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Abstract

Background Two studies were designed to determine standard ileal crude protein (CP) and amino acid (AA) digest-
ibility of soybean meal (SBM) from different origins fed to non-pregnant and pregnant sows. Seven solvent-extracted
SBMs from soybeans produced in the USA, Brazil, and China were selected. In Exp. 1, eight different diets were created:
a nitrogen (N)-free diet and 7 experimental diets containing SBM from different origins as the only N source. Eight
non-pregnant, multiparous sows were arranged in an 8 X8 Latin square design (8 periods and 8 diets). In Exp. 2,

the diet formula was the same as in Exp. 1. Eight gestating sows (parity 3) were assigned to 4 different diets in a repli-
cated 4 x 3 Youden square design (three periods and four diets) in mid-gestation and again in late-gestation stages.

Results When fed to non-pregnant and late-gestating sows, the standardized ileal digestibility (SID) of CP and most
AAs from different SBM were not significantly different (P>0.05). When fed to mid-gestating sows, the SID values

for Arg, His, Lys, Phe, Cys, Gly, Ser, and Tyr in SBM 1 were lower than in SBM 4 and 5 (P<0.05), whereas SID for Leu
from SBM 5 was higher than in SBM 1 and 4 (P < 0.05). SID values for lle, Ala, and Asp from SBM 4 were lower

than in SBM 1 and 5 (P<0.05). Sows had significantly greater SID values for Lys, Ala, and Asp during mid-gestation
when compared with late-gestation stages (P < 0.05). Mid-gestating sows had greater SID value for Val and lower SID
value for Tyr when compared with non-pregnant and late-gestating sows (P < 0.01), whereas non-pregnant sows had
significantly greater SID value for Met when compared with gestating sows (P<0.01).

Conclusions When fed to mid-gestating sows, the SID values for most AAs varied among SBM samples. The SID
values for Lys, Met, Val, Ala, Asp, and Tyr in SBM were affected by sow gestation stages. Our findings provide a corner-
stone for accurate SBM use in sow diets.
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in digestible nutrients in SBM from different origins can
affect their efficient application in growing pig feed [4, 5].
SBM produced in the USA contains more indispensable
AAs than SBM from Argentina and China, and the stand-
ardized ileal digestibility (SID) levels for crude protein
(CP) and most AAs in SBM from the USA are greater
than in SBM from Brazil, India, and Argentina when fed
to growing pigs [6].

However, SBM nutritive values may vary when fed to
pigs at different physiological stages. We observed that
the metabolizable energy and nitrogen (N) net utilization
values of SBM were greater in late-gestating sows when
compared with mid-gestating sows [3]. Additionally, the
SIDs of CP and AAs in dehulled SBM were less in pigs
with a body weight (BW) under 20 kg when compared
with pigs over 20 kg [7]. When compared with growing
pigs, pregnant sows had higher SID values of CP and all
AAs, except for Asp and Trp, when fed SBM [8]. Because
of the need to surgically modify sows, it is difficult to
evaluate the SID values of AAs in feed ingredients in
multiparous sows. Currently, when formulating diets for
sows, the SID values of AAs in ingredients are mostly
based on values from growing pigs [9, 10]. Thus, accurate
SBM nutrient digestibility information at specific sow
gestation stages is required if precise sow feed formula-
tions are to be achieved.

Consequently, our objectives were to determine SID
values for CP and AAs in SBM from different sources in
pregnant and non-pregnant multiparous sows, and ana-
lyze the effects of different pregnancy stages on the ileal
digestibility of AAs in SBM.

Materials and methods

The Animal Care and Use Committee of Sichuan Agri-
cultural University reviewed and approved all study pro-
tocols (SICAU20210038). Seven solvent-extracted SBM
samples were collected from the main SBM-producing
areas in China (Table 1). The soybeans were grown in the
USA, Brazil, and China. SBM chemical composition val-
ues are shown in Tables 2 and 3.

Animals and experimental design

Two experiments were conducted simultaneously. A total
of 16 Landrace X Yorkshire crossbred sows (parity 3) were
used. Exp. 1 was designed to measure SID values for CP
and AAs in seven SBM samples in non-pregnant sows.
Eight animals with a T-cannula in the distal ileum were
used. The T-cannula was installed according to a previ-
ous report [11]. Sows were randomly allotted to an 8 x 8
Latin square design with eight diets and eight periods.
There were eight replications for each diet.
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Table 1 Soybean meal origins
No. Source of Type of soy? Plants® Location

soybean of plants in

China

SBM 1  China Conventional Al Heilongjiang
SBM2  China Conventional A2 Heilongjiang
SBM 3 Brazil RRGM B Sichuan
SBM 4 Brazil RRGM @ Sichuan
SBM5 US RRGM D Hebei
SBM6  US RR GM E Tianjin
SBM7 US RRGM F Chongging

@ RR GM: Roundup-ready genetically modified

bThe same capital letter indicates that beans were processed in the same plant
while different numbers indicate different soybean varieties

Exp. 2 was designed to measure SID values for CP and
AAs in three SBM samples in mid-gestating and late-
gestating sows. The three SBM sources (SBM 1, 4, and 5)
were representative samples with large nutritional differ-
ences in Exp.1. Eight gestating sows were randomly allot-
ted to a replicated 4 X3 Youden square design, with four
diets and three periods in each square in mid-gestation (d
27-47) and again in late-gestation stages (d 69—-89). There
were 6 replications per diet. Each period lasted 7 d, with
5 adaptation days and then 2 d collecting ileal digesta.
Ileal digesta samples were collected continuously for 12
h (08:00 to 20:00 h) on d 6 and 7 in each experimental
period. Specific collection methods were described in our
previous research [12].

Feeding, diets, and sample collection

Sows were individually housed in metabolism crates
(2.10 mx0.97 mx 1.20 m) with smooth sides and plas-
tic covers. A stainless-steel feeder and nipple drinker
were provided in the crates. Experiments 1 and 2 had the
same dietary formulation (Table 4), and the same batch
of each diet was used for all sows. The analytical values
of experimental diets are shown (Table 5). An N-free
diet was used to determine basal endogenous AA and
CP losses. The AA digestibility of SBM was measured
by a direct method with SBM as the sole N source. All
diets contained 0.4% chromic oxide as an indigestible
marker. Solka-Floc (International Fiber Corp., Urbana,
OH, USA) was also included to increase crude fiber
concentrations and prevent constipation. Water was
provided ad libitum. To avoid the effects of feed intake
on the SID of AA, sows were fed a daily 3 kg ration [9],
with separate meals at 08:00 h and 15:00 h. Room tem-
perature was maintained at 20+2 °C. When not being
tested, sows were fed standard commercial feed. Ileal
digesta pretreatments before analyses were performed as
described elsewhere [6].
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Table 2 Nutrient composition (% dry matter, unless otherwise indicated) of different soybean meal
Item SBM 1 SBM 2 SBM 3 SBM 4 SBM 5 SBM 6 SBM 7 Mean Maximum  Minimum CV
Dry matter 89.39 89.07 87.63 87.94 87.87 88.18 87.00 88.15 89.39 87.00 0.94
Gross energy, kcal/kg 442311 447745 451851 453424 451713 453527 459031 451372 459031 4,423.11 1.16
Crude protein 50.07 48.62 50.13 5342 49.24 4850 50.02 50.00 5342 48.50 3.31
Ether extract 2.79 0.97 1.15 1.01 1.49 2.14 111 1.52 2.79 0.97 45.38
Crude fiber 10.02 548 6.00 3.70 4.69 6.52 4.54 5.85 10.02 3.70 35.37
Neutral detergent fiber ~ 15.44 9.79 9.71 6.66 9.91 11.37 841 10.18 15.44 6.66 2691
Acid detergent fiber 10.99 6.99 6.60 4.56 6.32 8.69 529 7.06 10.99 4.56 30.72
Insoluble dietary fiber 2215 2043 2237 17.06 2140 2177 19.77 20.71 2237 17.06 8.97
Soluble dietary fiber 2.53 2.18 3.14 1.39 2.38 2.38 1.85 2.26 3.14 1.39 24.24
Total dietary fiber 24.72 22.57 25.56 1842 23.79 24.16 21.61 2298 25.56 1842 1045
Ash 831 6.95 6.58 6.74 6.45 6.21 6.90 6.88 831 6.21 9.92
Carbohydrates
Maltose 045 0.36 0.21 0.19 0.19 0.14 0.29 0.26 045 0.14 4239
Sucrose 4.03 3.59 342 7.73 4.55 2.72 8.62 4.95 8.62 2.72 46.18
Stachyose 1.64 1.87 1.59 2.05 1.16 1.63 2.01 1.71 2.05 1.16 17.89
Raffinose 0.34 046 0.79 0.94 0.70 0.78 0.70 0.67 0.94 0.34 30.59
Indispensable amino acids
Arg 3.07 3.60 3.79 3.81 3.65 339 340 353 3.81 3.07 744
His 1.24 1.25 1.35 1.28 1.18 1.30 1.28 127 1.35 118 4.18
lle 1.77 211 224 2.29 212 2.10 2.03 2.09 229 1.77 8.03
Leu 3.15 3.74 3.95 4.04 3.73 3.72 367 3.71 4.04 3.15 7.64
Lys 2.74 3.18 3.15 324 2.90 290 3.15 3.04 3.24 2.74 6.20
Met 0.74 0.79 0.83 0.83 0.84 0.82 0.81 0.81 0.84 0.74 4.25
Phe 2.02 243 2.59 2.64 241 243 2.39 242 2.64 2.02 8.25
Thr 1.69 1.94 2.00 2.08 191 1.87 1.89 191 2.08 1.69 6.35
Trp 0.55 0.67 0.65 0.69 0.61 0.52 0.63 0.62 0.69 0.52 10.11
Val 1.85 213 225 2.32 213 212 223 2.15 232 1.85 7.04
Dispensable amino acids
Ala 1.85 2.05 213 2.21 2.05 2.04 228 2.09 228 1.85 6.64
Asp 4.69 5.51 567 5.92 542 5.36 537 542 592 4.69 6.98
Cys 093 1.02 1.05 1.11 1.04 1.01 1.03 1.03 111 0.93 5.23
Glu 7.37 9.00 9.40 9.84 8.91 891 8.85 8.90 9.84 7.37 857
Gly 1.80 203 2.10 2.16 2.03 1.98 2.09 203 2.16 1.80 5.72
Pro 207 243 2.60 2.65 246 245 215 2.40 2.65 207 9.01
Ser 214 2.51 2.57 2.68 247 244 2.38 246 2.68 214 6.90
Tyr 1.55 1.84 1.89 191 1.88 1.76 1.98 1.83 1.98 1.55 7.68

Chemical analysis and calculations

Dry matter (DM), CP, crude ash, ether extract (EE),
stachyose, raffinose, maltose, sucrose, AA, and mineral
levels in samples were analyzed as described previously
[13]. Gross energy (GE) was analyzed according to a
previous report [14]. Crude fiber (CF), neutral deter-
gent fiber (NDF), acid detergent fiber (ADF), insolu-
ble dietary (IDF), and soluble dietary fiber (SDF) levels
were also analyzed as described previously [15, 16].
Total dietary fiber (TDF) was determined as the sum of

SDF and IDF. Folic acid, vitamin E, and thiamine levels
were analyzed according to a previous report [17].

Nonspecific (basal) endogenous CP and AA losses
were calculated from sows fed the N-free diet, and the
apparent ileal digestibility (AID) and SID values of CP
and AAs were calculated in test diets [18].

Statistical analysis

The normality of residuals and outliers were tested using
the UNIVARIATE procedures of SAS (SAS Institute Inc.,
Cary, NC, USA). Mean values deviating from treatment
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Table 3 Mineral and vitamin concentrations in different soybean meals (mg/kg dry matter, unless otherwise indicated)
Item SBM 1 SBM 2 SBM 3 SBM 4 SBM 5 SBM 6 SBM 7 Mean Maximum Minimum cv
Macro minerals
Calcium, % 0.36 0.39 041 043 0.39 044 040 040 044 0.36 6.68
Phosphorus, % 0.69 0.78 0.57 0.62 0.63 0.64 0.64 0.65 0.78 0.57 10.15
Magnesium, % 0.31 0.29 0.31 0.35 032 0.33 0.30 0.32 0.35 0.29 6.30
Potassium, % 2.24 2.25 217 2.39 2.28 2.15 2.30 2.25 2.39 2.15 3.59
Sulfur 1163 1096 996 1160 1135 1168 1253 1160 1253 996 6.91
Micro minerals
Copper 1231 1235 14.84 1137 13.66 10.89 14.94 1291 14.94 10.89 12.46
Iron 346.79 145.95 182.59 106.89 34141 170.11 103.45 199.60 346.79 103.45 51.60
Manganese 50.34 3593 33.09 26.15 29.59 24.95 29.89 32.85 50.34 24.95 2613
Selenium ND? ND 0.13 0.08 ND 0.02 0.25 0.12 0.25 0.02 81.37
Zinc 46.99 43.79 45.65 50.03 47.80 48.76 44.83 46.84 50.03 43.79 4.74
Molybdenum 0.98 143 2.83 411 3.27 261 241 252 4.1 0.98 42.14
Vitamins
Folic acid 13.54 14.26 20.77 25.02 23.10 19.39 18.85 19.28 25.02 13.54 22.02
Vitamin E 1.95 ND 267 2.22 2.58 291 ND 247 291 1.95 1542
Thiamine 2.57 2.30 2.10 2.24 2.26 2.02 2.54 2.29 2.57 202 8.97

# ND =not detected values were below the method detection limit. Minimum detection levels for selenium and vitamin E were 0.01 mg/kg and 1 mg/kg, respectively

Table 4 Ingredient composition (as-fed basis) in experimental

diets

Ingredient, % Test diets? N-free diet
Cornstarch 44.56 76.55
Soybean meal 34.40 0.00
Soybean oil 3.00 3.00
Limestone 0.59 0.70
Dicalcium phosphate 1.90 2.20
NaCl 0.40 040
Sucrose 10.00 10.00
Solka floc 4.00 6.00
Chromic oxide 040 040
Choline chloride (50%) 0.25 0.25
Vitamin-mineral premix? 0.50 0.50
Total 100.00 100.00

2 Test diets were formulated using different soybean meal sources

b Premix provided per kilogram of complete diet: 6,000 IU Vitamin A; 2,000 IU
Vitamin D3; 80 IU Vitamin E; 3.8 mg Vitamin K; 2.0 mg Vitamin B,; 6.0 mg
riboflavin; 4.0 mg Vitamin Bg; 0.02 mg Vitamin B, ,; 26.0 mg niacin; 18.0 mg
pantothenic acid; 3.2 mg folic acid; 0.4 mg biotin; 100 mg iron; 20 mg copper;
100 mg zinc; 25 mg manganese; 0.4 mg iodine; and 0.30 mg selenium

means by over three times the interquartile range were
considered outliers and removed. Statistical data analy-
ses were performed using PROC MIXED procedures
in SAS (SAS Institute Inc.) with sow as the experimen-
tal unit. The statistical model included the fixed effect of
SBM or diets and the random effects of the period, sows,
and reproductive phase. When comparing differences

between different pregnancy phases, a variance analysis
was performed using pregnancy phase as a fixed effect
and sows and periods as random effects, and only SBM
1, 4, and 5 samples were included in ileal digestibility data
analyses. The LSMEANS statement was used to calculate
the least squares means for each treatment, and statisti-
cal differences were separated by Tukey’s multiple range
tests. Results were considered significant at P<0.05 and a
trend at 0.05<P<0.1.

Results

Chemical characteristics of SBM samples

The nutrient composition of SBM from different sources
is shown in Tables 2 and 3. The average CP in samples
was 50.00% (DM basis), and the coefficient of variation
(CV) was 3.31%. CV values for EE, NDF, ADF, CF, SDF,
TDE, carbohydrates, Trp, phosphorus, copper, iron, man-
ganese, selenium, molybdenum, folic acid, and vitamin
E were>10%. SBM 4 had the highest CP and total AA
content and lowest fiber content, whereas SBM 1 had the
lowest total AA content and the highest CF, ADF, and
NDF content. Maltose and manganese concentrations
in SBM 1 and 2 were greater, but raffinose, selenium,
molybdenum, and folic acid concentrations were lower
than in other SBM. Additionally, sucrose, stachyose, and
raffinose levels in SBM 4 and 7 were higher.

Apparent ileal digestibility
All sows remained healthy during the experiments, and
pregnant sows gave birth normally after the experiments.
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Table 5 Compositional analysis of experimental diets (% dry matter, unless otherwise indicated)
Item N-free diet Test diets®
SBM 1 SBM 2 SBM 3 SBM 4 SBM 5 SBM 6 SBM 7
Dry matter 89.79 90.44 90.29 89.67 89.85 89.73 89.96 89.26
Crude protein 0.51 15.14 15.67 16.78 17.04 16.07 15.70 16.79
Gross energy, kcal/kg 395871 413834 4179.01 4203.32 4214.49 4202.85 4207.80 4206.70
Indispensable amino acids
Arg 0.00 1.05 122 1.25 1.20 1.16 1.22 1.03
His 0.00 041 045 045 043 042 047 0.39
lle 0.01 0.61 0.69 0.77 0.76 0.70 0.80 0.66
Leu 0.02 1.09 1.25 134 1.30 127 1.38 1.14
Lys 0.01 0.95 1.07 1.07 1.01 1.00 1.04 0.89
Met 0.04 0.15 0.13 0.1 0.17 0.13 0.1 0.13
Phe 0.01 0.73 0.85 0.88 0.86 0.82 0.92 0.75
Thr 0.01 0.60 0.68 0.69 0.67 0.65 0.69 0.57
Trp 0.02 0.17 0.21 0.20 0.19 0.21 0.21 0.18
Val 0.01 0.65 0.75 0.83 0.79 0.76 0.80 0.69
Dispensable amino acids
Ala 0.01 0.67 0.75 0.77 0.75 0.78 0.80 0.69
Asp 0.02 1.67 193 1.99 1.93 1.85 1.99 1.62
Cys 0.01 0.15 0.14 017 0.19 0.14 0.17 0.12
Glu 0.03 2.65 3.21 3.36 3.24 3.10 335 2.69
Gly 0.01 0.66 0.73 0.77 0.72 0.72 0.78 0.65
Pro 0.02 0.70 0.81 0.81 0.82 0.72 0.79 0.59
Ser 0.01 0.76 0.90 0.89 0.86 0.85 0.90 0.73
Tyr 0.03 0.56 0.63 0.65 0.62 0.69 0.76 0.67

2 Soybean meal sources are described in Table 1

In non-pregnant sows, AID values for CP and most
AAs in SBM from different origins were not differ-
ent, but AID values for Ile in SBM 3 and 6 were greater
when compared with SBM 1 (P<0.05). The AID value
for Val in SBM 2, 3, and 6 was greater than in SBM 1
(P<0.05), whereas it was lower for Tyr in SBM 1, 2, 3, and
6 (Table 6). In mid-gestating sows, AID values for Arg,
His, Phe, Ser, Ile, Leu, Lys, Ala, Gly, and Tyr in SBM 5
were greater than in SBM 1 (P<0.05). AID values for Ile,
Ala, Trp, and Asp in SBM 5 were greater than in SBM 4
(P<0.05), whereas the AID value for Cys in SBM 4 and
5 was greater than in SBM 1 (P<0.05) (Table 7). In late-
gestating sows, the AID value for Tyr in SBM 4 and 5 was
greater than in SBM 1 (P<0.05), but values for other AAs
were similar for SBM from different origins. When com-
paring sows at different gestation stages, non-pregnant
sows had significantly greater AID values for Met when
compared with gestating sows (P<0.01), whereas non-
pregnant sows had greater AID values for Trp and Ala
when compared with late-gestating sows (P<0.05). Also,
sows had greater AID values for Lys, Val, Ala, and Asp
during mid-gestation when compared with late-gestation
phases (P<0.05).

Endogenous AA losses in sows

The most abundant AAs in ileal endogenous protein from
sows were Pro, Glu, Gly, Asp, Leu, Ser, and Thr. Basal ileal
endogenous (BEL) values of indispensable AAs ranged
from 80.00 mg/kg dry matter intake (DMI) for Met to
465.00 mg/kg DMI for Leu in non-pregnant sows, from
108.33 mg/kg DMI for Met to 440.00 mg/kg DMI for Leu
in mid-gestating sows, and from 124.00 mg/kg DMI for
Met to 505.00 mg/kg DMI for Leu in late-gestating sows
(Table 8). BEL values for Met and Ala in gestating sows
were greater when compared with non-pregnant sows
(P<0.05). The BEL value for Trp in late-gestating sows
was greater than in non-pregnant sows (P<0.05), the BEL
value for Ile in non-pregnant sows was greater than in
mid-gestating sows (P<0.05), and the BEL value for Tyr
in late-gestating and non-pregnant sows was greater than
in mid-gestating sows (P<0.05).

Standardized ileal digestibility

As indicated (Table 9), for non-pregnant sows, the SID
of CP and most AAs in SBM from different sources were
not different, except the SID of Tyr in SBM 5 and 7 were
greater than that in SBM 1, 2, 3, and 6 (P<0.05). The
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Table 6 Apparent ileal digestibility values for crude protein (CP) and amino acids (AAs) in soybean meal (SBM) from different origins in

non-pregnant sows

Item, % SBM 1 SBM 2 SBM 3 SBM 4 SBM 5 SBM 6 SBM 7 Mean SEM P-value
cp 81,67 81.71 81.55 8141 81.64 79.63 83.70 81.57 043 038
Indispensable AA
Arg 90.74 92.71 91.88 90.73 91,51 9231 9154 9161 0.30 051
His 86.74 89.28 88.01 87.46 87.60 8847 87.87 87.87 0.30 049
lle 82.18° 85.49°° 87.02° 83.65%° 8541°° 87.27° 85.29°° 85.29 044 0.04
Leu 83.58 86.71 87.08 8485 86.97 87.46 8441 85.84 041 0.06
Lys 85.87 87.83 86.85 85.61 86.84 86.17 8581 86.40 033 0.65
Met 86.60 87.90 86.84 88,84 87.99 86.35 87.99 87.52 035 0.44
Phe 86.23 87.51 87.19 86.86 87.64 8831 86.56 87.18 035 0.77
Thr 80.80 8293 8197 81.30 80.79 8191 78.94 81.25 048 0.50
Trp 81.55 85.55 83.75 82.35 85.73 84.94 81.76 8364 0.50 0.09
Val 80.89° 85.25° 8534 83.342° 84.02°° 85.16° 82.05°° 83.71 044 0.03
Dispensable AA
Ala 8168 81.17 8155 82.53 83.18 80.75 80.75 8169 047 0.82
Asp 8537 8598 85.70 84.31 83.76 85.77 83.59 8491 047 0.70
Cys 7413 76.32 79.94 76.83 75.26 7853 76.03 76.73 0.64 0.23
Glu 86.72 89.30 8852 86.90 87.71 8841 86.41 87.69 041 048
Gly 69.78 73.39 7643 74.98 70.57 74.75 74.05 7342 0.88 037
Pro 70.98 7961 75.71 7446 6535 75.55 7337 73.66 151 0.29
Ser 82.80 85.40 85.35 83.83 84.46 8523 81.69 84.11 046 0.23
Tyr 8501 84.46¢ 83.96¢ 87.12¢ 88.71°° 86.15 89.74° 86.48 041 <001

-d Different superscripts indicate that means in the same row differ (P <0.05)

average AA SID values for Pro and Arg were the highest
(102.58% and 94.21%), whereas those for Gly, Ala, and
Thr values were the lowest (84.17%, 86.26%, and 86.95%,
respectively). In non-pregnant and late-gestating sows,
no differences were observed in the SID of CP and all
AA between SBM 1, 4, and 5 (Table 10). In mid-gestating
sows, the SID values of Arg, His, Lys, Phe, Gly, Ser, and
Tyr in SBM 5 were greater than in SBM 1 (P<0.05), SID
values for Ile, Ala, and Asp in SBM 5 were greater than
in SBM 4 (P<0.05), the SID value of Leu in SBM 5 was
greater than in SBM 1 and 4 (P<0.05), and SID values
of Cys in SBM 4 and 5 were significantly greater than in
SBM 1 (P<0.01) (Table 10).

When comparing sows at different gestation stages,
sows in mid-gestation had greater SID values of Lys, Ala,
and Asp when compared with those in late-gestation
stages (P<0.05), whereas non-pregnant sows had sig-
nificantly greater SID value of Met than gestating sows
(P<0.01). Mid-gestating sows had greater SID value of
Val and lower SID value for Tyr than non-pregnant and
late-gestating sows (P<0.01).

Discussion

Chemical characteristics of SBM samples

In the SBM samples, levels of CP, EE, CF, NDF, ADF, Ash,
and AA were within previously reported range values [9,

16, 19]. IDF, SDF, and TDF values in SBM concurred with
previous data, with no difference in values from differ-
ent countries [20]. SBM 4 was dehulled, which may have
accounted for lower IDF, SDF, and TDF levels. SBM 1 and
2 had higher and lower maltose and raffinose concentra-
tions, respectively, which were possibly due to different
growing conditions and soybean varieties [21]. As pre-
viously reported, commercial SBM produced from soy-
beans in China had lower AA concentrations and higher
ADF and NDF concentrations [6], which may be due to
Chinese SBM containing more soybean hulls. SBM 1
had the lowest Lys to CP ratio, indicating possible over-
processing or heat damage [22]. Thus, soybean origin,
growth, and agronomic conditions substantially affect the
chemical composition of SBM [5].

Apparent ileal digestibility

To the best of our knowledge, few articles have reported
AID values for CP and AAs of SBM in gestating sows
[23]. AID values for His, Ile, Leu, Lys, Met, Phe, Trp, Val,
Asp, Cys, Glu, Ser, and Tyr in SBM in non-pregnant sows
concurred with previous reports, whereas AID values for
CP and other AAs were higher than reported previously
[23]. In addition, AID values for CP, Thr, Val, and Ala in
SBM in mid-gestating sows were higher, Met AID values
were slightly lower, and AID values for other AAs were
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Table 8 Basal ileal endogenous losses (mg/kg dry matter intake,
DMI) of crude protein (CP) and amino acid (AA) in sows?

Item Non- Mid- Late- SEM  P-value
pregnant gestating gestating
SOwWs SOWS SOWS

CP,g/kg DMI 9.82 10.14 1057 059 089

Indispensable AA
Arg 29833 255.00 368.00 2413 025
His 12875 12167 153.33 510 006
lle 31750°  215.00° 27500° 1131 <001
Leu 465.00 440.00 505.00 1841 045
Lys 29375 295.00 286.00 11.71c 096
Met 80.00° 108.33° 12400° 420 <001
Phe 21375 24200 270.00 1248 023
Thr 367.50 408.00 396.67 1654 062
Trp 106.25¢ 123.33% 150.00° 588 003
Val 340.00 36833 35833 1597 078

Dispensable AA
Ala 34000°  46800° 456.00° 1965 004
Asp 575.00 658.00 628.00 2555 044
Cys 171.25 132,50 13500 877 017
Glu 692.50 810.00 712.00 3431 045
Gly 67429 74167 906.00 6933 046
Pro 192000 1800.00 255600 31403 065
Ser 358.75 436.00 392.00 1921 032
Tyr 182.86°  30.00° 21167° 769 <001

@ Each mean represents eight and six observations for non-pregnant and
pregnant sows, respectively

b< Different superscripts indicate that means in the same row differ (P <0.05)

similar to those of Stein et al. [23]. AID values for CP in
SBM in late-gestating sows were higher, AID values for
Met, Lys, Trp, and Asp were lower, and AID values for
other AAs were similar to those of Stein et al. [23]. How-
ever, Stein et al. did not fully describe sow gestation peri-
ods in their studies [23].

In our study, apart from the AID values for Trp, Cys, lle,
and Pro in non-pregnant sows, which were similar, the
mean AID values for other AAs were higher than mean
AID values of solvent-extracted SBM published in NRC
(2012) [9]. In observed differences, the highest value was
for Val (4.71%) and the lowest value was for Lys (1.40%).
In mid-gestating sows, the mean AID values of most AAs
were higher than the values of solvent-extracted SBM
published by the NRC (2012) [9], with the largest differ-
ence being Val (5.95%) and the lowest difference being
Arg (1.89%). Additionally, the mean AID value for Met
was lower (2.34%), whereas AID values for Trp, Cys, and
Pro were similar. In late-gestating sows, the mean AID
values for His, Thr, Val, Glu, and Tyr were higher than
published solvent-extracted SBM values from the NRC
(2012) [9], with the largest difference being Tyr (5.23%)
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and the lowest difference being Glu (1.28%). Additionally,
mean AID values for Met, Trp, Ala, Asp, and Pro were
lower when compared with the NRC (2012) [9], with the
largest difference being Pro (17%) and the lowest differ-
ence being Ala (0.74%). The NRC (2012) data came from
growth-finishing pigs, which may explain these discrep-
ancies [3].

In SBM 1, AID values for Ile, Val, and Tyr were lower
during non-gestation periods, AID values were lower for
Arg, His, Ile, Leu, Lys, Phe, Cys, Gly, Ser, and Tyr dur-
ing mid-gestation periods, and lower for Tyr during late-
gestation periods. These observations were possibly due
to greater CF, NDF, and ADF concentrations in SBM 1.
It was reported that NDF negatively affected AID values
for CP and AAs in pigs [24, 25]. Soy hulls may reduce AA
digestibility [25]. In our study, the AIDs of Lys, Met, Trp,
Val, Ala, and Asp of SBM were different at different sow
gestation stages. However, few studies have examined the
mechanisms by which sow gestation stage affects nutri-
ent digestion. This will be examined in future research.

Endogenous AA losses in sows

To meet the nutritional needs of pigs, SID values for CP
and AAs are important reference indices for diet formu-
lations. The approach requires the accurate determina-
tion of ileal endogenous AA losses in pigs, with N-free
diets traditionally used to calculate SID values [26, 27].
Ileal endogenous amino acid (IEAA) losses are con-
sidered inevitable losses [28]. The highest endogenous
amino acid loss was Pro, regardless of sow gestation sta-
tus. This observation is consistent with a previous report
[28]. In our study, basal endogenous CP and AA losses
in sows were lower than previously reported, where a
casein-cornstarch diet was used [10]. This is consistent
with a previous report showing that animals fed a casein
diet had higher IEAA losses than those fed an N-free diet
[29]. Stein et al. measured IEAA losses in restricted-fed
gestating sows using an N-free diet, with slightly higher
results than ours [30]. This difference may be due to dif-
ferences in tested sows and different ingredient com-
position in N-free diets [26]. In growing animals, basal
endogenous CP loss is reportedly closely related to DM
intake and BW [31]. It was reported that IEAAs in grow-
ing pigs tend to decrease with increasing BW [32]. From
our experimental results, under similar feed intake con-
ditions, different pregnancy states may have affected the
basal endogenous losses of Ile, Met, Trp, Ala, and Tyr.

Standardized ileal digestibility

Currently, the SID values for AAs of SBM in sows are
scarce, which impacts the precise use of SBM in sow
feed. In this study, the SID values for CP and AAs of
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Table 9 Standardized ileal digestibility values for crude protein (CP) and amino acids (AAs) in soybean meal (SBM) from different

origins in non-pregnant sows

Item, % SBM 1 SBM 2 SBM 3 SBM 4 SBM 5 SBM 6 SBM 7 Mean SEM P-value
cp 88.16 87.98 87.40 87.17 87.75 85.88 89.55 87.64 043 045
Indispensable AA
Arg 93.60 95.17 94.28 93.23 94.10 94.77 94.45 94.21 0.29 0.63
His 89.91 9217 90.90 90.48 90.70 91.24 91.20 90.90 0.30 0.64
lle 8743 90.13 91.18 87.86 89.98 91.27 90.14 89.67 0.45 0.13
Leu 87.89 9047 90.59 8847 90.67 90.87 8853 89.61 0.40 0.18
Lys 88.92 90.54 89.56 8848 89.74 88.96 89.07 89.30 033 0.79
Met 91.27 93.28 93.20 92.96 9337 9271 9337 92.87 035 0.70
Phe 89.11 89.98 89.58 89.30 90.20 90.59 89.36 89.72 034 092
Thr 86.97 88.37 87.33 86.82 86.48 87.27 8543 86.95 0.46 0.84
Trp 88.02 90.79 89.25 88.14 90.97 90.18 87.87 89.29 048 037
Val 86.12 89.78 89.44 87.64 88.49 8941 86.98 88.24 042 0.15
Dispensable AA
Ala 86.75 85.70 85.97 87.06 87.54 85.00 85.68 86.26 047 0.82
Asp 88.84 88.99 88.61 87.32 86.90 88.68 87.17 88.05 0.46 0.80
Cys 85.46 88.46 89.94 86.82 8740 88.53 90.20 88.11 062 037
Glu 89.32 9145 90.57 89.03 89.94 9047 88.98 89.95 0.40 0.68
Gly 8145 83.94 8643 85.67 81.26 84.62 85.90 84.17 087 0.54
Pro 103.12 107.39 103.49 101.90 8943 104.03 111.51 102.58 1.95 0.09
Ser 87.54 89.40 89.39 88.02 88.70 89.23 86.62 8841 0.45 0.58
Tyr 88.580¢ 87.63¢ 87.04¢ 90.35% 91.61° 88.78° 92.73° 89.55 0.40 <0.01

¢ Different superscripts indicate that means in the same row differ (P <0.05)

SBM were lower than previously reported for SBM
values in pregnant sows, regardless of their gestation
status [8]. This was possibly due to differences in test
subjects and methods. Additionally, apart from simi-
lar SID values for Trp, Ala, and Ser in non-pregnant
sows, mean SID values for other AAs were higher when
compared with solvent-extracted SBM values from the
NRC (2012) [9]. Among these differences, the larg-
est difference was His (4.90%) and the lowest was Gly
(1.17%). The mean SID values for His and Gly of the 7
SBM samples (90.90% and 84.17%) were higher than
the values (86.00% and 83.00%) published by NRC [9].
For mid-gestating sows, apart from similar SID values
for Met, Trp, Gly, Pro, and Ser, mean SID values for
other AAs were higher when compared with NRC data
(2012)—the largest difference was Val (5.90%) and the
lowest was Ile (1.31%). The mean SID values for Val
and Ile of the 3 SBM samples (89.90% and 89.31%) were
higher than the values (84.00% and 88.00%) published
by NRC [9]. These observations were consistent with
our previous findings showing that SBM had higher
effective energy values in sows when compared with
growing pigs [3]. For late-gestating sows, mean SID val-
ues for Arg, His, Leu, Phe, Thr, Val, Glu, and Tyr were
higher when compared with NRC data (2012)—the

largest difference was Tyr (5.70%) and the lowest was
Glu (1.55%). The mean SID values for Tyr and Glu of
the 3 SBM samples (91.70% and 89.55%) were higher
than the values (86.00% and 88.00%) published by NRC
[9]. Additionally, mean SID values for Trp, Ala, Pro, and
Ser were lower than NRC data (2012)—the largest dif-
ference was Pro (7.97%) and the lowest was Ala (1.32%).
The mean SID values for Pro and Ala of the 3 SBM sam-
ples (90.03% and 84.68%) were lower than the values
(98.00% and 86.00%) published by NRC [9]. We believe
our study data will contribute to the accurate and effi-
cient use of SBM in sow diets. It is important to note
that since the requirements for SID AAs varied greatly
through gestation [9], our study data will be more valu-
able when pig producers start using multi-stage diets in
gestation and practice precision feeding.

Higher fiber content in ingredients may prevent pro-
teases from binding to proteins, resulting in lower AA
digestibility in growing pigs [33, 34]. This may also
increase digesta flow, shorten digestion times, and
increase exogenous and endogenous protein loss [35,
36]. In our study, this may partially explain standard
ileal AA digestibility differences between SBM samples.
SBM 1 had the highest CF, NDFE, and ADF levels and rela-
tively lower AA digestibility, its raw material (soybeans)
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came from China. We observed that the SID values for
Lys, Met, Val, Ala, Asp, and Tyr in SBM were different
at different sow gestation stages. These observations sug-
gest that pregnancy stages affect the SID values of AA in
SBM. However, few studies have explained this phenom-
enon, and specific reasons require further study. Some
differences in the SID values of AA between different
SBM samples were observed only at mid-gestation stage.
This may be due to stronger metabolic activity and higher
alpha diversity values of gut microorganisms in non-
gestation and late-gestation stages, and also higher fiber
digestibility, resulting in weakened fiber effects on AA
digestibility [37, 38].

Conclusions

In summary, we revealed the SID of AAs in SBM from
different sources when fed to non-pregnant and pregnant
sows, and SID values of AAs can be affected by CF, NDF,
and ADF content in SBMs fed to mid-gestating sows. In
addition, the SID values for Lys, Met, Val, Ala, Asp, and
Tyr in SBM were affected by sow gestation stages. Our
findings provide a comprehensive reference point for
accurate SBM use in the diet of sows.

Abbreviations
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AID Apparent ileal digestibility
BEL Basal ileal endogenous
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