Nutrition and Digestive Physiology

IN VITRO CAECAL GASPRODUCTION AND DRY MATTER
DEGRADABILITY OF SOME BROWSE LEAVESIN PRESENCE OF
ENZYMESFROM ANAEROBIC BACTERIUM IN NZW RABBITS

El-Adawy M.M ., Salem A.Z.M >, Borhami B.E.}, Gado H.M 2, Khalil M.S.2, Abo-Zeid A.*

!Department of Animal Production, Faculty of Agriture (EL-Shatby), Alexandria University, Egypt
2Department of Animal Production, Faculty of Agrimue, Ain Shams University, Egypt
3Animal Production Research Institute, Ministry ofrésglture, Dokki, Gizza, Egypt
“Department of Poultry Production, Faculty of Agitae, Tanta University, Tanta, Egypt
*Corresponding author: asalem70@yahoo.com

ABSTRACT

This work was conducted to assess the nutritivaevalf four browse leaveg\¢acia salignaAtriplex halimus
Lucena leucocephaland Eucalyptus camaldulengigrown in the northern region of Egypt using tleaaum
content obtained directly after slaughtering of Néw Zealand White rabbits. ZADQ enzymic preparation
containing cellulases, xylanasesamylase and proteases from an anaerobic bactdpatent No. 22155 of
Egypt) was added at 0, 2 or 5 mg/ml of bufferedcaheontentIn vitro caecal gas production after 24 h of
incubations (IVGR,) and dry matter degradability (IVDMD) were detened. Crude protein content of browse
leaves ranged from 105 g/kg DM.(halimu3 to 221 g/kg DM L. leucocephalp The highest ether extract (68
g/kg) was inL. leucocephalawhile this species had the lowest neutral detdrfjere (NDF), acid detergent
fibre (ADF), and acid detergent lignin contekt. camaldulensiiad the highest NDF, ADF and lignin. Total
extractable phenolics (TEP), saponins (SAP) andlailits (ALK) contents were low ih. leucocephaland high

in A. halimusandE. camaldulensisThe IVGR,, and IVDMD varied (P<0.001) among leaves, with highest
(P<0.001) value irA. halimus intermediate irA. salignaandE. camaldulensisand the lowest (P<0.001) In
leucocephalaWhen comparing all leaves species, addition 0DDR improved (P<0.05) caecal IVGP and
DMD in all leaves without a significant differen®>0.05) between the two ZADOevels (2 or 5 mg
ZADO®/ml). ZADO® increased the rate of gas production during ttee @ h of incubations. Our results suggest
a positive effect of ZAD® addition on browse leaves degradation in rabEi&DO® could have a positive
influence on the caecal microbial activity and rartt digestion, as well as the degradation of sdapn
compounds of the browse leaves.
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INTRODUCTION

Tree and shrub leaves are important sources ofiéofar small ruminants (Saleet al, 2006) in the semi-arid
conditions of northern Egypt, but the use of localailable foliage in the nutrition of the rablsta subject
relatively unexplored in tropical countries. Thésiin spite of the fact that tropical foliages awedlly available
and at low cost, which is in contrast with the sitgrand often high cost of commercial feeds. Hogrewnost
tropical browse species contain substantial amoahtghenolic compounds, mainly tannins (Maklaral,
1995; Salem, 2005), as well as other secondary cangs such are phenolics, saponins and alkal@dsns,
polypeptides, and essential oils (Saletral, 2006, 2007), which can reduce their nutritiovalue, as most of
tannins bind to feed proteins thereby making theravailable to caecal and ruminal microorganisms bfs
tree and shrub leaves by herbivores may be resiricy negative effects of secondary compounds gestibn
(Provenza, 1995; Salem, 2005; Saleinal, 2006, 2007). ZAD®, as a product containing cellulases, xylanases,
a-amylase and proteases from an anaerobic bactesiuowed a positive effect on ruminant performarce a
nutrient utilization of low quality forageis vivo (Gado, 1997) anéh vitro (Gadoet al, 2007). Probiotics are
food ingredients which are supposed to stimulageattivity and potentially alter the compositiontbé gut
flora by providing energy to selected species ef iticrobial community (Guerret al, 2007). Studies on the
effect of probiotics for improving the nutritive iligation of tree and shrubs leaves in rabbits hmated.
Therefore, the objective of the current experimeas to evaluate the utilization of four browse ksusing the
ceacal contents of rabbits in the presence of ZRBBich is a mixture of cellulases, xylanasesmylase and
proteases from an anaerobic bacterium.
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MATERIALSAND METHODS

Samples of leaves of the browse spedigsmcia saligna Atriplex halimus Leucaena leucocephaland
Eucalyptus camaldulensigere randomly and manually harvested from diffeparts of both young and mature
leaves. Leaf samples were dried at 40°C for 72dforced air oven in triplicate to constant wejgitbund in a
hammer mill to pass 1 mm sieve, and stored in iplasags for subsequent determination of chemical
components, secondary compounds andritro fermentation using the caecal contents from NZ\bbits.
Methods of chemical analyses, i.e. ash, N, neudleétrgent fibore (NDF), acid detergent fibre (ADFRdaacid
detergent lignin, as well as the secondary compsune. total extractable phenolics (TEP), sapoBaP),
alkaloids (ALK), and aqueous fraction (AF) werepasviously described (Saleet al, 2006).

In vitro caecal gas production (IVGP) was determined adegried Menkeet al (1979). Approximately 500 mg
of dry matter (DM) of each sample were placed im8G&yringes with 0, 2, or 5 mg/ml of caecal buditdiquor

of ZADO®, containing cellulase (7.1 U/g), xylanase (2.3)Uégamylase (61.5 U/g) and proteases (29.2 U/g).
ZADO® is the patent No. 22155 of Egypt (Molecular Bigldgaboratory of the Ain Shams University in Cairo),
prepared according to the procedure of Gado (199 .piston of each syringe was closed with a halter to
prevent inflow of water into the syringe during ith@tion. The experiments were carried out usingNZavVv
rabbits. Rabbits were about 14 weeks of age an8 323 LW. Rabbits were fed a concentrate mixtdrable
1). Caecal contents were collected directly aftaughtering of rabbits in three runs (four rabbis each).
Caecal contents were combined, homogenized andake3@°C in a water bath, flushed with gaefore use,
and diluted (1:4 w/v) with the culture medium of k#ar et al. (1995) containing bicarbonate buffegacno-
mineral, micro-mineral, resazurine and reducingtsms. Caecal buffered liquor (30 ml) was pipdtieto each
syringe and syringes were immediately placed intager bath at 39°C. Gas volumes were recorded 4t @,
10, 12, and 24 h of the incubation. Blank syringese incubated in each run. At the end of the iatioh (24
h), content of each syringe was centrifuged atd®gXor 20 min at 4°C. The residual moisture was reetblyy
drying the tubes overnight at 60°C, and then tulvese weighed and dry matter degradability (IVDMD)
calculated from differences between initial anddes weights, minus blank tubes. The study was deteg at
the laboratory of Animal Production, Alexandria \gisity.

Rate of gas production (RGP) and gas yields (G¥Yewalculated as follow: RGP (ml/g DM/h) = (volume of
gas produced at 6 h — volume of gas produced a#2xhsample weight (g). Gas yields (&) were calculated
as the volume of gas produced after 24 h (ml g@d) of incubation divided by the amount of substrat
apparently degraded. Gas production readings dali@.5g DM) were fitted using the NLIN option of SA
(1999) to the model of France et al. (2000) as: 5x=(1 — &), where: ‘G’ was the volume of gas production
at time ‘t’; ‘b’ was the asymptotic gas productigml/0.5 g DM); ‘k’ was the rate of gas productique(¢ h) from
the slowly fermentable feed fraction ‘b’, and ‘Law the discrete lag time prior to gas being produbata were
analyzed as a 4 x 3 factorial experiment (4 broleages species x 3 treatments: 0, 2 and 5mg of ZAD
using the ‘GLM’ option of SAS (1999) with methods%teel and Torrie (1980), to determine differendas to
tree species and ZADO In the case of significant differences, Dunca®98) multiple-range test was used to
separate means within species.

RESULTSAND DISCUSSION

Crude protein content of the browse leaves rangem fL05 to 221 g/kg DML. leucocephalehad the lowest
NDF, ADF and lignin contentsE. camaldulensishad the highest, ané. saligna and A. halimusthe
intermediate. Secondary compounds, i.e. total etelbde phenolics (TEP), saponins (SAP) and alkal¢hd K))
were at low concentration in leucocephald36, 3 and 0.2 g/kg DM, respectively) and at highcentration in

A. halimus(113, 124 and 2.3 g/kg DM, respectively) as wsllimE. camaldulensi§102, 15 and 5 g/kg DM,
respectively). Aqueous fraction (AF) of lectins,lypeptides and starch, was higherAnhalimusthan in the
other browse species. Tannins (TEP) concentrati@me higher than 50 g/kg of DM in all leaves exdbpte of

L. leucocephaldTable 1). However, high levels of secondary conmats may reduce the feed intake, impair the
nutrient digestibility or even be toxic in rabbf{reekanttet al, 2006). Some variation among different browse
leaves could be due to genotypic characteristiaglation to the type of secondary compounds (Sat.,
2006). In Figure 1 and Table 2, caecal fermentafiarameters (i.e. IVGRand its parameters B, k, L; and
IVDMD) demonstrate differences in nutritional valaéthe four shrub species that are closely relétetheir
chemical composition (Salem, 2005). The high I¥g&dhd IVDMD in A. halimussuggest a higher extent of
fermentation in the first 24 h of fermentation ilwngparison with the other leaves, especially wlith
leucocephalaDifferences in IVGR, and IVDMD among the leaves could be due to theedbffit content and
nature, of their fibre (Rubanz al, 2003) and secondary compounds (Saéral, 2007). Indeed, the higher
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fibre level, as well as high (P<0.05) levels ofm®tary compounds ih. leucocephaldSalemet al, 2006), are
almost certainly responsible for reduced gas priidinin comparison with thether foliages.

Table 1: Nutrient and secondary compound levels (g/kg Ddfl)browse leaves and also the commercial
concentrate fed to NZW rabbit during the experiment

A. saligna A. halimus L. leucocephala E. camaldulensis  Concentraté
Chemical compositidh
oM 902 798 901 945 903
CP 149 105 221 154 207
EE 39 14 68 41 62
CF 239 324 203 98 97
NDF 389 544 372 615 350
ADF 302 339 208 542 148
lignin 134 101 121 192 30
Secondary compounds
TEP 61 112.9 35.74 102.31 ND
SAP 235 123.8 3.14 14.58 ND
ALK 3.19 23 0.2 5.02 ND
AF 68 475 7.28 2.4 ND

dCommercial concentrate used in NZW rabbit feedingnguthe in vitro experiment;bOM, organic matter; CP, crude
protein; EE, ether extract; NDF, neutral deterddore; ADF, acid detergent fibre; lignin, acid degent lignin;°TEP, total
extractable phenolic compounds; SAP, saponins; AlKaloids; AF, aqueous fraction (lectins, polypeges, starch;
Cowan, 1999)%below 0.01 g/kg DM

60 7 OOmg O2mg M 5mg

Ann

A.saligna A. halimus L.leucocephala E.camaldulensis

IVDMD (%)

Figure 1: In vitro caecal dry matter degradability (IVDMD) of the fahrub species in the presence of 0, 2, or 5
mg of ZADO™ /ml of caecal buffered liquor after 24h of incubatiin NZW rabbit.'ZADO® is a mixture of
cellulases, xylanases;amylase and proteases from an anaerobic bacterium

Increased IVGR, and IVDMD in E. camaldulensishan inL. leucocephalanay be due to its lower condensed
tannins concentration in leaves. However, diffeesnin degradability among browses could be alsotdube
different extent of lignification of NDF (Van Soedi994). Salem (2005) reported a similar relatigméletween
IVGP,, and NDF using the rumen fluid of sheep, cattle lamffialo. Low nutritive value oE. leucocephaland

E. camaldulensigould be due to its NDF binding with polyphenoli¢édlovu and Nherera, 1997). Probiotics
are live bacteria or enzymes mixtures, used asgapgdlements (Yoon and Stern, 1995). The originatept of
feeding live microbes to livestock was based prilpasn potentially beneficial effects, including proved
establishment of beneficial gut microflora (Full&999).Addition of low levels of the enzymes mixture fr@am
anaerobic bacterium (ZAD® improved (P<0.001) parameters of the caecal rhiatoactivity (IVGP, and
IVDMD) in all cultures supplied with browse leavekhe improvement varied between the browse leamds a
was more pronounced at higher addition of ZAD®resumably, this could be due to the benefidtalce of
ZADO® on fibre hydrolysis (Gadet al, 2007; Juskiewicet al, 2007). Addition of the exogenous fibrolytic
enzyme mixture such ZAD®Dimprovedin vitro rumen fermentation activity and cell wall dige#tilp of alfalfa
stems (Colombattet al, 2007). However, the mode of action of live migieds in the rumen and the caecum is
not completely understood. The presence of lagiadducing bacteria is thought to help the caecdlraminal
microflora to adapt to the presence of lactic d&idauchemiret al, 2003; Guerrat al, 2007; Marinhecet al,
2007). Beauchemiat al. (2003) reported that the supplementation of feewiith E. faeciumincreased (P<0.05)
the proportion of propionate and decreased (P<(qidortion of butyrate in ruminal fluid comparedttwthe
control. This may be explained by stimulating aftia acid-utilizing bacteria, which produce propae.
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Table 2: In vitro caecal gas production IVG@Rgas production after 24 h of incubation, in mOb®
DM)), gas production rate (ml/g DM at 2, 4, 5 ant)6gas yield (G¥,, ml/g DM disappeared), and
gas production parameters of leaves of four shpaisies in the presence of 0, 2, or 5 mg of ZADO

per ml of caecal buffered liquor after 24h of inatibn in NZW rabbits

Species A. saligna A. halimus L. leucocephala E. camaldulensis SEM Probability
©)

ZADO® Omg 2mg 5mg Omg 2mg 5mg Omg 2mg 5mg Omg 2mg 5mg S Z SxZ
@

IVGP, 33.9 757 79.9 453 73.9 755 303 69.6 787" 367 57.8 73.4 2.86 0.08<0.01 0.31

Rate of gas production

RGP, 104 151 12.1 82 133 12.2 10.2 139 12.4 91 127 112 379 0.870.16 0.89

RGP, 88 10.2 14.1 6.6 134 13.0 57 141 15.0 56 14.F 156" 159 0.94 001 0.55

RGR, 8.7 125 13.7 7.8 142 13.%F 50 143 140 6.2 6.3 14.0 155 0.260.01 0.23

RGR, 81 122 12.6 7.2 142 124 43 152 11.¢9" 56 6.7 13.2 143 0.270.01 0.13

GYan 137 1700 173" 15 173 174" 117 160" 166" 134 158 168" 37.1 0.01<0.01 0.14

Gas production parametérs

B 58.7 107.8 12277 83.8 1234 116.6* 57.1 124.2 118.6° 55.7° 92.3° 121.97 6.91 0.13<0.01 0.21
k 019 021 020 014 020 022 023 024 022 024 024 022 0126040 046 0.40
L 19 23 19 10 20 24 07 22 19 09 21 23" 032 061004 055

1ZADO® is a mixture of cellulases, xylanasesamylase and proteases from an anaerobic bactefBiris the asymptotic
gas production (ml/0.5g DM); ‘K’ is the rate of gamduction (/h); ‘L’ is the initial delay beforeag production begins (h). a,
b, and c are superscripts following means withiowa and foliage species which indicate differenae®<0.05, **P<0.01,
**P<0.001

CONCLUSIONS

In Egypt, which is a semi-arid country, the incaigd@n of shrubs and tree leaves into rabbit dieestricted.
Probiotics could improve the utilization of nutrierof the browse leavdn vitro as shown in increasing the
caecal gas production and the degradability ofnrdagter.In vivo experiments are required to complete this work
using a large scale of animals. Our findings suggesositive effect of ZAD® addition to browse leaves in
rabbits. ZADO could have a positive effect on the activity oécal microorganisms in nutrient digestion and
degrading secondary compounds of browse leaves.
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