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Introduction

Soybean meal (SBM) is an excellent protein source for pigs
because it has a well-balanced amino acid profile, providing
high concentrations of both essential and nonessential amino
acids. This makes SBM very cost-competitive compared to
other protein sources (Ibafiez et al., 2020; Pope et al., 2023).
The energy concentration in SBM positively affects its utility
in practical diets for swine, with recent studies indicating that
the net energy level in SBM is greater than previously reported,
further increasing the value proposition of SBM (Cemin et al.,
2020; Leeetal.,2022; Pope et al., 2023; Boyd and Gaines, 2023).
However, inclusion levels of SBM in swine diets have decreased
over time, mainly because of the increased availability of
crystalline amino acids, the use of distillers’ dried grains with
solubles (DDGS), and the price reduction of tryptophan; the
latter causing dietary SBM content to dramatically decrease.
For example, the average diets in the year 2000 did not contain
DDGS and included approximately 3 Ibs/ton of L-lysine HCI.
In 2008, the inclusion of up to 12 Ibs/ton of lysine became
possible because tryptophan became affordable. In 2010,
DDGS started to be included at approximately 20% with
the addition of crystalline amino acids. In 2017, DDGS was
included at levels well over 20% with high levels of crystalline
amino acids. During this timeframe (2000, 2008, 2010, 2017)
diets contained approximately 464, 346, 172, and 52 Ibs per
ton of SBM, respectively. With crystalline tryptophan being
reliably cost-effective, and now valine and isoleucine also
available at competitive costs, there is greater potential to
drive dietary SBM content even lower, possibly down to zero in
pigs weighing about 160 Ibs or more.

Thus, the inclusion of SBM in pig diets has become largely
dependent on pricing, which does not account for the potential
value of SBM beyond its contribution as a source of amino
acids. In addition to its value as a protein and energy source,
SBM contains significant amounts of health-promoting
compounds, including isoflavones, saponins, and phenolic
antioxidants (Petry et al., 2024; Sharma et al., 2019; Smith and
Dilger, 2018), as well as bioactive peptides generated from
the digestion of soy proteins (Chatterjee et al., 2018). Several
studies have shown benefits of increased SBM inclusion in
diets of pigs exposed to respiratory diseases, most notably
porcine reproductive and respiratory syndrome (Boyd et al.,
2010; Zier-Rush et al., 2015; Rochel et al., 2015). Thus, SBM can
be strategically used at higher levels to mitigate the negative
impacts of respiratory disease on growth performance, feed

efficiency, medication costs, and full value pigs (Boyd et al.,
2023). Functional components in SBM may also provide
benefits in healthy pigs as suggested by improved daily gain
and feed efficiency, as well as reduced medical treatments and
culling with increasing dietary levels of SBM for late nursery
pigs (Moran et al, 2017; Cemin et al., 2019, 2020). Price
competitiveness of DDGS and crystalline amino acids have
forced dietary SBM inclusion to very low levels, which may
reduce possible benefits from functional components in SBM
that take it beyond serving as a well-balanced source of amino
acids and energy.

Purpose of this study

To evaluate the potential benefits of SBM in healthy pigs,
two studies were conducted using early- and late-finishing
pigs to determine the impact of SBM displacement on the
growth performance of pigs. We hypothesized that extensive
replacement of SBM from the diet would impair growth
performance, even in healthy pigs. The objectives were to
determine the impact of SBM displacement with DDGS and
crystalline amino acids on growth performance and carcass
quality of healthy early- and late-finishing pigs in two separate
studies conducted sequentially (adapted from Anderson,
2021). We further aimed to construct response curves to
dietary SBM inclusion based on growth phase to account for
potential difference in response due to pig body weight.

Experimental design of studies

Pigs were assigned to one of 8 dietary treatments arranged in
a 2 x 4 factorial (Table 1) with 2 levels of DDGS (0 or 25% for
the early-finisher pig study and 0 or 20% for the late-finisher pig
study) and 4 levels of crystalline amino acid supplementation.
In the early-finisher pig study, a total of 512 pigs with an
average starting body weight of 84.9 + 0.3 Ibs were grouped
by body weight and sex and assigned to 64 pens with four
gilts and four barrows per pen, resulting in eight replicates
and 64 pigs per treatment. In the late-finisher pig study, a total
of 480 pigs with an average starting body weight of 183.2 +
0.8 Ibs were grouped by body weight and sex and assigned to
80 pens with three gilts and three barrows per pen, resulting
in 10 replicates and 60 pigs per treatment. In both studies,
amino acid supplementation consisted of L-lysine HCI added
at 0, 4, 8, or 12 Ibs per ton, with DL-methionine, L-threonine,
L-tryptophan, L-valine, and L-isoleucine supplemented to



Table 1. Experimental diets showing a 2 x 4 factorial arrangement with

DDGS inclusion and L-lysine HCI (plus other amino acids) as factors.

Iltem Control DDGS
L-lysine HCI: 0 4 8 12 0 4 8 12
Early-finisher pig study
DDGS inclusion, Ibs/ton 0 0 0 0 500 500 500 500
L-lysine HCl inclusion, lbs/ton 0 4 8 12 0 4 8 12
Phase 1 Soybean meal, Ibs/ton 32.1 25.7 19.4 13.1 279 215 152 8.9
Phase 2 Soybean meal, Ibs/ton 283 219 156 9.4 241 177 114 5.1
Late-finisher pig study
DDGS inclusion, Ibs/ton 0 0 0 0 400 400 400 400
L-lysine-HCl inclusion, Ibs/ton 0 4 8 12 0 4 8 12
Phase 1 soybean meal, Ibs/ton 21.8 15.4 9.1 2.9 184 12.1 5.8 0.0
Phase 2 soybean meal, Ibs/ton 18.8 12.5 6.2 34 154 9.1 28 0.0

Table 2. Specifications of nutrients, net energy, and amino acid
ratios for the early-finisher and late-finisher pig diets to evaluate
the impact of soybean meal inclusion on growth performance.

Early-finisher pig study

Late-finisher pig study

Phase 1 Phase 2 Phase 1 Phase 2

Item 85 to 122 |bs 122 to 161 lbs 183 to 230 lbs 230 to 275 Ibs
Net Energy, Mcal 2.49 2.49 2.53 2.55

SID Lys/NE, g/Mcal 4.00 3.62 2.92 2.61

SID Lys, % 1.00 0.90 0.74 0.67
Met+Cys/Lys, % 58 59 60 62
Thr/Lys, % 63 64 67 69
Trp/Lys, % 19 19 20 20
Val/Lys, % 67 67 70 70
lle/Lys, % 56 56 56 56

maintain appropriate standardized ileal digestible (SID) amino
acid ratios (Table 2). The ratios used were obtained from van
der Peet-Schwering and Bikker (2018) and exceeded NRC
(2012) recommendations.

Diet formulation

For both studies, dietary treatments were formulated by a
commercial feed company to take advantage of their nutrient
matrix values for the ingredients used and to ensure these
values were as current and accurate as possible. The net
energy value used for SBM in the diet formulation was more
conservative than the more recent net energy value suggested
by Boyd and Gaines (2023). For the early-finisher study, diets
were fed in two phases and were formulated to contain 1.00%
(Phase 1,21 days) and 0.90% (Phase 2, 18 days) standardized
ileal digestible (SID) lysine, and were carefully balanced for
ideal protein and net energy. Dietary SBM inclusion declined
with the inclusion of crystalline amino acids from 32.06% to
13.14% (Phase 1) and 28.25% to 9.40% (Phase 2) for control
diets without DDGS (Table 1). Inclusion of SBM declined from
27.85%t0 8.89% (Phase 1) and 24.05% to 5.10% (Phase 2) with
increasing crystalline amino acid inclusion for diets with DDGS.

For the late-finisher study, diets were formulated to contain
0.74% and 0.67% for Phase 1 (21 days) and Phase 2 (13 days
for the heaviest five replicates and 20 days for the lightest five
replicates) diets, respectively. Diets were balanced for SID
lysine, methionine and cysteine, threonine, tryptophan, valine,
and isoleucine and were equal in net energy. Inclusion of SBM
decreased with increasing levels of crystalline amino acids

from 21.75% to 2.85% for Phase 1 and from 18.75% to 3.35%
for Phase 2 for the control diets. It decreased from 18.40%
to 0% for Phase 1 and 15.40% to 0% for diets with DDGS. For
Phase 2 diets with DDGS, only 0.427% added L-lysine HCI
was required to meet SID lysine requirements for the highest
crystalline amino acids supplemented diet. Thus, crystalline
L-lysine HCI supplementation was limited to a maximum of
8.54 Ibs/ton for Phase 2 diets. Diet composition for Phase 1
and Phase 2 diets for both early- and late-finisher studies are
shown in Tables 3 to 6. All diets were chemically verified and
were consistent with the targeted formulated values.

Benefits of SBM in early-finishing pigs

Inclusion of DDGS at 25% in partial replacement of SBM
reduced final body weight (P = 0.032; Figure 1) and average
daily gain (P = 0.024; Figure 2) during the 39-day experimental
period. Supplementation with crystalline amino acids reduced
(P < 0.001) final body weight and average daily gain (Figures 1
and 2). Pigs fed the DDGS diet had a 2.47 Ibs lower body weight
at the end of the study, whereas replacing SBM with 12 Ibs/
ton of L-lysine HCI (plus other crystalline amino acids) reduced
final body weight by 5.71 Ibs. The response to supplemental
crystalline amino acids was dependent on whether DDGS were
included or not. Supplementation of crystalline amino acids
decreased growth rate and final body weight linearly when
DDGS were not included in the diet, whereas the decrease
was quadratic when DDGS were included. Feed intake was not
impacted (P = 0.731) by DDGS supplementation (Figure 3).
However, feed intake linearly decreased with crystalline amino



Table 3. Detailed composition of experimental Phase 1 (85 to 122
Ibs of body weight) early-finisher diets (as fed-basis)

Control DDGS

Added Lysine HCI: 0 4 8 12 0 4 8 12
Ingredient, %
Corn, yellow dent 63.23 69.82 76.28 82.54 41.04 47.80 54.36 60.82
Soybean meal, 47.5% CP 32.06 25.74 19.43 13.14 27.85 2151 15.20 8.89
DDGS, 6.9% fat; 28.1% CP 0 0 0 0 25 25 25 25
Poultry fat 2.35 167 100 0.36 419 350 282 215
Calcium carbonate 1.020 1.030 1.040 1.050 1.265 1.290 1.300 1.305
Monocalcium phosphate, 21% P 0.540 0.610 0.685 0.755 0.000 0.035 0.105 0.175
Salt 0.530 0.525 0.525 0.520 0.435 0.435 0.430 0.430
L-lysine HCI 0 0.2 0.4 0.6 0 0.2 0.4 0.6
DL-methionine 0.050 0.105 0.160 0.216 0 0.001 0.056 0.111
L-threonine 0 0.080 0.167 0.254 0 0 0.084 0.171
L-tryptophan 0 0 0.034 0.070 0 0 0.030 0.066
L-valine 0 0 0.045 0.157 0 0 0 0.028
L-isoleucine 0 0 0.007 0.119 0 0 0 0.030
Phytase 0.03 0.03 0.03 0.03 0.03 003 003 0.03
Vitamin-mineral premix 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Calculated composition
Net energy, Mcal/kg 2.49 249 249 249 249 249 249 249
Crude protein 19.68 17.42 15.23 13.16 23.14 20.80 1856 16.38
Crude fat 4.66 410 356 3.02 743 687 631 577
NDF 7.19 7.26 732 736 11.74 11.83 11.89 11.96
ADF 2.57 2.46 234 2.23 3.78 3.67 3.56 3.44
Total lysine 1.13 1.11 1.10 1.08 1.18 117 115 113
Calcium 0.58 058 058 0.58 058 058 058 0.58
Phosphorus 0.48 047 046 045 048 046 045 045
Digestible phosphorus 0.27 0.27 027 0.27 0.28 0.27 027 0.27
Standardized ileal digestible amino acids
Lysine 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Methionine 0.32 034 037 0.40 033 030 032 035
Methionine and cysteine 0.58 0.58 0.58 0.58 063 058 058 0.58
Threonine 0.64 0.63 0.63 0.63 0.72 0.63 0.63 0.63
Tryptophan 0.23 019 019 0.19 023 020 019 0.19
Valine 0.84 0.73 0.67 0.67 096 086 0.75 0.67
Isoleucine 0.77 0.66 0.56 0.6 0.86 0.75 0.64 0.56
Leucine 1.51 1.35 1.19 1.03 1.90 1.74 158 143
Table 4. Detailed composition of experimental Phase 2 (122 to 161
Ibs of body weight) early-finisher diets (as fed-basis)

Control DDGS

Added Lysine HCI: 0 4 8 12 0 4 8 12
Ingredient, %
Corn, yellow dent 67.55 74.16 80.61 86.67 4551 52.30 58.83 65.26
Soybean meal, 47.5% CP 28.25 21.90 15.60 9.40 24,05 17.70 11.40 5.10
DDGS, 6.9% fat; 28.1% CP 0 0 0 0 25 25 25 25
Poultry fat 1.89 1.21 054 0.00 3.57 2.88 2.20 1.54
Calcium carbonate 0.995 1.005 1.015 1.025 1.225 1.250 1.260 1.270
Monocalcium phosphate, 21% P 0.525 0.595 0.665 0.740 0.000 0.025 0.095 0.165
Salt 0.530 0.525 0.525 0.520 0.425 0.420 0.420 0.415
L-lysine HCI 0 0.2 0.4 0.6 0 0.2 0.4 0.6
DL-methionine 0.036 0.091 0.146 0.202 0 0 0.045 0.100
L-threonine 0 0.080 0.167 0.254 0 0 0.087 0.174
L-tryptophan 0 0.001 0.037 0.073 0 0 0.033 0.070
L-valine 0 0 0.046 0.158 0 0 0 0.034
L-isoleucine 0 0 0.020 0.133 0 0 0 0.046
Phytase 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Vitamin-mineral premix 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Calculated composition, %
Net energy, Mngjkg 2.49 2.49 2.49 2.50 249 2.49 2.49 2.49
Crude protein 18.17 1590 13.72 11.68 21.49 19.14 1691 14.74
Crude fat 4.28 3.73 3.18 2.75 7.10 6.54 5.99 5.45
NDF 7.25 7.33 7.39 7.42 11.91 1199 12.06 12.12
ADF 2.51 2.40 2.28 2.16 3.88 3.77 3.65 3.54
Total lysine 1.03 1.01 0.99 0.98 1.08 1.06 1.05 1.03
Calcium 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56
Phosphorus 0.46 0.45 0.44 0.43 046 0.45 0.44 0.43
Digestible phosphorus 0.26 0.26 0.26 0.26 027 026 026 0.26
Standardized ileal digestible amino acids
Lysine 0.90 090 0.90 0.90 090 090 090 0.9
Methionine 0.29 031 0.34 0.37 031 0.28 0.30 0.32
Methionine and cysteine 0.53 053 0.53 0.53 060 054 053 0.53
Threonine 0.58 0.58 0.58 0.58 0.66 0.58 0.58 0.58
Tryptophan 0.21 0.17 0.17 0.17 021 017 017 0.17
Valine 0.78 0.67 0.60 0.61 090 0.79 0.68 0.60
Isoleucine 0.71 060 0.51 051 079 068 057 0.51
Leucine 141 1.25 1.10 0.94 1.81 1.65 1.49 1.33




Table 5. Detailed composition of experimental Phase 1 (183 to 230
Ibs of body weight) late-finisher diets (as fed-basis)

Control DDGS

Added Lysine HCI: 0 4 8 12 0 4 8 12
Ingredient, %
Corn, yellow dent 7400 80.60 86.98 93.18 56.37 63.08 69.62 75.34
Soybean meal, 47.5% CP 2175 1540 9.10 2.85 18.40 12.05 5.75 0.00
DDGS, 6.9% fat; 28.1% CP 0 0 0 0 20 20 20 20
Poultry fat 2.0 13 0.6 0.0 33 2.6 2.0 1.4
Calcium carbonate 0.980 0.990 1.000 1.005 1.175 1.185 1.195 1.205
Monocalcium phosphate, 21% P 0.540 0.610 0.685 0.755 0.085 0.155 0.225 0.290
Salt 0.525 0.525 0.520 0.520 0.445 0.440 0.440 0.435
L-lysine HCI 0 0.2 0.4 0.6 0 0.2 0.4 0.6
DL-methionine 0.004 0.059 0.114 0.170 0 0.000 0.033 0.092
L-threonine 0 0.087 0.174 0.261 0 0.023 0.110 0.199
L-tryptophan 0 0.014 0.051 0.087 0 0.011 0.048 0.083
L-valine 0 0 0.072 0.184 0 0 0 0.085
L-isoleucine 0 0 0.044 0.157 0 0 0 0.085
Phytase 0.03 0.03 0.03 0.03 0.03 003 0.03 0.03
Vitamin-mineral premix 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Calculated composition, %
Net energy, Mcal/kg 253 253 253 253 253 253 253 253
Crude protein 1552 1326 11.11 9.06 18.19 15.86 13.63 11.74
Crude fat 446 390 336 284 670 615 560 511
NDF 7.30 7.37 7.43 7.47 11.03 11.10 11.17 11.21
ADF 239 227 216 204 348 337 326 3.15
Total lysine 084 083 081 079 089 087 086 0.85
Calcium 054 054 054 0.54 054 054 054 054
Phosphorus 044 043 042 041 043 043 042 041
Digestible P 025 025 025 0.25 025 025 025 025
Standardized ileal digestible amino acids
Lysine 074 074 074 074 074 074 074 0.75
Methionine 0.23 0.25 0.28 0.30 0.27 0.24 0.24 0.27
Methionine and cysteine 0.44 044 044 044 0.52 047 044 045
Threonine 050 050 050 0.50 0.56 050 050 0.50
Tryptophan 0.17 0.15 0.15 0.15 0.17 0.15 0.15 0.15
Valine 0.66 056 0.52 0.52 0.76 065 0.54 0.53
Isoleucine 0.59 048 041 041 066 055 044 0.42
Leucine 1.25 1.09 093 0.77 156 141 125 110

Table 6. Detailed composition of experimental Phase 2 (230 to 275
Ibs of body weight) late-finisher diets (as fed-basis)*

Control DDGS

Added Lysine HCI: 0 4 8 12 0 4 8 12
Ingredient, %
Corn, yellow dent 77.08 83.62 89.99 92.77 59.44 66.10 72.65 75.48
Soybean meal, 47.5% CP 18.75 1245 6.15 3.35 1540 9.10 2.80 0.00
DDGS, 6.9% fat; 28.1% CP 0 0 0 0 20 20 20 20
Poultry fat 1.95 127 0.62 0.33 3.28 2.61 1.93 1.64
Calcium carbonate 0.955 0.965 0.975 0.980 1.150 1.160 1.170 1.175
Monocalcium phosphate, 21% P 0.515 0.585 0.660 0.690 0.060 0.130 0.200 0.230
Salt 0.525 0.525 0.520 0.520 0.440 0.440 0.435 0.435
L-lysine HCI 0 0.200 0.400 0.489 0 0.200 0.400 0.489
DL-methionine 0 0.053 0.108 0.133 0 0 0.027 0.052
L-threonine 0.004 0.091 0.178 0.216 0 0.027 0.114 0.152
L-tryptophan 0 0.016 0.053 0.069 0 0.013 0.050 0.065
L-valine 0 0 0.071 0.120 0 0 0 0.021
L-isoleucine 0 0 0.055 0.105 0 0 0 0.035
Phytase 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Vitamin-mineral premix 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 *Formulation of the diet did not
Calculated composition, % necessitate the inclusion of 0.6%
Net energy, Mcal/kg 255 255 255 255 255 255 255 255 b:{ﬁ'{‘; l';g/'t‘;or: L’;Zgggsl_‘i';’;me
Crude protein 1431 12.07 9.93 9.01 16.98 14.68 12.44 11.49 HCL. Diets were formulated with
Crude fat 448 393 339 315 673 618 562 539  ayimum L-lysine HCI inclusion
NDF 733 740 745 748 11.05 1113 1120 1122  without providing excess SID
ADF 233 222 210 205 343 332 320 315 lysine in the final diet.
Total lysine 0.76 0.75 0.73 0.72 081 079 0.77 0.77
Calcium 0.52 052 0.52 0.52 052 052 052 052
Phosphorus 0.42 0.41 0.40 0.40 0.42 0.41 0.40 0.40
Digestible P 024 024 0.24 0.24 024 024 024 024
Standardized ileal digestible amino acids
Lysine 0.67 0.67 0.67 0.67 0.67 067 0.67 0.67
Methionine 0.21 0.23 0.26 0.27 025 023 022 024
Methionine and cysteine 041 041 041 041 049 044 041 041
Threonine 0.46 0.46 0.46 0.46 052 046 046 046
Tryptophan 0.46 046 0.46 0.46 0.52 046 046 0.46
Valine 0.61 051 047 0.47 071 060 049 047
Isoleucine 0.54 043 037 0.37 061 050 039 037

Leucine 1.17 1.02 086 0.79 1.49 133 118 1.10




acid supplementation within control diets, but in a quadratic
manner when supplemented to DDGS-containing diets
(interaction, P = 0.004; Figure 3). Feed efficiency expressed as
feed:gain was 3.2% higher (P = 0.005) for pigs fed diets with
DDGS compared to control-fed pigs, consuming 0.08 Ibs more
feed per Ib of gain (Figure 4). Feeding diets with supplemental
crystalline amino acids (12 Ibs/ton of L-lysine HCI) resulted in
a 4.2% higher feed:gain (P = 0.005) or 0.10 Ibs more feed per
Ib of gain.

This study showed that displacement of SBM with DDGS
reduced growth rate and increased feed:gain, whereas
supplementation with crystalline amino acids negatively
affected growth and feed efficiency for SBM control diets, but
did not cause further reductions in DDGS-containing diets. Diets

Figure 1. Impact of displacing soybean meal with DDGS

and crystalline amino acids on body weight of early-

finisher pigs (85 to 161 Ibs of average body weight). Dietary
treatments consisted of diets without added DDGS (Control)
or diets with 25% DDGS (DDGS) and within each of these
diets, supplemental L-lysine HCI with other amino acids at
appropriate ratios (Lys+AA) at either 0, 4, 8, or 12 Ibs per ton
of feed.

DDGS effect, P = 0.032
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Figure 3. Impact of displacing soybean meal with DDGS and
crystalline amino acids on average daily feed intake of early-
finisher pigs (Study 1; 85 to 161 Ibs of average body weight).
Dietary treatments consisted of diets without added DDGS
(Control) or diets with 25% DDGS (DDGS) and within each

of these diets, supplemental L-lysine HCI with other amino
acids at appropriate ratios (Lys+AA) at either 0, 4, 8, or 12 Ibs
per ton of feed.

DDGS effect, P = 0.731
LYS+AA effect, P = 0.007
DDGS * LYS+AA interaction, P = 0.004
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in this study were carefully formulated to meet requirements
for standardized ileal digestible lysine, methionine plus
cysteine, threonine, tryptophan, valine and isoleucine, yet
growth performance was compromised with high inclusion of
crystalline amino acids. Thus, increasing the amount of SBM
in the diet was positively correlated with improved total weight
gain (R? = 0.454) and feed efficiency (R? = 0.732) as can be
seen in Figures 5 and 6, respectively. The response of total
weight gain to SBM inclusion was more evident within the
control diets (blue circles) than the DDGS-containing diets (red
circles). On the other hand, feed efficiency linearly improved
with increasing inclusion of SBM regardless of DDGS inclusion.

The regression analysis indicated that for every 1% increase
in SBM inclusion, there was a 0.33 Ibs increase in total gain

Figure 2. Impact of displacing soybean meal with DDGS and
crystalline amino acids on average daily gain of early-finisher
pigs (Study 1; 85 to 161 Ibs of average body weight). Dietary
treatments consisted of diets without added DDGS (Control)
or diets with 25% DDGS (DDGS) and within each of these
diets, supplemental L-lysine HCI with other amino acids at
appropriate ratios (Lys+AA) at either 0, 4, 8, or 12 Ibs per ton
of feed.

DDGS effect, P = 0.024
LYS+AA effect, P < 0.001
DDGS * LYS+AA interaction, P = 0.020
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Figure 4. Impact of displacing soybean meal with DDGS and
crystalline amino acids on feed efficiency of early-finisher
pigs (Study 1; 8510 161 Ibs of average body weight). Dietary
treatments consisted of diets without added DDGS (Control)
or diets with 25% DDGS (DDGS) and within each of these
diets, supplemental L-lysine HCI with other amino acids at
appropriate ratios (Lys+AA) at either 0, 4, 8, or 12 Ibs per ton
of feed.
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Figure 5. Impact of increasing dietary soybean meal content
on total weight gain of early-finisher pigs (from 85 to 161

Ibs of body weight). Blue markers signify diets without
supplemental DDGS and red markers indicate diets with 25%
added DDGS.
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and an improvement in feed efficiency of 0.007. This study
was conducted during the winter with high health status pigs,
and other work (Boyd et al., 2010; Zier-Rush et al., 2015; Rochel
et al., 2015) suggests that the impact of dietary SBM would
be even greater in pigs exposed to heat stress or respiratory
health challenges.

Benefits of SBM in late-finishing pigs

In this study, pig body weight at marketing was reduced by 2.69
lbs (P = 0.046) with the inclusion of DDGS (Figure 7). Further,
DDGS inclusion reduced (P = 0.048) average daily gain (Figure
8) and tended to decrease daily feed intake (P = 0.070; Figure
9) without affecting feed efficiency (Figure 10). Supplemental
crystalline amino acids linearly decreased (P < 0.005) body
weight and average daily gain, without impacting feed intake,
and worsened feed efficiency (P = 0.005). Inclusion of 12 Ibs/
ton of L-lysine HCI (8.54 Ibs/ton for Phase 2) while balancing
other essential amino acids decreased final market weight by
6.06 Ibs and increased feed:gain by 5.0% which is equivalent to
0.162 Ibs of extra feed per Ib of gain.

Ultrasound back fat thickness tended to be reduced (0.60 vs.
0.62 in.) when DDGS were included (P = 0.071), and crystalline
amino acids quadratically influenced loin eye area (7.51, 7.58,
7.59, and 7.33 in% P = 0.011). These apparent differences in
ultrasound carcass measurements were directly related to the
decreased final body weight in pigs fed DDGS and crystalline
amino acids. Carcass yield was reduced by an absolute 0.42%
(72.62 vs. 73.04) with DDGS supplementation (P = 0.034).
Therefore, marginal carcass weight was 3.08 Ibs lower with
DDGS inclusion (data not shown).

Collectively, these data indicate that displacement of SBM
with DDGS and crystalline amino acids, especially at the
highest level of crystalline amino acid supplementation,
negatively affected growth of late-finishing pigs. In other words,
increasing the amount of dietary SBM improved total weight
gain (R? of 0.64) and feed efficiency (R? of 0.59) as shown in

Figure 6. Impact of increasing dietary soybean meal content
on overall feed efficiency of early-finisher pigs (from 85 to
161 Ibs of body weight). Blue markers signify diets without
supplemental DDGS and red markers indicate diets with 25%
added DDGS.
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Figures 11 and 12, respectively. This response suggests that
for every 1% increase in SBM inclusion, total gain was improved
by 0.51 Ibs and feed:gain was reduced by 0.008. It should be
noted that pigs in the present study were extremely healthy
and that the effects of dietary SBM are expected to be more
pronounced under respiratory health challenges (Boyd et al.,
2010; Zier-Rush et al., 2015; Rochel et al., 2015). The impacts
observed here would likely be of greater importance especially
in commercial production during the summer when average
daily gain is at a premium to achieve target market weights.

Practical application of SBM in diets for finishing
pigs

In both studies described here, the displacement of SBM by
DDGS and crystalline amino acids negatively impacted both
body weight gain and feed efficiency. Increasing the level of
dietary SBM had a remarkable impact on maximizing gain.
Comparing the highest to the lowest inclusion level of SBM
on live weight gain yielded approximately 18 Ibs of extra live
body weight for both the early-finisher and the late-finisher
study combined. Marginal feed efficiency, from the lowest to
the highest SBM inclusion level, improved by 0.17 and 0.23 for
the early-finisher and late-finisher, respectively. In a fixed-time
scenario and especially when pigs are profitable, maximum
gain is valuable, whereas strictly focusing on feed cost will
compromise return over investment.

Part of the observed response was due to the negative impact
of DDGS on growth performance in both early- and late-
finishing pigs. Shurson (2019) summarized results of DDGS
inclusion in diets for finishing pigs for studies conducted in
2010 or later. The calculated reduction in average daily gain
in that review was moderate and averaged 0.91%, 3.20%, and
2.44% with the inclusion of DDGS at 15% to 20%, 25% to 30%,
and more than 30%, respectively. A reduction in carcass yield
is relatively common when feeding DDGS because of its high
fiber content, which reduces carcass gain and also reduces



Figure 7. Impact of displacing soybean meal with DDGS and
crystalline amino acids on final body weight of late-finisher
pigs at marketing (Study 2; 183 to 275 Ibs of average body
weight). Dietary treatments consisted of diets without added
DDGS (Control) or diets with 20% DDGS (DDGS) and within
each of these diets, supplemental L-lysine HCI with other
amino acids at appropriate ratios (Lys+AA) at either 0, 4, 8,
or 12 Ibs per ton of feed.
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Figure 9. Impact of displacing soybean meal with DDGS

and crystalline amino acids on average daily feed intake of
late-finisher pigs (Study 2; 183 to 275 Ibs of average body
weight). Dietary treatments consisted of diets without added
DDGS (Control) or diets with 20% DDGS (DDGS) and within
each of these diets, supplemental L-lysine HCI with other
amino acids at appropriate ratios (Lys+AA) at either 0, 4, 8,
or 12 Ibs per ton of feed.
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carcass gain relative to feed intake, which is consistent with
the data presented herein.

It should be noted that these previously published studies
did not use the extraordinary levels of amino acids that we
use today, and many of the early studies with DDGS were
conducted when tryptophan was expensive. Without the price
competitive availability of tryptophan, the inclusion level of
SBM would have been reduced to a much lesser extent with
the inclusion of DDGS in these earlier studies. In today's
market, with the availability of tryptophan, valine and even
isoleucine, there is much more pressure for exact application
of proper amino acid ratios in diet formulation than in the past.
In addition, with the availability of tryptophan and other amino
acids, the inclusion of SBM drops substantially when DDGS
are included. If SBM has growth-stimulating properties (Petry

Figure 8. Impact of displacing soybean meal with DDGS and
crystalline amino acids on average daily gain of late-finisher
pigs (Study 2; 183 to 275 Ibs of average body weight).
Dietary treatments consisted of diets without added DDGS
(Control) or diets with 20% DDGS (DDGS) and within each

of these diets, supplemental L-lysine HCI with other amino
acids at appropriate ratios (Lys+AA) at either 0, 4, 8, or 12 Ibs
per ton of feed.
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Figure 10. Impact of displacing soybean meal with DDGS
and crystalline amino acids on feed efficiency of late-finisher
pigs (Study 2; 183 to 275 Ibs of average body weight).
Dietary treatments consisted of diets without added DDGS
(Control) or diets with 20% DDGS (DDGS) and within each

of these diets, supplemental L-lysine HCI with other amino
acids at appropriate ratios (Lys+AA) at either 0, 4, 8, or 12 Ibs
per ton of feed.
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et al., 2024), or if amino acids beyond tryptophan (and valine
and isoleucine) become limiting due to the reduction in SBM
inclusion, then compromised performance of pigs should be
expected when dietary SBM is reduced.

In the studies described here, replacement of SBM was
carefully balanced through formulation of diets that met
or exceeded requirements for SID lysine, methionine plus
cysteine, threonine, tryptophan, valine and isoleucine and were
equal in net energy content. When formulating diets with high
levels of crystalline amino acids, total crude protein in the diet
decreased. In our studies, this reduction in crude protein was
rather drastic. In general terms, research suggests that protein
can be reduced by 2.5% to 3%, but beyond that point, growth
and feed efficiency is generally impaired (Boyd et al., 2024).
Johnson, Usry, and Boyd reported a study in 1999 that showed



Figure 11. Impact of increasing dietary soybean meal
content on total weight gain of late-finisher pigs (183 to

275 Ibs of body weight). Blue markers signify diets without
supplemental DDGS and red markers indicate diets with 20%
added DDGS.
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that as SBM content decreased from 375 Ibs/ton to near zero
(in 110 Ib pigs), pigs became fatter and less efficient despite
having restored the original dietary balance of all indispensable
and dispensable amino acids (Boyd et al., 2024). Potassium
level and dietary electrolyte balance was also maintained equal
to or above a safe minimum. They proposed that the observed
responses were not due to a crude protein limitation, but rather
were related to growth and health-promoting components in
SBM that is not common to alternative protein sources. It is
interesting to note that practical, applied studies evaluating
the minimum protein requirements of pigs often reduce dietary
SBM while supplementing with high levels of crystalline amino
acids to incrementally reduce dietary protein. In this case,
effects of a deficiency in non-essential amino acids with
reduced crude protein diets cannot be clearly distinguished
from potential effects of health-promoting molecules from
SBM (Soto et al., 2019).

Figure 13. Estimated minimum soybean meal level for each
feeding phase when considering weight gain is a priority
(fixed time). Point estimates were derived by estimating the
SBM level required to maximize gain and feed conversion
for each phase and then deriving the final estimate by
assuming a priority of 80% for weight gain and 20% for feed
conversion. Feeding phases in the studies were 85 to 122,
122 t0 161, 183 to 230, and 230 to 275 Ibs.
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Figure 12. Impact of increasing dietary soybean meal
content on feed efficiency of late-finisher pigs (183 to 275
Ibs of body weight). Blue markers signify diets without
supplemental DDGS and red markers indicate diets with 20%
added DDGS.
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Does dietary protein minimum make sense?

Suggesting a minimum requirement of crude protein does not
provide much accuracy, considering that in diets with relatively
poor protein sources crude protein will be unnecessarily high
and should be able to be reduced to a greater extent than when
high-quality protein sources are used. The premise that non-
essential amino acids may be limiting growth in pigs fed diets
that are low in crude protein, but meet the requirements for
all essential amino acids is valid, but perhaps needs updating.
Recent studies suggest that under certain circumstances
pigs may be incapable of synthesizing adequate quantities
of certain non-essential amino acids to fully express their
genetic potential (Wu et al., 2014; Hou et al., 2015; Wu and Li,
2022). Under these conditions, growth or other physiological
processes may be compromised unless these conditionally
essential amino acids are provided at sufficient quantities in
the diet. The possibility of synthesizable amino acids (either
conditionally essential or non-essential amino acids) playing
a role in the observed responses in these studies cannot be
ruled out. If this is the case, increased levels of SBM were able
to correct this deficiency.

To enhance translation of these research findings into practical
application, we estimated the approximate minimum SBM
inclusion level for each feeding phase that would maximize
gain. This serves as a starting point for recommendations for
minimum SBM inclusion at various body weights of finishing
pigs (Figure 13). Feed conversion was also improved in our
studies, but the level of SBM required to optimize it was slightly
different. The minimum SBM levels shown in Figure 13 were
derived mainly for maximum growth, but also account partly
for improved feed efficiency, and they assume fixed time
conditions (e.g., summer). Fastest growth tends to produce
the highest percentage of full-value price market pigs and the
least cull-value market pigs in the population. In practice, this
proposed curve should be validated and refined to derive the
optimum population profit outcome. Financial optimization
integrates feed input cost against value created; however, when



pigs are profitable, and time is fixed, pounds of full-value pigs
produced overwhelmingly drive the SBM specification. Further
calibration of SBM inclusion must be based on population
outcomes, and must make the specifications applicable to
the specific production system and time of year. Answers
are expected to be different for summer versus non-summer,
which needs to be validated. Addition of a normal summer diet
as a control when developing a summer SBM optimum curve
will be crucial in order to verify whether maximizing growth
by preventing SBM replacement from being too extreme is
beneficial under those conditions.

Conclusion

1. In early-finishing pigs, displacement of SBM from 31% to 6%
in growing pig diets compromised weight gain by over 7 lbs
and feed:gain ratio by 0.17 units.

2. In late-finishing pigs, displacement of SBM from 21% to 0%
compromised weight gain by 10 Ibs and feed:gain ratio by
0.18 units.

3. Minimum SBM specifications throughout the growth cycle
of finishing pigs can maximize profitability, especially in a
fixed-time scenario.

4. Biologically functional components other than amino acids
present in SBM play a role in the improvements in growth
performance, even in healthy pig populations.

* Eric van Heugten, PhD is Professor of Nutrition and Swine Extension Specialist in
the Department of Animal Science at North Carolina State University, Raleigh NC.
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