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INTRODUCTION 

 

Goat production in Sri Lanka is becoming popular 

especially among small holders as a main livelihood 

activity mainly to produce meat. However, the level of 

production from local goats is generally low and this is 

primarily due to poor feeding practices especially during 

dry periods. In the traditional feeding systems non legume 

and legume foliages of trees and shrubs are the main feed 

resources for goats (Seresinhe and Marapana, 2011). 

Leguminous tree foliage is potential source of protein and 

minerals and could be employed as supplements to non 

legumes to increase the level of production. However, the 

presence of tannins in both legumes and non-legumes limits 

utilization of both species as they can reduce the feed intake, 

nutrient digestibility and protein availability (Silanikove et 

al., 2001). Nevertheless, some tanniniferous feeds have 

beneficial effects in ruminant diets by improving nitrogen 

utilization efficiency and amino acid absorption. Condensed 

tannins also have biological effects on the control of gastro-

intestinal parasites; possible direct effects could be 

mediated through CT-nematode interactions, which reduce 

nematode viability (Nguyen et al., 2005). 

A management strategy to reduce negative effects of 

tannins in fodder trees could be to feed mixtures of low and 
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ABSTRACT: In vitro experiments were conducted to evaluate the suitability of several mixtures of high tanniniferous non legumes 

with low tanniniferous legumes on in vitro gas production (IVGP), dry matter degradation, Ammonia-N, methane production and 

microbial population. Eight treatments were examined in a randomized complete block design using four non-legumes and two legumes 

(Carallia integerrimaLeucaena leucocephala (LL) (Trt 1), C. integerrimaGliricidia sepium (GS) (Trt 2), Aporosa lindeliyanaLL (Trt 

3), A. lindeliyanaGS (Trt 4), Ceiba perntandraLL (Trt 5), C. perntandraGS (Trt 6), Artocarpus heterophyllusLL (Trt 7), A. 

heterophyllusGS (Trt 8). The condensed tannin (CT) content of non legumes ranged from 6.2% (Carallia integerrima) to 4.9% (Ceiba 

perntandra) while the CT of legumes were 1.58% (Leucaena leucocephala) and 0.78% (Gliricidia sepium). Forage mixtures contained 

more than 14% of crude protein (CP) while the CT content ranged from 2.8% to 4.0% respectively. Differences (p<0.05) were observed 

in in vitro gas production (IGVP) within treatments over a 48 h period dominated by C. perntandraG. sepium (Trt 6). The net gas 

production (p<0.05) was also high with Trt6 followed by A. heterophyllusL. leucocephala (Trt 7) and A. heterophyllusG. sepium (Trt 

8). Highest (p>0.05) NH3-N (ml/200 mg DM) production was observed with the A. heterophyllusG. sepium (Trt 8) mixture which may 

be attributed with it’s highest CP content. The correlation between IVGP and CT was 0.675 while IVGP and CP was 0.610. In vitro dry 

matter degradation (IVDMD) was highest in Trt 8 as well. Methane production ranged from 2.57 to 4.79 (ml/200 mg DM) to be  
synonimous with IVGP. A higher bacteria population (p<0.05) was found in C. perntandraG. sepium (Trt 6) followed by Artocarpus 

heterophyllus+G. sepium (Trt 8) and the same trend was observed with the protozoa population as well. The results show that 

supplementing high tannin non leguminous forages by incremental substitution of legume forage increased gas production parameters, 

NH3-N, IVDMD and microbial population in the fermentation liquid. Methane production was not significantly affected by the presence 

of CT or different levels of CP in forage mixtures. Among non legumes, Ceiba perntandra and Artocarpus heterophyllus performed 

better in mixture with L. leucocephala and G. sepium. (Key Words: Legume, Condensed Tannins, Crude Protein, In vitro Gas 

Production, In vitro Dry Matter Degradation, Methane) 
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high tannin content species, which could create positive 

effects on in vitro gas production, rumen degradation and 

digestibility of diets (Castro-Gonzáles and Alayon-Gamboa, 

2008). A better understanding of the effects of low and high 

tannin foliage mixtures on nutrient digestibility and 

methane mitigation properties would improve management 

of such resources. This knowledge would be of 

considerable importance to Sri Lanka for the efficient 

utilization of tree forage and research must be established to 

develop feeding strategies to overcome undesirable effects 

when using tanniniferous foliage. This study evaluated the 

suitability of several mixtures of high tanniniferous non 

legume foliage mixed with low tanniniferous legume 

foliage on in vitro gas production and rumen degradability 

characteristics. 

 

MATERIALS AND METHODS 

 

Forages used and proximate analysis 

Edible forage samples (leaves and tender stems) from 

plant species given in Table 1 were hand harvested. 

Standard methods as described by AOAC (1990) were used 

for determination of dry matter, ash and crude protein. Fiber 

components (neutral detergent fiber, NDF; acid detergent 

fiber, ADF) were determined by methods of Van Soest 

(1967). Acid detergent residue was treated with 72% H2SO4 

for lignin estimation.  

 

Analyses of tannins 

Tannins were analyzed by first weighing of 200 mg of 

feed into a 50 ml conical flask. The feed sample was 

extracted with 70% aqueous acetone in an ultrasonic bath 

for 2 h and the contents were centrifuged for 20 min at 

5,000g and the supernatant was collected for tannin 

analyses.  

Total phenols were estimated by the Folin-Ciocalteu 

reaction (Makkar, 2003). For the condensed tannin (CT) 

fraction, the extract was treated with Butanol-HCl in the 

presence of ferric ammonium sulphate, and CT expressed as 

leucocyanidin equivalent as  

 

materdry  sample ofWeight 

782.6A550nm   

 

Where A550nm is absorbance at 500 nm assuming that the 

effective E
 
1 cm, 550 nm

 
of leucocyanidin is 460 (Porter et 

al., 1986).  

Insoluble polyvinylpolypyrrolidone (PVPP; 100 mg) 

was weighed into 100 mm12 mm test tubes. Distilled 

water, 1 ml, and then 1 ml tannin containing extract were 

added and vortexed. The tube was kept at 4C for 15 min, 

vortexed again, then centrifuged (3,000g) for 10 min and 

the supernatant collected. The phenolic content of the 

supernatant was measured by Folin-Ciocalteau reaction and 

this was regarded as the non tannin phenol (NTP).  

Total tannin phenols (TTP) were calculated as the 

difference of TP and NTP. Hydrolysable tannins (HT) were 

calculated as the difference between TTP and CT.  

 

Experimental design  

Eight treatments were examined in a randomized 

complete block design using four non legumes with high 

tannins and two shrub legumes with low tannins at a ratio of 

3:1. Treatment combinations of high tannin non-legume and 

low tannin legumes used for the experiment are given in 

Table 2.  

 

In vitro gas production 

In vitro gas production was determined as described by 

Menke and Steingass (1988). Rumen fluid was collected 

before feeding in the morning from two fistulated donor 

bulls at the experimental farm of the Faculty of Agriculture. 

Rumen fluid was strained through four layers of gauze into 

a pre-warmed, insulated bottle. All laboratory handling of 

rumen fluid was carried out under a continuous flow of CO2.  

Samples (200 mg) consisting of 150 mg high tannin 

non-legume+50 mg low tannin legume) of the oven-dry 

feedstuffs were accurately weighed into 100-ml glass 

syringes fitted with plungers. Syringes were filled with 30 

ml of medium consisting of 10 ml of rumen fluid and 20 ml 

of buffer solution as described by Menke and Steingass 

(1988). Two blank samples containing 30 ml of medium 

only were included. The syringes were placed in an 

incubator (39C) and the syringes rotated during first 4 h. 

Gas production was recorded after 4, 8, 12, 24 and 48 h of 

Table 1. Leguminous and non-leguminous forage species used for 

the experiment 

Family Common name Botanical name 

Rhizophoraceae Dawata Carallia integerrima 

Euphorbiaceae Kebella Aporosa lindeliyana 

Boraginaceae Imbul Ceiba perntandra 

Moraceae Jak fruit Artocarpus heterophyllus 

Leguminoseae Ipil ipil Leucaena leucocephala 

Leguminoseae Glirizidia Gliricidia sepium 

Table 2. Treatment combinations of high tannin non-legume and 

low tannin legumes used for the experiment 

Treatment Combination 

Treatment 1  C. integerrima+L. leucocephala 

Treatment 2   C. integerrima+G. sepium 

Treatment 3  A.lindeliyana+L. leucocephala 

Treatment 4 A. lindeliyana+G. sepium 

Treatment 5  C. perntandra+L. leucocephala 

Treatment 6  C. perntandra+G. sepium 

Treatment 7  A. heterophyllus+L. leucocephala 

Treatment 8  A. heterophyllus+G. sepium 
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incubation. In all experiments, each incubation was 

repeated on three different days so that each treatment was 

conducted in triplicate.  

 

In vitro dry matter digestibility  

At the end of the fermentation period, the fermented 

residues were filtered into pre-weighed filter dried for 24 h 

at 105C and weighed and in vitro dry matter digestibility 

(IVDMD) was calculated using the standard formula. 

 

Ammonia production 

Ammonium concentration in fermentation liquid was 

determined using Kjeldhal method. Only distillation and 

titration steps were followed. 

 

Methane production  

Methane (CH4) was analyzed in the Dept of Animal 

Science laboratory of ETH, Zurich using Hewlett Packard 

Gas Chromatograph (Model 5890, Series II, Avondale, PA, 

USA).  

 

Protozoa and bacteria counts  

Protozoal and bacterial counts were counted with 

Bürker counting chambers (0.1 and 0.02 mm depth, 

respectively; Blau Brandw, Wertheim, Germany). 

 

Statistical analysis 

Analysis of variance (ANOVA) was performed on 

Chemical composition, in vitro digestibility and gas 

production data. The statistical significance of the 

differences between means was tested using the Duncan 

Multiple Range Test (DMRT). Correlation coefficients were 

calculated using MS EXCEL version 2007. 

 

RESULTS AND DISCUSSION 

 

Nutritive value of forages, in vitro gas production and 

dry matter degradability  

The chemical composition of forages is presented in 

Table 3; the entire legumenon legume mixtures used in the 

current study had a CP content more than 14% as confirmed 

by Seresinhe et al. (2003). We observed that the CP content 

of both leguminous species used in this study was 

significantly higher than that of all non leguminous species 

(Table 3). However, in this study the low level (= 8%) of CP 

in non-legume species could be compensated by 

combination of legume species with high (= 20%) CP 

content as evident from NH3-N production (Table 5). It was 

shown that non leguminous species, C. perntandra and A. 

heterophyllus had higher (p<0.05) CP comparable with 

other non-legumes (Table 5). NH3-N concentrations in the 

present study ranged from 5.66 to 9.13 ml/200 mg DM 

(p>0.05). NH3 concentration is balanced between 

degradation of feed protein and uptake of ammonia for 

synthesis of microbial protein. Although not significant, the 

higher NH3-N concentration observed in A. heterophyllus 

+L. leucocephala (Trt7) is likely due to higher CP content.  

In contrast, non legume foliage contains significantly 

higher NDF, ADF and ADL contents as compared with 

leguminous foliage (Table 3). Among non legumes, C. 

integerrima and A. lindeliyana contained higher (p<0.05) 

NDF, ADF and ADL as compared with Ceiba perntandra 

and Artocarpus heterophyllus. Combinations of C. 

perntandraLL and A. heterophyllusLL mixtures 

contained higher (p<0.05) CP as compared with the same 

combinations with GS (Trt 6, Trt 8). The CP contents of 

mixtures of C. integerrimaLL and A. lindeliyanaLL (Trt 

1, Trt 3) were also higher as compared with the same 

combinations with GS. Supplementation with tree foliage 

rich in CP and low in NDF, ADF and ADL aimed to 

compensate the limitations in nutrients in non leguminous 

species.  

The condensed tannin content of non-legume and 

legume combinations ranged between 2.84 to 3.99 (Table 4). 

The beneficial effects of forage mixtures containing low 

levels of tannins could be due to the protection of proteins 

from microbial degradation thus increasing the amount of 

undegraded protein entering the small intestine (Barry et al., 

Table 3. Proximate composition of forages 

Botanical name DM % CP % CT % NDF % ADF % ADL % 

Non-legumes        

Carallia integerrima (Dawata) 32.1a 1.02 8.0 c0.97 6.2 a 0.35 56.7a4.31 47.0b3.21  25.8a3.25 

Aporosa lindeliyana (Kebella) 29.9b 0.78 9.0 c 0.78 6.4 b0.01 50.2ab3.18 51.3a 1.70 27.2a1.48 

Ceiba perntandra (Imbul) 27.7 b 0.81 17.6 b 0.98 4.9 b0.06 46.1b 6.43 33.8de0.71 15.8c0.78 

Artocarpus heterophyllus (Jak fruit) 30.0ab 0.97 15.9 b0.07 5.4 a 0.32 46.5b 1.77 43.8c1.77 18.8b0.49 

Legumes       

Leucaena leucocephala (Ipil ipil) 31.0a 0.85 26.8 a0.56 1.6 LT0.06 33.5c 0.636 23.6 e0.71 8.5cd0.35 

Gliricidia sepium (Glirizidia) 26 .0b1.98 20 .0a b1.33 0.8 LT d0.21 35.1 c0.98 35.9d0.72 5.1d0.55 

Sig. *** * * *** *** *** 

Data are mean values of four replicates. DM = Dry matter; CP = Crude protein; CT = Condensed tannin; NDF = Neutral detergent fiber; ADF = Acid 

detergent fiber; ADL = Acid detergent lignin. Means within the same column with differing superscripts (a, b, c and d) are significantly different (* 

p<0.05, *** p<0.001). 
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1986). However, higher concentrations of tannins in the diet 

are associated with the reduction in organic matter 

digestibility. Feedstuffs that are inherent in certain anti-

nutritive factors had been reported to be low in organic 

matter digestibility (Aregheore and Abdulrazak, 2005).  

There was a steady increase in the gas production for 

over a period of 48 h as well as significant differences 

between forage mixtures in net gas volume (Table 5). The 

highest net gas production was observed in C. 

perntandra+GS (Trt 6) and A. heterophyllus+LL (Trt 7) but 

not significantly different from either with C. perntandra 

+LL (Trt 5) or A. heterophyllus+GS (Trt 8). However, net 

gas production of C. integerrima and A. lindeliyana either 

with LL (Trt 1, Trt 2) or GS (Trt 3, Trt 4) mixtures were 

lower but not significant from each other. There are many 

factors that may determine the amount of gas produced 

during fermentation including the nature and level of fiber, 

the presence of secondary metabolites (Babayemi et al., 

2004) and potency of the rumen liquor for incubation. It is 

possible to attain the potential gas production of feedstuffs 

if the donor animal from which rumen liquor is collected for 

incubation has met it’s nutrient requirements. Generally, gas 

production is a function of and a mirror of degradable 

carbohydrate therefore, the amount depends on the nature of 

carbohydrates (Blummel and Becker, 1997). 

The correlation (R
2
) between in vitro gas production 

after 48 h incubation and condensed tannin content was 

0.67. More than 60% variation in the in vitro gas production 

on incubation was explained by condensed tannins. The 

findings are consistent with Njidda and Ikhimioyza (2010), 

Table 5. In vitro gas production (IVGP), ammonia production (%) and dry matter degradability (IVDMD %) of forage combinations 

Treatment IVDMD % 
Mean gas production 

(ml/200 mg DM)**** 

NH3 -N 

(ml/200 mg DM)**** 

Trt1: C. integerrima+L. leucocephala 47.8 b7.98 37.5bc3.32 7.4 0.99 

Trt2: C. integerrima+G. sepium 49.9 b5.43 38.5bc4.93 5.70.76 

Trt 3: A. lindeliyana+L. leucocephala 38.3 b4.67 34.5 c3.87 5.90.72 

Trt 4: A. lindeliyana+G. sepium 38.4 b7.79 36.0 c2.00 7.90.68 

Trt 5: C. perntandra+L. leucocephala 46.6 b5.25 41.3 ab 4.57 8.30.06 

Trt 6: C. perntandra+G. sepium 44.5 b3.70 44.0 a 1.83 8.90.473 

Trt7: A. heterophyllus+L. leucocephala 56.3 a22.9 44.0 a 1.83 9.10.35 

Trt8: A. heterophyllus+G. sepium 49.9 b5.27 43.0 a 3.16 8.50.60 

Sig. * ** NS 

Means in the same column with differing superscripts (a, b and c) are significant in IVDMD %, Mean gas production and NH3 -N. * p<0.05, ** p<0.01. 

NS = Not significant. Data are mean values of three replicates (twenty four samples). 

**** Amount of gas produced in ml as a result of incubation of 200 mg substrate of dry matter. 

Table 4. Proximate composition of forage mixtures 

Botanical name DM % CP % 
Condensed 

CT % 
NDF % ADF % ADL % 

Carallia integerrima 

Leucaena leucocephala (Trt. 1) 

31.5a 1.10 17.4c0.89 3.9a 0.41 45.1a 3.67 35.3b1.02 18.6a 2.67 

Carallia integerrima 

Gliricidia sepium (Trt. 2) 

29.1a 0.98 14.0d0.89 3.5a 0.32 39.8c 2.98 33.7c2.05 15.5b v2.13 

Aporosa lindeliyana 

Leucaena leucocephala (Trt. 3) 

30.5a 0.86 17.9c0.77 4.0a0.40 39.8c 3.01 33.7c2.78 17.8a 2.11 

Aporosa lindeliyana 

Gliricidia sepium (Trt. 4) 

28.0a 0.89 14.5d0.88 3.6a0.35 40.6b 2.67 39.9ab2.34 16.1ab 1.98 

Ceiba perntandra 

Leucaena leucocephala (Trt. 5) 

29.4a 0.97 22.2a0.98 3.3b0.33 41.8b 2.89 28.7d2.56 12.1b 1.87 

Ceiba perntandra 

Gliricidia sepium (Trt. 6) 

26.9a 0.99 18.8b0.77 2.8c0.37 42.6ab 2.87 34.9bc 2.04 10.5d 1.09 

Artocarpus heterophyllus 

Leucaena leucocephala (Trt. 7)  

30.5a 0.86 21.4ab0.86 3.5a0.22  40.0c 2.67 37.5b2.45 16.1ab1.25 

Artocarpus heterophyllus 

Gliricidia sepium (Trt. 8) 

28.0a 0.79 18.0bc0.95 3.1ab0.31 40.8bc 2.97 43.6a2.01 14.4b1.45 

Sig. * * * * *** *** 

Data are mean values of four replicates. DM = Dry matter; CP = Crude protein; CT = Condensed tannin; NDF = Neutral detergent fiber; ADF = Acid 

detergent fiber ADF; ADL = Acid detergent lignin. Means within the same column with differing superscripts (a, b, c and d) are significantly different   

(* p<0.05, *** p<0.001). 
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Tolera et al. (1997) and Getachew et al. (2002) who found 

strong correlations between CT and gas production. The 

results also suggest the relationship (R
2
 = 0.61) of CP 

content and in vitro gas production is also high (Figure 1). It 

has been reported that the high content of CP and low 

content of condensed tannin (CT) is associated with 

degradability of feed, resulting in the higher values for the 

potential gas production (Ahmed et al., 2007). Further they 

reported that a negative correlation of potential gas 

production with ADF and CT may be due to the reduction 

of microbial activity from increasingly adverse 

environmental conditions. 

The results of the IVDMD are shown in Table 5. 

Highest (p<0.05) IVDMD was observed in Trt 7. The 

IVDMD of other treatments were not different among each 

other. In tree leaves, tannins are present in the NDF and 

ADF fractions and are tightly bound to the cell wall and cell 

protein and seem to be involved in decreasing digestibility 

(Reed et al., 1990). According to the present results it could 

be suggested that feeds containing high levels of CP and 

low levels of tannins could generate more methane in the 

rumen. Soliva et al. (2008) indicated that plants known to 

contain plant secondary metabolites e.g. tannins are able to 

suppress methanogenesis. Work done by Balogun et al. 

(1998), Seresinhe and Iben (2003) and Ammar et al. (2004) 

pointed out that there were significant (p<0.001) negative 

correlations between IVDMD and cell wall constituents 

(ADF and NDF) and also between IVDMD and CT 

(Kamalak, 2005). Moreover, Seresinhe and Iben (2003) 

reported the existence of a correlation between IVDMD and 

CP content which was further confirmed by Kamalak et al. 

(2005). Chenost et al. (2001) further confirmed the inherent 

direct relationship between CP and digestibility using 

seventy nine different forages with four replicates.  

 

Methane production, bacteria and protozoa counts 

Methane production (ml/200 mg DM) (Table 6) ranged 

from 2.57 to 4.79 ml among forage mixtures the least and 

highest being from A. lindeliyana+LL (Trt 4) to C. 

perntandra+LL (Trt 5). Also it is evident that the treatments 

show a high capacity for total gas production to be 

synonimous for high methane production. Methane 

production indicates an enenrgy loss to ruminants and many 

tropical feedstuffs have been implecated with increased 

methonogenensis. Carlos and Lascano (2003) confirmed 

that the inclusion of tannin-rich legumes such as Calliandra 

calothyrsus and Flemingia macrophylla in forage-based 

diets significantly reduced methane release but also 

negatively affected nutrient degradation and N turnover. 

However, in the present study the tannin content was 

reduced due to combining effect of high and low tannin 

forages but a more or less similar range of methane 

production was observed as compared with semi arid 

browses like Ficus polita and F. thonningii in Nigeria 

(Njidd and Ikhimioya, 2010). Carlos and Lascano (2003) 

further hypothesized that to take advantage of the methane 

suppressing effect of tannin-rich legumes without affecting 

nutrient degradation and N turnover it was necessary to 

combine them with legumes low or free of tannin. He 

further suggested that future work should concentrate in 

defining the optimal type and proportion of tannin rich 

legumes in these mixtures as we did in the present study. 

Table 6. Methane production, bacteria and protozoa counts after 48 h (incubation) 

Treatment 
CH4 production 

(ml/200 mg DM)**** 
Bacteria103 (Ml-1) Protozoa103 (Ml-1) 

Trt1: C. integerrima+L. leucocephala 3.30.12  225b52.50 35.03.52 

Trt2: C. integerrima+G. sepium 3.70.33 150c39.68 20.01.16 

Trt 3: A. lindeliyana+L. leucocephala 2.60.18  175 b67.22 40.05.57 

Trt 4: A. lindeliyana+G. sepium 2.60.09 240b 22.00 30.01.73 

Trt 5: C. perntandra+L. leucocephala 4.80.09 155c99.21 40.06.66 

Trt 6: C. perntandra+G. sepium 4.20.11 300a 17.81 55.01.15 

Trt7: A. heterophyllus+L. leucocephala 4.50.38   272 a26.33 48.03.46 

Trt8: A.heterophyllus+G. sepium 3.80.16 217 bc13.12 40.04.58 

Sig. NS * NS 

Means in the same column with differing superscripts (a, b and c) are significant in Bacteria count. * p<0.05, ** p<0.01, NS = Not significant.  

Data are mean values of three replicates (twenty four samples). 

Figure 1. Relationship between in vitro gas production and crude 

protein percentage in forage combinations. 
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Further, Tjahyono and Santoso (2010) reported that the 

positive or negative effects of tannin on methane production 

may vary depending on the amount of tannin in the plant. 

Highest (p<0.05) bacteria population was found in C. 

perntandra+GS (Trt 6) followed by A. heterophyllus+LL 

(Trt 7) as compared with other treatments. Protozoa 

populations ranged between 20 and 5510
3
 ml. Although 

not significant, same trend as in the bacteria population was 

observed as well. The protozoa populations found in this 

study were in similar ranges as observed by Hariadi and 

Santoso (2009). The results confirm that lowest level of 

tannins in Trt 6 could increase the protozoa and bacteria 

populations in the fermentation liquid support the results of 

Hess et al. (2003) who reported that tannins may cause 

significant shifts in rumen microbial populations.  

Supplementing high tannin non leguminous foliage by 

incremental substitution of L. leucocephala and G. sepium 

foliage increased gas production parameters, IVDMD, and 

microbial populations in the fermentation liquid due to 

reduction in tannins as well as an increase in CP content of 

non-legume and legume combinations. Methane production 

was low in all treatments but no significant effect was found 

due to the presence of tannins or higher levels of CP.  
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