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Abstract — Forty-three batches of cereals (10 of wheat, 10 of triticale, 5 of barley, 5 of rye, 7 of maize
and 6 of sorghum) were analysed and studied for their nitrogen (N) and amino acid (AA) ileal
digestibility. Each batch was tested on four castrated male pigs, weighing between 30 and 90 kg, and
fitted with an end-to-end ileo-rectal anastomosis. lleal true digestibility (TD) of AA was calculated
by correcting ileal apparent digestibility (AD) for basal endogenous AA losses, measured by means
of a protein-free diet. lleal real digestibility (RD) of AA was calculated by correcting AD for total
endogenous AA losses, estimated by a multiple regression model. TD of N and most AA decreased
(P < 0.001) from wheat, triticale and maize, to barley and sorghum and to rye (90.3, 88.7, 89.9,
85.4, 83.7 and 80.1%, respectively, for the sum of all AA). Estimates of endogenous N losses
decreasedq< 0.001) from triticale, sorghum and wheat, to maize, barley and rye (on average 3.10,
2.93, 2.63, 2.43, 2.27 and 2.16 ddt! DM ingested, respectively). Barley excluded, there was a trend
toward increasing endogenous AA losses with increasing dietary acid detergent fibre (ADF) con-
centration £ = 0.57,P < 0.001). Barley caused low endogenous N losses relative to its ADF
concentration.

cereal / ileal digestibility / endogenous losses / nitrogen / amino acid / pig

Résumé— Digestibilité iléale des acides aminés et estimation des pertes azotées endogenes
chez le porc en croissance alimenté a base de blé, de triticale, de seigle, d’orge, de mais ou de
sorgho.Quarante-trois lots de céréales (10 de blé, 10 de triticale, 5 de seigle, 5 d'orge, 7 de mais et
6 de sorgho) ont fait I'objet d’'une analyse chimique et d’'une mesure de la digestibilité iléale de

* Correspondence and reprints
Tel.: 33 (0)2 54 77 48 10; fax: 33 (0)2 54 72 29 25; e-mail: f@gitef.fr



120 C. Jondreville et al.

I'azote (N) et des acides aminés (AA). Chaque lot a été testé sur quatre porcs, males, castrés, prépa-
rés en anastomose iléo-rectale termino-terminale et pesant entre 30 et 90 kg. La digestibilité iléale vraie
(DV) a été calculée en corrigeant la digestibilité iléale apparente (DA) de I'excrétion endogéne
basale d’AA, mesurée au moyen d’un aliment protéiprive. La digestibilité iléale réelle (DR) a été cal-
culée en corrigeant la DA de I'excrétion endogéne totale d’AA, estimée par régression multiple.
Les DV les plus élevée® & 0,001) ont été mesurées pour le blé, le triticale et le mais (respective-
ment 90,3, 88,7, 89,9 % pour la somme des AA) et les plus faibles pour le seigle (80,1 % pour la somme
des AA). L'orge et I'avoine présentaient des DV intermédiaires (respectivement 85,4 et 83,7 % pour
la somme des AA). Les pertes endogénes d’'azote les plus éleveag(01) ont été estimées pour

le triticale, le sorgho et le blé (respectivement 3,10, 2,93 et 2,6Rgg!Nnatiére séche ingérée

(MSI)) et les plus faibles pour le mais, I'orge et le seigle (respectivement 2,43, 2,27 et kG6-g N

MSI). Orge exclue, les pertes endogénes d’N augmentaient avec la teneur en acid détergent fibre
(ADF) de l'aliment ¢ = 0,57,P < 0,001). L'excrétion endogene d’azote entrainée par I'ingestion
d’'orge était faible par rapport a sa teneur en ADF.

céréale / digestibilité iléale / pertes endogenes / azote / acide aminé / porc

1. INTRODUCTION they largely exceed the observed ileal losses.
Moreover, it is established that production of

| endogenous gut N involves additional

digestibility in cereals for pigs has beenSN€rdy and AA costs [49, 59]. In this respect,

widely previously studied by many authorsthe evaluation of dietary factors affect|r_1g

[19, 20, 22, 35, 38, 53]. Data are eXloresseendogenous N losses have recently received

as ileal apparent, true or real digestibility.considerable attention. However, only few

lleal apparent digestibility (AD) values may authors reported such information for cere-
be strongly biased by the N and AA con-2!S [12, 34, 37, 49].

tent of the experimental diet [17]. The cal- The current study is part of a more exten-
culation of ileal true digestibility (TD), by sive work on ileal digestibility of N and AA
correcting AD for basal endogenous lossesin pig feeds [30]. The aim was to determine
is necessary to overcome this methodolocTD of N and AA and to estimate endoge-
ical problem and to get additive values oinous gut N losses in various samples of
digestible AA supply [20, 59]. The resulting wheat (W), triticale (T), rye (R), barley (B),
ileal standardised or true digestibility (TD) maize (M) and sorghum (S) in order to (i)
values have been tabulated for use in prarank the cereal species and (ii) identify
tical feed formulation [10, 48, 52, 55]. How- dietary factors that contribute to variability
ever, there is evidence that total largelyin digestibility values and endogenous gut N
exceed basal endogenous gut N losses. Evlosses between samples.

corrected for basal endogenous N losse:

ileal N thus contains variable amounts of

specific endogenous N, depending on th2. MATERIALS AND METHODS
characteristics of the feedstuff [12]. Cor- . .
rection of AD for total endogenous losses?-1- Feedstuffs and experimental diets
leads to ileal real digestibility (RD) accord-

ing to the terminol dbv L Forty-three batches of cereals (10 of
'[28]_0 € lerminology proposed by 0theat, 10 of triticale, 5 of barley, 5 of rye,

7 of maize and 6 of sorghum) were studied.
Because 70 to 80% of gut endogenoukEither of pure or mixed cultivars, they were
secretions are digested and re-absorbeselected in order to be representative of

Nitrogen (N) and amino acid (AA) ileal
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cereal batches used for feed in Westerithis combination of adaptation and collec-
Europe. All originated from Western Europetion periods was among those which allowed
and most of them (thirty-seven) from Francethe most accurate measurement of N excre-
The cultivars are given in Table |. Feed-tion by pigs fitted with an end-to-end ileo-
stuffs were ground in a hammer mill fittedrectal anastomosis [42]. During the latter
with a 2 mm screen. Per kg, each diet corperiod, ileal digesta were totally collected
tained 945 g of cereal and 55 g of a minerah a plastic reservoir. Twice a day, just after
and vitamin premix to compensate for elim-meal, digesta were withdrawn from the reser-
inating the function of the large intestinevoir and immediately stored at 4 °C. At the
[64] (Tab. 1. end of the collection period, ileal digesta
were pooled per animal, homogenised, and
] two sub-samples were taken: one was oven-
2.2. Animals and procedures dried (80 °C for 72 hours) for dry matter

) determination, and the other one was freeze-
The experiments were conducted undegied prior to analysis.

the guidelines of the French Ministry of

Agriculture for Animal Research. In total,

52 barrows of pure bred Large White or2.3. Chemical analyses
(Large Whitex Landrace) (Large Whitex

Pietrain) were used in this study. They were A chemical analyses were performed
surgically prepared with an end-to-end ileoin duplicate as previously described [31].
rectal anastomosis [32, 51] at a body weight ach batch of cereal, each diet and each
(BW) of 25 to 30 kg. Pigs were allowed apgoled sample of ileal digesta were anal-
four-week recovery period following ysed for N and AA contents. The N content
surgery, and then entered a twelve-weelyas measured by the Kjeldahl method. The
period during which digestibility measure- AA content was determined by chromatog-
ments were made. The experiments lastegphy in an ion exchange column, after a
from 1990 to 1996 and involved the use 0b3-hour hydrolysis in 6 N HCI at 110 °C.
thirteen groups of four pigs, made as similaThe sulphur AA content was determined
as possible on the basis of age and BW qfsing performic oxidation hydrolysis. Tryp-
the pigs. Each batch of cereal was fed to thgyphan was determined by HPLC followed
four pigs of only one group and at onepy fluorometric detection, after hydrolysis in

period; both group and period were selectegln alkaline solution (baryum hydroxide) at
at random. Therefore, it was assumed that2s °C for 16 hours.

age, breed, BW, or time effects did not influ-

ence observed digestibility values. For each sample of cereal, the dry matter

) i , (DM), ash, Neutral Detergent Fibre (NDF),
Animals were fed twice daily (8 am and p¢ijd petergent Fibre (ADF) and Acid
4 pm) a.dlet in meal-form mixed with WaterDetergent Lignin (ADL), crude fibre (CF),
at the time of feeding (2 volumes waterka; and starch contents were determined.
1 volume meal). Drinking water was con-The NDF, ADF and ADL determinations
tinuously available. The feeding scale wagyere sequentially carried out. The CF was
set at 90 g meal per kg metabolic weighfjetermined according to the Weende
(BW(,)'B)_- Every week, the feed allowancemethod, and starch according to the Ewers
was individually adjusted based on weighethod. Crude fat was measured without
ings at four-week intervals and projectedyyqrolysis prior to analysis. The N content
increases in BW between weighings. of the NDF residue (NNDF) was evaluated
Experimental diets were fed for sevenby the successive analysis of NDF and N; it
days [22]: an adaptation period of five daysvas determined for each batch of cereal
followed by a two-day collection period. except for 5 batches of triticale. The water
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Table I. Analytical characteristics of the cereal grains (kggt DM except NNDR and WERW).

N Fat CF Ash NDF ADF ADL NNDF Starch Sol. AX SoB-gluc WERV
Wheat(n?= 10)
m3 225 195 258 19.1 1261 313 9.0 9.7 6826 55 1.0 1.6
s 228 549 343 182 1628 3.69 093 146 2480 137 0.22 0.25
min® 199 144 224 161 1116 265 73 7.3 6181 40 0.6 1.2
maxd 271 339 332 215 1593 373 10.2 127 7049 7.7 1.2 2.1
Triticale (h= 10)
m 19.0 16.0 265 21.1 1263 323 86 7.7 6847 6.1 1.1 1.9
sd 3.00 091 346 134 1359 379 148 154 1913 120 0.35 0.41
min 150 143 199 187 1035 267 7.0 6.7 6481 40 0.7 14
max 241 176 29.8 231 1448 364 120 103 7118 7.8 1.9 25
Rye f1=15)
m 154 162 213 198 136.2 276 85 132 6486 13.7 3.6 5.8
sd 120 111 147 0.64 952 348 070 092 1165 178 0.64 0.98
min 139 151 196 19.1 1239 241 79 117 6359 124 29 4.9
max 16.8 178 234 20.6 150.2 329 9.7 139 6638 168 4.0 7.1
Barley (1=15)
m 21.0 250 47.8 263 1843 532 81 86 5699 44 17.3 5.7
sd 119 5.62 10.67 2.89 20.70 10.03 0.98 1.00 46.47 1.09 5.08 2.78
min 20.0 216 341 228 1595 450 6.8 7.8 496.1 34 10.5 14
max 224 349 60.0 29.6 2112 648 93 99 6098 6.0 24.4 8.0
Maize h=7)
m 16.7 446 226 151 975 244 26 68 7163 038 0.4 1.1
sd 239 549 444 146 591 177 130 099 2335 010 0.21 0.04
min 132 392 189 124 899 221 08 56 6935 0.6 0.2 1.0
max 20.2 534 323 173 1086 268 42 80 7643 09 0.8 11
Sorghum (1 = 6)
m 179 353 225 153 837 284 49 96 7630 20 0.7 1.0
sd 174 173 3.08 146 959 228 068 170 1761 1.68 0.47 0.05
min 152 333 191 141 732 255 42 72 7406 05 0.2 1.0
max 201 379 27.7 178 962 319 6.0 114 78L7 41 1.4 11

1N bound to NDF (% total N in the grain).

2Water Extract Relative Viscosity.

3m: mean value for the cereal species; sd: standard deviation; min: minimum value; max: maximum value.

4 Number of batches — Wheat: for Sol. AX, blgluc. and WERVIf = 9) — Triticale: for NNDFif = 5) — Rye:

for Sol.B-gluc. (h = 2) — Barley: for CFr{ = 4) — Cultivars: Wheat: four batches of mixed cultivars, one of
Thésée; one of Beaver, one of Ritmo, one of Slepjner, two of Apollo; Triticale: one batch of Dagro, one of
Aubrac, one of Magistral, one of Trimaran, two of Newton, two of Trick, two of Alamo; Rye: five batches of mixed
cultivars; Barley: two batches of mixed 2-row cultivars, one of mixed 6-row cultivars, one of Express (6-row, win-
ter), one of Magie (2-row, winter); Maize: 5 batches of mixed cultivars, one of Dea, one of Volga; Sorghum: one
batch of mixed white cultivars, one of DK 34 (red), one of DK26 (red), one of Taxus (white), two of Aralba
(white). The mineral and vitamin premix supplied per kg DM feed: 303 mg MiGO; 303 mg KCI; 8437 mg

NaCl; 22000 mg NaHC 9548 mg CaHP{) 10849 mg CaCg) 512 mg; FeSQ7H,0; 303 mg ZnSQ1H,0;

80 mg CuSQ5H,0; 121 mg MnSQ.1H,0; 5 mg CoCQ 2 mg Ca(lQ),, 27500 IU vit. A; 2200 IU vit. [;

4070 U vit. E; 21 mg vit. K; 6 mg vit. B; 14 mg vit. B; 13 mg vit. B; 51 mg vit. PP; 80 mg vit. C; 1 mg folic

acid; 70 mg vit. B, 0.03 mg biotin; 30 mg vit. B 804 mg choline; 50 mg carbadox.
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extract viscosity was measured by meansomparable to measured values obtained
of a capillary viscosimeter (AVS 310, Schottby 1°N dilution using an intravenous
Gerate, Germany). To get the water extract>N-L-Leucine infusion [57].

a suspension of ground grain in water was A combination of the n following equa-
centrifuged (10 minutes, 50@) at room  {jons was used to estimate the contributions
temperature. The supernatant was heated gty arious ‘reference’ proteins in digesta

100 °C, centrifuged (5 minutes, 5090fil-  rotein collected from the distal ileum:
trated over a 0.4am membrane and stored

at 0 °C [23]. The water extract relative vis-"""1,digesta
cosity (WERV) was calculated as the ratio of 1Pkt X AALpm
the cereal water extract falling time to the, 5
de-ionised water falling time. The soluble” digesta
arabinoxylans (Sol. AX) concentration was
measured by colorimetry [54] by means ofaa di =X, AA ot X

a colorimeter (Evolution 11, Alliance Instru- M998y = Pt +x AA

ment, France). The SolubRglucans NPk npm -
(Sol. B-gluc.) content was measured aftevheren =16, number of assayed amino
enzymatic hydrolysis [43], by measuring@Cids; AA jqesi= % of AA in digesta pro-
the absorbance At= 0.510um (UVIKON ~ tein; R = ference’ protein k; Ay = %

=X AAi’P1+... +X,
AAi’Pk+ ....... +X, AA<'

re
930, Kontron Instrument, France). InOf AA;in ‘reference’ protein k; x X ... X,
sorghum, tannins content determination was regression coefficients of the actual AA
based on the reaction between ferric (l11)Profile when regressing digesta protein on
ammonium citrate and polyphenols, aftetthe ‘reference’ proteins,P.P,.
extraction by dimethylformamide. The con-  In order to assign the same weight to each
centration was measured by spectrophoAA, the square-root of the AA proportions
tometry @ = 0.525um) (UVIKON 930, in digesta protein were considered as depen-
Kontron Instrument, France), taking tannicdent variables, the ratio of AA proportions
acid as standard [1]. in ‘reference’ proteins to this square-root
being considered as independent variables.
i Thex? value, representing the extent of the
2.4. Calculations agreement between the determined and the
expected AA composition of digesta pro-
tein was calculated as follows:
] ) 2— n x % (AAi, digesta AAi, mi>(ture)2
First, the proportions of endogenous ana( i=1(AA digesta™ AN, mixturd!?
of dietary proteins in ileal digesta were esti- .
mated according to a mathematical modelVNere AA gigesia= % Of AA in actual pro-
This model allows the calculation of pro- €N digesta; A\, = % of AA in the
portions of different ‘reference’ proteins in Mixture of ‘reference’ proteins.
a mixture, from their AA profiles [14]. The  The AA compositions of the various pro-
method combines a multiple regression anakeins were expressed as percentages of the
ysis, without intercept, and the calculation ofsum of the analysed AA contents. For the
the deviation between the observed andalculations, tryptophan, not determined in
expected AA composition of a mixture of residual protein of NDF, and proline, not
proteins by means of a chi-squax® (alue. determined in our AA analyses, were not
It was previously used to calculate the proconsidered. The endogenous protein, whole
portions of endogenous and exogenoudietary protein and residual protein of NDF
proteins in ileal digesta from pigs fed dif- were used as ‘reference’ proteins. The AA
ferent feedstuffs and provided estimategomposition of the endogenous protein has

2.4.1. Estimates of endogenous
gut AA losses
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been obtained from the determination ofAA losses (Tendo) (g1 DMI) [40]:
basal endogenous AA losses (Bendo), pre-

viously performed in our laboratory (unpub- ~ RD = AD + Tendo (&g DMI)
lished results), using twenty pigs prepared  x 100/AA ingested (&gt DMI).
and managed according to the above

described procedure and fed a protein-fre
diet made of maize starch (58%), sucros

(30%), wood cellulose (3.5%), soya oil The effect of the batch (B) on total

(3.0%), and the mineral and vitamin premixendogenous AA losseskg--DMI), as well

used for experimental diets (5.5%). The AAL < 07 1D and RD of N and AA was first
composition of the protein of NDF for eaChanaIysed within each cereal species. An

species was available in the literature [34,, 0,2\ analysis of variance was performed

41]. It was introduced in the model becausg, o, ajyate the effect of the species relative
It was I|kgly to be poorly cﬂgespble due 15 the residual variation between batches.
the restn'cted access of dlgestl\(e ENZYMEPhe overall model included the following

to protein encapsulated by fibre [58].jomg: the cereal species (S) and the batch

Regression analyses were performed usmrgested within speci
pecies B(S). The effect of
the STEPWISE procedure of the MINITAB species (S) was tested against batch nested

2.4.3. Data analysis

statistical software [45]. within species (B(S)). A Tukey’s Studen-
Total endogenous AA losses-kg™! tized Range test was used for comparison
DMI) were calculated as follows: of means. Analyses of variance were per-

formed using the GLM procedure of the
SAS statistical software [56].

where Tendo = estimates of total endoge-

nous AA losses (gL DMI); X g o= €Sti-

mated proportion of endogenous protein ir8. RESULTS

the digesta protein; Texcreted = total AA

Tendo = X, 4,% Texcreted

excretion with digesta (gg~ DMI). The average BW of pigs fed wheat, rye
and sorghum were in the same range (44 to
2.4.2. Digestibility calculation 69 kq). It was slightly lower for triticale (34

to 55 kg), higher for barley (57 to 80 kg)
lleal apparent digestibility (AD) was cal- and more variable for maize (39 to 85 kg).
culated from N and AA concentrations in
diets and in ileal digesta. For ileal true
digestibility (TD) calculation, it was cor- 3.1. Chemical characteristics
rected for basal endogenous AA losses Of the cereal batches
(Bendo) [40]. The assumption was made
that the basal endogenous losses were Both the fibre (NDF, ADF, ADL, CF)

directly related to DM intake (DMI): concentration and its variability among
batches increased from sorghum and maize

TD = AD + Bendo (kg1 DMI) to wheat, triticale and rye, and to barley

x 100/AA ingested (¢g~ DMI). (Tab. I). The lowest N concentrations were

measured for rye, maize and sorghum. The
proportion of the total N located in the NDF
residue (NNDF) was almost two times

This correction of AD to TD was aimed at
reducing the effects of N and AA content

of the experimental diets on the digestibilityhigher in rye than in maize (13.2 and 6.8%
values [17, 59]. of the total N, respectively). This propor-

Real ileal digestibility (RD) was calcu- tion was on average 9% for the other
lated by correcting AD for total endogenousspecies, with a high variability within
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speciesThe average soluble arabinoxylansye (5.7 and 5.8, respectively). All the
concentration in rye was roughly two timessorghum batches were tannin-free (< 0.5 g
higher than in wheat and triticale (13.7, 5.3annins per kg DM).

and 6.1 &g DM, respectively). The con-  Tryptophan, methionine, cystine and his-
tent of solubleB-glucans in barley ranged tidine were among scarce amino acids, irre-
from 10.5 to 24.4 gg~- DM. Water extract spective of the grain (Tab. I1). Glutamic

relative viscosity increased from maize andacid displayed by far the highest concen-
sorghum (1.0 to 1.1) to wheat and triticaletration, followed, although to a lesser extent,
(1.6 and 1.9, respectively) and to barley antdy leucine and aspartic acid. Leucine

Table Il. Amino acid content of the grains-{§ g1 N).

YAAlLys Thr Met Cys Trp Ala Arg Asp Glu Gly His lle Leu Phe Ser Tyr Val

Wheat (®= 10)
m2 82530 28 16 20 12 34 49 53 27138 24 34 63 45 45 23 40
s 3.88 050 0.19 0.15 0.11 0.07 0.24 0.59 0.68 2.80 0.21 0.25 0.13 0.29 0.27 0.19 0.30 0.34
min2 772 25 25 14 19 1.0 30 43 42 22733 20 33 59 40 43 18 36
ma¥ 87.0 41 31 1.8 22 12 37 6.0 66 30440 27 37 67 48 49 27 45

Triticale (0= 10)
m 84436 32 18 23 11 43 52 63 25142 23 33 63 42 45 22 44
sd  6.22 0.45 0.30 0.19 0.28 0.14 0.55 0.66 0.79 2.10 0.47 0.23 0.19 0.47 0.20 0.15 0.29 0.39
min 720 29 28 15 18 09 34 42 51 21634 18 30 55 38 42 18 37
max 903 42 36 21 27 13 50 61 74 28248 26 35 68 45 47 26 438

Rye f1=5)
m 872 41 33 18 23 11 47 59 7.8 24346 23 34 60 44 44 20 46
sd 410 027 019 0.13 0.19 0.11 0.31 0.42 0.40 1.21 0.15 0.15 0.18 0.26 0.25 0.20 0.11 0.18
min 825 38 3.1 17 22 10 44 52 76 23044 22 32 57 41 42 19 44
max 91.6 45 36 20 26 13 52 62 85 26148 25 36 63 47 46 21 48

Barley 1=5)
m 798 36 33 17 21 12 38 48 55 23039 23 33 64 48 42 22 46
sd 2.97 0.29 0.16 0.22 0.23 0.11 0.32 0.44 0.40 1.27 0.15 0.33 0.15 0.28 0.13 0.19 0.27 0.38
min 778 33 32 16 18 11 34 42 51 21637 18 32 61 47 40 20 42
max 841 40 36 21 24 13 42 53 61 24440 26 36 67 50 45 27 50

Maize h=7)
m 864 30 36 22 21 07 74 42 61 18435 26 35 11849 48 30 47
sd 421 0.27 0.20 0.24 0.22 0.08 0.47 0.56 0.67 1.52 0.32 0.28 0.16 0.80 0.27 0.30 0.47 0.40
min 804 25 33 19 19 07 69 34 50 16831 23 33 10846 43 25 39
max 923 34 38 26 25 09 80 48 69 21241 30 37 12954 52 37 51

Sorghum g = 6)
m 859 22 31 18 16 1.0 87 35 64 20230 21 36 12247 42 29 46
sd  1.15 0.12 0.12 0.23 0.14 0.00 0.46 0.63 0.21 0.83 0.18 0.40 0.11 0.35 0.16 0.05 0.34 0.05
min 84521 29 14 13 10 83 22 60 19127 15 34 11845 42 27 45
max 873 24 32 20 17 10 96 39 66 21332 27 37 12849 43 36 46

1Sum of all amino acids.
2m: mean value for the cereal species; sd: standard deviation; min: minimum value; max: maximum value.
3Number of batches.
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concentration was particularly high in maizeand RD of N and most AA decreased from

and in sorghum. wheat, triticale and maize to sorghum and
barley, and to rye. In wheat, triticale and
maize, the TD and RD of the sum of all AA

3.2. Estimates of endogenous N losses  were 90% and 95%, respectively. Both mea-
sures decreased by 5 percentage units in

For all the batches of cereal, except thoseomparison to sorghum and barley and by

of sorghum, the introduction of endogenou$ additional percentage units to rye.

protein with protein bound to NDF in the

model allowed thg? distance between the

determined and the expected proteins to b& DISCUSSION

minimised. Except for one batch of wheat

and four batches of triticale, both endoge4.1. Chemical characteristics

nous protein and protein bound to NDF were

introduced P < 0.05) in the model. For these  The variation in major nutrients within

five batches the probability for the introduc-whole grain cereals found in our study was

tion of protein bound to NDF in the modelto the same extent as reported in the litera-

was below 0.10 (results not shown). For theure [2, 16, 19, 25, 44]. According to these

sorghum batches, both the dietary proteiauthors, in addition to variety, location, crop

and the protein bound to NDF were intro-husbandry and year of harvest may affect

duced in the modeP(<2 0.01 anc? < 0.05, the composition of cereals.

respectively), but thg" distance was min- In agreement with data reported in the

imised with the dietary proteirxf=3to . :

X . literature [2], solublg-glucans were minor
O oo s PLoPer onsiuens of wheat and maize, whereas
tein reached an average of 70% for triticalethelr concentration was slightly higher in

65% for maize, 60% for wheat, 55% for"ye and reached the maximum level in bar-

ley. The concentration of soluble arabi-
0,
sorghum and 40% for rye and barley. noxylans was in the following order: maize

Differences P < 0.05) between batches < wheat and barley < rye. The same order
for total endogenous AA losseskgDMI)  was reported previously [2]. The ranking of
were observed in wheat, barley and maizehe different cereal species for water extract
(results not shown). Clear effec< 0.001) relative viscosity, and the range of variabil-
of the species were detected (Tab. 11). Théty within cereal species were in agreement
highest estimates were calculated for triticalgvith previous observations [24]. The low
(10.7 gkg™: DMI), and the lowest for maize, levels of tannins in the sorghum batches was
barley and rye (8.44, 7.88 and 7.5Rgg*  in accordance with the results obtained for
DMI, respectively). Intermediate estimatesmost cultivars nowadays grown in Western
were calculated for wheat and sorghuniEurope [25, 44]. All the cereal batches
(9.12 and 9.83-8g~* DMI, respectively). matched globally the AA concentrations

provided in the European Amino Acid Table
2].
3.3. TD and RD of N and AA [62]

Batches differe@P < 0.05 for TD of most  4.2. True digestibility values and
AA in all species and for RD of most AA in estimates of endogenous AA losses
all species except rye and sorghum (results
not shown). A clear effecP(< 0.001) of the The manner in which the ileal digestibil-
species was observed for TD and RD, irrety measurements were obtained raises the
spective of AA (Tabs. lll and IV). Both TD question of the impact of the characteristics
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Table Ill. Effect of the cereal speciesn endogenous AA losses and ileal real digestibility of N and AA.

Wheat Triticale Rye Barley Maize Sorghum

m*  sé m se m se m se m se m se  Ysd

Total endogenous AA lossesKgt DMI) 2
9.12°¢ 0488 10.78 0.523 7.50 0.297 7.88 0.798 8.44 0.457 9.83° 0.300 1.46

IRD (%)

N 959 086 97.7 0.67 84.2 0.66 883 1.10 948 069 912 124 23
SAA% 952 055 959 053 84.6 070 89.8 1.17 95.% 072 902 103 1.9
Lys 914 099 942 079 787 1.09 839 1.1592.9° 107 912 135 3.1
Thr 92.B° 0.83 9372 072 79.6 058 853 164 91.3 1.18 883 1.36 28
Met 962 0.68 98.8 051 886 1.67 922 144 98.% 120 944 107 22
Cys 963" 053 97.8 052 908 1.17 9206 059 954 1.09 887 119 21
Trp 954 101 974 068 822 1.33 87.8 0.88 92.f 2.02 924 1.07 3.0
Ala 891 105 906 074 748 075 819 145 93.8 068 846 276 27
Arg 929 1.38 962 071 836 100 87.6 2.02 963 070 9386 148 24
Asp 925 086 94P 058 825 078 858 1.02 9606 0.88 915 092 25
Glu 973 026 973 029 909 060 936 099 96.? 064 909 101 14
Gly 969 097 986 1.01 809 090 89.2 214 96.» 142 888 152 26
His 93.9¢ 063 946 087 823 063 883 130 93.# 1.03 864 130 21
lle 9542 068 964 073 838 054 887 141 955 1.14 918 094 24
Leu 943 054 953 049 827 058 898 123 958 0.76 91.P 1.02 20
Phe 958 045 0953 047 854 074 90.P 1.25 953 079 916 098 20
Ser 953 059 96.% 065 837 065 889 1.19 948 0.80 90.8 1.02 20
Tyr 9430 055 957 0.85 80.7 083 91.3 1.07 937 090 909 1.07 24
val 929 071 942 068 808 060 87.2 154939° 072 895 100 24

1The effect of the species, tested against the batch nested within the species is always highly siyrificadit ).
Values with different superscript in the same row differ significantf<0.05.

2 Basal endogenous losse(g! DMI) N:1.145;3AA: 3.969 — (%ZAA) Lys: 6.7; Thr: 6.5; Met: 2.2; Cys: 2.7;

Ala: 7.5; Arg: 5.2; Asp: 10.6; Glu: 13.2; Gly: 10.4; His: 2.3; lle: 5.0; Leu: 7.6; Phe: 4.2; Ser: 6.4; Tyr: 2.8; Val: 6.7.
3Sum of all amino acids.

4m: mean value; se: standard error.

5 rsd: residual standard deviation.

of the groups of growing pigs on differencesacids due to bacterial fermentation in the
between samples. However, there is no indidigesta has been reported previously [18].
cation in the literature of factors causingNevertheless, these changes may affect ileal
significant variation in the ileal digestibility digestibility of organic matter and particu-
of the AA other than those associated Witharly that of fibre, but not that of N and AA
changes in dietary components. [5, 18, 33]. However, endogenous N losses

The feedstuffs were tested within a rela{9"kg™* DMI) may decrease with the
tively broad range of BW. Long term effectsincrease in the animal BW between 45 and
of end-to-end ileo-rectal anastomosis, sucB0 kg [26, 27]. Possibly, this decrease
as histological changes in the ileum andccurred in our study and biased the ranking
increased concentration of volatile fattyof species. In particular, the average
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T able IV. Effect of the cereal specfesn ileal true digestibilityof N and AA.

Wheat Triticale Rye Barley Maize Sorghum

m*  sé m se m se m se m se m se  Ysd

N 88.% 063 866 064 773 054 827 113 86.P 076 812 110 1.8
SAA% 90.3% 040 88F 035 80.f 067 854 077 89.9 083 837 099 1.6
Lys 829 082 836 045 725 1.12 780 094 834 126 744 209 29
Thr 834 045 8lB 056 722 043 79.2 102 833 141 767 162 25
Met 90.% 043 918 027 837 1.82 882 0.82 9353 116 87.6 137 20
Cys 91.53 0.40 90.9° 028 86.3 1.38 880 0.49 89.8 1.00 794 125 18
Trp 8868 077 868 063 754 141 824 122 799 1.32 81.2¢ 105 25
Ala 808 091 792 069 686 061 754 0.95 89.2 091 80.60 267 28
Arg 886 1.03 90.2 045 804 096 845 145 91.2 0.67 84F 279 20
Asp 84.P 057 84.06° 056 77.3 094 799 0.30 88.6 1.01 824 092 23
Glu 9572 028 942 021 888 059 919 083 929 071 874 094 12
Gly 864 058 840 042 719 071 810 1.11832%°195 7008 141 31
His 90.2 055 886 072 786 043 853 133890095 8023 203 17
lle 89.8 053 874 042 783 056 843 1.10 89.2 095 837 093 1.9
Leu 89.& 044 88f 042 779 064 858 0.89 928 077 87.F 097 17
Phe 917 046 89.2 043 81LF 062 873 1.12 913 081 86F 096 17
Ser 899 043 87.86 043 782 043 842 070 889 106 8268 103 1.7
Tyr  89.% 046 882c 052 748 1.01 874 0.9089.4° 1.03 85% 1.07 20
val 861 061 858 042 753 060 827 1.00 87.3 070 814 1.06 2.0

1The effect of the species, tested against the batch nested within the species was always highly SRyifid0t);
Values with different superscript in the same row differ significantf<0.05.

2Expressed as percentage units.

3Sum of all amino acids.

4m: mean value; se: standard error.

Srsd: residual standard deviation.

estimates of total endogenous AA losses farlowever, dietary factors may cause changes
triticale, offered to pigs of 34 to 55 kg BW, not only in the amount of endogenous AA
may have been overestimated compared 18sses, but also in their AA composition. In
the other species. particular, any change in bacterial N flow,
Our method for estimating total endogeWhiCh contributes to 20 to 50% of ileal N
nous AA losses relied on the assumptiongecovered at the end of the ileum of pigs fed
that the AA composition of the ‘reference’ cereal-based diets [13, 58], may cause
proteins we used remained unchanged uphanges in the AA composition of the
to the terminal ileum and that the AA com-digesta protein [6], and therefore, bias the
position of the endogenous protein was corestimates of endogenous losses.
stant, regardless of the variable dietary fac- _ _
tors. The protein associated to the NDF Our ranking of cereal species for TD of
fraction was introduced in the modelAA was similar to previously reported ref-
because it was likely to be recovered intacgrences [12, 19, 20, 22, 34, 35]. However, in
at the end of the ileum according to thecontradiction to our results, higher digestibil-
restricted access of digestive enzymedy values in rye than in barley [53] and sim-
to protein encapsulated by fibre [58].ilar or even greater digestibility values in
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sorghum than in maize [38, 60] were alsat.3. Dietary factors affecting ileal
reported. The variability between batches  digestibility and endogenous

possibly encountered within a cereal species  gut losses of N and AA

[19, 36, 41, 60] may partly explain contra-

dictory results across the studies. The partitioning of AA in digesta pro-
ein implies that protein present in the NDF
raction of all cereals, except sorghum, is
nly partially digested and absorbed prior

Total endogenous N losses for the whea%
triticale, rye, barley, maize and sorghum

based diets were estimated at 2.63, 3.1 ; -
1 ' 710 the end of the ileum. This may be caused
2.16,2.27, 2.43 and 2.9%g " DMI, respec by the restricted access of digestive enzymes

tively. By means of the same method, Sim’[o protein encapsulated by fibre [58]. Only

ilar estimates of_total endogenous N Iossego% of N bound to NDE extracted from
gg\éembaeigg ggg":geddigggfg?gg trgeérgsvrilr?q heat bran was reported to be digested at
X he end of the ileum of growing pigs [58].
1
pigs (2.85, 2.60, 2.60 and 3.14g DMI) We calculated that on average 60% of N in

i[l?;rf]t.ottjsllré%g:)e gggnuosalr\lg'lgg‘:e;n(ezth?;’ f'm'NDF was digested before the end of the
9 ML jleum in wheat and triticale, 45% in maize,

DMI) in 25-49 kg pigs fed a 93% barley and less than 20% in rye and barley. The
diet were calculated [50]. However, clearlyhigh proportion of N bound to NDF in rye

higher totaj endogenogss N I.oss.es were me?Tab. I) and the presence of three layers in
sured by intravenousN dilution using the aleurone of barley [16, 60] could be plau-

I5N-L-Leucine infusion, for pigs fed 94% _. P
> sible factors contributing to the low TD and
wheat and barley diets (4.38 and 4.4yt RD values in these species. This phe-

DMI, respectively) [12] and for pigs fed a :

. 1 nomenon may also explain the overall low
gg(;/os'Eﬁarlgye?;e;t'(g;ft"gg—ofljtg/tlgl [Ii)za]n (’;‘6 oJD and RD of lysine. Indeed, the functional
possi v imati 9Croteins (albumins and globulins), rich in

nous losses determined by the N iSOLOPR;o 4 re ocated in the most fibrous part of
dilution technique may explain part of these[he grain (aleurone cells) [8]

discrepancies [37].
Total endogenous AA losses-kg?!

We calculated the average basal endoggMi) tended to increase with increase in the
nous N losses from 20 individual measuredietary concentration of ADF gy~ DM) in
ments, which were almost two times lowerwheat ¢ = 56,P < 0.10), and were clearly
than the values reported in the |itefaturef;reaterwith increase in the dietary concen-
[63]. Nevertheless, the reported range ofrations of NDF or insoluble hemicellulose
variation (2.22 + 0.88 g Mg™-DMI) was  (NDF-ADF) in barley ¢ = 0.91,P < 0.05
not exceeded. Estimates of total endogeandr = 0.98,P < 0.01, respectively). Except
nous N and AA losses gL DMI) forrye  for barley, total endogenous AA losses
and triticale were greater than the basahcreased with increase in the dietary content
endogenous losses by 1.9 and 2.7 timesf ADF (r = 0.57,P < 0.001) (Fig. 1). An
respectively (Tab. Ill). This implies that increase in endogenous N losses with
digesta of pigs fed a cereal based diet containcreasing dietary NDF concentration was
specific endogenous AA in addition to basaklso observed with pigs fed semi-synthetic
endogenous AA [49, 59]. As a consequencaliets [42, 58]. Many mechanisms may be
RD values exceeded TD values. The differinvolved: the direct stimulation of digestive
ence, which represents the specific endogeecretion, the enhanced sloughing of epithe-
nous AA losses as percentage of the AAial cells, a modification of the rate of re-
content of the diet, ranged, for the sum ofbsorption or the alteration of the rate of
all AA, between 3.9 and 7.2 units for barleypassage through the intestinal tract [49].
and triticale, respectively. Lower endogenous N losses in pigs fed
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Figure 1. Total endogenous Aosses (dg L DM ingested) in relation to the ADF content in the cereal
based diets (gg 1 DM).

1Sum of all AA.

graded levels of CF from barley than fromon TD of N and AA through an increase in
wheat were already reported elsewhere [12}otal endogenous N losses and in the undi-
Lignin proportion in ADF is greater for gested dietary fraction. However, plant fiore
wheat, triticale and rye than for barley (28 vsconsists of a number of different compo-
15% ADF) (Tab. I). Thus, fibre originating nents and not only the dietary fibre concen-
from wheat, triticale and rye might havetration, but also its physico-chemical prop-
been a more effective factor in increasingrties, might have affected the level of

the ileal endogenous flow, due to a morgecovery of both endogenous and dietary
pronounced mechanical effect enhancing\a at the terminal ileum.

the cells sloughing and (or) the adsorptive

capacities of lignin, and thereby, a limited In recent years, a special attention has
availability of some endogenous AA for been paid to arabinoxylans in wheat, triti-
absorption [4]. cale and rye, and fB-glucans in barley.

TD of AA and the analytical character- These compounds may restrict the access
istics of the diets were poorly correlated o intracellular nutrients or raise the viscosity
However, in triticale, TD of most AA of the luminal content, and thereby limit the
decreased as CF and ADF contents of thehysical exposure of substrates to the diges-
diet increasedr(= —0.82 P < 0.01) and tive enzymes and to the intestinal wall [7].

r =—0.73 P < 0.05) for the sum of all AA, The greater amounts of arabinoxylans pre-
respectively). In wheat, TD of some AA andsent in rye as compared to wheat and triticale
CF content of the diet were clearly correlatednay contribute to the low digestibility of N

(r =-0.70 for the sum of all A& < 0.05). In and AA in this species [53]. Possibly, ara-
sorghum, TD of most AA decreased as théinoxylans in rye were involved in the
ADL content of the diet increased<—0.92 restricted access of digestive enzymes to
for the sum of all AAP < 0.01). This prob- intracellular nutrients, causing a low
ably reflected the deleterious effect of fibredigestibility of the protein bound to NDF.
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From 60 to 7098-glucans in barley grain is dietary proteins, impairing their digestibil-
in a soluble form and would have little effectity. However, very little complexing
on N and AA digestibility due to the fact between wheat protein and phytate was
that they are degraded by the microflora natebserved and its deleterious effect on protein
urally present in the small intestine of grow-digestibility in cereals remains uncertain
ing pigs [21, 29]. Our results also suggesf16, 61].
on the re-absorption of endogenous Seorey ,FINall: beating in mind the T of N and
tions in barley. Besides, our data confirmeAA we ranked the species in the following
; ' ’ order: wheat, maize, triticale, barley,
the previously reported [36] lack of rele-

. X . sorghum and rye. Differences among the
vance of water extract relative viscosity for . :
predicting ileal digestibility of N and AA species were related to different rates of

in pigs recovery_of both endogenous and dietar_y_N.
' Except in the case of barley, specific
Condensed tannins are generally considendogenous N losses excreted by pigs fed
ered responsible for the low nutrientscereals increased with graded concentra-
digestibility in high-tannins sorghum com- tions of ADF. A part of AA “encapsulated”
pared to maize, as well as for the variabilitmn fibre represented, in most cases, the
in ileal digestibility of N and AA encoun- dietary undigested fraction. However, further
tered in this species [9]. These water solublgtydies on the effects of specific fractions
phenolic compounds are able to precipitatef fibre or protein intrinsic properties on the
proteins either initially in the grain or in the jleal endogenous and dietary N losses would
digestive tract of the animal leading to anye desirable for understanding the variabil-

increase in both endogenous and dietary Iy among as well as within species.
losses [39, 41, 46]. Our analytical method

might have underestimated the actual tan-

nins content in our sorghum batches [11]JACKNOWLEDGEMENTS

However, it was probably below the thresh-
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origins at the end of the ileum [47]. Actually, cation and Research (ACTA programme) and the
in low-tannins sorghum, protein digestibil- Eﬁropeal? Comm'sfs'on (gAMAﬁ gT 91.'011.2)h-

i Id be mainly affected by the structure e work was performed: n collanoration wit
ity wou Mengvoeder UT-Delfia (NL), Suomen Rehu (SF)

of prolamins [15]. These proteins beingand Sanofi Santé Nutrition Animale (F). The
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