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Effect of dietary soybean oil and soybean protein concentration
on the concentration of digestible amino acids
in soybean products fed to growing pigs®

S. K. Cervantes-Pahm, and H. H. Stein?®

Department of Animal Sciences, University of Illinois, Urbana 61801

ABSTRACT: An experiment was conducted to mea-
sure the effect of adding soybean oil to soybean meal
(SBM) and soy protein concentrate (SPC) on appar-
ent (AID) and standardized (SID) ileal digestibility of
CP and AA by growing pigs. A second objective was to
compare AID and SID of AA in a new high-protein va-
riety of full fat soybeans (FFSB) to values obtained in
other soybean products. Commercial sources of FFSB
(FFSB-CV), SBM, and SPC, and of a new high-protein
variety of FFSB (FFSB-HP) were used in the experi-
ment. Four diets were prepared using each soybean
product as the sole source of CP and AA in 1 diet. Two
additional diets were formulated by adding soybean oil
(7.55 and 7.35%, respectively) to the diets containing
SBM and SPC. A nitrogen-free diet was also used to
measure basal endogenous losses of CP and AA. The 2
sources of FFSB were extruded at 150°C before being
used in the experiment. Seven growing barrows (initial

BW = 26.2 kg) were prepared with a T-cannula in the
distal ileum and allotted to a 7 X 7 Latin square design.
Tleal digesta were collected from the pigs on d 6 and
7 of each period. All digesta samples were lyophilized
and analyzed for DM, CP, AA, and chromium, and val-
ues for AID and SID of CP and AA were calculated. The
addition of oil improved (P < 0.05) the SID of most in-
dispensable AA in SBM and SPC. The SID for 6 of the
indispensable AA in FFSB-HP were greater (P < 0.05)
than in FFSB-CV, and the SID for all indispensable AA
except Met was greater (P < 0.05) in FFSB-HP than
in SBM. However, the SID for most AA in FFSB-HP
was similar to SBM with oil and SPC, but these values
were lower (P < 0.05) than in SPC with oil. In conclu-
sion, the addition of oil improved the SID of most AA in
SBM and SPC fed to growing pigs, and the SID of AA
in FFSB-HP were greater than in SBM and similar to
the SID of AA in SBM with oil and in SPC.
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INTRODUCTION

The apparent ileal digestibility (AID) of AA by grow-
ing pigs is increased if oil is added to the diet (Li and
Sauer, 1994; Albin et al., 2001). Standardized ileal di-
gestibility values (SID) for CP and AA take into ac-
count the AA contributions of endogenous origins, and
values for SID are more accurate estimates of the di-
gestibility of AA in a feed ingredient compared with
values for AID (Stein et al., 2007). However, there is
limited information about the effect of dietary oil on
the SID of AA in soybean products fed to pigs. It has
been suggested (NRC, 1998) that the digestibility of
AA in full-fat soybeans (FFSB) is less than in soybean
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meal (SBM) and soy protein concentrate (SPC). This
is surprising because full-fat soybeans contain more
oil than SBM and SPC (Cromwell, 2000; Zarkadas and
Wiseman, 2005), and it would, therefore, be expected
that the digestibility of AA in FFSB is greater than in
defatted soybean products. The digestibility of AA in
FFSB may be affected by the variety of the beans and
the protein concentration in the beans, and as newer
high-protein varieties of soybeans are marketed, it is
necessary to investigate the effect of protein concen-
tration on AA concentration and digestibility. Because
increased protein concentration in soybeans is often ac-
companied by a reduced concentration of oil (Yaklich,
2001), the digestibility of AA in high-protein soybean
varieties may be different from the digestibility in con-
ventional varieties.

The objective of this experiment was to measure the
effect of oil addition to SBM and SPC on AID and SID
of CP and AA by growing pigs and to compare these
values to the AID and SID for CP and AA in FFSB.
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Table 1. Analyzed nutrient composition of high protein full fat soy beans (FFSB-HP),
conventional full fat soybeans (FFSB-CV), soybean meal (SBM), and soy protein con-

centrate (SPC), as-fed basis

Ttem FFSB-HP FFSB-CV SBM SPC
Ingredient
DM, % 94.91 93.43 89.60 90.55
CP, % 47.64 35.78 42.92 64.15
Ether extract, % 16.40 20.80 1.53 0.11
NDF, % 8.68 9.75 11.26 9.34
Sucrose, % 4.69 7.30 8.14 0.70
Raffinose, % 1.19 0.73 0.99 0.15
Stachyose, % 4.11 4.07 4.51 0.86
Urease activity,' pH rise 0.12 0.10 0.18 0.12
Indispensable AA, %
Arg 3.83 3.00 3.00 4.70
His 1.24 0.98 1.15 1.69
Ile 2.02 1.64 1.83 2.94
Leu 3.43 2.76 3.24 5.00
Lys 2.81 2.35 2.74 4.05
Met 0.64 0.59 0.67 0.94
Phe 2.31 1.84 2.14 3.23
Thr 1.66 1.39 1.69 2.47
Trp 0.33 0.33 0.56 0.81
Val 2.16 1.77 1.97 3.11
Dispensable AA, %
Ala 1.89 1.57 1.86 2.77
Asp 5.25 4.08 4.8 7.29
Cys 0.66 0.61 0.68 0.92
Glu 8.31 6.39 7.48 11.36
Gly 1.89 1.54 1.8 2.72
Pro 2.17 1.7 2.0 3.04
Ser 2.21 1.74 2.18 3.17
Tyr 1.63 1.33 1.56 2.27
Total AA, % 44.43 35.17 41.35 62.49

'Urease activity was measured in the 2 sources of FFSB after extrusion.

The second objective was to compare the digestibility
of AA and the concentration of digestible AA in a new
high-protein variety of FFSB (FFSB-HP) to values ob-
tained in conventional sources of FFSB (FFSB-CV),
SBM, and SPC.

MATERIALS AND METHODS
Animals, Housing, and Experimental Design

The animal part of the study was conducted at South
Dakota State University, and the experiment was ap-
proved by the Institutional Animal Care and Use Com-
mittee at South Dakota State University.

Seven growing barrows (initial and final BW = 26.2 +
2.2 and 52.8 + 4.3 kg, respectively) originating from the
matings of SP-1 boars to line 13 sows (Ausgene Intl.
Inc., Gridley, IL) were equipped with a T-cannula in
the distal ileum using the method described by Stein
et al. (1998). After surgery, pigs were transferred to in-
dividual pens (1.2 X 1.8 m) in a temperature-controlled
room (22°C) where they were allowed to recover for 14
d. A standard corn-soybean meal diet (16% CP) was
provided on an ad libitum basis during this time. Pigs
were then allotted to a 7 X 7 Latin square design with

pigs and periods comprising the rows and columns, re-
spectively.

Ingredients, Diets, and Feeding

Four soybean products were used in this experi-
ment (Table 1). The 4 sources were FFSB-HP (SSeed.
HP 290, Schillinger Seeds, Des Moines, IA), a source of
FFSB-CV, conventional SBM, and a commercial source
of SPC (Profine E, Central Soya Co. Inc., Fort Wayne,
IN). The FFSB-CV and the SBM were commercial
sources that were obtained locally. Before the experi-
ment, both sources of FFSB were ground and extruded
at 150°C (Model 2500, Insta Pro, Des Moines, IA) and
subsequently cooled to 43°C using a tumble drum cool-
er (Insta Pro).

Seven diets were formulated to contain quantities of
AA that were expected to exceed the requirements of
the pigs (Tables 2 and 3). Four diets contained each of
the soybean products as the only protein and AA source.
Two additional diets were formulated by adding soy-
bean oil to the diets containing SBM and SPC, respec-
tively, to bring the total concentration of ether extract
in those diets close to the concentrations in the 2 diets
containing FFSB. A N-free diet was used to measure
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Table 2. Ingredient composition of experimental diets, as-fed basis

Diet
Ingredient, % FFSB-HP' FFSB-CV' SBM' SBM'+o0il SPC' SPC'+o0il N-free
SSeed. HP 290 45.00 — — — — _ _

Commerecial soybeans — 45.00 — — — — —
Soybean meal, 44% CP — — 36.50 36.50 — — —
Soy protein concentrate — — — — 25.00 25.00 —

Soybean oil — — — 7.55 — 7.35 4.00
Cornstarch 42.65 42.65 51.15 43.60 58.52 51.17 68.27
Sugar 10.00 10.00 10.00 10.00 10.00 10.00 20.00
Solka floc? — — — — 4.00 4.00 4.00
Limestone 0.75 0.75 0.75 0.75 0.80 0.80 0.60
Monocalcium phosphate 0.62 0.62 0.62 0.62 0.70 0.70 1.65
Magnesium oxide — — — — — — 0.10
Potassium carbonate — — — — — — 0.40
Chromic oxide 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Salt 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Vitamin premix® 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Micromineral premix* 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

'FFSB-HP = high protein full fat soybeans; FFSB-CV = conventional full fat soybean; SBM = soybean
meal; SPC = soy protein concentrate.

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

*Provided the following quantities of vitamins per kilogram of complete diet: Vitamin A, 6,594 IU as vi-
tamin A acetate; vitamin D5, 989 IU as D-activated animal sterol; vitamin E, 33 IU as a tocopherol acetate;
vitamin K, 2.6 mg as menadione dimethylpyrimidinol bisulphite; thiamin, 2.0 mg as thiamine mononitrate;
riboflavin, 5.9 mg; pyridoxine, 2.0 mg as pyridoxine hydrochloride; vitamin By, 0.026 mg; D-pantothenic
acid, 20 mg as calcium pantothenate; niacin, 33 mg; folic acid, 0.66 mg; and biotin, 0.1 mg.

“Provided the following quantities of minerals per kilogram of complete diet: Cu, 16 mg as copper sulfate;
Fe, 165 mg as iron sulfate; I, 0.36 mg as potassium iodate; Mn, 44 mg as manganese sulfate; Se, 0.3 mg as
sodium selenite; and Zn, 165 mg as zinc oxide.

Table 3. Analyzed nutrient composition of experimental diets, as-fed basis

Diet
ITtem FFSB-HP' FFSB-CV! SBM* SBM! + oil SPC! SPC! +0il  N-free
DM, % 93.44 92.92 91.21 91.63 91.97 91.88 92.76
CP, % 20.72 17.32 15.92 14.60 16.14 16.59 1.0
Ether extract, % 7.35 9.29 0.69 7.50 0.24 6.70 —
Indispensable AA, %
Arg 1.69 1.17 1.21 1.05 1.25 1.11 —
His 0.56 0.46 0.47 0.41 0.47 0.42 —
Ile 0.91 0.76 0.79 0.70 0.81 0.71 —
Leu 1.56 1.29 1.33 1.17 1.37 1.19 0.01
Lys 1.28 1.11 1.13 0.99 1.12 0.99 0.01
Met 0.31 0.28 0.3 0.26 0.28 0.25 —
Phe 1.04 0.86 0.88 0.77 0.89 0.78 —
Thr 0.75 0.65 0.67 0.58 0.67 0.58 —
Trp 0.27 0.22 0.23 0.23 0.25 0.22 <0.04
Val 0.99 0.82 0.85 0.75 0.86 0.76 0.01
Dispensable AA, %
Ala 0.86 0.73 0.76 0.67 0.76 0.65 0.01
Asp 2.38 1.90 1.86 1.72 2.00 1.71 0.01
Cys 0.31 0.28 0.29 0.23 0.27 0.23 0.01
Glu 3.76 2.9 3.05 2.68 3.17 2.70 0.03
Gly 0.86 0.72 0.74 0.65 0.74 0.64 —
Pro 0.99 0.80 0.82 0.73 0.84 0.78 0.01
Ser 0.98 0.82 0.83 0.72 0.85 0.74 0.01
Tyr 0.57 0.49 0.52 0.45 0.48 0.41 —
Total AA, % 20.06 16.54 17.01 14.98 17.08 14.88 0.11

IFFSB-HP = high protein full fat soybeans; FFSB-CV = conventional full fat soybean; SBM = soybean
meal; SPC = soy protein concentrate.
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basal ileal endogenous losses of AA. Chromic oxide was
included (0.40%) in all diets as an inert marker.

Feed was provided in quantities equal to 3 times the
estimated daily maintenance energy requirement of
the pigs (106 kcal of ME per kg”™; NRC, 1998). The
daily allotment of feed was divided into 2 equal meals
that were provided at 0830 and 1600. Water was avail-
able at all times.

Data and Sample Collection

Pig BW were recorded at the beginning of the experi-
ment and at the end of each period. Each period lasted
7 d and pigs were allowed to adapt to their diet during
the initial 5 d. On d 6 and 7, ileal digesta were col-
lected for 8 h. A 225-mL plastic bag was attached to
the cannula barrel using a cable tie and digesta flowing
into the bag were collected. Bags were removed every
30 min and replaced with a new bag. Collected digesta
were immediately stored at —20°C to prevent bacte-
rial degradation of the AA in the digesta. Ileal samples
obtained over the 2-d collection period were thawed,
mixed within animal and diet, and a subsample was
collected for chemical analysis. A sample of each diet
and of each of the protein sources was also collected.
Digesta samples were lyophilized and finely ground be-
fore chemical analysis.

Chemical Analysis

The soy products were analyzed for urease activ-
ity (procedure Ba9-58; AOCS, 1998) and NDF using
the procedure of Holst (1973). Sucrose, raffinose, and
stachyose were analyzed using the procedure of Janau-
er and Englmaier (1978). All soy products and diets
were also analyzed for ether extract (procedure 4.5.01;
AOAC, 2000), DM (procedure 4.1.06; AOAC, 2000), and
CP (procedure 4.2.08; AOAC, 2000). Ileal digesta sam-
ples were also analyzed for DM and CP. Amino acids
were analyzed in all samples on an AA analyzer (Beck-
man 6300 Amino Acid Analyzer, Beckman Instruments
Corp., Palo Alto, CA) using ninhydrin for postcolumn
derivatization and norleucine as the internal standard.
Samples were hydrolyzed with 6 N HCI for 24 h at
110°C (procedure 4.1.11, alternative 3; AOAC, 1998)
before analysis. Methionine and Cys were determined
as Met sulfone and cysteic acid, respectively, after cold
performic acid oxidation overnight before hydrolysis
(procedure 4.1.11, alternative 1; AOAC, 1998). Trypto-
phan was determined after NaOH hydrolysis for 22 h
at 110°C (procedure 45.4.04; AOAC, 2000). Chromium
concentrations of diets and ileal digesta were deter-
mined after nitric acid-perchloric acid wet ash sample
preparation (procedure 9.2.39; AOAC, 2000).

Calculations and Statistical Analysis

Values for AID, endogenous losses, and SID of CP
and AA were calculated as previously outlined (Stein et

Cervantes-Pahm and Stein

al., 2007). Concentrations of standardized ileal digest-
ible AA in each protein source were calculated by mul-
tiplying the concentration of each AA in an ingredient
(DM-basis) by the calculated SID for that AA.

Data were analyzed using the MIXED procedure
(SAS Inst. Inc., Cary, NC). The UNIVARIATE proce-
dure of SAS was used to confirm homogeneity of the
variance. Outliers were determined as values that were
more than 3 SD above or below the mean. No outliers
were identified and there were no missing values in the
analysis. Orthogonal contrasts were used to compare
SBM and SPC vs. SBM with oil and SPC with oil, re-
spectively, to determine the effect of oil addition on AA
digestibility. An ANOVA was conducted with diet as
the fixed effect and pig and period as random effects
to compare values for AID and SID among the 6 diets.
Whenever differences were detected, treatment means
were separated using the least significant difference
test of the MIXED procedure. The pig was the experi-
mental unit for all analyses, and an a value of 0.05 was
used to assess significance among treatments.

RESULTS

The CP and AA concentrations were greater in
FFSB-HP compared with conventional FFSB-CV and
SBM (Table 1). However, the concentration of ether
extract was decreased in FFSB-HP compared with
FFSB-CV. Soybean meal contained more CP and AA
than conventional FFSB, but the concentration of CP
and AA in SPC was greater than in the other soybean
sources. The concentration of NDF was greater in SBM
than in the other protein sources. The concentration of
sucrose was similar between SBM and FFSB-CV, but
these values were greater than in FFSB-HP. The con-
centration of raffinose was lower in FFSB-CV than in
FFSB-HP, but the stachyose concentration was not dif-
ferent for FFSB-CV and FFSB-HP. The urease activity
was within the range of 0.05 to 0.20 for all samples.

The AID for CP in FFSB-HP (81.0%) was greater (P
< 0.05) than the AID obtained for the other ingredients
(Table 4). The AID for CP in SBM (68.1%) was less (P
< 0.05) than the AID for CP in FFSB-CV (76.4%). How-
ever, the AID for CP in FFSB-CV was similar to the
AID in SPC (75.4%). The AID for SBM with oil (71.5%)
was similar to the AID for SBM, but the AID for SPC
with oil (81.5%) was greater (P < 0.05) than for SPC.

For most AA, no differences in the AID were ob-
served between FFSB-HP and SPC. However, the AID
for most AA in SBM was lower (P < 0.05) than in FFSB-
HP and SPC. The AID for 6 of the 10 indispensable
AA (Arg, His, Ile, Leu, Phe, and Val) was greater (P <
0.05) in FFSB-HP than in FFSB-CV, but the AID for
most AA in FFSB-CV was similar to the AID for SBM.
The diet containing SPC had greater (P < 0.05) AID
for most indispensable AA compared with FFSB-CV,
but the AID for most dispensable AA in FFSB-CV was
similar to the AID for SPC. Addition of oil to SBM and
SPC improved (P < 0.05) the AID of most indispensable
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Table 4. Apparent ileal digestibility (%) of CP and AA in experimental diets’
Diet Effect of oil*
Ttem FFSB-HP? FFSB-CV? SBM?  SBM? + oil SPC? SPC? + oil SEM P-value® SEM P-value
CP, % 81.0" 76.4" 68.1% 71.5% 75.4y" 81.5" 1.75 <0.001 2.76 0.005
Indispensable AA, %
Arg 93.1% 88.1% 86.5" 87.1% 89.5% 92.6" 1.22 <0.001 2.19 0.122
His 88.5Y 85.8% 84.0% 85.0% 88.5" 90.8" 1.00 <0.001 1.51 0.038
Ile 87.6” 83.7% 82.9% 84.77 87.6” 88.5” 0.81 <0.001 1.22 0.039
Leu 87.1% 83.1% 81.9° 83.9” 86.9” 87.9” 0.86 <0.001 1.33 0.038
Lys 88.2™ 87.0%* 82.4% 84.5% 87.9" 91.8" 1.62 <0.001 2.54 0.028
Met 88.0% 85.7% 86.7% 88.7* 89.5” 89.8” 1.18 0.013 1.70 0.180
Phe 89.0” 85.1% 83.5% 85.27 89.0” 89.8” 0.77 <0.001 1.19 0.042
Thr 76.7" 73.9% 71.7 72.3% 77.5" 77.8" 1.43 0.002 2.23 0.869
Trp 83.9* 81.8% 79.4% 83.0” 86.5"" 88.1" 1.41 <0.001 2.21 0.019
Val 84.0” 79.8% 78.6* 80.6* 84.17 85.37 1.10 <0.001 1.67 0.059
Mean 87.5Y 83.8% 81.9% 83.6* 86.8" 88.5Y 0.98 <0.001 1.53 0.040
Dispensable AA, %
Ala 81.5% 78.1%* 73.7* 76.5% 78.2%* 81.60” 1.43 <0.001 2.64 0.025
Asp 86.0™ 83.6"™ 79.4% 80.5 84.4™ 86.3" 1.44 <0.001 2.33 0.212
Cys 74.8% 74.1% 70.3% 73.5% 73.9% 79.8¥ 2.76 0.048 3.87 0.027
Glu 87.3 86.0"" 80.4% 82.6™ 85.6" 90.8” 2.11 0.003 3.37 0.038
Gly 61.8” 51.1% 41.6* 48.0% 53.1%* 57.4" 4.21 0.009 7.07 0.143
Pro 62.8 42.0 18.3 15.1 14.6 14.3 18.4 0.256 33.2 0.917
Ser 83.27 79.3* 77.2* 79.0% 84.0° 84.6" 1.02 <0.001 1.62 0.146
Tyr 88.4" 85.0% 85.6% 86.9%* 90.9" 90.7" 0.81 <0.001 1.24 0.358
Mean 81.4% 76.6%* 70.2% 72.0% 75.0%* 77.6% 2.55 0.026 4.59 0.344
All AA, % 84.2% 79.9" 75.6" 77.4% 80.6" 82.7" 1.67 0.004 2.98 0.202

"“Means within a row lacking a common superscript letter differ (P < 0.05).

'Data are means of 7 observations per treatment.

2FFSB-HP = high protein full fat soybeans; FFSB-CV = conventional full fat soybean; SBM = soybean meal; SPC = soy protein concentrate.

3p-value for the ANOVA comparing all 6 diets.
*P-value for the effect of adding oil to SBM and SPC.

AA. Among the dispensable AA, only the AID for Ala,
Cys, and Glu were improved (P < 0.05) by oil addition.

The SID for CP in SBM (84.8%) was lower (P < 0.05)
than in all other ingredients (Table 5). The SID for most
AA in FFSB-HP were similar to the AID for SPC. The
SID for Ile, Leu, Phe, Val, Ser, and Tyr in FFSB-HP
were greater (P < 0.05) than in FFSB-CV, but the SID
for the remaining AA where not different between the
2 sources of FFSB. The SID for most of the indispens-
able AA in FFSB-CV were similar to SBM. The SID
of Lys, Phe, and Trp were greater (P < 0.05) in FFSB-
CV than in SBM, but for the remaining indispensable
AA, no differences between these 2 ingredients were
observed. The SID for most AA in SPC were greater (P
< 0.05) than for FFSB-CV and SBM. The addition of
oil improved (P < 0.05) the SID for most indispensable
AA in SBM and SPC, but greater improvements were
observed for SBM than for SPC. The SID for all indis-
pensable AA except Phe were similar for SBM plus oil
and FFSB-HP, and with the exception of Met, these
values were also similar to FFSB-CV. In contrast, SPC
with oil had SID values for all indispensable AA that
were greater (P < 0.05) than in FFSB-CV, and with the
exception of Arg, these values were also greater (P <
0.05) than in FFSB-HP.

Among all ingredients, FFSB-CV had the lowest (P
< 0.05) concentration (353 g per kg of DM) of SID CP

(Table 6). The concentration of SID CP in FFSB-HP
(472 g per kg of DM) was greater (P < 0.05) than in
SBM (406 g per kg of DM) and SBM with oil (430 g per
kg of DM). Soy protein concentrate had a greater (P
< 0.05) concentration (652 g per kg of DM) of SID CP
than FFSB-HP, but SPC with oil (691 g per kg of DM)
had the greatest (P < 0.05) concentration of SID CP
among all treatments.

The concentrations of most of the digestible AA in
FFSB-HP were greater (P < 0.01) than in FFSB-CV,
SBM, and SBM with oil, but the concentration of di-
gestible Lys in FFSB-HP was similar to SBM and SBM
with oil. In contrast, the concentration of digestible Met
and Trp were lower (P < 0.05) in FFSB-HP than in SBM
and SBM with oil. The concentration of digestible Thr
in FFSB-HP, however, was similar to SBM, but lower
(P < 0.05) than in SBM with oil. The concentration of
digestible AA in FFSB-HP was lower (P < 0.01) than
in SPC and SPC with oil, but FFSB-CV had the lowest
(P < 0.05) concentration of digestible AA among all di-
ets. The concentration of digestible Ile, Leu, Met, Trp,
and Val was greater (P < 0.01) in SBM with oil than in
SBM, but for the remaining indispensable AA, no dif-
ferences between these 2 diets were observed. Soy pro-
tein concentrate had a greater (P < 0.01) concentration
of digestible AA than SBM with oil, and the addition
of o1l to SPC increased (P < 0.01) the concentrations of
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Table 5. Standardized ileal digestibility (%) of CP and AA in experimental diets"?

Diet Effect of oil®
Ttem FFSB-HP? FFSB-CV® SBM?  SBM?®+ oil spC? SPC? + oil SEM P-value* SEM P-value
CP, % 94.17* 92.1¥ 84.8% 89.8Y 92.0¥ 97.6" 1.75 <0.001 2.76 0.006
Indispensable AA, %
Arg 99.1%* 96.7% 94.7% 96.6™ 97.4% 101.4z 1.23 0.005 2.21 0.014
His 93.3" 91.6% 89.5% 91.5% 94.1" 97.1u 1.00 <0.001 1.52 0.004
Ile 93.1™ 90.2% 89.1% 91.7%* 93.6" 95.4v 0.81 <0.001 1.22 0.002
Leu 92.5" 89.7% 88.2% 91.0%* 93.0™ 94.9u 0.86 <0.001 1.33 0.002
Lys 93.0¥ 92.5Y 87.7% 90.6™ 93.2¥ 97.9z 1.63 <0.001 2.55 0.008
Met 94.0% 92.2% 92.6* 95.5% 95.9%* 97.0z 1.18 0.028 1.70 0.028
Phe 93.7* 90.7" 88.9% 91.5" 94.4™ 96.0u 0.77 0.002 1.19 0.002
Thr 87.6” 86.4 83.6% 86.1% 89.4%* 91.2z 1.44 0.071 2.23 0.071
Trp 90.1%* 89.4" 86.1% 90.1%* 93.0™ 95.6u 1.41 0.007 2.21 0.007
Val 91.7* 89.0% 87.3* 90.6"* 92.7" 95.2u 1.10 0.002 1.67 0.002
Mean 92.3" 89.7Y 87.5% 90.0%" 92.3" 94.8u 0.98 <0.001 1.53 0.004
Dispensable AA, %
Ala 92.7%* 91.1Y 86.0% 90.5" 90.5" 96.1z 1.43 <0.001 2.64 <0.001
Asp 91.0” 89.7%* 85.3% 87.3% 90.2%* 93.1z 1.44 <0.001 2.33 0.046
Cys 84.9% 85.0% 80.6* 85.0% 85.1% 92.8y 2.76 0.006 3.87 0.005
Glu 91.0¥ 90.7" 84.9% 87.7% 89.9% 95.9z 2.11 0.003 3.37 0.015
Gly 93.9%* 89.2Y 77.9% 89.6" 89.6"* 99.7z 4.50 0.008 7.08 0.006
Pro 153.6 153.7 125.2 135.8 119.8 127.6 18.55 0.621 33.26 0.588
Ser 91.1™ 88.6" 86.3* 89.5%* 92.9% 94.9v 1.02 <0.001 1.62 0.004
Tyr 93.6" 90.9% 91.1% 93.3¥ 96.9” 97.7z 0.81 <0.001 1.24 0.021
Mean 93.8Y 91.7 84.6* 88.5 89.1% 94.2y 2.56 0.057 4.60 0.064
All AA, % 94.8% 92.7%* 87.9% 91.4% 92.6"* 96.7z 1.68 0.008 2.99 0.019

"“Means within a row lacking a common superscript letter differ (P < 0.05).

'Data are means of 7 observations per treatment.

“Standardized ileal digestibility values were calculated by correcting the AID values for the basal ileal endogenous losses. Basal ileal endog-
enous losses were determined as (g/kg of DMI): CP, 29.11; Arg, 1.09; His, 0.29; Ile, 0.53; Leu, 0.91; Lys, 0.66; Met, 0.20; Phe, 0.53; Thr, 0.88;
Trp, 0.18; Val, 0.81; Ala, 1.02; Asp, 1.27; Cys, 0.33; Glu, 1.50; Gly, 3.95; Pro, 9.62; Ser, 0.82, Tyr, 0.31.

SFFSB-HP = high protein full fat soybeans; FFSB-CV = conventional full fat soybean; SBM = soybean meal; SPC = soy protein concentrate.

*P-value for the ANOVA comparing all 6 diets.
®P-value for the effect of adding oil to SBM and SPC.

all indispensable AA except Met and Phe. Therefore,
SPC with oil had a greater (P < 0.05) concentration of
digestible AA than all other diets.

DISCUSSION

Composition of Ingredients

To increase the feeding value of soybeans, varieties
with increased concentration of CP or reduced concen-
tration of trypsin inhibitors and oligosaccharides have
been selected (Palacios et al., 2004). The FFSB-HP
variety was selectively bred for greater concentration
of CP. The increase in CP was achieved partly at the
expense of ether extract that was reduced in FFSB-HP
compared with FFSB-CV. The negative correlation of
soybean protein to seed oil and yield are the major ob-
stacles that hinder the development of high CP soy-
beans for commercial use because soybeans are traded
on a weight basis and high CP lines often have a de-
creased yield and contain less oil than conventional
lines (Yaklich, 2001). The CP concentration of soybeans
is also negatively correlated with the concentration of
sucrose but positively correlated with the concentra-
tion of stachyose (Hartwig et al., 1997). This inverse re-

lationship between protein and sucrose concentration
explains the lower sucrose concentration in FFSB-HP
than in FFSB-CV, but the stachyose concentration was
similar between the 2 soybean varieties. The stachyose
concentration in high-protein soybeans average 4.13%
(Hartwig et al., 1997), which is similar to the value ob-
tained in this study for both FFSB-HP and FFSB-CV.

Aqueous alcohol extraction removes the sucrose,
raffinose, and stachyose from defatted soy flakes (El-
dridge et al., 1979). The concentrations of oligosaccha-
rides in SPC are, therefore, lower than in SBM. The
concentration of sucrose, raffinose, and stachyose in
SPC and SBM were within the range of values reported
in other studies (Eldridge et al., 1979; Bach Knudsen,
1997; Grieshop et al., 2003).

The fiber in soybeans is mainly present in the seed
coat and contains approximately 80% polysaccharides,
which can be separated into cellulose, hemicellulose,
and pectin on the basis of solubility (Stombaugh et al.,
2000). Seed coat contribution to the total seed weight
is relatively constant. Although the increase in the con-
centration of CP results in a reduction in ether extract,
the combined concentration of CP and ether extract in-
creases and the fiber and carbohydrate components de-
crease when the soybeans are selected for high protein
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Table 6. Concentration of standardized ileal digestible CP and AA (g/kg of DM) in high-protein and conventional
full fat soybeans (FFSB-HP and FFSB-CV), in soybean meal (SBM) and SBM with 7.55% soybean oil, and in soy
protein concentrate (SPC) and SPC with 7.35% added soybean oil*

Ingredient
Ttem FFSB-HP FFSB-CV SBM SBM + oil SPC SPC + oil SEM P-value
CP, % 472.3" 352.7* 406.27 430.27 651.8" 691.4" 9.73 <0.001
Indispensable AA, %
Arg 40.0” 26.6* 31.77 32.37 50.6" 52.6" 0.48 <0.001
His 12.2* 9.9% 11.5Y 11.77 17.6" 18.17 0.14 <0.001
Ile 19.8" 15.9% 18.2¥ 18.7" 30.4" 30.9% 0.18 <0.001
Leu 33.4% 26.5% 31.97 32.97 51.5" 52.47 0.33 <0.001
Lys 27.6" 23.3% 26.8" 27.77 41.7 43.7" 0.54 <0.001
Met 6.3" 5.8% 7.0* 7.2% 10.0¥ 10.17 0.10 <0.001
Phe 22.8" 17.9% 21.2 21.9” 33.7" 34.2% 0.19 <0.001
Thr 15.3Y 12.9% 15.8" 16.2* 24.5" 24.9" 0.28 <0.001
Trp 3.1% 3.20% 5.4¥ 5.6” 8.3" 8.5" 0.08 <0.001
Val 20.9" 16.9% 19.2¥ 19.9” 31.9" 32.6% 0.26 <0.001
Dispensable AA, %
Ala 18.4%* 15.3% 17.8% 18.8” 27.7" 29.47 0.32 <0.001
Asp 50.3” 39.2% 45.77 47.0" 72.7" 75.9" 0.90 <0.001
Cys 5.9 5.5% 6.1 6.4" 8.7" 9.4" 0.22 <0.001
Glu 79.9% 62.0% 70.9¥ 73.37 112.9" 120.2Y 2.12 <0.001
Gly 18.7 14.7% 15.6% 18.0%* 26.9" 30.0" 21.43 <0.001
Pro 35.1 28.0 27.8 30.2 39.3 42.5 5.08 0.161
Ser 21.2* 16.5% 21.0° 21.8° 32.6" 33.2" 0.26 <0.001
Tyr 16.1%* 12.9% 15.8% 16.2” 24.3" 24.5% 0.14 <0.001
All AA, % 443.7" 349.9* 405.27 421.7%* 639.6" 667.6" 8.99 <0.001

“"Means within a row lacking a common superscript letter differ (P < 0.05).
'Data were calculated by multiplying the AA concentration in each ingredient by the measured value for the standardized ileal digestibility;

n="17.

concentration (Hartwig et al., 1997). This may explain
the lower concentration of NDF in FFSB-HP than in
FFSB-CV. The extraction of fat from the soybean seed
results in a greater concentration of NDF in SBM than
in FFSB, and the values for NDF obtained in this study
are similar to the values reported by Edwards et al.
(2000) but lower than the values reported by Grieshop
et al. (2003). Genotypic variation may account for the
difference in the polysaccharides present in the seed
coat (Stombaugh et al., 2000).

The CP and AA concentration in FFSB-CV and SBM
used in this study were similar to the values report-
ed by NRC (1998) and from other studies (Kim et al.,
2000; Clapper et al., 2001; Grieshop et al., 2003). How-
ever, the AA concentration in SPC was slightly lower
than the values reported by NRC (1998), but similar
to the values reported by Clapper et al. (2001). Differ-
ences in processing methods during the production of
SPC may result in SPC with different characteristics
(Berk, 1992).

Effect of Oil Addition to SBM and SPC

The increased AID and SID of AA when oil was in-
cluded in the diet may be due to slower gastric emp-
tying, which increases the time that feed proteins
are exposed to proteolytic enzymes (Gentilcore et al.,
2006). The presence of fat in the small intestine may
also reduce the passage rate of the ingested feed (Va-

laja and Silijander-Rasi, 2001), which may provide a
longer time for AA and peptides to be absorbed (Zhao
et al., 2000).

Addition of oil to SBM resulted in increased values
for AID of most AA (Imbeah and Sauer, 1991; Li and
Sauer, 1994; Albin et al., 2001), and the results of this
experiment agree with these previous reports. How-
ever, results from the present experiment also demon-
strated that the SID for AA in SBM is improved by the
addition of oil and that dietary oil also increases the
digestibility of AA in a highly digestible protein source
such as SPC. To our knowledge, this has never been
demonstrated before.

Previous studies have shown that the digestibility of
AA in FFSB-CV is lower than in SBM with added oil
(Marty et al., 1994; Fan et al., 1995; Bruce et al., 2006).
The reason for the reduced digestibilities has been at-
tributed to a greater concentration of trypsin inhibitors
(Fan et al., 1995) and soy hulls (Bruce et al., 2006) in
FFSB-CV than in SBM. It has also been reported that
FFSB induce a greater endogenous Lys loss than SBM
with added oil (Marty et al., 1994), but oil addition does
not influence the endogenous losses of AA (de Lange
et al., 1989). In the present experiment, there were no
differences in AA digestibility between FFSB-CV and
SBM with added oil, which is likely because the soy-
beans used to produce the SBM used in this experi-
ment were not dehulled and the concentration of hulls
was expected to be similar in SBM and FFSB-CV. In
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addition, both FFSM-CV and SBM were adequately
heated as reflected by their urease activity, which was
within the range of 0.05 to 0.20, the generally accept-
able index for adequate cooking to inactivate trypsin
inhibitors (Parsons, 2000). It is, therefore, likely that
the reason for the greater digestibility of AA in the 2
sources of FFSB than in SBM is the increased concen-
tration of oil in FFSB. When oil was added to the SBM
in a quantity similar to the concentration in FFSB, the
digestibility of AA in SBM was similar to the digest-
ibility in FFSB.

Comparison of High Protein Soybeans
and Other Soybean Products

The total concentration of AA in FFSB-HP was 25%
greater than in FFSB-CV, which indicates that this
new variety of soybeans may have a greater feeding
value than FFSB-CV. The concentration of Arg and His
increased the most among indispensable AA (28%). The
concentration of Arg usually increases with increas-
ing CP concentration (Krishnan et al., 2007). In con-
trast, the concentration of Trp usually decreases with
increasing CP concentration (Krishnan et al., 2007),
but no difference in Trp concentration was observed
between FFSB-HP and FFSB-CV. Among the dispens-
able AA, Glu followed by Asp had the greatest increase
in concentration (30%), and this is consistent with the
observation of Zarkadas et al. (1993) who reported that
Glu and Asp are the most abundant AA in FFSB com-
posing 26 to 28% of the CP in soybeans regardless of
cultivar. The concentration of Met and Cys in FFSB-
HP was only 8% greater than in FFSB-CV.

The lack of a difference in AID and SID of most AA
between FFSB-HP and FFSB-CV is consistent with the
findings of Marty and Chavez (1994) who reported that
the AID of AA in 3 soybean cultivars were similar. Al-
though there is no difference in the SID of AA between
FFSB-HP and FFSB-CV, the concentration of SID AA
in FFSB-HP was greater than in FFSB-CV because of
the greater concentration of AA in FFSB-HP compared
with FFSB-CV. Using FFSB-HP instead of FFSB-CV
will, therefore, increase the contribution of digestible
AA to the diet.

In conclusion, the major reason for the increased
digestibility of AA in both sources of FFSB compared
with SBM was the presence of more oil in FFSB. When
oil was added to SBM, the digestibility increased to a
level that was similar to the digestibility in FFSB. The
protein concentration in FFSB does not influence the
digestibility of AA, and the greater AA concentration
in high protein soybeans, therefore, translates directly
into greater concentrations of digestible AA in these
beans.
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