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Abstract

lleal endogenous N losses (ENL) were measuredgukirN isotope dilution technique, in piglets (17 kgl fe
different barley genotypes (naked, spring, wintéhwow/high betaglucan content) or diets containing 330,
530, 730 or 930 g of a blend of barleys/kg diete Blpparent protein and amino acid digestibilitiethe naked
variety and the winter variety with a higletaglucan content were, on average, significantlyhbigthan those
for the other two varieties. The ENL were inversedyrelated §<0.01) with the apparent digestibilities but the
difference between each of them was not signifi¢ar0.05) The ENL increased linearly with the inclusion
level of barley in a N-free basal diet (2 mg endages N/g barley). Isolated hulls added to a N-fied at the
rate of 100 or 200 g/ kg diet exerted no signiftagfifiect on the ENL (1.80 g endogenous N/kg dididth cases
vs.1.76 g for the basal level). On the contrary, tffect of isolated bran, measured under similar daors,
was significantly higher and dependent on fibraket(2.59 and 3.31 g N/kg diet, respectively)slconcluded
that the ENL are affected by the insoluble brarefibut not by the hulls, nor by the levelbataglucan.

Keywords : barley ; pig ; fibre ; endogenous N.

Abbreviations used: AA = amino acids ; ADF = acid detergent fibre ; ENLlileal endogenous nitrogen losses ;
NDF = neutral detergent fibre.

INTRODUCTION

Cereals are the most important ingredients of pg¢sdn Europe. They supply more than half the fpegtein,
making the quality of the latter a crucial paramete the economics of pig feeding. Paradoxicallyeit
nutritional value is not well defined. Feed prodcase amino acid (AA) digestibility measured at tleum
level, to formulate their diets. However, digediipimeasured in this way is apparent because degdsta are
composed not only of undigested dietary AA but alfendogenous AA arising from non-reabsorbed diges
secretions or sloughed epithelial cells. True pnotigestibilities of cereals, such as barley, @eally estimated
in vitro', in saccé or in vivo after subtraction, from the ileal digesta, of aml@genous fraction measured
indirectly on a N-free diet.

The in vitro andin saccoapproaches are only indicative and are used tesaldferent batches of cereals.
Moreover, the currenh vivo approach is not satisfactory. Firstly, it assuntieg the ileal endogenous N losses
(ENL) are constant, whereas these vary accordinghé presence of dietary factors, such as fibres or
antinutritional factors, that either stimulate ditiee secretions and/or prevent their reabsorgiiothe intestine.
Secondly, in nutritional terms, the variable frantiof the ENL cannot be included with the undiddstidietary
protein fraction. The latter is an exogenous sowfcerotein whereas the ENL have been synthetisethé
animal. A negative correlation has been establidghetdveen the ENL and N retention in pigs fed digith
identical apparent digestible protein conteffihis is ascribed to a lower marginal efficiendytary digestible
protein for non-re-absorbed endogenous protein,peoed with that for endogenous proteins: 0v850.88,
respectively. Thus, the protein value of cereatsukh be characterised both by their true digestybdnd the
specific ENL they induce.

The true protein digestibility of barley dependsitsrfibre conterit”. The fibre fraction of cereals also affects the
ENL®. Due to the low protein content of barley, the Edduld explain a great part of the variation obedrin
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its apparent protein digestibility.

A distinction between endogenous and dietary Neil idigesta is possible only by using tfé isotope dilution
technique. In this procedure one of the two N sesif@lietary proteins or digestive secretions) igllad with
the stable isotope. The isotope dilution, measirethe ileal digesta, gives an estimate of the eesSpe
proportion of the two protein fractioh§ The total ENL measured includes both the bassdels and those
specific to the diet. Therefore, protein digestiigis calculated from these values are referrechgo'real'
digestibilities. However, the isotope dilution teddue is not applied routinely because it is imttéc and
expensive.

Few data are available on the effects of barlegefdn the ENL. On the other hand, feed producerssily their
cereals according to type or variety rather thachemical composition. They would like to know ype or
variety influences the prediction of the nutritibrnalue of the cereals. A series of experiments wadertaken
using the™N dilution technique, to compare four genotypedarley differing in type or fibre content (naked,
spring and winter, with a low or high barlbgtaglucan content) and at four intake levels. In additN-free
diets were used to study the effect of the two rfiainre fractions of barley (hulls and bran) on ENL.

EXPERIMENTAL
Animals

During five successive periods, five series of 1@rr@an hybrid male piglets (17 = 2 kg) were surgycal
prepared, under general anaesthesia, with an eadetdleo-rectal anastomoSigour series were used for the
>N studies and the fifth for the experiment with feef diets and fibre isolates. During the convalkesegeriod

(7 d), the piglets received increasing amounts haf test diet. In each series, eight piglets, hadogd
recoveries, were selected for the experiment. Tene fitted with two catheters at the carotid artend jugular
vein, for **N-leucine infusion and blood sample collection,pesgively. These animals were treated with
antibiotics for 3 days and th€N-leucine infusion started the day following ing@mt of the catheters. The
animals were held in metabolism cages that allotegdl collection of the digesta. The experimentgene
conducted under the guidelines for animal reseafcthe German Ministry of Agriculture and receivit
approval of the Ministry of Agriculture of Mecklemly-Vorpommern (ref. SV5/96).

Diets

The barleys used in the experiments were a blefddéys from the Faculty of Agronomy of the Unisiéy of
Rostock (Germany), a naked variety (Taiga, Germaaypring variety (Volga, France), a winter variet
(Krimhild, Germany) and a winter variety with a higontent obetaglucan(Grete, Germany). Their chemical
compositions are detailed in Table I.

Two main fractions of barley fibres, i.e. the hultaiter fibrous covering of the grain) and the bfanter layers
of the seed composing pericarp, testa and aleusy), were also isolated from barley seed meati¢ty
Krimhild) by first separating 14 flour fractions oa pilot flour mill (Multomat, MIAG, Braunschweig,
Germany). The first fraction was composed mainhhoif and the contaminating flour was separatedifiyng
and discarded. The next two fractions comprisedigmeces of hull and coarse flour (bran). The rarimay hull
material was separated by sifting and discarded, the two bran fractions were pooled. The pooleahnbr
fraction was suspended, at a concentration of 10 ig a solution of thermostablalphaamylase(1%,
Termamyl L-100, Novo Nordisk, Denmark) and heatetlad °C for 1 h. The residue was then treated (&P
with a solution of 0.0 HCI + 12.5 g/L of pepsin A (2000 IU/g; Merck; Dartadt, Germany). After filtration,
the residue was placed in distilled water (250 gihé¢ pH of the solution adjusted at 7.4 with Naénid 12.5g/L
of pancreatin (Sigma P1500, St Louis, U.S.A.; Inig) and 12.5 g/ L of amyloglucosidase (Sigma A7255,
Louis. U.S.A,; 5 IU/mg) added in order to remove thsidual starch and proteins. The compositicth@thulls
and bran is given in Table I.

In the first experiment, a blend of barleys wasdu$eur diets were formulated to contain increasangounts of
the barley blend (330, 530, 730 and 930 g/kg dryteria at the expense of starch (Table II). In seeond
experiment, the four varieties were investigateke Tiets were composed of barley (930 g/kg), suppiged
with minerals and vitamins. The semi-synthetic gligntaining the isolated fibres were protein-fiethat the
AA collected at the ileum would be of endogenousginronly. Two fibre levels were tested for eachré
source: 100 and 200 g/kg dry matter (Table II).
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Tablel: Chemical composition of the barleys and the bdiileng isolates

Barleys Fibre isolates

Taiga Volga Krimhild  Crete Blend Hulls Bran

naked spring winter winter
Protein (N x 6.25} 131 116 93 121 119 28 78
Starch 519 507 494 487 463 22 6
Ether extract 28 31 36 29 25 8 71
Ash 20 26 21 21 22 58 51
Crude fibre 16 49 44 48 52 380 189
NDF 129 164 193 209 204 847 666
ADF 16 53 58 52 54 434 213
Dietary fibre
—total 153 192 187 209 207 868 777
—insoluble 93 154 121 130 143 838 726
betaGlucan 51 36 54 63 48 5 67
N-NDF 2.1 15 1.8 1.9 2.2 14 12.4

Values expressed on a g/kg dry matter basis.

Table I1: Composition of the experimental diets

Barley-based diet8 Fibre isolates
930 730 530 330 Hull Bran
100 200 100 200

Barley 930 730 530 330 — — — —
Maize starch — 87 174 261 350 300 350 300
Potato starch — 87 174 261 350 300 350 300
Bran — — — — — — 100 200
Hull — — — — 100 200 — —
Sucrose — 20 40 60 100 100 100 100
oil® — 6 12 18 30 30 30 30
Premix 70 70 70 70 70 70 70 70

Values are given as g/kg diet.

#individual varieties were only studied with dietstaining 930 g barley/kg diet.

® sunflower oil.

“premix: (/kg diet): 20 g dicalcium phosphate, 1€hglk, 5 g NaCl; 35 g 'King' premix (Brichart, Soretfe, Belgium).

*N-leucine infusion and blood sampling

The infusion of°N-leucine into the jugular vein began two daysrattheter placement in the jugular vein. The
day before thé°N-leucine infusion started, blank samples of bland digesta were collected to estimate the
natural '*N-enrichment. L-leuciné2N (95% of enrichment: Ghemotrade, Leipzig, Germawgs dissolved
aseptically in a sterile saline solution and adtved. The infusion was performed for 10 days, withyringe
pump (Harvard 22, Harvard Apparatus, Holliston, 4.5 at the rate of 2 mL/h, corresponding to 15 mg
leucine/kg bodyweight/d. Two blood samples (2 xmil0) were collected daily (080 h and 1®0 h) from the
carotid artery, into ice-cooled, heparinised tuaed immediately centrifuged at 20@Gor 15 min. The plasma
was removed and treated twice with an equal voloma 10% (w/v)-trichloroacetic solution and cenigéd
(5500g; 15 min). The supernatant was used'fbr analysis.

Experimental procedure

Comparison of barley varieties and intake levels

In the comparison of barley varieties, eight sedagpiglets were randomly allocated to one of tha fiets.
After an adaptation period and collection of thealldigesta, they were killed and replaced by #w series of

eight piglets. The latter were also randomly altedao one of the four diets, so that each diettesated on four
piglets. The two following series were used for tbhenparison of the barley intake levels, accordinthe same
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experimental scheme.

The piglets received daily, in two meals (08.00h0D&), 600 g (+ 540 g dry matter) of the experirakniet.
Collection of the digesta was started on the 6thafanfusion and continued for 5 days. The totigledta were
collected in beakers containing 300 mL ethanolintuibit microbial action. Each morning, the digestare
weighed and dried in a fume cupboard for ethanapervation, freeze-dried and pooled for analysisthatend
of the experiments, the piglets were killed by anrnous infusion of a barbiturate (2 g Brevinafdoand a
blood sample collected from the portal vein. Thegie was treated as described.

Hull and bran comparison

Due to the limited amounts of hull and bran avddabnd health problems for some animals during the
experiment, the number of piglets used was limitesix. During the first period, three piglets rieeel 600 g of
the diet containing 100 g hulls/kg diet and theeéhother piglets, the diet with 200 g bran/kg. Atie4-day
adaptation period, the total digesta were colledted3 days as described above. The piglets theeaived a
balanced diet for one week before receiving ongneftwo other diets, i.e. containing either 20Qutishor 100 g
bran/kg. After 4 days of adaptation to the die¢, illeal digesta were collected for 3 days. Theettay digesta
were pooled for analysis.

Chemical analyses

The dietary ingredients were finely ground throwgtd5 mM mesh-screen. (Pulverisette 14, Fritsch, Idar-
Oberstein, Germany) and analysed for nitrogen byeldahl method, using a Kjeltec 1030 analysergmrp
Analytical, Helsingborg, Sweden). Starch was arelydy the enzymic method of AOAQusing amylo-
glucosidase (EG 3.2.1.3; Sigma A7255), glucose asad(EG 1.1.3.4., Sigma G7773) and peroxidase (EG
1.11.1.7, Sigma P8125). Fat was extracted withhglietther by the Soxhlet method. The neutral and ac
detergent fibre (NDF and ADF) determinations weesfgrmed separately on a Fibertec analyser (Perstor
Analytical, Helsingborg, Sweden) and, prior to #alyses, the samples were heated at 100 °C foinlah
thermostablealpha-amylase solution (1 g/200 mL of a 1 % (w/v)-Termarh@0 L solution, Novo Nor-disk,
Copenhagen, Denmark). The dietary fibre content determined by the enzymic-gravimetric method of
AOAC™. The nitrogen bound to the NDF fibres (N-NDF) wéetermined by the Kjeldahl method on the
residues obtained after treatment with neutralrdetes. Residues of 12 samples were pooled foKtaralysis.
Thebetaglucan content was estimated by the enzymic praeediuMcCleary and Glennie-Holnésusing the
Megazyme (Sydney, Australia) kit. The AA were asely, after acid hydrolysis (@ HCI; 2h at 134 °C in an
autoclave) by ion-exchange chromatography usingpalBom 20 analyser (Pharmacia LKB, Cambridge, Y.K.
Cysteine and methionine were determined by the gaetbod after oxidation with performic acid. Trypt@n
was analysed after alkaline hydrolysis witkt ANaOH.

The digesta were analysed foN, N and AA. After freeze-drying, 0.5 g of digesiere treated for Kjeldahl
digestion, distillation and titration to determitiee N content. A second distillation was perfornzadi NH
recovered in HC1 as NjgI. The latter was placed in small tin cups, dréadl analysed using an elemental
analyser (Carlo Erba. Milano, Italy) coupled toisotope-ratio mass spectrometer (Finnigan deltBr&€men,
Germany). The fraction of plasma soluble in tricbkxetic acid solution was directly treated for IKghl
digestion and NEidirectly distilled in HCI to obtain NkCI, which was analysed fdftN-enrichment.

Calculations and statistical analyses

The proportion of endogenous N in the ileal digesia calculated as follows:

Endogenous N (% total N) és(\ldiqestax 100)}5Ndeproteinised plasma

where N gigesta@Nd **Ngeproteinised piasm@re the*>N-enrichments measured in the ileal digesta argkeproteinised
plasma, respectively. The latter contains the ptagme AA, assumed to be the main precursor podhef
endogenous secretions. The determination was pegfbion the digesta and plasma samples collectadtivwe
last 3 days of the feeding trials with the barleséd diets (days 8 to 10), i.e. when a plated@No&nrichment
of the deproteinised plasma was reached. The ENE waculated by multiplying the proportion of egeaous
N in the digesta by the total ileal N flow.

The N (or AA) digestibilities were calculated addas:
Apparent N digestibility = (N- total N) x 100/N

True N digestibility = (N(total Ne-basal ENL))x 100/N
Real N Digestibility = (N-(total N-total ENL))x 100/N
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where Nis the N ingested and;khe N flow at the ileal level. Only the digestdliected over the last 3 days of
the feeding trials with the barley-based diets wemasidered for the calculations. The total ENL evereasured
by the **N dilution technique for pigs receiving barley-basgiets. The basal ENL, which are constant and
independent of the composition of the diet, wereasneed by the regression technique. A regressian wa
established between the ENL and barley intake.basal ENL correspond to the ENL for a zero-bartegke
level. All the ENL are calculated on a per kg digbke basis because the flows are proportionéddd intake.
Moreover, thus permits data to be used any circamests (pig weight, feed intake, etc).

A two-way ANOVA (period, diet) was used to examihe effect of the varieties and of the intake lewah the
ENL and a three-way ANOVA (pig, period, diet) fdret effect of fibre isolates using the ANOVA statiat
software package: Stat-istféaNo significant effect of the period or of the pigs observedpt0.05). The
Student-Newman-Keuls test was used for significdreteveen the diets.

RESULTS

The apparent ileal AA digestibilities of the nakeatiety Taiga and the winter variety Grete were,aoBrage,
significantly higher than those of the winter véyi&rimhild and the spring variety Volga (Table)llThe dry
matter digestibility was also higher for Taiga hat for Grete and it varied inversely with the &brontent. On
average, the differences between Taiga, Gretelantivo other varieties were higher for the non-esaeAA
but significant differences were also observedeksential AA, such as threonine and tryptophan.

The apparent AA digestibilities of the barley blesetreased with the decrease in intake level (TBbleThe
decrease was linear up to an intake of 530 g b&degiet. Thereafter, the values decreased morgplghait
identical inclusion levels (930 g barley/kg), thgparent N and AA digestibilities of the blend wéigher than
those for the individual varieties.

The ileal N and AA flows increased linearly withrlegy intake (Table IV). The extrapolation for a adrarley
intake provided the basal value for the ileal ersdmgis N and AA flows.

By distinguishing between the endogenous and gié{ain the ileal digesta using tH&N dilution technique, it
was possible to calculate the ENL and the 'true' ‘amal' barley N digestibilities (Table V). No datvere
obtained for the diet containing 330 g barley/kgaese thé®N-enrichment in the ileal digesta was higher than
that of deproteinized plasma, assumed to be theupger pool of the secretions. At the other leviis, ileal
flow of endogenous N decreased significantly=(0.01)with barley intake. The higher apparent N digebtibi

of Taiga was partly explained by a lower endogendl®w in pigs fed this variety. Owing to high @rtanimal
variation, however, no significant statistical ditftnce was observed between the endogenous flaisetween
the 'true’ or 'real’ digestibilities for the fouarieties (Table V).

The N and AA flows measured on pigs fed N-free digtipplemented with either isolated hulls or brem a
presented in Table VI. The flows measured for the tevels of hulls were almost identical to the das
endogenous AA losses calculated by regression €Tia)1 On the contrary, the ENL were higher witblated
bran and the effect tended to be proportional boefintake (Table V). The intake of 200 g fibresfegarly
corresponded to the level of fibre ingested wititslcontaining 930 g barley/kg.

Table I11: Apparent ileal amino acid digestibilities of diféart barley varieties or of a barley blend at diffet
inclusion levels in pigs (%)
Varieties Blend
Level of barley (g/kg diet)
Taiga Volga Krimhild Grete SEM 930 730 530 330 SEM

N 734 677" 659 712%° 090* 771 732° 694° 593° 1.55%*
Dry matter 7312 690° 680° 675° 066" 705* 732% 776" 846° 1.39*
Essential amino acids

Arginine 809 829 802 836 048 840° 808%® 766" 609° 2-44***
Histidine 813 786%™ 724° 753% 1.07* 849 799% 783% 67-9° 177
Isoleucine 739 712 711 765 087 798 772% 708" 609° 2.08***
Leucine 794 760 732 790 084 827 787* 743 661° 1.76%**

Lysine 7412 671° 723 738 116* 77:3* 74.9% 714° 57:3° 0.01 ***
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Methionine 795 792 773 780 053 843 809%® 774° 709° 1.48**
Phenylalanine 820 812 781 833 064 838 816% 774% 702° 1-53%*
Threonine 633 567° 565° 633 115* 696% 637% 555° 37:3° 3.43**
Tryptohan 74.8 619" 592° 696° 1.83* 763% 732% 677 429° 3.74%
Valine 756 705 688 753 098 792% 758% 701° 599° 0.11 ***
Non-essential amino aci

Alanine 658 572° 61.2% 661% 134* 720° 654% 594° 452° 2.81 ***
Aspartic acid 708 615 674 673 124 747* 696* 636° 520° 2:40***
Cysteine 738 661° 677" 728 1.07* 782* 735% 709%™ 62:3° 1.74%*
Glutamic acid 865 837 810° 841 061* 891 87-6* 859 82I° 0-81**
Glycine 649 562° 540° 657 154* 705* 662° 575" 416° 355%*
Proline 840 824 800 833 066 874% 827% 787" 645° 1.60***
Serine 762° 686" 684° 745% 1.08* 780% 716° 67-2° 540° 2.43%*
Tyrosine 741 780% 77I° 848° 115* 810% 732° 610° nd  340%*
Mean 789% 747° 732° 783 076* 824% 789% 746" 643° 1.93%*

Values are means + SEM,= 4. Within a row and for each experiment, valuéth different superscripts are significantly diéat (*:
p<0.05;**: p <0.0%, ***: p<0.001) according to the Newman-Keuls test, nd:dedermined

Table 1V: lleal flow of N and amino acids (g/kg dry mattetake) in pigs fed with increasing amounts of barley
and values for terms in the regression equationvbeh barley inclusion level and the ileal N and rmanacid
flows

330 530 730 930 a b r?

Essential amino acids

Arginine 0.47 0.52 0.60 0.66 0.36 0.33 0.993
Histidine 0.27 0.32 0.39 0.40 0.20 0.23 0.936
Isoleucine 0.46 0.56 0.60 0.72 0.33 0.41 0.969
Leucine 0.88 1.03 1.15 1.29 0.66 0.68 0.998
Lysine 0.54 0.65 0.75 0.87 0.36 0.55 0.999
Methionine 0.17 0.19 0.22 0.25 0.12 0.135 0.992
Phenylalanine 0.50 0.62 0.70 0.83 0.33 0.535 0.993
Threonine 0.77 0.88 0.96 1.11 0.58 0.55 0.985
Valine 0.70 0.84 0.92 1.09 0.49 0.625 0.983
Non-essential amino acids

Alanine 0.88 1.02 1.14 1.28 0.66 0.66 0.999
Aspartic acid 1.03 1.21 1.35 1.55 0.75 0.85 0.996
Cysteine 0.30 0.36 0.44 0.49 0.19 0.325 0.993
Glutamic acid 1.65 2.09 2.48 2.96 0.93 2.16 0.999
Glycine 0.84 0.98 1.06 1.25 0.62 0.655 0.976
Proline 1.42 1.34 1.57 1.56 1.27 0.325 0.564
Serine 0.69 0.79 0.90 0.96 0.55 0.46 0.986
Tyrosine 0.29 0.2 0.35 0.41 0.22 0.195 0.966
> AA 11.39 13.16 14.92 16.95 8.30 9.22 0.999
Nitrogerf 2.60 3.05 3.48 4.09 1.76 2.45 0.993

Y =a+ b. X with Y = the ileal AA or N flow (g/kgry matter intake), X = the inclusion level of arleg blend in the diet Jkg barley/kg
diet), a = the intercept (g AA/kg dry matter intaked b = the slope (g AA/kg dry matter intakehcluding N-NDF.

DISCUSSION

The present study, based on tfig dilution technique, demonstrated that the totsLEn piglets fed barley-
based diets can reach more than twice the baseall &évthe ileal losses (Table V). As a consequetioe true
protein digestibilities, currently calculated wittasal ENL, underestimate the real protein digddids of
cereals.

The total ENL increased linearly with barley intaké the rate of 2 mg N/g barley (Table V). It vehfficult to

distinguish between the effect of barley as a whléhat of its fibre fraction. This may have behre to a low
intake: <70g dry matter/kg metabolic weight {%. At low feed intake and when the latter is expessper kg
dry matter intake, the specific ENL may appear rimaigcompared with the basal losSesesulting in biasing
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differences between diets. The low appetite ofgigtets could be ascribed to the anastomosis atldetghort
recovery period after surgery (10 days), all theerizecause the implantation of two blood cathgtestshefore
the experiment required full anaesthesia of thenals.

The possible difference between covered and nakeééys in term of ileal protein digestibility hastrbeen
thoroughly investigated as yet. At similar totabré contents, they have been observed to haveasimil
digestibility value®. However, differences in experimental conditiom$vieen the two experiments may have
occurred because the barley blend was one of thestmples having the highest fibre content, therdbeing
the variety Grete, whereas the blend also hadititekt apparent N digestibility. The intake of ndkarley by
piglets in the present experiment resulted in gjglower ENL, compared with the other varietiesit lthe
difference was not significant (Table V). This ohsdion was confirmed and extended in the experimaith
the N-free diets supplemented with hulls: the ENd. bt exceed the basal level, whatever the hulllen the
diet (Table VI). Other fibre sources are also ieefive in either stimulating secretion or prevegtitneir
reabsorption by the intestiffe The physiological effect of dietary fibres isatd to physicochemical properties
such as bulk, water-holding capacity or viscd§jtput hulls are inert and present none of the chears that
could affect the ENL. The influence of hulls assteil with the grains could be different from thaisolated
hulls. Physical interactions with the bran fibres possible but this could not be demonstrated. here

Itis also unlikely thabetaglucanlevel affected the ENL. Although our data are togited to be conclusive, the
comparison between the varieties Grete and Volgsige valuable indications. Both had a similar tali@tary
fibre content but the former contained 75% mbe¢aglucan(Table I). Despite this, the average apparent AA
digestibility for Grete was significantly higherath that for Volga (Table 11l) and the induced ENEre slightly,
but not significantly, lower than those obtained ¥wlga (Table V). Soluble barlelgetaglucanshave only a
limited effect on the digesta viscosity of pigletisd even this small effect is limited to the uppart of the
gastrointestinal tratt Moreover, from 49 to 90% of the tota¢taglucanis hydrolysed in the small intestine by
the microbial and endogenous barlegtaglu-canase$*® depending on the variety studied or the animal
weight. Pig digesta also have a high water confergicluding any marked depressive effect of visdoeis-
glucart’. Besides, no significant effect of digesta viscasitgused by soluble barldyetaglucan has been
observed either on the pancreatic activity or anilal protein digestibility in piglets fed a baytbased diéf.
Therefore betaglucanmay be considered as a rather unimportant dietatpif in respect to induction of ENL
or preventing protein digestion, at least at legelsh as those encountered here.

On the basis of the results of the isolated filtoel\s (Table VI), the insoluble fibre fraction ofetkernel is thus
likely to be the main factor affecting the ENL. $hwould explain the high specific (total-basal) Eblhserved
with the naked seed, although the latter had neiimeidentical composition to the isolated fibrew the
physicochemical properties of those fibres. Theement in ENL (7.6mg N/g raw fibre) was comparatbl¢hat
obtained with isolated wheat bran fibres (8 mg NIF fibref’. No distinction was made here between the
endogenous N and the N-NDF because the estimatithe datter in the digesta is hazardous. Moreopart of
the N-NDF is digestible: 60% on average for wheanbfor exampl®. In the present case, the piglets fed with
the bran-based diets ingested 1.24 and 2.48 g NA¢D@iet, for 100 and 200 g bran/kg diet, respetyiv
Assuming that 60% of the dietary N was digestethal be considered that bran fibres still had atipeseffect

on the endogenous N losses.

Table V: Proportion of endogenous N in the ileal digestat¢¥al N), ileal endogenous N loss (ENL; g N/kg dry

different levels of barley

n Endogenous N lleal digestibilities of dietary N
Proportion (%) of total N lleal ENL Apparent True Real

Varieties
Taiga 4 73.5%+8.5 3.76+0.62 7342 82.1+14 91.9+0.3
Volga 4 79.6+7.3 445+024 67.7+3.7 77.8+42 932+03
Krimhild 4 85.7 £ 13.6 462+093 659+14 783+17 953+0.4
Grete 4 81.4+8.8 4.09+051 71.2+23 81.0+26 92306
P 0.073 ns 0.10 ns 0.008** 0.13 ns 0.77 ns
Barley intake level
930 g/kg 3 725184 3.27+038 77.1+25* 84450 93.0x23
730 g/kg 3 78.6 2.3 2.92+0.09 7332+12" 86.0+14 94.2+0.9
530 g/kg 3 81.2+73 244+01% 694+38 86.0+45 945+23
P 0.52 ns 0.014* 0.02* 0.81ns 0.79 ns
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Values are means + SD. Within a column and for eaqgberiment, values with different superscripts significantly different j§: level of
significance, with ns: not significant: 5<0.05; **: p<0.01). For each barley intake level, one pig wiasadded because of catheter blockage.

Table VI: lleal N and amino acid flows in piglets fed withofmin-free diets supplemented with two levels of
barley hulls or bran (g/kg dry matter intake)

Hull Bran SEM

100 g/kg 200g/kg 100 g/kg 200 g/kg
Essential amino acids
Arginine 0.24 0.30° 0.48 0.5¢° 0.06
Histidine 0.18 0.19° 0.28 0.3 0.03
Isoleucine 0.30° 0.37° 0.48 0.57 0.06
Leucine 0.52 0.54 0.88 0.97 0.11
Lysine 0.27 0.27 0.43 0.46 0.05
Methionine 0.08 0.09" 0.14 012 0.01
Phenylalanine 0.2¢" 0.3F 0.50° 0.58 0.06
Threonine 0.53 0.54 0.69" 0.97° 0.09
Tryptophan 0.12 0.1 0.17 0.23 0.03
Valine 0.45 0.47 072 0.87 0.10
Non-essential amino acids
Alanine 0.49" 0.49" 0.77 0.9%’ 0.11
Aspartic acid 0.6 0.68 1.01° .10° 0.11
Cysteine 0.2¢° 0.2 0.29 0.39 0.04
Glutamic acid 0.83 0.84 1.27° 1.51° 0.15
Glycine 0.7F 0.75 .09 .49° 0.16
Proline .20 .15 2.06° 3.0%8’ 0.38
Serine 0.42 0.458 0.6 0.7 0.07
Tyrosine 0.15 0.2C° 0.29 0.37 0.04
> AA 7.56 7.8¢ 12.10 14.97 1.60
Nitrogerf 1.80° .79 2.5F° 3.3 0.36

Values are means + SEM = 3 (except the diet with 200 g bran/kg= 2). Within a row, values with different supeipts are significantly
different (<0.05) according to the Newman-Keuls tésncluding N-NDF

Dietary fibre as an entity includes a wide rangecomponents differing in physicochemical properiesl
physiological effects and it is difficult to ascart which properties are responsible for the olereffect on
ENL. However, insoluble fibres can stimulate thegaatic secretions and the proliferation of epitheells,
increase the desquamation of these cells, the ptioduof mucus, the oro-rectal transit time andehaaportant
effects on intestinal morphology, namely on muceosass, villus length and widft?*?* As far as we are aware,
no data are available for barley fibres, but magies have dealt with wheat bran. Compared witlerwfibre
sources, wheat bran does not significantly affieetdesquamation of the epithelial cells of the singstiné”,
oro-ileal transit tim@ or the protein digestion of other components efdtet.

No ideal method is available for ENL determinati@he >N dilution technique is the most appropriate beeaus
it allows a distinction to be made between endogsrnand dietary N under normal feeding conditiond an
provides ENL specific for each feedstuff. The adirpeotein labelling approach was preferred becaitise
provided the total ENL. Labelling of the dietaryf®ins allows a distinction to be made betweertwhesources
of AA but%only during a limited period of time, bmgse of the fast recycling of the dietd™y into the digestive
secretion

However, the validity of the animal labelling apaoh remains to be demonstrated. The plasma frepa®Ais

not the real precursor pool of the endogenous Bense Moreover, the pattern of N, in terms of rpotein N
and AA, may be very different in the plasma anthia protein. Thé°N-enrichment of some secretions can even
be higher than that of the assumed precursorpddiis was observed here with the lowest barlegll¢830 g
barley/kg, i.e. 40 g proteins/ kg dry diet), pretveg us from estimating the proportion of endogenblin the
digesta.

A series of other fundamental and technical aspadise method remain to be examined but it is askedged
that the current approach, i.e. the labelling & #mimal problem, leads to an overestimation ofEN& and,
consequently, of the real digestibilitieMoreover, the variability among pigs is often véigh but the number
of subjects must be limited, due to the extremédy lrost of the labelled leucine and thd analyses. This may
have affected the absolute values of the resuttshieuexperiments with isolated fibres confirm gredominant
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effect of the insoluble fibre fraction.
CONCLUSIONS

The present results provide evidence that the BENhigs may not have the constant value given byNtieee
diet (basal ENL) but may vary according to the ketéevel of barley and presumably to their fibratemt. The
assumption that the insoluble fraction of the kEfifies exerts the main effect on the ENL is supga by the
data obtained with N-free diets supplemented wittoluble kernel fibres. On the contrary, hulls aethglucan
appear not to affect ENL. These data illustrateféiog that barley may be considered not only fer riltrients it
provides, but also for the physiological effectdnitiuces, because the latter can significantlyuarice the
growth or production of pigs fed with barley. Realues for ileal protein digestibilities are preést to apparent
digestibilities in formulating diets but informatids also necessary on the specific ENL becauseitifleience
on whole protein metabolism of the animal ignficant. Further experiments are required to study more
satisfactorily the effect of cereal fibre intake BNL and on the real protein digestibilities wittwale range of
barleys differing in fibre content or fibre type.
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