
not the DE. This trial indicates superiority of the NE system over the DE system for predicting pig performance.

Treatments 1 2 3 4 5 6

Dietary DE content (MJ/kg) 1.5 12.2 13 13.7 14.4 151

Dietary NE content (MJ/kg) 8.1 8.7 9.3 9.9 10.5 11.1

Calculated NE/DE 0.70 0.71 0.72 0.72 0.73 0.74

SID Lys/ NE (g/MJ) 0.90 0.90 0.90 0.90 0.90 0.90

FCR MJ DE/kg weight gain 36.2a 35.2ab 36a 33.9b 33.6ab 34.2ab Linear effect, p<0.05
FCR MJ NE/kg weight gain 25.8 25.1 25.9 24.6 24.6 25.2 ns

Table 9: Effect of dietary energy content (digestible or net) on the energy feed conversion ratio (FCR) of pigs (Quiniou and Noblet, 2011).
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> The Net Energy system gives flexibility and reduces formulation costs

The use of the NE system instead of
the DE or ME systems changes the
nutritional ranking of ingredients as
illustrated in Figure 16.

Compared to the NE system,
the ME and DE systems over-
estimate the utilisable energy
in protein and fibrous feeds
while fat and starch sources
are underestimated.

In the ME system, soybean
meal and wheat have almost
the same energy value but in
the NE system, cereals are
more valuable than protein
feedstuffs.
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Figure 16: Relative metabolizable and net energy values of ingredients for growing
pigs. Within each system, values are expressed as percentages of the energy
values of a pig grower feed of 12.8 MJ/kg of ME or 9.7 MJ/kg of NE (Low protein
feed in Quinou et al., 2011).

To estimate the impact of the energy system used in the feed formulation, a growing pig feed was optimized using either
the ME or NE system, with no minimum or maximum on dietary protein, but with the same minimum levels of EAA in all
formulations. Lysine was 0.90% SID and other EAA were set using the ideal AA profile presented in Table 8. The diet was
optimized with either 13.5 MJ/kg of ME or 10 MJ/kg of NE (NE/ME = 74%, Noblet et al. 1994).
In addition, different prices of soybean meal were used (from 260 to 370 €/T), while the cereal price was kept constant
(wheat at 230 €/T), the resulting spread between SBM and Wheat varies from 30 to 140 €/T. The results are presented in
Figures 17 (CP levels), 18 (AA levels) and 19 (changes in the cost of the feed).

Formulating using the ME
system resulted in the highest
dietary protein levels while for-
mulating with the NE system
allowed the dietary CP to be
reduced by 1.5 points in this
example.

= FOrmulation using the ME system

) N
Dietary Crude Protein (%) Formulation using the NE system
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Figure 17: Effect of the energy system (ME or NE) on the level of dietary protein
in pig grower feed optimized at different prices of soybean meal (wheat kept at
230 €/7).
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The ME system led to an
excessive supply of AA in
comparison to their require-
ment which would lead to 130
increased nitrogen excretion.
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Figure 18: Effect of the energy system (ME or NE) on the dietary amino acid
content relative to their requirement (dietary crude protein is 17% with ME and

15.4% with NE).

The cost of the diet and the effect of increases in the
SBM price are much lower when formulating with
the NE system.

Due to the high ME value of protein feedstuffs, the ME sys-
tem leads to formulations with a high protein content. When
nutritionists apply a maximum constraint to CP in formulations
(because of environmental concerns for instance), the ME
system leads to formulations that push against this constraint
but this is not the case with the NE system. This is one reason
why the NE system gives much more flexibility in formulations
and allows cost-savings.
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Figure 19: Effect of the energy system (ME or NE) on the
cost of the feed at different prices of soybean meal
(Wheat kept at 230 €/T7).

v The Net Energy system is the only one that takes account of the lower efficiency

of energy utilisation of dietary protein.

v The Net Energy system is the best predictor of pig performance (growth and

carcass parameters).

N

The ranking of feedstuffs is different between the NE and ME systems.

¢/ The Net Energy system gives more flexibility in formulations and leads to

reductions in dietary costs.

v The Net Energy system facilitates the formulation of low protein diets.
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Reducing the amount of soybean meal
and using local feedstuffs

The implementation of reduced protein diets combined with the use of feed-grade AA provides
a way to take advantage of locally produced feedstuffs such as cereals and protein sources
other than soybean meal (SBM). In theory, it should be possible to formulate diets for pigs
without using SBM. With correct supplementation of AA, rapeseed meal (RSM) appears to be
a good candidate.

Rapeseed meal is becoming more commonly used in pig diets with the increasing availability
of this co-product generated by the biofuel industry. The nutritional characteristics of RSM are
well known and genetic selection has largely removed its antinutritional factors. Incorporation
of RSM in pig diets at levels up to 18% have been successfully tested (Maupertuis et al., 2011).

Use of RSM and the decrease of dietary CP that is achievable has been recently studied by
Quiniou et al. (2011) in 144 pigs (27 to 110 kg LW, ad libitum feeding). Increasing amounts of
RSM were tested in 3 treatments (Table 10). This was achieved at the expense of SBM and
feed-grade AA were added to maintain the correct balance of EAA. In this trial, soybean meal
was completely excluded from the diets in the finishing period. All the formulations contained
the same level of Net Energy. The dietary CP was reduced from 16% to 14.5% in the grower
phase and from 15% to 13% in the finisher phase. Performance data (gain and feed intake)
were collected every 2 to 3 weeks and it was therefore possible to use the InraPorc® software
to estimate the nitrogen output per pig. The results are presented in Table 11.

Growing diets Finishing diets

Treatments 1 2 3 1 2 3
Barley (%) 52 26 28 63 30 47
Wheat (%) 29 56 65 20 54 40
Soybean meal (%) 16 5 3 14 - -
Rapeseed meal (%) - 9.5 10.3 - 13.2 10.4
Rapeseed oil (%) 0.5 0.5 0.5 0.5 0.5 0.5
L-Lysine (%) 0.27 0.45 0.50 0.19 0.41 0.45
L-Threonine (%) 0.08 0.14 0.16 0.05 0.10 0.13
DL-Methionine (%) 0.04 0.04 0.04 0.02 0.02 0.03
L-Tryptophan (%) - 0.02 0.03 - 0.02 0.02
L-Valine (%) - - 0.03 - - 0.038
Net energy, MJ/kg 9.7 9.7 9.7 9.7 9.7 9.7
Crude protein (%) 16.0 15.0 14.5 15.0 14.0 13.0
SID Lys (%) 0.83 0.83 0.83 0.73 0.73 0.73
SID Thr:Lys (%) 65 66 66 66 65 65
SID M+C:Lys (%) 62 65 64 62 71 66
SID Trp:Lys (%) 20 20 21 21 22 20
SID Val:Lys (%) 78 70 70 84 74 73
SID lle:Lys (%) 67 68 55 71 59 54
SID Leu:Lys (%) 116 105 100 125 110 101
SID His:Lys (%) 40 37 35 43 39 35

Table 10: Composition of the grower and finisher diets used in Quiniou et al. (2011).
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Treatments 1 2 3 Treatment effect

ADG, g/d 801 801 818 ns
FCR 2.94 2.97 2.87 ns
Lean content, % 61.3 60.9 61.8 ns

Nitrogen utilization

6.06 (100%) 5.65 (93%) 5.40 (89%) =
4.03 (100%) 3.63 (90%) 3.37 (84%) -

Table 11: Effect of decreasing levels of dietary crude protein in pig feeds and substitution of soybean meal
by rapeseed meal (Quiniou et al., 20117).

- Growth rates were the same across all treatments, with no detrimental effect from the
crude protein reduction.

- Carcass parameters were not affected by the decrease in crude protein.

- On average, the reduction of crude protein by 1 percentage point decreased nitrogen
excretion by 10% (treatments 1 vs 2 and 3).

- Use of RSM and the elimination of SBM in the finisher period had no detrimental effect
on performance.

This trial illustrates the possibility to take advantage of local feedstuffs such as RSM. Other raw
materials can be also of interest like Sunflower Meal or Peas.
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2.2 Determining the limiting amino acid in pig grower diets

The “limiting” AA in a diet determines the extent to which the dietary CP level can be reduced. The protein level is determined
by both the AA specification set for the diet and by the available ingredients. In a practical formulation, the availability of
feed-grade AA also determines the level of reduction of dietary crude protein.

Therefore, the so called next limiting AA can be different depending of the local situation. However, a study can be done
to determine the global trend and to reveal which AA must be controlled and particularly focused.

> A theoretical approach: Ranking the limiting AA

In order to assess the ranking of limiting AA under typical European conditions, a grower diet was formulated based on
French (IFIP) recommendations (0.85% SID Lys and 9.5 NE, MJ/kg), using the ideal AA profile presented in Table 8, page 17.
The feeds contained fixed amounts of corn (10%) and rapeseed meal (12%). By progressive substitution of soybean meal
by wheat and feed-grade AA, it was possible to determine the extent of protein reduction and the order in which the EAA
became limiting. The outcome of this exercise is presented in Figure 20.

Crude Protein level (%)
22

20.4
20 +L-Lys
18.9

18 +L-Thr
17.0
+L-Trp
16 15.6 +DL-Met

L-Val
14.9 rova

14.5 14.3
14 13.7

12

10

Lys Thr Trp M+C Val lle Leu His

Figure 20: Changes in the dietary crude protein (CP) level in a standard European grower pig diet when
soybean meal is gradually replaced by wheat. Ranking of limiting amino acids (from left to right) and
lowest CP achievable without supplementation with the corresponding AA.

In this example, Trp was a limiting AA after Lys and Thr.

Without L-Trp supplementation, it was not possible to decrease CP below 17%.
The use of all the available feed-grade AA allowed protein to fall to 14.5%.

The BCAA became colimiting when protein was further reduced.

> A practical approach: The next limiting AA in pig diets (feed survey)

A survey was conducted in 2008 by AJINOMOTO EUROLYSINE s.A.s. on commercial early-grower/grower feeds (145
samples collected in 15 countries throughout Europe). The crude protein content was analysed using nitrogen determination
by Dumas, and the total AA were determined by ion exchange chromatography (AEL Bulletin 32). In Figure 21, the total
Trp content (% of Lys) has been plotted against the total Lys/CP ratio. When this ratio increases, Lys is more concentrated
in the crude protein and reflects a strategy of protein reduction.
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Figure 21: Total Trp:Lys levels in growing pigs diets (early grower and grower). Source: AJINOMOTO
EUROLYSINE s.A.s. feed survey 2008.

When Total Lys/CP increases, the Total Trp:Lys decreases.

33% of the samples were deficient in Trp (i.e. below 21% total Trp:Lys which corresponds to a requirement of
20% SID Trp:Lys).

67% of the samples were above the Trp requirement, meaning that in these samples a further dietary CP reduc-
tion would be possible and a better balance of EAA could be achieved.

In Figure 22, information is given about the other EAA in these

samples. For each AA, the dietary AA content was calculated Trp _
as a percentage of their requirement for the growing pig; Val — 11
100% corresponds to the requirement (Table 8, p 17). lle -
Leu - 11
The median value for Trp was 102% and more than His (-
110% for the other AA P+T T3
Tryptophan was the most limiting AA in these diets, 80 90 100 110 120 130 140 150 160
before the BCAA group. For each AA, % of its requirement

Figure 22: Total EAA dietary content in growing pigs diets.
AJINOMOTO EUROLYSINE s.A.s. feed survey 2008. For each
AA, the dietary AA content was calculated as a percentage of
its requirement for the growing pig; 100% corresponds to the
requirement. In a box, the vertical line corresponds to the
median.

v A substantial reduction in the CP content in grower pig diets is possible
due to the commercial availability of feed-grade AA (from 17.0% to 14.5% in this
example).

v Tryptophan is limiting before the BCAA group in grower pig diets. The use

of L-Tryptophan is necessary to achieve a dietary CP reduction with the minimum
constraint of 20% SID Trp:Lys.
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2.3 Formulating without a minimum constraint
on dietary crude protein

Taking account of the use of the energy of nutrients, and knowing the EAA requirements and the response to the supply
of the most limiting AA in a diet, are a prerequisite for a formulation based on each EAA. The advances made in animal
nutrition provide all the tools to implement this method. The decision to be made on the level of EAA (ideal AA profile)
must be done based on the scientific knowledge of the requirement and its practical consequence. These objectives are
integrated into the ideal AA profile proposed by AJUJINOMOTO EUROLYSINE s.A.S. presented in Table 8 (page 17) which
will be also validated in the following section.

The energy system, the availability of feed-used amino acids and the family of feedstuffs used in a factory determine the
reduction of dietary CP which is achievable. In grower pig diets, it appears that the L-Tryptophan is a very effective lever
for this reduction because of the level of the Trp requirement when compared to the Trp content in feedstuffs, and because
of the associated animal response to this nutrient. With the availability of 5 feed grade AA, implementing the formulation
on each EAA has never been more relevant and beside its effect on the environment, it helps to reduce feed cost.

» Diets with very low CP contents do not depress performance

A review of trials testing dietary CP reduction is presented in Table 12. In all these trials, the diets were formulated on the
NE system, using digestible AA, and the digestible Lys was adjusted to the NE content. To homogenize the data and get
the complete AA profile, all the diets were re-evaluated using the EvaPig® software (Table 14, final flap).

In some trials (Bourdon et al., 1995 and Jondreville et al., 1995) some of the EAA like Val and Leu were below recom-
mended levels which explains why some of the performance criteria were affected.

o " . Crude Protein L Effect of CP
Weight Feeding SID Lys/MJ NE | Dietary NE levels tested Limiting factors ey
Dourmad et al. b o 17.6vs 16.0vs
(1993) 29 to 108 kg ad libitum 0.73% 9.9 MJ/kg 125 no ns
. AA deficiencies .
‘(’1‘;';‘,’5;""""* etal | 40101 kg | adibitum 0.90% 10.0 MJ/kg 16.4vs13.8 | (Thr &Val 57%, Leu ini?eZslz g
90% of SID Lys)
restricted / AA deficiencies in Adiposity is
Bourdon et al. ) o 17.0vs 16.0 > the last treatment increased
(1995) Exp. 1 8010 100kg m%gz::]ase 0.74% 22MINE/day | 455 41 (Val 58% & Leu | in the last
9 93% of SID Lys) | treatment
restricted /
Bourdon et al. 3 o 17.0vs 16.0 >
(1995) Exp. 2 30 to 100 kg mggz%zse 0.74% 22 MJ NE/day 133 no ns
0.9 MJNE/
g;gg)et S 55t0 105 kg | Kg BW™in 2 0.74% 9.6 MJ/kg 155 ‘252133'9 vs no ns
meals per day ’
17.0>15.0> 13.6
Nonn and Jeroch o 0.87-0.72 -
(2000) 2510 110 kg ad libitum 0.70% 10.3 MJ/kg Vs 13.?O>51 1.0> no ns
Le Bellego et al. . . 5 variable (10.3 19.0>17.0vs
(2002) 27 10 100 kg ad libitum 0.85-0.70% to 11.2 M/kg) 17.0>13.0 no ns
2510 110 kg Strong difference in
Kerr ot al. {2003) (finisher not ad libitum 0.78% 10 MJ/kg 18.0vs 15.0 analyzed values in ns
Exp 2 - )
presented) the finisher diets
Females
Ajinomoto ad libitum o
Eurolysine (2009) 33 to 70 kg Males 0.87% 9.8 MJ/kg 16.0vs 14.0 no ns
27MJ/d NE
g‘;‘n‘;’” cret 27t0111kg |  ad libitum 0.85-0.75% | 9.7 MJkg 15.5vs 14.0 no ns

Table 12: Literature review of trials testing different levels of dietary CP and using the net energy system.

The growth performance in the trials that used balanced AA profiles are presented in Figure 23. The effect of the dietary
CP reduction on nitrogen excretion is reported for all the trials in Figure 24.
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Figure 23: Effect of dietary crude protein reduction on Average Daily Gain (ADG) and Feed Conversion Ratio (FCR). The X axes are
inversed (from high to low protein content).
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Figure 24: Effect of dietary crude protein reduction on nitrogen excretion. the X axe is inversed.

Regardless of the experimental conditions or performance level, dietary CP can be reduced without affecting
growth performance or carcass parameters (already shown in Figure 14, page 20). In these trials dietary CP was
reduced to 14% in grower pigs and 11% in finisher pigs.

The large decrease in nitrogen excretion with lower protein levels was confirmed: -10% in N output for each
percentage point reduction in dietary CP.
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> Validation of the ideal AA profile

The ideal AA profiles of the feeds used in the low CP trials where performance was maintained were calculated and
compared with the AJINOMOTO EUROLYSINE s.A.S. recommendation in Figure 25. This information helps to clarify the
requirement of the “secondary” essential AA: Leu, His and P+T. In this figure, the trial using corn based diets are not
reported because high amount of the secondary AA are supplied resulting in a comparison which would not be informative.
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Figure 25: Ideal AA profiles of the low CP diets that maintained performance in comparison with Ajinomoto Eurolysine’s AA profile.
Expressed as ratios to Lys (%, SID). The corn based diets are not presented.

For Thr, M+C, Trp, Val and lle, the average dietary levels in these trials were consistent with the AEL recommendations.
The proposed recommendations for Leu:Lys (100% SID) and His:Lys (32% SID) were confirmed.

[t remains difficult to draw conclusions on Phe and Tyr requirements because low levels of these AA were not
tested. However, these AA are unlikely to be limiting in pig diets.

> The relationship between EAA and NEAA

A feed provides EAA and Non-essential AA. Non EAA can be synthesised by an animal from EAA so their dietary supply
can be decreased as happens in low protein diets. Studies have shown that an optimal balance exists between Nitrogen
(N) supplied by the EAA (EAA) and total N (Totaly). The optimum lies between 43 and 50% (Gotterbarm et al., 1998; Lenis
et al., 1999). It is important to notice that in these calculations, Arg was considered by the authors to be an EAA. Also,
the calculations were based on total AA rather than digestible AA.

The relationship between the ratio of EAAy and Totaly and dietary CP or Lys/CP concentration from the low CP trials
selected in Table 12 is presented in Figure 26.
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Figure 26: Effect of dietary CP and total Lys/CP on the ratio between nitrogen supplied by the EAA and the total nitrogen (EAAW
Totaly). Diets from the trials presented in Figure 23.

Within trials, when dietary CP was reduced, the ratio EAAy/Totaly did not move outside of the recommended
range of 43 to 50%,

The increased Lys concentration in CP did not affect the ratio EAAy/Totaly as long as the ideal AA profile was
maintained.

These observations are explained by the fact that when dietary CP is decreased, the amount of both non EAA and non
limiting EAA (i.e Leu, lle, Phe, Tyr, His) is decreased.

Based on this balance, it is possible to estimate the minimum amount of total N (and thus CP) needed in a grower or finisher
diet (Table 13). On average, the balance can be maintained down to a dietary CP level as low as 12%. These calculations
are in line with the lowest protein levels tested in the trials presented in Table 12.

Total Lys (%) Nitrogen from EAA based EAA\/Totaly Total Nitrogen needed Minimum

on AEL ideal AA profile Dietary CP (N x 6.25)
Grower diet 1.00 0.90 43 to 50 1.80t0 2.10% 1110 13%
Finisher diet 0.90 0.81 4310 50 1.62 to 1.89% 10t0 12%

Table 13: Estimation of the lowest amount of nitrogen (N) needed to maintain the balance between N from EAA and Total N (EAAv/Totaly).

v/ Dietary crude protein levels can be substantially reduced and minimum
constraints can be removed from CP provided that minimum EAA values are
maintained.

v/ The ideal AA profile proposed by AJINOMOTO EUROLYSINE s.A.S. has been

validated and can be used in formulations to allow total nitrogen levels (CP)
to be reduced and N excretion to be minimised without risk to performance.
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Utilisation of free amino acids in very low crude
protein diets

The data reported by Quiniou et al. (2011) and presented in Focus 4, demonstrate that the
dietary level of free AA in comparison to the protein bound AA has no impact on the performance
as long as the ideal AA profile is maintained. In this trial, feed grade AA supplementation was
increased in the grower feed from 4.0 kg/T to 7.6 kg/T. The free Lys represented 48% of the
total SID Lys content of the grower diet with the lowest CP level. As shown before, this level
of supplementation had no effect on the performance of the pigs and was consistent with the
provision of a balanced amino acid profile in the feed. This observation is the same for all the
trials presented in Figure 23 with amount of L-Lys representing up to 60% of the dietary SID Lys
content (formula and nutritional values in Table 14, final flap). Other studies have demonstrated
the efficient use of free AA supplementation:

- Cook et al. (1983) showed that the utilisation of free AA vs protein bound AA was not
different in pigs fed three times a day.

- Le Bellego et al. (2001) reported no impact of the multi-supplementation of free AA
in a diet fed twice a day (vs 7 times) to growing pigs of 60 kg. The continuous flow of
feed and amino acids in the gut, even with a low feeding frequency of twice per day,
maintained N and energy utilization and did not affect protein gain.

Provided EAAs are controlled in a diet by minimum constraints in the formulations, there is no
detrimental effect on performance of dietary protein reductions and the use of free AA.
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Conclusions

@ The feed formulation based on each essential amino acids allows to:
- Balance the AA supply and be closer to the requirement (no excess)
- Spare dietary energy leading to more efficient feeds
- Be more flexible in the formulation and use locally produced feedstuffs
- Save feed costs
- Reduce nitrogen excretion into the environment

@ The Net Energy system is the best predictor of pig performance. The feed
optimization based on Net Energy:
- Accounts for the energy sparing effect of low protein diets
- Allows to design easily and efficiently low protein diets
- Reduces the feed costs

@ Within the essential AA, Tryptophan is the next limiting AA in practical feeds.
When Trp is deficient, the ADG and FCR are strongly affected, thus, this
essential nutrient must be controlled in the formula. The meta-analysis of the
data available leads to the recommendation of:

- A minimum of 20% SID Trp:Lys in growing pigs diets
- A minimum of 19% SID Trp:Lys in finishing pigs diets

@ The complete review of the technical data available allows to formulate on each
EAA based on the AA profile given in the table below.

Ideal amino acid profile for growing and finishing pigs

Grower Finisher
in SID ratio to Lys (%)
25 to 65 kg 65 to 110 kg
Lys 100 100
Thr 67 68
Met+Cys 60 60
Trp 20 19
Val 65 65
lle* 53 53
Leu 100 100
His 32 32
Phe+Tyr 95 95

*SID lle:Lys is increased if blood by products are used in a diet.

The authors are grateful to Doctors J. van Milgen, N. Le Floc’h and N. Quiniou, M. Gloaguen and P, Fullarton for their kind
help given during the realisation of this document.

The company AJINOMOTO EUROLYSINE s.A.s. has taken all steps to check the authenticity and relevance of the informa-
tion provided in this bulletin. However, AJINOMOTO EUROLYSINE s.A.S. declines all responsibility for any use made of this
data and may not, under any circumstances, be held liable for any damage suffered by third parties.
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Dourmad et al. Jondreville et al. Bourdon et al. Canh et al.
(1993) (1995) (1998)

Grower Finisher R3A Grower
Diet 2 high CP i low CP Diet 2

det | det i det i det et

Barley - - - - - - - - - - - - - - 37.5: 375 37.5| 40.0 ;: 34.0
Maize - - - - - - - - - - - - - - - - - - -
Wheat 69.3 i 784 i 87.3|79.8: 855 8565 948|737 711817 :803: 893864 :930|375:i37.5:37.5] 323 | 50.6
Tapioca = = = = = = = = = = = = = = 0.7 i 55 {10.3 - -

Corn Gluten Feed - - - - - - - - - - - - - - - - - - -

Wheat Bran - - - - - - - - - - - - - - - - - - -

Wheat Middlings - - - - - - - - - - - - - - - - - - -

Soybean Meal 212 1130 50 | 16.3 { 10.0 i 10.5 - 20.0 { 22.7 1 120 { 13.0{ 4.0 i 6.5 - 16.3 { 11.2 § 6.1 16.0 225
Rapeseed Meal - - - - - - - - - - - - - - - - - 5.0 5.0
Molasses 3.0 { 30 { 3.0 - - - - - - - - - - - 4.0 i 40 | 4.0 2.0 2.0
Vegetable Ol 25 i 13 - - - - - - - - - - - - 1.0 § 0.7 { 04 2.0 2.0
Tallow - - - - - - - - - - - - - - - - - - -

L-Lysine HCI - 0.23 ;046|030 : 049 : 033 0.64 | 0.06 ;: 0.05: 0.14 : 0.36 ; 0.40 ; 0.55 { 0.52 | 0.11 { 0.28 ;| 0.45 | 0.14 i 0.64
L-Threonine - 0.08 i 0.17 | 0.06 { 0.14 { 0.06 i 0.19 - - - 0.11 i 0.12 { 0.21 { 0.18 | 0.03 { 0.11 { 0.19 | 0.06 i 0.14
DL-Methionine - 0.02 ;{ 0.05 ]| 0.04 : 0.09 : 0.02 ; 0.10 - - - 0.05 ; 0.03 ; 0.08 : 0.05 - 0.06 ; 0.12 - 0.23
L-Tryptophan - - 0.02 - 0.02 - 0.03 - - - - - 0.02 | 0.02 - 0.08 i 0.05 - 0.03
L-Valine - - - - - - - - - - - - - - - - - - 0.08
L-Isoleucine - - - - - - - - - - - - - - - - - - 0.19
L-Histidine - - - - - - - - - - - - - - - - - - 0.02
L-Leucine - - - - - - - - - - - - - - - - - - 0.10

Others (Premix, carbonate...)| 4.0 4.0 4.0 3.5 3.7 3.6 4.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 2.9 3.1 3.4 2.5 2.5
Total 100 : 100 : 100 | 100 : 100 : 100 : 100 | 100 : 100 : 100 : 100 : 100 : 100 : 100 | 100 : 100 : 100 | 100 100

Nutritional values

Crude Protein (%), EvaPig® 176 :16.0 i 125 | 1783 { 164 : 164 { 122 | 169 | 17.8 { 142 { 148 : 11.7 : 128 : 105 | 165 189 { 123 | 169 i 13.0

Crude Protein (%), Expected - - - - - - - 170 : 180 : 145 16,0 : 120 { 13.0: 10.7 | 16.5 i 145 : 125 - -
Crude Protein (%), Analyzed | 17.8 { 155 { 13.6 | 16.0 i 141 { 146 { 12.7 | 19.2 | 20.7 { 16.7 | 17.6 i 139 { 148 | 125 - - - 18.3 i 14.0
Digestible Energy (MJ/kg) 139 :136: 133|137 : 136 : 136 : 135|132 : 132 : 131131 : 130 131 : 130|132 : 13.1: 13.0| 1356 : 135
ME / DE (%) 96 96 97 96 96 96 97 96 96 96 96 97 97 97 96 96 97 96 97
Metabolizable Energy (MJ/kg) | 13.3 { 13.1 { 128 | 13.1 { 18,1 { 131 { 180 | 126 { 126 i 126 | 126 { 126 { 126 | 126 | 12.7 { 127 { 126 | 129 | 13.0
NE / ME (%) 75 76 7 75 76 76 78 75 74 76 76 78 7 78 75 76 7 74 7
Net Energy (MJ/kg) 10.0 i 10.0 ¢ 9.9 9.8 :10.0:10.0 : 10.2 | 9.4 9.3 9.6 9.6 9.8 9.7 9.9 9.5 9.6 9.6 9.6 10.0
SID Lys (%) 0.74 : 072 1 0.72 | 093 : 0.95 : 0.83 : 0.85 | 0.73 : 0.78 : 0.61 : 0.81 : 0.64 : 0.81 : 0.64 | 0.70 : 0.71 : 0.73 | 0.86 i 0.88
SID Lys / NE (g/MJ) 0.74 : 073 : 0.73 | 0.95: 0.95 : 0.83 : 0.84 | 0.78 : 0.84 : 0.64 : 0.85 : 0.65 : 0.84 : 0.65 | 0.73 : 0.74 : 0.76 | 0.90 i 0.88
SID Lys from L-Lys = 25% i 50% | 25% i 40% i 31% i 59% | 6% 5% i 18% i 35% i 49% i 53% : 63% | 12% i 31% : 48% | 13% i 57%
Thr 72 69 67 59 58 58 56 69 69 66 65 65 66 66 69 69 69 68 65
Met+Cys 72 67 63 62 62 62 61 71 69 75 64 67 61 64 67 68 68 70 64
Trp 27 23 21 20 19 20 18 26 26 26 20 19 19 20 24 24 23 22 18
Val 98 81 64 73 62 72 51 94 93 91 7 68 58 58 90 77 65 81 63
lle 90 73 56 66 55 64 43 86 86 82 64 59 51 49 79 66 53 65 61
Leu 162 ¢ 127 ¢ 101 | 115 97 113 82 146 : 144 : 144 : 111 108 92 93 136 ¢ 119 ¢ 108 138 99
Phe+Tyr 177 £ 148 ¢ 118 | 134 114 § 132 95 171 168 i 168 : 130 : 126 i 107 : 108 | 167 i 134 i 112 151 102
His 54 45 35 41 34 39 28 52 52 51 39 37 32 32 47 40 32 46 31

The diets were recalculated with EvaPig® software (INRA 2004 tables). When available and necessary, the analyzed values of AA were used to estimate the SID values.

Table 14: Composition and nutritional values of the experimental diets presented in Table 12.




Ajinomoto
Kerr et al. (2003) Eurolysine
(2009)

Nonn and Jeroch Le Bellego et al. Quiniou et al.

High CP : Low CP | Grower Grower : Fini Finisher
Diet1 ¢ Di i Diet3 ¢ Di i Diet2 :

High CP Grower Gioneilsieq Linsheg fhinisted Hiﬁ%ﬁﬂ?ﬂm L\LNaICSPGII;Né?rm
9 Diet1 | Di Diet3 | Di Diet2 | Digtg | Mor v Medlum ;L0 edu

diet  : energy diet i energy diet

356.0 : 10.0 : 42.0 : 39.0 - - - - - - - - 282 1 342|517 {266 { 27.7 { 62.9 | 30.0 { 47.0
7.0 30.0 6.0 18.0 | 356.0 : 40.8 { 36.8 | 37.9 : 43.2 { 39.5 72.5 . = = = = = = = =
372 { 483 | 33.1 { 343 | 327 : 385 349 : 355 414 : 379 - - 50.8 { 50.6 | 28.9 { 56.4 | 55.6 { 20.0 | 54.0 { 39.7
- - - - - - - - - - - - 02 i 02 - - - - - -
= = = = 25 ( 25 i 25 { 25 { 25 ; 25 = = = = = = = = = =
- - - - - - - - - - - 3.9 - - - - - - - -
€0 = 7.0 = 26.6 : 136 : 173 { 20.8 | 82 : 1156 24.6 16.5 141 : 82 | 16.1 : 5641 29 {145 = =
5.0 4.0 5.0 1.0 - - - - - - - - 3.0 { 3.0 - 9.5 {103 - 13.2 1 10.4
2.0 2.0 2.0 2.0 = = = = = = = = = 0.9 = = = = = =
2.0 2.0 2.0 2.0 - - 2.0 - - 2.0 - - 1.2 - 05 : 0565 : 05 :05: 05 :05
= = = = = = 2 = = 2 0.45 = = = = = = = = =
024 : 062 : 0.28 : 0.60 - 0.43 : 0.41 - 0.41 : 0.39 - 0.26 029 : 0.46 | 0.27 : 0.45 : 0.50 : 0.19 : 0.41 : 0.45
0.04 : 0.21 i 0.04 i 0.12 = 0.17 : 0.17 = 0.15 ;| 0.15 0.01 0.12 0.09 { 0.17 | 0.08 { 0.14 : 0.16 : 0.05 ; 0.10 : 0.13
- 0.10 : 0.04 : 0.21 - 0.10 : 0.12 - 0.07 : 0.08 - 0.04 0.05 : 0.09 | 0.04 : 0.04 : 0.04 : 0.02 : 0.02 : 0.03
= 0.05 = 0.05 = 0.04 : 0.04 = 0.04 : 0.04 = 0.02 = = = 0.02 : 0.03 = 0.02 { 0.02
- 0.07 - 0.09 - 0.08 : 0.09 - 0.07 : 0.07 - - - - - - 0.03 - - 0.03
= 0.14 = 0.12 = 0.03 ;| 0.02 = 0.04 : 0.03 = = = = = = = = = =
- - - 0.01 - - - - - - - - - - - - - - - -
2.5 2.5 2.5 2.5 33 {38 37 {3339 : 38 2.4 25 2.1 22 1 24 {23122 1.9 1.7 1.7
100 100 100 100 | 100 i 100 i 100 { 100 i 100 : 100 100 100 100 ¢ 100 | 100 ¢ 100 i 100 : 100 i 100 i 100
16.0 { 11.0 { 186 { 105 | 18.7 : 146 | 166 : 16.6 | 12.6 ; 134 171 14.3 163 { 143 | 166 : 145 14.0 : 149 { 18.7 : 13.0
- - - - - - - - - - 17.5 14.3 16.0 i 140 | 16.3 i 148 : 145 : 145 : 13.3 i 13.0
166 § 11.8 { 186 { 10.7 | 20.1 { 1566 ; 16.2 i 17.56 { 13.3 ; 13.7 16.2 14.1 164 : 143 | 165 : 165 i 156.0 | 16.8 { 14.7 i 13.9
136 { 138 { 184 | 135 | 186 135 : 143 { 18.6 { 135 143 141 13.8 136 184|132 : 1321 182 { 182 : 13.1 { 13.1
96 97 96 97 96 96 96 96 97 97 96 96 96 96 96 96 96 96 96 96
18.0 { 134 { 129 { 131 | 18.0: 13.0 : 138 { 18.0 { 13.0  13.8 13.5 13.3 131 1129 | 127 127 {127 {126 { 127 { 12.6
76 79 76 78 74 76 77 75 78 78 75 7 75 76 75 76 76 75 76 76
9.9 10.5 9.8 1083 | 96 {100 106 : 9.8 : 10.1 i 10.8 10.2 10.2 98 { 98 | 95 1 96 { 96 | 94 i 96 | 96
0.76 : 0.75 { 0.64 | 0.67 | 0.82 : 0.87 : 0.93 | 0.69 : 0.73 i 0.78 0.76 0.80 0.81 { 0.80 | 0.82 { 0.82 : 0.82 : 0.73 ; 0.72 ;| 0.73
076 : 0.71 { 065 : 0.65 | 0.85: 0.87 { 0.87 i 0.70 : 0.72 { 0.72 0.75 0.78 0.82 : 0.82 1 0.87 : 0.85 : 0.85 i 0.77 : 0.75 ; 0.76
25% i 64% i 34% i 70% - 39% i 34% - 44% i 39% - 26% 28% i 45% | 26% i 43% i 48% i 20% i 44% i 48%
63 67 66 68 72 68 68 75 69 68 s 67 73 69 64 65 65 66 64 64
69 65 74 64 69 64 64 75 66 65 72 57 62 62 62 64 63 65 69 65
21 20 22 20 24 20 20 24 21 21 23 20 24 20 20 20 20 21 21 20
78 65 81 65 95 75 76 100 : 77 76 90 75 79 64 v 67 68 84 71 71
59 60 65 58 87 62 62 90 63 63 78 60 67 53 65 56 52 70 57 53
133 109 138 101 164 § 122 : 119 § 177 § 129 i 125 188 160 1256 § 102 | 114 : 101 96 123 | 105 ;| 98
144 106 143 100 | 173 i 121 § 122 : 183 i 124 | 124 177 143 139 § 116 | 132 § 114 { 108 | 142 i 117 { 109
42 31 45 30 54 38 38 57 38 38 56 45 39 33 40 36 34 43 37 34
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