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ABSTRACT 

Degradation of various feed proteins and individual 
amino acids and ·biosynthesis of proteins in the presence of 
various deaminase and methanogenic inhibitors by rumen 
microorganisms obtained from fistulated buffalo (Bubalus . 
~) bulls were investigated. The deaminase activity of 
mixed rumen bacterial extract was also characterized. Intact, 
soluble and insoluble proteins of casein, soyabean seed meal 
(Soya), groundnut cake (Ge) , mustard cake (MC ) and sunflower 
seed meal (SF) were used as protein sources. Intact, soluble 
and insoluble proteins of casein were degraded by rumen fluid 
(SRF) and its fraction viz. bacteria , protozoa and cell-free 
supernatant to maximum extent followed, in order, by soya, Ge, 
Me and SF. Soluble proteins were degraded to maximum extent and 
the insoluble proteins were degraded to minimum extent by SRF 
and its fractions . All these proteins were degraded maximally 
by SRF, followed by cell-free supernatant, bacteria and 
protozoa. There was almost direct relationship between the 
production of ammonia and the degree of protein degradation by 
SRF and its fractions. Individual amino acids were degraded at 
different rates by both SRF and bacteria. With regard to their 
relative rate of degradation and deamination by SRF the amino 
acids were divided into 4 groups . Serine, cysteine and aspartic 
acid (87-92%) were attacked mostly completely, fol lowed by 
argl.nl.ne, phenylalanine, threonine, glutamate , glutamine , 
lysine, tyrosine and cystine (44-70%"), tryptophan" alanine, 



methionine and histidine (30-35%) and isoleucine , valine, 
glycine, hydroxyproline and proline (9-18% ). The pattern of 
degradation of amino acids was the same with bacteria but the 
rate of degradation was lower than with SRF. 

The pH and temperature optima for deaminase activity 
was 6 . 75 and 45°C and the activity was thermal stable upto 
SooC. OUt of large number of chemicals found to have inhibitory 
effect on deaminase activity , sodium azide , p-chloromercuri­
benzoate, hydrazine and its derivatives, sodium arsenate , 
sodium arsenite, dimethyldiphenyl iodonium chloride (DDIC), 
phosphoramidon, monensin , chloroform and chloralhydrate were 
found to be strong inhibitors (50-80% inhibition). The 
deaminase seems to be a metalloenzyme and requires -SH groups 
for its catalytic activity. It was observed that 61.4% of 
activity was present in cell-free supernatant and 43 . 7%" was 
associated with bacteria. Within the bacterial cell 65% of the 
activity was present in cytosol and 35% was associated wit.h 
membranes . 

All the above mentioned inhibitors except sodium azide 
and p-CMB (which were not examined) significantly increased the 
concentration of TCA-precipitable proteins in the incubat ion 
mixture when different intact proteins were incubated with SRF 
and bacteria. The order of effectiveness of theS'e inhibitors 
for increasing the TCA-precipitable proteins was phenyl-
hydrazine sodium arsenate > ODIC sodium arsenite 
hydrazine p-Nitrophenylhydrazine > hydrazine sulfate 
hydroxylamine-HCI with SRF and hydrazine sulfa~e > hydrazine > 
ODIC > sodium arsenate/sodium arsenite > hydroxylamine- Hel > 
phenylhydrazine> p-nitrophenyl hydrazine with bacteria . In the 
presence of these inhibitors the per cent increase in the 
concentration of TCA-precipitable proteins was higher with 
casein (50-86% with SRF and 33 -112% with bacteria) and soya 
(18-74% with SRF and 28-79% with bacteria) followed by MC (32-
62% with SRF and 17-74% with bacteria), SF (30-58% with SRF and 
12-64% with bacteria) and GC (25-52% with SRF and 19 -75% with 
bacterial. 

L~ k I'\f'/~J-
Signature of Major Advisor 
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CHAPTER I 

INTRODUCTION 

Feedstuff consumed by the ruminant s are initially 

exposed to microbial fermentation in the reticulo- rumen prior 

to post-gastric enzymic digestion (Mackie and White. 1990 ). 

Dietary proteins are extensively degraded by microbial 

prot eases to peptides and amino acids in the r~ticulo-rumen 

(Hobson and Wallace, 1982a, b). The free amino acids released 

can be assimilated directly by rumen microbes for protein 

biosynthesis but most are rapidly deaminated to yield ammonia 

and other intermediate products (Chalupa , 1974). The ammonia, 

so produced, is the main nitrogen source for proteiI' 

biosynthesis by rumen microorganisms (Chalupa, 1974). However, 

the degradation of dietary proteins and free amino ac ids is 

often in excess and all the ammonia produced, especially 

from high quality dietary proteins. is not fully utilized for 

microbial protein synthesis. The excess ammonia is absorbed 

from the rumen and is excreted as urea in the urine and hence 

goes waste (Nolan and Leng. 1972; Chalupa. 1975). Dependi!,g 

upon various factors 40 to 60% of the dietary proteins are 



degraded in the rumen (Leng and Nolan, 1984; Mackie and 

Kistner, 1985 ) . The undegraded dietary prote ins a nd microbial 

proteins are digested post-ruminally and meet t he amino acids 

requirement of the host animal. Quantitativ e l osse s upto 55% 

may occur during the transformation of d ietary proteins and 

free amino acids to microbial proteins (Smith and McAllen , 

1974; Chalupa, 1975). 

For efficient utilization of dietary proteins by 

ruminants, it is therefore, desirable to avoid the losses 

occurring due to the transfonnation of d ietary p r oteins t o 

microbial proteins by reducing the extent of degradation of 

dietary proteins in t.he rumen. This can be a chieved by (i) 

protecting the dietary proteins against ruminal degradation by 

treating them with various chemicals l i ke f o rma l dehyd e, 

tannins and zinc salts (Dreider and Hatfield, 1970; Phillips ~ 

al., 1981; ~ahadevan ~ gl., 1983; Siddons ~ gl. , 1984; 

Britton and Klopfenstein, 1986 ; Cecav a et gl ., 1993 ) , (ii) 

depressing proteolysis in the rumen (Chalupa, 1975) , and (iii ) 

using those dietary proteins which are mo r e r esistant to 

ruminal degradation (Ganev ~ 21., 1979; Siddons and Parandine , 

1981) . 

Deamination of amino acids in the rumen is also of 

primary significance in the utilization of dietary nitrogen by 

ruminants, since this is the principal step by which dieta ry 

amino acids may be irreversibly lost to the animal. I nhib i tion 

of deamination, therefore, assumes practical significance as a 
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means of increasing ruminal escape of dietary ami no acids 

(Broderick and Balth.~ p . Jr. 1979). 

Keeping in v iew the above observations. the present 

study was undertaken to optimise the use of dietary proteins in 

ruminants by decreas ing the proteolysis of feed proteins and 

deamination of amino acids in the rumen . To achieve this 

objective it was proposed to examine: 

(i) Proteolysis of different types of dietary proteins and 

dearnination of amino acids by rumen flu i d and its 

fractions. 

(ii) Isolation and characterization of deaminases from 

rumen bacteria . 

(iii) Effect of selected deaminase and '" methanogenic 

inhibitors on protein synthesis by rumen 

microorganisms. 



CHAPTER I 

REVIEW OF LITERATURE 

Dietary proteins are extensively degraded to peptides , 

amino acids and finally to anunonia (Chalupa, 1974; Tamminga , 

1979) in the reticula-rumen. The ammonia, so produced, is the 

main nitrogen source for protein biosynthesis in rumen micro­

organisms . However. all the ammonia produced, especially from 

high quality proteins, is not u t ilized for protein" biosynthesis 

and the excess is absorbed from rumen and is l ost as urea in 

the urine . Quantitative losses upto 55% may C1ccur during the 

transformation of dietary proteins to microbial proteins. For 

efficient ut~lization of feed proteins, therefore , it i s 

desirable that there should be maximum i ncorporation of intact 

dietary amino acids into microbial proteins or least 

catabolized in the rumen f o r maximum absorption post-ruminally. 

In the light of this preamble, the literature is reviewed under 

the following heads, 

2.1 Proteolysis of dietary proteins in the reticula-rumen 

2 . 2 DearniDation of amino acids 

2.3 Protection of dietary proteins and amino acids again~t 

ruminal degradation 
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2.4 Chemical inhibition of amino acid deamination 

2.1 Proteolysis of dietary proteins in the reticula-rumen 

Dietary proteins are extensivley degraded in the rumen 

by ruminal bacteria and protozoa to peptides, amino acids and 

ammonia (Chalupa, 1974; Tamminga, 1979; Mackie and White , 

1990). The information regarding the microorganisms respons ible 

for proteolysis of dietary proteins and the nature of microbial 

proteases has been reviewed by several workers (Blackburn, 

1965; Hobson ".nd Howard, 1969; Allison, 1970; Bryant , 1970; 

Lewis and Swan, 1971; Armstrong and Hutton, 1972 and Vaz 

Port~gal, 1972). It has been observed that ruminal bacteria are 

mainly responsible for proteolysis (Broderick and. Craig , 1983 ; 

Cotta and Hespell, 1986; Mahadevan ~ al., 1987 and Nugent and 

Mangan, 1981). . Bacterial proteases are membrane bound and 

located on the surface to facilitate the access to substrat.e · 

and include both exo- and endo-peptidases (Nugent and Mangan, 

1981; Kopecny and Wallace, 1982 and Wallace, 1985 ). These 

enzymes are constitutive in nature and do not appear to be 

subjected to metabolic control(Chalupa, 1974). 

Predominant proteolytic bacteria include gram negative 

species such as Bacteroides ruminicola Bacteroides 

amylophilus Megasphaera elsdenii Selenomonas ruminantium and 

Succinovibrio species (Chalupa, 1974 and Cotta and Hespell, 

1986) . Major gram positive strains include Butyrivibrio 

fihrisolvens Streptococcus Lachnospira sp: , 



Propionibacterium sp. , and Clostrid ium sp. (Bryant a nd 

Robinson, 1962; Blackburn, 19 68 ; All i s on,1970; Russell ~ ~., 

1981; Brock ~ ill . , 1982 ; Hazlewo od and Edwa rds, 1982 and 

Wallace and Brammall, 1985 ) . Main proteolytic protozoal species 

include Entodinium, Iso tri cha, Eudiplod ium and Ophryscolex 

(Foresberg ~ .ill., 1 964; Coleman, 1967 a, b ; 196 8; 19 69a, b; 

Allison, 1970 and Bryant, 1970 ) . Onodera a nd Kandatsu (1970) 

described the protozoal prot eases to be l ocated internally and 

hence of not much significance to die t ary protein degradation. 

Protein degradation can be envi s ioned in distinct 

steps involving (i) hydration (ii ) s olubilisat ion ( ii i) 

proteolysis (iv) Uptake (transport ) and (v) e i t he r f erment ation 

or microbial protein synthesis (Chen ~ ;li ., 1987) ': I t has been 

generally assumed that proteolysis may be a rat e limiting step 

in protein degradation (Nugent and Mangan, 1978; Satter and 

Roffler, 1975; Tamminga, 1979 ) . 

It has been suggested that peptide uptake and no t the 

proteolysis could be the rate limiting ste p i n dietary protei~ 

degradation by rumen microorganisms (Blade n gh ~., 1961 ; 

Russell, 1983; Russell ~ ;li., 198 3 ; Hino and Russell , 1985, 

1987; Chen ~ .ill" 1987 ) . Broderick ~ ;li . (1 988) also reported 

that peptides would accumulate in rumen fluid during hydrolysis 

of rapidly degradable proteins whereas the pept i de uptake would 

exceed their release in case of slowly degradabl e prot eins . 

2.1.1 Various factors influencing protein degradation in rum~ 

The various factors influencing the protein 
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degradation in the rumen are briefly summarized be l ow: 

2.1.1.1 Protein solubility 

It is assumed that soluble proteins are rapidly and 

more completely degraded than insoluble ones, because o f their 

greater accessibility to proteases i n sol ution . Actuall y 

soluble proteins differ greatly in the rate at whic h t hey are 

hydrolysed . Nugent and Mangan (1978 ) showed tha t casein , leaf 

protein fraction I and bovine serum albumin, t hough so l uble in 

buffer, were hydrolyzed at different rates vi z . case in < leaf 

protein fraction bovine serum albumin. Hence it was 

suggested that differences in rates of microbia l hydrol ysis of 

certain proteins are caused by structural ra t her than 

solubility differences (Nugent and Mangan , 1978 ; .. Mahadevan II 

21 . , 1980). Protein solubility is , therefore , expe cted to 

predict differences in protein degradation more accurate ly when 

applied to a similar group of feeds across a d iverse g r oup of 

feeds differing in physical and chemical properties (Satter , 

1986). The proteins may also have alter ed s o lubility at lower 

pH and hence may exhibit altered degradabil i t y (Ganev gt. 21 ., 

1979) . 

2.1.1.2 Protein structure 

Mahadevan ~ 21 . (1980 ) showed that degradation of 

soluble and insoluble proteins by Bacterioides amylophilus 

protease and by rumen microorganisms proceede d at almost 

identical rates and suggested that structural character i st ics 

of protein determines its degradation in the rumen. I t was 



further shown that treatment of a resistant protein with 

m.!!captoethanol rendered it to be more susceptible to 

hydrolysis indicating that proteins having disulfide bonds are 

more resistant to degradation. Ovalbumin which inspite of being 

soluble in rumen fluid, resists proteolytic attack, probably 

due to the cyclic feature of this protein. 

2.1.1.3 Retention time in rumen 

Extent of protein degradation is influenced by 

resident time of proteins in _ the rumen. All the factors which 

determine the resident time of a protein in the rumen such as 

level of feed intake (Tamminga, 1979), dilution rate of rume= 

fluid (Harrison ~ £1., 1975; Cole ~ ~., 1976; Prigge ~ £1., 

1978; Hemsley, 1975) and environmental 

temperature (Kennedy ~ £1., 1976; Keeney ~ ~. , 1980) will , 

therefore, influence the protein degradation in the rumen. 

2.1.1.4 Peed processing and storage 

Some feeds are exposed to heat during processing . By­

product feeds are often dried for marketing and ensiled feeds 

may experience elevated temperatures for sufficient time. Feec 

processing methods such as pelleting, extrusion , steam, rollins 

or flaking may generate enough heat to alter a protein (Satter. 

1986). All such treatments may protect the dietary proteins 

against rumina I degradation. 

2.1.1.5 Ammonia concentration in the rumen 

Several workers have studied the influence of ammonia 

concentration on protein degradatio n in the rumen. Orskov et 



il . (1974) concluded that inclusion of urea in the diet did not 

have a sparing effect on degradation of dietary proteins from 

barley and fish meal in lambs. Wallace II l!J,.. (1979) reported 

that when ammonia concentrations in the rumen fluid of sheep , 

fed whole barley, were increased from 6.1 to 13.4 mM , there was 

90t increase in degradation rate of rolled barley but only 

smaller increases in rates of degradation of dietary proteins 

and plant fibres. Nikolic and Filipovic (1981), however , showed 

that low ammonia concentrations did not affect the degradation 

rate of dietary maize proteins, atleast in short term 

expression. 

Song and Kennelly (1991) showed that although removal 

of protozoa from rumen fluid decreased the extent of 

degradation of dietary protein, the rate and extent of 

degradation was not influenced by arranonia concentrations, but. 

was highly correlated to protein solubility. it was concluded 

that ammonia concentration was not the primary factor 

regulating the proteolytic activity of microorganisms , rather 

their activities may depend on the solubility and other 

physico-chemical characteristics of dietary proteins. 

2.1.2 Comparative role of bacteria and protozoa in degradation 
of proteins 

Not much is known about the quantitative contributio n 

of ruminal bacteria and protozoa to the degradation of dietary 

protein in the rumen, except that bacteria are primarily 

responsible for proteOlysis (Nugent and Mangan, 1981; Brock ~ 
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Al,., 1982; Kopecny and Wallace, 1982; Foresberg tt M., 1984; 

Wallace and Brammall.1985 ). It was observed that mixed ruminal 

bacteria adsorb dietary proteins on the cell wall and 

hydrolysis occurs there (Nugent and Mangan, 1981 : . Kopecny and 

Wallace, 1982; Wallace, 1985 ). In this process, solubility and 

primary amino acid sequence of proteins are important 

determinants of proteolysis. Ammonia is the major end product 

of bacterial degradation of proteins . 

Bntodiniomorphs protozoa only take up particulate 

proteins, whereas Isotrichs (Holotrichs) utilize both soluble 

and particulate proteins (AbOll Akkada and Howard, 1962; Onodera 

and Kandatsu, 1970) . Weller and Pilgrim (1974) r eported that 

the contribution of protozoa to the amount of microbial 

proteins entering small intestine was very low. Ushida and 

Jounay (1985) reported that in vitro degradability of proteins 

was significantly lower in defaunated sheep and the protozoal 

effect was greater when protein solubili ty was low. The 

protozoal species, particularly large Ophyrscoleidae, (10C 

~m), degraded more, relativ ely insoluble fractions of dietary 

proteins. Entodinium simplex engulfed all types of bacteria and 

utilized their amino acids without any change or 

interconversion (Coleman, 1972). 

Coleman (1964) and Coleman and Hall (1969) also 

reported that Entodinium ecoudatum rapidly e ngulfed bacteria 

and it was likely that this organism may obtain its amino ac~d 

requirements for its protein synthesis from e ngulfed bacteria. 
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It was estimated that maximum rate of uptake by this organi~ 

was approximately 200 bacteria per minute and each organis::l 

contained upto 104 ~ ~ when completely filled . 

Heald and Oxford (1953) were the first to observe the 

loss of soluble peptides and proteins from holotrich protozoa. 

Harmeyer (1971) reported that as much as 25% of the cellular 

nitrogen was excreted into the surrounding medium by Isotricha 

species in a 24 h period. one-third of which was amino acids 

(alanine, glutamate , aspartate, proline, ornithine) and 

ammonia . The excretion was not affected by the presence 0:: 

exogenous amino acids and represented the degradations of 

ingested nitrogenous material. 

Eadie and Gill (1971) observed that ruminal armnonia 

concentrations were about twice as high in fauna ted than i:: 

defaunated sheep , Stern II gl. (1977 ) observed that ciliate 

protozoa were able to synthesize amino acids as well as utilize · 

preformed amino acids released by proteolysis of ingested 

bacteria or plant material. It was suggested that amino acids 

of undigested chloroplast were incorporated into protozoa: 

proteins. 

Hino and Russell (19B7) used heat killed bacteria 

(bacterial fraction heated at BO°C for 20 min in NaCl) as a 

protein source and showed that addition of amphoterin (IO 

Ilg/ml) that killed protozoa in incubation mixture, decrease6-

anunonia prOduction when killed bacteria were used as prote i.:::l 

source . Defaunation, however, had no effect on deamination 0= 
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casein . Protonophore monensin (5 ~g /ml ). that also killed 

protozoa, decreased the casein deamination to a much greater 

extent than amphoterin. Antibacterial antibiotics such as 

penicillin G. polymixin B. cephalosporin and streptomycin 

greatly reduced ammonia formation from casein. It was further 

shown that isolated bacteria produced more ammonia from casein 

than isolated protozoa, but the difference was less with heat 

treated particulate proteins such as heat killed bacteria. Non­

ammonia- non-protein nitrogen accumulation with protozoa was 

grater than with bacteria. It was suggested that (i) soluble 

proteins were primarily degraded by bacteria (ii) protozoa 

could contribute to the degradation of insoluble particulate 

proteins (iii) protozoa were limited in their ability to 

assimilate peptides (or amino acids) (iv) low molecular weight 

products could be fermented more rapidl y by bacteria a nd (v) 

Monensin was toxic to protozoa and decrease s in ammonia · 

concentrations were primarily due to its a ction on bacteria. 

Ushida ~ al. (1990 ) reported that eliminat ion of 

protozoa (defaunation ) resulted in increased duodenal flow of 

primarily non-ammonia nitrogen. This was primarily due to 

increased microbial protein flow and to a lesser extent to 

higher dietary protein flow . It was further shown that 

defaunation markedly increased the efficiency of microbial 

protein synthesis. 



2.2 Deamination of amino acids 

2.2.1 Mechanism of deamination 

13 

Available information indicates that fermentation of 

amino acids. which are formed as a result of proteolysis, 

mainly involves oxidative deamination (or transamination with a 

keto acid) to keto acids, followed by a decarboxylation (or 

transamination wi th another amino acid) of keto acids 

(Deimeijer, 1976; Prins, 1977: Van Nevel and Demeyer, 1979 ) . 

This is most important pathway for amino acid degradation 

operating in the rumen and involves a yield of one ATP per 

decarboxylation. 

Hungate . (1966) suggested that Stickland type reaction 

may be important for amino acid degradation. Broderick and 

Balthorp Jr. (1979) reported that addition of arsenate, an 

inhibitor of reductive step in Stickland reaction, also 

inhibited the deamination of amino acids by rumen 

microorganisms completely. This observation confirmed the 

hypothesis advanced by Hungate (1966). Generalised Stickland 

reaction may be summarized as follows: 

R'CHNH2COOH + 2 R"CHNH2COOH + 2H20 

------> R'COOH + CO2 + 3NH2 + 2R"CH2 COOH. 

The above reaction involves coupled oxidation­

reduction between suitable pairs of amino acids whe~e one amino 

acid is oxidatively deaminated and decarboxylated while. the 

other amino acid is reductively deaminated. 

Stickland (1934) classified amino acids as proton 
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donors (e.g. alanine. valine and leucine) and pro t on acceptors 

(e . g . glycine and proline) on the basis of their abi lity to 

reduce dyes such as methylene blue. Proton acceptors were 

ineffective in reducing methylene blue, but rapidly oxidi zed 

the reduced form of low redox potential dyes s.uch as benzene 

viologen. This observation indicated that oxidative and 

reductive deamination occurred at quite different redox 

potentials . Stickland (1935) while studying the interactions 

between amino acids and suitable redox dyes in presence of cell 

suspension of Clostridum sporogenes, presented the evidence 

that the reduced power generated in oxidative deamination 

yielding three moles of acid for every three moles of amino 

acid consumed produced one mole of ATP. 

Cohen-Bazzire ~ al. (1948) showed that cell suspension 

of Clostridium sporogenes and related org~isms converted 

valine to isobutyrate, leucine to isovalerate and isoleucine to 

an optically active valerie acid (probably 2-methyl butyrate). 

Britz and Wilkinson (1982) showed that leucine dissimilation by 

cell suspension of Clostridia and PeptostreptQCOCCUS anaerobius 

followed stickland reaction stoichiometry as the ratio of 

isovalerate to isocapraate was 1: 2, amount of CO2 produced 

being equal to isovalerate and ammonium ion concentration equal 

to total Cs and C6 acids formed. Presence of alanine and valine 

(proton donors) in incubations effectively increased the 

concentration of isovalerate at the expense of isocaproate , 

implying that leucine, in this case, primarily acted as proton 
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acceptor. Glycine and proline (proton acceptor) stimulated both 

isocaproate and isovalerate from leucine, indicating that 

leucine here acted as proton donor. It was concluded that 

leucine played dual role during amino acid deamina tion. It was 

further shown that addition of glucose stimulated the 

conversion of leucine to volatile fatty acids production 

indicating 'that glucose inhibited the oxidative deamination and 

not the reductive deamination. This effect could be due to 

glycosylation process utilizing cofactors such as NAD+ which 

are otherwise available for amino acid deamination . 

The stoichiometric relationships of amino acids 

degradation are not well understood . Demeijer (1976) , Prins 

(1977) and Tamminga (1978) suggested that micr.obial growth 

efficiency during protein ferment.ation is inferior to 

carbohydrate fermentation. In vitro experiments. on fermentation 

of casein by Demeijer (1976) indicated that 0.43 moles of amino ' 

acids in casein yielded 0.14 moles of propionate and 0 . 09 moles 

of methane. Since casein contains some 0. 85 moles of amino 

acids per 100 g and fermentation of 100 g of casein wou'ld, 

therefore, yield 1.3 moles of ATP (0.85 due to decarboxylation 

of a-keto acids, 0.27 from the formation of propionate and 0.18 

from formation of methane). This is considerably less than t he 

generally accepted minimal yield of 4 to 5 moles of ATP per 

mole of hexose equivalent (162 g of polysaccharide ) fermented 

in rumen (Prins, 1977). Van Nevel and Demeyer (1979) conducted 

experiments where this stoichiometry and microbial energetics 
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could be calculated based on following general reactions, 

2H produced (2~) 

(i) 

(ii) 

(iii) 

(i) 

(ii) 

(iii) 

(iv) 

~ CH (NH2 ) COOH+H20 ---- --~ RCO COOH+NH2+2H 

RCOCOOH+CH2CH(NH2 )COOH ---~ R CH(NH2 )COOH+CH3CO COOH 

CH3CO COOH+H20 ---~ CH3 COOH+ CO2+ 2H 

2H is utilized (2Mu) as follows , 

CH3CO COOH + 4H ---~ CH3 CH2COOH + H20 

2CH3COOH + 4H ---~ CH3 (CH2 )COOH + 2H20 

CO2+8H ---~ CH4 + 2 H20 

NH2 (CH2 )4 COOH + 2H ---~ NH3+CH3 (CH2)3COOH 

Isovalerate (IV) and valerate (V) were assumed to be 

formed from deamination followed by decarboxylation of leucine 

(isoleucine) and lysine respectively . Regeneration of reduced 

cofactors involves the production of acetate CA). propionate 

(F). butyrate (8) . and methane (M) and of valerate (V) from ct­

NH2 -valerate. 

The molar proportions of amino acids (M) fermented 

and NH3 formed were calculated from net molar amounts of 

volatile fatty acids (VPA ) formed as f ol l ows, 

AA = A+P+IV + V + B.2 and 

NH3 = A + F + IV + 2V + 8.2. 

= AA - V 

The amount of protein synthesized in relation to 

organic matter fermented was calculated as AA x 114 where 114 

was equivalent to calculated average molecular weight of a 

casein amino acid unit . 
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Hydrogen r ecovery (t) was calculated as follows, 

2Mu/2,\> x 100 

where 

2Mu = 2P + 2B + 4H +V 

and 2,\>= 2A + P + 4B + 2IV + 2V 

It was further shown that incubation of rumen ~ fluid 

with casein resulted in net ~isappearance of protein-N and net 

production of arrunonia, methane and volatile fatty acids. The 

concentration of free "'-~-nitrogen was nearly doubled 

indicating that rate of proteolysis exceeded the r ate of amino 

acid fermentation. The only amine detected in traces in t.he 

incubation mixture was 2-phenyl methylamine showing that 

decarboxylation of amino acid was of minor importance. From 

above calculations . it was found that ammonia production 

accounts for 96\ of protein-nitrogen disappear ance , whereas 

ammonia production, calculated from volatile fatty acids and 

methane produced accounts for 90\ of the amount formed . The 

data suggested that microbial growth efficiency in protein 

fermentation is about half the value obtained for carbohydrate 

fermentation. 

2 . 2.2 Amino acid transport into the cell 

Russell (1983) showed that Bacteroides ruminicola ei 
was unable to grow on peptides alone because it was unable to 

transport or ferment (or both) peptides at a fast enough rate 

to meet its energy requirements. It was fur ther observed that 



18 

during the periods of rapid growth, very little peptide was 

deaminated and no armnonia formation was observed but as the 

growth ceased, there was linear increase in ammonia production. 

The increase in bacterial dry matter upon the addit ion of 

trypticase to glucose limited culture suggested that trypticase 

metabolism was improving the energetics of bacterial growth. 

Since the synthesis of cell material is not always proportional 

to the availability of energy source, protein metabolism is 

generally considered wasteful. 

Russell II lll. (1988) observed that ruminal bacterium 

Streptococcus ~ possessed a sodium dependent mechanism f or 

the transport of neutral amino acids into the cells and 

membrane res idues. Anothe r gram positive and monen"sin sensitive 

strain was shown ~o grow rapidly on glutamate or glutamine as 

sole energy source but only in the presence of sodium (Chen and 

Russell, 1990 ). These organisms showed complete inhibition of 

growth in presence of ionophore , monensin. There was l ittle or 

no production of ammonia since monensin exchanges Na+ for H+. 

Another antibiotic valinomycin and ATPase inhibitor 

dicyclohexyl-carbodiimide had very little effect on growth and 

ammonia production. Strain F was shown to have separate 

carriers for glutamate and glutamine which could be driven by a 

chemical gradient of sodium. The glutamate carrier had one site 

whereas the glutamine carrier had more than one site for 

transport of amino acid. Neither car~ier could use lithium in 

place of sodium. Amino acids histidine and serine were rapidl y 
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transported by sodium dependent systems. while serine alone did 

not allow growth of the organism even when sodium was present. 

All these observations clearly indicated that most of the 

ruminal bacterial strains were solely dependent on sodium 

dependent systems to utilize and transport amino acids and 

peptides. 

Chen and Russell (1989a,b)isolated two monensin 

sensitive strains of ruminal bacteria that grow poorly on 

carbohydrates but rapidly on amino a cids. The short r ods (SR 

strain) fermented arginine. serine, l ysine, glutamine and 

threonine very rapidly at the rate of more than 159 nmoles / mg 

protein/hr and grew fast on casein digest containing short 

peptides than on free amino acids (0.34 vs 0.29 fir-I) . Gelatin 

hydrolysate, an amino acid source containing long peptides, was 

unable to support the growth or ammonia prod\1ction. However, 

there was large increase in ammonia production when SR strain 

was cocultured with peptidase producing bacteria such as 

Bacteroides ruminicola and Streptococcus bovis . The other 

strain called strain F, deaminated glutamine , histidine, 

glutamate and serine rapidly at more than 137 n moles / mg 

protein/hr and grew faster on free amino acids than on short 

peptides (0.43 vs 0.21 hr- 1 ). It was concluded from above 

observations that both strains (SR and F) were unable to 

transport or hydrolyse peptides extra-cellularly. 

Chen and Russell (1989b) furt her described sodium 

dependent transport of branched chain amino acids by another 
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monensin sensitive ruminal Peptostreptococcus bacterium . This 

organism was shown to grow rapidly on leucine as an energy 

source and produced large amount of branched chain volatile 

fatty acids . strictly according to Stickland r eaction, but only 

in presence of sodium . Leucine could be driven by an 

artificial membrane potential only when sodium was available. 

Since sodium was taken up along with leucine, it appeared that 

leucine was transported in symport with sodium. The leucine 

carrier could also use lithium and had a single site f or 

sodium . Valine and isoleucine competitively inhibited leucine 

transport which showed that the organism used a common carrier 

for branched chain amino acids . Pittman gt. g. (1967) observed 

that some of the rumen microorganisms could transport peptides 

but were unable ~o take up any free amino acid present in the 

rumen fluid . 

The presence of strains of ruminal bacteria that 

require sodium for transport and utilization of free amino 

acids present i:1 rumen fluid has also been reported by Russei l 

tt lll. (1988 ), Chen and Russell (1989a ,b, 1990). It was also 

observed that rumen is a sodium rich e nvironment with 

concentrations of sodium upto 90 roM and most of the ruminal 

strains were solely dependent on sodium dependent transport 

systems for transport and utilization of amino acids and 

peptides . 

2.2 . 3 Oeaminase activity in rumen bac t eria and protozoa 

Deaminase activity occurs less frequently in rumen 
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bacteria than does the proteolytic activity. Predominant 

deaminating bacterial species in the rumen include Selenornonas 

ruminant ium. Bacteroides ruminicola, Megasphaera ~ 

(formerly known as Peptostreptococcus) and some strains of 

Butvriv ibrio fihriosolvns (Chalupa, 1974; Russell ~ 21., 

1988) . Bladen ~ ai. (196 1 ) concluded that Bacteroides 

ruminicola is usually the most important ammonia producing 

bacterium in the rumen. Sche;ifinger ~ 2.1. (1976) studied the 

degradation of amino acids by pure cultures of ruminal bacteria 

and identified the genera of Megasphaera Eubacterium and 

Streptococcus bacteria capable of degrading all the amino acids 

tested . Members of Butyriovibrio total ly degraded serine, 

aspartic acid and glutamic acid, with glycine a's only amino 

acid not attacke~. Subspecies of Selenomonas differed in their 

amino acid degrading patterns. Subspecies Selenomonas 

lactilytica degraded all the amino acids except histidine and 

tyrosine while subspecies Selenomonas ruminantium could not 

degrade glycine, leucine, isoleucine, threonine, histidine, 

arginine, lysine, tryptophan or tyrosine. Selenornonas. 

Butyriovibrio and Streptococcus bacteria, however, degraded 

methionine. It was, therefore , concluded that total ruminal 

amino acid degradation OCGurs as a result of intensive 

interactions of number of bacterial species. 

Regarding the role of p rotozoa in the degradation of 

proteins and amino acids, not much is known. Amino acids either 

obtained from the surroundings or from catabolism of engulfed 
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bacteria or feed protein are used for p rotein synthesis or 

degraded in the body of the protozoa. Will iams ~ ~.(1961) and 

Gutierrez and Davies (196 2 ) used rumen p rotozoa Ophryscolex 

~ and Epidinium ecaudatum, respectively t o s how that 14C 

was incorporated from 14C-DL-alanine , 14C-DL-leucine and 14C_ 

DL-valine into the o rganism. Abou Akkada and Howard (1962) 

found a glutaminase like activ ity in the rumi n a l p r otozoan 

Bntodinium caudatum. It was, however, s hown that there was 

negligible amoun t of deamination or uptake of amino acids into 

the cellular material from casein or casein hydr o l ysate. Warner 

(1964) also observed this activity in other rumi nal protozoa. 

Bhatia ~ ~ . (1979, 1982) reported t he p r esence of a 

wide range o f transaminase activ ities i,n rumincrl protozoal 

fraction and showed that this frac tion coul d i ncorporate 

exogenous urea added to the culture medium. Onodera ~ 

al. (1983) e x amined t he formation of urea a nd. or a mmonia from 

arginine and s ome o ther amino acids a nd the me t abolism of 

arginine, proline , citrulline a nd orn i thine (ur ea cyclf: 

intermediates ) by starved rumen ciliate p rotozoa and showed 

that not urea, but only ammonia was produced from arginine, 

citrulline, ornithine and also from asparagine a nd g l uta mine. 

Urea was not hydrolysed. Other end product s, i n a ddition to 

ammonia, included amino acids such as a l a nine , p roline, 

glutamate, lysine, valine, small amounts o f pept ides ' and 

breakdown products like 2-amino butaneo i c a cid (Onodera a nd 

Kandatsu, 1968, 1970; 1972; 1973; Onodera ~ ~. , 197 4 ; Onode r a 
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and Ushijima, 1982). 

Foresberg II ill . (1984 ) characterised the proteolytic 

activities of mixed rumen protozoa. The organisms were known to 

possess low proteolytic activity on azocasein and low 

endogenous proteolytic activity at 10 to 15°C. Protozoa washed 

in O.lM phosphate buffer (pH 6.8) and stored on ice, autolysed 

when they were warmed to 39°C. At pH optimum 5 . 8, they were 

shown to exhibit low preteo-lytic activity on azocasein, but 

very high endogenous proteolytic act i vity. The endogenous 

proteolytic activity was Inhibited by cysteine proteinase 

inhibitors, for example, iodoacetate (63 .1%) a?d aspartic acid 

proteinase inhibitor pepstatin (43.9%). The inhibi.tors specific 

for serine and metallo-proteinases were without effect. The 

serine and cysteine proteinase inhibitors of m~crobial origins 

such as antipain, chymostatin and leupeptin, caused up to 67% 

. inhibition of endogenous proteolysis. Hydrolysis of casein was 

also inhibited by cys teine p roteinas e inhibitors. Some of the 

inhibitors decreased endogenous deamination, in particular, 

phosphoramidon, which had little effect on proteolysis. 

Deamination of amino acids produced during proteolysis, was 

inhibited by all chemical agents blocking proteolysis including 

TPCK (Tosyl-phenylalanine chloromethyl-ketone) TLCK (Tosyl-

leucine-chloromethyl ketone) diacetyl-DL-norleucine methyl 

ester plus copper and merthiolate. Phosphoramidon at 280 and 

500 ~g ml- 1 concentration inhibited the deamination by 26. and 

82.8 per cent, respectively. It was further shown that 
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p r otozoal autolysates had 10 to 78 times higher hydrolytic 

activi ty on synthet i c amino peptidase substrates such as L-

leucine - p - nit roanilide and aminopeptidase activity was 

partially inhibited by bestatin. It was finally concluded that 

protozoal autol ysates had high amino-peptidase activity and low 

deaminase a ct i vity on endogenous amino acids. 
et . al . 

Hino and Russell (1985) and Wallace ,1.11987) observed 

that deaminase a ctivity was approximately 3 times higher in 

ruminal pro t ozoa as compared to ruminal bacteria. 

2 . 2 . 4 Products and rates of catabolism of ami no aci ds i n rumen 

Ava i labl e information regarding the intermediate 

products formed during the c a tabolism of amino acids is not 

very comprehe nsive. El-Shazly (1952) identified u- 'amino valerie 

acid as an i ntermediate in catabolism of amino acid proline by 

rumen bacteria. Cappa (1955) reported the formation of indole 

and skatole from tryptophan catabolism. Dehority tl Bl. . (195B) 

studied t h e metabolism of valine, proline, leucine and 

i s oleucine by rumen microorganisms and identified some branched 

chain· amino acids a s the end products. It was found that 

proline wa s t ransformed int o a-amino valerie acid in the 

absence of ano t her amino acid. The fact that later amino acid 

wa s fo rmed in the absence of supplemented amino acids does not 

exc lude it s f ormation t hr ough Stickland reaction. 

Lewis and Eme ry (1962a, b) examined the intermediary 

products arising f rom t he catabolism of individual amino aci9s 

by rumen mi c roorgani s ms chr omatographically and spectrophoto-
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metrically . Cheese cloth strained rumen fluid and washed 

bacterial suspensions were employed for degradation of amino 

acids . L-arginine yielded ornithine, a-amino valerie acid and 

putrescine. L-ornithine gave rise to a-amino valerie acid and 

putrescine and L-lysine yielded a-amino valerie acid and 

cadaverine. Tests for amine production from casein hydrolysate 

and five individual amino acids - arginine, lysine, histidine, 

tryptophan and phenylalanin.e at pH 4.5, 5.5 and 6.5 were 

negative except for cadaverine and putrescine. Ammonia 

production was highest at higher pH from all the five amino 

acids studied. Lysine decarboxylase activity occurred at more 

acidic pH than ornithine decarboxylase activity.DL-trypcophan 

yielded indole and skatole in rumen fluid but ska£ole appeared 

only in traces with washed cell suspension. Glutamic acid was 

not dissimilated by rumen microorganisms in vitro. 

Lewis and Emergy (1962c) studied the relative rates of 

deamination of amino acids by mixed rumen microorganisms in 

~ using strained rumen fluid and washed cell suspension. It 

was observed that serine, cysteine, aspartic acid, threonine 

and arginine were attacked most completely. This was followed 

by glutamic acid, phenylalanine,. l ysine and cystine forming an 

intermediate group and a third group where deamination was much 

less pronounced was tryptophan, a-aminaovaleric acid, 

methionine, alanine, valine, isoleucine, ornithine, histidine, 

glycine, proline and hydroxyprol ine. It was further observed 

that dissimilation rates were more rapid in whole rumen fluid 
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than in was h e d cel l suspension. A mixture of amino acids was 

not dissimilated a t a faster rate than catabolic rate of 

individual ami n o acid. D and L form of serine and tryptophan 

were catabol ised at same relative rate, while D-enantiomers of 

aspartate , l ysine. threonine and phenyl alanine were not 

metabolized at all. 

Yokoyama and Carlson (1974) studied the dissimilation 

of tryptophan and other aromatic compounds by ruminal 

microorgani sms in vitro . Incubation of L- (U-benzene ring_ 14C) 

tryptophan with rumi nal microorganisms resulted in 39% of the 

added radioact ivity being incorporated into skatole, 7% into 

indole and 4% into indol e acet i c acid. The D-enantiomer was not 

degraded . The major p athway of skatole f ormat"ion from L­

tryptophan appea.red to be the decarboxylation of indole acetic 

acid , which arose as a result of d eamination of ~ L-tryptophan 

Onodera and Kandatsu (1975) showed that butyric acid 

and ace tic acid were principal metabol ites of lysine 

degradation by rumen microorganisms. It was further shown that 

mixed rumen bacteria, unlike ciliate protozoa, did not produce 

any pipecolate from lysine. The higher concentration of acetate 

in the incubation mixture than expected, indicated that 

butyrate was be ing f u r t her d egraded to ace t ate. It was also 

reported that rumen bacteria appeared to decompose much greater 

amounts of lysine than did the rumen ciliate p rotozoa. 

Cha lupa (1976) de t ermined the degradation of ami po 

acids both in YiY.2 and .in v i t r o by mi xed rumen bacteria. The 
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amino acids were used in incubation mixture at physiological 

quantities. In vitro rate constants for essential amino acids 

indicated that arginine and throenine (0.5 to 0.9 mM/hr) were 

most rapidly degraded; lysine, phenylalanine, leucine and 

isoleucine (0.2 to 0.3 mM/hr) formed an intermediate group; 

whereas valine and methionine (0.1 to 0.14 mM/hr) were least 

rapidly degraded. In vivo rates of degrada tion of amino acids 

were around 1 .5 times greater than in vitro rates of the same. 

It was suggested that same degradative pathways operated f or in 

YiYQ and in vitro systems. Incubation of threonine, arginine. 

lysine, phenylalanine. leucine and isoleucine along or in 

combination with essential amino acids showed similar amOU!1ts 

of degradation, whereas methionine and valine degradation was 

approximately twice as great when fermented alone as compared 

to in conjunction with other essential amino aclds. Combining a 

mixture of non-essential amino acids (aspartate, serine, 

glutamate, alanine, tyrosine and ornithine) with essential 

amino acids did not influence the degradation of essential 

amino acids. Tyrosine and ornithine were the only amino acids 

degraded to lesser extent (30%) when fermentation system 

contained both essential and non-essential amino a cids. it was 

demonstrated that amino acids were degraded at different rates 

and there were interactions between certain amino acids. It was 

concluded that with the exception of methionine, supplements of 

the amino acids cannot survive ruminal degradation. 

Scheifinger tl ill. (1976) studied the degradation of 
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amino acids by pure cul t ures o f rumen bacteria. Five major 

genus were chosen t o study the d egradation of amino acids at 

normal physiological leve ls in vitro. The results indicated 

that (i) all amino acids were no t d egr aded by the strains 

studied and (ii) de gr ada t i on of amino acids occurred at 

different rates. I t was observed t hat genus Megasohaera and 

Eubacterium degrade d all the a mino a cid s tested. Members of 

genus Butyriov ibrio totally degraded s erine, aspartate and 

glutamate and only g l ycine was t he a min o acid not attacked by 

these microorganisms . Two subspecies of Selenomonas differed in 

their amino acid degradation pat te r ns. Subspecies, 

lactilytica degraded all the amino a cids tested except 

histidine and tyrosine . The subspecies of ~ ruminantium could 

not degrade glycine. leucine . iso leuc i ne. t hroenine, histidine, 

arginine, lysine, tryptophane or t y r osine . Methionine appeared 

unique in that it was produced b y membe r s of Megasphaera 

Eubacterium and iso late 19D of St reptococcus while degraded by 

Selenomonas Butriovibrio a nd St rep tococcus isolate 120. It was 

proposed that total rumina I degra d a t ion of dietary amino acids 

occurs as a result o f extensive bac t e r ial interactions. 

Cottle and Velle (198 9) studied the degradation and 

outflow of essential amino a cid s , whi ch are main limiting 

nutrients to wool growth i n sheep . It was observed that 

relative rate of apparent degra dation in f irst 4 hr was highest 

for lysine and lowest for methioni ne. Apparen t degradation in 

24 hr was again highest f o r l y s i n e a nd lowest for threonine. 
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Conversely. fraction flowing out of rumen in intact form was 

lowest for lysine and highest for threonine in a 24 hr period. 

It was noted that threonine degradation rate appeared to be 

very high during first 1 to 2 h but was lowest over 24 hr 

period. The reason for this is not known. It was also observed 

that degradation of methionine appeared to be slightly more 

rapid and more complete when given alone rather than when given 

alongwith lysine and threonin~. 

The degradation of branched chain amino acids by 

starved rumen protozoa was studied by Onodera and Gotto (1990). 

They reported that branched chain amino acids were degraded b y 

protozoa in a way similar to that of mixed rumen bacteria and 

the end products were also the same. It was observed that 

protozoal suspensions produced carbon dioxide and five carbon 

volatile fatty acids (VFA) from I-leucine , I-isoleucine and 1-

valine. The five carbon VFA was identified as isobutyrate 

coming from degradation of valine and isovalerate and 2-methyl 

butyrate produced from leucine and isoleucine. It was a.!.sc 

reported that degradation rates with protozoal s uspension were 

intermediate for leucine and isoleucine while that of valine 

was slow as compared to rates of arginine, threonine, 

citrulline and methionine (Onodera and Ushij ima, 1982; Onodera 

~ ~.,1983 and Onodera and Migita,1985 ) . 



30 

2.3 Protection of dietary proteins and amino acids against 
ruminal degradation. 

2.3.1 Processing of dietary proteins and amino acids. 

For efficient utilization of dietary proteins by 

ruminants, it is desirable that extent of degradation of 

dietary proteins and intact amino acids in t he rumen be reduced 

so that dietary amino acids be either direc tl y i nc orporated 

into rumen microbial proteins or be diges ted and absorbed post 

ruminal1y. Various practical methods hav e been empl oyed over 

years for decreasing the degradation of proteins and inhibiting 

the deamination of amino acids in the rumen. 

The dietary proteins can be pro tected from ruminal 

degradation by heat treatment under ideal conditions (Potter ~ 

li., 1971; Hale, 1973; Goering and Waldo, 1974; Arielli II 

ai., 1989; eros ~ ~., 1991; Gos et ai ., 199 2a , b ; Moshtaghi 

Nia and Ingalls, 1992; Benchaar ~ ai., 1 9 94 ) a nd f o rmaldehyde 

treatment (Reis and Tunks, 1969; Ferguson ~ ~. , 1976; Amos ~ 

li., 1979; Phillips, 1981; Mahadevan ~ J!.l. , 1983). Recently 

the metal ions have been also used to reduce the degradation of 

proteins by rumen microorganisms . 

Britton and Klopfenstein (1986) demonstrated that 

treating soyabean meal with zinc salts at 1 to 2\ of f eed dry 

matter reduced the in ~ degradation of the feed pro t ein and 

improved efficiency of nitrogen utilization by ca l ves. Other 

workers have observed similar improvements in calf growth (Karr 

~ li., 1991c) or milk production (Zimmermann ~ J!.l . , 1992) 
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when diets contained zinc treated soyabean meal compared to 

sol vent extracted soyabean meal. The mechanism by which heavy 

metal salts can precipitate soluble proteins i s well known 

(Haurowitz, 1950) and recent studies substantiate increased 

flow of feed amino acids in lambs (Karr ~ al., 1991b ) and 

steers (Froetschel tt 21·, 1990) fed diets containing zinc 

treated soyabean meal. Karr ~ gl.(1991a) suggested that zinc 

salts may inactivate prote61ytic enzymes of selected rumen 

bacteria, thus reducing ruminal proteolysis of dietary 

proteins . Cecava ~ al. (1993) studied the effect of zinc 

treated soyabean meal on ruminal fermenta tion and intestinal 

amino acid flows in steers fed corn silage ba.:sed diets. A 

positive quadratic response (p < 0.06) was observed for total 

and essential amino acids flows to small intestine because 

flows of total and essential amino acids from rumina~ly ' 

undegraded dietary proteins tended to increase when sol vent 

extracted and zinc treated soyabean meals were fed in 

combination of 50:50 (crude protein ratio ) . Absorption of amino 

acids from small intestine also showed a posit.ive quadratic 

response for 50:50 combination meal. 

Bncapsulation of amino acids (Sibbald .§..t. 21., 1 968 -, 

BroderiCK ~ ai., 1970; Neudoerffer ~ gl. , 19 71; Chandler ~ 

ilJ." 1972; Schelling ~ gl., 1973; Titgemeyer ~ gl . , 1983; 

Chalupa and Chandler, 1992) and preparat ion of various amino 

acid analogues (Reis, 1970 ; Salisbury ~ gl. , 1971 ; Wright, 

1971; Belasco, 1972; Digenalis ~ gl., 1974; Amos ~ gl., 1974 



32 

and Chalupa , 1975 ) were used to protect the essential a mino 

acids from ruminal degradation. However, these amino acids were 

available postruminally . 

2.3.2 Use of various chemical agents 

The outflow of ma terials from rumen which consists of 

microbial cells, fermenta tion end products and undegraded feed 

particles may not always provide t he animal with optimum 

nutrients. Thus there are _opportunities t o improve animal 

performance by inducing metabolic changes in the rumen 

(Chalupa, 1975) . Various chemical agents like Ionophores, 

halogenated compounds, antibiotics, herbicides and 

insecticides. etc. have been used to modulate the selected 

pathways of metabolism (volatile fatty acid production, 

methanogenesis, ,proteolysis, amino acid deamination and 

ureolysis) in the rumen for bet t er animal production . 

2.3.2 . 1 Ionophores 

Ionophores are highl y lipophilic substances which are 

toxic to many bacteria, protozoa, fungi and higher organisms , 

and qualify for the c lassic definition of antibiotics 

(Pressman, 1965). The exterior of the molecule is hydrophobic 

and interior is hydrophillic and is able to bind cations. Some 

ionophores bind only one cation and hence are called 

uniporters, while others that bind more than one cation are 

called antiporters . Ionophores are able to shield and 

delocalize the charge of ions which facilitat es the;ir 

movements across the cell membranes (Russell and Strobel, 
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1989) . According to Pressman (1 9 76 ) a n i o nop hore must be i n 

anionic form before it is capable of binding a metal ion . 

Painter ~ li . (1982 ) observed that diffusio n a cross the cell 

membrane can only occur when ionophore exists in protonated or 

zwitterionic form . 

Most exhaustively studied iono pho re s o f ar i s monensin 

(formerly named rumensin) which was ini t i all y devel oped as a 

coccidostat for poultry but _ later f ound t o manipulate rumen 

fermentation like decreased ammonia produc t i on, i ncr easing the 

ratio of propionate to acetate and decr easing protein 

degradation (Van Nevel and Demeyer, 1971 ; Dini u s ~ 21., 1976; 

Kerr ~ li., 1976; Richardson ~ 21·, 1 976; Pr ange lll. i!l., 

1978; Slyter, 1979 and Thronton and Owens, 1 981). The others 

such as valinpmycin, nigericin, carbonyl cyanide, m-

chlorophenyl hydrazone (COCP), lasalo cid , t e tronasin and 

lysocellin etc. are not very popular (Dinius , 1 976; Richardson , 

1976; Thronton ~ gl., 1976; Van Nevel and Demeye r, 1977; 

Lemenger ~ li., 1978; Chen and Wolin , 19 79 ; Dawson , 1979; Poos 

~ ~., 1979; Van Nevel and Demeyer, 19 79 : Isichei and Bergen, 

1980; Sauer ~ al., 1980; Dennis lll. 21. , 1981 a ,b; Henderson ~ 

al., 1981; Nagraja ~ li., 1981, 1982; Rogers, 1982; Sandeaux 

~ a!,., 1982; Bergen and Bates, 1984 ; Russel l and Strobel , 

1989; Chen and Russel~, 1990; Sticker ~ li. , 1 991; Yang and 

Russell, 1991). 

Richardson ~ .ai. (1976) es :: imat.ed theoret ically, an 

energy saving of 5.6\ to the host animal, assuming there was 10 
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moles/100 moles of total volatile fatty acids increase in 

propionate production when monensin was f ed . 

Van Nevel and Demeyer (1977) indicated that monensin 

at 5. 25 and 100 .tJ.g/ml of strained rumen fluid decreased in 

~ methane production from formate by 18, 15 and 26%, 

respectivley. Similar amounts of monensin showed greater 

decrease in methane production when washed cell suspension was 

incubated with formate as a ~ubstrate. The decrease was of the 

order of 7, 23 and 62% respectively . This decrease in methane 

production was accompanied by an increase in molar proportion 
et·iU · 

of propionate (Thronton~ 1~76; Chalupa, 1980) and this may lead 

to lower heat increment as propionate is more efficiently 

utilized than acetate (Blaxter and Waiman, 1964; Smith, 1979 ) . 

Van Nevel and Demeyer (1977) further observed that ~g 

monensin per ml incubation mixture decreasea the ammonia-

nitrogen formation from 8 . 8 mg to 3.8 mg . At same concentrat ion 

of monensin, protein degradation decreased from 15 .9 to 10.8 mg 

of protein nitrogen. However, at 25 ~g monensin level, decrease 

in ammonia and protein nitrogen was approximately the same as 

that at lower concentration. 

Slyter (197 9) showed that monensin at z e r o or 33 ~g/g 

of diet decreased methane production from 6.41 m mole /day to 

3 .63 m mOle /da~ hydrogen production decreased from 0.92 to 0.36 

m mole/day, carbon dioxide from 64 . 3 to 54.3 m mole / day , total 

volatile fatty acids from 67.3 to 63.5 rn mole/day and acetate 

to propionate ratio from 2.6 to 1 .8. 
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Barlety ~ ai. (1979) reported that monensin at 22, 44, 

88 and 176 ppm levels decreased the aceta te to propionate ratio 

from 2.78 (at ze r o monensin level) to 2.27, 2.11, 2.02 and l .8 , 

respectively, in the rumen. Acetic acid production was 

decreased from 52.6 to 45.7 moles % while propionate production 

increased from 18 .8\ to 25.6\ males at 176 ppm monensin 

concentration. Monensin also reduced feed int.ake and improved 

feed efficiency without affec-ting the weight gain . 

Chalupa ~ ai. (1980) observed that monensin at 1.0 ppm 

level increased the propionate production from 0.58 to 0.71 m 

moles, decreased acetate product ion from 1.42 to 1.24 m moles , 

respectively. Fennentation efficiency increased fFom 76.4% at 

zero level of monensin to 79.2% at 1.0 ppm level, when the diet. 

contained 50% concentrates. It was also effective in decreas~~g 

the utilization of exogenous amino acids . 

Dennis ~ £1 . (1981) studied the effect of lasalocid or 

monensin on lactate using or producing rumen bacteria a~d 

observed that both chemical agents inhibited most of t~e 

lactate producing bacteria such as Butvrivibrio Eibrisolve!':s . 

Eubact.erium cellulosolvens Lactobacillus ruminins 

Ruminococcus ~ Streptococcus ~. Minimum inhibitory 

concentrat.ion ranged from 0 . 3 to 3.0 pg / ml. Among the lactate 

producers, those that produce succinate as major end product 

(Bacteroides Selenomonas Succini vibrio) were not inhibi ted 

by either monensin or lasalocid. MaJor lactate fermentors 
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(Maerovibrio Megasphaera. Selenomonas) were also not 

inhibited. Veillonella alcalescens was inhibited by 24 ~g/ml of 

lasalocid and not by monens in . It was concluded that the 

reported increase in propionate production in lasalocid or 

monensin fed cattle (Van Nevel and Demeyer, 1977 , Slyter, 1979; 

Bartely ~ 21., 1979; Chalupa ~ 21., 1980) may result from the 

selection for succinate and lactate producers as reported by 

Chen and Wolin (1979). It was further observed that inhibition 

of major lactate producing bacteria (Streptococcus and 

Lactobacillus) by monensin or lasalocid may be useful in 

treatment of lactic acidosis in ruminants. 

Thronton and Owens (1981) studied the effect of 

monensin on in YiYQ methane production. Daily intake of 

monensin totaled 200 mg for every animal. Methane production in 

animals given low and high roughage diets dec~eased by 16 and 

24% respectively. Total heat production at low roughage diet 

decreased from 6.02 Kcal/hr/g to 5.94 Kcal / hr/kg (high roughage 

diet). CO 2 production also decreased in monensin fed animals. 

Similarly energy loss due to methane production decreased from 

8.0 to 7.3% of gross energy intake and total metabolizable 

energy increased from 67.0 to 69. 9%" for monensin fed animals. 

Dry matter and nitrogen digestibility increased from 79 to 

81 . 4% and 69.5 to 72.3% respectively, for low roughage diet 

animals when given monensin. Nitrogen retention increased from 

3.9 to 7.8 g/day for low roughage diet animals given monensin. 

These effects were almost negligible in high roughage receiving 
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animals . 

Russe ll ~ li. (1981) examined the rates of bacterial 

growth , protein degrada tion, ammonium formation and lactic acid 

production by mixe d rumen bacteria grown on mixed 

carbohydrates, casein and ammonia. Microscopic examination of 

fast growth incubat ion revealed small ovoid cells simila r to 

Streptococcus bovis and it was suggested that proliferation of 

this organism might be re~ponsible for rapid proteolysis . 

Inclusion of monensin and thiopeptin at ppm level decreased 

protein degradation over control by 13% and 50% respectively . 

The ratio of protein degraded to bacterial protein synthesized 

was found to be 0.659, 0.362 and 0.628 for control, thiopeptin 

and monensin , respectivel y. Above data suggested that monensin 

and thiopeptin were able to decrease protein degradation by 

Streptococcus bovis quite effectively. 

Muntifering ~ 21 . (1981) studied the effect of 

monensin on site and extent of digestion of whole corn and 

bacterial protein synthesis in beef steers. Monensin was fed at 

zero and 33 ppm concentration along with corn based diet . 

Monensin decreased ruminal true digestion of organic matter. 

Apparent ruminal digestion of starch was decreased by 19%. It 

also decreased the contribution of bacterial nitrogen to 

abomasal nitrogen (52 vs 58%) and increased the ruminally 

undegraded feed nitrogen (46 vs 40%). It also decreased the 

fraction of bacterial nitrogen to total nitrogen digested pO~t 

ruminally (42 vs SOl) and increased the contribution of 
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rumina: l y undegraded f eed nitrogen digeste d p os t ruminally (58 

vs 50\ ) . Monen s i n supplement caused a greater proportion of 

feed nitrogen a nd starch to be digested in intestines than in 

rumen (with poss i bly greater resultant me t abol i c efficiency), 

and this may a ccount for some of the b e ne fi t s of f eeding this 

i onophor e wi th high gra in die ts . 

Rowe II li. (1981) conclud ed tha t a p p r oximately 20% 

more rr:etabol i zabl e e nergy wa s available t o host when feed was 

suppl e:nented with monens in. Wadegaertner and Johnson {1983} 

studied the diges tibili ty, methanogenesis and hea t i ncrement of 

a cracked corn s il a g e die t with or without monensi n fed to 

steers . Monensin was g iven a t l evel of 3 mg / kg b 9dy weight of 

animals . Mane ns i n impr oved the apparent digestibility o f e ne r gy 

from 71 .8 to 74 ,·8% and of crude protein from 61 .6 t o 65.8%. 

Me t hane produc tion was r educe d by 26% and metabolizabl e e nergy 

inc reased from 63.3 to 66.8% of gross energy intake . I t was 

concl uded that at equa lised gross energy i n takes , a bout one 

third of t he improved ener gy utilization co~ld be explained by 

reduced methanogenesi s cause d by manensin and t.wo t hird by 

reduced faecal losses. 

Van Nevel a nd Demeye r (1 977 ) showed that ma nensin (5 

~9 /ml of incubat ion mix ture) decreased the case i n deg r ada tion 

in vit~Q from 15 . 9 to 10. 8 mg nitrogen and ammonia produ~tion 

from8 . 86 to 3 . 83 mg ammoni a n i trogen. Schelling II li . (1 977) 

indicated that monensin decreased t he rate of amino acios 

degradation in rumen fluid . Din i u s ~ sl. (1976) observed t ha t 
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de creas es in rumen ammonia on monensin supplement were 

cons i s tent with depression of deamination or proteolysis or 

both . 

Shor t ~ ~. ( 1 978) and Poos ~ ~ . (1979) observed that 

inclus i o n o f monensin resulted in decreased bacterial nitrogen 

and increased d ietary proteins reaching abomasum of steers. 

Owens ~ ~ . (1 978) i ndicated t hat monensin inc reased total 

amino nitrogen reachi ng abomasum. Beede ~ 21 . (1980a) and 

Hanson and Kl opfenstein (1979) demonstrated greater nitrogen 

retention and animal performance in steers receiving protein 

de ficient diet supplemented with monensin. The improved 

nitrogen flow, due t o monensin, has been attributed to 

decrease d pep tide b reakd own (Newbold tl al . , 1996'; Wallace tl 

gl . , 1990; Chen and Russel l, 1991) and amino acid dearnination 

(v an Nevel and Demeyer, 1977; Horton, 1979, ' Chalupa, 1980, 

Rus sell and Mart i n, 1984: Hi na and Russell, 1985j Russell and 

Strobel , 1988,1989 ; Yan g and Russell , 1993) in the rumen . 

Peptid e b reakd own was shown to be inhibited in vitro 

by monens in , tetronas i n and protonophores like tetrachloro­

salicyla nilide (TCS) , valinomyc i n and sodium arsenate (Newbold 

tt ~., 1990; Wallace ~ ~., 1990). It was observed that 

monensin and tetronasin a t 2.5 Ilg / ml of incubation mixture 

decrease d the breakd own ra te of a series of alanine peptides 

from Ala2 to Alas ' Ala 2 b reakdown rate decreased from 0.71 m 

mole / mg pro tein per min t o 0 . 56 and 0.58 for monensin a:r.d 

tetranasin, respectively. AlaS br eakdown rate, at ionopho re 
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level of 5 ~g/ml. was decreased from 2 .15 m mole /mg protein{ 

min. to 1.64 m mole/mg protein/min for both monensin and 

tetronasin. Monensin and tetronasin showed 12 to 31% inhibitory 

effects. Toluene was shown to increase peptide breakdown by 

rumen microorganisms consistent with a permeability barrier 

being removed. Thus, at least some peptide metaboli sm may 

depend on their transport into bacteria. It was further shown 

that rumen fluid from sheep -receiving monensin (33 mg/kg body 

weight) or tetronasin (10 mg /kg body weight ) hydrolysed Ala) 

and Ala4 at approximately same rates as controls, but peak 

concentrations of the peptides in rumen fluid after feeding was 

more than double in ionophore fed sheep and peptides persisted 

for longer periods than in control animals. 

Newbold ~ ~. (1990) demonstrated that ionophore 

tetronasin at 6 and 10 ppm level in barley diet lowered the 

proteolytic activity in rumen fluid by 76%" and deaminative 

act.ivity by 58% as compared to the control after 42 days of 

feeding. When tetronesin was added in vitro to rumen fluid of 

sheep not receiving ionophore, proteolytic activity remained 

unaffected, but the rate of ammonia production from amino acids 

was decreased by 87%. Oligopeptide breakdown was inhibited by 

21\. 

Sticker ~ 21. (1991) observed that inclusion of 

lysocellin in the diet lowered proteolytic activity, improved 

animal performance and produced alterations in volatile fatty 

acids that were similar to effect to monensin . Hilliaire ~ 21. 
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(1989) and Newbo ld II J!.l. (1990) reported that both lysocellin 

and tetronasin reduced proteolysis and deaminat ion of proteins 

by rumen microorganisms. 

Yang and Russell (1993) demonstrated that number of 

ruminal bacteria utilizing peptides, carbohydrates and amino 

acids were decreased nearly ten fold on the addition of 

monensin (350 mg/day) to the timothy hay and soyabean meal diet 

of cows in Yi:£Q.. This I in - turn. decreased ruminal anunonia 

concentration by about 30% of the control value. It was 

suggested that monensin inhibited highly active amino acid 

fermenting bacteria, which in turn decreased ammonia 

production. Monensin did not increase s oluble proteins, 

peptides or amino acids in ruminal fluid which indicated that 

decrease in ammoqia concentration could not increase the flow 

of dietary amino nitrogen to lower gut. However, monensin 

increased the concentrat ion o f bacterial protein in rumen 

fluid. which could p rovide addit ional amino nitrogen for the 

host animal. 

It can be inferred that the ionophores reduce the 

degradation of proteins and deamination of amino ac ids probably 

due to reduction in the number of proteolytic and deaminating 

bacteria directly affecting the proteolytic and deaminative 

activity. This results in increase in the quantity of dietary 

proteins escaping ruminal degrada tion and making it more 

available for post ruminal digesti~n and absorption. The 

ionophores also have depressing effects on me thanogenesis. 
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2.3.2.2 Halogenated compounds 

Van Ne"/el tl 2.l...... (1969) showed that methane production 

from pyruvate by mixed rumen bacteria in vitro was nearly 

totally inhibited by chloral hydrate at 0.1 ~ mole/ml of 

incubation fluid . The effect was accompanied by accumulation of 

gaseous hydrogen and an increase in propionic acid production 

from 23.6\ of total volatile. fatty acids (control) to 38.9%. 

There was a decrease in acetic acid from 63 .2% (control) to 

44 . 5\ of total volatile fatty acids. However, there was a 

slight decrease in total amount of volatile fatty _ acids 

produced (from 9.5 meq/l00ml for control to 9.0 meq/l00 ml). 

Further it was shown that chloral hydrate at 100 mg/ l 00 ml of 

rumen fluid decreased proteolysis of casein in vitro by 

approximately 25% whereas it increased protein synthesis by 

about 40 to 50%. In comparison linseed oil hydrolysate had 

completely opposite effects. 

Amicholral (He, a hemiac etal of chloral and starch, 

has been studied in detail for its effects on ruminal 

fermentation (Singh ~ ~_,1971; Trei and Scot, 1971, Tre i ~ 

41., 1972; Singh and Trei, 1972; Trei ~ ~., 1973 ; Marty and 

Demeyer, 1973; Cole and McCroskey, 1975; Czerkawski and 

Breckenridge, 1975b; Chalupa ~ ~., 1975; Chalupa, 19 77; 

Clapperton, 1977; Horton, 1980; Chalupa II ~., 1980) . These 

studies indicated that Hes inhibited methanogenesi s with 

concomitant increase in gaseous hydrogen. Subst.antial amount.s 
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of this hydrogen , instead of being disposed of as methane 

no:rntally, were utilized for propionate production . The 

underlying mechanism suggested was irreversible reaction of 

halogenated analogues with reduced vitamin B12 to inhibit 

cobamide dependent methanogenesis (Wolfe, 19B'; Czerkawski and 

Brekenridge. 1975a; Demeyer and van Nevel, 1 985). Several 

studies have indicated increased nitrogen r etention when 

ami chloral was supplemented i~ diets of the ruminants (Johnson, 

1972; 1974; Trei II sU., 1973; Leibholz, 1975 ; Horton, 1980 ) . 

Ruminal ammonia concentrations were lowered by about 60% in 

steers fed diets containing 1500 ~g ami chloral / kg diet 

indicating that there was a decrease in pro tein deamination in 

the rumen (Horton,1980). 

Russell and Martin (198~) studied t he effect of 

methane production inhibitors on fermentation of amino acids by 

mixed rumen microorganisms in vitro. Chloroform was used at 

concentration of 4 x 10- 5M in incubation mixture. It was 

observed that concentration of propionate was increased from 

10 .6 mM for control to 13.9 mM, acetate was decreased from 40.S 

roM to 32.3 mM and there was overall decrease in t otal volatile 

fatty acids production. Deamination of a mino acids was 

considerably reduced. Chloroform completely i nhibited methane 

production, ammonia production was reduced by about 10% but 

some accumulation of hydrogen occurred. Demeyer and Van Nevel 

(1985) indicated a positive response of feeding halogenated 

compounds such as decreased feed intake, significant increase 
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in daily weight gain, and higher feed conversion ratio on a 

high roughage diet. 

2.3.2.3 Antibiotics 

various antibiotics, other than ionophores, such as 

Avoparcin, Siomycin, thiopeptin, capreomycin, bacitracin, 

novobiocin, virginiamycin, tetracyclines such as aureomycin, 

terramycin and sarsaponin and salinomycin have shown favourable 

effects on the performance of cattle and sheep (Beede and 

Farlin, 1977a ,b; Delay gt li., 1978; Johnson ~ li., 1979; 

Hedde ~ li., 198 0; Russell Jll. li., 1981; Froetschel gt li., 

1983; Goerich et li., 1984; MacGregor and Armstrong, 1984; 

Spears and Harvey, 1984 and Van Nevel ~ li., 1984; Ellenberger 

~ li., 1985, Gibson ~ li., 1985, Goetsch and Owens, 1985; 

Merchen and Berger, 1985; Jounay and Th ivend, 1986; Olumeyen ~ 

~., 1986; Van Nevel and Demeyer, 1 987, 1990 ). 

Chalupa Jll. li. (1981) reported that avoparcin 

supplementation could be associated with a decrease in ammonia 

and inc r ease in a-amino nitrogen concentrations in rumen. 

Froetschel ~ li. (1983) showed that diets with low fibre and 50 

ppm a voparcin fed to sheep increased propionate production in 

the rumen. Avoparcin decreased ammonia concentration from SO to 

45 mg/ 10 ml of rumen fluid and increased a-amino nitrogen from 

8 . 6 to 14.3 mM with low fibre diets. 1n vitro studies 

demonstrated a decreased degradation of crystalline amino acids 

by mixed rumen microorganisms from low fibre receiving sheep 

with 50 ppm avoparcin. It was concluded t hat avoparcin appears 
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to modify rumen fermentation by increasing propionate 

production and inhibiting proteins and amino acids degradat ion. 

MacGregor and Armstrong (1984) observed that inclusion 

of avoparcin at level of 225 mg/li tre of normal saline infused 

into rumen, duodenum and proximal ileum of sheep, resulted in 

7 . 6, 10.8 and 9.7% enhancement in the net absorption of total, 

essential and non-essential amino acids, respectively. When 

avoparcin was infused into the rumen at the same rate the 

uptake of total, 

small intestine 

respectively . 

essential and non-essential amino acids from 

was improved by 9.1, 10.5 and 11. 90% 

Jounay and Thivend (1986) showed that avoparcin (1 mg 

per litre) caused a decrease in degradability 'of different 

protein sources in fermentor studies with rumen fluid . The 

decrease was largest for highly soluble proteins. Avoparcin was 

found to reduce the amount of nitrogen incorporated into 

bacteria. There was decreased production of volatile fatty 

acids by 20% mainly of acetate and butyrate with no change in 

propionate production. Gas production was reduced by 10 to 20% 

and a large decrease in methane production when ammonium 

sulfate was used as only nitrogen source in presence of 

avoparcin . These results could be explained if avoparcin 

uncouples fermentation as shown f or monensin. It was concluded 

that although avoparcin had no effect on ion transport, it 

produced same changes in fermenta tion pattern and protein 

degradation as the ionophores . 
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Another antibiotic virginamycin, produced by 

Streptomyces virginiae has shown positive effects on the 

performance of growing steers (Parigi-Bini, 1979) . Van Nevel ~ 

il.(1984) demonstrated a decrease in methane production, 

increase in propionate production, decrease in the amounts of 

bexose ferment ed and increase in fermentat ion efficiency, when 

virginamycin at 0 to 200 ppm concentration was added to 

incubation mixture in vitro. It was concluded that 

concentration of 1 ppm altered the fermentation pattern more 

effectively. Further increase in the concentrat ion of the 

antibiotic showed a constant fermentation pattern. Feeding the 

antibiotic at 33 mg /kg body weight to steers had .flO effect on 

the concentrations of volatile fatty acids, ammonia and urea in 

the rumen. However, it lowered the concentra t ion of lactic 

acid in the rumen fluid. 

Another polyether antibiotic salinomycin, produced by 

Streptomyces albus, was found to be highly effective against 

,ram positive bacteria (Olumeyan §J;. M., 1986). Merchen and 

Berger (1985) reported enhanced feed efficiency and daily 

weight gains in steers and sheep given this antibiotic. Its 

potency was three times higher than that of monensin and 

lasalocid. It was shown to have effect on t o tal volatile fatty 

acid concentration when given to steers at 0.22 mg/kg . body 

weight per day, but acetate to propionate ratio was 

significantly lower in salinomycin fed animals. The molar 



proportion of butyrate increased and 

amylolyti c bacteria was increased with 

of 

Total number of rumen protozoa also decreased initially and 

this reduction was due to reduced number of Entodinium species. 

Van Nevel an Demeyer (1987) investigated the effect of 

various antib i otics on casein or casein hydrolysate degradation 

in vitro and observed t hat addition of various antibiotics s uch 

as Terramycin , aureomycin, avoparcin, bacitracin, salinomycin, 

thiopeptin , virginamycin etc. and ionophores such as monensin 

and lasalo cid dec reased the degradation of casein and casein 

hydrolysate by rumen microorganisms indicat i ng inhibition of 

both proteolytic and deaminase / transaminase ac tivity. Volatile 

fatty acid production was inhibited more tban ammonia 

production and casein disappearance. Stoichiometric 

calculations suggested the accumulation of pept~de nitrogen in 

inhibited incubations as well as ammonia product ion from non­

protein cell components (e.g. nucleic acids) made available for 

fermentation by cell lysis. Sarsaponin, a steroidal glycoside , 

was shown to decrease feed protein breakdown in rumen under 

certain conditions (Goetsch a nd Owens, 1985: Gibson tt sl., 

1985; Ellenberger ~ ai., 1985). 

Van Nevel and Demeyer (1990) observed t hat potent feed 

additives (antibiotics) were not very selective in their 

influence on different nitrogen transaction in rumen in vitro. 

It was shown that all antibiotics, except siomycin, novobiocip, 

capreomycin, flavomycin and sarsaponin (at concentration of 5 
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and 20 ppm) lowered casein and casein hydrolysate degrada:~on 

in n.t.1:2. Presence of carbohydrates in the incubation mix~::J re 

did not affect protein breakdown. Free amino acids ~ere 

degraded at a faster rate than casein suggesting that 

proteolysi s was rate limiting step in protein breakdo~. 

Similarly I fennentation pattern of the amino acids 'Nas found to 

be different from corresponding proteins . 

2.4 Chemical inhibition of amino acid deaminat ion by rumen 
microorganisms 

Amino acid deamination is of primary significance in 

metabolism of nitrogen in ruminant, since this is the princ~9al 

step by which dietary amino acids may be 'i rreversibly lose. to 

the animal . Inhibition of deamination, therefore, ass~mes 

practical significance as a means of increasing ruminal esc~ge 

of dietary amino acids (Broderick and Balthorp, Jr., 1979). 

Schelling ~ 21. (1973) observed enhancement in ru~~al 

escape of orally fed methionine and lysine by feeding the s=eep 

1 g of oxytetracycline per day. Tolbert ~ gl. (1977) ~~d 

Schell ing ~ gl. (1977) suggested that monensin may hav: a 

possible nitrogen sparing effect mediated, in part, through 

inhibition of ruminal amino acid deamination. 

Smith ~ 21. (1967) reported the inhibition 0: a 

microbial enzyme h i stidine deaminase (histidine ammonia-lyase, 

Be 4 .3 .1 .3) by various carbonyl reagents such as sodium 

borohydride. phenyl hydrazine, sodium sulfite, hydroxylamine 
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and cyanide. Arsenite inhibits the deaminase activity by 

inhibit.ing reduction step of Stickland type deamination 

reactions (Stickland, 1934; 1935; Nisman, 1954 ; Britz and 

Wilkinson, 1981). Chalupa ~ ill. (1975) developed a new family 

of deamination inhibitors, with diaryliodonium salts as parent 

compounds. These compounds were initially developed as 

inhibitors of gluconeogenesis, secondary to inhibition of NAOH 

oxidation in rat liver mitochondria (Holland Stt. 2.1., 1973; 

Gately ~ al., 1975). 

Broderick ~ al. (1979) observed highest recoveries of 

total amino acids in the presence of hydrazine (97%) and thymol 

(109%) in a batch type in vitro ruminal system. Amongst the 

other inhibitors (though none reduced the deamination more than 

hydrazine) such as phenyl hydrazine, p-nitropheny l hydrazine , 

methyl hydrazine and sodium arsenite provided adequate 

protection against amino acids degradation. It was further 

observed that p-hydrazinobenzoic acid , potassium cyanide and 

amino oxyacetic acid inhibited amino acid deamination at 

intermediate level between hydrazine and controls. 

Diphenyliodonium compounds at .05 roM concentration showed 

equal recoveries of amino acids as 5.0 roM hydrazine . Individual 

amino acid showed a trend similar to that of tota l amino acids, 

though aspartate and glutamate were only 40 to 60% recovered at 

highest concentration of hydrazine used. Arginine was not at 

all recovered at all hydrazine and diphenyliodonium salts 

concentrations. Hydrazine and diphenyliodonium salts in 
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particular, inhibited in vitro casein degradation by rumen 

micr oorganisms. 

Horton (1 979, 1980) observed in an in vivo study that 

f eeding 4,4'dimethyliodonium chloride to steers at level of 25 

mg/kg of diet increased organic matter digestibilit.y. Molar 

pro portion of butyric acid was increased but showed no effect 

on the molar proportions of acetate and propionate in rumen 

flu i d . Ammonia concentration was lowered from 16.3 mg/lOOml 

rume n fluid to 7.2 mg/ 100ml rumen fluid . Feed intake was 

lowered by 19% and f eed utilization efficiency was increased by 

12 \ when iodonium salt was supplemented with amichloral. 

Chalupa ~ sl. (1 983a) observed that during in vitro 

ferme n tQtion of individual amino acids with rumen fluid in the 

presence of 0 to 10 ppm of ten different diaryliodonium 

analogues, protection against degradation was greatest for 

valine, methionine, isoleucine, leucine and phenylalanine. 

Cha l upa ~ £1. (1983a,b) observed that animals fed 4,4'­

d i me t hy: phenyl iodonium chloride for 112 days at 0, 25, 50 and 

100 ppm level had higher concentration of amino acids and lower 

concent=ations of ammonia in the rumen fluid. There was 

decreased p roduction of acetate in conjunction with increased 

propionate product i on along with improved fermentation 

efficiency. I t was further observed that these compounds 

improved n itrogen uti l ization by adjusting ruminal degradation 

of dieta ry prot eins to yield more amino nitrogen and l e~s 

ammonia nitroge n . 
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Van Neve l and Demeyer (1990) showed in an in vitro 

study wi th d i phenyl dimethyliodonium chloride and other 

antibiotics ~hat ammonia production was decreased more than 

casein degradat i on indicating that rumen microbial deaminase 

activity wa s more inhibited than proteolysis. It was also 

observed that t here was complete inhibition of methane 

production wi th deaminase inhibitor and this clearly affected 

the molar proport i on of volatile fatty acids with increased 

proportion of prop ionate and decreased proportion of acetate . 

Tbe amount of t otal volatile fatty acids formed was also much 

lower in the p resence of inhibitor owing to more lactate 

formation . 

Studies with methanogenic inhibitors such as monensin, 

chlorinated hydrocarbons, sulfite and polyunsaturated oils have 

demonstrated a decrease in amino acid fermentation by rumen 

microorganisms (Van Nevel II ;01., 1970a; Chalupa, 1977; Van 

Nevel and De meye r, 1977; Slyter, 1979; Wallace II li·, 198 7 ; 

RUBsell and Ma rtin, 1984). Chalupa (1977) noted a decrease in 

amino acid degradation when amichloral was added to the .in 

~ incubation mixture. 

Russ el l and Martin (1984) studied the effect of 

.thanogenic inhibitors such as carbon monoxide, which is a 

s e lect ive inhibitor of bacterial hydrogenases (Gray and Gest, 

1965; Thauer ~ 2l'j 1974). Chloroform. monensin and lasalocid 

on amino acid fermentation by mixed rumen microorganisms in 
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xi.tl:Q. It was noted that carbon monoxide (0.5 atm) , chloroform 

(4 x10· 5M), monens i n and l asalocid (1 ppm each) inhibited 

methane production from excess of trypt icase (15 gm/litre). All 

the chemicals reduced amino acid deamination,but degree of 

methane inhibition was not related to ammonia accumulation. The 

ammonia production was decreased by 10, 50 and 20\ in the 

presence of chloroform, ionophores and carbon monoxide , 

respectively. The mechanisms for decrease in amino acid 

fermentation were different for each chemical used. With 

chloroform , some hydrogen accumulated and ratio of straight 

chain to branched chain fatty a c ids was not different from 

controls. Carbon monoxide caused a large decrease in straight 

chain to branched chain fatty acids indicat ing selective 

inhibi~ion of branched chain amino a cid fermentation. The 

ionophores decreased the concentration of isovalera~e and 2-

methyl butyrate as well as the r atio of straight chain to 

branched chain fatty acid. 

Similarly, Russell and Jeraci (1984) showea that when 

one atm (101.3 KPa ) of carbon monoxide was added to mixed rumen 

bacteria, containing timothy hay , methane production was 

inhibited by 88%, molar ratio of propionate to acetate 

increased from 0.83 to 1.53 and extracellular anunonia 

concentration decreased from 5 .2 to 2.4 mM. Cellulose and 

hemicellulose digestion was inhibited by 40 and 27%, 

respectively. Ammonia prC'lduction from amino acid source 

trypticase declined by 20\ where carbon monoxide pressure was 
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increased to 1.0 atm and 93% of this decrease was explained by 

selective inhibition of branched chain amino acid fermentation. 

Hino and Russell (1985) studied the effect of carbon 

monoxide and monensin on amino acid fermentation by mixed rumen 

microorgani sms and their cell extracts. Both inhibitors 

decreased methane production and caused significant increase in 

ratio of i ntracellular NADH to NAD+. The study with cell 

extracts of mixed microorganisms (bacteria and protozoa) 

indicated that ratio of NAOH to NAD+ had marked effect on 

deamina tion of reduced amino acids, particularly branched chain 

amino acids. Deamination was inhibited by NADH and stimulated 

by methylene blue. an agent that oxidised NADH. Neutral and 

oxidised amino acids remained unaffected. Addition of small 

amounts of 2-oxoglutarate greatly enhanced deamination of 

branched chain amino acids and indicated that transa{Oinat1on 

via glu tamate dehydrogenase was important. Formation of ammonia 

from glutamate was similarly inhibited by NADH. It was 

concluded that reducing equivalents disposal and intracellular 

NADH to NAD+ ratio were important effecters of branched chain 

amino acids fermentation . 
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CHAPTER III 

MATERIALS AND METHODS 

The present study waS divided into four parts and 

hence materials and methods used are described under the 

following heads : 

3 . 1 Experimental animals, their feeding and sampling of 
rumen fluid. 

3.2 In vitro degradation of intact feed proteins and 
individual amino acids by rumen fluid and its 
fractions in the presence and absence of various 
inhibitors -

3.3 Characterization of deaminase activity from mixed 
rumen bacteria 

3.4 Distribution of deaminase activity in rumen fluid and 
its fractions. 

3.5 Localisation of deaminase activity in rumen bacterial 
cell 

3.5 Analytical methods 

3.1 Experimental animals and diet 

Two rumen fistulated buffalo bulls (fu2ll. bubalis) of 

150 kg average body weight were fed a daily ration conSisting 

of wheat straw. berseem (Trifolium alexandriuml, mustard cake 

and crushed maize grains (Table 1). The ration was divided into 

two parts and fed twice a day i.e. at 09.00 and 17.00 h . The 



Table 1. Details o f Ration*+ 

Ration Daily Daily Daily Daily 
ingredients in take organic DCP TDN 

(kg) matter intake intake 
(kg) (kg) (kg) 

Wheat straw 2 . 500 .250 1. 081 

Berseem 1. 250 .250 0.035 0.161 
(Iz::i'QlilJm 
ile:xanc;[il.lm) 

Crushed maize grains 0 . 300 0 . 250 0.022 0.254 

Mustard cake 0.300 0.250 .083 .222 

Total 4.35·0 3.000 o. 140 .718 

·Calculated acco rding t o feeding standards laid down by .Sen and 
Ray(1971) for adult a n imals 

+Ration contained 2 0 gms mine ral mixture 
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animals consumed the whole ratio within 1 h of its being 

offered . Water was offered i!f:! lib at 10.00 and 18.00 h . The 

pre-experimental period lasted three months. 

3.1.1 Sampling of rumen fluid 

Approximately one litre of rumen fluid was obtained by 

suction through a perforated plastic tube from all parts of 

rumen of each buffalo bull before feeding in the morning. The 

rumen fluid from both the animals was pooled together on equal 

volume basis . The rumen fluid was separated from large feed 

particles by straining through two layers of cheese clo th and 

immediately put in a prewarmed thermos for brief storage. 

3.1.2 Fractionation of strained rumen fluid ioto its fractions 

The strained rumen fluid (SRF) was fractionated into 

bacterial, protozoal and cell free fractions. The frActionation 

was carried out at 37°C except where mentioned otherw~se. 

One litre of SRF was centrifuged at 2000 x g for 15 

min and supernatant was carefully decanted and checked 

microscopically to ensure that protozoa had been completely 

removed . The protozoal pellet which also contained fine feed 

particles was washed twice with McDougall buffer". The final 

pellet obtained was made to 1 1, the original volume of the SRF 

with McDougall buffer which also contained 0 .5t each of 

+composition and preparation of McDougall buffer: 

0.59 K HPO , 1.0 g KH po4 , 3.0 g NaCl, .0.1 g MgS04 · 7H~O, 8 mg 
CaCl ,2l.0~g CH cHcooita were dissolved 1n 1 1 d,solle water. 
Mitragen ·gas wls bubbled through the soluoon for 10 m,n to 
remove any dissolved oxygen and pH. of the buffer was made to 
6.8 by flushing it with carbon d,o~de gas. 1. 0 g each of 
MaRC0

3 
and anhydrous Na2S were added Just before use. 
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penicillin G and streptomycin sulfate. The antibiotics were 

added to check the bacterial contamination. This suspension was 

termed as washed protozoal suspension . ' 

The comb ined supernatant obtained above was 

centrifuged at 26, 000 x 9 f or 10 min and the supernatant was 

removed and kept in a separate container for further use. The 

pellet obtained was washed twice with McDougall buffer and 

supernatant obtained was added to previously stored 

supernatant. The pellet was suspended in McDougall buffer and 

made to 1 1 (the original volume of SRF). This suspension was 

termed as washed mixed bacterial suspension . 

The combined supernatant collected above was also made 

to the original volume of SRF i. e. 1 1 and termed as cell ;"free 

supernatant. 

3.2 In vitro degradation of intact feed proteins and indiv idual 
amino acids by rumen fluid and its fractions 10 the 
presence and absence of various inhibitors 

3.2.1 Intact feed protein sources 

Casein, soyabean seeds ( Soya ) , sunflower seeds (SF). 

groundnut cake powder (GC ) and mustard cake powder (MC ) were 

used as protein sources in this study. Sunflower seeds 'Here 

first dehulled and dried overnight at 40°C in an oven and these 
I 

along with soyabean seeds, groundnut cake and mustard cake were 

finely ground to powder f eed . Total nitrogen and crude protein 

contents of these feeds were estimated by microkjeldahl method. 
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3.2.2 Preparation of soluble and insoluble protein frac t ions 
from intact feed proteins 

Soluble and insoluble protein fractions from intact 

feed proteins were prepared according to the method of 

Mahadevan II li. (1 980) . 

50 g o f each of finely ground intact feed protein 

sources were separate l y mixed with 200 ml of 0.1 M potassium 

phosphate buf fer o f pH 7 . 6 in 500 ml conical flask and the 

contents were stirred at room temperature by placing the flasks 

on a shaker with c i rcular movements for 2 h. The soluble and 

insoluble fractions were separated by centrifugation at 30,000 

x 9 for 20 mi n i n a refriger ated centrifuge. The sediment was 

washed thrice with O.lM potassium phosphate buffer of pH 7.6 

and was finally resuspended in 100 ml of the same buffer and 

t ermed as insoluble protein fraction . 

The combined supernatant obtained above was 

concentrated by precipitation with ammonium sulphate (80% 

saturation). The precipitated proteins were collected by 

centrifugat ion at 26,000 x g for 10 min and dissolved in 50 ml 
~ 

of O. lM potassium p hosphate buffer of pH 7.6 and was~ialysed 

against the s ame buffer for 72 h with three changes of the 

buffer at 40 C t o remove small molecular weight ninhydrin 

Positive materia l .The f inal vol ume was made to 100 ml with O.lM 

potassium phosphate buffer of pH 7.6 and termed as soluble 

fraetion. The f i nal pH of soluble and insoluble fractions was 

ad.justed to 6 .8 . Tot al ni trogen and crude protein contents of 
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soluble and i nsolubl e f ractions of intact feed proteins were 

also estimated by mic r okjeldahl method. 

3 . 2.3 Incubat i on procedure for iQ vitro degrada tion s tudi es 

Subs: r ates were dispersed in 10 ml of McDougall buffer 

of pH 6.8, s a tura t ed with nitrogen gas, in a conical flask 

fitted with Buns e n val ve (Johnson, 1966) and incubated at 390C 

for 20 min i n t he atmosphere of carbon dioxide gas. SRF or its 

fractions vi= . mixed bacterial suspension, washed protozoal 

suspension 0 = ce l l f ree supernatant (10 ml saturated with 

carbon dioxide gas) were added to the flasks, contents were 

gased again ".dth carbon dioxide, stoppered and incubat.ed at 

39°C for dif :erent periods in a temperature controlled wa"ter 

bath fitted w:th shaking platform . All ~ncubations were done in 

duplicate . T~e zero hour controls and incubated controls 

(substrates d:spersed in autoclaved SRF or its fractions and 

incubate d ) we~e run simultaneously. 

Afte:- appropriate time of incubation, 5 ml of 

incubation mixture were mixed with appropriate volume of 50% 

trichloro a cet:c acid (TCA) so that final concentration of TCA 

in incubatior. mixture was 10% . These samples were placed 

overnight at ~ oC for p recipitation of proteins. To the rest of 

inCubation mixture, 0.25 ml (4-5 drops) of saturated mercuric 

chloride solu:ion were added to stop the fermentation and the 

samples were stor e d i n a refrigerator for estimation of 

ammonia, total vo l ati l e fat t y a cid s and total amino acids. 
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3.2.3.1 In vitro degradation of intact feed proteins and their 
soluble and insoluble fractions 

Intact feed proteins were dispersed in McDougall 

buffer of pH 6.8, at concentration of 40 mg protein / 20 ml 

incubation mixture which contained 10 ml of McDougall buffer 

and 10 ml of SRF or it s fractions. The soluble and insoluble 

fractions of intact feed proteins were dispersed in O.1M 

McDougall bu:fer of pH 6.8 in such a way that each ml contained 

20mg crude protein and 2 m1 of each suspension were added to 8 

ml of McDougall buffer of pH 7.8. Rest of the incubation 

mixture contained 10 ml of SRF or its fraction (final volume of 

incubation mixture was 20 m.l) . Incubations were done for 2,4 / 6, 

8 and 12 h. 

3.2.3.2 In vitro degradation of casein hydrolysate 

50 ~g casein hydrolysate dispersed in 10 ml McDougall 

buffer of p~ 6.8 and 10 ml SRF or mixed rumen bacterial 

f~action were incubated as under section 3.2.3 for 4 and a h. 

3.2.2.3Ia vitro degradatioo of a mixture of amino acids 

The mixture of amino acids (1 m mole / ml of SRF or 

mixed bacterial suspension) was prepared as follows : 

Glutamic acid 
Tyrosine 
Tryptophan 
Histidine 
Aspartic acid 
Cysteine 
Alanine 
Threonine 
Phenylalanine 

14.7 
18.1 
20.4 
20.5 
13.3 
12.1 
8.9 

11.9 
16 . 5 



Lysine 
Glutamine 
Isoleucine 
Arginine 
Valine 
Serine 
Glycine 
Methionine 
Cystine 
Proline 
Hydroxyproline 

14.6 
14 .6 
11 . 5 
17.4 
11. 7 
10.5 
7.5 

14 .9 
24.0 
11.5 
13 .1 
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The above amino acids were mixed and dissolved in 

McDougall buffer (section 3.2.3) and made to 25 ml with same 

buffer . Amino acids , tyrosine , phenylalanine and tryptophan 

were dissolved in 2 to 3 ml of O.lN Hel before mixing with 

other amino acids in the buffer. 1 ml of above mixture was 

added to incubation flask containing 10 ml SRF or mixed rumen 

bacterial suspension, ml _. McDougall buffer and incubations 

were carried out for 4 and 8 h as described under section 

3.2 . 3 . 

3.2.3.4 Ia vitro degradation of individual amino acids 

10 m moles of each amino acid listed under section 

3.2 . 3.3 were dispersed in 10 ml of McDougall buffer of pH 6 .8 

(section 3.2 . 3) and incubations were carried out by adding 10 

ml of strained rumen fluid or mixed rumen bacterial suspension 

for 8 h as described under section 3 . 2.3. 

3.2.4 IA ~ degradation studies in presence of deaminase 
or methanogenic inhibitors 

3.2.4.1 Deaminase inhibitors 

Hydrazine, hydrazine sulfate, phenylhydrazine, p-
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nitrophenylhydrazine , hydroxylamineHCL. sodium arsenate, sodium 

arsenite and dimethyldiphenyliodonium chloride (ODIC) were used 

as inhibitors of deamination. All these inhibitors were used at 

concentration of 0.1 and 1.0 mmoles/10 ml SRP or mixed 

bacterial suspension except DDIC which was used at 25 and 50 

ppm concentration. Each inhibitor was suspended/dissolved in 

McDougall buffer of pH 6 .8 (section 3.2 .3) so that 1 ml of the 

solution contained 1.0 mmole (50 ppm in case of DDIC) of 

inhibitor. 0.1 and 1.0 ml (0.5 and 1.0 ml in case of DDIC) of 

these solution were put in each incubation flask containing the 

substrate and volume was made to 10 ml with McDougall buffer of 

pH 6.S.10 ml of SRF or washed mixed bacterial suspension were 
added to each flask and incubations were carri ed out for 4 and 

8 h as described under section 3.2.3 to study the de9rada~ion 

of (il intact feed proteins, (ii) soluble and insoluole 

proteins (iii) casein hydrolysate and (iv) mixture of amino 

acids as described under sections .2.3.1, 3.2.3.2 and 3.2.3.3. 

3.2.4.2 Methanogenic inhibitors 

Sodium sulfite, chloroform, chloral hydrate and 

monensin were used as methanogenic inhibitors. All these 

inhibitors were used at concentration of 0.1 and 1.0 m moles / 10 

ml SRF or washed mixed bacterial suspension except monensin 

which was used at concentration of 25 and so ppm. The 

inhibitors were dissolved/suspended in McDougall buffer of pH 

6 . 8 as described under section 3.2.4.1 and incubations were 

carried out as described under sections 3.2.3, 3.2.3.1, 3.2.3.2 
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and 3.2.3 . 3. 

3.2 Characterization of deaminase activity of mixed rumen 
bacteria 

3.2.1 Preparation of mixed rumen bacterial extract (MRBE) 

The mixed rumen bacterial extract was prepared 

according to the method as described by Baldwin and Palmquist 

(1965) . 

Approximately 1 1 of rumen fluid was removed from the 

rumen of two buffalo bulls h after the morning feeding . Rumen 

fluid was strained through double layer of cheese cloth to 

remove large feed particles and was immediately cooled by 

placing in ice bath. To this SRF 400 ml of 25 mM ice cold" 

phosphate buffer (pH 7.5) were added. One litre of this mixture 

was centrifuged twice at 2000 x 9 for 15 min to remove feed 

particles and protozoa. The supernatant, carefully decanted, 

was subjected to centrifugation at 26,000 x 9 for 10 min in a 

refrigerated centrifuge to obtain the bacterial pellet. This 

pellet was washed twice with 25 mM ice cold phosphate buffer of 

pH 7 . 5 to remove any soluble contaminants. The washed pellet 

was resuspended in 10 ml of 25 mM cold phosphate buffer of pH 

7 . 5 and subjected to repeated sonication while kept in ice 

bath(sonication burst for 1 min followed by rest for 1 min, the 

whole process repeated five times). The undegraded cells and 

debris were removed by centrifugation at 26,000 x g for 30 min 

in a refrigerated centrifuge. The clear supernatant which 

Contained 12 to IS mg protein per ml of the extract was termed 
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as mixed rumen bacterial extract (MRBE ). All operations were 

carried out in cold at 4°C. The enzyme extracts were stored in 

small vials at ooe, each vial containing exactly 0 . 5 ml of the 

extract . At ooe enzyme extract was found to be stable for 

several days. 

3.3.2 De~ination assay procedure 

Deaminase assay procedure was the aame as described by 

Wallace ~ ~. (1987) . 

Assay mixed contained 0.5 ml of 25 mM phosphate buffer 

(pH 7 .0, boiled before use and saturated with CO2), 1 ml of 

0 . 5% casein hydrolysate solution prepared in 25 mM phosphate 

buffer and 0.5 ml of enzyme extract containing 6 to 8 mg 

protein. This mixture was inc;ubated at 39°C for 2 h. The 

reaction was stopped by adding 0 . 25 ml of trichloroacetic acid 

(sot). The mixture was centrifuged and supernatant was used for 

estimation of ammonia nitrogen by phenol-hypochlorite method 

(Weatherburn, 1967). The protein content in the enzyme extract 

was estimated according to the method as described by LOwry ~ 

al . (1951) . Enzyme activity was expressed as ~M of ammonia 

produced per mg protein per hr. 

3.3 . 3 Characterisation of deaminase activity of mixed rumen 
bacterial extract 

3.3.3.1 Effect of pH 

The reaction mixtures for deaminase assay were 

prepared in buffers of varying pH values ranging from 5.0 to 
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9.0 with an increment of 0.5 and deaminase activities """ere 

estimated at the end of incubation period . Different buf:ers 

used were 2S""M citrate buffer for pH 3.0 t o 4.0, 2.S",M 

phosphate buffer for pH range 4.0 to 7.5 and 25",M Tris Rel 

buffer for pH range 7.5 to 9.0. 

3.3.3.2 Beat stability of enzyme 

The MRBE was pre-incubated at temperature ranging f~om 

30°C to 90°C for 10min and immediately cooled by immersing in 

ice cold bath and the residual deaminase activity was assayed. 

3.3.3.3 Effect of incubation temperature 

The assay mixtures conta i ning MRBE were incubated at 

varying temperatures ranging from 25°C to SO°C, instead of 39°C 

and deaminase activity was measu~ed. 

3.3.3.4 Effect of various metal ions 

The MRBE was pre-incubated with 0.5 Ml of var:'ous 

metal ions at concentrations ranging from 1 to 10 mmoles (i~ 25 

mM phosphate buffer of pH 7.0)for 10 min . The metal ions _ere 

used as chloride salts to eliminate the effects of anic:!ic 

ions. At the end of preincubation period . substrate was added 

into' each test tube and deaminase activity assayed. 

3.3.3.5 Effect of various proteinase inhibitors 

The MRBE was preincubated with 0. 5 ml of various 

proteinase inhibitors of concentration ranging from 1 to 10 m 

moles(except for p_chloromercuribenzoate and sodium azide ~hich 

were used at 0.1 and 1. a nunole concentrations) for 10 mi n at 

40C. The inhibitors were dissolved or suspended in 25 mM 
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phosphate buffer (pH 7.0). The substrate was added after 

preincubation period and deaminase activity assayed. 

3.3.3.6 Effect of various deaminase inhibitors 

0 . 5 ml of various deaminase inhibitors in 2S mM 

phosphate buffer in concentration range of 0.1 and 1.0 mmole 

(except ODIC which was used at concentration range of 25 and 50 

ppm) was added to MRBE and were incubated at 4°C for 10 min. At 

the end of this incubation period, substrate was added and 

deaminase activity determined . 

3.3.3.7 Effect of various methanogenic inhibitors 

The MRBE (0.5 ml) was ' preincubated with various 

methanogenic inhibitors (0.5 ml) in concentration range of 0.1 

and 1 . 0 mmole (except Monensin which was used at 25 and SO ppm 

concentration) for 10 min at 4°C. The inhibitors were dissolved 

or suspended in 25 mM ph6sphate buffer (pH 7.0). The substrate 

was then added and deaminase activity assayed . 

3.3.3.8 Effect of various electrolytes 

0 . 5 ml MRBE was preincubated with 0.5 ml of various 

electrolytes (in 25 mM phosphate buffer, pH 7.0 ) in 

concentration range of 1 to 10 mmole for 10 min at 4°C. After 

the preincubation period, standard assay procedure was carried 

out to determine the effect of various electrolytes (anions) on 

deaminase activity . The electrolytes were used as their sodium 

salts to eliminate the effect of cations. 

3.3.3.9 Effect of concentration of amino acid mixture 

Amino acid mixture was prepared as described in 
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section 3 .2. 3.3 except that it was dissolved in O.OSM phosptate 

buffer of pH 7.0 (boiled and saturated with CO2 gas). 1 ml of 

this solution (1 to 10 mmole amino acids mixture) was put in 

the test tubes instead of casein hydrolysate solution and 

deaminase assay was carried out with MRBE. 

3.2.3.10 Extent of deamination of individual amino acids 

1.0 ml each of individual amino acids, containing 10 

mmoles in 25 roM phosphate buffer of pH 7.0 (boiled ~~d 

saturated with CO2 gas), was used as substrate instead of 

casein hydrolysate solution for assay with MRBE, and deaminase 

activity determined. 

3.3.3.11 Extent of deamination of various intact feed proteins 
and their soluble and insoluble fractions 

Various intact feed proteins and their soluble a:1d 

insoluble fractions were used as substrates instead of case:n 

hydrolysate for deaminase assay with MRBE. 1. a ml each of 

intact feed proteins , their soluble and insoluble fractions in 

25 roM phosphate buffer of pH 7.0 (boiled and saturated with CO2 

gas) and containing 5 mg crude protein were incubated withC. 5 

ml of MRBB and dearninase assay was carried out. 

3.4 Distribution of deaminase activity in rumen fluid and its 
fraction 

Approximately 500 ml of SRF were collected from t· .... o 

buffalo bulls on equal volume basis 4 hr after morning feeding·. 

This SRP was fractionated according to the method described in 
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section 3.1 with a f ew exceptions. 

The protozoal and bacterial pellets were suspended in 

10 ml of 25 mM phosphate buffer of pH 7.0 (boiled and saturated 

with CO2 gas). Penicillin G and streptomycin sulfate were not 

added to the protozoal suspension. 

1.0 ml SRF, 0.2 ml each of washed bacterial or washed 

protozoal suspension or 0 .5 ml cell-free supernatant were used 

in the assay mixture . Deaminase activity was determined by the 

procedure described under section 3 . 3.2. Each assay was done 

in triplicate. Protein contents of SRF and its fractions was 

determined by method of LOwry ~ ~. (1951). The enzyme activity 

was expressed as pM of ammonia produced per mg protein per hr 

as well as " deaminase acti vi ty as compared to that of ~RF 

taken as 100%. 

3.5 Localization of deaminase activity in mixed rumen bacte ria 
cell 

Localization of deaminase activity in mixed rumen 

bacteria cell s was done according to the method as used by 

Kopecny and Wa llace (1981) . 

Approximate ly 1 1 of rumen fluid was collected from 

the experimental ani mals on equal volume basis 4 h after 

morning feeding and was strained through double layer of cheese 

cloth to remove large f eed particles. The SRF was centrifuged 

twice at 2000 x 9 for 15 min to remove proto=oa and fine feed 

particles. The supernatant was carefully decanted and check~d 

microscopically to ensure that the protozoa had been removed. 
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It was centrifuged again at 26, 000 x 9 for 10 min to obtain 

the bacterial pellet, which was washed twice with 50 m1 

phosphate buf fer of pH 7.5 . The pellet was suspended in one 

fifth the original volume of SRF (approx. 200 ml) in 50 m1 

potassium phosphate buffer of pH 7.5 and containing 4 mmoles of 

dithiothreitol (DDT). 

20 ml of this bacterial pellet suspension was shaken 

at cycles per second in a shaker water bath at room 

temperature for 10 min . The mixture was centrifuged again at 

26,000 x 9 for 10 min, supernatant stored for further use and 

the pellet obtained was resuspended in 25 ml of 100 mM 

potassium phosphate buffer, pH 7.5, which contained 4 mmoles of 

OTT and 10 mmoles MgC1 2 per litre of the buffer. This 

preparation was placed in ice bath and repeatedly sonicated (1 

min sonication burst followed by 1 min rest, repeated five 

times) for 10 min. The unbroken cells and debris were remov ed 

by centrifugation at 26,000 x g for 10 min and the pellet was 

stored for further use. The supernatant containing cell 

membrane was subjected to centrifugation at 200,000 x 9 for 30 

min and the pellet was further used for extraction of membrane 

proteins .. The supernatant was also preserved for further use. 

The membrane proteins were extracted by the method as 

described by Schnaitman (1974) . The cell membrane pellet 

Obtained above, was resuspended in 25 ml of 10 mM HEPES buffer 

(N-2-hydroxyethylpiperazine-N'-2-ethane sulfonic acid) of pH 

7.4 which also contained 2\ triton X-lOO and incubated at 39°C 
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in a water bath f or 10 min, followed by centri~ugation at 

200,000 x 9 for 30 min. The supernatant contained inner 

membrane proteins. The peller. containing outer membrane 

proteins were solubilized by resuspending the pellet in 25 ml 

of 10 mM HEPES -Triton X-100 buffer of pH 7.4 and containing 10 

mmo!es of EDTA . This mixture was incubated at room temperature 

for 10 min and centrifuged again at 200,000 x g for 30 min to 

obtain outer membrane proteins in supernatant . The pellet 

obtained above was used to extract the peptidoglycan proteins 

according to t he method of Lugtenberg ~ £1 . (1977). The pellet 

was resuspended in 25 ml of 25 ~~ potassium phosphate buffer of 

pH 7.5 and containing 2% sodium dodecyl sulfate and incubaced 

at 60°C for 20 min. Proteins were harvest.ed by centri.fugat:'on 

at 200,000xg for 30 min. 

At each step of extraction, the deaminase act.ivity of 

pellet and supernatant was determined according to the assay 

procedure described in section 3.3.3. The protein contents of 

the same were also determined at each step by dissolving the 

pellet in O.IN NaOH by method of LOwry ~ £1. (1951 ) . Deaminase 

activity was expressed as ,uM ammonia produced per mg protein 

from each fraction per hr . Phosphate buffer used for entire 

operations was boiled and saturated with CO2 gas. 

Bffect of various detergents on the release of deaminase 
activity from mixed rumen bacteria 

The mixed rumen bacterial pellet prepared as described 
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in section 3.5 was suspended in 200 ml of 50 mM potass:"um 

phosphate buffer of pH 7.5 (boiled and saturated with CO2 ga s ) . 

Triton X-100, Tween-20, 1'"een-40, Tween-60, Tween-aO, 

Centrimide and sodium dodecyl sulfate were used as detergents 

for the release of deaminase activity. The detergents were 

dissolved in 50 mM potassium phosphate buffer of pH 7.0 at 0.05 

and 0.1% concentrations. 10 ml of bacterial suspension · .... as 

mixed with 2 ml of buffer detergent mixture containing 0.05 and 

0.1% detergent and shaken on a shaker water bath at 2 cycles 

per second for 10 min. The mixture was immediately centrifuged 

at 26 , 000 x 9 for 10 min and deaminase activity associated with 

pellet and released into supernatant was assayed (sect:on 

3 . 3.2) . The pellet was dis sol ved in O. IN NaOH and protein 

contents of both pellet and supernatant were also determir..ed 

(Lowry II 21., 1951):' and deaminase activity was expressed as 

,uM ammonia produced per mg protein per hr as well as % acti v ':' t:y 

associated with pellet or released in to supernatant as 

compared to the activity of each before treatment with the 

detergent. 

3.6 Analytical methods 

3.6.1 Est~tion of total volatile fatty acids 

Total vol atile fatty acids were estimated by the 

procedure as described by Barnett and Reid (1957 ) . 

Reagents 

i) 5% oxalic a cid 

ii) 10% potassium oxalate 
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iii) O.05N NaOH 

Procedure 

The boiling fla sk of Markham distillation apparatus 

was filled with distilled water and a few glass beads were 

placed at the bottom t o prevent the bumping of distilled water 

during boiling. The Markham distillation apparatus was steamed 

for 10 min and the condensate collected in steam distillation 

compartment was emptied by pinching the plastic tube connecting 

the boiling flask to the distillation apparatus. The water 

drain tap was opened to drain off the condensed water that 

collected in the outer jacket of the apparatus. 1.0 ml of the 

sample and 2 ml of 5% oxal i c acid and 10% potassium oxalate 

mixture (L1) were added into the steam distillation 

compartment through the inlet without touching the sides of the 

inlet with pipette tip. The receiving flask was plaeed at the 

distillate receiving end and distillate was collEcted and 

titrated agains t O.05N NaOH using phenolphthalein as an 

indicator. Before putting in the next sample, condensate was 

removed from steam J.acket and apparatus was washed with 

distilled water . For calculation of total volatile fatty acid 

concentration, the f o llowing equivalent was used: 

1 ml of .05N NaOH 9 O.05m moles of acid 

3.6.2 Est~tion of proteins 

The estimation of proteins was done according to the 

method of LOwry II ll. (1951) . 



aeagents 

aeagent A, 2\ Na2C03 in O.IN NaOH 

aeagent B, O. S\ CuS04 . SH20 

(Na3C6HS07.2H20) solution. 

in 
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sodium cit!"ate 

Reagent C: 50 parts of reagent A were mixed with 1 part of 

reagent B just before use. 

Polin-phenol reagent : Stock solution (SRL j India) was dilu:ed 

with 2 volumes of dist illed water . 

Procedure 

Proteins precipitated with trichloroacetic acid ==om 

incubation mixture were centrifuged at 4000 rpm for 30 min. 7he 

supernatants were stored for estimation of ammonia and tc:al 

amino acids. The precipitates obtained were mixed '",ith ''5 m.:. of 

C.IN NaOH and test tubes were placed in boiling water bath t~ll 

the entire precipitates were dissolved . 

0.1 ml of the above solution was taken in a test :::..:be 

and made to 1.0 ml with distilled water _ 5.0 ml of reager:.: C 

were added to each test tube and contents were mixed well ~nd 

allowed to stand at room temperature for 10 min. 0 . 5 ml of 

diluted folin-phenol reagent was added to each test tube a:1d 

contents were vigorously shaken immediately. The test tuZes 

were allowed to stand at 37°C for 30 min and blue co2.our 

developed was read at 525 nm against a reagent blank in 

Spectronic-20 spectrophotometer (Bausch and Lomb). The protein 

contents were calculated from a standard curve prepared by 

using bovine serum albumin (BSA) in concentration range of 20 
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to 100 ~g in O.lN NaOH . 

3.6.3 Estimation of ammonia nitrogen (Weatherburn, 1967 ) 

Reagents : 

Reagents A: 5 9 d istil l ed phenol and 25 mg sodium nitroprusside 

(Na2Fe (CH5N02) were dissolved in glass distilled water. The 

reagent was stored i n amber coloured bottle in a refrigerator. 

Reagent B (Alkaline hypochlorite solution): 2.5 9 NaOH and 4.2 

ml sodium hypochlorite (NaOCl) were mixed and made to 500 ml 

with glass d istilled water . The reagent was put in amber 

coloured bottle and kept in a refrigerator. 

Standard solution : A stock solution was prepared by dissolving 

330 mg ammonium s ulfate in 100 ml of O.1N HCI (0 . 35 mg ammonia 

ni trogen/ ml ) . The working standards were prepa~ed by 

appropriate d i : ution of stock solution with O.IN Hel to get a 

concentration range of 0.7 to 3.5 ~g of above solution. 

Procedure 

20 ml of sample or standard (containing 0.7 to 3.5 ~g 

ammonia nitroge~) were placed in test tubes and 5 ml of reagent 

A were added tQ each test tube. The contents were mixed well 

and 5 ml of r eagent B were then added to each test tube _ The 

colour was developed by placing the test tubes in water bath at 

37°C for exactly 15 min or at room temperature for 30 min. The 

absorbance was read at 535 nm using spectronic-20 

spectrophotomete r , against a r eagent blank and concentration of 

ammonia nitrogen was calculated from a standard curve prepared 

simultaneously. 
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3.6.4 Bstimation of total amino acids 

The supernatant obtained after precipitation of 

proteins by trichloroacetic acid was used for the estimation of 

total amino acids by the method as described by Lee and 

Takahashi (196 6) . 

Reagents 

i) O.SM citrate buffer , 52.5 g of citric acid monohydrate 

citrate dihdyrate 

of distilled 

water . These solutions were mixed in appropriate ratio to set 

the pH of buffer at 5.5 and final volume was made to 1 1 with 

distilled water. 

ii} 1% ninhdyrin in O.SM citrate buffer 

iii) Glycerol 

Procedure 

20 ).1 of supernatant or standard in 10\ 

trichloroaceti c acid were put in test tubes . 3.8 ml of a 

mixture of 1% ninhydrin in O.SM citrate buffer, pH 5.5, 

glycerol and c:trat.e buffer were added to the test tubes and 

contents were mixed well on a vortex mixer. Above mixture 

contained 1 ml of 1\ ninhydrin in O. SM citrate buffer of pH 

5.5. 2.4 ml of 0.5M citrate buffer of pH 5.5 and 0 . 4 ml of 

glycerol and large quantities of this mixture were prepared 

before use. The test tubes , after having vortexed were plac~d 

in a boiling water ba th for 12 min and then cooled under tap 
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water to the room temperature. The mixture was shaken again on 

a vortex mixer and absorbance was read against a reagent blank 

at 570 nm in spectronic-20 spectrophotometer. A standard cur~e 

was prepared u s i ng tryptophane in concentration range of 2 to 

20 ~g and amino a c id concentration was calculated . 

3.6 . 5 Est~tion of total nitrogen and crude pro tein c ontents 

Total ni trogen was estimated by microkjeldahl method 

(McKenzie and Wallace, 1954) 

Reagents 

Digestion mixture : Copper sulfate powder and potassium sulfate 

powder were mixed well n ratio of 1:10 (w/ w) 

4" boric acid solution : 40 9 of anhydrous boric acid were 

dissolved in 1 1 o f d istilled water. 

Mixed indicator , 55 mg of bromocresol green and 33 mg of methy l 

red were dissolved in 100 ml of absolute alcohol. 

Boric acid mixed indi cato r mixtur e: 2 ml of mixed indica~or 

solution were a dded to 1 1 of 4% boric acid solution and kept 

in amber colou r ed bottle. This mixture was freshly prepared. 

40% NaOH 

0 . 05 N Hel 

Procedure 

Digestion of the samples , 100 mg finely ground feed protein 

source, 10 ml o f soluble proteins fraction or 10 ml of 

insoluble proteins fraction were placed in 100 ml long necked 

digestion flasks along with 0.5 9 of digestion mixture and 5 ml 

Qf concentrated sulphuric acid . Digestion mixt ure was added to 
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prevent bumping a s wel l as to indicate the completion of 

digestion by clea r yellowish blue solution in the flask . The 

digestion flasks we r e heated over a digestion heater till the 

solutions were clea r o f all the fumes. The flasks were removed, 

cooled to room tempe rature and volume of solution made to 25 ml 

with distilled wate r by repeatedly washing the digestion flask. 

Distillation of the digested solution , Boiling flask of the 

markhaYn steam distillation apparatus was filled with 

distilled water and apparatus steamed for 10 min. 2.0 ml of 

digested sample and 5 ml of 40% NaOH were introduced into steam 

distillation chamber of the apparatus . Simultaneously a 

conical flask c on t aining 5 ml of boric acid-mixed indicator 

mixture were placed at the distillation receiving end and 25 ml 

of distillate wa s collected. The distillate was titrated 

against 0.05 N HC1 . Appropriate digestion blanks were run along 

with protein samples. Total nitrogen in the sample was 

calculated as f o llows, 

t Nitrogen 

0.00 014 x vol .of 0.05N HCl used x Total vol.of distillate 
X 100 

Volume of sample distil led x Weight of sample digested 

Crude pro t ein contents were calculated by multiplying 

t nitrogen by a fa ctor of 6.25. 
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CHAPTERIV 

RESULTS 

4.1 ~ vitro degradation of intact feed proteins and its 
soluble and insoluble fractions wi th strained rumen fluid 
and its fractions 

4.1.1 In vitro degradation of intact feed proteins by rumen 
fluid and its fractions 

4.1.1.1 Strained rumen fluid 

The results of the degradation of intact feed proteins 

when incubated f or different periods with strained rumen fluid 

(SRF) are given in Table 3 (Fig.1). 

The degradation of all the intact feed proteins 

examined was found to increase with increase in the incubation 

period from 2 t o 12 h. At 6 h incubation period, the intact 

protein of casein, soyabean seeds (Soya), ground nut cake (GC ) , 

mustard cake (MC) and sunflower seeds (SF) were degraded to the 

extent of 62.0, 57.3,46.8, 38.3 and 38 . 3%, respectively, and 

corresponding values for 12 h incubation period were 75.8 . 

74 . 8, 64.5, 60.3 and 53.8%. 

At 6 h of i ncubation, extent of degradation of case~n 

and Soya was significantly (P < 0.01) higher than that of GC, 



Table 2. Crude protein content ·s (g/lOO g feed dry matter ) 
and solubility (t) of various intact feed proteins 
and their fractions 

peed protein 
source 

Groundnut 
Cake (GC) 

Mustard 
Cake (MC) 

Sunflower 
Seeds (SF) 

Soyabean 
seeds (soya) 

Casein 

"'rtote./.,., 
CrudeAcontent of different protein Solubility 
fractions (%) 

Intact Soluble Insoluble 

46.37 16.88 16.68 35.9 

30.68 10.62 20 . 87 32.0 

20 .5 10 . 44 10 . 06 51. 0 

37 .25 15.31 22.31 40.9 

23.62 19.56 4 . 06 82 . 8 

Figures represent mean ,of four observations. 



The means superscribed by letters a, b, c, d (at p < 0.01) and 

e, f, 9 I h (at p < 0.05) in the proceeding tables (unless 

mentioned otherwise) mean the following are significant : 

a,e between casein and soya on one hand Ge. Me and SF 

on the other hand 

b,f between casein and that of soya 

e,g between GC and that of MC and SF 

d,h between MC and that of SF 



Table 3 . 

Incubation 
period 
(h) 

12 

Degradation of intact feed proteins when incubated for different periods 
with strained rume n fluid . 

TeA - precipitable pro teins left after incubation (mg) 

Groundnut cake Mustard c ake Sunflower seed Soyabean seed Casein 
mea l meal 

4 0 .0 40. 0 40 .0 40.0 40.0 

29 .3a ±O .96 31 .9a ,9±0.72 32.9a ,gO.67 28.2 f ±0.64 25.9±0.98 
(26 .8) (20 . 3) (17.8) (29.5) (35.3 

24 .Oa±O.19 27 .9a ,c,g±o .94 28.8a ±0 . 49 21. 8 f ±0 . 28 20.6±0 . 65 
(40.0) (30.3) (28.0) (45.5) (48.5) 

2I.3a ±1. lB 24 .7a ±0.92 24 . 7 a ±0.73 1 7.1b ±0.63 15.2±0.18 
(46 . 8) (38.3) (38.3) (57.3) (62.0) 

17.Sa ±O. 46 20 .2a ,c±O . 12 22 . 6a ,c , d±1. 14 13 . 4 f ±0.71 11 . 9±0.18 
(56. 3 ) (49.3) (43.7) (66.5) (70.3) 

14 . 2a ±O. 81 15 .9a ±0.91 18 .5a ,h±0.83 10.1±0.85 9 . 7±0.98 
( 64 .5) (60.3) (53.0) (74.8) (75.8) 

Figures represent mean of four 'observations ± standard deviation 
Fi gures in parenthesis represent per cent degradation over control 
Conditions of incubation 200 mg soluble starch, 40 mg intact protein on crude protein 

basis, 10 ml strairted rumen fluid, 10 ml buffer were 
incubated for different periods . 



FIG.1 DEGRADATION OF INTACT PROTEINS" THEIR SOLUBLE" INSOLUBLE 
FRACTIONS WHEN INCUBATED WITH tiTRAINED RUMEN FLUID FOR 12 h. 
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Me and SF protein, whi l e that of GC was significantly ( P < 

0 . 01) higher than that of MC and SF. Between Soya and casein 

the difference was significant (P < 0.01) at 6 h of incubation 

and between MC and SF significant (P < 0.05) at 12 h of 

incubation . 

The degradation values f or all incubation periods 

indicated that intact protein of casein was maximally degraded 

followed, in order , by soya, GC, MC and SF. 

4.1.1 . 2 Washed mixed bacterial suspension 

The data on degradation of intact feed proteins ",vhen 

incubated for different periods with washed bacterial 

suspension are given in Table 4 (Fig.2). As with SRF, the 

extent of degradation of intact proteins of all the feeds 

examined was inc~eased with increasing incubation periods upto 

12 h. At 6 h incubation period, the intact proteins of case in. 

Soya, GC, MC and SF were degraded to the extent of 20.5, 19.2, 

15 . 5, 12.7 and 11.7\ respectively and the corresponding values 

for 12 h incubation period were 36.2, 34.2, 27.2, 24.5 and 

22.2t. 

At 6 and 12 h incubation periods. the difference in 

extent of degradation of casein and soya was significantly (p < 

0 . 01) higher than that of GC, MC and SF intact proteins. No 

significant difference was observed between soya and casein , GC 

and MC and SF and GC. 

At all the incubation periods, there was maximum 

degradation of casein followed, in order, by Soya, GC, Me and 



Table 4. Degradation of intact feed proteins when incubated for different periods 
with washed bacterial suspension 

Incubation TeA-precipitable proteins left after incubation (mg) 
period - ------- - - - - ---- - -- - - - -- - - ----------- ------ - ------- - -- - - - -- - --------- - - -- -----
(h) Groundnut cake Mustard cake Sunflower seed Soyabean seed Casein 

o 

.".,e.al ""me.al. 

40 .0 4 0 .0 40.0 40 . 0 40.0 

38 . l a ±0 . 32 38 .3 a ±0.81 38.5a O.3 8 36 . 8 ±0.64 36.6±0.86 
(4 . 75) (4.2) (3.7) (8.0) (8.5) 

36 .2a ±0.49 36 .la ±0.72 36 . 9a ±0 . 52 34 .28±0.91 H.1±0.92 
(9.5) (9 . 7) (7.7) (14.5) (14.7) 

33.8a ±0 .63 34 .9±0.93 35 . 3a ±0.76 32.3±0.84 31.8±0.98 
(15 .5) (12.7) (11.7) (19.2) (20.5) 

31 .7a 10 .72 32 .5a ±0.92 33 .6a ±0.4 1 29.2±0.32 28.8±0 . 74 
(20 .7) (18.7) (16. 0) (27. 0) (30 . 0) 

12 29 .la ±0 . 61 30 .2a ±0.49 31 .la ±0.77 26.3±0 . 99 25.5±0.36 
(27.2) (2 4.5) (22.2) (34.2) (36.2) 

Figures represent mean of four observations ± standard deviation 
Figu:e~ in pa~~nthes js represent per cent d Qgradation over control 
Cond1t1ons of 1ncubation : Same as in table 3 except that 10 ml of washed mixed 

bacterial suspension were added in place of strained rumen 
fluid. 



FIG.2 DEGRADATION OF INTACT PROTEINS & THEIR SOLUBLE & INSOLUBLE FRACTIONS 
WHEN INCUBATED WITH WASHED BACTERIAL SUSPENSION FOR 12 h. 
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SF. 

4.1.1.3 Wasbed protozoal suspension 

The data on the degradation of intact proteins of all 

feeds when incubated with washed protozoal suspension for 

different periods are given in Table 5 (Fig.3). As with SRF and 

washed bacterial suspension, the extent of degradation of 

intact proteins of a ll the feeds studied increased with 

increase in the incubation period upto 12 h. At 6h incubation 

period , the extent of degradation of casein, soya, Ge. Me and 

SF intact proteins was 11.5, 7.7. 4.5 I 3.2 and 2.7% 

respectfully, and the corresponding values for 12 h incubation 

period were 14.7, 14.0, 9.2, 6.2 and 5 .7%. 

At 6 h lp < 0.05) and 12 h (p < 0.01) incubation 

periods , the difference i n extent of degradation of casein and 

soya was significantly higher than that of GC. MC and SF . 

However, at h incubat ion period. the difference in 

degradation be tween Soya and Casein intact proteins was also 

significant (p < 0.0 5). 

Extent of degradation of intact proteins remained 

maximum in case of casein and was followed in order by Soya , 

Ge, Me and SF as in case of degradation with SRF and washed 

bacterial suspension . 

4.1.1.4 Cell free supernatant 

Table 6 (Fig.4 ) represents the data on the degradation 

of intact feed proteins when incubated for different periods 

with cell free supernatant of SR F . As with SRF and its 



Table 5. 

Incubation 
period 
(h) 

12 

Degradation of intact feed proteins when incubated for different periods 
with washed protozoal suspension 

TC~-precipitable proteins left after incubation (mg) 

Groundnut cake Mustard cake Sunflower seed Soyabean seed Casein 
meal meal 

40 .0 40.0 40 .0 40.0 40.0 

39 .6e ±O.41 39 .Se±O.lS 39 .ge O .0.44 38.2 ±0 . 84 38 . 1±0.66 
( 1. 05) (0.5) (0 .25 (4 .5) (4 . 7) 

38 . 9a ±0.22 39 .2a ±0.39 39 .5a ±0 . 36 37.58±0.49 36. 9±0.41 
(2.7) (2.0) ( 1. 2) (6.2) (7.7) 

38.2e ±0.39 38 .7 e ±O.81 38 .ge ±O.77 36.9 f ±0.64 35 . 4±0.83 
(4.5) (3.2) (2.7) (7.7) (11.5) 

37.6a ±0.58 38 .4 a ±O.72 38 .4 a ,d±0.34 35.8 f tO.12 34.9±0.59 
(6.0) (4.0) (4.0) (10.5) (13.0) 

36.3a ±0.6 1 37 . 5a ±0. 22 37 .7a ±0.59 34.4±0.51 34 .1±0.38 
(9.2) (6.2) (5.7) (14.0) (14 . 7) 

Figures represent mean of four observations + standard deviation 
Figures ~n parenthesis represent per cent ~9radation over control 
Conditions of incubation Same as in table 3 except that 10 ml of washed protozoal 

suspension were added ~n place of_strained rumen fluid. 



Table 6. 

Incubation 
period 
(h) 

12 

Degradation of intact feed proteins when incubate d for different periods 
with cell free supernatant 

TeA-precipitable proteins left after incubation (mg) 
------------------------------------------------------------------------------
Groundnut cake Mustard cake Sunflower seed Soyabean seed Casein 

meal meal 

40.0 40 .0 40 . 0 40 . 0 40.0 

36 .510.42 36 .8±0.56 36 .810.72 35 . 7±0 . 51 35.3±0.38 
(8 . 7) (8.0) (8.0) (10 . 7) (11 .8) 

32 .sa±o .91 33 .4a ±0.63 34 .2a ±0.41 30.1±0.88 28.7±0.34 
(18 .0) (8.0) (8.0) (10.7) (28.2) 

28 .6a ±0 .46 30 .2a ,9±0.72 30 .8a ,9.0.37 f ' 27.6 ±0 . 71 25 .7.0.49 
( 28 .5) (24.5) (23.0) (3l. 0) (35.7) 

23 .sa±o. 57 25 .2a ,9.0.77 26.3a ,9,h±0 .4 8 22.1b .0.59 20 .1.0.56 
(41 .3) (37.0) (34.2) (44.7) (49.8) 

21 . 4a tO.42 23 . Oa, 9±0. 91 24 .2 a ,9,h.0 . 56 19.5.0.55 18 .3±0.57 
(46.5) (42.5) (39 . 5) (5l. 2) (54 . 3) 

F~gures represent mean of four observations ± standard deviation 
Fl.gures in parenLiH-:'Ed s represent per cenl degradatl.on over cont:tol 
Conditions of incubatl. on . Same as 1n table 3 except that 10 ml of cell free supernatant 

were added in place of strained rumen fluid. 



FIG.3 DEGRADATION OF INTACT PROTEINS & THEIR SOLUBLE & INSOLUBLE FRACTIONS 
WHEN INCUBATED WITH WASHED PROTOZOAL SUSPENSION FO~ 12 h. 
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FIG.4 DEGRADATION OF INTACT FEED PROTEINS AND THEIR SOLUBLE & INSOLUBLE 
FRACTIONS WHEN !NCUBATED WITH CELL FREE SUPERNATANT FOR 1:: h. 
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fractions studied earlier , the extent of degradation of intact 

proteins of all the feeds examined increased with increase in 

incubation time upto 12 h. At 6 h incubation period, the extent 

of degradation of intact proteins was 35.7,31.0,28 . 5,24.5 

and 23 . 0% for casein, Soya, GC, MC and SF, respectively, and 

corresponding values f o r 12 h incubation were 54.3, 51 . 2, 46.5 . 

42 . 5 and 39 . 5\ . 

At and 12 h incUbation periods, the extent of 

degradation between casein and soya protein was significantly 

(p < 0.01) higher than that of GC, MC and SF. The difference in 

degradation between Soya and casein was also significant (p < 

0.05) at 6 h of incubation . At 12 h of incubation , the 

difference in extent of degr adation between GC and SC and Me 

and SF was also significant (p < 0 . 05) . 

As with SRF, bacterial cell suspension, protozoal cell 

suspension, the degradation of intact protein by cell free 

supernat.ant. was also maximum in case of casein followed, in 

order, by Soya, GC, MC and SF. 

The data given in Tables 3, 4, 5 and 6 (Fig.l,2,3 , 4 ) 

suggest that. the degradat ion o f intact proteins of all the feed 

examined was maximum by SRF, f ollowed by cell free supernatant, 

washed bacterial cell suspension and washed protozoal cell 

SUspension. 

4.1.2 1D ~ degradation of soluble fraction of intact feed 
proteins by rumen fluid and its fractions 

The soluble fraction of intact feed proteins was 
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incubated with SRF and its fractions for 0, 2, 4, 6, 8 and 12 h 

and their ex tent o f degradation is presented as follows: 

4.1.2.1 Strained rumen fluid 

The data on extent of degradation of soluble fraction 

of intact feed proteins of different feeds by SRF are given in 

Table 7 (Fig . 1 ). The extent of degradation of soluble proteins 

of all the fe eds, increased w.ith increase in incubation time 

from 2 to 1 2 h. At h incubation period, the soluble fracticn 

of casein, Soya, Ge, Me and SF intact proteins was degraded to 

the extent of 59.5, 54 . 0, 50.3, 50.5 and 38.0% respectively , 

and the corresponding values for 12 h incubation period were 

79.0, 68.0, 73. 0, 62.2 and 64.7% . 

At 6 h incubation period, extent of degradation of 

soluble pro t eins of casein and Soya was significantly (pc 0.0 1 ) 

higher than t hat of Ge, t1C and SF. The extent of degradation i n 

case of MC a n d GC was significantly (p < 0.01) higher than that 

of SF and that of casein was significantly (p < 0.01) higher 

than that o f Soya . At 12 h incubation period, the difference in 

extent of degradation between Soya and casein was significantly 

(p < 0.01) higher t han that of GC and MC; that of ~lC was higher 

(p < 0 . 01) than t hat of SF. 

Above data indicated that at 6 h incubation period 

casein was degraded to maximum extent followed, in order by 

Soya, GC, MC and SF, though GC and SC were degraded to almost 

same degree . AT 12 h incubation period, the degradation of 



Table 7 . 

Incubation 
period 
(h) 

0 

6 

1 2 

Degradat i on of soluble f ractions of intact f eed pro te ins when incubated for 
diffe re nt pe riods with SRF 

TeA-precipitable pr o t e ins left a f ter incuba t ion (m9) 
-- --------------------- --------- ---- - - -- ----------------- - - - ------------------
Groundnut cake Mus t ard cake Sunflower seed Soyabean s eed Casein 

mea l meal 

40 .0 40 .0 40. 40 .0 4 0.0 

26 .le±O.44 27 . 2e ,9±0 . 41 28.ge , 9 , h ±0 . 88 26 .2±1.16 26.0±0.51 
(34.7 (32.0) (27.7) (34.0) (34.7) 

23 . 2a ±0.54 23 .4a ±O . 85 26 . Sa , d± 0.78 21 .1±1. 22 21. 0±0.11 
(42.0) (41 .5) (33.7) (47.2) (11.(47.5) 

19 .9a ±0.91 19 .Sa±D.aS 24 .8a , d±0 .74 18 b .4 ±O. 76 16.2±0.12 
(50.3) (50.5) (38.0) (54 .0) (59 . 5) 

16.1a ±0.72 15 .6a tO 64 19 .29 ,h±0.18 13 .I f ±0.38 11.2±0.82 
(59.7) (61 .0) (52.0) (67 . 2) (72 .0) 

lO .B±O.48 12 .39 ±0 .91 14 .19 ,h±0.33 12 .8b ±0 .91 .4±O.42 
(73.0) (62. 2 ) (64.7) (68 .0) (79.0) 

F~gures :-epresent mean of four observatiol1'S ± standard deviation 
F19u7e~ 1n par7nthesis represent per cent degradation over control 
Condltlons of lncubation : 200 mg soluble starch,', 40 mg soluble protein in 2 ml buffer, 

10 ml strained rumen fluid and 8 ml buffer incubated at 
39°C for differe nL periods. 
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soluble proteins of casein was maximum f ollowed by GC, Soya, SF 

and MC. 

4.1.2.2 Washed mixed bacterial suspension 

The data on degradation of soluble fraction of intact 

feed proteins when incuba ted for different periods with washed 

bacterial suspension are presented in Table 8 (Fig. 2). As in 

all previous studies, the extent of degradation of soluble 

proteins for all the feeds examined, increased with increase in 

incubation period upto 12 h . At h incubation period, the 

soluble proteins of casein, Soya, GC, MC and SF were degraded 

to the extent of 23.2 , 22.0, 21 . 0, 16.2 and 13 . 0% respec tively, 

and corresponding values for 12 h incubation period were 39.7, 

37.0, 32.7, 29.0 and 24.5%,. 

At 6 and ~2 h of incubation, the extent of degradation 

of soluble proteins of casein and soya was significantly higher 

(p < 0 .01) than that of GC, MC and SF. However, at 12 h of 

incubation the difference between GC and SF, SF and GC and tole 

and SF were also significant (p < 0.01). At 12 h of incubation , 

extent of degradation of casein was also significantly (p < 

0.05) higher than that of Soya . 

Data showed that the soluble fraction of casein intact 

protein was degraded to maximum extent by washed bacterial 

suspension followed, in order, by Soya, GC, MC and SF. 

4.1.2.3 Washed protozoal suspension 

The data on the extent of degradation of soluble 

fraction of intact feed proteins when incubated with washed 



Table 8. Degradation of soluble fraction of intact feed proteins when incubated for 
different periods with washed bacterial suspension 

Incubation TeA-prec ipitable prote ins left after incubation (mg) 
period - - - - - --- - - - - - - ----- - -- -- ----- -- - ------ --- - --- - - - ---------- - -- - --- - - - - -- -------

SUfl fl ower Casein (h) Groundnut c a ke Mustard cake seed Soyabean seed 

o 

me a l meal 

40.0 40 . 0 40 . 40 . 0 40.0 

37.7e ±0 . 44 38 .3e ±0.45 38.7 e ±0.81 36 . 9±0.94 36.8±0.72 
(5.7) (4.2) (3 . 2) (7.7) (8.0) 

34.8a ±0 . 59 36.2a ±0.82 36.2a ±0.36 34.5±0.45 33 . 6±0.81 
(13 .0) (9.5) (9.5) (13 . 7) (16.0) 

31. 6a ±0. 82 33 .sa,c±O.91 34.8 a ±0.52 31.2±0.19 30.7±0 . 77 
(21.0) (16.2) (13.0) (22.0) (23.2) 

28.3a ±0.42 30 .5a ,c±0.92 32.1a ,c,h±0.61 28 .3 f ±0 .26 26.4±0.92 
(29.2) (24.5) (23.0) (31 .0) (35.7) 

12 26.9a ±0 . 36 28 .4 a ,c±O.38 32.1a ,c,d±0 . 67 25 .2b ±0.14 24.1±0.49 
(32.7) (29.0) (24.5) (37.0) (39 . 7) 

Figures represent mean of four observations i standard deviation 
Figures 1n parenthesis represent per cent degradation over control 
Conditions of incubation : Same as in table 7 except that 10 ml of washed mixed 

bacterial suspension were added in place of strained rumen 
fluid. 



Table 9. 

Incubation 
period 
(h) 

2 

4 

12 

Degradation of soluble fraction of intact feed proteins when incubated for 
different periods in washed protozoal suspension 

TeA- precipitable proteins left after incubation (mg) 

Groundnut cake Mustard cake Sunflower seed Soyabean seed Casein 
meal meal 

40.0 40.0 40 .0 40 .0 40.0 

39 .4 a ±0.61 39 . 5a ±0.33 39 .6a ±0.21 38.1±0.42 37.8.0.44 
(1 .5) (1. 2) 11.0) (4.7) (5 . 5) 

38 .6e ±O.48 38 .7e ±O.42 38.4 e ±0.18 36.8±0.73 36 . 1±0.16 
13 .5) (3.2) (4.0) (8.0) (9.7) 

37.8e .0 . 82 38 .2e ±O.55 37 . 6e .0.76 35.2±0.92 34 . 8±0.41 
(5.5) (4.5) (6.0) (12.0) (13 .0) 

37 .2a ±0 . 39 37.8a ±0.46 36.8a ,h±0 . 41 33.7±0.81 33.3±0.28 
(7.0) (5.5) (8 . 0) (15.7) (16 . 7) 

35 7a ±0.21 36 .2a ±O.41 35.7a ±0 .3 8 32 .3±0.77 31 .7±0.36 
(10.7) (9.5) 110.7) (19 . 2) (20.7) 

Figures represent mean of four observations ± "Standard deviation 
Figu~e~ in par7nthesis represent per cent degradation over control 
Cond~t1ons of 1ncubation : Same as in table 7 except that 10 ml of washed protozoal 

suspension were added in place of strained rumen fluid. 



83 

protozoal suspension for different period are given in Table 9 

(Pig . 3) . The e x t ent of degradation, as usual, increased with 

increase in incubation time upto 12 h . AT h after 

incubation , soluble proteins of casein, Soya , Ge, Me and SF 

were degraded t o the extent of 13.0, 12 . 0, 5.5, 4.5 and 6.0% 

respectively, while the c orrespondi ng values for 12 h 

incubation period were 20.7, 19.2 , 10.7, .5 and 10.7%. 

At 6 (p < 0.05) and 12 h (p < 0.01) incubation period, 

extent of degradation of casein and soya soluble protei3S were 

significantly higher than that of GC, MC and SF. 

The s o l uble protein' of casein was degraded to maximum 

extent followed , i n o r der, by Soya, GC and SF·· being equally 

degraded, and MC . 

4.1.2.4 Cell-free supernatant 

The data on the degradation of soluble frac:ion of 

intact feed prote i ns when incubated with cell-free supe=natant 

for different periods are presented in Table 10 (Fig.'; ) . The 

extent of degradation of this fraction of proteins ir.::reased 

with increase i n incubation period upto 12 h. At 6 h inc~bation 

period , it was 34 .0, 30 . 5 , 37.2, 35.2 and 36.7% for =asein, 

Soya, GC, MC and SF, respectively, and corresponding va lues for 

12 h incubation period were 64.0, 58.0, 54.2, 52.0 a nd 50.7%. 

At 6 h i ncubation period , extent of degradation of 

casein and soya s o l ubl e proteins were significantly (p < 0.0 1 ) 

lower than that o f Ge. Me and SF. whi l e at 12 h incubation 

period the same was significantly (p < 0.01) higher. However, 



Table 10. Degradation of soluble fraction of intact feed proteins when incubated for 
different periods with cell free supernatant 

Incubation TeA-precipitable proteins left after incubation (mg) 
period ---------------------- - -- - ----------------------- - ----------------------------
(h) Groundnut cake Mustard cake Sunflower seed Soyabean seed Casein 

o 

meal meal 

40.0 40 .0 40 .0 40.0 40.0 

35.2e ±0.66 35 .se±o. 31 36 .0e ±0.42 34.1±O . 91 33.8±0.42 
(12 . 0) (10 .5) (10.0) (14.7) (15.5) 

31. 5a ±0.72 32 .3a ±0 .92 32.5a ±0.38 30.6±0.81 31. 2±0.11 
(2 1.2) (19 .2) (18.7) (23 .5 ) (22.0) 

25 .la±D.SS 25 .9a ±O.a5 25. 3 a ±O. 41' 27.8±0.78 26.4±0.65 
(37.2) (35.2) (36 . 7) (30.5) (34.0) 

22 .5a ±0.61 22 . 4a ±0.76 23 .la ±0.22 21 .8 f ±0.41 20.4±0.77 
(43.7) (44 . 0) (42.2) (45.5) (49.0) 

18.3 a ±O.24 19 .2a ,g,d±0. 19 19 .7a ,g,d±0. 24 16 .8b ±0 . 65 14 . 4±0.89 
(54.2) (52.0) (50.7) (58.0) (64.0) 

12 

Figures represent mean of four observations ± standard deviation 
Figures in parenthesis represent per cent degra'dat ion over control 
Conditions of incubation Same as in table 7 except that 10 ml of cell free supernatant 

were added instead of strained rumen fluid. 
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at 12 h incubation peri od, the extent of degradation of soluble 

proteir. of GC was significantly (p < 0.01) higher than that of 

SF and that of MC sign ificantly higher (p < 0.01) than that of 

SF. Simi larly, the difference i n the degradation between casein 

and soya was also highly significant (p < 0.01) at 12 h of 

incubat i on. 

Data indicated that at 6 h of incubation, soluble 

proteins of GC we r e maximalJy degraded followed, in order, by 

SF, Me , casein and Soya, whereas at 12 h of incubation casein 

soluble proteins were degraded to maximum extent followed, in 

order, by Soya, Ge, Me and SF. The data given in tables 7, 8, 9 

and 10 (Fig . l , 2, 3, and 4) indicated that in general the pattern 

of extent of degradation of soluble proteins of different feeds 

was alr.:ost the s,ame as wi th intact proteins . The degradation of 

soluble proteins of casein was maximum followed by Soya, GC anq 

Me and SF . 

These r esults also indicated that soluble fractions of 

intact proteins was maximally degraded by SRF followed, in 

order , by cell -f r ee supernatant, washed bacterial fraction and 

washed protozoal f raction. 

4.1.3 IA vitro degradation of insoluble fraction of intact feed 
proteins by rumen fluid and its fractions 

4.1.3.1 Strained rumen fluid 

The data g iven i n table 11 (Fig.l) show the extent of 

degradation of insolubl e f raction of intact feed'proteins when 



Table 11. Degradation of insoluble fraction of intact feed proteins when i ncubated for 
different periods with strained rumen fluid 

Incubation TeA-precipitable proteins left after incubation (mg) 
period - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
(h) Groundnut c ake Mustard c ake Sunflower seed Soyabean seed Casein 

meal meal 

o 4 0.0 40 . 0 40.0 40 . 0 40. 0 

2 34 .Oe±0. 1 6 35 . ge ,c±0.76 37 . ge ,c,d±0.31 36.9b ±0.42 34 .7±0.B3 
(15 . 0) (10.2) (7.2) (7.7) (13 . 2) 

4 30 .1a±0. B9 32,2 a ,c±0.25 34.3a ,c,d±0.47 32.Bb ±0.47 2B . 3±0.64 
(24 .7) (19.5) (14.2) (lB.O) (29.2) 

2B . 2e ±0 .75 29.5e ,g±0.B3 30 . 3 e ,g±0.99 27 .6b ±0 . 8B 23.2±0.51 
(29 .5) (26.2) (24.2) (31. 0) (42.0) 

24 .4a ±0.70 27 .3a ,c±0.84 25.5a ,c,d±0.18 20 .5b ±0.54 15.3±0.58 
(39 . 0) (3 1 . 7) (36.2) (48.7) (61. 7) 

18.1a ±0.86 22 .4a ,c±0 . 59 20 . 7a ,c,h±0. 78 17.1b ±0.91 12 .2±0.33 
(54.7) (44.0) (4B.2) (57.2) (69.5) 

12 

F~gures represent mean of four observations ± standard deviation 
F~gu~e~ ~n par7nthesis represent per cent degradation over control 
Cond~t~ons of ~ncubation 200 mg starch, 40 mg insoluble proteins in 2 ml buffer, 

10 ml strain rumen fluid and 8 ml buffer incubated at 39°C 
for different periods. 
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incubated for dif ferent periods with SRF. As with intact 

proteins and the ir soluble fractions, the insoluble fractions 

showed increased deg r adation with increase in incubation time 

with SRF. At 6 h after i ncubation , the extent of degradation 

for insoluble proteins of casein, Soya, Ge, Me and SF was 42.0, 

31.0, 29,S, 26.2 and 24.2%, respectively, and corresponding 

values for 12 h incubat i on period were 69.5, 57.2, 54.7, 44.0 

and 48.2\. 

At h incubation period, the difference in 

degradation of insoluble proteins between casein and Soya, Ge, 

Me and SF was significant at p < 0.01, between Soya and GC, MC 

and SF at p < 0 .05, between GC and MC and SF .at p < 0.05, 

and between Me and SF at p 

< o. as and between casein and Soya at p < 0,. 01. At 12 h of 

incubation, e x ten t of degradation for casein and soya was 

significantly (p < 0 . 01) higher than that of GC, MC a:ld SF, 

while that of GC was significantly higher (p < 0.01) than that 

of Me and SF . The extent of degradation of casein insoluble 

proteins at 1 2 h incubation was also significantly (p < 0.0 1 ) 

higher than that of Soya . 

The above data indicated that insoluble fraction of 

casein intact p rote ins was maximally degraded by SRF followed, 

in order, by Soya, GC, MC and SF. 

4.1.3.2 Washed mixed bacterial suspension 

The data presented i n Table 12 (Fig.2) show t he extent 

of degradation of insoluble f raction of in t act seed proteins 



Table 12. Degradation of insoluble fraction of intact feed proteins when incubated for 
different periods with washed mixed bacterial suspension 

Incubation TeA-precipitable proteins left after incubation (mg) 

period - -- - - --------------- ---- - ------------- ----- - ------ - ----------- - --- -- - - - - ------
(h) Groundnut cake Mustard c ake Sunflower seed Soyabean seed Casein 

meal meal 

o 40. 0 4 0.0 40 . 0 40 . 0 4 0.0 

38.7 ±0.4 1 38.7±O .43 38.9±0.82 37 .9±0.23 37.8±0 . 81 
(3 . 2) (3 .2) (2 . 7) (5.2) (5.5) 

38 .la ±0.38 37 . 2a ±0.81 37.8a ±0.16 34 ·7±0.51 34.9±0.31 
(4.7) (7.0) (5.5) (13 .2) (12.7) 

6 37 .1a ±0.92 35 .8a ±0.26 36.3a ,d±0 . 24 32.6±0.46 32.3±0.72 
(7.2) (10.5) (9.2) (18.5) (19.2) 

34 .aa±O.23 33 .4 a tO.41 34.9a ,d±0 . 56 30.2±0.32 29.7±0.86 
(13 .0) (16.5) (12.7) (24.5) (25.7) 

32.2a ±0.61 31 .Oa±0.77 33.1a ,d±0.29 27 . 9±0.76 27.2±0 . 39 
(19.5) (22.5) (17 .2) (30.2) (32.0) 

12 

Figures represent mean of four observations ± standard deviation 
Figures in .parenthes1S represent per cent degradat10n over control 
Conditions of 1ncubatlon : Same as 1n table 11 except 10 ml washed mixed bacterial 

suspension were added in place of strained rumen fluid. 
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when incubated for d ifferent periods with washed mixed 

bacterial suspension. Extent of degradation was found to 

increase with increase in incubation time upto 12 h. At 6 h 

incubation period, per cent degradation of casein ,Soya, Ge, Me 

and SF was 19 .2, 18.5, 7.2, 10.5 and 9.n, respectively, and 

corresponding values for 12 h incubation period were 32.0, 

30.2, 19.5, 22.5 and 17.2%. 

At and 12 h incubation periods, extent of 

degradation of casein and Soya insoluble proteins was 

significantly (p < 0.01) higher than that of GC, MC and SF, 

while that of MC was significantly higher (p < 0.01 ) than that 

of SF and that of SF was significantly (p < .05) higher than 

that of GC. At 12 h incubation period, extent of degradation cf 

Me was significantly (p < 0.01) higher than that of SF. 

Though casein ~nsoluble proteins were maximall y 

degraded followed by Soya, MC, SF and GC in that order at 6 hr 

of incubation but at 12 h of incubation casein and Soya 

degradation was followed by that of MC, GC and SF. 

4.1.3.3 Washed protozoal suspension 

Data on extent of degradation of insoluble fraccion of 

intact proteins when incubated for different periods with 

washed protozoal suspension are given in table 13 (Fig . 3). Per 

Cent degradation was shown to i ncrease with increase in 

incubation time upt o 1 2 h. At 6 h incubation period, t he extent 

ot degradation for casein, Soya, sc, MC and SF was 15. 7 , 15.0, 

9.7, 6 . 5 and 5.2% respectively and corresponding values for 12 



Table 13 . Degradation of insoluble fraction of intact feed proteins when incubated for 
different periods with washed protozoal suspension 

Incubation TeA-precipitable proteins left after incubation (mg) 
period ------ - ----- - ------- -- - -- -------------- - ---------------- -- ------- ---- ---------
(h) Groundnut cake Musta rd cake Sunflower seed Soyabean seed Casein 

meal mea l 

o 40.0 4 0.0 40.0 40.0 40.0 

2 39.1a ,0.71 39 . 3a ±0.72 39 . 3a ,0 . 44 37.4,0.38 3 7.2,0 . 5 1 
(2.2) (1.7) (1. 7) (6.5) (7 . 0) 

37 .8a ,0.66 38 .la ±0.81 38 . 6a ±0.56 35 ; 5,0.51 35 . 0±0.46 
(5.5) (4.7) (3.5) (11. 2) (12.5) 

36 .la ±0.42 37 .4a ,c,0.39 37 . 9a ,c,0.89 34.0±0.56 33.7±0.38 
(9.7) (6.5) (5 . 2) (15.0) (15.7) 

35.1a ,0.51 35 .6a ±0.36 36.2a ±0.91 32.8b ±0.61 31.1±0.44 
(12.2) (11. 0) (9.5) (18 . 0) (22 . 2) 

12 34 . 3a ,0.58 34 .2a ±0.42 35 .Oa,0 . 7 7 30.2,0 . 76 29.1±0 . 85 
(14 . 2) (14 .5) (12 . 5 ) (24.5) (27.2) 

F~gures represent mean of four observations t ~tandard deviation 

~~~r~~o~~ ~~r~~~~~:~~o~e~r;:~~ta~e~nc~~~l~ei~a~:~!~~ ~~e~lc~~;~~~ protozoal 
suspension were added instead of strained rumen fluid. 
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h incubation were 27 . 2, 24.5, 14.2, 14.5 and 12.5%. 

At and 12 h after incubation the extent of 

degradation of casein and soya insoluble proteins ..... as 

significantly (p < 0.01) higher than that of GC, MC and SF. 

Further, at 6 h of incubation per cent degradation of GC was 

significantly higher (p < 0 . 01) than that of MC and SF. Casein 

insoluble protein fraction was degraded to maximum followed, in 

order, by soya, Me, GC and SF. At 6 h of incubation,. per cent 

degradation of GC was higher than that of MC, whereas at 12 h 

incubation it was almost equal in extent. 

4.1.3.4 Cell-free supernatant 

The results on the per cent degradatioQ of insoluble 

fraction of intact feed proteins when incubated with cell-free 

supernatant for different periods are given in Table 14 

(Fig.4) . As with SRF and its bacterial and protozoal fractions. 

the extent of degradation was found to increase with increase 

in incubation time . AT 6 h of incubation,. insoluble fraction 

of casein Soya. Ge. Me and SF intact proteins was degraded by 

24 . 5, 23.0, 19.5 , 18.2 and 15.5\ respectively, and 

corresponding values for 12 h of incubation were 40.7. 37.2, 

32 . 0, 28.5 and 27.0t. 

At 6 and 12 h incubation period, the extent of 

degradation of casein and Soya was significantly (p < 0.01) 

higher than that of GC, Me and SF. However. at h of 

incubation. per cent degradation of Me was significantly (p'< 

0.05) higher than that of SF. Casein insoluble proteins were 



Table 14. Degradation of insoluble fraction of intact feed proteins when incubated for 
different periods with cell-free supernatant 

Incubation Te A- precipitable proteins left after incubation (mg) 
period ------ --- ------ - - - - -- - - - ---- - - - - -- - - - - -- ----------------- - - - ------- - ----------
(h) Groundnut cake Must a rd cake Sunflower seed Soyabean seed Casein 

o 

2 

meal meal 

40.0 40 .0 40.0 40 .0 40.0 

3B . 5a ±0.23 3B .7a O. 17 39.2 a ,h±0 .22 37.5±0 .0.3B 36.B±0.65 
(3.7) (3.2) (2.0) (6 .2) (B . O) 

35 . 3a ±0.4B 35 . ga±o . 24 37.0a ,h±O.48 34.2±0.42 32 . 3±0.57 
(11.7) (10 .2) (7.5) ' ( 14.5) (19 . 2) 

32 .2a ±0. 56 32 .7a ±0. 31 33.Ba ,h±0.B6 30.B±0.B1 30 .2±0 . 52 
(19 .5) ( lB .2) (15 . 5) (23.0) (24.5) 

30 .Ba±O .62 31 .3 a 10 . 72 32 .6a ,h±0.49 2B . 4 E±0.93 26 . 5±0 . 79 
(23 .0) (21 .7) (lB.5) (29.0) (33 . 7) 

27 . 2a ±0 . 71 2B .6a ±0 .94 29 .2 a ±0.75 25 .1E±0 . 81 23 .9,0.98 
(32.0) (28 .5) (27.0) (37 .2) (40.7) 

12 

Figures represent mean of four observations ± standard deviation 
Fi9u:e~ in par~nthesis represent per cent de9ra.d~tion over control 
Cond~t~ons of 1ncubat i on : Same as in table 11 except 10 ml of cell-free supernatant 

were added instead of strained rumen fluid. 
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degraded to maximum extent followed, in order, by GC, MC and 

51' , 

The r esults of this experiment indicated that intact 

proteins and i ts f ractions viz. soluble and insoluble of casein 

were maximally degraded by SRF and its fractions followed, in 

order , by Soy a , GC, and MC/SF. SRF degraded these proteins to 

maximum e x tent f ollowed, in order, by cell-free supernatant, 

washed mixed bacterial suspension and washed protozoal 

Buspension . Amongst the intact proteins and its fractions, the 

soluble fract i ons were degraded to maximum extent while 

i nsoluble fractions degraded the least. Insoluble fractions of 

all the i ntact proteins were degraded to maxi-mum extent by 

washed protozoal suspension. 

4 . 2 In vitro degradati on of individua l ami n o acids when 
incubated with strained rumen flu i d a nd wa shed mixed 
bacterial suspension for 8 h 

Different amino acids were degraded at different rates 

by SRF (Tables 15, 16). Serine was maximally degraded while 

prol i ne was degraded to minimum extent. The amino acids are 

grouped a ccording to degradation rates. Serine. cysteine and 

aspartate were degraded maximally followed by arginine, lysine, 

tyrosine a nd cystine group; tryptophane, alanine. methionine 

and h i s t idine group; isoleucine and valine group, glycine, 

hydroxyproline and proline group. The pattern of rates of 

d.egradation o f different amino acids was same with washed 

bacterial cel l s u spension. but t he extent of degradation was 



Table 15. Degrada ti on of individual amino acids when incubated 
with strained rumen fluid for 8 h 

Amino acid Amount Amount Degrad- Anunonia 
a d ded undegraded at ion (mg/100 ml 
(mg) (mg) (\) RF) 

Serine 1 0.5 0.8±0 .91 92.4 29.6±0.63 

Cysteine 1 2.1 1. 5iO .38 87.6 20.0±0.31 

Aspartate 13.3 1. 7±0. 16 87 . 2 28.7±0.46 

Arginine 1 7 . 4 - 5.3±0.23 69.5 24.0±0.56 

Phenylalaine 16.5 5.1±0.18 69.1 22.7±0.26 

Threonine 11 .9 3.7±0.21 68.9 25 . 1±0 . 18 

Glutamate 1 4 . 7 5.8±0 . 36 60.5 19 . 3±0 . 52 

Glutamine 1 4 . 7 6.6±0 . 32 54.8 18 . 4±0.38 

Lysine 14 .6 7.1±0.41 51.4 17.2±0 . 41 

Tyrosine 1 8 .1 9 . 1 ±0.21 49.7 15.7±0.43 

Cystine 24 . 0 13.5±0.24 43.8 14.2±0.22 

Tryptoph!ln 20.4 13.2±0 .4 6 35.3 11. 2±0. 21 

Alanine 8.9 5.8±0.36 34.8 8.5±0 .12 

Methionine 14 .9 9.8±0.14 34.2 9 . 7±0.24 

Histidine 20.4 14.1±0.29 30.8 9.9±0.22 

Isoleucine 11 .5 9.4±0.56 18.3 6.7±0 . 52 

Valine 11 . 7 9.6±0.31 17.9 6.3±0.51 

Glycine 7.5 6.5±0.06 13 . 3 3.0±0.12 

Hydroxyproline 13 .1 11.4±0.31 13 .0 2.7±O. 91 

Proline 11 . 5 10. 5±0. 02 8.7 2.4±0.38 

me an o f 4 observations ± SD 
Figures represent 
Conditions of incubation : 10m moles of each amino acid 

suspended in 1 0 ml McDougal l buffer (saturated with CO2 ) 

and 10 ml SRF were incuba t ed at 39'C for 8 h. 



Table 16 . D~gradation o~ individual amino acids when incubated 
w~th washed/m~xed bacterial suspension for 8 h 

Amino acid 

Serine 
Cysteine 
Aspartate 
Threonine 
Glutamate 
Arginine 
Glutamine 
Lysine 
Tyrosine 
Cystine 
Phenylalaine 
Tryptophan 
Methionine 
Alanine 
Histidine 
Valine 
Isoleucine 

Glycine 
Hydroxyproline 
Proline 

Amount 
added 
(mg) 

1 0.5 

1 2 . 1 

1 3.3 

11. 9 

14.7 

17.4 

14 .6 

14.6 

18.1 

24.0 

16.5 

20.4 

14 . 9 

8.9 

20.4 

11.7 

11.5 

7.5 

13 . 1 

11 .5 

Amount 
undegraded 
(mg) 

2.34±0.34 

.2±0 . 24 

3.820.09 

4.0±0.31 

6.6±0.48 

8. 1 ±0 . 38 

7.4±0 . 52 

9.5±0.77 

15.2±0.23 

16.2±0.72 

13 . 5±0.34 

17.5±0.51 

12.5±0.41 

7.8±0.46 

17.8±0.64 

10.7±0.42 

10.5±0.21 

7.45±0.46 

12.8±0.28 

11. 3±0 .16 

Degrad­
ation 
(%) 

77.7 

73.5 

71.4 

66.4 

55 . 1 

53.4 

49.3 

34.9 

16.0 

32.5 

18.2 

14 .2 

16.1 

12.4 

12.7 

8.5 

8.0 

2.0 

1. 98 

1.04 

Ammonia 
(mg / 100 ml 
RF) 

11.6±0.47 

10.5,0.72 

10.3±0.31 

8.3±0.56 

6.9±0.25 

6.9±0.46 

9.2±0.42 

4.5±0.98 

2.0±0 . 41 

4.1±O.21 

2.6±0.51 

1.8±0.63 

2.2±0.63 

1.8±0.81 

1.7±0.25 

1.3±0.21 

1.2±0.38 

.0.24±0 . 59 

0.24±0.78 

0.14±0.38 

Pigures represe nt mean of 4 observations. ± SD. 
Conditions of incubation: Same as descr~bed ~n Table 27 except 
10 ml of washed mixed bacterial suspension we reJ.. in place of 
strained rumen flu i d . 444e d 
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lower than that with SRF. 

4.3 Ammonia production with intact feed proteins and their 
fraction, were incubated with strained rumen fluid and its 
fractions 

Intact proteins and their soluble and insoluble 

fractions were incubated for different periods with SRF and its 

fractions and ammonia produced was measured as an index of 

deamination activity_ 

4.3.1 In vitro production of ammonia from intact feed proteins 
by rumen fluid and its fractions 

4.3.1.1 Strained rumen fluid 

The data on the production of ammonia when intact feed 

proteins were incubated for different periods ~re presented in 

table 17 (Fig.S ). Ammonia production was found to increase to a 

maxiffium level up to 4 h and then gradua}-ly decreased with 

further increase in the incubation period up to 12 h. At 4 h ' of 

fD.cul::ation , ammonia produced from intact proteins of casein, 

Soya, GC, MC and SF was 39.6, 30.1, 28.3, 26.9 and 27.2 mg/ 100 

ml R: , respectively and the corresponding values for 12 h 

incutation period were 24.3, 18.8, 14.1, 13.8 and 14.5 mg/ 100 

ml RF . 

At 4 h of incubation the extent of ammonia produced 

from casein and soya was significantly higher (p < 0.01) than 

that of GC,MC and SF and that from GC was significantly (p < 

0 . 05) higher than that of Me and SF. The degradation of casein 

intact proteins was significantly (p < 0.01) higher than that 

of soya . 



Table 17. Ammonia production from intact feed proteins when incubated for different 
periods with strained rumen fluid 

Incubation Ammonia production (mg/100 ml RF) 
period ---------- - -------- -- ---------- -- ---------------------------------------------
(h) Groundnut cake Mustard cake Sunflower seed Soyabean seed Casei}1 

meal meal 

6. 4 ±0.26 6 .4 ±O.26 6.4±0.26 6 .4±0 . 26 6 .4 ±0 . 26 

1 7 . 3a .0. 71 19.Ba ,cO. 31 1 B. 1a , c ,dO. 46 22.B±0 . 24 24.0±0.91 

4 2B.3a .0.B4 26.9a ,g±0.44 27 . 2a ,g±0.3B 30.1b O.77 39.6±0.1B 

24.9a .0. 53 25.7a ±0.B6 25.Ba ,0.26 29 .7±0.63 30.4±0.0.54 

18.7a ±O .91 15.1a ,c±0.26 19 . 9a,c, d to . 41 24 .3b ±0.B2 2B.3±0 .44 

14.1a ±O .3B D.Ba ±0 . 93 14.5a ±0.23 IB .Bb ±0.49 24.3±0. Bl 

Figures represent mean of four observations ± standard deviation 

Conditions of incubation Same as in tabl'e 3. 



FIG.S AMMONIA PRODUCED FROM INTACT PROTEINS & THEIR SOLUBLE & 
INSOLUBLE FRACTIONS WITH STRAINED RUMEN FLUID FOR 4 h. 
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The above data indicated that at all the incubation 

periods, ·the anunonia production was maximum for casein 

followed, in order, by Soya, Ge, SF/Me intact proteins. 

4.3.1.2 Washed mixed bacterial suspension 

The da ta on the extent of ammonia produced when intact 

feed proteins when incubated with washed bacterial suspension 

for different periods are presented in Table 18 (Fig. 6 ) . As 

with SRF, ammonia production was maximum at 4 h and then 

decreased with increasing incubation time upto 12 h. At 4 h of 

incubation, ammonia produced from the intact proteins of 

casein , Soya, GC , SF and MC was 19.9, 18.7 15.9, 16.3 and 15 . 8 

1119/100 mg RF equivalent respectively and corresponding values 

for 12 h intubation were 11.2, 10.3. .6, 11.1 and 12 . 5 mg/ 100 

ml RF equivalent . 

At 4 h incubation period ammonia produced from casein 

and soya i ntact proteins was significantly (p < 0.01 ) higher 

than that of Ge, SF and Me, whereas that of casein was 

significantly (p < 0.05) higher than that of Soya. However, 

the differences in ammonia produced between GC , MC and SF was 

not significant . 

Data showed that there was maximum production of 

ammonia from intact proteins of casein followed, in order, by 

Soya, SF, MC and GC uptO 6 h of incubation period . 

•• 3.1.3 Washed protozoal suspension 

Data on the ammonia production when intact proteins of 



Table 18 . Ammonia production from int act feed protei ns when incubat ed for d ifferent 
periods with washe d bacter ial suspension 

Incubation Ammonia productio n (mg/ 100 ml RF e quivalent) 
period -- ---- -- - -- ---- - ----------- - - - -- ---- - --- - --------- - --- ----- -- --- - ---- -- -------
(h) Gr oundnut cake Mustard cake Sun f l owe r seed Soyabean seed 

meal meal 

8.9±0 . 41 8.05±.41 B.05±.41 8.05±.41 

10.3±0.3 9 10.5a ,cO. 31 11 .4a ,c,dO. 81 12 . 4±0. 24 

15. 9a ±0 . 82 15.8a ±0.?? 16 .3 a ±0.52 1 8 .?fO .23 

12.ge ±O.44 14 . 3e ,g±0 . 84 15.8e ,g.0.59 16 .9±0. 49 

11.5±0.72 13.8c ±0.32 15 . oc±o. 73 15 .9±D .86 

12 9.6.0 . 35 12.S c ±O . 41 11.1c ,h±o .54 10.3 f ±0.39 

Figures represent mean of four observa&ions ± standard deviation 

Conditions of incubation : Same as in table 4 :. 

Case i n 

8.05± . 41 

13. 2±0. 91 

19.9±0.0.81 

17.7±O.34 

15.6±0.16 

11.2±0 . 44 



Table 19. 

Incubation 
period 
(h) 

o 

2 

4 

12 

Ammonia production from intact feed proteins when incubated for different 
periods with washed protozoal suspension 

Groundnut cake 

3. 4 ±0. 18 

5 . 5a 10 . 12 

.6a ,0 . 61 

12.7a ±0 . 42 

19.2a ,0 .33 

17.5a ,0.91 

Ammonia produced (mg/100 m1 RF equivalent) 

Mustard cake 

3.4±0.18 

.la ,90.24 

7.9a ±0.61 

10.9a ,c,0. 66 

17.8a ,9,0 . 72 

15.8a ,0.88 

Sunflower seed 
meal 

3. 4 , 0 . 18 

5.3 a , 9 ±0 .23 

8. 2a ,0 . 29 

10 .ga,c±o . 21 

16 .6a ,9, h ,0. 18 

15 .2a ,0.44 

Soyabean seed 
meal 

3. 4±0 . 18 

8.9b ±0. 41 

1 2 .6,0.87 

16 .6±0 . 98 

20 . 3b ,0.42 

18.5b ,0.38 

Casein 

3. 4 ±0 . 1 8 

9.liO. 81 

13.8,0.52 

17.0±0.56 

22.4,0.56 

21.7±0.24 

Figures represent mean of four observat~ons ± standard deviation 

Condi t ions of incubation Same as in table 5. " 



F/G.S AMMONIA PRODUCED FROM INTACT PROTEINS & THEIR SOLUBLE. 
rNSOLUBLE FRACTIONS WITH WASHED BACTERlAL SUSPENSION FOR 4 h. 
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FIG.1 AMMONIA PRODUCED FROM INTACT PROTEINS & THEIR SOLUBLE & INSOLUBLE 
FF\ACTIONS WHEN INCUBAT::D WITH WASHED PROTO;:OAL SUSPENSION FOR 8 "ll. 

30 

25 

o 
w 
~ 20 
.... 

~ 
~1 5 
z 
.; 
z 
~ 10 ,. 
" 

5 

o 

-

f-

..,.-, ~~ ,..,...... -r- -
-

- - : 

l · ~ I !~ 
I ;; r, ' 1:--; I: 

, ft Ir . It I ~. 

GC MC SF SOYA CASEIN 

INTACT D SOLUBLE c::J INSOLUBLE 



91 

various feeds were incubated for different periods with 'flashed 

protozoal suspens ion are given in Table 19 (Fig. 7). It · .... as 

observed that in contrast to SRF and washed bacterial 

suspension , ammonia produced from all the intact feed proteins 

was maximum at 8 h and then decreased upto 12 h of incubation. 

At 8 h incubation period, ammonia produced from intact proteins 

of casein, Soya, GC, MC and SF '.as 22.4, 20 . 3, 19.2, 17.8 and 

16.6 mg/100 ml RF equi valent, respectively and the 

corresponding values for 12 h incubation period were 21.7. 

18 . 5, 17.5, 15.8 and 15.2 mg/ 100 ml RF equivalent. 

At 8 h of incubation , the extent of ammonia produced 

from casein and soya intact proteins was significantly (p < 

0.01) higher than of GC, MC and SF. The ammonia produced from 
hisher 

GC was significant.ly (p < O. OS)/.. than that of Me and t hat from 

. MC was signif icantly (p < 0.05) higher than that of SF. The 

anmonia produced from casein intact proteins was significantly 

(p < 0 . 01) higher than that of intact Soya proteins. 

The data indicated that there was maximum production 

of ammonia from casein intact proteins followed, in order . by 

soya, GC. MC and SF at all incubation periods. 

4.3.1.4 Cell-free supernatant 

The data on the extent of ammonia produced when 

various intact feed proteins were incubated for dif:erent 

periods with cell free supernatant are given in table 20 

(Pig.8) . The ammonia production was maximum at h of 

incubation and then decreased thereafter upto 12 h of 



Table 20. Ammonia production from intact feed proteins when incubated for different 
periods with cell-free supernatant 

I 
Incubation Ammonia production (mg/100 ml RF equivalent) 
period ----------------------- -- -----------------------------------------------------
(h) Groundnut cake Mustard cake Sunflower seed Soyabean seed 

meal meal 

o 7.2±O.24 7 . 2±O.2 4 7.2±O.24 7.2±0.24 

2 13.6a ±0 .1B 13.9a O.23 13. 7a O. 26 20.2b ±O . lB 

4 22 .4a tO .S6 22 .2a ±O.31 22.3 a ±0.3 1 27 Sbo.1S 

20 .aa ±O.24 19 .sa,c±O.44 20.6a • c ,h±0 .32 24.3 b ±0.24 

16 . Sa±0 . 41 1S.2a •g ±0.46 16 . 7a ,g,htO . 61 21.2 b ±O. 3B 

12 11 .2a ±O.6S 10.Ba ±0.S6 11.Sa ±0.7S 14.Sb tO. 91 

P"igures represent mean of four observat:i.ons ± standard deviation 

Conditions of incubation: Same as in table 6. 

Casein 

7.2±0.24 

21.4±0.92 

31.S±O.3B 

27.1±O.41 

2S.2±O.22 

1 9.B±0.lB 



FIG.S AMMONIA PRODUCED FROM INTACT PROTEINS & THEIR SOLUBLE & INSOLUBLE 
FRACTIONS WHEN INCU8~TED WITH CELL FREE SU?ERNATANT FOR 4 h. 

u. 
a: 
-' 

40 

~ 
~ 20 
z 

" Z 
a 

" " " 10 

0 

t-

t-

t-

r- .-o-

r- r-

[f 
V- ':. 

h II \~ r- I~~ I' 
r- . ' 

;i • ::1: ',., 

J '. I;. ,} 
l' 

GC MC SF SOYA CASEIN 

_ INTACT 0 SOLUBLE 0 INSOLUBLE 



92 

incubation. At 4 h incubation period, ammonia produced from 

intact proteins of casein, Soya, GC, MC and SF was 31.5, 27.5, 

22.4, 22.2 and 22.3 mg / l00 ml RF equivalent respectively and 

corresponding values f or 12 h incubation period were 19.8. 

14 . 5, 11.2, 10.8 and 11 .5 ~g/ 100 ml RF equivalent. 

At 4 h incubation period, ammonia produced from casein 

and Soya intact proteins was significantly (p < O. 01) higher 

than that of Ge, Me ang SF. The differences in the production 

of arranonia between casein and soya intact proteins was also 

significant (p <0.05 ) at 4 and 12 h of incubation. 

Data indicated that maximum ammonia was produced from 

casein intact proteins followed, in order, by Soya, Ge, Me and 

SF. Ammonia produced from GC, Me and SF was almost equal. 

Th~ data given in Tables 17, 18, 19 and 20 

(Fig. 5,6,7,8) also suggested that with SRF and its frac;tion 

there was maximum production of ammonia from casein intact 

roteins followed by Soya, Ge, 11C/SF. At all the incubation 

periods, SRF produced more ammonia followed by cell free 

supernatant and bacter ial/protozoal suspension with all the 

intact proteins. At initial incubation periods upto h 

bacterial suspension was more active than protozoal suspension 

while at prolonged incubat.ions i. e. at 6 and 8 h proto zoal 

suspension was more active than the bacterial suspension for 

the production of ammonia . 
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4.3.2 In ~ production of ammonia from soluble fracti on of 
intact feed proteins by strained rumen fluid and its 
fractions 

4.3.2.1 Strained rumen fluid 

Table 21 (Fig . 5) represents the data on extent of 

ammonia produced when soluble fraction of various intacc feed 

proteins when incubated with SRF for different periods. As in 

case of intact proteins, ammonia production reached its ~inum 

value at 4 h of incuba.J:ion and thereafter gradually decreased 

upto 12 h of incubation. At 4 h incubation period, the ammonia 

produced from soluble fraction of intact proteins of casein , 

Soya, GC, MC and SF was 45.S, 40.S, 36.S, 34 . 2 and 32.5 mg/ 100 

m1 RF respectively, and corresponding values for 12 h 

incubation period were 27 . 4, 27.4, lS.6, lS.6 and 23.2 mg/ 10 0 

ml RF . 

At 4 h incubation period, ammonia produced frc~ case~~ 

and soya soluble proteins was significantly (p < 0 . 0: ~ighe= 

than that~ of GC, MC and SF, while that of case:~ was 

significantly (p < 0.01) higher than that of Soya. .0.: th~s 

incubation period ammonia produced from GC soluble prote:~s "as 

significantly higher (p < 0.01) than that o f Me. 

The above data showed that maximum amount of ammonia 

was produced for casein soluble proteins followed, in oreer, by 

Soya, GC, MC and SF up t o 8 h of incubation. 

4.3.2.2 Wasbed mixed bacterial suspension 

The data on the exter.t of ammonia productio:1 when 

l oluble fraction of i n tact f eed proteins were incuba ted fo ::::-



Table 21. 

Incubation 
period 
(h) 

o 

4 

6 

12 

Ammonia production from soluble fractions of intact feed proteins when 
incubated for different periods with strained rumen fluid 

Ammonia produced (mg/100 ml RF) 

Groundnut cake Mustard cake 

7 .4 ±0.39 

28.ge ±0.43 

36.8a ±0.31 

30 . 0a ±0.91 

29 . 2 a ±O.66 

~B.6a±O . 42 

7.4±0.39 

28.6e O.81 

34.2a 'C±O .7 2 

29.2a ±O.94 

24.1a ,c±0 . 23 

18.6a ±0.14 

Sunflower seed Soyabean seed 
meal meal 

7 .4±0.39 

29.3e O.44 

32.5a ,c±0.86 

28.3 a ±0.92 

7.4±0.39 

30.4b ±0.43 

40 . 8b ±0 . 91 

33.5b ±0.68 

Casein 

7.4±0.39 

34.1±0 . 61 

45.8±0.38 

40.5±0.49 

33.7±0.28 

27.4±0.17 

Figures represent mean of four observabions ± standard deviation 

Conditions of incubation : Same as in table 7:' 
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different per i ods with washed bacterial suspension are gi"/8n in 

table 2 2( Fig. 6). As usual, it was observed that arrmonia 

production r eached a peak value at 4 h and then gradually 

decreased upto 12 h of i ncubation. At 4 h incubation period, 

ammonia produced from sol uble proteins of casein, Soya, Ge, Me 

and SF was 2S.9 , 24 .S, lS . 7, 22.S and 23.S mg/ 100 ml RF 

equivalent, respect ively, and corresponding values for 12 h 

incuba t i on period were ~2.S, 12.6, 10.3, 9.5 and 10.2 mg/100 ml 

RF equivalent . 

At 4 h of incubation, ammonia produced from soluble 

fraction o f casein i nt act protein was significantly (p < 0.0 1 ) 

higher than t hat from Soya , GC, MC and SF, while that from MC 

was significantly (p < 0.01) higher than that of GC and casein 

(p < 0 .01 ). than t hat from soya. At 12 h incubation pe~~od, 

anrnonia product ion from casein and soya soluble proteu:s "Nas 

significan t l y (p < 0.01) higher than that of GC, MC and S? and 

there was no diffe rence between casein and soya and between Ge. 

MC and SF . 

Da t a s howed that maximum ammonia was produced :::-om 

casein s o luble pro tei ns fol l owed, in order, by Soya, SF, r·lC and 

GC upto Shr of incubation. 

4.3.2.3 Washed protozoal sus pension 

The data on the ammonia production from soluble 

fract i on o f various intact proteins when incubated for 

d.ifferent per iods with wa s hed prot ozoal s us pe nsion are given in 

table 23 (Fig. 7). As in ca s e o f intact proteins, t he ammonia 



Table 22 . Ammonia production from soluble fractions of intact feed proteins when 
incubated for different periods with washed bacterial suspension 

Incubation Ammonia produced (mg/100 ml RF equivalent) 
period ------------------------------------------------------------------------------
(h) Groundnut cake Mustard cake Sunflower seed Soyabean seed 

o 

meal meal 

7 . 2±O.21 7.2±O.21 7.2±O.21 7.2±O.21 

14 .4 e ±O.62 16.2e ,cO. 52 18 .4 e ,cO. 83 20.2b ±O .92 

18 .7±O.51 22.Sc ±O.71 23.8c ±O.76 24' . 8b ±O. 63 

12 .9±O.56 14 .O9±O .22 17.09 ±O.51 18.2b ±O.56 

11.7a ±O . 92 11.Sa ±O . 38 14 .la ,d±0.16 16 . 7b ±0 .15 

1 2 10.3a ±O .76 9.4Sa ±O.41 10 .2a ±O.48 12.6b ±O.83 

Figures represent mean of four observat i ons ± standard deviation 

Conditio ns of incubation : Same as in table 8. ", 

Casein 

7.2±O.21 

24.2±O .31 

28 . 9±O. 18 

24 .3±0. 72 

20.8±O.49 

12 . 8±O . 61 



Table 23. Ammonia production from soluble fractions of intact feed proteins when 
incubated for different periods with washed protozoal suspension 

Incubation 
period 
(h) 

o 

2 

4 

6 

12 

Ammonia produced (mg / l00 ml RF equivalent) 

Groundnut cake Mustard cake l Sunflower seed Soyabean seed 
meal meal 

4. 2 ±0.58 4 .2±0.58 .2 ±O .58 .2±0 .5 8 

7 .2±O.31 7.1±0.42 6 . 8±0. 8 1 .6±0.38 

10 .3±0.44 10 .1±0 . 39 1 0.0±0.33 10 .9±0.91 

15 .2 a ±O.46 14 .6a ±0.81 14.4a ±O.42 16 .9 f ±0.42 

17 .8a ±0.62 16.8a ±0. 72 16 .aa±O.36 19 . 6b ±0 . 31 

16 .4e 10 . 69 1 6 .1a ±O . 7 7 15 .8e ±0.55 17.7 f ±0 . 52 

Figures represent mean of four observ~tions ± standard deviation 

Conditions of incubatio n : Same a s in table 9,. 

Casein 

4.2±0 . 58 

8.1±0 .44 

12.4±0.32 

18.4±0 . 98 

21. 2±0. 81 

19.6±0.77 
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production ,from solubl e f raction of intact proteins reached a 

peak at 8 h and then decreased thereafter upto 12 h of 

incubation . At 8 h incubation period, ammonia produced from 

soluble proteins o f ca sein, Soya, GC, MC and SF was 21.2, 19.6, 

17.8, 16 . 8 and 16.8 mg/100 ml RF equivalent, respectively, and 

corresponding values at 12 h incubation period were 19.6 , 17.7, 

16 . 4, 16.1 and 15.8 mg/100 ml RF equivalent. 

At 8 h of incubation, ammonia produced from casein and 

soya soluble proteins was significantly (p < C.Ol ) higher than 

that of GC, MC a nd SF, whereas that of casein significantly 

higher (p < 0 . 01 ) t han that of Soya . There was almost no 

difference between Ge, Me and SF. 

The data i ndicated that, as usual, maximum ammonia was 

produced from s o l uble proteins of casein followed, in order , by 

Soya, GC, MC and SF. 

4.3.2.4 Cell free supernatant 

Table 24 (Fig. 8) presents data on ammonia production 

when soluble fraction of various feed proteins was incubated 

for different periods with cell-free supernatant. Ammonia 

production reached a peak at 4 h and then gradually decreased 

thereafter upto 12 h of incubation. AT 4 h of incubatl.on , 

ammonia production from soluble proteins of casein, Soya, Ge, 

Me and SF was 35 .2, 32.8, 27.8 , 25.8 and 26.1 mg/ 100 ml R? 

equivalent, respectivel y and corresponding values for 12 h 

incubation were 23 . 8 , 19 .1 , 14.5, 13.6 and 14.3 mg/100 ml RF 

equivalent. 



Table 24. 

Incubation 
period 
(h ) 

o 

6 

12 

Ammonia production from soluble fractions of intact feed proteins when 
incubated for different periods with cell free supernatant 

Ammonia produced (mg/ 100 ml RF equivalent) 
--------- - - ---- - --- ---- - - - -----, - ---- - ---- - -------- -- - - - --------- - - -- - -- - - ----
Groundnut c ake Mu s t ard cake Sun f lower s e ed Soyabean seed Cas e in 

mea l me al 

9.8±0.19 9.8±0.19 9.8.0.19 .8 ±0 .1 9 9.8±0.19 

16 .3 a tO . 18 15 .7a ,9±O .24 15 . 8a , 9.0.38 25 .9\b tO .21 29.30.98 

27 . Sa±D .38 25 .Sa±D. 81 26 .la .0.36 32 .ab±o . 77 35.2±0 .24 

22 .3a ±O . 36 21.3 a ±O. 81 21 .7a tO . 41 27 .3 b .0 . 32 31 . 4±0. 31 

20 .1a tD .24 18 .7a ,9±O.72 1 9 .la ,9.0.16 24 .7b .0 .85 27.3.0 .36 

14 .Sa±D. 46 13 . 6 a ±a.S 1 14 .3 a ±O.32 19. 1b .0 . 41 23.8±0 .44 

Figures represent mean of four observatiohs ± s t a ndard deviation 

Conditions of incubation Same as in table 10 . " 
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At 4 h and 12 h of incubation, ammonia production from 

casein and soya s oluble proteins were significant ly (p < 0.01) 

higher than that o f Ge, Me and SF and ammonia production from 

casein soluble proteins was significantly (p < 0.01) higher 

than that of Soya . 

The data g iven in Tables 21, 22, 23 and 24 (Fig. 5,6,7 

and 8) showed that SRF, cell-free supernatant and protozoal 

suspension produced maximum ammonia from soluble proteins of 

casein followed, in order, by Soya, GC and SF/MC. The bacterial 

suspension produced maximum ammonia from casein followed , in 

order, by Soya, SF , MC and GC at 4 h incubation period and the 

order for ammonia produc t ion at 12 h incu.pation period was 

casein soya SF/MC/ GC. It is also observed that the 

production - of ammonia f rom the soluble fraction of all c.he 

intact protein us ed was maximum by SRF followed, in order, by 

e11- free superna tant and bacterial/protozoal suspension. 

Bacterial suspension produced more ammonia than protozoal 

suspension upt o incubation period of 6 h while procozoal 

produced more ammonia than bacterial suspension at 8 and 12 h 

of incubation. 

4.3.3 In vitro production of ammonia from insoluble fraction 
of intact feed proteins by strained rumen fluid and its 
fractions 

•• 2.3.1 Strained rumen fluid 

Data on ammoni a production from insoluble fraction o f 

intact feed proteins when i ncubated fo r di f fe r e n t periods wi t h 



Table 25 . Ammonia production from insoluble fractions of intact feed proteins when 
i ncubat ed for d i fferent periods with strained rumen fluid 

Incubat i on 
period 
( h ) 

o 

12 

Groundnu t cake 

6. 5±0.23 

1 2. Se ±O.46 

lS.3a tO.S1 

1 4 .7 a ±O. 97 

10.4a ±0 .48 

9.8±0.61 

Ammoni a produ ced (gm/ l 0 0 ml RF ) 

Mustard cake 

6.5±0.23 

1 2.1e ±O .77 

19.3a ±0. 84 

13 .7a ±O .39 

lO.Ga±O .44 

9.3±0.42 

Sunf l ower seed 
meal 

6.5±0 . 23 

1 4 .7e ±O.lB 

20 .Ga±O .39 

13 . 8a ±0 .46 

1l.5a ,h±0.31 

9.6±0.72 

Soyabean seed 
meal 

6 . 5 ±0 . 23 

16 . ~ b ±o .79 

23 .4 b tO. 35 

20 .Oh±O .28 

13 .7b ±0 .41 

10 .3 b ±O. 18 

Figur es represent mean of four observations ± standard deviatio n 

Condi tions of incubation: Same as in table 11. 

Casein 

6.5±0.23 

1 8.9±0 .2 1 

26.7±0 .48 

24 .2±0 . 79 

20. 5±0 .84 

16 .7±0 .22 
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SRF are presented i n t able 25 (Fig.5). It was observed that 

atm\Onia product i on r eached to maximum values at 4 h and then 

decreased gradually wit h increasing incubation time upto 12 h. 

At 4 h of inCUbation , extent of ammonia produced from insoluble 

fraction of intact proteins of casein, soya, Ge, Me and SF was 

26.7, 23.4, 1B.3 , 1 9.3 and 20.6 mg/100 ml RF, respectively , and 

corresponding v alue s for 12 h incubation period were 16.7, 

10.3, 9.B, 9.3 and 9 .6 mg/100 ml RF. 

At 4 h of incubation, ammonia production from casein 

and soya insoluble proteins were significantly (p < 0.01) 

higher than that o f GC. MC and SF. while in case of casein it 

was (p < 0.01 ) higher than that of Soya. 

Data indicated that highest amount of ammonia was 

produced from case i n soluble proteins followed, in order I by 

Soya, SF, Me and GC at all the incubation times. 

4.3.3.2 Washed mixed bacterial suspension 

Table 26 (Fig.6) represents data on ammonia production 

when insoluble fraction of intact feed proteins was incubated 

for different periods with washed bacterial suspension. As with 

SRF, the ammonia production reached to maximum value at 4 hand 

decreased thereafter upto 12 h of incubation. At 4 h incubation 

period, ammonia produced from insoluble proteins of case in, 

soya, GC, MC and SF was 17.3, 15.9, 14.2, 13.8 and 13.5 mg/ 100 

ml RF equivalent, r espectively, and corresponding values for 12 

h incubation were 10.2, 10 . 9, ?9, 10.2 and 9 . 4 mg / 100 ml RF 

equivalent. 



Table 26 . Ammoni a production f r om i nsoluble fractions o f intact f eed protei ns whe n 
incubated f or d i fferent peri ods with washed bacterial suspens i on 

Incubat i on Ammonia produced (mg/100 ml RF equ i va l ent ) 
period ------ - - --- -- - --- - ----- - --------r ----- - - -- - -------- -- - - -------------- --- ------
( h ) Groundnut cake Mustard cake Sunfl ower seed Soyabean seed 

mea l meal 

o .4 ±O.32 .4.0.32 . 4 ±D .32 6.4 . 0 . 32 

.S±D.59 .7±0.43 . 4 ±0 .54 10 .2?±O . 38 

14 .2a ±O.62 13 .Sa±D .87 13.Sa iO.72 15 .gf±O.54 

6 14 .Oe±O . 68 12 .7e ±O .91 1 2 . 3e ±0.18 13 . 6b ±0 . 67 

12 .4e ±O.18 11 .se±O. 62 11.Se ±O.22 12.4±O .39 

12 9.9a ±O.24 10 .2a ±O.77 9.4 a ±0.41 10 . 9±0 .52 

Figures r epresent mean of four observatiorrs ± standard deviation 

Conditions of incubation: Same as in table 12. 

Casein 

6 . 4.0 . 32 

12.9±0.66 

17.3±D.42 

1S.S±D .31 

12 . 1±O .18 

10.2±0 .47 
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At 4 and 12 h incubation, the extent of ammonia 

produced from casein and soya insoluble proteins ' .... as­

significantly (p < 0.01) higher than that Of GC,MC and SF, 

while that from casein was significantly (p < 0.05) higher than 

that of soya . 

Data showed that maximum ammonia was produced from 

casein followed , in order , by Soya, Ge, Me and SF. The amount 

of ammonia produced from Me and SF insoluble proteins was 

almost equal . 

4.3.3.3 Washed protozoal suspension 

Data on the production of ammonia when insoluble 

fraction of various intact feed proteins was incubated w:'th 

washed protozoal suspension are given in Table 27 (Fig.7 j . The 

ammonia production reached to maximum value of hand 

decreased thereafter upto 12 h of incubation. AT S h of 

cubation, ammonia produced from insoluble proteins of casein, 

soya, GC,MC and SF was 24.8, 22.3, 20.2, 19.6 and 20.1 mg/ 100 

ml RF equivalent , respectively, and corresponding values for 12 

h of incubation were 24 . 1, 21.6, 19.3, 18.8 and 18.8mg 100 ml 

RF equivalent . 

At 8 h of incubation, anunonia production from casein 

insoluble proteins was significantly (p < o. 01) higher than 

that of soya, GC, Me and SF, while that of Soya insoluble 

protein was significantly (p < 0.01) higher than that of GC, ~C 

and SF and that o f GC was significantly (p < 0.05) higher than 



Ammonia production from insoluble fractions of intact f eed proteins when 
incubated for di ffe re nt pe riods wi th was hed protoz oa l s uspens i on 

Incubation Ammonia produced (mg / l00 ml RF equivalent ) 
per iod -- -- - ------- - --- -- - - -- -- ------ - , ----- - --- --------- - - - - ------ - ------ - -- - ----- - -
(h ) Groundnut cake Mustard cake Sunflower seed Soyabean seed Casein 

me al meal 

o .7±0 .72 3.7±0.72 3.7±0.72 3.7 ±0 . 72 3.7±0 . 72 

.5±0 .77 9.2±0.76 9 . 3±0 . 22 10 .~b±o . 4 2 11.S±O. l S 

12 .6a ±O .65 11.7a ±0.62 11 .6 a ±O. IS 14 .Sf±O .56 16 .4±0.91 

16 . sa±o .61 15.7a ±O .4S 15 .Sa±O. 31 17 .9b ±0 . 51 20 .6±0. S2 

20 .2 e ±O.24 19.6e tO. 24 20 .le±O.92 22 .3 b ±0 . 69 24 .S±O .41 

12 19 .3a ±0.33 lS . Sa±O.Sl IS .Sa±o.SS 21. 6b ±0.3S 24 .1±0 .44 

Figures represent mean of four observa~ions ± standard deviation 

Conditions of incubation Same as in table 13. 
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that of MC and SF. 

Data indicated that degradation of casein insoluble 

proteins led to maximum amount of ammonia production followed, 

in order, by Soya . GC, SF and Me. whereas amount of ammonia 

production from Ge, SF and Me insoluble proteins were almost 

equal in amount . 

4.3.3.4 Cell-free supernatant 

Data on production of ammonia when insoluble fraction 

of intact feed proteins was incubated , .... ith cell-free 

supernatant for dif ferent periods are given in Table 28 

(Fig.S). Ammonia production was highest at h and then 

decreased with increasing incubation time upto 12 h. At 4 h of 

incubation, ammon ia produced from insoluble proteins of casein, 

Soya. GC. MC and SF was 23.1. 20.3. 15.B. 13.7 and 14.9 mg/ 100 

ml RF equivalent , respectively, and corresponding values .for 12 

h of incubation were 13.1, 9.2. B.3. 7.6and B.4 mg/ 100 ml RF 

ivalent . 

At 4 h Incubation period, ammonia produced from c3sein 

ar.d soya insoluble proteins was significantly (p < 0.01) higher 

than that of GC. MC and SF. that of GC was significantly (p < 

0.01) higher than that of MC and that of SF was significantly 

(p < 0.01) higher than that of MC. AT 4 h of Incubation. 

ammonia production f rom casein insoluble proteins was 

significantly (p < 0.01) higher than that of Soya, GC, MC and 

SP insoluble proteins . 

The data presented in Table 25, 26. 27 and 2B (Fig.6, 



Table 28. Ammonia production from insoluble fractions of intact feed proteins when 
incubated for different periods with cell free supernatant 

Incubation Ammonia produced (mg/lOO ml RF equivalent) 
period ------- - ----------- - -------- - --- .- -- -------------------------------------------
(h) Groundnut cake Mustard cake Sunflower seed Soyabean seed 

meal meal 

o 8.4±0 . 36 8.4±0.36 .4±0.36 8.4±0.36 

10 . 2a O. 31 9.8a ±0.61 10.la O. 59 13. 8~±0 .32 

4 15 .Sa±O.22 13 .7a ,c±O .56 14 .9 a ,c,h±O.28 20 . 3b ±0 .31 

14 .7a±O.84 11 .sa,c±c .49 14 .2ac ,d±0.31 18 . 1b ±0 . 92 

11 . 4 a ±O . 76 9.3a ,c±O . 44 11 .1a,c,d±D . 24 12.1b ±0.99 

12 8.3a ±O.32 7.6a ,9±0.36 8.4 a ,9±O.72 9 . 2b ±0.81 

Figures represent mean of four observatiol1S ± standard deviat ion 

Conditions of incubation: Same as in table 14. 

Cas~in 

8 . 4±0.36 

16.8±0.44 

23 .1±O.56 

21 .4±0.66 

17.7±0.31 

13.1±0.42 
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7 and 8) indicated that SRF and its fractions produced maximum 

ammonia from casein insoluble proteins followed, in order, by 

Soya , GC/MC/SF at all the incubation periods. It is also 

observed that SRF was more active in the production of ammonia 

from insoluble proteins followed by cell-free supernatant and 

bacterial /pr otozoal suspension. Upto 4 h of incubation 

bacterial suspension produced more ammonia than protozoal 

suspension and the r everse was true after 6 h of incubation. It 

means that ammonia production by protozoa was more at prolonged 

incubation periods (6 t o 8 h). 

Tpe experiment on the production of ammonia from 

intact proteins and i t s fraction of casein, Soya, Ge, Me and SF 

by rumen fluid and its fraction indicated that SRF, bacteria 

and ~ell-free supernatant produced ammonia maximally from 

soluble p roteins followed by intact proteins and . insoluble 

proteins from all the sources used. Protozoal suspension , 

however, produced arrunonia in almost equal amounts from both 

intact and solubl e proteins from all the sources and lesser 

amounts from insoluble proteins. Maximum amount of ammonia was 

produced by SRF foll owed, in order, by cell-free supernatant, 

bacteria and protozoa from all the intact protein and their 

fractions. 

4.4 Characterization of deaminase from mixed rumen extract 
(lOUIE) 

Effect of pH 

for the deaminase activity 
The pH optima 

in MRBE was 



Table 29 . Effect of pH on deaminase activity o f mixed rumen 
bacterial extract 

pH ~ mol es NH3 produced/mg protein/hr 

4.0 0.081 

4.5 .129 

5.0 0.142 

5 . 25 0.165 

5.5 0.197 

5.75 0.221 

6.0 0 .. 254 

6.25 0.291 

6.5 .341 

6.75 .358 

7 . 0 
.337 

7.25 
.308 

7.5 
0 . 262 

.206 
7.75 

.148 
8.0 

.097 
8.5 

0.042 
9.0 
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Table 30. Effect of t emperature on deaminase activity of 
mixed rumen bacterial extract 

Temp. ~moles NH3 produced/ mg protien/ hr 

20 
.058 

25 .072 

30 0.139 

35 0.246 

40 0.271 

45 0 .293 

50 0.266 

55 0.218 

60 0.162 
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Table 31. Thermal stability of mixed rumen bacterial extract 
deaminase activity 

Temp . ~moles NH~ produced/mg Residual 
pro ien/hr activity (%) 

25 0.259 100 

30 .261 100 

35 .263 100 

40 0.262 100 

45 0.265 100 

50 0 . 263 100 

55 0.172 65.9 

60 0.108 41.4 

70 0.054 20.7 

80 0 .019 7.3 

.00 0.00 
90 
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Table 32. Effect of amino acid concentration on deaminase 
act ivity of mixed rumen bacterial extract 

Concentration 
of amino acids 
(rnmoles) 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

B.O 

9. 0 

10.0 

11.0 

12 . 0 

~ moles NH3 produced / mg 
protein/ hr 

0.099 

0.124 

0.177 

0.241 

.328 

.351 

.362 

.347 

0.329 

0.322 

.316 

.304 
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found to be 6 . 75 . The activity decreased at pH both below and 

above 6.75 (Tabl e 29, Fig.9) . 

4.4.2 Effect of temperature 

Temperature optima for deaminase activity in t4R.BE was 

found t.o be 4 5°C. At temperature 20°C, 30 0 C, 370C, 55~C and 

60·C , the activi t y was found to be 80.2, 52 . 6, 16.1, 25.6 and 

44.7 per cent l ess, respectively, of the maximum activity 

(Table 30, Fig.1 a) . 

4.4 . 3 Beat stabil ity of deaminase activity 

Deaminase activity was found to be stable upto SOOC 

and was completely inactivated at 90·C (Table 31, Fig.11 ). 

4 . 4.4 Effect of amino acid concentratio.? 

Effect of concentration of amino acid mixture (1 -12 m 

moles) on the de aminase activity of MRBE was examined. The 

optimum concent ra tion of amino acids for the deam~nase ac~ivity 

was found to be 7.0 rn moles . Further increase in concentrations 

of amino acids did not result i n increase in deatninase ac~ivity 

(Table 32, Fig. 12) . 

4.4.5 Effect of metal ions 

The resul ts on the effect of certain metal ions on the 

deaminase activ ity of MRBE has been given in table 33. Na+, K+, 

Mg++, Mn ++, Ca ++ I Co ++ at 10 m moles concentration increased 

the activity by 27.3, 21.4, 7.6, 5.1 , 6.1 and 9.6% 

over the control value. AtMlonium chloride and 

chloride at 10 m moles concentration decreased 

37.9\ I respectively as compared with t he 



Table 33. Effect of various metal ions on deaminase activity 
of mixed rumen bacterial extract 

Metal ions I'moles NH3 produced/mg Enzyme 
(mmoles) protein/hr activity (%) 

Co ntrol 0.312 100 

Na Cl l.0 0.324 103 . 8 
5.0 0.347 111.4 
10 0 . 397 127 . 3 

KCl 1 0 . 322 103.2 
5 0.332 106.4 
10 0.379 12l.4 

Mg C1 2 1 0.318 10l. 9 
5 0.324 103.8 

10 0 . 336 107.6 

Mn C1 2 1 0.314 100.6 

5 0.317 10l. 6 

10 0.328 105. 1 

Ca C1 2 1 0.311 99 .7 

5 0.318 101. 4 

10 0 . 332 106. 1 
0.316 101 .2 

Fe C13 1 101:6 0.317 5 
0.321 106.1 

10 
0.331 106.1 

Co C1 2 1 
0.338 108.3 

5 
0.342 109.6 

10 
0.318 10:.9 

NH4Cl 1 
0.286 91. 6 

5 
0.264 84.6 

10 
0.303 97.2 

ZnC1 2 1 0.236 75.8 
5 0.194 62.1 
10 0.208 66 . 7 

AgN03 1 0 . 101 32.4 
10 0 . 119 38 .1 

Rg2C1 2 1 0.00 0.0 
10 0 . 159 50.9 
1 0 . 028 8. 9 
10 0 . 196 

63. 1 
1 0.095 

30 . 6 
4 

10 
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control. AgN03 • PbC1 2 • Hg2Cl 2 and CuS0
4 

at 1 m moles 

concentration drastically decreased the activity by 33.3 . 36 . 9 

and 69 . 4\, respectively as compared with the control value. 

4.4.6 Effect of various proteinase inhibitors 

Most of the proteinase inhibitors examined i nhibited 

the deaminase a c t ivity of MRBE to a large extent (Table 34). 

Chelating agent s s uch as sodium oxalate, sodium citrate, sodium 

tartarate and EDTA inhibi ted the activity at all concentrations 

studied. Decrease in the activity was more at higher 

concentration of the inhibitors. Sodium oxalate , sodium 

citrate, sodium t artarate, sodium tungstate and BOTA at 10 m 

moles concentration inhibited the acti vity by 20.5, 30.8, 44.9, 

29 . 6 and 45 . 7 \ respectively. The reducing agents like 

dithiothreitol and cysteine hydrochloride increased the 

deaminase activity at 1.6% and 2.3% at 1 m mole coocentration 

and by 4 .1% and 6.9% at 5 m moles concentration. AT 10 m moles 

level, dithiothreitol, however, increased the activity by 

10.2\, while cysteine hydrochloride decreased the same byl.3\ 

compared to cont rol value . 

p_chlo r omercuribenzoate (pCMB ) and sodium a z i de 

depressed the deaminase activity drastically at all t he 

concentrations used. pCMB and sodium azide at m mole s 

concentration decreased the activity by 83.3 and 73.0% 

It wa s concluded that amongst the chelat:'ng 

EDTA d epressed the activity to maximum extent a~d 

age
nts OTT was found to be more e f fec tive 

the reducing 



Table 34 . Effect of various protease inhibitors on deaminase 
activity of mixed rumen bacterial extract 

Inhibitor 
(mmoles) 

None 

Sodium Oxalate 

sodium citrate 

Sodium tartrate 

Sodium tungstate 

BDTA 

Dithiothrutol 

~moles NH3 produced/mg 
protein/hr 

1 
5 
10 

1 
5 
10 

1 
5 
10 

1 
5 
10 

1 
5 
10 

1 
5 
10 

0.311 

0.298 
0.262 
0.247 

0.294 
0.252 
0.215 

0.289 
0.256 
0.218 

0.27i 
0.231 
0.171 

0.285 
0.244 
0.168 

0.316 
0.323 
0.342 

Cystine hydrochloride 1 
5 
10 

0.318 
0.332 
0.306 

p-Chloromercuribanzoate ~:~ 

azide 

5.0 

0.1 
1.0 
5.0 

.162 

.129 

.051 

0.236 
0.162 
0.084 

Enzyme 
activity (%) 

100 

96.1 
84.3 
79.5 

94.7 
81. 3 
69.2 

87.4 
74.3 
55.1 

93.1 
82.5 
70.4 

91.8 
78."6 
54.3 

101.6 
104.1 
11e.2 

102.3 
106 . 9 

98.7 

52.4 
41.8 
16.7 

76. 1 
52.4 
27.0 
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than cysteine Hel in enhancing the deaminase activity. 

4.4.7 Effect of various deaminase inhibitors 

Effect of various deaminase inhibitors on deeaminase 

activity was studied at 0.1 and .Om moles concentrations 

except dimethyldiphenyliodonium chloride (ODIC) and 

phosphoramidon which were used at 10 and 50 ppm levels (Table 

35) . Hydrazine was found to be most potent inhibitor of 

deaminase activity. At 0.1 m mole concentration hydrazine , 

hydrazine sulfate , phenylhydrazine, p-nitrophenylhydrazine , 

hydroxylamine hydrochl oride, sodium arsenate, sodium arsenite, 

DDIC (10 ppm) and phosphoramidon (10 ppm) decreased the 

deaminase activity by 33.5, 29.4, 31.7, 32.9, 21.8, 37.7 , 38.2 , 

47.6 and 23.9\ , respectively and corresponding per cent 

inhi~ition of deaminase activity was 72.9, 68.2, 69.4 , 70.6 , 

43 . 9, 75.9, 78.7 , 80.7 and 52.2\ at 1 m mole (50 ppm .in case of 

DOle and phosphoramidon) concentration. The results sho· .... that 

amongst hydrazine and its derivatives p-nitrophenyl hydrazine 

was more effective in depressing the deaminase activity. Sodium 

arsenate is more effective inhibitor rhan sodium arsenite. ODIC 

was found to be the most effective deaminase inhibitor. 

t.4.8 Effect of various methanogenic inhibitors 

The results on the effect of methanogenic inhibitors 

on the deaminase activity are given in Table 36 . Monensin at 25 

depressed the deaminase activity in 
50 ppm concentrat ion 

by 27.6 and 50.7% respectively, as compared to the contr?l 

was found to be a mild inhibitor. It 
. Sodium sulfite 



Table 35. Effect o f various deaminase inhibitors on deaminase 
activi ty of mixed rumen bacterial extract 

Inhibitor IJ.moles NH3 produced/mg Enzyme 
(rmnoles) protein/hr activity (t) 

Control 0.283 100 

Hydrazine 
0.188 66.5 0.1 

1 . 0 0.076 27 . 1 

Hydrazine sulfate 
0.1 .199 70.6 
1.0 .089 31. 8 

Phenyl hydrazine 
0.1 .193 68.3 
1.0 .086 30.6 

p-nitrophenyl hydrazine 
0.1 0.189 67.1 
1.0 0.083 29 . 4 

Hydroxylamine HCl 
0.1 0.221 78.2 
1.0 0.158 56.1 

Sodium Arsenate 
0.1 .176 62.3 

1.0 .068 2-! .1 

Sodium arsenite 
0.174 61 .8 0.1 
0.061 21 .3 

1.0 

DOIC (ppm) 
0.148 52.4 

10 
0.054 19.3 

50 

(ppm) 
0.215 76.1 

47.8 0.135 



Table 36. Ef fect of various methanogenic inhibitors on 
deaminase activity of mixed rumen bacterial extract 

Inhibitor ~moles NH3 produced/mg Enzyme 
(mmoles / m) protein/hr activity (%) 

Control 0.294 100 

Monensin (ppm) 

25 0 .213 72 .6 
5 0 0 .144 49.3 

Sodium sulfite 

0.1 0.271 92.4 

1 .0 0.255 87.0 

1 0 0.210 71 . 5 

Chloroform 

0.1 0.226 77.2 

1.0 0.171 58.4 

10 0.132 45 . 1 

Chloralhydrate 

0.221 75.1 
0.1 

0.171 58.4 
1. 0 

0 . 108 36.8 
10 



Table 37. Effect o f various electrolytes on deaminase activity 
of mixed rumen bacterial extract 

Blectrolyte I'moles NH3 produced/mg Enzyme (mmoles ) 
p rotein/ h activi ty (%) 

Control 
.296 100 

NaSo4 5 298 100.1 10 .299 101.0 

Na2s 5 0 .302 102.1 10 0 .324 109.4 

NaN°3 5 0.288 97.3 10 0 . 284 96.2 

*Na2HPo4 5 0 . 299 101.0 
1 0 0.304 102 . 7 

*Na(H3P04~2 
0.298 100.1 

10 0.291 98.3 

NaI 5 0.302 102.1 
10 0.3ll 105.0 

NaOH 1 0.276 93.2 
5 0.257 86.8 
10 0 . 226 76.0; 

NaOCl 1 0.264 89.2 
10 0 . 208 70.3 

0.303 102.5 Na3C03 5 
0.346 ll7.1 10 

0.309 104.6 NaHC03 5 
0.371 120. 1 10 

mM Tris HCl buffer o f pH 7.0 was used instead of 25 mM 

Bphate buffe r of pH 7 .0 
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decreased the deaminase activity by 7.6\, 13 . ot and 28.5\ at 

0.1,1.0 and 10 m moles concentrations, respectively, as 

compared to t he c ont rol. Chloro f orm at similar concentrations 

decreased the a ctivity by 22.8, 41.6 and 54.9%. In this class, 

chloral hydra t e was found to be most potent inhibitor of 

deaminase ac t i vity . It decreased t he activi ty by24 . 9, 41.6 and 

63.2\ at 0.1,1 .0 and 10 m moles concent rations, respec t ively. 

'.4.9 Effect of other electrolytes 

Effec t o f various anionic electrolytes on deaminase 

activity was s t udied a t t wo levels viz. and 10 m moles 

except where o t herwise ment ioned (Table 37). Sodium sulfide, 

sodium iod i de , s odium carbonate and sO,?ium bicarbonate at 10 m 

moles concentrat ion increased t he deaminase activity in MRBE by 

9.4, 5.0 , 1 7 .1 and 25.1%", respectively . while sodium nitrate , 

sodium ni trite , s odium hydroxide and sodium hypochlorite at 10 

m moles concent ration level decreased the activity by 3.8, 9.4 , 

23.5 and 2 9.7% I respectively, over the control val ues . Sodium 

sulfate, Na2( H3P0 4 )2 and Na2HP04 were without effect . 

4.4.10 Extent of deami nation o f in t act f eed proteins and their 
fractions by MRBE 

The da t a on the degradation of intact proteins and 

their soluble and i ns oluble fractions by MRSE are given in 

Table 38. The per c ent degradation and the formation of 

taken as index of extent of protein degradation. 

dif ferent sources were degraded by MRBE' at 

P
roteins of SF, MC, GC, Soya and 

rates . The intac t 



Table 38. Degradation of intact feed proteins and their 
fract ions by mixed rumen bacterial extract 

Peed protein Fraction 

Groundnut Cake 
i) Intact 
ii) Soluble 
iii) Insoluble 

Mustard Cake 
i) Intact 
ii) Soluble 
iii) Insoluble 

Sunflower seeds 
i ) Intact 
ii) Sol uble 
iii) Insoluble 

Soyapean seeds 
i) Intact 
ii) s ol uble 
iii) Insoluble 

Casein i) Intact 
ii) Sol uble 
iii ) I nsoluble 

~ moles Amount 
amrnonia/mg ungraded 
protein/h 

0.141 3.34 
0.213 2.58 
O. 035 4.35 

0.112 .48 
0.168 .76 
O. 064 4.72 

0.092 3.59 
0.123 .'2.97 
O. 052 4.29 

0.168 3. 02 
0.216 2.61 
0.136 3.92 

0.189 2.69 
0.256 2.32 
0.145 3.90 

f f r observations. 
Figures represent mean 0 ou the assay mixture. 
S mg protein(CP ) were added to 

Degradation 
(%) 

33.2 
48.4 
13 . 1 

30.4 
44.9 
15.6 

28.1 
40.7 
14 .2 

39.6 
47 .. 8 
21.6 

46.1 
51.6 
22.1 
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casein were d egraded to the extent of 28.1, 30.4, 33.2, 39.6 

and 46 .1\ respectively. The ammonia produced from intact 

protein of SF, MC , GC, Soya and casein was 0 . 092, 0.112, 0.141, 

0 . 168 and 0 . 189 ~moles/mg protein/h, respectively. The soluble 

fractions of the intact proteins from all the sources used, 

degraded maximally, while insoluble fractions degraded the 

least. The extent of degradation of soluble proteins f::-om SF, 

MC, GC, Soya and Casein was 40.7, 44.9, 48.4, 47.8 and 51.6~, 

respect ively, and the corresponding levels for the degradation 

of insoluble proteins were 14.2, 15 . 6 , 13.1, 21.6 and 22.n . 

The ammonia production from soluble proteins of SF, 1'!C, Ge, 

Soya and Casein was 0 . 123, 0.168, 0.213, 0.216 and 0.256 

~le5/mg protein/h . and the corresponding values for ir.soluble 

pro~ins were 0.052, 0.064, 0.035, 0.136 and 0.145. Th~s data 

show that soluble proteins were degraded maximally folloNed by 

intact proteins and insoluble proteins. 

The data also indicated that the extent of degradation 

of intact , soluble and insoluble proteins was maximum :n case 

of casein foll owed. in order, by Soya, GC, MC and SF. 

4.4.11 Extent of deamina tion of individual amino acids by MRBE 

Exogenously supplied amino acids were catabol:=ed at 

different rates by MRBE (Table 39). Serine was ::ighest 

degraded (88.9%) while proline was least degraded 17.9%) 

o acid. Serine was followed by aspartate (BI . 9%) and 

Glutamine was degraded by 66. H followed by 
(70.3 %) . 

(62.1% ), cysteine (61. 6\) and phenylalanine and 



Table 39 . Deaminat ion of individual amino acids by mixed 
rumen bacterial extract 

Amino ac id Amount Amount Oegr ad- Ammonia 
added undegraded ation (mg/100 ml 
(mg) (mg) (\) RF) 

Serine 10.5 1.2 88. 0.372 

Aspertine l3.3 2.4 81 .9 0.351 

Glutamate 14.7 4.4 70 .3 0.294 

Glutamine 14 .6 4.9 62.1 0.263 

Threonine 11.9 4.5 62.1 0 .243 

Cysteine 12 . 1 4.6 61.6 0.233 

Phenylalaine 16.5 6.5 60.3 0.224 

Lysine 14 .5 5.0 60.1 0.221 

Alamine 8.9 3.8 57.5 0.218 

Tyropine 18.1 9 . 6 47.1 ·0.211 

Cystine 24.2 1 2.8 46.6 0.333 

Arginine 17 .4 9.4 45 .9 0.266 

Methionine 14.9 8 . 2 45.2 0 . 143 

Histidine 20 .4 12.8 37.2 0.209 

Tryptophan 20.4 13.3 34.5 0.201 

Valine 11.7 8.1 30.5 0.147 

Glycine 7.5 5.2 30.1 0 . 121 

8.2 28.5 0.086 
Isoleucine 11 .5 

10.6 18.9 0.081 
Hydroxyproline 13 .1 

9.4 17 . 9 0 . 073 
Proline 11 .5 

Figures represent mean of f our observations. 
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l y s i ne . which were deaminaced t o a similar extent (60.3 and 

60 . 1%) . Alan ine was degraded by 57.5%followed by tyrosine 

(47 . 1 ) a nd cystine (46.6), arginine (45 . 9) and methionine 

(45 .2) were degraded to almost similar extent. Histidine 

(37. 2%) degradation was higher than that of tryptophan (34.5%), 

foll owed by that of valine (30.5) and glycine (30.1) which were 

degraded to comparable extent . Isoleucine was degraded by 

28.5 %, fo l lowed by hydroxyproline (18.9%) and proline (17.9%). 

It was concluded that acidic amino acids were degraded to 

highe s t extent , followed by branched chain, aromatic and basic 

amino acids . Neutral amino acids like valine, glycine and 

isoleucine were degraded to a very small degree. Proline and 

hydroxyproline being cyclic amino acids were degraded the 

least. Ammoni a produced per mg protein of MRBE pe~ hour 

followed similar decreasing trend as the extent of ami~o ac~d 

degradation decreased. 

4.5 Distribution of deaminas e ac tiv ity in rumen fluid and its 
fractions 

Distribution of deaminase ac tivity in '\:arious 

fractions of rumen fluid was studied and the results are 

presented in table 40. It was noted that ammonia produced per 

as maximum for strained mg protein of each fraction per hour w 

rumen f luid (0.358 ~moles) which was taken as 100% for further 

CUlations . Washed protozoal suspension exhibited only9.1\ of 

stra 'ned :-umen fluid with ammonia e activity of ~ 

Bacterial fraction 
0.033 /.! moles / mg prote in/ h. 

production as 

had 43.7% of 



Table 40. Dist ribution of deaminase activity in rumen fluid 
and its fractions 

Experiment 
fraction 

~moles NH3 produced/mg 
protein/hr 

i) Strained rumen fluid 0.358 

H) Protozoal suspension 0.033 

Hi) Bacte,rial suspension 0.156 

iv) Cell free supernatant 0.219 

Experiment II 
fraction 

i) Bacterial pellet 0.156 

H) Bacterial pellet 
sonicated 

Residue (cell debris ) 0.041 

Hi) Supernatant 0.228 

(cell e nvelopes & 

cytosol ) 

iv) Pellet (cell membranes ) 

a) Inner mebrane 0 . 108 
0.012 b) Outer membran;e 
0.0 c) Peptidoglycan 

v) Supernatant 
0.149 

Enzyme 
activity (%) 

100 

9.1 

43.7 

61.4 

100 

26 .3 

146.2 

69.2 
7.6 

95.5 
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the activity a ssociated with it and anunonia production ..... as 

0.156 I'moles / mg protein/ h . Cell-free supernatant carried the 
maximum activity. Anunonia produced was 0.219 moles / mg 

protein/h and enzyme activ ity was calculated to be 61 . 4% in 

this case as compared to that of SRF . It was concluded that 

major portion of enzyme was released into cell free supernatant 

by rumen bacteria . Considerable activity was also contained in 

the bacterial <ells while protozoa possessed very 

activity . 

4.5.1 Localization of deaminase activi ty in mixed rumen 
bacterial cell 

little 

EEfort s were made to localize deaminase activity in 

the rumen bacterial cell (Table 40) . 'Bacterial pellet carried 

43.7\ of the d eaminase act.ivity of SRF. When this pellet • .... a5 

sonicated and centrifuged, most of Che enzyme was released into 

supernatant and cell debris carried only 26.3 % of the total 

bacterial pellet activity. When this supernatant was further 

centrifuged at higher speed and cell envelopes were separated , 

its deaminase activity was decreased from 146.2 to 95.5%. The 

pellet, so obtained, was further fractionated into outer cell 

membrane, inne r cell membrane and middle peptidoglycan p=otein 

layer. Of these, inner cell membrane carried 69.2\, while outer 

cell membrane had only 7 . 6% of the original acti vi ty of mixed 

terial pellet. 
peptidoglycan layer exhibited no deaminase 

ivity. The 
above data indicated that although major 

activity was located in mixed bacterial population, 
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most o f i t (61.4\ ) was rel eased into rumen fluid.Of t he 

remaining activity associa t ed with rumen bacteria about 69.2% 

was located in the inside of cell wall and only a fraction 

(7 . 6\ ) was located on t he outside. 

4.5.2 Effect of various dete rgents on the r elease of d eaminase 
activity from mixed rumen bacterial fraction 

Effect of var ious detergents on the release of 

deaminase activity f rom mixed rumen bacteria fraction was 

investigated and the results are given i n table 41. All the 

detergent s used he lped r elease of enzyme from the mixed rume!: 

bacteria . I ncreasing the concentration of de t ergents from .05 

to 0 . 1 % increased the r elease of e~zyme activity. AT 0.1% 

concentra t ion, Tri ton-X -lOO,sodium dodecyl sulfate (SOS) and 

centrimi de released 61.1, 51.7 and 34% mor e enzyme activity as 

compared with the control. At s imilar concentration Tween-20. 

Tween-4 0, Tween- 60 and Tween-80 increased the release of enzyme 

activity by 17 .7, 20.8, 27 . 1 and 41.7% compared with the 

control . 

I t was concluded from above results that Triton - X-100 

was mos t effective in r eleasing the deaminase activity from 

bacterial pellet f o l lowed by 50S, whereas Tween-20 released i t 

to the least extent of all deter gents studied. 



Table 4l. Effect of various detergents on the release of 
deaminase activity from mixed rumen bactsria 

Detergent Bacterial Enzyme Super- Enzyme 
(cone. ) pellet activity natant activity 
(t) (j.lmole NH3 (t) (j.lmole NH3 (t) 

produced/mg protein/h 
protein/h. 

Control 0.239 100 0.321 100 

Triton x 100 

0.05 0 .153 64.2 0.443 138 
0.1 0 .115 48.3 0.517 161.1 

Tween-20 

0.05 0.17 71 .2 0.334 104 

0.1 0.135 56. 3 0.378 118.7 

Tween-40 

0 . 05 0 . 161 67.4 0.356 111.0 

0.1 0.128 53.5 0.388 120.8 

Tween-60 

0.143 60.1 0 .382 119.0 
0.05 0 .408 l27.1 
0.1 0.118 49.3 

Tween-80 

54.4 .411 128 .0 
0.05 0.131 

40.7 .455 141.7 
0.1 0.097 

Cetrimide 

51 0 0.369 114.9 
0.05 0.122 

40 .1 0.43 134 . 0 
0.1 0.096 

45.2 0.395 123.1 

0.05 0.108 
38.1 0.487 151. 7 

0.1 0 . 091 
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4 . 6 Effect of vario~s deaminase and methanogenic inhibitors on 
the concentra t~on . of TeA-precipitable p r oteins, ammonia­
DitrogeiD and vo l at11e fatty acids when intact feed proteins 
were ncubated with strained rumen fluid or washed mixed 
bacterial suspension 

After identifying promising deaminase inhibitors, 

their ef fect on actual protein biosynthesis by 

rumenmic roo rganisms was examined. But before conducting this 

experiment the pro t ein biosynthesis by SRF or mixed bacte v-ial 

suspension from casein hydrolysate and amino acid mixture ' .... as 

exmained (Tables 42,43). It has been observed that the 

concentra t i on of TCA - precipitable proteins and TVFA in 

incubat ion mixture was higher in case of casein hydrolysate as 

compare d t o amino acid mixture when incubation was done with 

SRF o r washed bacterial suspension ~Tables 42 and 43). SRF was 

found to be more effective than wash~d bacterial suspension in 

degradat ion of casein hydrolysate or amino acid mixture for 

production of TVFA or TCA-precipitable proteins. The 

concentrat i on o f anunonia-nitrogen in incubation mixture was 

slightly higher in case of caseln hydrolysate when incubated 

with SR F as c ompared to bacterial suspension and it was 

slightly higher i n case of amino acid mixture when incubated 

with bacte r ial suspension over SRF. SRF seems to be mor e active 

bacte r ial suspens ion . 

Tables 44, 45 ,46 and 47 represent the partial da t a on 

percent i ncrease O
r decrease in the concentra t ion o f T~ 

ammonia and TVFA whe n vari ous intact feed 



Incubation 
p e rio d 
(h) 

ncentrations of TCA-precipitable proteins. ammonia-nitrogen and total 
volatile fatty acids in incubation mixture when casein hydrolysate and 
amino acid mixture were incubated with strained rumen fluid 

TeA preci ­
pitabl e 
p r otein s 
(mg /100 
ml RF ) 

36 .5±0.61 

42.6±0.56 
(+16.7) 

57.2±0.91 
(+56.71) 

Casein hydrolysate 

Ammo nia ­
nitr ogen 
(mg/100 ml 
RF) 

9.4±O.43 

Sl.7±O.43 

42.2±0.16 

T V FA 
(mmo l es/100 
ml RF) 

24.3±1 . 16 

39.8±1 . 86 
(+63.78) 

44.5±1.42 
(+83.12) 

Amino a cid mix ture 

TeA pre ci­
pitabl e 
proteins 
(mg/100 

ml RF) 

33.8±0 .72 

36.3±0.34 
(+ 4.43 ) 

·· 48.9±0.62 
(+44.67) 

Ammo nia­
nitrogen 
(mg/1 00 ml 
RF) 

7.6±0.39 

48 . 7±0 . 24 

33 . 8±0.58 

T V FA 
(mmoles/1 00 

ml RF) 

27.1±1 .06 

41. 4±1. 77 
(+52.76) 

46. 2±1. 89 
(+70.47) 

~~gures :epresent mean of four observations ± standard deviation 
19u7e~ ~n parenthesis represent per cent increase over control 

Cond1t1ons of incubation : sam7 as i~ Ta~le 3 except casein hydrolysate (5 mg/100 ml SRF) 
~r am1nu aC1d m1~ture (1 mmole / ml SRF) were added in place of 
1ntact feed proteins and incubated at 39°C for 4 and 8 h C . 

. ", (,1,1 t ' 
c";- ) 

~ r"lJ... 



~ftc'en,tratio'ns of TCA-precipitable proteins. ammonia - nitrogen and total 
fatty acids in incubation mixture when casein hydrolysate and 

amino ac i d mixture we re incubated with washed bacterial suspens i on 

Incubation Casein hydrolysate Amino acid mixture 
per i od ------------------------------------- -------------------------------------
(h) TeA preci- Ammonia- TV FA TeA preci- Ammonia- TVFA 

o 

4 

pitable nitrogen (mmoles/100 picable nitrogen (mmoles/100 
proteins (mg/100 ml ml RFI'2) proteins (mg/ 100 ml ml RFEj! 
(mg/100 RF E"2) (mg/100 RFE"J) 
ml RF l'i) ml RFEj.l 

32 .410.5B 5.710.91 22 .411.16 30 .B10. 66 4.9±0.B4 26 .1±1. 06 

39.6±0.42 31.7±O.24 2B.3±1 . 97 34.B±0.B4 33.2±0.46 30.2±1.23 
(+22.2) (+26.33) (+12.4B) (+15.7) 

47.4±O.Sl 23.6±0.56 33.2±1.25 39. 6±0.42 27.510.73 34 .1±1. 49 
(+46.29) (+4B.21) (+2B . 57) (+30.65) 

~~gures :epresent me~n of four observations ± standard deviation 
~9u7e~ 1n par7nthes1S represent per cent increase over control 

Cond 1t10ns of 1ncubation : Same as described in table 27 except 10 ml washed mixed 
bacter~al suspension were added to incubation mixture in place 
of strained rumen fluid. 
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proteins were incubated 'liith SRF or washed bacterial suspension 

in prese nce of various deaminase and methanogenic inhibitors. 

In this section only the data for 8 h incubation is given. The 

remain ing data are given in Tables in appendix. 

4.6.1 Effect of deami nas e inhibitors on the c oncentr ation of 
TCA precipita te proteins , ammo n i a n i trogen and volatile 
fatty acid when intact pro t ein s were incubated with 
strained rumen flu i d or washed bacteri al suspension 

4.6.1.1 Strained rumen flu i d 

All t he deaminase inhibitors used decreased the 

concentration of ammonia and simultaneously increased the 

concentration of TCA-precipitable proteins in the incubation 

mixture (IM ) when casein, Soya, GC, Me and SF were incubated 

with SRF (Table 44). ODIC sodium arsenite and sodium arsenate 

decreased the concentration of arrunonia to greater extent than 

hydrazine and its derivation. Amongst the hydrazine and its 

derivat ives phenyl hydrazine was more effective and hydrazine 

was the least e f fective. Amongst all the inhibitors ~sed sodium 

arsenite was the highest and hydrazine was the lease effective 

in decreasing the concentration of arrunonia-nitrogen. No 

definite interaction was observed between source of protein and 

on ammonia concentration. The inhibitors which 
inhibitors 

decreased the concentration of arrunonia-nitrogen to greater 

t i .e. ODIC, sodium arsenate, sodium arseni te and 

also 
in:reased the concentration of TCA-

pro t eins in the If.l to maximum extent. In t be 

inhibitors, there was more concentration of TCA-



Table 44 ect of various deaminase inhibitors on the concentration of TCA-precipitable 
proteins, ammonia-nitrogen and total-volatile fatt y acid when various intact 
feed proteins were incubated with strained rumen fluid for 8h 

Inhibito r ( 1 .0 mmo l el 

Hydrazine 

i) TCA precipitable proteins 

ii) NH3 

iii) TVFA 

Hydrazine su1fate 

il TCA precipitable proteins 
ii) NH) 

iii) TVFA 

Phenyl hydrazine 

i) TCA precipitable proteins 

ii l NH) 

iii l TVFA 

p-nitrophenyl hydrazine 

1) Tell Pt' cipiLable proteins 

Ii l Nil ) 

i iJ ) ,'VI'A 

Prot ein s ources 

Groundnut Mustard Sunflower Soyabean Casein 
cake cake seed seed 

Per cent i ncreas e ( + ) o r de crease ( - ) o ve r c o nt rol 

+35.9 +45 .0 +30 . 5 +17.6 +65.5 

-12 . 9 -14 .6 -24.0 -20.3 -23.8 

-49 .0 -51 .6 -52.4 -29.6 -31.7 

+33 +)7 .8 +35.7 +40.2 +49.5 

-24 .6 -31'.8 -26.9 -26 . 9 -26 .1 
-)8.3 -37 .5 -)7.1 -33.1 -31. 1 

+52,3 +62 .9 +57.9 +69.3 +79.7 
-27.0 -33.6 -28.4 -28.8 -29.9 
-44.9 -51. 9 -49.0 -47 .1 -49 . 2 

1)5.5 +4:!. -I +311.1 +33.8 +51.4 
-22.) -21.7 -29 . 9 -23.1 -23.1 
-'10.2 -39.5 -39.5 -39.6 -41.8 



Hydroxylamill., Hel 
i) TCA precipitable proteins +23.5 +35.9 +30.7 +33 . 0 +37.6 
ii) NH3 -18.7 -21.1 -18.0 -13 .1 -13.7 
iii) TVFA -43 . 3 -51. 4 -39.1 -39 . 1 38 .7 
Sodium arsenate 

i ) TCA precipitable proteins +44 .5 +50.5 +43 .9 +60 .4 +80.0 
ii) NH3 -3 4 . 0 -3 8.6 -36 .8 -23 . 0 -28.7 
iii) TVFA -59 .5 -63.0 -61.1 -58 . 9 -59 . 2 
Sodium arsenite 

i) TCA precipitable proteins +29.4 +48.9 +38 .0 +36.0 +54.8 
ii) NH3 -26 .0 -67 . 0 -64 .9 -52.6 -56 . 0 
iii) TVFA -59 .9 -67.0 -64.9 -52.6 -56.0 
DDIC (5 0 ppm) 

i) TCA precipitable proteins +42 .6 +51.9 +41.3 +52.0 +76.0 ii) NH3 -27.4 -37.3' -32.9 -35.1 -32.5 iii) TVFA -41 .9 -43.7 -44.0 -35.6 -46 .5 



INTACT FEED PROTEINS WERE INCUBATED VlITH STRAINED RUMEN FLUID FOR. h. 
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precipitable protein in the 1M in case of casein followed, in 

order, by Soya/ MC/SF and GC. The concentration of TCA­

precipitabl e proteins was increased by 79.7, 69.3, 62.9, 57.9 

and 52 . 3\ i :1 case of casein, Soya, Me, SF and Me over the 

control value s, respectively, by phenylhydrazine and the 

corresponding values for sodium arsenate, ODIC and sodium 

arseni te we!"'8 54._8, 36.0, 48.9, 38.0 and 29.4, 76.0, 52.0, 

51. 9, 41.3 and 42 . and 80.0, 60.4, 50 .5 , 43 . 9 and 44.6%, 

respectively. All the inhibitors used decreased the 

concentration of total volatile fatty acids (TVFA ) from all the 

protein sour=es used. 

4.6.1.2 Washed mixed bacteria l suspension 

As · .... ith the SRF, all the deamination inhibitors used 

decreased t~e concentration of ammonia and simultaneously 

increased t he concentration of TCA-precipitable proteins in the 

IM when c asein, Soya, GC, MC and SF were incubated with 

bacterial c e:l suspension (Table 45 ) . ODIC sodium arsenate and 

sodium arsen:te decreased the concentration of ammonia nitrogen 

more than : he hydrazine and its derivative. Amongst the 

hydrazine and its derivatives, hydrazine sulfate was found to 

be more ef:ective and hydrazine was the least effective. 

all the inhibitors used, ODIC was t he highest and 

zine the least effect~ve in decreasing the 

of ammoni a. In general, the decrease in the 

o f ammonia 
in the presence of inhihi tors was 

case of casein followed by Soya, GC and MC/SF . 



of various deaminase inhibitors on the concentration of TCA-
pr itable proteins. ammonia-nitrogen and to~al-volatile fatty acid when 
various intact f~ed proteins were incBbated with washed mixed bacterial 
suspension for 8 h 

Inhibitor (1.0 mmole) 

Hydraz ine 

i) TCA precipitable proteins 
ii) NH3 
iii) TVFA 

Hydrazine sulfate 

i) TeA precipitable proteins 
ii) NH3 
iii) TVFA 

Phenyl hydrazine 

i) TeA precipitable proteins 
ii) NH3 

i ii) TVFA 

p-nitrophenyl hydrazine 

i) TCA precipitable proteins 
ii) NH 3. 

iii) TVFA 

Protein sources 

Groundnut Mustard Sunflower Soyabean Casein 
cake cake seed seed 

Per cent increase (+) or decrease (-) over control 

+43.4 +64.2 +55.1 +75.2 +97.4 

-18.0 -17.6 -14 .3 -41.1 -50.8 

-65 .2 -62.8 -63.3 -57.1 -56.0 

+74 .6 +74.1 +64.37 +78.5 +111.6 

-41 .6 -43.9 -45.6 -44 . 0 -44.5 

-75 .5 -75 .0 -77 .3 -76 .0 -75.1 

+19.1 +2 2.3 +23 .3 +27.8 +45.2 
-32.7 -38.0 -32 . 0 -39.4 -40.6 
-58.1 -58.7 -58.0 -56 . 2 -55.5 

+18.8 +29.4 +25.6 +43.0 +39.1 
-35.6 - 30.7 -33.3 -39.4 -41. 3 
-75.2 -75.1 -76.4 -69.9 -70.2 



+26.3 +36.0 +34 . 8 +48.9 +33 . 0 

ii) NH3 -42.2 -40.7 -36.2 -44.3 - 48 . 0 

iii) TVFA -56.6 -53.7 -51.3 -47 . 2 -21.4 

Sodium arsenate 

i) TCA precipitable pro teins +5 2 . 9 +45 . 5 +43 . 5 +50 .6 +58.5 

ii) NH 3 -60 .3 -57.4 -65. 4 - 6 1 .9 -63. 1 

iii) TVFA -82.7 -82 . 4 -81. 9 -77 .0 -77.0 

Sodium arsenite 

i) TCA precipitable proteins +33.7 +35.8 +40,1 +60.4 +66.0 

ii) Nfl3 -52 .2 -50 .3 -47 .9 -49.1 -48 .0 
iii) TVFA -83.1 -80 .8 -8 1.4 -82 . 1 -81.1 
DDIC (50 ppm) 

i) TeA preCipitable proteins +43 .2 +53.4 +41 .6 +52.0 +78.4 
ii) NH3 -61. 6 . -58 .8 -68.2 -63.4 -65.7 
iii) TVFA -31.5 -33.8 -33 .3 -36.6 -38.0 '. 



F/G.14 EFFECT OF DEAM/NASE INHIBITORS ON TCA-PRECIPITABLE PROTEINS WHEN INTACT 
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The concentration of TCA- insoluble protein was 

maximally increased in the presence of hydrazine and hydrazine 

sulfate. Per cent increase in the concentration of TCA­

insoluble p roteins in case of hydrazine sulfate was 111.6, 

78.5, 74.6, 74.1 and 64.3 when casein, Soya, GC, MC and SF, 

respectively, were used, over the control values, and the 

corresponding values for hydrazine were 97.4, 75.2, 43.4, 64.2 

and 55.1\ . DOI C, sodium arsenate and sodium arsenite followed 

hydrazine in increasing the TCA-precipitable protein 

concentration in the 1M. In the presence of all the inhibitors 

used there was more concentration of TCA-precipitable proteins 

in case of casein and soya as compared to Ge, Me and SF _ All 

the inhibitors used also decreased the concentration of TVFA in 

the 1M . Per cent decrease in TVFA concentration was' maximum in 

case of sodium arsenate and sodium arsenite, followed by 

hydrazine sulfate, hydrazine and its derivatives, ODIC 

inhibited the TVFA production to the least extent . 

The above data also indicated that extent of increase 

in TCA precipi table proteins was greater lon case of washed 

bacterial suspension as compared with SRF. Similar trend was 

by the effect or deaminase inhibitors on ammonia and TVFA 

.: •• ,uetion . 
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4.6.2 Effect o~ ~ethaDogenic inhibitors on the concentration of 
TCA-prec7p~table ~roteins , ammonia nitrogen and volatile 
fatty aC1ds when 1ntact proteins were incubated with 
strained rume n fluid or washed mi xed bacter ial suspension 

4.6.2.1 Strained rumen f l uid 

Table 46 presents data on the effect of various 

methanogeni c inhibitors on the concentration of TCA-insoluble 

proteins I ammonia nitrogen and TVFA in 1M when intact feed 

proteins we r e incubated with SRF. 

The decrease in concentration of ammonia-nitrogen was 

maximum i n t he presence of chloroform followed. in order, by 

monensin , chloral hydrate and sodium sulfite. The decrease in 

the conce n tration of ammonia-nitrogen. in the presence of 

chloroform was 33.4, 41.8, 37.0,33.8 and 29.3%, over the 

contro l values, in case of Ge, Me, SF, Soya and casein and the 

correspond ing values in case of monensin were 29 . 6 , 33 . S, 35 . 1 , 

28 . 7 and 24.8%. No definite trend was observed between the kind 

of inhibitor and the source of protein. 

Monensin increased the concentration of TCA-

precipitable proteins in the IM to maximum extent followed by 

chlorofo rm, sodium sulfite and chloral hydrate. The 

in concentrat ion of TCA_precipitate proteins 

increased b y 39.1 , 33.8. 42.5. 73.9 and 86.1% in 

the 1M was 

the presence 

of monensin , over 
the control value, in case of Ge, Me, SF, 

s and c asein. 
The corresponding values for chloroform were 

33.9, 32 . 8, 28.7, 
42.2 and 65.H. 

In general, the 

concentration of TCA_insoluble, proteins 
was more in case of 



various methanogenic inhibitors on the. concentration of TCA­
~e,ci.p1table nrn>p'nA, ammonia-nitrogen and t otel-vola tile fatty acid when 

f eed proteins we r e incubated wi t h straine d rumen flu i d for 8 h 

Inhibi tor (1 . 0 mmol e) Prot e i n sources 

Groundnut Mustard Sunflower Soyabean Casein 
cake cake seed seed 

Per cent increase (+) or d~crease (-) over cOll tro l 

Sodium su1fite 

i) TeA precipitable proteins +33 .6 +32.6 +36.5 +33.1- +46.0 
ii) NH3 -11.7 -15 . 9 -13.7 -18 . 3 -23.2 
iii) TVFA -71 .5 -78 .3 -75 . 4 -67.4 -64.5 
Chloroform 

i) TeA precipitable proteins +33 .9 +32 .8 +28.7 +42.2 +65. 
ii) NH3 -33.4 -41 .8 -37.0 -33.8 -29 .3 
iii ) TVFA -50 .0 -~6.1 -53.8 -41.1 -46 .2 
Chloral hydrate 

i) TeA precipitable proteins +25 .3 +37.6 +30 .6 +36.4 +50 .0 
ii ) NH3 -20 .1 -24.5 -21. 4 - 18.9 -21. 3 
iii) TVFA -65. -70 . 3 -68 .6 -62.8 -62.8 
Monensin (50 ppm) 

i) TeA precipitable proteins +39 :1 +3ir. 8 +42 .5 +73 .9 +86.1 
ii) NH3 -29. -33 . 8 -35 . 1 -28.7 -24 .8 
iii) TVFA -54.7 -62.4 -58.9 -54.4 -51. 6 
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casein and soya a s compared to other protein sources in the 

presence of all the i nhibitors used. There was almost no 

difference between Ge , SF and Me. 

All the me t hanogenic inhibitors used decreased t.he 

concentration of TVFA in the incubation mixture. 

4.6.2.2 Washed mixed bacterial suspension 

Data on effect of various methanogeni c inhibitors on 

the concentrat ion o f TeA insoluble proteins, ammonia nitrogen 

and volatile fat ty acids in the IM when intact feed proteins 

were incubated with washed bacterial suspension is presented in 

table 47. 

The ammonia concentration was "maxi ma lly decreased in 

the Rresence of chloral hydrate followed by monensin, sodium 

Sulphite and chloroform in case of all the protein sou=::es 

used. The ammonia- nitrogen concentration in 1M was decreased by 

29 . 1, 36.5, 31.1 , 27.9 and 28.8% over the control values . : :1 

the presence of chloral hydrate in case of GC, MC, SF, Soya and 

casein respectivel y and the corresponding values in case of 

monensin were 20.2, 
25 . 1, 24.3, 28.0 and 26.4%. As with :he 

SRF, no definite trend was observed between the kind of 

inhibitors used and the source of proteln. 

The 
concentration of TCA_precipi t ab l e pr o t e ins 

maximall y 

by 

increased in t he presence of c hlor al hydrate 

monens in, chloroform/ sodium s ulfi t e . The 

of TCA 
precipi t able pr ote ins i n the IM was 

27 .7, 40.8 a nd 49.7% over the cont~ol 



Table 47. ect of various methanogenic inhibitors on the concentration of TCA-
precipitable proteins, ammonia-nitrogen and tdlal-volatile fatty acid when 
various intact feed proteins were 1incubated with washed mixed bacterial 
suspension for 8 h 

Inh i bito r (1 .0 mmole) 

So dium du l f ite 

i) TeA precipitable proteins 

ii) NH3 

iii) TVFA 

Chlorofo rm 

i) TeA precipitable prote ins 

ii) NH3 

iii) TVFA 

Chloral hydrate 

i) TeA precipitable proteins 
ii) NH3 

iii) TVFA 

Monensin (5 0 ppm) 

i) TeA precipitable proteins 

ii) . NH3 

iii) TVFA 

Pro tein s o urces 

Groundnut Mustard Sunflower Soyabean Casein 
cake cake seed seed 

Per cent increase (+) or decrease (-) over control 

+17 .8 +22 .5 +19.1 +20.9 +28.6 

-20 .0 - 19.4 -25 .3 -23.5 -21 .3 
-71 .3 -70 .8 -67 .9 -63 . 3 -63.4 

+19.0 +3.7.1 +12 .3 +22 . 7 +32 .5 
-21 .8 -2'9. -19. -10.9 -14 .5 
-65 . 2 -62 .9 -65. -59 . 0 -54.4 

+27.5 +35 .3 +27.7 +40 . 8 +49 .7 
-29.1 -36 .5 -31.1 -27.9 -28.8 
-39 .. 7 -40 .9 -37.7 -43.0 -39 .4 

+16 .5 +18.2 +19.2 +34.6 +48 . 2 
-20 . 2 -2 5 .1 -24 . 3 -28.0 -26.4 
- 43.0 -43.4 -41.8 - 41.1 - 41 .7 
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values, in c ase of Ge, Me, SF, Soya and casein, respectively, 

in the presence of chloral hydrate and the corresponding values 

in case of monensin were 16.5, 18.2, 19.2, 34 . 6 and 48.2%. As 

the concent ration of ammonia nitrogen increased, the 

concentration of TCA-precipitable proteins was maximally 

increased in case of casein, followed by Soya and GC/ SF.MC in 

the presence o f all the inhibitors used. 
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CHAPTER V 

DISCUSSION 

Dietary proteins entering the rumen are degraded by 

microbial proteases to peptides and amino acids (Hobson and 

Wallace, 1982a , b ). Most of the nitrogen of amino acids after 

their deamination passes through ammonia pool prior to its 

incorporation into microbial proteins i~ the rumen 

(Hungate , 196' and Chalupa, 1974 ) . During this process, the 

ammonia produced especially from higp quality proteins is not 

utilized for microbial protein synthe~ is (Chalupa , 1975 ). The 

excess anunonia is absorbed from the rumen and is lost as urea 

in the urine (Nolan and Leng, 1972 ) . Depending upon various 

factors like solubility. structure and feed particle in which 

the protein resides etc. 40 to 60\ of dietary proteins are 

degraded in the rumen (Leng and Nolan, 1984 and Mackie and 

Kistner, 1985 ) . Undegraded proteins and the microbial proteins 

are digested post-ruminally and maet the amino acid requirement 

of the host animal. Quantitative losses uptO sst, however, 

r during the conversion of dietary proteins into microbial 

in the rumen (Chalupa, 

tilization of dietary proteins, it 

1975) . For efficient 

is. therefore, desirable 
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(1) to decre ase t he above mentioned l oss during the conversion 

of dietary pr ot eins into microbial proteins by depressing 

proteolysis . s o t hat more dietary proteins are digested post 

ruminally , (ii ) t o depr ess the deamination of amino a cids to 

ammonia s o t ha t e ither more amino acids are incorporated into 

microbial p rote ins or more amino acids leave the rumen 

undegraded and ab~orbed post-ruminally or the concent r ation of 

ammonia is decreased to avoid its losses through urine and 

(iiij to maximi se utilization of ammonia for microbial protein 

synthesis. I n this investigation , an effort has been made to 

identify various protein sources whi ch are degraded in the 

rumen to lesser extent and hence t heir" more ut i l i zation post 

rumin~lly, and t o decrease the deamination of amino acids to 

ammonia. 

The da ta reported in Tables 3 to 14 (Fig.l t o 4 ) 

indicated that intact proteins and their soluble and insoluble 

fractions of case i n were degraded to maximum extent b·{ strained 

rumen fluid (SRF ) and its fractions , f o llowed in o r der , by 

soyabean seed meal (Soya ) , groundnu t cake (Gel, mustard cake 

(Me) and sunflower seed meal (SF ) . Soluble protein fraction 

all the feed sources was degraded maximally followed by 

tein fractions . 
proteins a nd insoluble pro 

dation o f s oluble proteins as compared with 

The r apid 

insoluble 

their more access to r umen microbi al 

of i nsoluble prot e i ns i ndicate t hat 
oteases. The degrada tion 

1 from t he solid phase 
hydrol ysed direct Y 
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without an i ntervening soluble phase. The data indicated that 

the rate of degradation of intact proteins, insoluble proteins 

and even the soluble proteins by rumen microbes differs g r eatly 

from different protein SOurces. These results corroborated the 

earlier observations made by Nugent and Mangan (1978). 

Mahadevan ~ l!l. (1983) suggested that access to protein by 

proteolytic enzyme s is influenced by the three dimensional 

structure of the protein molecule. Proteins with extensive 

cross linking . such as disulfide bonds, are less accessible to 

proteolytic enzymes and hence relatively resistant to 

degradation. The data of the present investigation also 

suggested tha t in addition t o solubility, the structure of 

protein may also d eteI1Tline the rate of degradation of protein 

in the rumen. Wall ace and Kopecny (1983) while studying the 

degradation of dif ferent types of proteins by rumen bacterial 

proteases al so suggested that while the solubility was an 

importan t factor , the secondary and tertiary structure of 

protein has a maj or influence on its rate of digestion. 

Ma ximum degradation of intact proteins and their 

soluble and i nsoluble f ractions f r om different feed sources by 

SRP, followed by, cell f r ee supernatant. bacteria and protozoa 

to 14 and Figs. 1 to 4)) i ndicated that ma jor 

a ctivity i n the rumen fluid is ext r acellular . Out 

cell bound proteol ytic activity , major 

bacteri a . pr otO Zoa degraded the 

Hespell (1986) obs e rved 
imum extent . Cotta and 

ac t ivi t y is 

pro teins t o 

in case of 



119 

pure culture of rumen bacteria Bacteroides fibrisolvens that 

90t of the pro t eolytic activity was present in culture fluid 

and very les s a c t ivity was associated with the cells. Mackie 

and White (1 990 ) also indicated that Bacteroides amylophilus 

produced both c ell free and cell bound proteolytic activi t y, 

which consistently amounts to 20 and 80%, r espec t ively of the 

total activity . Kopecny and Wallace (19821 also r eported that 

most of the proteolyt ic activity was associated with coat and 

capsular material of mixed rumen bacteria. This activity was 

removable b y ge ntle physical methods such as shaking and brief 

blending but without cell disruption . Brock ~ al. (1982 1 

indicated that approximately 25\ of the p~oteolytic activity of 

rumen content was recovered in the SRF and balance of t1:e 

activity was as sociated with the particulate fraction . The 

specific activity of proteases from bacterial fraction was 6 to 

10 times higher than t hat of the protozoal fraction . 

The data on the production of ammonia from intact 

proteins and t heir f r actions by SRF and its fractions (Tables 

17 to 28 and Figs.S to 8) indicated that maximum ammonia was 

produced from casein, followed, in order, by Soya, GC/ MC/ SF and 

SRP was more active in the production of ammonia, followed by 

cell free supernatant and bacter ia / pr otozoa. This data a nd t hat 

Observed on the proteol ysis of the proteins (Tables 3 t o 14, 

the extent of deamina tion f ollowed 
Rig8.1 to 41 suggested that 

the degradation of proteins. 
Tables 15 and 16 indica ted that 

The data gi ven in 
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different amino acids were degraded at different rates by bath 

SRF and washed bacterial Suspension. Depending upon the rate of 

degradation by SRF , amino acids were grouped into four 
categories. Serine, cysteine and aspartate (S7-92\) were 

readily degraded , followed by arginine, phenylalanine, 

threonine , glu tamate, glutamine, lysine, tyrosine and cystine 

(44-70%), tryptophan alanine, methionine and histidine (30-

35t) and isoleuc i ne, valine, glycine, hydroxyproline and 

proline (9-1 8% ). The 'Afashed bacterial suspension also 

catabolised the amino acids approximately in same sequence of 

magnitude , but the magnitude of catabolism was lower than with 

SRP. The incubation of individual amino atids with mixed rumen 

bacterial extract (Table 39) indicated similar pattern of amino 

acid d~amination a s with SRF and washed bacterial suspension 

but the extent of degradation of the lase two groups was higher 

even than tha t with SRF. This data supported the earlier 

observations made by Lewis and Emery (1962a), who divided the 

degradation of individual amino acids by SRF into three groups 

with regard to t heir relative rate of deamination . Serine, 

cysteine, asparti c acid, threonine and argini:le were attacked 

moat completely (SO-100%) , followed by glutamic acid, 

(47-75 %) , 

lys i ne and cystine forming the intermedia te 

and third group in which deamination was much 

was tryptophan Y-amino valerie a cid, 
pronounced 

isoleucine, ornithine, hi s t idine , 
thionine, alanine, vali ne, 

hy
dr oxyproline (8-37%). They ha ve also 

proline and 
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indicated t ha t deamination rates were more rapid and comple:e 

in rumen liquor t han in washed cell suspension. 

With a view to decrease the deamination of amino acids 

for better animal productivity, the deaminase activity from 

mixed rumen bacterial extract 'lias characterized. The pH an,d 

temperature optima for deaminase activity was found to be 6.75 

and 4SoC , r espec t ively (Tables 29 and 3D, Figs.9 and 10). Tne 

enzyme a ctivity was found to be heat stable up to 50°C (Table 

31, Fig . 11 ) . There is no report available on deaminase from 

rumen microorganism in this respect but the proteases f r om 

rumen bacteria ha s pH and temperature optima between 5.1 a.."1d 

7 . 5 and SO·C, r espectively (Kopecny and Wallace, 1982). 

Amongst t he various cations used, Na+ and K+ ions at 

10 mmol es concentration increased the deaminase activity by 

27.3 and 21.4 per cent respectively, while Zn++ and NH! ions at 

10 m mole s concentration decreased the deaminase activity :,y 

37.9 and 1 5.4 % r espectively (Table 33). The enhancement of 

activity b y Na + and K+ indicated the presence of Na and K 

activated d eaminase in mixed rumen bacterial extract. T:;'e 

a ctivity by Zn++ suggested the invol vement uf 

thiol group at the active centre of the enzyme. The inhibition 

The 

by -l ions may be due to response of enzy:ne 
act ivity..<.NH+ 

NH! concentration 

heavy metals like 

(product inhibition). At 10 m 

.~g+, Hg++ and Pb+ 2 drastically 

inhibi t ion the deaminase activity. 

t
he activity of deaminase 

decreas e in 
i n the 
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presence of chelat ing agents such as sodium oxalate. sodium 

citrate, sodium tartarate, sodium tartarate and EDTA (Table 34) 

indicated that metallo-enzyme nature of deaminase. The increase 

in activity of deaminase by various reducing agents like 

dithiothreitol and cysteil')ehydrochloride again suggested the 

involvement of thiol groups for its catalytic activity. The 

drastic decrease in the activity with p-chloromercuribenzoate, 

again confirms that the deaminase requires - SH groups for its 

activity . 

Hydrazine and its derivatives strongly inhibited the 

deaminase activity {Table 3S } . It has been shown by Sauberlich 

(1968) that hydrazine and its derivative!5 are antagonistic to 

vitamin 8 6 probably by reacting with carboxyl group of 

pyridoxyl and pyridoxal phosphate. Since vitamin B6 is involved 

in metaboli sm of amino acids (Amenta and Johnston, 1963), it is 

possible that enzyme bound carbonyl group is involved in the 

catalytic process. Similar suggestions were given by Smith tl 

al. (1967) and Broderick and Balthorp, Jr. (1979) . The 

differences observed in the effectiveness of deamination 

inhibition by hydrazine and its derivatives may be related co 

relative dif ferences in attacking the enzyme bound carbonyl 

Sodium arsenate and sodium arsenite were also found to 

effective deaminase inhibit o .... s (Table 35) . It is 

8Bible that these compounds decrease the deamination of amiho 

reducti ve step in stickland type 
inhibiting the 
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reactions (Nisman, 1954). 
The inhibition of deamination by 

phosphoramidon (Table 35) again confirmed that deaminase is a 

metalloenzyme . Forsberg ~ sl. (1984) while working on the 

protease activities of rumen protozoa also observed about 83% 

inhibition of deamination by phosphoramidon. ODIC at 

concentrations as low as 50 ppm reduced the deamination by 

80.7\ (Table 35 ) . An interesting observation made by Broderick 

and Balthorp , Jr. (1979) that ODIC reduced drastically the 

alanine degradation and suggested a possible special role of 

alanine in ruminal deamination _ Alanine may be an intermediate 

in deamination of other amino acids possibly being formed from 

transamination of these amino acids wi~h pyruvate. Alanine 

deamination t o ammonia and pyruvate with subsequent 

decarboxylat ion to acetate and carbon dioxide involves the 

generation of r educing equivalents (Annisan and Lewis. 1959 ) . 

Oxidation of reducing equivalents (NADH ) generated is necessar/ 

for further deamination of amino acids. Gatley ~ gl. (1975 

actually observed the inhibition of the oxidation of reducing 

equivalents (NADH) in isolated rat hepatocytes in the presence 

is, therefore, possible that ODIC in the present: 

investigation inhibited the amino acids deamination by reducing 

regeneration of NADH. The results obtained in the present 

Jr . 

c onf irmed the observations made by Broderick and 

xperiment that hydrazine 
(1979 ) in an in vitr...Q e 

derivatives like phenylhydrazine, p-nitropheny~­
d ·um arsenite and ODIC were 

and methylhydrazine, so 1 
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the effective inhibitors of amino acids deamination. 

I t is known that the deamination of amino acids 

produced ammonia and reduced cO-factors (most likely NADH) that 

1IRlst be reoxidized to continue the deamination process. This 

oxidation can b e coupled to hydrogen format.ion via the enzyme 

hydrogenase, provided that the partial pressure of hydrogen 

remains low. Methaflogenic rumen bacteria utilize the hydrogen 

to produce met hane and hence keep the partial pressure of 

bydrogen l ow enough that hydrogenase activity is feasible 

(Wolin, 1 97 5 ) . When hydrogenase activity and subsequent 

methane produc tion is inhibited by various methanogenic 

inhibi tors , t here may be accumulation of reduced cofactors. 

Under ~these circumstances , highly reduced amino acids I ike 

leucine, valine and isoleucine could only be fermented if 

acceptors of hydrogen, oxidized amino acids, were available 

(Nieman, 1 954 ) . It has been shown by Russell and Martin (1984) 

that in mixed anaerobic bacterial culture incubations, 

methanogenesis was a primary hydrogen a cceptor process and a 

rec:luction of i nterspecies hydrogen transfer can inhibit the 

fermentation of highly reduced amino acids. Keeping this fact 

the effect of various methanogenic inhibitors on the 

o f amino acids was investigated in t he pres ent 

Al l the methanogenic inhibi tors used (I ikE" 

a nd chloral hydrate) decr eased t he 
chlorofo rm 

t
o the extent of SO t o 60%. Russell 

of amino a c ids 
. b· t . on o f a mino acid 

al s o observed inhl 1 1 
(1 984 ) 
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fermentation to t he extent of 50% by carbon monoxice, 

chloroform, monens in and lasalocid. Similar effect of monensin 

was also observed by other workers (Van Nevel and Demeyer, 

1977; Van Nevel and Demeyer, 1990; Chen and Russel, 1991 ; Yang 

and Russel, 1993). Amongst various anions used, sodium 

hypochlorite at 10 m mole concentration decreased the deaminase 

activity by 29.1% (Table 37). 

In the present investigation, an effort has been made 

to localise the deaminase activity in mixed rumen bacte=ia 

(Table 40) . It was observed that 65\ of the activity .as 

present in the cytosol and remaining 35% in the membr anes. Out 

of the membrane bound enzyme activity. about 90\ was present in 

the inner membranes . No repor t is available in l i terature on 

this aspect. However, localization at pr otease activity tas 

been demonstrated . Kopecny and Wallace (1982) observed t::'at 

major part of the proteolytic activity was localized in ::"e 

cytosol. The part iculate envelope bound activity occur=ed 

mainly in the inner membrane of mixed rumen bacteria. 

The reduction in deamination in the presence of 

inhibitors used. shall spare the amino acids (i) : or 

synthesis, (ii ) : o r 

In the present i nvest igation . 
ir absorption pos t - ruminally. 

been made to measure the biosynthesis of prot e':'ns 

microorganisms in t he 
arious feed proteins by rumen 

of some selected i nhi bitors . 
45, 46, 47 ind i cated that 

The data given in Tables 44, 
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ODIC, sodium arsenate, sodium arsenite, hydrazine and its 

derivatives (deaminase inhibitors) and chlorofOrnl, monensin, 

chloral hydrat e and sodium sulfite (methanogenic inhibitors) 

significantly i ncreased the concentration of TeA-precipitable 

proteins in t he incubation mixture when casein, soya, GC, Me 

and SF were incuba t ed with strained rumen fluid or washed mixed 

bacterial suspens ion i ncreased concentration of TCA-

precipitable prote ins in t he incubation mixture. The presence 

of these inhibitors may be due to more availability of free 

amino acids f or p rotein biosynthesis by the rumen microbes . 

This observation i s of great significance because t he f ree 

amino acids released, which otherwis.e would have been 

irreversibly l o s t a fter their deamination. are used f or p rot ein 

biosynt-hesis b y rumen microbes in the . pres ence of inhibi t o r s. 

Those amino a cids which are incorporated into microbial 

proteins shall now be available to the host animal post -

ruminally for better animal production. All these inhibito r s. 

however, decreased t he concentration of total volatil e f a t ty 

acids in the i ncubat ion mixture. Van Nevel and Demeyer (1990) 

also shown that monens in and ODIC sign~:icantly decreased 

concentration of t o t al volatile fatty acids when casei n was 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

Microbial -proteases extensively degrade dietary 

proteins to peptides and amino acids in the rumen. The free 

amino acids released are then deaminated to ammonia. The 

aumonia, so produced, is the main source of nitrogen for 

protein synthesis b y, rumen microorganisms .. , Undegraded dietary 

proteins and the microbial proteins are digested post-ruminally 

and meet- most of the amino acids requ i rements of the host 

animal. All the ammonia produced, however, is not utilized for 

protein synthesis a nd the excess is absorbed from the rumen and 

is lost as urea in t he urine. Quantitative losses upto sst may 

OCcur during the transformation of dietary proteins to 

microbial proteins in the rumen. For effic ient utilization Of 

dietary proteins in r uminants, it 1s desirable that maximum 

dietary proteins leave the rumen in the undegraded form and 

le'8er deamination o f free amino acids in the rumen. In view of 

above facts . an effort was made in the present 

aticn to screen various feed protein sources which are 

resistant t o r uminal degradation and to depress 

nation reaction f or better animal productivity. 
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1& vitro deg~adation ~f various intact feed proteins and their 
soluble and 1os.o1uble fractions with strained rumen fluid and 
ita fractions V1Z. bacteria, protozoa and cell-free superna tant 

Strained rumen fluid (SRF) was drawn from two rumen 

fistula ted buffalo bulls before feeding in the morning and 

fractionated into bacterial, protozoal and cell-free fractions. 

The volume of bacterial suspension, protozoal suspension and 

cell-free supernatdht made was equivalent to the volume of SRF 

taken for its frac t ionation. Casein, soyabean seed meal (soya), 

sunflower seed meal (SF), groundnut cake (Ge) and mustard cake 

(Me) intact proteins and their and soluble and insoluble 

fractions were incubated with SRF, ~?cterial suspension, 

protozoal suspens ion or cell-free supernatant at 39°C for 0, 2, 

4, 6, 8 and 12 h and the incubation mixture (1M) analysed :or 

residual protein and ammonia-nitrogen. In this section res~lts 

Of protein degrada tion at 12 hand ammonia-N cone. at 4 h of 

incubation are only given. 

The intact feed proteins of casein, soya, GC, Me and 

SF were degraded to the extent of 62 . 0. 57.3. 46.8. 38.3 and 

l8.3t by SRF. 54.3 . 51.2. 46.5. 42.5 and 39.5\ by cell-:=ee 

lupernatant, 36 . 2. 
34.2. 27.2. 24.5 and 22.2\ by bacte=ial 

and 14 .7. 
14 .0, 9.2, 6.2 and 5.7\ by proto=oal 

respectively . 
of casein, soya, GC, MC and SF 

The soluble proteins 

the 
extent of 79.0 . 68.0. 73.0. 62.2. and 6~% 

re degraded to 
50.7% b y cell- free 

SRF, 64 .0. 58.0. 54.2. 52.0 and 
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supernatant, 39.7, 
37.0, 32.7, 29.0 and 24.5\ by bacterial 

suspension and 13. 0, 12.0, 5.5,4.5 and 6.0\ by protozoal 

suspension, respectively. 

The insoluble proteins of casein, soya, Ge, NC and SF 

were degraded to the extent of 69.5, 57.2, 54.7, 44.0 and 48.2% 

by SRF, 40.7, 37 .2,32.0,28.5 and 27.0\ by cell-free 

supernatant, 32.0, 30 . 2, 19.5, 22.5 and 17.2\ by bacterial 

suspension and 27.2, 24.5, 14.2, 14 . 5 and 12.5% by protozoal 

suspension, respectively. 

These results indicated that intact, soluble and 

insoluble proteins of casein were degraded maximally by SRF and 

its fractions f ollowed, in order , by soya, GC, MC and SF . SRF 

degraded these proteins to maximum extent followed, in order, by 

cell-free supernatant. bacterial suspension and protozoal 

suspension . Soluble proteins were desraded to maximum and 

to minimum extent with all the rumen fluid 

ammonia production from intact feed proteins of 

GC, MC and SF was 39.6, 30.1 , 28 . 3, 26.9 and 27.1 

27.5, 22.4, 22.2 and 22.3 wi th cell- free 

19.9 , 18.7, 15.9. 15.8 and 16 . 3 with bacterial 

and 22 . 4, 20.3, 19 . 2 , 17.8 and 16.6 (8 h) mg 

ml SRF 
egui valent with protozoal suspension, 

1 ble proteins of casein, produced from so U 

was 45 .8, 40.8, 36.8, 34.2 and 32 .5 with 
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SRF, 35 .2, 32 .8, 27.8, 25.8 and 26.1 with cell-free 
supernatant. , 28 .9, 24.8, 18.7, 22.8 and 23 .8 with bacterial 

Buspension and 21.2, 19.6, 15.2, 14.6 and 14 . 4 (8 h) mg ammonia 

H/loa ml SRF equivalent with protozoal suspension, 
respectively . 

The ammonia production from insoluble proteins of 

casein, soya, GC, MC and SF was 26.7, 23.4, 18.3, 19.3 and 20.6 

with SRF, 23.1, 20.3, 15. 8, 13.7 and 14.8 with cell-free 
superna tan t , 17.3, 15.9, 14.2, 13.8 and 13 .5 with bacterial 

Buspension and 24 .8, 22.3, 20.2, 19.6 and 20.1 (8 h) mg ammonia 
H/laa ml SRF equivalent with protozoal suspension, 

respectively . 

These results indicated that intact, soluble and 

insolub1e proteins of casein produced .more ammonia-N with SRF 

ancI its fracti ons followed, in order, hy soya, GC/ MC/ S·F . SRF 

produced more ammonia-N from all the proteins followed by cell­

free supernatant , bacterial / protozoal suspension. Ammonia 

produced by SRF , cell-free supernatant and bacterial suspension 

was maximum from soluble proteins followed by intact proteins 

insoluble prote ins. Protozoal suspension, however, produced 

in almost equal amounts from both intact and soluble 

followed by insoluble proteins. The extent of ammonia 

depended upon the extent of degradation of proteins. 

Incubat ion of individual amino acids with SRF or 

suspension for 8 h showed that different amino acids 

different rates. With regard to their relative 
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rate of degradation , t he amino acids were divided into four 

groups: Serine , cysteine and aspartic more readily degraded 

(87-92t) , fo llowed by arginine, phenylalanine, throenine, 

glutamate, glutamine, l ysine, tyrosine and cystine (44 - 77%). 

tryptophan alanine , methionine and histidine (30-35t) and 

isoleucine, valine, g lycine, hydroxyproline and proline (9-

19". The SRF and bac t e r ial suspension degraded the amino acids 

approximately in Ehe same sequence, but the magnitude of 

degradation was more with SRF as compared to bacterial 

suspension . 

Characterization of de aminase activity from mixed rumen 
bacterial extract 

The bacterial pellet, obtained by differential 

centrifugation of SRF obtained from buffalo bulls 4 h after 

morning feeding , was sonicated and centrifuged to get the 

enzyme extract . This extract was termed as mixed rumen 

bacterial · extract (MRBE ) and was used to character':'ze the 

deaminase act ivi ty . 

the t emperature optima was found to be 6.75 The pH and 

The deaminase activity was found to be 45°C. respectively. 

stable upto SO ·C 

At 1 0 m mol e s concentration Na+ and K+ increased t he 

21. 4t while NH! and Zn++ decreased the 
ty by 27. 3, 

. lover the control 
b 15 .4 and 3 7 . 9% respect~ve y. 

ty y + Pb++ and Hg"'+ at simil.~l.r 
Heavy metal ions 1 ike Ag I 
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concentrations drastically decreased the activity, 

Chelating agents like sodium oxalate, sodium citrate, 

sodium tartarate and EDTA at 10 m moles concentration inhibited 

the activity by 20.5, 30.8, 44.9 and 45.7\ respectively. p-CMB 

and sodium az ide at mmoles concentration decreased the 

activity by 88. 3 and 73.0%. The reducing agents like DTT (10 m 

moles) and cysteine-HCl (5 m me>les) enhanced the activity by 

10.2 and 6.9% , respectively , over the control values. 

At m mole concentration hydrazine , hydrazine 

sulfate, phenylhydrazine and p-nitrophenylhydrazine inhibited 

the activity by 72.9, 68.2, 69.4 and 70.6%, respectively. 

Sodium arsenate and sodium arsenite at ~imilar concentration 

decreased the a ctivity by 75.9 and 78.7%. Hydroxylamine-HCl (1 

m mole) DDIC and phosphoramidon (50 ppm) inhibited the 

deaminase act ivity by 45.9 , 80.7 and 52 . 2\, respectively, over 

the control value . 

Methanogenic inhibitors like monensin (SO ppm), 

chloralhydrate , chloroform and sodium sulfite (10 m moles) 

inhibited the activity by 50.7, 63.2, 

respectively over the control value. 

54 .9 and 28.5% 

When the activity was traced in various fractions o f 

IRP, it was observed 
that cell free supernatant. bacteria and 

61.4,43.7 and 9.1 of total activity in SRF 

res
ul tS indlcate that maj or portion of 

as 100 ). These 

ce
ll- free supernatant and considerable 

was released into 
the bacterial cell . It was also 
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observed that i n mixed rumen bacterial cell 65\ of the activity 

was present in the cytosol and remaining 35\ was associated 

with the membranes. Out of the membrane bound activity, about 

90t was present in the inner membranes. 

Bffect of various . d eaminase and methanogenic inhibi t o r s on 
protein biosynthes 1S and volatile fatty acids production when 
intact proteins were i ncubated with SRF or bacterial s uspension 

All t he d~aminase inhibitors used increased protein 

biosynthes i s when intact proteins were incubated with SRF or 

bacterial sus pension. The order of effectiveness of inhibitors 

for incre as i ng t he TCA-precipitable proteins in the 1M was 

phenylhydrazine > sodium arsenate > ODIC > sodium arsenite > 

bydrazine p - n i t rophenylhydrazine hydrazine sulfate 

bydroxy~lamine-HCl when incubated with SRF and hydrazine sulfate 

> hydraz i ne ODIC sodium arsenate / sodium arse~ite 

hydroxylamine HCl > phenylhydrazine / p-nitrophenylhydrazine when 

incubated wi th bacterial suspension. It has been observed that 

increase in t he concentration of TCA-Precipitable proteins in 

the presence of inhibitors was more with bacterial suspension 

than with SRF . 

In t he presence of all these inhibitors there was more 

of TCA_precipitable proteins in case of cas ein 

as compared to 
GC, Me and SF. All these inhibitors. 

decreased the concentration of total volatile 
fatty 

in t he IM . 
i nhibitorS used increased p rot ein 

All the methanogenic 
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biosynthesis when intact proteins were incubated with SRF 0::­

bacterial suspension. The order of effectiveness of inhibitors 

• for increasing the TCA-precipitable proteins in the H1 ..... as 

monensin :> chloroform :> sodium sulfite :> chloralhydrate whE:1 

incubated with SRF and chloralhydrate :> monensin :> chloroform/ 

sodium sulfite when incubated with bacterial suspension. IYI 

general, in the presence of inhibitors the concentration 0: 

TCA-insoluble proteins in 1M was more in case of casein and 

aoya as compared to Ge, Me and SF. All these inhibitors also 

decreased the concentration of TVFA in the H1. In the prese:lce 

of these inhibitors the per cent increase in the concentratio~ 

of TCA-precipitable proteins was higher "with casein (50-86 % 

with SRF and 33-11 2% with bacteria l and soya (18-74% with S!e' 

and 28-79% with bacterial followed by MC (32-62% with SRF an:: 

17-74\ with bacterial, SF (30-58% with SRF and 12-64% wic" 

bacterial and GC (25-52% with SRF and 19-75% with bacteria l . 

It can be concluded from the study that the prot.e:'ns 

of Ge, Me and SF may be better utilized than soya and casein by 

ruminant.s because these proteins were found to 

reSistant to ruminal degradation. The prote~ns of GC may be 

bette r than MC and SF. 
Out of large number 0::: 

f ound 

ty, p -CMB, 

t o have inhibitory effect on deaminase 

sodium azide, hydrazine and its derivatives , 

onensin chloroform, 
sodium arsenate, ODIC, m, . 

. d were proved to be more 
and phosphoraml on 

11 these inhibi tors (except. p­
inhibi tOrs. A 
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CMB and sodium azide which were not tested in the present 

investigation) significantly increased the protein biosynthesis 

and hence may b e useful for efficient utilization of dietary 

proteins by ruminants. 
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APPENDIX 



by letter s a , b , c, d, e, f , g , h , i,j k, 
0 , p, q, r, 5 , t, U, v , w and X(P < 0 . 05) in t he pro-
the following are significant 

between Column I and II 

between column II and III 

between column I and III 

amongst the means of column I 

amongst the means of column II 

amongst the means of column III 

between col umn IV and V 

between col umn V and VI 

between column IV and VI 

amongst the means of column IV 

amongst the means of column V 

amongst the means of column VI 



Table 1. Effect of hydrazine on TCA precipitable proteins when various intact feed proteins were incuba­
tej with SRF for 4 and 8 h. 

Protein 
SQurce 

TCA precipitable proteins left after i ncubation (mg) 

I1me of 1ncuoat10n 

GC 

MC 

SF 

Soya 

4 h 8 h 

______ ~----~~------~c~o~n~c~en~t~r~a~t~1~o~n~of inhi:b~i~t~o~r~(~m~m~O~1e~S~) __ ~ ____________ ~~ ____________ ___ 
Control 0.1 1.0 control 0.1 1.0 

31. 2:t0 ' 73 33.1"+0.21 
(+6 .21) 

32 . 2a ,Q+0.39 
(+12 . 63) 

32.9a ,Q+0 . 12 
(+12.41) 

26 . 7a , e+ 0 . l7 
(+10.82) 

34.8bc+0.59 
(+11.39) 

33.7br+0 . 47 
( +17 . 87) 

33 .7b+0.83 
(+15.14) 

27 .1bf +0.22 
(+12.61) 

27 . 3:t0 . 28 36 . 89 +0 . 92 
(+34.88) 

34 . 39,k+O . 63 
(+35 . 24) 

35.99 , k+O.38 
(+31.44) 

30.19 ,k+0 . 57 
(+10.1)-

37 .1b+0.48 
(+35 .94) 

36 · 8h , i+0 . 52 
(+45.04) 

35.6h1 +O .11 
(+30 . 45) 

32 . 1 h ,u,1+0 . 87 
(+17 . 56) -

Casein 21. 3:t0. 81 23 . 7a ,e+ 0 . 46 
(+11. 49) 

24 . 2b ,f+0 . 31 
(+13.64) 

26.49 ,k+0 . 72 
(+52.01) 

28 .7h ,i,1+0 . 13 
(+65 . 47) -

Figures represent mean of four observations + so in this and proceeding tables. 
Figures in parenthesis represent percent(+) increase or (-) decrease over control 

in this and preceeding tables. 
Conditions of incubation: 

200 mg soluble starch , 40 mg intact protein on crude protein basis, 
10 ml strained rume n fluid, 9 ml buffer and e.l and 1.0 m mole 
hydrazine in 1 ml buffer were incubated for different periods. 



Tabl e 2. Effect of hydrazine on Ammonia produced when various intact feed proteins were 
incubated with SRF for 4 and 8 h . 

Ammonia - N (m9/100 ml RF) 
Protein 
source Time of incubatioin 

~ b 
Concentr ation vf inhibitor(m moles) 

Co ntrol 0.1 1.0 Contro l 0.1 1. 0 

GC 30.4~0.42 27.4a +O.4 5 25 . 3b ,C:+ O. 3 7 23 .4!:0 .59 22. 1 5 +0. 42 2.J . 3h ,u+ O. 88 
( - 10. ~4) (-16.84) (- 5 . 38 ) ( -1 2.94) 

M: 27. 6d!:0 . 41 24 . 3 e ,a+O. 82 22. b • f • c !:0. 14 21 .39!: 0 . 26 20 . 3 k +O . 98 18.2h • 1 • u!:0.45 
( -11. 83) (.19.37) ( -4. i7) ( -14 . 56) 

S? 28.8d!:0.23 25 . 1a+O.91 24 . 6 b • f!:O. 92 22 . 8 f !:1. 01 18 . 79. k +O . 16 17 . 3x ,h,i.:t0 . 22 
(-12.92) ( -1 6.6) ( -1 7 . 91) ( - 24 . 03) 

S::>ya 34 . 6d :,:0.75 30 . 4a , +0 . 22 2B . l c • b • f !:0.19 ·.27 . 8j:,:0 .1 9 26 . 69. k:,:0.44 22 . 1 h ,e,i.:t0 . 57 
( - 12.06) ( -18 .73) ( -4. 24 ) ( - 20 . 31 ) 

Casein 38 . 1 d:,:O . 81 32.7a ,e+O.16 30.6c • b • f !:0.7 6 30 . 3j:,:0 . 23 27 . 59+0.41 23.lh , x , i±O . 36 
(-14.24) (-19 . 84) (-9 . 19? ( - 23 . 75) 

Conditions of incubation : same as in table 1. 



Table 3 . Effect of hy1razine ~n Total Volatile fatty acids when various feed proteins were 
incubated w1th SRF for 4 and 8 h. 

Protein 
source 

TVFA produced ( m moles/IOO ml RF) 

Time of incubation 

4 h b 
Concentration of inhibitor (m moles) 

Control 0 .1 1.0 Control 0 .1 

GC 32 . 6:,:0 . S9 27.5 a +1 . 99 25 . 9b ,e+1 . S7 34 .1:,:1. 62 20.19+1 . 1 2 
( -1 5 .64 ) ( - 20 . 55) (-41.11) 

M2 :'1. S:,:1. 72 24 . 3a +2.1 22 . 7b+1 . 72 32 . 2:,:2.21 1S . S9+1. 09 
( - 23.5S) ( - 2S.61) ( -41.16) 

SF 32.1:,:1. 46 26 . Sa:,:1. 65 24.1 b:,:1.69 33 .4:,:1.17 1 8.99:,:1. 56 
( -1 6 . 51) (-24.92) (-43 . 41) 

Soya 36 . 3P:,:2 .1 9 34. 6e +1. 92 30 .4 b , f,c±l.06 3S. sj:,:1. 63 30 .69,k+1.4 2 
(-4 . 68) (-16.25) ( - 21.13) 

Casein 39 . 04:,:1. 06 37.2m,W±l.12 32 . a b ,r,c±l .1 8 41. 9v:,:1. 76 31 . 89+1 . 29 
( - 5 . 58 ) (-16.75) ( -. 24-:-11) 

Conditions of incubation : same as in table 1 . 

1. 0 

17. 4h+1. 23 
( - 49.01) 

15.6h+1.49 
( - 51.55) 

15.9 h ,u:,:1.44 
(-52 . 39) 

27 . 3h +2 .1 2 
(-29 . 64) 

28.6 h ,u+1.77 
(-31. 74) 



Table 4. Effect of hydrazine sulphate on TCA precipitable proteins when various intact feed 
proteins were incubated with SRF f o r 4 and a h. 

Protein 
source 

TeA precipitable proteins left after incubation (mg) 

Time of incubation 

_________ =====4:b~::~~~~~£i~£f~ .2~~~~~~==~~::===_ ____ ~~------------~ Concentratioin of inhibilors(m moles} 
Control 0.1 1.0 Control 0.1 1 . 0 

GC 30.5:,:0.87 31.1+0.41 33.8b ,c+0.15 26.6C:,:0.28 
(+2.13) (+11.09) 

MC 27.8P:,:0.91 28.6a +0.38 29.8 b ,f,o+0 . 26 23.8j:,:0 . 16 
(+2.61) (+7.00)-

SF 28.6:,:0.77 29.8m,e+0.26 31 . 1b , r,c+0.19 25 . 1:,:0.92 
(+4 . 26)- (+8.88)-

Soya 23. 5£+Q.,B 25 .3a , e +0 . 41 27 . 8b . f , c +0.71 20.5j:,:0.47 
(+7.31)- (+18.22) -

Casein 20 . ad±.o. 34 21.3e +0 .7 2 23.8b ,f,c+0 . 52 17. 6f :,:0 . 1 3 
(+2. 31) (+14.19 ) -

33.19+0.28 
(+24 . 77) 

31.1k ,9+0.63 
(+30.62) 

32 . 8k ,9+0.34 
(+30.57) 

26.5 k ,9+0.44 
(+29.66) 

23.9k ,9+0 . 19 
(+35. 33) 

35.4 h ,i+0 . 7 3 
(+33.28) 

32.8h ,l,U+0 . 87 
(+37 . 79) -

34.1h+0 . 44 
(+35.66) 

28 . 7e , h,i+0 .6 2 
(+40.2 2 ) -

26 .4h .1.i+0 . 8 4 
(+49. 51) -

Condi tio ns o f in c u ba tio n same a s i~ tab l e 1 except 0.1 a nd 1. 0 m mo les of hy draz i ne 
s ulphate i n 1 ml buffer were added to incu bation mi xture 
i nstead of hydra z ine . 



Tabl e 5 . Effect of hydrazine sulfate on Ammonia produced when va r ious intact feed 
proteins were i ncubated with SRF for 4 and 8 h . 

Ammonia - N (mg/l00 ml RF) 

Protein Time of i ncubation 
s ource 

4 h 8 h 

Concentration of inh i b i tor ( m moles ) 

Control 0 . 1 1. 0 Contro l 0 .1 

GC 35 . 8i:0. 41 33 . 6a i:0 • 38 30.3b,c~O . 33 27 . 62c0 . 41 24 . 3gi:0 . 32 

MC 30. 5i:0 . 32 28 . 4e , a i:0 • 92 24 . 4f,b,c~O . 69 25 . 8ji:0.772 21. 0g , k2c0 . 48 
( - 6 . 69 ) ( - 20 . 02) ( -1 81182 ) 

SF 33 . 2di:0.42 29 . 8a + O. 71 27 . 5c , f , q~O . 6 l 26 . 7i:0 . 46 27 . 99 , ki:0 . 21 
( - 10 . 03) ( - 17 . 05) ( - 14 . 4) 

Soya 37.5di:0.59 34 . 8a ,ei:1. 02 30.8C,1 , f 2c0.43 30. 6vi:0 . 71 26 . 49 , k+O . 33 
( - 7.22) (-17 . 96) ( - 13.58) 

Casein 4 0. 7di:0. 44 36.3a +0.93 32.5c l b , r~O . 86 32 . 3j-+:.O .18 28 . 59 , k+O.27 
( - 10.82) (-19 . 97) (-11.55) 

Conditions of incubation same as in table 4 . 

1. 0 

20.8 h , i 2c0.14 

1 7 . 6h , 1,i2c0.31 
( - 31. 75) 

19.5h,xli~O.96 
( - 26 . 87) 

22 . 3k , l,i2c0.34 
( - 26 . 86) 

23 . 9h,1,i~O.6l 
(-26 . 05) 



Table 6. Effect of hydrazine sulfate on Total Volatile fatty .acids production when 
various intact feed proteins were i~cubated with SRF for 4 and 8 h 

Protein 
source 

GC 

c 

TePA produced' (m moles/lOO ml RF) 

Time of incubation 

0 .1 1.0 Conttol 

4 h Concentration of inhibitor ( m moles) 8 h 
-c-o~n-t-ro-1~--~--~' 0~.~1~----------~1-.~0 ------------~ 

34.2:<:1. 03 30 .2a +1 . 23 29.2b +l .1 9 
( -11. 69) (-14.61) 

35 . 8:<:1. 59 

26 . 8rn .P+l. 86 27 . 5n +1.82 
(-15. 72) (-13 . J2) 

33 . 3:<:1. 43 

32. 1:<:0.45 27 . 9a +l . 61 ?8 .6b+l.32 
( -13 .08) (-10 . 9) 

34 .2:<:1.72 

32.8a • e +l . 19 30 . 2b • o +1 . 35 
( -11.11) (-18 _15) 

38.4:<:1. 66 

38 .5:<:0. 89 33 . 6a +l.25 31.7b +l .49 
(-12 .72) (-17.66) 

Conditions of incuba tion : same as in table 4 . 

26.29+0.98 
(-26.81) 

23 . 6W · Q+1.06 
(-29.12) 

25.29+1. 85 
(-26.32) 

30 . 59' U+2.01 
( - 20 . 57) 

32 .69+2.13 
(-17.68) 

22 .lh ,i+l . l7 
( - 38 . 27) 

20 . 8h • u+1.38 
( - 37 . 5)-

21. 5h • u+1. 81 
(-37.13) 

25.7h ,x,u+2.12 
( - 33.07) -

27 . 3 h ,u+l . 74 
(-31.06) 



Table 7. Effect of phenyl hydrazine on TeA precipitable pr oteins when various intact feed 
proteins ware incubated with SRF for 4 and 8 h . 

Protein 
SO'lrce 

h 

TeA precipitable proteins left after incubation (mg) 

Time of incubation 

_ _ ______ --"C"'o!!n"'c"e!.'.n=-tr"-,ation of inhibitor (m m,~les) 8h. ___ ~ 
Control 0 .1 1.0 Control 0.1 1. 0 

G-:: 27 .1!:0 . 38 30.1"+0 . 42 31. 6b , °+0.51 23.5!:0 . 92 32 . 79+0 .7 2 35.7h ,i+0.ll 
(+11. 2) (+16.70) (+39.41) (+52 . 27) 

MC 25. 4P!:0. 72 28 . 5a , Q!:0 .9 8 29 . 1 b ,f+0. 86 21. 29!:0 . 45 30.29,k+0 . 32 34. 5h , 1, i!:O . 41 
(+12.0) (+14.72) (+42.33) (+62 . 85) 

SF 26 . 2!:0.17 29 . 6"+0 .4 2 30 . Sb , r , o!.O . 64 21. 8!:0 . 71 31. 69 , w+O .12 34.5 h . i +0. 32 
(+12.99) (+17 , 81) (+44 .85) (+57 .94) 

S-:>ya 20 . 6d!:0 . 24 23 . 6a ,e.:!:.O . 62 25 . 3b .f. O!:0 . 74 17.3i!:0.36 26. 49,k+0 . 28 29 . 3 h ,i,1!:0 . 65 
(+13 .12) (+24 . 21) (+52.54) (+69 . 28) 

Casein 17.3d!:0 . 81 20 . 2",e+0 . 79 23 .4 C • b . f !:0.16 15.3i!:0.77 24 . 09· k +0.46 27 . 51.h . i!:0.52 
(+16.62) (+35 .1 ) ( + 56 . 93) (+79.71) -------- --------------_ .. _-_.-

Conditions of incubation: s.3.me as in table 1 e.<cept 0 . 1 and 1.0 m moles o~ p~enyl h.ldrazine 
in 1 ml b'Jffer were added to incubation mixture instea.j of hydrazine . 



Table 8. Effect of phenyl hydrazine on Ammo nia produced when various intact feed 
proteins were ~ncubated with SRF for 4 and 8 h . 

Ammonia -N "(mg/1 0 0 m1 RF ) 

Protein Time of incubation source 

4 h 8 h 

Concentration of inhibitor (m moles) 
Control 0.1 1.0 Control 0.1 1.0 

SC 33.4;t0.91 31.3m+O.44 29.4 b , c+O.33 2s . 4;t0.s3 21 . sg+O . 91 18.sh ,i+O.46 
(-6.16) (-11. 85) (-15.29) (-26.96) 

MC 3<. 2;t1. 02 28.6a ,e+O.52 26.4b,c,f~O.65 22.8j;tO.46 19 . 3g , w+O . 44 ls.2 1 , h , i;tO.19 
( - 11.22) (-18 . 07) (-15.20) (-33 . 56) 

SF 32.9;t0.84 29.2 a +O . 18 27.sb ,c,r!.O.75 23 . 6;t0 . 72 20.8g , w+O . 32 16 . 91 ,h , i:t0 . 28 
(-11.17) (-16. 43) (-11. 97) (-28 . 42) 

Soya 36.4d;tO.62 33. 3a , e~O. 44 30.3b ,C,f!.O.97 29 . 3j:t0 . 66 2s.8g,k+O . 17 20 . 91. h , i:t0 . 64 (-8.66) ( - 16 . 84) (-11.95) (-28.82) 

Casein 39. 2d;tO. 31 36.aa , e±.O.63 32.8b ,C , f:t 0 . 31 31.sj:t0 . 18 27.6g,k+O . 38 22 . 1 1 ,X,i±O.34 
(-6.02) (-16 . 29) (-12 . 14) (-29 . 88) 

Condi tions of incuba tion: same as in tabl e 7. 



Table 9 . Effect o f phenyl hydrazine on Total Volatile fatty acids production when various 
intact feed proteins were incubated with SRF for 4 and 8 h. 

Protein 
source 

TVFA produced ( m moles/lSO ml RF) 

Time of incubation 

4 h 

Concentration of inhibitor (m moles) 

8 h 

----------------------------
Control 0.1 1.0 Control 

SC 33.8:,:1.29 26.7"+1.65 24.6 b ,o+1.61 35.2:,:1.21 
(-21.ijO ) (-27.21T 

MC 30 . 6P:,:1.85 23.2·,e+1.74 20 . 8b , c,f+1.77 32 . 4j:':1.17 
( - 24 . 18T ( - 32 .02) -

SF 32.3P:,:1.72 24 . 5"+1.39 22.3 b ,o,.r+l.58 34 . 3 v:,:1. 85 
( - 23 .69) ( - 30.95) -

29.9·,e+l.18 26 . 2b , c,f+l . 51 38 . 4j:,:2.08 
( - 19 . 23T (-28.02) -

:asein 39. 3d~1. 39 32 . 4· , e+l . 46 28.5b ,c,r+l.67 42.3j:,:1.91 
(-17.3)- (-27.48) -

Conditions o f incubation: same as in table 7. 

0 .1 

21. 39+1. 93 
(-39.371 

17.69 , k+l . 88 
( - 45 . 68T 

19 . 29 ,w+1. 76 
(-44 . 02T 

23 . 79,k+l. 71 
(38 . 28)-

25 . 8g'W+l.52 
(-39.00T 

1.0 

19.4h ,b+1.14 
( - 44.88T 

15.6h ,i+1.67 
(-51.8ST 

17.5h ,u'X+1.89 
(-48.971 -

20 . 3l ,u'X+l.12 
( -47.13) -

21. Sl, i+1. 38 
(-49.17T 



Table 10 . Effect of p- nitrophenyl hydrazine on TCA precipitable proteins when various intact 
feed proteins were incubated with SRF for 4 and 8 h . 

TCA pr eci pitable proteins left after incubation(mg) 
Protein 
source Time of incubation 

4 h 8 h 

Concentrat ion of inhibitor ( m moles ) 

Contr ol ° .1 1.0 Control 0 .1 1.0 

30 .5a +O. 81 31.8b , c+O.92 26 . 2c:t0 . 98 33.69+0 . 86 35.4h ,u+O.72 
(+8 . 36) (-13 .16) (+28.44) (+35.47) 

GC 28 .1:t0 .14 

27.5 e +O . 55 27.9 f ,n.±0. 24 23. 3j-+:..O . 64 31.5w , 9+0 . 39 33 . 2h ,l,i ' .±0 . 38 
(+5.2) (+6.73) (+34 . 99) (+42 . 4) 

MC 26 . 9d:t0 . 78 

28.1+0.69 30. 4f ,n,0.±0. 86 25 . 6j:t0 . 59 32 .4 w, 9+0 .1 9 34 .4h, i,x:t0 . 62 
(+2 .07) (+10.45) (+26 . 24) (+34.04) 

SF 27. 5:t0 . 32 

25.6 e +O.72 26 . 2 f ,n:t0 . 24 22 . 9j-+:..O.51 28 .1k ,9+0 . 91 30.Sh,i,1:t0 . Sl 
(+3.51 ) (+5 . 65 ) (+22.79) (+33.35) 

Soya 24 . 8d:t0. 41 

23.2e+O .44 24 . 8C , b,f.:!:.O.42 20 . 2j-+:,0 . 33 30 .5h ,i+O.ll 
(+1. 57) (+8 . 45) (+36 . 41) (+51.38) 

Casein 22 . 8d:t0 .26 

Conditions of incubation: Same as in table 1 except 0 . 1 and 1.0 m moles of p- nitrophenyl 
hydrazine in 1 ml buffer were added to incubation instead of hydrazine. 



Table 11 . Effect of p-nitro phenyl hydrazine on A~~onia produced when various intact feed proteins 
were incubated with SRF for 4 and 8 h 

Protein 
source 

GC 

MC 

SE' 

S~ya 

Casein 

Control 

17.3:,:0.48 

34.7d:,:0 . 92 

36. 5P:,:0. 44 

38 .1P:,:0. 68 

40 . 6d:,:0. 62 

Ammonia-N (mg/100 m1 RF) 

Time of incubation 

4 h 

Concentration of inhibitor (m moles) 

0.1 1.0 Control 

34.7a +0.44 32.6b , c+0 . 21 35 . 2"':..0.81 
(-7 . 00) (-12.45) 

31.2 e ,a+O.76 28 . 1 b ,!'C:,:0.92 31.4j:,:0.93 
(-10 . 06) (-18 . 81) 

33.2a ,e±O.38 30 . 7b,r, .c.:t0 . 76 37 . 3j~0 . 24 
(-8.92 ) (-15.97) 

36 . 5e ,m.:t0 . 69 34 . 7b ,f,o±0.84 36 .6:,:0.44 
( -4. 22 ) (-9 . 05) 

37 . 3a ,Q:,:0 . 23 35.8b , C:,:0 . 3 37 . 3:,:0 . 49 
(- 8 . 20) (-11.8) 

Condi tiara of incubation: Same as in table 10 

8 h 

0.1 1.0 

31.29+0.72 27 . 3 h , i:,:O . 42 
(-11.32) (-22 . 3) 

27 . 3< ,g+ 0 .1 8 24.6 l ,h,i.:t0 . 28 
(-12 91) (-21.64) 

28.1w,9+0.49 26 .l 1 , h,i.:t0 . 22 
(-24 . 49) (-29.85) 

30. 79 ' <:,:0. 31 28.21. h ,i:,:0.34 
(-16 . 2) ( -23. 08) 

32 . 69+0.77 29 . 4 X ,h,i±O. 63 
(-1 2 . 54) (-21.28) 



Table 12. Effect of p-~itrophenyl hydrazine on Total VolatiDe fatty acids production when various 
intact feed proteins were incubated with S ~F for 4 and 8 h 

Protein 
source 

TVFA produced (m moles/lOO ml RF) 

Time of incubation 

4 h 

Concentration of inhibitor ( m moles) 

8 h 

Co.1trol 0.1 1.0 
------~~------~------~ 

Control 0.1 1.0 
-----
GC 33 . 3:!:1. 81 30 . 4+1.62 27.6+1. 72 35. 6:!:1. 93 26 . 89+2 .13 21.3 h , u+1.92 

(-8 .71) (-17:-11) (-24 . 72) ( - 40.17) 

MC 31. 4:!:1. 77 27.6m+l24 24. 2n+1. 89 33 . 4:!:1. 86 23.39+2.09 20. 2h+1. 46 
(-1 2 I ) (-22.93) (-30.24) (-39.52) 

SF 32 .1:!:1. 72 28 . 6m+1.33 25 . 3 t 1.96 34. 2:!:1. 98 25.19+1 . 76 20.7 h ,u+l . 42 
( -10.9) ( - 21:-18) (-26.61) ( - 39.47) 

Soya 36 . 4P:!:1. 12 32 . 8e ,m.:t1. 21 30 . 1r+1.94 38·1v:!:2 . 24 28 . 29 ,w+1. 38 23.S h ,X,i.:tl . 35 
(-9.89) ( -17.31) ( - 27 . 51) (-39 . 58) 

Casein 39 . 2P:!:1. 43 34 . Sa +1 . 62 31.1°+1. 38 42.6:!:2.01 29.79+1.44 24. 8 h , b+1. 82 
(-11.~ (-20 .1S) (-30.28) ( - 41. 781' 

Condition s o f in cubati o n : s ame as in table 10 . 



Table 13. Effect of Hydroxy l amine on TeA precipitable proteins when vari o us intact feed 
proteins were incubated with SRF for 4 and 8 h . 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

TCA precipitable proteins left after incubation (m9) 

Time of incubation 

4 h 8 h 

Concentration of inhibitor (m moles) 

Control 0 .1 1.0 Control 0.1 1. 0 

31. 3~0 . 21 32 . 4a +0 . 18 33 .6 b , C.:t0 . 25 28.6~0 . 1 2 30.69+0 .6 6 35.3 h ,i+O . 94 
(+3.48) (+7.34) (+7 . 28) (+23 . 52) 

29 . 8d~0 .62 30 . 6Q+0. 89 31. 4b , f~O. 72 26 . 3.i+~ 28 . 29,w+0 . 91 34.4 h +0 .7 7 
(+2.51 ) (+5.32) (+11. 57) (+35.93) 

30 . 6~0 . 87 31. 3+0 . 23 32.8b , r , C~0 .31 26 . 3~0 . 83 29 .79+0 .4 4 34 . 4h+0.46 
(+2 . 28) (+7.21) (+12.87) (+30 . 72) 

26 .3d~0 .96 27 . 6e +0 . 68 28 . 2b,f~0.44 23 .6j~0.39 25 . 89 , k~0 . 27 31 . 3 h ,i , x:,:O . 32 
(+4.89) (+7 . 29) (+9.63) (+33 . 02) 

29 . 5P~0 . 29 28 . 5a , e.:t0 . 27 26.3b , f~0.68 2 1. 5v~0 . 92 24 .49,w+O.68 29 . 6h ,i , 1.:t0 . 14 (+5.47) (+7.55) (+13.38) (+37.64) 

Conditions of incubation : Same as in table 1 e xcept 0 .1 and 1.0 m moles of hydroxyl 
amine Hel in 1 ml buffer were added to incubation mixture 
in stead of hydrazine. 



Prote in 
source 

GC 

MC 

SF 

Soya 

Casein 

Ammonia -N ( mg / 10 0 ml RF) 

Time o f incubation 

4 h 8 h 

Concentra t i o n o f inhibitor (m mo l e s ) 

Cont r o l 0 .1 1. 0 
------------~------~~------~ 
Control 0 . 1 1. 0 

36 . 0<:.0 . 82 33 . 1a +O. 44 31. Sb ,c 0 . 38 33 . 8<:.0 . 8 8 27.Sh , i,tO . 7 7 
(-7.89) (-12.26) (-7 . 92) ( -18 69) 

32 . 4d,tO. 96 30 . 6e ,p , n.:t0 . 29 29.S b , O,f.:t0 . 49 31. oj,tO . 21 26. 2g , k+O . 29 24.4 h ,i,1.!.O.41 
( - 14 :9S) ( - 21. 09) 

34 . 2P,tO . 78 31.Sa , Q,tO.36 30 . 6r ,b ' °.:t0 . 4 4 31. S,t0 . 42 28 . 3g ,k+O . 24 23 . 8 h ,i,1,tO.38 
(-10 . 0ll ( - 17 . 99) 

38 . 6d,tO.69 36 . 4e , a±O . 21 32.S b ,C , f±O . 72· 36 . 3j,tO. 92 33.19 ,k,tO.38 31. Sh , i,1,tO. 2 2 
(-8.70) ( - 13 . 11 ) 

40. 3P,tO . 91 38. 3a , e±O. 7 2 36 . 0b ,C,f,tO. 6 8 3 7 . 6,t0.73 34 . 29,k,tO.19 32 . 4h ,i , 1±O . 28 
(-9.19 ) ( - 13.74) 

Conditi o n s o f incuba tio n: Same as i n table 13 . 



Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

TVFA produced (m moles / lOO ml RF) 

Time of incubation 

4 h 

Concentration of inhibitor (m moles) 

Control 

30.8-1}.42 

28 . 6:!:1. 59 

35.3:!:0.24 

0.1 

24. 3a +1. 89 
( -21. I ) 

22.1 a+1. 58 
( -2 2.73) 

23 . 4a +1. 52 
( -19.03) 

30.6 e ,m+0.71 
(-9.2) -

32.1+2.03 
( - 8 . 81) 

1.0 

22 .8 b+l.17 
(-25.97) 

20 .7b+2.13 
(-27.62) 

21. 3b+l . 47 
(-26.29) 

28.6 b ,f+1.62 
(-15.13) 

30 . 2b ,o+l . 89 
(-14 . 2) -

Control 

32. 6:!:1. 72 

31. 7:!:1. 69 

32 . 1:!:1.14 

Conditions of incubation : Samo; as in table 13. 

8 h 

0.1 

21. 39+1. 27 
(-34.66) 

18.69+1. 81 
(-41. 32) 

20. 19+1. 06 
(-37.38) 

25.49 , k+1. 77 
(-30.6)-

27.8 5 +1. 08 
(-29 .62) 

1. 0 

18. 5 h +1. 77 
( -43. 25) 

15.4h +l.43 
( - 51. 42) 

15. 8 h +1. 61 
(-50 . 77) 

22 . 3h • 1 +2 . 03 
(-39.07) 

24 . 2h ,u'X+1.44 
(-38.73) -



Table 1 6. Effect of Sodium Arsenate on TeA-precipitable proteins when various intact feed proteins 
were incubated with SRF for 4 and 8 h. 

Prot ein 
source 

Concentrati on of 

Control 

GC 29.1"':.0.92 

Me 27. 2d:,:0 . 54 

SF 28 . 8d:,:0 . 61 

Soya 25 . 1d:,:O.55 

Casein 2 0 . 2d:,:0. 28 

TCA precipitable proteins l eft after Incubation (mg) 

Time of incubation 

4 h 8 h 

inhibitor (m mol es) 

0 .1 1.0 Control 0 . 1 1.0 

31. 2a +0 . 56 32 . 7b ,o+ O.69 26 . 2~0 .05 35 . 49+0 . 1 5 37.8h , i+O.44 
(+7.00) (+1 2 . 39) (+35.32) (+44 . 57) 

28 . 2e ,m±.O.19 29 . 9b ,C,f.:t0 . 19 23.8j~0.64 33.69 , 40 . 78 35.8h ,i,1:,:0 . 38 
(+3 . 71) ( - 9.99) (+41. 49) (+50 . 5) 

30 . 6m,Q±O.91 31. 8b , f:<:.0 . 46 24.8+0 . 71 32.69+0 . 82 35.8:,:0. 9 6 
(+6 . 2) (+10.15) (+31-:-1) (+43 . 9) 

26. 8e ,m:,:0.76 28 . 6b ,f ' °.:t0 . Sl 20.S j :,:0.29 29 .99,k+0 . 61 3 2 . 8h , i,1~0. 8 1 
( +6.88) (+1 3 . 6 9 ) (+46 . 24) (+60 . 35 ) 

2 2 .8a , e +0 . 8 4 23 . 8b ,f+0.46 17.3:,:0. 33 2 7 . 29,k+0 . 54 3 1 . 2h , i , x.:t0 . 89 
(+1 2 . 95) (+1 7 . 86) (+ 57 . 21) (+ 80.0 2) 

Conditions of incubation: Same as i n table 1 except 0. 1 a nd 1. 0 m ml)les of sodium ars .;mate in 
1 ml buffer w'.=:re added to incubation mixture instead of hydrazine . 



Table 17. Effect of Sojium A~senate on A~~Jnia production when various intact feed proteins were 
incubated with SRF for 4 and Sh . 

Protein 
source 4 h 

Ammonia-N (m9/100 ml RF) 

Time of incubation 
8 h 

Concentration of inhibitor (m mOles) ______________________________________________ __ 

Control 0.1 1.0 

GC 34.2Z0 . 44 31. 5aZO. 62 27.S b ,c+O . 19 
(-7.86) (-19 . 52) 

MC 31.4dZO . 87 29 . 3m,q.:t.0 . 71 25. 2b , c , fZO. 76 
(-4 . 93) (-19.97) 

SF 32. 8PZO. 26 30.4a +0.36 26.7b , C+0.84 
(-7.14) (-18.34) 

Soya 38.59ZO.39 36.2a ,e.:t0 . 44 32.4 b , C,f.:t0 . 51 
(-6 .13) (-15 . 84) 

Casein 42.8dZO.75 40.6m,e:t0 . 87 37 . 3b ,C, f Z O.83 
(-5.25) (~12.84) 

Conditions of incubation: Same as in table 16. 

Control 

30.5Z0.63 

26 . 8jZO. 45 

28 .4 i ZO.39 

35 . 8 j ZO.82 

39.8 j ZO.94 

0.1 

26.49+0.42 
(-13 . 41) 

22.89,k+0.17 
(-15.01) 

24 .59,k+0. 27 
(-13 . 93) 

32 . 29 , k+0 . 42 
(-10.12) 

35.89 , k+0.17 
(-1 0 . 18) 

1.0 

20.1h ,i+0.23 
(-33.98) 

16.5h ,i,1+0.42 
(-38.57) -

18.0h ,i,x+O.96 
(-36 . 81) -

2 7.5h ,i,1+0 . 48 
(-23.03? -

28 .4 h ,i+0.56 
(-28 . 72) 



Table 18. Effect of sodium Arsenate on Total volatile fatty acids production when various ointake 
feed proteins were incubated with SRF for 4 and 8 h . 

Protein 
source 

GC. 

MC 

SF 

Soya 

Casein 

TVFA produced (m moles/IOO ml RF) 

Time of incubation 

4 h 

Concentration of inhibhitor (m moles) 

Control 0.1 1.0 Control 

34 . 8-+:.1. 32 29. 7a +1. 24 24.3 b ,c+l.49 36. 5Z1. 91 
(-14.65) (-30 . 17) 

30.3PZ1. 77 26. 3m+1. 86 21 . Sr ,0+l.55 33.2vZ1.28 
(-13.20) (-29.04) 

32. 4Z1. 85 27.4m+l.75 22.3 b ,o+l . 8 2 34 . 7Z1. 77 
(-15 . 43) ( -31.li) 

37. 9dZ1. 61 31.9a ·Q+1.17 25.6b • c +l. 61 4 2 .8 j Z1.31 
(-15.8 3) (- 32 .45) 

40 .1Z1. 44 35 . 3a · Q+1. 22 
( - 12 .1 9) 

30 . 4b • c • f Z1. 38 
( - 24. 38 ) 

45 . 3Z1.1 2 

Conditions of i ncubation : Same as intable 16. 

8 h 

0.1 

21. 6g+1. 08 
(-40.82) 

18.2g. K+0.99 
(-45.18) 

20.4g· W+0.86 
(-14 . 21) 

25.8g. k +1.4 3 
(- 39.72) 

2 7. 3g+1. 31 
(- 39 .73 ) 

1.0 

14 . 8h • i+1. 85 
(-59.45) 

12.3h • i +1. 72 
(-62 . 95) 

13.5h • i +1. 3 4 
(-61. 09) 

l 7 .6 h ,i,x+1. 48 
( - 58 . 8 7) -

18.5h • i +1. 72 
( - 59 .16) 



Table 1 9. Effect of Sod i um Arsenite on TCA- precipitabl e prot e i ns when various intact 
feed proteins were incubated with SRF for 4 and 8 h 

Protein 
source 

G<: 

MI: 

SF 

Soya 

Casein 

TCA- precipitable protein s left after incubation (mg) 

Time of incubation 
4h 

Concentration of inhibitor rm mo l es) 

Control 0. 1 1.0 Control 

30 . 4:,:0.39 33.7 a +0.4 1 34.8b+0.71 28 . 9:,:0.58 
(+10 . 78) (+22.67) 

27 . 6d:,:0 . 79 30.8a , e+0.88 32. Sb , r , 0,:tO .14 24.4j:,:0 . 22 
(+11. 82) (+17.78) 

28.9:,:0 . 91 32.la ,Q+O.44 33 . 6b , r , c.:t0 . 44 26.3v:,:0 . 96 
(+11. 09) (+16. 1 8)' 

26. 3P:,:0. 85 28.6 a , e:,:0.28 
(+8.71) 

29.4 b ,f'°.:t0 . 6l 
(+11.79) 

23.9j:,:0.46 

22 . 6d:,:0. 22 24.4a ,e.:!:o . 36 
(+8.19) 

26. 3b , f, 0:,:0.72 
(+16.48) 

20 .1j:,:0. 28 

8 h 

0.1 

35.69+0.83 
( + 22 . 92) 

33 . 89'W+0 . 91 
(+38.61) 

34.89+0 . 81 
(+32 . 44) 

30 . 89 , k+0.14 
(+29 . 12) 

27.69,k+0.33 
(+36 . 94) 

1.0 

37.4h 'U+0 . 49 
(+29 . 41) 

36 . 3h ,i , x+O . 32 
(+48.87) -

36.3+0 . 48 
(+37:-99) 

32.5h ,i,1+0. 26 
(+35.93) -

31.2h ,i,x+O.79 
(+54.76) -

Conditions of incubation: Same as in table 1 except 0 .1 and 1.0 m moles of Sodium arsenite 
in 1 ml buffer were a,jded to incubation mixture in steadof hydra zine. 



Table 20 . Eff e ct of Sodium arsenite on ammonia produced when various in tact f e ed proteins 
wp.re incubated with SRF for 4 and 8 h. 

Amrnonia - N (m9/ 1 OO m1 RF) 
Protein 
source Time of incubation 

4 h 8 h 

Concentration of inhibitor (m moles) 

Control 0.1 1.0 Control 0.1 1.0 

GC 3l.1~0.42 27.2a +0 . 64 25.6 b ,o+0.56 25.2~0.29 22 . 79+0 . 24 18.6h+0.47 
( -12 71) (-17.69) ( -10.01) (-25.97 ) 

MC 2a.6d~0.69 25.Sa ,Q+O.72 22.a b ,C,f,:tO.49 2 4.7~0.28 19.89,k+0.77 16.5h,i,1~0 . 68 
(-10.97) (-20.16 ) (-19.88) (-33.14) 

SF 30.2P~0.81 26.3a +0.56 24.9 b ,f ,.°,:tO. 39 24.7-+:..0.35 21.49'W+0. 92 17. 3h ,i:!.J . 1 9 
(-12.66) (-17.37) (-13 . 58) ( 29. 87) 

Soya 35. 5d~0. 9 2 29 .la , e +O.44 27. 2b , c, fj:O . 22 32 . 9j~0 .49 25 . 89, k+0. 97 20 . 2 h, i, 1~0 . 53 
( -17.91) (- 23 . 52 ) (- 21. 54) ( - 38 . 7 4) 

Casein 38 . Sd= 0.16 32 . Sa , e.:t0 . 39 30 . 2b , c , f .:tO . 83 34 . ?V~0 . 92 28 . 6 9, k~0.6~ 21 . 3h , i , x,±D . 81 
( -1 6 . 25) ( - 22.82) (-1 7 . 64) ( - 38 . 56) 

Conditions of i ncubation : Same as in table 19 . 



Protein 
source 

4h 

TVFA produced (m moles/IOO rnl RF) 

Time of incubation 

concentration of . inhibitor (rn moles) 

Control 0 .1 1.0 Control 

30.4::,:1. 37 GC 27. 6::,:1.61 22 .6m+1. 91 20.8"+1 . 76 
(-18.11) (-24 .64) 

MC 25.3::,:1. 42 20.9m+1.73 18.3"+1.87 
(-17.39) (-27.66) 

28 . 5::,:1. 49 

SF 25.8::,:1.89 21.7m+1.34 1 9.1"+1 . 83 
(-15.89) (-25.9H 

29 . 3::,:1. 44 

27 . 4e ,m+1.22 24 . Sn ,r+1 . 9l 
(-13 . 29) (-21. 52) 

34.8"':..1. 51 

Casein 35 . 4P:!:l.l4 29 . 2m+1.08 25 . 9"+1.49 
(-17.51) (-26 .84) 

Conditions of incubation : Same as in table 19. 

8h 

0. 1 

18.69+1. 48 
( - 38.81 ) 

1 5. 49,W::':1. 1 6 
(-45.96) 

16.39+1.31 
(-44.37) 

21.49,K+1.77 
(-38.51) 

23.59+1 . 52 
(-40.2) 

1.0 

1 2.2h ,i+1. 25 
(-59.87) 

9 .4 h ,i::,:1. 98 

(-67.01) 

10. 3 h , i+1. 81 
(-64.85) 

16.5h ,i, 1+1. 72 
(-52.58) -

1 7.3 h ,i+1.44 
(-55 . 98) 



Prote~n 
source 

G(: 

M: 

SF 

Soya 

Cdsein 

TCA- precipitable pr~teins left after incubation (mg) 

Time of incubation 

4h 8h 

Concentration of inhibitor ( ppm) 

CO ~ltrol 25 50 Control 25 

32 . 6:t0 • 78 34.9m+O.44 36.8b ,o+0.38 24 . 4:t0 • 77 32 . 99+0 . 61 
(+7.1) (+12 . 88) (+34.83) 

31. 4:t0. 42 33 .1m+O . 71 35.6 b ,o+O.24 26 . 6P:t0.41 36.89 , k+O.72 
(+5.41) (+13.37) (+38 . 34) 

33 .1P:t0. 56 35. 1 +0.72 37.2 b , c,r.:t0 . 6l 27 . 1:t0 • 38 35.29+0.56 
(+6 . 04) (+12 . 38) (+29 . 88) 

28. 1d:t0 . 77 31.0·,e:t0 . 54 33 . 7b,c,f.:tO . 4~. 24 . 6d:t0.26 34 . 89:to.84 
(+10.32) (+19.92) (+49.46) 

27 . 8:t0. 81 31. 2a +O. 24 33.9b '°:t0 . 72 22 . 1P:t0.46 33.69+0.37 
(+12 . 23) (+21.90 (+52.03) 

50 

34.8h ,u:t0 . . 79 
(+42.62) 

40.4 h , i,l.:t0 . 6l 
(+51.87) 

38 . 3h , i.1:t0.55 
(+41. 3 2) 

37.4h ,i:t0 . 34 

(+52.03) 

38.9 h ,i+O.7 
(+76.01) 

Condi tions of incuba tion Same as in table 1 exc~pt25 and 50 of o:nc in 1 ml buffer wo;:re 
ajded to incubation mixture instead of hydrazine 



Table23. Effect of ODIC on ammonia produced when various intact feed proteins were 
incubated with SRF for 4 and 8 h. 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Ammonia-N (mg/100 ml RF) 

Time of incubation 

4h 

Concentration of inhibitor Lppm) 

Control so Control 

32.4~0.96 30.1m90.81 28.4b ,o+0.69 24.1~0.S4 
(-7.09) (-12.34) 

31. 6P~0. 68 27.2a ,e+O.32 24.8b ,c,f+O.81 22.8v.:t0 . 69 
(-13.92) (-21.51) -

31.9~0.47 27.8a+0.41 2S.1b ,O+0.37 23 . 4~0.87 
(-12.85) ( - 21.31). 

37.8d~0.SS 33. 6a , e +0.83 30 .1b , c ,f+0.42 ·· 30.2j~0. 76 
(-11.11) (-20.37) -

37 . Sa ,e+O . 44 32. 8b ,c,r+O.77 3 4.3j.:t0.91 
( - 8.75)- (- 20 . 19) -

Conditiohs o f inc ubation: Same as in table 22 . 

8h 

es 

20 . 39+0.48 
(-15.76) 

18.99,W+0.31 
(-17.10) 

19.69+0.18 
(-16.24) 

2S.89,k+0.92 
( -14. 56) 

29.79 , k+0.67 
(-1 3 .41) 

so 

17.Su ,i+0.S1 
(-27. 38) 

14. 3h , i,f+O . 34 
( - 37.28) -

lS.7h ,i+0. S3 
( - 32.9)-

19.6h ,i,1+0 . 61 
(-35.09) -

23.1h ,i,1+0. 78 
(- 3 2.5 3 ) -



Table 24 . Effect of ODIC on Total volat~le fatty acids production when various intact feed 
proteins were ~ ncubated w~th SRF for 4 and S h . 

TVFA produced (m moles/lOa m1 RF) 
Protein 
source Time of incubation 

4h 8h 

Concentration of inhibi tor (·ppm). 

Control 25 50 Control 25 50 

GC 301:t1. 61 28. 4m+1. 72 26.2b , o+1. 92 33 . 2:t1. 1 8 23.29+1. 23 19.3 h ,i+1.44 
( - 5.64) (-12.95) (-30.1) ( -41. 86) 

MC 28. 4P:t1.16 25.1a ,e+l.36 21.9 b ,C,f,:tI.IS 31. 6v:t1. 32 20 . 69,w+l.75 17.Sh ,i,x,:tI.62 
(-11.61) (-22 . 88) (-34.81) (-43 . 67) 

SF 29. 2:t1. 72 26.2· , Q+1. 72 24.lb , o,f:tI . 47 32 . 3:t1.17 22 . S9 , w+I.64 18.1h ,i+1. 92 
(-10.27) (-17.46 , (-27.41) (-43.96) 

Soya 34. 7d:t1. 31 31. 6" e:t1.18 29 . 3b , c , f:t1. 49 ·' 37. 4j:t1. 82 28 . 49,k+l.82 24.1h ,i, 1:t1.66 
(-8.93) (-15.56) (-24.06) (-35 . 56) 

Casein 38. 6d:t1. 21 33.9a ,Q+I . 33 30. 6b , c+1. 38 41. 8j:t1. 69 27 . 89+1. 32 22 . 3h ,i,x.:!:1.17 
(-12 . 17) (-20 . 72) (-33.49) (-46 . 65) 

Conditions of incubation: Same as in table 22. 



Inhibitors 
TeA- precipitabl e proteins left af~er incubation(mg/ 100 ml RF) 

Time of incubation 
4h 8h 

eo!icetJtraei6h o r inhibitor em moles or ppm) 

-------------------------
0 .1 (25) 1.0 (50 ) 0.1(25) 1.0(50) 

, 
CO:'ltr o1 56 . 8:,:0.81 61. 7:,:0.92 

5 1. 2'f0. 23 
b,c 

:,:0 . 52 53 . 5g+1. 06 4 3. 7h ,i:,:0 . 64 Hydrazine 46 .4 
(9.85) (18.3) (13 . i9) (21.06) 

Hy6t:azine 49.9a ,e±O.S9 44.3 b ,c±O.91 5a. 5g ,k:,:1.1 9 47.2 h ,i.:t.0 . 23 
sulfate (1< . 41) (22 . 0) (18.15) (23.5) 

Phenyl hydrazine 45.sa ,e±O.46 39 . 6 b , C ,f:,:0. 76 46.9g , k:,:1.22 4 0. 1 h ,i, l±O.85 
(19. 36 ) (30.28) (23 .9) (35 . 0) 

p·-nitrophenyl 44. 6a +O . 41 40 :4b , C:,:0.23 45.3g+0.34 4l.4h ,i, x.:t0 . 44 hydrazi ne (21.47) (2a . 87) (26.58) (32 . 25) 

Hydroxyamine S3 .4a , e:t1 . 01 4 9 . Sb , C,f.:t.0 . 51 !lS . 49,k±!.Ol 51. 9h , i, 1:,:0 . 58 Hel (5. 98 ) (12.85) (10.21) (1 5 . 8) 

Sodium 43. 8a , e:,:l. 06 39 . 2 b ,C±0.42 45.5g,k:,:1.26 39. 1 h ,i,1.:t0 . 23 Arsenate (22 . 8) (32.74) (24.63 ) (36.6) 

Sodium 44 . Oa+l. 51 39 . 2b , C:,:0 . 38 46.9g+0.97 41.8h ,i,x±1 . l8 Arsenite (22 . 53) (.30.9) (23.98) ( 32 . 25) 

OD IC 42 . la,g±O ~ 94 37 . 8r,b.c±O ~ 4 44.3g ,k:,:0.48 38.7h,i,1.:t0.65 ~ in ppm) (25.8) (33.45 ) (28 . 2) (37 . 27) 

Conditions of incubation : Same as ~n table 1 except case~n hydrolysate (5 mg/ml SRF) was added 
0.1(25) ~onlnlc.UOb(a5t01)Omn m~xture instead of ~ntact feed prote~ns along w~th 

moles(ppm) of var~ous deaminase ~nh~bitors . 



Table 26. Effect of deaminase inhibitors on ammonia production when various 
intact feed proteins were incubate d with SRF f o r 4 and 8 h. 

Ammonia- N (mg / 1 00 m1 RF ) 

Inhibi t o r s Time of incubation 
4h 8h 

Concentration o f inhi bi tors ( m moles of ppm) 

0 .1 (25) 1.0(50) 0 .1 (2 5 ) 1. 0(50) 

Control 48.7:!:0.24 45 . 3.!0.87 

Hydrazine 42 . 3a +O . 44 3 7 . 6b,c~O . 23 32 .19+0 . 44 23 . 1 h ,i:!:1.1 9 
(13 . i7) (22 . 95) (28 . 98) (48 . 95 ) 

Hydrazine 43 . l a.:tl . 09 38.5b , C.:tl . 0 1 34 . 69:t1. 23 29 . 3h , i,1.:tl . 02 
sulphate (11.46) (21.08) (23 . 66 ) ( 35.34 ) 

Phenyl 44.09+1. 1 6 39 . 3b ,C.:tl . 24 33 . 79+1. 91 28. 5h , u:t1. 91 
hydrazine (9.70) (19 . 42) ( 25 . 44 ) (37.13 ) 

p-nitrophenyl 41.3a , Q:t0 . 93 37 . 9 b '°.:tl . 18 31.19+1. 87 25 . 8h , U:t1. 86 hydrazine (15 . 24 ) (22.19) (31. 34) (42 . 90) 

Hydroxylamine 43 . 7a , Q:!:0 . 77 40 . 5b , O:!:1. 54 36 . 69,k:t1.42 32.7h , i, 1:t1. 23 HC1 (10.25 ) (16 . 88) (19 . 06) (27.72) 

Sodium 44.7a +0 . 53 35.9b , C, f:t0 • 77 30 . 39 , k:!:l. 06 24 . 2h ·, i ,1.:tl . 5l arSEnate ( 8 3J) (26 .28) (33 .11 ) (46 . 56) 
Sodium 45 . 3a +0 . 46 ,41. 5b ,C,f:t1. 46 36 . 59 , k:t1. 52 27.8 h , i,x.:t0 . 77 arsenite (6.97) (14. 83 ) (19.28) (38 . 52 
DDIC(ppm) 4l.9a , e+O. 48 38 . 72+0 .87 28 . 69 , k:!:0 . 92 23 . 7h , i ,l:tO . 69 (-13.96) (20.53) (36.86) (47.68) 

Conditions of incubation : Same as in table 25 . 



Table 27 . Effect of deaminase inhibitors on Total Volatile fatty acids production when 
intact feed proteins were incubated with SRF for 4 and 8 h . 

TVF~ produced (m moles/IOO ml RF) 

Inhibitors 

Control 

Hydrazine 

iiydrazine 
sulphate 

Phenyl 
hydrazine 

p-ni trophenyl 
hydrazine 

Hydroxylamine 
HC1 

Sodi um 
Arsenate 

Sodium 
Arsenite 

ODIC 

Time of incubation 
4h 

Concentration of inhibitors (m 

0.1(25) 1.0 (50) 

37 . 5~1. 51 

32.6a +1.92 29 .4b, o~I .48 
(13 .06) (21. 6) 

33.1a+1.45 29 .9 b , C,±l .77 
(11. 73) (20.26) 

35. 4a~1. 33 32.8b +1. 33 
(5.6) (13.65) 

30 . 9a , e,±I .48 26 . 4b , c,f~1.44 
(17.6) (29.6) 

352 . a , q~1. 51 31.8b;O ,f~1. 38 
(6.13) (15.2) 

30 .4 a , Q±1.22 24.6 b , C, f,±l.17 
(18.93 ) (34 . 4) 

30 . 8a ,·1.16 23 . 2 b ,C,±I . 34 
(17 . 86) (38.13) 

30 . 2a +1. 28 25. 4 b , c , o~1. 18 
(19.46) (32.26 ) 

Condi tions of incuba tion: Same as in table 25 . 

8h 

moles or ppm) 

0.U25) 

42. ,6~1.16 

37.39+1. 51 
(12.44) 

36.59+1. 39 
(14.32) 

39.89,W~1.94 
( 6 . 57) 

33 . 89,k~1.84 
(20 . 66) 

40 . 6k +1. 32 
(4.69) 

30 .99,kg.1 9 
(27.46 ) 

30 . 39+1 . 72 
(28.87) 

31.69+1.46 
(25.82) 

1.0(50) 

33 . 2h,u~1.97 
(22.06) 

34. 8 h+1. 22 
(18.31) 

34.6h ,i,±I.44 
(18.78) 

29.9h , u , X~1.36 
(29 . 81) 

37 . 5 h ,u ,I,±I . 72 
(11.97) 

26.4 h , i,I,±1.18 
(38 . 02) 

25.7 h ,U,±1.25 
(39 . 67) 

26.2 h ,i±1.61 
(38 . 49) 



TCA- precipitable p r oteins left after incubation(mg/ IOO ml RF) 

Time of incubation 

Inhibitors 4h 8h 

Concentration of inhibitors(m moles or ppm) 

0 .1( 25) 1.0(50) 0.1(25) 1.0(50) 

Control 38 . 4j:1. 01 55 . 1j:0.3 5 

Hydrazine 36.5m+0.47 32 . 4b ,c+l.OB 48 . 39+1.16 44 . 5h ,i+l . 01 
(4.941 (15.62)- (12 . 31f) (19 . 23)-

Hydrazine 35 . 8a +0 . 63 31. 6 b , C!.O . 9 1 47 . 79+0.68 43 . 7h ,ij:1.12 
sulfate (6.77) (17.7) (13.43) (20.68) 

Phenyl 34 .8a +0 . 81 29.4 b ,c , r±O.46 45.S9 , w±0. 99 39 . 4h ,i,1j:0.68 
hydrazine (9.37) (23 .4 3) (16.87) ( 28 .4 9) 

p-nitrophenyl 32.3a , Qj:0 . 44 27.6 b ,c , r.:t.0 . B5 42 .89,kj:0.48 36 . 7h ,i,lj:0. 53 
hydrazine (15.8) .( 28 .1 2 ) (22.32) ( 33 .4 ) 

Hydroxylamine 37 .1a+0 . 68 34.a b ' S/f.:t.l . 02 49.79 , kj:0 . 65 46 . 9 h ,i,1j:0.64 
HCl (3 . 38) (9.37) ( 9 . 8) (14 . 8) 

Sodium 30 . 7a , e.:t.0. 72 26.3 b , C,fj:0.99 41.69 , kj:0.72 36.2h , i,lj:0 . 72 
Arsenate (20.1 ) ( (31.51) (24 .5) (34.3) 

Sodium 31. 2a +0.16 27 . 5 b ,c , r.:t.0 . 6l 39.89 ,kj:0.91 34 . 6h ,i,x.:t0 . 47 
Arsenite (18. is) (28.4) (27 . 76) (37. 2) 

ODIC 31. 6a +0. 34 27 .1b , Cj:0.45 40.89 , kj:O. 44 35.4h ,ij:0.65 
(17.7) (29.42) ( 25 . 9) (3 5 .75) 

Conditions of incubation : Same as in table 1 except 1 m mole amino acid mixture/ml 
SRF was added to the buffer along with 0.1(25) and 1.0(50) m moles 
(ppm) of various deaminase inhibitors . 



Table 29 . Effect of de aminase inhibitors o n ammonia production from a mixture of amino 
acids when incubated with SRF f o r 4 and Sh. 

Inhibitor s 

Control 

Hydra zine 

Hydrazine 
sulfate 

Phe ny l 
hydrazine 

p-ni tro phe nyl 
hydra z ine 

Hydroxylami ne 
HCl 

Sodium 
Arsenat e 

Sodium 
Arsenite 

ODIC 

Ammonia-N (mg/ 100 m1 

Time of incubation 
4h 

Concentration of inhibitors (m 

0 . 1 (25) 1.0 (50) 

51. 2:t0' 43 

48 .1 a+O. 3 3 39.1b ,c+0.42 
(-5.92) (-23.54) 

46.4a ,Q±O.S4 3S.S b ,c+O . 36 
(-9.34) (-24.68) 

48 .7a ,Q:t0 • 26 4l.2b , C,f±.O.S7 
(-4.79) (-19.4 2 ) 

4 2 .Sa , e +O.7l 3S .S b ,c, f.:t.0 . 33 
( - 1 6 .37) (-29. 9~ ) 

49. Se ,m±O. 44 44.4 b ,C, f :t0 . 45 
( -2 .69 ) (-13.31) 

43.2a , e+O . S3 36 .4b , C,f:t0 . 83 
( -1 5 . 65) (-2 8. 9 ) 

43 . 3a ,Q+0 . 91 38 . 7 b , C , f:t0 . 41 
(-11.49) (-2 4. 31) 

42 . l a , e+O . 69 3 S . 2b ,C , f.:t.0 . SS 
( -17 . 77) (- 31. 25) 

Conditions o f incubation: Same a s in tabl e 2S . 

RF) 

8h 

mole or ppm) 

0.1 (25) 1.0 (50) 

46 . 3:t0 • 58 

41.1g+0.25 2S . Sh ,i+O.2S 
(-13.38) (-44 . 96) 

39.3g+0.44 27 . 7h ,i,l±O.47 
(-15.22) (-40.17) 

42.6g , k:t0 • 9 2 26.0h ,i , x±O. S 3 
(-7.9 6 ) (-43.7 8) 

31.8g,k+0 .3 6 22 . 2h ,i,l± O. 72 
( -31.4 3) (-5 2 .15 ) 

4 2 . 2g , k:t0 • 31 36.4h,L1:t0 . 66 
(8 . 94) (- 21. 37) 

31. 7g , k+0 . 52 23.3h, L1:t0 . 28 
( - 31. 62) ( - 49 . 91 ) 

33 . 8g , k+0.68 26 . Oh , L 1:t0 . 91 
(-27 . 01) ( - 43 . 91 ) 

30 . 6g,k:tO. 46 22 . 7h,L1:t0. 71 
( -3 3 . 9) (-50 . 9 7) 



TV FA ·pro duced (m moles/IOO ml RE) 

Inhibitors Time of incubation 
4h 8h 

Concentration of inhibitors ( rn moles or eern ) 
o .1( 25) 1.0 (50) 0 . 1(25) 1.0(50) 

Control 43 . 8-+:..1. 72 50. 2;t1. 06 

Hydrazine 40.2"'+1. 85 37.4 b+1.17 43. 6g+1. 85 38.5h , u+2 . 05 
(-8 . 22) (-14 . 61) ( - 13.15) (-23.31) 

Hydrazine 40.8+2.13 36. 9 b ,o+1. 25 41. 9g+1.13 38 . 1 h ,i+1.18 
sulfate (-6 .85 ) (-1 5 .75) (-16.53) (-24.17) 

Phenyl 41.1+1. 71 38. 7 b+1. 88 44.89,w+l . 72 38.9h ,u+l.9 2 
hydrazine (-6 . 16) (-11.64) (-10 . 75) (- 22.51) 

p-ni t r ophenyl 37.3a ,q+1.87 ~ 1.5b,c,f:t1.04 39.4g,k+l.06 3 2 .4 h ,i,1:tl . 0 6 
hydrazine (-14.84) (-28.08) (-21.51) (-35.46) 

Hydroxyl amine 42 . 5Q+1.64 39 . 8n,f~1. 7 6 46.3 S ,k.:tl . 6l 40. 2h ,i,l±l. 9 7 
HCl (-2.97) (-9 . 13) (-7.76) (-19 . 92 ) 

Sodi um 36 .4 a , e +l.l 3 28 . 3 b , S ,f:t1.19 3 7. 2g ,k+1. 32 32 .1h , i ,l±1. 38 
Arsenate ( - 1 6 . 89) (- 35 . 39 ) (- 25 .89) (- 36 .0 5) 

Sodium 37 . 9a +l . 09 29 .1b , c+l . 28 39 . 3g+1. 09 32 . 8h ,i ,x:t1 . 84 Arsenite (-1 3 . 47 ) ( -33.56) ( - 21. 7 1) ( -34 . 66) 

ODIC 35.8a , Q+1. 17 29 . 4 b , c+1.32 37 . 8g+1. 46 3l. l h , i , x±1 . 84 
(-18.26) ( 32 . 87) ( - 24.70) ( - 38 . 04) 

Conditions of incubation : Same as in table 28. 



Table 31. Effect of Sodium sulfite on TCA-precipitable proteins when various intact feed 
prote ins were incubated with SRF for 4 a nd 8 h. 

Protein 
s ource 

4h 

TCA-precipitable p"r oteins l e ft after incubation (mg) 

Time of incubation 

8 h 

Co ncentration o f inhibitor (m moles) 

Control 0 . 1 1.0 Control 

GC 28.4~0 . 49 29.8a +0.12 30 . 5b ,o+0.12 25.7~0.31 
(H.88) (+7.17)-

27 . 6a ,e+0 . 72 28.4n ,f+0.86 23.0j~0.56 
(+5.85)- (+8.83)-

SF 27 6~0.77 28.4+0.84 29.8 n , 0,r+0.3 2 2 4.1v,:t.O . 49 
(+2 . 82) (+7. 9 5 1 -

Soya 23.3d~0.31 24 .1e , m+0.38 2S.7 n , 0 ,r+O.9! 20 .8 j±0.44 
(+3. 69)- (+10.4 3 ) -

Ca s ein 20 . 8d,:t0. 2 4 2l. 4e ,m+0 .l9 23 . 0b ,c,r+0.82 l 6 . Sj,:t.O. 39 
(+ 2 .54)- (+10. 21) -

0.1 

31. 9Q+0. 76 
(+23.91) 

29.89,k+0.62 
(+29.81) 

30 . 59+0.59 
(+26.16 ) 

26.19,k+0.14 
(+ 25.76) 

23 . 39,k+0 . 32 
(+40. 81) 

1.0 

34.3w,i+0.S2 
(+33.55) 

30.Sh ,i,u+0 . 48 
(+32.59) -

3 3.0b ,i,1+0 . 92 
(+36 . 48) -

27 . 6h , 1, 1+0 . 31 
(+33.1 2 ) -

2 4.1 h ,u,x+0 . 34 
(+4 6 . 01 ) -

Conditions o f i ncubat i o n Same as in table 1 except 0 .1 and 1. 0 m mol esof sodium sulfite 
in 1 ml buffer were added to incubation mixture instead of hydrazine . 



Table 32. Effect of sodium sulfite on Ammonia production when various intact feed proteins were 
incubated with SRF for 4 and 8 h. 

Protein 
source 

4h 

Ammonia-N {mg/100 ml RF} 

Time of incubation 

Concentration of inhibitor {m moles} 

Control 0.1 1.0 Control 

GC 36.5~1.02 34.5a +0.32 33.Sb+0.99 31.5~0.44 
(-5.53) (-7.44) 

MC 33.SP~0.99 31.6a ,e+l.21 30.S b ,c,f+l.16 28.4j±1.24 
(-3.13)- (-9.75)-

SF 35.3~1.46 33.7a ,Q+l.l6 32.49,c,f+l.26 29.8 v±O.92 
(-4.2S)- (-S.H)-

Soya 39. Sd~1. 21 37.2a ·q+l.49 35.Sb • c • f +l:31 36.5j~1.1 2 
(-6.34)- (-9.95)-

40.1 a ·Q+1.34 37.S b • c • f +1.16 39.7j~1.72 
(-5.24)- (-10 . 79) -

Conditions of incubation: Same as in table 31. 

Sh 

0.1 

29.59+0.63 
(-6.4) 

26.69. k+1.21 
(-6.26)-

28.1s ,K+l.24 
(-5.76)-

32 .49. k +1. 91 
(-4.67)-

34. 59. k+1. 72 
(-1 3 .1S) 

1.0 

27.S h • i +1.66 
(-11. 69) 

23 .9h .i, 1+l.S9 
(-15.S7) -

25 . 8h ,i, x+l.12 
(-13.7) -

29.8h ,i,1+l . 49 
(-1S.26) -

30.5h • i +1.62 
(-23.16) 



Table 33. Effect of Sodium Sulfite on Total volatile fatty acids production when various intact feed 
proteins were incubated w~th SRF for 4 and 8 h . 

Protein 
source 

4h 

TVFA produced (m moles/lOO ml RF) 

Time of incubation 

Concentration of inhibitor - (m moles) 

Control 0 . 1 1.0 Control 

GC 32. 3Z0. 98 18. 5a +1. 86 16. 2b+1. 84 35 . 4Z1. 83 
(-42.72) (-49 . 84) 

MC 30. 4Z1. 61 16. 4a +1. 72 14 . 8b+1.16 33.1Z2.11 
(-46.52) (-51.31) 

SF 31. 6Z1. 77 17 . 8 a +1.16 15. 2b+1. 32 34. 6Z1. 41 
(-43.67) (-51.89) 

Soya 36 . 8dZ1. 23 22.3a +l.22 20.4 b • f +1.43 38. 6vZ1. 29 
(-39.4) (-44.56) 

Casein 40. 2Z1. 44 26 . 9a .Q+1.41 23. 7b+1. 94 43.7jZ1.12 
(-33 . 08) (-41. 04) 

Condi tions · of incubation: Same as in table 31. 

8h 

0 . 1 1.0 

12.19+1. 69 9. 8h+1. 91 
( - 64 . 82) (-71:-51) 

10 . 39+1.14 7. 2h+1. 72 
(-68.82) (-78:-25) 

11. 69+1. 36 8.5h • u+1.68 
(-66.47) (-75.43) 

16 . 89 . k+1. 79 l 2 .6h ,U, X.:tl . 01 
(-56.47) (-67.35) 

20.19. w+1.06 l3.S h ,i, x.:t1 . 29 
(-54.00) (-64.53) 



Table 34 . Effect of Chloral hydrate on TeA precipitable proteins when various intact 
feed proteins were ~ncubated with SRF on 4 and 8 h. 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

TeA-precipitable proteins left after incubation(mg) 

Time of incubation 
4 h 

Concentration of inhibitor- (m moles) 

Control 0 . 1 1.0 Control 

30.3:t0 . 41 31.4a +0.59 32.8n '°:t0 . 43 27.8:t0 • 82 
(+3.93) (+8.26) 

27.6d:t0. 33 28.3a ,e±.O . 71 29.1 n ,f:t0 • 92 24.6j:t0 . 91 
(+2.75) (+5.54) 

29 . 1d:t0.22 30 . 3a , e:t0 • 4 3 31.5b ,C , f:t0 • 42 25 . 6:t0 . 76 
(+3.97) (+8.07) 

24 . 6d:t0.76 26.3c ,m±O.33 27 . Sb ,C,f.:t0 . 19 21. 3=.0.44 
(+ 6. 65 ) (+11.68) 

21.4d:t0.44 22 . 7e ,m:t0 . 71 23 . 5o ,f1.O.14 17. 5 j:t0. 61 
( +6.1 3 ) (+9 . 8 7) 

h 

0.1 

33.59+0 . 22 
(+20.39) 

30.39 , k+0.29 
(+22 . 81) 

32.89,k+0.64 
(+28.07) 

28.49,k+0 . 81 
(+3 2 . 97) 

24.69,k+0.26 
(+40.64) 

1.0 

34 . Sh 'U+O.91 
(+25 . 25) 

31.4h , u,1+0.72 
(+27.64) -

33.4 h ,1 0. 19 
(+30. 57) 

29 .1h ,1+0 . 28 
(+36 . 39) 

26.3 h ,i,1+0 . 02 
( +5 0. 00) -

Conditions of i ncubation : Same as in table 1 . except 0 .1 a nd 1. 0 m moles of c hlora l hydrate 
in 1 ml buffer were added to incubation mixture instead of hydrazine . 



Table 35. Effect of chloral hydrate on Ammonia produced when various intact feed 
proteins were incubated with SRF for 4 and 8 h . 

Protein 
source 

Ammonia-N (rng/100 ml RF) 

Time of incubation 

4 h 

Concentration of inhibitor (m moles) 

8 h 

-------------------------------
Control 0 . 1 1.0 

GC 34.4:!:0 .93 31.Sa +0 . 41 30.1b •c +0.62 
(-7.52) (-12.38) 

MC 31. 3d:!:0. 43 29.4a ,e±O.98 27.9 b • f +0.74 
(-5.79) (-10.68) 

SF 33.2d:!:0.n 30.1a +0 . 12 28.7 b • o+0.99 
(-9.13) (-]3.3'8) 

Soya 37. 6d:!:0. 92 35.4m,e.±.O.57 33.2b •o • f :!:0.8i 
( - 6 . 00) (-11.84) 

Casein 39. 9P:!:0. 32 36.5+0.44 34.4b+0.65 
(-8.31) (-13.59) 

Conditions of incubation: Same as intable 34 

Control 

30.7:!:0 . 88 

28.8v:!:0.12 

29.4 v:!:0.34 

34 .4 j:!:0.65 

36.5j:!:0.18 

0.1 

28.7 5 +0 . 42 
(-6.32) 

26 . 25 • k+0.23 
(-9.32)-

27.99. k+0 .46 
(-5.19)-

31. 89. k+O. 79 
(-7.52)-

32.69+0.21 
(-10.57) 

1.0 

24.3 h • i +0.67 
(-20 . 08) 

21.8 h • i • l +0.19 
(-21.45) -

23.2 h ,i,x+O.45 
(-21.36)-

27.g h ,i,1+O.34 
(-18.86) -

28 . 7h , i,x+O.IB 
(-21.28) -



Table 36. Effect of chloral hydrate on Total volatile fatty acids when 
proteins were incubated with SRF for 4 and 8 h . 

various intact feed 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

TllFA produced (mo moles/lOO ml RF) 

Time of incubation 

4h 

Concentration of inhibito r (m moles) 

Control 0.1 1.0 Control 

35 . 8:t1. 61 23 . 5a +1 . 44 20.2 b ,o+l . 69 38 . 1:t1. 47 
(-34.35) (-43.57) 

3 3 . 5:t1.77 2l.4a ,Q+l.23 18. 8b+1. 77 36 . 4:t1. 21 
(-36 . 12) (-43.88) 

34. 6:t1. 24 22. 7a +1. 88 ~ 19.6b~1.28 37. 3:t1. 38 
(-34 . 391 (-43.35 ) 

38. 2P:t1.16 27.6 a ,e+l . l9 23 . 3b , o , r±1.43 40. 1v:t1.63 
(-27.74) (-39.00? 

40. 8:t1. 96 31.8a ,Q+1. 77 
(-22 . 06) 

27.s b , 0 , r.:t1 . 12 
(-32.35) 

43. 6v:t1. 41 

Conditions of incubation: Same as in table 34 . 

8h 

0. 1 1.0 

18.29+1.18 13 . 0h ,i+1.21 
(-52.23) (-65 . 62) 

lS . l9 , w+l . 27 10 . 8h ,i+1.16 
(-58.51) ( - 70 . 32) 

16.89+1.77 11. 7h , i+1. 74 
(-54.95) ( - 68.63) 

21. 59, k+1. 62 l4.9 h ,i+l. 32 
(-46.38) (-62 . 84) 

23.89+1. 44 16. 2h ,i:t1.39 
(-45 . 41) (-62.84 



Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

TCA-precipitable proteins left after incubation (mg) 

Time of incubation 

4h 8h 

Control 0.1 1.0 

Concentration of inhibitor ( m mOle,:s~) ____ ~ ________ ~~ __________ ~~ __________ __ 
Control 0.1 1 . ° 

30.0+_0 . 49 

27.5d~0.38 

29. 1d~0.41 

26.4d~0.56 

22. 8d~0 .14 

31. 3m+0. 83 
(+4.13) 

28. 7m , e.:t0 . 33 
(+4.54) 

29.g e +0 . 94 
(+2.43) 

29 . 5e +0.39 
(+4.08) 

23.5e ,m~0.27 
(-2.76) 

33 .2", °+0.72 
(+l0.55) 

30.6b ,C ,f.:t0 . 19 
(+11.13 ) 

32.0b ,C,f.:t.0 . 22 
(+9.71) 

29.1b,~,f.:t0.68 
(+l0.33) 

2S.3 b ,C,f.:t.0 .S 4 
(+10.99)? 

27 .5~0 . 89 

25. JV~0.76 

26.4~0.81 

22 .8j~0.98 

19 . 3k~1.13 

34 . 0g+0.24 
(+23.67) 

32.0g,k+0.39 
(+26.2)-

32.59+0.81 
(+22.86) 

30.09'W+0.77 
(+31. 49) 

27.5g , k+0.16 
(+42.41) 

36.8h ,i+0.21 
(+33.89) 

33 . 6h ,i,1+0.38 
(+32.75) -

34 . 0h ,u+O.44 
(+28.72) 

32.S h ,i,1+0.24 
(+42.18) -

32.0h ,i,1+0.11 
(+65.61) -

Conditions of incubation : Same as in t~ble 1 except 0.1 and 1.0 m moles of chloroform 
in 1 ml buffer were added to incubation mixture instead of hydrazine. 



Tabl e 38. Effect of chloroform on Ammon i a pr oduced whe n var i ous i nt act feed proteins were 
incubated with SRF for 4 and 8 h . 

Pro t ein 
sourc e 

GC 

MC 

SF 

Soya 

Casein 

Ammonia - N (m9/100 ml RF) 

Time of i ncubation 

4h 

Concentration of inhibitor (m moles) 

Control 0.1 1.0 Control 

35.5:!:0 . 23 33.1m+O . 41 30.8b , c+0.88 32.8:!:0 . 88 
(-6. i2) (-13 .19) 

33 . 6d :!:0. 72 30.3a ,e.:t.0 . 34 26 . 6 b ,o , r,:tO . 52 30. 6v-±-0. 49 
(-9.99) (-14 . 87) 

34 . 4-±-0.89 31. 9a +O . 77 29 . 3b ,o+O . 44 31. 2-±-0. 36 
(-7.12) ( - 14 . 88) 

38 . 7d :!:0 . 14 35 . 9a , e.:t0 . 62 32 . 2b , C,f:!:0. 4'l 36 . 6j-±-0. 38 
(-7.34 1 (-1 6 . 34) 

41. 8d-±-O, 91 37.2a ,Q+O.44 35 . 9b ,O,f-±-0 . 13 38. 7V-±-0 . 74 
( - 10 . 95) (- 1 4 . 2) 

Condi tions of incubation : Same as in table 37. 

8h 

0.1 

26 . 49+0.38 
( - 19 . 5) 

2 4. S9 ' W+O . 4 1 
( -19 .7 5) 

25.39-±-0.33 

( -1 8 . 6 4) 

29. 19 ,k+O. 14 
( - 20 . 46) 

32 . 69 , k+0.39 
( -1 5.68) 

1. 0 

21. 9h , i+0 . 17 
( - 33 . 39) 

1 7 . 8h , i. l+0 . 62 
(- 41. 76) -

19.6h , i,x.:t0 . 92 

( - 36 . 97) 

24 . 3 h , i , 1+O.84 
( - 34 . 78) -

27 . 4h ,i,1+O.84 
( - 29 . 27) -



Table 39 . Effect of chloroform on Total volati le fatty acids production when va rious intact 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

feed proteins were incubated with SRF for 4 and 8 h. 

TVFA produced m moles/IOO ml RF) 

Time of incubation 
4h 

Concentration of inhibitor ( m moles) 

Control 0 . 1 1.0 Control 

34 . 9:t1. 24 30 . 8m+1. 77 28 . 4n+1. 83 36. 2:t1. 38 
(-11.75) (-18.62) 

32.4:t1.15 27 . 6a , Q+l.6 5 25 . 2b ,r+1. 77 35.1:t2 • 11 
(-14 . 81) (-22 . 22) 

33. 5:t1. 39 28 . 9a +l.85 25 . 8~:t1. 44 35 . 9:t1. 92 
(-1 3.73) ( - /2 . 99) 

37. 6P:t1. 44 32.2a ,Q+1. 21 29. 1b , o,r.:t0 . 99 39 . 4 i :t1. 21 
(-14.36) (-22.61) 

39 . 8P:t1. 86 35.6m,Q+!.42 31. 4b ,c+l.06 43 . 1i:t1.18 
(-10.55) (- 21.11) 

Conditions of incubation: Same as in table 37 . 

8h 

0 .1 1.0 

24.29+1. 45 18 . 1 h ,i+1.14 
(-33 . 15) ( - 50 . 00) 

21. 39+1. 69 15.4 h ,i+1. 96 
(-39.f2) (-56 . 12) 

22 . 89+1. 72 16.6h ,i+ 2.19 
(-36.49) (-53.76) 

25.79+1.16 21.3h ,i, x±1.12 
(-34 .77 ) ( - 41.12 ) 

26 . 49+1. 46 23 . 2h ,u+1.39 
(-38.75) ( - 46 . 17) 



Table 40. Effect of Monensin on TCA precipitable proteins when various intact feed pr oteins 
were i ncubated with SRF for 4 and 8 h. 

Pr otein 
source 

GC 

MC 

SF 

Soya 

Case in 

Contr ol 

31. 4;t1. 09 

28 . 4;t0 . 42 

29.8P;tO . 83 

23 . 2d;tO . 76 

20 . 4d;tO.2 7 

TCA- pre cipitable prot'eins left after i cubation (mg) 

Time of incubation 

4h 8h 

Concentration of inhibitor ( ppm) 

25 50 Control 25 

34.1m+O . 86 36.3b , C;tO . 44 27 . 6;t0 . 72 37.69+0 . 41 
(+8 . 63) (+15 . 5) (+35. 7 7) 

32 . 2a ,Q+O . 9l 34.5 b ,c , f :t0 . 25 25.8V;t0.77 3 4 .19 , k+O.38 
(+13 . 39) (+21. 12) (+3 1. 99) 

33.4a +O.36 35.2b , o+0.92 26 .4;t0.84 36 . 39 , k +O. 77 
(+12.39) (+18 . n) (+37.56) 

26.4 a ,e+O . 58 28.4 b , C,f;tO . 4'9) 19. 2 j;tO . 31 31. 19,k+O . 53) 
(+14 . 07) (+22 . 84) (+61.85) 

23 . 7a , e +O . , 2 27.4 b ,c,r.:t0 . 53 16 . 6 j;tO.76 27.69 , k+O. 66 
(+16.31) (+34.08) (+6 6 . 58) 

50 

38 . 4h + O.96 
(+39 .1 ) 

35 . 9h ,i.1;tO.71 
(+38 . 84) 

37.6h ,U, X.:t0 . 49 
(+42.49) 

33 .4 h , i, l .:t0 . 2 4 
(+7 3 . 8 5) 

30. 8h , i,l;tO. 97 
(+86. 06) 

Conditions o f i nc ubat i o n: Same as ' i n table 1 excep t 0 . 1(25) and 1 . 0(50) of monensin in 1 m1 
bu ffer were added to incubation mixture instead of hydrazine . 



Table 41. Effect of Monensin on Ammonia produced when various intact feed proteins 
were incubated with SRF for 4 and 8 h . 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Ammonia-N (mg/100 ml RF) 

Time of incubation 
4h 

Concentration of inhibitor (ppm) 

Control 25 50 Control 

36. 4~0.14 32 . 5a +0 . 68 30 . 8b •o +0.55 32.4~0.98 
( - 10.79) (-15.22) 

33. 9d~0 . 23 29.2a • e +0 . 23 26 . 6b ,C,f!.O.24 29.8v~0.74 
(-1 3 . 86) (-21.62) 

35.2P~0'81 31.2a ,e+O.62 27 . 9b ,c , r!.O.77 31. 2~0. 88 
( -11. 52) (-20.68) 

40. 6d~0 ,69 36. 1a , e+O.30 
( - 11.15) 

33 . 3b.c.f~1.01 
(-18 . 11) 

35 . 2 j~0 .41 

43. 2<l~0. 45 38.5a • e +0 . 91 35.7 b , c,r!.0.82 37.0j~0.33 
( -1 0 . 93) (-17.23) 

Condi tions of incubation: Same a s in table 40. 

8h 

25 

27 . 39+0.19 
(-15.67) 

24.29 . k +0.36 
( - 18_73) 

25 .1g'W+O.4 2 
(-19.58) 

30 .49. k +0.77 
(-13 . 71) 

32.69' W+0 . 63 
( - 11.8)-

50 

22 . 8 h ,i+O.42 
(-29 . 55) 

19.8h ,i, 1+O . 6 4 
(-33.78) -

20 . 3h ,i+O.81 
(-35.14) 

25 .1 h ,i,1+O.lJ 
(-28.74) -

27 . 8 h .i. X+0.93 
(-24.79) -



Table 42. Effect of Monensin on Total volatile fatty acids when various intact feed proteins 
were incubated with SRF for 4 and 8 h. 

Protein 
Source 

TVFA produced (m moles/l 00 mg RF) 

Time of incubation 

4h 

Concentration of inhibitor (ppm) 

Control 25 50 Control 

GC 33.2:,:1. 62 29.7m+0 . 98 24.2b ,c+l . 8 l 36.4:,:1.18 
(-10.54) (-27.11) 

MC 30 . 8:,:0.98 27.4m+1.12 
(-11.04) 

22 . 4b ,o,r:,:1.65 
(-27.27) 

35.1:,:1. 72 

SF 32.3:,:1. 46 28. 6m+1. 66 23.3:,:1,76 35. 8:,:l. 61 
(-1l.45) (-27.86) 

Soya 37. 2d:,:l. 72 34. 8e +l. 84 30.2b ,O,f:t1 . 61 40 . 1j:,:l. 44 
(-6.45) (-18.82) 

Casein 42.9d:,:1.99 38.7m,e:,:2.13 33.4 b ,o,r:tl . 48 44. 8v:,:l. 32 
(-9.79) (-22.14) 

Conditions of incubation: Same as in table 40 . 

8h 

25 

21 . 89+1.06 
(-40 .11) 

l8.6g'W+l.9l 
( - 47.00) 

20 . 19+l.65 
(-43.85 ) 

24.59 'W+1. 29 
(-38.9)-

28.29'W+l.84 
(-37.05) 

50 

16. 5h , i+l.21 
(-54.67) 

13.2h ,i,1+l.16 
( - 62.39) -

l4 . 7h ,i+l.72 
(l,58 . 94) 

18.3h ,i,x+l.04 
(-54.36) -

21 .7 h ,i,x+0. 98 
(-5l.56) -



TeA-precipitable proteins (mg/ IOO ml RF) 
Inhibitor 

Time of i ncubation 

4h 8h 

Concentration of inhibitor (m moles o r ppm) 

o . 1( 25) 1.0 (50 ) 0.1(25) 1.0 (50 ) 

Control 38.8.:<:0 . 72 54.3.:<:0 . 54 

Sodium 40.3m+0.41 43.2b ,c+O.24 57 . 59+0.72 61.8 h ,i+1. 02 
sulfite (+3 . 86) (+11 . 34) (+5 . 89) (+13.81) 

Chloroform 39.9+0 . 23 41 . 4b , o ,r.:t0 . 51 5 5 . 8w+0.34 S8 . 7 h ,i,1.:t0 . 89 
(+2 .83) (+6.73) (+2.76) (+7.36 ) 

Chloral 41 . Sa ,Q,:tO . 6 4 45.Sb ,C,f.:t0 . 7 f} 58 .69 ,k.:<:0.16 66.2h ,i,1:t0 . 94 
hydrate (+6 . 96 ) (+18.04) (+7.91) (+21.91) 

Monensin 43 . 1a , Q+O . 9 3 46.4 b ,C+1.01 61.39,k+0. 43 79 . Sh ,i,1.:t0 . 31 (ppm) (+11.08) (+1 9 . 58) (+1 2 . 8 9) (+30. 38 ) 

Cond i t i o ns of i ncubation: Same as i n tabl e 1 except casein hydrolysate (Smg/ml SRF) 
was added to incubation mixture with 0 .1(25) and 1. 0(50) m moles 
(ppm) of various methanogen i c inhibitors . 



Ammonia~N (mg/100 ml RF) 
Inhibitors 

Time of incubation 

4h 8h 

Concentration of inhibitors ( m moles or ppm) 

0.1( 25) 1.0(50) 0.1(25) 1. O( 50) 

Control 47. 2:t0. 48 42 . 2:t0 •16 

Sodium 44.7a +O.66 40 . 3b , c+O .51 39 .69+1.14 36.4h , i+0.38 
sulfite (-5 . 33) ( - 14 . 58) (-6.02) (-13.63) 

Chloroform 40.3 a , e +O.61 32 .8b , c,f~O.92 26 . 69 ,k+1. 01 17 . 3 h ,i,1:t0 • 46 
(-14 . 58) (-3 0:52 ) ( - 37 . 04) (-58 .9 5) 

Chlora l 42.9 a , e:t0 • 28 37.2 b, c , f~O 1.23 33.29 , k+1.06 27.8h li,1~1 .1 3 
hydrate (-9 . 27 ) (-21.16) ( -21.19) ( - 34 . 06) 

Monensin 41. 3"' e+O . 43 3S . 4b , c , f~O . 76 30 . 59+0 . 91 20 . Sh ,i,1,±O.76 
(ppm) (-12.64) ( - 25 . 06) (-27 . 75) (-51.34) 

Conditions of incubation: Same as in table 43. 



Inhibitors 
TVFA produced ( m moles/IOO ml SRF) 

Time of incubation 

4h 8h 

Concentration of inhibitors __ (_m __ m_o_1e_5 __ o_r~p~p~m_) ________________________ _ 

0.1(25) 1.0(50) 0.1 (25) 1.0(50) 

Control 39 . 8!:1. 86 44. 5!:1. 42 

Sodium 38.2+1. 51 36.4"+1. 91 41. 8 5 +1.16 37.2h ,ii,1 . 44 
sulfite (-4 . 02) (-8.54) (-6.06) (-16.4) 

Chloroform 34.4a ,Q+1. 72 29.2 b ,C,f.:t1 . 88 35.39, k+1. 25 29 .a h ,i,1.:t1 . 23 
(-13.57) (.26.63) (-20.67) (-33.03) 

Chloral 36. 5m+1. 99 :;2.1b, O+1.76 38 .29+1. 77 34 .5 h ,u,l!:1. 76 
hydrate (-8.29) (-19.35) (-14.16) (-22 . 47) 

Monensin 36.1m+l.34 31.4b ,v+1.85 37.89+1. 62 32.6h ,u+1.89 
(ppm) (-9.29) (-21.11) (-15.06) (-26.74) 

Conditions of incubation: Same as in table 43. 



Tabl e 46 . Effect of methanogenic inhibitors on TeA-precipitabl e proteins when a 
mixture of amino acids was . in c ubated with SRF for 4 and 8 h. 

Inhibitors 
TCA-precipitable prote i ns (mg/lOO ml RF) 

Time of incubation 

4h 8h 

Concentration of inhibitors (,m moles or ppm) 
0.1 (25 ) 1.0(50) 0.1(25) 1.0(5 0) 

Co ntrol 40 . 8:t0 • 5 6 52. 6:t1. 02 

Sodium 42 . 2 +0.61 44.9b ,C±l.32 55.19+0.91 61.4 h ,i.!O . 47 
sulfite (3 . 43) (10.04) (4 . 75) (16.73) 

Chloroform 41. 5+0.82 42. 3n+1. 77 53 . 9w+1. 76 55.9 h , i,1:t1.27 
( 1.71 ) ( 3 . 6'7 ) ( 2.47) ( 6 . 27) 

Chloral 45 . l a , e +1.37 48 . 8b , c, f.:tO .'49 50 . 79 ,k+0. 48 64.2h ,i,l.!l.l 8 hydrate ( 10.53) ( 1 9 . 6) ( 13 . 49) ( 22 . 05) 

Monensin 45 . 9'+0 . 3 5 50.4 b ,c , r±O.84 60 . 89+1. 3 6 6 8 . 5h,i,1:t0. 31 (ppm) ( 12.5) ( 23 . 5 2) ( 1 5 .58 ) ( 30.23) 

Condi tion s of i ncubati on: Same as in table 1 except a mix t ure of amino aci d 
1 m mo l e/ml SRF) was added to the i nc ubation mixture alon with 
0 .1 (~5) · and 1 . 0(50) m mol es ( ppm) of various methanogen~c 
inh ibitors . 



Table 47. Effect of methanogenic inhibitors on ammonia produced when a mixture of 
amino acids was incubated , with SRF for 4 and 8 h. 

Ammonia-N (m9/1 OO 
Inhibitors 

m1 RF) 

used Time of incubation 

4h 8h 

Concentration of inhibitors (m mol,es or ppm) 

o .1( 25) 1.0 (50) 0.1( 25) 1.0 (50) 

Control 56.7!:0.39 48.2!:0 . 47 

Sodium 54 .4"+0.91 48.3b ,c+l.Ol 42.i9+0.45 37.1h ,i+O.4S 
sulfite (-4.19) (-14.84) (-12.73) (-22.99) 

Chloroform SL8a ,e.:!:O.47 43.2b ,C,f.:!:O.46 33.29,k+0.77 29h ,i,l+O . S8 
(-8.63 ) (-23.89) (-31. 25) (-40 .01) 

Chloral 53.5",Q!:1.03 47.S b ,C,f.:t0 . '"/4 38 . 79 ,k+l,31 32 . 6h ,i,I+O.61 
hydrate (-5.79 ) (-16.21) (-19 . 65) (-32.43) 

Monensin 53 . 8"+0.35 43 . 4b ,C,f:t0 . 31 35.59,w+1.81 30.1h ,i,I:t0 . 19 (ppm) (-0197) (-20.25) (-26 . 47) (-37.71 

Condi tions of incuba tion: Same asin table 46. 



Table 48. 

Inhibitors 
used 

Control 

Sodium 
sulfite 

Chloroform 

Chloral 
hydrate 

Monen s in 
( ppm) 

Effect of methanog e nic inhibi t ors on Total vo latile fatty acids production 
when a mixture of amino a c ids was incubated with SRF for 4 and 8 h . 

TV FA produced (m mo l es/ IOO ml RF) 

Time of incubation 

4h 8h 

Concentration of inhibitors (m moles or ppm) 
0.1(25) 1.0 (50) 0 . 1(25) 1.0(50) 

41. 4::,:1. 77 46.2::,:1. 89 

40.2+1. 22 37. 5 n+1. 86 43.2+1. 76 36.4h ,i+l.76 
(- 2 .89 ) (-9.42) (-6 . 49) (-21.21) 

37. 6m+1. 97 30.lb ,C,f±I.4 2 37.89,w+1.93 29.1 h , i. 1::,:1. 38 
(- 9 .17) (-27 . 29) (-18 .18) (-37.0ll 

39.3+1. 42 3 . .L 4b,C+l . 34 3 9 . 59+1 . 2 4 34. 2h ,i,I±I.44 
(- 5 .07 ) (-19.32) (-14.5) (- 25. 97) 

38 .7+1. 68 31. 99, c+1. 89 38.39+1. 33 3 2 .8 h ,i+I.61 
( - 6 .52 ) ( - 22 . 9 4) (-17.09 ) ( - 29 .00) 

Conditi o ns of incubation: Same as in table 46 . 



TCA Insoluble proteins left afterincubation (mg) 

Time of incubation 

4h 8h 

Concentration of inhibitors (m moles) 

Control 0.1 1.0 Control 0.1 1.0 

GC 33 . 38ZO . 49 36 . 9a +O. 92 37 . 9b ,o+0.32 26 . 5Z0 . 49 35.99+0 . 96 38.0h ,i+O.42 
(+1 0.78) ( .. 13 . 91) (+35.53 ) (+43.38) 

MC 31. 5PZO. 72 35.1a+O.71 36.8b ,o,r±O.S6 22 . 4 j ZO.46 35.19+0.81 36.8h ,U,x.:t0 . 49 
(+11 .09) (+16 , 76) (+56.54) (+64 . 22) 

SF 34.0dZO.81 37.1e ,aZ O.46 37.9b , o,rZ O.2125.1 j ZO.38 36.89,w+O.37 39. Oh, i,l.:t0. 28 
(+9 . 2) (+11.4 3 ) (+46.65) (+53 . 09) 

Soya 30 . 9dZO.28 34.7 e ,a+O.S2 36.2b ,C,f.:t0 . 49 21.0jZO.77 35 . 19,w+O.79 37 .8h ,u, l Z0.36 
(+12.99) (+1/.21) (+66.74) (+75.16) 

Casein 28.9 dZO.46 34 .1a +O . 66 35.8b ,o+0.78 18.4 j ZO . 62 36.29+0.58 36 . 2h+O.48 
(+17 .98) (+23 . 89) (+97 . 44) (+97.44) 

Conditions of incubaticn : Same as in t able 1 except 10 ml washed mixed bacterial 
sllspension was added to incubation mixture instead of SRF 



I 

Table 50. Effect of hydrazine on Ammonia produced when various intact feed proteins were 
incubated with washed mixed bacterial suspens ion for 4 and Bh. 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Control 

19 . 5Z0.92 

18 . SZ1. 06 

19.4Z0 . S9 

22.2 bZO.44 

21. 4PZO. 21 

Ammonia-N (mg/lOO ml RF Eq) 

Time of iocubation 

4h 

Concentration of inhibitors (m moles) 

° .1 1.0 Control 

18.4+0.48 16.lb ,c+O. 54 lS.4Z0.9S 
( - S . 73) (-17.4S) 

16.Se , rn+O . 71 lS.7 b+O.62 16.4Z0.77 
(-10 . 39) (-lS.16) 

17.9rn ,QZO.33 14.7b ,c,r+O.4 9 14.8Z0.92 
(-8.08 ) (-24.29) -

21. Se+O. 49 12.Bb,c,f±.O.55 17.4vZO.96 
( - 3.f9) ( -42.3 3) 

19.1· , Q+O.S8 13.6b ,c+O.72 19.8vZO.81 
(-10.8S) (-36 . 34) 

Conditions of incubatio ns : Same as in tabl e 4 9 . 

8h 

0.1 

14.3+0.46 
(-7 . 19) 

12.S9'W+O.61 
( - 24.03) 

12.85 +0. 33 
(-13.07) 

13. S9+0. 21 
(-21.99) 

19.39,h+O . S4 
(-28.01) 

1.0 

12.6h 'U+O . 44 
(-18 . 00) 

13.Sh ' U+O . 32 
(-17.S8) 

12 . 61+9.89 
(-14.29) 

lO.2 h ,i,x+O.Bl 
(-40 .1 ) -

9 . 8h ,i+O . S7 
(-SO.83) 



Table 51. Effect of hydrazine on Total volatile fatty acids production when various intact feed 
proteins were incubated with washed mixed bacterial suspension for 4 and Bh. 

Protein 
TVFA produced (m moles/lOO ml RFEq) 

source Time of incubation 

4h 8h 

Concentration of inhibitors (m moles) 

Control 0.1 1.0 Control 0.1 1.0 

GC 25.9:<:1. 26 15. 5a +1. 89 11. 7b , o+1.19 27 . 9:<:1. 72 11. 009+1. 84 9.7 h+1.77 
( - 40.15 ) (-54.82) (-60.57) (-65-:-23) 

MC 24.1:<:1. 49 17 . 9a +1. 76 12.3b ,c+l.28 28.7:<:1. 99 11. 79+1. 86 10.7h +2.01 
( - 25.72) (-48.96) ( - 59 . 23) (-62.77) 

SF 29.7:<:1. 28 15.1 a+1. 51 11. 7b+t. 71 28.1:<:2.1 13 . 39+1 . 56 10.3h ,i:<:1.18 
( - 38 :86) (-52 , 63) ( - 52.66) (-63.34 

Soya 28 . 3P:<:1. 42 20.5a ,e+l.23 14. 9 b":1. 65 31. 9:<:1. 49 23.19,k+1.23 13.7h , i,x..:tl . 29 
(-27 . 56) (-.47-:-35) (-27.58) (-57.05) 

Casein 28.6:<:0.96 21.1a +1. 44 15.1b , C:<:1. 77 32.5:<:1.37 24.59+1.44 14.3 h ,i+l.45 
(-26.22) (-47. 2 ) (-24.61) (-56.00) 

Condi t i o ns o f incuba t ion: Same as in tabl e 4 9 . 



Ta~ 52. Effect of Hydrazine sulfate on TCA- precipitable proteins when various intact feed 
proteins were incubated with washed mixed bacterial suspension for 4 and 8 h 

Protein 
source 

Control 

GC 34.5:!:0.15 

MC 32 . tlO.42 

:asein 27. 6d~0. 82 

TCA precipitable p roteins left after incubation (mg) 

Time of incubation 

4h 

Concentration of inhibitors (m moles) 

9 . 1 1.0 Control 

37.3a TO.43 38.3b+0.65 22.1:!:0.18 
(?8.07) (+11 .16) 

35.8a ,Q+0.41 36.9b ,r+0.58 21. 3:!:0. 72 
(+11 . 29) (+14 . 97) 

38.3a ,e+0.74 38.9b ,f+0.51 23 . 5j:!:0 . 48 
(+11 . 16) (+12 . 78) 

33.9a ,e+0 . 33 35.9b ,O,f+0.7 2 20. 7j±0 . 71 
(+8.5) - (+14.8)-

34 .5a +0.49 36 . 1b ,O+0 . 88 17.5j:!:0.76 
(+25.00) (+30.46) 

8h 

0.1 

35.99+0.11 
(+12 .12) 

34.59,k+0.23 
(+61.67) 

36.19,k+0.39 
(+54.03) 

32.89 ,k+0. 28 
(+58,77) 

33 . 79,w+0.46 
(+92.95) 

1.0 

38 . 7h ,i+0.49 
(+74 . 51) 

37.1h ,i.l+0.34 
(+74.08) -

38 .6h ,i,l+0.18 
(+ ) -

36.9 h ,i,x+0.92 
(+78.54) -

36 , 9h ,i+0.94 
(+111. 57) 

Conditions of incubation: Same as in table except 0.1 and 1.0 m mo1esof hydrazine sulfate 
in 1 ml buffer were added to incubation mixture instead of hydrazine. 



Table 53. Effect of Hydrazine sulfate on Ammonia produced when various intact feed proteins 
were incubated with washed mixed bacterial suspension for 4 and 8 h. 

-Protein Ammonia-N (mg/100 ml RF Eq) 
f,ource 

Time of incubation 

4h 8h 

Concentration of inhibitors (m moles) 

Control 0.1 1.0 Control 0.1 1.0 

;C 27.6:!:0.42 20.3"+0.31 17.8b ,c+0.39 21. 6:!:0 . 84 15 . 4g+0 . 29 12 . 6 h , i+0 . 33 
(-27 .66) (-35.44) (-28.77) ( - 41.57) 

c 25. 4d:!:0. 54 19.4" , q+0.44 11.5b , c+0.41 20 .3:!:0 . 49 15.4g+0.18 ll.4 h ,i,x.:t.0 . 47 
(-23.44) (-30.97) (-23.96) (-43.88) 

F 24 .9:!:0 . 91 18.2"+0.65 16.7b ,o+O.B6 20.9:!:0.17 14. 3g+9 . 23 11. 4h, i:!:O. 81 
(-27,21) (-33.07) (-31.26) (-45.6) 

oy" 28.9d:!:0.36 20.3a ,Q+O.6l 18.3b ,o+0.72 -23 .7j:!:0.23 18.4g,k+0.77 13.3h ,i,l.:t.0 . 27 
(- 29 .87) (-36.69) (-22 . 55) (-43.97) 

:asein 30. 8d:!:0. 23 20.3"+0.48 18 :9 b+O. 33 25 .1 j:!:0 .12 19.8g+0.86 l4 . 0h ,i,x.:t.0 . 42 
(- 3 4.09) (-38 .51) (-21.01) (-44 . 45) 

Conditions of incubation: Same as in table 52 . 



TVFA produced' (m moles/IOO ml RFEq) 

Time of incubation 

4h 8h 

Concentration of inhibitors (m moles) 

Control 0.1 1.0 Control 0.1 1.0 

GC 27 . 8;!:1. 42 12. 9a +1. 98 8 . 3b ,o+1.44 30 . 6;!:1.14 9.29+1. 22 7. 5h+1. 41 
( - 53.59) ( - 70.14) (-69:-93 ) (-73:-49) 

MC 26 . 4;!:1. 66 12.4a +1.82 8.1 b , o+1. 79 28. 8;!:1. 66 8.59+1.28 7 . 2h+1. 68 
( - 53.03) ( - 69.32) (-70:-49) ( - 75:-00) 

SF 23. 9;!:1. 59 11.2a +1.64 7.6 b ,o+1.38 28.2;!:1.18 8.19+1.91 6. 4h+1. 39 
(-53,14) (-68 , 2) (-71:-28) (-70:-3 ) 

Soya 30. 2d;!:1. 33 16.8a ,e+1 . 85 lO . 3b ,c+l.21 34 . 6j;!:1. 23 10.49+1.86 8. 3 h+1. 28 
(-44.37) (-65.89) (-69.93) (-76-;-01) 

Casein 32 .1;!:1. 41 17.5a +1.31 12. 4bc+1. 25 35. 3;!:1. 46 10.89+1.16 8 . 8h+1.13 
(-45 . 48) (-67.37) (-69.4) (-75:-07) 

Conditions of incubation: Same as in table 52 . 



Table 55 . Effect of Phenyl hydrazine on TCA precipitable proteins when various intact feed 
proteins were incubated with washed mixed bacterial suspension for 4 and 8 h. 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Control 

30.2:t0 • 38 

29. 2P:t0. 44 

29.7P:t0 . 64 

28. 6P:t0. 52 

25 . 2d:t0. 91 

TCA precipitable proteins left a fter incubation (mg) 

Time of incubation 

4h 8h 

Concentration of inhibitors (m moles) 

° .1 1.0 Control 0.1 

33.3a +O.33 35.3b ,C.:t0 . 41 28.6:t0 • 48 31. 29+0.51 
(+10.5) (+16 . 9) (+9.08) 

33.3a +O.38 34.Sb.c . r:t0.33 27.2±0 . 45 30.89+0.84 
(+14.02) (+18.08) (+13.21) 

31.8a ·Q:t0 . 61 33.9 b •o +0.84 26.3:t0 . 72 30 . 29+0.91 
(+7.31) (+14.28~ (+14.53) 

30 . aa ,Q.:t0 . 44 33 . 3b ,o+0.76 23.6j:t0 . 79 28 . 69 . w+O.7 2 
(+7 .44) (+16.09) (+21. 25) 

26 . Sa, e:!:O . 22 2S.6 b ,C,f.:t0 . 71 20.1j:t0.62 25 .29,k+O.18 
(+6. 59) (+13.83) (+24.92) 

1.0 

34.1h ,i+O . ll 
(+19.13) 

33.2h ,i,x.:tO. 38 
(+22.33) 

32 .5 h ,u+ O.67 
(+23.26) 

30 . 2h ,U,1:!:0 . 16 
(+27.77) 

29.2 h,i+O . 77 
(+45 . 23) 

Conditions of incubation: Same as in table except 0.1 and 1.0 m moles of Phenyl hydrazine in 
1 ml buffer were added to incubation mixture instead of hydrazine. 



Table 56 . Effect of Phenyl hydrazine on Ammonia produced when various intact feed proteins were 
incubated with washed mixed bact~rial 5llspensioin for 4 and 8 h 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Control 

23 . 2~0 .4 4 

22 . 7~0 . 36 

22 . 3~0 . 49 

Ammonia - N (mg/IOO ml RF Eq) 

Time of incubation 

4h 

Concentration of inhibitors (m moles) 

0 .1 1.0 Control 

la.la +O.31 16.4b ,c+0.49 1 6 .1~0.3a 
(-22.02 ) ( - 29 . 38) 

l a .la +0.61 16.4b ,c+0.56 15.7~0.41 
(-20.2) (-27.72) 

1 7A a+0.7a 1 5 . Sb , O+O.33 14.3~0 . 63 
(-22.33 ) (-29 .1 2) 

20.aa ,e+0.63 17.4 b ,c,f+0. 41 17.aj~0 . 72 
( -1 7.91) (-31.65) -

21.3a +0 . 51 1a .lb ,c+0.62 l a . 2~0 . 69 
( - 23.23) (-34.111) 

Conditions of incubation: Same as intable 55 . 

ah 

0.1 

14. a9+0 .14 
( - a . 08) 

13.79,k+0.21 
( -1 2 . 91) 

13.2 S 'W+O.IB 
(-7.47)-

1 5.69 , k+0.36 
( -1 2 . 55) 

15.2a +0.49 
(-16.7a ·) 

1.0 

10. a h ,i+0. a1 
( - 32.71) 

9.7 h ,i+O.46 
( - 37 . 97) 

9 . 7h ,i+0.41 
(-31.91) 

lO . Sh,i, l+O.24 
(-39.3a) -

10 . a h ,i+0.a6 
(-40 . 64) 



Table 57. 

TVFA produced (,m moles/IOO ml RF Eq) 
Protein 
source Time of incubation 

4h 8h 

Concentration of inhibitors (m moles) 

Control 0.1 1.0 Control 0.1 1.0 

GC 2S.9.±,1.22 lS . Sa+l.27 16.3 b+1.16 29 .1~1. 41 15.29+1 . 77 12.2h ,u+1.62 
(-28 . 57) (-37.06 ) ( -4 7 . 77) (-58.07) 

MC 25.4 ~l. 47 19. 3a +2. 08 16 . 9 b+1.18 29 . 8~1. 87 15.89+1,64 12 . 3 h ,u+1.79 
(-24.01) (-24.64) ( -4 6.98) (-58.72) 

SF 26. 8~1. 39 19. 5a +1. 91 16 . 6b +1 . 41 30.2.:':1. 62 15.39+1.59 12. 7h+1. 44 (-27.24) (-38 . 06 ) (-49.34) ( - 57.95) 

Soya 30 . 4P~1. 21 20. 6a +1. 43 18 . 1 h +l :33 32. 2~1. 43 17.19+1. 46 14 . 1 h+1.13 (-32.24) (-40.46) ( -46 .49) ( - 56 .21 ) 

Casein 30 . 6~1. 85 22. 4a +1. 32 19. 3 b+1. 97 32.6~1. 51 ( - 26.79) (-36.93) 
20.99,w+1.55 14 . Sh ,i+l.22 
(-35 . 88) (-55 . 52) 

Conditions 'of incubation: Sd~e as in table 57 . 



Table 58 . Effect of p-nitrophenyl hydrazi.ne on TeA pr~cipitable proteins wh~n various intact 
feed prote~ns were incubated w~th washed ffi1xea bacter1al suspens10n for 4 and Sh . 

Protei n 
source 

TeA- precipitable proteins left after incubation (mg) 

Time of incubation 

4h 8h 

Concentration of inhibitors (m moles) 
Control 0 .1 1.0 Control 0.1 1.0 

3C 31. 8.:!:0 . 39 33 . 8"+0.31 34.9 b+0.86 27 . 6.:!:0 . 84 32 . 29+0.45 32 . 8h +0 . 91 
(+6. 8) (+9. i4) (+16 .42) (+18 . 81) 

MC 30 . 2d.:!:0 . 41 33.4+0.92 34.9b+0.79 26 .1.:!:0 . 91 31. 29+0 .1 6 33 . Sh ,u+O.64 
(+10-:-31 ) (+15 .43) (+19.5) (+29.44) 

SF 29. 7.:!:0 . 76 33 . 4"+0.46 34.3 b , O+O .18 26 . 1.:!:0.62 30 . 29+0.22 32.8h ,i+0.85 
(+12.16) (+15.19) (+15 . 49) (+25 . 58) 

Soya 27. 6P.:!:0 . 62 30.2" ' ".:!:O . 38 32.a b , C,f:t0 . 32_. 22. 5j.:!:0. 71 29 . 29,w+O .4 8 32 . 2h ,i+0.53 
(+9 . 44 ) (+18 . 81 ) (+29.54) (+42 . 95) 

Casein 26.1.:!:0 . 44 29.7"+0 . 51 32.3b ,c+0.61 21. Ov.:!:O. 69 25.39,k+0. 51 29.2 h ,i,1.:!:0 . 31 
(+13.85) (+23 .15) (+20 . 85) (+39.12) 

Condi tions of incubation: Same as in table 49 except 0.1 and 1.0 m moles of p-ni trophenyl hydra ­
zine in 1 ml buffer were added to incubation mixture instead of 
hydrazine . 



Tabl e 59 . Effect of p- nitrophenyl hydrazine on Ammonia pro~uced when various intact feed 
proteins were incubated wlth washed mixed bacterlal for 4 and 8 h. 

Protein 
sour c e 

GC 

MC 

SF 

Soya 

Casei n 

Control 

22 . 72:° . 44 

22 . 42:0 • S6 

23 . 12:0. Sl 

26.2d2:0 • 48 

27 . 4P2:0 . S6 

Arnmonia - N (,mg/100 ml RF Eq) 

Time of incubation 

4h 

Concentration of inhibitors (m moles) 

0. 1 1. 0 Control 

19 . 5a +O.89 l6 . 8b , c+O.38 14.32:0 . 49 
( - 14 . 23) ( - 2S.87) 

18. 8a +O. 41 l6.6 b ,c+O.46 13 . 72:0 . 34 
( -16 . 14) ( - 2S.9S) 

19 . Oa+O. 33 lS . 2b •c +O . 22 13.22:0 . 81 
( - 17 . 8) (-34.12) 

21.3a.e2:0.64 18 . 0b . c . i2:0.14 16.9j2:0 . 79 
(-18.49 (-31.24) 

22 . 0a +O.61 18.4 b • c +O . 72 18.32:0.99 
(-19.91) (-32.96) 

Conditions of incubation: Same as in tal?le 58 

8h 

0 . 1 1. 0 

11. 8g+0 . 81 9.2 h ,i+O . 42 
( - 17.39) ( - 3S.62) 

1 2 . 25 +0.79 9 . 5h ,i+O . 36 
(-1 0 . 84) ( - 30.71) 

12.2+0 . 71 8.8 h ,i+O.72 
(-7 . 06) (-33.31) 

14.39,w+O.42 10 . 2h • i +O.61 
(-lS.42) (-39.38) 

l5 . 29,w+O.37 10 . 7h • i +O.34 
(-16.62) (-41. 33) 



Table 60. Effect of p-nitrophen~l hydrazine on Total volatile fatty acids production when 
various intact feed proteins were incubated with washed mixed bacterial suspension 
for 4 and 8 h . 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

TVFA produced (m moles/IOO m1 RFEq) 

Time of incubation 

4h 

Concentration of inhibitors (m moles) 
Control 0. 1 1.0 Control 

14 . 2a +1. 72 10 . 8b+1. 72 25 . 4:!:1. 41 
( - 37 . 72) (-52 . 63) 

22. 8:!:1. 39 

14. 5a +1. 41 10.9b ,o+1.3l 26 .1:!:1. 48 
(-37 . 5) (- 53.02) 

23. 2:!:1. 44 

14.4a +1.33 10.3b , o+1.44 26. 3:!:1. 62 
(-37 . 12) (-55 . 02) , 

22. 9:!:1. 52 

19.2a ,e+l.62 16.8b , f+1.42 ··29 . 2:!:1. 79 
(-24.41) (-33.85) 

25. 4P:!:1. 81 

21. 3a +1. 69 l7.2b ,o+l.56 30 . 5:!:1. 67 
(-21.98) (-36 . 99) 

27. 3:!:1. 33 

Conditions of incubation: Same as i n table 58 . 

8h 

0 . 1 1.0 

8. 1 9+1. 89 6. 3h +1. 88 
(-68-:-11 ) (-75-:-19) 

8 . 69+1. 92 6. 5h+1. 79 
( - 67-:-05) ( - 75-:-1 ) 

8.29+1 91 6 . 2h +l . 91 
(-68-:-82 ) (-76-:-42) 

12.49 , w+2.04 8.8 h+2.02 
( - 57.53) (-69-:-86 ) 

13.99+1. 72 9.lh ,u+l.38 
(-54.43) ( -70.16) 



Table 61 . Effect of Hydroxylamine HCl on TCA precipitable proteins wh~n various intact teed 
proteins were incubated with washed mixea bacter~al suspens~on for 4 and 8 h . 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Control 

34 . 7~0.16 

31. Od~O. 22 

31. 8P~0. 31 

30. 5d~0 . 28 

26 . 5d:,:0 . 39 

TCA-precipitable protins left after in c ubation (mg) 

Time of incubation 

4h 8h 

Concentration OL inhibitors (m moles) 

0.1 1.0 Control 0.1 1. 0 

35.7a +0.27 36.3b , c~0.37 28 . 0"':.0.52 30.5 5 +0.44 33.S h ,i+0 . 91 
(+2.94) (+4 . 69 ) (+8.93) (+20.26) 

32 .1a , e~0.33 33 . 6b ,C,f.:t0 . 22 23.7j~0.59 29.89+0.65 32 .3h ,u+0. 92 
(+3.38) (+8.61) (+25 . 49) (+36 . 03) 

33.4a ,e.:t0.36 35.2b ,c, f~23.9~0.96 28.99+0.39 32.3 h ,i+0 . 77 
(+4.92) (+10.39) (20.54) (+34.78) 

31. 7Q+0. 81 32.3 n ,f.±.0.41 20 .5j~0.67 25 . 39,K+0.67 30 . Sh ,i,x.:t0 . 72 
(+4.13) (+5.9) (+23.84) (+48.9) 

28.0a ,e.:t0 . 44 28 . 9b ,c,f~0. 33 19.1v~0 . 72 22.59, K+O . 81 25 . 3h , i.1~0.88 
(+5.42) (+8.78) (+17 . 89) (+33 . 00) 

Conditions of incubation: Same as in table 49 except 0.1 and 1 . 0 m moles of hydroxylamine HCl 
in 1. ml buff~r we:t"e added to incubation mixture instead of hydrazine. 



Table 62. Effect of Hydroxylamine HCl on Ammonia produced when various intact feed 
proteins were incubated with washed mixed bacterial suspension for 4 and 8 h. 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Control 

21. 4±0. 53 

20.4±0 . 56 

20.4±0.72 

24. 5d±0. 65 

25 .1±0. 62 

Ammonia-N (m9/1OO m1 RF Eq) 

Time of incubation 

4h 

Concentration of inhibitors (m moles) 

0.1 1.0 Control 

17. 3a ±0. 72 15.2b ,o+0.77 17.6±0.61 
(-19.13) (-28.84) 

17.3a +0.26 15.9b ,o+0.79 16.1±0.72 
( - 14.88) (-21. 95) 

15. 9a , e+O .14 14.sb ,o,r.:t0 . 28 13.7j±0.24 
(-21.95) (-28 _98) 

18.2 a,p.+O.18 16.7b ,C,f.:t0 . 33 18.3j±0.19 
(-25.72) (-31.72) 

19.3a +0.79 16.7b+0.46 1 8.3±0 .15 
(-23 .19) (-33.37) 

Conditions of incubation: Same as in ~abl e 61 . 

8h 

0.1 1.0 

12.29+0.82 lO.2 h ,u+O. 23 
(-30.47) (-42.17) 

11. 99+0.84 9.sh ,i,x.±.O.19 
(-26.18) (-40.73) 

10.29 , w+0 . 44 8.7 h ,u,x±0.26 
(-25 .45) (-36.21) 

11.99,W+0.42 10.2h ,U,1±0.44 
(-35.17) (-44 . 34) 

12.39+0.38 9.sh ,i+O.4 8 
(-32.99) (-47.95) 



Table 63. Effect of Hydroxylamine HCl on Total volatile fatty acids production when various 
intact feed poroteins were incubated with washed bacterial suspension for 
4 and 8 h. 

Protein TVFA produced (m moles/l 00 ml RF Eg) 
source 

Time of incuba tion 

4h 8h 

Concentration of inhibitors (m moles) 
Control 0. 1 1.0 Control 0. 1 1. 0 

GC 23 . 8~1.18 16.2a +1.31 14. 3b+1. 24 27 . 2~1. 31 13 . 29+1 . 91 11. 8h+1. 42 
( - 31.9) (-39 . 91) ( - 51. 4) ( - 56.62) 

MC 2) . 2~1. 65 18.1a +1.39 15.1b ,o+1.41 26.8~1.44 14 . 59+1. 86 1 2. 5h+1. 39 
(-21.98) ( - 34 . 91) (-45.89) (-53 . 36) 

SF 25. 4~1. 72 16. 8a +1. 42 14.8b+1t46 16. 9~1. 82 14.49+1 . 72 13.1h+1.36 
( - 33 . 85) (-41.7) (-46 . 47) (-51. 3) 

Soya 28. 2~1. 84 22 . 2a , e+l . 44 14.9b , c+l . 83 30 . 1~1. 71 26 . 79,k+1.22 23 . Sh ,u,1.:t1. 22 
(-21.28) (-47.16) ( - 11. 29) (-20.93) 

Casein 29 .1~1.19 26. 4a ,g.:t1. 21 23.6 b ,O , f.:t1 . 49 30.8~1.94 26.9 5+1.13 24.2h ,u+l.1 7 
(-9 . 28) ("18. 9 ) (-12.66) (-21. 43) 

Conditions of incubation: Same as in table 61. 



Table 64. Effect of Sodium Arsenate on TeA pr~cipitable proteins when various intact feed 
proteins were incubated with washed mixed bacterial suspension for 4 and 8 h 

Protein 
source 

TCA-precipitable proteins left after incubation (mg) 

Time of incubation 

4h 8h 

Concentration of inhibitor (m moles) 

Control 0.1 1.0 Control 0 . 1 1.0 

GC 32.41;0.84 33 . 8"'+0 . 75 35.7 b ,C+O . 21 25.11;0.38 35.79+0.44 38.4h ,i+0.12 
(+4 .54 ) (+10.31) (+42.19) (+52 . 94) 

MC 31.41;0.25 32.9rn+O.86 34. 1 b ,f1;0.29 25.91;0.49 36.39+0.52 37.7 h ,u+O . 77 
(+4 . 33) (+8 . 69 ) (+39.92) (+45 . 47) 

SF 32 . 41;0.86 34.1a ,Q1;0.12 34.9b , o,f1;0.38 26 . 71;0 . 72 36.99+0 . 65 38.4 h ,u+0.59 
(+5.47) (+7.94 ). (+38.13 ) (+43.51) 

Soya 27. 6d1;0 . 92 29 . 3m,e.:t0 . 91 31. 4b , 0, f1;O. 6r· 23.4j1;0 . 68 32.59,k+O . 38 35 . 3h ,i,11;0 . 18 
(+6 .01) (+13.8) (+38.68) (+50 . 6) 

Casein 25 . lP1;1. 01 27.7m,Q+0.79 29 . 2n ,o,r.:t0 . 7 2 21. 8 j1;O. 21 32.59+0 . 42 34 . 6h ,i, x.:tO . 59 
(+10.31) (+16.32) (48.92) (+58.5) 

Conditions of incubation; Same as in table 49. except 0.1 and 1.0 m moles of sodium 
arsenate in 1 m1 buffer were added to incubation mixture 
instead of hydrazine. 



Table 65 . Effect of Sodium Arsenate on Ammonia produced when various intact feed 
proteins were incubated with washed m~xed bacterial suspension for 4 & Bh 

Protein 
source 

GC 

MC 

SF 

Soya 

Casei n 

Control 

28. 4.:+:0.36 

26.5d .:+:O . 41 

27.3P.:+:O.32) 

30.1d .:+:O.98 

32 . 5.:+:0.31 

Ammonia-N (mg/lOO ml RF Eq) 

Time of incubation 

4h 

Concentration of inhibitors (m moles) 

0.1 1.0 Control 

21. 8a +O. 84 18.7b ,c+O.72 24. 5.:+:0.88 
(-23.19) (-34.07) 

20.4 a +O.3l 16.5b ,c,f.:+:O.65 22.8 v .:+:O . 31 
( - 23.05 ) (-37.66) 

20.4 a +O.68 l5.6 b ,c+O.33 23.5.:+:0.42 
(-25.25) (-47.77) 

2 3 . 7a , e .:!:.O. 52 19.5b ,C,f.:+:O.85 2 6.8j.:+:O.76 
(-21.2) (-35.07) 

29.9a +O.44 20. 8 b ,C.:+:O.34 2 7.7.:+:0.49 
(- 23 .32 ) (- 35 . 8 ) 

Conditions o f incubatio n: Same as i n table 64. 

8h 

0.1 

14. 59+0.72 
(-40.81) 

12.99,W+O.49 
(-43.41) 

13.89+0.41 
(-41.26) 

15.29,K+O.33 
(-43 . 14) 

17.39,K+O. 81 
(- 37 . 5) 

1.0 

9.7h ,i.O.44 
(-60.29) 

9.7 h ,i+O. 9 l 
(-57.37) 

8.1 h ,i+O. 83 
t-65.39 ) 

lO.2 h ,i,1+O . 32 
(-61.86) -

10.2h ,i+O.4 4 
(- 63 .11) 



Table 66 . Effect of Sodium Arsenate on Total volatile fatty acids .production when var ious 
intact feed proteins were incubated with washed mixed bacterial suspension for 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

4 and 8 h. 

Control 

23. 7:t1. 64 

22.4:t1.55 

22.2:t1.21 

25 . 9:t1. 91 

26. 8:t1. 83 

TV FA produced (m moles/IOO 

Time of incubation 

4h 

Concentration of inhibitor (m 
0.1 1.0 

10.8a +1.44 8. 8 b+1. 86 
(-54 .43) ( - 62-:-87) 

9 . 7a +1.38 7.4 b +2.06 
( - 56-:-7) (-66-:-96) 

9.3 a +1.49 7 .1b+1. 01 
(-58-:-11 ) ( - 68-:-02") 

12.8a ,q+1. 22 10.2+1.5 2 
( - 50.5S) ( - 60-:-62 ) 

14.1a +1.16 1l.5~ 1.07 
(-47.39) (-57 . 09) 

Condi t ions of incuba tion: Same as in table 64 . 

ml RF Eq) 

8h 

moles) 

Control 0.1 1. 0 

25 . 4:t2 . 0 5 7.69+1. 49 4. 4h+1. 89 
(-70-:-08) (-82-:-68) 

23. 3:t1. 94 6.59+1 . 55 4.1a +1.74 
(-72-:-ll (-S2-:-4) 

22. 6:t1. 56 6.19+1.46 4.1 h:t1.72 
( - 73-:-0ll ( -81.8 6) 

27. SV:t1. 44 8.5Q+1.18 6 . 4h +1 . 76 
(-69-:-42 ) (-76-:-98) 

29.6:t1.18 9 .29+1. 29 6 . 8 h+1. 61 
( -67-:-57) (-77-:-03) 



Table 67. Effect of Sodium Arsenite on TeA precipitable proteins when various intact feed 
proteins were incubated with washed mixed bacterial suspension for 4 and 8 h 

Protein 
source 

GC 

MC 

SF 

Control 

33 . 4±0 . 36 

30. 2d±0. 77 

30 .9±0 .3 2 

TeA-precipitable proteins left after incubation(mg) 

Time of incubation 

4h 8h 

Concentration of inhibitor (m moles) 

0.1 1.0 Control 0.1 1.0 

36 .2a +0.41 37.1b+0.91 27.1±0.48 34.49+0.61 36. 2h, i+O. 42 
(+8 . 46) (+11. 13) (+27.06) (+33 . 66) 

36 . 2a +0.82 37.1b+O.77 26.7:t0 • 56 34 . 49+0.69 36.2h ,u+O.52 
(+20:-11 ) (+23.06) (+29.03) (+35.77) 

35.7a +O.91 36.2b+O.67 25.9±0.47 35.39+0 .79 36.2h +O.61 
(+15.35 ) (+17.2) (+36 . 41) (+40 .12 ) 

Soya 28.2d±0.44 33.4a . e +O .16 35.2b ,c+O.62 22.3j±0.92 3l.59,k+O.62 35 . 7h ,i+O. 44 
(+18.69) (+25.32) (+41. 59) (+60.43) 

Casein 26.7d±0.38 32.Sa ,Q+O.24 35 . 2b ,c+O . 38 20.8±0.81 30 . 2g , w+O.37 34 .4 h ,i, 1.:t0 . 28 
(+21.87) (+32 . 17) (+45.37) (+65.94) 

Conditions of incubation: Same as in table 49 except 0.1 andloO m moles of Sodium Arsenite 
in 1 ml buffer were added to incubation mixture instead of 
hydrazine. 



Table 68 . Effect of Sodium arsenite on Ammonia produced when various intact feed proteins 
were incubated with washed mi xed bacterial suspension for 4 and 8 h. 

Protein Ammonia-N (mg/IOO ml RF Eq) 

Time of incubation 

4h 8h 

Concentration of inhibitor ( m moles) 

GC 24. 3!:0. 41 18.3a +O.36 l6.2b ,c+0.48 19.9!:0.49 13.39+0.31 9 . Sh ,i+O.38 
(-24.64) (-33.26) (-33.28) ( - 52. 16) 

MC 22 . 8P!:0. 56 17.5a +O.65 16.6b +O.33 18.3!:0.41 12.59+0.65 9 .lh ,i+O. 43 
( - 23. 3 8) ( - 27.36) ( - 32 .04) ( - 50.3) 

SF 22. 2!:0. 91 1 7 . Sa +O .52 162 b , 0+0 . 28 17 .5:tQ. 33 11. 89+0 . 58 9 .1h , u+0.91 
(-21.1) ( - 26.73) ( - 32.4) ( - 47 . 88) 

Soya 25. 3d!:0. 78 19 . 5a ,q+0.98 1 7 . 3b ,C,f±0.12 20 . 5j!:0.35 12.59+0.56 10.Sh,u+0.94 
( - 23.23) ( - 31.64) (-39.29) ( - 49.06) 

Casein 27 . 2!:0 .• 41 19.9a +O.61 18.1b ,o,r+0.38 20 . 8!:0. 62 13.09+0.18 10.8 h ,i+O.21 
(-26.74) , (-33 . 39) - (-37.54) (-48.00) 

Condi tions of incubation: Same as in table 67. 



Table 69. Effect of Sodium arsenite on Total volatile fatty acids production when. various 
intact feed proteins were incubated with washed mixed bacterial suspens10n 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

for 4 and g h 

Control 

21. 7:,:1. 22 

21. 2:,:1. 49 

20 . 6:,:1.19 

24. 3P:,:1. 28 

26. 8P:,:1. 33 

TV FA produced (m moles/ lOO ml RF Eq) 

Time of incubation 

4h 

Concentration of inhibitors (m moles) 

0 .1' 1.0 

9 . 3a+l.45 5 . 4b ,o+l.4 5 
(-57:-14) (-75 . 11) 

9.2"+1 . 61 5.1 +1 .66 
( - 56:-6) ( -75:-94) 

10 . 9"+1.92 5.3 b • c +1.69 
(-47.08) (-74.2'i1 

16.3" · e+1.83 9.9b.c.f+1 .1 8 
(-32.92) (-59.26)-

17.8"+1. 81 
(-33.58) 

l2.6b , c+l . 63 
(-52.98) 

Control 

24.9:,:1. 58 

23.4:,:1. 33 

23 . 1:,:1. 28 

28.5i:,:1.71 

30 .1:,:1. 52 

Conditions of incubation: Same as in tabl e 67. 

8h 

0.1 1.0 

6.59+1.14 4. 2h+1. 44 
( - 73:-89) (-83:-13) 

6.29+1. 22 4.5+1.38 
(-73:-5 ) (-80.77) 

6.29+1. 79 4.3+1.06 
(-73:-16) (-81.38) 

9 . 69+1. 61 5.1 h , i+l.19 
(-66:-31 ) (-82.1) 

9 . 99+1. 63 5.7h • u+1. 46 
(-67:-11) ( -81.11) 



TeA precipitable. proteins left after incubation (mg) 
Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Control 

29 . 2~0 . 68 

27. 5P~0 . 96 

28 .1~0. 37 

23 . 6d~0 . 92 

20.8d~0 . 72 

Time of incubation 

4h 

Concentration of inhibitors (ppm) 

25 50 Control 

31. 7m+0. 99 33 . 4b ,O+O.64 26. 4~0. 89 
(+8 . 56) (+14 . 38) 

29.1m,Q:t0 . 72 30.4b , o,f~0 .34 23 . 8j~0 . 24 
(+5.81 ) (+10 . 54) 

30 . 2m+0.81 31. 6b+0 . 47 25.3v~0.68 
(+7.47) (+12 . 45) 

26.2a ,e+O.66 28.7b,o , f~0 . 6~ 22 . 1j~0. 39 
(+11. 01) (+21.61) 

23.4 a ,e±O.42 25.9b , c,f~0 . 99 17 . 6j~0 . 72 
(+1 2 .5) (+ 24 . 51 ) 

Condi tions of incuba tion . Same as in . table 49. except 25 
to incubation mixture instead of 

8h 

25 · 

35 . 49+0.86 
(+34.09) 

33.4g,w+O.29 
(+40 . 33) 

32.79+0.86 
(+29 . 13) 

31.39+0.74 
(+4 1.62) 

27.19,K+0.68 
(+53.97) 

an d 50 ODIC in 1 
hydrazine. 

50 

37 . 8h , u+O.49 
(+43.18) 

36.5h , i+0.65 
(+53.36) 

35.7 h , i+O.3 9 
(+41.64) 

33.6h,u,x~O.97 
(+52.03 ) 

31.4h , Lx~0 . 33 
(+78.4) 

ml buffer were added 



Protein Arnmonia-N (m9/100 ml RF Eq) 
source 

Time of incubation 

4h 8h 

Concentration of inhibitors ppm) 
Control 25 50 Control 25 50 

GC 27.5:t0 • 92 20 . 6a +O.75 17 . 8 b , c+O.61 23.2:t0 • 33 13.69+0.46 8.9 h ,i+O.38 
(-25.09 ) ( - 35 . 27) (-41.37) (-61.6) 

MC 25 . 3P:t0. 61 19.3"+0 . 25 l5 . 9b ,c , r!.O.38 21. 6v:t0 . 55 12 . 49+0 . 61 8 . 9h ,i+O.45 
(-23.71 ) ( - 37.15) ( - 42 . 59( (-58.79) 

SF 26.8:t0 . 3 3 19.1a+O.61 14 . 7 b , c+O.81 22.3:t0 • 62 . 12.99+0 . 72 7.1 h , i+O. 33 
(-28 . 73 ) (-45.14) (-42.15) (-68.16) 

Soya 29. 2P:t0 • 75 22.Sa ,e+O . 24 18.8b , C,f:t0 • 7.7 25.4j+O.54 l4.39,w±O.9l 9.3 h ,i,x±0.56 
(-22.94) (-35.61) (-43.7) (-63.38) 

Casein 31. 7d:t0. 61 24 . 3a ,Q+O . 32 19.6b , C+0.62 26.5:t0 • 61 14 . 59+0.77 9.lh ,i+O.46 
(-23.74) (-38.17) (-37.73) (-65.66) 

Conditions of incubation: Same as in table 70 . 



Table 72. ~~;ac~ro~~i~~I~e~~ I~g~~a~~aat~I£hf!~;~edC~1~e~rg~~~~~~~lw~~~p~~~i~~s intact 

Protein 
source 

for 4 and Bh . 

TVF produced (m moles/IOO ml RF Eq) 

Time of incubation 

4h 8h 

Concentration of inhibitors ( ppm) 

Control 25 50 Control 25 

GC 23.2:!:0 .3 5 21. 7m+! . 65 19 . 6b , o~I.22 25. 1:!:1. 16 20 . 29+0. 92 
( - 6.46) ( -1 5.5) ( -1 9 .52) 

MC 22.1:!:0 .4 2 19.9a ,Q.:t0 . 92 17.8b,o,r~1.Ol 22. 8j:!:1. 12 IB,09,w+O.99 
( - 9.95) (-19 . 95) (-21.05) 

SF 22.3:!:0 . 77 19. 6a +1. 01 18 .1b+·0 . 99 22 . 5:!:0.92 17.99+1.11 
( - 12.1) ( -1 8 .83 ) (-20.44) 

Soya 26 . 4d:!:0.81 23.8 a , e:!:0.77 21.1b,o,f~O . 67 28 . 79:!:0. 75 22.49 , k+O.99 
( - 9 . 84 ) (-20.07) (-21.95) 

Casein 27.2:!:0.99 24. 3a +O. 75 20 . 9b ,c+O.72 30. 5P:!:0. 63 22.89+1. 01 
( -10.66) (-23.16) (-25.24) 

Conditions of incuba ticn: Same as in table70. 

50 

17 . 4h ,i+O . 87 
(-31.47) 

15.1 h ,i. X:!:0.99 
( - 33.77) 

15. Oh+1. 06 
(-33.3) 

18.2h ,i,1.:t1 . 12 
(-36 . 58) 

18 . 9 h+1. 34 
(-38.03) 



Table 73. ~~~~c~a~~i~a~~~~~l~~:~~n!~~ t~~~g!~~dswl~hTS~sh~dc~~~f~~f~IP~~~~!g~ion 
for 4 and 8 h 

Inhibitors TCA precipitahle pro teins (mg/IOO ml RF Eq) 

Time of incubation 

4h 8h 

Concentration of inhibitor (m moles or ppm) 

0.1(25) 1.0(50) 0.1(25) 1.0(50) 

Control 

Hydrazine 

nydrazine 
sulfate 

Phenyl 
hydrazine 

43.6 0.44 

37.2a +0.96 
(-14.67) 

36. 8a +1. 02 
(-15.59) 

34.la ,q+O.62 
( -21. 78) 

p-ni trophenyl 3? . 4a , q .,. O. 47 
hydrazine ( - 25.68) 

Hydroxylamine 40.6a ,e+l.06 
He1 (-6.88)-

Sodium 
Ar senate 

Sodium 
Ar s enite 

DDIC 
(ppm) 

3 0. 5a , e~0 . 3 8 
(-30.08) 

29 . 8a +0.44 
(- 31.65) 

30 .8 a ,q+0.64 
(- 29 . 35) 

33.4 b 'C+0.19 
(-23.41) 

33.1b ,c+0.44 
(-24.1)-

29.3b ,c,f+l.16 
(-32.79) -

27.4 b ,c, r+l .02 
(-37.15) -

36 . 8b ,c ,f+O.9 9 
(-15.59) -

26.8 b ,c ,f+0. 85 
(- 38 .63) -

27.1b .. o +0. 8 7 
(- 37 . 84) 

26.5b , C+ 0 .25 
(- 39 . 22) 

48.12:0 • 64 

40.2g+0.69 
(-16.83) 

36.1g,k+0.72 
(-18.8)-

36.1g+0.56 
(-24.94) 

33.8g,k+1.29 
(-29.72) 

42.4g,k+0.38 
(-11.85) 

31.4g,k+0 . 79 
(- 3 4.71) 

32 . 6g+0 .81 
( - 32 . "2 ) 

31.0g+0 . 44 
(-35 . 55) 

36.3h ,i+0.9S 
(-24.53) 

35. 1 h ,i+0.61 
(-27.02) 

29.4 h ,i,1+O.86 
(-38.87) -

28.1hi+e.91 
(-41.58) 

28.7 h ,L1+1. 06 
(-19 . 54) -

27.3 h ,L1+0. 38 
(-4 3 . 2 4 -

27 . 9h ,i+O.4 4 
(-41.9)-

26 . 8 h , i+1.1 6 
( -4 4. 28) 

Conditions o f i ncubation : Same as in table 49. except casein hydrolysate ( 50 mg ) was 

~:d::r;~u; n~~::;;~~e mf;ht~~:t~;~.ng with 0 . 1(25) and i . O(SO) m moles(ppm) 



Table 74. Effect of deaminase i nhibitors on Ammonia produced when casein hydrolysate 
was incubated with washed mixed bacterial suspension for 4 and 8 h . 

Inhibitors Ammonia - N (mg/lOO ml RF Eq) 

Time of incubation 

4h Conc . of inhibitors(m m~O~1~e~s~o~;~8~upmmu) __________________________ __ 

Control 

Hydrazine 

Hydrazine 
sulfate 

Pheny l 
hydrazine 

0.1 (25) 

31. 7~0. 24 

28 .1a +0.24 
( -11. 28) 

29 . 3a ,q +O.S3 
(-7.72) -

30 .2m+0.87 
(-4.92) 

p-nitrophenyl 28 . 9a +O . 24 
hydrazine (-8.86) 

Hydroxylamine 29 . 6a , q+O . 38 
HCl (-6 . 62)-

Sodium 
Arsenate 

Sodium 
Arsenite 

ODIC 
(ppm) 

27 . 1 a ,e+0.53 
(-14.47) 

28 . 1 a +0 . 25 
(-11. 25) 

27 . 6a +0. 61 
(-12.93) 

1.0 (50) 

25.3b ' C+0 .31 
( - 20.14) 

26.8b ,c ,r+O .92 
( -1 5.35 l -

28.4 b , c,r+O .24 
( - 10.4) -

25 . 1 b ,c,f+1.06 
(-20.7» -

27.6b , c+1.11 
( - 13 . 05) 

24 .8b , c+0 . 9 1 
(-21.75) 

26.2 b , c,r+O .02 
(-17 . 27) -

24.6 b ,c,r+O.18 
(-22.39) -

0 .1 (25) 

27.6~0 . 56 

19. 389+1.08 
(-29.68) 

20 .59+0 .96 
( - 25 . 51) 

18. 99+ 0 . 33 
(+31.56) 

22 . 89, k+O. 54 
(-17.42) 

23.59+0 . 34 
(-14.69) 

21. 39, k+O. 76 
(-22.6)-

22.29+0 .41 
(-19 . 48) 

20.89 'W+0.34 
(-24.63) 

Conditions of incubation: Same as intable 73. 

1.0 (50) 

13.3h ,i+O . 38 
(+51. 78) 

17.6h ,i,l+l.Ol 
(+36.28) -

14.7h ,i,x+O .92 
(+46.59) -

lS.4 h ,i,1+0 . 34 
(+44.23) -

20 . Sh , i,1+O . 91 
(- 25 .69) -

l4.8h ,i,l+O. 38 
(+46. 26 ) -

163h ,i,1+0.42 
(-40 . 67)-

l4.2 h , i , x+O . 44 
(-48 . 55) -



Table 75 . Effect of deaminase inhibitors on Total volatile fatty acids production 
when casein hydrolysate was inc ubated with washed mixed bacterial 
suspension for 4 and Bh . 

Inhibitors TVFA produced em moles/I OO ml RF Eq) 

Time of incubation 

4h 8h 

Concentration of inhibitors (m moles or ppm) 
o . 1( 25) 1.0 (50) o .1( 25) 1.0 (50) 

Control 31. 2~1. 52 35. 3~1. 96 

Hydrazine 28.4+1. 36 24 . 6b , o+l.32 30.9 5 +1. 84 24.4 h , i+l.79 
(-8.97 ) ( -21.15) (-12 . 46) (-30.88) 

Hydrazine 28.8+1. 44 23.8 b , c +1. 58 31. 3 5 +1. 76 25 . 1 h ,i+l.86 
sulfate ( - 7 .69) (-23.72) (-11.33) (-28.89) 

Phenyl 29.4+1. 86 26 . 3b+1.47 30.8 5 +1. 81 22.6 h ,i+1.77 
hydrazine (-5 . 77) (-15.7) (-12.74) (-35.97) 

p-ni trophenyl 28.6+2. J 6 23 . l ,"" o,r:t1 . 44 29 . 79+1. 52 20 . 2h ,i+1. 82 
hydrazine (-8.33) ( - 25.96) (-15 . 86) (-42.77) 

Hydroxylamine 29 . 2+1. 52 27 . 1 b ,r+1. 52 33. 2w+1. 63 28 . 6h,u,X~2 . 0 1 
HC1 (-6.41) (-13 .14) (-5.94) ( - 18 . 98) 

Sodium 25.1a , Q+1.98 21.1 b , f+1. 89 23 . 59 , k+2 .1 4 13.3 h ,i,1:t1 . 76 
Arsenate (-19.551 (-29,81) (-33.43) (-6 2 . 32) 

Sodium 25. 7a +l. 76 20,4 b ,o+1.96 24 . 69+1. 91 14.2h , i+l . 95 " 
Arsenite (-17.62) (-34.6)- (-30.31) (-59.77) 

ODIC 27.1+1. 39 22 . 4b , o , r.,:tl. 71 24 . 29+2.01 15.3 ,h , i+1. 88 (ppm) (-13-:-14) (-28.2) (-31.44) (-56.65) 

Conditions of incubation : Same as in table 73 . 

--------------------------



Table 76. ;f~I~~u~~ ~fr~~~~od:~T~~ae::ih;cbu~~~~a ~it~C~a~~:~i~t~:~l~a~~~;I!ls when 
suspension for 4 and S h 

TCA precipitable protein s (mg/100 m1 RF Eq) 
Inhibitors 

Time of incubation 

4h 8h 

Concentration o~ inhibitor (m moles or ppm) 
0 .1 (25) 

Control 35. 6;t0. 49 

Hydraz ine 31 . 9a +O. 52 
(-10.39) 

Hydra z ine 31. 6a +O. 42 
sulfate (-11.23) 

Pheny l 30 .7a +O .26 
Hydrazine ( -1 3 .76) 

p-nitropheny12S. 6a ,Q+O . 91 
Hydrazine (-19.66) 

Hydroxylamine 32. Sa , e +O . 55 
He 1 (-7 . 86)-

Sodium 
Arsenate 

Sod ium 
Ar seni te 

OD IC 
( ppm) 

27.4a , <e +O . 24 
(-23.0 3) 

28 . 1a +O . 66 
(- 21.06 ) 

26 . 4a , Q+O .6 2 
( - 25 . 84) 

1. 0 (50) 0.1 (25) 1. 0 (50) 

46.3;t0.81 

29, 3b , 0+1.12 39. 89+0.98 36.3h ,i+O.61 
( -17 . 69) (d4 .03) ( - 21. 59) 

29.1b ,o+1.24 39 . 39+0 .44 35 . ah ,i,:to .3 7 
( -18 25) (-15 , Ill (22.67 ) 

27.5 b ,c,r,:tO.77 36 . 1 9 ,k+O. 61 31. 2h ,i.1;tO .76 
(-22.75) (-22 .03) (-32.61) 

25 . 2b , C, r;tO.91 .. 33.89,k;tO.92 26 . 7h ,i,1,:tO.49 
( - 29 . 21) (-26.9) ( - 42 . 33) 

31. 4b , f+O . 26 41,6 9 , k;tO.41 36.8h , i,1;tO.5 2 
( -11. 79) (-10.15 ) (-20.5) 

24. 2b , C, f ,:tO . 89 3 0.19,k+O . 72 25 . 3h .. i , 1,:tO. S6 
( - 32 .0 2) (- 34.98) (-4 5 . 35 ) 

24. 9b , a +O. 76 31. 09+0. 61 26 . 2h , i;tO. 51 
(- 30.05) ( - 33 . 04 ) (- 43.4) 

22 . ab , c , r,:tO . 42 28 . 79 , k+O . 88 25 .1 h , i+ O. 4 6 
(- 35 . 9) ( - 38 . 01) (- 45 .7 5) 

Conditions of incubation: Same as i n table 49 except a mi xture of ami no acids (lO m 

m moles(ppm) ~~~;f~a~;rrn~~gi~oi~ incubation mixture along with 0.1(25) & 1.0(50) 



Inhibitors Ammonia-N (mg/lOO ml RF Eq) 

Time of incubation 

4h Bh 

Concentration of inhibitors (m moles or ppm) 

0 . 1 (25) 1.0 (50) 0.lj25) 1.CX50) 

Control 32.2~0.46 30. 5~0 . 37 

Hydrazine 30.1a +0 . 4B 26.6 b ,c+0.B2 22.19+1.64 l7.S h ,i.±,l.32 
(-6 . 46) ( - 17 . 43) (-27.34) (-42.50 

Hydrazine 29.3a,q~0. 77 24.3 b ,c+l.79 20.B9+0.16 16.5h ,i+1.13 
sulfate (-9.07) (-24.35) (-31. 57) (-45.91) 

Phenyl 30 . 6q+1.B2 27.0b ,o+l.02 21.59+0.23 17.6h ,i+O.91 
hydrazine (-5.00) (-16 . 0,6) (-29.54) (-42.17) 

p- ni trophenyl 27.la ,Q+O.49 2l.Sb,c,f'±O.3.~ lB.09,W+1. 72 1 2.1h ,i,1~0. 76 
hydrazine (-15.6B) (-33 . 27) ( -4 0.99) (-60 . 12) 

Hydroxylamine 31. BQ+O. B6 29.6 b ,O,f.:t.l . 4S 27.7k +2.05 23.lh,i,l.:t.0.22 
He1 (-1. 34) (-7. B9) (-9.22) (-24. 25) 

Sodium 25 . 5a , e+1.93 19.5b,c,f~1.33 20.49 , k+0 . 74 15.4h,i,1~J . B3 
Arsenate ( - 20.75) (-39,54) (-33.02) (-49 . 46) 

Sodium 27 .4a , Q+0.5B 20.9P,c+1.17 21. 59+0. 3B lS.a h ,i+l.21 
Arsenite (-14 . 7B) (-35 . 19) (-29.50) (-47.9B) 

DDIC 26.3a +0 .4 7 20.2 b ,c+0.B7 17.49,k+0.B1 11.3h,i,1~0.33 
(P?m) (-lB . 32) (-37.26) (-42.95) (-62.95) 

Conditions of incubation: Same as in table7 6 



Table 78. Effect of deaminase inhibitors on Total volatile fatty acids pr9duction when 
a mixture of amino acids was incubated with washed m~xed bacter~al 
suspension for 4 and 8 h. 

Inhibitors TV FA pro~uced (m moles/IOO ml RF Eq) 

Time of incubat i on 

4h 8h 

concentration of inhibitors {m moles or ppm} 

0.1 (25) 1.0( 50) 0.1(25) 1.0(50) 

Control 46.7.:':1. 08 5 4. 3.:':1. 67 

Hydrazine 42.8+3 . 08 37 . 2b ,c+l. 2 9 44.69+1 . 16 28. 1h ,i+1. 61 
(-8.35) (-20.34) (-18.61) (-48 . 72) 

Hydrazin e 41.6a +1.48 36.6 b ,0+ 2 .4l 43.89+1.89 26 .4 h ,i+2.3l 
sulfate (-10.92) ( - 21.62) (- 20 .07) (-51. 82) 

Phenyl 42.6 a +1.22 37.8b , o+1. 58 44.29+2.16 27 . 8h ,i+3 . 01 
hydraz in e (-8.78) (-19 , 06) (-19.34) ( - 49 . 27) 

p-ni trophenyl 38 . Sa ,e+1.28 3l . 1b ,C· , f±l. 72 33.89 , k+1.23 2 l.S h ,i,x±l.19 
hydrazine (-17 . 56) ( - 33 .1 9) (-38.32) ( - 60 . 76) 

Hydroxylamine 44. 6e +1. 68 41. 7b , f+l. 77 48.79,k+1.52 40. 9h , i,l±1. 26 
HC1 (-4 . 49) (-10.7l) ( -11.13) (-2 5.36) 

Sodium 40 . 2a ,Q+1.47 30 . 4b , c,f.:!:.l. 02 32 .19 , k+2 . 49 20. 4h , L 1.:':1. 57 
Arsenate (-13.92) (-34.9) (-41.42) (-62 . 77) 

Sodium 40 . 9a +1. 04 32.lb ,c+l. B6 33.49+1. 08 20 .7h ,i+1.41 Arsenite (-12.42 ) (-31 :26) (-39 . 05) (-62 . 22) 

ODIC 37.Sa ,e.:tl. l8 29 . 7b ,c,f.:':1. 61 31. 49, w+1. 92 19 . 1h , i+l.39 (ppm) (-19.7) (-36.4) (-42.17) ( - 70.34) 

Conditions of incuba tion : Same as i n table 76 . 





Table 80 . Effect of Sodium sulfite on Ammonia produced when various intact feed proteins 
were incubated with washed mixed bacterial suspension for 4 and Sh . 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Control 

30.4~0.77 

29 .1~0. 92 

29. 7P~0.66 

32.2~0 . 59 

35.4d~0 . 52 

Arnmonia-N (mg/IOO ml RF Eq) 

Time of incubat ion 

4h 

Concentration of inhibitors (m moles) 

Control 0.1 1.0 

2B.4m+0.44 26.4 b , o+0.Bl 27.6~0.77 
(-6.B3) (-l3.ll) 

26.6m,q~0.72 24.sb ,o,r2:,O.S8 25 . 4i:!:0. 34 
(-B. 4B) ( - 14 . 77) 

27.Bm+0.75 24 . B+0.47 26.3v~0.41 
(-6.62) (-16:-57) 

30.9Q+0.91 29 ,lb , o,f±O . 23 29.9i~0.92 
(-4 . 01) (-9 . 4B) 

33.0m'Q~0.B8 
(-4.99 ) 

30 . 6 b , C , f.:t0 " .. 19 
(-13.69) 

30 . 9~0.61 

Conditions of incubation: Same as in table 79 . 

Bh 

0.1 

25.4s~0.B4 
(-B.07) 

23.19 , w~0.49 
(-B.97) 

24 . 39,w.:t0 . 31 
( - 7 . 52) 

27 . 69,k:!:0.12 
(-7 . 49) 

28 . 9 s ,w.:t0 . 76 
(-6.66) 

1.0 

22 . 1h,i~0.44 
(-19.9B) 

20.S h ,i'!+O.32 
(-19.41) -

19.6h ,i,X+0 .55 
( - 25 .34 ) -

22. ah , i, 1+0. 59 
(-23.5) -

24.3 h ,i , x+O.41 
(-21.33) -



Table 81. Effect of sodium sulfite on Total volatile fatty acids production when various 
intact feed proteins were incubted with washed mixed bacterial suspension for 
4 and 8 h. 

Protein TVFA produced (m9/1 OO ml RF Eq) 

Time of incubation 

4h 8h 

Concentration of inhibitors (m moles) 
Control 0 . 1 1.0 Control 0.1 1.0 

18 . 9a +1. 72 14. 3b , 0+1. 45 29. 3~1. 84 10 . 39+1. 24 8.4 h+0.99 
(-32.01) (-48.49) (-64.85 ) (-71-:-33) 

GC 27. 8~1. 85 

19. 7a +1. 41 11. 8 b , c+1. 28 .1~1. 67 10.59+1. 61 8.2 h +1.44 
( - 22.13) ( - 53 . 36) (-62 . 63) (-70-:-82) 

MC 25. 3~1. 91 

19.2a+1.42 lO.6b , c+l . 62 26. 8~1. 61 10 . 69+1.55 8. 6h +1. 86 
(-22 .89 ) ( - 57.43) (-60.45) (-67-:-91) 

SF 24. 9~1. 72 

23 . 2a ,Q+l.59 l S.3b , C,f±1.44 32 .4j~1. 52 1 2 . 39+1. 49 11. 9h+1. 92 
(-24 . 67) (-50.32) (-62.04) (-63.27) 

Soya 30. 8d~1. 65 

26.1 a +1.38 17.6b ,c+l.72 33 . 6~1. 76 14.89+1. 44 1 2.3 h +1.12 
(-18.69) (-45.17) (- 55 . 45) (-63 . 39) 

Casein 32 .1~1. 66 

Conditions of incubation : Same as in table 79 . 



Protein TCA precipitable proteins left after incubation (mg) 

Time of incubation 

4h 8h 

concentration of inhibitors (m moles) 

Control 0.1 1.0 Con trol 0.1 1.0 

GC 30. 2.:+:.0.52 30 . 7+0.41 31,1+0 . 38 28.1.:+:.0.31 32.59+0.39 33 . 4h ,i+0.71 
(+1. 45) (+2.74 ) (+15.5) (+18.95) 

MC 29 .7.:+:.0 .61 30.2+0.96 31 . 8 n+0. 26 27.3.:+:.0.68 31.19+0.62 32.0h , u+0 . 18 
(+1.98) (+7 . 08) (+14 .06) (+17 . 06) 

SF 31. I P.:+:.O. 48 31. 9+0.81 32.7r+0.49 29 . 8j.:+:.0 . 41 31.18 +0 . 71 33. 4h , i, l.:tO. 22 
(+2.7) (+5.211 (+4 .56) (+12 . 28) 

Soya 26. 7d.:+:.0. 42 25 .3rn , Q.:+:.0 . 52 26 . I n , f.:+:.O. 61 24 . 3j.:+:.0 . 18 28. 29 ,k.:+:.0.79 29 . 8h,u ,l~0.48 
(+16.1) (+22.69) 

Casein 23 . 4d.:+:.0. 33 24 .2m+O.44 25 . 0n+0.72 21. 3j.:+:.0. 81 26.49,w+0.64 28 . 2h , U,I.:+:.0.56 
(+3 . 33) (+6.79) (+23.68) (+32 . 5) 

Condi tions of incubation : Same as in table 49 except 0.1 and 1.0 m moles of chloroform in 1 ml 
buffer were added to incubation mixture instead of hydrazine . 



Table 83: Effect of chloroform on Ammonia produced when,various intact feed proteins were 
incubated with washed mixed bacterial suspenSlon for 4 and 8 h . 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Control 

28 . 7~0.44 

27.5P~0.56 

26 .1P~0. 4 9 

30 . 9d~0.32 

32.2d~0.18 

Ammonia-N (mg/IOO ml RF Eq-) 

Time of incubation 

4h 

Concentration of inhibitor (m moles) 

0.1 1.0 Control 

27.1a +0.38 26.1 b +0.74 22.2~0.76 
(-5.4) ( - 8.86) 

26 . 4m+0.41 25.2n +0.63 23.8~0.84 
(-4.14) ( - 8.39) 

2S.5+0.89 24.4+0.27 21.4j~0.52 
(-2.6) (-6 . 54) 

28 . 3a ,e:to. 27 27 . 3b,c,f~0.16 27.6j~0.49 
(-8.45) (-11.53) 

32.7 e +0.91 30.3 b ,C , f:t 0 . 22 31. 7j~0.12 
(-1.36) (-8.47) 

Condi tions of incubation: Same as in table 82. 

8h 

0 . 1 

20 . 4 5 +0 . 25 
( - 7 . 76) 

21. 2 5 +0.72 
( - 11.04) 

20 .3+0 . 66 
(-5.5) 

26 . S k +0 .81 
(-3.9) 

29.29 , k+0.77 
(-7.92)-

1.0 

17.3h , i+0.69 
(-21. 84) 

16.8h , i+0.61 
(-29.27) 

l7 . 3h ,i+O. 3S 
(-19.22) 

24. Sh , i,l+O . 44 
( -10.92) -

27 .lh, i,l+O. 32 
(-14.45) -



Table 84. r~i~~f ~~e~h~~~~~y~~ w~~eT~~~~b~~~~t~l~hf~~;he~c~~~egrg~~~~~~~lW~~~peri;f~~u5 

doe 4 Old 8 h. 

Protein TVFA produced (mg/ 100 ml RF Eq) 
source 

Time of incubation 

4h 8h 

Concentration of inhibitors (m moles) 

Control 0.1 1. 0 Control 0.1 1. 0 

GC 23.4.:+:1. 42 1 8.3a +1.25 16.4b+l .41 25 .6.:+:1. 67 13.29+1.62 8.9 h ,u+1. 79 
(-21.79) (-29.91) (-48 . 44) ( - 65 . i3) 

MC 25 . 1P.:+:1. 61 1 9.7 a +l .23 17.6b+1.54 27.2.:+:1. 94 15.69+1.18 l O.lh,i+ l . 8l 
( - 21.51) ( - 29.88 ) ( - 42 . 65) ( - 62.87) 

SF 26 . 2.:+:1. 67 18.0a +l.16 16. 3b +1. 59 27 . 6.:+:2. 1 3 14.89+1. 29 9 . 4h ,i+1.45 
( - 31.29) (-37.78) ( -4 6 . 38) (-65.94) 

Soya 29 . 1.:+:1. 84 25.1Q+1.69 23 . 7b , f+1. 48 32 . 4j.:+:1. 76 20,19 , k+1.14 l3.3 h ,i,x±1. 35 
( - 13.7) (-18,56) ( - 37 . 04) (-58 . 95) 

Casein 30 . 4.:+:1. 52 27.2.:+:1. 89 26.1 b.:+:1.33 33.3.:+:1. 84 22 .49,w+1.06 l5 . 2h ,i+l.33 
(-32.73) (-54.35) 

Conditions of incuba tion: Same as in table 82. 



Table 85. Effect of chloral hydrate on TeA precipitable prote i ns when various intact feed 
proteins were incubated with washed mixed bacterial suspension for 4 and 8 h. 

Prote i n 
source 

GC 

MC 

SF 

Soya 

Casein 

Control 

31. 9~0 . 72 

30. 4P~0. 61 

31. 9b~0. 52 

28.5d~0 . 72 

26. 8P!0 . 31 

TeA precipitable prote i ns left after incubation (mg) 

Time of incubation 

4h 8h 

Concen t ration of inh i bitors (m moles) 
0 .1 1. 0 Control 0. 1 

32 . 64+0 . 86 35.4b , c~0 . 71 28 . 8~0 . 44 33 . 39+ 0 . 3 1 
(+2 .19) (+ 1 0.8) (+1 5. 6 5 ) 

31. 35+0.59 33 . 3b , o , r.:t0 . 81 25 . 5j~0 . 92 32 . 69+ 0 . 49 
(+3 . 06 ) ( +9 . 33 ) (+28 . 2) 

32 . 85 e +0.24 34 . l b , c.:t0. 52 27. 5 v~0. 3 1 32 . 99+0. 1 2 
(+2.85) (+7 . 0 1 ) (+19 . 6) 

29.7°+0.86 30. 1n , f~0 . 34 23 . 2d~0 . 62 30.79,k+0 . 24 
(+4.43) (+5.59) (+32.18) 

28.1+0 . 92 29. 7b +0. 77 21. JV~O . 66 30.19+0.71 
(+4 . 81 ) (+ 1 0.81) (+40 . 8 9 ) 

1. 0 

36.8h ,i+O . 5 2 
(+27 . 54) 

34 . 4h , U, 1:t0 . 81 
(+35 . 31) 

35.2h , i+O.7 6 
(+27 . 69) 

32. 7h,i,1~0 . 69 
(+40 . 76) 

31.9h ,u+O.41 
(+49 . 65) 

Condi t ions o f incuba t ion: r ~mI ;~igui~~~ew!~e ~~3:attg ·tn~~ga£ lgnmmT~£~~eOfn~~~~aa~fhydra te 
hyd r azine . 



Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Table 86. Effect of chloralhydrate on Ammonia produced when various intact feed proteins 
were incubated with washed mixed bacterial suspension for 4 and 8 h. 

Ammonia-N (mg/lOO ml RF. Eq) 

Time of incubation 

4h 8h 

Concentration of inhibitors (m moles) 

Control ° . 1 1.0 Control ° .1 1. 0 

26.9:t0 . 41 23 . 4a+O.84 22 . Ob+O. 72 23.7:t0 • 91 20 .2g+0. 84 16 . 8h ,i+O . 77 
( -1 2 .76) ( -18.27) (-lS.01 ) ( - 29.13) 

25 . 3P:t0 . 86 21.3 a ,q+O.7 6 20.3 b ,r+O.4l 21.0V:t1.01 18.Sw+O.86 1 3 . 3 h , i,1+O.72 
( -lS.64) ( -1 9 . 87) ( -11. 77) ( - 36.S1) 

21. 6:t0 . 72 2l.3a +O.31 19.eb ,0+O.68 21. 4:t1. 06 19 . 2 5 +0 . 42 14 . 8h , i,x:t0 . S1 
( - 18 .3S) (-24.36) (-10.26) (-31.12) 

29 . 3d:t0 . S6 27 .3a ,e:t0 . 23 25.Sb , O,f:t0 . 6l 2S.S f :t0 • 84 22.1g,k+O.S1 18.4h ,i,l:t0 . 74 
( - 6 . 8) (-11.78) (-13.14) (-27 . 8S) 

31. 2d:t0 . 41 29.4 a ,e:t0 . l8 28 , 2b ,O, f:tO. 59 27 . lY:t0 . 7 9 23.49,w+O .3 9 19 . 3h ,i+O.81 
(-S . 62) (-9.63 ) (-13 . 82) (-28 . 79) 

Conditions of incubation : Same as in table 85. 



Table 87. Effect of chloral hydrate on Total volatile fatty acids whe~ various intact feed 
proteins were incubated with washed mixed bacterlal suspensl0n for 4 and Bh. 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Control 

27 . B.!.2 . 07 

25 . 6.!.1. 84 

26. 3.!.1. 33 

31.1 d.!.1. 21 

33 .4.!.1.1 6 

TV FA produced (m moles/100 ml RF Eq) 

Time of incubation 

4h 

Concentration of inhibitors (m moles) 

0.1 1.0 Control 

24. 2m+1. 41 20. 3b , 0+1. 94 30.5.!.2 . 08 
(-12.95) (-26.98) 

22.9 a ,q+1.23 19 . 6b , 0+1.86 27 . 9.!.1. 91 
( - 10 .54) (-23.44) 

23.4 m+1.47 18. 4b ,c+1. 77 27. 3.!.1. 72 
(-11.03) (-3Q.04) 

27.6 m,Q+1.2l 22. l b ,c,r.!.1. 19· 33 . 7i.!.1. 53 
(-11.25) (-28.94) 

29.9 a , Q+O . 96 24.4 b ,c+1.61 35 .3.!.1,42 
( -10 , 48) (-26.95) 

Condi tions of incuba tion: Same as in table 85 . 

Bh 

0.1 1.0 

20.99+1. 06 18 . 4h+1.49 
( - 31. 47) ( - 39.67) 

20 . 69+1 . 15 16 . Sh ,i+l.41 
( - 26.16 ) (-40 . 86) 

19.29+1 . 32 1 7.2 h+1.38 
(-29.67) (-36 . 99) 

22 . 79+1.44 19.2h ,u+1.19 
( - 32 .64) (-43 . 03) 

25 .69+1.97 21.4 h ,u+1. 72 
(-27.48) (-39 . 38) 



Table 88. Effect of Monensin on TCA precipitable proteins when various intact feed proteins 
were incubated wi th washed mixed bacterial suspen sion for 4 and 8 h . 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Control 

34. 2~0 . 42 

32. 8~0. 78 

33.5~0.34 

28.6~~O.9B 

25 . 3d~0. 89 

TCA precipitable proteins left after incubation (mg) 

Time of incubation 

Q ~ 

Concentration of inhibitors ppm) e 

25 50 Control 25 50 

35 . 5a~0.39 37 . 2b , o~0 . 92 32 .1~O.1 8 36 . 19+0.26 37 . 4h ,i+0. 44 
(+3 . 83) (+8.88) (+12 . 41) (+16 . 48) 

34.2m, e±0 .17 36.2 b , c+0 . 37 30.6v~0. 72 35.29,k+0.29 36 . 2h +0 . 79 
(+4.17) (+10 . 17) (+15 . 16) (+18.2) 

35.0a +0 . 45 3 6. 2b ,01o. 33 31,4±0.61 3S . B9 , k~0.12 37.4h , u+O.85 
(+4 . 51) (+8 . 13) (+14 .1 ) (+19.19) 

30 . s a ,e±O.77 32.7 b ,C,f±O.lS 2S . 3j~0 . 56 33.49,K.+O . 44 34.1h ,1+0.72 
(+7.66 ) (+14 . 49) (+31 . 89) (+34.61) 

2S.6 a ,e+O . 16 30 . 8P , c, f~O. 23 22 . 2j~0 . 66 30.89 , k+0 . 35 32.S h ,i+O.06 
(+12.79) (+21.14) (+38.81) (+48 .1 9) 

Conditions of incubation: Same as in table 49 except 25 _ and 50 monensin in 1 ml buffer 
were added to incubation mixture instead of hydrazine 



rote in Ammonia-N (m9/100 ml RF Eq) 
source 

Time of incubation 

4h Bh 

Concentration of inhibitors (ppm) 

Control 25 50 Con t rol 25 . so 

GC 2B.2:t0 • 34 26 . 5a +O .4 9 23 . Bb , c:t0 • 75 21. 6:t0 . 27 19.69+0.43 17 . 3h ,i+O.Bl 
(- 6 . 04) (-15.3) ( - 9.33) (-2O . 15) 

Me 26.3d:to . 46 24.la , e.±O . 2S 21.3 b ,C , f:t 0 . 66 20 . 2v:t0.67 1 7 . 59,k+O . B5 lS. 2h ,i,1.±O. 54 
(-B, 24) (-IB.96) (-13.250 (-25.06) 

SF 27.2e:t0 . Bl 2S.4 a +O . 38 22 .9 b ,C,f.±O. 32 20.9:t0 • 63 IB.9s , w:t0 • 76 15.Bh , i+O.51 
(-6.B6) ( - 15 . B2r (-9.BB) (-24.34) 

Soya 31. 7d:t0. 92 29 . 2a , e.±D. 61 26 . 3b ,C,f.±O .41 ·· 26 . Bj:t0.59 23.29,k+O.49 19.3h,i.l:t0.43 
(-7. BB) ( - 17.21) (-13.74) (-27 . 97) 

Casein 34. 6d:t0 .71 32 .1a , e:t0 . 33 2B.5 b ,c ,f:t0 . B5 2B.3j:t0.34 25.B9,k:t0 . ll 20 . 8 h ,i,1.±O.24 
(-7. 25 ) (-17.5B) (-B.7) (-26 . 36) 

Conditions of incubation: Same as in table 88 . 



Table 90: Effect of Monensin on Total volatile fatty acids production,when various intact feed 
proteins were incubated with washed mixed bacterial suspenS10n for 4 and 8 h. 

Protein 
source 

GC 

MC 

SF 

Soya 

Casein 

Control 

25. 3±1. 38 

21. 4P±1. 21 

23. 2±1. 49 

28. 6d±1. 66 

30. 2±1. 72 

TVFA produced (m moles/IOO ml RF Eq) 

Time of incubation 

4h 

Concentration of inhibitors ( ppm) 

25 50. Control 

23.3+1. 91 18. 6b , c+1. 48 28. 4±1. 85 
(-5.53 ) (-26.48) 

21. 3+1.18 17.5b , o+1.55 25.6±2 .01 
(-0 . 47) (-Ie .22) 

22.8+1. 49 18.8b ,o-f'l.72 26.3±1.18 
(-1.72 ) (-18.96) 

26.4 w+1.72 19.2b ,c+l.96 30 . 9 v±2 .06 
(-7.69) (-32.86) 

28 , 8+1. 31 22. 6b , c±1. 81 33 .1±1. 99 
( -4. 63) (-25.16 ) 

Conditions of incubation: Same asin table 88. 

8h 

25 50 

19 . 89+1. 55 16.2h+2.03 
(-30.28) (-42.96) 

18.39+1. 68 14.5h ,u+1.86 
(-28.51) (-43.36) 

17 . 59+1.52 15.3 h+1. 44 
( - 33 .46) (-41.82) 

22.89,w+l.91 18. 2h , u.:tl. 59 
(-26.21) (-41.1) 

25 . 39,k±1.57 19. 3 h , i±1. 61 
(-23.56) (-41. 69 



Tabl e 91. 

Inhibitors 

Control 

Sodium 
sulfite 

Chloroform 

Chloral 
hydrate 

Monensin 
(ppm) 

~~~~cga~;i~a~~~~~l~~;~~n~~~nt~c~b~~~~tef~hoea;g~dP~i~~~ig:~~:rl~iteins 
suspension for 4 and S h. 

TCA precipitable prote ins (mg/lOO ml RFEq) 

Time of incubation 

4h Bh 

Concentration of inhibitors (m mole~ or ppm) 

0.1(25) 1.0 (SO) 0 .1 (25) 1. 0 (SO) 

37 . 6:t0 • 42 52 . 9:t0 . 79 

39 .2m+ O. B1 42 . 2b ,C.:tl. 04 56 .39+0.52 61.2 h ,i+O.B6 
(+4.25) (+13 . B) (+6.42) (+15.6B) 

3B.HO . 42 40.6 b ,o,r.:t0 . 72 54.1s ,w:t0 • 55 57.S h ,i,l±O . S9 
(+2.21) (+7.97) (+2.26) (+9.26 ) 

~O . 3a,q±O.64 44.Sb ,C,f.:t0 . 36 5B.69 ,k:t0 . 1 6 65.3h ,i, 1:t0.6B 
(+7 .1B) (+19.14) (+7.91) (+24 . 3B) 

42 . 9a , q+O . 77 45.3 b , c+O.5S 61.39 , k+O . 43 70 .lh ,i,l±O . 44 
(+14.09) (+20. 47) (+12 . B9) (+32.51 

Conditions of incubation: Same as in table 43 except 10 ml of washed mixed 
bacterial suspension were added in incubation 
mixture instead of SRF. 



Table 92. Effect of methanogenic inhibitors on Ammonia produced when casein 
hydrolysate was incubated with washed mixed bacterial suspensi o n 
for 4 and 8 h . 

Inhibitors 

Cont rol 

Sodium 
sulfite 

Chloroform 

Chloral 
hydrate 

Monensin 
(ppm) 

4h 

0.1 (2S) 

33 . 2~1. 22 

30. 8a +0. 24 
(-7.02) 

27.2a , e+O.16 
( - 18.08) 

29 . 4a , c+O . 33 
(-11.S1) 

28.6 a · Q+0.41 
(-13.68) 

Ammonia-N (mg/lOO ml RF Eq) 

~ime of incubation 

8h 

Concentration of inhibitors(m mbles or ppm) 
1 .0(SO) 0 . 1(2S) 1.0(SO) 

31. 4~0. 71 

26 . 5b ,c+O . 84 2S.79+1.16 23 . 2h ,u+l.01 
(-20.07) (-18.24) (-26.26) 

21 . 6b ,c,f.±O . 37 19.19 . k +1. 21 13.3h ,i,I.±O.72 
( - 34 .7 8) (-39.02) (-S7.7) 

25.8b ,c , f+O . 52 24.49 . k +0 . 93 20 . 8h , i,1:t0 . 35 
(-22 .1 S) - '. (-22 . 4l) (-33.64) 

23.S b , C,f.±O.21 21.89 . k +0.38 17.Sh ,i,1.±O. 22 
(- 29.26) (-30. SS) (-44.43) 

Conditio ns of incubatJ.on: Sam~ as in tabl e 91. 



Table 93 . 

Inhibitors 

Control 

Sodium 
sulfite 

Chloroform 

Chloral 
hydrate 

Honensin 
(ppm) 

~~~~c~a~~irie~~~igl~~!~eie~~bt~~~ga~~dTe~~~ ~~;h~~l~i~:~t~u~~~~~ig~oduction 
for 4 and S h. 

TVFA produced (m moles/lOO ml RF Eq.)' 

Time of i ncubation 

4h 8h 

Concentration of inhibitors (m moles pr ppm) 

0.1 (25) 1.0 (50) 0 . 1 (25) 1.0 (50) 

28 . 3:t1. 97 

27.6+1. 23 25.2+1. 76 
( - 2 .47) (-10-:95 ) 

22 . Sa ,e+1. 54 1 9.1b , O, f:t1.81 
( -1 9 . 43) ( - 32.5,) 

26.2a , Q:t1.31 22.3 b , c , r.:t1 . 2 :3 
(-7.42 ) (-21.2) 

24 . 3m+1. 25 21. 7b , 0+1.43 
( - 14.13) ( - 23.32) 

33 . 2:t1. 25 

30 .4 5 +1.16 
(-8.43) 

25 . 29 , k+1. 59 
(-24 . 09) 

27 .49+1. 98 
(-17 .46) 

26 . 89:t1. 14 
(-19 . 28) 

23.Sh ,i+2.l4 
(-28.31) 

lB . 6h , i,X+ 2 . 07 
( - 43 . 97) -

21.6 h , i+1. 98 
(-34.94) 

1 9 .3 h , i+1. 5 l 
(-41.86) 

Conditions of incubation: Same as in table 91 



Table 94. Effect of various methanogenic inhibitors on TeA precipitable proteins 
when a mixture of amino . acids was incubated with washed mixed 
bacterial suspension for 4 and 8 h. 

Inhibitors 

Control 

Sodium 
sulfite 

Chloroform 

Chloral 
hydrate 

Monensin 
(ppm) 

TCA precipitable proteins (mg/IOO ml RF Eq) 

Time of incubation 

4h 8h 

Concentration of inhibitors (m moles or ppm) 

0.1 (25) 1.0 (50) 0.1 (25) 1.0 (50) 

41. 3:!:.O. 63 

43.1m+0.61 
(+4 . 35) 

42 . 6+0,77 
(+3.14 ) 

46.3 a ,e+O . 96 
(+l2.1)-

46.8a +0.57 
(+13 . 31) 

47. 2b • c+O. 92 
(+14.28) 

44.7 b • c • f +0 . 85 
(+21. S) -

50.2 b • c • f +0.58 
(+21.5) -

51.6b ,c+0 . 72 
(+24.93) 

53.7:!:0.38 

57.49+0 . 38 
(+6.89) 

55 .3s • k +0.82 .. 
(+2.97)-

58.79 . k +0 . 44 
(+9 . 31) -

64.19. k +0.55 
(+19.36) 

62 .2h ,i+O.79 
(+15.82) 

59 . 0h ,i,l+O.66 
(+9.86) -

67 . 2h .i.1+0 . 38 
(+25.13) -

7l.lh ,i,1+O.82 
{+33.51 -

Conditions of incubation: Same as in table 46 except 10 ml of washed mixed bacterial 
suspension were added to incubation mixture instead of SRF 



Table 95: Effect of methanogenic inhibitors on ammonia produced when a mixture of 
amino acids was incubated with washed mixed bacterial suspension for 

Inhibitors 

Control 

Sodium 
sulfite 

Chloroform 

Chloral 
hydrate 

Monensin 
(ppm) 

4 and 8 h. . 

Ammonia-N (mg/lOO ml RF Eq) 

Time of incubation 

4h 8h 

Concentration of inhibitors (m mol e s 1or ppm ) 

o .1( 25) 

30. 5:!:0. 28 

30 . 1+0.87 
(-1.18) 

28 . 4a ,Q:!:0.74 
(-6.66) 

29.1a +0 . 34 
(-4 . 66) 

28 . 8m+1. 23 
(-5.61) 

1.0(50) 

27 . 2b +1.19 
(-10.86) 

24.8b , o+1.62 
(-18.A4) 

25 . 3b ,c+1. 73 · 
(-16.84) 

26. 2b , o+1.04 
(-17.33) 

0.1 ( 25 ) 

27.5:!:0.83 

23 . 69 ' 0 . 76 
(-14.28) 

19 . 19,k+1.24 
(-30-46) 

21.59 ' W+0.38 
(-21.99) 

20 .19+1.33 
(-26 . 97) 

1. 0 (50) 

20.S h ,i+O.83 
(-24.32) 

14.4h ,i,1+O.28 
(-47.51) -

17.6h ,i,1+1.13 
(-35 . 84) -

15.7h , i+O . 98 
(-42.82) 

Condi tions of incuba ticn: Same as in table 94 . 



Table 96 . 

Inhibito rs 

Contr ol 

Sodium 
sulf ite 

~ Chloroform 

Cl'-. 

~ Chloral 
hydrate 

Monensin 
(ppm) 

Effect of methanogenic inhibi tors on Total fatty acids production 
when a mixture of amino acids was incubated with washed mixed bacterial 
asus pens ion for 4 and ah. 

TV FA produced ( mg/l OO ml RF Eq) 

Time of i ncubat i on 

4h 8h 

Concentration of inhibitors (m moles or ppm) 

0.1(25) 1.0(50) 0.1(25) 1.0(50) 

30. 2:t1. 23 

30 . 5+1. 76 
(+0.99) 

27 . 8+1. 89 
(-7.94 ) 

30 . 6.1. 26 
(+1.32) 

28.8+1.41 
(-4 . 63) 

29.1+1. 83 
(-3 . 64 ) 

24 , 3b , o , r+l.64 
(-19 . 53) -

27 . 4°+1 . 81 
(-9 . 27) 

25.7 n +2 . 07 
(-14 . 9) 

Same as in table 94. 

34 . 12:1. 49 

31.1+2.11 
(-6.74 ) 

25 . 39. k +1.28 
(-2 .8)-

27.19+1 . 25 
(-20 . 52) 

26 . 59+1. 76 
(-22.28) 

27. 2h+1. 93 
(-20.23) 

19.4 h ,i,1+l,lB 
(-43 . 11) -

22.7 h 'U'X+l.74 
(-33.43) -

20 . 5 h • i +1.6 5 
(-39.88) 


