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ABSTRACT

Although crop residues have been acknowledged as potential tèed tbr ruminants, there is

still limiæd information available on the t-eeding value of some crop residues. For example,

the use of diets based on legume crop residues has received little attention compared to

their cereal counterpart. Globally, it is apparent that the production of legumes is increasing

every year, indicating that research should be directed towards improving utilisation of

hbrous crop residues of legume origin as livestock feed. This study provides information on

the signihcance of pea straw as a ruminant feed and the potential of two biological

æchniques for improving its feeding value.

Experiment One

In a preliminary study for this thesis, feed values for four cereal stubbles (triticale, wheat,

oat and barley) and pea stubble were ranked, based on chemical analysis, to assess their

potential nutritional benefit for ruminants. Pea stubble contained signiticantly higher levels

of ADF and ADL than any of the cereal feeds analysed. However, the higher level of N

observedinpeastubbleinttrisresearctL^ffit,W*sst+c4ies,.suggestthat

when supplemented with energy@nd if its digestib iiffifimorou"frn"a stubble could be

utilised as a valuable component of feed for ruminants.

Experiment Two

An experiment was conducted to study the effect on nutrient (DM, OM, N, ADF and

energy) digestibility and nitrogen balance in sheep of replacing proportions of lucerne hay in

the diet with different levels of pea straw. A diet containing an intermediaæ level of pea

straw (a proportion of 40:30 pea stra'w:lucerne hay) had a nitrogen balance that was similar

to (expressed in g/d) and even significantly higher (in g/kg N intake) than that obtained with

1r

.'I
r,i
j
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low levels of pea straw (25:45 pea straw:luceme hay). The diet containing a high level of

pea straw (55:15 pea straw:lucerne hay) had the lowest nitrogen balance, but it was still

positive. Hence, pea straw can be substituted for lucerne hay to the extent of 307o without

serious detriment.

Expertment Three (A)

A study on improving the utilisation of low quality roughages was based on assessment of

two biological methods using pea straw as the basal subtrate: addition of dried yeast

culture; and cultivation of mushroom on the straw for subsequent utilisation of the spent

straw. Several trials were conducted to evaluate the effèct of addition of yeast culture

(Saccharomyces cerevisiae) on a number of rumen fermentaúon parameters in sheep fèd a

diet based on pea straw sourced from South Australia. A nutrient digestibility study

conducted with Ausfalian Merino wethers showed a signifìcant increase tn in vivo

digestibility of ADF" Although non significant, in vivo digestibility of N, OM and energy

appeared to be improved. In vitro OM digestibility of the same diet, and particularly the

pea straw component containing yeast culture, showed a significant increase. In another

trial, it was found that in vitro DM digestibility of pea straw with added yeast culture

tended to be improved at all levels of urea compared to those containing no yeast. This

suggests that dietary composition factors such as nitrogen level could influence the mode of

action of yeast culture.

Experiment Three (B)

Since there are differences in the chemical composition and nutritive value of straws and

other fodders from one region to another, a third riai was conducted in Ethiopia to

investigaæ the effect of addition of yeast culture to pea straw grown under tropical

..'I
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conditions. This was aimed to complement the studies conducted in South Australia.

Results from this experiment showed that in sacco DM degradability of pea straw

containing yeast culture appeared to be improved, probably because of a reduced lag time

for the initiation of fibre digesúon observed during the study. Pea straw sourced tiom

Ethiopia contained higher ADF and ADL levels than that sourced tiom South Australia (67

7o vs 56.5 Vo and 13 Vo vs 9.6 Vo). Although a similar proportion of pea straw (557o) to

luceme hay (I57o) to oaten grun (30%) was used to compose the diet, the Ethiopian and

the South Australian diets contained I-2 and I.57 7o N respectively. Although no

significant improvement in the digestibitity of nutrients of a pea straw-based diet with yeast

culture was observed, it is likely that this reflects the poorer quality of the pea straw

sourced from Ethiopia than that from South Australia (Experiment 3a). Hence, nutritional

responses from the addiúon of yeast culture in improving roughage utilisation would depend

greatly on the physical and chemical nature of such t'eeds-

Experiment Four

The second biological technique evaluated in this research was treatment of the roughage

prior to feeding. Although the cultivation of mushrooms on straw-based substrates is an old

agricultural practice, subsequent use of the degraded straw tbr livestock teed could be an

innovative development. The study conducted was aimed at assessing the effects of the

basidiomycetes (Pleurotus cornucopiae) on pea straw through measurement of chemical

composition and in vitro DM digestibility (DMD). Pea straw was inoculated with spawns

of Pleurotus cornucopiae for 60 days. In vitro DMD of the pea straw was enhanced due to

degradation by P. cornucopia¿ which seems to result tiom changes in chemical

composition, especially a reduction in the fîbre fractions (neutral and acid detergent frbres)

and an increase in N content.

I
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Abbreviations

1. Nutritional terms
ADF acid detergent fibre
NDF neutral detergent fibre
ADL acid detergent lignin
NDF-N nitrogen bound to neutral detergent fibre
DM dry matter
OM organic matter
ín vitro in glass

invivo in animal
in sacco in bag
IVDMD invito dry matter digestibility
IVOMD invitro organic matter digestibility
PD potential disappearance of DM
W body weight
LW liveweight
W0.75 metabolic body weight
CWC cell-wall constituents
VFA volatile fatty acid
NPN non-protein nitrogen
RDP rumen degradable protein
GE gross energy
DE digestible energy
ME metabolisable energy
N nitrogen
P phosphorus
S sulphur
NH3-N ammonia-nitrogen

2. Others
ANOVA
OC

h
d
('
Þ

kg
MJ
s.d
SEM
s.e.d

analysis of variance
degrees centigrade
head
day
grams

kilograms
mega joule
standard deviation
standard error of means
standard error of difference of means

3. Organisations or institutions
FAO Food and Agriculture Organisation of the United Nations
ILCA International Livestock Centre for Africa
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GENERAL INTRODUCTION

The existence of vast amounts of crop residue/fibrous by-products available as potential

ruminant feed has been reported by Kossila (1984) : about Zts¡qailry matter (DM) per 500 kg

livestock unit annually in developing countries. Moreover, with increasing world population,

crop production will have to increase, making more crop residues available for animal

production t"/r.otM"sually of poor quality, low in energy and protein and high in fibre

content. Inadequate nutrition is a major constraint to livestock production in developing

countries, indicating a need to improve h llult+of crop residues for livestock.

Much has been written about the potential of using residues tiom cereal crops as ruminant

feed and about ways of overcoming their low nutritive value. Methods include

(using a wide range of chemicals) and supplementing (Sundstol and Owen, 1984; Doyle et al-

1936). Much less effort has been put into the utilisation of residues from legume crops.

However, the need for growing legume crops, either intercropped or in rotation with cereal

crops, has been a major consideration in long-term food production strategies in Africa.

Hence, subsequent increases in yield of legume crop residue, could be expected, adding

impetus to the need for further research in its efficient utilisation fbr livestock fèed.

This thesis aimed to assess the potential of a low quality leguminous crop residuo, pea straw,

through chemical analysis and digestibility studies. In addition it aimed to identify methods

2



such as supplementation and pre-treatment to optimise roughage utilisation by sheep. It is

established in the review that roughage/fibre utilisation can be manipulated by a number of

factors, each of which may have a direct implication through modification of rumen

fermentation (Secúon 2.4 and 2.5) or plant cell wall structure/content (Section 2.6). The

experiments described were designed to investigate : the feeding value of pea straw through

chemical anatysis (Experiment 1); the digestibility of pea straw through studies involving

feeding strategies (Experiment 2); and biological methods of improving frbre utilisation

(Experiments 3 and 4).

3
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LITERATURE REVIEW

2.I INTRODUCTION

Farmers in developing countries have been feeding locally available crop by-products to their

livestock for a long time. However, Some crop residues, for example pea Straw, have not

a*Q lLa-*1"f,-.,- lt/-/t,.lq eA¿"¿ QcdÐ

been recognised as potential livestock feeds. o* 4- ,'.101',.;) little is known about their

nutritive value. Studies concerned with production, actual availability as feed, general

characteristics and nutritive potential of crop residues are reviewed in this research'

Following the identification of valuable sources of livestock f'eed, the meÍms of improving the

utfüsarion of these low quality roughages is importan t ilW'^rÉo" ¿" *#proving

the nutritive value of straw by ammonia (anhydrous of aqueous) which 'f>o'bl*an increase

in dry ma6er intake and digestibility (Ganett et a1.,1979; Sundstol ¿r aI., l98l)- Similarly,

urea treatment of straw has been shown to increase DM intake and digestibility (SaadulTah et

aI., I98I). Although these chemical treatments are quite usetul in improving utilisation of

straw, they are yet to be adopted in practice by most farmers owing to a lack of æchnology

and related costs.

Biological methods of improving crop residues have been neglected in the past due to a lack

of æchnical information on the subject. Hence this review is primarily concerned with the

appLicability of two biological approaches in improving the t'eeding value of low-quality

roughages: supplementation with dried yeast culture; and solid-state t-ermentation with a

5



fungus, Pleurotus spp. These methods were then evaluated in experiments with pea straw

used as a basal substrate. The review also covers the nature of low quality roughages and the

nature of rumen function in relation to digestion.

2.2 LOW QUALTTY ROUGHAGES

2.2.1 Availability of low quality roughages

The availability of crop residues is closely related to the farming system, the crop produced

and the intensity of cultivation. The potential for use of crop residues as livestock feed is

greatest in inægrated crop/livestock farming systems. In Africar60%o of the livestock have

access to crop residues (Brumby, 1937). In many developing countries poor quality

roughages, such as straw, may provide up to 90Vo of the livestock diet (Ørskov and Ryle,

1990). Emphasising crop-Iivestock relationships, McDowell (1988) reviewed prevailing

systems on small, mixed farms in Africa, Asia and Latin America and noted that crop residues

and by-products from human food processing provided 30 to 90Vo of livestock feed. The

inter-dependence of crops and livestock is primarily through dependence of animals on crop

residues for feed.

A review of the feed resources and nutrients available in the eastern region of India with

respect to the requirements for the population of cattle and but'taloes indicates there is a huge

deficit of concentrate (86.97Vo), greens (72.537o), digestible crude protein (14.837o) and total

digestible nutrient (42.IIVo), yet there is a relative surplus of crop residues (l9.7Eo) (Tripathi,

6



I9g2). The potential of crop residues for animat feed is large in quantitative terms- For

example, Schiere and Nell (1993) in their review identifred an average grain yield of rice per

ha of approximately 3000kg in the tropics of which tne fa¡¿raàl/was l.3ll. Similarly,

Anderson (1973) reviewed cereal production in Washington State and found that residues

kg/kg of grain harvested were 1.0, 1.5 and 2.0 for wheat, barley and oats respectively. These

residues are potential feed resources, especially during the dry season, e* U
do not contain the balance of nutrients needed to support both efTcient rumen fermentation

and high animal productivity @reston and Leng, 1987).

2.2.2 General characteristics and nutritive potential of crop residues

The gross components of the plant cell wall are cellulose, hemicellulose and lignin (Tingxian,

19SS). Fibrous crop residues are characterised by extensive lignificaúon of the cellulose and

hemicellulose, and by low levels of protein, soluble carbohydrates and minerals (Tingxian,

1983). Although the cell contents are highly digestibile by animals, in crop residues they

constitute only a small proportion of the total dry matter (Said and Tolera, 1993) 4*¿'

make only a minor contribuúon to nutritive value.

Potentially, the cellulose and hemicellulose are highly digestible by rumen micro-organisms

o-l 4,lt¿ú¿ar<s
but their accessibility^ is r6¿uced by lignin, minerals and other components which resist

microbial attack (Stapleton, 19Sl). Lignin appears to be concentrated in the middle lamella,

thus 'boxing in' each cell against enrymic att¿ck (Stapleton, 1981), and minerals coat the

inside of the straw cell wall, sandwiching the carbohydrates (McManus eî a1.,1971).

æJ
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In ruminants, the ,tlrrr! tel 
{ffi 

*Uwall causes it to be retained tbr several days in the

reticulo-rumen until it is comminuted to particles of 5 mm or less which can then escape into

the abomasum (Summers, 1978). This prolonged filling of the rumen leads to appetite loss,

reduction of total feed intake and decreased production when straw is fed in significant

quantities (Anderson, I9l8; Tamminga et a1.,1985; I'eng et aI-, L993).

Data on the chemical composition and digestibiJity of untreated straws show that wide

variation occurs in samples from different sources (O'Donovan, 1984; Kernan et aI-, 1984;

Doyle et a1.,1986; Capper et a1.,1988; Ørskov et a1.,1990). The factors that may contribute

to these differences are reviewed below.

2.2.3 Factors affecting straw quality

2.2.3.1 Genotype

/4
Straws from different cereal crops differ in digestibility (Ohlde et aI., 1992þ rcstltivars of the

same crop. Whiæ et aI. (1981) suggested that the difÏ-erences

between cultivars ate more important than the differences between species. Such variations

have been attributed to the influence of genotype on the leaf/stem ratio (McDonald et al',

198 1).

Part of the variation between varieties is controlled by genetic influences on the chemical

composition of different plant parts (Tingxian, 1988). l,eaves and .stems of the same plant

differ in N and cell wall content. N content tends to be positively correlated with the
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digestibility of straws (White et aI., 1981; Erickson ¿/ al., 1982) but this is not always the

case. Sannassgala et al. (1935) observed that leaves of rice straw have a higher N content,

but lower in vitro digestibility than the stems. They attributed this to the lower neutral

detergent fibre (NDF) and higher silica contents in the stems.

Digestibility of forages is often negatively correlated with lignin content (Minson, 1990 citing

Allinson and Osbourn, 1970), but lignin content has no consistent predicúve value fbr f'eed

quality (Chesson, 1983). In a comprehensive review, Chesson (1938) stressed that it is lignin-

polysaccharide interaction in the cell wall, rather than just the lignin content, that is the most

important factor affecting straw quahty. Genetic differences between tropical and temperate

forages have also been reported by various authors. These have been reviewed under the

followin g headings : photo synthetic p athways and anti- nutriúonal f actors'

P h o to sy nthe tic p øthw ay s

lã';* /'/"ç
Most tropical forages vary physically from their æmperate counterpafts:" Ã have a Carbon-

4 photosynthetic pathway (Lehninger, 1982) a.ueL"', are photosynthetically

more efficient than Carbon-3 (C3) plants. Tropical C4 plants tend to accumulate large

amounts of low-quality dry matter (Van Soest, 1988). Further more, Van Soest (1988) in his

review noted that C4 plants have fewer mesophyll cells be¡veen vascular bundles than Cj

plants and since mesophyll cells are comparatively unlignifìed and higtrly digestible, their

proportion influences the quality of feed.

9



Anti- nutrifí.o nal fa ct or s

The presence of anti-nutritional factors also produces a source of difference between

temperate and tropical feed plants. For example, it has been reported (ILCA, 1994) that

temperate crops used in animal production have, over the years, been bred to exclude anti-

nutritional factors which proæcted the plants from pests. This selecúon has increased the

need for pesticides while it decreased the amount of anti-nutritional components consumed by

livesrock (ILCA, lgg4). Instances include selection against glucosinolaæs in rapeseed in

order to produce canola and selection against trypsin inhibitors in soya bean. Tropical t'eed

plants have, in general, not been selected based on anti-nutritional components and this means

that resistance to pests remains. It has also been found (Nsahlai et aI, 1994) that lignin and

acid detergent fibre (ADF) contents of forages are highly correlated (r2 = 0-73, p<0.001) with

insoluble rannins (proanthocyanidins). This implies that the high levels of lignin and ADF

reported in leguminous crop residues (McMeniman et a1.,1988; Neijat and Gallagher, 1993)

would suggest high ønnin levels in these roughages-

Anti-nutritive compounds, by being toxic to rumen microbes (Akin, 1982), limit the

degradability of cell walls (Jung, 1985). The principal ett'ects of condensed tannins, tbr

example, are associated with protein digestion although some binding between condensed

tannins and carbohydrates does occur (Waghorn, 1990). However, contrary to the reported

anti-nutritional effects of tannins, some studies have shown beneficial effects (Thomson et aI',

1971; Windham et a1.,I990;Reed, pers. comm.Igg4). Windham et aI. (1990) suggested that

the beneficial effects of anti-nutritional components are due to their ability to protect dietary

protein from microbial degradation in the rumen. However, they recommended tannin levels
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of 1 - 4 Vo of DM./ The implication for nutritional value of anti-nutritional factors of forages

in livestock feed is that they could be used to bind protein from a highly degrading feedstuft',

such as lucerne, flq maktyfunavailable in the rumen ¿ht snmulaty post-ruminal protein

digestion.

2.2.3.2 Environment and management

Factors such as climate and soil, disease and pests, harvesting and storage, and t'eeding

management are reviewed.

Climate and soíl factors

The chemical composition, for example, the crude protein content (CP) of grasses and

legumes is influenced by the environmental conditions under which they are grown (Minson,

1990). Minson (1990) suggested that changes in temperature, water availability or light could

cause seasonal difference DM digestibility. These factors have been discussed in more detail

by Tingxian (1988).

Significant interactions between variety and year (Ørskov, 1983) and between variety and

location (Erickson et al-, 1982) have been observed. But the consistent ranking of varieties

according to the relative digestibility of their straws indicates that the variations are essentially

modifîcations of the genetic potential of the varieties.

Soil t'ertility can have a significant influence on the nutritive value of straws depending on the

influence on their leaf/stem ratios and on the distributions of soluble nutrients between stems
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and leaves. Perry and Oslon (1975) observed that application of N fertilizer to maize and

sorghum.crops increased the N content of the stovers, but reduced the digestibility of maize

stover. The differences in response were associated with the efl'ects on the leaf/stem ratios in

the two crops. Similarly, Kernan et aI. (1984) observed that various levels of N fertilizers

influenced the proportions and digestibility of different botanical tiactions, but not that of the

chaff.

In a review, Akin (19S8) noted that adverse weather and moisture stress tend to increase

lignifrcation of the parenchyma cells and that this is likely to lower straw quality. Erickson er

aI. (L982) observed that the quality of barley straws produced in locations where the grain

yields were low was higher than the quality of straw of the same culúvar produced in

locations where the grain yields were high. They also noted that N content was higher in

straws of malt barley than in straws from grain barley cultivars. They attributed this effect to

the differences in translocation of N between the grain and vegetative parts. One might

therefore expect that onset of drought just before anthesis might interfere with nutrient

translocation for grain filling and result in a better quality straw.

Dísease ønd pests

Damage by disease and pests may make straws unpalatable and/or less digestible. Insect

damage stimulates the release of leucocyanins around the point of injury (Bate-Smith, 1969).

These lower the acceptability of the straw. Defoliation per se may reduce the leaf/stem ratio

and reduce the quality of the straw. However, the relative importance of these effects has not

been widely reported.
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Hørvestíng and storage

The lower internodes and leaves are usually more lignified and less digestible than the upper

internodes and leaves (Pearce et a1.,1988). Capper et al. (1988) observed that combine-

harvested barley straw tended to be more digestible than hand harvested. Thi.s was due to

higher cutting heights in combine harvesting.

Feedíng m.anagernent

In Africa cereal straws are usually grazed in situ. This allows tbr animal selectivity and

consumption of better quality straw. Owen and Aboud (1938) suggested that goats tèd

chopped straw were less selective than those given unchopped straw. Goats tend to utilise

poor quality roughages better than sheep (Alam et al., 1983). Manipulation of these

differences in straw feeding management can improve the value of the straw for ruminant

livestock.

For more details of the physical factors limiting roughage utilisation the reader is referred to

U/"^âo^' nzl
reviews by Balch and Campling (1962), Campling (1970){Van Soest (1982), Forbes (1986)

and Tingxian (1988). There are also animal factors that might limit the extent of digestion of

fibrous residues, and these aspects are discussed in section2-3-

2.2.4 Comparison of legume and cereal crop residues

ln most cereals, stems are produced in a single season's growth. The fibrous elements of

structure are close to the periphery, forming a tube within which lie vascular tissue and
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parenchyma. The epidermal cells may be protected by cutin and silica deposits (O'Brien and

McCully, 1981). The strength of the stem and its resistance to digesúonis thus concentrated

in this hollow cylinder of tignified polysaccharide (Bacon, 1979). In legumes, the outer

tissues of the stem are less resistant, often containing much collenchyma, cells with thickened

but non-lignified walls (Bacon, 1979). The vascular bundles are organised in a way that

permits expansion of the stem cross-section and fîbre cells within them make a major

contribution to strength and rigidity. There are thus signihcant dil-ferences between cereal and

legume straws, sufhcient to explain, for example, why the former provides a very durable,

decay-resistant roofing material.

In a comparative study, Adebowale and Nakashima (1992) reported that low nitrogen

content, high cell wall content and a small proportion of soluble cell contents are

characteristic of cereal straws. On the other hand they reported that legume residues have

higher nitrogen and lower cell wall contents. This is particulary important since an associated

problem of upgrading the nutritive value of crop residues is the low content of nitrogen in

such foods. Although alkali treatment of graminaceous plants has been shown to cause a

marked increase in their digestibility, there was less effect on luceme, suggesting the

possibility that the cell walls of. Graminae and Leguminosae respond difïerently to this

rrearment (Chesson, 19SS). Similar differences were also reported by Harttey (1983), who

showed that treatrnent with alkali followed by cellulase caused more extensive rupture of ester

links between phenolic components and polysaccharides in the cell walls of grasses than those

of legumes.
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Van Soest (1938) reported that legume fibre is superior to cereal hbre because of intrinsic

compositional and structural factors leading to a higher f'eed intake by ruminants. The

intrinsic factors include rate of fermentation and buffering capacity (cation exchange). Cereal

fibre is a better energy source for cellulolytic organisms than legume fibre, but its rate of

fermentation and buffering capacity are lower (Van Soest, 1988). However, if the attributes

of legume straws are to be an advantage to the ruminant, digestibility of dry matter and cell

wall components, and therefore consumption, will need to be improved (Adebowale and

Êrq1"t /.lUlr,,r(rlò
Nakashima" tgg2)./Litild information ís cunently available on leguminous crop residues as

livestock feed. The experiments reported in this thesis were therefore based on an example of

a legume crop residue i.e. pea straw.

2.2.5 Agronomic and nutritional evaluation of peas and pea straw

2.2.5.L Peas - their importance

Peas (Pisu m sativum) are one of the world's most importânt vegetable crops (Hagedorn,

1985). The primary centres of origin of peas are the mountainous regions of south-west Asia,

particularly Afghanistan,India, Transcaucasia (the Asian Centre) and Ethiopia (the Abyssinian

Centre) (Makasheva, 1984). Peas are widely cultivated in the lowland humid tropics of East

Africa. They are a very significant freld crop when being grown fbr harvesting as dry peas-

They are also used as a cover crop, green or dry whole-plant animal food and a green manure

crop. They are one of the most popular components of home gardens. Peas are a good

substituæ for soya bean oilcake in animal feeds (Cousin ¿l al-, 1985).

I
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Until recently, peas were used as a food crop mainly through grain consumption- They are

rich in protein, have a balanced amino acid composition and high digestibility (Makasheva,

1934). In the last few years their signi-ficance as a fodder crop has increased (as concentrate,

green fodder, silage, dry fodder and semi-dried hay). Inclusion of peas in the animal ration

helps to induce fodder consumption (Hogan, pers comm. 1995), increase the animal's

productivity and thereby reducing costs in many circumstances.

Agronomically, the pea is a nitrogen frxing crop whose roots have a high assimilating

capacity; it utilises chemical compounds which are low in solubility and rarely accessible to

cereals from the cultivated soil layer or the deeper layers (Makasheva, 1984). As a preceding

crop, the pea facilitates an increase in the efhciency of utilisation of organic matter by

subsequent crops, as is the case with other legumes (Nttakasheva,l984) and it is widely grown

in rotation with cereals in South Australia.

2.2.5.2 Pea straw

Pea straw is richer in protein, calcium and magnesium than cereal straws, and if properly

harvested it is a useful roughage for ruminant animals (McDonald et al., 1981)" Recent

studies (Valezadeh et a1.,1993) have shown that legume straws have a higher nutritive value

than cereal stfaws. Prospects for using pea straw in livestock f'eed in South Australia were

also reported by Neijat and Gallagher (1993).

Following the introduction in 1978 of an EEC .subsidy on peas (Hebblethwaiæ et al.,1985), a

significant amount of research was focused on peas, emphasising the need for improving

;
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various aspects of the crop, for example its poor standing ability, low yields and yield

instability and soil-borne disease problems. Today, although abundant information is available

on the agronomic aspects of the crop, little information is available on the utilisation of the

crop residues as livestock feed. Hence, pea straw has not gained acceptance as a livestock

feed. This research therefore aimed to assess the feeding value of pea straw for ruminants. It

also evaluated the applicability of some biological measures (section 2.5 and 2.6) n improving

roughage utilisation when a pea straw-based diet is used to feed ruminants.

2.3 THE RUMINANT ANIMAL

The ruminant animal has essentially two ecosystems: the microbial ecosystem within the

rumen and the animal's external environment (Russell and Hespell, 1981). Symbiotic

relationships between ruminants and microbial species in the reticulorumen cont'ers upon these

herbivores an outstanding ability to utilise large amounts of widely occurring plant

carbohydrates (Brooker, 1993). This section reviews nutritional requirements of the ruminant

and the relationship of the ruminant and the rumen micro-organisms with respect to fibrous

crop residue utilisation.

2.3.1 Nutritional requirements

Low voluntary feed intake is a feature of fîbrous crop residues due to slow t-ermentation rate

and low digestibility (Preston, 1982). Overcoming these limitations has been the rationale of

most of the work on physical and chemical processing. However, these approaches must be

ì
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complemented by providing other required nutrients. For example, in the correction of major

nutrient def,rciencies, supplying fermentable nitrogen is obviously of tìrst priority- But

frequently other components of the rumen ecosystem must be put right, so that growth of the

rumen micro-organisms is not constrained by other deficiencies.

It has been proposed (preston and Leng, 1931) that the nutritional requirements of ruminants

are best understood by considering first the need for efficient rumen fermentaúon and then the

complementary needs of the animal as a whole. The suggested (Preston and Leng, 1981)

order of priority was:

i) fermentable energy

ü) fermentable nitrogen

üi) micronutrients (especially S, P and vitamin B)

iv) roughage (for adequate rumen function)

v) by-pass protein

preston and Leng (1987) reported that in animals fed low nitrogen diets, supplementation

with fermentable nitrogen stimulates feed intake. They suggested that amino acids absorbed

from the digestive tract provide essential amino acids for synthesis of tissues and in addition

provide precursors for other compounds required in tissue growth. Although this is the case,

it is important to achieve a protein to energy ratio adequate tbr intended production level'

The importance of by-pass protein for raising animal productivity on fibrous crop residues has

been emphasised by Kempton et aI. (1977). The principal mode of action appears to be

l
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through improvement in feed intake and also in feed utilisation efficiency; this mode has been

related to the glucogenic characteristics of certain amino-acids (Preston, L982). Protein that

is slowly degradable may provide amino acids and pepúdes for microbial growth in addition to

providing bypass protein; leguminous forages can be a source of by-pass protein (Preston and

[.eng, 1987)

2.3,2 Factors influencing nutrient requirements for ruminants

The proportion of the different nutrients required for different productive states can be

approximately quantified. However, within the context of ruminant nutrition it is not

sufficient to consider nutrient requirements in isolation from other animal factors. A number

of animal factors are either directly or indirectly involved in the determination of intake and

digestibility- These are reviewed below.

2.3.2.1 Physiological state

The amount of feed consumed by an individual animal depen{on tàctors such as its age,

weight, and wheth "rryfftnant 
or lactating. Ruminants increase their feed intake in

response to an increase in demand for energy or protein or both (Preston and Leng, 1987).

Voluntary intake of higtrly digestible forages is controlled by metaboüc täctors or is linked to

requirements for maintainance and production. In the case of poorly digestible materials,

however, attention has been focus ed on physical control of intake, particularly distention ot',

and removal from, the reticulo-rumen (Balch and Campling, 1962; Airchison et aI-, 1986)-

However, the amounts and balance of nutrients supplied by low-quality straws are so limiting

that metabolic contributions to the control of intake become important.
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The ability of an animal to perform its physiological functions must be maintained and with

very low protein, high fibre roughages, feed intake can sometimes be improved by supplying

the animal with additional amino acids and minerals (Preston and Leng, 1987). When these

deficiencies have been met, the major control of intake is exerted by the rate of fibre digestion

(Hogan and [,eche, 1983). In their review, Hogan and Leche (1983) reported that t'eed intake

rises with increasing frbre digestion until the animal's tissue have ditfîculty in disposing of

surplus energy, when intake begins to fall. In addition, they reported that with fibrous

residues of relaúvely low nutritive value, disposal of surplus energy should present no

problems unless essential nutrients are limiting at the tissue level-

2.3.2.2 Species of ruminants

Apart from nutritional and environmental constraints, potential f'eed intake is also determined

by the animal's genetic make-up. Research has shown that goats consume more (glkg Wo75

?tol
per day) of a low quality forage diet than do sheep (DomingueO 1991). The rumen pool of all

constituents (butyrate, valerate, pH, NH3-N) was larger for goats than for sheep and this may

help explain the greater voluntary feed intake. The higher rumen NH3 concentration (115 vs

80mg N/l) in goats than sheep is likely to have been a factor in their increased fibre digestion

ùal'
and voluntary intake of straw diet (DomingueÅ 1991). In addition, cattle have a greater ability

than sheep and goats to digest fibre because the rumen retention time of e q ftL - is longer

(McDowell, 1988).
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2.3.3 Rumen Ecology

A number of microbial-related factors have been identified as playing a role in the optimisation

of rumen digestion of straw-based diets, and these are reviewed below.

2.3.3,1 Environmental conditions

The normal rumen environment has a temperature range of between 38 and 42"C; an

oxidation-reductionpotential of-250to-450mv;andpHof 6to7 (McDonald etaI., 1981)'

The type of diet is the largest single factor that can influence the rumen ecology. Mould and

Ørskov (1984) observed that cellulose digestion ', rs - affected below a pH of 6.2 since such

pH values are not conducive to the growth of cellulose digesting bacteria- Concentrate

feeding can reduce pH to less than 6 and consequently alter the species population of bacteria

as well as the protozoa population. The type of diet determines the aggregate composition of

various microbes.

@
The rumen environment) as created by certaiti^ai"t.r"un influence the rate and extent of

digestibility and subsequently intake. While the soluble part of the straw and its potential

degradability are constant attributes of the diet, its degradation rate can be reduced by atr

unfavourable rumen environment with expected consequences of reduced intake and

digestibility.
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2.3.3.2 Micro-organisms involved and importance of microbial interactions

The microbial ecosystem is composed of the three major groups of anaerobic microorganism -

bacteria, fungi and protozoa (Russell and Hespell, 1981; Hungate, 1988)' Many biochemical

linkages between different species of anaerobic bacteria, protozoa and fungi sustain the rumen

microbial community flMolin, 1990). Interspecies cross-feeding of metåbolic products

provides energy sources, vitamins and N compounds required tbr growth of the community's

microbial populations.

Demeyer (19S1) reported that plant tissue particles entering the rumen are colonised within 5

min. by bacteria, within 15 min. by protozoa and within 2hr.by tingal sporangia and rhizoids'

Cellulolytic bacteria have been considered to carry out the major part of fibre digestion in the

rumen (Durand, 1939). Bacteroides succinogenes' a gram-negative rod, and Ruminicoccus

flavefaciens and Ruminicoccus albus, gram-positive cocci, are the most important cellulolytic

specles.

The many interactions between or within rumen microbial populations have been reviewed

(Durand, 1989). Of special importance is the synergism between fibrolytic species and non

fibrolytic species. An efficient degradation of plant cell-wall can only be achieved by the

activities of various populations: hydrolytic, fermentative and methanogenic (Durand, 1989)'

Interspecies transfer of hydrogen to methanogens in order to keep a low partial pressure of

hydrogen in the medium is particularly important for many bacteria species (Durand, 1989)'
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It allows more acetate and thus more energy production during fermentation through the

production of ATP by substraæ-level phosphorylation with decreased amounts of propionate.

An optimised digestion of high straw diet relies on the right balance between the microbial

populations involved. Supplementation with other types of carbohydrates, inadequate nutrient

supply and use of some additives can result in proliferation of organisms at the expense of

fibrolytic species (Mould and Øskov,1984; Durand, 1989).

2.3.3.3 Supply of microbial nutrients

2.3.3.3.1 Supply of fermentøble energy ønd effect of pH

The inclusion of starchy concentrates in mixed diets has long been found to reduce hbre

digestion'(Hoover, 1986). Henning et aI. (L980) observed that the digestibility of cellulose

and hemicellulose declined linearly as the proportion of maize grain (in a diet based on maize

srraw) increased above 7.\Vo. They explained that the reduction of cellulolytic acúvity could

be due to decreases in:

- number of cellulolytic bacteria and./or their growth rates,

- rate of cellulosase synthesis and

- enzyme activity.

In vivo, Mould and Ørskov (1984) clearly demonstrated that a decrease in pH below 6.0 was

involved in the depression of cellulolysis. However, a stimulatory eft'ect of low amounts of

easily degradable carbohydrates (5-10% of the substrates) on cellulolysis has been reported by

Silva and Ørskov (1985).
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2.3.3.3.2 Supply of nifrogen

Most cellulolytic bacteria require ammonia (NH:) as a N source for incorporation into cell

protein. Ammonia is supplied by deamination of feed and endogenous protein amino acids or

by degradation of dietary and endogenous non-protein nitrogen (NPN) such as urea (Durand,

1939). The amount of N required can be related either to the concentration of NH: in the

rumen medium or to the potentially degradable organic matter. l,evels of NH:-N tbr

maximum activities range from 50 to 280 mg N/1, although pure cultures generally require

much lower ammonia concentraúon for growth (Durand, 1989). These wide variations can be

explained by different requirements for growth and fermentative activities and also by the

different pathways of NH¡-N incorporation (Durand, 1989). Ørskov (1982) showed that NH¡

requirement was also influenced by the type of substrate used. For example, he found that

only 20 mg/l of ammonia were required for maximal rate of digestion of alkali treated barley

straw. From a nutritional point of view, values less than 50 mg NH3-N/ i¡dicate N

'(Jlimitation. In view of low quality roughage feeding to sheep, McDonald^(lg81) reported that

although there may have been a deficiency or imbalance of amino acids in the diet, the

microbial protein in the sheep is fairly well balanced in this respect and the amount of amino

acids hnally absorbed may ofæn be sufficient for the animal's needs.

2.3.3.3.3 Mineral supply

The central role of mineral elements in rumen microbe metabolism have recently been

emphasised in reviews by Minson (1990). Although def,rciencies are unlikely to be manil'ested
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in animals at maintenance (Preston and Leng, 1987), an adequate supply of the required

element (e.g. calcium, phosphorus, cobalt, copper' sulphur and sodium) is of parúcular

significance with straw-based feeds as mineral content and/or availability in straw 
"un 

ù" u"ry

low

Any process aimed at making better use of crop residues must, therefbre, take into account

the nutrient requirements both of the mmen microbe and of the host animal'

2.4 UTILISATION OF FIBROUS ROUGHAGES BY RUMINANTS

2.4.1 Introduction

The rate and extent of rumen fermentation have a profound efTèct on the eftìciency of use of

digested nutrients (Van Nevel and Demeyer, 1988). Hence, considerable research efforts

have been devoted to the manipulation of rumen metabolism with the final aim of improving

ruminant producúvity (Ørskov, 1975; Thomas and Rook, 1981; Chalupa, 1984; Van Nevel

and Demeyer, 1988; Hespell, 1990).

In addition to environmental factors and animal factors (as described in section 2-2 and 2'3),

rhe utilisation of fibrous roughage diets may be seriously aftècted by the availability of

essential nutrients and their incorporation in the correct amounts and at the correct time'

atr
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Since the basal diet considered in ttris thesis is a hbre-rich diet, an overview of the categories

of fibre and their nutritonal attributes in ruminant diets are of relevance'

2.4.2 Fibre

2.4.2.1 Categories

Fibre sources available for livestock can be divided into ttrree general categories:

o The first group can be classified as high quatity forages. These are characterised by a high

protein content (for example, lucerne hay) or high moisture content (for example, corn and

grass silage). Intake of these forages is high and they are normally used tbr hnishing livestock

and not for maintainance.

o Medium quality forages include the grass-legume and straight grass hays. They are moderate

in protein content (8-I2Vo), neutral detergent f:frre (<70Vo) and acid detergent fft'f4.(<407o)

(Males et a1.,1931). They are adequate for maintenance of cattle and sheep, for example'

With minimal grain supplementation they are adequate for growth of ruminants'

o The third caægory is the low quality or crop aftermath t'eeds (straw or stover). These

forages are low in protein (<8Vo) and high in neutral detergent fúre (>l\Vo) and acid

detergent T¡frrre (>50%) (Males et al-,1931). Natural straw is characterised by a high content

of structural carbohydrates and low digestibility. However, this category of f'eedstufT

represents a significant potential source of forage for live.stock production if utilisation of

these roughages can be optimised (Anderson, 1978; Schiere and Nell, 1993). As reviewed in
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section 2.2.1, a large proportion of this roughage is available as a by-product from agriculnrral

production. In this review, emphasis is placed on this third category of roughages.

2.4.2.2 Correlation between fibre and digestibility and/or degradability

plant cell wall (fibre) is often used as a negative index of nutritive value in the prediction of

total digestible nutrients (TDN) and net energy, while the amount of tu&.11¿ carbohydrates (an

available and import¿nt nutrient in crop residues) is a positive index (Van Soest, 1988).

Prediction equations such as those described by Minson (1990) assume that higher hbre

content means lower digestibility. Van Soest (19SS) reported that the association between

fibre and digestibitity is strong in temperate forages because of the strong association between

lignin and cellulose in first cuttings in temperate climates- However, he commented that this

association is weak in tropical forages, straws and stovers and that fibre cannot be used to

predict digestibility of these feeds.

Cel1 wall constituents (sum of fibre-bound protein, hemicellulose, cellulose, lignin and lignifìed

nitrogenous compounds) have been reported (Hartley, 1972) to adversely affect voluntary

intake and apparent digestibility of roughages. However, Ford and Elliott (1987) tbund no

relationship between the concentration of any cell-wall constituent and degradability. Van

Soest (1988) also concluded that variability in biodegradability of cell walls is more probably a

result of structural features such as cross-linking between polymers than concentration of any

particular cell-wall constituents.
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2.4,2.3 Nutritional attributes

The influence of fibre in ruminant diets could be summarised in two view points: the slow rate

of fermentation of the fibre per se, which reduces voluntary intake; and the role of the end

products of fibre digestion in relation to the efficiency of energy utilisation. Irrespective of

the fact that high hbre diets fall far short of meeting nutrient requirements such as energy

requirements for maintenance of ruminants, the importance of coarse tìbre for normal rumen

function and metabolism cannot be overlooked. A later study has been reported by Van Soest

(1938) in which he considered this attribute of fibre as a positive dietary factor. Furthermore,

the physical characteristics of fibre (particularly particle size) are also important in regulating

passage, rumination, . .salivation and the pH of the mmen (Van Soest, 1982).

There is also the complementary benefit of one fìbre to another, for example fibre of good

quality has been found to be a better means of improving the utilisation of a low quality hbre

than highly fermentable concentrates. Highfill et aI. (1987) reported that high fibre energy

supplements may provide a means of supplementing low quality forage without incurring the

negative associative effects that occur when low fltbre, highly fermented concentrates are

added to forage diets. In addition, work done by Sæg et al. (1985) has shown that there are

possibilities to manipulate rumen fermentation, feed intake and milk production by

substitgtion of starchy ingredients in concentrate mixtures with f-rbrous ingredients containing

a high proportion of digestible cell walls. However, the ability to predict the etïects of

individual feedstuffs as components of different rations with high precision is still limiæd, in

particular with by-products of high cell-wall content. In consideration of this review,

Experiment Two (Chapter 5) was conducted to assess the intluence of including diff'erent



levels of low-quality roughage as replacement for a high-quality roughage in ruminant diets,

with respect to nutrient digestibilities and nitrogen balance. The experiment was aimed at

emphasising the need to examine crop residues in terms of their contributions to a whole diet.

2.4.3 Factors associated with the utilisation of low-quality roughages

As reviewed in section 2.2, the most widely available low-cost t'eed for ruminants in the

majority of developing countries is crop residues. This available feed resource is thus

primarily a source of potentially fermentable carbohydrates and nitrogen. In such a situation,

the fundamental role played by rumen function in feeding systems is emphasised. Efficient

utilisation of low-quality roughages usually me¿ìns maximising the rate of degradation of cell

wall carbohydrates and this involves a number of factors, which are described below-

2.4.3.1 Rumen fermentation patterns

Several ways of modiffing rumen fermentation patterns have been documented by Van Nevel

and Demeyer (1988). One possibility is an intervention at the dietary level, either by

increasing the digestibility of the structural carbohydrates (crude fîbre) or by protecting

dietary protein against microbial degradation in the mmen. Another intervention is more

directly at microbial level, where fermentation is altered through the action of certain

compounds (micro- or macro- quantities in the ration) on the microbes. In this section,

emphasis is placed on modification of rumen metabolism by altering the

compositiorVproportion of constituents of the ration. Manipulation of rumen environment by

use of dietary compounds, such as biological feed additives, is reviewed in greater detail in
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section 2.5. Finally, pre-treatment of roughages as a mearis to fãcilitate tibre digesúon 1J-

, reviewed in section 2-6.

2,4.3.2 Influence of dietary constituents

In a livestock feeding strategy involving crop residues, otten the issue is seeking the best

means of combining these feeds in optimum proportions which, while being palatable and

attractive to the animals, are also capable of releasing nutrients that are required for both

maintenance and production. The rate and extent of fermentation of cell wall carbohydrates is

of paramount importance when the diet is based on crop residues; because it is the utilisation

of fibre which eventually limits feed intake (Balch and Campling, 1962) and therefore animal

productivity. Hence, it is important to understand the factors that intluence the fermentation

process of hbre in the rumen. Soluble carbohydrates and protein levels have important

influence on the digestion and utilisation of fibre, and these are discussed below.

2.4.3.2.1 Soluble carbohyd,rates

The actual digestion of structural carbohydrates (frbre) is preceded by a lag phase, probably

required for the adhesion of cellulolytic bacteria to the insoluble substrate, tbr which the

development of an extracellular slime layer seems required (Tamminga,1982). Tamminga

(1932) reported that the development of this layer is promoted by the presence of soluble

carbohydrates and that may be the reason why the digestion of structural carbohydrates is

promoted by the presence of small amounts of soluble carbohydrates. On the other hand the

presence of large amounts of soluble carbohydrates often reduces the digestion of structural

carbohydrares (Hennin g et a1.,1980; Hoover, 1986). The high rate of degradation of soluble
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(non-structural) carbohydrates causes an increase in the volatile fatty acid concentrations,

resulting in a decreased pH (Mould and Ørskov, 1984), which in turn inhibits cellulolytic

bacteria (Ørskov, 197 6).

2.4.3.2.2 Proteínlevels

The levels of protein in the diet also seems to influence the digestion of fibre in the fore-

stomachs (Tamminga, 1982). At low protein levelythe amount of protein degradable in the

rumen may become inadequate to sustain maximum microbial activity and growth, and hence

decrease the rate and extent of fibre degradation (Tamminga, 1982).

Many workers, such as Campling et aI. (1962) and Oldham and Smith (1982), have reported

increases in intake of straws and other low-quality roughages when the dietary concentration

of crude protein is raised. Similarly, Garnswortþ (1989), retèning to Lees et al' (1983),

reported that cows offered a diet designed to produce low propionate conditions in the rumen

(high-fibre diets) responded to supplementary protein by increasing fat-corrected milk yield

whilst maintaining the same pattern of live-weight loss as control. ln contrast, cows offered a

diet designed to produce high propionate conditions in the mmen (low-fibre diets) did not

increase fat-corrected milk yield in response to supplementary protein but tended to lose less

live weight. Similarly, Coombe (1981) replaced 0.8 kg rolled barley with 0.8 kg soya-bean

meal to increase the dietary concentration of protein in the diet fiom about 60 to 110 g/kg

DM and meet the RDP requirement of cows fed basal straw diet. However, he tbund that the
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increase in protein content of the supplement did not consistently alter the voluntary intake of

the straws.

In conclusion, although the role of N in achieving maximum intake of straw has been

demonstrated (Campling et al-, 1962), it is importånt that optimal levels of N are found tbr

each circumstance. For example, with fîbre-rich diets a nitrogen concentration of 12-14 g per

kg DM has been found necessary (Lyons et aI., 1970). Bo Gohl (1981) reported a

requirement of 6-8 g N per kg DM to break down the lignocellulose in roughages.

2.4.3.3 Nutrient balance and efficiency of utilisation

As mentioned in section2-2, the nutritive value of straw is generally low- This influences the

micro-organisms in the rumen because of failure to provide rumen micro-organisms with all

their nutrient requirements. This factor, together with the physical form of straw, contributes

to a slow rate of passage through the digestive system and thus a low voluntary intake of

straw (Gatenby, 1986). The rate and extent of cellulose digesúon of low-grade roughages by

ruminants can be increased by providing the rumen micro-organisms with adequate nitrogen

and mineral elements (Crampton, Ig57). The minimum crude protein requirement to break

down the lignocellulose in roughages is claimed to be 3.8-5 7o (Bo Gohl, 1981); however, fèw

straws have protein contents above this range. Hence, on this basis, this section reviews

nutrient balance and efficiency of utilisation in terms oT availability oÌ nutrients and

synchronisation of the available nutrients (especially protein and energy) aimed at effìcient

utilisation
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2.4.3.3.1 Availabilify of essential nutríents

In feeding strategies for ruminants, maintaining the correct supply of nutrients to the rumen

microorganisms in order to achieve maximum efhciency of microbial fermentation is a major

problem. Certain pafameters required for maximum efficiency have been dehned' For

example, a rumen ammonia concentration of 90 mg/l has been suggested (Rogets et aI, 1986)

to be adequate for microbial growth and protein synthesis, a//4"'72 Mehrez et al- (1977)

and Rogers et al. (1936) suggested a rumen ammonia concentration of 235 mgl as the

requirement for maximum fermentation rate. Hence to achieve an optimal rumen environment

for improved intake and digestibility of poor quality roughages, maximal rate of rumen

fermentation can be reached through appropriate feeding strategies such as proper

supplementation (Mehrez et al., 1971; Anderson, 1978). The ability of ruminants to utilise

roughages depends on rumen microbial activity, which in turn depends on an adequate

nutrient supply. Hence, strategic use of supplements is an important aspect of efficient

feeding and management. Ørskov (pers. comm. lgg4) noted several difÏèrent effects that

supplements can have in roughage-based diets. They can:

(i) increase digestibility and intake of basal diets by alleviating deficiencies eg. N and S

(ü) remove limitations due to low numbers of cellulytic bacteria e.g.due to availability of

easily fermentable fibre and

(iii) increase microbial protein production and growth raæ.
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Depending on the nutritional compositions of roughages, a specific kind of supplement can be

û.rrl ,t¡"^rt)
selected to fu|fi]I specific nutrient dehciency (ies). For example, molasset/"un be used to

increase microbial protein production and growth rate.

2.4.3.3.2 Sy n chro nß atin n of øv øílab Ie nutrí¿ nts

Varying responses of fibre-rich diets to varying levels of added nutrients raises the question of

the relative importance of : (1) energy supply, (2) protein concentration in the diet and (3)

nutrient synchronisation.

Very limited data are available from energy balance trials on compound feeds differing widely

in fibre content. The contribution of a feed towards the energy requirement of ruminants

depends not only on the amount of energy it supplies but also on the chemical form of that

energy (Broster et aL.,1981).

Experimenrs by Wesron (1971) and Weston and Hogan (1963) have shown higher digesúbility

of low quality roughages supplemented with higher levels of crude protein- This higher

digestibility is associated with increased levels of rumen volatile fatty acids, which indicates

higher numbers of rumen micro-organisms (Males et al., 1981). However, it has been

reported (Egan, 1936) that a balanced supplement (protein:energy) is more eft'ective in

improving the nutritive value of poor quality roughages than either protein- or starch-rich

supplements. The latter situation agrees with the reports (Crabtree and Williams, 1971;

Chappell and Fontenot, 1968; Coombe et a1.,1985; Highßll, et al., 1987; Durand, 1989) that

starchy supplements reduce feed intake of low quality roughages.

'{t
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Rapidly degradable feedstuffs, such as luceme hay, may release ammonia-nitrogen in the

rumen. When used in a ration consisting of low quality roughages, the released rumen

ammonia-nitrogen may not be efhciently utilised due to the slow rate of fermentation of the

low quality roughage. This focuses on the inability to synchronise accurately the supply of

protein and energy for microbial growth due to the differences in the rates of fermentation of

feed components, which results in inefficient growth and conditions in the rumen which may

inhibit b acterial activity.

Satter and Roffler (19S1) suggested that once ammonia starts to accumulate in the rumen and

exceeds 5 mg NH3-N/100 ml rumen fluid, nothing is gained by futher supplementation with

NPN. Hence, it is important to match protein and energy sources so that the rate of

carbohydrate fermentation is similar to the rate of ammonia release from dietary N maærial.

This strategy of synchronising the release of energy and nitrogen could be achieved through

the manipulation of the levels of different ingredients in a ration.

2.4.3.3.3 Efftcícnt utilísatíon of low quølitl roughøges

Preston (1972) reported that growth rate úcp¿.,(. when beef cattle received more

than 45-50Vo of the diet as roughage. Smith et aI. (1980) related the depressing effect on

growth rate as a result of increasing roughage to the fall in organic matter (OM) digestibitity

as crude fîbre content of the diet rises. However, in another experiment with beef cattle,

Swan and Lamming (1967) found that up to 30Vo of the diet could be replaced by ground

straw without detriment to growth (l.4kglday). The complementary eftect of one ingredient
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(in this situarion, low quality roughage) á a high quatity ingredient in the diet has been

referred to as associative.

This phenomenon of associative effect results in obtaining higher or lower nutritive value of

feed mixtures than that expected from calculations. El-Shazly and Naga (1981) reported that

in many experiments, a by-product of low quality has been included in a complete diet and

resulted in a diet with the same (or even higher) nutritive value. To explain this phenomenon

they referred to an experiment that consisted of a combination of flrst cut berseem and rice

straw (1:1). A higher TDN content for the mixture was observed than for the berseem first

cut alone. In another experiment, they reported a similar increase in TDN content of a diet

composed of rice straw (227o),berseem silage (13%) and a manufactured concentrate mixture

(657o). The TDN content of these materials was 42,60 and 637o, respectively- The TDN of

the whole diet was 69%. This could be partly explained by the protein-energy interactions'

Similarly, Bently et aI. (1951) confirmed that alfalfa hay has been successfully replaced as the

sole roughage in fattening steer rations by ground corn cobs plus a special mineral

supplement. Beeson and Perry Qg52) acknowledged that altälfa meal contains some

nutriúonal factor or factors which aid in balancing a corn cob ration and stimulaæ growth in

cattle beyond the extra energy that would be furnished by altalfa meal alone- In addition'

Alawa (1991) reported that nitrogen cycling in ruminants is important in buffering the

biological efficiency of these animals and may ensure that rumen function is not adversely

affected by low-proæin roughage feeds. For eftìcient utilisation of low quality roughages,

there is therefore an optimum inclusion rate for ingredients in ration tbrmulation-

.'r
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2.5 THE EFFECT OF ADDITION OF YEAST CULTURE ON THE

UTILISATION OF LOW-QUALITY ROUGHAGES BY RUMINANTS

2.5.I INTRODUCTION

The ruminant animal provides a unique example of a symbiotic relationship between a

microbial population and a host animal (Ørskov and Ryle, 1990). In this relationship, the

micro-organisms carry out digestive processes which cannot be initiated by the animal's own

enzyme systems. In return the animal provides a continuous source of food and an

environment in the rumen which is conducive to microbial activity. Although this is the case,

the microbial activities frequently do not provide optimal nutrient patterns for the host animal

(Dawson, 1937). Therefore, it is necessary to alter microbial processes in the rumen in such a

way as to make nutrients available for improved animal production.

A range of feed additives such as ionophores (e.g. monensin) (Williams, 1989; Flint and

Wallace, Igg2), fungi (e.g. yeast) (Glade and Biesik, 1986; Cartwright et aI., 1986; Rose,

1987; Lyon, 1987; Hughes, 1988; Williams, 1989; Flint and Wallace, 1992) and antibiotics

(Flint and Wallace, 1992) have been found to influence microbial processes and hence rumen

fermentation. Recent advances in the use of yeast culture in animal rations have been

dramatic. Though there are a number of reports (referenced in the text) of beneticial

consequences of the inclusion of yeast culture in ruminant diets, there are contradictory ideas

Í
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about the function of yeast. This section provides a review of work done on yeast culture and

related subjects to provide the basis for the experiment reported in chapter 5'

2.5.2 YEAST CULTURE

2.5.2.1 Definition

Among the biological feed additives which improve feed efficiency, live yeast cultures are of

special importance (Ftint and'Wallace, f992). In botanic terms, yeast is a fingus- The

biologicat definition of yeast is that it is a single-celled fungus. The species used in yeast

culture has the botanical name ,S¿ccharomyces cerevisiae. 'faccharomyces" liærally means

"sugar fungus", reflecting the predisposition which the microbe has tbr sugar as nutrient,

while "cerevisiae" indicates that the yeast is associated with beer (Rose, 1937). Yea-Sacc@ is

a fungal additive derived from ,Søccharomyces cerevisiae and is prepared by Alltech,

Kentucky (U.S.A.).

2.5.2.2 Constituents

Structurally, yeast has a thick polysaccharide-containing wall which encloses a protoplasm

that closely resembles that in typical animal and plant cells. Chemically, yeast ts c4to'*of

.a'\,*-t40Vo protein, l57o rrucleic acids QNA and RNA), 257o polysaccharide and l5Vo

lipid; the remainder is accounted for by water-soluble cornpounds such as nucleotides, amino

acids, vitamins and minerals (Dawson, 1987). Yeast protein is generally characterised by is

well balanced amino acid profile with respect to essential amino acids but with a slightly low

content of sulphur-containing amino acids (AI Jassim and Hogan, 1983).
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Yeast culture is a dry product composed of yeast and the media on which it was grown, such

that both the fermentative and reproductive capabilities of the yeast cell are retained' The

yeast culture can be used in pelleted feed concentrate without any negative effect on its

biological activity (Flint and Wallace, 1992). The cells of yeast, including Saccharomyces

cerevisiae, are also believed to remain alive even under the most adverse conditions (Dawson,

1987). In this respect they differ from most other microbes, particularly bacteria'

ln the laboratory and on an industrial scale, a diet of sugar and salt, together with a small

amount of yeast extract or peptone, will ensufe profuse growth of Saccharomyces cerevisiae

(Rose, 1987). The temperature and pH favoured for yeast growth are around 30oC and 4'5

respectively (Rose, 1987). During growth, not only are nutrients removed from the medium'

but the yeast cells also excrete compounds which they overproduce during the growth

process. These compounds include nucleotides, amino acids, growth factors and enzymes

(Rose, 1987).

2.5.2.3 Principtes underlying the mode of action of yeast culture when fed to animals

Gunrher (1989) described the living yeast culture as a biological feed additive retaining a

microbiological spectrum of activity within the digestive tract of productive livestock' Several

properties/factors which are relevant to the way in which yeast culture brings about benefits

when fed in animal rations are discussed in the following section.
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FI.av our e nhancíng propertíes

yeast culture in rations of ruminants is known to make the ration more palatable (Rose, 1987

citing Lyons, 1936). Peppler (1982) reported that several components of yeast cells possess

this flavour-enhancing property, the principal ones being nucleic acids and their breakdown

products, nucleotides, together with glutamic acid, which is made in copious amounts by

Saccharomyces cerevisia¿. Nucleic acids are contained within the yeast cells, but nucleotides

and glutamic acid are released by celts during growth, and so will be present in the dried

medium components of yeast culture (Rose, 1987).

AbíW to mul.fíply rapídly

yeasts, including Saccharomyces cerevisiae, are unusual in their mode of replication. Unlike

animal and plant cells, which simply divide in two, the vast majority of yeasts multiply by

forming buds which, upon maturity, breed-off from the mother cell.

Another important fact which has been established concerning the inclusion of yeast culture in

animal rations is that the yeast in the culture, because it has retained viability during drying, is

still able to multþly when fed, for example in the rumen (Dawson, 1987)' However, because

the pH value of the nrmen is around 6.2 - 6.5 or even above, the rate of yeast multiplication is

much slower than when the yeast microbe is grown in a fermenter at around pH 4.5. The pH

relationship of yeast cells is rather complex. Rose (1987) reported that since the pH value

inside a yeast cell is around 6.5, it can be assumed that the majority of metabolic reactions that

occur in yeast operate optimally at this pH value. However, she commented that the proteins

that occur in or on the outside of the plasma membrane operate best at a pH value near 4'-5'
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The coqgequences of this limited amount of yeast growth at a pH value higher than optimal'

which probably help to explain the observed effects of including yeast culture in animal

rations, are several, and some are discussed below.

Consequences of higher pH value on yeøst

When growing at pH values higher than the optimum value of pH 4.5, yeast cells not only

grow slowly but also excrete chemical compounds such as nucleotides, amino acids and

vitamins, as well as certain lytic enzymes, in more profuse amounts than when grown at the

optimum pH value (Dawson, 1937). These materials would have been used in new cell

formation if the conditions were favourable, hence all of these yeast breakdown products are

available for nutrition of the host animal. In addition they are available tbr consumption by

other microorganisms present in the animal's alimentary tract.

Involvement in hydrogen ion exchange

The influence of yeast culture on hydrogen ion exchange in the rumen inhibits methane build

up and stimulates formation of propionic acid which in turn results in an increase in the

effrciency of fermentation (Gunther, 1989).

Actíon of degrading enzymes

The inclusion of yeast culture in the diets of ruminants has been shown to have a benet-rcial

eft'ect on the population of cellulytic bacteria in the gut (Rose, 1987 ret-erring to Lyons, 1986)'

One possible explanation for this is the consumption of fatty acids released from yeast by the

action of degrading enzymes on the cell lipids S.ose, 1987).
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Absorptíve properties of the yeast cell wall

The wall of the yeast cell has very strong absorptive properties. This had been acknowledged

in a number of areas. For example, it has been estabtshed that, when using silicone antifoams

to control foam in brewery fermentations, the yeast cell wall acts as a reservoir tbr absorptive

removal of silicone antifoam components (Vernon and Rose, 1976)- The ability of the yeast

cell wall to absorb a wide range of compounds suggests that, in the animal gut, live yeast cells

could act as a source of concentrated absorbed nutrients, thereby promoting growth of

intestinal bacteria (Vernon and Rose, I976)-

Promotion of an ønøerobic environment

The presence of living yeast cells in the animal digestive tract, and the increase in their number

following rounds of cell replication, could bring about a decrease in the already low

concentration of oxygen in the gut (Rose, 1987). This oxygen-scavenging role' which

conceivably could accelerate growth of strictly anaerobic bacteria, is ascribed to the extreme

aflrnity which cells of Saccharomyces cerevisiaehave for molecular oxygen (Rose, 1980)'

Stabil¡sing effect

Harrison et aI. (1988) found that animals consuming yeast culture exhibiæd less variable

ammonia concentrations, both in vivo and in vitro. They also found less variation in total

bacteria and cellulolytic bacteria concentrations. Yeast culture has also been reported

(Cartwright et a1.,1986) to act as a pH buffer. læss variation in ammonia concentrations and
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microbial numbers suggests more stable ruminal fermentation in animals fed yeast culture than

in conffol animals (Hanison et a1.,1988).

Flint and Wallace (Igg2)provided the following summary (Figure I) for the possibilities which

have been considered to contribute to the mode of action of yeast culture when used as

supplement in ruminant rations.
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Fig I. A scheme depicting the mode of action of fungal feed additives for ruminants
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2.5.3 ASPECTS OF THE ROLE OF ADDITION OF YEAST CULTURE IN

MANIPULATING RUMINAL FERMENTATION

Before assessing the effect of yeast in the diets of ruminants and other livestock, it is worth

understanding the rumen environment and factors associaæd with the utilisation of roughages-

These have been reviewed in sections 2.3 and2.4-

Growth of microbial populations within the rumen is influenced by a wide range of dietary and

non-dietary factors which are important because of their effect on the rumen environment

(Thomas and Rook, 1981). The wide variation in the chemical composition and physical

structure of ingested substrates affects the relative numbers of the different species of rumen

micro-organisms. In a similar way, the different end-products resulting from microbial

processes also vary in proportion and concentration. The composition of the end-products

produced reflects not only the composition of the substrate fermented but also the metabolic

activity of the rumen microbes (Sutton, 1969).

Recent research has shown that the microbial activities and metabolic processes in the rumen

can be altered to change the availability of nutrients to the host animal and to improve animal

production. As already discussed in section 2.4, fermentation patterns in the rumen are

known to alter with different dietary substrates and feeding patterns. Two important aspects

of rumen fermentation common to all systems are the requirements for efhcient cellulolysis

and for optimum microbial protein synthesis (Williams, 1939). However, the relative

importance of these two processes changes according to the composition of the feed and

hence in relation to the production system.
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A number of strategies has been employed for manipulating rumen function. A range of

ionophores (eg. monensin) and antibiotics has been developed. These two classes of

substances act in a similar way in improving feed conversion eftìciency by their selective eff'ect

on rumen microorganisms (Flint and Wallace, 1992). The manipulation of rumen

microorganisms by genetic engineering æchniques has also been employed to improve rumen

function, with resultant nutritional and animal health benefits. Uses of this technique include

designing more 'robust' fibre-degrading bacteria tolerant to low pH or high oxygen conditions

and re-routing of hydrogen flow to reduce the activities of methane producing bacteria while

stimulating volatile fatty acid formation (Flint and Wallace, 1992)- Other systems have

attempted to decrease the rate of fermentation in the rumen to prevent large accumulations of

acid and to stimulate fibre digestion (Dawson, 1987). For more details of the principles

involved in the genetic engineering techniques, the reader is referred to a review by Brooker

et al. (1990).

Another manipulating agent which is finding increasing favour is the group collectively called

fungal feed additives or fungal probiotics (Hughes, 1988; Flint and Wallace,1992), which are

based on either the yeast Saccharomyces cerevisiae or the tilamentous t\ngus Aspergillus

oryzaelflavus, or on both. In a comparison to genetic engineering, Flint and Wallace (1992)

reported that since the genetics of the present generation of fingal feed additives are much

better known than those of rumen bacteria, they would be better vehicles tbr introducing new

activities into the rumen until the problems of manipulating and establishing modifìed

indigenous species have been overcome.
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A number of researchers have reported positive results tiom the addition of fungal

microorganisms to the rumen environment. Most of these have involved the activity of the

yeast Saccharomyces cerevisíae plus growth medium (yeast culture) (Glade and Biesik, 1986;

Cartwright et aI., 1986; Rose, L987: Dawson, 1987; Wiedmeier et al., 1987; Fallon, 1987;

Dawson, 1988, Williams, 1989; Flint and Wallace, 1992; and Newbold et al., 1991), and the

fungus Aspergillus oryzae (Wiedmeier et a1.,1987; Kellems et al., 1988).

2.5.4 EFFECT OF ADDITION OF YEAST CULTURE TO LIVESTOCK DIETS

There is an increasing amount of evidence that addition of yeast culture in diets can improve

animal production (Table 1).

Table 1. Beneficial effects of the addition of yeast culhrre to livestock feeds

Animals Effects Reference

Beef cattle - Improved feed efhciency and - Dawson (1987)

live weisht galn

Calves - Increased DM, OM, nitrogen
and hbre digestibility
- Increased daily live weight gain

and feed intake

- Fallon (1987).

- Hughes (1988)

Steers - Increased daily DM intake - Beeson and Perry Q952);
Adams et aI. (198I\.

Horses - Facilitaúon of the fermentation
of dietary fibre

- Glade and Biesik (1986)

citine Godbee (1983).

Lambs - Increased feed intake and live
weieht eains

- Ruf et al. (1953)

Others - Increase in dietary DM
dieestibiliw

- Dawson (1987)

Cows - Increased milk yield - Gunther (1989); Huber ¿¡r
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Although a wide range of studies has been conducted as reviewed in Table 1, much of the

data relating to the addition of yeast cultures to ruminant diets relates to effects on dairy

cows. Moreover, these studies have tended to concentrate on milk production responses with

limited accounts of associated changes in live weight-

With respect to milk yield, the efficiency-promoting properties of a live yeast culture of

Saccharomyces cerevisiae have been evaluated in a number of experiments. Gunther (1989)

evaluated the effect of yeast culture on the health and efficiency of dairy cattle. From the

study, supplementation with Yea-Sacc@ (Allæch, Kentucky) resulted in an average of 2-4 kg

more (p<0.05) milk and increased both milk fat (p<0.05) and yield of tàt conected milk

(p<0.01) compared to the control. In addition, protein content increased ftom3-24 to 3-48Vo-

This is of importance particularly in places where the price of milk depends on the protein

content. Huber et al. (1989), using a long-term trial, found that when the diet was

supplemented with live yeast culture [ea-Sacc@), milk yield was increased (p<0.05) by I-2

Ud and fat corrected mitk (FCM) yield was increased (p<0.07) by 0.8 Vd. Williams (1989)

also observed a similar increase in milk yield due to addition of yeast culture in dairy rations.

There has been no evidence of a physiological effect from yeast culture supplementation,

although Alarcon (1988), reviewed by Williams (1989), suggested that a component of

Aspergíllus oryzae may affect thermoregulation of cattle and therefore have a physiological

activity. However, it has been widely demonstrated that the benetìts noted tiom the inclusion
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of yeast cultufe in livestock diets (and in particular those of ruminants, as in this review) are

based on two inter-related patterns: the ruminal fermentation pattern and the digestibility

pattern, which is affected by the former. Both lead to changes in livestock performance.

2.5.4.1 Rumen microbes

This area has been investigated with respect to both the yeast cells themselves and the rumen

habitat (especially the bacteria)

Yeøst orgønísms
æ/"/^L- /"t4 e'l

In his review, Williams (1939) reported that, althou g--r^"j"rinorooi'yrrt cerevisiae - diÁ'

. not maintain a productive population within the rumen ecosystem, 
-Ë 

a¡¿ not mean

1&
that the yeast"¡-not viable in the rumen fluid-

ln an invilro study with yeast supplements, Dawson (1937) used rumen-stimulating fermenter

cultures to evaluate the effect of yeast supplements on the metabolic activities of rumen

microorganisms. Using a fermente, ./ua;:útt.'.Atã : t'escue hay basal ration e*4' 1

rl
e/kC¡9ea-Sacc@ supplement, he showed that the concentration of yeast cells fiom the Yea-

Sacc@ was consistently increased three to six fold-

Rumen organisms

Wiedmeier et aI. (1987), in their work on the effect of yeast culture on ruminal characteristics

and nutrient digestibility, suggested that the use of yeast culture supplement tended to
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increase the percentage of cellulolytic bacæria. Similarly, in the experiment by Hanison et aI-

(1988), higher concentrations of cellulolytic bacteria were found with yeast supplementation-

Although Harrison et at. (1988) were able to show signifîcant (p<0.03) increases in bacteria in

animals receiving yeast culture, they reported the rate of disappearance of cellulo.se in vitro to

be lower in cows receiving yeast.

Dawson (1987) found that the concentrations of anaerobic and cellulolytic bacteria were

consistently greater in fermenters receiving yeast supplement than in fermenters receiving a

yeast-free control ration at slow dilution rates (0.02 turnovers/hour). The difference was

more pronounced in fermenters receiving a hay-based ration than in those f-ermenters

receiving a high concentrate (grain) ration.

The mechanism by which supplements might influence the numbers of bacteria in the

gastrointestinal tract has been explained in a number of ways. Dawson (1987) suggested that

it may be related ro the ability of yeast cells to provide factors which stimulaæ the growth of

certain types of rumen bacteria. Harrison et aI. (19SS) were able to relate the increased

numbers of total anaerobic and cellulolytic bacteria to the lower fîgures of ruminal ammonia

concentration in their experiment in cows fed yeast culture. Ammonia is the preferred source

of N for a large proportion of the ruminal microbial population and incorporation of ammonia

into ruminal bacteria has been demonstrated by Mathison and Milligan (1971). In view of

this, Harris on et aI. (1988) concluded that lower concetrations of ammonia in the rumen of

cows fed yeast culture may reflect increased incorporation of ammonia into microbial protein.
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Gunther (19g9) explained the increase in numbers of total anaerobic and cellulolytic bacteria

with reference to the protein turnover of the microbes. In his work, he fbund that microbial

protein synthesis was stimulated and that more acids of microbial origin tlowed to post-

ruminal digestion. In addition he reported that due to an increase in microbial f-ermentation

rates and metabolism of easily soluble carbohydrates, there was a consequent improvement in

the digestibility of structural carbohydrates and thus of crude f,rbre which led to increased t-eed

consumption, particularly farm-produced basic feed (roughages)' Gunther (1989) suggested

that with yeast supplementation, these slowly metabolisable carbohydrates provide an energy

supply to the microorganisms resulting in greater microbial activity, and hence increased

synthesis of microbial Protein.

2.5.4.2 Digestibility and degradability patterns

It has been observed that yeast supplementation increases dry matter intake by ruminant

animals (Adams et a1.,1981; Fallon and Harte, 1937). In addition, there is evidence that yeast

supplementation increases dry matter, crude protein and hemicellulose digestion (Wiedmeier

et a1.,1987) and increases liquid flow rate (Adams et a1.,1981) in the rumen' Fallon (1987)

found improved dry matter and fibre digestibiliry in Holstein heilèrs tbllowing inclusion of

yeast culture in their diet. Similarly, he found that when included in a horse diet, yeast culture

improved the dry matter and nitrogen digestibility.

In contrast, Williams (1939) found no consistent effect on the digestibilities of organic matter,

gross energy or neutral detergent fibre in his review on a series of ration digestibility

measurements in sheep diets of a concentrate:forage range of 6:4 to 1:9 with or without
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supplements of live yeast culture (Yea-Sacc@),- Similarly, Harrison et aI' (1988) found no

changes in the apparent digestibility of DM when diets were otTèred ad libitum to dairy cows

with or without Diamond V live yeast culture. When microbial cultures were added to

various combinations of diet types, DM digestibility was found to be

influenced by high (Williams et a1.,1991) and low Süeidmeier et aI-, 1987) concentrate to

forage ratios.

In other experiments, there was an unexplained effect of yeast culture supplementation on the

digestibility of ether extracr. LeGender et at. (1957) reported that the addition of live-cell

yeast to a ration of cotton-seed hulls fed to steers had no marked effect on the digesúbility of

nutrients other than ether extract. They found a decrease in the average digestibility of ether

extract; in the roughage diet having yeast it was 81-5%, compared to 86'47o in the control

diet. Other than this, they reported non-significant increases in average digestibility of crude

fibre of 4vo. Theinconsistencies in effects on digestibility are hard to explain.

The effect of microbial cultures on the degradability of forage components has also been

studied. Williams et al. (1991) found that supplementation of basal hay diet with barley

produced a significant (p<0.05) reduction in the degradability of the hay. However, addition

of yeast culture enhanced the l2-hour degradation of hay but had no effect at longer

incubation periods. The effect was most marked when the diet contained both barley and hay'

but the lag time was reduced by the addition of yeast culture with both the hay plus barley

diets. Similarly, Williams (1989) found that the disappearance of hay organic matter fiom

)¿



dacron bags afær 24 h incubation was signifrcantly increased' However, he recommended an

adaptation period of 4 to 5 days on yeast culture supplementation before it would result in

signifîcant improvement in degradability.

2.5.4.3 Rumen fermentation end-products

The effects of yeast on ruminal fermentation patterns have also been studied'

2.5.4.3.1 Rumen PH

pH is a major determinant in ruminal fermentation and can signifrcantly influence digestive

processes in the rumen (Thomas and Rook, 1931). It has been established by Williams ¿r al'

(19g5) that the pH of rumen contents is a major factor influencing voluntary feed intake of

calves. They observed depressed intake due to low pH. Higher pH values (above 6' 1 as

recommended by Mould and Ørskov, 1984) would favour a more active cellulolytic bacteria

population and more complete frbre digestion. Fallon (1937) postulated that yeast culture

(yea-Sacc@) has a positive effect on improving fermentation conditions in a developing

rumen mediated by an increase in PH.

Work done by Dawson (1937) showed that the inclusion of 1.0 g/kg Yea-Sacc@ in diets

added to rumen-simulating fermenter cultures increased pH in the fermenters (given hay-based

diet). This may explain the increased concentrations of cellulolytic bacteria observed in these

fermenters. However, Harrison et al. (1938) found lower ruminal pH in cows fed yeast

culture in a diet containing 40Vo corn silage and 6O7o concentrate. Similar results to the latter

have also been obtained by Dawson and Newman (1987)'
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Fallon (1937) compared diets of barley/soya and corn gluten/barley. Barley/soya had a high

starch content with a capacity to ferment rapidly in the rumen, which could result in a

depression of rumen pH. He concluded that the inclusion of yeast culture in the barldsoya

diet altered rumen fermentation with a resultant increase in rumen pH, which in turn

stimulaæd an increase in DM intake. However, he found that the same effect was not evident

in the corn gluten/barley diet which contained considerably less readily t'ermentable products-

It is possible to conclude from these results that the influence of addition of yeast culture on

rumen pH is dependant on the constituents or type of diet (i.e. tbrage to concentrate ratio).

2.5.4.3.2 Volatile fatty acid composition

Citing Ingledew and Jones (1982), Dawson (1937) reported increased ethanol concentrations

when live yeast cells were added to rumen fluid with glucose as a substrate. In a diet

containing 407o com silage and 60% concentrate, Harrison et al- (1988) found lower

proportions of acetate and higher proportions of propionate in cows receiving yeast. [n the

same experiment, Harrison et at. (1988) found a significant increase in the molar proportion

of total isoacids (isobutyrate plus isovalerate) due to supplementation with yeast culture. Non

significant increases in the relative propionate concentration and decreases in acetate and

butryrate concentrations were reported by Adams et al. (198I)-

tb.pe-
In the experiment conducted by Dawson (1987), mentioned^in sub-section 2.5-4.3-1, additions

of yeast culture to fermenter cultures altered the concentration and composition of the volatile

fatty acid mixture produced by the ruminal microflora in the cultures when hay diet was used'

'i
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The total volatile fatty acid concentration was lowe¡ in fermenters receiving yeast

supplements. Contrary to the finding of Harrison et aI. (1988), Dawson (1987) observed

lower molar proportions of propionate and butyrate and a slightly greater molar proportion of

acetate in fermenters receiving the yeast supplement. Wieldmeir and Arambel (1985) also

reported increased relative concentrations of acetate due to yeast culture supplementâtion as a

result of increased concentration of cellulose-degrading bacteria in the rumen. Fermentation

producing more acetate and less propionate could be expected be associated with increased

fibre digestion (Thomas and Rook, 1981)-

2.5.4.3.3 Rumen ammonia concentration

Dawson (19S7) observed decreased rumen-NH3 concentration in fermenters receiving yeast

supplements. Adams et at. (198I) were unable to show any significant etTect of yeast culture

on rumen fermentation but did show nonsignificant decreases in ammonia concentrations with

yeast supplementation. Decreased ammonia concentration suggests increased incorporation

of nitrogen into microbial protein and a decreased possibility of ammonia intoxication, which

in turn suggest that yeast culture supplements can improve nitrogen retention (Harrison et al',

1988).

2,6 DEGRADATION OF AGRICULTURAL WASTES USING FUNGI

2.6,1 Introduction

Crop waste materials are abundant and contain substantial amounts of cellulose that

potentialty could serve as a carbon source for ruminants. Most of these waste materials have
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special physical and chemical characæristics (as reviewed in section 2.2'4) which make it

difficult to incorporate them in conventional balanced rations.

A wide range of treatments that can produce substantial increases in the digestibility of crop

residues has been described. These treatments include approaches which are physical (Moore

et al.,1912;Ibrahim and Pearce, 1980a), chemical (Sundstol et al-,1917;; Garrett et aI',1919l,

Ben-Ghadali a et a1.,1980; Saadullah et aI., 19S1) and mechanical (Round, 1916)' However,

the possibility of harnessing naturally occuring organisms (biological methods) to degrade

residue has not been fully exploited. Since the use of treatments such as chemicals is

uneconomic, cheaper methods of treatment afe required' Hence' this section reviews

microbiological method of degrading residues'

2,6.2 PLANT CELL WALL IN RELATION TO BIODEGRADABILITY

The structure and components of plant cell walls in relation to biodegradability are reviewed

below

2.6.2.1 Cell wall structure

The cell wall is a complex unit and forms the structural elements of the plant (Tingxian'

19gg). It is probable thar the porosity of lignifred cell walls is insuff,rcient to allow the t'ree

diffusion of cellulolytic and other enzymes (Chesson and Forsberg, 1983)' Observations made

by transmission electron microscopy of plant cell walls undergoing degradation invariably

show degradation to be a localised process occurring only in the outermost layer of the wall in

closest proximity to the attacking organism (Chesson and Forsberg, 1988)'

I
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2.6.2.2 Cell wall comPonents

The principal components of cell walls are cellulose, hemicellulose, lignin'

pectins and minerals. Different types of cells may have walls of different chemical

composition and digestibility (Tingxian, 1988)-

A great deal of attention has been paid to the role of components such as lignin, phenolic

acids, acetyl groups, silica and other minerals, and in addition the nature of bonding between

these components and the specific characteristics of cellulose have also been studied with

respect to cell wall degradability. For example, there is a wide spread agreement as to the

limiting role of lignin on digestibility. Lignin cannot be broken down in the rumen due to the

absence of ligninase, and even if it could be degraded thergit would not be able to provide the

animal with energy (Schiere and Ibrahim, 1989). The presence of tignin and'/or interactions

between lignin and other cell wall components appear to limit the extent of cell wall

breakdown (Minson, 1976; Doyle et a1.,1986). Doyle et al. (1986) reported that lignin is

known to be bonded strongly to hemicellulose (but probably not to cellulose) and the nature

of this bonding has been regarded as a barrier to digestion. Lignin has a close physical and

chemical association with cell wall polysaccharides and acts as a physical barrier to the

microbial breakdown of these compounds (Kirby, 1983). Kirby (1933) reported that the

digestibility of lignocellulosic materials is generally inversely proportional to the lignin

concentration (m ore correctly, the li gnin-cellulo se ratio)'

I
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Another component, silica, is absorbed in soil and metabolised by the plant and plays an

important role in reducing the digestibility of straw (Kirby, 1983). Cell wall silica functions in

a m¿ìnner similar to that of lignin, by adding structural strength. The removal of soluble silica

significantly increased the digestibility of straw in an experiment by Van Soest and Jones

(1e68).

Hence, the utilisation of other nutrients is influenced by the cell wall structure and

composition. These cell wall factors that control feed digestibility and utilisation suggest that

many factors (cell wall copmonents, animal, microbial and feed processing conditions) interact

to determine nutrient availability from feedstuffs'

2.6.2.3 Interface between plant tissue and cellulolytic organisms

Other approaches to cell wall digestion have been directed towards examining the inærtàce

between plant tissue and cellulolyúc organisms. , 6Oittgt on plant cell wall structure

have been examined in relation to digestion by microbial enzymes (McManus, 1983)' The

organisms which digest the cell wall need to adhere to or lie adjacent to the straw particles

before digestion can take place. This adherence or colonisation apparently takes place very

quickly, perhaps within minutes, but there is a pronounced lapse of many hours before

measurable amounts of cell wall disappear, suggesting the need for a build-up in concentration

and types of bacteria and their enzymes before digestion can take place- This leads to the idea

that for efficient utilisation of crop residues it is important to match/synchronise the nutrients

available in the rumen for microbial growth with the initiation of fibre digestion- Achieving

this has been a major concern in efforts to improve the utilisation of roughage based diets'
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2.6.3 Lignocellulose degradation and utilisation

2.6.3.1 Microbiological technique

As mentioned earlier, little research has been directed towards the use of bacæria, fungi or

enzymes in upgrading the nutritive value of fibrous residues, and some reported research has

been inconclusive. læarhewoo d et aI. (1960) and Ralston et al. (1962) studied the effect of

adding enzymes (cellulases, proteases, amylase and pectinase) on the digestibility of low

quality roughages. Similarly, many fungi of the white rot type are known to metabolise lignin'

cellulose and other hbrous components in wood species (Kirk and Moore, 1912) and other

agricultural residues (Latham, I9l9; ZadraziI, 1979; Ibrahim and Pearce, 1980b)' All these

require careful handling techniques. For example, the method for white rot fungi requires

screening and careful selection of the species which selecúvely degrade lignit (Ibrahim and

Pearce, 19S0b). Other factors hindering the application of this æchnique are well described

by Ibrahim (1983). A number of other Ûechniques are also available, such as isolation of

hypercellulolytic mutants, a new cloning stfategy for fllamentous fungi' however with tèw

practical outcomes. These factors have been reviewed in more detail by Chang and Miles

(1e8e).

Another group of fungi, basidiomycetes, convert ligno-cellulose directly into fungal protein

(mushroom) (Ibrahim, 1933). Certain mushrooms are poisonous, but the edible ones are

domestically cultivated on straw and sawdust. This section will consider in more detail the

æchnique of mushrooms culúvation-
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2.6.3.2 Production of edible fungi

The fruiting body of the macrofungi is commonly referred to as a mushroom- The intentional

cultivation of mushrooms for food goes back to about 600 A-D. (Chang and Miles, 1989)'

Since the earliest times of cultivation of Agaricu.ç and Volvariella, agricultural wastes in the

form of manure and straw have provided the basic substrate materials, and for most other

cultivated species the cellulose, hemicellulose and lignin of wood comprise the principal

ingredients of the substrate (Chang and Miles, 1939). Example S I agriculturaL 't'"*C

AÉ straws, seed hulls and corn cobs. Conversion of lignocellulose into fungal biomass is one way

of recycling and human food production (Zadraz[, l9l9)'

The nutritional value of mushrooms for human was for a long time little appreciated. It is

now recognised, however, that they have a relatively high content (30 to 50% on a dry weight

basis) of good qualify protein. It has also been reported that edible mushrooms are a good

source for several vitamins, including thiamine (vitamin B1), ribotlavin (vitamin B2), niacin'

'9'nbiottffi ascorbic acid (vitamin C). Chang and Miles (1989) reported that in Pleurotus spp'

the thiamine content ranges from 1.16 to 4.80mg per 1009 dry weight of mushroom' They

also reported that potassium and phosphorus are the two dominant elements of the mineral

portion. Thus mushroom cultivation, which does not place significant demands on space and

uses primarily wastes as raw materials, could be of great importance tbr developing countries

where the diets of the people are commonly low in protein and vitamins'

It has been recognised that the fungi could have an increased role in the recycling of organtc

waste. A review by Hayes and Lim (1979) indicates that, during mushroom cultivation' the
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mushroom derives most of its nutrients from lignin, cellulose, hemicellulose and proæin' The

attack of microbial flora on the lignocellulosic straw materials includes tunnelling, cavity

formation, fibre release and other types of wall erosion (Chang and Miles, 1989)' However'

little is known about the requirements of fungi for conversion of lignocellulose to feed

material. Zadraztl (lg7g) commented that the most important criterion for this selection is the

changes in digestibility of plant substrates.

For biotechnological conversion of straw into edible fungi for human consumption (Chang

and Hayes, 1973) and the spent straw for animal feed (Hartl ey et al', 1914; Zadrazil' 1977)' ít

will be necessary to select fungi capable of quick straw colonisation, high lignin

decomposition and production of useful nutrients with minimal substrate and energy loss due

to metabolic respiration - such as the Pleurotus mushroom. Doyle et at. (1986) reported that

three strains of edible pleorotus mushrooms (P. ostreatis, P. caius and P. florida) ate

lignolytic and could reduce the [gnin content of rice straw from 6 to 3Vo, but that there was

also a 507o loss in organic matter.

2.6.3,3 Cultivation of Oyster mushroom (Pleurotus sp')

The methods for the cultivation of Pleurotus sp. have been reported in detail by Alicbusan

(1983), Li-Shing-Tar and Jelen (1987) and 'Adelaide Mushrooms' (Pers. comm. 1994)' The

following steps have been reporæd / prescribed:

- Wet the substrate until75 per cent moisture is attained
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- Pack tightly 1 kg substrate in a heat resistant polypropylene bag (15 x 30 cm)- Pull the

upper part of the bag through a 3 cm diameter PVC ring and tightly pull down outward to

hold the ring in place.

- Plug with cotton wool and cover the plug with water resistant paper held in place with a

rubber band.

- Sterilise for 1.5 hours at 20 psi. Cool and inoculate with pure culture of Pleurotus inside an

inoculating chamber.

- Keep the inoculated bag in a 22-25"C room for one month or until the whole substrate is

fully covered with white mould growth.

- Remove the cotton plug and/or make four vertical slits around the bag.

- Harvest the first flush 12-15 days after opening and/or making vertical slits around the bag.

2.6.3.4 The effect of mushroom cultivation on feeding value of straw in livestock diets

2.6.3.4.1 Nutritional attributes

Mushroom production is one of the few proven examples of microbial biotechnology in the

development and upgrading of utilisation of organic wastes (Chang and Miles, 1989). It is

known that growth ability of edible fungi depends on the kinds, composition and treatment of

the substrate (Zadrazrl,, ß19). Through fungal metabolism about 5-207o of straw can be

converted into fruiting bodies (Zadraztl,Ig79). After harvesting the mushrooms, the organic

wastes modified by the mushroom mycelia can make a nutriúous feed for livestock (Chang

and Miles, 1989).
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With accumulation of fungal mycelium in the substrate the quality of the substrate changes.

Zadranl (lg7g) reported that fungal mycelium (Basidiomyceæs) has a similar feed value to

feed yeast, fish meal and other conventional feed components. The production of fruiting

bodies entails an increase in the digestibility of this new biomass. Zadtanl (1979) determined

that fruiting bodies of various fungi are digesæd by rumen micro-organisms. By formation of

fruiting bodies lignin and substrate decomposition rate, and also part of the easily soluble

substances increase. This mixn¡re of substrate + mycelium + fruiting bodies can probably also

be used for monogastric animals (Zadtazil,1979)-

2.6.3.4.2 Digestibility

Chang and Miles (1989) tsed Pleurotus ostreatus, an edible mushroom, to increase the f'eed

value of wheat straw by solid substrate fermentation, and they referred this as a cheap and

simple technology compared with the conventional submerged fèrmentation. They found that

besides the crude protein content being increased, digestibility was upgraded because of the

fungal breakdown of lignin and cellulose. Similarly, work done by Neijat and Gallagher

(Igg4) showed that improvement in nitrogen content in pea straw at'ter t'ungal fermentation

was correlated to an improvement in in vitro digestibility of the straw" Zadranl (1919)

reported that fungi metabolise lignin and liberaæ sugars and low molecular components tiom

the polymers resulting in an increase in its digestibility.

Zadranl (1979) found an increase tn in vitro digestibility from 40 to 80Vo tbr different species

of Basidiomycetes and Ascomycetes when they were tested tbr growth and fructification
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ability on pasteurised cereal straws. He commented that this increase in digestibility depends

on lignin composition.

Generally, there is limited information on the nutritive value of spent straw from mushroom

cultivation in ruminants feeds. Hence Experiment 4 (Chapter 7) was conducted to study the

conversion (solid state fermentation) of pea straw into feed for animal nutrition (substrate +

mycelium mixture).

2.7 REVIEW CONCLUSION

Although crop residues have been acknowledged as potential feed tbr ruminants, there is still

limited information available on the feeding value of some crop residues. A number of

processes have been developed which aim to make better use of crop residues and overcome

inherent inherent factors associated with the low digestibility of low quality roughages.

However, these processes must take into account the nutrient requirements both of the rumen

microbes and of the host animals.

Many studies on fungal (e.g. yeast culture) addition or supplementation to livestock diets have

yietded inconsistent results. This probably reflects differences in the basal diets used, yet the

interaction of dietary ingredients and supplements such as yeast culture is not clearly

understood. An altemative to fungal supplementation reviewed in the literature is tungal pre-

treatment, for example mushroom cultivation on straw. However there is little information on
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either the nutritive value of spent straw from mushroom cultivation for ruminants or its

acceptability by them. Based on the background presented in this literature review,

experiments for this thesis were conducted to assess the nutritive value of pea straw for

ruminants and to evaluate biological methods of improving straw utilisation when pea straw is

used as a basal diet.
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SAMPLING AND CHEMICAL ANALYTICAL METHODS

This chapter focus on sampling and chemical anatytical methods which are common to all

experiments. Individual procedures of experiments are described under their respective

headings.

3.1 ANIMALS AND HOUSING

In all experiments involving metabolism studiesrnon f,rstulated wethers were used. The

sheep were first introduced to an adaptation period of 10 days during which they were

placed in separaûe pens (Plate 1). For metabolism studies, the animals were then

transferred for 7 days to metabolism crates with metal mesh floors to allow passage of

urine (Plate 2).

3.2 METABOLISM STUDIES

3.2.L Feeds and feeding

The pea straw used in the experiments consisted mainly of the stem and empty pods with

few leaves (Ptate 3). The pea straw was chopped using a forage chopper. This was aimed

to prevent selection and improve intake. The straw was supplemented with luceme chaff'

oaten grain and common salt. Molasses was added to prevent dusting. The ingredients

were mixed by hand before feeding. In experiments with yeast, the yeast culture was

sprinkled on the mixed feed before being offered to the sheep.
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The proportions of mix of these ingredients were calculated using the "Take-Away"

computer package. The protein and energy contents supplied by the diet are shown in

Appendix I. This was the standard diet for most of the experiments. Feeding was done

nvice daily, at 07.30 hr and 16.30 hr. Water was made available at all times'

3.2.2 Samplecollection

3.2.2.1 Feeds

Feed samples for analysis were sub-sampled daily during the collection period for 7 days'

Samples were then dried in an air forced oven at 80oC for 24 hours and subsequently

ground through lmm sieve. Feed samples were stored in plastic containers until required

for chemical analysis.

3.2.2.2 Faeces

During the collection periodreach sheep was fitæd with faecal harness to collect faeces

(Plate 2). Faeces was collected before offering the morning f'eed. 10 percent of the total

faeces were sampled on daily basis and pooled together on animal basis' Samples were

then dried in an air forced oven at 80oC for 24 hours and subsequently ground through 1

mm sieve. Faeces were stored in plastic containers pending analysis.
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3.2.2.3 Urine

Except for experiment three (Part B), urine was collectd in plastic containers and stored

with 30 ml, 10 Vo hydrochloric acid to prevent N loss. 10 percent of the total collection

was taken each day, pooled together on animal basis and stored in a freezer until required-

3.3 CHEMICAL COMPOSITION OF FEEDS AND FAECES

The dry matter (DM), organic matter (OM), 4sh, nitrogen (N), acid detergent fibre

(ADF), neutfal detergent fibre (NDF), acid detergent lignin (ADL), cellulose,

hemicellulose, and gross energy of feeds and faeces were determined.

3.4 ANALYTICAL PROCEDURES

3.4.1 Samplepreparation

Solid samples were stored ready for analyses, ie. ground to pass through a I mm mesh size

sieve. Liquid samples were allowed to thaw at room temperature.

3.4.2 Dry matter (DM), organic matter (OM) and a-sh

As described by AOAC (1990), the DM content was determined by placing samples in an

oven at 105oC overnight. These samples were then ignited at 500oC to remove organic

material and the ash recovered. OM was calculated by ditl'erence.
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3.4.3 Acid detergen fibre (ADF) and neutral detergent fibre (NDF)

ADF and NDF were determined following the method described by Goering and Van

Soest (1970) as cited by Faichney and White (1983). For NDF, neutral detergent solution

(100 ml) was added to 0.5 - 1 gm sample placed in a beaker and refluxed for 60 minutes.

This was then fîltered using sintered glass crucibles (porosity 2) on a filter manifold.

Residues in crucibles were then washed with warm water. The residues were then dried in

oven overnight at 105oC, cooled and weighred and later ashed to determine the NDF.

ADF was determined by refluxing 0.5 - 1 gm sample in 100 ml acid detergent solution for

t hour. Digested samples were subsequently filtered through sintered glass crucibles,

washed throughly with hot distilled water, dried at 105'C overnight and weighed for ADF.

3.4.4 Acid detergent lignin (ADL) and cellulose

ADL and cellulose were determined on the ADF residues (obtained from above). The

ADF residues in crucibles were treated with7z percent HzSO¿ and stirred hourly. More

acid was added when necessary and after three hours it was filtered off.

Crucibles with residues were dried at 105"C overnight and then samples ignited in a muftle

furnace at 500'C and weighed again for lignin determination.

3.4.5 Hemicellulose

Hemicellulose was estimated by difference between NDF and ADF'values obtained.
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3.4.6 Gross energy

A bomb calorimeter (Gallenkamp, U.K.) was used to measure the amount of heat released

when the material (either feed or faeces) were completely oxidised using 25 atmospheres of

oxygen.

3.4.7 In rilro digestibility of DM and OM

Fermentation was conducted in, 100 ml centrifuge tubes (in triplicaæs); 0.5 g sample, 50 ntl

media (artificial saliva and rumen fluid) were used. Carbon dioxide (COz) gas was bubbling

through the media. Immediaæly afær adding the media into the tubes, COz w¿ls passed into

the tube to sweep remaining air out of the tubes and then were quickly stoppered. The tubes

were maintained in water bath at 39 "C. After 48 hrs of incubation, 1 ml of IOVo and 5 ml of

2\Vo{:ydrochloric acid was added to each tube followed by 2 ml of 57o pepsin. After another

48 hrs of incubation the content of the tubes were quantitatively transfered to a dried sintered

glass crucibles by washing the tubes and residues with warm distilled water. The residues

were then dried at 105 oC overnight and later ignited at 500 oC to determine digestibility of

both the DM and OM. This procedure follows the two-stage æchnique described by T¡,[ey

and Terry (1963)
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EXPERIMENT ONE

COMPARISON OF CROP RE,SIDUES FOR RUMINANT FEED

4,I SUMMARY

A comparison of crop residues (peas , oats, wheat, barley and ftiticale stubbles), based on

their chemical composition, was conducted to evaluate their potential value in ruminant

feeding. Among the cereal stubbles, there was no significant dffirence in their nitrogen

Ievel. Although oat and triticale contained lower acid detergent fibre (ADF) levels than

wheat and barley, ffiticale mny be usefut for ruminanî feeding because it contained

significanþ (p<0.001) Iower acid detergent lignin (ADL) tevel' In addition' triticale was

found to contain higher levels of neutral detergent fibre (NDF) and hemicellulose than any

of the other cereals. Although pea stubble contained significantty (p<0'001) lower NDF

At"tL
and hemiceltulose4-nigher ADF and ADL than any of the cereals analysed implying l'ower

digestible energy, the relatively higher level of nitrogen observed in pea stubble suSSest

that when supplemented for energy and.lor if its digestibility is improved, pea stubble could

be utilised as a valuable feed component for ruminants'

4.2 INTRODUCTION

The major limitations to the utilisation of fibrous crop residues as a feedstutï for ruminant

animals is associated with their low digestibility, low intake and low content of essential

nutrients such as nitrogen and minerals. The availability of energy in forages is dependent

on the dry matter digestibility (DMD) (Minson, 1990). The DMD of tbrages YarV with the
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proportion of cell wall constituents especially, acid detergent fibre (ADF) and acid detergent

lignin (ADL).

l,eguminous and graminaceous forages differ in microanatomy (Mowat et al., L969)- The

inherent characteristics of cell walls, such as percentage of lignification, amount of vascular

tissue and cortex (Nakashim a et a1.,1991) affect digestibility by microorganisms (Akin and

Burdick, Ig75)- Chemical composition of roughages, on the other hand, could be related to

digestibility and/or degradation characteristics. However, correlations between chemical

constituents and degradability of cowpea husk and graminaceous roughages conducted by

Adebowale and Nakashim a (1992) showed that NDF and DM degradability; silica and DM

degradabilityr hemicellulose and cell wall degradability of the former were positively

conelated. In contrasf they were negatively correlated for the graminaceous roughages.

In this experiment the chemical composition of roughages (a legume and cereals) was

d-L¿,rrr;/- as a preliminary study to support digestibility and degradability studies conducted

thereafter. As the pea crop seems to be poæntially very useful in many parts of the world, it

was decided in this research to study the chemistry of the stubble. The objective of this

study was:

. to compate the chemical composition of pea stubble to several cereal stubbles and

relate this to the potential of pea stubble as a ruminant feed, and

. to understand various chemical analyses of feedstuftì to be able to understand the

concept of chemical analysis of feedstuffs.
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4.3 MATERIALS AND METHODS

4.3.1 Stubble samples

Stubble samples of a legume (pea) and four cereals (oats, wheat, barley and triticale) were

obtained from a grazed paddock in Adelaide Plains in summer 1992- The samples were

dried at 80"C in a forced air drier, ground through a 0.5 mm screen and stored for further

analysis.

4.3.2 Chemical analysis

Sub-samples of the five stubbles were analysed for laboratory dry matter (DM), total

nitrogen (N) and nitrogen bound to fibre (NDF-N) according to AOAC (1990)' Neutral

detergent fibre (NDF), acid detergent frbre (ADF) and acid detergent lignin (ADL) were

determined according to Goering and Van Soest (1970) as described by Faichney and White

(1983). Hemicellulose and cellulose were then determined by ditïerence. All analyses were

conducted in duplicates.

'¡
il
rt
I

I

l

15



Ìl

4.3.3 Statisticalanalysis

The experiment was set in a complete randomised design as described by Mead and Curnow

(1983). Data collected were analysed through the analysis of variance æchnique and mea¡t

values compared by the least signifrcant difference (LSD).

4.4 RESULTS

The chemical composition of the stubbles is given in Table 2. Wittr the exception of

cellulose, chemical constituents varied signifrcantly among stubbles. The NDF and

hemicellulose of the legume (pea stubble) was significantly lower than any of the cereal

stubbles (p<0.001, p<0.01, respectively). The nitrogen content (g/kg DM) of pea stubble

(10.0) was far in excess of the levels in the four cereal stubbles which ranged from 3-7 to

4.8, within which there was no significance difference. There was no significant (p>0.05)

difference in the amount of nitrogen bound to fibre (NDF-N) among the stubbles-
,l
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Table 2. Chemical analysis of stubbles harvested from the Adelaide Plains
(South Australia)

Chemical
composition

Srubbles

Pea Oat Wheat BarleY Triticale

(glke DM) s.e.d Signilicance

DM
N
NDF
ADF
ADL
Hemicellulose
Cellulose
NDF-N

92t.2
10.00

764.3'
698.0'
64.2"
663d
633.8
0.64

9r7.4
4.0b

946.2b

611.0"
24.9d

235.2b

586.2
0.r7

916.1
3.lb

962.7"
639.5b
29.3'
223.2b

610.2
0.16

919.1
4.2b

9443b
636.5b

3g.lb
201.8"
598.4
0.21

924.0
4.gb

962.5^
607.5'
g.g"

255.0"
598.7
0.19

0.79
2.78
15.62
2.52
16.44

***
***

¡1.

+*,1.

***
NS
NS0.13

Significance levels: +**, (p<0.001); *, (p<0.05); NS, not significant (p>0.05)

Within each chemical component, values associated with the same letter are not signifìcantly

different.

4.5 DISCUSSION

Among the cereal stubbles, oat and triticale contained lower ADF levels than wheat and

barley however, triticale may be useful for ruminant feeding because it contained

signihcantly (p<0.001) lower ADL. Pea stubble contained significantly (p<0.001) higher

Ievels of nitrogen than the cereal stubbles. This is particularly important since an associated

problem of upgrading the nutritive value of crop residues is the low nitrogen content of such

feed resources. Lower NDF and hemicellulose; higher ADF and ADL and higher nitrogen

contents observed for legume in contrast to those of the cereal roughages, are in close

I
I
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agreement with other workers (Van Soest, L964; Wainman and Dewey, 1985; Adebowale

and Nakashima, 1992).

It can be concluded from this study that the prediction of digestible energy fiom the study of

the chemical constituent of pea stubble would reflect that the signifrcantly (p<0.001) higher

cell wall marerial (693.0 and 64.2 /kg DM of ADF and ADL, respectively) of pea stubble

than any of the other stubbles analysed may i-ply lower digestible energy. However' in

previous studies, Wainman and Dewey (1935) found that ME value of pea straw was 6'7

MJ/kg DM showing pea straw to be slightly superior as energy source to eight cereal straws

analysed which ranged from 5.4 to 6.6 MJ/kg DM with a mean of 6'0 MJlkg DM' In

account of this and considering the high nitrogen content, pea straw may be regarded as

being slightly superior to most untreated cereal stubbles, hence a uset-ul feedstuff tbr

livestock.

4.6 CONCLUSION

The relatively higher level of nitrogen content (10.0 glkg DM) observed in pea stubble in

this report and similar levels in a previous study flMainman and Dewey, 1985) suggests that,

when supplemented for energy - -.--z Pea straw could be

utilised as a valuable feed component for ruminants.
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EXPERIMENT TWO

EF'FECT OF DIETS CONTAINING DTFFERENT RATIOS OF PEA

STRAW:LUCERNE HAY ON NUTRIENT DIGESTIBILITY AND

UTTLISATION TN AUSTRALIAN MERINO WETHERS

5.1 SUMMARY

The effect of replacing legume roughage of good quality (lucerne hay) with poor quality

(pea straw) on N balance and nutrient (DM, OM, N, ADF and energy) digestibilities were

studied in six mnture Australian Merino wethers weighing 57-9 (+0.70 SEM) kg- The sheep

were randomly alloftd tu three groups, in a cross-over experiment, given three different

diets- The diets contained low, intermediate and high proportions of coarsely chopped pea

straw mnking up zi[¡Ð, 40[@ or 557o (C), respectively, of the total ration composition

and substituting for lucerne hay. AII diets contained 30Vo oaten grain, l1ml rutlasses and

27o of common salt (NaCI).

Digestibitiry of DM and OM deøeased significantly (p<0.01) with. the increasing levels of

fibre. Diet A had significantþ (p<0.01) higher DM and OM digestibiliry than diets B and

C. There were no significant dffirence in the digestibilities of ADF (rtbre) and energy

atnùng the diets.
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Nitrogen digestibility was signfficantþ related to level of fibre intake (r=0'76' p<0'001)'

Nitrogen digestibiliry deueased significantly (p<0.001) with increasing levels of fibre-

Nitrogen retention (g/d) was significantþ (p<0.001) higher in animnls fed diet A and B

than those given diet C. However, nitrogen retention (S/kS N intake) was significantþ

(p<0.001) improved by I37o in sheep fed diet B than A, resulting in improved N retention

in sheep fed diet B.

5.2 INTRODUCTION

Manipulation of diet, through the selection of feed constituents and the control of their

relative proportions, is a traditional part of animal managemenl Knowledge on the

interactions between nutrients and their effect on feed utilisation is tär from complete yet

there is considerable variaúon in the seasonality of feed supply and the interaction between

animals and their feed supply. Evidence on the quantitative importance of this variation is

extensive and a variety of attempts have been made, by dietary means to regulate

fermentation within the rumen with a view of improving animal performance. Yet, it has

been reporred (McDon a1d et aI., I98l) that the digestibility of food is influenced not only by

its own composiúon, but also by the composition of other foods consumed with it-

With the abundant low quality forages available in developing countries, grsater emphasis

had been taken in this paper to achieve their efficient utilisation through improved feeding

management. In view of this, this experiment was conducted to assess the intluence of pea

straw replacing lucerne hay in diets of Australian Merino wethers. It was also conducted to
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determine whether differences in the digestibility of the two constituents (lucerne hay and

pea straw) of the diets mixed in different proportions would alter the N balance and

digestibility of nuffients in sheep.

In addition to identifying the effect of different levels of pea straw in lucerne (green forage)

based diets as would be relevant to many Australian situations, the study was also aimed to

provide a basis for achieving optimum economic use of luceme hay. The later situation has

been of major concem in developing countries because, though the nutritive value of lucerne

hay and its role in modern feeding systems has long been estabilished, data concerning the

optimum feeding level of this product in residue-based rations fbr ruminants is limited.

5.3 MATERIALS AND METHODS

5.3.1 Animals and housing

Six mature Ausnalian Merino wethers weighing 57 9(=0]0 SEM) kg were randomly

allocated to 3 groups of 2 for use in a cross over experiments with three periods' Just prior

to the experiment, the wethers were shorn and treated for internal and external parasites.

The animals were housed in metabolism crates designed for separate collection of faeces and

urine. A metabolism trial of 7-day collecúon was conducted at-ter a 10-day pre-collection

(adaptation) period.



5.3.2 Feeds and feeding management

Three diets (A,B and c) containing equal amount of oaten grain but varying in percentages

of lucerne and pea straw were formulaæd and fed to Merino sheep. The formulations and

chemical composition of the three diets are given in Table 3a. The three diets were off'ered

ar 1000gd (approximately 1.57o of W) in two equal portions at 0800 and 1700 hours. The

sheep ate all the feed supplied and no residues were left. Water was available continuosly

throughout the experiment. The chemical compositions of pea straw and lucerne hay used in

the diets are given in Table 3b.

Table 3a. percent constituent and chemical composition'of the diets containing 25:45

(A), 40:30 (B) and 55:15 (C) pea straw:lucerne hay

Diet

Description CBA

Constituents (%)
Pea straw
Lucerne hay
Oaten grain

Chemical composition
Dry matter (g/t<g)

(elke DM)

Organic matter
Niuogen
Acid detergent fibre

25

45

30

943.8+3.721

878.316.35
23.5ú.2r
301.6ú;74

94I.4+2.82

373.!+4.63
19.8r0.06

344.6¡4.37

55

15

30

940.2t3.34

876.6+4.26
15.910.18

379.0t0.38

40
30
30

UDM basis, except DM
lvalue+SEM
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Table 3b. Chemical composition (gt<g DM) and ín vifro digestibility (Vo) of pea straw

and lucerne hay (DM basis, except DM)

Description Pea straw Luceme hay

Chemical composition
Dry matter
Organic matter
Nitrogen
Acid deærgent flbre
Acid detergent lignin

Ír virro digestibilitv
Dry matter

932.r
863.2
9.9

564.8
96.4

930.1
853.2
2r.8

362.9
66.1

64.243.3

5.3.3 Sample collection

Faecal and urine collections were conducted as described under sections 3.2.2.2 and 3'2'2'3

respectively.

5.3.4 Chemical analysis

Samples of feed and faeces were analysed for DM, OM, Kjeldahl N, and GE (AOAC' 1990)'

These samples were also analysed for ADF by the detergent procedure of Goering and Van

Soest (1970) as cited by Faichney and White (1983)-
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5.3.5. Statistical analysis

Data were evaluated by analysis of va¡iance for a complete randomised designs; where F

values are significant, differences between means were identifîed by the l,east Significant

difference (LSD) method (Mead and Curnow, 1983).

5.4 RESULTS

5.4.1 Dietary constituents and chemical composition

Although pea straw contained less than half the amount of nitrogen present in lucerne hay

and a higher ADL content than lucerne hay (96.4 vs 66.7 g/kg DM), its in vitro DM

digestibility w as 7 0% that of lucerne hay (43.3 v s 64.2 7o, tespoctívely) -

5.4.2 Nutrient digestibilities
?l(clr7a/L/72 t2'- 4z24a4og a€-ò tlþ t/@' ¡zrQ)oen ¿- fuz)c'
DM and OM digestibilities were significantly (p<0.01) higher in group A than B or C'

However, there was no significant difference in the digestibility of ADF among the dift'erent

groups of varying pea straw:lucerne hay proportions. Energy digestibility was also not

affecæd.
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Table 3c. Mean intake and digestibility of nutrients of the diets containing 25:45 (A)'

40:30 (B) and 55:15 (C) pea straw:lucerne hay in Australian Merino sheep (n=6)

Description Diet Significance

A CB

Intake
DM (g/d)

lgltcg wo'75/a¡

oM (s/d)
ADF (s/d)
cE (MJ/d)

849.0+1.731
40.2+0.23

745.8+6.22
261.1=1.3I
13.0$.06

844.9+2.0'7
40.3t0.30

742.6¡5.91
29I.1+1.74
13.3t0.08

855.9t1.51
40.6È0.30
750.3¡5.20
324.4x.1.4\
12.610.05

t)-L
58.9+1.44b s b

51.8+1.57b s t
46.2+2.27
61.2¡4.63 2'+

3.o

Disestibiliw (7o)

DM
OM
ADF

64.5+O.80^
57.3l0.61"
45.9+2.19
63.6+4.22

9o

59.9+I.llb
53.0t1.02b
43.5+I.57
62.2t5.33

ßL

**
*.*

NS
NSEnergy

C.atc-lfic7

oUâ ; ¿aà ;ñt4- sa¿.

higher levei of urinary N was excreted in sheep fed diet A than diet

B and C (pea straw:lucerne hay ratio of 25:45,40:30 and 55:15 respectively). There was no

significant difference in N voided in faeces among the dietq'

lvalues+SEM. Means compared by t-test, (LSDoos)

Significance levels: **, (p<0.01); NS, Not significant (p>0'05)
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Table 3d. Nitrogen (N) utitisation in Australian Merino wethers fed diets containing
25245 (A), 40:30 (B) and 55:15 (C) pea straw:lucerne hay (n=6)

Description Diet Signitìcance

A CB

N-value
Intake (g/d)

Voided (g/d)
in urine
in faeces

Balance
(e/d)
(glkg N intake)

g.3d).83"

4.6ú.7 r

6.0+().17"
304.8+8.77b

6.2ú32b
4.7 ú.47

5.8¡0.47"
344.0+28.I7"

64.3+1.33b
rr.4

5.6ú.25b
4.5a().51

3.5+0.5lb
258.3+37.56"

51.6+3.32"
lrl,q

19.9+0.271 16.7ú.12 13.610.09 ***

***
NS

***
*r{.*

***App.Ndigestibility(7o) 1f:50=t.tl"

R-C
ß'q
to.o

lvalues+SEM. Means compared by t-test, (LSDoos)

Signifîcance level: ***, (p<0.001); NS, not significance (p>0.05)

Apparenr N digesúbility decreased (p<0.001) with increasing pea straw levels in the diets

but no differences in N balance (gd) occurred between diet A and B. Nitrogen balance,

expressed in relatiofN intake was greatest (p<0.001) in sheep fed40% pea straw :30Vo

lucerne hay (diet B) than either diet A or C. Diet C retained less (p<0.001) N than the rest,

il-"1-!t -rz-however was also positive.

^
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5.5 DISCUSSION

The higher cell wall matorials ADF (56.5 vs 36.3Vo) and ADL (9.6 vs 6.1Vo) and lower

nitrogen level (0.99 vs 2.l8Zo) in pea straw than luceme hay classifies the former as a low

quality roughage. Feeding strategies aimed to utilise benefits from total mixed rations could

assist in maintaining rumen stability because fermentation patterns in the rumen alter with

different dietary substrates. The results from this experiment aimed to reveal the attributes

of a low and high quality roughage mixed in different proportion in sheep diets'

The negative associative effects of nonstructural carbohydrates on fibre digestibility are well

documenred (Highfilt et a1.,1987). In a number of experiments (Chappell and Fontenot'

1968; Coombe et a1.,1985; Durand, 1989) little effect on cellulose digestion was observed

when the starch content of the diet comprised 357o or less of the DM. In the presont

experiment starch would have contributed less than 20Vo of the DM intake of the diets

(Starch content of South Australian barley was found to be 58.97o (Bartsch and Valentine,

1936) and that for oats would probably in that range)-

Work done by LaUghem and Young (1979), on lambs fed diets containing 55Vo cotn "ofr*
^

1.2 times maintenance and with dietary CP levels ranging from 8 to lTVo with soya bean

meal, showed that apparent N digestibility and urinary N excretion increased with increasing

N intake, but no differences in N retention occurred. Corn cobs are low in energy and

apparently 8Vo dietary CP is adequate to maximise N retention (lMillms et al-, 1991).
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However, Veira et at. (1980) reported increased N retention with incremental increases in

Cp (9.9 to I6.2Vo) in calves fed high concenrrare diets. Willms et aI. (1991) explained the

differences in N reæntion to be due to dietary energy concentration and (or) intake- In this

experimenr despite higher (p<0.001) apparent N digestibility in wethers fed diet A, sheep tèd

diet B retained l37o more (p<0.001) N when N retention was expressed as glkg N intake'

The improvement in N retention and hence efficient N utilisation with diet B (40Vo pea

straw: 30% lucerne hay) could be attributable to a number of tàctors:-

The proteín:energy bølnnce of the ilíet

Lucerne contains a large amount of soluble nitrogen relative to readily fermentable

carbohydrate (Egan, 1935). In addition, Nelson et aI- (1985) reported that lucerne protein is

similar in degradability in the rumen to soyabean meal, which is 60 to 80% ruminally

degraded. Hence, lucerne hay degrades rapidly releasing ammonia nitrogen in the rumen'

Since bacterial growth is generally limited by the availability of energy, ammonia in excess of

their requirements cannot be utilised by them (Ørskov, 1987). In this experiment, this is

reflected in the increased urinary N excretion in group A (high protein content) probably the

result of intestinal absorption of amino acids in excess of tissue requirments and (or)

ammonia absorbed across the rumen wall in excess of microbial utilisation. In diet A,

lucerne hay probably supplied suff,rcient rumen degradable protein so that the digestible

energy content of the diet was the first limiting nutrient.
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Faichney (pers. comm. l9g4) mentioned that cellulose 1* a similar energy value 76-

srarch. Although low in ME (6.7 MJ/rg DM, Wainman and Dewey, 1985), addition of pea

straw in the diet could contribute to balancing the proæin:energy proportion while

promoting its utilisation. This idea has well been supported by conclusion made by Grigsby

et at. (1993) in which they noted that formulating energy supplements with low levels of

starch and adding additional energy as fibrous feedstuffs such as soyabean hulls may reduce

the negative effect of starch on forage utilisation.

Associntíve effict

In low-protein (less than 7Oglkg crude protein) forage-based diets, the supplementary effect

of legume addition has been attributed to the legume overcoming a N defrciency in the

forage (Mc1-eod and Minson, 1969 ciæd by Brandt and Klopfenstein, 1986) by providing

mminally degradable protein (Brandt and Klopfenstein, 1936). This has been referred to as

an associated advantage (Ramalho Ribeiro, 1989; Ash, 1990; Brown et al., 1991)' In this

experiment, the high crude protein level in lucerne hay (135.9 glkg DM) does supplement

the low protein content present in the pea straw (62.2 glkg DM). In addition, it has been

found (Van Soest, 1982) that coarse fibre is required for normal rumen function and

metabolism and is a positive dietary factor. Animals fed diet B were more efficient in

utilising N, this implies that there is an optimum inclusion rate of ingredients for effrcient

nurrienr utilisation. This agrees with work done by Hunt ¿/ ¿l (1988) in which they showed

that in a wheat straw diet, optimum rumen fermentation occured when 2509 lucerne hay per

kg was included and a larger proportion resulted in hay substituting for straw.
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In the present study, increased nitrogen retention accompanied reduced urinary nitrogen

while faecal nitrogen was unaffecæd. The study provides no direct information on any

possible shifts among nitrogen sources cycling within the pool as a guide to the reductions in

urinary nitrogen loss. It indicates, however, that sheep may respond to low nitrogen supply

in roughage diets by adjusting to reduce the amount of nitrogen lost in urine. Alawa et aI-

(1938) suggested that due to the cycling of nitrogen, rumen function is not adversely

affected by low-proæin roughage feeds as would be expected if no N recycling occurred-

Uilikeþrevious report by Mulholland et at. (1976) in which negative nitrogen balance was

observed in sheep fed high levels of oat straw, the nitrogen balance study in this experiment

resulted in a positive balance even at a 55Vo inclusion of pea straw which would be

considered of value for feeding sheep. Nevertheless, in order to understand more precisely

the effects of nitrogen restriction in roughage diets on the performance of sheep, there is a

need to study the nitrogen balance of sheep fed roughage diets low in nitrogen over longer

periods of time.

5.6 CONCLUSION

In a diet containing similar levels of oaten grain (30 7o) and varying lucerne hay:pea straw, a

level of 40:30 (pea straw:lucerne hay) appeared to be the optimum combination .suitable for

livestock feeding that could result in better performance, especially in terms of N utilisaúon

than that of a diet containing 1/3 more lucerne hay. Diet C (containin g 55Vo pea straw) also

resulted in a posiúve N balance implying useful dieøry benetìts fbr animal production, yet it
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would be advantageous to feed diet C because it would be the cheapest. This offers the

opportunity for making efficient use of pea straw.

The experiment showed that only 30Vo of supplemental lucerne hay is required to improve

the utilisation of pea straw based diet. Relatively low levels of supplementation with lucerne

hay is very important from the economical point of view, since small farmers can easily ofl'er

their stock small amount of luceme with minimum monetary inputs.
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EXPERIMENT THREE

ADDITION OF YEAST CULTURE IN SHEEP DIETS BASED ON PEA

STRAW

The effrciency of mmen fermentation can be improved through chemical modifrcation of the

nrmen environment (Williams, 1989) and a range of feed additives have been developed for

this purpose. The use of ionophores and antibiotics and their effects on rumen fermentation

are well documented (Adams et aI., 1981; Williams, 1989; Flint and Wallace, 1992)'

Although the addition of fungal 'probiotic' additives, such as yeast culture, to ruminant feeds

has also been emphasised (Ruf er al., 1953; Adams et al., 1981; Glade and Biesik, 1986;

Cartwirght et a1.,1986; Rose,1987; Wiedmeier et aI., 1987; Fallon, 1987; Dawson, 1988;

Williams, 1989; Flint and W'allace, 7992; and Newbold et a1.,1991), their mode of action and

their consequence are not fully understood.

In this thesis, the effect of addition of yeast culture was evaluated in sheep diet based on the

utilisation of roughages. Since variation in the nutritive value of straws is to be expected as a

result of environmental conditions, differences in species and growth environments, two major

experiments (Part A and B) '- Ø¿î4- conducted to evaluate the effect of addition of yeast

1
lt{
, rìt

'!

culture in sheep diets based on pea sftaw from South Australia and Ethiopia.

!
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PART A

ADDITION OF YEAST CULTURE TO PEA STRAW-BASED DIET FOR

AUSTRALIAN MERIN O WETH ERS

6A.1 SUMMARY

Three trials were conducted to examine the effect of adding yeast culture on nutrient

digestibility of a pea straw-based diet fed to Australian Merino wethers. In ffial 1, sheep

werefed a diet containing pea straw, oaten grain and lucerne hay in the ratio of lI:6:3-

Dried yeast (Saccharomyces cerevßiae) culture, (Yea-Sacc@, Alltech-Kentuclq)

.q,ê o .'*t (tg/a/* Ê
was , .added to the diet/ There ,oi o significant (p<0.01) increase in^ín vivo

\----/ tt,

digestibitity of acid detergent fibre (ADF) with inclusion of yeast. ,l,ttltorgtín vivo

digestibility of nitrogen (N), organic matter (OM) and energy (E) tended to improve by the

addition of yeast culture, the, dffirences were not significant. In trial 2, an in vitro study

was conducted to determine the OM digestibitiry with andwithout the addì[,,/, of yeast culture

to the pea straw-based diet described in tial I and that of the individual ingredients (pea

straw, lucerne hay and oaten grain) used to formulate the diet. There was an increased OM

digestibility of the diet (p<0.01) and in particulør that of the pea straw component

(p<0.001).

1

{l
ir¡
1rj

Ì

I

In trial 3, the effect of adding yeast culture on DM digestibiliry @MD) of pea sffaw was

evaluated ín vítro at different levels of nitrogen, DMD responded to addition of yeast at all
^ üc't<*<.d 

? qrta,, f dr-*.
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Ievels of urea, however it appeared to be higher at 37o level than/ither higher or lower levels

of urea inclusion. This suggests that the øctivity of yeast culture mny depend on nitrogen

content of the straw used-

6A.2 INTRODUCTION

Yeast culture has been used in a number of situations by the t'eed industry in various countries,

but experimental work with yeast has given varying results. For example, while Adams ¿r

al- (1981) reported decreases nffiaæwith the addition of yeast to ruminant diets, Dawson
lr

(1987) found greater molar proportions of acetate tn an in vitro study using rumen-simulaúng

fermenter receiving ye¿ìst culture. In addition, yeast culture has been tbund to promote dry

matter intake (DMI) in ruminants (Beeson and Perry, 1952; Ruf et aI., 1953 and Adams, ¿r

al., I98L), 4"t t¿f ù h''A'

culture enhances palatability or it modifies mmen fermentation patterns.

In this experiment a number of studies *Æ conducted to evaluate the effect of adding

yeast culture in sheep diet based on pea straw sourced from South Australia. The tlrst part of

this study was conducted to evaluate the effect of adding yeast culture on rumen fermentation

and the subsequent digestibitty of nutrients and nitrogen balance in sheep fed the pea straw-

based diet. The second part of the study was aimed .l ffin1**ct of yeast on in vito

digestibility of individual feedstuff. Although studies by Chademana and Offer (1990) show a

direct influence of readily fermentable carbohydrate because of adding yeast, the third part of

this experiment was conducæd to assess the effect of several levels of ntrogen (urea) on the ln.

vitroDMdigestibility of pea straw incubaæd with and without the addition of yeast culture.

)
rl,l

'J

I

¡

l
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6A.3 MATERALS AND METHODS

6A.3.1 TRIAL 1

64.3.1.1 Animal study

Six mature Australian Merino wethers weighing between 53 and 62kg in two groups of three

were allocated at random to pea straw-based diets (with or without yeast cultug'Yea-Sacc@,

Alltech-Kentucky;.;ù in a cross-over experiment. Before the experimental period, the wethers

were treated to control both internat and external parasites with Ivomec@ - broad spectrum

anthelmintic and vaccinated against tetanus, black-leg, malignant oedema and enterotoxaemia.

The animals were housed in separate pens for a 10-day adaptation period followed by a seven-

day period offaeces and urine collection.

The sheep were fed daily with 1 kg feed/head supplied in halves at 0830 and 1700 hours- The

diets were formulated to include 55Vo pea straw, 307o oaten grain and 15% luceme hay with

and without 5 gldth yeast culture (Table 4a). The chemical composition of the basal diet and

the individual ingredients used in formulating the diet are shown in Table 4b. The basal diets

were formulated using a computerised ration-formulation package to provide a maintainance

ration for mature Australian Merino wethers.

I
I

I

!
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Table 4a. Composition of diets with or without the addition of yeast culture offered daily

to Australian Merino wethers

Insredients (s/d)

Diet Pea Lucerne

chaff

Oaten

grain

Common

salt

Molasses Yeast

culturestraw

Control

+ Yeast

550

550

150

150

300

300

10

10

2

2 5

Table 4b. Chemical composition of dietary ingredients and a whole diet (DM basis)

Pea straw Lucerne chaff

(+SEM)

Oaten grain

(=SEM)

Dietb

(tSEM)Constituent

DM (e/ke)

gikg DM

OM

N

ADF

ADL

921.8¡9.1

10.0+1.2

56{.9+4.5

96.4+2.8

908.6+10.1

2I.7rI.l

3629ú.2

66.7ú.4

940.8È0.8

910.6¡0.4

14.0r1.0

134.4¡3.2

27.4+0.6

942.0ú.6

933.6t0.2

15.7i0.8

317.O+0.1

71.3+1.8

936.6+3.5" 938.7t1.0

avalues + SEM (Standard error of means)
bltti*"d pea straw, lucerne hay and oaten grain in the proportion of 55Vo, l5Vo and 307o

respectively.

li
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6^.3.1.2 Samplecollection

Feed refusals were collecæd once a day before feed was offered in the morning. They were

dried in an oven at 80oC for 24 hours to obtain the dry sample weight. Faeces was collected

into faecal bags and urine was collected in plastic buckets containing 30 mls of 10 Vo HCL

Ten percent of the daily urine and faecal outputs were sub-sampled and bulked on animal basis

and stored frozen pending analysis.

64.3.1.3 Chemicalanalysis

Samples were analysed for dry matter (DM), organic matter (OM), ash and nitrogen (N) as

described by AOAC (1990). Acid detergent fîbre (ADF) and acid detergent lignin (ADL)

were esrimated by the method of Goering and Van Soest (1970) (cited by Faichney and White,

1933). The energy content of the feed and faecal samples was estimated by bomb calorimetry.

64.3.1.4 Statistical analysis

Trial 1 was conducted in a compleæly randomised design as described by Mead and Curnow

(1933). Differences between treatments were compared by the analysis of variance

procedures using GENSTAT (Lawes Agricultural Trust, 1937). Where differences exisæd

between means, comparison was based on the least significant difference.
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6^.3.2 Tríal2

In vifro OM digestibilitY studY

The two-stage' rumen fluid æchnique of Tittey and Terry (1963) was used to estimate in

vitro organic matter digestibility (IVOMD) of pea straw, lucerne hay, oaten grain and the

mixed diet (consisting of the three ingredients) with or without yeast culture (0-05 g of yeast

per g of feedstuff were used in each incubation tube). Three replicaæs of each sample were

used and were later analysed using a compleæ randomised design method described above'

Rumen fluid for this study was collected via stomach tube from sheep sheep used in trial 1 on

the last day of urine and faecal collecúon.

6A.3.3 TRIAL 3

In vifro DM digestibilitY studY

In a 2x5 factorial randomised block design, pea straw with or without Yea-Sacc@ (50

mg/incubation flask) and containing 0, l, 3, 6 and 9 % ureall}O g t-eed was incubated in

triplicate to determine in vitro dry matter digesúbility (IVDMD) using the Tilley and Teny

(1963) æchnique. Rumen fluid for the study was sampled via a stomach tube from 4

Australian Merino wethers fed a pea straw-based diet for 10 days.
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6A.4 RESULTS | -"'t ',,.-
¡úir;: [i!: ÁL;:ì: ,ii,-.

6A.4.I TRIAL 1

6^.4.1.L In vívo digestibility

DigestibiJity coefficients of rhe complete diet determtned in vivo ('labLe 4c) indicated that the

diet which included yeast had a significantly higher (p<0.01) digestibility of ADF- In vivo

DM and OM digestibility coefficients in the same diet were not significantly affected.

Table 4c. Nutrient intake and digestibility of dry matter (DM)' organic matter

(OM), acid detergent fibre (ADF) and energy by Australian Merino wethers fed

pea straw'based diet with or without yeast (n=6)

Measurement Control +Yeast

(tSEM)

Signilìcance

tSEM)

Intake

DM (e/d)

(g/ ke w0.75ld)

177.97+54.11

33.29t2.39

726.31¡51.07

293.ffi=20.62

12.26ú.86

53.89¡2.75

55.14+2.77

43.86t1.51

65.04.02

803.05t23.93

34.21x.1.05

749.13+22.34

302.15¡9.02

12.66d).38

57.73+2.10

58.98+2.19

56.45t2.31

66.0t0.01

oM g/47k/¿
ADF j/7"h zvta

Gross energy (MJlkg DN,I/d)

Energy

Disestibilitv coeffi cients( 7o )

NS

NS
,ß >ß

NS

DM

OM

ADF

Signihcance level: **, (p<0.01); NS, not significant (p>0.05)
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6^.4.1.2 Nitrogen utilisation

Urinary nitrogen excretion was reduced by 18 Vo with the inclusion of yeast culture in the diet

but it did not significantly affect faecal nitrogen excretion (Table 4d). There was no significant

difference in the average daily nitrogen retention. Apparent N digestibility was also not

affected by the inclusion of yeast culture in the roughage-based diet.

Table 4d. Nitrogen economy in Australian Merino sheep fed pea straw'based diet with

or without Yeast (n=6)

Measurement Control
(+SEM)

+Yeast

(tSEM)
Significance

Nitroeen balance:

N intake (g/d)

Faecal N (gd)

Urinary N (g/d)

N retained

(s/d)

(glke N intake)

Apparent disestibility:

N (7o)

13.63+0.96

5.18d).21

6.02ú.7 5
0' ,+h

2.43ú.68

174.77¡45.32

61.f1+t.71

14.07+0.42

5.36a0.13

4.91t0.81
035

3.80+0.84

269.01+55.33

61.58=2.01

NS

NS

Y"
NS

NS

NS

NS, not significant (p>0.05)
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6L.4.2 Trial2

In ví,tro OM digestibilitY

There was marked difference in the in vitro digestibility of tèed ingredients because of the

inclusion of yeast culture (Table 4e). Yeast culture significantly (p<0.001) increased the

IVOMD of pea straw but had no signifrcant effect on the digestibility of oaten grain or lucerne

hay although the IVOMD digestibility of lucerne hay appeared to be greatly improved' An

overall 9 Vo increase in dietary IVOMD (p<0.01) was associated with the inclusion of yeast'

Table 4e. In vífro oM digestibility of pea straw-based diet and its individual constituents

with or without Yeast

Digestibility Control + Yea-Sacc Significance

Organic matter(%):

Diet

Pea straw

Lucerne hay

Oaæn grain

52.9Q+1.24

43.32ú.55

57.26ú.86

71.08aO.17

51.39¡0.61

47.79ú.67

63.92+3.311

70.86=0.76

\ -c-t--
¡tc

k<
6b

0-2

**

***

NS

NS

Significant levels: *+*, (p<0.001); *'*,'1n.0.01); NS, not signitìcant (p>0'05)
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6A.4.3 TRIAL 3

Adding yeast had a small positive but not signifrcant effect on the IVDMD of pea straw with

added urea. This effect was consistent over all levels of urea. Inclusion of urea up to 3 7o n

the diet conraining yeast was associated with higher IVDMD. Higher levels of urea than this

d¿ îAfr/")/'*t (a-' Ê-¡' t )

50.0

49.0
+ Yeast culture

- Yeast culture
48.0

47.O

8
=¡¡
Eg¡
0)

-9ît

=ô

o
.l.T

ì
.d

0 46
Level of urea added (%)

10

Fig. ll Effect of addition of yeast culture on in vitro DM igestibility of pea straw with

different levels of urea

I2
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6A.5 DISCUSSION

The high ADF and ADL (564.8 and 96.4 glkg DM respectively) flable 4b) and relatively low

nitrogen contents (10.0 glkg DM) of pea straw are indicati u" of 
fu,n't'' 

of the straw and

justifîes an improvement strategy that would enhance nutrient digestion. Improvements in

IVOMD observed in trial 1 indicate a favourable response of pea straw, lucerne hay and the

mixed diet to the inclusion of yeast culture. Changes in the IVOMD of up to 10 Vo are

attributable to the t&ìÍiu-uf yeast.

In vivo ADF digestibility was improved (p<0.01) by the addition of yeast culture in the diet

(56.5 vs 43.9 7o) (table 4c). This improvement of fibre digestibility may have accounted tbr

the pronounced increase in the IVOMD in the roughage-based diet, especially the pea straw

componenr. The improvements in the IVOMD and ADF digestibility from adding yeast

culture obtained on the high fibre diet used in this study are in contrast to the results of an

earlier study by Gallagher and Reeves (1993) who observed no significant effect of yeast on

ADF digestibility of a high concentrate ration (50:50 lucerne hay:cereal grains) fed to horses.

In previous work, Wiedmeir et al. (1937) reported improved digestibility of protein and

hemicellulose in dairy cattle wþen 25 Vo concentrate was included in a diet with yeast added.

However, Hai Hong Peng and Gallagher (1994) observed no signitìcant eft'ects of adding yeast

to a 4.2 Eo coîceîriate diet fed to sheep. Hence, it is possible that the effect of yeast could be

influenced by the amount of soluble carbohydrate in the diet used. Although further research

would be required to predict the appropriate level of inclusion of soluble carbohydrates to
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achieve an improved effect with the addition of yeast culture in a roughage-based diet, a level

of 15-20 7o (range of starch estimated for this experiment from reported value of starch for

bartey of 58.9 Vo by Baræch and Valentine, 1936) would be recommended &t , r)romote

the activity of yeast culture while not dramatically reducing rumen pH below levels that could

influence the activity of cellulolytic micro-organisms.

Similarly, a steady and adequate supply of nitrogen and other essential nutrients, such as

phosphorus and sulphur ,¿Ltn ry K .J"1/^;é /L +*'naaf¿;"a {ñ'or..r,t*-

ør"Ld, /Çtz-; [/,0*a1-â/¿,,Ay',Rumen degradable N can enhance ruminal ammonia

concentrations and increase both fibre digestion and microbial growth rates (Preston and Leng,

lg81). Yeast protein has been suggested (Al Jassim and McManus, 1985) to be an etïective

source of supplementary protein for sheep. However, the inclusion of an extra nitrogen source

in a sheep diet with yeast added(urea in this experiment and formaldehyde-treated casein in an

experiment by Al Jassim et at. (1986), appear to result in a more improved digesúbility (in vitro

and in vlvo, respectively) than by yeast alone. In this study, the inclusion of 37o urea tended to

improve in vitro digestibility of pea straw with yeast culture added but this effect was not

significant. Signifrcant yeast x urea interactions would more likely occur on cereal straws that

have considerably lower nitrogen content compared to pea straw. Urea levels above 3 7o could

have resulted in toxicity, if diets were fed to animals. Hence, improvements in digestibility of

poorest ingredients through the addltion of yeast culture may necessitate the inclusion of a

readily fermentable N source.
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6A.6 CONCLUSION

Signifrcant increases in the digestibility of ADF in the ín vivo study and a similar improvement

in the TVOMD of the roughage-based components suggests that yeast remains biologically

active and in the rumen favourably affects hbre digestibility. Addition of yeast culture

improved the TVDMD at all levels of urea. Feeding yeast with roughages of higher nuritive

value may be beneficial compared to poorer ones.

PART B

ADDITION OF YEAST CULTURE TO TROPICAL PEA STRAW DIETS FOR

ETHIOPIAN MENZ SHEEP

68.1 SUMMARY

The nutritive value of pea straw#t'fr"m Ethiopia and supplemented with 2 types of

yeast cultures was evaluated under two tials in Ethiopian Menz sheep- In trial l, the effect

of Yea-Sacc@ and Baker's yeast culture additives on ín vívo nutient digestibiliry and rumen

fermentation characteristics of sheep fed a pea straw-based diet were examined. Yeast

culture had a sm^all but non significant increase (especially with Yea-Sacc@ addition) on the

digestibitity of fibre fractions (NDF and ADF). Rumen pH was significantly (p<0-05)

lowered 5 hours post-prandial in sheep fed a diet with Baker's yeast added than those fed
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Yea-Sacc@ and the control diet. Although treatment x time effect (3 hour post-prandial) had

a signiftcant (p<0.05) influence on the rumen NH j-N concentration, there was Senerally no

significant dffirence in the concentration of rumen NH j-N in sheep fed the conftol and the

plus yeast diets. There was no effect on total rumen concentration of volatile fatty acids or

individual concentrations of propionate, acetate and butyrate with yeast culture addition-

In trial 2, dry mntter (DM) degradation of pea straw incubated for 0, 3, 6, 12, 24, 48, 72, 96

and 120 hours was assessed using ín søcco technique in fistulated Ethiopian Menz sheep-

Although addition of yeast culture had no significant effect on the potential DM

degradnbitity of pea straw, it tended to reduce the lag time associated with the degradntion

ûro,
o increased rate of outflow from theof the straw. This means a higher straw

rumen-

6B..2 INTRODUCTION

It is common for animals of differing genetic backgrounds and physiological functions to

respond differently to diets with yeast added. Information is available on responses to addition

of yeast culture by horses (Fallon, 1987; Gallagher and Reeves, 1993), cattle (LeGender et aI-,

1957; Fallon 1987) and sheep (Gray and Ryan, 1988). However, there ìsfiack of information

about the addition of yeast culture to different feedstuffs, especially to straw-based feeds.

There are also wide differences in nutrient digestibility among straws. Since environment is one

of those factors that could contribute to the differences in chemical composition and nutritive
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value of straws and other fodders, this experiment was conducted at the International Livestock

Centre for Africa (ILCA), Ethiopia to investigate the effect of addition of yeast culture to pea

straw grown under tropical conditions. The aim was to complement ' a simtlar study

previously conducted utilising pea straw grown under mediterranean conditions in South

Australia (Pan A).

68.3 MATERIALS AND METHODS

68.3.1 TRIAL 1

68.3.1.1 Animals, design and diet

A metabolism study was conducted using eighteen 23.7 x.0.20 kg Ethiopian Menz sheep. The

sheep were blocked on the basis of liveweight and randomly assigned to 3 diets (Table 5a) in a

completely randomised design. The chemical composition of the individual ingredients and the

mixed diets used in this study are given in Table 5b. Nitrogen bound to cell walls (NDF-N)

accounted for one-third of the total nitrogen in pea straw. Restricted amounts of the pea

srraw-based diets //.w VV Z1/l/a ' with or without Yea-Sacc@ and Baker's yeast

culture (5 Eldfheach) were offered daily to sheep. Feed was offered in equal quantities at 0830

and 1700 hours daily. The sheep were fed for 2l days (14 days adaptation, 6 days digestibility

study and 1 day rumen fluid collection) and had access to water ad libitum.
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Table 5a. Daity offer of a pea straw-based diets to Ethiopian Menz sheep

Item (g/d) Control Diet + Yea-Sacc + Baker's yeast

Pea straw
Lucerne hay
Oaten grain
Molasses
Salt (NaCl)
Yeast

255
70
r39
20
2

olo

5L
lL+

?q

255
70
t39
20
2

5

6

255
10
t39
20
2

5

Table 5b. The chemical composition of dietary ingredients and whole diet with or
without the addtion of yeast culture

Description Pea

straw
Luceme Oaten Control +Yea-Sacc@ +Baker?

hay grain diet Yeast

DM (elke)

g/kg dry matter
OM
Ash
N
NDF
ADF
ADL
Hemicellulose
Cellulose
NDF-N

940.4 940.0 955.1 94r.r 940.1 94r.3

933.0
67.0
8.6

799.r
699.9
130.0
129.2
539.9
2.17

927.9
72.r
I7.T

645.3
430_4

101.9
2r4.9
328.5
1.53

9t2.2
87.8
13.5

419.8
225.0
20.5

254.8
204.5
0.39

929.8
70.2
t2.5

601.3
475.4
89.8
t25.9
385.6
I.l3

925.6
74.4
11.8

598.8
454.9

84.3
tr3.9
370.6
r.39

926.5
73.5
12.0

643.5
490.9
90.4
t52.6
400.5
r.61
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6B.3.1.2 Experimental measurements

Faeces was collected in canvas bags attached to the sheep by a harness while urine was

collected in plastic buckets each containing 100 ml, 10 7o sulphuric acid as a preservative. Ten

percent of the daily urine and faecal outputs were sampled and tiozen pending analysis. Frozen

faecal samples were thoroughly mixed and sub-samples were taken and dried at 60oC tbr 48 hr.

Faecal dry matter contents was then determined by drying at 100oC for 24 hours.

Rumen fluid was collected with a stomach tube at I, 2, 3, 6, 9, 12 and 24 hours on day 21

starting after the morning feed offer (Time 1), and pH immediaæly analysed with a pH meter

(Kent EiIJ, n45t46). The rumen fluid samples were acidifred and stored pending ammonia-

nitrogen (NH3-N) and volatile fatty acid (VFA) analyses. Rumen fluid collected for VFA

analysis, from the 5 animals in each treatment, was bulked at each collection time.

68.3.1.3 Chemical analyses

Samples of pea straw, lucerne hay, oaten grain and the complete diets (with or without yeast

culture) were analysed for dry matter (DM), nitrogen (Kjeldahl-N), organic matter (OM) and

ash (AOAC, 1990) and neutral detergent fibre (NDF), acid detergent fibre (ADF), acid

detergent lignin (ADL) and NDF-N (Goering and Van Soest, 1970 as ciæd by Faichney and

Whiæ, 1983).
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Rumen fluid (20 ml) and distilled water (15 ml) were pipetted into a 100 ml distillaúon tube and

ammonia-nitrogen (NH3-N) determined using the micro-kjeldhal procedure (Tecatot 1026,

Tecator, Sweden). Rumen NH3-N values for the control and plus yeast diets were analysed tbr

times 1, 2,3, 6,9, 12 and 24 hours afær the morning feeding were by Gas

Liquid Chromatography (GLC)/a^+ #h¿ ur;4 /A' /**/l"'fr-'u-

68.3.1.4 Statistical analyses

Dara were analysed with the General Linear Model (GLM) procedure of SAS (1987) in line

with complete randomised block (CRB) design. Where differences existed between treatment

means, the Studenr's r-resr was employed to ' þ.tt th" k"p#ffirrres analysis of

variance (SAS, 1937) were used for the rumen fluid data.

68.3.2 TRIAL 2

68.3.2.1 Animals, design and diet

Fifteen mmen fistulated Ethiopian Menz sheep (25.1 ¡ 0.19 kg), blocked on the basis of

liveweight, were assigned to three pea straw diets having nil, Yea-Sacc@ or Baker's yeast

added (5 gtdlh each) in a randomised complete block design to study the DM disappearance

characæristics using nylon bags. The amounts and chemical composition of the dietary

ingredients offered daily to the sheep were similar to those used nñal I. Before the

introduction of samples to the rumen, the sheep were maintained on the diets for a period of 7

days (adaptation period).
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68.3.2.2 Nylon bag incubation procedure

DM degradability characteristics of pea straw under the control and plus yeast rumen

environments (treatments) was studied using the nylon bag æchnique as described by Ørskov

and McDonald (1979). Pea straw was ground (2mm sieve) and samples (2.5 g) put into each

nylon bag (6.5 x 14 cm and 41pm pore size). There were 5 replicates (corresponding to

number of animals) per treatment for each incubation time of 3, 6, 12,24, 48,72, 96 and 120

hours. At the end of the adaptation period, the bags were incubated using the serial addition

method to allow removal of all bags at the same úme. On withdrawal, the bags were washed

and then dried in an oven at 60oC for 48 hours and weighed. A control set of bags not

incubaæd (0 hour), but containing pea straw samples were treated similarly.

The disappearance of DM from the bags was described by the exponential model of Ørskov

and McDonald (1979)

pD=a+b(l-e-ct)

where PD is potential disappearance of DM at time t; a is the readily soluble fraction; b the

slowly degradable component and c, rate of degradation of the b component.

Lag time (TL) was estimated as

1a = ((- 1/c)*In(1-((w-a)/b)))

Where c, is rate of degradation; w,
.&.
ß/.wasilng los5 at zero hour; a, is readily soluble fraction

and b is potentially degradable fraction.
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68.3.2.3 Statistical analysis

The General Linear Model (GLM) procedure of SAS (1987) in line with complete randomised

block (CRB) design was used to analyse the data.

6B.4 RESULTS

68.4.I TRIAL 1

6B..4.1.1 Nutrient digestibility and nitrogen utilisation

There was no significant difference between diets in nutrient (DM, OM, N, NDF, ADF and

hemicellulose) digestibility (Table 5c). However, there was a small but søtistically non

significant improvement in NDF and ADF digestibility of the diet containing Yea-Sacc@-

Sheep on all diets demonstrated positive nitrogen balance (Table 5d) and there was no

significant difference because of treatment.
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,l Table 5c. Nutrient intake and digestibility of pea straw-based diet with or without the
addition of yeast culture in Ethiopian Menz sheep (dry matter basis)

Parameter Diet
control

+Yea-
Sacc@

+Baker's
yeast

s.e.d.
(n=6)

Significance

Intake
DM (s/d)

1nçt0'7s¡¿¡
oM (gd)
NDF
ADF
NDF-N
Hemicellulose

DM
OM
NDF
ADF
NDF-N
Hemicellulose

497.0
46.9

461.3
297.0
234.r
0.8
62.9

495.6
47.0
459.9
3t2.0
240.1

0.8
7t.3

497.3
47.4
46r.1
293.8
232.r

0.8
61.6

t.2r
t.t3
1.33

9.13
4.33
0.04
4.91

Digestibility (7o)

57.1
58.2
48.2
49.3

13.1

43.5

56.5
57.4
50.1
51.9
r0.2
43.9

56.7

57.7
46.6
49.6

6.7
35.5

1.29

r.32
2.43
2.70
7.44
5.74

NS
NS
NS
NS
NS
NSJI

ll

I

NS, not significant (p>0.05)

I
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Tabte 5d. Nitrogen utilisation of pea straw-based diet with added yeast culture in
Ethiopian Menz sheeP

¿i

Parameter Control
Diet

+Yea-
Sacc@

+Baker's
yeast

s.e.d.
(n=6)

Significance

113.0 t26.4

6.06 6.03

r3r.9 9.90

5.99 0.084

Nitrosen voided in
faeces (g/d)
urine (g/d)

Nitrosen balance
(e/d)
(glkg N intake)

3.14
2.01

0.85
r39.3

3.11
2.30

0.62
101.9

3.21
2.36

0.40
66.8

46.3

0.t2
0.31

0.31
5.16

2.t0

NS

NS
NS

NS
NS

NS48.1 48.3
T

îùf

NS; Not significant (p>0.05)

68.4.1.2 Rumen characteristics

Rumen pH of sheep fed a diet including Baker's yeast was signifìcantly (p<0.05) lower than

that of other sheep 5 hours post feeding (Figure III). No significant diff'erences were observed

at any other times, however there was an overall trend for rumen pH of animals fed diet with

added yeast culture to be lower than animals on the control diet.
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Peak levels of rumen NH3-N concentration in sheep were observed at one hour afær both the

morning and afternoon meals (Figure IV). Although treatment x time interaction had a

significant (p<0.05) effect on the concentration of NH3-N, there was no overall significant

difference between fteatments in the concentrâtion of NH3-N in rumen tluid (Table 5d).
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Total VFA level in sheep fed diet containing Yea Sacc@ appeared to be higher than those tèd

either diet containing Baker's yeast or the control (Table 5e). Changes in the total and

individual VFA concentrations appeared to be more gradual with the Yea-Sacc@ added diet

than either the Baker's yeast or control diet (Figure V).

Fig. V Effect of addition of yeast culture on total and individual concentrations (mmol/l)

of volatlle fatty acid (VFA) in Ethiopian Menz sheep fed pea straw'based diet
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68.4.2 TRIAL 2

The DM disappearance and degradation constånts obtained tbr pea straw are given in Figure VI

and Table 5e. There was no significant difference between the treatments with regards to the

intercept (a) and potential degradability (PD=a+b). The rate of degradation (c) was highest for

the Yea-Sacc@ and lowest for the Baker's yeast diets, however at all times the yeast containing

diets appeared to promote DM disappearance of pea straw compared to the control diet'
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Further more, it was found that addition of yeast tended to reduce the lag time (TL) associated

with pea straw degradation.

Table 5e. Effect of addtion of yeast culture on rumen characteristics (mean over 24

hours), dry matter degradability over 0 - 120 hours (To - Ttzo) (g/ts) and degradation

constants (g/t<g) of pea straw in Ethiopian Menz sheep fed a pea straw'based diet

Parameter Control
diet

+Yea-
Sacc@

+Baker's
yeast

s.e.d. Significance

Rumen characteristics
pH
VFA (mmol/l)
DM degradability (To-Trzo)

24
48

12
96
r20

6.93
t05.72

r32
138

t57
2t2
311
388
425
424
M6

6.86
118.06

t44
r73
238
317
401
M3
450
448

6.79
115.78

(n=6)
0.049 NS

ND

NS
NS
NS
NS
NS
NS
NS

(n=5)

0
J

6

t2

a,

b

PD
c (Ar)
TL (hr)

88

362
450

0.0404
3.37

98
365
463

0.0407
2.3r

r46
n3
227
313
397
459
M8
453

r02
370
412

0.0365
1.91

4.7
8.8
18.8

26.6
27.8
13.2
18.0
14.0

11.6

19.5

16.2

0.00861
0.548

NS

Desradation constants
NS
NS
NS
NS
NS

NS, (p>0.05); ND, not determined; a, readily degradable component; b, slowly degradable

fraction; PD, potential degradability; c, rate of degradation; TL, lag time
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68.5 DISCUSSION

The significant lowering of pH values (at 2, 3 and t hours) from adding of yeast to pea straw-

based diets shortly after the fîrst feeding could influence the activity of cellulolytic bacteria.

However, the role of pH in the degradation pattern observed in this study could be irrelevant

since all diets were roughage-based and consequently produced pH values (6.5 - 7.2) well

above the recommended cellulolytic threshold value of pH 6.2 tbr fìbre digestion described by

Ørskov (1982) and Hoover (1986). However, it is diffîcult to ensure that rumen fluid samples

collected by stomach tube are not contâminated with highly alkaline saliva. The similarity in the

trend of pH value between 18 and 24 hours (Figure III) among the three diets would suggest

4ét+

reduced yeast cell numbers to that of the control diet. Although the yeast numbeÍs per s€ ':-

not investigated in this experiment, trends reflecting reduction in yeast cell numbers in this

experiment is in agreement with the results presented by Wallace and Newbold (1992). They

observed that Baker's yeast culture fed to sheep resulted in increased yeast numbers (from 1.5

x 103 to 3.34x 105 /ml) one hour after feeding and declined thereafter.

The rumen ammonia (NH3-N) concentrations (Figure IV) suggest that ammonia supply was

unlikely to be limiting microbial growth or protein synthesis as levels exceeded 90 mg/L

reported by Rogers et aI. (1986) to be adequate. The primary limitation to the Srowth of

rumen micro-organisms has been suggested (Preston and [æng, 1937) to be the concentration

of NH3-N in rumen fluid. Although the addition of yeast culture to the pea straw-based diets

used in this experiment did not alter N reæntion in sheep, values of nitrogen retention for all the
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diets (Table 5d) were lower than those observed in the previous study (Table 4d) conducted in

South Australia (Part A).

Addition of yeast in roughage-based diets for ruminant have been reported by Weidmeier and

Arambel (1935) to increase the relative concentrations of acetate in the rumen (due to increased

concentration of cellulose-degrading bacteria). In this trial, the ændency for higher VFA

concentration in the yeast supplemented diets than the control diet was more likely to be due to

the small but non signifîcant increase in fibre (particularly ADF) digestion (Table 5c).

In the in sacco degradability trial, Yea-Sacc@ and Baker's yeast addition resulted in a reduced

lag time for DM disappearance than the control diet. The ability of yeast culture to reduce lag

time means that bacterial digestion of the feed is more closely synchronised with the times of

peak NH3-N concentration which occurred one hour after feeding commenced.

68.6 CONCLUSION

Addition of yeast culture to pea straw-based diets tended to enhance in sacco DM degradability

of pea sftaw. This is probably because of a reduced lag time for the initiaúon of tìbre digestion.

This finding could explain the enhanced intake reported in previous studies (Ruf er aI', 1953;

Fallon, 1987, Dawson, 1987) where this biological feed additive was used.

It is likely that the mode of action of the yeast culture, in particular Yea-Sacc@, in a roughage-

based diet is through the synchronisation of the available nutrient (nitrogen and energy).
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Hence, addition of yeast culture could have particular merit as a means of improving the

nutritive value of feeds such ¿N crop residues fed to ruminants. However, the results may

depend greatly on the physical and chemical nature of such feed sources as has been described

in the study conducted in South Australia (Part A).
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EXPERIMENT FOUR

CHEMICAL COMPOSITION AND NUTRITIVE VALUE OF PEA STRAW

SUBJECTED TO FUNGAL FERMENTATION

7.I SUMMARY

The solid-state fermentation of pea straw by the fungus, Plearotus cornucopiae wos

studied to assess changes in chemical composition and nutritive value in the 'çffaw- The

fungus wøs introduced in spawn form and the substrate maintained at a temperature of

22-24"C over a period of 0-60 days- The chemical composition and ín vífro digestibiliry

of the straw were ucamined at the onset (control) and at 20, 40 and 60 days of incubation.

There was a significant decrease in the neutal detergeni fibre (NDF) (p<0.01) and acid

detergent fibre (ADF) (p<0.05) fractions in the spent straw as a result of fermentation. A

highly significant (p<0.001) increase in nitrogen (N) content occured in the spent straw-

In vi.tro digestibility of pea straw was enhanced after the fungal cultivation and was highly

signiftcant (p<0.001) at dny 20 and 40. The change in in ví.tro digestibility in the straw

correlnted positively with the change in the nitrogen content (r = 0.77, p<0.05). The

changes most likely to have influenced this increase in ín vifro digestibiliry in spent sffaw

over the control straw, appear to be related to the chem.ical changes in the straw

composition after the cultivation of the fungi. Fungal treatment of pea straw could be a

suitable methodfor improving the nutritive value of the material for ruminants provided it

was not offered more than 40 days post-treatment-
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7.2 INTRODUCTION

Roughages have a low inherent degradabilþ of the cell wall not only because they have

peculiar carbohydrate polymer composition but also due to the presence of cro.ss-links of

these carbohydrates with lignin (Egan, 1986). The intake of a tbrage' as a measure of

acceptability, is limiæd primarily by the rate of digestion of its cellulose and hemicellulose,

rather than by constituent nutrients (Ramalho Ribeiro, 1989).

Biological pre-treatment of crop residues has been neglected in the past due to lack of

technical information on the subject. Many fungi of the white-rot type are known to

metabolise lignin, cellulose and other fibrous components in agricultural residues (Latham,

l9l9; Zaüazí|, 1979; Ibrahim and Pearce, 1980). However, white-rot fungi require

screening and careful selection of individuals which selectively degrade lignin- Another

group of tingi (basidiomycetes) which convert ligno-cellulose directly into fungal protein

(mushroom) (Zadrazil,1979) could be easily handled by farmers. This experiment reports a

study to assess the effects of the basidiomycetes, Pleurotus cornucopiae, on straw through

measurement of chemical composition and in vitro digestibility-

7.3 MATERIALS AND METHODS

7.3.1 Strawfermentation

Spawns of P. cornucopiae used for this experiment was obtained tiom a commercial

mushroom farm based in Adelaide, South Australia. Pea straw, sourced from Adelaide
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Plains, South Australia, chopped to 2 - 4 cm and initially wetted to attain 757o moisute

content was placed in a heat resistant polypropylene bag (13 x 30 cm). The material was

særilised at 120"C for t hour, cooled and then inoculated with Pleurof¡ls spawns inside an

inoculation chamber at the rate of 30 kg spawns to 1 ton of substrate. The inoculated

straw was incubated in the dark and maintained at a temperature of 22-24"C. This

procedure was followed as described in the literature review (section 2-6.3.3).

Vertical slits were made around the bag afær the whole substrate had been observed to be

covered with whiæ mould growth @late 4) - this occured approximately 20 days after

sening. After 40 days the flust flush of mushroom was obtained (Plate 5 and 6). Grab

samples of straw were collected on days 20, 40 and 60 post-cultivation of the mushroom.

Control straw sample (0 day incubation) was also collected.

7.3.2 Chemical analysis

The samples of pea straw (control and spent) were analysed for dry matter (DM), organic

mamer (OM) and ash (AOAC, 1990). Acid detergent fibre (ADF), acid detergent lignin

(ADL) and neutral detergent fibre (NDF) were estimated by the methods of Goering and

Van Soesr (1970) (cited by Faichney and White, 1933). Nitrogen was determined using the

Kjeldahl procedure as outlined by AOAC (1990).

7.3.3 In viÍro digestibility study

Rumen fluid was obtained from six Australian Merino wethers which had been maintained

for 10 days on an untreated pea straw supplemented with 30 Vo oaten grain and 15 7o
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lucerne chaff. Rumen fluid was obtained through a stomach pump. In vito digestibility of

the straw was determined by the method of Tilley and Terry (1963). This established the

digestibility of DM and OM in rumen fluid.

7.3.4 Statistical analysis

The experiment was a complete randomised design as described by Mead and Curnow

(1983). Three replicates from each sample were collected and data were analysed by

analysis of variance and means compared by the least significant difference method.

7.4 RESULTS

During fungal fermentation, the nitrogen content of the substrate increased. It was highest

(p<0.001) after 40 days of incubation and later declined (Table 6a; Figure VII). There was

a significant (p<0.001) decline in DM content, up to 3Vo being lost during fèrmentation.

The least DM loss in spent pea straw afær the mushroom cultivation was obtained during

40-day incubation period while maximum DM loss was observed in the early periods of

incubation (Table 6a).

Changes in the cell wall constituents were varied. There was a signitìcant decrease in the

NDF (p<0.01) and ADF (p<0.05) components of the spent straw. The cellulose content in

the spent straw tended to be lower than the control straw (untreated). There was also a

ændency for the decomposition of hemicellulose in the fermenting straw. There was no

significant difference in the lignin content of the samples.
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Table 6a. The chemical composition of untreated and fungi treated (spent) pea straw

Treated straw
(Differing in incubation periods) Sig.

Chemical
composition

Untreated
straw

(control) 20 davs 40 davs 60 days

DM (g/kg) 974.2x1.t5a 951.8t0.79d 969.1{.45b 961.9+0.59c ***

glkg DM
OM
Ash
N
NDF
ADF
ADL
Hemicellulose
Cellulose

947.4+l.l}a
50.6t0.65b
8.4t0.10d

131.4¡IL.46a
559.6+16.544

94.8x7.44
177.8+28.0
464.8+23.98

9455ú.57a
5l.l+0.22b
12.1+0.50b
690.2+1.23b
521.6+5.61b
102.7t|.39
168.5+4.44
418.9+4.28

943.5x1.54b
54.9+1.094
t5.3ú.244
680.2x.7.62b
541.3+I.lþb

99.810.47
138.9+5.91
441.5tI.23

946.0+0.294
51.7+0.88b
10.5d).07c
673.1t0.21b
532.4¡1.69b
109.7-r0.70
L40.7+L.90
422.6¡2.39

*
NS
***

* >{<

*
NS
NS
NS

Significance levels: **+(p<0.001); **(p<0.01); *(p<0.05); NS, not significant (p>0.05)

Value+SD (Standard deviation, n=3)

Changes in the in vitro digestibility of DM and OM of the straw afær fungal growth at

various periods of time are shown in Table 6b. There was a signilìcant (p<0.001) increase

in DM and OM digestibilities of spent straw. At 40 days of tingal growth, the digestibility

of DM and OM was enhanced by 20 percentage units.
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Table 6b. In viÍro DM and OM digestibility of untreated and fungi treated (spent) pea

straw

Untreated straw
(Control)

Treated straw (spent)

Differine in incubation periods Sig.

20 days 40 days 60 days

Dry matter

Organic matter

41.3r1.56b

41.6=1.55b

48.5ú.7ga 49.4+0.57a 40.8t2.16b

49.lú.73a 50.010.61a 41.0¡2.07b

***

**+

Value +SD (Standard deviation of means, n=3)

Significance level: * * *(p<0.00 
1 )

7.5 DISCUSSION

During the flrst growth period of mushroom, the easily soluble substrates in straw are used

for accumulation of fungal biomass, producing a substrate more difficult to digest than the

initial straw (ZadraztT, 1917). Subsequentþ, fungal enzymes are released and this could

lead to accumulation of more soluble substances. The former process may be responsible

for the initial decline in DM observed in this study. The latter process may be of benetit to

improvement in nutritive value since one of the gltimate aims of t-ungal fermentation is to

solubilize the carbohydrate polymers found in straw.

The increase in the ash content of the spent straw could be attributed to the growth of

mushroom (hyphae) which in turn may be accompanied by synthesis of mineral matter from
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organic residues. Chang and Miles (1939) reported a fibre content of 1.4 - 2l -6Vo (on dry

weight basis) in Pleurotu.s sp. The acid detergent lignin of the straw falls within this range

and the fibre content of hyphae growth (not determtned per se) would be reflective of this

similarity.

Although Zadranl (1971) obtained greatest digestibiìity of wheat straw fermented with P-

cornucopiae after 120 days atzz"C,in this experiment digestibility was observed to decline

afær 40 days of fermentation. One of the advantages of leguminous straw is the higher N

content compared to cereal straw. Nitrogen plays a significant role in the animal's intake of

forage (Minson, 1933). This fact is supported by the positive relationship (r = 0.77,

p<0.05) berween nirrogen (N) conrent and dry matter digestibility (DMD) in this study

(Figure VII; Appendix II). The relationship is significant and could be represented as:

DMD = 28.9 + 1.4N. The change in digestibility of pea straw due to fungal cultivation

appears to be similar to the rapid changes in legume straws subsequent to chemical

treatment reported by El-Shazly and Naga (1981).

Previous reports by Stapleton (1981) and results from this experiment show that selective

decomposition of lignir apparently cannot be achieved without simultaneous loss of

valuable feed carbohydrates, although a large net increment in digestible dry matter and an

apparently high quality product can be achieved. In this experiment, the in vitro DM

digestibility of spent pea straw cultivated with P. cornucopiae after 40 days of incubation

was enhanced by 207o wth only 5Vo loss in cellulose.
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7.6 CONCLUSION

The enhanced digestibility of DM and OM in spent pea straw by P. cornucopiae seems to

result from changes in chemical composition especially, reduction in the frbre fractions and

increase in nitrogen content. Hence, fungal treatment of pea straw may be a suit¿ble

method for improving its nutritive value for ruminanc provided it is not offered more than

40 days post-treatment. However, more resea¡ch would be needed to provide information

for the subsequent utilisation of fungi pre-treated staw by ruminants-
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GENERAL CONCLUSION

In pafis of Africa, for example Uganda, legumes such as beans and peas have been used as an

important source of proæin in human diets with little attention on using the straw from these

legumes as livestock feed. With a growing human population and the concern for sustainable

food production, growing legume crops either in rotation or intercropped with cereal crops

has been widely acknowledged. The subsequent benefit tiom this management strategy

provides the impetus for studying the chemistry and feeding value of the residues from

legume crop production, on which limited information has been available, to improve their

utilisation by ruminants and their acceptability by livestock farmers.

Comparison of pea straw with several cereal straws (oats, wheat, barley and triticale) have

shown a relatively high protein content in pea straw, as observed in Experiment One, which

suggests that it has a high feeding value for nitrogen. The ratio of digestible OM (DOM)

(Table 4e) to crude protein (CP) (Table 4b) with pea straw was about 6.4. Feed intake with

wheaten hay with a ratio of DOM:CP of 10:1 responds to urea supplements (Hogan, pers

comm. 1995) hence much improvement to intake would not be expected of pea straw with

urea at DOM:CP of 6-4, so pea straw would probably be a reasonable survival ration.

From Experiment Two, when different ratios of pea straw to lucerne hay were used, it was

found that I57o of pea straw substituting for a similar amount of lucerne hay in a basal diet

containing 25 Vo pea straws resulted in a more effîcient nitrogen utilisation in sheep than a

higher or lower levels. However, at all levels a positive nitrogen balance was achieved.
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Economically, lucerne hay is dearer than pea straw and the straw can be substituted tbr

lucerne to the extent of 30 Vo without serious detriment.

From the experiments in this study and as reviewed in the literature, the high proportions of

acid detergent fibre and lignin in pea straw (reflective of all legume straws) imply slow

degradability in the rumen. To tackle this concern, a range of biological measures were

evaluated in this study (Experiments Three and Four).

Experiment Three showed that the underþing factor governing the influence of addition of

yeast culture in livestock diets seems to be the availability of essential nutrients such as

nitrogen. This probably coutd explain the varied responses to yeast culture supplementation

cited in the literature. The results indicate that addition of yeast culture to diets based on

roughages of poor quality, such as pea straw sourced from Ethiopia is not likely to greatly

improve the efficiency of digestion and fermentation in the rumen of sheep. When yeast

cultures are used with low quality roughages, the presence of some readily fermentable

nirogen may be of significance.

Although detailed information on the subsequent utilisation of f'ungus-treated pea straw by

ruminants is still lacking, treatment of the straw using Pleurotus cornucopiae, as in

Experiment Four, may be a suitable method for improving the nutriúve value of pea straw.

Cultivation of mushrooms on straw not only would result in improvement in the nitrogen

content and DM digestibility (determined in vitro) of the straw subsequently degraded, but

would also provide edible mushrooms for consumption by the farmer. At present mushroom
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mycelia is used as a compost to improve soil quality and of course the lignin of plant

materials in the soil has to be brokendown by microbes, mainly aerobic. There is a possible

improvement in OM breakdown in the soil as a result of pretreatment with mushroom fungal

mycelia. This principal of fungat cultivation on straws is an innovative approach to improve

the feeding value of the straws for livestock feeding. This is a subject worth pursuing for

more informaúon on whether sheep will eat the straw after fungal attack by mushrooms.

A drawback in feeding management with pea straw, as would be the case with other legume

straws, is its lack of decay-resistance. As reviewed in the literature, there are structural

differences between the cereal and legume crops, for example in the alrangement of their

vascular bundles, that cause the latter crop material to decay and become mouldy, which

becomes unpleasant for livestock. This drawback points to address the need for proper

storage of legume crop residues.

Generally, there is a need to provide information about the nutritive values of legume crop

residues so that they may gain greater acceptance by farmers as potential livestock f-eeds"

Results of this study, and further research suggested by it, could provide relevant information

previously unavailable to farmers on aspects of using pea straw in ruminant fèeding.
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1

APPENDIX I. FORMULATING DIET BASED ON PEA STRAW

Characteristics and requirements of sheep used in the experiments :

Adult Australian Merino wethers, body weight 55 kg

tvtainten{e requirements for (DM basis):

Metabolisable energy (ME)

Rumen degradable protein (RDP)

7.40 MJ/kg

61.80 g/kg

ME and RDP (per kg DM) for pea straw and balancing for deficit:

Formulating

a diet

Available ^ Inclusion

n diet 9o)

Suoolied

ME (MJ) RDP ls) ME (MJ) RDP (e)

Pea straw

deficit

6.5

1.1

11.5

26

89

83

55

15

30

3.58

3.82

1.16

3.45

4.61

8.19

14.0

47.8

13.35

24.9

38.25

52.25*

.J

r!',tj
I

Balanced by:

Lucerne hay

Oaten grain

additional

total

^ Values obtained from computer data.
vt Although this RDP is still rþtrtty lower than that required to balance tþ animal's

t
I
I

I

maintenance requirements, it was left at this level because the protein level of pea straw

sample used in the

experiment./î^F/4

þ
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APPENDD( tr:
tr

ANALYSIS OF VARIANCE

Experiment One
Analysis of variance on chemical analysis of stubbles harvested from the Adelaide

Plains (South Australia)

Variate: N

+

Source of variation:
Stubble
Residual
Total

Table of means

Grand mean

Stubble

Varíøte: NDF

Source of variation:
Srubble
Residual
Total

Table of means

Grand mean
Stubble

Vøríate: ADF

Source of variation
Srubble
Residual
Total

Table of means

Grand mean

Srubble

0.393

s.s.

13452.8r
38.56

r349r.37

(elke DM)
Oat

846.2

d.f.
4
10

I4

0.s3t (%)
Pea straw

0.995

836.0
Pea straw

764.3

s.s.

0.829
0.093
0922

m.s.

0.207
0.009

Wheat
0.366

m.s.

3363.2
1;7r

Wheat
862.7

m.s.
263t.3
243.5

Wheat
639.5

v.r.
22.21

Barley
0.4r7

v.r.
436.11

Barley
8M.3

v.r.
10.81

Barley
636.-5

F pr.
<0.001

Triticale
0.485

Oat

d.f. F pr.

<0.0014
5

9I

ii]

rl
'l

i

638.5
Pea straw

698.0

s.s.

10525.0
t2r7.5

t1742.5

(glkg DM)
Oat

611.0

d.f
4
5

9

Triticale
862.5

F pr.
<0.011

Triticale
601.5

I

k

I6I



Varíate: ADL

Source of variation:
Stubble
Residual
Total

Table of means:

Grand mean
Srubble

Source of variation:
Srubble
Residual
Total

Table of means:

Grand mean

Srubble

Source of variation:
Diet
Residual
Total

Table of means:

Grand mean
Diet

s.s.

3333.68
3r.79

3365.46

(elke DM)
Oat
24.8

33.03
Pea straw

64.2

m.s.
833.42
6.36

V/heat
29.3

m.s.
1 1350.1
210.3

Wheat
223.2

m.s.

54.37
8.20

C
58.9

v.r.
13 1.1

Barley
38.1

v.r
4r.99

Barley
201.8

v.r.
6.63

F pr.
<0.001

Triticale
8.8

F pr-

<0.001

Triticale
255.0

F pr.
0.009

d.f.
4
5

9

Varíate : Hemicellulo s e

r97.5
Pea straw

66.3

s.s.

45400.4
t35r.4

46751.8

(elke DM)
Oat

235.2

d.f.
4
5

9

Exoeriment Two
Analysis of variance on fhe ín vivo digestibitity coefficients of the diets containing

25245 (A), 40:30 (B) and 55:15 (C) pea straw:lucerne hay in Australian Merino sheep

Varinte: DM

d.f.
2

15

T7

61.10
A

64.5

s.s.

108.74
r23.02
23r.15

(vo)

B
59.9
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Vørínte: OM

Source of variaúon:
Diet
Residual
Total

Table of means:

Grand mean
Diet

Source of variation:
Diet
Residual
Total

Table of means:

Grand mean
Diet

d.f.
2

15

T7

s.s.

100.26
116.73
2t6.99

m.s.
50.13
7.78

C
51.8

m.s.
60.56
0.185

C
13.6

m.s.
23.43
T.]T

C
5.6

v.r.
6.44

v.r.
327.56

v.r.
13.69

F pr.

0.01

F pr.

<0.001

Analysis of variance on nitrogen (N) utilisation in Australian Merino wethers fed

diets containing 25:45 (A), 40:30 (B) and 55:15 (C) pea straw:lucerne hay

Varínte: Díetøry N íntake

54.03
A

57.3

d.f.
2
15

t7

t6.73
A

19.9

d.f.
2
15

I7

7.02
A

9.3

(v")
B

s3.0

s.s.

rzt.rl
2.77

t23.89

s.s.

46.86
25.67
72.52

F pr.

<0.001

(s/d)
B

t6.7

Varínte: N voíded in urine

Source of variation:
Diet
Residual
Total

Table of means:

Grand mean
Diet

(gd)
B

6.2
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Varinte: Apparent N digestibílity

Experiment Three
Analysis of variance onín uivo digestibitity of ADF of a pea straw-based diet with

and without yeast fed to Australian Merino wethers (n=6)

Vøríate: ADF

Source of variation:
Diet
Residual
Total

Table of means

Grand mean
Diet

Source of variation:
Diet
Residual
Total

Table of means:

Grand mean
Diet

Source of variation:
Diet
Residu¿ú

Total

Table of means:

Grand mean
Diet

d.f,
2

15

n

65.4
A

74.5

d.f.
1

e (1)
10 (1)

45.56
-yeast
43.32

S.S.

867.78
488.74
t356.52

(vo)

B
64.3

S.S.

237.89
45.5r

283.40

(v")
+yeast
56.5

s.s.

60.071
19.566
74.r8

(vo)

+yeast
41.80

m.s.
433.89
32.58

C
57.6

m.s.
231.89
11.38

m.s.
60.08
2.r7

v.r.
t3.32

v.r.
20.91

v.r.
21.63

F pr-

<0.001

F pr-

0.01
d.f.

1

4
5

50.2
-yeast
43.9

Analysis of variance on in vífro OMdigestibility of pea straw and a mixed diet based

on pea straw with and \üithout yeast culture supplementation

Varíate: OM dígestíbiliry (pea. straw alone)

F pr.
<0.001
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Variate: OM digest¡þíW (pea strøw-based díet)

Experiment Four
Analysis of variance on the chemical composition of untreated and fungi treated

(spent) pea straw at varying incubation periods

Varíate: DM

Source of variation:
Diet
Residual
Total

Table of means

Grand mean
Diet

Source of variation:
Straw
Residual
Total

Table of means:

Grand mean

Straw

Varíate: OM

Source of variation:
Straw
Residual
Total

Table of means

Grand mean

(r")
Incubation periods (days)

20 40
95.18 96.9t

d.f.
1

10

11

55.10
-yeast
52.80

0
97.42

94.56

0
94.14

S.S.

63.296
s9.339

r22.635

(vo)

+yeast
57.39

s.s.

5.64r
0.043
5.685

s.s.

0.1566
0.0245
0.1810

m.s.
63.296
5.934

m.s.
1.880
0.011

m.s.
0.0522
0.00611

v.r.
r0.67

v.r.
113.r

60
96.19

v.r.
8.54

60
94.60

F pr.
<0.008

F pr.

<0.001

F pr-

0.033

d.f.
3

4
7

96.4

d.f
3

4
7

(v")
Incubation periods (days)

20 40
94.55 94.35

t_65
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Varìate: N

Source of variation:
Straw
Residual
Total

d.f.
3

4
7

1.15

d.f.
3

4
1

s.s.

0.5078
0.0030
0.5108

s.s.

50.439
1.910
52.35

s.s.

15.526
3.1 13

18.639

m.s.
0.16925
0.00075

m.s.
16.813
0.478

m.s.
5.r75
0.118

v.r.
225.67

60
1.05

v.r.
35.21

60
67.31

v.r.
6.65

60
53.24

F pr.
<0.001

, Table of means:

Grand mean (7')
Incubation periods (days)

20 40
t.2r 1.53

Straw

Variate: NDF

Source of variation:
Straw
Residual
Total

Table of means:
Grand mean

Straw

Varìate: ADF

Source of variation:
Straw
Residual
Total

Table of means

Grand mean

Straw

(vo)

Incubation periods (days)

20 40
69.01 68.02

0
0.835

69.52

0
73.74

53.8'7

0
55.96

F pr.
0.002

F pr.

0.049
d.f

õ
J

4
7

(7")
Incubation periods (days)

20 40
52.16 54.13
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Analysis of variance on ín viÍro digestibility of DM and OM of untreated and fungi
treated (spent) pea straw

Varíate: DM

Source of variation:
Straw
Residual

rTotul

Table of means:
Grand mean

Straw

Varíate: OM

Source of variation:
Straw
Residual
Total

Table of means:

Grand mean

Straw

(vo)

Incubation periods (days)

20 40
48.52 49.45

d.f.
3

8

11

45.01

0
4r.30

45.42

0
41.60

s.s.

191.48
t6.07

207.56

s.s.

204.41
15.19

219.59

m.s.
63.83
2.0t

m.s.
68.14
1.90

v.r.
31.17

60
40.76

v.r.
35.89

60
4r.02

F pr.
<0.001

F pr.
<0.001

d.f.
3

8

11

(7o)

Incubation periods (days)

20 40
49.07 49.99
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Regression analysis relating dry matter digestibility (DMD) and nitrogen (N) content
of spent pea straw as a function of Pleurotus growth

df Sum of
squares

Mean of
squares

F SignificanceF

Regression

Residual
Total

1

6

7

99.62
52.20
151.82

99.62
8.70

tL.45 0.0147

Coefficiens Standa¡d
enor

t-st¿tistic p-value l-nwer 95Vo Upper 95Vo

Intercept
xl

28.92
1.4

5.93
3.38

0.00058
0.011ó

16.99

0.387

40.85
2.41

4.87
o.4r

DMD =28.9 + 1.4N

(r-0.77, p<().05)
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Putting fungi to work on forage

By Neijat Mohamed and Jim Gatlagher, The University of Adelaide, Roseworthy Campus

It is widety recognised that the major limitation to the utilisation of f,rbrous crop residues as a feedstuff for

ruminant animals is associated with their low digestibility, low intake and low content of essential nutrients

such as nitrogen and minerals. But after researching the overall feeding value of various crop residues we have

been able to rank residues in terms of nutritional benefit for ruminants.

Our resea¡ch has also provided an overview of the signihcance of pea straw, on which little information is
available, as ruminant feed. The potential of biological pre-treatrnent to improve the feed value of pea straw has

also been investigated.

RANKING CROP RESIDUES
The availability of energy in forages is dependent on the dry matter digestibiliry (DMD). The DMD of forages

varies with the proportion of cell wall constituents - and in particular - acid detergent hbre and acid detergent

lignin.

The acid detergent method for fibre (ADF) and lignin (ADL) and the kjeldahl procedure were used to determine

the fibre and crude protein contents respectively, for several crop residues. Among the cereal stubbles, there is

no significant difference in their CP level. But oat. and triticale contained lower ADF levels than wheat and

barley.

Triticale would be preferred ¿ìmong the cereal stubbles for ruminant feeding because because it contained a

signif,rcantly lower ADL level. Pea stubble contained signihcantly higher cell wall material (70 per cent ADF
and6.7 per cent ADL) than any of the other feeds analysed implying lower digestible energy.

The relatively higher level of cmde protein (6.2 per cent) observed in pea stubble in our research, ald similar
levels in a previous study, suggests that when supplemented for energy and minerals, pea straw could be utilised
as a valuable feed component for ruminants.

BIOLOGICAL PRE-TREATMENT OF PEA STRAW
Biological pre-treaúnent of crop residues has been neglected in the past because of a lack of technical
information on the subject. Many fungi of the white-rot type are known to metâbolise lignin, cellulQse and other
fibrous components in crop residues.

But white-rot fungi require screening and careful selection of individuals which selectively degrade lignin.
Another group of fiingi (basidiomycetes) which convert lignocellulose directly into fungal protein (mushroom)

could be easily handled by the farmer.

Although the cultivation of mushrooms (fungi) on st¡aw-based substrates is an old agricultural practice, the

degradation of forages by fungi could be an innovative means of improving their digestibility for livestock. A
benefit of 20 - 30 per cent increase in digestibility of fungi treated forage would be associated with a cost of
$100 of commercial fungi spawn per tonne of forage.

Our work has been aimed at assessing the effects of the basidiomycetes (Pleurotus cornucopiae) on pea straw

through measurement of chemical composition and in vitro digestibility.

Pea straw (chopped to 2 to 4 cm and with a moisture content of 75 per cent) was sterilised at 120 degrees

Celsius for one hour, cooled and then inoculated with spawns of Pleurotus. cornucopiae. Sampling of straw
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w¿ìs done at the onset (control) and at 20, 40 and 60 days of incubation. The samples were analysed for dry

matter, organic matter (OM) and ash. Acid detergent fibre, acid detergent lignin, neutral detergent fibre (NDÐ
and nitrogen was also measu¡ed. Rumen fluid was obtained from six merino wethers which were maintained on

an unt¡eated pea straw supplemented with 30 per cent. oaten grain and 15 per cent lucerne chaff . In vitro DM

digestibility of the straw rvas then detennined

RESTJLTS OF PEA STRAW RESEÀRCH
A highly significant increase in nitrogen content occurred in spent pea sfaw. It was highest after 40 days of

incubation and later declined.

There was a highly signihcant decline in DM content - up to three per cent being lost during fennentation. The

least DM loss in straw after fungi cultivation was during the 40-day incubation period. Maximum DM loss was

in the early periods of incubation.

There was a significant decrease in the NDF and ADF components of the spent straw. The cellulose content in

tÏe spent straw was signifrcantly lower than the cõntrol straw. There was also a tendency for the decomposition

of hemicellulose in the fermenting st¡aw. There was a significant increase in the ADL content of spent sEaw at

day 20 and 60 but there was no significant difference in the lignin content of 40-day spent straw from the

control. There was a highly signihcant difference in the in vitro DMD of spent straw.

One of the advantâges of leguminous straw is the higher nitrogen content compared to cereal straw. Nitrogen

plays a significant role in the animal' s intake of forage. The in vitro DMD of spent peâ stfaw cultivated with P.

cornucopiae after 40 days of incubation was enhanced by 20 per cent with only five per cent loss in cellulose.

FEED OUT WITIIIN 40 DAYS
So the enhanced DMD in spent pea straw by P. contucopi¿¿ seems to result from changes in chemical

composition - especially reduction in the fibre fractions and increase in nitrogen content. Fungal treâünent of

p.^ rttu* may be a suitable method for improving its nutritive value for ruminants provided it is not offered

more than 40 days post-üeaunent. But more resea¡ch would be needed to provide information for the

subsequent utilisation of fungi treated straw by ruminants.
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CHEMICAL COMPOSITION A¡ID NUTRITIVE VALUE OF PEA STRAW
STJBJECTED TO FUNGAL FERMENTATION

M.S. Neijat and J.R. Gallagher
Department of Animal Science, The University of Adelaide, Roseworthy carnpus, Roseworthy S.A. 5371,

Australia

Biological pre-treatment of crop residues has been neglected in the past due to lack of technical

information on the subject. Many fungi of the white-rot type are known to metabolise lignin, cellulose and

other lrbrous components in agricultural residues (Latham, 7979; Zadrazil, 1979; Ibrahim and Pearce,

1980). However, white-rot fungi require screening and careful selection of individuals which selectively

degrade lignin. Another group of fungi (basidiomycetes) which convert ligno-cellulose directly into fungal

protein (mushroom) (Zadrazil,1979) could be easily handled by tie farner. This paper reports a study to

assess the effects of the basidiomycetes; Pleurotus cornucopiae on pea straw through measurement of

chemical composition and in vitro digestibility.

Pea straw, sou¡ced from Adelaide Plains, South Australia, (4 kg, chopped to 2-4 cm and with a moisture

content of 75Vo) was sterilised at 120'C for t hour, cooled and then inoculated with spawns of Pleurotus

cornucopiae. The substrate was maintained at a temperatue of 22-24"C. Sampling of straw sample (50 g

each) was done at the onset (control) and at 20, 40 and 60 days of incubation.

Samples were analysed for dry matter (DM), organic matter (OM) and ash (AOAC, 1990). Acid detergent

fibre (ADÐ, acid detergent lignin (ADL) and neutral detergent fibre (NDF) were estimated by the methods

of Goering and Van Soest (1970) (cited by Faichney and White, 1983). Nifrogen (N) was determined

using the Kjeldahl procedure as outlined by AOAC (1990). Rumen fluid was obtained from six Aust¡alian

Merino wethers which were maintained on an untreated pea straw supplemented with 307o oaten grain and

15% lucerne chalf. In vitro DM digestibility (DMD) of the straw was detennined by the method of Tilley

and Terry (1963).
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The experiment was a complete randomised design as described by Mead and Curnow (1983). Dala

collectecl were analysed by analysis of va¡iance and mean values compared by the least signifltcant

difference method.

Results and discussion

A highly significant increase in N content occured in spent pea straw. It was highest after 40 days of

incubation and later declined (Table 1). There was a highly significant decline in DM content, up to 3Vo

being lost during fermentation. The least DM loss in straw after fungi cultivation was obtained during the

40-day incubation period while maximum DM loss was observed in the early periods of incubation.

There was a significant decrease in the NDF (p<0.01) and ADF (p<0.05) components of the spent straw.

The cellulose content in the spent straw was significantly (p<0.10) lower than the control sfaw. There

was also a tendency for the decomposition of hemicellulose in the fennenting straw. There was a

significant (p<0.10) increase in the ADL content of spent straw at day 20 and ó0, however, there was no

significant difference in the lignin content of 40-day spent straw from the control. There was a highly

signilrcant increase in tìe in vitro Dll.fD of spent st¡aw (Table 1).

During the fust growth period of mushroom, the easily soluble subst¡ates in straw are used for

accumulation of fungal biomass, producing a substrate more difltcult to digest than the initial straw

(Zadrazll, 1977). Subsequently, fungal enzymes are released and this could lead to accumulation of more

soluble substances. The former process may be responsible for the initial decline in DM content observed

in this study. The latter process may be of benefit to improvement in nut¡itive value since one of the

ultimate aims of fungal fermenhtion is to solubilize the carbohydrate polymers found in straw. The

increase in the ash content of the spent sEaw could be att¡ibuted to the growth of mushroom (hyphae)

which in turn may lead to the synthesis of mineral matter.

Although Zadrazil (1917) obtained greatest digestibility of wheat straw fermented with P. cornucoptae

after 120 days at 22"C, in this experiment digestibility was observed to decline after 40 days of
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fermentation. One of the advantages of leguminous straw is the higher N content compared to cereal

straw. N plays a significant role in the animal's intake of forage (Minson, 1983). The in vitro DMD of

spent pea straw cultivated with P. cornucopiae after 40 days of incubation was enhanced by 2OVo with only

5% loss in cellulose.

The enhanced DMD in spent pea straw by P. cornucopiae seems to result from changes in chemical

composition, especially reduction in the hbre fractions and increase in N content. Fungal treatment of pea

straw may be a suitable method for improving the nutritive value of low quality forage for ruminants

provided it is not offered more than 40 days post-treatment. However, more research would be needed to

provide inforrnation for the subsequent utilisation of fungi treated straw by ruminants.
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PLATB 1. Sheep in separate pens during the adaptation period.
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PLATE 2. Sheep with faecal bags fastened with harnesses in metabolism crates with

metal mesh floor to allow passage of urine.
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PLATE 3. Parts of straw that wcre used in the cxperimenLs
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PLATE 4. Pea straw fully covered with white ¡nould growth of Pl.euroÍu'ç

cornucopin¿e (about 20 days after incubation)
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PLATE 5. First flush of mushroom (P. cornucopiae) on pea straw(4O days after

incubation)

PLATE 6. Shape of an individual fully grown P. cornucorpì.ae
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