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ABSTRACT

Ten plant extracts were screened for their potential to reduce methane production
and/or to improve microbial protein synthesis without adversely affecting digestibility
and out of these Rutin and Terminalia belerica aqueous methanol extract were selected
for use in the in vitro studies to evaluate their effects on rumen fermentation parameters.
Rutin was used at 15 and 30 mg levels while 7. belerica extract was used at 2 and 3 ml
levels. Berseem, oat and wheat straw (DM and isolated NDF) were used as substrates.
The parameters studied were total gas and methane production, true DM and OM
degradability, partitioning factor, microbial biomass, ammonia nitrogen, individual
volatile fatty acids, IVCPD. In addition, degradation kinetic parameters viz. rate and
extent of gas production for DM and isolated NDF were also studied. The kinetic

parameters for cell solubles were estimated by difference.

Rutin at both the levels did not affect total gas and methane production while 7.
belerica aq. methanol extract significantly (P< 0.001) decreased total gas as well as
methane production. Gas production from NDF was not affected by treatment and the
pattern of gas production was similar in DM and cell solubles. This suggests that gas
production form DM is mostly contributed by cell solubles. Degradation kinetic
parameters were not affected by the treatments. Rutin at 15 and 30 mg level slightly
increased DM and OM degradability whereas 7. belerica at both the levels significantly
(P< 0.001) decreased true degradability of DM as well as OM. Microbial biomass was
not affected by treatment of Rutin but, decreased due to addition of 7. belerica aq.
methanol extract. Rutin significantly (P< 0.001) decreased ammonia nitrogen
concentration and A:P ratio while 7. belerica increased ammonia nitrogen concentration
in all substrates. Rutin at 15 and 30 mg levels increased the rate of NH3-N uptake for

microbial protein synthesis but 7. belerica was not having significant effect on IVCPD.

Rutin was effective in modulating rumen fermentation and may have potential as
feed additives but, Terminalia belerica aqueous methanol extract needs further

evaluation.
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1. INTRODUCTION

The value of ruminant animals lies in their ability to utilize low quality feeds,
upgrading low quality inputs to high quality outputs. This ability is due to the symbiotic
relationship between ruminants and the large microbial population within their rumen.
The rumen microbial population is able to digest and ferment plant cell wall polymers.
Associated with this process is the production of volatile fatty acids (VFA), the major
energy source in ruminants, accounting for approximately 80% of the energy dis-
appearing from the rumen (France and Siddons, 1993). In addition, the outflow of
microbes from the rumen to the lower digestive tract accounts for a large percentage (50-
75) of the protein digested in and absorbed from the small intestine (AFRC, 1992). The
ruminant has evolved a unique digestion system, where the slowly degradable fibre
originating from newly ingested large feed particles is selectively retained in the rumen at
the expense of older, smaller, and more digested particles. Compared to random passage,

this approach increases fiber digestibility.

The VFA, microbial cells and gases produced per unit of substrate degraded are
not constant. Microbial yield relative to VFA produced (i.e., microbial growth efficiency)
in the rumen is variable (Leng, 1993). Therefore the efficiency of rumen metabolism has
a profound effect on the production efficiency of the animal. The efficiency of rumen
metabolism is also an important factor influencing the output of environment-polluting
waste products. Methane gas produced during rumen fermentation causes loss of 8-
10 % of gross energy intake of animal and it is also a major gas contributing in
global warming. Efficient rumen fermentation results in reduced methane production
and emission. Inefficient N retention by rumen microorganisms leads to the excretion
of N-rich wastes. As a consequence there is considerable interest in the manipulation of

rumen metabolism.

Various rumen manipulation techniques have been tried to increase the efficiency
of rumen fermentation which aim toward increasing fiber digestion, propionate

production, yield and efficiency of microbial protein synthesis and decreasing methane



production. Feed additives used for rumen manipulation include enzymes, antibiotics,
ionophores, probiotics, herbal plants (Martin et al., 1999). Use of ionophore antibiotics
improved performance and health in beef and dairy cattle. However, the use of antibiotics
as feed additive in beef and dairy cows has been banned by European Union (EU
regulation No. 1831/2003) due to the risk of antibiotics residue in animal products (milk
and meat) and subsequent effects on the human health (Casewell et al., 2003). For this
reason, attention has recently shifted to natural antimicrobials as a safe means of
beneficially modifying ruminal fermentation. Further, there is an increasing consumer
demand for organically produced meat and milk. Thus, there is increasing interest in
exploiting natural products as feed additives that have no public health hazard. The
natural products include probiotics, prebiotics, enzymes, organic acids and plant
secondary metabolites or their nature-identical chemicals (Wallace, 2004).

It is estimated that there are 250,000 to 500,000 species of plants on earth. A
relatively small percentage (1 to 10%) of these is used as foods by both humans and other
animal species. Plants in the context of animal production are thought of first and foremost
as the principal source of nutrients for animals, and sometimes as an unwelcome source of
anti-nutritional factors that interfere with an animal's ability to maximize utilization of
ingested nutrients. Scientists from divergent fields are investigating plants anew with an eye
to their antimicrobial usefulness. Laboratories of the world have found literally thousands of
phytochemicals which have inhibitory effects on all types of microorganisms in vitro
(Harborne, 1993; Wink, 1999a,b). The increased interest in phytochemicals in animal
diets has been prompted by the disapproval and decline in the use of 'in feed'
antibiotics, the removal of animal proteins from the diet and thus the increased variety
and inclusion levels of vegetable protein sources. Thus, there are increasing numbers of
novel plant species and by-products that are being identified and studied for their

potential use in the agricultural industries.

Plant secondary metabolites (PSM) have been extensively studied because of
the adverse effects that they have when ingested by animals (D'Mello, 1997; Cheeke,
1998; Acamovic et al., 2004). However, more recently, the beneficial effects of PSM in

animals have also been investigated (Douglas et al., 1995; Kamra et al., 2000;



Pfannhauser et al., 2001; Cross et al., 2004; James et al., 2004; Nash, 2004; Bento et
al., 2005; Alexander, 2005; Patra et al., 2006; Anamika, 2007; Alexander et al., 2008).
Plants and their extracts with 'specific' properties could be used to manipulate rumen

metabolism.

Keeping the above facts in view, the present study was carried out with the following

objectives:-

1. To investigate the effect of plant bioactives on in vitro ruminal fermentation

parameters and microbial protein synthesis

2. To investigate the effect of plant bioactives on dry matter and fiber

degradation kinetics



2. REVIEW OF LITERATURE

The increased concentration of greenhouse gases (CO,, CH,4 and N,O) in the
troposphere has been implicated in the consistent increase in atmospheric temperature
and global warming over the last few decades (IPCC, 2001). The rising concentration of
CHy, is correlated with increasing world populations and currently about 70% of CHy,
production arises from anthropogenic sources and the remainder from natural sources
(Moss et al., 2000).

In the rumen, hydrogen (H>) is produced during the anaerobic fermentation of
glucose. This H, can be used during the synthesis of VFA and microbial organic matter.
The excess of H, from NADH is eliminated primarily by the formation of CH, by
methanogens found in the rumen ecosystem (Baker, 1999). The stoichiometric balance of
VFA, CO, and CH, indicates that acetate and butyrate promote CH, production
whereas propionate formation conserves H,, thereby reducing CH, production (Wolin,
1960).

Use of ionophore antibiotics improved performance and health in beef and dairy
cattle. However, the use of antibiotics as feed additives in beef cattle and dairy cows has
been banned in the EU due to the risk of antibiotic residues in animal products (e.g., milk
and meat) and its subsequent effects on human health (Russell and Houlihan, 2003). For
this reason, attention has recently shifted to natural antimicrobials as a safe means of

beneficially modifying ruminal fermentation.
2.1  Plant secondary metabolites

Plant secondary metabolites (PSM) is a generic term used for more than 30,000
different substances which are exclusively produced by plants. Secondary metabolites are
organic compounds that are not directly involved in the normal growth, development or
reproduction of organisms. The beneficial effects of most of the medicinal plants
typically result from the combination of secondary metabolites present in the plants.

Although PSM have historically been defined as chemicals that do not appear to have
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vital biochemical role in the process of building and maintaining plant cells, recent
research have shown their pivotal role in the eco-physiology of plants. They protect
plants from pathogens, herbivores, inter-plant competition and abiotic stress and attract
beneficial organisms such as pollinators or symbionts (Wink, 1999a). NAPRALERT, a
database of world literature of natural products, lists over 135000 isolated and
characterized natural products (Cordell, 2000), which is probably just a small percentage
if it is considered that only an estimated 5-15% of the terrestrial plants have been
investigated for the presence of secondary metabolites (Cragg et al., 1997). Complexity
in terms of number and the variability of secondary metabolites in plants, and the
interrelationship between them, is a major limitation to the rate of progress that is made
in this area of research, where raw plant materials and plant extract preparations are being
studied (Cordell, 2000).

2.2 Plant extracts as rumen fermentation modulators

Under roughage based feeding systems, rumen manipulation techniques aim
toward increasing fiber digestion, propionate production, yield and efficiency of
microbial protein synthesis and decreasing methane production. However practical
methods to achieve these goals are yet to be developed. Various physical, chemical,
biological and biotechnological methods have been applied to optimize rumen
fermentation with limited success. Recent studies have shown that PSM at lower
concentrations could be used to manipulate rumen fermentation and to improve animal
productivity. Saponins and tannins are the group of secondary metabolites that have been
widely investigated for their pro nutritive effects in ruminants. Therefore, studies
involving saponins and tannins in relation to manipulation of rumen fermentation are

reviewed while rutin is discussed separately.
2.3 Saponins

Saponins are natural detergents found in many plants. Saponins have detergent or
surfactant properties because they contain both water-soluble and fat-soluble components.
They are found in various parts of the plant: leaves, stems, roots, bulbs, blossom, and

fruit. Saponins dissolve in water to form a stable soapy froth; which is thought to be due



to their amphiphilic nature. The word sapon means 'soap’, referring to the permanent froth
saponins make on being mixed with water. They are also characterized by their bitter
taste, and their ability to hemolyze red blood cells. They consist of a fat-soluble nucleus,
having either a steroid or triterpenoid structure, with one or more side chains of water-

soluble carbohydrates

Saponins are the glycosides of 27 carbon atom steroids, or 30 carbon atom
triterpenes. Removal of the sugar moiety (hexoses, pentoses, and saccharic acids) from a
saponin by complete hydrolysis yields the aglycone, sapogenin. Diosgenin from the
Mexican wild yam when subjected to the Marker degradation yields the synthetic
hormone progesterone, the basis for combined oral contraceptive pill or simply "the pill."
It was also the starting material for a cheap and plentiful supply of cortisone. In cultivated
crops, including many legumes such as soy, bean, pea and lucerne, triterpenoid saponins
are generally predominant. Saponins are highly toxic to cold-blooded animals, due to
their ability to lower surface tension. Saponin as the sapogenin aglycone have also been

identified in the animal kingdom in snake venom, starfish, and sea cucumber.
2.3.1 Effect of saponins on rumen microbial ecology

Rumen protozoa

A major source of ruminal ammonia is proteolysis of bacterial protein, occurring
as a result of ingestion of ruminal bacteria by protozoa. Saponins have pronounced
antiprotozoal activity. The mechanism of the anti-protozoal effects is that saponins form
irreversible complexes with cholesterol. Cholesterol and other sterols are components of
the cell membranes of all organisms except prokaryotes (bacteria). Thus, reductions in
ruminal protozoa numbers observed when saponins are fed (Lu and Jorgensen, 1987;
Wallace et al., 1994, Klita et al., 1996) and within in vitro ruminal fermentation systems
(Makkar et al., 1998; Wang et al., 1998) are caused by reaction of saponins with
cholesterol in the protozoal cell membrane, causing breakdown of the membrane, cell
lysis, and death. The antiprotozoal activity requires the intact saponin structure with
both the nucleus and side chain(s) present. Saponins may have potential as natural

ruminal defaunating agents. However, a complicating factor is that saponins are



hydrolyzed by ruminal bacteria that remove the carbohydrate side chains (Makkar and
Becker, 1997; Wang et al., 1998). Because there may be an adaptation of ruminal
bacteria for metabolism of saponins, one approach for retaining antiprotozoal activity
would be to feed saponins intermittently. Such a regimen might suppress protozoa, but
without the continuous presence of saponins bacterial adaptation might also be suppressed.
Thalib et al. (1996) found that administering saponins to sheep every 3 d was effective in
suppressing protozoa and reducing ruminal ammonia concentrations. Primarily as a result
of suppression of ruminal protozoa, dietary saponins increase the outflow of bacterial
protein from the rumen (Wallace et al., 1994; Makkar and Becker, 1996).

Makkar and Becker (1997) observed that Quillaja saponins were stable in the
rumen for up to 6 h after administration. It is possible that this time period may be
adequate for the saponins to have antiprotozoal activity. Thus, the fact that saponins are
rapidly degraded in the rumen may not necessarily eliminate their capacity to suppress
ruminal protozoa. Ruminal protozoa are unable to adapt to or detoxify saponins (Newbold
et al., 1997). The practicality of using yucca extract to suppress rumen protozoa have
been questioned (Killeen et al., 1998), because effective concentrations (1,000 to 10,000

mg/L) are much higher than those commonly applied to livestock feeds (60 to 250 mg/kg).
Rumen bacteria and fungi

The mode of action of antibacterial effects of saponins seems to involve
membranolytic properties, rather than simply altering the surface tension of the
extracellular medium (Killeen et al., 1998). Thus, their inhibitory activity is associated
with adsorption to microbes and is, therefore, influenced by microbial population
density. Sen et al. (1998) observed a concentration-dependent growth response of E. coli
K-12 to Quillaja and yucca saponins, with growth-promoting activity at low
concentrations and inhibition at higher levels. Thus, the impact on a mixed bacterial

population such as in the rumen is difficult to predict.

Pure cultures also indicate possible antibacterial effects of saponins. Y. schidigera
extracts abolished growth of the fiber digester, Butyrivibrio fibrisolvens, and prolonged

the lag phase of Streptococcus bovis (Wallace et al., 1994). Similar sensitivity of S. bovis



to Y. schidigera extracts was found by Wang et al. (2000a), who additionally found that

cellulose digestion by Ruminococcus spp. and Fibrobacter succinogens was inhibited.

The anaerobic ruminal fungi, Neocallimastix frontalis and Piromonas rhizinflata

were highly sensitive to Y. schidigera saponins (Wang et al., 2000a).

Valdez et al. (1986) observed that sarsaponin, from Y. schidigera, decreased
protozoal numbers but not bacterial number in a 22 d semi-continuous system, and Lu et
al. (1987) found that the bacterial population was changed in the presence of alfalfa
saponins from a morphologically diverse one in controls to one in which fewer

morphotypes were present in vessels receiving saponins.
2.3.2 Effect of saponins on end products of rumen fermentation
Rumen fluid characteristics

The effect of saponins on total ruminal VFA production and molar proportions are
variable. Some studies have observed increased propionate production at the expense of
acetate and butyrate production, whilst other have seen no effect (Hart et al., 2007). Part
of this variability is explained by differences in saponin type and concentration, but
interestingly, the effects seems to be more pronounced (increase in propionate) when a
diet is rich in grain or starch (Hristov et al., 1999; Lila et al., 2003) in contrast to diets
rich in fiber or mixed forages (Hess et al., 2003b). This suggests that composition of the
diet may influence the response to saponin supplementation.

Many saponins cause decrease in rumen ammonia concentrations (Lu et al., 1987;
Wallace et al., 1994; Makkar et al., 1998). However this effect is not consistent across
studies. Muetzel et al. (2003) reported that saponin from Sapindus rarak did not inhibit
feed protein degradation in vitro, whilst Wang et al. (1998) found that extracts from Y.
schidigera enhanced casein breakdown in the continuous culture fermenters. Decreased
NH3-N in the rumen may be due to higher uptake of NH3 for the synthesis of bacterial
cells or decreased dietary protein degradation or increase rate of passage or bacterial

predation by protozoa. Increased propionate is desired since it acts as alternate hydrogen



sink in the rumen thereby reducing methane formation. Decrease in branched chain fatty

acids can occur due to inhibition of deamination of amino acids.

Makkar et al. (1998) compared the fractions with saponins from Y. schidigera,
Quillaja saponaria and Acacia auriculoformis on NH3 production in an in vitro ruminal
system. The NH3-N concentration in the rumen fermentation medium was 29.7, 14.9 and
14.7% lower after 24 incubation in the presence of yucca, quillaja and acacia saponins,
respectively. A similar trend was observed when hay was replaced by hay plus
concentrate (in the ratio of 70:30) conforming superior nature of yucca saponins to

reduce NHj3 concentrations over other saponins.

Effect of saponin containing yucca extract (De-Odorase) on TVFA concentration
was investigated by Ryan et al. (2003) using hay, straw and concentrate as substrates.
During in vitro studies, De-Odorase (100 mg/l) caused initial increased in TVFA levels in
hay (6.4%), or straw (3.1%) as substrates. Dietary incorporation of some saponin
containing extracts enhances propionate production in the rumen (Hristov et al., 1999;
Lila et al., 2003; Wina et al., 2005; Anamika, 2007).

Methane production

Only few reports are available showing the effects of saponins on CH,
production. Wang et al., (1998) reported that yucca extract addition at 0.5 mg/ml did not
affect total gas or CH, production in vitro. In contrast, Takahashi et al. (2000) found
significant decrease in total gas and CH, production due to addition of yucca extract
(0.01ml/ml) to an in vitro ruminal system. The decrease in the CH, production may be
due to decrease in protozoal number to which some of the methanogens are attached and
partially due to increase in the propionate production which provides alternative sink for

hydrogen which otherwise is used for CH,4 production.

Hess et al. (2003a) observed S. saponaria fruit supplementation decreased daily
CH, production by 20% in RUSITEC. The effect of S. saponaria was pronounced in
defaunated versus faunated rumen fluid. When related to OM apparently fermented,
differences relative to control diet persisted, but CH4 production per unit of fiber

degraded did not differ between S. saponaria diet and control diet. The ratio of CH,4 to
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CO, was also lower with S. saponaria supplementation, indicating variation in gas
release pattern also. Hess et al. (2003b) further reported that S. saponaria reduced

methanogenesis by 11% on average in grass alone or in legume supplemented diets.
Partitioning of nutrients and microbial protein synthesis

Different saponins influence partitioning of nutrients in different ways. The
microbial protein synthesis was higher for yucca and acacia saponins for which gas
production was lower than the control (Makkar et al., 1998). For Quillaja saponins, the
gas production was similar to that of control and higher microbial mass was observed. In
the presence of acacia saponins, there was a shift in the partitioning of fermented
substrate. Acacia saponins decreased gas production and increased microbial mass
production while Quillaja saponins increased the extent of truly degraded substrate from
300 to 323 mg without change in gas production. These results suggested that there could
be (1) the same amount of truly degraded substrate but different microbial mass and gas
production as for acacia saponins, (2) the same volume of gas production but different
microbial mass production depending upon the extent of truly degraded substrate as for
Quillaja saponins, and (3) occurrence of phenomena 1 and 2 together as for the yucca
saponins. They concluded that saponins partition the nutrients in such a manner that a
higher proportion of the digested substrate goes into the formation of microbial mass and
a lower proportion to SCFA and gas.

Wang et al. (2000b) reported an increase in the microbial protein synthesis when
steroidal saponin isolated from yucca extract was added @ 15 pg/ml to buffered
suspension of mixed ruminal microbes. Microbial efficiency (g of microbial N/kg OM
apparently fermented in the rumen) significantly increased due to supplementation of S.
saponaria fruit in sheep fed grass hay as sole diet (Abreu et al., 2004).

2.3.3 Effect of saponins on microbial protein supply

According to Dewhurst et al. (2000), synchrony between the availability of
fermentable energy and degradable nitrogen in the rumen, level of feeding and
subsequent dilution rate and nitrogen recycling by protozoa are the main factors affecting

the microbial protein synthesis in the rumen and microbial protein supply at intestinal
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level. Lu and Jorgenson (1987) observed decrease in bacterial nitrogen flow to duodenum
due to intra ruminal administration of alfalfa saponins (2 or 4% of DMI) in sheep fed
roughage or concentrate diet. The effect was more pronounced in roughage than in
concentrate diet. In contrast, Klita et al. (1996) reported that duodenal flow of microbial
nitrogen was increased by intra ruminal administration of same source and dose of
saponin in sheep. In both the experiments, diaminopimelic acid (DAPA) was used as
marker to measure duodenal flow of bacterial nitrogen. However, Lu and Jorgenson
(1987) prepared saponins by solvent extraction followed by acid hydrolysis. This method
has been shown to yield sapogenins and saponin artifacts. Abreu et al. (2004) used total
purines as marker to quantify microbial nitrogen and reported that duodenal microbial N
flow was 34% higher due to intra ruminal administration of S. saponaria at 10% level.
Hristov et al. (1999) found no significant results with yucca extracts by measuring

urinary purine derivatives.
2.3.4 Saponins and ruminant production

Saponins have selective effects on ruminal microorganisms might be useful in
livestock production. A safe, persistent suppression of ciliate protozoa may have widest
application. Ciliate protozoa are primarily responsible for the substantial turnover of
bacterial protein which occurs during fermentation (Ushida et al., 1991; Wallace and
McPherson 1987; Williams and Coleman, 1991). As a consequence, nitrogen retention is
improved by defaunation, which has amply demonstrated in many studies where the
protozoa were removed by chemical or physical means, or where the animals had been
isolated from birth and thus had not been colonised by protozoa (Williams and Coleman
1991). The argument in favour of defaunation depends on other factors as well,
however. As some species of protozoa are cellulolytic, there are implications for fibre
breakdown of removing protozoa (Demeyer & Van Nevel 1986; Kayouli et al., 1984).
Also, the protozoa are proteolytic, so there would be consequences there too (Ushida et
al., 1991). However, it is generally agreed that removing or suppressing protozoa would

make the best use of nitrogenous resources, particularly on low-protein diets.

Effects of saponins on the bacterial population merit further examination. Wang

et al. (2000a) suggested that Y. schidigera extract would be best used with high grain
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diets, because of its suppressive effect on S. bovis S. bovis is a starch-digesting, lactate-
producing Gram-positive species which is a major cause of rumen fermentation lapsing
into lactic acidosis (Stewart et al., 1997). The suppression of bacteria involved in fibre

digestion could have serious consequences to overall digestion.

In animal feeding trials, there have been mixed observations concerning
fermentation and productivity. Lu and Jorgensen (1987) found that alfalfa saponins
caused a decrease in the efficiency of microbial protein synthesis in sheep, because the
growth of bacteria as well as protozoa was depressed. A 36% fall in the efficiency of
protein synthesis occurred in cattle receiving Y. schidigera extract (Goetsch and Owens,
1985). In contrast, inclusion of Enterolobium cyclocarpum increased the rate of body
weight gain in sheep by 24% (Leng et al., 1992) and 44% (Navas-Camacho et al., 1993)
and wool growth by 27% (Leng et al., 1992), which was attributed to a decrease in
protozoal numbers. These differences therefore imply that the effects of saponins on
ruminant nutrition are complex, and depend on diet, and the saponins involved. General
observations with saponins, where changes in ruminal fermentation characteristics
occur, that saponins administration decreases NH; concentration (Lu and Jorgensen
1987; Lu et al.,, 1987; Makkar et al., 1998) and, where VFA are affected, increases
propionate concentration (Lu et al., 1987; Hristov et al., 1999) are typical effects of
decreased protozoal numbers (Williams and Coleman 1992). Saponin-containing Y.
shidigera extract appeared to have ammonia-binding properties (Headon et al., 1991).
However, the reduction in rumen ammonia concentrations when Y. shidigera extract was
fed is most likely due to suppression of ciliate protozoa (Wallace et al., 1994; Wang et al.,
1998).

2.3.5 Metabolism of saponins in ruminants
Rumen metabolism

Makkar and Becker (1997) showed that quillaja saponin could be degraded by
rumen microbes. The degradation rate was slow initially but much more rapid after 6 h of
in vitro incubation. The degradation products of saponins have not been investigated in

detail, but it is suggested that quillaic acid is one of the degradation products of quillaja
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saponin (Makkar and Becker, 1997) and medicagenic acid that of alfalfa saponin.
Butyrivibrio strains were presumed to degrade alfalfa saponins; however, isolated strains
failed to degrade any saponin. Saponins from Y. schidigera and Narthecium ossifragum,
which have the same aglycone (sarsapogenin), were degraded in the rumen to
sarsapogenin as the major degradation product and five other derivative products of
sarsapogenin:  smilagenin, episarsapogenin, epismilagenin, sarsapogenone and
smilagenone (Flaoyen and Wilkins, 1997; Flaoyen et al., 2002). However, Meagher et al.
(2001) showed that saponins from an extract of Costus speciosus rhizome were
hydrolyzed not to its aglycone (diosgenin) as the major degradation product but to
epismilogenin, the epimerized product of diosgenin. The formation of sapogenin and its
several derivative products in the rumen indicates that several processes such as
hydrolysis of saponin, epimerization and hydrogenation of sapogenin occur in the rumen
(Meagher et al., 2001; Flaoyen and Wilkins, 1997).

Intestinal metabolism

All the sapogenins are transported further along the digestive tract and are
excreted in the feces. They may be absorbed in the duodenum and transported to the
liver via the portal vein (Flaoyen and Wilkins, 1997; Flaoyen et al., 2002). In the liver,
free sapogenins may be conjugated with glucuronide and excreted into the bile. The
appearance of salts of the sapogenin glucuronide in the liver and in the bile has been
reported in sheep suffering photosensitization. These salts are insoluble and precipitate in
the bile duct as crystals. The disruption of bile excretion results in retention of

phylloerythrin and induction of photosensitization (Miles et al., 1994).
2.4  Tannins

Tannins are oligomeric compounds with multiple structure units that have free
phenolic groups. They range anywhere from 500 to sometimes greater than 20,000 in
molecular weight. Tannins are usually soluble in water (Haslam, 1982) except for some
with high molecular weight structures. They are also capable of binding proteins and

forming soluble and insoluble tannin-protein complexes. Tannins are usually divided into
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two groups, hydrolyzable tannins (HT) and CT (proanthocyanidins), based on their

chemical structure and properties (Athanasiadou et al., 2001).

2.4.1 Hydrolyzable Tannins

Hydrolyzable tannins are molecules with a carbohydrate, generally D-glucose as a
central core. The hydroxyl groups of these carbohydrates are partially or totally esterified
with phenolic groups like gallic acid (gallotannins) or ellagic acid (ellagitannins)
(Waghorn and McNabb, 2003). Hydrolyzable tannins are usually present in low amounts
in plants (Mueller-Harvey, 2001). These tannins are found in oak (Quercus spp.), Acacia,
Eucalypts and a variety of browse and tree leaves (Waghorn and McNabb, 2003). The
browse that contain these leaves and apices can contain anywhere from 200g per kg of
dry matter (DM) and in some species they can contain phenolic compounds that can
exceed 5009 per kg of dry matter (Reed, 1995; Lowry et al., 1996). Hydrolyzable tannins
are potentially toxic to animals, but most ruminants can adjust to a diet of these tannins
(Waghorn and McNabb, 2003). Ruminants are able to adjust to these toxic tannins by
reducing their urinary excretion of degradation products, thus allowing them to consume
these diets (Lowry et al., 1996). Although ruminants have this ability, an excessive
amount of this tannin diet can lead to liver and kidney lesions, as well as death (Waghorn
and McNabb, 2003). Death usually occurs five to ten days after the first excessive

consumption; the toxic compound responsible is not known.

2.4.2 Condensed Tannins

Of the tannins, condensed tannins are the most widely distributed. Condensed
tannins are oligomers or polymers of flavonoid units linked by carbon-carbon bonds
(Waghorn and McNabb, 2003) not susceptible to cleavage by hydrolysis (Reed, 1995).
They are called condensed tannins because of their condensed chemical structure. CT, are
also termed proanthocyanidins (PA), which is derived from the acid catalyzed oxidation
reaction that produces red anthocyanidins through heating of PA in acidic alcohol
solutions (Haslam, 1982). Cyanidin (procyanidin) and delphinidin (prodelphinidin) are
the most common anthocyanidins produced (Reed, 1995).
Condensed tannins can contain as little as two or greater than fifty flavonoid units. Due to

the variability of flavonoid units to some substituents and because of the variable sites for

14



interflaven bonds, condensed tannin polymers have complex structures. Condensed
tannins may or may not be soluble in agqueous organic solvents, depending on their
chemical structure and degree of polymerization. Condensed tannins have a complex
chemistry. The heterocyclic C-rings can be formed via 2,3-cis or 2,3-trans, which
determine “how monomeric units are attached relative to one another” (Barry et al.,
1999). The number of monomeric units are variable (Foo et al., 1996, 1997) making an
“infinite variety of chemical structures, which in turn affect the biological properties of
the CT” (Barry et al., 1989). For example, Lotus corniculatus and L. pedunculatus are
considerably different concerning their chemical structure (Foo et al., 1996, 1997) It is
speculated that plants containing CT evolved over time to implore them as a defense
mechanism, which protected them against pathogenic microorganisms and against being
consumed by insects or grazing animals (Swain, 1979). Condensed tannins found in
tropical forages are thought to promote plant growth by reducing the release of leaf litter
into the soil (Palm and Sanches, 1991) and reducing the release of animal feces
(Waghorn and McNabb, 2003). Because of the substantial benefits of CT for ruminant
health and productivity, much of research has been focused on hese tannins (Waghorn
and McNabb, 2003). There are many different types of foliage that contain condensed
tannins: lotus, sainfoin (Onobrychus viciifolia), sulla (Hedysarum coronarium), dock
(Rumex obtusifolia), Sericea lespedizia (L. cuneata) and Dorycnium rectum, all of which
can do well even in average or poor soil as well as acidic soil (Waghorn and McNabb,
2003). Condensed tannin ontaining forages have different benefits for ruminants,
depending on the species of plant. For example, lotus has been proven beneficial in the
prevention of bloat (Beddows, 1956). Other CT has been efficient at improving live-
weight gain (Waghorn et al., 1994). In sheep, they have been shown to increase milk
protein concentration (Wang et al., 1994), improve lambing percentages (Min et al.,
2002), and reduce, gastrointestinal nematode infection (Niezen et al., 1998), incidence of

fly strike (Leathwick et al., 1995), and methanogenesis in sheep (Waghorn et al., 1994).

2.4.3 Effect of tannins on nutrient digestion and absorption
By forming hydrogen bond between the phenolics sub units of the polymer and the

carbonyl groups of peptides of the protein, tannins bind with protein at near neutral pH
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Fig. 1: Classification of tannins

(4.0 to 7.0) to form tannin protein complexes, but dissociates and release protein at acidic
pH (<3.5) (Jones and Magnum, 1977). Specificity of tannin for protein is dependent on
the conformational structure of proteins including size and charge of the protein molecule
(Hagermann and Butler, 1981). Martin et al. (1985) demonstrated that protein tannin
complex is stable in pH range of 5.6 to 7.0 but above or below this range the complex
dissociates. Once the complex passes through the rumen, it becomes subjected to gastric
(pH 2.5 to 3.5) and pancreatic secretions and dissociates, making the protein available for
absorption from the small intestine.

Waghorn et al. (1994) found a difference due to CT level on the apparent
absorption of essential amino acids (EAA) from the small intestine of sheep fed on fresh
Lotus corniculatus (2.2% CT) and L. pedunculatus (5.5% CT). The CT of L. corniculatus
increased both abomasal flow and the net absorption of EAA from the small intestine (53
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and 59% respectively), with no effect on apparent digestibility in the small intestine,
while CT of L. pedunculatus increased abomasal flow by 30% in sheep fed on this
forage. McNabb et al. (1998) demonstrated that the differences in CT structure between
L. corniculatus and L. pedunculatus did not cause appreciable difference in the in vitro
precipitation of leaf protein (Rubisco) from white clover. However, L. pedunculatus CT
extract was more effective in reducing Rubisco degradation by ruminal microbes than the
CT extract from L. corniculatus (Aerts et al., 1999). These findings suggest that protein
precipitation by CT may be more responsive to relative molecular mass of CT, but the
effect of CT on the degradation of protein by microorganisms may be more responsive to

difference in flavon-3-ol composition of CT.

Devarajan (1999) observed that addition of CT or HT decreased in vitro
degradable nitrogen (IVDN) values in Artocarpus lakoocha and Grewia optiva while it
increased in Acacia catechu, Albizia Stipulata, Bauhinia variegate, Dendrocalamus
hamiltonii, Ficus roxburghii, Leucaenea leucocephala, Morus alba and Quercus incana.
Santos et al. (2000) reported that tannic acid treatment was effective in decreasing rapidly
soluble fraction of alfalfa and Bermuda grass silages. However, tannic acid reduced the
effective crude protein degradability of alfalfa grass, but not the Bermuda grass.

2.4.4 Effect of tannins on rumen microbial ecology

Although the mode of action of tannins is not fully known, the reduction in
proteolysis may be attributed to direct effects of tannins on microbial enzyme activity or
to indirect effects on rumen metabolite concentrations which can regulate proteolytic
activity in some bacteria (Waghorn et al., 1994). Jones et al. (1994) found that sainfoin
CT had profound effects on 5 strains of proteolytic rumen bacteria. Polya and Foo (1994)
reported that increasing degree of catechin polymerization isolated from the cladodes of
Phyllocadus trichomanoides, the bark of Psedotsuga menziesii and heartwood of Acacia
melanoxylon correlated with increased inhibitory activity of phospholipid dependent
protein kinase and Ca®* dependent protein kinase. Molan et al. (2001) studied the effect
of CT from L. corniculatus and L. pedunculatus on the growth of four strains of
proteolytic rumen bacteria. Both the sources CT inhibited the growth of all the four

strains of bacteria. However, growth of Eubacterium sp., Prevotella bryantii and
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Butyrivibrio fibrisolvens was inhibited more by CT of L. pedunculatus than by L.
corniculatus. McSweeny et al. (2001b) observed that total number of cellulolytic bacteria
including Fibrobacter succinogens and Ruminococcus flavifaciens was lower in sheep
supplemented with calliandra forage rich in CT while fungal population was less
affected.

Studies related to influence of tannins on rumen protozoa are of relatively recent
origin. Terrill et al. (1992) found an increase in protozoal numbers in sheep grazing sulla
(CT). Higher protozoal population in sheep fed with L. corniculatus plus polyethylene
glycol than those fed L. corniculatus alone was observed suggesting possible
antiprotozoal effect due to CT (Wang et al., 1994),. Makkar et al. (1995b) found decrease
in protozoal population in the presence of quebracho tannins in vitro. However,
McSweeny et al. (2001b) reported that protozoal population was less affected by
calliandra tannins. In contrast, quebracho powder fed to cattle at 0.6 % of dietary DM
reduced protozoal populations (Baah et al., 2002). Ruiz et al. (2004) observed an absence
of holotrichs and low numbers of endodiniomorph protozoa in the rumen of goats fed
olive leaves (CT, 11.1mg/g DM) alone. However, when animals received a diet based on
olive leaves, barley and faba beans, holotrichs appeared and endodiniomorph populations

increased.

Hydrolysable tannins from Castanea sativa wood extract did not influence
protozoal count both in vitro (Sliwinski et al., 2002a) and in vivo (Sliwinski et al., 2002b)
Recent study by Hristov et al. (2003) showed that HT (tannic acid) also exhibit

antiprotozoal activity.
2.4.5 Effect of tannins on end products of rumen fermentation
Rumen fluid characteristics

Tannins generally exhibit inhibitory effect both on carbohydrate and nitrogen
metabolisms in the rumen. Makkar et al. (1995a) during in vitro studies found decrease in
TVFA and molar proportion of acetate and increase in propionate in the presence of
tannins. Singh et al. (2001) observed lower NH3-N concentrations in the presence of

tannic acid in an in vitro ruminal system. Tannin might have complexed with deaminase
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and urease (Sliwinskii et al,, 2002a). Hristov et al. (2003) showed that tannic acid not
only decreased NH3-N, it also reduced acetate, propionate, isobutyrate, iso valerate and
TVFA concentrations and A:P ratio. However, daily intra-ruminal administration of
quebracho extract (75 % CT) to sheep did not affect pH, NH3-N and VFA concentrations.

Methane production

Roth et al. (2001) compared the effect of tannin rich extracts from chestnut and
mimosa (HT) and quebracho (CT) on methane production in vitro at very high
concentrations. Chestnut tannins were very effective in reducing methanogenesis.
However, methane production was not reduced by chestnut extract during both in vitro
(Sliwinskii, et al., 2002a) and in vivo studies (Sliwinskii, et al., 2002b) at lower
concentrations. Puchala et al. (2005) compared the effects of feeding tannin rich
Lespedeza cineata (17.7 % CT) and tannin free mixed crab grass (Digitaria ischaemum
and Festuca arundinacea) (0.5 % CT). Methane emission expressed as both quantities
per day or relative to dry matter intake was lower for Lespedeza cineata than for crab
grass (7.4 vs. 10.6 g/d and 6.9 Vs. 16.2 g/kg DMI). Substantial differences between the
forages in CT concentration and methane emission by goats suggested that CT decrease

methane emission.
Partitioning of nutrients and microbial protein synthesis

Microbial protein synthesis in vitro, expressed as *°N incorporation into microbes
per unit of short chain fatty acid production was more efficient in the presence of tannins
(Makkar et al., 1995a). The incorporation of >N into microbial cells and efficiency of
microbial protein synthesis were higher with CT (quebracho tannins) compared with HT
(tannic acid). Recent study by Hristov et al. (2003) also showed that presence of tannic
acid at lower concentrations (0.1 %) in in vitro incubation medium increased N
incorporation into bacteria while decreased protozoa. Beever and Siddons (1986)
indicated an increase in microbial protein supply after feeding moderate concentration of
CT from sainfoin in sheep. Calliandra tannins (2 to 3 %) in the diet failed to alter
microbial protein flow from the rumen in sheep (Mc Sweeny et al., 1998). McNeill et al.

(1998) also found similar results in response to feeding of tannin rich Leucaena
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leucocephala (7.3 % CT). McNeill et al. (2000) further demonstrated that there was no
change in microbial protein flow in sheep fed 100 % diet of dried Leucaena hybrid
(11.6 % CT). Min et al. (2002) also observed no change in total microbial protein in the

rumen or microbial protein flow to abomasum in sheep fed L. corniculatus.
2.4.6 Effect of tannins on microbial protein supply

Egan and Ulyatt (1980) observed an increase in nitrogen retention in sheep fed
sainfoin (CT 10 to 11 %) when compared to those fed white clover and rye grass. The CT
of L. corniculatus (2.2 % CT) increased both abomasal flow and net absorption of
essential amino acids from small intestine (53 and 59 %, respectively) (Waghorn et al.,
1987). However, feeding of CT rich L. pedunculatus (5.5 % CT) increased abomasal flow
of amino acids by 30 %, but increase in intestinal apparent absorption of essential amino
acids was only 10 %. (Waghorn et al., 1994). It was postulated that the mechanism
through which CT may reduce amino acid absorption could be due to free CT inhibiting
endogenous enzyme activity or by associating with intestinal mucosa. In an attempt to
define the interrelationship between tannin-protein binding ability and nitrogen digestion
post ruminally, tannins in several species of Leucaena were examined for their effect on
protein digestion (McNeill et al., 1998). Purified CT from the Leucaena was assessed for
their ability to bind protein as well as to release complexed protein, between the
abomasums and the end of small intestine in sheep. These studies demonstrated that
Leucaena species differed markedly in apparent digestion of nitrogen and this was
correlated with the ability of the purified tannins to bind protein. However, protein
complexed with tannin had a digestibility greater than 78 % in small intestine. It has been
suggested that gains in delivery of digestible dietary protein to small intestine is offset by
enhanced losses of endogenous protein due to interactions between the dissociated CT

and secreted and structural protein from the intestinal tissue.
2.4.7 Ruminal degradation of tannins and tannin-protein complex

There is sufficient evidence suggesting degradation of HT by rumen microbes
(Makkar et al., 1995a,b). Selenomonas ruminantium and Streptococcus sp. probably

cleave the ester bonds with the help of enzymes esterase and tannin acylhydrolase to
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produce gallic acid and ellagic acid (Nelson et al., 1998). Gallic acid is then
decarboxylated to pyrogallol and converted to resorcinol and phlorglucanic ring to
acetate and butyrate (Murdiaty et al., 1992). The rumen bacteria involved in this
degradative pathway includes Eubacterium oxidoreducens, Streptococcus bovis,
Syntrophococcus sucromutans and Coprococcus sp. Singh et al. (2001) showed
degradation of tannic acid to gallic acid, pyrogallol and resorcinol using rumen fluid of

cattle which had no prior exposure to tannin rich diets.

However, little evidence exists for degradation of CT in the rumen. Robbins et al.
(1991) reported that ingested quebracho tannin was completely recovered from the faeces
of mule and deer, but only 75% was recovered from faeces of sheep. It suggested that CT
might have been metabolized in the digestive tract and absorbed. Similarly, studies on
sheep and goats fed tannin rich Acacia saligna showed absence of CT in faeces (Degen et
al., 1995). Makkar et al., (1995a) showed that rumen microbes are not capable of
degrading oligomeric CT during in vitro incubations. Rumen microbes were exposed to
small amount of quebracho tannins using rumen simulation technique for eight days and
there was no degradation of CT. (Makkar et al., 1995b). In another study, CT (Sephadex
LH-20 purified quebracho and Acacia nilotica tannins) were degraded within seven days

under aerobic conditions in artificial fermenters (Makkar, 2003).

Anaerobic bacteria have been isolated from non-ruminant animals which can
dissociate HT protein complexes, but not complexed with CT (Nemoto et al., 1995;
McSweeny et al., 1999). The enzymes (tannin acylhydolases; esterases) depolymerise the
tannin polymer by cleaving ester linkages between glucose and the phenolic subunits
(Skene and Brooker, 1995). A similar mechanism for dissociation of the CT-protein
complex would require depolymerisation of CT by cleavage of carbon-carbon bonds,
which has only been demonstrated under aerobic conditions and is probably unlikely in

the rumen (McSweeny et al., 2001a).
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25 Rutin

Rutin is a bioflavonoid, a flavonol glycoside comprised of the quercetin and the
disaccharide rutinose (rhamnose and glucose). Pure rutin is yellow or yellow-green
colored needle-shaped crystal. Rutin is found in many plants, fruits and vegetables. The
richest source is buckwheat. Rutin is also found in citrus fruits, noni, black tea, apple
peel. During digestion much of the rutin is metabolized to its aglycone, quercetin. Rutin
has strong antioxidant properties. Rutin has also the property to chelate metal ions, such
as iron, thereby reducing the Fenton reaction (production damaging oxygen radicals).
Rutin has anti-inflammatory effects. Animal studies have shown that rutin has preventive
and healing effects. There are indications that rutin can inhibit some cancerous and pre-
cancerous conditions. Rutin may help to prevent atherogenesis and reduce the

cytotoxicity of oxidized LDL-cholesterol.

Quercetin and rutin are used in many countries for blood vessel protection and are

ingredients of numerous multivitamin preparations and herbal remedies.

OH

Fig. 2: Chemical structure of Rutin
2.5.1 Extraction of Rutin

Rutin is highly soluble in a number of organic solvents like methanol, ethanol,
pyridine, etc. these solvents dissolve other substances present in the plant besides rutin.
Therefore, the choice of these solvents is highly unattractive (Thappa et al., 1982).
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Though rutin is poorly soluble in cold water, but is fairly soluble in boiling water. Also
water does not dissolve most of the other unwanted substances and it involves practically

no expense at all.

Rutin is commercially extracted from leaves of Eucalyptus macrorhyncha and
Eucalyptus youmanii with hot water at high temperature and starts settling down at about
900C (Sood and Kalia, 1996). Fine powdered dry leaves 30-40 mesh are boiled with
water (1:20) for about 25-30 min. in closed vessel at elevated pressure of 15-20 Ibs.
Excessive heating for long period causes hydrolyses of rutin into Quercetin. The hot
extract is filtered immediately and fine yellow coloured rutin is separated out on cooling.
The crystallization of pure golden yellow coloured rutin is done with methanol (Sood and
Kalia, 1996).

2.6 In vitro gas production

The in vitro and in situ techniques now in use (Tilley and Terry, 1963; Goering
and Van Soest, 1970; @rskov et al., 1980) have the disadvantage that the contribution of
the soluble components of the original feed cannot be assessed, since they rely mainly on
the measurement of particle loss. Fermentation, on the other hand, is the anaerobic
decomposition of substrates by microorganisms and can be assessed according to the
production of end-products, of which VFA and gas are the most important (Lin et al.
1985).

The in vitro gas production technique is used widely in animal nutrition for feed
evaluation and to study the kinetics of microbial fermentation processes in the digestive
tract. At present, cumulative gas production is increasingly being used to measure the
fermentation kinetics of ruminant feeds (Beuvink and Spoelstra, 1992; Pell and
Schofield, 1993; Theodorou et al. 1994). The technique relies on mathematical modelling
to estimate the rate and extent of feed digestion from cumulative gas production profiles.
The amount of gas which is released when feedstuffs are incubated in vitro with rumen
liquor is closely related to digestibility and therefore to the energetic value of feedstuffs
for ruminants (Menke et al. 1979).
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Hohenheim in vitro gas production test

A working group in Germany (Menke et al., 1979; Raab, 1980; Menke and
Steingass, 1988) developed a feed evaluation test mainly based on the measurement of in
vitro gas production. The system they developed is basically a Tilley and Terry (1963)
system but gas production rather than dry matter loss is measured. Huang (1986) reported
that gas production of hay, grain and cotton fibre measured by Hohenheim in vitro gas
production test followed first order reaction kinetics. Blimmel (1994) concluded that gas
volume exclusively described substrate fermentation to SCFA and that there was inverse
relationship between the production of short chain fatty acids and microbial biomass

yield when both were related to a given unit of substrate truly fermented.

Production of CO, and CH, can be regarded as a measure of energy available for
protein synthesis (Raab et al., 1983). The principles of techniques using gas production
measurements have been reviewed by Theodorou et al. (1998) and Getachew et al.
(1998a).

There are a number of factors that affect fermentation of feeds in vitro. These are
mainly associated with the nature of rumen fluid inoculum, breed of animal, its
physiological condition, diet, time of feeding, time of collection of rumen fluid relative to
feeding time (Craig et al., 1987), method of rumen fluid collection (i.e. liquid or solid
phase) (Craig et al., 1987; Cecava et al., 1990), and time elapsed between rumen fluid
sampling and inoculation (Robinson et al., 1999).

Fermentations are conducted in large (100 ml) calibrated glass syringes
containing the feedstuff and a buffered rumen fluid. In this system, gas production in 24 h
observed on incubation of 200 mg feed DM correlated well with OMD determined in
vivo with sheep. The volume of gas in 24 h from 200 mg feed DM was used together with
the concentration of other chemical constituents to predict ME (Menke and Steingass,
1988).
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2.7 Kinetics of gas production

Digestion rate determines the amount of nutrients supplied to the animal. Rate
estimation from gas production depends on a predictable relationship between forage
digestion and microbial metabolism. Kinetics of feed stuffs fermentation can be
determined from fermentative gas and the gas released from buffering of the short chain
fatty acids (SCFA). Kinetics of gas production is dependent on the relative proportions of
soluble, insoluble but degradable, and undegradable particles of the feed. Mathematical
description of gas production profiles allows analysis of data, evaluation of substrate and
media related differences, and fermentability of soluble and slowly fermentable
components of feeds. Various models have been used to describe gas production profiles.
The exponential model by @rskov and McDonald (1979) is widely used in ruminant feed
evaluation to describe degradation kinetics as measured with the nylon bag technique, but
the model has also been used to describe kinetics of gas production data (Blimmel et al.,
1990; Siaw et al., 1993; Khazaal et al., 1993). This model is based on first-order Kinetics,
assuming a constant fractional rate of fermentation (Groot et al., 1996). Since some feed
particles ferment at different rates, the assumption in exponential model is not universally
valid. Beuvink and Kogut (1993) evaluated various curve fitting models and reported that
the exponential model resulted in larger residual mean squares as compared to sigmoidal

models.

Groot et al. (1996) introduced three-phasic model which differentiates soluble,
insoluble but fermentable, and microbial turnover. Conceptually, this model should
provide useful data; however, it requires sophisticated equipment to record gas
production at different time of incubation. Furthermore, the model performed poorly
when used in the prediction of voluntary feed intake of 24 roughages from Ethiopia
(Blummel et al., 1998).

Dry matter and NDF digestion rates may be obtained using standard in vitro
techniques, but these methods are labor-intensive (Pell and Schofield, 1993; Cone et al.,
1996). Gas production is a promising technique to measure the digestion rates of the
soluble and insoluble fractions of forages (Menke and Steingass, 1988; Pell and
Schofield, 1993; Cone et al., 1996).
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Wolin (1960) presented calculations on the relationship among VFA, gas
production, and the fermentation of glucose. These calculations are often used to predict
changes in gas production caused by metabolic shifts during fermentation (Beuvink and
Spoelstra, 1992). Gas arises directly from microbial metabolism and indirectly from the
reaction of acid end products with bicarbonate, an important component of the buffering
system (Beuvink and Spoelstra, 1992). The use of gas measurements to estimate the rate
of forage digestion depends on a close relationship between gas yield and VFA
production (Blummel and @rskov, 1993). Microbial population size and metabolism may
vary over the course of fermentation (EI-Shazly and Hungate, 1965; Naga and Harmeyer,
1975; Krishnamoorthy et al., 1991). Changes in microbial metabolism or yield may alter
the relationship between substrate digestion and gas production and could affect the

estimation of digestion rate from gas measurements.

Since, feed fermentation and microbial biomass synthesis in the rumen are the
major components of digestion in ruminants; it would be desirable to have feed
descriptive indices capable of describing feedstuffs for these characteristics. As the
fermentation characteristics of feed protein and carbohydrates influence efficiency of
microbial biomass synthesis (EMBS; Clark et al., 1992; Sinclair et al., 1995), the feed or
diet specific differences in microbial efficiency is considered in diet formulation for
ruminants (NRC, 2001). Blimmel et al.. (1997) reported that the ratio of in vitro
substrate true digested to gas volume, defined as the “partitioning factor” (PF), could
serve as an index to assess the differences in EMBS of feedstuffs on the assumption: (i)
carbon of TDOM is quantitatively distributed between microbial biomass and the sum of
fermentative gas and SCFA; and (ii) gas production is stoichiometrically related to
SCFAs. Further, it was observed that the PF of the mixed diets had a significant
relationship with the microbial efficiency in vivo, indicating the possibility of using PF of
the diet to influence EMBS in vivo (Blimmel and Lebzien, 2001; Blimmel et al., 2003).
However, PF for concentrate feed stuffs reported in the literature is meager (Blimmel et
al., 2003). The PF, for the respective group of feedstuffs varied from 3.86 to 6.48, 3.28 to
453, 2.73 t0 3.72 and 2.55 to 3.23. Kiran and Krishnamoorthy (2007) concluded that the
range in the PF of the tested feed ingredients was wide enough to facilitate ingredient

selection for higher PF.
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2.8 Gas production from NDF and cell solubles

NDF is a mixture of polymers with variable sugar composition and digestibility.
Thus, the mixture of hexoses and pentoses changes constantly over the course of the
fermentation (Van Soest, 1994). These factors may partially explain the low gas volumes
early in the NDF fermentations. Because the changing ratios seem to affect only the first
1 to 3 ml of gas produced for any of the samples analyzed, rate calculations are unlikely
to be seriously affected. The gas and VFA production were correlated with NDF
disappearance using the isolated NDF samples. When gas production from the isolated
NDF was regressed against NDF disappearance for each forage, the resulting slopes
ranged from 0.31 ml/ mg for mature bromegrass to 0.37 ml/mg for corn stover. The mean

slope (gas yield from NDF digestion) from the NDF data was 0.35 ml of gas/mg of NDF

disappearance (r2 = 0.92, n= 171) (Doane et al., 1997). In situ studies on ADF
degradation in alfalfa (Nocek and English, 1986) suggested two distinct pools. Several
dual pool models, including a dual-pool logistic model different in format from the one
presented here, were tested by Robinson et al.. (1986) and gave a relatively unbiased fit

to in situ NDF digestion data from various feedstuffs. Gas yield was 0.35 ml/mg (r2 =
0.92) of NDF digested for the isolated NDF.

Little is known about the digestion kinetics of the NDS fraction, because most in
vitro kinetic methods have studied the disappearance of insoluble cell wall components
and, in addition, gravimetric techniques do not usually measure the soluble faction.
However, knowledge of the degradation characteristics of both fractions is very important
to formulate balanced diets for high-yielding animals. For this purpose the curve
subtraction method is useful, as reported by many authors (Schofield and Pell, 1995;
Stefanon et al., 1996; Calabro et al., 2001). The contribution of the NDF fraction to gas

production increases while that of the NDS decreases with time.

Previous Kinetic studies of fiber digestion have considered the process as a first
order chemical reaction in which microbial growth does not play a major role (Waldo et
al., 1971; Mertens and Loften, 1980). Models in common use include the exponential,

logistic, and Gompertz (France and Thornley, 1987). These models differ both in their
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mathematical forms and in the underlying assumptions about the effects of microbial
numbers and substrate levels on growth. Their application to gas production curves from
fiber digestion can potentially yield information useful for predicting the digestion of
fiber in animal feeds and for analyzing other gas-yielding fermentations.

The gas production profiles are not necessarily linearly related to degradation or
fermentation of substrate. The higher predicted compared with measured gas production
for CS indicated that the stoichiometric relations (Van Soest, 1994) are probably not valid
for rapidly fermenting substrates. For CSC, the approximately 25 % higher gas
production predicted by stoichiometric calculations than measured was similar to
overestimations of gas production reported for cellulose (by 20%) and glucose (by
10%)by Beuvink and Spoelstra (1992). Typically, these overestimations occur for
substrates producing high proportions of propionic acid. The use of pure substrates by
Beuvink and Spoelstra (1992) seems to rule out the possible mechanism of reduction of
gas production by bonding of C0, to NH3. A second process which could reduce the gas
produced per mol VFA, would be the conversion of CO; and H; to acetate instead of CH,4
(Miller, 1995), which would result in the net consumption of one mol CO,. This process
mainly occurs when low roughage diets containing high proportions of sugars and protein
are fed (Leedle and Greening, 1988). A third possibility could relate to the large crude
protein fraction of CC. Little work has been done in the area of the stoichiometric
relations for the fermentation of protein, and it is likely that these differ from those for

hexose equivalents.

Relatively large amounts of propionic and butyric acid from CS are more
frequently reported when easily digestible substrates are supplied to rumen microbes
(Van Houtert, 1993). When the rate of gas production was high, the proportions of
propionic and butyric acid increased and consequently the calculated gas yield was low.
After 24 h of incubation, the gas production rate was lower, and mainly acetic acid was
produced which led to an increase in calculated gas yield. This corresponds with the more
frequently observed two-phasic gas production (Pell and Schofield, 1993; Groot et
al., 1996). However, multiphasic analysis of the gas production profiles was not possible,

due to the limited number of observations per curve. For CW, the value of calculated gas
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yield increased throughout the incubation, due to the higher production of acetic acid
compared with other VFA. This resulted in a higher half time for gas production (265h)
than for fermentation of OM (23.7 h).

The proportion of gas associated with the rapidly digesting portion of the
unfractionated forage exhibited the same basic trends that were reported by Schofield and
Pell (1995). As the fiber content of the unfractionated forage increased, the amount of gas
in the rapid pool decreased. The improved fit of the single pool logistic model for the
NDS fraction of the mature alfalfa and bromegrass samples is inconsistent with earlier
research. Stefanon et al.. (1996) presented parameter estimates from the two-pool logistic
model from fermentations of the water-soluble fractions of alfalfa and bromegrass
samples of varying maturity. The extraction methods (water vs. neutral detergent
solution) may account for the differences. Schofield and Pell (1995) also reported
parameter estimates from the two-pool logistic model for alfalfa NDS. Two reasons why
the one-pool model better fits the data from this study may be 1) the greater maturity and
NDF content of the mature alfalfa sample and 2) the use of washed and resuspended

bacteria rather than whole ruminal fluid.

The fast pool of the unfractionated forage is identified from a mathematical
analysis of the gas profile rather than from a chemical or physical entity. The values for
the specific rates of the rapidly digested pool in the isolated NDF samples (0.107 to 0.194

h—1) were similar to the fast rate of the unfractionated forage (0.095 to 0.170 h—1) and
comparable to rates previously reported (Schofield and Pell, 1995; Stefanon et al., 1996).
The gas volume associated with the fast specific rate in the unfractionated forage may be
a composite pool originating from both the NDF and NDS fractions and must be

interpreted cautiously in relation to chemical composition. Similarly, the slower rates of
the NDS fraction presented here for the immature alfalfa (0.04 h—1) and by Stefanon et al
(1996) for water-soluble components (0.03 h—1 to 0.07 h—1) approach the values of the

slower rates within the NDF fraction (0.03 h—1). This supports the contention that the gas
associated with the slower rate in unfractionated forage may arise from both the NDF
and NDS fractions.
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Doane et al. (1997) studied the effect of ensiling on the NDS fraction of forages at
different maturity stage. Calabro et al.. (2007) studied the fermentation of NDS using a
2x3x2 factorial arrangement of two intercropped forages (barley/broad bean and
vetch/oats) collected at three growth stages and preserved by haymaking. Each feed
sample and its isolated NDF were fermented in vitro and gas production was monitored
utilizing the IVGPT. Haymaking decreased gas yield and rate of gas production from the
unfractioned forage. Increasing maturity did not change the final gas volume, but reduced
the rate of gas production from the NDS fraction. The rate of gas production from the
NDS fraction of hay decreased on average by 2.9 ml/h compared with fresh forage. On
average, haymaking reduced the gas yield from the NDS fraction by 18.70%. The
fermentation of the fibre within the unfractioned forage and the isolated NDF were
similar, as also reported elsewhere (Schofield and Pell, 1995; Stefanon et al., 1996;
Doane et al., 1997; Calabro et al., 2001). Krishnamoorthy et al.. (1991) documented a
curvilinear relationship between total microbial synthesis and the gas production over 2
h. This indicated that smaller amounts of gas were produced per unit of microbial yield at
higher rates of fermentation. Thus, the digestion rate and microbial synthesis may affect
the balance of metabolic end products between gas and VFA and partially account for the
poor correlation between the A: P ratio and gas produced per mM of VFA across forages.
The variability in the VFA measurements from multiple in vitro fermentations for this

experiment is similar to that reported by other authors (Peters et al., 1989).

2.9 In vitro degradable nitrogen

Degradability of protein in the rumen is an important value to be used for the
prediction of protein passing undegraded to the small intestine and for the calculation of
protein utilization and protein requirements of ruminants. Attempts have been made to
estimate protein degradation from N solubility (Crooker et al., 1978), commercial
proteases (Krishnamoorthy et al., 1983) and by the use of polyester bags to be incubated
in the rumen of a fistulated animal (Orskov & McDonald, 1979). Difficulties in

measuring protein degradation from the release of ammonia arise from the fact that
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protein degradation and bacterial protein synthesis are processes which occur
simultaneously (Alexander, 2005).

Raab et. al. (1983) proposed a method to estimate ruminal protein degradation
based on measurements of ammonia concentration and gas production (Menke et al.
1979) when a feedingstuff was incubated with rumen fluid in vitro. The method described
here uses the known relationship between fermentation of carbohydrates and microbial
protein synthesis for the determination of NH3-N incorporated into microbial proteins.
The total amount of NH3-N liberated is found by extrapolation of the linear regression to
zero protein synthesis. NH3 liberated during incubation is in part used for microbial
protein synthesis. Production of carbon dioxide and methane can be regarded as a
measure of energy available for protein synthesis. The ratio, gas production:
incorporation of NHs3-N was estimated by addition of starch to the substrate. The
noresponse in gas production was linear when starch was added to the substrate (Fig. 3).
Linear regression between NHs-N concentration (y, mg) and gas production (x, ml)
yielded an intercept (bo) representing that amount of NHs;-N which would be released
when no fermentable carbohydrates were available and consequently no bacterial protein
synthesis took place. The difference between this intercept by, and NH3-N content in the
blank (rumen fluid without substrate added) indicated the amount of NHj3 liberated from
protein and other N-containing compounds of the feedingstuff incubated. In vitro-
degradable N (IVDN) was calculated as a proportion of total N by the equation:

NH., - N at zerogas production— NH_, - N of blank

IVDN = —3 . 3
Total nitrogen of feedstuff incubated
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A= ammonia-nitrogen content after incubation of feedingstuff alone;

B= ammonia-nitrogen content after incubation of feedingstuff + starch;
C= gas production from feedingstuff alone;

D= gas productions from feedingstuff + starch;

E, F, G= microbial N expected to be derived from NH3-N, amino acids and
peptides, when the feedingstuff is incubated alone;

H= NH3;-N expected to be present at zero gas production

Fig. 3: Schematic representation of the relationship between protein degradation and
protein synthesis in rumen fluid in vitro.
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3.

MATERIALS AND METHODS

A brief description of experimental techniques followed during the course of

study is presented in this chapter. The study was conducted in two phases.

PHASE |

3.1  Selection of plants

Based on their traditional medicinal use, ten medicinal plants and one purified

compound, Rutin, isolated from leaves of Eucalyptus macrorhyncha were screened to

select two best plants for evaluation of their effects on in vitro rumen fermentation. The

plant parts were collected from the ‘Herbal Garden’ of Central Soil Salinity Research

Institute, Karnal, Haryana and are listed in Table 3.1.

Table 3.1 List of medicinal plants selected for screening their potential as rumen

fermentation modulators

Botanical name Common Name | Part selected | Known active Principle
Acacia concinna Shikakai Pods Saponins
Albizzia lebbeck Siris Seeds Saponins
Aloe barbadanis Aloe vera Laves Steroids
Alstonia scholaris Devil tree Leaves Alkaloids
Azadirachta indica Neem Leaves Azadirachtin
Eucalyptus globulus Eucalyptus Leaves Essential oils
Terminalia arjuna Arjuna Leaves Tannins
Terminalia belerica Behara Leaves Tannins
Tribulus terrestris Gokhru Seeds Saponins
Withania somnifera Ashwagandha Leaves Alkaloids, Steroids
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3.2

Preparation of plant extracts

Water and 50% aqueous methanol were used as solvents to prepare plant extracts.

The protocol followed was as per Alexander, (2005) and is described below.

3.3

. The plant part was cut into small pieces and oven dried at < 50°C.
. The dried plant material was ground to pass through a 1 mm screen.
. A known quantity of finely ground sample was weighed into 250 ml conical flask.

The respective solvent was added in ratio of dry weight of the sample to solvent
as 1:10.

. The flask was tightly sealed and kept on a mechanical shaker (20°C, 120 rpm) for

12 h.

. The contents of the flask were squeezed through four layers of muslin cloth.

. The filtrate obtained from aqueous extract was centrifuged at 5000 rpm for 20

min. and filtered through Whatman filter paper No. 41 while aqueous methanol

extract was filtered using Whatman filter paper No. 1.

. The filtrate was collected and stored in a deep freeze at -15 to -20°C until use.

Screening of plant extracts for their effect on in vitro rumen fermentation

The plant extracts were screened for their effect on in vitro rumen fermentation

parameters in an in vitro gas production test as per Menke and Steingass (1988).

Berseem, Oat and Wheat straw were used as substrates. The parameters studied during

screening were total gas production, methane production, TD and IVTOMD. Morus alba

was used as the internal standard for in vitro gas production method.

Extracts from selected plants were ranked based on their effects on in vitro

methane production and digestibility in an initial screening and five potential extracts

(Aloe barbadanis, Azadirachta indica, Terminalia arjuna, Terminalia belerica and rutin)

were selected for further screening to select two best plant extracts. Two plant extracts

causing significant decrease in gas and methane production with little or no effect on the

digestibility were selected for further detailed study (in Phase I1).
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3.4  Chemical composition of substrates

Berseem, Oat and Wheat straw were dried at 60°C and ground to pass 1mm

sieve. The ground samples were stored in air tight plastic bottles for further analysis.
3.4.1 Proximate Composition

Standard methods as described in AOAC (1995) were followed for the

determination of proximate composition.

Dry matter
Representative samples of feed ingredients were weighed in moisture cups and
kept overnight in a hot air oven at 100+2°C. Dried samples were weighed and DM

calculated as follows:

DM(%):%XlOO

where, a = weight of the sample after oven drying

b = fresh weight of the sample

Nitrogen

Nitrogen content of the samples was determined by the standard Kjeldahl method
using a digestion unit (Pelican) and digested samples were distilled in a distillation unit
(Pelican). The distillate was collected in boric acid (2%) with mixed indicator (methyl
red and bromocresol green in 0.7:1). The titration was done using standard N/100

sulphuric acid.

Ether extract

A known quantity of ground sample was taken in the thimble (Whatman) and extracted
for 7-8 h with petroleum ether (B.P. 40-60°C) using Soxhlet apparatus. The extracted oil

along with oil flask was dried at 100+2°C to a constant weight. The ether extract was
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estimated as the difference in the weight of oil flask with and without oil and also as the

loss of weight in sample in the thimble due to extraction.
Total ash

A known quantity of ground sample was taken in a preweighed silica crucible and
charred over the heater to make it smoke free. The crucible along with the sample was
ignited at 550°C for 4 h. The residue on ashing was taken as total ash and was expressed
on DM basis.

3.4.2 Fiber composition

Fiber composition was determined as per the methods of Robertson and Van
Soest (1981).

Neutral detergent fiber

A known quantity of ground sample (0.5 or 1.0 g) was taken in spoutless beaker
and a known quantity of neutral detergent solution (50 or 100 ml) was added to it. The
beaker along with the contents was heated to boil and refluxed for 60 min. The contents
were filtered through a preweighed Gooch crucible (G-1, 50 ml) under vacuum with 3-4
washings of hot distilled water and a final washing of acetone. The crucibles were dried
to a constant weight at 100+2°C and weighed. Cell wall contents or NDF was calculated

as follows:

(wt.of crucible + cell wall contents) - wt.of crucible 5
wt.of thesample

NDF (%) = 100

Acid detergent fiber

A known quantity of ground sample (0.5 or 1.0 g) was taken in spoutless beaker
and a known quantity of acid detergent solution (50 or 100 ml) was added to it. The
beaker along with the contents was heated to boil and refluxed for 60 min. The contents
were filtered through a preweighed Gooch crucible (G-1, 50 ml) under vacuum with 3-4

washings of hot distilled water and a final washing of acetone. The crucibles were dried
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to a constant weight at 100+5° C and weighed. Acid detergent fiber was calculated as

follows:
ADF (%) :¥x100

Where, X =weight of oven dried crucible including ADF
Y = weight of empty oven dried crucible

S = sample weight on DM basis

The NDF and ADF determinations were in triplicate.

3.5  Preparation of isolated neutral detergent fiber

Neutral detergent fiber was prepared as per the method of Schofield and Pell
(1995). About 5 g of feed sample was weighed in to 1L spoutless beaker, to which 500
ml of neutral detergent solution was added. The contents were heated to boil and refluxed
for 1 h and filtered through nylon screen under vacuum and thoroughly washed with hot
tap water (10-12 washings) and a final washing with acetone. The residue was transferred
to another 1L flask containing 500 ml of 1M ammonium sulphate. The flask with its
contents was incubated over night at 39+1°C. The contents, after incubation, were filtered
under vacuum with repeated washings with hot distilled water and dried in a hot air oven

maintained at 50+1° C. The NDF obtained was free of sodium lauryl sulphate.
PHASE I1
3.6 In vitro studies

The amount of gas produced, extent of degradation of DM and NDF of selected feeds

were determined by in vitro gas production technique.
3.6.1 Invitro gas production (IVGP) technique

The amount of gas which is released when feedstuffs are incubated in vitro with
rumen liquor is closely related to digestibility and therefore to the energetic value of
feedstuffs for ruminants (Menke et al. 1979). The DM, fiber and protein degradation was
studied by in vitro gas production method (Menke et al. 1979; Raab et al 1983;
Alexander, 2005).
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The incubations were carried out in 100 ml calibrated glass syringes
(Fortuna,Germany) as described by Menke et al., (1979) and Menke and Steingass
(1988). The substrate was weighed on a plastic boat with removable stem and was placed
into the bottom of the glass syringe ensuring that it did not stick to the sides of the
syringe. The piston was lubricated with petroleum jelly and pushed inside the glass
syringe. Plant extracts were injected prior to incubation. Incubation was done in
triplicate for each substrate (three each for blank, respective plant extract, control and
two for standard) at 0, 2 and 3 ml plant extract/30ml of inoculum. The syringes were
incubated in a oven at 39° + 0.5°C for 24 h. The following table gives details of solutions

and the order in which they were added prior to the filling in syringes.

Item 30 syringes 45 syringes 60 syringes
Solution
Distilled water 365 ml 550 ml 730 ml
Micromineral solutiona 0.1 ml 0.15 mi 0.185 ml
Rumen buffer solutionb 183 mi 275 ml 365 ml
Macromineral solutionc 183 ml 275 ml 365 ml
Resazurin solution 0.95 ml 1.45 ml 1.90 ml
Rumen liquor 330 ml 500 mi 660 ml
Reducing solution
1N NaOH 1.6 ml 2.4 ml 3.1ml
Na,S.7H,0 220 mg 330 mg 440 mg
Distilled water 37 ml 55 mi 73 mi

Micromineral solution

CaCl,.2H,0 13.29g
MnCl,.4H,0 10.0g
CoCl,.6H,0 10g
FeCl;.6H,0 8.0g Dissolved in 100 ml of water.
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Rumen buffer solution

NH4HCO; 409
NaHCO; 35.0 Dissolved in 1000 ml of water.

Macromineral solution

Na;HPO,4 anhydrous 5.70 ¢
KH,PO, anhydrous 6.20 ¢
MgSQO,.7H,0 0.60g Dissolved in 1000 ml of water

Resazurin solution

Dissolved 100 mg in 100 ml distilled water

The incubation medium without rumen liquor was prepared by mixing appropriate
amount of different solutions depending upon no. of syringes to be incubated. The
medium mixture solution was prewarmed to 39°C and bubbled with CO; just before the
collection of rumen liquor. Rumen liquor was collected from two fistulated male cattle
maintained on a roughage based diet (1.0 kg concentrate mixture in equal proportions at
10.00 am and 4.00 pm and wheat straw ad lib.) before morning feeding into a pre-
warmed thermo-flask and brought to the laboratory. The rumen liquor was bubbled with
CO, for about 2 minutes and filtered through 4 layers of muslin cloth. Then reducing
solution was added to medium mixture and CO, was bubbled. The colour of the medium
changed from blue over pink to colourless, indicating complete reduction of resazurin.
Once the medium became colourless, the required amount of filtered rumen liquor was
added to it. The ratio of medium mixture solution to rumen liquor was 2:1. 30 ml of
buffered rumen liquor was pumped with an automatic pipette into each syringe,
prewarmed at 39°C. The syringes were shaken gently and residual air or air bubbles if
any was removed and the outlet was closed. The level of piston was recorded and the
syringes were placed in a oven (39° + 0.5°C). The syringes were shaken every 30 minutes
for first 2 h from the start of the incubation and thereafter every 2 h up to 10 h of
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incubation. The blank values for gas production (with or without treatments) at each hour
of incubation was subtracted from the volume of gas produced from the sample at that
particular hour to get the net volume of gas produced. For estimating the rate and extent
of gas production of DM and isolated NDF, the volume of gas produced was recorded at
0,1,2,3,6,9, 12,24, 30, 36, 48, 60, 72 and 96 h.

3.7  Fermentation end products

The IVGP test was used to study the influence of plant extracts on DM and OM
degradability, total gas and methane production, NH3-N and individual VFA
concentrations and microbial biomass. The amount of substrate used was 200 mg while
volume of incubation medium was 30 ml. The substrate was incubated with or without
plant extract in triplicate. A similar set without substrate was also incubated which served
as blanks. After 24 h incubation, the volume of gas production was recorded and suitable
aliquot of gas was withdrawn from tip of the incubation syringes using gas tight syringe
and analysed for methane by gas chromatograph. The syringe contents were transferred
to centrifuge tubes and centrifuged at 3000 g for 20 minutes. The NH3-N in the

supernatant was determined immediately.
3.7.1 Methane

The chromatograph system and the analytical conditions followed for methane
estimation were same as those for VFA except that the column was made up of stainless
steel and packed with porapak-q (length 6’; o.d. 1.8’’; i.d. 2 mm; mesh range 80-100).
The temperature of injection port was, 150°C; column 60°C and detector 130°C. Injection
volume was 5 ml. The injection was performed by means of 10 ml glass syringe. The
standard gas used for methane estimation comprised of 50% methane and 50% carbon
dioxide (SPANCAN Calibration gas, Spantech, Surrey, England). The peak was
identified by comparision of above standard and the response factor obtained was used to
calculate methane concentration in the gas sample. The volume of methane produced
(ml) was calculated by multiplying the gas produced (ml) by the concentration of
methane in the sample. The methane produced from the substrate after 24 h incubation

was calculated by correcting for the corresponding blank values.
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3.7.2  Ammonia nitrogen

5 ml Supernatant from centrifuge tube was mixed with 1 N NaOH (2 ml) and
steam distilled using KEL PLUS - N analyzer (Pelican, India) and the NH3 evolved was
collected in boric acid solution having mixed indicator and titrated against N/ 100

H,SO,4. Ammonia nitrogen concentration was calculated as follows:

1 1
ammonia nitrogen (mg/100ml) = Vol. of acid used x 100 X < X 14 x 100

3.7.3 Volatile fatty acids

4 ml of supernatant from centrifuge tube was transferred to a tube containing 1
ml of 25 % metaphosphoric acid and centrifuged at 3000 rpm for 15 min. The
supernatant was transferred to another tube and stored in a freezer (-20°C) for estimation
of VFA. Individual VFA in the rumen fluid samples were determined using Gas
chromatograph (Nucon 5700, Nucon Engineers, New Delhi) equipped with flame
ionization detector and stainless steel column packed with chromosorb —101 (length 4°;
o.d %”; i.d. 3 mm; mesh range 80-100). Analytical conditions for fractionation of VFA
were as follows: Injection port temperature, 250°C; column temperature, 190°C and
detector temperature, 260°C. The flow rate of carrier gas (nitrogen) was 40 ml/min;
hydrogen 30ml/min; air 300 ml/min. Injection volume was 3 pl. The injection was
performed by means of 10 pl Hamilton syringe (Hamilton, Nevada, USA). The
concentration of various VFA (mM/I) in the standard mixture were, acetic acid, 65.07;
propionic acid, 20.01 and butyric acid, 8.06. The peaks were identified by comparision of
above standards and the response factor obtained using standard VFA mixture for each
fraction was used to quantify VFA fractions (mM/l) in the sample. The analysis and
calculations were performed using Aimil chromatography data system (WINACDS). The
amount of VFA produced (mM) was calculated after deducting the corresponding blank

values.
3.7.4 True digestibility

True digestibility was estimated as per the method outlined by Goering and Van

Soest (1970) with little modifications. The incubations were carried out in 100 ml
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graduated glass syringes in triplicates for each sample as described earlier . After 24 h
incubation, the contents of the syringe were directly transferred in a 500 ml spoutless
beaker. The syringe was washed with 50 ml of double strength NDS and washings added
to the beaker. The contents in the beaker were refluxed for 1 h, filtered under vacuum
through preweighed sintered (G1) crucibles. NDF content of the residue was determined.

True digestibility was calculated as follows.

_ wt.of sample- wt.of residual NDF
wt.of sample

TD 100

Truly degradable organic matter (TDOM) was calculated as the amount of
substrate OM incubated minus the amount of substrate OM recovered as residue after ND
solution treatment, and the partitioning factor (PF) was calculated as the ratio of TDOMR
(mg) to gas volume (ml) produced from it during 24 h of incubation. Microbial biomass

production (MBP) was calculated from TDOMR using equation:

MBP (mg) = TDOMR (mg) — (2.25 x net gas volume)

where constant 2.25 is the stoichiometric factor (Blimmel and Fernandez-Rivera, 2002).

3.8 In vitro ruminal nitrogen degradation (IVDN)

Protein degradation in rumen fluid in vitro was determined by the method
described by Raab et al. (1983). The method is based on measurement of ammonia
nitrogen concentration and gas production (Menke et al. 1979) when a feedingstuff is
incubated with rumen fluid in vitro. The method uses the known relationship between
fermentation of carbohydrates and microbial protein synthesis for determination of NH3-
N incorporated in to the microbial proteins. The total amount of NH3-N liberated is found

by extrapolation of linear regression to zero protein synthesis.

Incubations were carried out in 100 ml calibrated syringes (Fortuna, Germany)
according to the method described by Menke et al. (1979). Berseem, oat (DM and NDF)
and a diet containing roughage to concentrate ratio (R:C) as 50:50 were taken as

substrates. Sample weight was chosen so as to correspond 26 mg crude protein. 100 mg
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starch (an energy supplement) was incubated alongwith as an aid to microbial protein
synthesis. Incubation was done in triplicate (3 each for blank, blank + treatments,
sample, sample + starch, sample + treatments, sample + starch + treatments and
standard). Rest of the procedure was essentially the same as described earlier for IVGPT.
The incubation was terminated at 24 h. When gas production exceeded 80 ml, the piston
was pushed back to the initial position. At the end of incubation, the amount of gas
produced was measured by reading the position of piston (accuracy 0.5 ml). The contents
of the syringes were transferred in to a 100 ml beaker on ice. A 5 ml of aliquot was
transferred to the Kjeldahl distillation tube for determination of NH3-N by distillation
with 2 ml of IN NaOH (found to be sufficient for evolution of all the ammonia present;
ammonia was not evolved from amino acids under these conditions) (Makkar and Becker
1996). The liberated NH3 was trapped in 25-30 ml of 2 % boric acid and titrated with
N/100 H,SO,

Nitrogen degradability was calculated from the linear regressions of NH3-N
concentration (y; mg) vs. gas production (x; ml) observed on incubation of feed with and
without endogenous energy source (starch), as described in Raab et al (1983). The
intercept at Y axis represents the amount of NH3-N which is released when no
fermentable carbohydrate is added and hence no synthesis of bacterial protein takes
place. The difference between the Y intercept and NH3-N content in the blank indicated
the amount of NHs-N liberated from protein and other nitrogen containing compounds of
the feedstuff incubated. The IVDN at 24 h was calculated as a proportion of total nitrogen

incubated by the equation:

NH3 — N at zero gas production — NH3 — N of blank
X 100

IVDN =
v 4.16

3.9 Kinetics of gas production: Model Fitting
The rate and extent of gas production were obtained by fitting the data to
appropriate models. The models fitted were Modified @rskov model with lag, Logistic

and Gompertz.
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I) Modified @rskov model with lag
The first order substrate limited model (modified Mitscherlich equation) of

@rskov and McDonald (1979) was described by the following equation:

y=b*@-e ¢ (=L

Where, y = gas production (ml) after time t
b = potential gas production (ml)
c = rate constant

L =discrete lag time

I) Logistic model
A single pool logistic model is derived on the assumption that the rate of gas
production is proportional to both the accumulated microbial mass and to the amount of
digestible substrate remaining (Schofield et al., 1994). The logistic model is described by
the following equation:
b

{1+e[2+4c(|_-tjj}

y:

Where,y = gas production (ml) after time t
b = potential gas production (ml)
c = rate constant
L = lag time
[11) Gompertz model

The data for gas production for DM and NDF for the various times of incubation

for each sample were also fitted with the Gompertz model (Bidlack and Buxton, 1992),
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without considering the washing losses. The Gompertz model assumes that gas
production rate is proportional to the microbial activity, but the proportionality parameter
decreases with time, according to the first order kinetics, which can be ascribed to loss of
efficiency in fermentation with time (Bidlack and Buxton, 1992).

ysze'Cxe-AXt

where, y = fraction degraded at time t

B = asymptotic value (total potentially degradable fraction)
C =relative degradation rate
A = constant factor of microbial efficiency.

3.10 Statistical Analysis

All the data was subjected to the statistical analysis by unpaired t-test using a
statistical software SAS® (version 8.12; SAS Institute, Cary, NC)
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4. RESULTS AND DISCUSSION

4.1  Chemical composition of the substrates

The chemical composition of berseem, oat and wheat straw is presented in Table
4.1. The DM content varied from 11.90 % for berseem to 92.58 % for wheat straw. The
OM, CP, EE and total ash ranged from 83.62 to 90. 54, 3.18 to 18.84, 0.49 to 3.47 and
9.45 to 16.37 % respectively. These values are close to the values reported by Ranjhan
(1998). The neutral detergent fibre (NDF) and acid detergent fibre (ADF) ranged from
40.27 to 79.53 and 29.31 to 51.79 % respectively. The NDF and ADF content was
similar to the values reported by Ayyappan (2004).

Table 4.1: Chemical composition of substrates used in the in vitro studies (% in DM)

Substrate DM oM CP EE Ash NDF ADF

Berseem 11.90 83.62 18.84 3.47 16.37 40.27 31.30

Oat 14.60 88.93 15.56 1.46 11.06 48.35 29.31

Wheat straw 92.58 90.54 3.18 0.49 9.45 79.53 51.79
n=3

4.2  Screening of plant extracts

Results of screening of four aqueous plant extracts and Rutin are presented in
Table 4.2. Total gas production ranged from 20.50 to 40.00 ml for berseem and 36.50 to
47.50 ml for oat. In both the substrates, Rutin caused maximum reduction in the total gas
production. In berseem, the decrease was from 38.25 to 20.50 ml while in oat from
40.00to 36.50 ml. Other plant did not affect in reducing total gas. Methane production
varied from 4.47 to 13.64 ml in berseem and from 9.96 to 21.93 ml in oat. Though Neem

extract resulted in maximum reduction in methane from berseem but, it was not effective
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Table 4.2: Effect of aqueous plant extracts on total gas, methane production and
degradability

Parameter Control | Aloe vera Neem Rutin | T.arjuna | T. belerica
Berseem
Total gas (ml/24h) 38.25 39.00 40.00 20.50 38.00 33.50
Methane (ml/24 h) 8.47 13.64 4.47 9.14 11.04 11.53
TD (%) 82.37 72.77 75.20 77.30 78.02 73.05
IVTOMD (%) 80.77 72.85 74.14 75.18 77.54 74.34
NDFD (%) 56.23 32.39 38.42 43.63 45.43 33.08
Oat
Total gas (ml/24h) 40.00 42.25 44.25 36.50 45.75 47.50
Methane (ml/24 h) 12.85 16.47 15.52 9.96 21.93 17.05
TD (%) 77.35 81.17 78.02 81.02 79.25 78.97
IVTOMD (%) 77.96 77.34 76.47 79.00 78.63 78.91
NDFD (%) 53.15 61.06 54.55 60.75 57.08 56.51

TD- true DM degradability, IVTOMD- in vitro true OM degradability, NDFD- NDF degradability

Table 4.3: Effect of aqueous methanol plant extracts on total gas, methane production and
degradability

Parameter ‘ Control Aloe vera Neem T. arjuna T. belerica
Berseem
Total gas (ml/24 h) 38.00 325 37.00 34.75 29.50
Methane (ml/24 h) 10.91 14.33 12.33 14.92 11.20
TD (%) 73.20 72.62 75.82 67.45 72.95
IVTOMD (%) 68.93 72.49 73.03 68.07 73.21
NDFD (%) 33.45 32.02 39.97 19.17 32.83
Oat
Total gas (ml/24 h) 46.00 37.50 36.50 35.00 28.25
Methane (ml/24 h) 21.98 17.16 19.38 23.89 14.23
TD (%) 78.12 81.45 72.7 73.22 58.95
IVTOMD (%) 77.93 80.32 70.39 70.17 56.51
NDFD (%) 54.75 61.63 4353 44.62 45.09

TD- true DM degradability, IVTOMD- in vitro true OM degradability, NDFD- NDF degradability
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in oat whereas in both the substrates, methane production by Rutin was similar. In oat,
Rutin caused about 22 % reduction in methane production. In berseem, Rutin caused
reduction in true DM degradability from 82.77 to 75.18 % whereas in oat it was increased
from 77.35 to 81.02 %. Other plant extracts caused more reduction in TD of berseem and
did not affect TD of oat. Similar trend was observed for IVTOMD and NDFD.

Results of screening of four aqueous methanol plant extracts are presented in
Table 4.3. Total gas production varied from 29. 50 to 38.00 ml in berseem and from
28.25 t0 46.00 ml in oat. In both the substrates, T. belerica caused maximum reduction in
total gas. Methane production in berseem varied from 11.20 to 14.92 ml and in oat from
14.23 to 23.89 ml. T. belerica was most effective in reducing methane production in both
the substrates. In oat, it caused about 12 % reduction in methane production. There was
not much difference in the true DM, OM and NDF degradability of control and

treatments in both the substrates.

From the results of screening study, Rutin and T. belerica aqueous methanol
extract were identified as most potent plant extracts and used for further studies.

4.3  Invitro gas production

Gas arises directly from microbial metabolism and indirectly from the reaction of
acid end products with bicarbonates, an important component of the buffering system
(Beuvink and Spoelstra, 1992). The degradation of feedstuff in the rumen requires
sequential processes of solubilization and fermentation. Both processes depend on the
chemical composition and structure of the substrate (Salvador et al. 1993; Merchen and
Bourquin, 1994).

The values for total gas production from DM and isolated NDF at 24 h of
incubation are presented through Table 4.4 to 4.15. In berseem total gas production
ranged from 24.66 to 35.75 ml (DM) and 0.51 to 2.5 ml (NDF). Rutin at 15 and 30 mg
levels was not having any significant effect on the total gas production from berseem DM
and NDF but, T. belerica at 2 and 3 ml level significantly decreased total gas production
(P< 0.001) in berseem DM. In oat total gas production ranged from 25.00 to 42.00 ml
(DM) and 3.16 to 9.50 ml (NDF). Rutin at both levels was not having any significant
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effect on the total gas production from oat DM and significantly decreased total gas
production from oat NDF. T. belerica at 2 and 3 ml level significantly decreased total gas
production (P< 0.001) in berseem DM and NDF. In wheat straw, total gas production
ranged from 8.25 to 20.83 ml (DM) and 3.35 to 5.68 ml (NDF). Rutin at both levels did
not show any significant effect on the total gas production from wheat straw DM and
NDF but, T. belerica at 2 and 3 ml level significantly decreased total gas production (P<
0.001) in wheat straw DM. Total gas production from the fermentation of NDF of all the
three substrates was lower than expected. Possible reasons for this maybe that traces of
detergent remained at the time of isolation of NDF may have decreased the microbial

activity or the lag time of fermentation maybe high in these substrates.

Although gas production is a nutritionally wasteful product but provides a useful
basis from which metabolizable energy (ME), organic matter digestibility (OMD) and
short chain fatty acids (SCFA) may be predicted.

4.4 In vitro true DM degradability, in vitro true OM degradability and Partitioning

factor

In vitro true dry matter degradability (TD) of all the substrates with or without
plant extracts is presented in Table 4.4 through 4.15. The TD for berseem DM and NDF
ranged from 59.20 to 84.16 % and 14.33 to 30.60 % respectively. Rutin at 15 and 30 mg
levels not significantly affected TD though there was slight increase in the TD in berseem
DM as well as NDF. T. belerica ag. methanol extract at 2 and 3 ml levels significantly
decreased TD in berseem DM and NDF. The TD of oat DM and NDF ranged from 55.35
t0 90.38 % and 15.11 to 53.03 % respectively. Rutin at both the levels increased the TD
of berseem DM and NDF though it was not significant. This increase was more
pronounced at 30 mg level. T. belerica ag. methanol extract at 2 and 3 ml levels
significantly decreased TD in oat DM and NDF. Decrease was more at 3 ml level than 2
ml. The TD for wheat straw DM and NDF ranged from 28.31 to 59.41 % and 16.25 to

49



Table 4.4: Effect of Rutin on in vitro rumen fermentation parameters of berseem

Dose (mg) 0 15 30
Total gas (ml/200 mg, 24 h) 34.83+0.16 32.50 £2.00 33.00+0.50
Methane (ml/200 mg, 24 h) 7.59+ 0.17 7.08 +0.47 7.21+0.13
TD (%) 78.25+0.45 79.52 +0.57 84.16+1.04
IVTOMD (%) 76.11+0.09 75.87 +1.58 80.01+0.97
PF 4.46x 0.001 5.38 £0.41 4.79+1.09
Microbial mass (mg) 47.54+0.70 47.698+1.75 51.31+0.78
NH3-N (mg/100 ml) 34.30+0.42 30.24+1.40 30.98+0.83
Acetate (mM) 12.30a+1.10 13.95a +0.25 16.52b +0.76
Propionate (mM) 4,953 +0.16 5.57a+1.96 9.03b+0.80
Butyrate (mM) 3.87+0.01 4.027 £0.02 4.12+0.48
A:P ratio 2.48 2.50 1.82

n = 3, Means with different superscripts in a row differ significantly (P< 0.001).

Table 4.5: Effect of Rutin on in vitro rumen fermentation parameters of berseem NDF

Dose (mg) 0 15 30
Total gas (m1/200 mg, 24 h) 2.50+0.57 2.00+0.28 1.83+0.44
Methane (m1/200 mg, 24 h) 0.12+0.09 0.22+0.06 0.25+0.03
TD (%) 25.60+2.46 30.60£6.25 22.73+£1.32
IVTOMD (%) 14.59a+2.31 18.01b+6.88 19.09a+1.22
Microbial mass (mg) 15.61+4.91 18.01+1.68 21.28+2.51
NH3-N (mg/100 ml) 26.78+0.97 27.53+0.49 27.34+0.33
Acetate (mM) 7.34a+0.02 9.85b+0.23 9.06b+1.77
Propionate (mM) 2.61+1.48 3.89+0.76 3.13+1.10
Butyrate (mM) 2.22+0.06 3.33+0.28 2.57+0.09
A:P ratio 2.81 2.52 2.89

n=3, Means with different superscripts in a row differ significantly (P< 0.001)
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Table 4.6: Effect of Rutin on in vitro rumen fermentation parameters of oat

Dose (mg) 0 15 30
Total gas (ml/200 mg, 24 h) 40.16£1.45 37.66+£1.59 39.33+0.92
Methane (ml/200 mg, 24 h) 8.45+0.71 7.81+0.29 8.16+0.23
TD (%) 85.28+0.53 88.30+1.00 90.38+0.13
IVTOMD (%) 83.37+£0.28 85.01+1.55 88.17+0.09
PF 4.20+0.14 4.60+0.21 3.86+0.62
Microbial mass (mg) 56.63+2.92 60.63+1.59 60.40+1.98
NH3-N (mg/100 ml) 32.29+1.80 32.10+0.56 29.0240.81
Acetate (mM) 20.31+£1.80 17.09+0.99 17.38+1.40
Propionate (mM) 11.20+£3.01 11.60+1.09 11.39+2.49
Butyrate (mM) 7.71+0.20 6.24+0.09 7.24+0.43
A:P ratio 1.81 1.47 1.52

n=3, Means with different superscripts in a row differ significantly (P< 0.001)

Table 4.7: Effect of Rutin on in vitro rumen fermentation parameters of isolated oat NDF

Dose (mg) 0 15 30
Total gas (ml/200 mg, 24 h) 8.50a+2.93 4.00b+0.86 6.66a,b+1.64
Methane (ml/200 mg, 24 h) 1.88+0.74 0.88+0.22 1.59+0.37
TD (%) 46.40£7.25 46.31+ 0.65 53.03+£1.29
IVTOMD (%) 42.78+7.57 40.25%0.40 46.72+£1.59
Microbial mass (mg) 54.10+9.39 55.10+2.62 58.53+2.66
NH3-N (mg/100 ml) 20.25+1.41 21.93+0.18 20.06+0.56
Acetate (mM) 12.29 +1.71 10.05+0.73 13.81+1.21
Propionate (mM) 6.71+3.07 5.54+1.14 6.29+2.86
Butyrate (mM) 4.92+1.479 3.70+0.28 4.92+0.22
A:P ratio 1.83 1.81 2.19

n=3, Means with different superscripts in a row differ significantly (P< 0.001)
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Table 4.8: Effect of Rutin on in vitro rumen fermentation parameters of wheat straw

Dose (mg) 0 15 30
Total gas (ml/200 mg, 24 h) 20.83+0.88 20.50£1.00 20.33+£2.92
Methane (m1/200 mg, 24 h) 4.49+0.22 4.54+0.26 4.24+0.51
TD (%) 53.81+0.76 59.41+0.59 58.13+0.87
IVTOMD (%) 52.15+0.65 55.19+0.89 52.67+1.29
PF 5.26+0.18 5.47+0.18 5.01+1.43
Microbial mass (mg) 45.31+2.13 47.15+2.27 40.75+4.76
NH3-N (mg/100 ml) 23.70a+0.56 21.09a+0.56 11.01b+3.32
Acetate (mM) 11.12+2.75 11.47+0.26 12.32+0.36
Propionate (mM) 5.79+2.87 5.99+0.18 6.19+0.71
Butyrate (mM) 4.58+1.09 5.19+0.07 4.71+0.20
A:P ratio 1.92 191 1.98

n=3, Means with different superscripts in a row differ significantly (P< 0.001)

Table 4.9: Effect of Rutin on in vitro rumen fermentation parameters of isolated wheat

straw NDF

Dose (mg) 0 15 30
Total gas (ml/200 mg, 24 h) 12.16+0.66 14.00+1.04 12.66+1.64
Methane (m1/200 mg, 24 h) 2.71+0.17 3.23+0.15 2.92+0.35
TD (%) 34.81a+1.18 41.20b+1.82 44.50b+2.61
IVTOMD (%) 32.90£1.36 36.21+1.91 38.04+2.86
Microbial mass (mg) 29.51+1.09 27.08+5.62 31.11+8.02
NH3-N (mg/100 ml) 16.52a+1.83 13.06a+2.32 21.00b+0.85
Acetate (mM) 10.16+1.53 12.01+£0.35 9.21+2.73
Propionate (mM) 5.99+0.51 6.04+0.29 5.94+0.001
Butyrate (mM) 4.01+0.24 5.16+0.22 5.14+0.89
A:P ratio 1.69 1.98 1.55

n=3, Means with different superscripts in a row differ significantly (P< 0.001)
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45.46% respectively. Increase in the TD with addition of Rutin at 15 and 30 mg levels
was not significant in wheat straw DM but in wheat straw NDF, it significantly increased
TD at both the levels. T. belerica ag. methanol extract at 2 and 3 ml levels significantly
decreased TD in wheat straw DM and NDF. The decrease was more at 2 ml than 3 ml

level.

In vitro true organic matter degradability (IVTOMD) of all the substrates with or
without plant extracts is presented in Table 4.4 through 4.15. The IVTOMD of berseem
DM and NDF ranged from 57.26 to 80.01 % and 14.59 to 27.01 % respectively. Rutin at
15 and 30 mg levels was not having any significant effect on IVTOMD of berseem DM
but, it significantly increased IVTOMD of berseem NDF at both the levels. T. belerica
aq. methanol extract at 2 and 3 ml levels significantly decreased IVTOMD of wheat
straw DM but it has not affected IVTOMD of berseem NDF though there was slight
decrease in IVTOMD. The IVTOMD of oat DM and NDF ranged from 50.13 to 88.17 %
and 13.11 to 47.77 % respectively. Rutin at 15 and 30 mg levels non-significantly
increased IVTOMD of berseem DM and NDF. T. belerica aq. methanol extract at 2 and
3 ml levels significantly decreased IVTOMD of oat DM as well as NDF. IVTOMD of
wheat straw DM and NDF ranged from 21.23 to 55.19 % and 12.86 to 40.26 %
respectively. Rutin at both the levels did not significantly affect IVTOMD of wheat straw
DM and NDF. T. belerica ag. methanol extract at both the levels significantly decreased
IVTOMD of wheat straw DM and NDF.

McSweeny et al. (2001b) observed that total number of cellulolytic bacteria
including Fibrobacter succinogens and Ruminococcus flavifaciens was lower in sheep
supplemented with calliandra forage rich in CT while fungal population was less
affected. Due to possible decrease in the cellulolytic bacterial population, degradability of

the substrate might have decreased.

The ratio of milligram true degradable organic matter to ml of gas produced gives
the partitioning factor (PF). PF of DM of all the substrates with or without plant extracts
is presented in Table 4.4 through 4.15. The PF for berseem, oat and wheat straw was
found between 4.41 to 6.00, 3.55 to 10.21 and 5.01 to 9.52 respectively. There was not

significant change in PF of all the substrates due to addition of Rutin at 15 and 30 mg
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level. The PF was higher on addition of T. belerica ag. methanol extract at 2 and 3 ml
levels with all the three substrates. This increase is a result of significant reduction in the
gas production from the fermentation of these substrates with addition of T. belerica

extract.

For conventional feeds (roughages), the ratio of substrate truly degraded to gas
volume termed as partition factor, range from 2.74 - 4.65 mg ml™* (Blummel et al.
1997b). The partitioning factor as high as 16.1 has been obtained for A. barteri which is
well beyond the theoretical (2.75 - 4.41) or observed (2.74 - 4.65) ranges of partitioning
factors (Blummel et al. 1997b). This result also reinforce the observation of Makkar et al.
(1998) that due to various artifacts the partitioning factors cannot be determined for
tannin-rich forages by the approach of residue determination using NDS. This high
partitioning factor could be due to: i) leaching of tannins from the feed during
fermentation contributing to the dry matter loss but without contributing to the gas
production, and ii) inhibition of cell solubles by tannins, or combination of i ) and ii)
(Makkar et al. 1998; Getachew et al. 1998). All these results suggest again that the
detergent system of fibre analysis should be used with caution for tannin-containing
feeds.

The partitioning factor is regarded as an index of efficiency of microbial biomass
synthesis (EMBS) on assumption that carbon of true degradable OM is quantitatively
distributed between microbial biomass and the sum of fermentative gas and short chain
fatty acids (SCFA) and gas production is stoichiometrically related to short chain fatty
acids.(Kiran and Krishnamoorthy, 2007). Partitioning factor calculated by concomitant
true DM degradability and gas volume measurements after 24 h incubation have been
used to assess the partitioning of nutrients between gases (TVFA) and microbial cells
(Blummel et al., 1997b) and the high PF value (low gas production per unit of substrate
degraded) is indicative of proportionally higher microbial yield.

The main active principle in the T. belerica is tannins. The high values for tannin-
rich feeds appear to be due to the solubilization of tannins from the feeds during
fermentation, contributing to the dry matter loss but without contributing to gas, and
inhibition of gas production from cell solubles by tannins through inhibition of rumen
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fermentation. Getachew et. al. (2000) has reported the range of PF for tannin-rich feeds
from 3.1 to 16.1.

45  Methane production

The methane production in the present study is presented in the Table 4.4 through
4.15. It ranged from 3.35 to 10.68 ml for substrate DM and from 0.12 to 5.67 ml for
NDF. In control, it was highest from oat DM and lowest from berseem NDF. Rutin at 15
and 30 mg level was not having any significant effect on the methane production from
DM as well as NDF of the substrates used in the experiment. T. belerica agq. methanol
extract at 3 ml level significantly decreased methane production in berseem and oat DM
while at 2 ml level also, there was not significant decrease in the methane production. In
oat NDF, it significantly decreased methane production at both the levels while it was not

effective with NDF of other substrates.

Feeding condensed tannin (CT) containing forages to ruminants reduces methane
emissions (Woodward et al., 2001; Puchala et al., 2005). Two mechanisms are proposed
whereby condensed tannins reduce methane emissions from ruminants: 1) indirectly
through a reduction in fiber digestion, which decreases H, production, and 2) directly

through an inhibition of the growth of methanogens (Tavendale et al., 2005).

The tannin-containing forages used to reduce methanogenesis include sulla
(Hedysarum coronarium, 2.7 to 6.8% CT), red clover (Trifolium pretense, 0.3% CT), big
trefoil (Lotus pedunculatus, 5.3% CT), and Sericea lespedeza (Lespedeza cuneata, 17.7%
CT). In most of these studies, the reduction in methane due to feeding forages containing
CT was confounded with changes in forage quality, such as lower NDF content.
Woodward et al. (2001) reported that in sheep, methane emission relative to digestible
DMI was decreased by 24 to 29% when L. pedunculatus (8% CT) was fed
compared with ryegrass or lucerne. A similar decrease (23%) in methane
emission relative to DMI was observed by the same authors when cows were
fed L. corniculatus (2.6% CT) silage compared with ryegrass silage. Feeding
Acacia mearnsii (black wattle tree) extract (2.5% of DMI) to sheep decreased methane

per kilogram of intake by approximately 12%. Whether CT from other sources also
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reduce methane emissions, and the dietary concentration of condensed tannins necessary
for such a reduction, is not clear. Thus there is still considerable uncertainty about the
effectiveness of CT extracts and CT containing forages to reduce enteric methane

emissions from cattle.

Patra et. al., (2006) reported 95 % decrease in methane production by adding
methanol extract of Terminalia chebula, a tannin containing plant extracts to an in vitro
system. Phenolic acids such as p-coumaric acids, cinnamic acids, ferulic acids and
phloretic acids and some monomeric phenolics have been found to decrease methane
production (Asiegbu et al., 1995). Decrease in methane production maybe caused due to
reduction in protozoal population. Hristov et al., (2003) reported antiprotozoal effect of
tannins. Sliwinski et al. (2002a) also showed that with addition of Castanea sativa wood
extract (0.5-2.5 g tannins/kg) to RUSITEC, caused significant reduction in methane
emission. Carulla et al. (2005) reported about 13% reduction in methane production with
supplementation of Acacia mearnsii tannins to sheep at a level of approximately 0.025%
of diet DM. In the present study, T. belerica aq. methanol extract increased propionate
production in DM of all the substrates. Increase in propionate production is associated
with decrease in the methane production due to availability of alternative sink for Ho.

Observations in the present study are similar to those reported already.

The inhibition of methanogenesis by tannins was probably the result of a
suppression of fiber degradation. However, a direct effect of CT on rumen methanogens
cannot totally be excluded (Field et al., 1989). Extracted tannins as well as tannin-rich
legumes can be useful in limiting methane emissions but, when employing tannins in the
form of very tannin-rich legumes, a simultaneous depression of the feeding value of the

diet may question the viability of this feeding measure (Hess et al., 2006).

Only few reports are available to date, almost all from in vitro studies, relating the
effects of saponin containing plants or extracts on CH,4 production. Wang et al. (1998)
reported that yucca extract addition at 0.5 mg/ml did not affect total gas or CH,
production in vitro. In contrast, Takahashi et al. (2000) found significant decrease in total
gas and CH,4 production due to addition yucca extract (0.01 ml/ml) to an in vitro ruminal

system. The CH,4 or H; production or H; balance was not affected due to incorporation of
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yucca saponins up to 100 mg/kg DM in RUSITEC (Sliwinskii et al. 2002a). As the
concentration of sarsaponin increased from 1.2 to 3.2 g/l, fermentation of soluble potato
starch, corn starch, or hay plus concentrate decreased CH, production from 20 to 60 % (6
h) and 17 to 50 % (24 h), 21 to 58 % (6 h) and 18 to 52 % (24 h), and 23 to53 % (6 h) and
15 to 44 % (24 h), respectively (Lila et al., 2003). However, total gas production
increased in a dose dependent manner. Hess et al. (2003a) observed S. saponaria fruit
supplementation decreased daily CH,4 production by 20 % in RUSITEC. The effect of S.
saponaria was more pronounced in defaunated versus faunated rumen fluid. When
related to OM apparently fermented, differences relative to control diet persisted, but CH,4
production per unit of fiber degraded did not differ between S. saponaria diet and control
diet. The ratio of CH,s to CO, was also lower with S. saponaria supplementation,
indicating variation in gas release pattern also occurred. Hess et al. (2003b) further
reported that S. saponaria reduced methanogenesis by 11 % on average in grass alone or

in legume supplemented diets.

Klita et al. (1996) studied the effect of intra ruminal administration of saponins @
0, 4 % or 8 % of DMI on CH,4 production in sheep. There were no significant differences
in O, consumption, CO, or CH,; production. Similarly, CH4; production was not
influenced when lambs were fed with yucca saponins @ 2 or 30 ppm of DMI (Sliwinskii
et al., 2002b). As some methanogens live in association with protozoa, it was expected
that reducing protozoa would also reduce methanogens thus decreasing methane
production. The supplements of S. saponaria influenced daily methane release in a

similar way to that in which they affected ciliate protozoa counts (Hess et al., 2004) .

Roth et al. (2001) compared the effect of tannin rich extracts from chestnut and
mimosa (HT) and quebracho (CT) on methane production in vitro at very high
concentrations. Chestnut tannins were very effective in reducing methanogenesis.
However, methane production was not reduced by chestnut extract during both in vitro
(Sliwinskii, et al., 2002a) and in vivo studies (Sliwinskii, et al., 2002b) at lower
concentrations. Puchala et al. (2005) compared the effects of feeding tannin rich
Lespedeza cineata (17.7 % CT) and tannin free mixed crab grass (Digitaria ischaemum

and Festuca arundinacea) (0.5 % CT). Methane emission expressed as both quantities
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per day or relative to dry matter intake was lower for Lespedeza cineata than for crab
grass (7.4 vs. 10.6 g/d and 6.9 Vs. 16.2 g/kg DMI). Substantial differences between the
forages in CT concentration and methane emission by goats suggested that CT decrease

methane emission.

In recent years, there is growing interest in the use of PSM (tannins, saponins,
essential oils) as a CH4 mitigation strategy because of their natural origin in opposition to
chemicals additives. Most trials with plant extracts have been done in vitro and the
response of these molecules on methanogenesis is highly variable. For tannin containing
plants, the antimethanogenic activity has been attributed mainly to CT. Two modes of
action of tannins on methanogenesis have been proposed by Tavendale et al. (2005): a
direct effect on ruminal methanogens and an indirect effect on hydrogen production due
to lower feed degradation. The mode of action of saponins seems to be clearly related to
their anti-protozoal effect (Newbold et al., 1997). However, the effect of saponins on

protozoa may be transient.

4.6 In vitro ammonia nitrogen

In vitro ammonia nitrogen (NH3-N) content in present study is presented in the
Table 4.4 through 4.15 for different substrates. It ranged from 11.01 to 34.30 mg/100 ml
for DM and from 12.42 to 27.34 mg/100 ml for NDF of the experimental substrates.
Table 4.10: Effect of T. belerica ag. methanol extract on in vitro rumen fermentation
parameters of berseem Rutin at 15 and 30 mg levels was not having any significant effect
on NH3-N for berseem and oat DM as well as NDF but, it significantly decreased NH3-N
content for wheat straw DM at both the levels whereas it decreased NH3-N content at 15
mg level and increased NH3-N content at 30 mg level for wheat straw NDF. T. belerica
aq. methanol extract at 2 and 3 ml levels increased NH3-N concentration significantly in
all substrates DM while it significantly increased NH3-N content at both the levels in oat

and wheat straw NDF.
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Table 4.10: Effect of T. belerica ag. methanol

parameters of berseem

extract on in vitro

rumen fermentation

Dose (ml) 0 2 3
Total gas (ml/200 mg, 24 h) 35.75a+5.25 25.83b+6.17 24.66b+2.89
Methane (ml/200 mg, 24 h) 9.64a+1.02 8.07a+1.22 5.89b+0.48
TD (%) 77.30a+0.15 65.41b+0.85 59.20b+0.92
IVTOMD (%) 77.54a+0.149 65.36b+0.95 57.26b+8.91
PF 4.41+0.64 6.00+£1.96 4.97+0.73
Microbial mass (mg) 51.04+11.30 52.48+14.83 33.44+8.79
NH3-N (mg/100 ml) 18.76a+2.24 25.76b+1.48 28.65b+1.13
Acetate (mM) 10.10a+0.20 10.62b+0.21 8.82c¢+0.06
Propionate (mM) 3.58a+0.26 4.04b+0.02 4.43c+0.06
Butyrate (mM) 1.12a+0.06 0.64b+0.02 0.51c+0.05
A:P ratio 2.82 2.62 1.99

n=3, Means with different superscripts in a row differ significantly (P< 0.001)

Table 4.11: Effect of T. belerica ag. methanol extract on in vitro rumen fermentation
parameters of isolated berseem NDF

Dose (ml) 0 2 3
Total gas (ml/200 mg, 24 h) 1.00 £1.04 0.66 £0.44 0.51+0.44
Methane (m1/200 mg, 24 h) 0.7340.20 0.3310.26 0.25+0.04
TD (%) 24.86a+3.74 17.31b,c+0.64 14.33cx2.41
IVTOMD (%) 27.01+3.56 25.37+0.86 22.35+1.55
Microbial mass (mg) 21.84+5.96 26.78+2.86 35.18+2.71
NH;-N (mg/100 ml) 19.98+2.42 21.93+0.65 22.77+0.97
Acetate (mM) 7.443+0.08 3.71b+0.25 7.06a+0.02
Propionate (mM) 2.52a+0.01 2.17b+0.01 2.39¢+0.08
Butyrate (mM) 0.62a+0.013 0.06b+0.001 0.311c+0.06
A:P ratio 2.95 1.71 2.95

n=3, Means with different superscripts in a row differ significantly (P< 0.001)
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Table 4.12: Effect of T. belerica ag. methanol extract on in vitro rumen fermentation

parameters of oat

Dose (ml) 0 2 3
Total gas (ml/200 mg, 24 h) 42.00a+0.86 26.50b+0.28 25.00b+ 0.50
Methane (ml/200 mg, 24 h) 10.68a+0.29 8.37a+0.08 6.75b+0.09
TD (%) 83.80at1.27 58.80b+3.49 55.35b+ 0.87
IVTOMD (%) 81.18a+0.38 55.77b +2.54 50.13b+ 1.49
PF 3.55+ 0.04 10.21+4.61 5.46+0.75
Microbial mass (mg) 41.38a+2.55 30.28b +£4.66 23.54b+ 3.71
NH3-N (mg/100 ml) 14.00a+4.93 25.48b+0.64 22.77b+ 1.48
Acetate (mM) 14.80a+0.15 13.21b+0.15 17.05c+ 0.06
Propionate (mM) 7.66a+0.03 7.51a+0.06 9.82b+0.06
Butyrate (mM) 0.40+0.001 0.216+0.06 0.311+0.04
A:P ratio 1.93 1.75 1.73

n=3, Means with different superscripts in a row differ significantly (P< 0.001)

Table 4.13: Effect of T. belerica ag. methanol extract on in vitro rumen fermentation

parameters of isolated oat NDF

Dose (ml) 0 2 3
Total gas (m1/200 mg, 24 h) 9.50a+0.57 3.66b+0.88 3.16b+2.61
Methane (m1/200 mg, 24 h) 5.67at 0.10 3.03b+ 0.19 2.28b +0.59
TD (%) 52.46a+0.82 15.11b+ 3.15 18.18b+5.92
IVTOMD (%) 47.77a+ 0.59 13.11b+ 1.41 14.69b+2.39
Microbial mass (mg) 9.44+1.53 4.64+ 1.62 8.54+1.73
NH3-N (mg/100 ml) 12.42a+ 0.09 21.46b+ 0.09 24.64b+0.64
Acetate (mM) 12.74a+ 0.16 8.82b+ 0.06 14.20c+0.05
Propionate (mM) 5.50a +£0.02 5.10a+ 0.06 6.33b+0.03
Butyrate (mM) 2.64a+ 0.02 2.66a+0.03 3.50b+0.06
A:P ratio 2.31 1.72 2.24

n=3, Means with different superscripts in a row differ significantly (P< 0.001)
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Table 4.14: Effect of T. belerica ag. methanol extract on in vitro rumen fermentation

parameters of wheat straw

Dose (ml) 0 2 3
Total gas (ml/200 mg, 24 h) 19.83a+0.88 6.50b+1.26 8.25b+2.25
Methane (m1/200 mg, 24 h) 5.68+0.09 3.89+0.36 3.35+0.96
TD (%) 53.06a+0.27 28.31b+2.39 34.72b+6.02
IVTOMD (%) 48.84a+0.37 21.23b+2.52 28.54b+6.68
PF 5.37+0.26 9.46+2.14 9.52+4.06
Microbial mass (mg) 30.98a+2.54 10.31b+6.53 19.69b+1.70
NH3-N (mg/100 ml) 14.48a+0.90 20.25b+2.51 22.26b+0.42
Acetate (mM) 13.23a+0.14 10.43b+0.07 10.40b+0.10
Propionate (mM) 3.73a+0.02 4.31b+0.06 4.37b+0.03
Butyrate (mM) 0.44a+0.02 0.88b+0.02 0.89b+0.002
A:P ratio 3.54 241 2.37

n=3, Means with different superscripts in a row differ significantly (P< 0.001)

Table4.15:Effect of T.belerica ag.methanol extract on in vitro rumen fermentation
parameters of isolated wheat straw NDF

Dose (ml) 0 2 3
Total gas (ml/200 mg, 24 h) 16.50+2.25 11.00+4.44 11.75+2.25
Methane (m1/200 mg, 24 h) 5.5240.13 2.90£1.02 5.256+3.83
TD (%) 45.46a+0.31 16.25b+7.00 26.37c+2.12
IVTOMD (%) 40.26a+0.24 12.86b+4.52 23.32¢+0.30
Microbial mass (mg) 22.78+0.43 17.24 £1.90 14.19+0.55
NH;-N (mg/100 ml) 15.97a+1.37 20.72b+1.13 24.22b+ 2.38
Acetate (mM) 10.19a+0.21 11.25b+0.22 10.06a+0.06
Propionate (mM) 3.37+£0.004 3.49 +£0.06 3.06+0.01
Butyrate (mM) 3.83a+0.02 3.72b+0.06 3.69¢+0.01
A:P ratio 3.02 3.22 3.29

n=3, Means with different superscripts in a row differ significantly (P< 0.001)
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The NH3-N concentration at any given time in the rumen is considered to be a
balance between two entry sources, i.e., degradability of feed nitrogen and nitrogen
recycling and three outputs, incorporation of NHs-N into microorganisms, NHs-N
absorption and outflow through omaso-reticular orifice (Doreau and Ferlay, 1995). The
decrease in rumen NHs-N concentration could be attributed to lower degradability of feed
nitrogen, lower bacterial nitrogen recycling and higher incorporation of NHs-N into
microbial cells (Alexander, 2005). Tannins by forming complexes with dietary proteins,
decrease ruminal degradation of proteins at near neutral pH of rumen (Waghorn et al.,
1994). Since bacterial mass was low in the treatment group, uptake of NH3;-N by
microbes was less and that might have increased NH3-N concentration. Salem (2002) also
reported increased NH3-N concentration in sheep fed quebracho extract with no variation
in VFA concentration.

Alexander (2005) observed a sharp decrease in ammonia concentration, and
production of isoacids in the presence of P. kurroa extract which could be due to
decreased degradation of substrate protein. However, lower gas production could be
attributed to increased propionate production (Getachew et al., 1998). It appears that
positive effects of P. kurroa extract on rumen fermentation might be due to the presence
of higher concentration of saponins or related compounds. P. zeylanica aqueous extract
seems to enhance substrate degradability leading to increased VFA production. The
decrease in ammonia concentration with a simultaneous decrease in isobutyrate and
isovalerate in the presence of P. zeylanica extract could be due to low levels of HT, CT
and saponins (Alexander, 2005). Very high concentration of HT (32 g/kg DM) in T.
bellerica extract might have decreased ammonia concentration, isobutyrate and
isovalerate levels. Decrease in ammonia due to addition of hydrolysable tannins of
Castanea sativa wood extract or tannic acid has been reported (Sliwinskii et al., 2002;
Hristov et al., 2003). Failure of Z. officinale aqueous extract to elicit a positive response
on rumen fermentation might be due to the inability of water to extract the bioactive
compounds, or the plant may not have bioactive compounds that modify rumen

fermentation.
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Most of the reported research found inconsistent effects of saponins on ammonia
N concentration. Studies in sheep (Klita et al., 1996), dairy cows (Wu et al., 1994; Wang
et al., 1998), and steers (Hussain and Cheeke, 1995) found no effect of saponins on
ammonia N concentration. In contrast, other in vitro studies indicated that saponins
reduce ammonia N concentration (Makkar et al., 1998: level of inclusion 1,200 mg/L of
pure saponins). Hristov et al. (1999) also observed a lower ammonia N concentration 2 h

after supplying 60 g/d of Yucca schidigera (containing 4.4% of saponins) to heifers.

4.7 Individual volatile fatty acid production

Individual volatile acid production in the present study is presented in the Table
4.4 through 4.15 in different substrates with or without plant extracts. The acetate
production recorded was from 3.21 to 17.38 mM in DM and 3.71 to 14.20 mM in NDF.
The propionate production varied from 2.04 to 11.60 mM in DM and 2.17 to 6.71 mM in
NDF. Rutin at 15 and 30 mg levels slightly decreased acetate to propionate ration by
increasing propionate production in DM whereas there was not much change in the ratio
in NDF of experimental substrates. T. belerica ag. methanol extract at 2 and 3 ml level

significantly increased propionate production in DM while in NDF, results were variable.

Increase in the propionate production is associated with corresponding decrease in the
methane production because propionate provides alternative sink for hydrogen used for
methane production. In the present study also when there is increase in the propionate
production, decrease in the methane production was observed. Patra et. al., (2006)
reported decrease in the acetate to propionate ratio on addition of T. belerica extract to in
vitro system. The VFA concentration was not affected by the addition of quebracho, A:P
ratio were 41.0 and 1.93 and 39.5 and 3.15 in cows fed on barley or maize based diets,
respectively. Lower acetate to propionate ratio was attributed to faster and extensive
starch degradation in the rumen. Sinclair et al.(1995) recorded higher VFA concentration
(120 mM) on feeding synchronous diet than on asynchronous diet (105 mM) 3-4 h post
feeding, thereafter concentration was reduced to the minimum level i.e. 90 and 80 mM

recorded o h of feeding on synchronous and synchronous diet, respectively.
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Rymer and Givens (2002) reported from an in vitro study that the dietary
inclusion of maize grain at 20, 50 and 80% levels resulted in molar proportion of acetate
and propionate as 61.4 and 23.3; 60.4 and 27.1; and 58.8 and 31.1, respectively, and
TVFA concentration on corresponding diets was 51.8, 66.4 and 58.3 mM. They recorded
higher molar proportion of propionate at the expense of acetate on higher proportion of

readily fermentable carbohydrate (such as starch) in the diet.

Total VFA concentration is the result of diet fermentation, and lower
acetate:propionate reflects a shift in ruminal fermentation that is more efficient for beef
production systems (Wolin and Miller, 1988). Previous research reported limited effects
of saponins on total VFA concentration or profile in steers (Hussain and Cheeke, 1995;
Hristov et al., 1999: level of inclusion 3.0 and 2.6 g/d of pure yucca saponins,
respectively), sheep (Klita et al., 1996: level of inclusion 520 mg/d of pure alfalfa
saponins), or dairy cows (Wu et al., 1994; Wang et al., 1998: level of inclusion 1.2 g/ d
and 22 mg/L of pure yucca saponins, respectively). High doses of all extracts resulted in
lower VFA concentration, which confirms their antimicrobial effect (Cowan, 1999).
Evans and Martin (2000) also reported that high doses of thymol (400 mg/L) inhibited

VFA production in mixed ruminal microbial fermentation.

Kaswari et al. (2007) reported that the TVFA concentration from the diets having
Sl of 0.52, 0.76 and 0.82 was 106.5, 96.5 and 109.0 mM/I, respectively. In another
experiment, the diets having SI of 0.72, 0.85 and 0.90 resulted in TVFA concentration of
105.5, 98.4 and 100.3 mM/I, respectively. However, the variation among the diets was
not significant. Mean TVFA concentration in both experiments (104.0 and 101.4 mM/ 1)
was within the normal range (70-130 mM/I) as suggested by France and Siddons (1993).
The diets having SI of 0.90 and 0.72 had lower molar proportions of acetic acid and
higher molar proportion of propionic acid than that having SI (0.85). Wheat grain based
diet produced lower molar proportion of acetic acid and higher proportion of propionic
acid than the corn based diet and hence the lower acetate to propionate ratio.

Lu and Jorgenson (1987) reported that the NH3-N and TVFA concentration
linearly decreased due to intra ruminal administration of alfalfa saponins (2 or 4 % DM)

in sheep fed roughage or concentrate diet. In contrast, Diaz et al. (1993) found non
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significant effect on feeding different levels of (25 or 50 g) saponin rich S. saponaria

seed pericarp to sheep on rumen pH, NH3 concentrations and VFA proportions.

Klita et al. (1996) observed linear increase in total, acetic, propionic, butyric and
valeric acid concentrations and a linear decrease in the branched chain acids with
increasing level of alfalfa root saponins in sheep. Total, acetic and propionic acid
concentrations did not differ on day 14, but butyric and valeric acid continued to show a
linear increase in concentration with saponin dose. A decrease in NH3 concentration and
increase in propionate concentration was observed (2h post feeding) in heifers fed yucca
extract @ 20 or 60 g/d (Hristov et al., 1999). The rumen pH and TVFA were not altered
while NH3-N was 21 % lower when yucca extract was supplied at 100 mg/kg diet in
RUSITEC (Sliwinskii et al., 2002a). However, rumen NH3-N as well as pH, TVFA or
proportion of individual VFA was not influenced in lambs fed low level of yucca
saponins (2 and 30 ppm) (Sliwinski et al., 2002b). Lila et al. (2003) studied the influence
of yucca extract (sarsaponin) at different concentrations (0, 1.2, 1.8, 2.4, and 3.2 g/l) on
in vitro rumen fermentation of soluble potato starch, corn starch or hay plus concentrate.
The pH of the medium and NH3-N concentration significantly decreased with all levels
added sarsaponin while TVFA concentration increased as concentration of sarsaponin
increased from 0 to 3.2 g/l. Molar proportion of propionate and butyrate significantly
increased and acetate decreased in a dose dependent manner with corresponding decrease
in A:P ratio. Hess et al. (2003a,b) compared the effects of supplementation of three
saponin containing fruits on rumen fermentation and found that molar proportion of
butyrate and valerate increased with E. cyclocarpum and P. saman. Rumen fluid NH3-N,
proportion of isobutyrate and isovalerate decreased with P. saman. Supplementation of S.
saponaria fruit decreased NH3 concentrations and A: P ratio but ruminal pH and TVFA
were not influenced. Abreu et al. (2004) and Hess et al. (2004) also observed similar

results in sheep fed with S. saponaria fruit.

Tannins generally exhibit inhibitory effect both on carbohydrate and nitrogen
metabolisms in the rumen. Makkar et al. (1995a) during in vitro studies found decrease in
TVFA and molar proportion of acetate and increase in propionate in the presence of

tannins. Singh et al. (2001) observed lower NH3-N concentrations in the presence of
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tannic acid in an in vitro ruminal system. Tannin might have complexed with deaminase
and urease (Sliwinskii et al,, 2002a). Hristov et al. (2003) showed that tannic acid not
reduced acetate, propionate, isobutyrate, isovalerate and TVFA concentrations and A:P
ratio. However, daily intra-ruminal administration of quebracho extract (75 % CT) to
sheep did not affect pH, NH3-N and VFA concentrations.

4.8 Microbial biomass

There is inverse relationship between gas volume (or short chain fatty acids
production) and microbial mass production particularly when both are expressed per unit
of substrate truly degraded. In the present study, microbial biomass varied from 10.31 to
60.63 mg for DM and 4.64 to 58.53 mg for NDF of all the three substrate. This wide
variation in the microbial biomass production can be explained by the distinct
fermentation pattern of each substrate than other. Rutin at 15 and 30 mg levels was not
having any significant effect on the microbial biomass production but, T. belerica aqg.
methanol extract at 2 and 3 ml levels significantly decreased microbial biomass from
fermentation of oat and wheat straw DM. Decrease was more pronounced at 2 ml level
than 3 ml. Due to decrease in the DM and OM degradability with addition of T. belerica
extract, the energy supply for microbial protein synthesis is reduced and that may have
resulted in the decreased microbial biomass production. The decrease in gas production is
generally associated with increased microbial yield. However, in case of T. belerica ag.
methanol extract, the decrease in gas production failed to improve microbial yield
indicating that the extract might be toxic to microbes leading to under estimation of

microbial yield.

The ATP produced during fermentation of OM to VFA is used as main energy
source for microbial growth. There is inverse relationship between VFA production and
microbial biomass yield due to utilization of ATP with variable efficiency under different
feeding conditions. Microbial efficiency (g of microbial N/ kg of OM apparently
fermented in the rumen) significantly increased due to supplementation of Sapindus
saponaria fruit (12% crude saponins) in sheep fed grass hay as sole diet (Abreu et al.
2004). Makkar et al (1998) observed a higher microbial mass for Yucca and Acacia

saponins. There was a shift in the partitioning of fermented substrate in presence of
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Acacia saponins. On the other hand, quillaja saponins increased the extent of truly
degraded substrate from 300 to 323mg without change in gas production. Microbial
efficiency (g of microbial nitrogen/kg of OM apparently fermented in the rumen)
significantly increased due to supplementation of S. saponaria fruit in sheep fed grass
hay as sole diet (Abreu et al. 2004).

Microbial protein synthesis in vitro, expressed as °N incorporation into microbes
per unit of short chain fatty acid production was more efficient in the presence of tannins
(Makkar et al., 1995a). The incorporation of >N into microbial cells and efficiency of
microbial protein synthesis were higher with CT (quebracho tannins) compared with HT
(tannic acid). Recent study by Hristov et al. (2003) also showed that presence of tannic
acid at lower concentrations (0.1 %) in in vitro incubation medium increased N
incorporation into bacteria while decreased protozoa. Beever and Siddons (1986)
indicated an increase in microbial protein supply after feeding moderate concentration of
CT from sainfoin in sheep. Calliandra tannins (2 to 3 %) in the diet failed to alter
microbial protein flow from the rumen in sheep (Mc Sweeny et al., 1998). McNeill et al.
(1998) also found similar results in response to feeding of tannin rich Leucaena
leucocephala (7.3 % CT). McNeill et al. (2000) further demonstrated that there was no
change in microbial protein flow in sheep fed 100 % diet of dried Leucaena hybrid
(11.6 % CT). Min et al. (2002) also observed no change in total microbial protein in the

rumen or microbial protein flow to abomasum in sheep fed L. corniculatus.
4.9 In vitro crude protein degradability

The influence of plant extracts on in vitro crude protein degradability (IVCPD) is
shown in the Table 4.16 and 4.17. Regression equations revealed that Rutin at 15 and 30
mg levels increased the rate of NH3;-N uptake for microbial protein synthesis. Compared
to control, NH3-N concentration at both the levels was either decreased or not changed
(Table 4.9 through 4.12). IVCPD was increased at 15 mg level but decreased at 30 mg
level in berseem DM and NDF and oat while it decrease at both the levels in oat NDF and
R:C 50:50 diet. T. belerica ag. methanol at 2 and 3 ml levels not showed any pattern in
uptake of NH3-N and IVCPD. In most of the substrates, IVCPD was decreased more at 3
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ml level than 2 ml level. This suggests that at 3 ml level, there is more binding of dietary

proteins by tannins or there is suppression of rumen microbial activity.

Difficulties in measuring protein degradation from the release of NH3-N arise
from the fact that protein degradation and microbial protein synthesis occur
simultaneously. Moreover, modification of microbial population like suppression of
protozoa can also decrease NH3-N due to reduced bacterial nitrogen recycling in the
rumen. Devarajan (1999) observed that addition of CT or HT decreased in vitro

degradable nitrogen (IVDN) values in Artocarpus lakoocha and Grewia optiva.

The decrease in the NH3-N in presence of rutin might be through the three
different mechanisms viz. decreased dietary protein degradation, increased microbial
uptake and decreased bacterial protein breakdown. This suggestion is based on the
observation that rutin at 30 mg level decreased IVDN (Table 4.16) and increased

regression coefficient (an indirect measure of NH3-N uptake).

The IVDN method is based on the principle that linear regression between NH3-N
concentration (y mg) and gas production (x ml) yield an intercept (bo) representing that
amount of NH3-N which would be released when no fermentable carbohydrates (or
energy) are available. The difference between this intercept (bg) and NH3-N content of
blank indicates the amount of NH3-N that is liberated from the breakdown of protein and
other N containing compounds of feedstuff incubated (Raab et al., 1983). The regression
coefficient is related to efficiency of energy utilization for microbial protein synthesis and
is expressed as microbial nitrogen synthesized per g of truly degraded OM (MN/TDOM)
(Raab et al., 1983).

Degradability of protein in the rumen is an important value to be used for the
prediction of protein passing undegraded to the small intestine and for the calculation of
protein utilization and protein requirements of ruminants. Attempts have been made to
estimate protein degradation from solubility tests (Crooker et al. 1978; Chamberlain and
Thomas, 1979) or by the use of polyester bags to be incubated in the rumen of a fistulated
animal (Orskov and Mehrez, 1977). Difficulties in measuring protein degradation from

the release of ammonia (Chamberlain and Thomas, 1979) arise from the fact that protein
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degradation and bacterial protein synthesis are processes which occur simultaneously.
For separate determination of bacterial protein synthesis either certain characteristic
constituents of micro-organisms such as diaminopimelic acid, RNA or DNA (Ling and
Buttery, 1978:; Siddons et al. 1979), or isotopes such as *S, *P or N can be used
(Pilgrim et al. 1970; Walker and Nader, 1975; Van Nevel and Demeyer, 1977). Rumen
degradability of protein, for example, is not only related to the kind of feedingstuff and
nature of protein, but it is also a function of the residence time of the feedingstuff in the

rumen.

Bartley et al. (1986) estimated feed protein degradation and microbial protein
synthesis using modification of the Hohenheim in vitro gas production test.
Simultaneously, a procedure based on 6 h gas production and residual NH3 in a rumen
liquor-buffer solution was developed at Bejing Agricultural University (Xiong et al.
1990). Xiong et al. (1990) proposed a technique based on 6 h gas production and residual
NH; in the liquid to estimate both ruminal starch availability and ruminal protein
degradation for processed sorghum grain. Getachew et al. (1998) modified this method

for quantification of in vitro degradability of protein in low quality roughages.

It is well recognized that ammonia concentration alone cannot be used to assess
CP degradation and/or microbial yield since both CP degradation and microbial protein
synthesis occur simultaneously. Further, a common observation in the rumen of ciliate-
free ruminants was lower ammonia concentration and a higher molar proportion of
propionate (Eugéne et al., 2004). IVDCP was not affected by the Moringa oleifera
extract, the slope of the regression equations (0.0568 versus 0.0334) suggested that the
decrease in ammonia might be due to higher uptake of ammonia for microbial protein
synthesis (Alexander et al., 2008). The decrease in CP degradability (87.0 to 62.5)
appears to be the main reason for decreased ammonia concentration with P. kurroa

extract suggesting inhibition of one of the degradation step from protein to ammonia.

Getachew et al. (1998) studied the effect of 30 ml (as in original method) and 40
ml buffered rumen fluid (containing double the amount of hydrogen carbonate buffer as
in the original method) on rumen degradation of N from low quality roughages. Nitrogen

degradability of several cereal straws (barley, millet, oat, rice, sorghum, triticale and
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Table 4.16 Effect of Rutin on IVCPD and uptake of NH3-N for microbial protein
synthesis

Substrate Dose (mg) Regression equations R? IVCPD (%)
Berseem 0 y = 8.027-0.0436 x 0.92 35.98
15 y = 8.520-0.0559 x 0.92 47.83
30 y =7.758-0.0831 x 0.91 29.51
Berseem (NDF) 0 y = 6.724-0.0768 x 0.99 4,992
15 y =7.176-0.0865 x 0.98 15.52
30 y = 6.593-0.0865 x 0.93 151
Oat 0 y =7.299-0.0367 X 0.86 18.48
15 y = 8.026-0.0572 x 0.87 35.96
30 y = 6.971-0.0699 x 0.92 10.60
Oat (NDF) 0 y = 7.649-0.0562 x 0.87 26.89
15 y =7.074-0.0439 x 0.99 13.07
30 y = 6.955-0.0352 x 0.94 10.21
R:C 50:50 0 y = 7.548-0.0639 x 0.91 24.47
15 y = 7.523-0.0755 x 0.99 23.87
30 y =7.422-0.0712 x 0.99 21.17

Table 4.17 Effect of T. belerica aqueous methanol extract on IVCPD and uptake of NHs-
N for microbial protein synthesis

Substrate Dose (ml) Regression equations R’ IVCPD (%)
Berseem 0 y = 7.598-0.0462 x 0.95 75.28
2 y = 7.477-0.0558 x 0.92 72.37
3 y = 7.734-0.0470 x 0.91 78.55
Berseem (NDF) 0 y = 4.802-0.0738 x 0.95 8.07
2 y = 5.697-0.0589 x 0.96 29.59
3 y = 5.165-0.0534 x 0.79 16.80
Oat 0 y =8.429-0.0706 x 0.94 95.26
2 y = 7.658-0.0848 x 0.90 76.73
3 y = 6.934-0.0622 x 0.68 59.32
Oat (NDF) 0 y = 5.968-0.0256 x 0.41 36.10
2 y = 6.042-0.0946 x 0.78 37.88
3 y =5.371-0.743 x 0.59 21.75
R:C 50:50 0 y =7.929-0.0672 x 0.86 78.43
2 y = 6.425-0.0681 x 0.94 47.09
3 y =5.511-0.0398 x 0.63 25.12
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wheat) and one grass hay was calculated from the linear regressions of NH3-N
concentrations vs. in vitro gas production. Using both systems, the IVDN for triticale
straw was virtually nil and for others the values obtained using 40 ml system were either
similar (oat straw, rice straw, sorghum stover and wheat straw) or higher (barley straw,
grass hay and millet stover) than those obtained using 30 ml system. IVDN was 0.48%
for F. roxburghii, 11.66% for L. leucocephala and -9.14% for Q. incana (Devarajan,
1999).

Raab et al. (1983) reported close relationship between in vivo and in vitro values when
incubation was terminated after 17 h. When conventional proteins 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 (Raab et al.
1983). The appropriate incubation time for in vitro degradability studies may depend on
the rate of degradability of protein. The presence of phenolic compounds reduce the rate
of degradation of feeds (Khazaal et al. 1993; Broderick & Albrecht, 1997) making the
choice of incubation time more complicated. Raab et al. (1983) reported that in vitro
degradable nitrogen (proportion of total N) after 24 h of incubation in oil cakes, hay and
by products ranged from 0.84 to 0.94, 0.36 to 0.38, and 0.64 to 0.69, respectively.

Kaitho et al. (1998) used a range of browse species with different level of
phenolic compounds and reported degradation rate of —0.1 to 19.0 % h-1. Broderick &
Albrecht (1997) using the in 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). Condensed tannins from different plant species have been

reported to show different physical and chemical properties (Mangan, 1988).
4.10 Kinetics of gas production

The development of new gas production methods and the automation of existing ones
have led to the urgent need for suitable mathematical models to describe and interpret
cumulative gas production profiles. The slope of the profile tends to be zero in the early

stages of fermentation, as there is little or no gas production, giving rise to a lag phase.
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Thereafter, a steady increase is observed until substrate depletion causes the profile to
approach an upper asymptote. Ideally, a function is required which is capable of
modeling both a range of shapes with no inflexion point and a range of sigmoidal shapes
in which the inflexion point is variable (France et al., 2000). In the analysis of gas
production data many mathematical functions have been adopted (Beuvink and Kogut,
1993; Blummel and Orskov, 1993; France et al., 1993; Groot et al., 1996).

France et al. (1993) proposed a new function which is capable of modeling
sigmoidal and non-sigmoidal shapes encountered in gas production studies Following the
discussion of France and Thornley (1987), the Gompertz model assumes that substrate
limitations have no effect on growth, that the rate of growth is proportional to cell mass,
and that the growth rate decays exponentially with time due to inactivation of the
bacteria. Feed is not a uniform substrate, and the use of a more complex mathematical
model to describe the gas production curves may provide insight into changes in the
digestion kinetics of the feed fractions. The logistic and Gompertz models differ
primarily in the substrate-dependence term; the logistic model assumed a linear and the
Gompertz a logarithmic dependence. These models fit the data equally well, but the

assumptions behind the logistic model are simpler.

Digestion rate determines the amount of nutrients supplied to the animal.
Conventional techniques for estimating digestion rates are time-consuming and often
unsuited to analyzing many samples. Rate estimation from gas production depends on a
predictable relationship between forage digestion and microbial metabolism. Kinetics of
gas production is dependent on the relative proportions of soluble, insoluble but
degradable, and undegradable particles of the feed. Mathematical description of gas
production profiles allows analysis of data, evaluation of substrate and media related
differences, and fermentability of soluble and slowly fermentable components of feeds.
Gas production is a promising technique to measure the digestion rates of the soluble and
insoluble fractions of forages (Menke and Steingass, 1988; Pell and Schofield, 1993;
Cone et al., 1996).
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Gas production profiles are not necessarily linearly related to degradation or
fermentation of substrate (Van Soest, 1994). Previous Kinetic studies of fiber digestion
have considered the process as a first-order chemical reaction in which microbial growth
does not play a major role (Waldo et al., 1971; Mertens and Loften, 1980). Models in
common use include the exponential, logistic, and Gompertz (France and Thornley,
1987). These models differ both in their mathematical forms and in the underlying
assumptions about the effects of microbial numbers and substrate levels on growth. Their
application to gas production curves from fiber digestion can potentially yield
information useful for predicting the digestion of fiber in animal feeds and for analyzing

other gas-yielding fermentations.

The proportion of gas associated with the rapidly digesting portion of the
unfractionated forage exhibited the same basic trends that were reported by Schofield and
Pell (1995). As the fiber content of the unfractionated forage increased, the amount of gas
in the rapid pool decreased. The improved fit of the single pool logistic model for the
NDS fraction of the mature alfalfa and bromegrass samples is inconsistent with earlier
research. Stefanon et al. (1996) presented parameter estimates from the two-pool logistic
model from fermentations of the water-soluble fractions of alfalfa and bromegrass
samples of varying maturity. The extraction methods (water vs. neutral detergent
solution) may account for the differences. Schofield and Pell (1995) also reported
parameter estimates from the two-pool logistic model for alfalfa NDS. Two reasons why
the one-pool model better fits the data from this study may be 1) the greater maturity and
NDF content of the mature alfalfa sample and 2) the use of washed and resuspended

bacteria rather than whole ruminal fluid.

The fast pool of the unfractionated forage is identified from a mathematical
analysis of the gas profile rather than from a chemical or physical entity. The values for

the specific rates of the rapidly digested pool in the isolated NDF samples (0.107 to 0.194

h—1) were similar to the fast rate of the unfractionated forage (0.095 to 0.170 h—1) and
comparable to rates previously reported (Schofield and Pell, 1995; Stefanon et al., 1996).
The gas volume associated with the fast specific rate in the unfractionated forage may be

a composite pool originating from both the NDF and NDS fractions and must be
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interpreted cautiously in relation to chemical composition. Similarly, the slower rates of
the NDS fraction presented here for the immature alfalfa (0.04 h—1) and by Stefanon et al
(1996) for water-soluble components (0.03 h=1 to0 .07 h~1) approach the values of the

slower rates within the NDF fraction (0.03 h—1). This supports the contention that the gas
associated with the slower rate in a unfractionated forage may arise from both the NDF
and NDS fractions.

Little is known about the digestion kinetics of the NDS fraction. In this study,
curve subtraction proved a reliable method to also describe changes in the soluble
fraction of feed samples, confirming the findings of Doane et al. (1997) and Calabro et
al. (2005),the contribution of the NDF fraction to gas production increases while that of
the NDS decreases.

The curves in Figures (4 through 9) represent the gas produced by fermentation of
substrates from DM, NDF and NDS. These curves are nearly parallel in DM and NDS.
This indicates that the gas production in the unfractionated substrate is mostly contributed
by the cell solubles. The pattern of gas production was also confirmed by various models
(Table 4.7 and 4.8). NDF is a mixture of polymers with variable sugar composition and
digestibility. Thus, the mixture of hexoses and pentoses changes constantly over the
course of the fermentation (Van Soest, 1994). These factors may partially explain the low
gas volume early in the NDF fermentation. Because the changing ratios seem to affect
only the first 1 to 3 ml of gas produced for any of the samples analysed, rate calculation
are unlikely to be seriously affected.

Blimmel and @rskov (1993) adapted gas production technique to describe the
kinetics of fermentation based on the exponential model P= a+b (1) and to predict
feed intake in cattle. The results showed that total gas production (a+b) value as
described by the equation were correlated with intake (r> =0.88), digestible DM intake
(r* =0.93) and growth rate (r* =0.95) in a multiple regression model. In general, there is
positive correlation between gas production and VFA production, and a negative

correlation between and microbial biomass yield (Blimmel et al., 1994).
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Fig. 4. Cumulative gas production (ml) from the fermentation of DM, NDF and NDS of
berseem with (15 and 30 mg) or without Rutin
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Fig. 5. Cumulative gas production (ml) from the fermentation of DM, NDF and NDS of
oat with (15 and 30 mg) or without Rutin.
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Fig. 6. Cumulative gas production (ml) from the fermentation of DM, NDF and NDS of

wheat straw with (15 and 30 mg) or without Rutin.
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berseem with (2 and 3 ml) or without T. belerica ag. methanol extract.
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Fig. 9. Cumulative gas production (ml) from the fermentation of DM, NDF and NDS of
wheat straw with (2 and 3 ml) or without T. belerica ag. methanol extract.
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Table 4.18: Potential extent and rate of gas production for berseem, oat and wheat straw
with (15 and 30 mg) or without Rutin

Substrate Rutin (mg) b (ml) c(h™) R?
Modified @rskov model with lag
Berseem 0 59.09 0.117 0.99
15 42 .84 0.119 0.99
30 35.39 0.073 0.99
Oat 0 35.39 0.074 0.99
15 47.15 0.085 0.99
30 54.24 0.062 0.99
Wheat straw 0 38.29 0.028 0.84
15 38.81 0.028 0.99
30 42.46 0.021 0.99
Logistic model
Berseem 0 57.75 0.070 0.96
15 41.83 0.079 0.98
30 41.01 0.08 0.98
Oat 0 33.33 0.063 0.96
15 45.07 0.071 0.98
30 50.51 0.051 0.98
Wheat straw 0 32.80 0.026 0.98
15 33.37 0.027 0.99
30 34.39 0.022 0.99
Gompertz model
Berseem 0 58.13 2.072 0.97
15 42.10 2.466 0.99
30 41.33 2.816 0.99
Oat 0 33.93 2.951 0.97
15 45.60 2.789 0.99
30 51.96 2.500 0.99
Wheat straw 0 34.01 3.072 0.99
15 34.56 3.075 0.99
30 36.13 2.889 0.99

b- potential gas production (ml/200 mg DM), c- rate of gas production (h™), R*- coefficient of
determination
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Table 4.19: Potential extent and rate of gas production for berseem, oat and wheat straw
with (2 and 3 ml) or without T. belerica extract

Substrate T. belerica (ml) b (ml) c(h™) R?

Modified @rskov model with lag

Berseem 0 39.69 0.124 0.98
2 Did not fit
3 Did not fit

Oat 0 49.15 0.081 0.99
2 117.12 0.014 0.99
3 Did not fit

Wheat straw 0 45.27 0.029 0.99
2 Did not fit
3 Did not fit

Logistic model

Berseem 0 38.68 0.085 0.96
2 56.96 0.013 0.97
3 101.87 0.014 0.98

Oat 0 46.6 0.072 0.97
2 80.88 0.020 0.98
3 119.34 0.011 0.98

Wheat straw 0 38.66 0.029 0.99
2 81.54 0.011 0.99
3 54.15 0.008 0.94

Gompertz model

Berseem 0 38.94 2.579 0.97
2 64.78 2.833 0.98
3 116.43 3.014 0.99

Oat 0 47.22 2.856 0.98
2 86.64 3.370 0.99
3 Did not fit

Wheat straw 0 40.01 3.425 0.99
2 127.31 3.868 0.99
3 121.34 4.230 0.95

b- potential gas production (ml/200 mg DM), c- rate of gas production (h™), R? coefficient of
determination
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Fardin (2005) reported that the total gas production and rate of gas production
(c/h) from wheat straw was 43.38 (ml/0.5 g substrate) and 0.021 at 24 h incubation,
however, corresponding value for TMR (wheat straw: concentrate 60:40) was 67.78 and
0.041 at 24 h incubation. Srinivas and Gupta (1994) concluded that gas production was
influenced by the CP, OM as well as cell wall constituents of the ingredients. Total gas
production (ml/ g DM) of mustard, groundnut, cottonseed cake, maize, barley grain and
wheat bran was 208.0, 208.6, 179.6, 219.8, 265.8 and 201.8, respectively. The relative
proportion of concentrate and forage in the diet will have a considerable influence on in
vitro gas production. The difference in donor animal’s diet and interaction with type of
feed incubated reflected variation in total gas volume produced in vitro (Getachew et al.,
2002; Nagadi et al., 2000). The diet of donor animal exerted considerable influence on
bacterial concentration and so influenced in vitro gas production. Since different feeds
can affect the relative proportion of microbes in the rumen, this may influence the extent
of fermentation of feeds (Nagadi et al., 2000). Getachew et al. (2002) reported that
incubation of barley grain, mustard cake and maize grain produced total gas (ml/ 200 mg)
for 24 h ranged from 55.0 to 73.8, 37.8 to 43.5 and 60.8 to 75.6, respectively. Blimmel et
al. (2003) reported that total gas volume (ml/ 500 mg), TDOM (mg) and partitioning
factor (PF, mg/ ml) at 16 h incubation of maize grain was 234.0, 445.3 and 4.92,
respectively. Kiran and Krishnamoorthy (2007) reported total gas production (ml/ g DM)
at 24 h incubation of cottonseed, groundnut, mustard cake, maize grain, wheat bran and
paddy straws was 190.5, 211.5, 204.5, 377.0, 286.5, and 145.2, respectively. The
potential gas production (D, ml/ g DM), rate of gas production (c/ h) and PF (mg TDOM/
ml gas at t%2) of above sources were 241.0, 0.087 and 3.86, 256.0, 0.154 and 5.97, 241.0,
0.130 and 6.31, 476.5, 0.054 and 3.38, 327.0, 0.101 and 4.07 and 254.8, 0.033 and 2.93,
respectively. Ayyappan and Tomar (2006) reported that the total gas production (ml/ g
DM) from wheat straw, paddy straw, maize grain, mustard cake and wheat bran at 48 h
incubation was 6.3, 6.3, 55, 35 and 38, respectively. During the microbial fermentation in
the rumen, carbohydrates, protein and glycerol are fermented to acetate, propionate,
butyrate, carbon dioxide, ammonia and methane. The methane, formed due to reduction
of carbon dioxide by hydrogen via methanogenesis cannot be used as an energy substrate

and is eructed in the air as green house gas, contributing in environmental pollution.
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Energy value of methane is 13.15 kcal/g, therefore, 3-12 % of dietary gross energy is lost
as methane depending on the nature of diet. Efforts have been made to reduce the energy
loss as methane to increase the efficiency of animal production (Lee et al., 2003).
Blimmel and Orskov (1993) recorded the average proportion of CH,4 in wheat and barley
straws were 17.9 % of total gas production at 24 h incubation. Srinivas and Gupta (1994)
reported that the CH,4 (% of total gas) in mustard, ground nut, cottonseed cake (CSC),
maize, barley grain, and wheat bran was 23.6, 24.6, 39.0, 24.0, 20.7 and 23.5,
respectively. Lee et al. (2003) reported that CH4 (ml/0.2g DM) level at 24 h incubation in
wheat, maize, oat grain wheat bran, MC, CSC and paddy straw was 11.39,10.33, 6.87,
8.26, 5.69, 4.48 and 2.42, respectively. In the same study, methane production was
highest from grains followed by bran and hulls, oil cakes, roughages and lowest from
animal by products. Singh and Mohini (2004) reported that the methane proportion in
total gas was highest (43%) when the diet contained straw only and reduced gradually
with increasing level of concentrate and lowest value (17.4%) was recorded when diet
contained only concentrate mixture only. Straws are having high amount of structural
carbohydrates such as cellulose and hemi-cellulose with varying level of lignin, which is
responsible for their low digestibility. Fardin (2005) reported that the IVDMD and
IVOMD of wheat straw was 41.81 and 44.77 at 48 h incubation. TMR at 60:40 roughage
and concentrate ratio produced IVDMD and IVOMD of 60.03% and 60.98% at 48 h

incubation.

True digestible OM (mg/ kg DM) and partitioning factor (mg TDOM/ ml gas) at
t¥2 of cotton seed, groundnut, mustard cake, maize grain, wheat bran, wheat bran and
paddy straw were 494.6 and 3.86; 606.0 and 5.97; 648.2 and 6.31; 825.6 and 3.38 and
658.0 and 4.07, respectively (Kiran and Krishnamoorthy, 2007).

84



S. SUMMARY AND CONCLUSIONS

The present study was carried out to evaluate the effect of plant extracts on in
vitro rumen microbial fermentation. Ten plant extracts were used for screening and out of
these; Rutin and Terminalia belerica aqueous methanol extract were selected for detailed
study. Rutin was used at 15 and 30 mg (per 30 ml of incubation medium) levels whereas
T. belerica was used at 2 and 3 ml levels to find out their effect on rumen fermentation
parameters in vitro. Berseem, oat and wheat straw (DM and NDF) were used as
substrates. The parameters studied were total gas production, methane production, TD,
IVTOMD, PF, microbial biomass, NH3-N, individual VFA, IVCPD and kinetics of gas

production.

The dry matter (DM) content varied from 11.90 % for berseem to 92.58 % for
wheat straw. The organic matter (OM), crude protein (CP), ether extracts (EE) and total
ash ranged from 83.62 to 90.54, 3.18 to 18.84, 0.49 to 3.47 and 9.45 to 16.37 %
respectively. The neutral detergent fibre (NDF) and acid detergent fibre (ADF) ranged
from 40.27 to 79.53 and 29.31 to 51.79 % respectively.

Rutin at 15 and 30 mg levels did not show any significant effect on the total gas
production but, T. belerica at 2 and 3 ml level significantly decreased total gas production
in all the three substrates used with corresponding reduction in the methane
production. T. belerica ag. methanol extract at 3 ml level was very effective in reducing
methane production. It reduced methane production by about 40% from the DM of

substrates used in the experiment.

The TD of substrates ranged from 28.31 to 84.16 % in DM and from 14.33 to
59.41 % in NDF. Rutin at 15 and 30 mg levels slightly increased TD of all the substrates.
T. belerica ag. methanol extract at 2 and 3 ml levels significantly decreased TD of the
substrates. The decrease in the TD was more at 2 ml than 3 ml level in wheat straw. The
IVTOMD ranged from 21.23 to 88.17 % in DM and from 12.86 to 27.01 % in NDF of
various substrates. Rutin at both the levels slightly increased IVTOMD of substrates but,
it was not significant. T. belerica ag. methanol extract at 2 and 3 ml levels significantly
decreased IVTOMD of all the substrates. The PF indicated the efficiency of microbial
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synthesis and ranged from 3.55 to 10.21 in DM of substrates. There was not significant
change in PF of all the substrates due to addition of Rutin at 15 and 30 mg level. The PF
was higher on addition of T. belerica ag. methanol extract at 2 and 3 ml levels with all the
three substrates. The kinetics of gas production of DM and isolated NDF were
determined by IVGPT. The contribution of cell solubles to gas production at various
hours was estimated by difference. The potential extent of gas production and rate of gas

production was not affected by any of the treatment.

There was inverse relationship between gas volume (or short chain fatty acids
production) and microbial mass production. In the present study, microbial biomass (200
mg substrate) was varied from 10.31 to 60.63 mg for DM and 4.64 to 58.53 mg for NDF
of all the three substrate. Rutin at 15 and 30 mg levels resulted in non significant effect
on the microbial biomass production but, T. belerica ag. methanol extract at 2 and 3 ml
levels significantly decreased microbial biomass from oat and wheat straw DM. The
decrease was more pronounced at 2 ml level than 3 ml. The NH3-N concentration varied
from 11.01 to 34.30 mg/100 ml for DM and from 12.42 to 27.34 mg/100 ml for NDF of
the experimental substrates. Rutin at 15 and 30 mg levels was not having any significant
effect on NHs-N for berseem and oat DM and NDF but, significantly decreased NH3-N
content for wheat straw DM at both the levels. T. belerica ag. methanol extract at 2 and 3
ml levels increased NH3-N content significantly in all substrates DM while it

significantly increased NH3-N content at both the levels in oat and wheat straw NDF.

Rutin at 15 and 30 mg levels slightly decreased A:P ration by increasing
propionate production in DM whereas there was not much change in the ratio in NDF of
experimental substrates. T. belerica aq. methanol extract at 2 and 3 ml dose
significantly increased propionate production in DM while in NDF, results were not
significant. Regression equations revealed that Rutin at 15 and 30 mg levels increased the
rate of NH,-N uptake for microbial protein synthesis. IVCPD was increased at 15 mg level
but decreased at 30 mg level in berseem bm and NDF and oat DM while it decrease at both
the levels in oat NDF and R:C 50:50 diet. T. belerica ag. methanol at 2 and 3 ml levels
did not affect uptake of NH3-N and IVCPD. In most of the substrates, IVCPD decreased

more at 3 ml level than at 2 ml level.

86



Conclusions

o Rutin at 15 and 30 mg levels did not affect total gas production but T. belerica
aqueous methanol extract at 2 and 3 ml level significantly decreased total gas
production from berseem (legume), oats (non-legume) and wheat straw diet.

o Methane production was not affected by Rutin at both the levels tested while T.
belerica aqueous methanol extract at 2 and 3 ml level significantly reduced
methane production in 24 h.

o Rutin at 15 and 30 mg level slightly increased DM and OM degradability whereas
T. belerica at both the levels significantly decreased true degradability of DM as
well as OM.

o Microbial biomass was not affected by Rutin but, decreased due to addition of T.
belerica aq. methanol extract.

o Rutin significantly decreased ammonia nitrogen concentration while T. belerica
increased it in all the substrates.

o Rutin at both the levels decreased A:P ratio by increasing propionate production
but T. belerica ag. methanol extract was not effective in changing A:P ratio.

o Rutin at 15 and 30 mg levels increased the rate of NH3-N uptake for microbial
protein synthesis but T. belerica was not having significant effect on IVCPD.

o Rutin and T. belerica were not having any effect on gas production kinetic

parameters and the effects were substrate specific.

Rutin was effective in modulating rumen fermentation and may have potential as
feed additives but, Terminalia belerica aqueous methanol extract needs further

investigation.

Until recently, there has been very limited research on the effect of plant extracts
on ruminal microbial fermentation. Further research is needed to specify the bioactive

compound(s) of the plant extracts associated with modulation of rumen fermentation.

87



BIBLIOGRAPHY

Abreu, A., Carulla, J.E., Lascano, C.E., Diaz, T.E., Kreuzer, M. and Hess, H.D. (2004)
Effects of Sapindus saponaria fruits on ruminal fermentation and duodenal
nitrogen flow of sheep fed a tropical grass diet with or without legume. J. Anim.
Sci. 82: 1392-1400.

Acamovic, T., Stewar, C.S. and Pennycott, T.W. (Eds.) (2004) Poisonous Plants and
Related Toxins. CAB International, Wallingford, Oxon,UK.

Aerts, R.J., McNabb,W.C, Molan, A., Brand, A., Barry, T.N. and Peters, J.S. (1999)
Condensed tannins from Lotus corniculatus and Lotus pedunculatus exert different
effects on the in vitro rumen degradation of Ribulose-1, 5-biphosphate/carboxylase
(Rubisco) protein. J. Sci. Food Agric. 79: 79-85.

AFRC. (1984). The Nutrient Requirements of Ruminant Livestock. Agricultural Research
Council, Commonwealth Agricultural Bureau, Slough, UK

Alexander, G. (2005) Effect of plant extracts on rumen fermentation and nutrient
utilization in sheep. Ph.D. Thesis, Indian Veterinary Research Institute, 1zatnagar,
India

Alexander, G., Singh, B., Sahoo, A. and Bhat, T. K. (2008) In vitro screening of plant
extracts for enhancing the efficiency of utilization of energy and nitrogen in
ruminant diets. Anim. Nutr. Feed Technol., 142: (In press).

Anamika (2007). Effect of plant extracts on rumen fermentation and methane emission.
M.V.Sc. Thesis, NDRI, Deemed University, Karnal (Haryana), India.

AOAC. (2007). Official Methods of Analysis. (17" Edn.). Association of Official
Analytical Chemists, Arlington, VA, USA.



Athanasiadou, S., Kyriazakis, 1., Jackson, F. and Coop, R.L. (2001) Direct anthelmintic
effects of condensed tannins towards different gastrointestinal nematodes of sheep:
in vitro and in vivo studies. Vet. Parasitol. 99: 205-219.

Ayyappan, K. and Tomar, S. K. (2006). Evaluation of faecal inoculum for estimating
digestibility of feedstuffs. Indian J. Anim. Nutr., 23: 59-62.

Ayyappan, K. (2004). Evaluation of faecal inoculum as an alternative source for
estimating digestibility of common feeds. M.V.Sc. Thesis, NDRI, Deemed
University, Karnal (Haryana), India.

Baah, J., Hristov, A.N., McAllister, T.A., Ivan, M., Koenig, K.M and Rode, L.M. (2002).
Evaluation of quillaja extract, quebracho tannin and safflower oil as selective
defaunating agents in cattle. J. Anim. Sci. 80 (suppl. 1): 404.

Baker, S.K., (1999). Rumen methanogens, and inhibition of methanogenesis. Aust. J.
Agric. Res. 50: 1293-1298.

Barry, T. N. (1989) Condensed tannins. Their role in ruminant protein and
carbohydrate digestion and possible effects upon the rumen ecosystem. In: The
Roles of Protozoa and Fungi in Ruminant Digestion, pp. 153-169 [Nolan J.V.,
Leng, R.A. and Demeyer, D.I. Eds.] Penambul Books. Armidale, NSW, Australia.

Bartley, S.J., Preston, R.L., and Gibson, M.L., (1986). In vitro evaluation of the pH effect
on protein degradation and synthesis by rumen microbes. Nutr. Rep. Int. 34: 1001.

Beddows, A. R. (1956) Observations on hoove, haven, blown or bloat taken from
agricultural writings. J. Agri. Sci. 33:12-15.

Beever, D.E. and Siddons, R.C. (1986). Digestion and metabolism in grazing ruminant. In:
Control of Digestion and Metabolism in Ruminants (Eds. Milligan, P.P., Grovum,
W.L. and Dobson, A.). Englewood Cliffs, NJ. pp. 479-497.

Bento, M.H.L., Acamovic, T. and Makkar, H.P.S. (2005) The influence of tannin, pectin
and polyethylene glycol on attachment of *N-labelled rumen microorganisms to
cellulose. Anim. Feed Sci. Technol .(In Press).



Beuvink J.M.W. and Spoelstra, S.F. (1992). Interactions between substrate, fermentation
end-products, buffering systems and gas production upon fermentation of different
carbohydrates by mixed rumen organisms in vitro. App. Microbiol. Biotechnol.,
37: 505-509.

Beuvink, J.M.W. and Kogut, J. (1993). Modeling gas production kinetics of grass silages
incubated with buffered ruminal fluid. J. Anim. Sci. 71:1041-1046.

Bidlack, J.E. and Buxton, D.R. (1992). Content and deposition rates of cellulose,
hemicelluloses and lignin during regrowth of forage grasses and legumes. Can. J.
Plant Sci., 72: 809-818.

Blummel, M. (1994). Relationship between kinetics of stover fermentation as described by
the Hohenheim in vitro gas production test and voluntary feed intake of 54 cereal
stovers. Ph. D. Dissertation, University of Hohenheim, Stuttgart, Germany.

Blimmel, M. and Fernandez-Rivera, S. (2002). In vitro gas techniques and efficiency of
microbial substrate degradation. Anim. Nutr. Feed Technol., 2: 93-116.

Blummel, M. and Lebzein, P. (2001). Predicting ruminal microbial efficiencies of dairy
ration by in vitro techniques. Liv. Prod. Sci. 68: 107-117.

Blimmel, M. and @rskov, E.R. (1993) Comparison of in vitro gas production and nylon
bag degradability of roughages in predicting feed intake in cattle. Anim. Feed Sci.
Technol., 40: 109-119.

Blimmel, M., Makkar, H.P.S. and Becker, K. (1997a). In vitro gas production — a
technique revisited. J. Anim. Physiol. Anim. Nutr. 77: 24-34

Blimmel, M., Makkar, H.P.S and Becker, K. (1997b). The relationship between in vitro
gas production, in vitro microbial mass yield and N incorporation and its
implications for the prediction of voluntary feed intake of roughages. Br. J. Nutr,
77:911-921.



Blimmel, M., Karsli, A., and Russel, J.R. (2003). Influence of diet on growth yields of
rumen microorganisms in vitro and in vivo: influence on growth yields of variable
carbon fluxes to fermentation products. Br. J. Nutr. 90:1-11.

Blimmel, M., Makkar, H.P.S., Steingass, H. and Becker, K. (1998). In vitro screening of
carbon and nitrogen into short chain fatty acids, CO, and methane and microbial
cells in hays of different qualities. In: Energetic Feed Evaluation and Regulation of
the Nutrient and Energy Metabolism in Farm Animals. (Eds. Junghams. P., Beyer,
M. and Hack, W.). FBN, Schiftenreehe, Rostock. P. 89.

Blummel, M., @rskov, E.R., Becker, K. and Soller, H. (1990). J. Anim. Physiol. Anim.
Nutr. 64:56.

Broderick. G.A., Albrecht, K.A., (1997) Ruminal in vitro degradation of protein in
tannin-free and tannin-containing forage legume species, Crop Sci. 37: 1884-
1891.

Calabro, S., Carone, F., Cutrignelli, M.1., Urso, S.D., Piccolo, G., Tudisco, R. Angelino,
G. and Infascelli, F. (2007). The effect of haymaking on the neutral detergent
soluble fraction of two intercropped forages cut at different growth stages. Italian
J. Anim. Sci., 5: 327

Calabro, S., Infascelli F., Bovera, F., Moniello, G. and Piccolo, V. (2001). In vitro
degradability of three forages: fermentation kinetics and gas production of NDF
and neutral detergent soluble-fraction of forages. J. Sci. Food Agric. 82: 222-229.

Carulla, J. E., Kreuzer, M., Machmullar, A. and Hess, H. D. (2005) Supplementation of
Acacia mearnsii tannin decreases methanogenesis and urinary nitrogen in forage-
fed sheep. Aust. J. Agric. Res. 56: 961-970.

Casewell, M., Friis, C., Marco, E., McMullin, P. and Phillips I. (2003). The European ban
on growth-promoting antibiotics and emerging consequences for human and
animal health. J. Antimicro. Chemother. 52: 159-161.



Cecava, M. J., Merchen, N. R., Gay, L. C. and Berger, L. L. (1990). Composition of
ruminal bacteria harvested from steers as influenced by dietary energy level,
feeding frequency, and isolation techniques. J. Dairy Sci,. 73: 2480-2488.

Chamberlain, D. G. and Thomas, P. C. (1979). Proce. Nutr. Soc. 38: 138A.

Cheeke, P.R. (1998). Natural Toxicants in Feeds, Forages and Poisonous plants. (2"
Edn.) Interstate publishers Inc., Danville, Illinois, USA, pp. 281-284.

Clark, J,H., Klusmeyer, T.H. and Cameron, M.R. (1992). Microbial protein synthesis and
flow of nitrogen fractions to the duodenum of dairy cows. J Dairy Sci., 75: 2304.

Cone, J. W., Gelder, A. H., Visscher, G.J.W. and Oudshoorn, L. (1996). Influence of
rumen fluid and substrate concentration on fermentation kinetics measured with a
fully automated time related gas production apparatus. Anim. Feed Sci. Technol.
61: 113—128.

Cordell, G.A. (2000) Biodiversity and drug discovery- a symbiotic relationship.
Phytochem.. 55: 463-480.

Cowan, M.M. (1999). Plant products as anti microbial agents. Clin. Microbiol. Rev. 12:
564-582.

Cragg, G.M., Newman, D.J. and Snader, K.M. (1997). Natural products in drug discovery
and development. J. Natural Products. 60: 52-60.

Craig, W.M., Brown, D.R., Broderick, G.A., Ricker, D.B., (1987). Post-prandial
compositional changes of fluid-and particle-associated ruminal micro- organisms.
J. Anim. Sci., 65: 1042-1048.

Crooker, B. A., Sniffen, C. J., Hoover, W. H. and Johnson, L. L. (1978) Splvents for
soluble nitrogen measurements in feedstuffs. J. Dairy Sci. 61: 437-447.



Cross, D.E., Hillman, K., Fenlon, D., Deans, S.G., McDevitt, R.M. and Acamovic. T.
(2004). Antibacterial properties of phytochemicals in aromatic plants in poultry
diets. In: Poisonous Plants and Related Toxins, pp. 175-180 [T Acamovic, CS
Stewart and T.W. Pennycott, Eds.]. CAB International, Wallingford, Oxon, UK.

Degen, A., Makkar, H.P.S., Becker, K. and Borowy, N. (1995) Acacia saligna as a fodder
tree for desert livestock. J. Sci. Food Agric. 68: 65-71.

Demeyer, D. and Van Nevel, C. (1986). Influence of substrate and microbial interaction
on efficiency of rumen microbial growth. Reprod. Nutri.Develop. 26: 161-179.

Devarajan, S. (1999). Effects of tannins on ruminal degradation kinetics of locally
available tree forages. M.V.Sc. Thesis, Indian Veterinary Research Institute,
Izatnagar, India.

Dewhurst, R.J., Davies, D.R. and Merry, R.J. (2000) Microbial protein supply from the
rumen. Anim. Feed Sci. Technol. 85: 1-21.

Diaz, A., Avendano, M. and Escobar, A. (1993). Evaluation of Sapindus saponaria as a
defaunationg agent and its effects on different ruminal digestion parameters. Live.
Res. Rur. Develop. 5: 1-10.

D'Mello, J.P.F. (1997) Handbook of Plant and Fungal Toxicants. CRC Press, Boca
Raton, FL, USA.

Doane, P.H., Schofield, P. and Pell, A.N. (1997) Neutral Detergent Fiber and Gas and
Volatile fatty Acid production During the in vitro fermentation of Six Forages. J.
Anim. Sci., 75: 3342-3352

Doreau, M. and Ferley, A. (1995). Effect of dietary lipids on nitrogen metabolism in the
rumen: a review. Liv. Prod. Sci., 43: 97-110.

Vi



Douglas, G.B., Wang, Y., Waghorn. G.C., Barry, T.N., Purchas, R.W., Foote, A.G. and
Wilson, G.F. (1995). Liveweight gain and wool production of sheep grazing Lotus
corniculatus and lucerne (Medicago sativa). NZ J. Agri. Res. 38: 95-104.

Egan, A.R. and Ulyatt, M.J. (1980). Quantitative digestion of fresh herbage by sheep. J.
Agric. Sci. (Cambridge). 94: 47-56.

El-Shazly, K., and Hungate, R.E. (1965). Fermentation capacity as a measure of net
growth of rumen microorganisms. Appl. Microbiol., 13:62—-69.

Euge'ne, M, Archime'de, H. and Sauvant, D. (2004) Quantitative metaanalysis on the
effects of defaunation of the rumen on growth, intake and digestion in ruminants.
Liv. Prod. Sci. 85, 81-97.

Evans, J.D. and Martin, S.A. (2000). Effects of thymol on ruminal microorganisms. Curr.
Microbiol. 41: 336-340.

Fardin, H. 2005. Effect of roughage and protein sources in complete feed on fiber
digestion kinetics, nutrient utilization and growth performance of crossbred calves.
Ph.D. Thesis, NDRI Deemed University, Karnal (Haryana), India.

Field, J.A., Kortekaas, S. and Lettinga, G. (1989) The tannin theory of methanogenic
toxicity, Biol. Wastes. 29: 241 262.

Flaoyen, A. and Wilkins, A.L. (1997). Metabolism of saponins from Narthecium
ossifragnum- a plant implicated in the etiology of alveld, a hepatogenous
photosensitization of sheep. Vet. Res. Commun. 21: 335-345.

Flaoyen, A., Wilkins, A.L. and Sandvik, M. (2002). Rumen metabolism in sheep of
saponins from Yucca schidigera. Vet. Res. Commun. 26: 159-169.

Foo, L. Y., Lu, Y. McNabb, W. C., Waghorn, G. C. and Ulyatt, M. J. (1997).
Proanthocyanidins from Lotus pedunculatus. Phytochem. 45: 1689-1696.

vii



Foo, L. Y., Newman, R., Waghorn, G. C., McNabb, W. C. and Ulyatt, M. J. (1996) The
proanthocyanidins of Lotus corniculatus. Phytochem. 41: 617-624.

France, J. and Thornley, J.H.M. (1987). Growth Functions. In: J. France and J.H.M.
Thornley (Eds.) Mathematical Models in Agriculture. Butterworths, London., pp
75-94.

France, J., Dhanoa, M. S., Theodorou, M. K., Lister, S. J., Davies, D. R. and Isac, D..
(1993). A model to interpret gas accumulation profiles associated with in vitro
degradation of ruminant feeds. J. Theor. Biol. 163:99.

France, J., Dijkstra, J., Dhanoa, M.S., Lopez, S. and Beuwink, A. (2000). Esttimating the
extent of degradation of ruminant feeds from a description of their production
profiles observed in vitro: derivation of models and other mathematical
considerations. Br. J. Nutr. 83: 143-150.

France, J. and Siddons, R.C., (1993). Volatile fatty acid production. In: J.M. Forbes and J.
France, (Ed.). Quantitative aspects of ruminant digestion and metabolism, CAB
International, Wallingford, Oxon, UK, pp. 107-121.

Getachew, G., Blimmel, M., Makkar, H.P.S. and Becker, K., (1998). In vitro gas
measuring techniques for assessment of nutritional quality of feeds: a review.
Anim. Feed Sci. Technol. 72: 261-281.

Getachew, G., Makkar, H.P.S. and Becker, K. (2000). Tannins in tropical browses: effects
of tannins on in vitro microbial fermentation and microbial protein synthesis in
medium containing different amounts of nitrogen. J. Agric. Food Chem., 48:
3581-3588.

Goering, H.K. and Van Soest, P.J. (1970) Forage Fiber Analysis. (apparatus, reagents,
procedures, and some applications). Agricultural Handbook 379., United States
Department of Agriculture, Washington, DC

Goetsch, A.L. and Owens, F.N. (1985). Effects of sarsaponin on digestion and passage
rates in cattle fed medium to low concentration. J. Dairy Sci. 68: 2377-2384.

viii



Groot, J.C.J., Cone, J., Williams, B.A., Debersaques, F.D. and Lantinga, E.A. (1996).
Multiphasic analysis of gas production kinetics for in vitro fermentation of
ruminant feeds. Anim. Feed Sci. Technol., 64: 77-89.

Hagermann, A.E. and Butler, L.G. (1981) Specificity of proanthicyanidin-protein
interactions. J. Biol. Chem. 256: 4494-4497.

Harborne, J.B. (1993) Introduction to Ecological Biochemistry, 4™ ed. Academic Press.
London.

Hart, K.J., Yanez-Ruiz, D.R., Duval, S.M., McEwan, N.R. and Newbold.C.J. (2007) Plant
extracts to manipulate rumen fermentation. Anim. Feed Sci. Tech. (in press).

Haslam, E. (1982) Proanthocyanidins. (J.B. Harborne and T.J. Mabrey, editors) The
flavonoides: Advances in research. Chapman and Hall, London.

Headon, D.R., Buggle, K., Nelson, A. and Killeen, G. (1991). Glycofractions of yucca
plant and their role in ammonia control. In: Biotechnology in the feed industry (Ed.
Lyons, T.P). Alltech Inc., Nicholasville, KY, USA.

Hervas, G., Frutos, P., Mantecon, A. R. and Giraldez, F. J. (2004) Effect of the
administration of quebracho extract on rumen fermentation and diet digestibility in
sheep. Spanish J. Agric. Res. 2: 63-71.

Hess, H.D., Beuret, R.A., Lotscher, M., Hindrichsen, I1.K., Machmuller, A., Carulla .J.E.,
Lascano, C.E., Kreuzer, M., (2004). Ruminal fermentation, methanogenesis and
nitrogen utilization of sheep receiving tropical grass hay-concentrate diets offered
with Sapindus saponaria fruits and Cratylia argentea foliage. J. Anim. Sci. 79:
177-189.

Hess, H.D., Kreuzer, M., Diaz, T.E., Lascano, C.E., Carulla, J.E., Solvia C.R. and
McMullar, A. (2003a) Saponin rich tropical fruits affect fermentation and
methanogenesis in faunated and defaunated rumen fluid. Anim. Feed Sci. Technol.
109: 79-94.

Hess, H.D., Monsalve, L.M., Lascano, C.E., Carulla, J.E., Diaz, T.E. and Kreuzer, M.
(2003b) Supplementation of a tropical grass diet with forage legumes and Sapindus



saponaria fruits: effects on in vitro ruminal nitrogen turnover and methanogenesis.
Aust. J. Agric. Res. 54: 703-713.

Hess, H.D., Tiemann, T.T., Noto, F., Carulla, J.E. and Kreuzer, M. (2006) Strategic use of
tannins as means to limit methane emission from ruminant livestock. Int. Cong.
Series. 1293:164-167

Hristov, A.N., Ivan, M., Neil, L. and McAllister, T.A. (2003) Evaluation of several
potential bioactive agents for reducing protozoal activity in vitro. Anim. Feed Sci.
Technol. 105: 163-184.

Hristov, A.N., McAllister, T.A., Van Herk, F.H., Cheng, K.J., Newbold, C.J. and Cheeke,
P.R. (1999) Effect of Yucca schidigera on ruminal fermentation and nutrient
digestion in heifers. J. Anim. Sci. 77:2554-2563.

Huang, B. (1986). Studies on rumen fiber digestion kinetics. M.Sc. Thesis, Bejing Agric.
Univ., China.

Hume, I. D. (1975). In: Tracer Studies on NPN for Ruminants. International Atomic
Energy Authority, Vienna, Austria. 2: 1-6.

Hussain, I. and Cheeke, P.R. (1995). Effect of dietary Yucca schidigera extract on rumen and
blood profiles of steers fed concentrate or roughage based diets. Anim. Feed Sci.
Technol. 51: 231-242.

IPCC, 2001. Climate Change 2001: Synthesis Report. A Contribution of working groups I,
I1, and 111 to the third assessment report of the Intergovernmental Panel on Climate
Change. Watson, R.T., Core Writing Team, (Eds.), Cambridge University Press,
Cambridge, UK, and New York, USA.

James, L.F., Panter, K.E., Gaffield, W., Molyneux, R.J. and Weinzweig, J. (2004)
Poisonous plant research: Biomedical applications. In Poisonous Plants and
Related Toxins, pp. 361—376 [T Acamovic, CS Stewart and TW Pennycott,
Eds.]. CAB International, Wallingford, Oxon. UK.

Johnson, K.A. and Johnson, D.E., (1995). Methane emission from cattle. J. Anim. Sci. 73:
2483-2492.



Jones, G.A., McAllister, T.A., Muir, A.D. and Cheng, J. (1994) Effects of sainfoin
(Onobrychis viciifolia Scop.) condensed tannins on growth and proteolysis by four
strains of ruminal bacteria. Appl. Envi. Microbiol.. 31: 259-264.

Jones, W.T. and Magnum, J.L. (1977) Complexes of the condensed tannins of sainfoin
with fraction 1 leaf protein and with submaxillary mucoprotein, and their reversal
by polyethylene glycol and pH. J. Sci. Food Agric. 28: 126-136.

Kaitho, R.J., Nashlai, 1.U., Williams, B.A., Umunna, N.N., Tamminga, S. and Van
Bruchem, J. (1998). Relationship between preference rumen degradation,
production and chemical composition of browses. Agroforestry System. 39: 129-
144,

Kamra, D.N., Singh, R., Chaudhary, L.C., Agarwal, Neeta and Pathak, N.N. (2000).
Soapnut as natural defaunating agent: its effect on rumen fermentation and in
sacco degradability of jowar hay in buffaloes. Buffalo J. 1: 99-204.

Kaswari, T., Lebzien, P., Flachowsky, G. and Meulen, U.T. (2007). Studies on the
relationship between the synchronization index and microbial protein synthesis in
the rumen of dairy cows. Anim. Feed Sci. Technol. 139: 1-22.

Kayouli C, Demeyer D. I, Van Nevel, CJ. and Dendooven, R. (1984) Effect of
defaunation on straw digestion in sacco and on particle retention in the rumen.
Anim. Feed Sci. Technol. 10, 165-172.

Khazaal, K., Dentinho, M.T., Riberio, J.M. and @rskov, E.R. (1993). A comparison of
gas production during incubation with rumen contents and nylon bag
degradability as predictors of the apparent digestibility in vivo and the voluntary
intake of hays. Anim. Prod. 57:105.

Killeen, G.F., Connolly, G.A., Walsh, G.A., Duffy, C.F., Headon, D.R. and Power, R.F.
(1998). The effects of dietary supplementation with Yucca schidigera extract or
fractions thereof on nitrogen metabolism and gastrointestinal fermentation
processes in the rat. J. Sci. Food Agric, 76: 91-99.

Xi



Kiran, D. and Krishnamoorthy, U. (2007). Rumen fermentation and microbial biomass
synthesis indices of tropical feedstuffs determined by the in vitro gas production
technique. Anim Feed Sci. Technol., 134: 170-179.

Klita, P.T., Mathison, G.W., Fenton, T.W. and Hardin, R.T. (1996) Effect of alfalfa
saponins on digestive functions in sheep. J. Anim. Sci. 74: 1144-1156.

Krishnamoorthy, U., Sniffen, C. J., Stern, M. D. and Van Soest, P. J. (1983). Evaluation
of a mathematical model of rumen digestion and an in vitro simulation of rumen
proteolysis to estimate the rumen-undegraded nitrogen content of feedstuffs. Br. J.
Nutr. 50:555.

Krishnamoorthy, U., Steingass, H., and Menke, K. H. (1991). Preliminary observations on
the relationship between gas production and microbial synthesis in vitro. Arch.
Anim. Nutr. (Berlin), 41:521-526.

Leathwick, D. M. and Atkinson, D. S. (1995) Dagginess and flystrike in lambs grazed on
Lotus corniculatua or ryegrass. Proc. NZ Soc. Anim. Prod. 55:196-198.

Lee KW, Everts H, Kappert HJ, Frehner M, Losa, R. and Beynen AC (2003) Effects of dietary
essential oil components on growth performance, digestive enzymes and lipid
metabolism in female broiler chickens. Br. Poultry Sci. 44, 450-457.

Leedle, J.A.Z. and Greening, R.C. (1988). Postprandial changes in methanogenic and
acidogenic bacteria in the rumens of steers fed high-or low-forage diets once daily.
Appl. Environ. Microbiol., 54: 502-506.

Leng R.A.,, Bird S.H., Klieve A., Choo, B.S., Ball, F.M., Asefa, P., Mudgal, V.D.,
Chaudhry, U.B., Haryono, S.U. and Hendratno, N. (1992). The potential for forage
supplements to manipulate rumen protozoa to enhance protein to energy ratio in
ruminants fed onpoor quality forages. In: Legume Trees and Other Fodder Trees
as Protein Sources for Livestock. FAO Animal Production and Health Paper
no.102. FAO, Rome. pp. 177-191.

Leng, R.A. (1993). Quantitative ruminant nutrition- a green science. Austr. J. Agric. Res.
44: 363-380.

xii



Lila, Z.A., Mohammed, N., Kanda, S., Kamada, T. and Itabashi, H. (2003) Effect of
sarsaponin on ruminal fermentation with particular reference to methane
production in vitro. J. Dairy. Sci. 86: 3330-3336.

Lin, K.W., Patterson, J.A. and Ladish, M.R. (1985). Anaerobic fermentation: microbes
from ruminants. Enzyme Microbiol. Technol., 7: 98-107.

Ling, J. R. and Buttery, P. J. (1978). The simultaneous use of ribonucleic acid *S, 2-6-
diaminopimelic acid and 2-aminoethylphosphonic acid as markers of microbial
nitrogen entering the duodenum of sheep. Bri. J. Nur. 39: 165-179.

Lowry, J.B., McSweeney, C.S. and Palmer, B. (1996) Changing perceptions of the effect
of plant phenolics on nutrient supply in the ruminants. Aust. J. Agric. Res. 47:829-
842.

Lu, C.D. and Jorgensen, N.A. (1987) Alfalfa saponins affect site and extent of nutrient
digestion in ruminants. J. Nutri. 117: 919-927.

Lu, C.D., Tsai, L.S., Schaefer, D.M. and Jorgensen, N.A. (1987) Alteration of
fermentation in continuous culture of mixed rumen bacteria by isolated alfalfa
saponins. J. Dairy Sci. 70: 799-805.

Makkar, H.P.S. (2003). Effects and fate of tannins in ruminant animals, adaptation to
tannins and strategies to overcome detrimental effects of feeding tannin-rich feeds.
Small Rumi. Res. 49:241-256.

Makkar, H.P.S. and Becker, K. (1997) Degradation of Quillaja saponins by mixed culture
of rumen microbes. Lett. Appl. Microbiol. 25: 243-245.

Makkar, H.P.S. and Becker, K. (1996). Effect of Quillaja saponins on in vitro rumen
fermentation. In: Saponins use in Food and Agriculture. Waller, G.R., Yamasaki,
K. (Eds.). Plenum Press, New York, USA, pp. 387-394.

Makkar, H.P.S., Becker, K., Abel, H. and Szegletti, C. (1995b) Degradation of condensed
tannins by rumen microbes exposed to quebracho tannins (QT) in rumen
simulation technique (RUSITEC) and effects of QT on fermentation process in
RUSITEC. J. Sci. Food Agric .69: 495-500.

Xiii



Makkar, H.P.S., Blimmel, M. and Becker, K. (1995a) In vitro effects and interactions of
tannins and saponins and fate of tannins in rumen. J. Sci. Food Agric. 69: 481-493.

Makkar, H.P.S., Sen, S., Blimmel, M. and Becker, K. (1998) Effects of fractions
containing saponins from Yucca Schidigera, Quillaja saponaria and Acacia
auriculoformis on rumen fermentation. J. Agric. Food Chem. 46: 4324-4328.

Mangan, J.L. (1988). Nutritional effects of tannins in animal feeds. Nutri. Res. Rev. 1:
209-231.

Martin, M.M., Rockholm, D.C. and Martin, J.S. (1985) Effects of surfectants, pH and
certain cations on precipitation of proteins by tannins. J. Chem. Ecol. 11: 485-494.

Martin, S.A., Streeter, M.N., Nisbet, D.J., Hill, G.M. and Williams, S.E. (1999) Effects of
DL-malate on ruminal metabolism and performance of cattle fed a high
concentrate diet. J. Anim. Sci. 77: 1008-1015.

McNabb, W.C., Peter, J.S., Foo, L.Y., Waghorn, G.C. and Jackson, F.S. (1998) Effect of
condensed tannin prepared from several forages on the in vitro precipitation of
Ribulose 1-5 biphosphate carboxylase (EC 4.1.1.39, Rubisco) protein and its
digestion by trypsin (EC 2.4.21.4) chymoptrypsin (EC 2.4.21.1). J. Sci. Food
Agric. 77: 201-212.

McNeill, D.M., Komolong, M., Gobius, N. and Barber, D. (2000) Influnce of dietary
condensed tannin on microbial crude protein supply in sheep. In: Tannins in
Livestock and Human Nutrition (Ed. Brooker, J.D.). ACIAR Proceedings, 92: 57-
61.

McNeill, D.M., Osborne, N,, Komolong, M. and Nankervis, D. (1998) Condensed tannins
in the Leucaena genus and their nutritional significance for ruminants. In:
Leucaena- Adaptation, Quality and Farming Systems (Eds. Shelton, H.M.,
Gutteridge, R.C., Mullin, B.F. and Bray, R.A.). ACIAR Proceedings, 86: 205-214.

McSweeny, C.S., Palmer, B., Bunch, R. and Krause, D.O. (1999) Isolation and
characterization of proteolytic ruminal bacteria from sheep and goats fed the

Xiv



tannin-containing shrub legume Calliandra calothyrsus. Appl. Environ. Microbiol.
65: 3075-3083.

McSweeny, C.S., Palmer, B., Kennedy, P.M. and Krause, D.O. (1998) Effect of Calliandra
tannins on rumen microbial function. Proc. of Aust. Soc. Anim. Prod. 22: 289.

McSweeny, C.S., Palmer, B., McNeil, D.M. and Krause, D.O. (2001a) Microbial
interactions with tannins: nutritional consequences for ruminants. Anim. Feed Sci.
Technol. 91: 83-93.

McSweeny, C.S., Palmer, B., McNeil, D.M. and Krause, D.O. (2001b) Effect of tropical
forage Calliandra on microbial protein synthesis and ecology in the rumen. J. Appl.
Microbiol. 90: 78-88.

Meagher, L.P., Smith, B.L. and Wilkins, A.L. (2001). Metabolism of diosgenin-derived
saponins: Implication for hepatogenous photosensitization diseases in ruminants.
Anim. Feed. Sci. Technol. 91: 157-170.

Mehrez, A.Z. and @rskov, E.R. (1977). A study of the artificial bag
technique for determining the digestibility of feeds in the rumen. J
Agric. Sci. 88:645-650.

Menke, K.H., Raab, L., Salewski, A., Steingass, H., Fritz, D. and Schneider W. (1979).
The estimation of the digestibility and metabolizable energy content of ruminant
feedstuffs from the gas production when they are incubated with rumen liquor. J.
Agric. Sci. 93: 217-222.

Menke, K. H. and Steingass, H. (1988). Estimation of the energetic feed value obtained
from chemical analysis and in vitro gas production using rumen fluid. Anim. Res.
Dev., 28: 7-55.

Merchen, N.R. and Bourquin, L.D. (1994). Processes of digestion and factors influencing
digestion of forage-based diets by ruminants. In: Forage Quality, Evaluation, and
Utilization, pp. 564-612 [G.C. Fahey Jr, Ed.]. American Society of Agronomy,
Madison, W1, USA.

XV



Mertens, D. R., and Loften, J. R. (1980). The effect of starch on forage fiber digestion
Kinetics in vitro. J. Dairy Sci., 63:1437.

Miles, C.O., Wilkins, A.L., Erasmus, G.L. and Kellwerman, T.S. (1994) Photosensitivity
in South Africa. VIII. Ovine metabolism of Tribulus terrestris saponins during
experimentally induced geeldikkop, Onderstepoort. J. Vety. Res. 61:351.

Miller, T. L. (1995). Ecology of methane production and hydrogen sinks in the rumen. In:
Ruminant Physiology: Digestion, Metabolism, Growth and Reproduction, [EdSs.
Von Engelhardt, S. Leonhard-Marek, G. Breves and D. Giesecke,]. Ferdinand
Enke Verlag, Stuttgart, Germany. Pp. 317-333.

Min, B.R., Atwood, G.T., Reilly, K., Sun, W. and Peter, J.S. (2002) Lotus corniculatus
condensed tannins decrease in vivo populations of proteolytic bacteria affect
nitrogen metabolism in the rumen of sheep. Can. J. Microbiol. 48: 911-921.

Molan, A.L., Atwood, G.T., Min, B.R. and McNabb, W.C. (2001) The effect of condensed
tannins from Lotus corniculatus on the growth of proteolytic bacteria in vitro and
their possible mode of action. Can. J. Microbiol. 47: 626-633.

Moss, A.R., J. P. Jouany, and J. Newbold. (2000). Methane production by ruminants: Its
contribution to global warming. Ann. Zootech. 49: 231-253.

Mueller-Harvey, 1. (2001). Analysis of hydrolyzable tannins. Anim. Feed Sci.Technol. 91:
3-20.

Muetzel, S., Hoffman, E.M. and Becker, K. (2003) Supplementation of barley straw with
Sesbania pachycarpa leaves in vitro: effects on fermentation variables and rumen
microbial population structure quantified by ribosomal RNA-targeted probes. Br.
J. Nutr. 89: 445-453.

Murdiaty, T.B., McSweeny, C.S. and Lowery, J.B. (1992) Metabolism in sheep of gallic
acid , tannic acid and hydrolysable tannin from Terminalia oblongata. Austr. J.
Agric. Res. 43: 1307-1319.

XVi



Naga, M. A., and Harmeyer, J. H. (1975). Gas and volatile fatty acid production at
different rates of rumen microbial protein synthesis in vitro. J. Dairy Sci.,
40:374-379.

Nagadi, S., Herrero, M., Jessop, N.S., (2000). The influence of diet of the donor animal on
the initial bacterial concentration of ruminal fluid and in vitro gas production
degradability parameters. Anim. Feed Sci. Technol., 87: 231-239.

Nash, R. J. (2004). Remedies from nature. Chem. World. 7: 20-23.

Navas-Camacho, A., Laredo, M.A., Cuesta, A., Anzola, H. and Leon, J.C. (1993). Effect
of supplementation with a tree legume forage on rumen function. Liv. Res. Rural
Develop. 5: 58-71.

Nelson, K.E., Thonney, M.L., Woolstone, T.K., Zinder, S.H. and Pell, A.N. (1998)
Phenotypic and Phylogenic characterization of ruminal tannin tolerant bacteria.
Appl. Environ. Microbiol. 64: 3824-3830.

Nemoto, K., Osawa, R., Hirota, K., Ona, T. and Miyake, Y. (1995) An investigation of
gram-negative tannins-protein degrading bacteria in fecal flora of various
mammals. J. Vet. Medi. Sci. 57: 921-926.

Newbold , C.J., S.M.EIl Hassan, Wang J., Ortega M.E. and Wallace, R.J. (1997) Influence
of foliage from African multipurpose trees on activity of rumen protozoa and
bacteria. Br. J. Nutr. 78: 237-249.

Niezen JH, Waghorn GC and Charleston WAG (1998) Establishment and fecundity of
Ostertagia circumcincta and Trichos-trongylus colubriformis in lambs fed
lotus (Lotus pedunculatus) or perennial ryegrass (Lolium perenne). Vet.
Parasitol. 78, 13-21.

Nocek, J. E., and English, J.E. (1986). In situ degradation kinetics: Evaluation of rate
determination procedure. J Dairy Sci., 69:77.

XVii



NRC. (2001) Nutrient Requirements for Dairy Cattle (7" revised Ed.). National Research
Council, National Academy Press, Washington, DC.

Orskov, E. R. and McDonald, I. (1979) The estimation of protein degradability in the
rumen from incubation measurements weighted according to the rate of passage. J.
Agric. Sci. 92: 499-503.

Orskov, E.R., Hovell, F.D., De, B. and Mould, F. (1980) The use of the nylon bag
technique for the evaluation of feedstuffs. Trop. Anim. Prod., 5: 195-213.

Palm, C.A. and Sanches, P.A. (1991) Nitrogen release from the leaves of some tropical
legumes as affected by their lignin and polyphenolic contents. Soil Biol. Biochem.
23: 83-88.

Patra, A.K., Kamra, D.N. and Agarwal, N. (2006) Effect of plant extract on in vitro
methanogenesis, enzyme activities and fermentation of feed in rumen liquor of
buffalo. Anim. Feed Sci. Technol. 128: 276-291.

Pell, A.N. and Schofield, P. (1993). Computerized monitoring of gas production to
measure forage digestion in vitro. J. Dairy Sci., 76:1063-1073.

Peters, J. P., Leedle, J.A.Z. and Paulissen, J. B. (1989). Factors affecting the in vitro
production of volatile fatty acids by mixed bacterial populations from the bovine
rumen. J. Anim. Sci. 67: 1593—1602.

Pfannhauser, W., Fenwick, G. R. and Kokhar, S. (Eds) (2001) Biologically Active
Phytochemicals in Food. Royal Society of Chemistry, London, UK.

Pilgrim, A. F., Gray, F. V., Weller, R. A. and Belling, C. G. (1970). Synthesis of
microbial protein from ammonia in the sheep's rumen and the proportion of
dietary nitrogen converted into microbial nitrogen. Br. J. Nutr., 24: 589-598.

Polya, G.M. and Foo, L.Y. (1994). Inhibition of eukaryote signal regulated protein kinases
by plant derived catechin related compounds. Phytochem. 35: 1399.

Xviii



Puchala, R., Min, B.R., Goetch, A.L. and Sahlu, T. (2005) The effect of condensed tannin
containing forage on methane emissions by goats. J. Anim. Sci. 83: 182-186.

Raab, L. (1980). Untersuchung uber den Proteinabbau und die Proteinsynthese im
Kunstlichen Pansen . Dissertation, Hohenheim Universitat., Stuttgart, germany.

Raab, L., Cafantaris, B., Jilg, T. and Menke, K.H. (1983). Rumen protein degradation and
biosynthesis. 1. A new method for determination protein degradation in rumen
fluid in vitro. Br. J. Nutr. 84: 73-83.

Ranjhan, S.K. (1998). Nutrient Requirement of Livestock and Poultry. ICAR Publication,
New Delhi, India.

Reed, J.D. (1995) Nutritional toxicology of tannins and related polyphenols in forage
legumes. J. Anim. Sci. 73: 1516-1528.

Robbins, C.T., Hagermann, A.E., Austin, P.J., McArthur, C and Hanley, T.A. (1991)
Variation in mammalian physiological responses to condensed tannin and its
ecological implications. J. Mammal. 72: 480-486.

Robinson, P. H., Mathews, M. C. and Fadel, J. G. (1999). Influence of storage time and
temperature on in vitro digestion of neutral detergent fibre at 48 h, and comparison
to 48 h in sacco neutral detergent fibre digestion. Anim. Feed Sci. Technol., 80:
257-266.

Robinson, P. H., Tamminga, S. and Van Vuuren, A. M. (1986). Influence of declining
level of feed intake and varying the proportion of starch in the concentrate on
rumen fermentation in dairy cows. Liv. Prod. Sci. 15:173-189.

Roth, S., Steingass, H. and Drochner, W. (2001) Reducing methane emission and
optimization of N supply in ruminants by treating feeds with tannins.
http://www.uni-hohenheim.de.

XiX


http://www.uni-hohenheim.de/

Ruiz, D.R., Garcia, A.l., Moumen, A. and Alcaide, E.M. (2004) Ruminal fermentation and
degradation patterns, protozoa population and urinary purine derivatives excretion
in goats and weathers fed diets based on olive leaves. J. Anim. Sci. 82: 3006-3014.

Russell, J.B. and Houlihan, A.J., (2003). The ionophore resistance of ruminal bacteria and
its potential impact on human health. FEMS Microbiol. Rev. 27, 65-74.

Ryan, J.P., Quinn, T., Mullally, J. and Leek, B.F. (2003) Effects of Yucca schidigera plant
extract (De-Odorase) on the fermentation of hay, straw and concentrates by
sheep’s ruminal fluid in vitro and in vivo. Irish Vet. J. 56: 209-213.

Rymer, C. and Givens, D.I. (2002). Relationship between patterns of rumen fermentation
measured in sheep and in situ degradability and the in vitro gas production profile
of the diet. Anim. Feed Sci. Technol., 101: 31-44.

Salem, A. Z. M. (2002). Produccion y composicion de saliva por la glandula parétida,
comportamiento alimentario, fermentacion ruminal, digestibilidad y pardmetros
plasmaéticos en el ganado ovino y caprino: evolucion de la respuesta a la presencia
de taninos condensados de quebracho en la dieta. Doctoral Thesis. Universidad de
Leon, Spain.

Salvador V, Cherbut C, Barry, J.L., Bertrand D, Bonnet C and Delort-Laval, J. (1993).
Sugar composition of dietary fibre and short-chain fatty acid production during in
vitro fermentation by human bacteria. Br. J. Nutr., 70: 189-197.

Santos, G.T., Oliveira, R.L.,Petit, H.V., Cecato, U., Zeoula, L.M., Rigolon, L.P.,
Damascene, J.C., Branco, A.F. and Bett, V. (2000) Effect of tannic acid on
composition and ruminal degradability of Bermuda grass and alfalfa silages. J.
Dairy Sci. 83: 2016-2020.

Schofield, P. and Pell, A. N. (1995) Measurement and kinetic analysis of the neutral
detergent-soluble carbohydrate fraction of legumes and grasses. J. Anim. Sci.
73:3455-3463.

Schofield, P., Pitt, R. E. and Pell, A. N. (1994) Kinetics of fiber digestion from in vitro gas
production. J. Anim. Sci. 72: 2980—2991.

XX



Sen, S., Makkar, H.P.S., Muetzel, S., Becker, K. (1998). Effect of Quillaja saponaria and
Yucca schidigera plant extract on growth of Escherichia coli. Lett. Appl.
Microbiol. 27: 35-38.

Siaw, D.E.K.A., Osuji, P.O., Nsahlai, 1.V. (1993). Evaluation of multipurpose tree
germplasm: the use of gas production and rumen degradation characteristics. J.
Agric. Sci., (Cambridge) 120: 319-330.

Siddons R.C., Evans R.T., and Beever D.E. (1979) The effect of formaldehyde treatment
before ensiling on the digestion of wilted grass silage by sheep. Brit. J. Nutr. 42:
535-545.

Sinclair, L.A., Garnsworthy, P.C., Newbold, J.R. and Buttery, P.J. (1995). Effects of
synchronizing the rate of dietary energy and nitrogen in diets with similar
carbohydrate composition on rumen fermentation and microbial protein synthesis
in sheep. J Agric Sci (Cambridge) 124: 463472

Singh, B. and Bhat, T.K. (2001) Tannins revisited- changing perceptions of their effects
on animal system. Ani. Nutr. Feed Tech. 1: 3-18.

Singh, B., Bhat, T.K. and Sharma, O.P. (2001) Biodegradation of tannic acid in an in
vitro ruminal system. Liv. Prod. Sci. 68: 259-262.

Singh, G. P. and Mohini, M. (2004). Effect of dietary manipulation on methane production
in crossbred cattle. Indian J. Anim. Nutr., 21: 95-99.

Skene, T. and Brooker, J.D. (1995) Characterization of tannin acyl hydrolase in the
ruminal bacterium Selenomonas ruminantium. Anaerobe, 1: 321-327.

Sliwinski, B.J., Soliva, C.R., Machmuller, A. and Kreuzer, M. (2002a) Efficacy of plant
extracts rich in secondary constituents to modify rumen fermentation. Anim. Feed
Sci. Technol. 101: 101-104.

Sliwinskii, B.J., Kreuzer, M., Wettstein, H.R. and Machmuller, A. (2002b) Rumen
fermentation and nitrogen balance of lambs fed diets containing plant extracts rich
in tannins and saponins, and associated emissions of nitrogen and methane. Arch.
Anim. Nutr. 56: 379-392.

XXi



Sood, R. P. and Kalia, N. K. (1996). Cultivation of rutin bearing Eucalyptus species. In:
Handa, S. S. and Kaul, M. K. (Ed.) Supplement to Cultivation and utilization of
medicinal plants. Regional Research Laboratory, CSIR, Jammu-Tawi. pp. 287-
296.

Srinivas, B. and Gupta, B.N. (1994). Rumen degradable protein content and gas
production on rumen fermentation of some concentrate ingredients and their
relationship. Indian J. Anim. Nutr., 11: 171-175.

Stefanon, B., Pell, A. N. and Schofield, P. (1996). Effect of maturity on digestion kinetics
of water-soluble and water-insoluble frac-tions of alfalfa and brome hay. J. Anim.
Sci. 74:1104-1115.

Stewart, CS, Flint HJ and Bryant MP (1997) The rumen bacteria. In: The Rumen
Microbial Ecosystem, pp. 10-72 [PN Hobson and CS Stewart, Eds.]. Chapman and
Hall, London, UK.

Swain, A. (1979) In herbivores, Their Interaction with Secondary Plant Metabolites,
pp.657-682 (G.A. Rosenthal and D.H. Danzen, Eds.) Academic Press, London and
New York.

Takahashi, J., Miyagawa, T., Kojima, Y. and Umetsu, K. (2000) Effects of Yucca
schidigera extrtact, probiotics, monensin and L-cysteine on rumen
methanogenesis. Asian-Aust. J. Anim. Sci. 13(suppl): 59-61.

Tavendale, M. H., Meagher, L. P., Pacheco, D., Walker, N., Attwood, G. T. and
Sivakumaran, S. (2005). Methane production from in vitro rumen incubations with
Lotus pedunculatus and Medicago sativa, and effects of extractable condensed
tannin fractions on methanogenesis. Anim. Feed Sci. Technol. 123-124:403-419.

Terrill, T.H., Douglas, G.B., Foote, A.G., Purchas, R.W., Wilson, G.F. and Barry, T.N.
(1992). Effect of condensed tannins upon body growth, wool growth and rumen
metabolism in sheep grazing sulla (Hedysarum coronarium) and perennial pasture.
J. Agric. Sci. (Cambridge). 119: 265-273.

XXii



Thalib, A., Widiawati, Y., Hamid, H., Suherman, D., Sabrani, M. (1996). The effects of
saponin from Sapindus rarak fruit on rumen microbes and performance of sheep.
Jurnal-limu-Ternak-dan-Veterine. 2: 17-21.

Thappa, R. K., Aggarwal, S. G., Dhar, K. L. and Atal, C. K. (1982). Rutin. In: Atal, C. K.
and Kapur, B. M. (Ed.) Cultivation and utilization of medicinal plants. Regional
Research Laboratory, CSIR, Jammu-Tawi. pp. 321-328.

Theodorou, M.K., Lowman, R.S., Davies, Z.S., Cuddeford, D. and Owen, E. (1998)
Principles of techniques that rely on gas measurement in ruminant nutrition. In: In
vitro techniques for measuring nutrient supply to ruminants (Eds. Deaville, E.R.,
Owen, E., Adesogan, A.T., Rymer, C., Huntigton, J.A. and Lawrence, T.L.J.).
BSAS Occasional publication, 22: 55-63.

Theodorou, M.K., Williams, B.A., Dhanoa, M.S., McAllan, A,B, and France, J. (1994). A
simple gas production method using a pressure transducer to determine the
fermentation kinetics of ruminant feeds. Anim. Feed Sci. Technol., 48: 185-197.

Tilley, J.M.A. and Terry, R.A. (1963). A two-stage technique for the in- vitro digestion of
forage crops. J. Brit. Grass. Soc., 18: 104-111.

Ushida, K., Jouany, J. P. and Demeyer, D. I. (1991) Effects of presence or absence of
rumen protozoa on the efficiency of utilization of concentrate and fibrous feeds. In
Physiological AspectsofDigestionandMetabolisminRuminants, pp. 625-654 [T.
Tsuda, Y. Sasaki and R. Kawashima, Eds.].: Academic Press Inc, San Diego, CA.

Valdez, F.R., Bush, L.J., Goetsch, A.L. and Owens, F.N. (1986). Effect of steroidal
sapogenins on ruminal fermentation and production of lactating dairy cows. J.
Dairy Sci. 69: 1568-1575.

Van Houtert, M.F.J. (1993). The production and metabolism of volatile fatty acids by
ruminants fed roughages: a review. Anim. Feed Sci. Technol., 43:189-225.

Van Nevel, C. J., and Demeyer, D. I. (1977). Effect of monensin on rumen metabolism in
vitro. Appl. Environ. Microbiol. 34:251-257.

XXiii



Van Nevel, C. J., and Demeyer. D. 1. (1988). Manipulation of rumen
dermentation. Pages 387—444 in The Rumen Microbial Ecosystem. P. N.
Hobson, ed. Elsevier Appl. Sci., London, UK.

Van Nevel, C.J. and Demeyer, D.I. (1977). Determination of rumen microbial growth in
vitro from 32P-labelled. Br. J. Nutri. 38: 101-114.

Van Soest, P. J. (1994). Nutritional Ecology of the Ruminant (2" Edn.). Cornell
University Press, Ithaca, USA.

Van Soest, P.J. and Robertson, J.B. (1970). Systems of analysis for evaluating fibrous
feeds. Standardization of analytical methodology for feeds. In: Proceedings of
International Development Research Centre (134" Edn. ), 12-14 March 1979,
Ottawa, Canada pp. 49-60.

Van Soest, P.J., Robertson, J.B. and Lewis, B.A. (1991). Methods for dietary fiber, neutral
detergent fiber, and non-starch polysaccharides in relation to animal nutrition. J.
Dairy Sci. 74: 3583-3597.

Waghorn, G.C., McNabb, W.C. (2003) Consequences of plant phenolic compounds for
productivity and health of ruminants. Proc. Nutrition Soc. 62: 383-392,

Waghorn, G.C., Shelton, 1.D., McNabb, W.C. and McCutcheon, S.N. (1994) Effects of
condensed tannins in Lotus pedunculatus on its nutritive value for sheep. 2.
Nitrogenous aspects. J. Agric. Sci., (Cambridge). 123:109-119.

Waghorn, G.C., Ulyatt, M.J., John, A. and Fisher, M.T. (1987). The effect of condensed
tannins on the site of digestion of amino acids and other nutrients in sheep fed
Lotus corniculatus. Br. J. Nutr. 57: 115-126.

Waldo, D. R., L. W. Smith, E. L. Cox, B. T. Weinland, and H. L. Lucas Jr. (1971).
Logarithmic normal distribution for description of sieved forage materials. J.
Dairy Sci. 54:1465

Walker, D. J. and Nader, C. J. (1975). Measurement in vivo of rumen microbial protein
synthesis. Aust. J. Agric. Res. 26: 689-698.

XXiv



Wallace, R.J. (2004) Antimicrobial properties of plant secondary metabolites. Proc. Nutr.
Soc. 63: 621-629.

Wallace, R.J. and McPherson, C.A. (1987) Factors affecting the rate of breakdown of
bacterial protein in rumen fluid. Br. J. Nutr. 58: 313-323.

Wallace, R.J., Arthaud, L and Newbold, C.J. (1994) Influence of Yucca schidigera extract
on ruminal ammonia concentrations and ruminal microorganisms. Appl. Envir.
Microbiol. 60: 1762-1767.

Wang, Y., McAllister, T.A., Newbold, C.J., Rode, L.M., Cheeke, P.R. and Cheng, K.J.
(1998) Effects of Yucca schidigera extracts on fermentation and degradation of
steroidal saponins in the rumen simulation technique (RUSITEC). Anim. Feed. Sci.
Technol. 74: 143-153.

Wang, Y., McAllister, T.A., Yanke, L.J. and Cheeke, P.R. (2000a) Effect of steroidal
saponin from Yucca schidigera extract on ruminal microbes. J. Appl. Microbiol.
88: 887-896.

Wang, Y., McAllister, T.A., Yanke, L.J., Xu, Z.J., Cheeke, P.R. and Cheng, K.J. (2000b)
In vitro effects of steroidal saponins from Yucca schidigera extract on rumen
microbial protein synthesis and ruminal fermentation. J. Sci. Food Agric. 80:2114-
2122,

Wang, Y., Waghorn, G.C., Barry, T.N. and Shelton, 1.D. (1994) The effect of condensed
tannins in Lotus corniculatus on plasma metabolism of methionine, cystine and
inorganic sulphate by sheep. Br. J. Nutr. 72: 923-925.

Williams, A.G., Coleman, G.S. (1991). The rumen protozoa. Springer-Verlag Inc., New
York, NY, USA.

Wina, E., Muetzel, S. and Becker, K. (2005). The impact of saponins and saponin-
containing plant materials on ruminant production- A review. J. Agric. Food
Chem. 53: 8093-8105.

XXV



Wink, M. (1999a) Introduction: Biochemistry, role and biotechnology of secondary
metabolites. In Biochemistry of Plant Secondary Metabolism Annual Plant
Reviews, CRC Press Boca Raton, FL, USA. 2: 1-15.

Wink, M. (1999b) Introduction: Biochemistry, Role and Biotechnology of secondary
products. In: Biochemistry of secondary product metabolism Vol. 3. CRC Press,
Boca Raton, FL., USA pp. 1-16.

Wolin, M. J. (1960). A theoretical rumen fermentation balance. J. Dairy Sci.
43:1452—-1459.

Wolin, M.J. and Miller, T.L. (1988). Microbe-microbe interactions. In: The Rumen
Microbial Ecosystem (Ed. Hobson, P.N). Elsevier Scientific Publishers, London,
UK. pp. 527.

Woodward, S. L.,Waghorn, G.C., Ulyatt, M. J., Lassey, K. R. (2001). Early indications
that feeding lotus will reduce methane emissions from ruminants. In: Proc. NZ
Soc. Anim. Prod. ACIAR, Adelaide, Australia. pp. 23-26.

Wu, Z., Sasik, M., Sleiman, F.T. Simas, J.M. Pessarakli, M. and Huber, J.T. (1994).
Influence of yucca extract on ruminal metabolism in cows. J. Anim. Sci. 72: 1038-
1042.

Xiong, Y., Bartle, J., Preston, R.L. and Meng, Q., (1990). Estimating starch availability
and protein degradation of steam flaked and reconstituted sorghum grain through
a gas production technique. J. Anim. Sci. 68: 3880-3885.

XXVi



	111.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14


