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ABSTRACT The immobilized digestive enzyme assay
(IDEA) was run on 6 soybean meal (SBM) samples and
compared with true amino acid digestibility (TAAD) con-
tent, as determined using cecectomized roosters. The
IDEA values were excellent TAAD predictors as evi-
denced by R? values of 0.90 and 0.88 for lysine and cystine,
respectively. The original IDEA took 2.5 d to run, and
therefore we modified the protocol to reduce the time to
18 h. This modified IDEA procedure was run on 17 SBM
samples, and IDEA values were shown to be excellent

predictors of TAAD content. This IDEA SBM kit was
validated by predicting the TAAD of 5 SBM not included
in the 17-sample set above and the comparison of the
predicted vs. determined TAAD. Finally, the IDEA SBM
kit was used to compare the predicted TAAD of 338 SBM
samples from around the world. The predicted lysine
digestibility on the world survey samples ranged from
70.6 to 95.5% with an average of ~89%, and the ranges
and means of the other amino acid digestibilities were
also calculated.
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INTRODUCTION

The cost of feed represents >65% of the bird arriving
at a US processing plant (July 2005 Agri Stats); therefore
a more precise knowledge of the nutritional value of feed
ingredients would enable the formulation of diets that
more closely meet amino acid requirements. In vitro and
in vivo techniques exist to monitor the quality of proteins
in feedstuffs. One of the most common in vivo methods
to determine true amino acid digestibility (TAAD) is the
precision-fed cecectomized rooster assay (Fernandez and
Parsons, 1996). The time and cost required for this analysis
limits its utility on a regular basis. The need for rapid in
vitro assays of protein quality is important for nutrition-
based formulation of feeds (Ravindran and Bryden, 1999;
Boisen, 2000). Many in vitro assays have been used with
varying degrees of success to evaluate protein ingredient
quality, including the urease assay (AOAC, 1980), po-
tassium hydroxide solubility (Parsons et al., 1991), nitro-
gen solubility index (AOCS official methed Ba 11-65), the
protein dispersibility index (AOCS recommended prac-
tice Ba 10a-05), and pepsin digestibility (AOAC official
method 971.09). We have developed a system of immobi-
lized enzvmes for protein digestibility determination
adapted from a technique pioneered for human foodstuffs
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(Porter et al., 1984; Chang et al.,, 1990). Their original
system used pepsin in a low pH digestor followed by
neutralization and digestion with chymotrypsin, trypsin,
and intestinal peptidase in a second digestor for a total
assay time of 2.5 d. Our goal was to provide a more rapid
and accurate prediction of amino acid digestibility for
soybean meal (SBM). This paper describes the optimized
immobilized digestive enzyme assay (IDEA) for SBM in
a kit format with a single-use digestor configuration and
the correlation of IDEA digestion with in vivo TAAD.
The IDEA kit described takes ~1 d to run and provides
a good prediction of SBM in vivo TAAD obtained using
the precision-fed rooster.

MATERIALS AND METHODS

Glass Derivatization

Controlled-pore glass (2,000-A pore, 80-120 mesh;
Sigma Chemical Co., St. Louis, MO) was acid-cleaned and
silanized and succinylated as described by Swaisgood et
al. (1976).

Enzyme Immobilization

Trypsin, chymotrypsin, and intestinal peptidase were
immobilized using the sequential activation/immobiliza-
tion procedure of Janolino and Swaisgood (1982). Trypsin
(porcine; Sigma Chemical Co.) was immobilized by treat-
ing a solution containing 6 mg/mL of trypsin (10 mL)
and 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (10
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mM) with succinamidopropvl-glass beads (3 mL) for 20
h at 4°C. Chymotrypsin (porcine; Sigma Chemical Co.)
was immobilized by an identical procedure. Activity for
the immobilized trypsin was 151 U/g of beads using
p-tosyl-L-arginine methyl ester (Sigma Chemical Co.) as
substrate and that for chymotrypsin was 49.6 U/g of
beads using benzovltvrosine ethyl ester (Sigma Chemical
Co.). Activity was measured by \.UI‘Ihﬂ'LlOllbl\ monitoring
the increase in absorbance lesultmb from the hydr olvsis
of the substrate (1 mM p-tosyl-t-arginine lﬂLtl1}| ester/
0.5 mM benzovltyrosine ethvl ester in 20 muM phosphate
buffer at pH 7.5 and 25°C). Intestinal peptidase (porcine;
Sigma Chemical Co.) was partially purified by DEAE-
Sephacryl and immobilized on aminopropyvl-glass by
mixing enzyme with 10 m\ 1-ethyl-3-(3-dimethylamino-
propvl)-carbodiimide at 4°C (Porter et al., 1984). Activity
for the immobilized peptidases was 0.32 U/g of beads
using L-leucine-p-nitroanilide (Sigma Chemical Co.) as
substrate. Activity was determined by continuously mon-
itoring, the increase in absorbance at 405 nm resulting
from the hydrolysis of the substrate (0.8 mA in 50 mAl
phosphate buffer at pH 7.2 and 25°C).

Original IDEA Assay

A schematic of the original IDEA procedure used to
assav feedstuff quality is shown in Figure 1 and requires
a sample assav total time of ~2.5 d. This procedure is a
stepwise acid solubilization, pepsin digestion, neutraliza-
tion, trypsin. chymotrypsin, and intestinal peptidase di-
gestion followed by analvsis of newly exposed «-amino
groups.

All feed ingredient samples were ground to a fine pow-
der that was able to pass through a I-mm mesh screen.
Sample solutions were made by dissolving the ground
sampleina)0.01 N HCL .17, NaNs, pH 2.2 for the original
IDEA assav or b) 30 mM sodium phosphate bufier, pH
7.50 for the IDEA SBNI Kit assay to give an approximate
protein concentration of 2 mg/mL or less,

Prediet aa digestibility
using eqguations rom rooster:
IDEA correlation

o-phthaldialdehvde

The stomach (pepsin) bioreactor contained 1.5 mlL of
immobilized pepsin in an econo-pack column (Biorad,
Hercules, CA). Prior to use, each reactor was washed
with 10 mL of sample solution, and the washings were
discarded. Digestion was carried out by mixing 15 mL of
sample with immobilized enzyme on a rotator (20 orbits
per min, 237 angle fixed tilt) for I8 h at 37°C. The pepsin-
treated sample was collected and adjusted to pH 7.5 by
addition of solid Na-HPO,,.

The intestinal bioreactor contained 0.2 mL immobilized
trypsin, 0.3 mL chymotrypsin, and 1.0 mL of intestinal
peptidase in another econo-pack column. The bioreactor
was washed with 5 mL of the pepsin hydrolvsate and
the washing discarded. The remaining sample (5 mL) was
incubated for 24 h at 37°C.

Digestibility for the original IDEA assay was defined
as the fraction of the total peptide bonds hydrolyzed by
the 2 bioreactors. a-Amino groups were quantified by
reaction with o-phthaldialdehvde (OPA). Digestibility
was calculated using the relationship

Digestibility = [Asa(final) = Ay (initial)] /
[Astacid) = Asgalinitial)],

where Asy (final) is the absorbance of the OPA assav of
the final hvdrolysate, A-y (initial) is for the undu,u:,tl..‘d
sample, and \.4 (acid) for initial samples completely
hvdrolvzed in 6 N HCI, 110°C for 24 h.

IDEA SBM Kit

The original IDEA scheme took ~2.3 d so we maditied
the assav to reduce time, and the ol.'htnm/.ed SBMN kit
scheme is shown in Figure 2. The shaded steps shown in
Figure 2 represent the eliminated steps from the original
IDEA assay of Figure 1, and italics represent step modifi-
cations. The optimized IDEA SBANL kit eliminated the
stomach digestor and uses only the intestinal digestor.
Finally, the original IDEA assav determined the total pep-
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Figure 2. The immobilized digestive enzyme assay (IDEA) soybean meal kit scheme—steps eliminated from original IDEA are indicated by

shading and changes indicated by italics. OPA = o-phthaldialdehyde.

tide bonds in the sample using acid hydrolysis (24 h),
whereas the optimized IDEA SBM kit uses nitrogen com-
bustion analysis (15 min) to calculate a percent protein.
Calculation of the IDEA value for both assays uses a
parameter in the denominator to provide sample protein
comparability. The IDEA SBM kit uses the following pro-
cedure as shown in Figure 2. The SBM samples are ground
as above, and ~800 mg (duplicate samples) is added to
sufficient solubilization buffer to give a 16 mg/mL solu-
tion. The solubilization buffer is 50 mM phosphate buffer
containing 0.1% sodium azide, pH 2.0. Each sample is
mixed in a beaker with stir bar for 2 h at room tempera-
ture. Following this step, the solution pH is adjusted to
7.50 by the dropwise addition of NaOH (12.5 N). Then,
remove 1 mL of this pH-adjusted sample into a centrifuge
tube for OPA analysis (initial value sample). Digestion is
carried out by transferring 250 pL of the pH-adjusted
solution above into the digestor tube (2 mL centrifuge
tube containing 100 mg of the intestinal enzyme mixture
described above). The digestor is then mixed on an end-
to-end rotator for 18 h at 37°C (incubator or water bath).
Following the digestion step, the digestor is removed
from the rotator, the enzyme beads allowed to settle by
gravity, and a sample (final value sample) removed for
OPA analysis as described below. The optimized IDEA
SBM kit reduced the overall assay time from ~2.5 d to <1
d (Figure 2).

Protein Digestion Quantification

Digestion was quantified by the reaction of a-amino
groups with OPA (Porter et al., 1984). The OPA reagent
was prepared by combining the following components
and diluting to 100 mL with water: 50 mL of 0.1 M sodium
borate, 80 mg of OPA dissolved in 2 mL of 95% ethanol,
200 pL of 2-mercaptoethanol, and 5 mL of 20% sodium
dodecyl sulfate. An aliquot (10-30 pL) of sample was

added to OPA reagent (1 mL) and incubated for 2 min
at room temperature after which the absorbance (340,,,,)
was measured (Cary 3e UV /Vis: Varian Associates, Sun-
nyvale, CA). The optimized IDEA SBM kit value was
calculated as follows:

IDEA value = [Ajy(final) — Asyp(initial)]/ percent protein,

where Ajzy (final) is the absorbance of the OPA assay of
the final hydrolysate, Ay, (initial) is for the undigested
solubilized sample, and percent protein was calculated
from the measured combustible nitrogen value (Leco FP
528; Leco Corporation, St. Joseph, MI).

Soybean meal samples were obtained from commercial
sources collected in different years (2001-2005) and differ-
ent countries. These different countries are identified in
the text but cannot be taken as country of origin. In addi-
tion, raw soyflakes were heated in an autoclave (121°C
at 16 psi) for 0, 18, 30, and 36 min. These samples with
analyzed CP (43 to 49%) were used in the in vitro assays
in addition to the in vivo true digestibility in the cockerel
described below.

Table 1. Comparison of immobilized digestive enzyme assay (IDEA)
predicted and determined in vivo digestibilities of different soybean
meals (SBNI)

True True
SBM IDEA digestible digestible
sample value lysine cystine
1 0.238 76.6 63.2
2 0.287 85.7 81.8
3 0.356 86.2 84.8
4 0406 92.0 90.7
S 0420 92.2 92.0
6 0.426 96.0 93.0
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Figure 3. Comparison of immobilized enzyme digestion assay (IDEA)
values and in vivo true amino acid digestibilities for sovbean meal
Ivsine and cystine

TAAD Assay

Mature Single Comb White Leghorn roosters approxi-
mately 30 wk of age were used. The birds were housed
in an environmentally regulated room and kept in indi-
vidual cages with raised wire floors and subjected to a
photoperiod of 16L:8D) daily. Feed and water were sup-
plied for ad libitum access before the start of the experi-
ments. Cecectomy was performed according to the proce-
dure of Parsons (1983) when the birds were 25 wk of age.
All roosters were given at least 8 wk to recover from the
surgery prior to being used in experiments. The assay
procedure was that described by Sibbald (1979), with
some minor modifications described by Parsons (1985).
Following a 24-h period withoul feed, roosters were given
30 g of the test material via crop intubation. Additional
roosters were deprived of feed throughout the experi-
mental period to measure endogenous levels. Three roost-
ers were assigned to each treatmenl. A plastic tray was
placed under each cage and excreta were collected quanti-
tatively for 48 hafter crop intubation. The excreta samples
were lvophilized, weighed, and ground to pass through
a 60-mesh screen. Amino acid concentrations were deter-
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mined (2 replicates of each individual sample of excreta
using AOAC official method 982.30), and true digestibili-
ties of amino acids were calculated according to the
method of Sibbald (1979), as modified by Parsons et al.
(1991).

Statistical Methods

The IDEA determined values were plotted vs. TAAD
in vivo values and linear least squares regression (PROC
GLNI of SAS; SAS Institute, 2003) to provide linear equa-
tions which describe the best fit of the data for each amino
acid, and R* values which indicate how well the equations
describe the variation in the data set.

RESULTS AND DISCUSSION

Original IDEA Assay and Optimization
to IDEA SBM Kit Assay

A set of 6 SBM samples was run through the original
IDEA and the rooster assav. The IDEA values were deter-
mined independently and prior to the receipt of the in
vivo digestibility measurements. The calculated 1DEA
values and determined true digestibility for lysine and
cystine are given in Table 1, and these data are compared
in Figure 3. Linear least squares regression of IDEA and
TAAD data gave equations describing the best fit lines
for the SBM digestible lysine and cystine with R* values
of 0.90 and 0.88, respectively. These R* values indicate that
the linear equations predict 90 and 88% of the variation of
the respective SBM lysine and cvstine seen with these 6
samples. These results suggested that the original IDEA
assay prediction equations derived from true digestibility
correlation were able to predict most of the variation in
digestibility seen in the SBM samples tested.

Table 2. True amino acid digestibilitv coefficients and immobilized digestive enzvme assayv (IDEA) values for

17 sovbean meal (SBM) samples

SBA
sample Lyvs Cys Arg Met Ihr Val

lle Leu Tyr Phe His Trp

1 g6 942 Sie

g Gl RTR =6

3 a3 Th3 a0

4 vy 2l.6 T332

5 24,1 S35 1. =3.1 2
ang 938 92é 3.7 3
T S5 sn2 .o 0.3 §3.7
> i A 3.3 1.1 QWi
’ B8 a9 S3.1 5.1 913
Al > 917 932 934 937
i1 - Sa =G0 STe G2l
12 STl 843 887 Shn s
13 ST.2 0 Bold Yld S50 914
i 2.8 s8] 4.1 912 .3
13 919 812 950 Gl A
In Yin 932 Mo 93.9 Y43
T G0l 873 929 S8.5 887

959 988 958 Y33 974
95 923 S9e 913 960
635 o099 b9d 754 037
Y TRT TRe TP
e EAE R |
937 95.1 3.3 td
882 &5 903 02 933
923 918 = e 951
935 928 W3 a3
a3 3 5 ST 3.1
axl 9ps ey 6
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EGRL 95.0 Yh.bh 92:1 g 0.891
95.1 942 948 ; 93,8 96,1 gy
o970 96,0 98.0 9.0 L3 93.6 Q.873

91.0 59.7 S0 9l.0 Y0.6 925
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Table 3. Relationship (R?) between sovbean meal (SBM) immobilized
digestive enzyme assay (IDEA) and determined in vivo amino acid di-
gestibility

SBM kit and predict amino acid digestibility values out-
side the standard curve in vivo data set, we can request
samples so they can be run through the rooster digestibil-

R? for ) ity assay to be added to our standard curve and make

SBM IDEA In vivo v s Sy i i - 7
Amiinio Git-vs. digestibility our predictions more accurate. The intraassay CV of a
acid in vivo range (%) single sample of SBM for determination of the IDEA SBM
Egs 0.86 71.4-95.0 kit value was determined to be 1.4% (data not shown).
Met 0.88 63.5-97.1
2 i e Validation of the IDEA Kit Predictions of
Arg 0.81 76.3-95.0 SBM Amino Acid Digestibilities
Val 0.86 63.6-95.3
lle 0.90 66.1-97.0 A validation set of 5 SBM samples not included in the
Leu 0.89 68.8-96.0 bov dard curve determinat B ouel
His 0.83 75.4-95.3 above standard curve determinmation were run thlougl
Tyr 0.89 69.9-98.0 the IDEA kit, and predicted amino acid digestibilities and
i"fﬁ‘ gg? ?‘1’;—329 then TAAD were determined in roosters. Comparison
= 0.98 68.5-97.4 of the il:ldi\’id_lla] ?am}?lg .IF)E/-} calculat?d and in vivo
Glu 0.90 77.2-95.9 true amino acid digestibilities is shown in Table 4. The
1; lio ggg ng‘gg? difference in IDEA predicted and determined true digest-
1:;: 0.85 (;,,7:9(“):; ibilities is greatest for the amino acid cystine, with a mean

difference percentage value of 7.24, in agreement with
this amino acid having the lowest R? value in the stan-
dardization sample set (Table 3). United States Patent
6,750,035 has been granted for the invention of this tech-
nology (Schasteen and Wu, 2004).

IDEA Kit Standard Curve Correlation
with in Vivo Amino Acid Digestibility
Determination

SBM World Survey Using IDEA
A set of 17 SBM samples were run through the IDEA

SBM kit and the rooster assay. The IDEA values were The power of the IDEA kit to rapidly survey protein

determined independently and prior to the receipt of the
in vivo digestibility measurements. The calculated IDEA
SBM kit values and determined true digestibility for 17
amino acids is given in Table 2. The relationship of the
17-sample SBM standard curve in vivo and IDEA values
is shown in Table 3. Linear regression analysis of the
data from the in vivo and in vitro results gave R* values
ranging from 0.73 to 0.91. The amino acid digestibility
prediction range of the IDEA SBM kit is dictated by the
in vivo data and is also shown in Table 3. This is important
because when SBM samples are run through the IDEA

ingredient predicted digestibility is shown in Table 5.
Samples (n) of SBM were collected out of Novus Interna-
tional’s sample archives from North America (233), Latin
America (43), the European Union (28), and Asia (34)
from 2001 to 2005. Samples were collected in each world
area and stored at 4°C. Although we cannot authenticate
the nation of origin for each sample, they provide an
indication of the SBM protein quality found in each partic-
ular world area during the sampling period. The time
and cost of running this many in vivo cockerel assays is
prohibitive; however, this number of IDEA kit analyses

Table 4. Validation set of soybean meal (SBM) immobilized digestive enzyme assay (IDEA) predicted amino
acid digestibility

SBM 1 SBM 2 SBM 3 SBM 4 SBM 5

Amino Mean
acid True IDEA  True IDEA True IDEA  True IDEA True IDEA difference %
Lys 89 895 §6.5 87.5 85.9 88.2 82.3 85.3 83.8 86.2 2.18
Met 91.5 87.3 91.5 83.1 89.9 89.2 85.6 85.1 92.1 86.4 4.26
Cys 86 84 85.7 81 82.2 89.4 72.6 84.4 89.1 86.1 7.24
Thr 88.2 86.7 87.8 84 87.5 88 86.5 84.5 87.7 85.6 2.26
Arg 89.8 91.7 91.1 89.8 94.7 91.6 93.5 89.1 89.9 89.9 2.30
Val 91.5 87.6 91 84.3 87.6 87.5 87.1 83.2 86.6 84.6 3.71
lle 90.9 89.2 91.1 85.9 91.3 89.5 90.7 85.4 91.2 86.7 4.07
Leu 90.8 89.7 91.3 86.9 91.7 89.5 90.9 85.8 90.4 87.1 3.54
His 89 90.3 88.4 88 86.8 90.5 83.6 87.7 87.7 88.6 242
Tyr 91.8 88.9 92.2 85.3 93.8 93.1 94.5 89.3 93.2 90.5 3.96
Phe 92.1 92.1 92.6 89.7 93.3 90.8 93.2 87.3 92.1 88.5 3.21
Asp 91 88.8 89.6 96.4 87.6 88.1 84.5 85.1 89.6 86.1 2.24
Ser 91.7 914 91.5 88.8 87.9 90.8 88.2 87.1 87.8 88.3 1.68
Glu 93.3 923 92.6 90.6 91.9 94.4 90.3 89 91.9 89.8 1.50
Pro 92.1 92.1 92.5 89.7 91 923 90.9 89.2 88.8 90.2 1.58
Ala 88.7 85 87.4 82 88.2 85.3 86.5 81.6 86.9 82.8 4.80

Trp 93.8 96.9 94.9 93.7 97.4 94.8 97.8 90 96 91.6 3.96
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Fable 5. Variation of immobilized digestive enzyme assay predicted lvsine digestibility i sovbean meal from different svorld areas

Asian = 34 LATAM n =43 NA' D =233 EU" n=28

Aminoe

acid Mean = SD(“s) Range ("2) Mean = SDi(7s) Range (“») Mean £ SD(%) Range (7s) Mean = SD("5) Range ("u)
Lyvs + 74.3-95.0 897 £ 2.25 89.6 %= 3.90 70.6-95.5 890 £ 3.24 76.8-92 1
Met = 2.66 50,0-98 89.7 = 3.28 90:6: = 33 64.1-69.6 904 = 1.63 73.0-95.2
Cys + 8.03 61.2-97.0 8Z.7°%-3.52 89.2 = a.11 59.7-99.0 90.7 = 3.45 70.2-96.4
Thr + 633 66.9-93.7 883 + 2.33 89.2 =43 60.8-%4 .9 389 = 3.59 74.3-93.0
Arg + 130 77.7-954 923 = 1.77 926 = 3.20 T6.7-97 .4 £ .52 82.0-95.1
Val = 743 62.3-94.1 88.7 = 3.01 §92 = 350 H1.9-97.4 + 1.70 71.0-93.6
lle + 7.39 64.6-95.9 905 = 2.89 91.1 =534 64.6-98.8 = 4.68 734-97.0
Leu + 6,33 68.5-95.3 90.6 = 2.59 91.0 = 478 67.3-98.0 = 110 73.1-94.8
His + 5.08 73.3-948 91.1 £ 1.97 91.6 + 3.38 73.9-96.9 = 3.06 7979441
Ivr 87.5 £ 8.66 61.9-99.1 92.1 + 3.08 93.9 £ 5.02 69.9-100.0 + 427 78.1-98.6
Phe 89.1 = 557 743-975 92.3: %253 2 924 = 154 69.8-99.0 = 3.85 77.3-95.8
Asp 859 = 5.17 71.3-92.7 89.2 £ 221 .5 89.4 = 391 = 3.4 76.5-98.2
Ser 88.2 £ 6.00 71.6-96.6 92.0 = 258 .0 : = 4.80 £ 113 76.3-96.1
Glu 89.9 + 3.88 79.3-95.1 924 £ 1.80 3 +.3.14 2.0 = 2.63 82.1-94.8
Pro + 341 74.2-97.1 93.0 + 2.15 3 = 101 z 93.2 = 346 80.2-96.5
Ala = 6.60 63.0-91.0 86.1 = 2,58 St 51 +£ 176 63.0-93.6 86.3 = 4.0 70.9-90.6
Trp + 342 73.9-100.0 95.1 = 333 §9.0-99.7 =+ 6.22 63.9-100.0 95.6 = 4.84 76.1-99.0

'LATAM = Latin America; NA = North America; FU =

can be effectively accomplished. These data indicate the
broad range in amino acid digestibility predicted for SBNI
from around the world, indicating the variation that is
possible when a single sample is analvzed. However, the
mean value difference for each amino acid is within 2
standard deviations of the means for the other world
areas. This suggests that the mean values for 46-48% pro-
tein SBM amino acid values from over 330 samples ob-
tained from around the world are quite similar. Alterna-
tively, this might indicate that the samples originated in
the same country because this was not possible to confirm
as indicated above.

In conclusion, we have developed an in vitro IDEA
assay for SBM, which has been correlated to poultry
TAAD as determined in the cockerel. The IDEA kit assay
presented here is a good predictor of SBM TAAD as
evidenced by predicting the in vivo true poultry digest-
ibility of a validation set of SBM not included in our
standard curve. Furthermore, the power of IDEA as a
tool to survey feed ingredients was demonstrated by the
analysis of 338 SBM collected from around the world
from 2001 to 2005. The IDEA for SBM represents a rapid,
robust, and inexpensive predictor of SBM amino acid
digestibility compared with in vivo methods. The protein
sources that have high variability of amino acid digestibil-
itv (e.g., meat and bone meals, poultry byv-product meals,
and fish meal) emphasize the need for in vitro methadol-
ogyv development.
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