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Abstract

The effect of multinutrient block supply and polygiene glycol 4000 (PEG) on intake, digestion anche&n
fermentation was studied in sheep fed with airdirfécacia cyanophyllafoliage (acacia)-based diet. In
Experiment 1, six Noire de Thibar breed sheep (BWb6=kg) were used in double 3 x 3 Latin squaregihesAll
diets included about 360 g of dry matter (DM) of-vetch hay and acacia ad libitum. Diet DO was witha
block supplement. Diet D1 included a urea-molasse®ral block (B1). While D2 included another typk
block (B2) that differed from B1 essentially by &ugl polyethylene glycol 4000. Each experimentaliqubr
lasted 33 days (21 days for adaptation and twadsrof 5 days for measurement separated by 2 daysst).
Feed intake, apparent digestibility of organic mafOM), crude protein (CP) and crude fibre (CH) agtained
nitrogen (Nr) were measured by total faecal colbectin Experiment I, four Noire de Thibar shed&\ = 53
kg) fitted with rumen cannulae were fed sequenti@lD, DI and D2, respectively, to 90% of intakedbsvas
measured in Experiment | on metabolic weight (MVE¥d. Fermentation parameters in rumen liquid (pHs-N
N, volatile fatty acid (VFA)) were measured at 0528, 10, 13, 16 and 21 h after the morning meaitozoal
number and composition in rumen fluid were detegdiat 2 h sampling time. Solid digesta kineticstigh the
rumen was measured using chromium (Cr) mordancedisaacThe DM and CP degradation of acacia was
determined using the nylon bag technique.

Acacia had a relatively high content of condensemhins (41 g k§ of DM) and acid detergent lignin (176 gkg
of DM). B1 and B2 were high in CP (381 and 369 g kff DM, respectively) compared to acacia (127 g ké

DM, 20% bound to fibre) and hay (75 gkgf DM). The two kinds of blocks improved similar{ < 0.001)

acacia DM intake by 195 g. Block 1 increasBd<(0.001) only diet CP digestibility and Nr. Block rZ&creased
(P < 0.05) by a low extent DM and OM digestibility comed to D1, and remarkably?(< 0.001) CP

digestibility and Nr compared to DO and DI. Bloalpplies considerably increased water intake.

Both B1 and B2 increased (< 0.001) NH-N and VFA concentrations in the rumen liquid wéhpositive
specific effect of B2 (PEG). VFA molar proportionas significantly modified by B1 and B2. B1 and B2
decreased acetate proportion and increased prdpiand butyrate proportions as compared to P& 0.001).
Protozoal number in rumen fluid was increased §iantly by B1 and B2F < 0.001). PEG-containing block
(B2) increased protozoal number as compared taBBth B1 and B2 increase® (< 0.001) solid outflow rate,
with a specific increasing effect of B2 (D2) whesngpared to B1 (D1). Blocks supply did not modifysitu
DM degradability of acacia, but B2 improvee € 0.05) effective degradability of CP when compae®0 and
DI which were similar. It is concluded that both Bdd B2 improved the nutritive value of acacia-badet. A
further positive effect was noted in D2 (PEG), espléy for N metabolism.

Keywords : Acacia cyanophylld.indl. ; tannin ; multinutrient block ; PEG ; intak digestion ; fermentation ;
sheep

1. INTRODUCTION

Since several years shrubs and fodder trees suchcasia cyanophyllaatriplex and cactus are widely
established mainly in arid and semi-arid regionsaddition to their environmental and antierosiokes, these
species generate substantial amounts of biomashwhn be used for livestock feeding in these regicacia
cyanophyllaLindl. [syn. Acacia saligna(Labill.) H. wendl] is the most abundant shrubscépe in Tunisia. In
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arid and semi-arid and in some dry years in th¢heon Tunisia, this species is frequently harvestedinter
and fed to sheep and goat.

Several studies noted that despite its relativédy ftrude protein contenf). cyanophyllafoliage had a low
nutritive value (Degen et al., 1995, 1997; Ben Bakt al., 1997a) and its consumption by sheep daase
decrease in feed intake, digestion and growth d@fmals (Reed et al., 1990). These negative effeasew
attributed to the presence of high levels of cosddntannins in acacia foliage. These secondary conuys
which are synthesised by the plant and releasemhglumastication affect their intake and diet digakty
(Leinmuller et al., 1991; Reed, 1995; Zimmer anddégse, 1996). It seems that the major antinutrigiffect of
condensed tannins is exerted on protein digestionadsorption by complexing them (Leinmdiller et £891),
binding digestive enzymes (Daiber, 1975), depregssiitrobial activity in the rumen and by reducingpdenal
digestion and absorption (McLeod, 1974). The imprognt of the nutritive value of tannin-rich speaiasst be
viewed by reducing and/or eliminating inhibitoryeadts of tannins.

The few earlier national studies in this topic wdealing with the improvement of the nutritive valof acacia-
based diets by energy and nitrogen supplies (BéamnSet al., 1995), polyethylene glycol (PEG) treain(Ben
Salem et al., 1996) and by air drying foliage (BRalem et al., 1997a). The most encouraging resudre
obtained with PEG treatment which deactivate coadérannin in acacia leaves and improved signifigatiet
nutritive value and sheep growth. PEG forms strorgenplexes with tannin than tannin-protein compke{Oh

et al., 1980) and release protein from the complsing to exchange reaction between PEG and theiprot

the complex (Jones and Mangan, 1977). This exchaagetion may occur due to the stronger hydrophobic
property of PEG. It has been suggested that tlantent of tannin-rich leguminous shrubs with PE@&rel a
viable technique to enhance their nutritive valod animal productivity (Pritchard et al., 1992;a8ikove et al.,
1994).

The present work was designated to evaluate thectefff multinutrient block supply and PEG on intake
digestion, rumen fermentation and solid digestélmutrate ofA. cyanophyllaLindl. foliage-based diet in sheep.

2. MATERIAL AND METHODS
2.1. Plant material

A. cyanophyllaLindl. (acacia) branches were harvested in Jani§8p from a 9-year-old plantation in Oued
Zargua (north of Tunisia) which is a sub-humid oegiAcacia leaves and twigs (maximum 4 mm in di@met
were separated from initial branches and air-dinetthe shade for about 3 weeks. The dried matéktlo DM)
was homogenised and then stored in large perfotzigd made of nylon fibres. Oat-vetch hay (70%atfamd
30% of vetch at seedling) was produced at the IN&T. It was chopped in order to avoid selectiod ks
from troughs.

2.2. Block manufacturing

The two types of multinutrient blocks involved inig study (Table 1) were made in March 1995. Ircblt
(B1), all solid components were well homogenisethwhe liquid mixture composed of water dissolveda,
molasses and salt. Block 2 (B2) includes PEG-40biglwwas completely dissolved in water and thereddd
the liquid mixture. The obtained homogenous matdomboth B1 and B2 was then heavily packed down i
plastic moulds. Compacted blocks were taken oumofilds and air-dried in a shady site until they are
sufficiently hard for transport and resistant foeep consumption.

Table 1: Ingredients proportions of blocks (percentage of nhatter)

Ingredients Block 1 Block 2
Urea 11.4 11.07
Molasses 9.54 9.26
PEG-4000 - 11.24
Di-calcium phosphate 5.7 5.53
Salt 5.76 5.6
Mineral and vitamin supplement: 5.67 5.51
Cement 11.57 11.24
Olive cake 13.87 10.1

Wheat bran 36.45 30.34
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2.3. Animals, diets, experimental designs and measurements
2.3.1. Experiment I: intake, digestibility andragen balance

Six adult Noire de Thibar breed male sheep (ini@weight averaged: 46 kg) were used in a do@bte3 Latin
square design. They were given 250 g of commemmaktentrate and oat-vetch hay ad libitum for 1 ront
before the beginning of the experiment in orderhtonmogenise their body states. Then they were housed
individually in metabolism cages. Three experimediats based on 400 g of oat-vetch hay (aboutg360DM)

and air-dried acacia leaves and twigs ad libitumevtested. Diet DO did not include supplementatiohile D1

and D2 included B1 and B2 (PEG), respectively. Aalsrwere fed daily the experimental diets in twaiaq
meals at 8:00 and 16:00 h and had free accesedb Wwater. Acacia offered was daily adjusted tovathbout
20% of refusals, while B1 (D1) and B2 (D2) wereitalde all the time in the troughs. Each experiraéperiod
lasted 33 days and was divided in 21 days for aajeist and two 5-day measurement periods separgtaddst
period of 2 days.

Amounts of acacia offered and refused, blocks aatbrmwere weighted daily to determine voluntarglet (oat-
vetch hay was entirely consumed). Diet digestipiitas measured by total faecal collection. Dailngkes of
offered acacia and blocks and acacia refusals aece$ were taken. Dry matter content of these smnvphs
determined by drying to a constant weight at 10Bf@ forced air oven. The remaining quantities wstored,
and at the end of each experimental period, alg(®d%) of the daily collection were mixed and mabby
animal and then dried at 40°C for 48 h in a foragdven. Dried samples were ground to pass threugjhmm
sieve and stored for later analysis. Urine excrétedach animal was collected in plastic bucketgaioing 100
ml of 10% HSO, solution. A 10% aliquot of urine was taken dailpdastored at -10°C for later nitrogen
analysis. For D2, dry matter and organic matter jOdestibilities were corrected to a PEG-free basi
(assuming PEG was indigestible).

2.3.2. Experiment II: ruminal fermentation andspage rate of digesta

Four Noire de Thibar breed male sheep fitted withinal cannula were used (average initial livewgigB kg).
They were housed in individual pens and receivegieatially the three diets through three successereods
(DO, D1 and D2, respectively). Sheep were fed tyiee day (at 8:30 and 16:00 h) at 90% of the intakel
determined in Experiment |. Offered quantities oé@a leaves and twigs and hay were adjusted aogotd
sheep metabolic weight and the relative proportmfracacia, hay and blocks were adjusted to thasoed in
Experiment |. Weighted pieces of blocks were offedaily before the morning meal. Water was contiralyp
available.

Measurements started after 21 days of adjustmemtn@day 22, 23 and 24 of each period, just before) and
2,5, 8,10, 13, 16, 21 h after the morning maahinal fluid samples (50 ml) were taken through ¢eanulae
using a 35 cm plastic tube. Ruminal pH was immedifatneasured using a combination electrode and leamp
were then strained through four layers of cheesieci®amples (18 ml) of rumen liquid were preseried
volatile fatty acid (VFA) and ammonia nitrogen (MN) analysis by adding 2 ml of conserving solut{éng of
mercuric chloride + 5 ml orthophosphoric acid, télilito 100 ml with distilled water). Samples werert stored
at -18°C pending analysis. At 2 h sampling timenlssamples of unfiltered rumen content were mixétth & ml

of fixing solution (50 ml of glycerol + 2 ml of fanaldehyde, diluted to 100 ml with distilled watar)d stored at
4°C for protozoa counting.

Chromium-mordanced acacia leaves and twigs prepasetkescribed by Uden et al. (1980) was used tbystu
rumen solid outflow. Chromium concentration was%8.6f DM. Treated acacia (50 g of DM) was introduced
into the rumen of each sheep before the mornind.régesta samples (50 ml of rumen fluid) were ecied 2,

4, 6, 8, 10, 12, 24, 30, 36, 48, 56, 72, 80, 96 HMl h following the morning meal. Samples weremsgded
and milled for Cr analysis.

In situ DM and crude protein (CP) degradabilityamfacia leaves and twigs was studied using the nysan
technique described by Orskov and McDonald (1972out 3 g of ground acacia (2 mm screen) were
introduced in nylon bags (50 pm pore size; 15 nmaf) cBags were attached to a 30 cm plastic tube 26(h g

of plumb and incubated in the rumen for 3, 6, 12,48, 72 and 96 h. After withdrawal, the bags weashed in

a domestic washing machine (3 mn x 5 mn), drie@QC for 48 h and then weighed. Bag residues were
collected, milled and analysed for nitrogen content
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2.4. Laboratory analysisand calculation

Feed, refusals and faeces were analysed for a8li@58 h) and nitrogen (N) contents by the Kjeldalgthod
(AOAC, 1984). Crude protein was calculated as & 2b Soluble fraction of N was determined accordimghe
method proposed by Durant (Vérité and Demarquil§78). Neutral detergent fibre (NDF), acid detetdime
(ADF) and acid detergent lignin (ADL) were analysedeeds as described by Goering and Van Soe30{]19
Crude fibre (CF) was determined for both feeds faedes according to Weende procedure. Urine nitroggs
analysed by Kjeldahl method. Acacia condensed ta(@iT) concentrations were measured according &o th
vanillin-HC1 procedure described by Broadhurst does (1978). Aqueous methanol (10 ml, 50%) wad tese
extract CT from 200 mg samples of air-dried acakigng 24 h at 4°C. After centrifugation (3@061in), total
condensed tannin were measured through absorbeesndnation using a spectrophotometer at 500 ada. (
Catechin (Sigma, lot 126H0276) was used as stan&asults were expressed as methanol-extractatdethia
equivalent condensed tannins (g'kgf DM). Rumen VFA concentrations and molar projoms of individual
VFA were analysed by gas chromatography (Jouar§2)1®Ruminal NH-N was determined by the method of
Conway (1962). Protozoa number of ruminal fluid vaedermined using a counting cell (Hawskley, UK) as
described by Prins (1967, cited by Demeyer, 198hyomium was analysed using atomic absorption phoee
as described by Williams et al. (1962).

In Experiement Il, solid outflow, solid rumen posize and mean retention time were estimated ugieg t
following equation:
C=Cye™

whereC is the Cr concentration (ug'@f DM) at timet (h), C, the Cr concentration at 0 kthe solid outflow
rate (% A). Rumen mean retention tirigh) was calculated as
1

r=+ (h)
and solid rumen pool siZ&(g) as
0
S = o

whereQ is the quantity of Cr (g) introduced in the rumen.

Acacia DM and CP disappearance kinetics were fatsmbrding to the model of @rskov and McDonald @97
Dt —da + b(l — eiCt)
whereDy is the degradation at timeathe rapidly degraded fractioh,the slowly degradable fraction, andhe

degradation rate of fractiom Solid outflow rate K) was used to determine effective degradabilily) ©cf DM
and CP according to @rskov and McDonald (1979):

D n bc
—a
© ct+k

2.5. Statistical analysis

The general linear procedure (GLM) of SAS (19855waed to analyse data for Experiments | and I Th
Duncan multiple range test was used to compare snafaneatment for both experiments.

3.RESULTS
3.1. Chemical composition

Oat-vetch hay had a higher fibore (NDF and ADF) eohtthan acacia except for ADL which was highest in
acacia (Table 2). Compared to the forages, blookdaav in fibres. Acacia condensed tannin conteas Wwigh
(41 g kg' DM). Crude protein was the lowest in hay and tighést in blocks. B1 had a slightly greater CP
content than B2 (381 vs. 369 g k@M, respectively). Acacia were relatively high @P (127 g kg DM).
Important fraction of the acacia nitrogen was inobt# (824 g kg of total nitrogen). This insolubility was
associated to the high proportion of nitrogen botBDF (384 g kg of total nitrogen) and to ADF (203 g kg

of total nitrogen).

Diet DO was higher in OM and fibre (NDF and ADFathD1 and D2, but was lower in CP (Table 2). Lignin
content (ADL) was similar for the three diets. Cheahcomposition was comparable in blocks contajrdiets



Published in: Animal Feed Science & Technology @0@ol.88, iss.3-4, pp.219-238
Status: Postprint (Author’s version)

(Table 2).

Table 2: Chemical composition of the feeds and the dieksj{gpf dry matter

Item® A. cyanophlla Oat-vetch Block 1 Block2 DO D1 D2
foliage hay
oM 880 911 705 720 892 854 855
CP 127 75 381 369 107 163 161
NDF 462 620 261 210 522 463 465
ADF 349 367 117 87 350 308 310
ADL 176 96 48 28 131 130 131
Condensed 41 - - - - - -
tannins’

3Calculated values for DO: acacia + hay, D1: acadimy + B1 and D2: acacia + hay + B2 (PEGM: organic matter; CP: crude protein;
NDF: neutral detergent fibre; ADF: acid detergentd; ADL: acid detergent lignin.
¢ Expressed as grams of catechin equivalent pegrkito of DM.

3.2. Intake

Feed intake mean values are reported in Table 3pl8mentation with B1 and B2 increased significamM
and OM intake P < 0.001) of the whole diets. This increase wastedldo the block consumption and to a
substantial increase in acacia intaRe<(0.001). Blocks, acacia and total diet DM intakeueal were similar for
the supplemented diets (D1 and D2). Taking intmantthe composition of the blocks, sheep receildagB1)
consumed 31 g of urea and those receiving D2 (BB¥umed 29.3 g of urea and 29 g of PEG. Blockslgupp
increased significantlyR< 0.01) water intake by 49.5 and 63.2% with D1 Bx2q respectively.

Table 3: Intake and digestibility of A. cyanophylla foliabased diet supplemented or not with B1 of B2

Item® Diets’ SEM.
DO D1 D2

DM intake (g/day)

Acacia 569.7 b 760.4 a 7734 a 29.7

Blocks - 271.9 260.9 11.8

Total diet 929.5b 1392.1a 1394.1 a 12.9

DM intake (g kg' LW®™

Acacia 343b 442 a 444 a 2.0

Total diet 56.0b 79.5a 79.8 a 2.2

Water (g/day) 3784 c 5665 Db 6175 a 201

Diet digestibility (g kg')

OoM* 517 ab 502 b 537 a 10.1

Cp* 304 c 513 b 642 a 14.0

CF 409 399 406 19.1

DOMi (g kg™ LWO-75xx 25.7b 34.2a 35.7a 1.0

DCPi (g/day)*** 29.7¢ 114.8b 135.5a 4.9

#Data in the same line with different letters (ag)differ significantly at: ® < 0.05; **P <0.01; *** P <0.001.

® DO: acacia + hay, D1: acacia + hay + B1, D2: acadiay + B2 (PEG)

¢ DM: dry matter; OM: organic matter; CP: crude pint CF: crude fibre; DOMi: digestible organic neaitintake; DCPi: digestible crude
protein intake.

3.3. Digestibility

Diet digestibility coefficients are given in TalBe OM digestibility of D1 and D2 was comparablehat of DO,
however a significant increase of OM digestibiliyas noted for D2 as compared to DR € 0.05). CP
digestibility of DO was low. It was significantlyné¢reased ¥ < 0.001) by 68.4 and 110.8% for D1 and D2,
respectively. CP digestibility was higher for Daithfor D1. CF digestibility coefficients were siarilamong the
three diets.

Both in D1 and D2, the nutritive value of the distindicated by DOMi and DCPi values increasedifogmtly
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(P < 0.001) compared to DO (Table 3). A tendency afoa significant increase of DOMi was noted in D2
compared to D1; whereas D2 exhibited the highedRi{E < 0.001).

3.4. Nitrogen balance

Nitrogen balance is given in Table 4. Nitrogen ketancreasedR < 0.001) in the supplemented diets (D1 and
D2) compared to DO, but no differences were obskbetween DI and D2. Faecal and urinary N losBes (
0.001) were higher in D1 and D2 than in DO. Diet @zive the highest faecal nitrogen loss, but it siaslar to

D2 in urinary N excretion. Absorbed N increasechsigantly (P < 0.001) by 13.8 and 17.5 g in DI and D2,
respectively, which were statistically differentittdgen balance was negative in DO (-0.39 g/day)odth D1
and D2, N retention was significantly increasBd(0.001) by 4.5 and 8.1 g, respectively. Diet DBibited the
highest N retention.

Table 4: Nitrogen balance in sheep fed A. cyanophylla falibgsed diet supplemented or not with B1 ¢t B2

Diets’ SEM.
DO DI D2

N intake (g/day) 15.6b 35.6a 343a 0.9

N excretion (g/day)

Faeces 109¢c 17.2 a 12.3b 0.5

Urine 51b 142 a 143 a 0.6

N absorbed (g/day 4.6 c 18.4b 220a 0.7

N retained (g/day) -0.4 c 41b 7.7a 0.7

*Data in the same line with different letters (ag)iffer significantly at: *P < 0.05; ** P < 0.01; *** P<0.001.
° DO: acacia + hay, D1: acacia + hay + B1, D2: acadiay + B2 (PEG).

3.5. Ruminal fer mentation

Mean daily values for rumen pH, VFA and NN are presented in Table 5 and Fig. 1. Overallemtiguor-pH
was not affected with block supplementation, whene#an NHB-N concentration in the rumen fluid increased
significantly P < 0.001) from 60.9 mg"i(D0) to 187.9 mgt (D1). Diet D2 exhibited the highest MM (245.4

mg ).

The VFA concentrations differ significantlf? < 0.001) between the three diets (65.6, 75.7 and 88nol 1*

for DO, DI and D2, respectively). Fermental tremekre acetic for the three diets. Molar proportiofisicetate
decreased from 73.9% (DO0) to 72.3 (D1) and 71.0%).(Differences between the three diets were sianit

(P < 0.001). When compared to DO, molar proportiopmpionate (16.7%) exhibited a significaRt € 0.001)
increase in supplemented diets which were simifat averaged 17.5%. The same tendency was noted for
butyrate P < 0.001). The ratio C2/C3 decreased slightly bghiicantly (P < 0.001) by supplementation and
PEG (4.5, 4.2 and 4, respectively, for DO, D1 a®).D

Table 5: Fermentation parameters in the rumen of sheep fed/@nophylla foliage-based diet supplemented or
not withB1 or B2

Diets SEM.

DO D1 D2
pH 6.51 6.52 6.5 0.0
NH3-N*** 60.9 ¢ 187.9b 2454 a 7.8
Total VFA (mmol T')**+ 65.6 ¢ 75.7b 83.0a 1.9
Acetate (mol%)*** 739a 72.3b 71.0c 0.2
Propionate (mol%)*** 16.7b 17.3a 17.8a 0.3
Butyrate (mol%)*** 86D 9.1a 9.1a 0.1
c2/Cc3™ 45a 42b 4c 0.1

*Data in the same line with different letters (ag)uiffer significantly at *P < 0.05; **P < 0.01; ***P < 0.001.
® DO: acacia + hay, D1: acacia + hay + B1, D2: acadiay + B2 (PEGY.Acetate/propionate ratio.
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Fig. 1. (a) Daily change in pH, concentration of (b) BN and (c) volatile fatty acid (VFA) in the rumeh o
sheep given acacia and oat-vetch hay (D0or supplemented with B1 (D1) or B2 (D2:4):
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3.6. Protozoa

Protozoa number and composition are presentedhbfea At 2 h sampling time, protozoa number inrin@en
fluid increased significantlyR < 0.01) with blocks supply. The three diets wemtistically different. Protozoal
composition was also modifietiolotricha class proportion increase® & 0.01) whereag&ntodiniomorpheida
one decreasedP(< 0.01), but no differences were observed betwekarmi D2.

3.7.Ruminal solid digesta kinetic

Data of solid digesta kinetic are given in Tabld e particle outflow ratek] increasedF < 0.001) from 3.27%
h™ (DO) to 4.04 (D1) and 4.67%'{(D2). The three diets were different. Ruminal néiten time {I) in DO (31.3

h) was lower(P < 0.01) than in D1 and D2 which were similar, desflite slight increase noted in D2. Sheep
receiving DO presented the loweBt<€ 0.05) rumen solid pool size (S) (1163 g) compdcethe supplemented
diets. Difference between D1 and D2 was not sigaifi.

3.8. In situ dry matter and nitrogen degradation

Degradation parameters of acacia-DM (Table 8) vmetemodified in supplemented diets. Acacia-N onesew
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similar between DO and D1, except for the constaté of N degradation, which was the highest with D1
(3.54% h") between the three diet® (< 0.05). When compared to DO and D1, higher N rapittgraded
fractiona (P < 0.05), higher N slowly degraded fractibifP < 0.01), higher N potential degradability € b) (P

< 0.001) and a slightly higher N effective degradapiiD.) (P < 0.05) were registered with D2 (B2, PEG). It is
important to note that for both DM and N degradatkinetics, the rapidly degraded fractiarwas high in the
three diets.

Table 6: Rumen protozoal number in the luminal fluid of ghded A. cyanophylla foliage-based diet
supplemented or not with B1 or B2

Diets SEM.
DO D1 D2
Protozoa (x 10per ml)*** 0.93a 15b 1.69c 0.09
Entodiniomorpheda (%)***  92.26 a 90.53 b 90.12 b 0.4
Holotricha (%)*** 7.73b 9.46 a 9.89 a 0.4

*Data in the same line with different letters (ag)oliffer significantly at: P < 0.05; **P < 0.01; *** P <0.001.
® DO: acacia + hay, D1: acacia + hay + B1, D2: acadiay + B2 (PEG).

Table 7: Ruminal digesta kinetic in sheep fed A. cyanoptfgliage-based diet supplemented or not with B1 or
B2

Diets” SE.M.
DO D1 D2
Ruminal solid pool size (1164 Db 1722 a 2086 a 158
DM)
Solid outflow rate (% fi)***  3.27c 4.04b 4.67 a 0.13
Ruminal mean retention tin31.3 a 25.2b 21.7b 1.1
(h)*-k

2 DO0: acacia + hay, D1: acacia + hay + B1, D2: acacihay + B2 (PEG). *Data in the same line withfedént letters (a, b, c) differ
significantly atP < 0.05. **Data in the same line with different lettdn, b, c) differ significantly & < 0.01. **Data in the same line with
different letters (a, b, c) differ significantly Bt< 0.001.

Table 8: In situ dry matter and crude protein degradabilitiyacacia on sheep fed A. cyanophylla foliage-based
diet supplemented or not with B1 or B2

Diets S.E.M.
DO D1 D2
DM degradation parametérs
a (%) 28.8 31.0 30.7 0.9
b (%) 29.5 27.8 29.9 1.0
c (% h?) 3.95 3.86 3.96 0.5
a+b (%) 58.3 58.8 58.1 2.4
De (%) 44.9 44.6 44.1 0.4
CP degradation parameters
a (%)* 26.1b 259b 29.9 a 1.0
b (%)** 36.4b 345b 47.1a 15
c (% hh* 2.43b 3.54a 1.89b 0.4
o+ b (%) 62.5b 60.4 b 77.1a 11
De (%)* 41.7b 41.8b 43.6 a 0.6

3 DO: acacia + hay, D1: acacia + hay + B1, D2: acachay + B2 (PEG)%a is the immediate soluble fractioh,is the insoluble but
fermentable fractionc is the rate constant of degradationbofa + bis the potential degradability aridk is the effective degradability.
Model used wag = a + b(l -€%).

*Data in the same line with different letters (a,ch differ significantly atP < 0.05. **Data in the same line with different letida, b, c)
differ significantly atP < 0.01. **Data in the same line with different laetsg(a, b, c) differ significantly & < 0.001.
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4. DISCUSSION
4.1. Intake and digestibility

Voluntary DM intake of acacia was relatively low tine non-supplemented diet (DO). It was lower tkizat
reported by Ben Salem et al. (1997b), who found shaep receiving a high quality forage (Lucerng 680 g

of DM) andA. cyanophylldoliage ad libitum consumed 610 g of DM of acactiaich represent 46% of the DM
intake. However, our values are higher than thepented by Degen et al. (1997) who fed ofdlysaligna(= A.
cyanophylla)to sheep (235 g DM) and by Reed et al. (1990) wdeatia was associated to teff straw (170 g
DM, 36% of diet). These reported results seem ticate that acacia intake is somewhat related ¢ th
associated forage. In general, the low intake aticcould be related to negative effect of coneénannins
(Reed et al., 1990; Degen et al., 1997). Tannirthaérplant tissue may precipitate salivary glycigirocausing
an astringent taste in the mouth (Bate-Smith, 19vi#)avila et al. (1977) suggested that tannimswstiown DM
digestion in the rumen and reduce the intestinahpability. This phenomenon reduces the passagetaénts
through gut and leads to a gut feel effect (Silanéket al., 1996).

Block 1 supply resulted in increased DM intake lof total diet by about 50%, and acacia DM intake38%o.
The positive effect of blocks on poor quality foeagintake was reported by several authors (Soetamdo
Dixon, 1987; Habib et al., 1994). Multinutrient bl supply could stimulate microbial growth and i
fibre degradation in the rumen due to the catalgtfect of urea, molasses and minerals (ChenosKayduli,
1997).

The incorporation of PEG in B2 had no effect oraltaliet or acacia intake. This trend is not comesistwith
several studies where PEG was shown to improv&arg&tannin-rich forages (Pritchard et al., 199Ranikove

et al., 1996). Ben Salem et al. (1996) found tllalireg PEG (two parts of PEG/one part of tanningheep fed
400 g of barley and acacia foliage ad libitum hadeffect on acacia intake. Our result could be @reld by the
combined effects of physical and chemical intalgulation. On one hand, the rumen might reachegdréatest
distension level by the sole effect of the othemponents present in the blocks, so supplementargase in
intake would be unlikely. On the other hand, theroltal factors might limit intake through absorptiof
fermentation end products (Faverdin et al., 199Rpse explanations generally concerns conventifmmages
and may not extend to tannin-rich species. Regulatnechanisms of intake for those species when
supplemented with blocks need further investigation

Both B1 and B2 increased water intake. This findsxgonsistent with the results of El Khidir et @l989) who
noted similar trend with low quality roughages deppented with blocks. In our case, the results d¢dg

explained by an increase of the total DM intake #iredpresence of salt in blocks (Chenost and Kayb887).

The noted specific positive effect of PEG on watensumption may be attributed to an eventual irserexd the
rate of fermentation in the rumen, because watakéseems to be the mechanism by which ruminaljtsta
the osmotic pressure in the rumen (Faverdin e1887).

The supplementation of the diet with the two bloak®cted substantially the CP digestibility, baidha slight
effect on OM and no effect on CF digestibilitiestbé diet. When compared to D1, PEG in B2 (D2) had
significant positive effect on OM digestibility bab effect on CF digestibility. This result is ratnsistent with
several published studies where PEG increased oteagly OM and fibre digestibility of tannin-rictpscies
(Barry et al., 1986; Silanikove et al., 1996). Hirsence of effect of B1 and clear effect of PEG) (@20M and
fibre digestibility might be explained by an incseaof digesta transit and consequently a decrdfasgtemtion
time in the digestive tract caused by block congiongExperiment I1). In addition, the supplementartake of
acacia provided supplementary condensed tanninghwhight contribute to the persistency of the nizga
effect despite the block intake.

It has been largely shown that the main negatifecebf tannins on digestibility was generally ribten protein
(Barry and Manley, 1984; Nastis and Malechek, 19Bdn Salem et al., 1997b). Condensed tannins ef tre
leaves affect dietary protein digestion by formindigestible tannins-protein complexes and by iivating
digestive enzymes (Kumar and Singh, 1984). Theg dispress protein digestion and absorption in thie g
(McLeod, 1974). This could explain the low CP dig@kty and the negative nitrogen balance foundi®. The
significant increase of CP digestibility of acabiased diet (+68.4%) in D1 may be related to thekmof about
31 g of totally and rapidly degradable urea. Irt,ficwe evaluate CP digestibility of D1 withoutea N using
Table 4 data, the obtained value would be 19.4%s fidsult is lower than that of D1 and even thaD6f In this
condition it is not possible to hypothesise a utetanning effect as suggested by Kumar and Sirg8v{1
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The important positive effect of PEG on CP digaktybobserved in D2 (+110.8 and 25.19% compared
and D1, respectively) confirmed results of the feanlier studies which dealt with adding PEG to &capecies
such asAcacia aneurgPritchard et al., 1992) arAl cyanophylladBen Salem et al., 1996). Tannins in feed can
be deactivated by PEG to which they bind more gigothan to protein (Oh et al., 1980). Furthermd?&G
supply could result in the release of protein frilla complexes owing to exchange reaction betwees &l
the protein in the complex (Jones and Mangan, 192@)sequently, enzymatic and microbial inhibiteffects

of tannins are reduced. In addition, PEG is likedyimprove protein digestion and absorption in the
(McLeod, 1974).

4.2.Nitrogen balance

The negative N retention in DO (Table 4) is comsistwith the results reported by Reed et al. (128@) Degen
et al. (1997) whem\. cyanophyllawas given to sheep. The increase of retained mitrdéyr) after B1 supply
(D1) is related to the increase of N intake ancesliility. The increase in faecal N losses obsgrwith D1
may indicate that a part of tannin-protein or tamammnmonia complexes were not fully hydrolysed ie th
gastrointestinal tract, thereby preventing N abonp(Nufiez-Hernandez et al., 1991) because sucbase was
not observed with D2. In addition, the higher italf acacia may increase the availability of freadensed
tannins in the gastro-intestinal tract (Barry anthBan, 1984) which bind to the gut epithelium amehtreduce
amino acid absorption (Wang et al., 1994). Thetiraly high urinary N losses in DI may be the résof
imbalance between nitrogen and energy in the ruiNestis and Malechek, 1981).

Nitrogen retention increased significantly when PE@dded (D3). The decrease of faecal N lossepamsd to
DI may be the result of higher digestion of protieithe rumen. This result confirms the earliedfirg of Barry

et al. (1986) and Nunez-Hernandez et al. (1991)wrieG is added to tannin-rich diets. However, esult is
not consistent with those of these authors who daotlvat PEG addition increased urinary excretiomNofOur
results may indicate that the improvement of Nihvid2 was not fully related to the effect of PEGHe rumen,
but also to an eventual positive effect of PEG odigéstion and absorption in the gut. In consegegalbsorbed
nitrogen with D2 may be of a higher quality comghte D1, probably due to enhanced microbial synshes
which provides well-balanced protein (essentialrandcids). This hypothesis is confirmed by Nr/N@or&22.9
and 35.8% with D1 and D2, respectively) but needthér investigations.

4.3.Rumen fermentation

Overall NH-N concentration in DO (60.9 mg*lLis not limiting for microbial fermentation andrghesis. It was
higher than the level of 50 mg'Isuggested by Satter and Slyter (1974) to maint@grobial growth in the
rumen. This moderate NHN concentration, despite the low solubility of eieaN and the tannin negative
effects, may be ascribed to N recycling phenomeritannin may increase the glycoprotein content and
excretion of saliva which could lead to more N ey to the rumen (Robbins et al., 1987). This liypsis
could explain the moderate but not very low valoE®M and CF digestibility observed in ExperimenBlock

1 (D1) resulted in an important increase of M¥Hconcentration in the rumen liquor. This expectesult is
consistent with the general trends when low qudiitsages are supplemented with urea-containingksloc
(Habib et al., 1994) and may be due to the hightslify and the rapid degradation of urea N. Thgn#icant
increase of NBtN concentration in the rumen liquor noted in DE@ may indicate that acacia condensed
tannins exerted an inhibitory effect on rumen grotdegradation in both DO and D1. The negative cbftef

A. cyanophyllecondensed tannins on CP digestibility andsNNHwas well demonstrated in sheep by Ben Salem
et al. (1997b). The high concentrations of A¥inoted with both D1 and D2 confirmed results apEriment I.
The visible reduction of NHN noted especially at 0, 8 and 21 h sampling t{fig. Ib) may indicate that an
important part of degradable N is absorbed in theem and lost as urinary excretion (Na/ Ni: 51.8 64.1%
with D1 and D2, respectively). In consequence NswJawv in both D1 and D2 (Nr/Ni: 11.7 and 22.9%,
respectively). These trends generally characterisa-rich diets.

Overall VFA concentration in the rumen liquor okslp receiving DO is moderate and showed an acetid.t
Block 1 supply increased significantly VFA concetibn as it was found by some authors who supplésden
low quality forages with multinutrient blocks (Kunj1986; Sudana and Leng, 1986). This result magueeto
the increase of acacia intake and also to somé llomponents, notably bran and molasses, as iedidat the
observed higher molar proportions of propionate laugrate.

Overall VFA concentration in rumen liquor increasgghnificantly with PEG supply in D2 (B2) compartdDO
and D1. This result may indicate that condenseditanin acacia exerted an inhibitory effect on cagmirate
fermentation in the rumen. Silanikove et al. (19%8)served a similar effect when goats f@diercus
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calliprunos, Pistacia lentiscuand Ceratonia siliquareceived PEG. When compared to Bl (DI), PEG (D2) di
not modify considerably fermentation trends in tiienen. This result suggested that PEG had probadbly
impact on the use of metabolisable energy (ME). Mdag et al. (1994) found that addition of PEG-3360
sheep fed_otus pedunculatués.5% CT) increased VFA concentration in the rurbeh did not modify molar
proportions of the major VFA compared to control.

The increase of intake and VFA concentration, fightschanges in OM digestibility and the absentgreat
changes in VFA molar proportions after B1 and elycB2 supplies may signify that the main respesct
effects of the two types of blocks in the rumen tesincrease of the rate of fermentation.

4.4. Protozoa

Total protozoal number was very low in the rumensbéep fed DO. It seems that acacia condensednganni
exerted a toxic effect on protozoa. Such effect wlaarly demonstrated on sheep givencyanophyllaby Ben
Salem et al. (1997hb). Block 1 supply significanttyproved protozoal number in the rumen fluid. Thesult
could be attributed to the improvement of nutritibbalance in the rumen (Clarke, 1977) by nutrireesutpply
and probably to starch (Mackie et al., 1978) acanmyng bran. The higher proportion of Holotrichasetved

in D1 was probably related to molasses in feedlsigEreston and Leng, 1980).

The increase in protozoal total number with PEGficared the hypothesis of the inhibition of protozbga
tannin in the rumen of sheep fed DO and also DX BEems to reduce this toxic effect by binding emsed
tannin. It is opportune to note that effects of dmmsed tannins on protozoa are still controvergéahg et al.
(1994) studied the effect of PEG on protozoa irephfedLotus corniculatusThey found that protozoa number
increased in PEG sheep relative to control. Afiedays of treatment, the protozoa number had detiim PEG
sheep and were not significantly different fromtthzeasured in control. In contrast, Chiquette et(E989)
recorded an increase of protozoa in the rumen eéshied tannin-rich diet as compared to those fetbw-
tannin diets. Moreover, El Hassen (1994) demoresirtiiat the toxic effect on protozoa of some tamsjpecies
was not related to tannins themselves but to thesemce of saponines. Effects of tannins on protozoa
populations in ruminants need further investigation

4.5. Rumen solid particle kinetic

The low solid particle outflow ratek (= 3.2% h') observed in DO is consistent with data reportgdbuji and
Odenyo (1997) on sheep fed teff straw and diffetmoivse species (2.2-3.4%)h Block 1 (D1) increased
significantly solid digesta outflow rate. This résagrees with the finding of Bandla and Gupta @9@hen
supplementating low quality forage with blocks. Jkifect may be explained by higher fibre rate ejrddation
in the rumen allowed by the supplied energy, N amgerals (Chenost and Kayouli, 1997). On anothedh#
is possible to suggest a physical effect of bldokéncreasing the proportion of dense particles tigareticulo-
omasal orifice, which resulted in increased amatinlry matter evacuated (Ulyatt et al., 1986).

The specific increase of solid digesta outflow nalated to PEG (D2) could be explained by a supplaary
positive effect on the rate of degradation in thmen as proved by VFA concentration. In additioe eould

suggest an eventual positive effect in the gut,resi®EG would have reduced the gut feel effect byraving

protein digestion and absorption (McLeod, 1974js important to underline that for both B1 (D1)3aB2 (D2)

supplies, the increase of the rate of solid paidutflow rate in combination with the presumettéase of the
rate of fermentation in the rumen, may explainahby just slight increase in DM and OM digestitidi and the
stability of CF digestibility. Otherwise, the digislity of nutrients might decrease, since appamigestibility

is negatively correlated to digesta outflow ratesdv and Ryle, 1990).

In Experiment Il, water consumption and liquid ¢atf rate were not measured. Therefore, it is pdsdib
suggest that increased water consumption notedkperinent | may accelerate digesta outflow rateugh a
carrying phenomenon in both D1 and D2. This hypsithes supported by the positive correlation betwsalid
outflow rate and dilution rate in the rumen (Bergéml., 1980). Moreover, Rémond et al. (1995)ssted that
the increase of the rumen solid content may indudecrease of rumen digesta retention time, sheamount

of dry matter evacuated by each contraction of¢tieulo-omasal orifice increases. In this conrmttiNitsan et

al. (1996) found that adding PEG to goat receivingiliquaincreased DM content in the rumen. Suggesting a
solidifying blocks and/or PEG effect on rumen digequires further investigations, mainly the deiaation

of the rumen liquid volume.
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4.6. In situ degradability

Blockl (D1) had no effect on DM and CP in situ aetability parameters of incubated acacia, excepi\thate

of degradatiorc, which increased. This result does not support #ita deported in several studies when low
quality forage is supplemented with blocks (Soetartd Dixon, 1987; Habib et al., 1994). It is adsfficult to
interpret and should be considered with cautionfalet, the rapidly degraded fractianis very high. This
phenomenon is generally more frequent in legumirtbas in grasses. Emanuele and Staples (1988)vauker
that the mean particles size of grasses was lgéingerthat of leguminous forages after milling thgbia 2 mm
screen. This observation leads to higher washisgel® in leguminous forages and then to overestinetent

of degradation and an underestimated rate of daticedif the particles remaining in the bag hasoaver rate

of digestion than those lost. In consequence, auddcthink that incubated acacia should be millebugh
larger grinding screen.

PEG supply in B2 (D2) had no effect on DM in sitagdadability. Therefore it increased significan@p
degradability of incubated acacia. This result niagicate that only a slight part of the increase GR
digestibility (Experiment 1) and ruminal NH3-N camtration (Experiment IlI) could be explained by the
increase of acacia CP-degradability due to tanmiactivating effect of PEG, and also that PEG effect
potentially of a higher importancex(+ b' higher thanDg). In Experiment |, positive PEG effect on CP-
digestibility was more pronounced than in situ nneaments. This may confirm the hypothesis of ama
important positive effect of PEG on gut digestionl @absorption.

It is important to note that in our study the conitzation of residues by rumen microbes was notrdeted.
Kammoun (1995) found that tti#, of CP in leguminous for which the CP/NDF ratio radgrom 0.2 to 0.5 (our
case about 0.27) could be under estimated by dltbA0% when contamination was not considered. @ble of
data concerning contamination of tannins rich leimoms especially, cannot allow to develop profoyniis
aspect.

In conclusion, this study has shown that block supmproved the nutritive value of acacia-basedtsliey
increasing intake and enhancing rumen fermentatidrgreas PEG (B2, D2) seemed to reduce the inhjbito
effects of acacia tannins in the rumen and probabthe gut resulting especially in enhanced Nre Phesence
of tannins and the high level of lignin in acaci® to limit fermented OM and hence energy avditgbin the
rumen for the animal host both with D1 and D2. Bhedied feeding strategy could be advantageousan p
conditions but economical aspects should be coraiddé=ffects of multinutrient blocks and PEG on roixal
growth and animal performance in sheepAedyanophylldoliage will be the subject of further research.
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