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Determination of microbial degradability of N is important in formulating a sound supplementa-
tion strategy for efficient utilisation of basal as well as supplementary diet compotrertiso
degradability of N (IVDN) from tannin-containing browsesdacia cyanophylla, Acacia albida,
Acioa barteri and Quercus ilex and two herbaceous legumeBesmodium intortumand
Desmodium uncinatuymwas determined using thi vitro gas-production method coupled

with NH3-N measurement in the presence and absence of a tannin-binding agent (polyethylene
glycol (PEG), molecular mass 6000). Addition of PEG to tannin-containing feeds significantly
(P < 0M05) increasedh vitro gas and short-chain fatty acid (SCFA) production, and IVDN. The
use of PEG as a tannin-binding agent increased IVDN from 28 to 59, 32 to 72, 19 to 40, 32to 73,
40 to 80, and 26 to 77 % iA. cyanophylla, A. albida, A. barterD. intortum, D. uncinatunand

Q. ilexrespectively. There was significant correlation between total phenolic compounds (total
phenol, TP; total tannin, TT) in leguminous forages and percentage increase in IVDN on addition
of PEG (P <005; R? 070 and @2 for TP and TT respectively). The difference in IVDN
observed in the absence and presence of PEG indicates the amount of protein protected from
degradation in the rumen by tannins. When measured after 24 h incubation, tannin-containing
feeds incubated in absence of PEG resulted in higher microbial protein synthesis than in the
presence of PEG. Addition of PEG significant® € 005) reduced the efficiency of microbial
protein synthesis expressedasol purine/mmol SCFA.

Polyethylene glycol: Protein degradability: Tannins: Microbial protein synthesis
Herbaceous and tree legumes are rich in N, and these formhydroxyl (OH) substituents bonded onto an aromatic ring

an integral part of livestock feed in dry seasons in many (Waterman & Mole, 1994). Tannins are naturally occurring
parts of tropical and subtropical regions where the major polyphenolic compounds of high molecular mass (500 to

feed supply is based on crop residues. Results frouivo 3000 Da) which form complexes with proteins. Tannins are
(Camplinget al. 1962; @rskov & Grubb, 1978), nylon bag grouped in two types: (1) the hydrolysable tannins consist of
(Negi et al. 1988) andin vitro studies (Getachewet al. a carbohydrate moiety in which the hydroxyl groups are

1998 ) indicated that the rumen-degradable N supply from esterified with gallic acid or ellagic acid, and (2) the
crop residues was not sufficient to meet the maintenancecondensed tannins consist of oligomers of the flavan-3-ols
requirement of animals. The nutritive value of crop residues (the catechins) and related flavanol residues which produce
can be enhanced by N supplementation in the form of anthocyanidins on acid degradation (Mangan, 1988).
leguminous forages. However, the concentration of pheno- Tannins have both beneficial and adverse effects.
lic compounds (particularly tannin) in multipurpose tree Beneficial effects of tannin in ruminants include bloat
leaves and some herbaceous legumes is generally high; theguppression (Jonest al. 1973) and protection of dietary
may bind to protein thus rendering the protein undegradable protein in the rumen and subsequently enhancement of
by rumen microbes. The extent to which tannins in tropical amino acid absorption and utilisation by the ruminant
browses and herbaceous legumes bind to proteins and makanimal (Waghornet al. 1994). When tannin-containing
them undegradable by rumen microbes is not known. herbage is masticated, tannin—protein complexes are
Phenolics are compounds that possess one or moreformed; these are stable over the pH rand®-30 but

Abbreviations: IVDN, in vitro degradability of nitrogen; NDF, neutral-detergent fibre; NDS, neutral-detergent solution; PEG, polyethylene glycol;

SCFA, short-chain fatty acids.
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dissociate in the abomasum and anterior duodenum.tannin-binding agent since it was found to be the best
This protects the protein from microbial hydrolysis and amongst a humber of tannin-binding agents (Makédaal.
deamination in the rumen and increases the proportion of 199%). Leaves of two browseXcacia cyanophylla, Acacia
feed proteins available for digestion and absorption post- albida) two herbaceous legumeBésmodium intortunand
rumen. Adverse effects of tannins include: (1) lower intake Desmodium uncinatupmwere obtained from the Interna-
and digestibility; (2) inhibition of digestive enzymes; (3) tional Livestock Research Institute (ILRI, Ethiopia) and
loss of endogenous proteins; (4) systemic effects as aAcioa barteriandQuercus ilexwere sampled from Bennin
result of uptake of degraded products of hydrolysable (West Africa) and Landesarboretum Hohenheim (Germany)
tannins from digestive tract. Condensed tannins do not respectively. The plants with known high-tannin content
seem to be degraded by rumen microbes (Malddaal. (Makkar et al. 1988, 1995, d) were taken for this study.
199%) and there is no absorption of condensed tannins from Samples were air-dried and ground to pass through 1 mm
the gastrointestinal tract (Terriit al. 1994). Polyethylene  screen and used for the IVDN. Feed sampl& ), starch
glycol (PEG), with a molecular mass of 4000, is a non-ionic (01 g) and PEG (1g) were weighed into glass syringes in
detergent which forms complexes with hydrolysable and their respective order before the buffered rumen fluid was
condensed tannins over a wide pH range (B)}8Jones, added. Rumen fluid was taken before morning feeding from
1965; Silanikoveet al. 1996). PEG of various molecular arumen-cannulated dairy cow receiving approximately 3 kg
masses (2000—35000) have been used to prevent bindindhay/d and stravad libitum Rumen fluid was collected into a
between tannins and proteins (Silanikoe¢ al. 1994; pre-warmed thermos bottle, homogenised in a laboratory
Makkar et al 199%; Khazaal et al. 1996). PEG can  blender, strained using a nylon cloth of 106 and then
also displace protein from a pre-formed tannin—protein filtered through glass wool. All handling was carried out
complex (Barry & Manley, 1986). under continuous flushing with GOThe incubation volume
Many workers have used chemical assays (Wetsal. was 40 ml. The N content of the buffered rumen fluid was
1992) and nylon-bag techniques (Aufrexeal. 1991; Boila 7[3 (sp 026) mg ( 28) in the 40 ml system. The details of
& Ingalls, 1992, 1995) to assess the protein degradability of procedures and composition of incubation medium are
conventional feeds. However, these methods are not appli-given in Getachewet al. (1998) and Makkar et al.
cable for tanniferous forages due to the binding of tannins (199%). For IVDN determination, two sets of incubations
to proteins. @rskov & Ryle (1990) mentioned the possible were carried out all in triplicate. First, tannin-containing
underestimation of DM loss from the nylon-bag due to feeds were incubated with and without starch as described
adherence of microbes and this effect could be much by Raabet al (1983), and second, the method described
higher for tannin-containing feeds as tannins have high earlier was combined with the method outlined by Makkar
affinity to microbial proteins. Khazaadt al. (1994) com- et al (199%); the incubations were as in the first set except
pared then vitro gas and nylon-bag techniques to evaluate that PEG was included. This was repeated in four incuba-
nutritive value of feeds and concluded that the nylon-bag tions. Raalet al (1983) found no significant difference in
technique may not be suitable for evaluating feeds with anti- protein degradability using one level and five levels of
nutritive effects. Broderick (1987) developed amvitro starch and therefore one level of starch was used in this
inhibitor technique to measure protein degradability from present experiment.
the appearance of breakdown products such as amino acids After 24 h incubation, gas production was recorded and
and NH; and the method has been used to study the proteinfor determination of apparent digestibility, the contents of
degradability of conventional feeds (Broderiekal. 1992; the syringes were transferred into centrifuge tubes and
Neutzeet al. 1993). However Broderick & Albrecht (1997) centrifuged at 23008 for 15min at 4C. The supernatant
using feeds containing phenolic compounds reported thewas pipetted into a 50 ml plastic bottle and stored in a
binding of these compounds to free amino acids or peptidesfreezer until it was analysed for N\N and SCFA. The
resulting in a negative rate of protein degradation. The syringes were washed twice with a total of 50 ml Gt %
in vitro gas production and NHN measurement have NaCl solution in order to quantitatively transfer the syringe
been used to assess tinevitro degradability of N (IVDN) contents into centrifuge tube. The washing solution was
in protein-rich diets (Raabt al. 1983) and in poor quality = emptied each time from the syringes into the same centri-
roughages (Getacheet al. 1998). fuge tube containing the pellet of the first centrifugation.
The objectives of this present study were to evaluate the The tubes were centrifuged again at 23 §00r 15 min. The
effect of PEG as a tannin-binding agent on microbial residual pellet was frozen and lyophilised in the tubes
fermentation, efficiency of rumen NFN uptake and overnight. The residual moisture, if any, was removed by
rumen microbial growth when tannin-rich feeds were incu- drying the tubes overnight at 8D and then the tubes were
bated with buffered rumen fluid in the presence and absenceweighed. Apparent digestibility was calculated from the
of PEG, and to quantify the extent of tannin-mediated weight of the centrifuge tube containing the pellet minus
protection of protein from microbial degradation. that of the empty tube and corrected for the pellet weight of
the blank incubation. N in these pellets was determined and
termed as apparent undegraded residue-N (APUR-N).
Materials and methods For true digestibility after 24 h incubation, the syringe
contents from parallel sets of incubations were transferred
into a 600 ml beaker and the syringes were washed twice
Tannin-containing plants were selected to study the effect of with a total of 50 ml neutral-detergent solution (NDS; Van
addition of polyethylene glycol (molecular mass 6000) as a Soest & Robertson, 1985) and emptied into the beaker. The

In vitro gas production, true and apparent digestibility
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contents were refluxed for 1 h, and then filtered through
pre-tared filter crucibles. The crucibles were dried over-
night at 100C and weighed (Van Soest & Robertson, 1985).
True degradability was calculated as the weight of substrate

75

balance, and purine determination. In the Nitrogen balance
method two approaches were used. The first approach was:

MN = TN — (NDF-N + NH3-N),

incubated minus the weight of the residue after NDS where MN is the microbial N, TN is total N (feed NN in

treatment. The residue after NDS treatment (neutral-deter-
gent residue) was used for NDF-N determination. The ratio
substrate truly degraded (mg):gas (ml) volume, termed as
partitioning factor (Blummel et al. 199'h), was calculated

buffered rumen fluid) in the syringe before incubation, and
the NDF-N and NH-N are NDF-N and NH-N in the
supernatant after 24 h incubation.

In a closed system, the N present before incubation

using measured gas volume and truly degraded substratgtotal N) will be in the form of microbial mass, NDF-N,

after 24 h incubation of the feeds.

IVDN was calculated from the linear regressions of
NH3-N concentration ¥;mg) v. gas production X ml)
observed on incubation of feed for 24 h with and without
exogenous energy source (starch), as described in®ahb

amino acids and NRl after fermentation. Negligible
amounts of amino acids and peptides are present in the
supernatant during fermentation (Krishnamoortéty al.
1990) and therefore these can be ignored in calculation of
microbial N.

(1983). The intercept at the Y-axis represents the amount of The second approach was:

NHs-N which is released when no gas was produced. The
difference between théintercept and NH-N contentin O h
blank indicated the amount of NN liberated from the
degradation of protein and other N-containing compounds
of the feedstuff incubated. The NHN in the 24 h incubated
blank was higher than the 0 h blank values due to microbial
lysis that occurred during incubation leading to under-
estimation of IVDN (Getachevet al. 199&). Therefore
Oh blank NH-N values were used in the calculation of
IVDN. The IVDN at 24 h was calculated as a proportion of
total N incubated by the equation:

IVDN =

NH3-N at zero gas productior NH3-N in 0 h blank
Total N of feed incubated ’

NHs-N disappearance with increasing energy (starch)
availability was assumed to be due to its incorporation
into microbial protein; therefore, the decline in BHN/mI
gas produced (slope; rate of Nl uptake) is defined as
the efficiency of microbial protein synthesis (Raabal.
1983).

Microbial nitrogen

Microbial N was measured using three different methods:
gravimetric (the difference in weight between truly and
apparently degraded feed) (Bhmel et al 1997%h), N

MN = APUR-N — NDF-N,

where MN is the microbial N, APUR-N is apparent
undegraded residue-N after incubation. The basis of this
approach was similar to that of Bhmel et al. (199D).

The rumen microbial sample was prepared using the
method described by Makkar & Becker (1998) to assess
the relationship of purine:N. The efficiency of microbial
protein synthesis was defined gsmol purine/mmol
SCFA.

Chemical analysis

DM and ash were determined according to the method of the
Association of Official Analytical Chemists (1990). NDF
and acid-detergent fibre were determined following the
method of Van Soest & Robertson (1985). N in the feeds,
apparent undegraded residues and lyophilised rumen
microbes was determined by using Kjeldahl procedure.
NHs-N in the supernatant was also determined using
Kjeldahl procedure by distilling 15ml of the supernatant
under alkaline condition (Makkar & Becker, 1996). Total
phenol was determined by Folin—Ciocalteu reagents, total
tannins as the difference of phenolics before and after tannin
removal with and without the use of insoluble polyvinyl-
pyrrolidone (Makkaret al. 1993), and condensed tannin
using the butanol-HCIl-Fe reagent (Portdral. 1986).
Total phenols and tannins were expressed as tannic acid

Table 1. Chemical composition (% dry matter) of browse and herbaceous legume species used in the present

experiment
Components
Species CP NDF ADF Ash TP* TT* CTt
Acacia saligna 1409 4000 4601 104 134 103 100
Acacia albida 90 3504 4318 90 120 113 70
Acioa barteri 8B 6412 6416 1009 v 83 148
Desmodium intortum cv greenleaf 1909 4401 532 98 88 76 1007
Desmodium uncinatum cv silverleaf 190 473 5500 100 8B T 80
Quercus ilex 100 503 500 50 1803 168 71

CP, crude protein; NDF, neutral-detergent fibre; ADF, acid-detergent fibre; TP, total phenol; TT, total tannin; CT, condensed tannin.

*Tannic acid equivalent.
T Leucocyanidin equivalent.
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Table 2. In vitro gas production, ammonia-nitrogen (NH3-N) in 40 ml supernatantt, nitrogen in apparent undegraded residue (APUR-N), in vitro dry
matter degradability, and partitioning factor (PF) from different browse and herbaceous legumes after 24 h incubation with and without
polyethylene glycol (PEG) and/or starch in buffered rumen fluid

(Mean values and standard deviations)

Dry matter degradability (%)

24 h gas (ml) APUR-N (mg) NH3-N (mg) Apparent True PF (mg/ml gas)

Feeds Mean SD Mean SD Mean SD Mean Sb Mean SD Mean SD

Acacia cyanophylla 346 1334 120 oz3 609 00 2117 104 6812 0[39 92 om7
Acacia + PEG 6601 172 81 0a2 108 0098 230 227 5908 133 422 09
Acacia + starch 720 281 1409 038 44 038 291 048 7301 2[28 56 omz
Acacia + PEG + starch 1056 337 98 026 809 094 323 113 6309 088 34 004

ANOVA
PEG *kkk *kkk *kkk * *kkk *kkk
Starch *kkk *kkk *kkk *kkk *kk *kkk
PEG x Starch NS Fkkk * NS NS Fkkk

Acacia albida 542 07 188 036 86 039 324 163 752 2[40 608 o1
Acacia + PEG 711 189 123 022 1409 1010 350 0070 744 3085 49 023
Acacia + starch 923 305 214 031 50 0B8 388 146 798 0@3 48 005
Acacia + PEG + starch 1098 237 150 026 1109 087 4211 123 772 166 30 009

ANOVA
PEG *kkk *kkk *kkk *kk NS *kkk
Starch *kkk *kkk *kkk *kkk * *kkk
PEG x Starch NS NS NS NS NS *

Acioa barteri 127 006 84 o7 73 oR=2 60 227 450 135 16 033
Acioa + PEG 271 0091 609 0146 81 0B4 -6[4 2[00 3303 2[64 56 044
Acioa + starch 518 186 99 080 50 0B1 17 0B3 5209 oas 56 0Mm2
Acioa + PEG + starch 680 087 8B 047 601 086 70 0B85 428 134 34 ol

ANOVA
PEG *kkk Kkkk *kkk *kkk *kkk dkkk
Starch *kkk *kkk *kkk *kkk K*kkk *kkk
PEG x Starch * NS NS NS NS ok

Desmodium introtum 703 0839 143 039 86 o2 3438 319 700 2[38 a1 o6
Desmodium + PEG 843 109 93 08 138 on4 3209 042 6809 2[713 3B 0as
Desmodium + starch 1118 187 1601 043 61 0[5 393 107 750 2[86 338 o4
Desmodium + PEG + starch 1253 224 100 086 1114 043 406 337 712 125 32 0[5

ANOVA
PEG *kkk *kkk *kkk NS * *kkk
Starch *kkk *kkk *kkk *kk * *kkk
PEG x Starch NS NS NS NS NS NS

Desmodium uncinatum 5914 2[05 148 106 83 o4 301 o2 708 102 56 [Ol1¢}:]
Desmodium + PEG 802  0B8 88 013 1309 023 308 0.0 712 5[06 422 030
Desmodium + starch 866 3089 158 061 62 025 386 083 7508 134 49 009
Desmodium + PEG + starch 1208 169 10B 034 113 037 374 048 670 536 30 025

ANOVA
PEG *kkk Kkkk *kkk NS NS *kkk
Starch *kkk *kkk *kkk *kkk NS *kkk
PEG x Starch ok * * * NS NS

Quercus ilex 496 163 909 o022 56 o[s8 2509 0B4 586 2016 56 020
Quercus + PEG 653 069 7B oR4 70 06 258 0B9 596 2[30 43 omz
Quercus + starch 8814 142 116 0030 31 009 331 088 6200 3050 40 022
Quercus + PEG + starch 1033 184 99 07 46 omas 320 074 6701 133 3d 06

ANOVA
PEG *kkk *kkk *kkk NS NS *kkk
Starch *kkk Kkkk *kkk *kkk *% *kkk
PEG x Starch NS * Fkkk NS NS *

PF, partitioning factor (substrate truly degraded).
* P < 005, ** P < 001, *** P < 0001, **** P < 0[0001.
T After centrifugation of syringe contents (see p. 74).

equivalent and condensed tannins as leucocyanidin equiva- Statistical vsi
lent. SCFA in the supernatant were determined using GC auistical analysis

(Hewlett Packard, 5880A, Avondale, PA, USA) fitted with a The data were subjected to ANOVA for two factor design to
flame-ionisation detector. Purine determination in apparent assess the effect of PEG and starch and their interactions
undegraded residues and rumen microbes was carried outising the General Linear Model available in Statistical
using the HPLC method described by Makkar & Becker Analysis Systems (SAS/STAT program, SAS Institute
(1999). Inc., Cary, NC, USA). The differences between means
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were compared using Duncan’s multiple range test. The Table 4. Relationship between increase in in vitro degradability

IVDN and N uptake in the presence and absence of PEG wasof nitrogen (IVDN) and in vitro gas production in presence of
Compared using Studentgest polyethylene glycol (PEG), with contents of phenolic compounds

Increase in Increase in

IVDN (%) in vitro gas (%)
Results
. . . Phenoli d R? R?

Chemical composition of the feedis,vitro gas enolic compounds " n
production, rumen ammonia concentration, Total phenols 0B98* 6 0040 6
and true and apparent degradability Total tannins omB17* 6 0004 6
Condensed tannins 00268 6 0858 6

The chemical composition of the feeds used in the experi-
ment is given in Table 1. Acid-detergent fibre values were
higher than the NDF values. The contents of total phenols,
total tannins and condensed tannins ranged frdf t8
18083 %, 76 to 168 %, and T1 to 148 % respectively. There
was a large variation in crude protein content of feeds.

Mean values were significantly different from control group, * P < 0[05.

of increase in the microbial degradability of N on addition
of PEG indicates the amount of protein protected by tannins
: : ; from microbial degradation. There was significant correla-
In vitro gas production, apparent undegraded residue-N, i, ot veen the content of phenolic compound and percen-

NHs-N in the supernatant, and apparent and true degrad- : ; e
ability of feeds are shown in Table 2. Addition of PEG to E:aogfeigggiasg ;nolggNéJ %bul)el)zl )Bgtwggnw?k?en%c?ggmggm

tannin-containing feeds increasidvitro gas production in effect of : g, :

S . X phenolic content anid vitro gas production. The
all feeds. There was significant interactidh < 005) for o 4ionshin between the joint effect of phenolic content
in vitro gas production between PEG and starch Aor and IVDN was weak but significanP(< 0005; R? 022).
tz)grot/er; ang D. ;Jn(;mattjml'ligeo/wx:ress?s .razggfz. betwfeen Although the overall N degradability in the medium was

o for L. Intortium to °A. barteri ition ot higher in presence of PEG, there was no significant dif-
readily-soluble carbohydrate (starch) increased true dlgest-ference P> 05) in the rate of NH-N uptake by rumen
ibility. The addition of PEG reduced N in apparent unde- i has (Table 5). When individual feed was considered,

graded residues in all feeds. h albida the interaction there was sianifi : ;
— gnificant differencd® € 005) in the rate of
between PEG and starch was not significaht>(0[05) for NH5-N uptake in the presence and absence of PEGAfor

all variables except the partitioning factor. MN in the cvanophvila. D. intortunand O. ilex The rate of NH-N
supernatant was highdP « 0[05) for samples incubated in );/)také)tgndéd fo be higherw?én PEG was absmng.

presence of PEG as compared to its absence. Inclusion o 0606 ma NH-N uptake/ml aas in absence and presence of
starch significantly P < 005) depressed NEHN in the PEG resp?ec:i_\%ely; F')I'able 5)_9 P

supernatant. Despite considerable increase in gas produc-
tion in presence of PEG, the apparent and true degradability _ ) .
were not significantly different in the presence and absence Short-chain fatty acid production
of PEG. The partitioning factor ranged fronflo 161. The net total and individual SCFA production values on
incubation of tannin-containing feeds with and without
In vitro degradability of nitrogen PEG are shown in Table 6. Addition of PEG significantly
(P<0001) increased production of total SCFA (from
The IVDN ranges were 19-40 % in tannin-containing feed 38 % inD. intortumand to 540 % irA. barteri. Incubation
alone and 40-80% in tannin-containing feed PEG of tannin-containing feed with PEG tended to decrease the
(Table 3). Addition of PEG increased the availability of molar proportion of propionate. Addition of PEG also
protein to rumen microbes by more than 100 %. The extent

Table 5. Rate of nitrogen uptake (mg N uptake/ml gas) by rumen

Table 3. In vitro degradability of nitrogen (IVDN) after 24 h incubation microbes on addition of starch when tannin-rich browse and herba-

in the presence and absence of polyethylene glycol (PEG) ceous legumes were incubated with and without polyethylene glycol
(PEG)

(Mean values and standard deviations)

(Mean values and standard deviations)

IVDNT
N uptake (mg/ml gas)
-PEG +PEG
-PEG +PEG
Species Mean SD Mean SD n
Feeds Mean sD Mean SD
Acacia cyanophylla 028 oms 0B9* oazr 4
Acacia albida 032 om7 O[F2%** 007 4 Acacia cyanophylla 00878 00258 00462* 00159
Acioa barteri 019 0[5 01420 oazr 4 Acacia albida 00762 00159 00759 0[0086
Desmodium intortum 032 oms 007 3*** 009 4 Acioa barteri 000543 00103 00459 0[0035
Desmodium uncinatum 01420 o4 0B0O**=* o004 4 Desmodium intortum 00476 00142 00540 00139
Quercus ilex 026 0[8 07 7*** 0m5 4 Desmodium uncinatum 00781 00082 0[0621*  0MO72

Quercus ilex 000658 00070 00794* 00048

Mean values were significantly different from control group (- PEG), * P < 005,
**% P < 0[001 (Student’ ¢ test). Mean values were significantly different from control group (- PEG), * P < 005
9 y group
T Proportion of feed nitrogen incubated. (Student’s t test).
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Table 6. Net total and individual short-chain fatty acid (SCFA) production (.mol/40 ml incubation medium) on incubation (24 h) of browse and
herbaceous legumes with and without polyethylene glycol (PEG) and/or starch

(Mean values and standard deviations)

Total SCFA c2 C3 c4 C4i C5i C5
Feeds Mean sb Mean sb Mean sb Mean sb Mean sb Mean sb  Mean sD
Acacia cyanophylla 856 254 609 20.0 284 6.1 -30.7 40 -3.7 046 -109 0.69 8.0 0.92
Acacia + PEG 1610 128.7 1089 91.7 439 30.7 21.3 40 155 046 249 201 20.5 1.06
Acacia + starch 1374 129 883 23.1 503 20.1 -4.7 28 -39 129 -112 167 7.3 1.83
Acacia + starch + PEG 2135 127.0 1369 849 551 31.1 1453 57 194 085 279 283 21.7 1.70
ANOVA
P E G *kkk *kkk *kkk *kkk
Starch *kkk *kkk *kkk *kkk
PEG x Starch NS NS * kk
Acacia albida 1103 28.6 849 28.3 237 0.0 9.3 0.0 14 028 -13 00 7.3 0.00
Acacia + PEG 1648  43.0 1183 30.6 328 10.1 46.6 23 225 046 405 231 28.0 0.61
Acacia + starch 1676  31.2 1169 20.0 393 139 1053 4.0 21 023 -32 122 9.1 0.23
Acacia + starch + PEG 2410 24.8 1643 23.1 489 6.9 184.0 6.1 253 023 419 000 271 0.23
ANOVA
P E G *kkk *kkk *kkk *kkk
Starch *kkk *kkk *kkk *kkk
PEG x Starch * * NS b
Acioa barteri 62 5.7 87 28 15 28 -30.7 00 -22 028 -45 113 -3.7 0.85
Acioa + PEG 395 452 316 306 84 83 -12.0 4.6 29 061 57 122 -1.7 0.46
Acioa + starch 720 344 429 346 291 8.3 2.7 00 -15 083 -29 120 -1.7 0.46
Acioa + starch + PEG 1224 596 803 46.2 265 40 1360 101 54 311 8.1 3.68 1.1 085
ANOVA
P E G *kkk *kkk * *kkk
Starch *kkk *kkk *kkk *kkk
PEG X Starch * * *kkk *kkk
Desmodium intortum 1646 25 1181 0.0 342 2.8 76.0 0.0 106 028 142 0.28 21.8 0.28
Desmodium + PEG 2268 18.9 1588 115 442 6.1 126.7 23 289 061 440 0.00 380 0.00
Desmodium + starch 2456  42.0 1635 23.1 552 8.0 205.3 92 151 083 189 140 299 0.61
Desmodium + starch + PEG 2815 112.1 1888 75.7 576 174 236.0 144 315 092 440 400 393 231
ANOVA
P E G *kkk *kkk *kkk *kk
Starch *kkk *hkk *kkk *kkk
PEG x Starch * * ok NS
Desmodium uncinatum 1413  29.6 1008 23.1 305 6.1 68.0 0.0 7.7 0.23 6.3 1.29 17.7 0.92
Desmodium + PEG 2054 685 1435 46.2 399 129 1240 6.9 263 101 407 1.15 29.6 1.20
Desmodium + starch 2178  11.3 1421 0.0 531 8.3 1813 23 109 023 116 0.69 219 0.46
Desmodium + starch + PEG 2869 163.0 1915 100.7 596 36.7 248.0 144 315 227 447 6.43 347 295
ANOVA
P E G *kkk *kkk *kkk *kkk
Starch *kkk *kkk *kkk *kkk
PEG x Starch NS NS NS NS
Quercus ilex 1120 131 835 115 221 2.3 56.0 0.0 16 0.0 1.3 061 5.6 0.00
Quercus + PEG 1660 54.1 1215 416 300 106 109.3 23 100 069 145 1.22 11.6 0.00
Quercus + starch 1847 48.8 1221 40.0 531 6.1 82.7 2.3 29 0.23 24 1.39 75 0.61
Quercus + starch + PEG 2249 424 1535 30.6 529 8.3 146.7 46 107 046 140 139 139 0.23
ANOVA
P E G *kkk Kkkk *kkk *kkk
Starch *kkk *kkk *kkk *kkk
PEG x Starch * NS kek *

C2, acetate; C3, propionate; C4, butyrate; C4i, isobutyrate; C5i, isovalerate; C5, valerate.
* P <005, ** P< 0001, **** P<00001.

increased the concentration of isoacids. In the absence ofThere was strong correlatiofRf 098) between microbial
PEG there was net uptake of isoacids which is the result of protein synthesis measured using the two N balance
protection of proteins from rumen deamination by tannins. methods. Addition of PEG to tannin-containing feeds
Addition of PEG also increased production of butyrate. increased rumen NHN concentration but reduced micro-
bial protein synthesis. Incubation of starch with tannin-
containing feeds significantly increased microbial protein
synthesis. Incubation of tannin-containing feed in combina-
The relationship of purineumol) : N (mg) was found to be  tion with PEG and starch yielded higher microbial protein
1[4 (sp 0021) ( 6). Microbial N measured using the synthesis than with PEG alone. The efficiency of microbial
different methods is presented in Table 7. The gravimetric protein synthesis was significantly highel € 005) in
method was poorly correlated with the N balance method. tannin-containing feed than tannin-containing feeBEG.

Microbial protein synthesis
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Table 7. Microbial protein synthesis on incubation of tannin-rich browses and herbaceous legumes (24 h incubation) in the presence and absence
of polyethylene glycol (PEG) and/or starch

Microbial N measured (mg)

Nitrogen balancet EMPS
(pmol purines/
Method 1 Method 2 Gravimetrict Purines§ mmol SCFA)
Feeds Mean SD Mean SD Mean Sb Mean SD Mean Sb
Acacia cyanophylla 110 oa2 103 019 1603 071 56 0as 66 003
Acacia + PEG 88 073 6[8 009 1207 0R7 a2 0az 2B 030
Acacia + starch 1309 013 131 033 182 16 94 031 68 026
Acacia + PEG + starch 108 027 81 0050 131 0010 607 023 32 0019
ANOVA
P E G *kkk *kkk *kkk *kkk
Starch *kkk *kkk *kkk *
PEG x Starch NS * * NS
Acacia albida 164 0B4 1409 027 156 105 70 0036 64 061
Acacia + PEG 107 047 96 0030 1309 127 60 006 37 0010
Acacia + starch 188 080 178 018 1716 018 110 0580 66 037
Acacia + PEG + starch 137 187 12[6 180 1501 0146 97 0140 40 0016
ANOVA
P E G Kkkk *kkk *% *kkk
Starch * *kkk *kkk N S
PEG x Starch NS NS NS NS
Acioa barteri 40 004 50 007 1309 0140 30 027 488 001
Acioa + PEG 26 023 34 025 151 085 30 006 v 088
Acioa + starch 612 ozl 70 027 150 023 89 0032 126 108
Acioa + PEG + starch 43 o4 409 020 1409 0B9 507 020 ai 038
ANOVA
P E G Kkkk *kkk *kkk Kkkk
Starch *kkk *kkk *kkk *kkk
PEG x Starch NS NS ko ok
Desmodium introtum 143 008 130 0030 131 0094 59 0036 308 009
Desmodium + PEG 96 008 87 o2 130 0B84 5@ 0010 24 002
Desmodium + starch 156 o014 146 0016 156 122 89 0146 3B oav7
Desmodium + PEG + starch 113 023 92 0070 132 103 709 0144 28 o2
ANOVA
P E G Kkkk *kkk * Kkkk
Starch *kkk * *kkk *
PEG x Starch * NS NS NS
Desmodium uncinatum 140 oo 138 0B8 1303 048 608 030 46 025
Desmodium + PEG 89 030 7 010 1501 013 52 02 208 o014
Desmodium + starch 164 oaz 146 0146 176 068 98 029 43 0016
Desmodium + PEG + starch 100 036 94 028 1500 142 82 0oas 20 o2
ANOVA
P E G Kkkk *kkk *kkk *kkk
Starch Kkkk * K*kkk N S
PEG x Starch NS NS NS NS
Quercus ilex 98 oro 90 omas3 1200 05 50 oaz 43 oml9
Quercus + PEG 70 00 607 037 125 080 44 09 2B 043
Quercus + starch 123 0010 106 038 1114 031 92 006 50 0016
Quercus + PEG + starch 108 03 [e]u ! oR4 1409 033 91 0[06 40 oo
ANOVA
P E G *kkk *kkk * *kkk
Starch Kkkk *kkk *kkk *kk
PEG x Starch * * NS *

EMPS, efficiency of microbial protein synthesis.

* P<0[05, ** P< 001, *** P <0001, **** P <0[0001.

T Method 1, total N in the system — neutral-detergent fibre-N + NH3-N in the supernatant; method 2, apparent undegraded residue-N — neutral-detergent fibre-N (see
p.78).

F Converted to microbial N assuming an average N content in microbial dry matter to be 77 % (@rskov & Ryle, 1990).

§ wmol in apparent residues.

Discussion browse species ([—-38%). The condensed tannin content
was above the level suggested (Baetyal. 1986) to yield
positive effects by improving the efficiency of N digestion.
The crude protein content of feeds was within the range The sugar content of the feeds used in the present study
reported by Rittner & Reed (1992). Rittner & Reed (1992) was not analysed. However, Ford (1978) reporte8 %
mentioned high variation in crude protein content of tropical sugars inDesmodium intortumLeuaena leucocephaland

Chemical composition of the feed
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Gliricidia sepiumhad total sugar contents of 12 and 14 %
respectively (Vadiveloo & Fadel, 1992).

vet al.

absence of PEG mainly due the tannin—-PEG complexes
which became insoluble in the NDS, distorting the weight of

degraded sample (Makkat al. 1999, d). For conventional
feeds (roughages), the ratio substrate truly degraded:gas

In vitro degradability of nitrogen

Incubation was carried out in N-rich medium (approxi-
mately 182 mg N/I). This value was within the level sug-
gested for optimum rumen fermentation (drskov, 1982).
Using similar incubation medium, the IVDN values
observed from browse and herbaceous legumes in the
absence of PEG were lower than those reported for low
quality roughages (Getacheatal. 1998). However, due to
their relatively high crude protein content, browses and
herbaceous legumes could play a significant role in supply-
ing rumen degradable N. In the presence of PEG, the VDN
values were higher. The difference between IVDN values
observed in presence and absence of PEG indicates th
amount of protein protected by tannins from degradation in
the rumen. Whether this amount of protein protected by
tannins from microbial degradation is fully available to
animals post-ruminally requires further research. In the
current experiment the IVDN was measured after 24h
incubation. Raalet al. (1983) reported a close relationship
betweenin vivo andin vitro values when incubation was
terminated after 17 h. When conventional-protein feed was
used, about 80 % of the 24 h value was degraded in the first
8 h incubation whereas in protected protein feed only 60 %
of the value measured after 24 h incubation were degraded
(Raabet al. 1983). The appropriate incubation time far
vitro degradability studies may depend on the rate of
degradability of protein. The presence of phenolic com-

volume, termed as the partition factor, ranges fromz2
4165 mg/ml (Blummelet al. 1997). A partitioning factor as

high as 161 has been obtained fok. barteri (Table 2)

which is well beyond the theoretical [@—-441) or
observed (Z4-4865) ranges of partitioning factors (Bl

melet al. 1997). This result also reinforces the observation
of Makkar et al. (1997) that due to various artefacts the
partitioning factors can not be determined for tannin-rich

forages by the approach of residue determination using

NDS. This high partitioning factor could be due to: (1)
leaching of tannins from the feed during fermentation
contributing to the DM loss but without contributing to

éhe gas production; (2) inhibition of cell solubles by tannins;

or a combination of (1) and (2) (Makkaet al. 1997,
Getachewet al. 199&). All these results suggest again

that the detergent system of fibre analysis should be used
with caution for tannin-containing feeds.

Large increases im vitro gas and SCFA production due
to the addition of PEG in this present study confirms that the
effect of tannin is on depression of DM degradation. Norton
(1994) summarised data on legume supplementation to poor
guality roughage and reported that the DM digestibility in
legumes ranged from 36—60% and these values were not
significantly different from the values for basal diet. This
indicates that the effect of tannins in legumes is not only in
reducing N availability but also to reduce digestibility of
other components.

pounds reduces the rate of degradation of feeds (Khazaal

et al. 1994; Broderick & Albrecht, 1997) making the
choice of incubation time more complicated. Kaitbbal.
(1998) used a range of browse species with different
level of phenolic compounds and reported a degradation
rate of —0(1-190%/h. Broderick & Albrecht (1997)
using thein vitro inhibitor system for tannin-containing
feeds reported low rates of degradability of protein. The
rate of protein degradability can be affected not only by
the amount of phenolic compounds but also by their
biological activity (Broderick & Albrecht, 1997). Con-
densed tannins from different plant species have been
reported to show different physical and chemical properties
(Mangan, 1988).

In vitro gas production, apparent and true degradability,
and partitioning of nutrients

Phenolic compounds (particularly tannins) bind to macro-
molecules, in particular to proteins, forming tannin—protein
complexes and creating difficulties in the analysis of fibre
using the detergent method (Makletral. 1995). This was

Microbial protein synthesis

Microbial N determined by both N balance methods (see
p.75) take into account the NDF-N. Our previous study
(Makkar et al. 1995) showed that NDF or NDF-N values
are distorted to a greater extent if the apparent undegraded
residue is subjected to NDS treatment rather than subjecting
the syringe contents after fermentation directly to the NDS
treatment. In the present study, NDF-N was determined in
the NDF residue obtained on subjecting the syringe contents
after fermentation directly to the NDS treatment. In addi-
tion, had the NDF-N values been affected by artefacts
arising from the presence of tannin—microbial protein
complexes, the observed partitioning factor should not
have been higher than the theoretical range. Therefore, an
error, if any, in the NDF-N values is not expected to be
large. The higher microbial N by the gravimetric method
than with the N balance methods can be explained by the
presence of tannins and/or tannin—protein complexes in the
apparently undegraded residue (Makkarl. 1995) lead-

ing to an overestimation of microbial mass and hence of
microbial N. The conclusions drawn from the microbial N

also evident from the higher value of acid-detergent fibre as estimated by these methods are not affected by the factors
compared to NDF (Table 1). Since tannins are hetero- mentioned earlier since the values obtained under different
genous in nature their biological activity may depend on conditions (with or without PEG and starch) for a tannin-
the type of tannins and the degree of polymerisation rich feed had a similar pattern using any of the three
(Makkar et al 1988). Despite the large increase in gas approaches. In addition, the pattern observed for microbial
production, apparent digestibility in presence of PEG was N was similar to that of purines (Table 7); purines content is
not significantly P > 0[05) different from that observed in  an indicator of microbial protein.
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Ammonia-nitrogen concentration feed utilisation in the rumen through the non-specific lysis

Addition of PEG increased the NN concentration in the O; bacteriﬁ\ (K”e"?et al 199|6)' T?‘”T&S kgelallgggg)een

. o o shown to have anti-protozoal activity (Ma al.
supernatant. In tannin-containing feeds, degradability of ~ : : : gy . . ;
prcl?teins was markedly depressegd by tannin% resultinyg inwhlch will also increase the efficiency of microbial protein
low NHg-N_concentration. The increased yM in pre- Sy?'tr]h(ae?itlg”n}tr:]re()tr)liﬁﬁwnéss roduction would depend on the
sence of PEG did not increase microbial protein SyntheSis’balance between decreasped degradable DMp and higher
probably due to poor synchronisation between N release and . . . .
carbohydrate fermentation. An increase in microbial protein [)mcr(}b@ll mf?ss p;oduct]on pﬁr ufmt DM digested. 'Il'he
synthesis when tannin-containing feeds were incubatedI en(la |cf|a effect o ]Eagnlgs w e? 1gréasg_e\;c,v cot?talnlngl ow
with starch indicated that uncoupled fermentation occurred legge 4)0 ct&:]lgmseargu: to( t?]régt ?6tectior’1 o?g rc())t[r;tnafrom
when tannin-containing feed was incubated with PEG lead- microbial dearadation b ta%ninS' this ir?creases the
ing to accumulation of NBtN. A rapid degradation of N not 9 Y )

matched to the availability of energy could lead to accu- gerﬂgij:t gfhib)gg?ﬁzwpgtﬁwlﬂzrgobige rlgt\gi?\rs ?(;Jtthisinv':/:s”tir?:
mulation of NH-N in the in vitro system or to a high 9 9 P

absorption of NH-N from the rumenin vivo. In vivo, the as a result of higher efficiency of microbial protein synth-
; : ) : esis. To our knowledge, this is the first report which

NH3-N not captured in the rumen is absorbed and converted ; ' L . X

: . : : .~ demonstrates unequivocally a lower efficiency of microbial

into urea, and the synthesis of urea in the liver requires . X X ; ; .

! . tein synthesis on incubation of tannin-containing feeds
expenditure of energy, each mole of urea requiring four pro X - . .
mgles of ATP (Van gSyoest 1994). Synchronisgtion %f the with .PEG or c_onyersely, higher efﬁgency of microbial
e of cegradalon of N and carbonydrale components PG SSIESS I pes e s
the rumen is extremely important for efficient utilisation of di ins in th d th pr £ bl
rumen NH-N for synthesis of microbial protein. Therefore Nlletatry prottelrrs(llngstwt)e rume? gnth tte g&‘?t\.’em'ofnpoEG ct>at.
: e ’ ontossi et al. reporte at addition o 0
it appears that utilisation of browse and other legume . o . . X ; .
spegi%s with high tannin levels can be improved by i?wclu— tannin-containing diets redu_ced live-weight gain. Similar
sion of tannin-binding agents such as PEG and an additionalresu“S were reported by Terrék al (1992) and Barret al

: . 7(1986). Inclusion of PEG in the diet resulted in reduced non-
energy source to trap the N resulting from the fermentation. NH N digested post-rumen, increased N excreted in urine,

and increased rumen NHN (Barry et al. 1986). These
authors also reported an increase in apparent digestibility in
the PEG-treated group. Degenal. (1998) used PEG with
Incubation of tannin-containing feeds alone resulted in a Acacia saligna diets containing Quebracho tannin, and
higher efficiency of microbial protein synthesis as compared tannic acid, and found that addition of PEG increased
to the values measured in presence of PEG (24 h incuba-DM intake and body-weight gain not only for Acacia and
tion). Norton & Ahn (1997) evaluated the effect of PEG Quebracho (which contain mainly condensed tannins) diets
infusion to sheep fed orCalliandra calothyrsusand but also for tannic acid diets (hydrolysable tannin). This
reported higher microbial efficiency in the non-PEG group suggests that the effect of PEGvivo is not only restricted
compared to those infused with PEG. Addition of PEG to to condensed tannins but also to the hydrolysable tannins in
starch-containing feeds decreased the molar proportion offeeds.

propionate and hence the efficiency of microbial protein  The extent of positive or negative effects of tannins may
synthesis compared to that in absence of PEG. Highervary depending on the type and level of tannins in feeds and
propionate production in absence of PEG was also reportedtheir biological activity, level of tannin intake, and quality
by Nunez-Hernandeet al. (1991). The amount of CH of basal diets. Addition of PEG is advantageous if the tannin
produced was not measured in the current experiment, butcontent of the feed is high to the extent that it depresses
in vitro studies indicated that the amount of gptoduction microbial activity and digestibility of feeds drastically. On
per unit of degraded substrate was lower as the level of the other hand, addition of PEG to low-tannin feeds may
tannin-containing feed in the mixture was increased (Hayler result in negative effects by reducing the amount of by-pass
et al. 1998). The use of an anti-methanogenic compound in protein and also by decreasing the efficiency of microbial
the diet also increased the propionate:acetate ratio andprotein synthesis.
improved the efficiency of feed utilisation (McCralebal.

1997). Lower CH production and a higher proportion of

propionate are consistent with a higher efficiency of micro-

bial protein synthesis in presence of tannins. In the presenceBrowse and herbaceous legumes are rich in N content, and
of PEG, not only the amount, but also the composition of these form an integral part of livestock feed in the dry
microbes was affected (Getachest al. 1998l). Other season in many parts of tropical regions. The consumption
explanations for the higher efficiency of microbial yield in of a feedstuff containing high levels of tannins produces
the absence of PEG could be that tannins may act as an antiadverse effects on nutritive value of feed and animal
lytic agent in the rumen and also lead to better synchronisa-performance, and therefore there is a tendency to select
tion of nutrients released during fermentation in presence of forages for low tannin content. Screening of germplasm
tannins. Recently, it has been postulated that tannins at aagainst tannin content may result in disappearance of the
lower concentration reduce bacteriophages (bacterialimportant genes responsible for the agronomic, ecological
viruses) which cause the reduction in the efficiency of and nutritional advantages of the plants. Addition of PEG

Efficiency of microbial protein synthesis

Conclusion
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to tannin-containing feed increaseid vitro gas and Broderick G & Albrecht KA (1997) Ruminaih vitro degradation
SCFA production, anéh vitro degradation of N. Therefore, of protein in tannin-free and tannin containing forage legume
there appears to be a potential to improve the utilisation of _ SpeciesCrop Scienced7, 1884—1891. .
tannin-containing feeds without altering the genetic pool of €a@mpling RC, Freer M & Balch CC (1962) Factors affecting the

: . . S i luntary intake of food by cows. 3. The effect of urea on the
tannin-containing plants with the use of a tannin-binding Vo : - .
. . : voluntary intake of oat strawBritish Journal of Nutrition15,
agent such as PEG. Inclusion of energy sources with the aim ;15" 154

of syng;hronlsmg N deg(adabll|ty and a\_/allab|llty of energy pegen AA, Mishorr T, Makkar HPS, Kam M, Benjamin RW,
could increase the efficiency of microbial protein synthesis  pecker K & Schwartz HJ (1998) Effect @fcacia salignawith

in the presence of PEG. Provision of additional energy and without administration of polyethlene glycol on dietary
sources in PEG- and tannin-containing feed would also intake in desert sheepnimal Sciencé&7, 491-498.

increase the efficiency of utilisation of resources and Ford CW (1978)n vitro digestibility and chemical composition of
ensure environmentally sound feeding systems. The results three tropical pasture legumdsesmodium intortunsv. Green-
obtained in the present study indicate the possibility of leaf, Desmodium tortuosurand Macroptilium atropurpureum
improving the utilisation of tannin-containing plants, cv. Siratro. Australian Journal of Agricultural Research9,

; ; ; 963-974.
which have an agronomic advantage over the non tannin-
containing plants in their adaptation to biotic and Getachew G, Blmmel M, Makkar HPS & Becker K (193§ In

. vitro gas measuring techniques for assessment of nutritional

environmental stresses. quality of feeds: a reviewAnimal Feed Science and Technology
72, 261-281.
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