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finishing pigs and reproductive
sows due to genetic trends In
production traits

Pieter W. Knap*

Genus-PIC, Isernhagen, Germany

The requirements for standardized ileal digestible (SID) lysine due to lean tissue
growth rate (LTGR) in growing-finishing pigs were quantified on the basis of data
from the literature. The same was done for those requirements due to LTGR;
protein deposition in mammary tissue, uterine tissue, fetal tissue and placental
tissue; and colostrum and milk protein synthesis in gestating and lactating sows.
These processes were expressed in terms of LTGR, litter size, piglet birth weight,
preweaning survival rate, litter weaning weight and teat number. The 2013-2023
genetic trends of those traits in the PIC-L02, PIC-L0O3, PIC-L65 and PIC-L800
populations were estimated and converted to genetic trends in lysine
requirements. On this basis, the daily SID lysine requirement of Camborough
(i.e., PIC-L0O2 x PIC-L03) sows increases by 0.47 g/d (i.e., by 2% of the current
mean level) per year: 0.10 g/d per year and 0.37 g/d per year for gestational and
lactational processes, respectively. The daily SID lysine requirement of growing-
finishing progeny of Camborough sows and either PIC-L65 or PIC-L800 boars
increases by 0.09 g/d (i.e., by 0.6% of the current mean level) per year.

pig, sow, protein requirements, lysine requirements, genetic improvement,
genetic trend

Introduction

Livestock breeding leads to long-term quantitative changes in the energy and protein
metabolism of the various livestock species, which are associated with long-term increases
in traits such as milk production (cattle), egg production (poultry), meat production (cattle,
poultry, pigs) and reproduction (poultry, pigs). Such increasing productivity levels must
logically be supported by an adequate supply of energy and protein from the feed; it follows
that the nutrient requirements of these livestock species will change over time, due to
genetic trends in production traits. However, livestock nutrition and livestock genetics are
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often more or less disconnected disciplines and as a consequence,
such changes are rarely quantified; early examples to the contrary
include Wiesemiiller (1980: “Selection for leaner types of pigs is
associated with a more sustained daily lean tissue growth and
consequently with an increase in the daily lysine requirement”)
and Lenis and Metz (1984). More recently, the simulation models of
the National Research Council (2012, p. 128) “characterize pig types
(genotypes and gender)” by their level of protein deposition, and let
these types influence energy intake, maintenance energy
requirements, and phosphorous requirements. Another such
model is InraPorc (Van Milgen et al., 2008); this model can be
calibrated to a particular pig genotype based on repeated
observations of body weight, ad libitum feed intake, and diet
composition, and then it estimates that genotype’s lysine
requirements. Interestingly, Brossard et al. (2019) applied this
method to indigenous European breeds that were never exposed
to serious genetic selection; the estimated lysine requirements are
considerably lower than those recommended by NRC (1979) for
“modern” genotypes of about 50 years ago as shown in Figure 1,
where we also present more recent recommendations published in
2008, 2012, 2016 and 2022; we believe that such a disconnected
approach does not properly reflect the continuous character of
genetic change in pigs. Therefore we focus here on the continuous
changes over time in the protein requirements of growing-finishing
pigs and reproductive sows due to genetic trends in the production
traits that pigs are typically selected for. The focus is on protein
because this is the most costly component of the typical pig diet; for
example, across the eight diets that we at PIC feed to our pigs from
the post-nursery stage to mature sows and boars, the feed price
correlates much more strongly to the crude protein content (+0.90)
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FIGURE 1

Daily SID lysine requirements of growing-finishing pigs as
recommended by NRC (1979, 2012; black) and PIC (2008, 2016,
2021; white), in relation to body weight. Averages of the g/d values
recommended for females and castrated males, where required
converted from a lysine per metabolizable energy (ME) ratio
assuming 3.3 MJ ME per kg feed. The trendlines are spline
interpolation plots; the dashed vertical reference lines indicate the
body weight trajectory analyzed in the text.
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than to fiber (-0.77), fat (+0.18), energy (+0.69) or even minerals
(+0.88). Animal protein requirements (and feed protein content)
are commonly specified in terms of the essential amino acids, of
which lysine is the first limiting one in pig production; the other
ones are usually specified in terms of a proportion of lysine
requirement (or content). Lysine is by far the most intensively
studied amino acid in this field; for example, NRC (2012) based
their recommendations on 42 trials focusing on lysine versus 1, 1,
11, 1, 19, 13, 19 and 7 trials focusing on arginine, histidine,
isoleucine, leucine, methionine, threonine, tryptophan and valine,
respectively. Of course, changes in the requirements for other
essential nutrients can be modeled the same way. The equations
developed here are summarized in Table 1; they were preferably
sourced from NRC (2012), and from other sources when these
provide a better match to performance traits that feature in PIC’s
breeding goals so that we can estimate their genetic trends.

Materials and methods
Growing-finishing pigs

The protein requirements of growing-finishing pigs follow from
body maintenance and body protein deposition. The National
Research Council (NRC, 2012, Equations 8-42 and 8-44) models
these requirements in terms of the daily standardized ileal digestible
(SID) lysine requirements (g/d), as follows.

Body maintenance

For body maintenance, to restore body protein losses from the
gastro-intestinal tract (GIT) and the integument (i.e. skin and hair),
the SID lysine requirement (in g/d) is:

0.417 x 0.88 x 1.1 x DFI + 0.0045 x BW®*7
0.75 +0.002 X (PD,,, — 147.7)

lySI' €Qmaint =

_0.404 x DFI +0.0045 x BW7
T 0.4546 +0.002 X PD,,,

(1)

For the numerator, “basal endogenous lysine losses recovered at the
terminal ileum have been estimated at 0.417 g per kg of feed dry matter
intake; these losses have been related to feed intake, assuming 88 % feed
dry matter, and to whole-GIT losses, assuming that large intestinal
losses represent 10 % of GIT losses recovered at the ileum [...].
Integument lysine losses have been estimated at 4.5 mg per kg
of BW®7>”

For the denominator, “inevitable plus minimum lysine catabolism is
assumed to be 25 % of SID lysine intake, equivalent to a 0.75 efficiency of
SID lysine utilization to support [these] losses. This efficiency [...]
increases with improvements in pig performance potential. For every
[gram per day] increase in PD,,,,,, relative to the typical mean value for
gilts and barrows [which was set at PD,,,, = 147.7 g/d], the rate of [....]
catabolism is reduced by 0.002” (i.e. by 0.2 %).

This 2012 approach replaces the one of NRC (1998) that
quantified these maintenance requirements (g/d) as 0.036 x
BW%75, In the new approach, “by specifically identifying the
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TABLE 1 Equations used in this study" .

GFP: lysine requirement for body maintenance (g/d)

10.3389/fanim

0.404 x DFI + 0.0045 x BW®7°

lysrequmaine =

0.4546 + 0.002 X PDypyy

.2024.1401514

1

(1 + 0.0547 +0.002215 x BW) x 0.0710 x PD

GFP: lysine requirement for body protein deposition (g/d) lysreqpp = 0.75+0.002 x (PDypyy ~147.7) (2)
.75
GEP: total lysine requirement (g/d) Iysrequpp —c U404 X DFL+0.0045 xoi;\:; : ;'g%;);fsxs ; ];10001573 x BW) x PD 3
GFP: total lysine requirement (g/d) lySrequmaintspp = éi;i; : ggzi 2? i llzg (4)
GFP: body protein mass (kg) P =0.472189 + 0.287735 x lean (5)
GFP: ratio between body protein deposition (kg/d) and lean tissue _PD = 0.287735 + 0.472189 ©
growth rate (kg/d) LTGR LTGR X age
GFP: body protein deposition (kg/d) PD = 0.00305 + 0.287735 x LTGR (7)
GFP: body protein deposition (kg/d) PD = 0.00668 + 0.365 x FFLD (8)
GFP: carcass lean content (%) lean% = 62.09 - 0.741 x BFX + 0.141 x LDX %)
GFP: estimated breeding value for carcass learn content (%) EBVieanss = —0.741 x EBVppx + 0.141 x EBV|px (10)
EBVir6r = (ULcgr + EBVegr) %
GFP: estimated breeding value for lean tissue growth rate (kg/d) o [62'“'T02R7 0(54?1; (Msx (';'(J]I;])SVBFX) 4 0.141 X (pox + EBViny)] / 100 (11)
GFP: body protein deposition (kg/d) PD = 0.00668 + 0.351 x LTGR (12)
Sow: lysine requirement for body maintenance (g/d) lysrequaine = 0.652 x DFI + 0.006 x BW7”® (13)
(S;/\le) lysine requirement for protein deposition in body and fetus lysreqep = (140627 + 0.002953 x BW) x lysine retention (14)
Sow: lysine requirement for body protein deposition (g/d) lz's[‘:gg‘zw(;"l";jé%ff?gogzoloi)ooliio; ;)VY();FT + 00001865 x LMD)| (15)
Sow: fetal protein mass (g) Ppugus = 1035.28 x TNB x PBWT x ¢ 0001 < TNB 125435 x & 017 e (16)
Sow: lysine retention in fetus (g/d) lysretng, = 0.04319 X TNB x PBWT x ¢ 0011 < TNB (17)
Sow: protein mass in placenta and amniotic fluid at the end of
gestation (g) Ppiacentats = 0.22424 X P11 — 32 (18)
Sow: lysine retention in placenta and amniotic fluid (g/d) lysretnycenia = 0.0001235 X Py 116 — 0.0176 (19)
Sow: protein mass in uterus (g) Puerss = 762.117 x 24132 % @ 00101 Dyest (20)
Sow: lysine retention in uterus (g/d) lysretnyer,s = 0.1735 (21)
Sow: protein mass in the mammary gland during gestation (g) Puddergestation = 02512 X 0475 Dt 5 TTN (22)
(S;)/v(\ir) lysine retention in the mammary gland during gestation Iysretngergesaion = 003491 x TTN 23)
Sow: lysine retention in the mammary gland during lactation (g/d) | lysretn,dder jactation (g/d) = 0.4142 + 0.1179 x LSL - 0.106 x TTN (24)
Sow: lysine requirement for fetal protein retention (g/d) lysreqs = (0.060737 + 0.00012754 X BW) x TNB x PBWT x ¢ %! < TNB (25)
Sow: l}lsine requirement for placental and amniotic protein lysteqeens = 02871  lysrequs - 0.0352 26)
retention (g/d) P
Sow: lysine requirement for uterine protein retention (g/d) lysreqyeerys = 0.243988 + 0.00051235 x BW (27)
SO\A{: lysine réquirement for in the mammary protein retention IySrequater snnion = (0.0490929 + 0.00010309 x BW) x TTN 28)
during gestation (g/d) 8
Sow: lysine requirement for in the mammary protein retention
during lactation (g/d) lysrequdder jactation = (1.40627 +0.002953 x BW) x (0.4142 + 0.1179 x LSL - 0.106 x TTN) @ (29)
(S;J/V;:) lysine requirement for protein synthesis in colostrum or milk Iysreqaymik. = 0.1047 X PDymic (30)
Sow: protein synthesis in colostrum (g/d) PDolostrum = 25.9 + 4.71 x NBA x PBWT (31)
(Continued)
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TABLE 1 Continued

10.3389/fanim.2024.1401514

Sow: protein synthesis in milk (g/d) PD, i = 99.33 + 17.67 x LSL + (8.714 x LSL - 12.57) x LWG (32)
Sow: lysine requirement for protein synthesis in colostrum (g/d) lysreqeotostrum = 2.712 + 0.4931 x NBA x PBWT (33)
Sow: lysine requirement for protein synthesis in milk (g/d) lysrequminc = 10.4 + 1.85 x LSL + (0.9124 x LSL - 1.316) x LWG (34)

*age, age at slaughter (d); BFX, carcass backfat depth (mm); BW, body weight (kg); CGR, carcass growth rate (kg/d); DFI, daily feed intake (kg/d); Dgest> days in gestation; EBV, estimated breeding
value; FFLD, fat-free lean deposition (kg/d); GFP, growing-finishing pig; LDX, carcass loin muscle depth (mm); lean, carcass lean mass (kg); lean%, carcass lean content (%); LSL, litter size during
lactation (count); LTGR, lean tissue growth rate (kg/d); LWG, litter weight gain (kg/d); lysretn, lysine retention (g/d); lysreq, SID lysine requirement (g/d); 1, phenotypic population mean; P,
protein mass (g; kg); PBWT, piglet birth weight (kg); PD, protein deposition (g/d; kg/d); TNB, litter size (total number born; count); TTN, teat number (count).

maintenance amino acid requirements associated with skin and hair
losses and endogenous intestinal losses, the substantial contribution
of [the latter] is represented more explicitly”.

Body protein deposition
For whole-body protein deposition (PD, in g/d), the SID lysine
requirement (in g/d) is:

(I + 0.0547 +0.002215 x BW) x 0.0710 x PD

! - 2
ysredep 0.75+ 0.002 X (PD,, ., ~147.7) )

The denominator is the same as that in Equation 1. For the
numerator, “it is assumed that PD contains 7.10% lysine. [... ] The
marginal efficiency of lysine utilization declines with BW.” This
declining efficiency was estimated as 0.682 and 0.568 at 20 and
120 kg BW, respectively — equivalent to a proportional increase in
the lysine requirement of 0.0990 and 0.3205, respectively. The term
0.0547 + 0.002215 x BW in Equation 2 is the linear regression
through these values.

This 2012 approach replaces the one of NRC (1998) that
quantified these deposition requirements (g/d) as 0.12 x PD; in
Equation 2, this would hold, for example, for a pig with PD,,,, = 150
g/d and BW = 99.6 kg.

In our target nutritional environment, protein deposition is
never constrained, so that the pig’s genetic potential is always fully
expressed; PD across the 20-120 kg body weight trajectory would
then be a function of PD,,,,x. Supplementary Material S1 shows that
the average PD across that growing period is 87% of PD,y, Or Vice
versa PD ., = 1.155 x average PD. The total SID lysine requirement
(in g/d) of a growing pig between 20 and 120 kg body weight is then

as follows:
lysreqmaint + pp
_0.404 x DFI +0.0045 x BW*”° + (0.07488 + 0.0001573 x BW) x PD __ 3
- 0.4546 + 0.002 x 1.155 x PD = (3)

_0.404 x DFI +0.0045 x BW"7 + (0.07488 + 0.0001573 x BW) x PD
- 0.4546 + 0.00231 x PD

In this 20 t0120 kg body weight trajectory, the average BW is

70 kg, the average BW”> (following Foster et al, 1983) is

12017520175
1.75% (120-20)

approximately 2.5 kg/d. With that, Equation 3 works out as:

=23.8kg"”, and the average DFI is typically

1.1171 + 0.08589 x PD

IyStemaintspp = !
YST€maint+PD = 3= 70700231 % PD 4)

The next step is to quantify PD (and more specifically, its
genetic trend) in real-life pigs. Outside laboratory conditions, actual
large-scale measurement of PD is prohibitively difficult; a more
realistic alternative is to estimate it from lean tissue growth rate
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(LTGR) - which in turn will be derived from body growth rate and
from backfat and loin muscle depth.

PD and LTGR: Mohrmann & Landgraf

Mohrmann et al. (2006, their Figure 2) relate lean mass (in kg)
to protein mass in the soft tissue (Pgq, in kg; “soft tissue” is the
whole body including skin and excluding bones, blood and the
thoracic and abdominal viscera) of growing pigs from 20 to 120 kg
body weight as lean = 5.07 x Pg@f“ (r=0.98; conversely, Py =
0.202 x lean'®'®). Using the same data, Landgraf et al. (2006,
their Table 2) listed the weights and protein contents of soft
tissue, viscera and bones; whole-body protein mass (P, in kg) can
be calculated from these weights and can then be related to lean
mass, as estimated from Py, with Mohrmann’s prediction equation
described above. This gives

P =0.472189 + 0.287735 x lean (5)

The ratio between lifetime whole-body protein deposition (PD,
in kg/d) and the lifetime lean tissue growth rate (LTGR, in kg/d) is
then as follows:

PD P / age

— — P _ 0.472189 +0.287735 x lean _
LTGR ~ leanprop x CGR ~ leanprop x age x CGR -

- leanprop x CWT

= 0472189
=0.287735 + leanprop x CWT

_0.472189 +0.287735 x leanprop x CWT
- leanprop x CWT

— 0.472189
= 0.287735 + TTGR x age

(6)

...with age at slaughter in days, carcass weight CWT in kg,
lifetime carcass growth rate CGR in kg/d, and lean in kg; leanprop is
lean as a proportion of carcass weight.

Equation 6 can be rearranged to relate PD to LTGR. With age =
155 d this gives

0.472189
D=—"""""
age

+0.287735 x LTGR

=0.00305 + 0.287735 x LTGR (7)

These pigs had an average MRI-estimated LTGR of 0.380 kg/d
from 20 to 120 kg BW; on the basis of data from Mitchell et al. (2012)
on the body weight and body composition of neonate piglets, the
LTGR from 2 to 120 kg BW of Mohrmann & Landgraf’s pigs can then
be extrapolated as 0.252 kg/d, i.e., 0.663 times the 20 to 120 kg value.

PD and LTGR: schinckel
Schinckel et al. (1996) related whole-body protein deposition

(PD, in kg/d) to body weight (BW, in kg) and fat-free lean
deposition (FFLD, in kg/d) in growing pigs from 25 to 152 kg
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body weight via an extension of Kanis and Koops (1990) nonlinear
statistical model:

PD = (a + b x FFLD)

o ele+dx FELD) x BW + CHEgfi) 4 (g + h x FFLD) x BW?

This can be rearranged as a convoluted main-effects-and-
interaction model with eight parameters to be estimated:

In (PD) = f,(FELD) + f,(BW) + FELD x f;(BW)

...with f,(FFLD) = In(a + b x FFLD), f,(BW) = ¢ x BW + 3¢
+g x BW?

and f3(BW) = d x BW + 3o+ h x BW?

Averaged across a 20 to 120 kg BW trajectory and across female
and castrated male pigs, Schinckel’s [a, b, ¢, d, e, £, g, h] estimates
work out as

PD = 0.00668 + 0.365 x FFLD (8)

Schinckel’s pigs had an average FFLD of 0.283 kg/d from 20 to
120 kg BW; with the 0.663 extrapolation factor derived from
Mohrmann & Landgraf’s data this translates as LTGR = 0.188 kg/
d from 2 to 120 kg BW.

PD and LTGR: application

We used backfat and loin muscle depth (BFX and LDX, as
measured in mm on the carcass by equipment such as FOM)
records from 62,434 pigs slaughtered after 2020 to calculate the
carcass lean content as predicted by the commercial prediction
equations used routinely in each of ten countries (Pig Improvement
Company (PIC), 2022, their Table 3.1). These ten predicted lean
content values were then averaged by animal, and the average was
regressed on BFX and LDX. This gives our average “worldwide”
prediction equation to convert carcass backfat and loin muscle
depth (in mm) to carcass lean content (in %):

lean % = 62.09-0.741 x BFX + 0.141 x LDX 9)

...and from there, in terms of estimated breeding values (EBVs):

EBV)...o0 = —0.741 x EBVppy +0.141 x EBV py  (10)

This can then be combined with the EBV for the lifetime carcass
growth rate (EBV g, in kg/d) to derive the EBV for the LTGR (in
kg/d), as follows:

EBVir6r = (Mcgr + EBVegr) X [62.09-0.741 X (Hppx

+ EBVppx) +0.141 x (U px + EBVipx)]/100  (11)

TABLE 2 Mean values for carcass growth rate (CGR, kg/d), backfat
depth (BFX, mm) and loin muscle depth (LCX, mm) in growing-finishing
pigs descending from two sire lines, as used to estimate the genetic
trends of lean tissue growth rate in Equation 11.

Sire line Ucar UBFx MiLpx
L65 0.541 15.6 70.3
1800 0.546 16.2 65.8
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...where the [ terms are the phenotypic population means
(i.e., line means) of the traits, calculated across a useful period such
as the most recent 12 months. EBVgr, EBVggx and EBV; px have
zero population means, whereas EBVytgr does not.

Adjustments for intramuscular fat content

The commercial prediction equations that led to our Equations
9 and 10 were derived by regressing dissected lean mass on backfat
and loin muscle depth. This dissected lean mass includes
intramuscular fat (IMF), which raises the question of the extent
to which the carcass lean elements in our Equations 5 and 7 (due to
Mohrmann & Landgraf) and (8) (due to Schinckel) may be biased
because IMF was excluded there but is implicitly included in our
Equation 11.

Mohrmann et al. (2006) estimated the lean content of their pigs
via in vivo IMR. Kongsro and Gjerlaug-Enger (2013) used a similar
technique (computer tomography: CT) on pigs with 0.44 to 3.23%
chemically determined IMF in the loin muscle (a very wide range)
and concluded that “CT is not a feasible method for in vivo
prediction of intramuscular content”, mainly because their pigs,
although sedated for the scan, still moved enough to make the
equipment’s resolution inadequate for detecting the IMF.
Therefore, Mohrmann’s lean tissue readings most likely include
the IMF and there is no bias to adjust for in Equation 7.

Schinckel’s “carcass fat-free lean mass” was obtained as the sum
of the fat-free lean masses of (i) ham, (ii) loin, (iii) butt, (iv) picnic,
and (v) the combined rest of the carcass. In this respect, “fat-free
lean” means that the actually dissected gross lean mass of
components (i) to (iv), and the actually dissected lean plus
adipose tissue mass of component (v), were adjusted for their
respective adipose tissue content, which was due to imperfect
dissection of the lean tissue, especially in component (v), where
this was deliberate. For this adjustment, (vi) the chemically
determined lipid mass in the dissected gross lean parts of
components (i) to (iv), and in the dissected lean plus adipose
tissue part of component (v), were divided by (vii) the chemically
determined lipid proportion of all the dissected subcutaneous plus
intermuscular adipose tissue; this gives estimates of adipose tissue
mass, which were then subtracted from (viii) the dissected gross
lean (or lean plus adipose) mass of each component: (viii) - (vi) /
(vii). Unfortunately, none of these intermediate values are reported
in the Schinckel et al. (1996) article. This dissection separated the
gross lean of components (i) to (iv) from subcutaneous and
intermuscular adipose tissue; any such adipose residue missed by
the dissection (and the large amount of adipose tissue that was
deliberately retained in component (v)) would have been dealt with
by the abovementioned “fat-free” adjustment. This adjustment will
also have subtracted the IMF content, which is typically
approximately 2% in the ham and loin muscles, 4% in the
shoulder muscles (D’Souza et al., 2002; Font i Furnols et al,
2019) and much higher than that in the muscles of component
(v). Assuming 2, 2, 4 and 7% IMF in those muscle groups,
respectively, and applying lean distribution values from Pulkrabek
et al. (2006, their Tables 1, 2), the overall (adjusted-out) IMF
content of the dissected carcass lean in Schinckel’s pigs would
have been approximately 4%. Hence, the application of Equation 7
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to LTGR values based on a lean prediction that was not adjusted for
the IMF (as in Equation 8) would overestimate the PD, so the
regression coefficient of Equation 8 should be reduced to 0.365 /
1.04 = 0.351:

PD = 0.00668 + 0.351 x LTGR (12)

Summary
This leads to the following steps:

1. Convert carcass BFX and LDX to carcass lean content:
Equation 9

2. Combine carcass lean content and lifetime growth rate into
the lifetime LTGR: Equation 11

3. Convert lifetime LTGR to lifetime whole-body PD:
Equations 7 or 12

4. Convert lifetime whole-body PD to the lifetime lysine
requirements: Equation 4

5. Quantify the genetic trends.

Gestating and lactating sows

Figure 2 shows the lysine partitioning patterns during late
gestation and lactation, as modeled by Feyera and Theil (2017,
their Figure 4B). In this model, body weight growth in the final
weeks of gestation is assumed to be absent; this does not agree with
the body protein deposition measurements of Miller et al. (2016,
2017) as shown in our Figure 3. Nevertheless, these patterns are
usefully illustrative.

Body maintenance
For body maintenance, to restore body protein losses from the
gastrointestinal tract (GIT) and the integument (i.e., skin and hair),

10.3389/fanim.2024.1401514

the SID lysine requirement of sows is given by NRC (2012, p. 139)
as a simplification of our Equation 1 for growing-finishing pigs:

0.5053 x 0.88 x 1.1 x DFI +0.0045 x BW®7*

1ysreqmaint (g/d) =

13
_ 0.489 x DFI +0F)7.go45 xBW _ 659 « DFI + 0.006 x BW%73 (13)

Across a 200 to 300 kg body weight trajectory, the average
BW7? (following Foster et al., 1983) is % =62.8kg"”,
and the average DFI is typically approximately 2.75 kg/d (PIC, 2016,
Table J1 and Figure I7; Lavery et al., 2019). With that, Equation 13

works out as lysreqmaine = 2.2 g/d.

Tissue deposition

In general terms, the SID lysine requirements for protein
deposition (PD) in the nonreproductive parts of the sow’s body,
in the uterus and the mammary glands (not the milk), in the fetus,
and in the placenta and amniotic fluid are given by NRC (2012, p.
139) as a simplification of our Equation 2 for growing-finishing

pigs:
lysreqpp (g/d)

(1+0.0547 +0.002215 x BW) X lysine retention
0.75

= (1.40627 + 0.002953 x BW) X lysine retention

(14)

To calculate the lysine retention for each tissue, the lysine
content of the tissue’s protein can be combined with that tissue’s
PD. Tables 2-11 of NRC (2012) gives lysine contents of 6.74% of
body protein, 6.92% of uterine protein, 6.55% of mammary gland
protein, 4.99% of fetal protein, and 6.39% of placental and
abdominal fluid protein.

Body protein deposition
As in growing-finishing pigs, body protein deposition in sows
can be quantified in terms of the lean tissue growth rate (LTGR, in

50 & gestation | lactation = - 50
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FIGURE 2

Partitioning of dietary SID lysine among the protein requirements for sow body maintenance, mammary tissue growth, uterine growth, fetal growth,
colostrum production, milk production, and oxidation/transamination (i.e. lost for the purpose of protein synthesis), in sows in late gestation or in

lactation. Data from Feyera and Theil (2017).
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FIGURE 3

Protein deposition (PD) in the nonreproductive parts of the sow's
body (red) and in the uterus and its contents and the mammary
glands (white). The data points are from Miller et al. (2016, 2017); the
trendlines are our interpolations through them. The vertical
reference lines indicate the days of farrowing, based on first
farrowing at 365 days of age, 116 days gestation, 22 days of
lactation, and a 7-day weaning-mating interval. The secondary
vertical axis gives the associated lean tissue growth rate (LTGR) as a
percentage of the momentary LTGR on day 1 of parity 1 (first
mating); because the conversion from PD to LTGR was based on
data recorded from 20 to 120 kg body weight, the conversion
equation holds a nonzero intercept, and this gives unrealistic LTGR
values at PD levels close to zero. Hence, this axis is not valid below
values of, say, 40 g/d.

kg/d). Equations 6, 7 and 12 for growing-finishing pigs can be scaled
to the sow level as follows.

Miller et al. (2017) measured whole-body PD during gestation
(days 31 to 112) in Canadian Yorkshire sows of parities 1, 2 and 3 at
0.110, 0.078 and 0.102 kg/d, respectively. This can be converted to
the LTGR, following Supplementary Material S2; this gives the
LTGR of Miller’s sows during gestation (days 31 to 112) in parities
1, 2 and 3 as 0.185, 0.156 and 0.178 kg/d, respectively.

Routine recording of the traits that constitute LTGR in pigs
takes place during performance testing, typically at 100 to 130 kg
liveweight, but the PD (or LTGR) of Miller’s sows at that stage was
not reported (and was probably not recorded). This is unfortunate
because it would have made it possible to relate the gestational
LTGR to the performance test LTGR in Miller’s animals and, from
there, to other genotypes. Therefore, we need an approximation,
following Supplementary Material S3.

Canadian Yorkshire gilts that were performance tested (at
100 kg liveweight) in 2015 had an average lifetime liveweight
growth rate (LWGR) at 0.613 kg/d and 10.2 and 62.5 mm BFP and
LDP, respectively (Appendix 7 of CCSI, 2016). Substituting those
values into equation (B4) of Supplementary Material S3 gives a
100-kg lifetime LTGR of 0.265 kg/d. The momentary LTGR on the
day of first mating at approximately 125 kg live weight can be
estimated from this value (following Supplementary Material S1)
as 1.17 x 0.265 = 0.309 kg/d. Taking this as the base level (100%)
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on day 1 of parity-1 gestation, the abovementioned gestational
LTGR levels (days 31 to 112 in parities 1, 2 and 3) of Miller’s sows
work out as 0.185 kg/d = 60%, 0.156 kg/d = 50% (increasing from
zero on day 1), and 0.178 kg/d = 58% (increasing from 0.01 kg/d =
3% on day 1) of the first-mating base level, respectively. This
pattern is illustrated, with some rounding errors, in Figure 3. The
average value of the red trendline, from the first mating at 249
days of age to the third mating at 683 days, represents 41.4% of the
base-level LTGR.

The realized genetic trend of LTGR during the grower—finisher
stage in Camborough is shown in Figure 4: a stable linear increase in
dLTGR = 0.00267 kg/d per year since 2017. To work back from the
LTGR to the whole-body PD, we use the equation of above: PD =
0.00486 + 0.3194 x LTGR. This indicates a genetic trend in
Camborough’s whole-body protein deposition rate of dPD =
0.00486 + 0.3194 x 0.00267 = 0.0057 kg/d additional protein
deposition in the grower-finisher stage per year. Adopting the PD
pattern of Figure 3 and its percentwise consequences for
Camborough sows, this gives an annual increase in the parity-1 to
parity-3 (434 days) body protein deposition rate of dPDgqybody =
0.414 x 0.0057 = 0.00237 kg/d: that is the annual increase in the
average daily protein deposition rate in the nonreproductive parts
of the sow's body due to the current genetic trends in the grower-
finisher LTGR in PIC-L02 and PIC-L03.

The average daily body lysine retention (lysretn, in g/d)
across multiple parities is then 0.0674 x PDgowpoqy» and the
associated SID lysine requirement follows from substitution into
Equation 14 as

lysreqsowbody(g/d) = (0.094783 + 0.000199 x BW)x
% [0.002012 + CGR x (0.0821 -0.000980 x BFT +0.0001865 x LMD)]
(15)
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FIGURE 4

Genetic trend of the lean tissue growth rate during the grower-
finisher stage in PIC-Camborough pigs. The data points are monthly
averages, and the trendline is a LOESS plot.
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Fetal protein deposition
Fetal protein mass is predicted by Equations 8-56 and 8-58 of
NRC (2012) as follows:

P (g) = 1000xXTNBXPBWT _ o ,8.729 +0.0867 x TNB - 12.5435 x e 0015 X Dgest
fetus (8) = 177  dosrroasrmg X € =

=1035.28 X TNB x PBWT x e 00011 x TNB  ,~12.5435 x £~0.0145 x Dgest
(16)

...where TNB is litter size (total number born), PBWT is
individual piglet birth weight (in kg), and Dg is the number of
days in lactation, from 1 to 116.

The average daily fetal lysine retention (lysretn, in g/d)
throughout gestation can then be estimated by evaluating
Equation 16 for Dgey=116 (ignoring the Dy.q=1 entry because it
is so much smaller than the Dg.=116 one), dividing through 116,
and multiplying by the lysine content of 0.0499. This gives:

— 0.0499

1Y5retnfetus (g/d) T 116

_ 0.0499 x 1035.28 x TNB x PBWT x e *™B » 0,09699 _
116

=0.04319 X TNB x PBWT x ¢ 00011 x TNB

X Pfetus,116 =

17)

Placental protein deposition

The protein mass in the placenta and amniotic fluid (Ppjacenta)
can usefully be related to the fetal protein mass Py, of Equation 17.
Equation 8-57 of NRC (2012) goes back to Noblet et al. (1985) who
measured both these pools and analyzed their course over time with
the number of viable fetuses and the sow’s energy intake as
covariables. The regression equations below their Table 6 can be
used to predict Pge,s at 116 days of gestation (Pgeus116) and the
associated Ppjacenta116 for variable values of TNB; these two
predictions relate linearly to each other as in Equation 18:

Pplacenta,llﬁ =0.22424 x Pfetus,lls -32 (18)

The associated average daily lysine retention throughout
gestation can then be estimated in a similar way as lysretng,, by
dividing Pjjacenta,116 through 116, and multiplying by the lysine
content of 0.0639. In terms of Py, 116 this gives:

0.0639%(0.22424 X Py 116-32) _

lysretnplacenta (g/d) = 116
= 0.0001235 X Prys 116 — 0.0176

19)

Uterine protein deposition
Uterine protein mass is predicted by Equation 8-59 of NRC
(2012) as follows:

6.6361 — 2.4132 x ¢ 0101 % Deest
Puterus (g) =€

= 762.117 x ¢ 24132 x e P (20)

The average daily uterine lysine retention throughout gestation
can then be estimated via Equation 20 for Dgeg=1 and Dg.=116,
subtracting, dividing through 116, and multiplying by the lysine
content of 0.0692. This gives:
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0.0692 x 762.117
116

lysretnery (g/d) = x 0.38169 = 0.1735 (21)

Mammary gland protein deposition
The parenchymal protein mass in the mammary glands at Dy
days in gestation can be estimated from Table 2 of Ji et al. (2006):

Pudder,gestation (g) =0.2512 x 60'0475 * ng x TTN (22)

...where TTN is the number of functional teats.

The average daily lysine retention in the mammary glands
throughout gestation can then be estimated by evaluating
Equation 22 for Dgeg=1 and Dge=116, subtracting, dividing
through 116, and multiplying by the lysine content of 0.0655.
This gives:

0.0655 x 61.82 x TTN
116

lysretnudder,gestation (g/d) =

=0.03491 x TTN (23)

The parenchymal protein mass in the mammary glands during
lactation can be estimated as follows. Kim et al. (1999, their
Figure 3B) reported the protein mass (g) in the aggregated
suckled mammary glands at 21 days in lactation, dependent on
how many teats are actually suckled which is determined by litter
size during lactation (LSL): Pgyckiedglands = 132.8 + 37.8 x LSL (R* =
0.88), where LSL = NBA x (I - PWM), NBA is the litter size
(number born alive) and PWM is the preweaning mortality rate. A
nonsuckled gland goes into regression and retains 10 g of protein at
the end of lactation (Kim et al., 2001, their Table 2). Their effective
number is TTN - LSL. The protein mass of the whole udder at 21
days of lactation is then 132.8 + 37.8 x LSL + 10 x (TTN - LSL) =
132.8 +27.8 x LSL + 10 x TTN. According to Kim et al. (1999, their
Table 1), the corresponding protein mass at the start of lactation
(due to the gestational deposition of our Equations 22, 23) is 44 g
per gland. Subtracting 44 x TTN, dividing through 21, and
multiplying by the lysine content of 0.0655 gives the average daily
lysine retention in the mammary glands throughout lactation:

lysretnyqger actation (§/d)
=0.4142 +0.1179 x LSL-0.106 x TTN (24)

...which may be negative as well as positive.

Summary: tissue protein deposition

Substituting Equations 17, 19, 21, 23 and 24 into Equation 14
gives the average daily SID lysine requirements associated with
these protein deposition processes, as in Equations 25 to 29:

lysreqgews = (0.060737 + 0.00012754 x BW) x TNB

% PBWT x e—0.00ll x TNB (25)

lysteqpiacenta = (1.40627 +0.002953 x BW) x (0.0001235 X Pgyyg 116 — 0.0176) =
=0.2871 X lysreqg,s — 0.0352
(26)
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lysrequeras = 0.243988 + 0.00051235 x BW 27)
IYSI' €qudder,gestation
= (0.0490929 + 0.00010309 x BW) x TTN (28)

lysr €qudder,lactation

= (1.40627 + 0.002953 x BW) x (0.4142 + 0.1179

x LSL - 0.106 x TTN) (29)

Colostrum and milk protein synthesis
The equivalent of Equation 2 for colostrum or milk production
follows from Equation 8-76 of NRC (2012):

1.1197 x (Iysine retention— 067 4xmatmob)

lysreqcol/mﬂk (g/d) = 0.75 (30)
1.11970.0701 X PDyy /i
= Tl/lk =0.1047 x PDcol/milk

...where matmob is the amount of body protein mobilized
during lactation (g/d); we ignore it here because we are ultimately
interested only in the effects of trends in the reproduction traits, and
such effects on body protein mobilization are very difficult to model.
Hence, Equation 30 overestimates the true lysreq.omig at the same
time, any mobilized body protein will have to be replenished during
the subsequent gestation, which will increase lysreqsowbody as in
Equation 15.

To calculate lysine retention, the lysine content of each protein
can be combined with the PD. Table 2 of Yao et al. (2023) gives
7.85% lysine in milk protein and 7.50% lysine in colostrum protein.

Colostrum protein synthesis

Colostrum protein synthesis can be predicted from Tables 1 and
7 of Vadmand et al. (2015): colostrum yield (kg/d) = 1.10 + 0.20 x
LBWT, where LBWT is the litter birth weight in kg, calculated as
NBA x PBWT. Colostrum contains 16.5% protein; a large
proportion of this consists of immunoglobulins, which are
synthesized outside the mammary glands during the week before
farrowing. Therefore, P olostrum (kg) = 0.165 x (1.10 + 0.20 x NBA x
PBWT) =0.1815 + 0.033 x NBA x PBWT. Assuming that this takes
place during the final 7 days of gestation, the average daily
colostrum protein synthesis in g/d is as follows:

PD_yostrum (8/d) = 25.9 +4.71 x NBA x PBWT  (31)

Milk protein synthesis

Milk protein synthesis follows from Hansen et al. (2012): milk
production at Dy, days in lactation (Dj, = 2) can be described
with a Wood lactation curve (often used for dairy cows: Mpjaer = 00 X

B -\ x Dlact
Dlact xXe

); its parameters o, B and A can be quantified in
terms of litter size and litter weight gain; Supplementary Material 54
provides more detail. The milk protein content (%) is 4.71 + 4.43 /
Diact + 0.07 X (CPgeeq — 15.9); CPg.q is the CP content of the feed
(%). Assuming a feed with CPgeq = 15.9 %, the resulting patterns are

illustrated in Figure 5; the associated prediction equation for total
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FIGURE 5

Total milk protein production from days 2 to 22 in lactation, in
relation to litter weight gain and litter size (LS), based on the basis of
the prediction equations of Hansen et al. (2012).

sow milk protein synthesis from day 2 in lactation to weaning at 22
days is P (kg) = 2.086 + 0.371 x LSL + (0.183 x LSL - 0.264) x
LWG. The final term LWG = (LWWT - NBA x PBWT) / 22 is the
average litter weight gain (kg/d), with LWWT as the litter weaning
weight (kg/d). The average daily milk protein synthesis (in g/d)
from days 2 to 22 of lactation is then

PD i (g/d) = 99.33 + 17.67 x LSL + (8.714 x LSL-12.57)
x LWG (32)

Substituting Equations 31 and 32 into Equation 30 gives the
average daily SID lysine requirements associated with these protein
synthesis processes:

lysreqeolostrum (€/d) = 2.712 + 0.4931 x NBA x PBWT  (33)

lysrequn(g/d) = 10.4 + 1.85 x LSL + (0.9124
x LSL-1.316) x LWG (34)

...where LSL = NBA x (1 - PWM) and LWG = (LWWT - NBA
x PBWT) / 22.

Results
Growing-finishing pigs

The genetic trends of CGR, BFX and LDX in progeny from PIC-
Camborough dams and PIC-L65 or PIC-L800 sires (shown in
Figure 6) were converted into genetic trends of LTGR according
to Equation 11, substituting the Ucgr, Mprx and Uppx means of
animals harvested in 2022 shown in Table 2.

From there the genetic trend of PD was derived with the average of
Equations 7 and 12 (i.e. PD = 0.00486 + 0.3194 x LTGR) and the
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Genetic trends of carcass growth rate, backfat depth and loin muscle depth in growing-finishing pigs, progeny of Camborough parent sows and
PIC-L65 or PIC-L800 parent boars. The data points are monthly averages, and the trendlines are LOESS plots.

average of the lysine requirements according to Equation 4. This leads
to the patterns in Figure 7, with regression coefficients of +0.0916 and
+0.0889 g/d per year for the PIC-L65 and PIC-L800 progeny,
respectively. These coefficients are not significantly different from
each other (P=0.14); the pooled estimate is +0.0903 g/d per year.
This is the annual increase in the average lifetime daily SID lysine
requirement of growing-finishing pigs (progeny of PIC-Camborough
parent sows and of PIC-L65 or PIC-L800 parent boars) due to the
genetic trends in the growth rate and body composition of the PIC-L02,
PIC-L03, PIC-L65 and PIC-L800 populations.

Gestating and lactating sows

The genetic trends of LTGR (shown in Figure 4) and those of
TNB, NSB, PWM, PBWT, LWWT and TTN in PIC-Camborough
sows (shown in Figure 8) were converted into genetic trends of the
lysine requirements for the various protein synthesis functions
according to Equations 15, 25 to 29, 33 and 34. These trends are
shown in Figure 9.

The lysine requirements for tissue deposition (in the body,
mammary glands, and uterus with its contents) during gestation,
lactation and the weaning-mating interval (116 + 21 + 7 days)
increase each year by 0.10 g/d, and the lysine requirements for
colostrum and milk production during lactation and the preceding
week (7 + 21 days) increase each year by 0.37 g/d; the sow’s total
lysine requirements for the whole parity length then increase by
0.47 g/d per year. This is the annual increase in the average daily
SID lysine requirement of reproductive PIC-Camborough sows due
to the genetic trends of production and reproduction traits in the
PIC-L02 and PIC-L03 populations.

Discussion

In this study we quantified the annual changes in the lysine
requirements of growing-finishing pigs and of reproductive sows, as
caused by realized genetic trends in the production and
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reproduction traits that are routinely selected for in commercial
pig breeding. Of course, changes in the requirements for other
essential nutrients can be modeled the same way. The annual
increase in the average lifetime daily SID lysine requirement of
growing-finishing pigs (progeny of PIC-Camborough parent sows
and of PIC-L65 or PIC-L800 parent boars) is +0.0903 g/d per year,
i.e., +0.6% of the 2022 mean level per year. This is due to the genetic
trends in the growth rate and body composition of the PIC-L02,
PIC-L03, PIC-L65 and PIC-L800 populations.

The annual increase in the average daily SID lysine requirement
across the whole parity length of reproductive PIC-Camborough
sows is +0.47 g/d per year (ie., +2% of the 2022 mean level per
year): +0.10 g/d and +0.37 g/d (+1% and +3%) for gestational and
lactational processes, respectively. This is due to the genetic trends
of growth rate and body composition and of litter size, preweaning
survival, piglet birth weight, litter weaning weight and teat number
in the PIC-L02 and PIC-L03 populations. Figure 10 shows the
relative importance of the genetic changes in these breeding goal
traits (the sources) for the changes in the various protein deposition
and synthesis processes (the targets). Clearly, the change in milk
protein synthesis is the dominating target factor here; it is mainly
sourced from equal changes in (i) the number born alive and (ii)
again in equal proportion, preweaning mortality and litter weaning
weight. Changes in protein deposition in the sow’s body tissue and
in her uterus and its contents together constitute somewhat less
than one-third of the total target, and they are sourced from equal
changes in (iii) LTGR and (iv) again in equal proportions, total
number born and piglet birth weight. In short, most of the changes
in the sow’s protein synthesis processes is due to a change in milk
production, and most of that is caused by changes in litter size and
in the survivability and growth potential of the piglets.

Suitability of the model
The methodology described for growing-finishing pigs is a

patchwork of (i) the NRC (2012) model (which itself is based on
a wide variety of literature sources) to convert protein deposition
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FIGURE 7

Genetic trends of the average lifetime (2 to 120 kg body weight)
daily SID lysine requirements of growing-finishing pigs, progeny of
Camborough parent sows and PIC-L65 or PIC-L800 parent boars
The data points are monthly averages, and the trendlines are
LOESS plots.

(PD) to lysine requirements, (i) two very different sources ((a)
Schinckel et al., 1996; (b) Mohrmann et al., 2006 and Landgraf et al.,
2006) to predict PD from the lean tissue growth rate (LTGR), and
(iii) a synthetic average of worldwide lean prediction equations to
derive LTGR from backfat and loin muscle depth measurements.
The studies that generated all that data worked with different pig
genotypes and recorded their data across different body weight
trajectories, and the only way we could bring the information
together was in the form of our more or less convoluted
regression Equations 4, 15, 25 to 29, 33 and 34. As such, it is
unlikely that this approach is generally valid for any pig population.
It can only be recommended to repeat all this research specifically
for the pig population of current interest (acknowledging that this
will be prohibitively difficult for any commercial operation) and
bring the information together in a more coherent model.

10.3389/fanim.2024.1401514

Something similar holds for the methodology described for sows;
many of its elements due to NRC (2012) derive from studies that were
conducted long ago. The most outdated element is placental protein;
this is based on data recorded 40 years ago by Noblet et al. (1985)
from gilts carrying 12 or 13 “viable fetuses” two weeks before
farrowing. Similarly, the mammary gland protein deposition
patterns during lactation are based on data recorded 25 years ago
by Kim et al. (1999) on gilts that were standardized to nurse 6 to 12
piglets. Again, it seems high time for such studies to be repeated with
more recent pig populations and animal management conditions.

It is useful to compare our predicted annual increase in the daily
lysine requirement of growing-finishing pigs of 0.09 g/d per year
(based on pigs born between 2013 and 2023) to the successive
recommendations of NRC (1979, 2012) and PIC (2008, 2016, 2021).
Figure 1 shows these recommended patterns. They all span at least a
body weight trajectory from 30 to 100 kg and on the basis of the
areas below the curves within that common trajectory (from
integration of the fitted trendlines, as in Supplementary Material
S1), the average lysine requirements are 11.7, 17.6, 18.6, 20.4 and
20.6 g/d, respectively. For the 33-year period between NRC (1979)
and NRC (2012), and for the 13-year period between PIC (2008)
and PIC (2021), this gives annual increases in the 30 to 100 kg lysine
requirement of 0.18 and 0.15 g/d per year, respectively. Considering
that our 0.09 estimate was derived for a 2 to 120 kg body weight
trajectory, and considering the 0.663 conversion factor from 20 to
120 kg which would increase it to 0.14, the orders of magnitude
correspond well. A similar comparison of the sow requirements
produced unhelpful results: the literature values are considerably
more messy than those reported for growing-finishing pigs.

Consequences of these trends

We found an annual increase in the SID lysine requirements of
PIC’s growing-finishing pigs at 0.6 % of the current mean g/d levels.
Obviously, this should result in a proportional increase in nutrient
consumption to allow for the ongoing expression of the changing
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Genetic trends of litter size (total number born), number stillborn, preweaning mortality rate, piglet birth weight, litter weaning weight and teat
number in Camborough sows. The data points are monthly averages, and the trendlines are LOESS plots.
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FIGURE 9
Genetic trends of the SID lysine requirements (kg/d) for tissue deposition (in body, mammary glands, and the uterus with its contents) and for
colostrum and milk production in Camborough sows. The data points are monthly averages, and the trendlines are LOESS plots.

genetic production potential - in other words, to unlock that  potential is fully expressed) as opposed to cost: best cost rather than
potential and to keep it unlocked over time. If the trend in  least cost. The main problem here is that the livestock production
voluntary feed intake is insufficient to meet the trend in lysine  sector is largely unfamiliar with the magnitude of genetic
requirements, the protein content of the feed will have to be  improvement and its consequences.

increased. This will make the feed more expensive, and many The genetic trends of voluntary feed intake in PIC growing-
feed manufacturers may be reluctant to follow that trend because  finishing pigs can be converted to lysine intake, and those trends are
it will place them in an unfavorable competitive position in the  shown in Figure 11, together with the requirement trends shown in
many markets where competition is chiefly on price. This signalsa  Figure 7. In these populations, the trends in intake are at least as
need for better communication between the animal breeding and  strong as the trends in requirements are, so the abovementioned
animal nutrition sectors; the key element must be a focus on farm  “proportional increase in nutrient consumption” of growing-
profitability (which can be maximized only when the pig’s genetic  finishing pigs is catered for. Note that these patterns are averages

genetic change in... —  change in protein deposition in...

FIGURE 10

A flow diagram to quantify the relative impact of (i) realized genetic changes in the recorded traits lean tissue growth rate, teat number, litter size,
preweaning survival, piglet birth weight and litter weaning weight on (ii) changes in protein deposition in body tissue, mammary tissue and the uterus
and its contents and in the synthesis of colostrum and milk protein, in reproductive Camborough sows.
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FIGURE 11

Genetic trends of the average lifetime SID lysine requirements (as in
Figure 7; solid lines) and SID lysine intake (dashed lines; calculated
as 0.8% of voluntary feed intake from 25 to 135 kg body weight,
following Table 16-1A of NRC, 2012) of growing-finishing pigs,
progeny of Camborough parent sows and PIC-L65 or PIC-L800
parent boars. The data points are monthly averages, and the
trendlines are LOESS plots.

across the pig’s lifetime; they do not show to what extent the
requirements were met in particular stages of that lifetime.

We also found an annual increase in the SID lysine requirements
of reproductive sows at 2% of the current mean g/d level. This, again,
should result in a proportional increase in nutrient consumption to
allow for the ongoing expression of the changing genetic production
potential. Lewis and Bunter (2011) and Bergsma et al. (2013) reported
genetic correlation estimates of +0.26 and +0.24 between voluntary
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FIGURE 12

Responses of productivity and efficiency criteria in relation to daily
nitrogen intake in growing-finishing pigs fed four diets with different
crude protein and fiber contents but equal net energy and equal SID
lysine, methionine+cysteine and threonine contents. Data from Yang
et al. (2023). The leftmost FCR data point differed significantly (P<0.05)
from the other ones; the leftmost NUE data point differed significantly
(P=0.03) from the lowest one. The lean contrasts are nonsignificant
(P>0.14); the CO,eq estimates did not come with standard errors.
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grower-finisher feed intake and lactation feed intake. Given these low
correlations, grower-finisher feed intake cannot be relied upon as a
selection trait to control the balance between nutrient consumption
and metabolism during lactation. Similarly, Young et al. (2016)
studied grower-finisher and lactation feed efficiency and concluded
that “when selecting for pigs that are more feed efficient during the
grow/finish phase, sow feed intake and body condition change during
lactation must be taken into consideration”. This calls for routine
recording of lactation feed intake and for its inclusion into the dam
line breeding goals — possibly with a positive weighting factor, which
will have to be determined once the trend in lactation intake can
reliably be compared with the trend in lactation nutrient
requirements, as shown in Figure 9. A possible carry-over effect
from gestation intake will have to be taken into account: Whittemore
(1998) noted that if the required nutrient intake cannot be realized
during lactation, feeding strategies during gestation will have to be
adapted, and Bunter et al. (2008) concluded from their own data
analysis that “under current [Australian] gestational feeding systems,
sows are unable to adapt intake to meet both their own and litter
requirements on an individual as-needs basis”.

Realized versus potential trends

It is very difficult to ensure that the nutritional requirements of a
farm animal are always met so that its genetic production potential
can always be fully expressed. For example, Emmans (1997) needed
just such data to evaluate his models of potential growth; he resorted
to data recorded on fetal cattle and sheep, reasoning that the maternal
nutrient supply to a monotocous fetus has a very high metabolic
priority which brings it as close to fully unrestricted as practically
possible. Performance data of pigs or sows recorded in real-life farm
conditions cannot achieve such a high level of integrity.

Like most published genetic trends in farm animals, those of our
Figures 4, 6, 8 are based on routinely calculated EBVs that derive
from phenotypic data recorded in farm conditions with unclear
nutritional restriction levels. We used EBVs of animals housed in
PIC’s nucleus farms (where nutrition is closely optimized) only, but
those animals form only a part of the whole phenotyped population;
much of the data behind their EBVs comes from multiplier and
customer farms. Hence these EBVs relate to phenotypes expressed
under unclear nutritional restriction levels, and selection on them has
caused genetic change in the production potential in such conditions.
Although the associated realized trend will be weaker than what
might be achieved in a fully unrestricted system, our trend estimates
do reflect the true state of nature, i.e. the change in real-life
production potential. At the same time, as illustrated in Figure 1,
recommended levels of lysine supply were regularly increased over
time; hopefully this has led to industry-wide positive environmental
trends in real-life production. Our genetic trend estimates should be
independent from those, because the EBVs were calculated with
adjustment for a contemporary group effect. It follows that our
recommended annual increases of lysine supply at 0.6 and 2 % of
the base levels are valid for farm conditions with unclear nutritional
restriction levels, not for fully unrestricted production systems.
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Priorities around efficiency

There are several approaches to voluntary feed intake in the
grower-finisher stage and the lactation stage and to the associated
efficiencies. The conventional one (i) is to minimize feed intake while
maximizing the desired output (i.e., lean tissue growth rate or piglet
production, respectively): this is about gross feed efficiency, commonly
expressed as the feed conversion ratio (FCR: input / output). A
refinement is done in terms of residual feed intake (ie., net feed
efficiency); both approaches target short-term farm profitability. A
different approach (ii) would draw from the patterns in our Figure 11
for growing-finishing pigs and its equivalent for reproductive sows
(once that information has become available), where the main goal is to
ensure that the pig’s or sow’s genetic potential for production is fully
supported by its nutrient intake through some combination of
voluntary feed intake and feed composition. A third approach (iii)
would target nitrogen excretion (the pig’s main contributor to
greenhouse gas emission) and the nutrient intake pattern most likely
to minimize it, given the pig’s genetic production potential.

All these approaches are about efficiency defined in different
ways: (i) gross or net feed efficiency, (ii) capacity utilization rate (e.g.,
Christiano, 1981), or (iii) nitrogen utilization efficiency. Livestock
breeding will have to find a way to integrate these approaches into a
single breeding goal. This will take some effort because the various
criteria do not respond equally to a change in protein supply.
Figure 12 illustrates this with data from Yang et al. (2023), who fed
pigs unrestrictedly with four diets with the same net energy content
and the same SID lysine, methionine/cysteine and threonine content
but different crude protein and fiber contents. This resulted in a wide
range of daily nitrogen intake with decidedly variable responses in the
relevant productivity and efficiency criteria.

An efficient way to gain insight into the interrelationships
within this system would be a simulation study where growing-
finishing pigs of an appropriate range of genetic protein deposition
(PD) potential are subjected to three feeding regimes for 150 days
from 30 kg body weight.

Regime 1: unrestricted access to a diet with the optimum (and
therefore dynamic over time) composition to meet each pig’s
nutrient requirements (such as in our Equation 4); pigs with a
higher PD potential will be able to fully express it because their
requirements will be met in this example of precision farming.

Regime 2: as in regime 1, but the diet composition is the optimal
one for the pig with the lowest PD potential; the other pigs will be
able to fully express their PD potential only when their feed intake
capacity allows for it, and because for them the diet is unbalanced
they will deposit more body fat.

Regime 3: as in regime 2, but feed intake is restricted to the
unrestricted level of the pig with the lowest PD potential; the other
pigs will not be able to fully express their PD potential.

The relevant simulation output parameters would be end
weight, cumulative feed intake, feed price as a function of diet
composition, realized PD, realized fat deposition, and realized
nitrogen intake and excretion. From that, the production cost,
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carcass value, carbon footprint and the three efficiencies described
above can be calculated.
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