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Abstract — Ten batches of wheat milling by-products — 3 of wheat middlings (WM), 4 of wheat feed
(WF), 3 of wheat bran (WB) — were analysed and studied for their protein and amino acid ileal true
digestibility (ITD). Each batch was tested on four castrated male pigs weighing between 35 and
95 kg, and fitted with an end-to-end ileo-rectal anastomosis. In all types of by-products, lysine and
threonine were among the least digestible amino acids, whereas methionine was among the most
digestible ones. N and all amino acids ITD decreased signific&y0(05) from WM to WF and

to WB. In WM, the average N, lysine, threonine and methionine ITD values were 93.6, 90.8, 90.4 and
95.1%, respectively. They decreased to 85.5, 86.6, 83.3 and 91.5%, respectively in WF and down to
70.1, 68.3, 68.4 and 78.9%, respectively in WB. N and all amino acids ITD was predicted according
to either the ratio of the feedstuff fibre to amino acid concentrations, or the proportion of total N
bound to the NDF (neutral detergent fibre) residue, or both. For most amino acids, the use of CF (crude
fibre), ADF (acid detergent fibre) or ADL (acid detergent lignin) as fibre criteria provided accurate
equations with coefficient of determination higher than 90%.
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Résumé— Digestibilité iléale des acides aminés des issues de meunerie chez le pavbjectif

de ce travail était de mesurer la digestibilité iléale des acides aminés des issues de meunerie chez le
porc et d’en déterminer les principaux facteurs de variation. Dans ce but, dix lots commerciaux de co-
produits de meunerie (3 lots de farine basse, 4 lots de remoulage et 3 lots de sons) ont fait I'objet d'une
caractérisation analytique et d'une mesure de digestibilité iléale des acides aminés. Les caractéristiques
suivantes ont été analysées : azote, acides aminés, amidon, matiére minérale, matiere grasse, cellu-
lose brute (CB), NDF (neutral detergent fibre), ADF (acid detergent fibre), ADL (acid detergent
lignin) et teneur en azote du résidu NDF (NNDF). Chacun des lots a été testé sur quatre porcs males
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castrés, pesant entre 35 et 95 kg et préparés en anastomose iléo-rectale termino-terminale. Pour les
trois types de co-produit, la digestibilité iléale vraie de la lysine et celle de la thréonine sont parmi les
plus faibles alors que celle de la méthionine est parmi les plus élevées. La digestibilité iléale vraie de
I'azote et de tous les acides aminés diminue significativerpen®(05) des farines basses aux
remoulages puis aux sons. La digestibilité iléale vraie moyenne de I'azote, de la lysine, de la thréo-
nine et de la méthionine est de, respectivement, 93,6, 90,8, 90,4 et 95,1 % pour les farines basses. Elle
diminue jusqu’a, respectivement, 85,5, 86,6, 83,3 et 91,5 % pour les remoulages et jusqu’'a, respec-
tivement, 70,1, 68,3, 68,4 et 78,9 % pour les sons. La digestibilité iléale vraie de chacun des acides
aminés peut étre prédite a partir de la teneur en fibre de l'aliment et la quantité d’azote liée au résidu.
Les meilleurs prédicteurs sont le rapport entre la teneur en CB, ADF ou ADL et la teneur en acide
aminé, la proportion de I'azote total lié au résidu NDF, ou les deux. Pour la plupart des acides ami-
nés, le coefficient de détermination des équations proposées excede 90 %.

co-produits de meunerie / digestibilité iléale / acides aminés / porc

1. INTRODUCTION 2. MATERIALS AND METHODS

2.1. Feedstuffs and experimental diets
The by-products of wheat milling are of

considerable economic significance asthe  Ten commercial batches were selected
represent 25% of the original grain. Theyto be representative of wheat milling by-
are usually ranked in three different gradeproducts used for feed in Europe: 3 batches
according to the proportions of the struc-of wheat middlings (WM1 to WM3), 4 of
tures of the initial grain they contain: wheatwheat feed (WF1 to WF4) and 3 of wheat
middlings (WM) are made of starchy bran (WB1 to WB3). All originated from
endosperm and particles of the aleuronEurope and six from France. Feedstuffs were
layer, wheat feed (WF) contains endosperrground in a hammer mill fitted with a 2-mm
and outer layers in variable proportion,screen. The WM and WF based diets con-
whereas wheat bran (WB) contains outetained 945 g by-product and 55 g minerals
layers with variable amounts of remainingand vitamins concentrate per kg. Because
starchy endosperm. If they can roughly p©f problems of feed intake, the WB batches

classified according to their fibre, ash ancVere mixed with a corn starch/sugar mix-
starch concentrations, they vary widely int!'® (1/1), in addition to the 55 g minerals

L : .rand vitamins concentrate. The level of incor-
composition according to the extent to whict . . X
they are segregated and sold separately b)pora'uon of WB1, WB2 and WB3 in the diet

mill. Although they are traditionally used was 842, 685 and 525 g per kg, respectively.

in pig feeding, only few authors reported
values relative to their nitrogen and aminc2.2. Animals and procedures
acid ileal digestibility [9, 27, 30].

_ i Animals were castrated male pigs, pure

The aim of this study, part of a morepred arge White or (Large WhiteLan-

extensive work on amino acid d|gest|b|I|tydrace)x (Large Whitex Piétrain). They
in pig feeds [14], was to measure the nitrowere surgically prepared with an end-to-end
gen and amino acid ileal true digestibilityijleo-rectal anastomosis at a live weight of
in each of the three types of by-product an25 to 30 kg [16, 24]. After a four-week
to evaluate the relevance of analytical crirecovery period following surgery, the ani-
teria for its prediction. mals entered a test period of 12 weeks. The
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experiments lasted from 1990 to 1993 an@mino acid concentration was determined
required the preparation of 20 growing pigsy chromatography in an ion exchange col-
grouped into five batches of four animals.umn (Beckman 6300, Beckman, USA) after
Each batch of feedstuff was tested on each 23-hour hydrolysis in HCI 6 N at 110 °C

of the four animals of only one group, at[1]. The proline concentration was not mea-
one period, both selected at random. sured. The S-containing amino acids were

Animals were fed twice daily (8 a.m. angdetermined by the same method, after oxi-
4 p.m.) a diet in meal form mixed with waterdation with performic acid. Tryptophan was
at the time of feeding (2 volumes water/Séparated by HPLC followed by fluoro-
1 volume meal). Drinking water was con-metric detection .(Kontron Instrument,
tinuously available. The feeding scale wagrance). Hydrolysis was carried out in an
set at 90 g meal per kg metabolic Weighglkallne bath (baryum hydroxide) at 125 °C
(Live Weigh-™9), i.e., taking into account for 16 hours [15]. The dry matter (DM) con-
the dry matter content of our wheat millingt€nt of each batch of feedstuff was deter-
by-products based diets, around 72 g drj’ined by drying to constant weight at
matter ingested per kg metabolic weight103 °C. For the determination of ash con-
Every week, the feed supply was individu-centration, samples were placgd at 550 °C
ally adjusted, based on live weight valuedor 8 hours. Neutral Detergent Fibre (NDF),

and their expected increases at four-weeR¢id Detergent Fibre (ADF) and Acid
intervals. Detergent Lignin (ADL) determinations

. . . were sequentially carried out [32], using
Each test consisted in two phases, a fivergrmamyl (Novo Nordisk, Denmark) for
day adaptation period followed by a two-5myio1ytic treatment, and crude fibre (CF)
day collection period. This combination Ofaccording to the Weende method [11], by
. fneans of a Fibertec system (Tecator, Swe-
among those which allowed the most aCClgen). The concentration of N in the NDF
rate measurement of nitrogen excreted by.qjqye (NNDF) was evaluated by treatment
pigs fitted with an end-to-end ileo-rectal\yit, the NDF solution and N determination
anastomosis [19]. During the latter periody, the residue, as described above. Fat con-
the ileal digesta were totally collected twicecantration was measured. without hydroly-
a day, just after meal, and immediatelygjs yrior to analysis [23], by means of a Sox-
stored at 4 °C. At the end of the collectionpearm apparatus (Gerhardt, Germany).
period, the ileal juices were homogenisetsiaych concentration was derived by the
on an animal basis, and two samples Wergyers method [22]: starch was hydrolysed
taken: one was oven-dried (80 °C foryy hot hydrochloric acid (1.128 g/100 ml)

72 hours), for dry matter determination, anyefore measurement of specific rotation
the other one was freeze-dried prior to anaI(pOL_400 Isabiologie, France).

ysis.

. . 2.4. Calculation and statistical analyses
2.3. Chemical analysis y

2.4.1. Digestibility calculation
All the chemical determinations (Tab. 1),

including amino acids, were performed in At a first step, ileal apparent digestibility
duplicate. Each batch of feedstuff, each dielAD) was calculated from nitrogen and
and each sample of ileal chyme was anabmino acid concentrations in the diets and in
ysed for nitrogen and amino acids. The nitrothe ileal juices samples. IAD was corrected
gen (N) content was measured by the Kjelinto ileal true digestibility (ITD), by sub-
dahl method [12] with a Kjel-foss automatictracting the basal endogenous losses from
apparatus (Foss-Electric, Denmark). Thehe total amount of amino acid excreted. For
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Table I. Analytical characterisation of the feedstuffs.

Wheat middlings Wheat Feed Wheat Bran
Batch WM1 WM2 WM3 WF1 WF2 WF3 WF4 WB1 WB2 WB3
Origin® NL F F NL F F F SF  SF F
g/kg DM
N 275 228 253 29.6 306 286 327 351 258 333
Fat 344 293 26.7 464 324 448 473 405 445 56.1
CF 115 144 198 50.9 46.0 60.2 614 111.6 98.0 67.2
Ash 229 146 221 35.1 375 335 446 59.1 63.2 452
NDF 67.7 67.3 117.7 208.1 211.4 254.4 279.9 404.8 482.4 3155
ADF 206 146 253 60.0 555 705 76.3 128.0 1358 84.1
ADL 4.6 3.7 6.3 158 142 194 224 449 375 291
NNDF 0.9 1.1 1.4 1.7 1.8 21 2.6 5.8 5.6 6.4

Starch 630.7 715.6 627.1 437.8 434.6 408.6 314.2 197.0 212.0 299.0

g/16 gN

TAAZ 856 77.0 85.9 82.3 823 752 803 812 79.0 728
Lys 3.2 2.8 3.2 39 41 3.7 46 45 46 3.9
Thr 2.9 29 2.8 3.3 3.3 3.1 3.3 3.4 35 3.1
Met 1.7 1.7 1.7 1.9 1.7 1.6 1.7 1.8 1.7 15
Cys 2.0 1.9 2.1 20 1.9 1.9 1.8 17 1.8 17
Trp 1.1 1.0 1.2 1.2 1.2 1.2 1.2 15 1.5 1.3
Ala 3.7 3.2 4.1 4.5 4.6 4.1 51 4.5 4.8 4.4
Arg 5.3 4.0 5.2 5.9 6.6 5.9 6.7 7.3 7.2 6.1
Asp 5.4 4.5 5.6 6.4 6.3 5.8 7.1 7.6 6.9 6.0
Glu 27.7 253 27.°7 215 21.3 183 176 170 159 16.0
Gly 4.1 3.7 4.3 4.5 4.7 4.4 5.0 4.6 5.2 4.4
His 2.4 2.8 2.2 24 23 26 22 2.6 29 26
lle 3.8 31 3.2 3.5 3.0 2.9 29 3.5 3.1 29
Leu 6.6 5.9 6.5 6.1 6.0 5.6 5.8 6.0 5.7 54
Phe 4.4 4.0 4.4 4.1 3.9 3.6 4.0 4.1 3.6 35
Ser 4.7 4.4 4.4 4.6 4.2 4.3 4.0 4.3 4.4 4.1
Tyr 2.1 1.9 25 20 25 21 27 2.4 21 19
Val 4.5 3.8 4.7 4.6 4.6 4.1 4.7 4.4 4.3 4.0

INL: The Netherlands, F: France, SF: Finland.
2Sum of all amino acids.

the correction, assumption was made thdB5 g per kg), soya oil (30 g per kg) and a
the basal endogenous losses were in cominerals and vitamins concentrate (55 g per
stant proportion of the amount of dry mattekg).

ingested [18, 29]. The basal endogenous

output was previously determined in our2.4.2. Data analysis

laboratory (Tab. I)in 20 replicates, on pigs

prepared and managed according to the The effect of the batch (B) on amino acid
above described procedure and fed a praTD was analysed first within each
tein-free diet containing maize starch (580 gype of wheat milling by-product. The
per kg), sugar (300 g per kg), wood celluloseffect of group of pigs could not be teste



Wheat milling by-products in pig feeding

59

Table Il. Effect of the batch within each tgpe of by-product and effect of the type of by-product on

N and amino acid ileal true digestibility (%)

Wheat middlings Wheat Feed Wheat Bran All types

m2 s& B3 rséf m se B rsd m se B rsd “Trsd
N 93.6a 0.60 NS 1.4 855b 132 * 25 70.1c 3.03 NS 25 ** 35
SAAS 943a 065 * 1.0 88.8b 1.18 ** 15 76.4c 1.71 NS 15 ** 23
Lys 90.8a 1.04 NS 3.0 86.6b 1.12 0.07 25 683c 195 NS 25 ** 41
Thr 90.4a 0.93 NS 2.1 83.3b 148 ** 2.0 68.4c 222 NS 20 ** 32
Met 95.1a 0.39 NS 1.6 91.5b 049 NS 15 789c 297 * 15 *=* 24
Cys 94.2a 0.58 0.06 0.9 85.1b 1.27 *** 10 745c 295 * 10 ** 22
Trp 91.2a 0.90 NS 25 85.5b 0.54 NS 2.2 76.4c 3.02 * 22 ¥ 2.4
Ala 86.5a 2.81 *** 1.3 81.2b 3.28 *** 28 64.6c 3.14 NS 238 *»* 4.1
Arg 955a 0.54 NS 1.1 939b 054 * 10 86.9c 168 * 1.0 *»* 1.5
Asp 90.1a 1.15 *»* 1.0 848b 161 * 25 70.0c 149 NS 25 ** 33
Glu 97.3a 0.33 0.07 0.6 93.5b 0.82 * 11 84.7c 1.04 NS 1.1 ** 17
Gly 93.4a 0.96 0.06 1.5 84.4b 126 * 22 679c 131 NS 22 ** 35
His 95.8a 0.38 0.08 0.6 90.2b 0.87 ** 1.2 80.5c 274 * 12 *=* 18
lle 93.4a 0.76 NS 1.6 87.9b 1.06 ** 16 74.7c 2.86 0.06 1.6 ** 2.6
Leu 94.3a 0.66 NS 1.3 88.7b 1.15 * 15 74.6c 249 0.07 15 ** 24
Phe 95.1a 0.71 * 0.9 90.3b 1.35 ** 10 78.2c 2.330.08 1.0 ** 23
Ser 94.6a 0.37 NS 1.2 87.9b 1.08 * 15 76.9c 155 NS 15 ** 22
Tyr 92.6a 128 * 1.2 89.1b 2.03 *** 15 77.2c 400 * 15 * 34
Val 91.5a 1.17 0.07 2.0 86.1b 1.56 ** 18 71.8c 2.57 0.07 1.8 ** 28

1Basal endogenous losses (g/kg DMI): N: 1.13&A: 3.969; Lys: 0.261; Thr: 0.253; Met: 0.086; Cys: 0.104;
Trp: 0.081; Ala: 0.293; Arg: 0.201; Asp: 0.413; Glu: 0.511; Gly: 0.405; His: 0.088; lle: 0.193; Leu: 0.297; Phe:
0.165; Ser: 0.247; Tyr: 0.110; Val: 0.261.

2m: mean, se: standard error, rsd: residual standard deviation.

3 Effect of the batch within in each type of by-prodiRiélues).

4 Effect of the type of by-product tested against the batch nested within th@iyaki€s). Values with differ-

ent character in the same row differ significantl{&t 0.05.

NS:P>0.10; *:P < 0.05; **: P< 0.01; ***: P< 0.001.

5 Sum of all amino acids.

independently of the batch of wheat millingtized Range test was used for comparison
by-product. However, we checked theof means. Analyses of variance and covari-
absence of LW and LW B interaction ance were performed using the GLM pro-
effects by a covariance analysis. An overaltedure of the SAS statistical software [26].
analysis of variance was performed in order

to evaluate the effect of the type of wheat Attempts for prediction of N and amino
milling by-product relative to the residual acids ITD were made through regressions
variation between batches. The overalbf the ileal true digestibility values on the
model included the following items: the typeanalytical characteristics of the diets
of by-product (T) and the batch nestedg/kg DM) and the ratios of the analytical
within the type B(T). The effect of the type characteristics to the amino acid concentra-
(T) was tested against the batch nestetions [30]. These ratios have the advantage
within the type (B(T)). A Tukey’'s Studen- of being independent of the level of
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incorporation of the feedstuff in the exper-cant(P > 0.05, except for N and glycine
imental diet, contrary to the simple dietaryin WF. In addition, the LW effect was never
components concentrations. Regressiosgignificant (results not shown). N and amino
analyses were performed by means of thecid ITD values, the results of the analysis of
STEPWISE procedure of the MINITAB sta- variance performed for each type of by-
tistical software [20]. product and the results of the overall analy-
sis of variance are presented in Table II.
Whatever the type of by-product, methion-
ine, arginine, glutamic acid, histidine and

For five batches of feedstuff, digestibil- P€nylalanine were among the most

ity was calculated on three replicates onl)fjlgestlble amino acids whereas lysine, thre-

because of the death of pigs during experf—mine’ alanine and aspartic acid were among

ments or problems of low feed intake. Thehe least digestible ones. Glycine also was
average live weights of pigs fed WM and®MOng the least digestible amino acids in
WF were in the same range (65 to 92 kg)/VB and WF.
whereas they were lower for pigs fed WB

(37 to 67 kQ).

3. RESULTS

Significant differencesR < 0.05) between
batches appeared in the three types of by-
products. The effect of the type of by-prod-
3.1. Analytical characteristics uct, tested against the effect of the batch

and amino acids concentration nested within the type, was significant for all
amino acids and even highly significant

The analytical composition of each batch(P < 0.001) for most of them: amino acid
of wheat milling by-product is given in |TD decreased from WM to WF and to WB.
Table 1. The fibre (CF, NDF, ADF, ADL) as Qverall, the sum of all amino acids ITD
well as the ash concentrations increase@ecreased by 5.5 percentage units from WM
whereas the starch concentration decreasggl wF and by 12.4 additional percentage
from WM to WF and to WB. The nitrogen ynjts to WB. These differences were variable
concentration was in the same range in WE¢cording to the amino acid: the greatest
and WB, and higher than in WM. The pro-gitferences were observed for glycine,
portion of nitrogen bound to the NDF residu§y sine threonine, alanine and aspartic acid

was by far higher in WB (16.6 to 21.8%) . : :
than in WF and WM (3.2 to 5.4% and 5.6and the smallest for arginine, glutamic acid,

to 7.8%, respectively). Whatever the type o;ryptophan and histidine.
by-product, methionine, cystine, tryptophan
and tyrosine were among scarce amino acids. . ) )
Glutamic acid displayed the highest con3-3. Prediction of N and amino acid ITD
centration, followed by arginine, aspartic
acid, leucine anq serine. However t_he amin_o The predicting equations obtained for
acid pattern varied: the lysine, alanine, argizgsential and semi-essential amino acids are
nine, aspartic acid and glycine concentraghown in Table 11, ITD of each amino acid
tions increased from WM to WB, whereas,yas predicted according to either the ratio of
the glu_tam|c acid and phenylalanine CONipre to its concentrations, or the ratio of the
centrations decreased. N in NDF residue to N concentrations, or
both together. For most amino acids, ADF,
3.2. N and amino acid ITD CF or ADL provided equations with quite
similar residual standard deviation and coef-
Within a single type, the LWxB interac- ficient of determination. The use of NDF as
tion on amino acid ITD was never signifi- fibre criteria led to less accurate equations.
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Table Ill. Prediction of N and essential and semi-essential amino acids ileal true digestibility (%) in
wheat milling by-products according to the ratio of ADF, CF or ADL to the amino acid and NNDF
to the N concentrations in the feedstuffs.

Intercept séd NNDF/N?  sd P orsdt 24
Arg 98.0 0.6 -58.5 4.9 rrk 1.0 946
Phe 98.7 1.1 -109 9 rohk 1.8 9438
Tyr 96.9 2.0 -106 17 ikl 35 82.6
Val 96.0 1.2 -128 10 Fork 20 955
Intercept sd ADF/AAS  sd P NNDF/N sd P rdd r24
N 97.9 2.9 —6.50 1.12 Fokk 4.7 80.7
TAA® 98.6 0.8 -10.2 3.0 * -73.8 12.9 ikl 1.2 98.0
Lys NS
Thr 96.3 1.2 -0.706 0.190 *x —-78.0 17.8 *x 1.7 974
Met 100 1 -0.251 0.779 * —-62.1 15.7 ** 1.5 96.9
Cys 96.4 23 -0.594 0.098  *** 3.8 820
Trp 96.6 0.8 -0.312 0.047 ** 352 9.9 *x 1.2 97.6
His 101 1 -0.547 0.107 *** -40.5 12.4 * 14 96.5
lle 98.4 0.5 -0.475 0.074 ** 755 8.0 ok 0.8 99.2
Leu 98.4 0.6 -0.781 0.160 ** -86.0 9.5 rrk 09 991
Intercept sd CF/AAS  sd P NNDF/N sd P rdd r24
N 99.1 2.5 -8.79 1.23 el 4.0 86.5
>AA 98.9 0.6 -14.0 3.0 R _72.6 9.8 Fork 1.0 98.7
Lys 98.6 1.2 -0.644 0.280 * -119 14 okk 1.6 98.0
Thr 96.8 0.9 -0.930 0.182 ** 783 13.2 okk 1.4 984
Met 100 1 -0.267 0.121 0.06 -70.9 18.2 *x 1.8 95.5
Cys 97.5 1.7 -0.809 0.092  *** 28 90.6
Trp 96.7 1.2 -0.356 0.076 *k o —43.4 12.4 * 1.6 95.8
His 101 1 -0.663 0.124 *** 450 11.2 *x 1.4 96.8
lle 98.7 0.6 -0.585 0.116 ** -79.0 9.5 okk 1.0 98.9
Leu 99.6 0.6 -0.981 0.201 %k —88.3 9.0 okk 0.9 99.1
Intercept sd ADL/AAS3 sd P NNDF/N sd P rd r24
N 97.8 1.6 —-22.2 2.0 ok 2.7 93.8
ZAA 98.2 0.6 -43.8 10.2 *x -57.7 13.7 *x 1.1 986
Lys 98.1 1.1 -2.18 0.88 * -104 19 Fokk 1.6 98.1
Thr 95.7 0.8 -291 084 ** 552 17.1 * 1.4 98.4
Met NS -106 11 Hokk 2.2 92.4
Cys 96.1 1.4 -1.97 0.20 ¥ 25 923
Trp 95.9 1.1 —-1.42 0.13  *** 1.7 94.1
His 99.8 1.1 —-2.63 0.23  *** 1.7 94.2
lle 97.9 0.7 -1.78 044 wk —-65.1 14.7 *x 1.2 98.4
Leu 98.9 0.6 -2.93 0.76 *x -76.4 14.0 Fohk 1.1 9838

1sd: standard deviation.
2 p_values: *:P < 0.05; **: P < 0.01; ***: P < 0.001.
3 ADF/AA resp. CF/AA, ADL/AA: ratio of feedstuff ADF resp. CF and ADL to amino amino acid concentrations
(9/9); NNDF/N: ratio of feedstuff N in the NDF residue to total N concentrations (g/g).
4rsd: residual standard deviatiof; coefficient of determination.
55 AA: sum of all amino acids.
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4. DISCUSSION the literature of significant variations affect-
_ N ing ileal digestibility of the amino acids
4.1. Chemical composition other than those associated with changes in
of the by-products batches dietary components. In accordance with pre-

vious results [3, 17], the analysis of the
The variability in analytical characteris- effect of live weight confirmed that this
tics and protein amino acid profiles within parameter was of little influence on amino
each type of by-products fits in with theacid ileal digestibility in pigs fitted with an
variability reported in literature [2, 25]. It end-to end ileo-rectal anastomosis.
originates from the variable amounts of peri-
carp, aleurone and endosperm fraction
recovered in each of the by-product
batches. However, except for WF4, whic
exhibits analytical characteristics very clos
to those of WB3, and an amino acid patter

very close to that of wheat brans, the type il high digestibility of methioni
of by-products are clearly differentiated. € Overall nigh digestibiiity ot methionine
is in agreement with some literature data

_The increasing concentrations of thg27), put at variance with other ones [9, 30].
dietary protein in lysine, alanine, arginine, )
aspartic acid and glycine from WM to W !AD values are biased by the AA con-
is in accordance with the high concentraentration in the experimental diet [6], which
tion of these amino acids in wheat pericarp@mpers a reliable comparison of data
and aleurone, as well as in wheat functiongedether. Correcting total ileal AA flow by
proteins (albumins and globulins). On thehe basal endogenous losses aims at over-
contrary, the decreasing concentration ofoming this methodological problem and at
glutamic acid and phenylalanine from Wmgétting additive supply of digestible AA [8,
to WB is consistent with their high concen-29]- Although the average basal endoge-
tration in wheat endosperm as well as iflous losses we calculated from 20 individ-

wheat storage proteins (prolamins and/@ measurements are almost twice lower
glutelins) [4, 25]. than the value proposed by Wiinsche et al. in

a literature review, they remain in the range
of variation proposed by this author (2.22
4.2. N and amino acid ITD + 0.88 g/kg DM) [33]. For ITD calculation,
ileal excretion of amino acid being corrected
Some differences in physiological sta-for basal endogenous losses only, factors
tus, age or weight have appeared betwegffecting either the feed specific endoge-
groups of animals and some batches of feetous losses, or the undigested dietary frac-
stuff have been tested later than othertion, or both, may influence the ranking of
within the same group. Therefore the reliatypes of by-products or of batches within a
bility of our data was based on the initialtype with regards to amino acid ITD, as well
assumption of the absence of effects, nas differences between amino acids [29].

only of pig ageing or live weight, but also of  ge|atively high concentrations of threo-
other characteristics of the groups on aminQine alanine, aspartic acid and glycine in

acid digestibility. endogenous protein, compared to dietary
These animals were growing pigs housegrotein, undoubtedly contribute to their over-
in the same environment, fed at constarall low ITD in wheat milling by-products
levels of dry matter intake and used within[30]. In addition, as previously demonstrated
a relatively narrow range of body weight.with protein-free diets, ileal N endogenous
In such conditions, there is no indication inlosses increase when pigs are fed increasing

The overall decrease in amino acid ITD
rom WM to WB was previously reported
30]. A similar ranking of amino acids for
TD was previously observed in wheat
Iqnilling by-products [9, 26, 29], as well as in
heat (e.g. [5, 7, 8, 10, 27, 31]). However,
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amounts of fibre (NDF) [19, 28]. The mech-by-products. The predicting equations pro-
anisms involved are a direct stimulation ofposed are accurate and meaningful as they
digestive secretion, a sloughing of epitheimay represent the probable increase of both
lial cells but also the adsorption of peptidesendogenous losses and the amount of undi-
and amino acids on the fibre or the altergested protein from WM to WB.

ation of the rate of passage through the At the end, reliable prediction of N and

intestinal tract [21]. This phenomenon prOb.'amino acid ITD in wheat milling by-prod-

ably contributes to the general decrease in S

: o cts can be performed from their fibre and
digestibility from WM to WB. It may also \NpF concentrations. However, our study
explain the great decrease in ITD of thosjailed to quantify the relative weight of

arr:|hno ac(;ds which are thl_ghly concer&t:at?h osses from endogenous and dietary origins
In (he endogenous protein compared 1o N, v,q tota) losses. Further investigations,

Q|etqry protein. Dietary .flbre may also involving the partition of amino acid in
impair ileal true digestibility by encapsu- iqasta according to their origin, would
lating dietary protein and limiting its releaseenhance our understanding of thé mecha-
in the intestinal lumen [10, 13, 30]. As thenisms involved during digestion

proportion of total N bound to the NDF '
residue increases greatly from WM to WB,
it probably partly explains the decrease in

digestibility from WM to WB. This phe- ACKNOWLEDGEMENTS
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