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ABSTRACT: An experiment was conducted to deter-
mine the apparent ileal digestibility (AID) and the
standardized ileal digestibility (SID) of CP and AA in 4
sources of processed soybean products, in conventional
dehulled soybean meal (SBM-CV), in conventional
00-rapeseed expellers (RSE), and in a fermented coprod-
uct mixture (FCM) that contained rapeseed meal, wheat,
soy molasses, and potato peel fed to weanling pigs. The
4 processed soybean products included 2 sources of
enzyme-treated soybean meal (ESBM-1 and ESBM-
2), extruded soybean meal, and soy protein concentrate
(SPC). Twenty-seven weanling barrows (9.29 £0.58 kg
initial BW) were surgically equipped with a T-cannula
in the distal ileum. Pigs were randomly allotted to three
9 x5 Youden squares with 9 pigs and five 7-d peri-
ods in each square. Seven cornstarch-based diets were
prepared using each of the protein sources as the sole
source of CP and AA. A N-free diet was prepared to
calculate basal endogenous losses of CP and AA, and
this diet was fed to 2 groups of pigs, which resulted
in a total of 9 dietary treatments. Results indicate that
the SID of CP was greater (P < 0.05) in ESBM-1 than
in SPC, RSE, or FCM. The SID of Arg, His, Ile, Leu,

Met, and Phe were greater (P < 0.05) in ESBM-1 than
in SPC, and the SID of Lys was greater (P < 0.05) in
SBM-CV than in ESBM-2. The SID of Thr, Trp, Val,
and total indispensable AA were not different among
the soybean products, but the SID of total dispensable
AA in ESBM-1 was greater (P < 0.05) than in SPC.
Therefore, the SID of total AA was greater (P < 0.05)
in ESBM-1 than in SPC, but no other differences were
observed among soybean meal (SBM) products. The
SID of most AA in RSE and the SID of all AA in FCM
were less (P < 0.05) than in all the SBM products, but
the SID of all AA in RSE were greater (P < 0.05) than
in FCM. Results of this research indicate that although
processing of SBM results in increased concentration
of CP, processing may also reduce the digestibility of
AA, which is likely due to heat damage during process-
ing. There are, however, differences among processed
soy products, with some products having greater SID of
AA than others. Results also indicate that fermentation
of a mixture of rapeseed meal, wheat, and relatively
low quality coproducts does not result in SID values
that are similar to those of unfermented 00-rapeseed
expellers or soybean products.
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INTRODUCTION

Soybean meal (SBM) is the most commonly used
plant protein source in swine diets (Stein et al., 2008;
Goerke et al., 2012). However, SBM may contain an-
tinutritional factors including antigens, trypsin inhibi-
tors, a-galactosides, and lectins, which are unfavorable
to younger pigs (Friesen et al., 1993; Mawson et al.,
1994; Zhang et al., 2001; Choct et al., 2010). To avoid
providing these antinutritional factors, diets for wean-
ling pigs often contain animal protein sources, which
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are more expensive than SBM. However, SBM can be
processed to soy protein concentrate (SPC), fermented
SBM, or enzyme-treated SBM, which all have reduced
concentrations of antinutritional factors compared with
SBM, and processed soybean products are, therefore,
more tolerable to young pigs than conventional SBM
(Lenehan et al., 2007, Jones et al., 2010; Kim et al., 2010).
Rapeseeds that are low in erucic acid and gluco-
sinolates are referred to as 0O-rapeseeds, and 00-rape-
seed meal and 00-rapeseed expellers are the coproducts
produced from 00-rapeseeds (Maison and Stein, 2014).
Because of a relatively high concentration of fiber and
residual glucosinolates, these ingredients are usually in-
cluded in diets for weanling pigs at relatively low concen-
trations, but it is possible that fermentation of rapeseed
products together with other coproducts may improve
the nutritional value. If that is the case, it is possible that
a fermented coproduct may be used as a source of AA
in diets for weanling pigs, but research to demonstrate
this effect is lacking. Therefore, the objective of this ex-
periment was to determine the apparent ileal digestibility
(AID) and the standardized ileal digestibility (SID) of
CP and AA by weanling pigs in 4 sources of processed
soybean products, in conventional dehulled SBM (SBM-
CV), in conventional 00-rapeseed expellers (RSE), and
in a fermented coproduct mixture (FCM) that contained
rapeseed meal, wheat, soy molasses, and potato peel.

MATERIALS AND METHODS

The Institutional Animal Care and Use Committee
at the University of Illinois reviewed and approved
the protocol for this experiment. The pigs used in the
experiment were the offspring of G-Performer boars
mated to Fertilis 25 females (Genetiporc USA LLC,
Alexandria, MN). Ingredients used in the experiment
(Table 1) included 2 sources of enzyme-treated SBM
(ESBM-1; Hamlet Protein Inc., Horsens, Denmark)
and (ESBM-2; Dansk Vilomix Inc., Merke, Denmark),
extruded SBM (SBM-EX) that was subsequently
treated with an enzyme preparation (Agro Korn Inc.,
Videbak, Denmark), SPC (IMCOPA, Parana, Brazil),
SBM-CV that was sourced from Brazil, RSE (The
Protein and Oilfabric Scanola Inc., Aarhus, Denmark),
and FCM (European Protein Inc., Bekke, Denmark).

Collection of Ingredients

Four samples of each ingredient were collected by
the Danish Pig Research Centre at local swine produc-
tion units or at feed mills in Denmark. Samples were
collected from October 2012 to February 2013 to en-
sure that the ingredients used in the experiment repre-
sented different production batches. The 4 samples of
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each ingredient were thoroughly mixed and then divid-
ed using a riffle type divider (Rationel Kornservice Inc.,
Esbjerg, Denmark), and a representative subsample
was collected and used in the experiment. Therefore, all
ingredients were from commercial sources but were not
collected directly from the manufacturer.

Diets, Animals, Housing, and Experimental Design

Eight diets were prepared (Tables 2 and 3). Seven
diets contained 1 of the 7 AA containing ingredients
(i.e., ESBM-1, ESBM-2, SBM-EX, SPC, SBM-CV,
RSE, or FCM) as the sole source of AA. A N-free diet
was also prepared and used to calculate basal endog-
enous losses of CP and AA. Vitamins and minerals
were included in all diets to meet or exceed require-
ment estimates (NRC, 2012). Each diet also contained
0.4% chromic oxide as an indigestible marker. No an-
tibiotic growth promoters were used in the diets.

Twenty-seven barrows were weaned at approxi-
mately 21 d of age and fed a starter diet containing 20%
SBM-CV for 2 wk after weaning. Pigs were then surgi-
cally equipped with a T-cannula in the distal ileum using
procedures adapted from Stein et al. (1998) when they
had an average BW of 9.29 + 0.58 kg. Following the sur-
gery, pigs were allowed 5 d for recovery and then ran-
domly allotted to three 9 X 5 Youden squares with 9 pigs
and 5 periods in each square. Within each square, 2 pigs
were assigned to the N-free diet and 1 pig was assigned
to each of the remaining diets. As a consequence, there
were a total of 15 replications for all the AA-containing
diets and 30 replications for the N-free diet. Pigs were
housed in individual pens (1.2 by 1.5 m) that had smooth
side panels and fully slatted tri-bar stainless steel floors
in an environmentally controlled room, and each pen was
equipped with a feeder and a nipple drinker.

All pigs were fed at a daily level of 3 times the es-
timated maintenance energy requirement (i.e., 197 kcal
ME/kg?%%; NRC, 2012) throughout the experiment.
Daily allotments of feed were divided into 2 equal
meals that were provided at 0700 and 1600 h. Pigs had
free access to water throughout the experiment.

Data Recording and Sample Collection

Pig weights were recorded at the beginning of each
period and at the conclusion of the experiment. The
amount of feed supplied each day was also recorded.
The initial 5 d of each period was considered an adapta-
tion period to the diet. Ileal digesta were collected for
8 hond 6 and 7 as explained by Stein et al. (1999). In
short, a plastic bag was attached to the cannula barrel
and digesta flowing into the bag was collected. Bags
were removed whenever they were filled with digesta,
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Table 1. Analyzed nutrient composition of 2 sources of enzyme-treated soybean meal, extruded soybean meal, soy
protein concentrate, conventional dehulled soybean meal, conventional 00-rapeseed expellers, and a fermented
coproduct mixture containing fermented 00-rapeseed meal, wheat, soy molasses, and potato peel, as-fed basis

Ingredient!
Item ESBM-1 ESBM-2 SBM-EX SPC SBM-CV RSE FCM
GE, kcal/kg 4,555 4,380 4,454 4,499 4,140 4,533 4,154
DM, % 91.98 91.17 92.85 91.71 88.67 88.58 87.09
CP, % 56.82 52.07 53.28 62.05 47.81 30.13 32.00
Ca, % 0.31 0.33 0.29 0.32 0.30 0.78 0.66
P, % 0.70 0.73 0.64 0.63 0.60 0.96 0.91
Ash, % 6.47 6.85 6.36 597 6.09 6.52 6.85
OM, % 85.51 84.32 86.49 85.74 82.58 82.06 80.24
AEE2 % 1.81 0.70 1.82 1.01 1.23 10.22 431
NDF, % 9.16 9.48 12.73 19.69 7.76 24.54 22.88
ADEF, % 4.85 4.99 5.09 10.26 5.13 18.93 14.81
Trypsin inhibitor activity, TIU3/mg 2.00 1.60 2.50 1.60 2.70 1.40 <1.00
Glucosinolates, pmol/g - - - - - 16.11 2.77
Carbohydrates, %
Sucrose 0.06 1.90 5.18 0.98 6.29 6.04 1.46
Stachyose 0.18 1.72 4.77 1.92 4.88 1.65 1.15
Raffinose 0.04 0.37 1.13 0.33 0.93 0.34 0.28
Indispensable AA, %
Arg 4.00 3.64 3.75 4.54 3.44 1.73 1.80
His 1.43 1.31 1.30 1.57 1.22 0.79 0.75
Ile 2.63 2.38 2.40 2.93 2.18 1.21 1.11
Leu 431 3.89 4.02 4.85 3.60 1.96 2.12
Lys 3.64 3.14 3.17 3.90 3.02 1.78 1.65
Met 0.74 0.70 0.67 0.82 0.65 0.59 0.59
Phe 2.86 2.57 271 3.22 2.37 1.16 1.27
Thr 2.10 1.92 1.95 2.35 1.79 1.28 1.31
Trp 0.74 0.65 0.70 0.77 0.66 0.39 0.37
Val 2.82 2.57 2.49 3.08 2.35 1.47 1.58
Total 25.27 22.77 23.16 28.03 21.28 12.36 12.55
Dispensable AA, %
Ala 2.43 222 2.20 2.66 2.03 1.26 1.43
Asp 6.28 5.72 5.94 7.08 5.35 2.10 227
Cys 0.74 0.70 0.65 0.77 0.62 0.65 0.68
Glu 9.54 8.65 8.96 10.69 8.17 4.47 4.93
Gly 2.33 2.13 2.12 2.54 1.96 1.43 1.52
Pro 2.92 2.63 2.63 3.13 2.33 1.74 1.98
Ser 2.45 222 2.40 2.81 2.10 1.17 1.19
Tyr 1.99 1.81 1.88 2.19 1.68 0.85 0.93
Total 28.68 26.08 26.78 31.87 24.24 13.67 14.93
Total AA, % 53.95 48.85 49.94 59.90 45.52 26.03 27.48
Calculated values
Lys:CP ratio,* % 6.41 6.03 5.95 6.29 6.32 591 5.16

IESBM-1 = enzyme-treated soybean meal 1; ESBM-2 = enzyme-treated soybean meal 2; SBM-EX = extruded soybean meal; SPC = soy protein con-
centrate; SBM-CV = conventional dehulled soybean meal; RSE = conventional 00-rapeseed expellers; FCM = fermented coproduct mixture.

2AEE = acid hydrolyzed ether extract.
3TIU = trypsin inhibitor units.
4The Lys:CP ratio was expressed as the concentration of Lys as a percentage of the concentration of CP in each sample (Gonzalez-Vega et al., 2011).

or at least once every 30 min, and stored at —20°C to Chemical Analysis

prevent bacterial degradation of the AA in the digesta.

On the completion of one experimental period, animals At the conclusion of the experiment, ileal samples
were deprived of feed overnight, and the following  were thawed and mixed within animal and diet, and a
morning, a new experimental diet was offered. subsample was collected for chemical analysis. Samples
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Table 2. Ingredient composition of experimental diets containing enzyme-treated soybean meal, extruded soybean
meal, soy protein concentrate, conventional dehulled soybean meal, conventional 00-rapeseed expellers, and a fer-
mented coproduct mixture containing fermented 00-rapeseed meal, wheat, soy molasses, and potato peel, as-fed basis

Diet!
Ingredient, % ESBM-1 ESBM-2 SBM-EX SPC SBM-CV RSE FCM N free
ESBM-1 35.00 - - - - - - -
ESBM-2 - 35.00 - - - - - -
SBM-EX - - 35.00 - - - - -
SPC - - - 30.00 - - - -
SBM-CV - - - - 40.00 - - -
RSE - - - - - 40.00 - -
FCM - - - - - - 40.00 -
Soybean oil 3.00 3.00 3.00 3.00 3.00 3.00 3.00 4.00
Solka floc? - - - - - - - 4.00
Monocalcium phosphate 0.85 0.85 0.85 0.85 0.85 0.50 0.50 2.40
Limestone 1.45 1.45 1.45 1.45 1.45 1.50 1.50 0.50
Sucrose 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
Chromic oxide 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Cornstarch 38.60 38.60 38.60 43.60 33.60 33.90 33.90 67.50
Magnesium oxide - - - - - - - 0.10
Potassium carbonate - - - - - - - 0.40
Sodium chloride 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Vitamin-mineral premix3 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

IESBM-1 = enzyme-treated soybean meal 1; ESBM-2 = enzyme-treated soybean meal 2; SBM-EX = extruded soybean meal; SPC = soy protein con-
centrate; SBM-CV = conventional dehulled soybean meal; RSE = conventional 00-rapeseed expellers; FCM = fermented coproduct mixture.

2Fiber Sales and Development Corp., Urbana, OH.

3The vitamin—micromineral premix provided the following quantities of vitamins and microminerals per kilogram of complete diet: 11,136 IU vitamin
A as retinyl acetate, 2,208 [U vitamin D5 as cholecalciferol, 66 IU vitamin E as DL-alpha tocopheryl acetate, 1.42 mg vitamin K as menadione dimethyl-
primidinol bisulfite, 0.24 mg thiamin as thiamine mononitrate, 6.59 mg riboflavin, 0.24 mg pyridoxine as pyridoxine hydrochloride, 0.03 mg vitamin B ,,
23.5 mg d-pantothenic acid as d-calcium pantothenate, 44.1 mg niacin, 1.59 mg folic acid, 0.44 mg biotin, 20 mg Cu as copper sulfate and copper chloride,
126 mg Fe as ferrous sulfate, 1.26 mg I as ethylenediamine dihydriodide, 60.2 mg Mn as manganese sulfate 0.3 mg Se as sodium selenite and selenium

yeast, and 125.1 mg Zn as zinc sulfate.

of each diet and of each AA-containing ingredient were
collected as well. Digesta samples were lyophilized and
ground through a 1-mm screen in a Wiley mill (model 4;
Thomas Scientific, Swedesboro, NJ) prior to chemical
analysis. All samples of ingredients and ileal digesta
were analyzed in duplicate, with the exception that ileal
digesta from N-free fed pigs were analyzed in duplicate
in 2 separate samples. All diet samples were analyzed in
duplicate in 4 separate samples. All samples were ana-
lyzed for DM by oven drying samples at 135°C for 2 h
(method 930.15; AOAC, 2007) and also for ash (meth-
od 942.05; AOAC, 2007). The concentration of N in all
samples was determined using the combustion proce-
dure (method 990.03; AOAC, 2007) on an Elementar
Rapid N-cube protein/nitrogen apparatus (Elementar
Americas Inc., Mt. Laurel, NJ). Aspartic acid was used
as a calibration standard, and CP was calculated as N x
6.25. Amino acids were analyzed in all samples on an
Amino Acid Analyzer (model L8800; Hitachi High
Technologies America Inc., Pleasanton, CA) using nin-
hydrin for postcolumn derivatization and norleucine as
the internal standard. Before analysis, samples were hy-

drolyzed with 6 N HCI for 24 h at 110°C (method 982.30
E(a); AOAC, 2007). Methionine and Cys were analyzed
as methionine sulfone and cysteic acid after cold perfor-
mic acid oxidation overnight before hydrolysis (method
982.30 E(b); AOAC, 2007). Tryptophan was determined
after NaOH hydrolysis for 22 h at 110°C (method 982.30
E(c); AOAC, 2007). The Cr concentration in diets and
ileal digesta samples was determined using an inductive
coupled plasma atomic emission spectrometric method
(method 990.08; AOAC, 2007) after nitric acid—perchlo-
ric acid wet ash sample preparation (method 968.088D;
AOAC, 2007). Diet and ingredient samples were also
analyzed for ADF (method 973.18; AOAC, 2007) and
NDF (Holst, 1973). Ingredients were also analyzed for
Ca and P (method 975.03; AOAC, 2007), and concen-
tration of acid hydrolyzed ether extract (AEE) was
measured in all ingredients by acid hydrolysis using 3 N
HCI (Sanderson, 1986) followed by crude fat extraction
using petroleum ether (method 2003.06; AOAC, 2007)
on an automated analyzer (Soxtec 2050; FOSS North
America, Eden Prairie, MN). All ingredient samples
were analyzed for trypsin inhibitor activity (method Ba
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Table 3. Analyzed nutrient composition of experimental diets containing enzyme-treated soybean meal, extruded soy-
bean meal, soy protein concentrate, conventional dehulled soybean meal, conventional 00-rapeseed expellers, and a
fermented coproduct mixture containing fermented 00-rapeseed meal, wheat, soy molasses, and potato peel, as-fed basis

Diet!
Item ESBM-1 ESBM-2 SBM-EX SPC SBM-CV RSE FCM N free
GE, kcal/kg 4,083 4,032 4,031 3,978 3,921 4,125 3,957 3,716
DM, % 92.93 94.59 92.82 92.49 90.56 91.84 90.91 91.51
CP, % 19.98 18.10 18.76 18.81 19.21 12.19 12.47 0.25
Ash, % 5.02 5.43 4.84 4.56 5.67 5.48 5.45 3.64
OM, % 87.91 89.16 87.98 87.92 84.88 86.37 85.46 87.87
NDF, % 3.80 3.38 4.49 6.08 4.07 11.59 10.13 4.82
ADF, % 1.96 1.86 1.98 2.46 2.48 8.54 6.22 3.24
Cr, % 0.21 0.22 0.22 0.22 0.21 0.21 0.22 0.19
Indispensable AA, %
Arg 1.40 1.25 1.33 1.46 1.36 0.78 0.67 0.01
His 0.51 0.45 0.46 0.51 0.49 0.35 0.29 0.00
Ile 0.93 0.80 0.83 0.93 0.87 0.51 0.44 0.01
Leu 1.55 1.38 1.43 1.61 1.48 0.93 0.81 0.03
Lys 1.27 1.08 1.13 1.27 1.20 0.81 0.62 0.00
Met 0.26 0.25 0.24 0.26 0.26 0.26 0.22 0.00
Phe 1.01 0.90 0.98 1.06 0.97 0.53 0.47 0.02
Thr 0.74 0.69 0.72 0.78 0.73 0.59 0.51 0.01
Trp 0.28 0.26 0.27 0.26 0.28 0.19 0.17 <0.04
Val 1.00 0.86 0.86 0.97 0.92 0.67 0.58 0.00
Total 8.95 7.92 8.25 9.11 8.56 5.62 4.78 0.12
Dispensable AA, %
Ala 0.88 0.78 0.81 0.88 0.82 0.59 0.55 0.02
Asp 2.23 2.00 2.14 2.33 2.15 0.97 0.86 0.02
Cys 0.26 0.24 0.23 0.25 0.25 0.30 0.25 0.01
Glu 3.43 3.07 3.28 3.54 3.30 2.05 1.89 0.03
Gly 0.83 0.74 0.77 0.83 0.79 0.67 0.58 0.01
Pro 1.02 0.91 0.95 1.03 0.99 0.81 0.72 0.09
Ser 0.86 0.82 0.90 0.97 0.87 0.54 0.47 0.01
Tyr 0.65 0.58 0.62 0.66 0.63 0.37 0.32 0.01
Total 10.16 9.14 9.70 10.49 9.80 6.30 5.64 0.20

IESBM-1 = enzyme-treated soybean meal 1; ESBM-2 = enzyme-treated soybean meal 2; SBM-EX = extruded soybean meal; SPC = soy protein con-
centrate; SBM-CV = conventional dehulled soybean meal; RSE = conventional 00-rapeseed expellers; FCM = fermented coproduct mixture.

12-75; AOCS, 2006) and for sucrose, stachyose, and
raffinose (Janauer and Englmaier, 1978), and RSE and
FCM were also analyzed for glucosinolates (method
Ak 1-92; AOCS, 1998). Diets and ingredients were ana-
lyzed for GE using a bomb calorimeter (model 6300;
Parr Instrument Co., Moline, IL) with benzoic acid be-
ing the internal standard.

Calculations and Statistical Analysis

Apparent ileal digestibility values for ash and OM
in all diets and of CP and AA in the 7 CP-containing di-
ets were calculated. Values for the AID of ash and OM
represent the AID for the diet, but because the soybean
products, RSE, or FCM contributed all CP and AA to the
diets, the AID of CP and AA for the diets also represent
the AID of CP and AA for each ingredient. Equation [1]
(Stein et al., 2007) was used to calculate the AID:

AID =1 - [(AAJ/AA) x (CrgCry)] x 100, [1]

in which AID is the apparent ileal digestibility value
of an AA (%), AA is the concentration of that AA in
the ileal digesta DM, AA; is the AA concentration of
that AA in the feed DM, Cry is the chromium con-
centration in the feed DM, and Cr is the chromium
concentration in the ileal digesta DM. The AID of ash,
CP, and OM was also calculated using this equation.
The basal endogenous flow to the distal ileum of
each AA was determined based on the flow obtained after
feeding the N-free diet using Eq. [2] (Stein et al., 2007):

end

TIAA

[AA4 % (Crf/Cry)], [2]

in which TAA_; is the basal endogenous loss of an
AA (mg/kg DMI). The basal endogenous loss of CP
was determined using the same equation.
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Table 4. Apparent ileal digestibility (AID) of ash and OM in diets containing enzyme-treated soybean meal,
extruded soybean meal, soy protein concentrate, conventional dehulled soybean meal, conventional 00-rapeseed
expellers, a fermented coproduct mixture containing fermented 00-rapeseed meal, wheat, soy molasses, and

potato peel, and a N-free diet fed to pigs'

Diet?

Pooled
Item, % ESBM-1 ESBM-2  SBM-EX SPC SBM-CV RSE FCM N-free SEM P-value
Ash 37.86bcd 37.15bcd 31.70¢de 40.558b¢ 52.872 22.54¢ 26.10d¢ 48.322b 3.65 <0.01
oM 84.41bc 82.52¢ 83.31bc 85.36° 84.21b¢ 76.894 75.714 91.392 0.70 <0.01

°Means within a row with different superscripts differ (P < 0.05).

'Data are least squares means of 15 observations for all treatments except that data are least squares means of 30 observations for the N-free diet; AID
=1 — (ash or OM in digesta/ash or OM in feed) x (Cr in feed/Cr in digesta) x 100%.

2ESBM-1 = enzyme-treated soybean meal 1; ESBM-2 = enzyme-treated soybean meal 2; SBM-EX = extruded soybean meal; SPC = soy protein con-
centrate; SBM-CV = conventional dehulled soybean meal; RSE = conventional 00-rapeseed expellers; FCM = fermented coproduct mixture.

By correcting the AID for the IAA; of each AA,
standardized ileal AA digestibility values were calcu-
lated using Eq. [3] (Stein et al., 2007):

SID =[(AID +I1AA__ )/AA, 3]

in which SID is the standardized ileal digestibility
value (%). The SID of CP was also calculated using
this equation.

Normality of data was verified and outliers were
identified using the UNIVARIATE procedure (SAS
Inst. Inc., Cary, NC). An observation was considered
an outlier if the value was more than 3 SD away from
the grand mean. Data were analyzed by ANOVA using
the PROC MIXED of SAS in a randomized complete
block design with the pig as the experimental unit.
The statistical model included diet as the fixed effect
and pig and period as random effects. When diet was a
significant source of variation, treatment means were
separated and compared using the LSMEANS state-
ment and Bonferroni correction in PROC MIXED.
Statistical significance and tendency were considered
at P <0.05 and 0.05 < P <0.10, respectively.

RESULTS

The final BW of pigs was 19.53 + 2.74 kg. The ana-
lyzed concentration of CP in the SBM products ranged
from 47.81 to 62.05%, and RSE and FCM contained
30.13 and 32.00% CP, respectively. The SBM products
contained 4,140 to 4,555 kcal/kg GE, 0.29 to 0.33% Ca,
0.60 to 0.73% P, 0.70 to 1.81% AEE, 7.76 to 19.69%
NDF, and 4.85 to 10.26% ADF. However, RSE and
FCM contained 4,533 and 4,154 kcal/kg GE, 0.78 and
0.66% Ca, 0.96 and 0.91% P, 10.22 and 4.31% AEE,
24.54 and 22.88% NDF, and 19.93 and 14.81% ADF,
respectively. The trypsin inhibitor activity in the SBM
products ranged from 1.60 to 2.70 trypsin inhibitor units
(TTU)/mg, and there was 1.40 TIU/mg in RSE but less
than 1.00 TIU/mg in FCM. The concentrations of glu-

cosinolates were 16.11 pmol/g in RSE and 2.77 umol/g
in FCM. The SBM products contained 0.06 to 6.29%
sucrose, 0.18 to 4.88% stachyose, and 0.04 to 0.93%
raffinose, whereas RSE and FCM contained 6.04 and
1.46% sucrose, 1.65 and 1.15% stachyose, and 0.34 and
0.28% raffinose, respectively. The SBM products con-
tained 21.28 to 28.03% indispensable AA and 24.24 to
31.87% dispensable AA, whereas RSE and FCM con-
tained 12.36 and 12.55% indispensable AA, respective-
ly, and 13.67 and 14.93% dispensable AA, respectively.

Among the diets containing SBM products, the AID
of ash in the SBM-CV diet was greater (P < 0.05) than
in the ESBM-1 diet, the ESBM-2 diet, and the SBM-EX
diet but not different from the SPC diet (Table 4). No
difference was observed in the AID of OM among diets
containing SBM products, except that the SPC diet had
greater (P < 0.05) AID of OM than the ESBM-2 diet.
No differences were observed in the AID of ash and OM
between the RSE diet and the FCM diet. The N-free
diet had greater (P < 0.05) AID of ash than the SBM-EX
diet, the RSE diet, and the FCM diet and had greater (P
< 0.05) AID of OM than all other diets.

Among the SBM products, the AID and SID of CP
in ESBM-1 was greater (P < 0.05) than in SPC, but
not different from ESBM-2, SBM-EX, and SBM-CV
(Tables 5 and 6). No differences were observed in AID
or SID of CP among ESBM-2, SBM-EX, SPC, and
SBM-CV. The AID and SID of CP in the 2 rapeseed
products was less (P < 0.05) than in all SBM products,
except that no difference was observed in the SID of CP
among ESBM-2, SPC, and RSE. However, the AID and
SID of CP were greater (P < 0.05) in RSE than in FCM.

Among the SBM products, ESBM-1 had greater
(P<0.05)AID of Arg, His, lle, Leu, Met, Phe, and Trp
than SPC, greater (P < 0.05) AID of Arg, Thr, and Val
than ESBM-2, and greater (P < 0.05) AID of Val than
SBM-EX. The AID of Lys was greater (P < 0.05) in
SBM-CV than in ESBM-2 but not different from the
other SBM products. Therefore, the AID of total indis-
pensable AA was greater (P < 0.05) in ESBM-1 than
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Table 5. Apparent ileal digestibility of CP and AA in enzyme-treated soybean meal, extruded soybean meal, soy
protein concentrate, conventional dehulled soybean meal, conventional 00-rapeseed expellers, and a fermented
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coproduct mixture containing fermented 00-rapeseed meal, wheat, soy molasses, and potato peel fed to pigs!

Ingredient? Pooled
Item, % ESBM-1 ESBM-2 SBM-EX SPC SBM-CV RSE FCM SEM P-value
Cp 81.92 75.12b 76.62b 72.7b 78.92b 65.0° 56.54 227 <0.01
Indispensable AA
Arg 91.6 87.4b 89.42b 87.2b 90.12b 80.7° 70.14 1.23 <0.01
His 89.42 86.12be 85.9abe 85.0b¢ 87.52b 82.1¢ 7274 1.47 <0.01
Ile 88.72 85.32b 86.52b 84.3b 86.52b 75.8° 68.04 131 <0.01
Leu 88.52 85.72b 86.42b 84.5b 86.52b 79.8¢ 72.64 133 <0.01
Lys 84.52b 79.1b¢ 83.22b 83.72b 86.22 75.7° 58.44 1.69 <0.01
Met 90.32 87.62b° 87.72be 86.1b¢ 89.42b 85.1¢ 80.64 1.08 <0.01
Phe 89.6° 86.63b 87.72b 85.9b 86.92b 79.7°¢ 73.74 1.30 <0.01
Thr 80.72 76.5b 78.32b 79.62b 80.52b 69.7° 60.84 1.46 <0.01
Trp 89.52 85.8b¢ 87.22b 85.9bc 88.62b 83.3¢ 79.24 1.29 <0.01
Val 85.32 80.7b 81.0b 81.63b 83.32b 72.0° 63.44 1.46 <0.01
Mean 87.52 83.7b 85.72b 84.42b 86.32b 77.6° 68.04 1.19 <0.01
Dispensable AA
Ala 81.12 75.8abe 77.62b 74.2b¢ 79.52b 70.9 62.14 2.10 <0.01
Asp 85.32 82.62 81.92 82.72 84.52 73.7b 61.5¢ 1.38 <0.01
Cys 74.82b 69.2b° 71.02b 71.58b 77.12 74.22b 62.5¢ 2.86 <0.01
Glu 87.6 84.32b 85.32b 85.63b 87.6 83.3b 77.3¢ 1.64 <0.01
Gly 64.6 52.52 57.42 5242 63.52 53.22 31.0 4.19 <0.01
Pro 31.02 —(.22be 16.12be -13.8° 26.42b —5.1be —74.74 14.67 <0.01
Ser 86.72 83.62 86.32 86.32 86.92 73.2b 65.6° 1.12 <0.01
Tyr 89.22 85.72 87.32 86.22 87.22 75.4b 70.1¢ 1.24 <0.01
Mean 78.12 70.4b° 73.22b 69.8b° 76.92b 64.7° 46.54 278 <0.01

a-dMeans within a row with different superscripts differ (P < 0.05).

IData are least squares means of 15 observations for all treatments.

2ESBM-1 = enzyme-treated soybean meal 1; ESBM-2 = enzyme-treated soybean meal 2; SBM-EX = extruded soybean meal; SPC = soy protein con-
centrate; SBM-CV = conventional dehulled soybean meal; RSE = conventional 00-rapeseed expellers; FCM = fermented coproduct mixture.

in ESBM-2, but no differences were observed among
the other SBM products. The AID of all indispensable
AA was less (P < 0.05) in FCM than in all SBM prod-
ucts, and the AID of all AA in RSE was also less (P <
0.05) than in ESBM-1 and SBM-CYV, and the AID of
most AA in RSE was less (P < 0.05) than in ESBM-2,
SBM-EX, and SPC. The AID of all indispensable AA
was greater (P < 0.05) in RSE than in FCM.

Among the SBM products, the AID of Ala was
greater (P < 0.05) in ESBM-1 than in SPC, the AID of
Cys was greater (P < 0.05) in SBM-CV than in ESBM-
2, the AID of Pro was greater (P < 0.05) in ESBM-1 and
SBM-CV than in SPC, and the AID of total dispensable
AA was greater (P <0.05) in ESBM-1 than in ESBM-2
and SPC. The AID of Ala, Glu, and total dispensable
AA was less (P < 0.05) in RSE than in ESBM-2 and
SPC, and the AID of Asp, Ser, and Tyr was less (P <
0.05) in RSE than in all SBM products. The AID of all
dispensable AA was also less (P < 0.05) in FCM than
in RSE and in all SBM products. The AID of total AA
was greater (P < 0.05) in ESBM-1 than in SPC, but no
difference was observed in the AID of total AA among

the other SBM products. The AID of total AA was less
(P < 0.05) in the 2 rapeseed products than in all SBM
products, except that the AID of total AA was not differ-
ent between RSE and SPC. However, the AID of total
AA was greater (P < 0.05) in RSE than in FCM.

Among the SBM products, ESBM-1 had greater
(P < 0.05) SID of Arg, His, Ile, Leu, Met, and Phe
than SPC and the SID of Lys was greater (P < 0.05)
in SBM-CV than in ESBM-2, but no other differences
were observed among the SBM products. Therefore, no
differences were observed in the SID of total indispens-
able AA among the SBM products. The SID of most
indispensable AA was less (P <0.05) in RSE than in the
SBM products, with the exception that the SID of Arg,
His, Lys, Met, and Trp in ESBM-2, the SID of His, Met,
and Trp in SBM-EX, the SID of Arg, His, Leu, Met,
and Trp in SPC, and the SID of His and Trp in SBM-CV
were not different from the SID of these AA in RSE.
However, the SID of total indispensable AA was less
(P <0.05) in RSE than in all SBM products. The SID of
all indispensable AA was also less (P < 0.05) in FCM
than in RSE and all SBM products.
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Table 6. Standardized ileal digestibility of CP and AA in enzyme-treated soybean meal, extruded soybean meal,
soy protein concentrate, conventional dehulled soybean meal, conventional 00-rapeseed expellers, and a fermented
coproduct mixture containing fermented 00-rapeseed meal, wheat, soy molasses, and potato peel fed to pigs!-2

Ingredient? Pooled
Item, % ESBM-1 ESBM-2 SBM-EX SPC SBM-CV RSE FCM SEM P-value
Cp 89.92 85.22be 86.22b 82.2bc 88.02b 79.5¢ 70.64 227 <0.01
Indispensable AA
Arg 96.9 93.5abe 95.03b 92.3be 95.43b 90.1¢ 81.14 1.23 <0.01
His 93 .42 90.62b 90.33b 88.9b 91.53b 87.9% 79.6° 1.47 <0.01
Ile 91.72 88.92b 89.92b 87.3b 89.72b 81.3¢ 74.44 131 <0.01
Leu 91.72 89.22b 89.62b 87.5b¢ 89.72b 84.9° 78.44 1.32 <0.01
Lys 87.32b 82.5b¢ 86.42b 86.5%b 89.22 80.2° 64.24 1.69 <0.01
Met 92.92 90.52be 90.62be 88.8bc 92.13b 87.8° 83.74 1.10 <0.01
Phe 92.6 90.12b 90.83b 88.8P 89.92b 85.3¢ 79.94 1.30 <0.01
Thr 87.52 83.92 85.32 86.02 87.32 78.1P 70.6° 1.47 <0.01
Trp 93.32 90.02b 91.13b 90.0020 92.33b 89.0° 85.3¢ 1.29 <0.01
Val 90.02 86.22 86.42 86.42 88.22 78.9b 71.4¢ 1.46 <0.01
Mean 91.42 88.32 89.92 88.32 90.32 83.8P 75.2¢ 1.19 <0.01
Dispensable AA
Ala 88.32 83.92b 85.42b 81.3b 87.02b 81.5b 73.2¢ 2.10 <0.01
Asp 88.52 86.32 85.32 85.82 87.82 81.1% 69.7° 1.38 <0.01
Cys 82.32b 77.3b 79.32b 79.02b 84.6° 80.52b 70.2¢ 2.88 <0.01
Glu 90.12 87.12 87.92 88.12 90.22 87.52 81.8b 1.64 <0.01
Gly 86.62 77.72 81.12 74.52b 86.22 80.22 61.9b 4.19 <0.01
Pro 101.22 80.32b 91.6 55.4b 97.22 83.12b 22.5¢ 14.67 <0.01
Ser 92.02 89.22 91.32 90.42 91.82 81.4% 74.8¢ 1.14 <0.01
Tyr 92.42 89.52 90.92 90.42 90.6° 81.2b 76.7° 1.15 <0.01
Mean 90.02 83.82b 85.62b 81.3b 88.92b 83.72b 67.4° 278 <0.01

a-dMeans within a row with different superscripts differ (P < 0.05).

IData are least squares means of 15 observations for all treatments.

2Standardized ileal digestibility values were calculated by correcting the values for apparent ileal digestibility for the basal ileal endogenous losses.
Endogenous losses (g/kg of DMI) of CP and AA were as follows: CP, 18.92; Arg, 0.82; His, 0.22; Ile, 0.31; Leu, 0.52; Lys, 0.39; Met, 0.08; Phe, 0.32; Thr,
0.54; Trp, 0.12; Val, 0.50; Ala, 0.66; Asp, 0.78; Cys, 0.21; Glu, 0.92; Gly, 1.99; Pro, 7.33; Ser, 0.48; and Tyr, 0.24.

3ESBM-1 = enzyme-treated soybean meal 1; ESBM-2 = enzyme-treated soybean meal 2; SBM-EX = extruded soybean meal; SPC = soy protein con-
centrate; SBM-CV = conventional dehulled soybean meal; RSE = conventional 00-rapeseed expellers; FCM = fermented coproduct mixture.

Among the SBM products, the SID of Ala was
greater (P < 0.05) in ESBM-1 than in SPC, the SID
of Cys was greater (P < 0.05) in SBM-CV than in
ESBM-2, and the SID of Pro was greater (P < 0.05)
in ESBM-1, SBM-EX, and SBM-CV than in SPC, but
no other differences were observed among the SBM
products. However, the SID of total dispensable AA
was greater (P < 0.05) in ESBM-1 than in SPC but not
different from other SBM products. Compared with
the SBM products, RSE had less (P < 0.05) SID of Ala
than ESBM-1, less (P < 0.05) SID of Cys than SBM-
CV, and less (P < 0.05) SID of Asp, Ser, and Tyr than
all SBM products, but the SID of total dispensable
AA in RSE was not different from the SBM products.
However, the SID of all dispensable AA in FCM was
less (P < 0.05) than in RSE and all the SBM products.
The SID of total AA was greater (P < 0.05) in ESBM-
1 than in SPC and RSE, and FCM had the least (P <
0.05) SID of total AA among all ingredients.

DISCUSSION

Nutritional Characteristics of Ingredients

The chemical composition of SBM-CV was close
to expected values (Goebel and Stein, 2011; NRC,
2012; Rojas and Stein, 2013), except for concentra-
tions of sucrose, stachyose, and raffinose, which were
less than previously reported. In contrast, concentra-
tions of ADF and NDF were slightly greater than val-
ues reported by the NRC (2012) but in good agreement
with those reported by Rojas and Stein (2013) and less
than values reported by Goebel and Stein (2011).

The chemical composition of ESBM-1 was simi-
lar to what was reported by Goebel and Stein (2011),
except for concentrations of sucrose, stachyose, and
raffinose, which were less than previously observed.
However, the concentrations of CP and indispensable
AA in ESBM-1 were less than the concentrations re-
ported by Yang et al. (2007).
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Concentrations of CP and AA in ESBM-2 were in
agreement with values for fermented soybean meal that
were reported by Cervantes-Pahm and Stein (2010) and
Rojas and Stein (2013), but concentrations of sucrose,
stachyose, and raffinose in ESBM-2 were greater than the
values reported by Rojas and Stein (2013). This indicates
that the process used to produce ESBM-2 was not com-
pletely efficient in removing the a-galactosides from the
product, which may be a result of different fermentation
and incubation conditions. This observation implies that
there are differences among different types of enzyme-
treated soybean meal (ESBM) and that some sources are
better suited to be used in diets for young pigs than others.

Concentrations of CP and AA in SBM-EX were
close to those determined in ESBM-2, but unlike
ESBM-2, SBM-EX is produced by extrusion of de-
hulled soybean meal with a subsequent enzyme treat-
ment. Concentrations of sucrose, stachyose, and raffi-
nose in SBM-EX were greater than the values reported
by Rojas and Stein (2013) for fermented soybean meal,
which is likely because SBM-EX was not fermented.

Concentrations of CP and most indispensable AA
in SPC were similar to the values for SPC reported by
Yang et al. (2007) and Casas et al. (2017) but less than the
values reported by Lenehan et al. (2007) and the NRC
(2012). This may have been a result of different sourc-
es of SBM used during the production of the products.
However, the very high concentrations of ADF and NDF
in SPC indicate that soy hulls may have been added to
this ingredient, which resulted in a reduction in the con-
centration of CP. It therefore appears that the SPC used
in this experiment was somewhat different from tradi-
tional sources of SPC. However, working with a differ-
ent source of SPC from Brazil, much greater concentra-
tions of ADF and NDF compared with those published
by the NRC (2012) were recently reported (Casas et al.,
2017), indicating that the high concentration of ADF and
NDF and the lower concentration of CP may be a char-
acteristic of Brazilian SPC. If indeed that is the case, this
implies that SPC from Brazil has a different nutritional
value than SPC produced in the United States.

The composition of the RSE was in agreement
with expected values, and to our knowledge, no values
for the composition of the FCM product in this ex-
periment used have been published. It was, however,
surprising that there was sucrose in the FCM product,
because sucrose is easily fermented and the fact that
sucrose was analyzed in this ingredient may indicate
that the fermentation process was not complete.

Ileal Digestibility of Ash and OM

The greater AID of OM in the N-free diet than in
any of the other diets was expected because of the low
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concentration of fiber in the N-free diet. The lack of a
difference in the digestibility of OM among the diets
containing ESBM-1, ESBM-2, and SBM-EX also was
expected because the inclusion rate of soybean products
was similar in these diets and results, therefore, indicate
that the AID of the digestible nutrients in these 3 ingre-
dients is not different. The observation that the AID of
OM in the SPC diet was greater than in the ESBM-2
diet is likely a consequence of the increased concentra-
tion of cornstarch in the diet containing SPC compared
with the diet containing ESBM-2. However, the AID of
OM in the diet containing SBM-CV was expected to
be less than in the diets containing the other soybean
products because of the reduced inclusion of cornstarch
in this diet, but the observation that this was not the
case indicates that the AID of nutrients in SBM-CV per
se may be greater than in the other soybean products.
However, the design of the experiment did not allow us
to determine the actual AID of OM in the ingredients.

The reduced AID of OM in the diets containing
RSE and FCM compared with all other diets mainly
reflects the increased fiber concentration in these di-
ets. The inclusion of cornstarch, sucrose, and soybean
oil was similar to the inclusion in the diet containing
SBM-CYV, so the reduced AID of OM in the diets con-
taining RSE or FCM indicate that the AID of OM in
RSE and FCM is less than in SBM-CV.

The majority of the ash in all diets was from the min-
erals that were added to the diets, but between 30 and
45% of the ash in the diets originated from the ash in the
protein-containing ingredients. The AID of ash that were
calculated for the diets containing ESBM-1, ESBM-2,
SBM-EX, or SPC is close to values reported for a corn—
soybean meal diet fed to growing—finishing pigs (Urriola
and Stein, 2012). However, the observation that the AID
of ash in diets containing ESBM-1, ESBM-2, or SBM-
EX was less than in the diet containing SBM-CV indi-
cates that the ash fraction in these ingredients may have
become less digestible due to the processing. It is also
possible that the secretion of minerals into the intestinal
tract was greater when diets containing some ingredients
vs. other ingredients were provided, because the type of
fiber in an ingredient influences the endogenous secre-
tions of minerals into the digestive tract (Urriola and
Stein, 2012). In this experiment, however, it was not pos-
sible to distinguish between minerals in the ileal digesta
of endogenous origin and of dietary origin.

lleal Digestibility of Amino Acids

Values for AID and SID of CP and AA for SBM-CV
concur with previous estimates (Smiricky et al., 2002;
Baker et al., 2010; NRC, 2012) but were slightly greater
than the values reported by Urbaityte et al. (2009) and
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Cervantes-Pahm and Stein (2010). Therefore, the present
values are within the range of previously reported values
and the source of SBM-CV used in this experiment can
be considered a normal source of dehulled SBM.

Values for the AID and SID of AA in ESBM-1 that
were obtained in this experiment are very close to or
slightly greater than previous values reported for this
ingredient (Cervantes-Pahm and Stein, 2010; NRC,
2012). The fact that the SID of most AA in ESBM-1
was not different from values observed in SBM-CV is
also in agreement with previous observations.

To our knowledge, no values for AID and SID of CP
and AA in ESBM-2 have previously been reported. The
observation that the SID of some AA is less in ESBM-
2 than in ESBM-1 indicates that the enzyme treatment
or the process used to produce ESBM-2 is less efficient
in maintaining high AA digestibility compared with the
process used to produce ESBM-1. Specifically, the low
SID of Lys in ESBM-2 indicates that the heating applied
during drying of this product is more severe compared
with that used to dry ESBM-1. The fact that the Lys:CP
ratio was less for ESBM-2 than for the other soy proteins
except for SBM-EX further indicates that this product
may have been subjected to stronger heating, because
the Lys:CP ratio is an indication of heat damage in soy
proteins (Gonzalez-Vega et al., 2011). In most feed in-
gredients, the SID of Thr is the least among the indis-
pensable AA because of relatively high concentrations of
Thr in the endogenous protein that is lost at the end of
the distal ileum. However, for ESBM-2, the SID of Lys
was the least among the indispensable AA, which further
indicates that this ingredient may have been overheated.
Therefore, when purchasing ESBM, it is important to
make sure that a product that has been sufficiently incu-
bated with enzymes to hydrolyze the a-galactosides is se-
cured and that the product has not been overheated dur-
ing drying. This is important because it has been clearly
demonstrated that a-galactosides in soy products have a
negative impact on growth performance and intestinal
health of weanling pigs (Zhang et al., 2001). For manu-
facturers of ESBM, it is important that quality controls to
determine concentrations of residual a-galactosides are
in place to avoid selling products that have been insuffi-
ciently processed and, therefore, will have a negative im-
pact on pig growth performance. In addition, procedures
to monitor heating during drying are needed to ensure
that overheating, which reduces SID of AA is avoided.

We are not aware of previous data for the SID of AA
i SBM-EX, but the current data indicate that the extru-
sion process used to produce SBM-EX does not change
the SID of AA compared with SBM-CV. The exception
to this is that the SID for Lys is less in SBM-EX than
in SBM-CV, which is likely a result of overheating this
product during the extrusion process, because the Lys:CP
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ratio for SBM-EX was the least among all soy proteins.
The implication of this observation is similar to that de-
scribed for ESBM in that the quality of SBM-EX can be
evaluated based on the Lys:CP ratio to make sure over-
heating has not caused reduced SID of AA.

There are also no values for AID and SID of CP and
AA reported for the specific SPC that was used in this ex-
periment. However, values observed in this experiment
for SPC are less than the values reported by Smiricky
et al. (2002) and by Cervantes-Pahm and Stein (2008),
but the latter 2 experiments were conducted with grow-
ing pigs rather than weanling pigs. However, Urbaityte
et al. (2009) and Casas et al. (2017) determined SID of
AA in different sources of SPC using weanling pigs and
reported values that were slightly greater than the values
observed in this experiment. It is generally assumed that
SID values for AA in SPC are greater than in SBM-CV
because many of the carbohydrates and fibers have been
removed during production of SPC. In previous experi-
ments in which SID values for AA have been compared
between SPC and SBM-CV, values for SPC were greater
than for SBM-CV (Cervantes-Pahm and Stein, 2008;
Urbaityte et al., 2009; Casas et al., 2017). However, in the
present experiment, SID values for SPC were not greater
than those in SBM-CV, which indicates that the produc-
tion processes used to produce the SPC used in this ex-
periment are less efficient in improving AA digestibility
compared with what has been observed in previous re-
search. It is also surprising that concentrations of ADF
and NDF in SPC are twice as high as in SBM-CV and
some of the other soy proteins used in this experiment.
Usually, concentrations of ADF and NDF or crude fiber
are comparable to or less than in SBM-CV (Cervantes-
Pahm and Stein, 2008; Urbaityte et al., 2009; NRC,
2012). 1t is, therefore, likely that soy hulls or another
source of fiber was added during the production process
of SPC, which make this ingredient different from tra-
ditional SPC, and this may also have contributed to the
reduced SID of AA in the SPC used in this experiment.
As a consequence, and as discussed above, it appears that
SPC produced in Brazil may have a different nutritional
value than SPC from the United States. It will, therefore,
be important for buyers of SPC to know the origin and
the nutritional quality of the product they are purchasing.

The values for AID and SID of CP and AA in RSE
are greater than values reported in previous experiments
(Woyengo et al., 2010; NRC, 2012), which indicates
that the RSE used in this experiment was of high qual-
ity although the concentration of CP was less than previ-
ously observed (NRC, 2012; Maison and Stein, 2014).
Therefore, the present results indicate that weanling pigs
have a relatively good digestibility of AA in RSE.

The AID and SID of CP and AA in FCM were less
than in all other ingredients, but based on currently
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available information, it is not possible to determine
the reason for these low values. It is likely that because
wheat, soy molasses, and potato peel are used in the
production of FCM, the increased concentration of fi-
ber has reduced the digestibility of AA. In addition, the
extremely low digestibility of Lys in FCM indicates
that this product may have been overheated during pro-
cessing or that Lys possibly was fermented during the
fermentation process. The observation that the SID of
Lys was less than the SID of Thr is a further indica-
tion that the FCM product used in this experiment was
overheated. The low AID for OM also indicates that
some of the ingredients used in the production of FCM
may have had low digestibility. Based on the data ob-
tained in this experiment, it is concluded that because
of the low AID and SID of CP and AA in FCM, use of
FCM in diets fed to weanling pigs will result in more
nitrogen being excreted from the pigs than if the other
ingredients tested in this experiment are used.

Conclusions

Results of this research indicate that although pro-
cessing of soybeans may improve the nutritional value,
this is not always the case, and processing may sometimes
result in reduced AA digestibility due to overheating. It
is also evident that differences among different brands
of the same products such as ESBM or SPC may exist,
and specifically, there appears to be differences in con-
centrations of a-galactosides and ADF and NDF, which
directly impacts the nutritional value of these ingredients.
In addition, for all processed feed ingredients, there is a
risk of overheating during drying, which will result in a
reduced concentration of Lys and reduced Lys digestibil-
ity. As a consequence, producers of all processed feed in-
gredients should have quality procedures in place that en-
sure overheating is avoided, and purchasers of processed
feed ingredients need to have tools available that allow
them to determine if the product they are purchasing has
been overheated. Results also indicate that fermentation
of a mixture of rapeseed meal, wheat, and relatively low
quality coproducts does not result in AID and SID val-
ues that are similar to those of unfermented 00-rapeseed
expellers or soybean products, and based on the results
of this experiment, usage of this ingredient in diets for
weanling pigs cannot be recommended.
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