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Phosphorus digestibility and energy concentration of enzyme-treated
and conventional soybean meal fed to weanling pigs'

K. P. Goebel and H. H. Stein?

Department of Animal Sciences, University of Illinois, Urbana 61801

ABSTRACT: Two experiments were conducted to de-
termine the apparent total tract digestibility (ATTD)
of P and the concentration of DE and ME in enzyme-
treated soybean meal (SBM) and in conventional soy-
bean meal (SBM-CV). Phosphorus digestibility in 2
enzyme-treated SBM (HP-310 and HP-340) and in
SBM-CV was measured using 36 barrows (initial BW:
21.9 £ 1.1 kg) that were housed in metabolism cages
and randomly allotted to 6 diets with 6 replicates per
diet. During production, HP-310 had been treated with
an enzyme mixture containing no phytase, whereas HP-
340 was treated with an enzyme mixture that contained
exogenous phytase. Three diets containing HP-310, HP-
340, or SBM-CYV as the sole source of P were formulated.
Three additional diets also contained HP-310, HP-340,
and SBM-CV, but each of these diets was fortified with
500 units of microbial phytase. The ATTD of P in HP-
310 and SBM-CV increased (P < 0.05) as phytase was
included in the diet (from 59.8 to 77.7% for HP-310 and
from 65.5 to 79.5% for SBM-CV), but the ATTD of P
in HP-340 without and with phytase was not different
(P > 0.05; 83.8 and 87.7%, respectively). There were
no differences (P > 0.05) in the ATTD of P between
HP-310 and SBM-CV, but the ATTD of P in HP-340
was greater (P < 0.05) than in the other 2 meals. The

DE and ME in corn, 2 sources of enzyme-treated SBM
(HP-200 and HP-310), and in SBM-CV were measured
in the second experiment using 28 barrows housed in
metabolism cages (initial BW: 16.8 + 2.5 kg of BW).
The process used to produce HP-200 is similar to that
used to produce HP-310 except that HP-200 is exposed
to the enzymes for a shorter period of time than HP-
310. A corn-diet consisting of 96.45% corn and vita-
mins and minerals was formulated. Three additional
diets were formulated by mixing corn and each source
of SBM with vitamins and minerals. Pigs were ran-
domly allotted to the 4 diets with 7 replicate pigs per
diet, and urine and feces were collected quantitatively
during the last 5 d of a 14-d feeding period. The con-
centration of DE in HP-200, HP-310, and SBM-CV was
4,333, 4,316, and 4,347 kcal/kg of DM, respectively.
These values were not different (P > 0.05), but they
were greater (P < 0.05) than the DE in corn (3,891
kcal/kg of DM). The concentration of ME was 3,780,
3,926, 3,914, and 3,980 kcal/kg of DM in corn, HP-200,
HP-310, and SBM-CV, respectively. These values were
not different (P > 0.05). Tt is concluded that enzyme
treatment of SBM does not influence the digestibility of
P or the concentration of DE and ME in the meals.
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INTRODUCTION

Inclusion of soy proteins in diets fed to weanling pigs
may negatively affect the pig by causing transient hy-
persensitivity, villi death, and malabsorption of nutri-
ents (Li et al., 1990). Early-weaned pigs fed soybean
meal (SBM)-based diets also have reduced growth
performance compared with pigs fed diets containing
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no SBM because of the presence of antigens in SBM
(Friesen et al., 1993). Soybean meal is, therefore, usu-
ally included in relatively small quantities in diets fed
to newly weaned pigs, and most of the AA in these di-
ets are provided by animal proteins despite the greater
costs of animal proteins compared with SBM. However,
it is possible that the high-priced animal proteins may
be replaced by soy proteins if the antigens in soy pro-
tein are removed. Antigens in SBM may be removed by
enzymatic treatment, and enzymatically treated SBM
is now available to the US feed industry. Enzyme treat-
ment results in removal of antigens in SBM as well
as removal of sucrose and oligosaccharides, and the
gross composition of enzyme-treated SBM is, therefore,
different from that of conventional SBM (SBM-CV;
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Cervantes-Pahm and Stein, 2010). The digestibility of
AA in enzyme-treated SBM has been measured (Min
et al., 2004; Urbaityte et al., 2009; Cervantes-Pahm
and Stein, 2010), but there is no information about the
digestibility of P and energy in enzyme-treated SBM.
The objective of this research, therefore, was to mea-
sure P digestibility and the concentration of DE and
ME in enzyme-treated SBM and in SBM-CV and to
test the hypothesis that enzyme treatment of SBM does
not compromise P and energy digestibility despite the
change in gross composition that is a result of the en-
zyme treatment process.

MATERIALS AND METHODS

The experimental protocols were reviewed and ap-
proved by the Animal Care and Use Committee at the
University of Illinois.

Two experiments were conducted and SBM used in
both experiments was obtained from a commercial com-
pany (Hamlet Protein A/S, Horsens, Denmark). Pigs
used in the experiments were the offspring of Landrace
boars that were mated to Yorkshire x Duroc females
(Pig Improvement Company, Hendersonville, TN).

P Digestibility (Exp. 1)

Experiment 1 was designed to measure the appar-
ent total tract digestibility (ATTD) of P in 2 sources
of enzyme-treated SBM (HP-310 and HP-340) and in
SBM-CV (Table 1). The 2 enzyme-treated SBM and
SBM-CV were produced from the same batch of soy-
beans. The enzymatic treatment takes place in a contin-
uous-flow system where SBM is exposed to the enzyme
preparation for several hours. The difference between
HP-310 and HP-340 is that HP-340 was treated with
an enzyme mixture that included phytase (Rhonozyme,
DSM Nutritional Products AG, Basel, Switzerland),
whereas no phytase was included in the enzymes used
to produce HP-310.

Three diets were formulated by mixing cornstarch,
sugar, and each of the 3 sources of SBM (Tables 2 and
3). Three additional diets were formulated by adding
500 units of microbial phytase (Optiphos 2000, Enzyvia
LLC, Sheridan, IN) to diets that were otherwise similar
to the 3 aforementioned diets. Vitamins and all miner-
als, except P, were added to the diets to meet or exceed
current requirement estimates for weanling pigs (NRC,
1998). No inorganic P was added to the diets, and the
only source of P in the diets, therefore, was the P con-
tributed by the SBM.

Thirty-six weanling barrows (initial BW: 21.9 + 1.1
kg) were randomly allotted to the 6 diets with 6 repli-
cate pigs per diet. Pigs were housed in metabolism cages
that allowed for total collection of feces. The daily feed
allowance was calculated as 3 times the maintenance
energy requirement (i.e., 106 kcal of ME per kg™
NRC, 1998) and divided into 2 equal meals. Water was

available at all times. Pigs were fed their experimental
diets for 14 d. The initial 7 d was an adaptation period
to the diet. A marker (chromic oxide) was added to
the morning meals on d 8 and 13. Fecal collection from
each pig was initiated with the first appearance of the
marker in the feces after d 8, whereas fecal collection
ceased when the marker first appeared in the feces after
d 13 (Petersen and Stein, 2006).

Fecal samples were stored at —20°C immediately
after collection. At the conclusion of the experiment,
fecal samples were dried in a forced-air oven and fine-
ly ground. All samples of SBM, diets, and feces were
analyzed for DM by oven-drying duplicate samples
at 135°C for 2 h (method 930.15; AOAC Int., 2007).
Phosphorus and Ca were analyzed in these samples
by the inductively coupled plasma spectroscopy pro-
cedure (method 985.01; AOAC Int., 2007) after wet-
ash sample preparation (method 975.03; AOAC Int.,
2007). Ingredients and diets were also analyzed for CP
(method 990.03; AOAC Int., 2007) and AA (Hitachi
Amino Acid Analyzer, model No. L8800, Hitachi High
Technologies America Inc., Pleasanton, CA) using nin-
hydrin for postcolumn derivatization and norleucine as
the internal standard. Before analysis, samples were
hydrolyzed with 6 N HCI for 24 h at 110°C [method
982.30 E(a); AOAC Int., 2007]. Methionine and Cys
were determined as Met sulfone and cysteic acid after
cold performic acid oxidation overnight before hydro-
lysis [method 982.30 E(b); AOAC Int., 2007]. Trypto-
phan was determined after NaOH hydrolysis for 22 h
at 110°C [method 982.30 E(c); AOAC Int., 2007]. All
diets were also analyzed for phytase activity (Phytex
Method, version 1, Eurofins, Des Moines, TA), and in-
gredients were analyzed for GE using bomb calorimetry
(model 6300, Parr Instruments, Moline, IL). Benzoic
acid was used as the internal standard for calibration.
Additional analyses on ingredients included analysis
for ether extract (method 2003.06; AOAC Int., 2007),
ash (method 942.05; AOAC Int., 2007), ADF (method
973.18; AOAC Int., 2007), NDF (Holst, 1973), sucrose,
stachyose, and raffinose (method 982.14; AOAC Int.,
2007), and trypsin inhibitor activity (method Ba 12-75;
AOCS Int., 2006). The concentration of (3-conglycinin
and glycinin was also measured in the 3 sources of SBM
(Van Biert and Hessing, 1993).

After chemical analysis, the ATTD of P was calcu-
lated for each diet (Petersen and Stein, 2006). Because
SBM was the only P contributing ingredient in the di-
ets, the calculated ATTD for each diet also represents
the ATTD of P in each source of SBM.

Data were analyzed using the Proc GLM procedure
(SAS Inst. Inc., Cary, NC). An ANOVA was performed
with source of SBM, level of phytase, and the interac-
tion between SBM, and phytase as effects. Treatment
means were separated using the LSD test in Proc GLM.
The pig was the experimental unit for all analyses, and
an a-value of 0.05 was used to assess significance among
means.
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Table 1. Chemical composition of enzymatically treated soybean meal and conven-

Goebel and Stein

tional soybean meal, as-fed basis

Ingredient'
Ttem HP-200 HP-310 HP-340 SBM-CV
DM, % 89.70 91.28 90.98 87.32
GE, keal/kg 4,435 4,473 4,446 4,159
CP, % 52.62 57.71 56.50 48.31
Ca, % 0.25 0.31 0.27 0.23
P, % 0.70 0.78 0.74 0.65
Ether extract, % 1.39 1.27 0.98 0.95
ADF, % 5.54 5.31 5.27 4.55
NDF, % 11.79 12.60 9.90 7.63
Ash, % 5.93 6.33 6.26 5.74
Trypsin inhibitor, TIUZ/ mg 3.10 2.40 1.80 5.70
B-Conglycinin, mg/kg 3 4 5 130,000
Glycinin, mg/kg 17,000 3,300 90 420,000
Sucrose, % 0.20 0.20 0.20 5.78
Stachyose, % 0.26 0.27 0.20 3.78
Raffinose, % 0.42 0.43 0.21 1.05
Indispensable AA, %
Arg 3.88 4.05 3.96 3.63
His 1.41 1.44 1.43 1.27
Ile 2.62 2.70 2.65 2.36
Leu 4.25 4.42 4.32 3.88
Lys 3.24 3.54 3.59 3.17
Met, 0.72 0.73 0.73 0.70
Phe 2.76 2.89 2.80 2.51
Thr 2.03 2.11 2.09 1.89
Trp 0.76 0.81 0.79 0.72
Val 2.69 2.74 2.74 2.42
Dispensable AA, %
Ala 2.39 2.43 2.43 2.14
Asp 6.07 6.34 6.14 5.65
Cys 0.68 0.69 0.69 0.69
Glu 9.35 9.84 9.53 8.85
Gly 2.28 2.36 2.32 2.06
Pro 2.55 2.71 2.69 2.39
Ser 2.27 2.46 2.39 2.16
Tyr 1.90 2.01 1.95 1.78

"HP-200 (Hamlet Protein A/S, Horsens, Denmark) = short-time enzyme-treated soybean meal; HP-310 =
enzyme-treated soybean meal; HP-340 = enzyme-treated soybean meal with phytase; and SBM-CV = conven-

tional soybean meal that has not been enzyme treated.

*TIU = trypsin inhibitor units.

Energy Concentration (Exp. 2)

Experiment 2 was designed to measure the ATTD of
energy and the concentration of DE and ME in SBM-
CV and in 2 sources of enzyme-treated SBM (HP-
200 and HP-310). The difference between HP-200 and
HP-310 is that HP-200 is processed at a faster rate
than HP-310 and soybean hulls are added to this meal
before enzyme treatment. The concentrations of CP
and AA are, therefore, reduced in HP-200 compared
with HP-310. A corn diet that contained 96.45% corn
and vitamins and minerals was formulated, and 3 ad-
ditional diets were formulated by mixing corn, each
source of SBM, and vitamins and minerals (Tables 4
and 5).

A total of 28 weanling barrows (initial BW: 16.8 & 2.5
kg) were randomly allotted to the 4 diets with 7 repli-
cate pigs per diet. Pigs were placed in metabolism cages
that were equipped with a feeder and a nipple drinker,

slatted floors, a screen floor, and urine trays, which al-
lowed for the total, but separate, collection of urine and
feces from each pig. The quantity of feed provided per
pig daily was calculated as 3 times the estimated re-
quirement for maintenance energy for the smallest pig
in each replicate and divided into 2 equal meals. Water
was available at all times. The experiment lasted 14 d.
The initial 7 d was considered an adaptation period to
the diet, and feces were collected during the next 5 d
according to standard procedures using the marker-to-
marker approach as explained for the P-digestibility ex-
periment. Fecal samples were collected twice daily and
immediately stored at —20°C. Urine was collected from
d 8 to 13 in urine buckets over a preservative of 50 mL
of 6 N HCI. Buckets were emptied twice daily, and 20%
of the collected urine was stored at —20°C immediately
after collection. At the conclusion of the experiment,
urine samples were thawed and mixed within animal
and diet, and a subsample was collected for analysis.
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Table 2. Ingredient composition of experimental diets
(as-fed basis), Exp. 1'

Diet?

Ingredient HP-310 HP-340 SBM-CV
HP-310 38.00 — —
HP-340 — 38.00 —
SBM-CV — — 44.00
Soybean oil 3.00 3.00 3.00
Ground limestone 0.70 0.70 0.70
Sucrose 15.00 15.00 15.00
Cornstarch 42.60 42.60 36.60
NaCl 0.40 0.40 0.40
Vitamin-mineral premix® 0.30 0.30 0.30

"Three additional diets were formulated by adding 0.025% Optiphos
2000 (Enzyvia, Sheridan, IN) to each diet at the expense of cornstarch.
At this inclusion rate, Optiphos 2000 provides 500 units of phytase per
kilogram of complete diet.

*HP-310 (Hamlet Protein A/S, Horsens, Denmark) = enzyme-
treated soybean meal; HP-340 = enzyme-treated soybean meal with
phytase; and SBM-CV = conventional soybean meal that has not been
enzyme treated.

*The vitamin-micromineral premix provided the following quantities
of vitamins and microminerals per kilogram of complete diet: vitamin
A, 11,128 IU; vitamin Dj, 2,204 IU; vitamin E, 66 IU; vitamin K,
1.42 mg; thiamin, 0.24 mg; riboflavin, 6.58 mg; pyridoxine, 0.24 mg;
vitamin By, 0.03 mg; D-pantothenic acid, 23.5 mg; niacin, 44 mg;
folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe,
125 mg as iron sulfate; I, 1.26 mg as potassium iodate; Mn, 60 mg as
manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 100 mg as
zinc oxide.

Fecal samples were dried in a forced-air oven and
finely ground. The HP-200 was analyzed as described
for the ingredients used in Exp. 1 (Table 1). Diets were
analyzed for DM, GE, CP, Ca, P, NDF, ADF, and AA,
and fecal samples were analyzed in duplicate for GE.
The GE in urine was determined in triplicate samples
after being lyophilized as previously outlined (Kim et
al., 2009). Values for the ATTD of energy in each diet
were calculated (Widmer et al., 2007). The amount of
energy lost in the feces and in the urine, respective-
ly, was calculated, and the quantities of DE and ME
in each of the 4 diets were calculated (Widmer et al.,
2007). The DE and ME in corn were calculated by di-
viding the DE and ME values for the corn diet by the
inclusion rate of corn in the diet. These values were
then used to calculate the contribution from corn to the
DE and ME in the corn-SBM diets, and the DE and
ME in each source of SBM was calculated by difference
(Widmer et al., 2007). Data were analyzed using the
Proc GLM procedure as outlined for Exp. 1.

RESULTS

The CP and AA concentrations were greater in HP-
200, HP-310, and HP-340 than in SBM-CV (Table 1),
but the concentrations of CP and AA were less in HP-
200 than in HP-310 and HP-340. The concentrations of
ADF and NDF were also greater in HP-200, HP-310,
and HP-340 than in SBM-CV, but the concentrations

Table 3. Analyzed composition of experimental diets (as-fed basis), Exp. 1'

No phytase Phytase (500 units/kg)
Ttem HP-310 HP-340 SBM-CV HP-310 HP-340 SBM-CV
DM, % 91.60 91.53 90.12 91.64 91.50 90.27
CP, % 22.19 21.37 21.48 21.48 21.74 20.46
Ca, % 0.37 0.38 0.44 0.44 0.37 0.46
P, % 0.31 0.29 0.32 0.32 0.30 0.33
Phytase, units/kg 85 130 <70 820 680 640
Indispensable AA, %
Arg 1.63 1.55 1.52 1.57 1.54 1.51
His 0.57 0.57 0.56 0.55 0.56 0.54
Ile 1.09 1.04 0.99 1.07 1.03 1.00
Leu 1.82 1.73 1.66 1.76 1.71 1.66
Lys 1.42 1.41 1.34 1.37 1.40 1.33
Met 0.29 0.28 0.29 0.28 0.28 0.29
Phe 1.18 1.12 1.08 1.14 1.11 1.07
Thr 0.86 0.83 0.81 0.81 0.82 0.79
Trp 0.31 0.31 0.31 0.31 0.30 0.30
Val 1.11 1.08 1.02 1.10 1.07 1.04
Dispensable AA, %
Ala 1.00 0.98 0.92 0.97 0.97 0.91
Asp 2.61 2.47 2.40 2.52 2.44 2.38
Cys 0.28 0.27 0.29 0.26 0.27 0.30
Glu 4.12 3.89 3.78 3.96 3.84 3.75
Gly 0.96 0.93 0.89 0.93 0.92 0.88
Pro 1.12 1.07 1.03 1.06 1.04 1.02
Ser 1.00 0.94 0.91 0.92 0.92 0.87
Tyr 0.66 0.65 0.67 0.65 0.67 0.68

'HP-310 (Hamlet Protein A /S, Horsens, Denmark) = enzyme-treated soybean meal; HP-340 = enzyme-treated soybean meal with phytase; and

SBM-CV = conventional soybean meal that has not been enzyme treated.
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Table 4. Ingredient composition of experimental diets (as-fed basis), Exp 2

Diet'
Ingredient, % Corn HP-200 HP-310 SBM-CV
Ground corn 96.45 68.00 68.00 62.00
HP-200 — 29.00 — —
HP-310 — — 29.00 —
SBM-CV — — — 35.00
Ground limestone 1.35 0.9 0.9 0.9
Monocalcium phosphate 1.50 1.40 1.40 1.40
NaCl 0.40 0.40 0.40 0.40
Vitamin-micromineral premix® 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00

"HP-200 (Hamlet Protein A/S, Horsens, Denmark) = short-time enzyme-treated soybean meal; HP-310 =
enzyme-treated soybean meal; and SBM-CV = conventional soybean meal that has not been enzyme treated.

*The vitamin-micromineral premix provided the following quantities of vitamins and microminerals per
kilogram of complete diet: vitamin A, 11,128 IU; vitamin Ds, 2,204 1U; vitamin E, 66 1U; vitamin K, 1.42 mg;
thiamin, 0.24 mg; riboflavin, 6.58 mg; pyridoxine, 0.24 mg; vitamin B,,, 0.03 mg; D-pantothenic acid, 23.5 mg;
niacin, 44 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 125 mg as iron sulfate; I,
1.26 mg as potassium iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 100 mg
as zinc oxide.

of sucrose, raffinose, and stachyose were much great-  much greater than in the 3 enzyme-treated SBM. The
er in SBM-CV than in the enzyme-treated SBM. The  concentration of glycinin was also much greater in
trypsin inhibitor activity was low in all sources of SBM, = SBM-CV than in the other 3 SBM, but HP-200 con-
but the concentration of 3-conglycinin in SBM-CV was  tained more glycinin than HP-310 and HP-340.

Table 5. Analyzed energy and nutrient composition of experimental diets (as-fed ba-

sis), Exp. 2
Diet
Item Corn HP-200 HP-310 SBM-CV
DM, % 87.82 88.14 88.68 87.99
GE, keal kg 3,734 3,042 3,43 3,808
CP, % 8.22 21.23 21.52 20.87
Ca, % 0.76 0.66 0.67 0.72
P, % 0.54 0.62 0.65 0.67
NDF, % 8.99 9.65 12.69 9.62
ADF, % 2.03 3.12 3.09 2.94
Indispensable AA, %
Arg 0.42 1.36 1.39 1.45
His 0.22 0.55 0.55 0.58
Ile 0.27 0.91 0.91 0.94
Leu 0.90 1.81 1.86 1.86
Lys 0.31 1.10 1.15 1.23
Met, 0.15 0.31 0.30 0.33
Phe 0.38 1.03 1.05 1.07
Thr 0.28 0.76 0.78 0.80
Trp 0.10 0.27 0.27 0.29
Val 0.37 1.00 0.99 1.03
Dispensable AA, %
Ala 0.55 1.05 1.06 1.07
Asp 0.58 2.10 2.14 2.22
Cys 0.16 0.31 0.29 0.33
Glu 1.47 3.64 3.75 3.80
Gly 0.33 0.86 0.86 0.89
Pro 0.61 1.12 1.17 1.19
Ser 0.35 0.87 0.91 0.90
Tyr 0.28 0.68 0.69 0.71

"HP-200 (Hamlet Protein A/S, Horsens, Denmark) = short-time enzyme-treated soybean meal; HP-310 =
enzyme-treated soybean meal; and SBM-CV = conventional soybean meal that has not been enzyme treated.
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P Digestibility (Exp. 1)

Feed intake, DMI, and the ATTD of DM were not
different among diets (Table 6). However, the total fe-
cal output of P was reduced (P < 0.001) when phytase
was added to the diets and the P output from pigs fed
the HP-340 diet without phytase was less (P < 0.001)
than the P output from pigs fed the HP-310 and the
SBM-CV diets without phytase. The output of P from
pigs fed the HP-340 diet with phytase was also less
(P < 0.001) than for pigs fed the HP-310 diet or the
SBM-CV diet with phytase. Pigs fed the HP-310 and
the SBM-CV diets with phytase also had greater (P <
0.001) ATTD of P than pigs fed these diets without
phytase. However, when HP-340 was used, no differ-
ence in the ATTD between the diet without and with
phytase was observed. The ATTD of P was also greater
(P < 0.001) for HP-340 than for HP-310 and SBM-CV
if no phytase was used, and if phytase was used, the
ATTD of P in HP-340 was greater (P < 0.001) than
in HP-310. The ATTD of Ca was also increased (P <
0.001) as phytase was added to the diets and SBM-CV
had a greater (P < 0.001) ATTD of Ca than HP-310
and HP-340.

Energy Digestibility (Exp. 2)

No differences were observed in GE intake or in GE
excreted in the feces among pigs fed the 4 experimental
diets (Table 7). Pigs fed the corn diet, however, ex-
creted less (P = 0.03) GE in the urine than pigs fed the
3 SBM-containing diets. The ATTD of GE was not dif-
ferent among diets, but the DE of the HP-200, HP-310,
and the SBM-CV diets were greater (P = 0.01) than
the corn diet. The ME in the 3 SBM-containing diets
was also greater (P = 0.03) than in the corn diet, but
no differences among the SBM diets were observed.

The DE of HP-310 was greater (P = 0.01) than SBM-
CV, but the DE of HP-200 was not different from other
2 sources of SBM. The DE of all 3 SBM was, however,
greater (P = 0.01) than corn. The ME of HP-200 and
HP-310 were also greater (P = 0.05) than corn, but the
ME of SBM-CV was not different from that of any of
the other ingredients. When calculated on a DM basis,
no differences in the DE among HP-200, HP-310, and
SBM-CV were observed, but each of those values were
greater (P = 0.01) than corn. However, the ME was not
different among any of the ingredients when calculated
on a DM basis.

DISCUSSION
Composition of Ingredients

The composition of the SBM-CV concurs with pub-
lished values (NRC, 1998; Sauvant et al., 2004; Cer-
vantes-Pahm and Stein, 2008). The reason for the re-
duced concentration of sucrose and oligosaccharides in
the enzyme-treated SBM compared with SBM-CV is

Table 6. Apparent total tract digestibility (ATTD) of DM, Ca, and P by pigs fed 3 sources of soybean meal without or with exogenous phytase'”

P-value

Diet, 500 units/kg of phytase

Diet, 0 units/kg of phytase

SBM x

SEM SBM Phytase phytase

HP-340 SBM-CV HP-310 HP-340 SBM-CV

HP-310

Item

1,003 1,006 1,054 1,032 1,016 1,032 84.5 0.16 0.69 0.33

Total feed intake, g/d

DML, g/d

Downloaded from jas.fass.org by guest on March 31, 2012

0.65 0.36
<0.001 <0.001

0.62
<0.001
<0.001

77.2
0.3
0.3
0.7
0.4
0.1

931.8
4.7
34

91.7

3.8
3.06

930.2
93.9

946

950
4.6
3.36

92.1

921.4
3.8"
2.96

93.4

919.2
3.71)
3.14

91.0

Ca intake, g/d
P intake, g/d

0.37

0.02

3.34
93.0

0.22 0.25
0.11 0.45
<0.001 <0.001

0.04
<0.001
<0.001

3.1% 2.4°
1.1¢ 2.0

4.8
2.0"
34.8

DM in feces, %
4.8 3.7 3.3%"
3.5 1.3 3.4*

Ca in feces, %
P in feces, %

0.87

0.65
0.20
<0.001

10.1 0.40
<0.001
<0.001

32.0

33.8

DM output, g/d 33.0 34.2 31.2

Ca output, g/d
P output, g/d

0.7
0.3
0.2

0.8"
0.713

96.6

Llal:
0.4°

96.4

1'81;
0.7

96.3

1.1al)
1.2°

96.7

1.4
0.5bc

96.3

1.71)
1.3"

96.4

0.01
0.85
0.99

0.78
0.03
<0.001

0.19
<0.001
<0.001

ATTD of DM, %

63.8% 75.6" 60.9% 70.0™ 82.2° 3.6

53.6

ATTD of Ca, %

0.002

83.8% 65.5° 77.7" 87.7" 79.5" 1.9

59.8°

ATTD of P, %

*Values within a row lacking a common superscript letter are different (P < 0.05).

" .
Each least squares mean represents 6 observations.

769

’HP-310 (Hamlet Protein A/S, Horsens, Denmark) = enzyme-treated soybean meal; HP-340 = enzyme-treated soybean meal with phytase; and SBM-CV = conventional soybean meal (SBM).
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Table 7. Apparent total tract digestibility (ATTD) and concentration of DE and ME in diets and ingredients,

Exp. 2'
Diet?

Item Corn HP-200 HP-310 SBM-CV SEM P-value
GE intake, kecal/d 2,843 3,092 3,141 3,074 195 0.74
GE fecal output, kcal/d 332 379 374 354 112 0.46
GE urine output, keal/d 73" 135" 139" 130" 18 0.03
ATTD, % 88.4 87.6 88.0 88.5 0.5 0.55
DE in diets, kcal/kg 3,300° 3,454° 3,469" 3,448" 17 0.01
ME in diets, keal/kg 3,207" 3,282" 3,207" 3,285" 24 0.03
DE in ingredients, kcal /kg 3,422" 3,887 3,940° 3,779" 57 0.01
ME in ingredients, keal /kg 3,325" 3,522" 3,573 3,460 64 0.05
DE in ingredients, kcal/kg of DM 3,801" 4,333 4,316" 4,347 63 0.01
ME in ingredients, kcal/kg of DM 3,780 3,926 3,914 3,980 71 0.22

*“Values within a row lacking a common superscript letter are different (P < 0.05).

1 .
Data are least squares means of 7 observations per treatment.

*HP-200 (Hamlet Protein A/S, Horsens, Denmark) = short-time enzyme-treated soybean meal; HP-310 = enzyme-treated soybean meal; and

SBM-CV = conventional soybean meal.

most likely that sucrose and oligosaccharides are either
fermented during the process of enzyme treatment or
they are separated from the SBM after enzyme treat-
ment. The total concentration of sucrose and oligo-
saccharides in SBM-CV is approximately 10.6%, and
because of the disappearance of these carbohydrates
in the enzyme-treated SBM, the concentration of the
remaining nutrients increases. Therefore, the concen-
trations of CP, ether extract, ash, ADF, and NDF
were greater in the enzyme-treated SBM than in SBM-
CV. The concentration of glycinin and (3-conglycinin
was also much less in the enzyme-treated SBM than
in SBM-CV, which indicates that enzyme treatment
is effective in removing these antigens from SBM. The
greater concentration of glycinin in HP-200 compared
with HP-310 and HP-340 also indicates that the time
of enzyme treatment is important for the removal of the
antigens. The enzyme-treated SBM may, therefore, be
better tolerated by weanling pigs than SBM-CV, and
it may be possible to include greater concentrations
of enzyme-treated SBM in diets fed to weanling pigs
than if SBM-CV is used. The concentration of glycinin
was less in HP-340 than in HP-200 and HP-310, but
B-conglycinin concentration is the best predictor for the
quantity of antigens in soybeans (Lalles et al., 1996) be-
cause (-conglycinin is more resistant to the proteolytic
enzymes in the digestive processes than glycinin and
other proteins (Zhao et al., 2008). As a consequence,
B-conglycinin contributes a relatively greater propor-
tion of antigens in SBM than does glycinin and there
were no differences among the enzyme-treated SBM in
the concentration of B-conglycinin.

P and Ca Digestibility

The ATTD of P in SBM-CV without phytase, which
was measured in this experiment, was slightly greater
than most published values (32 to 59%; Ajakaiye et al.,
2003; Bohlke et al., 2005; Almeida and Stein, 2010). It is

unknown why the ATTD of P in this particular source
of SBM was greater than previously measured values,
but the response to phytase observed in the present
experiment was similar to the response obtained previ-
ously for SBM-CV (Almeida and Stein, 2010). Rela-
tively large variability in the ATTD of P among sources
of distillers dried grains with solubles has been reported
(Pedersen et al., 2007). There are, however, very few
published values for the ATTD of P in SBM, and to our
knowledge, there are no data on the variability in the
ATTD of P among sources of SBM. Nevertheless, the
ATTD of P in SBM-CV measured in this experiment
and in other experiments (Bohlke et al., 2005; Akinmu-
sire and Adeola, 2009; Almeida and Stein, 2010) during
the last decade indicate that the digestibility of P in
SBM produced from current varieties of soybeans is
much greater than values for the relative bioavailability
of P that have been published (NRC, 1998). Values for
the ATTD of P are expected to be greater than values
for the relative bioavailability of P, but it is also pos-
sible that these differences are a result of changes in the
soybeans being produced.

The fact that the ATTD of P in HP-310 was not dif-
ferent from the ATTD of P in SBM-CV indicates that
the enzyme treatment used to produce HP-310 does not
result in an increase in the ATTD of P. We are unaware
of any other data for the ATTD of P in enzyme-treated
SBM, but results of this experiment indicate that the
ATTD of P in enzyme-treated SBM is similar to that of
SBM-CV and the response to dietary phytase is similar
for enzyme-treated SBM and SBM-CV.

The ATTD of P in HP-340 was much greater than
the ATTD of P in HP-310 and in SBM-CV, which is
most likely a result of the fact that microbial phytase
was included in the enzyme mixture that was used to
treat this source of SBM. It seems, therefore, that treat-
ment of SBM with phytase is very effective in improv-
ing the ATTD of P. The present results also indicate
that addition of microbial phytase to a diet containing
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SBM that has already been treated with phytase has
a much smaller effect in terms of increasing the ATTD
of P than if phytase is added to a diet with a source of
SBM that has not been treated with phytase. We are
not aware of any previous experiments in which the
effects of treating SBM with exogenous phytase have
been reported, but results of the present experiment
indicate that the procedure used to produce HP-340
was effective in improving the ATTD of P in SBM. It
is, therefore, possible that this procedure may also be
used to increase the ATTD of P in other ingredients.

All diets contained 0.70% limestone, and assuming
that limestone contains 36% Ca (NRC, 1998), this
amount of limestone contributed approximately 0.25%
Ca to the diets, which is equivalent to about 70% of
all the Ca in the diets with the remaining 30% coming
from the SBM. The values for ATTD of Ca in the diets
are, therefore, a combination of the ATTD of Ca in
limestone and the ATTD of Ca in SBM. If the ATTD of
Ca in SBM is assumed to be 46.7% (Bohlke et al., 2005)
and the ATTD of Ca in limestone is between 75 and
80% (H. H. Stein, unpublished data), then the ATTD
of the diets used in the present experiment should be
approximately 65%, which is reasonably close to the
values obtained. The ATTD of Ca in a diet containing
54% corn, 20% SBM, and 0.69% limestone is 62.3%
(Stein et al., 2008), and the values for the ATTD of Ca
obtained in this experiment also agree with this value.
The increase in the ATTD of Ca that was observed
when phytase was added to the diets is most likely a re-
sult of a reduced chelation of Ca to phytate as P is hy-
drolyzed from the phytate molecule (Selle et al., 2009).
This observation is in agreement with previous reports
(Guggenbuhl et al., 2007; Almeida and Stein, 2010).

The lack of any treatment differences on the output
and ATTD of DM indicates that enzyme treatment of
SBM does not affect DM digestibility even though the
gross composition of the meals was changed. This ob-
servation is in agreement with data showing that addi-
tion of exogenous phytase to SBM does not affect DM
digestibility (Nitrayova et al., 2009).

Energy Digestibility

The values for DE and ME in corn that were mea-
sured in this experiment are in close agreement with
previous data (NRC, 1998; Sauvant et al., 2004; Baker
and Stein, 2009). The DE and ME values for SBM-CV
are slightly greater than the values reported by Sau-
vant et al. (2004), but close to other published values
(NRC, 1998). The lack of a difference in ME between
corn and SBM-CV is also in agreement with the data
reported by Baker and Stein (2009). Results from the
present experiment demonstrate that if expressed on a
DM basis, there are no differences in the DE and ME
between SBM-CV and enzyme-treated SBM despite
the fact that almost all sucrose and oligosaccharides in
the enzyme-treated SBM were removed during process-
ing. The concentrations of ash, ADF, and NDF were,

therefore, greater in the enzyme-treated SBM than in
SBM-CV, but HP-200 and HP-310 also contained more
CP and ether extract than SBM-CV, which is likely
the reason that no differences in DE and ME among
the SBM were observed. We are not aware of any other
published data on the DE and ME of enzyme-treated
SBM, but results from the present experiment dem-
onstrate that enzymatic treatment of SBM does not
reduce the DE and ME. As a consequence, values for
DE and ME in SBM-CV may also be used for enzyme-
treated SBM.

Conclusions

Enzymatic treatment of SBM changes the compo-
sition of the meals because sucrose, stachyose, and
raffinose disappear during or after enzyme treatment.
The concentrations of CP, ether extract, ash, ADF,
and NDF are, therefore, greater in enzyme-treated
SBM than in SBM-CV. However, these changes do not
influence the digestibility of P and Ca, but a greatly
improved ATTD of P is obtained if SBM is treated in
the presence of microbial phytase. The concentration of
DE and ME in the enzyme-treated SBM is not different
from that of SBM-CV, but the concentration of DE in
enzyme-treated SBM as well as in SBM-CV is greater
than in corn.

LITERATURE CITED

Ajakaiye, A., M. Z. Fan, T. Archbold, R. R. Hacker, C. W. Forsberg,
and J. P. Phillips. 2003. Determination of true digestive utili-
zation of phosphorus and the endogenous phosphorus outputs
associated with soybean meal of growing pigs. J. Anim. Sci.
81:2766-2775.

Akinmusire, A. S., and O. Adeola. 2009. True digestibility of phos-
phorus in canola and soybean meals: Influence of microbial
phytase. J. Anim. Sci. 87:977-983.

Almeida, F. N., and H. H. Stein. 2010. Performance and phosphorus
balance of pigs fed diets formulated on the basis of values for
standardized total tract digestibility of phosphorus. J. Anim.
Sci. 88:2968-2977.

AOAC Int. 2007. Official Methods of Analysis. 18th ed. Rev. 2. W.
Horwitz and G. W. Latimer Jr., ed. AOAC Int., Gaithersburg,
MD.

AOCS. 2006. Official Methods and Recommended Practices. 5th ed.
Am. Oil Chem. Soc., Urbana, IL.

Baker, K. M., and H. H. Stein. 2009. Amino acid digestibility and
concentration of digestible and metabolizable energy in soy-
bean meal produced from high protein or low oligosaccharide
varieties of soybeans and fed to growing pigs. J. Anim. Sci.
87:2282-2290.

Bohlke, R. A., R. C. Thaler, and H. H. Stein. 2005. Calcium, phos-
phorus, and amino acid digestibility in low-phytate corn, nor-
mal corn, and soybean meal by growing pigs. J. Anim. Sci.
83:2396-2403.

Cervantes-Pahm, S. K., and H. H. Stein. 2008. Effect of dietary
soybean oil and soybean protein concentration on the concen-
tration of digestible amino acids in soybean products fed to
growing pigs. J. Anim. Sci. 86:1841-1849.

Cervantes-Pahm, S. K., and H. H. Stein. 2010. Ileal digestibility
of amino acids in conventional, fermented, and enzyme-treated
soybean meal and in soy protein isolate, fishmeal, and casein
fed to weanling pigs. J. Anim. Sci. 88:2674-2683.

Downloaded from jas.fass.org by guest on March 31, 2012


http://jas.fass.org/

772 Goebel and Stein

Friesen, K. G.,; R. D. Goodband, J. L. Nelssen, F. Blecha, D. N.
Reddy, P. G. Reddy, and J. Kats. 1993. The effect of pre- and
postweaning exposure to soybean meal on growth performance
and on the immune response in the early-weaned pig. J. Anim.
Sci. 71:2089-2098.

Guggenbuhl, P., P. Quintana, and C. S. Nunes. 2007. Comparative
effects of three phytases on phosphorus and calcium digestibil-
ity in the growing pig. Livest. Sci. 109:258-260.

Holst, D. O. 1973. Holst filtration apparatus for Van Soest detergent
fiber analysis. J. AOAC. 56:1352-1356.

Kim, B. G., G. I. Petersen, R. B. Hinson, G. L. Allee, and H. H.
Stein. 2009. Amino acid digestibility and energy concentration
in a novel source of high-protein distillers dried grains and their
effects on growth performance of pigs. J. Anim. Sci. 87:4013—
4021.

Lalles, J. P., H. M. Tukur, R. Toullec, and B. G. Miller. 1996. Ana-
lytical criteria for predicting apparent digestibility of soybean
protein in preruminant calves. J. Dairy Sci. 79:475-482.

Li, D. F., J. L. Nelssen, P. G. Reddy, F. Blecha, J. D. Hancock, G.
L. Allee, R. D. Goodband, and R. D. Klemm. 1990. Transient
hypersensitivity to soybean meal in the early-weaned pig. J.
Anim. Sci. 68:1790-1799.

Min, B. J., J. W. Hong, O. S. Kwon, W. B. Lee, Y. C. Kim, I. H.
Kim, W. T. Cho, and J. H. Kim. 2004. The effect of feeding
processed soy protein on the growth performance and apparent
ileal digestibility in weanling pigs. Asian-australas. J. Anim.
Sci. 17:1271-1276.

Nitrayova, S., P. Patras, M. Brestensky, J. Zelenka, J. Broz, and J.
Heger. 2009. Effect of microbial phytase and diet fermentation
on ileal and total tract digestibility of nutrients and energy in
growing pigs. Czech J. Anim. Sci. 54:163-174.

NRC. 1998. Nutrient Requirements of Swine. 10th rev. ed. Natl.
Acad. Press, Washington, DC.

Pedersen, C., M. G. Boersma, and H. H. Stein. 2007. Digestibility of
energy and phosphorus in 10 samples of distillers dried grains
with solubles fed to growing pigs. J. Anim. Sci. 85:1168-
1176.

Petersen, G. I., and H. H. Stein. 2006. Novel procedure for estimat-
ing endogenous losses and measuring apparent and true digest-
ibility of phosphorus by growing pigs. J. Anim. Sci. 84:2126—
2132.

Sauvant, D., J. Perez, and G. Tran. 2004. Tables of composition and
nutritional value of feed materials. 2nd ed. Wageningen Acad.
Publ., Wageningen, the Netherlands.

Selle, P. H., A. J. Cowieson, and V. Ravindran. 2009. Consequences
of calcium interactions with phytate and phytase for poultry
and pigs. Livest. Sci. 124:126-141.

Stein, H. H., C. T. Kadzere, S. W. Kim, and P. S. Miller. 2008. In-
fluence of dietary phosphorus concentration on the digestibility
of phosphorus in monocalcium phosphate by growing pigs. J.
Anim. Sci. 86:1861-1867.

Urbaityte, R., R. Mosenthin, M. Eklund, H.-P. Peipho, N. Sauer,
and M. Rademacher. 2009. Standardised ileal crude protein and
amino acid digestibilities in protein supplements for piglets.
Arch. Anim. Nutr. 17:1271-1276.

Van Biert, M., and M. Hessing. 1993. Elisa Procedure for the deter-
mination of soya glycinin and conglycinin. TNO Nutrition and
Food Research, Zeist, the Netherlands.

Widmer, M. R., L. M. McGinnis, and H. H. Stein. 2007. Energy,
phosphorus, and amino acid digestibility of high-protein distill-
ers dried grains and corn germ fed to growing pigs. J. Anim.
Sci. 85:2994-3003.

Zhao, Y., G. Qin, Z. Sun, X. Zhang, N. Bao, T. Wang, B. Zhang,
B. Zhang, D. Zhu, and L. Sun. 2008. Disappearance of immu-
noreactive glycinin and 3-conglycinin in the digestive tract of
piglets. Arch. Anim. Nutr. 62:322-330.

Downloaded from jas.fass.org by guest on March 31, 2012


http://jas.fass.org/

References This article cites 22 articles, 14 of which you can access for free at:
http://jas.fass.org/content/89/3/764#BI BL

Citations This article has been cited by 1 HighWire-hosted articles:
http://jas.fass.org/content/89/3/764#otherarticles

Downloaded from jas.fass.org by guest on March 31, 2012


http://jas.fass.org/

