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ABSTRACT 

Meat meals are highly variable in protein QUality and this may be due 

in part to heat-damage. This possibility was investigated by estimating 

the available lysine content of meat meals by chick growth assay. In 

addition, the combined urinary and faecal excretion of dietary amino acids 

by chicks, fed a meat meal as the sole source of protein, was determined, 

and by subtractj on f:rom the amount consumed, values for the apparent 

retention of dietary amino acids were obtained. 

In a second part of the study, the mechanism of heat-damage to pure 

proteins was investigated. Since cross-linkages may form during heat-

damage of proteins, enzymatic digests were examined for the presence of 

peptides with enzyme-resistant linkages. Samples of unheated and heat

damaged haemoglobin or globin were digested with either trypsin, or 

exhaustively, using several proteolytic enzymes. 

Chick grovnh assay for lysine. A chick g rowth assay for lysine was 

developed using wheat gluten as the protein source in a semi-purified 

diet. The meat meals were added to the basal diet either at the expense 

of starch or by isonitrogenous substitution of wheat gluten. 

Estimated potencies based on weight gain varied vdth the method of 

meat meal addition to the basal diet. This variation was probably due 

to an effect on the appetite of the chicks as estimates based on food 

conversion efficiency did not differ significantly ·with the methoG. of 

meat meal inc�usion . 

The percentage of lysine biologically available in eight meat meals 

ranged from 61 to 105%, suggesting that some meals had been heat-damaged. 

Apparent retention of dietary amino acids. Estimates of the apparent 

retention of essential amino acids in six meat meals ranged from 79 to 

100%. The apparent retention of lysine was generally much higher than 
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the estimated potencies by chick gro·wth assay. The difference in the 

two biological estimates indicated that other factors, apart from 

digestibility, and absorption and urinary excretion of peptides and amino 

acids, must be responsible for the reduced availability of lysine in heat

damaged proteins. 

Tryptic digests of unheated and heated haemoglobin and globin. Several 

large fragments were isolated from digests of heated globin which were 

not present in digests of unheated globin. The fragments had more than 

one amino-terminal but individual peptides could not be separated. It 

was not possible to determine if cross-linkages were present. 

Exhaustive enzyme digests of unheated and qeated globin. A peptide was 

i solated from digests of heated globin which was not present in unheated 

globin digests. Results obtained indicated that the peptide was a 

cyclic tetrapeptide composed of equal quantities of lysine and aspartic 

acid. It was suggested that the peptide was the result of cross-linkages 

:formed during heat-damage of globin, between the fJ -carboxyl groups of 

aspartic acid and the£. -amino groups of lysine. 

It is considered that the formation of covalent bonds with the 

£-amino groups would account for an appreciable proportion of the 

decreased availability of lysine in heat-damaged proteins. 
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CHAPTER I 

INTRODUCTION 

Although meat meals, which by general usage includes meat and bone 

meals, are important protein concentrates in chick and layer rations, they 

E:�re well known to be highly variable in protein quality (Bunyan arrl Price, 

1960; :Boyne, Carpenter and Woodham, 1961; Gra ce and Richard s, 1964 ). 

Part of the variation is  undoubtedly due to the miscellany of raw materials 

used in their manufacture (Atkinson arrl Carpenter, 1970 ) and considerable 

differences have been reported in the amino acid compositions of meals 

(Pritdhard and Smith, 1957; Eastoe and Long, 1960 ). However, as meat 

meals are heat processed under a wide range of conditions, it is probable 

that heat-damage also contributes to the variation in protein quality. 

The reduction in the nutritional value of proteins for poultry and 

other non-ruminant animals with heat processing was first reported by 

McCollum and Davis (1915 ) and later by Osborne and Mendel (1917 ) . 

Subsequent studies have shown that the presence of other food component s  

may influence the nature and degree of heat-damage t o  proteins .  In 

particular, the presence of reducing sugars is known to produce a decrease 

in the rntritional value of mildly heated proteins (Henry, Kon, Lea and 

White, 1947-8; Carpenter, Morgan, Lea and. Parr, 1962; Miller, Carpenter 

and Mi.lner, 1965a ) . The reducing sugar reacts with the free amino groups, 

and apparently other fUnctional groups in the protein (Henry et al, 1947-8; 

Patton, Hill and Foreman, 1948; Evans and futts, 1949; Lea and Ha:n.mn, 

1950 ), probably in a manner similar to the Maillard reaction between free 

amino a cids and reducing sugars (Reynold s, 1965 ) . Binding of lysine occurs 

most rapidly (Lea and Hannan, 1950 ) with a consequent decrease in the 

nutritional value of the protein (Henry and Kon, 1950 ) but little change in 

digestibility (Henry et al, 1947-8) . More severe conditions result in the 
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decreased availability of other amino a cids which can be largely accounted 

for by the low digestibility of the heat-damaged protein (Miller et al, 

1 965a; Boctor a1m Harper, 1968; Valle-Riestra and Barnes, 1970) . An 

analogous reaction may also occur between proteins and the carbonylic 

secondary decomposition products of oxidised lipids (Lea, Parr and 

Carpenter, 1 9 58, 1960), although the aldehydes are usually rapidly 

destroyed in other reactions . �1ese Maillard-type reactions  may 

contribute to heat-damage of meat meals but these concentrates would not 

contain appreciable amounts of reducing sugars . 

However, the nutritional value of essentially carbohydrate-free 

proteins may also be decreased with heat processing (Morgan, 1 931 ; 

Clandinin, 1949 ; Carpenter, Ellinger, 1�nro and Rolfe, 1957; 1liller et al, 

1 965a; Anwar , 1965), although more severe conditions are required than 

when reducing sugars are present (Carpenter et al, 1 962; Miller et al, 

1 965a) . These changes with heat-damage of pure proteins probably 

contribute to the low protein quality of some meat meals . The chemical 

changes which occur are not understood although the effects of such heat

damage have been extensively investigated . Heat-damage of proteins has 

been shown to effect: 

1 .  Amino acid composition. 

2 .  Availability of amino acid s . 

3 .  Nitrogen and amino acid digestibility. 

4. Rate of digestion, in vitro and in yivo. 

5 .  Absorption and urinary excretion of amino a cids .  

These aspects will be  discussed in the following sections . The discussion 

will be limited to essentially carbohydrate-free proteins, and studies 

with concentrates such as soybean meal, which contain appreciable 

carbohydrate, will not be  considered . 



Effect of heat-damage on carbohydrate-free proteins 

1. Amino acid composition of heat-damaged protei1w 

3. 

Some destruction of lysine may occur when proteins are severely heat

damaged (Pader, Melnick, an:l Oser, 1948; Carpenter et al, 1957; Miller et 

al, 1965a; Ejarnason and Carpenter, 1970), and considerable losses of 

cystine have been reported (Eeuk, Chornock an:l Rice, 1948; Hankes, Riesen, 

Henderson and Elvehjem, 1948; Evans and But� 1949; Miller et al, 1965a; 

Ejarnason and Carpenter, 1970). Ejarnason and Carpenter ( 1970) suggested 

that the destruction of lysine may result from a r�illard-type reaction 

with carbonyl degradation products of cystine, although these workers found 

little correlation between the amount of lysine destroyed and the initial 

cystine content of the heated proteins. The destruction of amino acids 

with heat-damage would however, be of little nutritional significance 

especially as the losses would be reflected in the amino acid analysis of 

the protein. Nutritionally more important are the effects of heat-damage 

on the availability of amino acids to animals as such changes are not 

readily detected or estimated. In this thesis the availability of amino 

acids in meat meals to chicks was a major interest. 

2. Availability of amino acids from heat-damaged proteins 

The results of several studies have indicated that a series of p�otein 

concentrates such as meat meals, fish meals or whale-meat meals, all of 

which have been heat processed, may have similar amino acid compositions but 

differ widely in their nutritive value (Clandinin, 1949; Ford, 1962; 

Waterworth, 1964; Eunyan and Woodham, 1964). Ford ( 1962) and Waterworth 

(1964) suggested that this discrepancy might be due to differences in the 

availability of certain or all constituent amino acids. According to the 

definition of amino acid availability by De Iviuelenaere, Chen and Harper 

(1967b) this would be the result of a difference in: 



that portion of an amino acid present in a protein which is used for 
growth, development, and maintenance of an animal in so far as it is 
dependent on the digestibility of the protein; presence of enzyme
resistent peptide linkages; enzyme-inhibiting substances; and rate 
of release of the amino acid in the intestinal tract. 

The availability of lysine has been shovm to be particularly readily 

reduced since the nutritional value of heated proteins could often be 

considerably improved by supplementation with lysine (Greaves and Morgan, 

1934; Cook, Morgan, Singer ru1d Parker, 1951; Carpenter et al, 1957). 

With heat-damage of proteins, the £-amino groups of lysine residues seem to 

be bound in some manner. This has been demonstrated by the method developed 

by Carpenter and Ellinger ( 1955) and Carpenter ( 1960), for the estimation 

of the amount of lysine in proteins with the £-amino groups free to react 

with fluorodinitrobenzene, F.DNB-reactive lysine. The method has been used 

widely and many studies have shown that the F.Dlf.B-reactive lysine value 

decreased with heat-damage of proteins (Carpenter et al, 1957; Carpenter 

et al, 1962; Miller et al, 1965a; Fbrd, 1965; Anwar, 1965; Boctor and 

Harper, 1968; Bjarnason and Carpenter, 1970). In addition, the 

nutritional values of proteins were also shown to be reduced with a decrease 

in the number of free £-amino groups of lysine (Henry am Kon, 1950; 

Carpenter et al, 1957; Anrrar, 1965). 

The results of chick growth assays confirmed that the availability of 

lysine was decreased, by as much as 48% in one experiment, when proteins 

were heat-damaged (Carpenter, March, Milner and Camp bell, 196 3; Miller 

et al, 1965a), and these e�imates agreed quite closely with the 

corresponding liDNB-reactive lysine values. However, results obtained by 

microbiological assays, suggested that the nutritional availability of 

lysine in heat-damaged proteins may be even lower than that indicated by 

the F.DNB-reactive lysine value (Fbrd, 1965; Ford and Salter, 1966; Stott 

and Smith, 1966; Dvorak, 1968). As a result of their studies, Fbrd 

(1965) and Stott and Smith (1966) considered that it was probable that, 



apart from the possible binding of the £-amino groups of lysine, other 

factors, such as the extent or rate of digestion , may be important in 

determining lysine availability . 

Availabilities of other amino acids have also been shown to be 

reduced in heat-damaged proteins. The availability of methionine for 

chicks was reduced to a similar extent to that for lysine when cod meal 

5 .  

was heated ( J�ller et al , 1965a), a nd  the availability of both methionine 

and tryptophan for chicks was reduced (approximately 52 and 34% 

respectively) when beef fillet was autoclaved (Atkinson and Carpenter, 

1970) . Considerable variation in the availability of methionine for 

chicks in a series of meat meals was reported by Guttridge and Lewis ( 1964) 

and, for a series of whale-meat meals and other protein concentrates ,  by 

Miller, Carpenter, �mrgan and Boyne ( 1965b) . Microbiological assays have 

also shown that the availabilities of several essential amino acids ,  

including lysine, are reduced when proteins are heat-damaged . The results 

obtained by Ford ( 1965) and Ford and Salter ( 1966) indicated that the 

availability of lysine was most severely decreased with heat-damage of cod 

meal , but Miller et al ( 1965a) concluded that the availabilities of lysine 

and the other amino a cids estimated , were reduced to a similar extent . 

The results obtained by microbiological a ssays have generally shown 

reasonable agreement with results obtained by growth assays . The most 

widely used method is that developed by Ford ( 1960 , 1962 , 1964, 1965) using 

Streptococcus z�ogenes .  This organism ha s  an absolute requirement for 

eight amino a cids ,  seven of which are essential for animals (methionine ,  

arginine, histidine , leucine , isoleucine , tryptophan , valine plus glutamic 

a cid). The availability of methionine estimet&d with Strep . zymogenes 

closely agreed vd th that obtained by chick growth assay (Miller et al , 

1965a; Miller et al , 1965b) . In addition , ret growth assay values, 

obtained by Henry and Porter and reported by Ford and Salter ( 1966) , for 
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methionine and isoleucine , were similar t o  estimates Hith Strep. z:ymogenes .  

However, Atkinson and Carpenter ( 1970 ) reported that the values for 

available tryptophan with Strep. zymogenes were loV�er than those obtained 

by chick growth assay, and they stressed the need for cnre in the 

interpretation of  microbiological assays . The assay vri th Strep. z:vm_o,genes 

requires that the test protein be pre-digested with papain and the 

conditions are precisely defined . The amino acid availability values 

obtained are not maximum values,  as after prolonged incubation of the 

protein with :repsin, pancreatin arrl erepsin, the values increased and were 

greater than the estimates  by rat grovrth assay ( Ford arrl Salter, 1966 ) . 

Other mi cro-organisms have also been used to assay the availability of  

certain amino acids . The availability of methionine estimated with the 

protozon , Tetrahymena pyriformis, was similar to the value obtained with 

Strep. zymogenes in the study by Stott and Smith ( 1 966 ) . However, Boyne , 

Price,  Rosen and Stott ( 1 967 ) found that the values obtained with the two 

organisms did not always agree . Another organism, Streptococcus durans 

(Streptococcus faecalis R ) was used by Ford and Salter ( 1 966 ) to estimate 

the available lysine content of unheated and heated cod meal and the values 

obtained also agreed closely v1i th :cat growth a ssay values ,  especially for 

the heated meal .  

3. Nitrogen and amino acid digestibility of heat-damaged proteins 

Although Miller and Carpenter ( 1 964 ) a�n Valle-Riestra and Barnes 

( 1970) found that there was a close relationship between the nitrogen 

digestibility of heat-damaged proteins and the availability of certain 

amino acids, the results  of other studies indicated that the decrease in 

availability was much greater than the reduction in digestibility (Miller 

et al, 1 965a ; Ford and Snltm:, 1 966 ; Hesheio. and Carpenter, 1967 ) . 

Similarly, the d ecrease in �itrogen digestibility was insufficient to 

explain the lo>1ered nutri tionnl values ·of heat-damaged proteins (Morgan, 



1 931 ; Donoso , Lewis, Miller and Payne, 1 962; Miller et al,  1 965a ) . In 

addition, estimates of the digestibility of individual amino acids in heat

damaged proteins have usually been higher than availability values for the 

amino acid s (Miller et al , 1 965a ;  Ford , Henry and Porter, 1 967 ) . 

These results indicate that the decrease in nutritional value and 

lovmred availability of specific amino acids with heat-damage of proteins 

cannot be a ccounted for by a reduction in the digestibility of the protein 

or of the individual amino acids .  A possible explanation for this apparent 

discrepancy, is that the activity of the intestinal micro-organisms may 

influence the amou:J.t of nitrogen or amino acid that is excreted . This 

possibility was investigated by Kuiken ( 1952) who found that the faecal 

excretion of amino acids by rats 'ilas unchanged when succinyl-sulphathiazole 

was added to the diet . A similar result \7as reported by Payne , Kifer, 

Snyder and Combs ( 1971 ) with sulphasuxidine added to the diets of chicks,  

but plate counts showed that the treatment had had no significant effect on 

the viable mi crobial population. 

Valle-Riestra arrl Barnes ( 1970 ) fed autoclaved egg albumen labelled 

with 1 4C-lysine, to conventional and antibiotic treated rats ,  and from the 

results obtained , concluded that the bacteria in the lower gut participated 

in the digestion of heat-damaged protein. However, the percentage 

recovery of lysine radioactivity in the gut (mainly the caecum and the 

large intestine) and the total radioactivity recovered in the faeces ,  were 

exactly the same for both groups of rats . This result suggested that 

there was no detectable absorption of lysine or of its degradation products 

from the indigestible residue in the caecum and colon, although 

deamination could have occurred. In a fUrther investigation by Salter and 

Coates ( 1 971) , the digestion of freeze-dried and heat-damaged egg albumen 

labelled with 1 4c ,  was compared in normal and germ-free chicks . With both 

diets ,  but particularly with the heat-damaged protein, there was a higher 
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1 4c�Nitrogen ratio in  the lower gut of conventional chicks suggesting that 

bacterial deamination had occurred . In addition, the total nitrogen 

content in the excreta of conventional chicks was less than in corresponding 

samples from germ-free chicks which indi cated that some nitrogen released by 

bacterial activity may have been absorbed . There was no indication that 

the activity of the intestinal micro-organisms had improved the availability 

of the protein to the chicks .  Miller ( 1 967 ) also found that the net 

protein utilisation value for a casein-gelatine mixture was the same for 

both germ-free and normal chicks . 

Caecectomised chickens have been used in some studies since the caecum 

is the site of greatest bacterial proliferation in the chick . Nesheim and 

Carpenter ( 1 967 ) found that caecectomy reduced the apparent digestibility 

of heat-damaged cod meal ( from·77 to 68%) although the digestibility of the 

unheated meal was unchanged . They suggested that with proteins resistant 

to digestion, a s  shown with heat-damaged cod meal , a portion of the protein 

may be fermented in the caecum and the nitrogen absorbed as ammonia or "in 

some other form with no nutritional value" . Payro , Combs ,  Kifer and Snyder 

( 1 968) also found that caecectomy lowered the apparent digestibilities for 

several amino a cid s when good quality fish meal was fed to chickens . 

Their explanation for this result differed to that given by Nesheim and 

Carpenter ( 1 967 ) , in the suggestion that , for normal birds ,  the higher 

apparent digestibilities were due to the combined effect of bacterial 

proteolytic a ctivity and aboorption from the caeca ,  of endogenous amino 

a cid s which were lost in the caecectomised chickn. 

The recovery of amino acids from the ileal contents r�s also been 

examined in an attempt to avoid possible interference by the intestinal 

micro-organisms in the estimation of protein digestibility (Payne et al,  

1 968 ) . Varnish and Carpenter ( 1 971 ) found that the digestibility of 

amino acid s estimated by either ileal or faecal analysis were similar for 
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the control protein, but that when heat-damaged protein was fed , the ileal 

digestibility was slightly lower than indi cated by faecal analysis . 

However, when good to poor quality fish meals were fed to chicks,  the 

recovery of amino acids from the ileal contents did not reflect the big 

differences in availability observed in growth a ssays ( Soares and Kifer , 

1 971) . 

4 .  Rate o f  digestion of heat-damaged proteins 

a. In vitro digestion studies 

A number of studies have shown that when proteins are heat-damaged 

they are less susceptible to in vitro digestion, but , as  pointed out by 

Ford ( 1 965 ) , the results so obtained may reflect more closely the 

specificities of the enzymes chosen for the digestion rather than the 

relative susceptibilities of  tl1e different amino acids to enzymic release . 

Heat-damage of casein was shown by Eldred and Rodnay ( 1 946 ) to reduce 

the amount of lysine released by digestion with pepsin, trypsin and chymo

trypsin, even though the overall digestibility of the casein was little 

changed . A similar result was obtained by Pader et al ( 1 948 ) , and they 

olso showed that the rate at which the lysine was released from the heated 

casein, by digestion with pancreatin, was reduced . In another study, 

Hankes et al ( 1 948 ) observed that when casein was heat-damaged , and digested 

with pepsin, pancreatin and erepsin, the relea se of several amino a cid s ,  

including lysine, was decreased . Similar reductions in the release of amino 

a cids with-heat-damage were reported for.pork (Beuk et al,  1 948 ) , herring 

meal (Clandinin, 1 949 ) , cod meal (Ford , 1 965 ) , and beef serum a lbumin 

(Dvorak,  1 968 ) . However, digestion of soybean protein with erepsin and 

trypsin, indicated that autoclaving the protein, mainly reduced the amount 

of lysine released , with little change in the release of other essential 

amino acids (Evans and Butts, 1 949 ) . 

By fractionation of pepsin-pancreatin digests, using Sephadex gels, 
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Ford ( 1965) shovrod that there vms much more high molecul.:�:r weight materiaj_ 

in digests of heat-damaged cod meal than dig2sts of freeze--dried meal. The 

high molecular weight fraction also contained considerable quantities of 

lysine y,rhich, by microbiological ass2y, was not m.tri tiomlly available. 

Jfurther digestion of this fraction with papain did net improve the 

availability of lysine although the availabilities of other amino acids 

were improved. 

In a further study, Ford and Salter ( 1966) digested freeze-dried or 

heated cod fillet, with either pronase alone, pepsin and papain, or pepsin, 

pancreatin and erepsin, and again fraetiomted the digests using a Sephade}·: 

gel, The release of all amino acids estimated, was reduced vrhen the cod 

fillet was heat-damaged but, in particular, with increasing s�·:veri ty ol 

heating, the 'free amino acid 1 componentrJOf the digests became progressively 

more deficient in lysine and the sulphur amino acids� relati-.;-o to their 

concentration in the original uru1eatcd meal. Similar rcsul ts were obtaine::1 

vdth each digest. The authors concluded that there nas "a marked 

differential effect of heating in re·carding .i_J1_Y.i tro iJ:.e enzy--mic re loa se of 

several amino acids". Such an effect 11ould al tor the nutritionnl value of 

the protein since: 

for optimum utilisation of food proteins all essential amino 
acids must not only be available for absorption but must also 
be liberated during digestion idLU.YQ at rates permitting 
mutual supplementation (Mell1ick, Oser and Weiss, 1946). 

b. In vivo digestion studios 

Studies of the in vivo digestion of proteins have shovm that hoat-

damage alters the time-course of digestion. Heat-damaged proteins ·were 

found to be retained for a longer time in the stomach than wero the 

umamaged proteins (Rogers, Chen, Poraino and Harper, 1960) btJ:G this raay 

not be significant, a s  the rate at \7hich proteins leave thG stomach c1cpo::.1ds 

on many factors and appears to be unre:latcd to the nut:ri tionnl value of the 

protein (RogGrs and Harper, 1 966), 
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Nesheim and Carpenter ( 1967) reported that when cop meal was heat

damaged, much higher levels of nitrogen were present in the intestinal 

contents of rats than Hhen unheated cod meal was fed. A similar result 

vras reported by Porter and Rolls ( 1971), and by filtration on Sephadex gel, 

the soluble nitrogenous material was separated into 'protein', 1 peptide1 

and 'free amino acids'; greater amounts of all three fractions were 

obtained with heated cod meal. Amino acid analysis of the peptide 

fractions showed this to often have a higher content of lysine and 

glutamic acid than the original protein. The authors pointed out tnat if 

certain amino acids nere concentrated in enzyme-resistant peptides, even 

if these were eventually hydrolysed, the utilisation of the protein would 

be altered and could contribute to the lowered nutritional value of heat

damaged proteins. Buraczewski, Buracze�ska and Ford ( 1968) also suggested 

that the accumulation of the intermediate products of protein digestion in 

the intestine may saturate the absorption sites involved in the uptake of 

amino acids into the mucosal cells, and this may explain the high level of 

free amino acids present in the intestine when heat-damaged protein was fed. 

5 .  Absorption and urinary excretion of amino acidsanq peptides from heat

damaged pr0teins 

Heat-damaged proteins were found to produce lower rises in portal 

plasma amino acid levels, particularly of lysine, than when unheated 

protein was fed (Guggenheim, Halevy and Friedmann, 1960; Goldberg and 

Guggenheim, 1962; Smith and Scott, 1965a; Hill and Olsen, 1967); in 

addition, the peak in concentration was delayed (Wheeler and Morgan, 1958). 

These changes probably reflect a decreased rate of absorption of amino 

acids from heat-damaged protein, but the response of the plasma amino acid 

pattern to dietary protein is complicated by the influence of other factors 

such as the metabolic activity of the intestinal tissue (Dawson and 

Holdsworth, 1962; Dawson and Porter, 1962). 
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Although it is generally a ccepted that amino a cid s aro the mai n  

prot ein dige stion produc t s  whi ch a r e  absorbed , there i s  s ome evid ence that 

peptid es may bo an important component of the nitrogen absorbed from the 

gut ( Cra ft , Crampton, Li s and Matthews , 1 969 9 Nixon Emd Mawor 1  1 970 ) . It 

is possible that the mu cosal uptake of peptid es involve s  an independ ent 

me chani sm to that of amino a cid ab s orption ( Li s ,  Matthevrs a nd Crwnp t on,  

1 972 ) . 

Dawso n  and Hold sworth ( 1 962 ) found no evid ence of ab sorbed peptid e s  in 

portal blood , but the possible absorption of pept id es is supported by some 

stud ies on nitrogenous urinary excretion. Sauborlich ,  Penrce and BauQann 

( 1 948) ob served that when mice wore fed poor quality proteins su Qh a s  

ara chin, the urinary excretion o f  amino a cid s was greater than when good 

quality protein ( e . g . lactalbu8in) wa s ingested , and they also found that 

a consid erable proportion of the amino a cid s were bound . Large amou nt s  

o f  threonine containing peptid e s  were found i n  tho urine a s  woll a s  the 

fae ce s  when rat s  were fed a 1 0% rice glut elin d iet and these peptid e s  were 

completely resistant t o  papain and pancreatin hydrolysis in vitro ( Kiriyama , 

1 970) . Ford and Shorrock ( 1 971 ) found that the urinary excretion of 

:pep tide -bound amino a cid s as y,rell as of free amino a cid s ,  increa sed when 

rat s were fed heat-dau1aged cod fillet rather than the unheated protein. 

The compo sition of the peptid e-b ound amino a cid s was also changed , with 

lysine , glutamic and a spartic a cid s a ccounting for 70% of the resid u e s .  

However , the combined losses o f  lysine i n  the peptid e b ound and free amino 

e cid fra ctions of the urine wore only 1 . 5% of the total lysine ingested . 

The effect s of similar heat treatment of ca sein were l e s s  marked ; there 

wa s no increa se in the total urinary bound amino a cid excretion and the 

increa se in the lysine content of the peptide component wa s small . 

Ford and Shorrock ( 1 971 ) sugge sted that the increa s e  in urina ry amino 

a cid excretion, when heated c od fillet wa s fed to rat s ,  could be the result 
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of the peptid es lowering the renal threshold for free amino acids ;  i . e .  in 

an analogous mam1er to that postulated by Buraczev1ski et al ( 1 968) , fol.' the 

possible effect of undigested peptide s  in the intestine saturating the sites  

involved in amino acid absorption. As an alternative , they considered that 

the free amino a cid s might be derived from the hydrolysis of unavailable 

' peptide ' within the kidney. An acyl-lysine deacylase (EC 3 . 5 .1 . 17) is 

present in mammalian kidney tissue and could IJarticipate in  the hydrolysis 

of absorbed peptides, although Paik and ]enoitin ( 1963) found that the rat 

enzyme could not utilise E-N-peptides of lysine . The rat can utilise 

both E-N-formyl and acetyl lysine but not £-N-propionyl lysine (Bjarnason 

and Carpenter , 1969) , whi ch is consi stent with the known specificity of the 

d eacylase (Leclerc and Benoitin, 1968) . However ,  £-ll-propionyl lysine had 

about so% of the activity of lysine for chicks (Varnish and Carpenter, 

1970). Other enzJ�es ,  which were suggested by Ford and Shorrock (1971) 

a s  likely to  hydrolyse absorbed unavailable peptides ,  •7ere ureidosuccina se 

(EC 3 . 5 . 1 . 7),  8-ureidopropionase (EC 3 . 5 . 1 . 6) and aminoacylase (EC 3 .5 . 1 . 14) . 

Conclusion 

The result s of these various studies rlo not clearly indicate how heat-

damage reduces the nutritionnl values of proteins . The availability of 

several amino acid s have been shown to be lowered but it io  not certain if 

the availability of all constituent essential amino a cid s are equally 

reduced b�r heat-damage . The reduced availability of lysine is  presumably 

due , partly at least , to the binding of  the E-amino group, but the decreased 

availability of other amino acids such as  methionine cannot be explained in 

a similar manner. The rate of  digestion is probably n very important 

f8ctor ns this has been shmm to be reduced when proteins are heated and 

this v;oulr1 alter the nutritional value of the protein. In contrast ,  

digestibility, in terms o f  nitrogen or of individual amino a cid s ,  does not 

apparently reflect the decreased availability of amino a cid s >vith heat-

damage . The discrepancy may possibly be due to  the activity of the 
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int e stinal mi cro - organi sms a1thoLlgh the evid ence is not concll"! siv e ,  or it 

may be d u e  to the ab sorption of enzymatica lly r e si stant pcptid e s . 

In t he pre sent stud y ,  the po s:cible absorption of amino a cid s in c:m 

unava ilable form ua s inve stigated by measu ring the combined urinary and 

fa e cal excretion o f  amino e cid s �hon chi cks �ere fed diets containing 

meat meal a s  the sole source of prot ein .  The difference beh;ecm the intake 

and the excretion o f  an amino a cid Yrould give the np}1arent retent i on of the 

amino a cid , and thi s in turn, ·.10uld refle ct the availsbili ty of the amno 

a cid , nl though the e ffect of other.· fa ctors ,  su ch a s  the rate of d ige stion , 

vrould not be included . The va lu es ob tained for the apparent retention of 

lysine liore compa red to tho se obtained by chi ck grouth a s say o f  the samo 

ment me2l2 . A chi ck gronth n s say for lysine Ha s developed a s ,  althouc;h 

meat mea l s  should b e  good sour ces of lysine , the amino a cid may no t  be 

fully available to chi cks if hoa t-daoage hn s occurred . The se method s ar� 

the resu lt s  obtained are d e s cribed in Part I .  A se cond part o f  the study 

wa s an investigati on into the produ ct s of cnzyma ti call �- d ige st ed heat 

damaged haotJJ.Oglobin or globin, in an attempt t o  elucid ate the chemi cal 

change which o ccurs with heat -d nmagc of pure proteins ; this i s  rep orted 

in Pa rt II . 



CHAPTER II 

PART I A1  CHI CK GROWTH ASSAY FOR LYSil� 

INTRODUCTION 

The essential feature of groHth assays is that both the standard and 

the t e st protein should produce an increase in \7eir:;ht gain, or some other 

measure of the grovnh of the animal , by the same a ctive component , the 

amino acid t o  be assayed . The resp onse of the test animals must be 

linearly relat ed t o  the amount of the amino acid 2dded to the basal diet , 

or t o  some function o f  such d oses . A basal diet is formulated which is 

nutritionally complete except for the amino a cid to be a ssayed , and graded 

amounts of the amino acid , or of the t e st protein, arc added to form the 

stand ard and test diets respecti vcly. By comparing the grovrth of animals 

fed the stani ard diets t o  those sur:plied the -G u s t  diets ,  an estimate of 

the relative potency of the test protein is obtained . 

A variety of biological method s have been d escribed for measuring the 

avsilability for grovnh of individual amino acid s in proteins . In many o f  

the bioa ssays a basal diet has been formulat ed u sing a protein, o r  a 

mixture of proteins , d eficient in the amino acid to be assayed (De shpand e ,  

Harper, CollirLS and Elvehj em , 1 957 ; Calhoun, Hepburn and :Bradley,  1 960 ; 

Carpenter et al, 1 963 ; Miller et al ,  1 965b ) . Some studies have reported 

the use of a mixture of purified amino acid c ,  complete except for the one 

under study, for the protein portion of the basal  diet ( Smith and Scott , 

1 965b ;  De Muelenaere et al,  1 967a and b ;  Smith, 1 968 ; Netke and Scott , 

1 970 ) . A combination of a protein b a sal diet deficient in the amino acid 

to be assayed and a crystalline amino acid mixture was used in the assay 

procedure of Uvmegbute and Lowi s ,  (1 966) . 

In some investigations the test protein ha s been added to  the basal 
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diet at only one level and the potency estimated directly by comparison of 

the response with that obtained vri th the st£mdard diets . This procedure 

has assumed that the test material and the standards behave in a similar 

r.1.anner which may not be justified . Other assays have included more than 

one level of the test protein so that the data could be statistically 

analysed to test the validity of the assay and to provide information on 

the precision of the potency estioated (Carpenter et al, 1963; Guttridge 

and Lov7is , 1964 ; Miller et al, 1965b ; Uwaegbute and Levris, 1966) . 

However, although statistical analysis t:wy detect a lack of similariety 

in behaviour of the standards and the test protein, it may not detect 

systematic errors resulting from the influence of factors in the test 

material other than the amino acid to be estimated. 

Bioassays for an amino acid are difficult to design free of distortion 

as uith the addition of the test protei� to the basal diet, other nutrients , 

mainly amino acids , will also bo contributed apart from the amino acid to 

b e  assayed . In some bioassays an attempt was me.do to keep the diets 

isonitrogenous when the test protein w2s added (Deshpande et al , 1957; 

Carpenter et al, 1963) but in many assays the tost material was added at 

the expense of the starch component of tho basal diet (Gupta and Elveh,i em, 

1 957 ; Calhoun et al , 1960 ; Guttridge and Lewis , 1964 ; Miller et al, 

1965b ; De Muelenaere et al, 1967a and b) . Uvmegbute and Lev;is ( 1966) 

attempted to maintain both the nitrogen level and the amino acid balance 

of the test diets by removing 2n equivalent amount of the crystalline 

amino acid mixture included in the basal diet, to the amount of test 

protein added. The growth response has been reported to be influenced by 

the level of the test protein added (Gupta and Elvehjem, 1957 ; 

De Muelenaere et al, 1967b) ani by the nmino acid balance (De Muelenaere 

et al, 1967b) although Guttridge, Lewis curl Morgan ( 1 961) and Schi7eigert 

and Guthneck ( 1954) both fourrl that tho addition of a mixture of amino 



acid s excluding the one to be assayed, had no effect on groYTth. 

Alteration of the calorie-protein ratio influenced growth response 

(De N..uelenaere et al, 1 967b) and in addition, this vas altered by the 

type of carbohydrate present (Gupta, ]akroury, Harper and Elvehjem, 

( 1 958). 

n . 

Gupta et al ( 1 958) found thnt the influence of the type of 

carbohydrate used on the gro�h response could be removed if growth was 

related to the amount of the amino acid eaten rather than to the 

percentage of the amino acid in the supplement . Similarly, the growth 

depressing effect, of additional protein lacking in the amino acid to be 

assayed , was removed if these response and dose metameters were used 

(Carpenter et al, 1 963). These workers also reported that there \7as no 

difference in the potencies estimated by this method to those obtained 

using feed conversion efficiency (FCE, g gain/g food consumed) as the 

response metameter and % amino acid in the supplement a s  the dose 

metameter; similar results VTere obtained by Miller et al, (1 9 65b). 

UVTaegbutc and Lewis (1966) considered that the potencies based on FCE 

as the response metameter might be over estimated and they preferred 

body nitrogen retention as the response . Other response motameters 

have also been used in some assays, for example, empty body weight gain 

(Calhoun et al, 1 960; ]e Muelenaero et al, 1967a and b), body water 

content and carcass amino a cid content (D e  Muelenaore et al, 1 967a) . 

In the assay procedure to be described for the estimation of the 

biologically available lysine content of meat meals, a basal diet was 

formulated using wheat gluten whiCh is deficient in lysine . The meat 

meals were added to the basal diet by either isonitrogenous substitution 

of the gluten or by replacement of a portion of the starch component, 

and the potency estimates, obtained by these two methods of test 
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r1aterial addition, cor:1pared . The potency estimates were cal culated by 

using both weight gains nnd FCE values as  response metameters , and % 

supplementary lysine as  the dose metaoeter . 

MATEP..IALS AND MEI'HODS 

Manae;ement and conditions of chick experiment s 

White Leghorn or White Leghorn-Australorp chicks of either or both 

sexes were used . At hatching , after sexing , the chicks were wingbanded 

and assigned at random to cor.J.partments in tiered , electrically heated , 

wire floored , battery brooders , situated in a windowless , semi-controlled 

environmental house . Ea ch tier of a battery had a common heating 

eleoent and was divided into four compartments, ea ch 1li th its ovm feed 

trough but with a common "17ator trough betvmen two adja cent compartments ;  

the cor.J.partrJ.ents held 1 4  - 16 chicks . Feed ar.d water vmre supplied 

ad libitum ,  the feed weighed out at frequent intervals t o  reduce 

spillage . White light was used for the first vreek and then red lights 

to reduce cannabalism and too pecking , with 1 4  hours of light per day 

provided . A d etailed daily diary was kept of all activities and to 

record any d eaths or ailing chickens . All chicks that died or were 

culled were uost mortemed (by the Animal Health Department , Massey 

University) , and a report received . Shed temperatures were maintained 

between 60 - 70° , particularly during the first two weeks after hatching, 

Brooder temperatures were loweree progressively with age . 

Chicks were weighed individually at various stages of experiments ,  

on  a Mettler P3  balance , reading to  within 1 g . A metric spring scale 

was used to weigh feed out and to weigh bsck remaining feed at the end 

of the experimental period . With all experiments, a preliminary 
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period of 1 0  - 1 1  days f:roo hat ching was imposed before com.11encing the 

experiment . Thi s wa s t o  allow the yolk reserves to be utilised am to 

permit developraent of the chicks thermo-rogulat o�J mechani sms .  A 

comr.1ercial chi ck starter ration vra s fed during thi s preliminary period . 

Diets  

Semi-purifi ed diet s  were used in all experiment s and were composed 

o f  wheat gluten ,  starch ,  corn or soybean oil , cellulos e ,  vitaQins and 

minerals , and amino a cid supplement s . The sour ce of the se ingredient s 

and the purity o f  the amino a cid s , arc described in Table A ,  Append ix 1 .  

The protein content and the FDNB-rea ctive lysine values for the three 

batches of gluten u sed , arc given in Table B, Apr,endix 1 and the amino 

a cid composition of one bat ch (bat ch 1 ) in Table C ,  Appein ix 1 .  

Rroparation of di�t s 

The main problera in the preparation of the d iets vm s the 

incorporation of the cellulose . The fine powd er tend ed t o  clump and 

t o  ensure oven di stribution of cellulose in the rations , a mixture o f  

6 parts cellulose with 4 part s oil and 90 part s starch na s prepared . 

Aft er mixing and grinding in a hammer mill , the mixture wa s u sed to 

provide 5�� of the diet , i . e . all diets contained 2% oil and 3% 

cellulose . 

During the preparation of the diet s , care wa s taken t o  ensure an 

even di stribution of the ingredient s ,  and mixing , both mechani cally and 

by hand , wa s repeated several time s . J.s some settling out of the 

ration component s could o ccur with storage , the diet s were hand mixed 

before being weighed into the feed troughs . 

Meat meals 

The e ight meal meals ( coded Mm) a ssayed in the se experiment s are 

described in Table A, Appendix 1, the proximat e  composition, FDNB-



roHctive lysine and calcium content Jivcn in Table J3, Appendix 1 ,  and 

amino acid coc1:posi tion in Tnblc; C, Appendix 1 .  

m1e£ical analysis 

Proxi:1nto aml ysis and. QQ.lciuo. estimatiqp. The water, :protein 

(H  x 6. 25), crud <J fat, ash and calcium content were determined by the 

methods of the Association of Official Agricultural Chemists (1960 ) .  

Amino acid analysi§. The ao.ino a cid composition of protein 

concentrates via s ostioated by hydrolysing 0 . 5 - 1.0 e sauples in 

950 cm3 6 M HCL for 24 hours. Tho solution y;ns filtered and o.ade up 

to 1 1  with distilled water. An aliquot of this solution was 
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evaporated and a saople ,  0 . 1  - 0 . 5 cr.13, analysed with a J3eckman 120C 

Amino Acid Analyser ; norleucine nas included as an internal indicator . 

All samples VlGre analysed in duplicate or triplicate. 

F.DNB-reactive lysine. The FDNB-reactive lysine value of the protein 

concentrates was determined by the method of Carpenter (1960 ),  with 

the application of the f3ctor 1 . 09 to correct for the loss of 

dinitrophenyl lysine durine hydrolysis . The 2, 4-dinitrofluorobenzene 

(:EDNB), e:-(2, 4-dinitrophcnyl)-L-lysine hydrochloride and methyl 

chloroformate, wore supplied by J3. D . H. Ltd . ,  England. 

Statistical analysis 

The potency of tho meat meals as sources of lysine for chicks was 

ostio.ated by slope ratio analysis (Finney, 1 964), using the method 

adopted by Clarke ( 1 952 ) for multiple assays. The dose metameter was 

% supplementary lysine and the response metameters were either wei&�t 

gain or weight gain, g/g food eaten ( FCE) . The slope ratio procedure 

was used for analysis as the response was found to be linenrly related 

to increments of lysine or of the test proteins . Although in m0st 

growth assay experiments three standard and three test diets were included 
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in ea ch a s sny, the values for only two d oses , evenly spa ced , of ea ch 

s eri es 'dcro u sed for the analysis . For pot ency estima t e s  u sing FCE 

values a s  the response,  the upper d o se level vms omitted , but for 

e stimate s  based on weight gain, the lovrer d o s e  l evel 1ra s omitted in some 

experiment s . Fieller 1 s equation ua s u sed for t he calculation of 

fiducial limi t s  with the mod ifi cat i on rc:comoond ed by Filli"ley ( 1964 ) , thnt 

vrhon tho a ssymmetry of the upper and loner limit s vra s snall it wa s 

replaced by approximate synmotrica l  limit s i1� i catod by a singl e 

estir.1ation of the standard error . 

Valu e s  for mis sing chi ck \'leight gains wore cal culated , by the 

missing plot t e chnique a s  outlined by Sned ecor and Cochran ( i9G7 ) for the 

statisti cal analysis of result s . Standard analysis of variance 

procedures were u sed to te st signifi cant differences in weight gains or 

FCE value s  between treatment s . Minimum signifi cant difference valu e s ,  

(MSD, 5%) t o  establish nhich sp ecifi c  compari sons \'icre signifi cant a fter 

a significant F ratio vrs s c stcbli shed , V/Gre computed a ccord ing to 

Snod c cor and Cochran ( 1 967 ) . 
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EXPERIME�'T S WITH CHICKS .HID RESULTS 

The first two experiments nith chicks were conducted to develop a 

suitable basal diet to uso in growth assays for lysine. In four further 

experiments, eight meat meals were assayed for lysine potency by the grov�h 

assay method. 

Experiment I ,  development of basal diet 

A basal diet deficient in lysine was formulated using wheat gluten as 

the protein source. W'neat gluten was included in the basal diet to 

provide 20% protein (N  x 6. 25) which would supply 0. 4% lysine compared to 

the rocomoended chick requirement of 1% by the United States National 

Research Council (USNRC , 1963) . Corn or soybean oil,  to supply essential 

fatty acids, a low level of cellulose, and comprehensive vitamin and 

mineral premixes , wore included in the basal diet, and starch made up the 

reoaind er. The composition of this basal diet A is given in Table D ,  

Apperrlix 1, arrl of the vitamin and mineral preoixes in Table E ,  Appendix 1 • 

�ne amount of Ca3 (Po4 ) 2 added to diets varied in each experiment so this 

was not included in the basal diet; in this experiment 3. 06% Ca3 (Po4) 2 

was added, so that all diets contained 1 .4% calcium. 

Comparison of the amino acid content of basal diet A with the 

recommendations for chicks by the USNRC (1963) , indicated that, apart from 
lysine, the levels of methionine, arginine and possibly threonine, were 

deficient. The effect of supplementing basal diet A with these amino 

acids was investigated in this experiment, and the growth of chicks fed 

these semi-purified diets compared to those fed a commercial starter ration. 

The four diets were : 

1. Basal diet A, unsupplemented. 

2. Basal diet A supplemented with 0 . 6% lysine, 0. 42% arginine , and 

0. 35% methionine. 



3 .  Ba sal diet A supplemented with 0 . 6% lysine , 0. 42% arginine , 

0. 35% methionine and 0. 03% thxconine . 

4 .  Commercial chi ck staxter rati on, ( 20% protein) . 

2 3 .  

The s e  treatment s wore arranged in a rand omised block d e sign o f  four 

treatment s over two block s , a tier of the b2tt ery brooder forr:J.ing a blo ck .  

There wore t·wo repli cat e s  per treatment , with 16 chi cks ( equal sexes) per 

repli cat e ,  a total o f  1 28 chi cks . All chi cks wore fed a comr.10rcial 

starter ration (whi ch wa s u sed throughout for tren tment 4) to 1 0  days o f  

ago . The chicks wore then supplied the experimental d iet s for a 

pre- oxpcrimental period of 4 days to permit them to be come a ccu stomed t o  

the d ifferent t extured feed . At 1 4  days , the chicks were vreighed 

individ ua lly ar.rl fresh fee-d weighed into the t roughs . At the end o f  the 

fourth we ek the chi cks were weighed again and the food consumption 

recorded . 

Resul t s  

The moan weight gains and food consumpti on (g/chi ck) a r e  shmm in 

Table I .  Supplementation of ba sal diet A with lysine , arginine and 

methi onine markedly increa sed gro"Yrth am this \7a s further improved by the 

addition of threonine . The gain in weight of chicks fed the fully 

supplemented d iet , diet 3 ,  wa s only slightly l e s s  than for chi cks fed the 

commercia l starter rat i on. There wore no d ea th s  during the experimental 

period a nd the chi cks fed the unsupplomented d iet , d i et 1 ,  remained healthy . 

Experiment 2, d evelopment of b a sa l  diet and preliminary bioa s sa,y 

Although in experiment 1 the fully supplemented basal d iet A, d iet 3, 

supported satisfa ctory growth of chi cks ,  the e ffect of addit ional 

supplement s of amino a cid s wa s inve stigat ed in thi s experiment to ensur e 

that the ba sal diet wa s growth limitine for lysine only . A basal diet B 

wa s u sed ·whi ch wa s the same a s  ba sa l  diet A except that 0. 5% methionine , 



TABLE I 

Mean weight gain and food consumpt:i.on, gj chick , 

1 4  - 28 d nys , experiment s 1 and 2 

Diet description Weight Food Experiment Diot 
code gain C J nsumpt ioh 

1 

2 

1 Ba sal diet A 23 . 1 

2 Basal d i et A with lysine , arginine 1 43 . 3  

and methionine 

3 Basal diet A with lysine , arginine , 1 61 . 9  

methionine and threonine 

4 Com�ercial Chick starter 

Supplements to ba sal d iet B :  

1 None 

2 0 . 56% lysine ; o . os% arginine 

3 0 ,  56% lysine ; o . os% threonine 

4 0 .  56% lysine , 0 . 05% tryptophan 

5 0 . 1 4% lysihe � 
6 0 . 28% ly§ihe l stand ard diets 

7 0 . 56% lysine 

8 1 �o 50% Mm B � 
9 3 . 01% Mm B � test diet s  

1 0  6 . o�% Mm B ) 
* MSD ( 5%) 

28 . 2  

1 83 . 8  

1 78 . 4  

1 77 . s  
74 . 5  

1 29 . 2  

1 71 . 2  

61 . 6  

78 . 3 

1 1 3 . 5  

1 7 . 2  

� experiment 2 ,  exclud ing d iet s 5 - 7 . 

338 . 8  

354 . 8 

428 . 2  

1 73 . 1  

357 . 7  

355 . 7  

354 . 2 

251 . 6  

3 19 . 2  

334 . 7 

234 . 3  

260 . 3 

2'92 � 0  

52 '. 7 



0 . 42% argi�ine and 0 . 05% threonine were includ ed ; the conp o sition of thi s 

d i et is given in Table D ,  Appe�nix 1 .  The levels of t'lethionine and 

threonine includ ed in ba sal d iet B vre re slightly greather than the l evel s 

u sed in experiment 1 to provid e a margin of sa fety . This ba sal d i et B 

wa s suppl ement ed vri th 0 . 56% lysine so thi s would not be limiting for grovnh , 

and the effect of ft1.rther suppl ement s of arginine and threonine 

inve stigated . In add ition, one diet contained a supplement of tryptophan 

a s  values in the literature ind i cated that thi s might b e come limiting when 

the basal diet �a s otherwi s e  fully suppl ement ed . The four d i et s  were : 

1 .  Ba sal d iet B .  

2 .  Ba sal d i et B suppl er.wnted 

3 .  Ba sal d ie t  B supplerJented 

4 . Ba sal diet B sup-plenentod 

Other treatment s were included 

l.ri th 

with 

with 

o . os% arginine . 

o . os% threonine . 

o .os% tryptophan . 

in this experiment t o  provid e a 

preliminary t rial with bioa s say t echniqu e s . Diet 1 above wa s u sed a s  the 

nega tive control d i et and three stand a rd  d iets vwre included , v7i th 

suppler:10nt s of 0 . 1 4 ,  0 . 28 and 0 . 56% lysi ne . The r:1eat meal a ssayed , :Mm B ,  

wa s includ ed i n  the ba sal d iet B a t  three levels calcula t ed on the basis o f  

the total lysine cont ent o f  the meal , t o  provide comparable amount s  o f  

lysine to that in the stand ard d iet s . The lysine supplement s and the meat 

oeal vrere add ed to b a sal d iet B at the expens e of star ch . As the meat 

mea l contained only a small amount of cal cium , 2 .  5% Ca3 
(PO 4 ) 2 was ad ded t o  

all diet s ,  in cluding di e t s 1 - 4.  The standard and t e st d i e t s  were : 

5 .  Ba sal diet B supplemented with 0 . 1 4% lysine 

l 6 .  Ba sal di et B supplemented \Yi th 0 . 28% lysine stand ard d iet s 

7 .  Ba sal diet B suppleoented with 0 . 56% lysine ) 
8 . Ba sal diet B supplemented with 1 . 50% Mm B � 
9 .  Ba sal d i et B supplemented vrith 3 . 01% Mm B l t e s t  d iets 

1 0 .  Ba sal diet B suppleoented with 6 .02% Mr:J. B 
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The levels of supplcnonts added to basal diet B for those ten diets are 

given in Table F, Appendix 1 .  

The procedures used for the eJg>oriment vrere sir:�ilar to those used for 

exporh1cmt 1 .  Thoro vrere trro replicates of 1 4  chicks ( equal sexes)  per 

troatnont , a total of 280 chi cks . Treatments 1 - 4 wore arranged as  a 

randomisod blo ck design, over two tiers of ono battery brooder . The 

treatments for tho bioa ssay, ( troatr:1ents 5 - 1 0 ) , were arranged in a 

completely random design over three tiers in a separate battery unit . 

All chicks wore fod a commercial starter ration for 1 1  days after hatching . 

A complete seni-purifiod diet , diet c ,  Has thon fed for three days ; diet 

C was basal diet :S supplewented r.rith 0 . 56% lysine and 3 .00% Ca3 (Po4) 2 , 

and the composition is given in Table D ,  Appendix 1 .  Tho chicks \7ere 

weighed at 1 4  days and the exporiraontal diets supplied for two weeks . 

Chicks and tho feed remaining in the feed troughs wore vmighed at 21 and 

28 days . 

Results 

The mean weight (Sains and food consuo.ption per chick, 1 4  - 28 days , 

are sho1�1 in Table I .  The additional supplements o f  arginine and 

threonine to the basal d iet did not ioprovo growth and there was no 

benefit froo the addition of tryptophan. It vras concluded that basal 

diet :S suppleDentcd with 0 . 56% lysine 11ould support satisfactory gromh 

of chicks and that no other amino acid was limiting for growth . As bnsal 

diet :S appeared to be nutritionally adequate except for the d eficiency in 

lysine , this diet was used in  future bioassay experiments . 

The results for tho negative control diet , diet 1 ,  and the three 

stamard diets , diets 5 - 7 , show that each increr.J.ont of lysine 

significantly (P < 0 .05)  increased the weight gain of the chicks ; the 

response was linear for tho two lower d oso levels but not for tho highest 

level of supplementary lysine , 0 . 56% ( Figure 1 ). The weight gains of 
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chi cks fed the test diet s contninii'..£; Mo :s,  diets 8 - 1 0 ,  nere however , ou ch 

lower than the response s  obtained with the standard diet s , and the vmiGht 

gains of chicks fed the t-;lO lower levels of Mu :S wore not signifi cantly 

different . Those unsatisf:J ctory result s for the r:J.e8t oeal ·wore duo to 3 

tGchni cal error , n valu e of 9 . 3% lysine had been u sed for the calculation 

of the t e st d iet s but th e oeal actually contained 4 .9% lysine . :Becau se 

of the difference in d o se levels of the stand ard and t e st diet s ,  the se 

result s for the bioa s say of Mo :S have boon exclud ed fror:J. d i s cu ssion. 

However , the inclusion of those treatment s  in the experioent , provid ed 

u seful inforoation on the techniques required for bioa s says . 

ElxperitJ.ent 3, bioa ssay of Meat r:1eals, A, :S and C 

Thi s ex�orioent involved the bioassay of three r:J.eat r:1eals for lysine 

potency. The levels of lysine included in the three stand ard diet s  were 

redu ced t o  0 . 1 2 ,  0 . 24 and 0 . 48% a s  the response to the upper dose level , 

0 . 56%, used in experiment 2 had exceeded the linear portion of the d o se

response curve . The moat ooa ls assRyed i7oro included at tnroo levels of 

addition to ba sal diet :S to provid e similar amount s  of lysine to tha t  

pre sent i n  the standard diet s on the ba sis o f  the FDNB-reactivo lysine 

value for the meal nult iplied by 1 . 2 ;  thi s fa ctor wa s included t o  ensure 

that the dose Yrould not exceed the linear portion of the d o s e-response 

curvo . The meat oeal repla ced either starch or i sonitrogenou s aoount s of 

gluten in the basal tiiet . The latter procedure required the restitution 

of an equivalent aoount of lysine pre sent in the reooved gluten, and wa s 

calculat ed using the F.DNB-roactivo value for gluten. 

The three meat oeals a ssayed were W� A ,  Mm C ,  and Mm :S a s  the a s say 

of this meal , in experiment 2 ,  wa s invalid . In thi s experiment , Mm :S 

wa s a ssayed by either inclu sion in the test diets at the expense of starch 

as had b een the ca se in experiment 2 or by the isonitrogenous repla cement 
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of glut en. Mo A and Mo C nerc both add ed to the test d i ot s by 

substitut i on of tho glu t en . The 1 6  diet s are shown in Table II and the 

levels of the supplecent s to ba sal di et B, the gluten content and tho 

calcula t ed protein cont ent of the d i et s ,  arc given in Tabl e  G, Appendix 1 .  

A s  Mm C c ontributed appre ciabl e aoount s o f  ca l cium , tho amount o f  

Ca3 (PO 4 ) 2 add ed wa s a d j u sted so t ha t  all d ie t s  contained 1 . 6% ca lciu rn. .  

For thi s oxpcriQcnt , 1 4 cockerels per cor:1partment wore u sed , ( a total 

of 448 chicks ) , hou s ed in three ,  thre e  t i e red batt ery brood ers ,  \7i th th e 

1 6  trcat1:1ent s rand omly a s signed i there wore two replica t e s  per t reatoent . 

All chi cks nero fed a co�crcial start er ra tion for tho fir st 1 1  d ays and 

then the scoi-purified d iet , d iet C, for 3 d ays . Tho chicks Hero then 

weighed and the exporir:wntal d i e t s  n llo c2 t ecl . The chi cks were 'Vrcishod at 

2 1 ancl 28 days of ago and the feed consuopt i on r e corded weekly . 

Resul t s  

The chi ck re sp ons e s  in t e rms of \7oight gain , food consuoption and food 

conversion efficiency ( FCE) arc sho�� in Table III . The mean Height gains 

an:1 FCE values \7oro signifi cantly d i fferent (P<  0 . 05 )  for en ch o f  the 

standard diet s and for ea ch of the t e st d i et s  in a serie s . A linear 

resp ons e in t erms of 'VI'eight gnin wa s obtained for the stand ard d i et s  

( Figu re 2 )  bu t for FCE, the r e sp ons e Ha s linear only u p  t o  the addition o f  

0 . 24% supplementary lysine ( Fisure 3 ) . Tho se standard diets were used 

without modifi cation in most sub sequ ent bi oa s says . 

The weight gains of Chi cks fed the t e st d i ets were si1:1ilar to thos e  

fed the standard d i et s . Weight gain and FCE value s  with t est cl i e t s  

containing Mm B were slightly l es s , a t  the lowest d o s e ,  when the meat meal 

repla ced g luten rather than starch in the basal die t ,  but at the higher 

d ose l evels, the responses were simi lar . The e stima t ed potenci e s  of the se 

oea t  meal s , u sing either weight cain or FCE a s  the response and excluding 

the t op d o s e ,  n rc given in Table X, together 1·1i th the 95% approximate 



30 . 

TABLE II 

Diets : experiment 3 

1 .  Ba snl d iet :B 

2 . Basal diet B supploCJ.ontod v7i th 0 . 1 2�� lysine � 
3 . Ba sal diet B suppl emented with 0 . 24% lysine � standard d iets 

4 . Ba sal diet ] suppleCJ.ented with 0 . 48% lysine ) 
5 .  Ba sal diet B supplemented with 2 . 94% Mo B l 
6 . Ba sal diet ] supplemented with 5 . 88% MCJ. B starch repla ced 

7 .  Ba sal d iet B supplemented with 1 1 . 76% Mr:1 B� 
8 .  Ba sal diet B supplemented with 2 . 94% Mm B � 
9 .  Ba sal d iet B supplemented with 5 . 88% Mm B l gluten repla ced 

1 0 .  Ba sal d i et B suppl emented with 1 1  • 76% IV"im B 

1 1 .  Ba sal diet B supplement ed VTith 4 . 55% Mo A 

1 2 .  Ba sal d iet ] suppler:J.ented with 9 . 1 0% Mm A gluten repla ced 

1 3 . Ba sa l diet B sup:pler:J.ented with 1 8 . 20% Mo A 

1 4 .  Ba sal diot B suppler:J.ented r�ith 5 . 1 3% Mm C 

1 5 . Ba sal diet B supplemented y;i th 1 0 . 26% Mo C g l uten repla ced 

1 6 . Ba sal d iet B suppleoented with 20 . 52% Mo c 
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11ABLE III 

Mean ueight eain, food consutnption ( g/chi ck) arrl feed conversion 

effi ciency (g gain/e food eaten) of chi cks , 1 4-28 days ; bioa ssay 

of Mm A, Mt11 B arrl Mo c, experinent 3 

Diet 
cod e  Suppler:J.ent s 

Standard diet s :  

1 No no 

2 0 .  1 2% lysine 

3 0 . 24% lysine 

4 0 .48% lysine 

Test diet s �  

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

2 . 94% Mo. B 

5 . 88% Mo B 

1 1 .  761a Mo B 

2 . 94% Mm B 

5 . 88% Mm B 

1 1 . 76% Mm B 

4 . 55% Mu A 

9 . 1 0% Mm A  

1 8 . 20% Mm A 

5 . 1 3% Mm C 

1 0 . 26% Mo c 

20 . 52% Mm c 

Substituted 
material 

! Starch 

( 

( � 
� Starch 

Gluten 

� Glut en 

( 

Gluten 

MSD ( 5%) 

Weight 

27 . 9  

65 . 9 

96 . 6 

1 66 . 5  

58 .4 

93 . 0 

1 69 . 8 

42 . 6 

9 1 . 0 

1 68 .9 

45 . 8 

87 .9 

1 69 . 1  

48 . 7 

1 02 . 1  

1 83 . 2  

1 9 . 2  

Food 
oonsuoption 

1 77 .4  

222 . 0  

250 .4 

326 . 7 

21 5 . 5 

237 . 3  

31 6 . 4 

203 .9 

256 . 3 

329 . 3 

1 93 .0 

241 . 9 

336 . 3 

1 97 . 8 

271 . 5  

357 . 8  

44 . 9 

Feed 
conversion 
efficiency 

0 . 149 

0 . 284 

0 . 386 

0 . 508 

0 . 267 

0 . 373 

0 . 535 

0 . 1 99 

0 . 353 

0 . 51 2 

0 . 225 

0 . 324 

0 .483 

0 . 234 

0 . 367 

0 . 51 2 
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fiducial limits . The analysis of variance for these assays are shovm in 

Table A ,  Appendix 2.  The estimted potency of Mm B with weic;ht Gain as  

the response , was the sar:w for either uethod of  rn.eat aeal addition to  the 

test diets ,  but i7i th FCE a s  the response the tvro estioates differed 

considerably, al thou.gh this wa s not qui t o  si.:;nificant sktistically. With 

all three meat r.1.eals the e stioated potencies were greater when ·Height gain 

was the response :netaueter th8n with FCE as  the response . 

An ou.tbrcak of Saloonella RBlloru.m disease occurred acwngst the chicks 

in this expcrit:J.cnt , with 2 1  deaths araongst the 448 chicks . The diseesc 

may have affected resu.lts although a mortality of 57; is not u.nusual for 

chicks to three ...-reeks of age . ( Tho d isease was brou.ght on to the faro 

throu.gh hatching eggs sent in as part of a Randoo Saraplc Test series, and 

tho cockerels , norrJally not requ.ired , wore u.sed in this trial ) .  

Egmoriment 4, bioassay of Meat meal, H 
As the estioated potency of Mm B ,  u. sing FCE valu.es,  varied with the 

method of <:J.eat meal inclu.sion in the test diets in experiment 3 ,  in this 

experiment , another meat meal , Mm H, was assayed either by repla cement of  

starch or by substitu.tion of  giuten in  the test diets . The ten diets are 

shovm in Table IV. The amou.nt of ca3 (Po4) 2 included in the diets  was 

adjusted so that all diets contained 1 .4% calciu.m. The level of 

su.pplcments ,  gluten content and the calculated protein content of the diets 

are given in Table G ,  Appendix 1 . 

�1o replicates , each of 1 4 pu.llet chicks , ( a  total of 280 chicks ) were 

randomly assigned to 20 compartments , housed in two battery brood ers,  one of 

two tiers �nc1 the other, of three tiers . The same regime as  in experiment 

3 was followed , that is ,  the chicks were fed a commercial starter ration 

post hatch, followed by diet C for a preliminary period of 3 days , and tho 

experimental diets supplied at 1 4  days for two weeks , the chicks weighed 
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T.il3LE IV 

Diet s : Experiment 4 

1 .  Ba sal diet B 
. 

2 .  Ba sal diet B supplct!lcntcd with 0 .  1 2% lysine 

3 . Ba sL!l diet B supplemented with 0 .  24% lysine standard d i et s  

4 .  Ba sal d iet B supplemented with 0 .48% lysine 

5 .  Ba sal diet B supplemented with 2 . 89% Mm H � 
6 .  Ba sal d iet B supplem.ented with 5 . 7B% Mw II l starch replaced 

7 . Ba sal diot B supplemented with 1 1 . 56% Mn H 

e .  Ba sal diet B supplemented with 2 . 89% Mm H 

9 .  Ba sal d i et B suppleoented vrith 5 . 78% Mm H glut en repla ced 

10 . Ba sal d iet B supplemented with 1 1  • 56% lJir,1 H 
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arrl the food consumption recorded nt neokly intervc::ls . 

Results 

The tJean v:eight gains, food consuoption Emc1 FCE values ore sho1m in 

Table V, and the estimated potencies of the oeal , excluding the values for 

the lower dose level for the estimetes based on >roight gain, are Given in 

Table X ,  toeether ni th the approximate 95fo fiducial limits . The analysis 

of variance for the a ssays are shown in Table B, Appendix 2 .  The response 

to the standard diet s wa s linear when \7eicht gain was the res:r;onse 

( Figure 2 )  but not with FCE a s  the response ( Figure 3 ). The esti!'J.ated 

potencies  of Mr.� H, based on weight gain, wero significantly greater uhen 

the meal uas included in the test diets by isonitrogenous substitution of 

gluten than when starch "\7as repla ced , but nith FCE as the response 

metar.1eter , the tno estimates wore similar . 

Experiment �. bioassay of Meat meals, D, E, F and G 

As tbc method of meat meal add ition to the test diets did not 

consistently influence the potency esth1ates of oeals assayed in 

experioent s 3 and 4,  two other oeat :·.wals , Mm. D and M!'J. F, wore assayed by 

both r.Jothod s of inclusion, in this experiment . �1e lysine potency of two 

other meat meals , Mm G and Mm E,  \fas also estimated , both by addition to 

the test diets at the expense of starch . The 22 diets are listed in 

Table VI .  The amount of Ca3 (Po4) 2 added provided 1 . 4% calciur.1 in all 

diets . The level of the suppleocnts ,  gluten content and the calculated 

protein content of the diets are given in Table H, Appendix 1 .  

There were two replicates of 14  pullets per treatment ( a  total of 

616  chicks)  and the 44 compartments  wore randomly assigned over three 

battery brooders . The same procedures were followed a s  in previous 

experiments , but an illness affected the chickens in the pro-experimental 

period . The main symptom was foot tenderness arrl tho chicks slowly 
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T.A13LE V 

Menn Yreight gain, food consumption (g/chick) and feed conversion 

officd.ency (g gain/g food oo.ton) of · chicks , 1 4  - 28 days; 

bionssay of Mo H, experiment 4 

Diet Substituted Weight Food Feed 
code Suppleuents material gain consumption conversion 

efficiency 

Stan:1ard diets �  

1 None 1 1 . 3 1 57 . 5 0 . 068 

2 0 . 1 2% lysine ( 42 . 1 1 90 . 2 0 . 221 

3 0 . 24% lysine ! Starch 80 . 0 251 . 1  0 . 3 1 8 

4 0 . 48% lysine ( 1 36 . 5 336 . 1 0 .406 

Test diets :  

5 2 . 89% Mu H � 33 . 8 1 68 . 7 0 . 200 

6 5 . 78% Mm H ! Starch 69 . 0 21 2 .4 0 . 325 

7 1 1 . 56% Mn H 1 2 5 . 9 270 .4 0 .466 

8 2 . 89% Mm H 

! 
37 . 8 1 71 . 5  0 . 221 

9 5 . 78% Mm H Gluten 7 1 . 3  236 . 1 0 . 302 

1 0  1 1 . 56% M.'!l H ( 1 39 . 8 286 . 8 0 .� 87 

MSD ( 5%) 24 .4 47 . 2 0 . 063 
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TAilLE VI 

Diets : experi1:1ent 5 

1 • Basal diet B 

2 .  Ba sal diet B supplemented with 0 • 1 2% lysine 

3 . Basal diet ]3 suppleoont ed with 0 . 24% lysine ataY'..dard diets 

4 .  Basal diet B supplemented v7ith 0 • 48% lysine 

5 .  Bas3l diet B supplemented with 5 . 0% Mm D 

6 . Basal diot B supplemented Ylith 1 0 . 0% Mm D starch replaced 

7 . Basal diet B suppler,1ented with 20 . oa;; Mm. D 

8 .  Basal diet J3 supplemented nith 5 • o% IV"ua D 

9 .  Basal diet B suppleoented vlith 1 0 . 0% Mm D gluten replaced 

1 0 .  Basal diot B supplemented with 20 . 0% Mo D 

1 1 . Basal d iet B suppler.1ented with 4 .0% Mm E 

1 2 . Basal diet B supplet:J.ented with 8 . 0% Mm E starch replaced 

1 3 . Be. sal diet B supplemented with 1 6 . 0% Mm E 

1 4 .  Basal diet B supplemented with 3 .45% Mm F 

1 5 . Basal diet B suppler:J.ented with 6 . 90% Mm F starch replaced 

1 6 . Basal diet B supple::1ented YJith 1 3 • 80�� Nira F 

1 7 . Basal diet J3 supplemented with 3 .45% Mm F 

l 1 8 .  Basal diet B supplemented \7ith 6 . 9o% Mm F gluten repla ced 

1 9 . Basal diet B supplemented with 1 3 . 80% Mm F ) 

20 . Basal diet B suppleC'lented with 4 . 1 7% Mm G 

2 1 . Basal diet B supplemented with 8 . 33% Mm G starch replaced 

22 . Ba sal diet B supplee1ented with 1 6 . 66% Mm G 
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recovered , 1d th only 5 d eaths aooD.gst the 6 16  chi cks . However , the 

pro-experimental period vra s extend ed by one week to mximise re covery, 

and the experimental diets ,-mre supplied for only one '17eek, frotJ. 21 to 28 

days of ago ; tho chi cks noro neighed at the beginning and end o f  thi s 

p eriod and the food consuoption record ed . 

Re sult s 

The moan weight gains , food consut:-�ption and FCE value s per chi ck, 

are sivon in Table VII . The response t o  the standard diets wa s linear 

for all d o se levels when weight gain wa s the response ( Figure 1 )  but in 

terms of FCE values the re sponse was line2r for only the two lo>mr d o se 

level s ( Figure 3 ) . For both Mo D  and Mm F the weight gains at the upper 

d o s e  l evel , wore greater , although not signifi cantly , when the moat oeal 

'17a s ad d ed at the expense of gluten rather than of starch . The e stioat ed 

potencies for tho oeals , excluding the valu e s  for the lower d o s e  level 

when vTCight gain wa s tho re sponse , are given in Table X t ogether with the 

approximate 95% fiducial limit s ,  and the analysis of variance for the 

a s says , in Table c, Appendix 2 . �1e estimated potenci es of Mm D based on 

weight gain, were signifi cant ly di fferent for the two method s of meat ueal 

add ition t o  the test d i et s ; those for Mm F wore a lmost siGnifi cant . 

However, the potency e stima t e s  for the se tno meals ba sed on FCE value s ,  

were similar for the two method s of meal inclu sion in the t est diets . 

There wa s  no consistent d ifference between the potency estima t e s  ba sed on 

1reight gain t o  those based on FCE value s for the four meals a ssayed . 

Experiment 6, the effect o f  added oil on the bioassay of Meat meal, F 

In previou s experiment s , the estimated potencie s  of meat mea ls ba sed 

on weight gain, were l ower for three of the four meals , when starch ,  

rather than glu t o� '\7a s repla ced b y  the moat meal in the t e st d i et s ;  

e stimates using FCE valu e s  generally showed closer a greement . Food 
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T .. '.BLE VII 

Mean \7eight gain, food consumption (g/chick) and feed corwersion 

efficiency (g gain/g food ccten) of chicks; 21 -28 days ; 

bioa ssay of Mm D ,  Mn E, Mm F nnd MD G ,  experiment 5 

Diet Sub stituted Weight Food Feed 
code Supplements material gain consumption corwersion 

efficiency 

Standard d i et s :  

1 None 1 5 . 7 1 1 8 . 3  0 . 1 1 7  
2 0 .  1 2% lysine � Starch 

34 .0 1 29 . 3 0 . 230 
3 0 . 24% lysine 50 . 2 1 50 . 7 0 . 333 
4 0 .48% lysine 83 . 3 1 70 . 8 0 .474 

Te st diets :  

5 5 . 0% Mo D � 35 . 0 1 27 . 9 0 . 268 
6 1 0 . 0% Mo. D Starch 46 . 5 1 31 . 8 0 . 319 

7 20 . o% :rvm D 88 . 2 1 72 . 9 0 .499 
8 5 .o% Mt:J. n � Gluten 

32 . 2 1 25 . 0 0 . 245 
9 1 0 . 0% Met D 51 . 4 144 . 8 0 . 337 

1 0  20 . 0% Mm D 1 01 . 2 204 . 3 0 .495 

1 1 4 . 0% N"un E � 30 . 1  1 22 . 8 0 . 239 

1 2 S .. o% Mo. E Starch 47 9 1 38 . 2  0 . 324 
1 3  1 6 . 0% Mo. E 78.4 1 53 .. 2 0 . 505 

14  3 ,45% Mm F � 34. 3 1 29 . 0 0 . 252 
1 5  6 . 90% Mr.i F Starch 54· 7 149 . 3 0 . 3.59 
1 6  1 3. BO% Mo F 94 .4 1 71 . 8  0 . 549 
1 7  3 .4 5% N'l!ll F � Gluten 

32 . 8 1 29 . 3 0 . 240 
1 8  6 . 90% Mm F 54 .6 148 . 9  0 . 367 
1 9  1 3 . 80% Mm F 1 02 . 8 201 . 5 0 .494 

20 4 . 1 7% Mm G � Starch 

29 . 8 1 25 . 1 0 . 229 
21  8 . 33% Mm G 45. 5 1 33 . 7  0 . 31 8  
22 1 6 . 66% Mm G 80 . 1 1 57 . 5  0 .473 

MSD ( 5%) 1 3 . 8  34.4  0 .086 
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consumption as well as weight gains , tend ed to increase , particularly with 

the highest dose level , when gluten wa s substituted than when starch was 

replaced in the test diet s . This indicated that part of the vuriation in 

the potency estimates ba sed on weight gains , with the method of meat meal 

inclusion, was due to an effect on the arl11etite of the chicks . As the 

metabolisable energy content of wheat gluten would probably be less than 

starch ( no value has been found in the literature ) this difference in food 

consumption with the two method s of meat meal addition may be due to a 

difference in the energy content of the test diets ,  the starch replaced 

test diets possibly having a lower energy content than the gluten replaced 

diets . This possibility was investigated in this experiment by the 

inclusion of additional corn oil in the test diets . The meat meal , Mm F, 

vmich had been assayed in experiment 5 ,  was added to the test diets by 

either isonitrogenous substitution of gluten, or by replacement of starch,  

and both a ssays were repeated with the inclusion of  2% corn oil in  the test 

diets . The amount of Mm F in the test diets was calculated on the basis 

of the potency estimate  obtained in experiment 5 using FCE values . The 

meat meal was assayed at only two levels of addition, calculated to 

provid e 0 . 1 2 and 0 . 24% lysine . The upper dose level ( 0 . 48%) of the 

standard diets was orni tted and replaced by a diet containing o . 361o 

supplementary lysine , so that the linearity of response in terms of FCE at 

this level could be determined . The twelve diets are listed in Table VIII . 

Sufficient Ca3 (Po4) 2 was included to :provide 1 . 4% calcium in all diets . 

The level of supplement s , gluten content and the calculated protein content 

of the diet s  are sho�n in Table H ,  Appendix 1 .  The add itional corn oil in 

diets 7 ,  8 ,  1 1  and 1 2 ,  wa s incorporated by preparing a mix of 1 6  parts oil ,  

1 2  parts cellulose and 72  parts starch, and including this to  Drovide 2 5% 

of the diets . 

Three replicates per treatment , instead of two as  in previous 
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TABLE VIII 

Diets � experiment 6 

1 .  :Basal diet ]3 

2 .  :Basal diet ]3 supplemented vri th 0 . 1 2% lysine l 3 .  :Basal d iet ]3 supplemented vri th 0 . 24% lysine standard diets 

4 . :Basal diet ]3 supplemented with 0 . 36% lysine ) 
5 .  Basal diet J3 supplemented with 2 � 79% Mm F ) 

with 5 . 58% Mm � starc...""l replaced 
6 .  :Basal diet J3 supplemented F 

7 .  :Basal diet J3 supplemented llith 2 .  79% Mm F, 2% oil l starch 

5 . 58% Mm 2% oil 
reploccd 

8 . :Basal diet ]3 supplemented v.ith F, 

9 .  :Basal diet ]3 supplemented with 2 . 79% Mm F � gluten replaced 
1 0 .  :Basal diet J3 supplemented with 5 . 58% Mm F ) 
1 1  • J3asnl diet ]3 supplemented nith 2 . 79% Mm F, 2$> oil l gluten 

with 5 . 58% Mm F, 
replaced 

1 2 . :Basal diet ]3 supplemented 2�� oil 
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experiments ,  were used to  improve the precision of  the potency estimates 

based on FCE values . There were 14 cockerels per replicate (a total of  

504 chicks) , and the 36  compartments were randomly assigned to  three , 

three tiered battery brood ers . The procedures used Yrere similar to 

previous assays Hi th a preliminary period followed by a t.-m week 

experimental period , the chicks ucished at 2 ,  3 and 4 11ecks and the food 

consumption recorded ea ch Heek . 

Results 

The mean weight gains , food consumption and FCB values  per chick are 

given in Table IX, ani the estimated potencies for Mm F, by each assay, in 

Table X ,  together with the approximate 9 5% fidu cial limit s . Tb.e analysis 

of variance for these assays are shoun in Table D,  Appendix 2 . The slope 

ratio analysis using weight gains as the response was not statistically 

valid a s  the mean square for blanks was significant (P < 0 . 05 ) ; this was 

probably due to  the rather erratic weight gains recorded for the standard 

diets ( Figure 2 ) . In terms of FCE, the response was lineRr for all dose 

levels of the standard diets ( Figure 3 ) . Comparing the results of a ssays 

with no added oil , food consumption and weight gains ...-rere slightly less 

when the meat meal repla ced gluten than 11hen starch was repla ced . The 

potency estimates of  the meal based on either ·weight gain or FCE values 

reflected these differences , with slightly higher values obtained vmen 

starch was substituted than when gluten was replaced . These results were 

in contrast to those of previous experiments , in which food consumption, 

weight gains and potency estimates based on w�ight gains , were generally 

lower when the meat meal had replaced starch, rather than gluten, in the 

test diet s . 

The addition of 2% oil to the test diets had little effect on the 

values obtained with the isonitrogenous test diets but with the starch 

replaced diets ,  food consumption and weight gains were slightly reduced . 
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Mean weight gain, food consumption (g/ chick) and feed conversion 

efficiency ( g  gain/g food eaten) of chicks ,  1 1, -·28 days ; 

bioassay of Mm F, with or nithout added corn oil , experiment 6 

Diet Substituted Weight Food Feed 
code Supplements material gain consumption conversion 

efficiency 

Standard diets:  

1 None 1 6 .6 1 1 7 . 1 0 . 1 42 

2 0 . 1 2% lysine 

! 32 . 4 141 . 9  0 . 229 

3 0 .  24% lysine Starch 69 . 7 207 . 4 0 . 336 

�- 0 . 36'/o lysine ( 1 07 . 5 256 .9 0 . 41 9 

Test diets :  

5 2 .  79% Mm F � 37 . 7  1 62 . 5 0 . 231 

6 5 . 58'/o Mm F � 63 . 0 1 86 . 8 0 . 337 
Starch 

7 2 . 79% Mm F + 2o/o oil 32 .4 1 34 . 7 0 . 240 

8 5 . 58% Mm F + 2'/o oil � 56 . 8 1 72 . 6 0 . 329 

9 2 . 79% Mm F � 32 . 6 1 45 . 6 0 . 223 

1 0 5 . 58% Mm F 58 . 3 1 84 . 6 0 . 31 6 
Gluten 

1 1  2 .  79% Mm F + 2% oil 35 . 5 146 .6 0 . 240 

1 2  5 . 58% Mm F + 2'/o oil 56 . 9 1 79 . 5 0 . 31 7 

MSD ( 5%) 1 0 . 3  41 . 9  0 . 052 
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TABill X 

Estimated potencies of meat meals (w� A - Mm H) , g  lysine/1 6 g N, 

with approximate 95� fiducial limits ,  calculated with either 

a ) Yveight g3in or b ) feed conversion efficiency (FCE) , as  the 

:Ebcperiment 

3 

4 

5 

6 

response ; experiments 3 - 6 

Supplement Substitutcrl �timated .notonc;y: based on� 
material 

a ) Weight gain b ) � 

:Mm l3 � Starch + + 5 . 9  - 0 .41  5 . 4 - 1 . 01 

Glut on + + ) 5 . 9  - 0 .4 1  4 . 5 - 0 . 95 

Mm A Gluten + 4 .4 - 0 . 30 + 3 . 6  - 0 . 80 

Mm C Gluten + 5 . 2  0 . 36 + 3 . 6 - 0 .70 

Mm H l Starch + + 5 .  7 - 0 .47 6 . 3 - 0 . 95  

Glllten + + 6 . 3  0 . 50 6 . 0 - 0 . 93 

Mm D l Starch 4 .  3 .: 0 .42 + 4 . 2 - 0 . 86 

Glllten + + 5 . 0  - 0 . 46 4 . 4  - 0 .88 

Mrn F  l Sterch + + 6 . 6 - 0 . 61 6 .  7 - 1 . 30 
+ + Glu �en 7 . 2 - 0 . 64 6 .  7 - 1 . 30 

Mm G Starch + 4 .6 - 0 .47 + 4 . 5 _ 0 . 98 

Mrn E  Starch + 5 . 0 - 0 . 50 + 5 . 3 - 1 . 1 0 

Mm F Starch 6 . 7 .: 0 . 97'*" + 7 . 2  - 1 . 09 

Mt:!l F + oil Starch 5 . 8  .: 0 . 92� + 7 . 1  - 1 .08 

Mm. F  Gluten 6 . o ,: o . 1r + 6 . 5  1 . 04 

1\llm F + oil Gluten 6 . 0 .: O . ?T + 6 . 8 - 1 . 07 

� Not stati s t i cally valid at 5% level of significance 
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These result s d o  not ind i ca t e  that the lowered food consumption and weight 

gains obtained in previou s experiment s when the meat meal wa s add ed to the 

t e st d iet s at the expense of starch ,  compared to when gluten wa s repla ced , 

were due to a lower energy level of tb-2 diet s . It is possible that the 

effect of ad ded oil may have been different and more marked , i f  higher d o s e  

levels of the meat meal , su ch a s  used in other experiments ,  had been 

includ ed . 

The addition of oil to the starch r·opla ced diets also reduced the 

estimated potency of th e meal ba sed on weight gains , but a s  the estimates 

u sing weight gains were not stati sti cally valid , the se re sult s are 

probably not meaningful . Similarly, the improved agreement between the 

pot ency estimate for the starch substituted d iet s with the addition of oil , 

with the potencie s ,  also ba sed on vreight gains , obtained with the gluten 

replaced diets is probably not significant . 

For all assays , the potencies ba sed on FCE values were higher than 

the -potency estimates with vreight gain as the response . The potency 

e stimates with FCJ.!: a s  the re sponse motamet or however tend ed t o  exceed the 

t otal lysine content of the meal ( 6 . 5 g/1 6  g N) . The estimates ba sed on 

FCE valu e s ,  particularly for tho se a ssays in whi ch gluten wa s repla ced , 

agreed quit e closely with the estimates obtained in experiment 5 for Mm F. 



CHAPTER III 

PART I B, APPARENT REI'ENTION OF DIE.rARY .AJMINO ACIDS 

INTRODUCTION 

Relatively feu stu.dies .. hnve investigated · tho_ dig�Jstibility of tho 

individual m:ri.!10 acids, or oven of nitrogen ,. in proteins for poqltry, ns 

this requires surgical oodification of tho birds to separate tho faeces 

from urine . Bragg, Ivy and Stephenson ( 1969 ) compared the amino acid 

excretion of normal and surgically modified birds fed the same diets and 

concluded that tho method using the normal chick was to be preferred since 

the amino acid availability values obtained with the surgically modified 

chicks were sometimes greater than 100%. In this study the combined 

urinary and faecal excretion of amino acids was estimated when different 

meat meals were fed to chicks as tho solo source of protein . The value 

obtained would therefore reflect not only the digestibility arrl absorption 

of the amino acids from the protein but also would include any amino acids 

or peptide-bound amino acids which may have been absorbed in a 

non-utilisable form and excreted in the urine . 

Little information is available on tho endogenous urinary excretion 

of amino acids . Teekell, Richardson and Watts (1968) found that the 

urinary excretion of a�no -nitrogen by surgically modified layers remained 

rather constant with diets containing from 0. 0 - 13. 7% protein from dried 

whole egg. A similar result was reported by Kiriyama (1970)  for rats 

fed a protein-free or a 15% casein diet but the distribution of urinary 

amino acids was distinctly different for the two diets . In both studies ,  

the daily total urinary amino-nitrogen or amino acid excretion was lovr 

(5 - 7 mg per bird and less than 2 mg per rat, ) so that the endogenous 

urinary excretion of amino acids would probably have little effect on the 
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calculation of the excretion of the dietary amino a cid s .  

The metabolic faecal excretion of amino a cid s may, however , a ccount 

for an appre ciable proporti on of the total faecal amino a cid excretion, 

espe cially when low levels of d ietary protein are supplied (Harper and 

De Mu elenaer e ,  1 963) . The metabolic losses of amino a cid , or nitrogen, 

repre sent the unab sorbed residues resulting from proteolysi s of the 

dige stive enzymes secreted into the int e stine , a s  well a s  losses due to 

slough off of cells from the intestinal wall , and losses of ba cterial 

These metabolic losses are u sually estimated by mea suring the 

excretion of amino a cid s ,  or of nitrogen, when a protein-free d iet is fed , 

or when very low levels of a highly digestible protein is includ ed in the 

diet . 

The metabolic faecal nitrogen excretion wa s found to b e  constant per 

gram of food consumed (with constant fibre content ) by Mitchell ( 1 924) and 

similar results were obtained by Kuiken and Lyman ( 1948 )  for the endogenous 

fae cal amino a cid excretion ;  however ,  Boa s Fixsen and J a ckson ( 1 932) 

claimed the metabolic fa ecal nitrogen ws s ind epend ent c f  the food intake . 

There is also d i sagreement on the effect of di etary protein on metabolic 

losses .  Mit chell and Bert ( 19 54)  conclud ed that the metabolic faecal 

nitrogen was independ ent of the dietary protein level , a s  the value 

obtained with a low protein diet wa s the same as tlmt estimated by 

extrapolating a series of nitrogen levels to zero . However , Twombly and 

Meyer ( 1 961 ) found that the value obtained by extrapolation was lower 

than that obtained when rat s  were fed a protein- free d iet . In addition, 

Crampton and Rutherford ( 1 954 )  reported that there wa s a slight increa se 

in faecal protein with increa sing levels of highly digestible protein which 

they suggest ed was probably ba cterial in origin. 

In this study the metabolic excretion of amino a cid s was e stimated by 

feeding either a protein-free or low-protein die t s  containing only 2 or 4% 
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protein. The values obtained were used to correct the excretion of amino 

a cid s when the test protein was the sole source of protein in the diet . 

The difference between the combined excretion and the intake of the amino 

a cid would represent the apparent retention of the amino acid by the chick. 

In experiment 7 ,  wheat gluten was the test protein and in experiment 8 ,  

the apparent retention of amino acid s in  six meat Qeals was estimated . 

lVIATERI.ALS .AND METHODS 

Management and conditions of chick experim�nts 

Many of the procedures with chicks in this part of the experimental 

work have been d escribed in sections concerned 'iT.i. th the growth assay 

experiments .  The chicks were fed a commercial chick starter ration for 

the first 1 4  days after hatching , follov1ed by three feeding regimes ewer 

three consecutive seven day periods ,  I ,  II and III . The metabolic 

excretion was determined in period s I and III , v1hile the test proteins 

were fed in the middle period , ( II ) . The chicks weTe weighed at the 

b egirming and end of each period and food consumption recorded for each 

period . 

Diets 

Semi-purified diets were used , with the same components a s  used i� the 

gro\vth assay experiments , and mixed by the same procedure . A basal diet , 

D ,  vms prepared consisting of soybean oil , cellulose,  vitamin and mineral 

premixes (as  for the growth assay, see Table E, Appendix 1 ) ,  and starch;  

the composition of  this diet is given in  Table D ,  Appendix 1 .  All diets 

contained 0 . 3% chromium ses�uioxide ( Cr2o3) to act as a marker to estimate 

the amount of food ingested , corresponding to the excreta samples ; the 

preparation and pUrity of the Cr2o3 is  described in Table A, Appendix 1 .  

In experiment 7 ,  3 . 06% ca3 (Po4 )2 was included in all diets ,  and this 
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amount ��s also included in the protein-free and low-protein diets used in 

experiment 8 for the estimation of metabolic amino acid excretion. 

Varying amount s of Ca3 (Pc4 ) 2 were added to the test diets in experiment 8 

d epenUng on the amount of calcium contributed by the meat meal ,  but all 

diets contained 1 . 6% 0alcium. The calcium salt was added to the basal 

diet b at the eA�ense of starch in both experiments . 

�ction of excreta 

The excreta was collected for the lnst three days of each period , 

i . e . , t�o samples �ore collected from each replicate for the estimation of 

the metabolic excretion� and one sample llhen the test protein v1as fed . 

Brown waxed paper v1as laid on the dropping trays each day of the 

collection period . As the dropping tray wa s shared by four compartments,  

a wooden divider was used to section off the areas corresponding to each 

compartment ; any spilt food or feathers were removed or avoided when the 

samples were collected . QAanti tative collection of the excreta vras not 

required . The excreta was collected daily in waxed cartons and 

immediately frozen. 0 The samples were later dried in a vacuum oven at 80 , 

ground through a 40-mesh/inch screen, and stored in air tight containers 

for analysis .  

Analysis of the excreta samules 

The amino a cid composition of the excreta samples was determined as  

described in the section on chemical analysis for the growth assay 

experiment s .. The Cr2o3 content of the excreta was estimated by the 

method of Czarnocki, Sibbald and Evens ( 1 96 1 ) . 

Calculation of amino acid excretion and apparent retention of dietary 

amino a c;iJ; s 

The amino a cid excretion/1 00 g food eaten was calculated from the 

following relationship : 

amino acid exc:r:eted/g food eaten = amino a cid/g excreta X 
Cr203/g diet 
Cr2oJg excreta 
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The amino a cid excretion/1 00 g food eaten when the test proteins were fed , 

wa s corrected for metaboli c losses by subtra cting the valu e obtained when 

the low-protein or prot ein-free diets were fed . The % apparent retent i on 

of a d i etarJ amino a cid wa s calculated a s :  

1 00 _ [ corrected amino a cid excreted/g food en ten X 1 001 
di etary amino a cid/g diet J 

T e st s  of significance betv1een excreti on or apparent retent i on values 

for amino acid s were mad e  u sing Duncan 1 s multiple range test (Duncan, 

1 955 ) . 

EXPERD/IENTS WITH CHICKS A1'Il RESULTS 

�vo experiment s ,  ( 7  and 8) , were conducted t o  investigate the 

apparent retenti on of d ietary amino acid s by chicks . Similar 

procedures were used in both experiment s . 

Experiment 7, the apparent retention o f  amino a cid s  in wheat gluten 

Thi s wa s a preliminary experiment to examine the fea sibility of 

u sing the combined excretion of chicks fed a single source of protein, 

for e stimating the apparent retention of dietary amino a cid s . The 

metabolic excretion of amino a cid s wa s estimated nith 2 or 4% protein 

d iet s ( coded 2 or 4% LPD) fed to chicks ; the protein source wa s ca sein 

which ha s a high nutritional value and should be readily digested . The 

ca sein i s  d es cribed in Table A, Append ix 1 .  The result s obtained with 

the two low-protein d i et s  were compared , a s  the breakdown of t i s su e ,  

whi Ch would o c cur particularly with the 2% protein d iet , may increase 

the excretion of amino a cid s ;  similarly some excretion of dietary amino 

a cid s may o ccur when the 4% protein d iet wa s fed . These low-protein 

diet s were fed b efore and a ft er the period in Hhi ch the t e st proteins 

were supplied so that the effect of an increa se in b ody weight could b e  
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assessed . 

The t est protein in this experiment was wheat gluten. The apparent 

retention of the lysine present in gluten was of primary interest because 

a value for the availability of lysine Yms required in the grov:th assays 

where meat meals were ad ded to the test diets by isonitrogenous 

substitution of gluten. The wheat gluten was includ ed in the test diets 

of experiment 7 to supply either 1 0  or 1 2 . 5% protein so that the effect 

of the d ietary protein level on the excretion of amino acid s could be 

determined . In ad dition, the effect of supplementing the wheat gluten 

with the limiting amino acids, lysine, methionine and arginine was 

investigated . Su pplementation r10uld improve the utilisation of the 

protein and may therefore red uce the excretion of amino acid s. A further 

treatment compared the excretion of dietary amino acids from gluten when 

the chicks had been either supplied with the 2 or 4% protein d iet in the 

preceding period . The three test d iets, with the diet cod es, were: 

1 .  1 o% gluten protein, T-X 

2 .  1 o% gluten protein supplemented with 0 . 21% lysine, 0 . 1 8% 

methionine and 0 . 21% arginine, T-Y 

3 .  1 2 . 5% gluten protein, T-Z 

The protein supplements, casein or gluten, and amino acid 

supplements were ad ded to basal diet D at the expense of starch. The 

level of supplements in the 2 or 4% protein diets and the test diets are 

given in Table I, Appendix 1 .  

The four treatment regimes were as follows: 

Treatment Period I Period II PerJ.od Ill 
regime (7 days) (7 d ays) (7 d ays) 

_X- 1 4% protein d iet 1 o%  gluten protein 4% protein diet 

.X- 2, · 2% protein d iet 1 o% gluten protein 2% protein d iet 

y 4% protein d iet 1 o% gluten protein, 4% protein d iet 

supplemented . 

z 4% protein d iet 1 2 . 5% gluten protein 4% protein d iet 



There were two replicates ea ch of 1 6  chicks ( equal sexes ) per 

treatment rGgime , and the 8 compartments were arranged as a randomised 
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block over two tiers of a batt ery brooder . A schematic diagram of the 

treatment regimes �nd procedures is given in Figure 4.  

Result s 

The mean weight change and food consumption per chi ck for ea ch 

pericxl of experiment 7 are given in Table XI .  Feeding the l ow-protein 

diets in p eri cxl s  I and III resulted in some weight loss but the chicks 

remaired healthy uith only two dea ths out of a total of 256 chickens , 

during the whole experiment . Supplementation of the wheat gluten with 

lysine , arginine and methionine increased the weight gain of the chicks 

in period II . 

in Table XII ; 

�1e cal culated metabolic excretion of amino a cid s is given 

this wa s very similar for b oth period s ( I  a nd III ) that the 

lov1-protein diets were fed . However ,  the amino acid excretion for the 

combined p eriod s  I and III tended to be slightly lower with the 2% protein 

diet than when the 4% protein diet was supplied ; lower amounts o f  

threonine , valine and i soleucine were excreted ( P <  0.05) but the 

difference vva s not signifi cant for the other e s s ential amino a cid s . 

The values obtained for the a�ino a cid excretion when the 2% protein 

diet was fed were used to correct the valu e s  obtained when the t e st d i e t s  

of gluten were supplied t o  the chicks,  and the calculated excretion and 

percentage apparent retention of dietary amino a cid s are shown in Tables 

XIII arrl XIV respectively. There was no difference in the excretion or 

apparent retention of amino a cid s with the 1 0% gluten protein diet when 

thi s wa s estimated aft er feeding either the 2 or 4% protein die t s . 

Slightly l ower excretion and apparent retention values were obtained when 

1 2 . 5% gluten protein wa s present in the diet than with the 1 0%  protein 

diet and supplementation of the latter diet 1vith lysine , arginine and 

methionine fUrther redu ced the values for some amino a cid s but thi s 
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Day s 
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c o lle c t e d  
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c o lle c t e d  

2 o r  4 %  pro t e in d i e t s  f e d  

T e s t  d i e t s  o f  g l u t en f e d  
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F I G U R E  4. Schematic d i agram of treatment regimes i n  experiment 7 .  
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TABLE XI 

Body weight change and food consumption ( g/ chi ck per seven day 

period ) for ea ch period of treatment regimes ,  experiment 7 

Body \voight change Food consumption 

Treatment regime Period : I II III I II III 

X- 1  - 6 . 2  7 • .  , -3 . 5 81 •. 9 59 .4 60 . 3  

X- 2 -1 1 . 2 2 . 7  -3 . 1 72 .4  49 . 6 48 . 8 

y - 8 . 3  21 . 9 -4 . 1  78 . 5  87 .4  68 .4  

z - 8 . 8  7 . 6  -2 .4 7 5 . 0  6 3 . 0  66 . 7  
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Diet : 

Period : 

Amino a cid 

Lysine 

Histidine 

Arginine 

Threonine 

Valine 

Methionine 

Isoleucine 

Leucine 

Phenylalanine 

'ryrosine 

Aspartic  acid 

Serine 

Glutami c  acid 

Proline 

Glycine 

Alanine 

Half cystine 

TA:BLE nr 

Amino acid excretion by chicks fed either 

2 or 4% protein diets ,  experiment 7 

mg amino acid excreted / 1 00 g food eaten 

4% protein diet 2% protein diet 

I :l III� Mean I a III:a: Me.$n values 
values (_ S .E. ) 

52 49 50 43 47 45 � 1 .4 

22 24 23 22 22 22 + 0 . 5  

22 32 27 20 21  20 + 2 .4 

90 77 83 57 54 55 � 3 . 4  

78 87 82 69 60 64 � 4 . 2  

1 5  1 4  1 4  1 3  1 3  1 3 � 1 . 7 

64 70 67 54 46 50 � 3 . 6 

73 85 79 71 61  66 � 3 . 8 

34 43 38 46 3 1  38  � 4 . 8 

34 36 35 32 26 29 � 2 . 9 

97 1 03 1 00 74 75 74 � 4 .4 

1 1 3  1 1 6  1 1 4 95 70 82 � 8 .0 

203 2 1 7 2 10 1 37 1 32 1 34 � 2 . 0 

79 85 82 80 56 68 � 7 . 4  

245 1 98 221 1 84 1 34 1 59 � 1 6 .9 

72 82 77 68 59 63 � 4 . 2 

23 26 24 1 8  1 8  1 8  � 1 .4 

� Mean of six replicates 

� Mean of two replicates 



TABLE XIII 

Amino a cid excretion� by chicks of dietary 

amino a cid s from \7heat glut en, experiment 7 

mg amino a cid excreted I 1 oo g 

Treatment regime : X- 1 X-2 y 

% protein: 1 0 .0 1 0 . 0 1 0 . 0
n 

Period I diet : 4% LPD 2rfo LPD 4% LPD 

Amino a cid 

Lysine 6 7 1 3  

Histidine 5 6 3 

Arginine 36 36 2 5  

Threonine 38 34 9 

Valine 34 26 3 

Methionine 1 0 6 2 

I soleucine 1 6 1 5  -7 

L eucine 44 40 6 

Phenylalanine 38 22 7 

Tyro sine 1 6 1 3  6 

Aspartic a cid 42 38 1 6 

Serine 22 3 -1 3 

Glutami c  a cid 1 21 1 42 35 

Proline 51 45 2 

Glycine 1 63 1 02 59 

Alanine 36 37 2 

Half cystine 27 1 4 6 

� Mean of two repli cates for ea ch d ie t . 

� Supplemented with lysine , argir�ne and methionine . 
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food eaten 

z 

1 2 . 5 

4% LPD 

3 

3 

37 

25 

1 3  

3 

7 

27 

22 

1 0  

38 

1 0  

1 1 6 

55 

1 00 

20 

10 



TABLE XIV 

Apparent retention
� (%) by chi cks of d ietary amino a cid s 

:f"...com whea t gluten, experiment 7 

Treatment regime : X-1 X-2 y z 

% prot ein: 1 0 . 0  1 0 . 0  1 0 . 0n 1 2 . 5  

Period I d i et ;  4% LPD 2% LPD 4% LPD 4% 1PD 

Amino a cid 

Lysine 96 .4 95 . 8 9 1 . 1  98 .7 

Histidine 98 � 7  97 . 2 99 . 2 99. 0 

Arginine 89 . 9  90 . 0 93 . 1  9 1 .7 

Threonine 83 . 7  85 . 3 9 1 . 3  9 1 . 2  

Valine 92 . 1  94 . 0 99 .4 97 .6 
Methionine 89 . 5  93 . 0 97 . 8 96 . 8  

I soleu cine 9 5 . 5 95 . 9 1 0C,+ 98. 5  

Leu cine 93 . 7  94 .0 99 . 1 96 . 9 

Phenylalanine 90 . 8  94 . 8 98 . 3  9 5 .6 

Tyrosine 93 . 1  94 . 4 97 . 5 97 . 5 

Asparti c  a cid 87 . 1  87 . 6 94 . 7 90. 2 

Serine 94 . 6 99 . 3 1 00+ 98. 0 

Glutami c a cid 96 . 5  9 5 . 9  99 . 0 97 . 5  

Proline 96 . 0  96 . 5 99 . 1 96 . 5 

Glycine 53 . 0 70 . 9 84 . 9 77 . 2 

Alanine 86 . 7 86 . 5 98 . 9 94 .0 

Half cystine 80 . 4 89 . 7 95 . 7  94. 4  

� Mean o f  two repli cates for e a ch diet . 

� Supplemented with lysine , arginine and methionine . 

Mean . value� , 

all diets 

. C: S . E . ) 

+ 9 5 . 5 - 2 . 21 
+ 98 . 5 - 0 . 59 
+ 9 1 . 1  - 0 . 85 
+ 89 . 1  - 2 . 33 
+ 9 5 . 8 - 1 .40 

+ 94 . 3 - 1 . 8 1  
+ 97 .4 - 0 . 94 
+ 96 . 0 - 0 . 32 
+ 

94 . 9  - 0 .40 

+ 9 5 . 6 0 . 95  
+ 89 . 9 - 5 . 1 9 
+ 98 . 0 - 1 . 1 8  
+ 97 . 2 - 0 . 59 
+ 97 . 2 - 0 . 73 
+ 7 1 . 5 - 5. 54 
+ 9 1 . 5 - 2 . 62 
+ 90 . 0 - 3 . 23 

+ Subtra ction of metabolic loss resulted in negative excretio�. 

58 . 
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d e crea se wa s not signifi cant (P<  0 . 05 ) for any of the essential amino a cid s . 

Overall , the mean percentage excretion �a s less than G% of the ingested 

essential amino a cid s of wheat gluten, >7i th the exception of nrginine and 

threonine which gave slightly lower ret ention value s .  The amino a cid s 

excreted in greatest quantity were glutamic a cid and glycine , but a s  

gluten contains a large amount o f  glutamic a cid the pGrcentage excreted 

wn s low ;  b y  contrn st , for glycine , a n  amount nearly equ ivalent t o  one

third of that ingested , wa s excreted . 

WXueriment 8, the apparent retention of amino a cid s in meat meals  

As  the excretion of amino a cid s in experiment 7 wa s slightly lower 

with the 2% prot ein diet than with the 4% protein di et , the 2% protein 

diet was used in thi s experiment for the estima tion af metabolic excretion, 

with a modification in one treatment . With this treatment , chicks were 

fed the 2% prot ein diet for only the first three days of period s I and III , 

instead of for all the seven days a s  in all other treatment s . For the 

last four days of period s I and III ,  a prot ein-free diet wa s fed and the 

excreta sample s collected on the la st three days as u sual . 

The protein-f'ree diet ( cod ed PF.D) �a s includ ed in this experiment t o  

verify that the amino a cid excretion with the 2% protein d i et wa s near t o  

the minimal level , a nd  wa s representative o f  the metabolic excretion. 

However , a four day period on this diet Yras instituted a s  it wa s expected 

that the complete seven d ay period v;ould be too dra stic for the chi cks ; 

in experiment 7 there wa s consid erable weight loss over seven days with 

the 2 and 4% protein diets . 

The apparent retention of amino a cid s in six meat meals by chi Cks 

wa·s estimated in this experiment . The se meat meals were the same a s  those 

a ssayed for lysine in the growth a ssay experiment s ;  these are d e scribed in 

Table A, Appendix 1 ,  and the proxima t e  compo sition, ]!)NE-rea ctive lysine 

and calcium content are given in Table E ,  Appendix 1 ,  and the amino a cid 
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cor;1posi tion in Table C ,  Appendix 1 .  The meat meals were added to basal 

diet D at the expense of starch to supply 1 0% protein. The test diets 

were coded T with the code letter of the moat meal attached e . g . T-A for 

the diet containing Mm A .  The amount of  Ca3 (Po4) 2 added to  the diets 

was adjusted to that contributed by the meat meals so that all diets 

contained 1 . 6% calcium. Details of the supplements in these diet s are 

given in Table J ,  Appendix 1 .  The test diet containing Mm A �as 

included in tvro treatment regimes ,  A-1 in Hhich the protein-free diet >va s 

supplied for part of period I ,  and treatment regime A-2 in whi ch  the 2% 

protein diet was supplied for all of period I .  

were as  follows: 

�1e treatment regimes 

Treatment 

regime 

A-1 

A-2 

:B 

c 

D 

E 

F 

� 
Period I 

( 7  days) 

2% LPD , 3 days 

PFD , 4 days 

2% LPD, 7 days 

2% LPD, 7 days 

2% LPD, 7 days 

2% LPD, 7 days 

2% LPD ,  7 days 

2% LPD, 7 days 

Period II Period Ill 

( 7  days) ( 7 days ) 

1 0% protein, T-A � 2% LPD, 3 days 

PH> , 4 days 

1 o% protein, T-A 2% L..."PD, 7 days 

10:% protein, T-E 2% LPD , 7 days 

1 0% protein, T-C 2% LPD, 7 days 

1 o% protein, T-D 2% LPD ,  7 days 

1o% protein, T-E 2% LPD , 7 days 

1 0% protein, T-F 2% LPD, 7 days 

There were two replicates of 14 pullets per treatment regime ard the 

14  compartments were randomly assigned to tno batteries . A schematic 

diagram of the treatment regimes and procedures used is given in 

Figure 5 .  

Results 

The mean weight change and food consumption per chick for each period 

of each treatment regime in experiment 8 are given in Table XV. The mean 

weight loss when the chicks were fed the protein-free diet for the 
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Day s 
Ch i c k s  w e i gh e d  1�------------------------------�------------� 

Exc r e ta 
c o l l e c t ed 

Exc r e ta 
c o ll e c t e d  

Pro t e in - fr e e  

d i e t f e d  to 

t r e �tment 

r e g ime A-1 

2% p r o t e in 

d i e t  f e d  

Te s t  d i e t s  o 
meE:I.t me E:I. l S  

f e d  

C h i c k s  w e ighed 28�--�--------------------------�----------� 

Exc r e ta 
c o l l e c t ed 

Pro t e in- fr e e  
d i e t fed t o  
t r e atment 

r egime A-1 

2% p r o t e in 
d i e t  f e d  

Chi c k s  w e ighed 35�---L----------�--------------�------------� 

F I GU R E  5.  Schematic diagram of treatment regimes in experiment 8.  
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T.AJ3LE X:V 

:Body weight change and food consumption ( g/ chick per seven day 

period ) for each period of treatment regimes ,  experiment 8 

Body weight cr..ange Food consumption 

Treatment regime Period � I II III I II III 

A-1 - 1 8 . 6  3 . 9  - 9 .4 75 . 6 51 . 9  29 . 5 

A-2 -1 7 . 5 1 2 .4 -1 2 . 9 83 . 9 64 .4 26 . 6 

:s -1 8 , 1  30 . 1 -1 8 . 9 76 .8 89 . 8  35 . 5 

c - 1 9 . 7  21 . 3 -1 5 . 4 82 . 2 77 .4  39 . 5 

D -1 4 .6 20 . 0 -1 7 . o 89 . 0 79 . 1  38 . 5 

E - 1 8. 3 1 3 . 3  -1 5 . 5  88 . 3  70 . 5  34 . 9 

F -1 5 . 5  54 . 0 -23 . 3  91 . 5 1 2 1 . 9 43 . 3 

62 . 
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estimation o f  the metabolic amino a cid excretion in period s I a nd  III wa s 

no greater than for those fed the 2% protein diet . However ,  the chicks 

fed the protein-free diet showed a smaller weight gain when supplied Mm A 

( treatment regime A-1 ) in period II than those fed the same meat meal but 

whi ch had been fed the 2% protein diet in period I ( treatment regime A-2 ) . 

Weight gains in period II when the t e st proteins were fed , varied from 

3 .9 to 54 . 0  g per chi ck probably refle cting the nutritional value o f  the 

meat meal s . Three chi ckens were culled and there were four deaths out 

of the t otal of 1 96 chi ckens in the three weeks of the experiment . 

The metabolic amino acid excretion for p eriod s I and III are given in 

Table XVI .  �1ere wa s no difference in the amount of amino acid s 

excreted between peri od s  I and III when either the protein-free diet or 

that supplying 2% prot ein were fed t o  the chicks . The excretion valu e s ,  

when the protein-free d iet or the 2% prot ein d iet were fed , were very 

similar for all the e ssential amino acid s except arginine . However , a s  

the difference in excretion o f  arginine na s only just signifi cant 

(P < 0 . 05 ) , the valu es for the excret ed amino a cid s of all groups fed 

either the protein- free or the 2% protein d iet , an:1 for both p eriod s I 

and III , were used to  estimate a mean value for the metabolic excretion; 

these mean values are includ ed in Table XVI .  

The p er centage apparent retention of amino a cid s ( corrected for 

metab oli c losses ) , and the amino acid excretion (mg p er 1 00 g food eaten) , 

when the meat meals �ere fed to  chi cks in period II , are given in Table s  

XVII and XVIII respe ctively. �1e agreement between repli cates for the 

retention of amino a cid s wa s good except for tho se of treatment regime 

A-1 , with Mm A, whi ch had been fed the protein-free diet prior to the 

meat meal test diet being supplied . The standard d eviation of the mean 

percentage apparent retention of ea ch of the essential amino acid s vra s 

mu ch greater for this than in other treatment s . 



TABLE XVI 

Amino acid excretion by chicks fed either a protein-free diet 

or a 2% �rotein diet , e�eriment 8 

mg amino acid 

Protein-free diet 

Period : I� III� 

Amino acid 

Lysine 22 39 

Histidine 1 6  22 

Arginine 38 52 

Threonine 46 55 

Valine 52 57 

Methionine 1 0  1 7  

I soleucine 36 45 

Leucine 60 71  

Phenylalanine 35 42 

Tyrosine 26 35 

Aspartic acid 57 88 

Serine 52 61  

Glutamic acid 9 1  1 31 

Proline 57 46 

Glycine 223 240 

.Alanine 54 68 

Half cystine 28 26 

� Mean of t�o replicate s .  

� Mean o f  three replicates .  

excreted / 1 00 g 

2% �rotein diet 

I� II:re 

45 40 

20 1 8  

1 7  25 

52 45 

51 47 

1 1  1 3  

47 42 

59 56 

32 28 

34 29 

68 78 

70 67 

1 32 145  

47 50 

247 1 83 

45 44 
1 9  1 7  

� Standard error of mean excretion for both diets .  

food eaten 

:Ea Mean values c: S .E. ) 

37 � 3 . 3  

1 9  � 1 . 0 

32 � 5 . 2  

48 � 2 . 5  

51 � 2 . 3  

1 3  � 1 . 2 

42 � 2 . 1  

6 1 � 3 . 2  

34 � 2 .  5 

31 � 1 . 8 

73 � 4 . 8 

61  .:: 4 . 3  

1 23 � 9 . 1 

49 � 2 . 9 

225 + 1 0 . 2  

51 � 4 . 2 

22 :. 2 . 4  
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TABLE XVII 

Apparent retention� (%) by chicks of dietary amino a cid s from meat meals 
(Mm A - Mm F) , experiment 8 (With S .D . of repli cates for essential amino a cid s ) 

Meat meal cod e �  
Treatment regime ; 

Lysine 

Hi stidine 

Arginine 

Threoil..ine 

Valine 

Methionine 

I soleu cine 

Leu cine 

Phenylalanine 

Tyrosine 

Aspartic a cid 

Serine 

Glutami c a cid 

Proline 

Glycine 

Alanine 

Half cystine 

A 
A- 1  

+ a 
85 . 50 3 ... 26 

- ab + 83 . 1 5_5 . 1 7  
+ a 

9 1 . 70�5 . 60 
+ abc 

89 .90_3 . 63 
+ a 

88 .40 4 . 53 
85 . 6ct9 . 7g 

+ a 
88 . 25_3 . 04 
89 . 75+ 1 . 4� + a 
88 . 75_2 . 62 
91 . 05.:.1 0 . 39 

+ 83 . 85_7 . 1 4  
+ 92 . 35_6 . 1 5  

91 . 60�4 . 81 
+ 9 3 . 30_2 . 1 2  

82 . 85.:.3 . 6 1 
90 . 75.:.2 . 62  

ND 

A 
A-2 

+ b 
89 . 1 0 o . oo - a + 79 . 45_1 . 50 

+ ab 
94 . 1 0_0 . 00 

+ a 
87 . 1 0_0 . 57 

+ a 
86 .00 0 . 29 + a 
81 .  25_1 . 77 

+ ab 91 . 1 0_1 . 56 
89 . 85:.0 . 3� 

+ a 
90 . 95_0 . 2 1 

+ 93 . 95_0 . 35 
+ 85 . 00_0 . 1 4 
+ 91 . 35_0 . 21 
+ 91 . 20_1 . 27 
+ 9 1 . 50_0 . 1 4 
+ 82 . 80_0 . 71 
+ 90 . 55_0 . 07 

65 . 00 

B 
B 

+ b 
9 1 . 1 0_2 . 1� 

+ 86 . 1 5 4 . 6 
+ ab 

9 5 . 05_2 . 5 
+ ab c 

89 . 90 0 . 54 + ab 
90 . 30_ 4 .  2i 

+ a 
90 . 25 2 . 7  + ab 
90 . 20 2 . 83 
91 . 50+2 .g§ 

+ a 
90 . 35_2 . 90 

+ 93 . 80_1 . 1 3  
86 . 55.:.4 . 45 

+ 94 . 00_4 . 81 
+ 94 . 80_1 . 84 
+ 93 .40_2 . 83 
+ 90 . 20_6 . 22 
+ 90 . 05_7 . 1 4 

ND 

c 
c 
+ ab 

87 . 8o_o . 1� 
86 . 40.:.0 . 43 

+ ab 
94 . 1 5_1 .  70 

+ a 
85 . 50_0 . 29 
87 . 75+0 . 5� + ab 
91 . 80 3 . 82 + ab 
89 . 40 0 . 42 

+ 
n 

89 . 6 5  0 . 07 
90 . 1 �1 . 0� 

+ 89 . 50_2 . 1 2 
+ 82 . 80_1 . 1 3  
+ 93 . 50_1 . 1 3  
+ 88 . 45 1 . 06 
+ 90 . 80_0 . 85 
+ 81 . 1 5_0 . 22 
+ 90 . 50_0 . 57 

1 00+ 

D 
D 

+ b 
9 1 . 25 0 . 64 + b 
89 . 30 o .oo 

+ ab 
96 . 80 o . oo 

+ be 
97 .45_2 .90 

+ b e 
95 .00 0 . 71 + ab 
92 .40+0 .9� 
92 . 85 1 . 0� - b + 93 . 80_0 . 5-l 
95 . 1 5+0 . 64 

+ 97 . 00_2 . 83 
+ 89 .95_0 . 92 

1 00+ .:.6 . 1 5  

97 . 65�0 . 35 
96 . 90:.0 .99 

+ 9 3 . 30_1 . 1 3  
+ 95 . 35_1 . 06 

ND 

E 
E 

+ b 
89 . 20_0 .4� 

+ 88 . 45 o .oo 
+ ab 

97 . 25  1 . 1 0  
+ ab 

88 . 20 2 . 28 + a 
87 . 20_0 .99 

+ ab 
91 . 35_4 . �� 
88 . 60+0 . 71 - a + 90 . 35 0 .49 

+ a 
90 .45 0 . 64 

+ 91 . 9 5_0 . 35 
+ 83 . 1 0_1 . 1 3  
+ 94 - 70_2 . 55 
+ 93 .  75_1 . 9 1  
+ 90 . 90_0 . 00 
+ 84 . 85_5 . 59 
+ 89 . 1 5  0 .49 

92 .00 

F 
F 

+ c 
99 . 70_0 . 43 

+ c 
99 . 45_0 . 7� 
1 00+ .:.0 . 64 
98 . 90:1 . 5g 

+ c 
98 .90_0 . 1

� 
97 . 35+1 .91 

+ c 
99 . 50 o . oo + c 
99 . 40_0 . 28 

+ c 
99 . 70_0 . 00 
1 00+ :o . 71 

+ 97 . 40_1 . 98 
1 00+ +c oo - . 

+ 99 . 05 1 . 34 
+ 97 . 85_3 . 04 
+ 97 . 40_3 . 25 
+ 96 . 70 o . oo 

1 00+ 

Mea n  vnlu e� 
(all meals ) 

90 . 53 
87 .48 
95 . 51 
90 . 99 
90 . 51 
90 . 00 
9 1 .41 
9 2 . 04 
92 . 2 1 
93 .49 
86 . 95 
94 . 51 

93 . 79 
93 . 52 
87 . 51 
91 . 86 

89 . 25 

� b Mean of tuo replicates for each meat meal , except valu e s  for cystine whi ch were from a single repli cate .  8 , , c Means on the same line b earing d i ffere,rt sup er s cript s  di ffer s ignifi cantly ( P  < 0 . 05) . 
riD � Not d etermined . Subtra ction of metabolic loss re sult ed in negative excretion. 



TABLE XVIII 

Amino acid excretion� by chicks of dietary amino acid s  

f:rom meat meals (Mm A - Mm. F) , experiment 8 

rng amino acid excreted I 1oo g food eaten 

Treatment regime : A-1 A-2 B c D E F 

Meat meal code :  A A B c D E F 

Amino acid 

Lysine 85 64 62 63 51 61 2 

Histidine 32 39 23 24 1 6  1 8 1 

Arginine 45 32 30 46 1 5  1 8  -5 

Threonine 36 46 50 43 10 40 3 

Valine 58 70 64 52 28 55 5 

Methionine 1 1  1 5  22 9 1 1  9 4 

Isoleucine 27 20 49 36 23 36 2 

Leucine 80 79 80 70 47 67 4 

Pheny la la nine 40 32 39 33 1 6  32 1 

Ty:rosine 1 7  1 1  23 21 6 1 8  -8 

Aspartic a cid 1 38 1 29 1 20 1 1 3  82 1 36 21 

Serine 30 34 30 19 -2 1 8  -1 1 

Glutamic acid 1 09 1 14 75 1 30 36 85 21  

Proline 49 62 47 52 22 50 1 8  

Glycine 252 252 65  239 96 1 60 30 

Alanine 85 86 70 81 43 81  24 

Half cystine ND 1 4  ND -19  ND 4 -9 

66 . 

:t: Mean of two replicates for each meat meal, except values for cystine 

which were from a single replicate . 

ND 1 Not determined . 



The apparent retention wa s 857b or more for all the e s sential amino 

acid s in the meat meals except histidine and methionine which had a 

slightly greater ra1�e ; only 79 .45% hi stid ine wa s retained with d iet T-A 

in treatment regime A-l and 81 • 25% methionine Yli th diet T-A in treatment 

regime A-2 . Of the essential amino a cid s , arginine wa s the mo st avidly 

retained from all the meat meals with an average retention of 9 5 . 51%. 

There wa s little di fference in the percentage apparent retention of the 

essential amino 3 Cid s from meat meals,  Mm A - Mm E ;  the value for lysine 

was signifi cantly l ower with diet T-A in treatment regime A-1 , compared t o  

the same d iet i n  treatment regime A-2 , and i t  vm s also signifi cantly l ower 

than the valu es obtained for the other meal s  except for Mm C.  The 

highest percentage apparent r etention and the lowest excretion values for 

the essential amino a cids wa s given by Mm F and the difference between 

the retention values for thi s and other meals vm s signifi cant for lysine , 

histid ine , isoleu cine , leu cine and phenylalanine . 

The percentage apparent retention of the non-essential amino a cid s 

was similar t o  that of the essential amino a cid s and for most mea ls the 

retention wa s greater than 85% although the va lu es for a spartic a cid and 

glycine were occasionally lower than thi s . Glycine vm s excreted in large 

quantities when Mm A and Mm C were the t e st proteins and this may not have 

necessarily refle cted the ar:10unt pre sent in the meat meals a s  Mm D had a 

high cont ent of glycine but the excretion wa s much lower than for Mm A 

ani Mm C .  



CHA..PTER IV 

PART I : DISCUSSION 

A. Growth Assay for lysine 

The a s say pro cedure d eveloped and u sed for the e stimation of 

biologi cally available lysine in eight meat meals satisfied the normal 

stati sti cal requ ireme nt s . The range of re sponse to the levels of lysine 

in the standard diets wa s large and the amount s  of the meat meals 

includ ed in the test d iet s re sulted in re sponse s of a similar magnitud e . 

The d ose - response relationship was linear with either weight gain or 

FCE as the respo nse and % lysine in the supplement a s  the d ose metameter . 

A valid analysis could be made by the slope-ratio technique with either 

response metameter for experiment s  3 - 5 ; in experiment 6 the analysis 

ba sed on weight gain wa s not statistically valid . 

Ho wever , the potencies e stimated when the meat meal repla ced starch 

i n  the ba sal d iet u sually differed to those obtained when gluten wa s 

repla ced i sonitrogenou sly . Thi s wa s parti cularly evident with weight 

gain as the response metameter, and for three of the four meat meals 

compared , the pote ncy e stimates based on weight gai n differed by more than 

the approximate 95% fidu cial limit s. This difference in pote ncy e stimates 

by the t wo method s of mea t  meal ad ditio n  indicates that the a ssays were 

a ffected by fa ctors other tha n the qua ntity of lysine pre sent i n  the 

supplement s . 

The addit i o n  of the mea t  meal at the expense of starch i n  the basal 

d iet increa sed the crude protein content of the test diet s by a minimum of 

nearly 2,  4 and e% compared to that pre se nt in the respe ctive standard 

d iet s ,  and for some mea l s  the increment s were greater (Tables G and H ,  

Appendix 1 ) .  This increa se i n  crude protein content would alter the 

ami no a cid pattern of the diets considerably, even although the basal d ie t  



contained 20% protein. 

diets would be altered . 

In addition, the calorie-protein ratio of the 

The addition of the meat meal to the basal diet by isoni trogcnous 

substitution of the ·wheat gluten vrould minimise changes in amino acid 

pattern and the calorie-protein ratio , but the method required an estimate 

of a value for the availability of lysine in eluten. The assumption that 

lysine in vn1eat gluten is  93% available on the basis of the FDNB-reactive 

lysine value ,  may not be ju stified ,  although the percentage apparent 

retention obtainoo in this study was 96%. Calhoun et al ( 1 960) reported 

that lysine in wheat gluten was so% available by rat grorrth a ssay. The 

amounts of lysine required to be added to replace that in the removed 

gluten were 20 - 33% of  the lysine expected to be  contributed by the test 

proteins , so that an error in the calculation of the available lysine 

content of the gluten could have an appreciable effect on these 

isonitrogenous assays . 

In addition, it has been suggested that free lysine added to diets 

may be metabolised to di fferent effect to that of lysine present in 

proteins ( Carpenter et al, 1 963 ; Porter and Rolls , 1 971 ) .  A difference 

in the metabolism of free and bound lysine would not only influence the 

result s obtained in a ssays vn1ere the meat meal replaced gluten, but also 

the relationship of the response from the standard diets to that obtained 

with test diets . This might be a contributing factor in a ssays where the 

estimated potency of the meat meal was greater than the total lysine 

content of the meat meal . 

Food consumption i s  influenced by many factors including the type of 

carbohydrate (Gupta et al, 1 958 ) , protein level , calorie-protein ratio and 

amino acid balance (De MUelenaere et al, 1 967a) , and it is  probable that 

part at lea st of the variation in estimated potencies based on weight gain 

with different method s of meat meal inclusion in the test diets ,  may b e  
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due to an effect on the appetite of the chicks . The potency estimates 

with FCE as the response metameter were not significantly different when 

the meat meals were a ssayed by either replacement of starch or 

isonitrogenous substitution of gluten, and for three of the four meals the 

two potency estimates agreed quite closely, including potencies for the 

same meal obtained in two different experiment s . Calculations 11hich take 

differences in food consumption into account , minimise any appetite

depressing or stimulating effect that the test material might have on the 

estimation of potency of an amino acid , and Carpenter et al ( 1 963 ) , and 

Miller et al ( 1 965b) , preferred the estimate based on FCE to  that based 

on vveight gain. The potency estimates vri th FCE as the response have 

been reported to be generally higher , by about 1 3%, than estimates based 

on weight gains (Uwaegbute and Le\7is , 1 966 ; :Miller et al, 1 965b ;  

Carpenter ,  McDonald and Miller, 1 972 ) but the values reported in this 

study do not show any consistent difference . 

B. Apparent retention of dietary amino acid s 

As the excretion values obtained when the protein-free or 2% protein 

diets were fed were very similar , these values were probably 

representative of the combined metabolic excretion of amino acid s by 

chicks. In contrast , the values obtained 11i th the 4% protein diet \vere 

slightly higher, suggesting that some dietary amino acid s were excreted . 

The estimates of the metabolic excretion of amino acids with the protein

free or 2% protein diets agreed closely for both experiments , and were 

unaffected by the small increase in body weight which occurred between 

periods I and III . However , when these values uere used to  correct the 

amino acid excretion with the test proteins , a negative value sometimes 

resulted . This suggest s that the true metabolic amino acid excretion 

values may be lower than those obtained with the protein-free or 2% 
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protein diet s . In addition, although the chicks fed the protein-free 

diet remained healthy, the severity of this  treatment may have influenced 

results , a s  there was greater variation betueen replicates when the test 

protein was fed than for the other treatment regimes . 

Large amounts of glycine and glutamic acid were excreted when the 

protein-free or low-protein diets -.,;;ere fed , and this may reflect the 

urinary excretion. Kiriyama ( 1 970) reported that rat s  fed a protein-free 

diet had an increased urinary excretion of these amino acid s and that they 

accounted for more than 50% of the total amino acid excreted . 

The result s  obtained when test diets containing wheat gluten were fed 

indicated that  the dietary protein level and amino acid balance of the 

protein component had little effect on the apparent retention of amino 

acids by chicks . The essential amino a cid s of wheat gluten were 

apparently highly retained , although the value for threonine was sliGhtly 

less than 90%. Hepburn , Calhoun and Bradley ( 1 966 ) also found that the 

digestibility of individual amino acids .in wheat gluten was high . 

The overall percentage apparent retention of the essential amino 

acid s in the meat  meals of about 85%, agrees with the nitrogen 

digestibility values  of 81 - 87% reported by Atkinson and Carpenter ( 1 970) . 

1'here were however , some significant differences in the apparent retention 

of certain essential amino a cid s and in particular, the values for Mm F 

were generally greater than for the other meat meals. These differences 

in the apparent retention of nmino n cid s 17ould contribute to the vnri8ti on 

in the availability of amino acids to animals . 

Comparison of available lysine estimates 

The percentage biologically available  lysine of the meat meals 

assayed , u sing the potency estimates based on FCE ( or mean of the estimates 

where there was more than one a ssay) are given in Table XIX ,  together with 



. TABLE XIX. 

% lysine available in meat meals by chick growth assay (ba sed 

on FCE) ,  apparent retention and as  FDN.B-reactive lysine 

Meat meal Chick growth Apparent FDNB-rea ctive 
assay retention lysine 

Mm A 61 87 76 

Mm B 70 9 1  74 

:Mm C 69 88 73 

Mm D 73 91 59 

Mm E 93  89 79 

Mm F 1 05 1 00 72 

Mm G 83 74 

Mm H  85 74 

72 • 



the percentage apparent retention values of the six meat meals 

investigated ; the FDNB-rea ctive lysine value s  are also includ ed . 

Comparison of these values ind i cates that there was little agreement 

between th€ three method s for the estimation of the biologically 

available lysine content of meat meals for chickens . The percentage 

73 . 

apparent retention value s for lysine were considerably higher and showed 

less variation than tho value s  obtained by growth assay; this wa s in 

agreement with other stud ies in whi ch the digestibility of amino a cid s 

v7ero compared to resu lt s  obtained by gronth a ssay (Miller et a l ,  1 965a ; 

De Muelcma ere et a l ,  1 967a ) . The difference between the se trro biologi cal 

estimates of lysine availability ind icat e s  that dige stibility together 

with the possible absorption and urinary excretion of unavailable 

peptid e s , are not the only fa ctors involved in d etermining the availability 

for gro��h of lysine in meat meal s . It i s  probable that the rat e s  o f  

digestion and ab sorption influ ence the availability of amino a cid s t o  

animals . The growth assay result s d o  however indicate that a portion of 

the lysine pre sent in meat meal prot eins may not b e  available to chi cks ; 

for four of the eight meals more than 25�h of the lysine ua s apparently 

unavaila blo.  

Although for s everal meat meals , the FDNB-reactive lysine value s  

were l ower than the grovrlh a ssay estimates for available lysine , those 

generally agreed more closely than did the estimates by the two 

biological method s . The FDNB-reactive lysine value would includ e the 

hydroxylysine contribut ed by the mGat mea l s  so that the valu e would t end 

to be ov8r-estimat ed . :By contra st , any free lysine would not be 

includ ed in the estimate , and as meat meal proteins are p oorly soluble,  

some lysine may have b een unable to rea ct with fluorod initrobenzene , 

perhaps b e cau se of steri c hind rance . Dinitrophenyl e st ers of a spartic 

and glutamic a cid s may also form which can a ct a s  acylating agGnt s for 
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any lycine in that region of the protein (Anquith, Chan and Otterburn, 1 969) 

and thin would lower F.DNB-reactive lysine estimates. However, the values 

obtained for the meat meals indicate that a portion at least of the e:-amino 

groups of lysine in some of these  proteins, were blocked , and this would 

presumably contribute to  the difference between the amount available for 

growth and the total lysine content of these meat meals . 

Maillard-type reactions may have participated in the reduced 

availability of lysine in some of these meat meals but the apparent 

retention of lysine and other amino acid s was quite high . In contrast , 

the digestibility of proteins heated in the presence of reducing sugars 

has generally been reported to be low (Hiller et al , 1 96 5a ;  J3octor and 

Harper, 1 968) . '11his suggest s that the lm·.' availability of lysine in 

certain meat meals was partly the result of the chemical changes 

responsible for heat -damage in pure proteins . 



CHAPTER V 

P.A..RT II MECHANISM OF HEAT-DAMAGE TO PURE PROTEINS 

INTRODUCTION 

The chemical changes  which occur when pure proteins are heat-damaged , 

resulting in the decreased availability of certain amino acids ,  are not 

understood . Although many studies, already discussed in Part I ,  have 

shown that the £ -amino group of lysine is apparently bound when pure 

proteins are heated , the mechanism has not been defined . It is  also not 

kno<v.n if this binding is solely responsible for the reduced avail�bility 

of lysine , and of other amino acid s ,  with heat-damage of proteins . 

Free amino groups were identified by Harris and 1futtill ( 1940 ) as  

being the most likely groups involved in the formation of  enzyme-resistant 

bond s in heat-damaged proteins . These workers suggested that under 

conditions favourable to dehydration the free amino groups might form 

anhydride linkages with carboxyl groups to create indigestible compounds 

such as diketo-piperazine s. Mecham and Olcott ( 1 947 ) found that when 

proteins were exposed to dry heat, the number of amino , acidic and basic 

groups decreased , and they interpreted this to indicate that new ester or 

amid e linkages had been formed . Similarly, Evans and Butts ( 1 949 ) , on 

the basis of in vitro digestibility studies , suggested that the free amino 

groups of lysine and the free carboxyl groups of aspartic and glutamic 

a cids combined t o  form enzyme-resistant linkages , when proteins were heat

damaged . This suggestion has remained the most quoted hypothesis to 

explain the mechanism of heat-damage t o  pure proteins. 

The evidence obtained by in vitro digestibility studies for the 

involvement of a spartic a nd  glutamic acids in new linkages with lysine may 

not be significant , as Ford and Salter ( 1 966 ) pointed out that the rate of 
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release of these acids from cod meal was very slow even with unheated 

protein; this is also evident in the results of bVans and Butts ( 1 949 ) . 

Similarly, Hankes et al ( 1 948)  found that only about 1 1 %  of the total 

aspartic a cid content of ravr casein was released during in vitro 

digestion. 

However , other studies have supported the possible formation of 

enzymatic-resistant linkages with lysine by aspartic and glutamic acid s ,  

when proteins were heat-damaged . For example , the results of Porter 

and Rolls ( 1 971 ) on the digestion of heated cod meal by rats ,  showed 

that lysine and glutamic acid tended to be concentrated in peptides 

which were resistant to digestion. Similarly, Ford and Shorrock ( 1 971 ) 

found that lysine , glutamic and aspartic a cids together comprised 7o% of 

the urinary peptide-bound amino acids when heated cod meal was fed to 

rats .  

Bjarnason and Carpenter ( 1 970)  examined in  detail the chemical 

changes which occurred when proteins were heated and they suggested that 

the main reaction of the £-amino groups of lysine were with the amide 

groups of asparagine and glutamine,  rather than ��th free carboxyl groups . 

n1ese workers found some correlation of lysine binding with ammonia 

liberation and d ecrease in amide content of heat-damaged proteins . In 

addition, the presence of a cetamide or N-acetyl-glutamine when proteins 

were heated , ma�kedly decreased the F.DNB-reactive lysine value,  whereas 

the inclusion of ammonium a cetate or N-acetyl-1-glutamic acid monosodium 

salt only slightly increased the binding . Hmwver, no product of such a 

reaction has been characterised . 

The a -peptide linkages of lysine residues in which the £-amino groups 

are blocked , can apparently be hydrolysed by digestive enzymes .  Rats fed 

propionylated lactalbumen excreted in the urine a bound form of lysine , 

probably propionyl lysine (Bjarnason and Carpenter, 1969 ) . Mauron ( 1 972) 
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investigated the growth promoting property of s-( y -L-glutamyl ) -L-lysine 

and found this peptide equivalent to lysine for rats, a finding confirmed 

by Waibel and Carpenter ( 1 972) for both rats  and chicks .  These latter 

workers suggested that the peptide was probably hydrolysed in the 

intestinal wall as  they found only traces of the compound in chick plasma . 

The ability of animals to utilise this peptide does not negate the 

hypothesis that heat-damage may be due to the formation of linkages 

between the e -amino groups of lysine and a spartic or glutamic acids ,  or 

their amides.  The presence of such linkages might hinder the digestion 

of the protein sufficiently to produce the d ecreaso in nutritional value 

even although the bond s are eventually hydrolysed . 

In the present study, an attempt has been made to determine if any 

covalent bond s involving lysine were formed during heat-damage of a 

protein. Samples of haemoglobin and globin were heated sufficiently to 

reduce the F.DNB-reactive lysine value , and the products of digestion with 

enzymes ,  separated and compared to those formed from unheated protein. 

Initially, trypsin was used to digest the protein, since binding of the 

e-amino groups of lysine would be expected to modify considerably the 

activity of trypsin on the protein. However, the products of tryptic 

digestion of the heated protein were large and difficult to investigate. 

Exhaustive enzyme digestion with a number of enzymes of varying specificity, 

was then used to try to detect fragments in which enzyme-resistant bonds 

were present . A peptide was isolated from exhaustive enzyme digests of 

heat-damaged globin which was composed of lysine and aspartic acid . 

This peptide was not detected in digests of unheated globin, and the nature 

of this compound was investigated . 
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MATERIALS AND METHODS 

Chemicals 

All solvents used for gel filtration, chromatography or electro

phoresis (with the Pherograph) , were refluxed with, and distilled from, 

ninhydrin. The followir� chemicals were used :  f dimethylaminonaphthalene-

5-sulphonyl chloride (dansyl chloride ) , 2 1 4-dinitrofluorobenzene ( FDlTI3) , 

£ -( 2 ,4-dinitrophenyl) -L-lysine hydroChlorid e ,  methyl chloroformate ,  

hydrindantin (B.D.H. Ltd ; England ) ,  L-1 -tosylamide-2-phenylethyl

chloromethyl ketone ( �PCK ; Sigma Chemical Co ; U. S .A. ) ,  

phenylisothiocyanate (Pierce Chemical Co ; U. S . A. ) ,  and trifluoroacetic 

acid (Koch-Light Laboratories Ltd ; England ) . 

Preparation of haemoglobin and globin samul£2 

Samples of haemoglobin and globin were prepared from the same batCh 

of ox blood , obtained f:rom one animal . The fresh blood , with 0 . 2% 

potassium oxalate ,  was centrifuged at 4080 x g in a Sorvall refrigerated 

centrifuge ( 2° ) to sediment the red blood cells .  Tho cells were washed 

four times with 0 . 9% NaCl , lysed by freezing and thawing , and the cell 

d ebris removed by centrifugation at 23500 x g .  Haemoglobin was 

0 precipitated by the addition of absolute ethanol at 0 , and after 

filtration, the precipitate washed with ice-cold ethanol . Another 

portion of the red blood cell contents was used for the preparation of 

globin; this was precipitated by the addition of 1 . 5% HCL in acetone at 

-20° (Anson and Mirsky, 1 930) , and the precipitate washed with ice-cold 

acetone . The haemoglobin and globin samples were dialysed against 

distilled water (2° ) for 24 hours , lyophilised , and stored at 4° . 

Heat-damaged haemoglobin or_globin samp��� 

The percentage moisture in the samples was estimated by drying in a 

vacuum oven at 60°, and su fficient wat er added to give a total moisture 
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content of 1 5  - 2afo. Samples of haemoglobin, ( about 2 g) and globin ( 1  g) 

were placed in thick walled Pyrex ampoules and, after the head space was 

reduced by the insertion of a solid glass tube, the ampoules were sealed 

0 
and heated at 1 20 for 24 hours. 

Enz:ymes 

The following enzymes were used : trypsin, twice crysta llised ; 

a-chymotrypsin, four times crystallised (B .D .H. Ltd ; England ) y  �ronase, 

carboxypeptidase A ( Sigma Chemical Co ; U . S . A. ) , aminopeptidase M (Rohm 

am Haas. GMBH. Darm.stadt ) , and prolidase, extracted from swine k idneys 

by the method of Smith ( 1 955) . Pronase, prolidase, aminopeptidase M and 

a-chymotrypsin were dissolved in water before use. Carboxypeptidase A 

was suspended in water, centrifuged and the supernatant discarded ; the 

precipitate was dissolved in 2 M lm4Hco3 and diluted ten times . A sample 

of trypsin treated with TPCK ( Carpenter , 1 967)  was used for most enzyme 

digestions ;  the enzyme was dissolved in 0 . 001 M HCL before use . The 

TPCK-treated trypsin exhibited a low chymotryptic activity with 

N-bGnzyloxycarbonyl-1-tyrosine p-nitrophenyl ester equivalent to 1 . 3% of 

the total protein. 

Tryptic digests of haemoglobin or globin 

For t�Jptic digestions, a 1 - 2% solution or suspension of haemoglobin 

or globin was used. The contro l proteins, unheated, were dissolved in 

water and denatured in boiling water for five minutes. The heat-damaged 

samples wore very insoluble and were ground in a Potter-Elvehjem 

homogeniser with 0. 01 M NaOH until a fine suspension was obtained. The 

pH was adjusted to 8 . 0  and maintained in a Radiometer pH-stat, by the 

addition of 0 . 1  M NaOH. Sufficient trypsin was added to give a final 

enzymo-substrate concentration of 1%  (w/w) , and the digest was held at 

. 37° with stirring ( magnetic stirrer ) . The method of trypsin addition 

and the time or digestion were different for each of the digests. 
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Digestion was stopped in each case by the addition of glacial acetic a cid 

to reduce the pH to about 2 .0 ,  and the solutions subsequently lyophilised . 

Exhaustive enzyme digests of globin 

Exhau stive enzyme digests of 1 60 me of globin in a volume of 5 cm3 

were prepared . The unheated globin solution wa s denatured in boiling 

water for five minutes , cooled , and by the addition of 2 M NH4Hco3 brought 

to a final NH4Hco3 concentration of 0 . 2  M. The heated globin was ground 

in a Potter-Elvehj em homogeniser vv-ith 0 . 2  M NH4Hco3 until a fine suspension 

rms obtained . The solutions or suspensions of globin were made 0 . 01 M to 

++ ++ Ca am 0 . 002 M to Mn , and the pH adjusted to 8 . 0 .  The following 

enzymes were added , at  24 - 36 hour intervals ,  in at least two aliquot s ,  

to  give for each enzyme, an enzyme/substrate ratio of 1%, w/w. Trypsin 

( TPCK-treated ) was added first , followed by a -chymotrypsin, and the pH 

maintained at B .O . The pH was then adjusted to 7 .0 with a cetic a cid , 

and pronase added . This ;vas followed by aminopeptidase M vrith prolidase . 

After adj ustment of the pH to 8 . 0 ,  carboxypeptidase A and another aliquot 

of prolidase were added together . FUrther aliquots of carboxypeptidase A 

were added with the pH at 5 . 0  and 9 . 2 ,  to increase the rate of release  of 

aspartic  acid and lysine respectively (Ambler ,  1 972) . The temperature 

of the digest was maintained at 37° and the solution agitated v�th a 

magnetic stirrer ; toluene was added to all digests . At the 

completion of the digestion, the solution was acidified with glacial 

acetic a cid to pH 2 .0 and lyophilised . 

Separation of peptides 

The peptides from enzymatic digests of haemoglobin or globin were 

separated by one or several of the following methods :  ion-exChange 

chromatography, gel filtration, paper or thin layer chromatography and/or 

electrophoresis .  



Ion-exchange Chromatography 

( 1 ) Dowe:x; 50-X2 . The procedure given by Schroeder ( 1 96?a ) for 

chromatography with Dowex 50-X2 , 200-400 mesh (Bio-Rad Laboratories,  
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U . S .A. ) was followed . �1e resin was cleaned , regenerated , d egassed and 

ropacked for each separation to avoid possible contamination with peptide 

material from previou s  separations . The column, 0 .9 x 1 00 cm, was water 

jacketed and maintained at 37° . 'l'hree pyridine-acetic acid buffers were 

used for the development of the chromatogram; ( a )  pH 3 . 1  ( 0 . 2 M in 

pyridine ; 64 . 5 cm
3 pyridine , 1 1 1 4  cm3 glacial acetic a cid , diluted to 41) ; 

(b)  pH 5 . 0 ( 2 .0 M in pyridine ; 645 cm3 of pyridine, 573 cm3 glacial 

acetic a cid , diluted to 41) ; and ( c) pH 5 . 6 ( 8 . 5  M in pyridine ; 684 cm3 

of pyridine , 1 80 cm3 glacial acetic a cid , diluted to 1 1) . The initial 

gradient was linear, with 400 cm3 each of buffers pH 3 . 1  and 5 . 0 supplied 

from a gradient vessel consisting of two id entical , inter-connected 

cylinders . About 1 00 - 200 cm3 buffer pH 5 . 6 was used to complete the 

development . �1e flow rate was maintained at 1 5 - 20 cm3/hour and 4 - 5 

cm3 �actions wore collected . 

( 2 )  Beckman UR-30 resin. The procedure u sed for chromatography 

with Beckman lJR-30 resin was similar to that for Dowex 50-X2 , except 

that the column was 0 . 9 x 69 cm, and the gradient differed . Initially, 

the column was developed with 50 cm3 buffer pH 3 . 1  before the gradient was 

commenced . The gradient vessel consisted of three inter-connected , 

identical cylinders , and 200 cm3 of buffer pH 3 . 1  was added to two of the 

cylinders and 200 cm3 of buffer pH 5 .0 to the third cylinder . The buffer, 

pH 5 . 6 ,  was not used for development of the chromatogram. 

( 3) Dowex 1-X2 . The procedure described by Schroeder ( 1 967b) was 

used for chromatography with Dowex 1 -X2 ,  200 - 400 mesh (Bio-Rad 

Laboratories,  U. S .A. ) .  The resin was cleaned , regenerated , degassed and 

repacked for each sample ;  the column, 0 . 9  x 1 00 cm, was v1ater jacketed 
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and maintained at 37° .  A complex gradient vessel , similar to  that 

described by Schroeder ( 1 967b) , whi ch permitted the automatic and 

successive entry of five buffers into the mixing vessel , was used for the 

development of the chromatograms . Four buffers ,  pH 9 . 4 ,  8 .4 , 7 .4 and 

6 . 5 , were used ; these were composed of 60 cm3 N-ethylmorpholine , 80 cm3 

a-picoline , 40 cm3 pyridine , with sufficient glacial acetic acid to adjust 

the pH t o  that required , and diluted to 41 . FUrther development of the 

chromatogram was obtained with 0 . 5 , 2 . 0 and 1 0  M acetic a cid . 

The mixing vessel was filled with 1 50 cm3 buffer pH 9 .4 .  Elution 

was commenced with 50 cm3 of buffer pii 9 . 4 and this was followed by 50 cm3 

buffer pH 8 .4,  1 00 cm3 buffer pH 7 . 4  and 1 50 cm3 buffer pH 6 . 5 .  The 

addition of the acetic acid solutions was commenced after the completion 

of the pH 6 . 5 buffer . Either 300 cm3 2 . 0  M and 200 cm3 1 0 . 0 M acetic 

acid , or 200 cm3 eaCh of 0 . 5 , 2 . 0 and 1 0 . 0 M acetic acid , were used for 

the final d evelopment of the chromatograms . 

Gel filtration. Sephadex G-25 ,  G-50 and G-75 gels (Pharmacia Fine 

Chemicals  AB, Sweden) were used for gel filtration studies . For 

preparative separations , a 1 . 9 x 1 50 cm column of Sephadex G-25 was used , 

and columns , 0 . 9  x 1 50 cm , of Sephadex G-50 and 0 . 9 x 1 00 cm of Sephadex 

G-75 ,  were used for the purification of peptides . The gel was swollen 

in the solvent ( either 1 0  or 3o% a cetic acid ) ,  at room t emperature and 

degassed . The colurru1 was poured in sections and equilibrated before use 

by the passage of sufficient solvent to equal twice the volume of the gel . 

Downward flow of the solvent was u sed and the flow rates varied from 2 -

1 0  cm3/hour , depending on the column size and type of gel . The void 

volume in each case was established with a solution of Dextran Blue ( 0 . 3%) . 

The surfa ce of the gel was gently stirred after each separation and , if 

any debris had collected , a portion was removed and replaced with freSh 

gel . The columns were u sed at room temperature and the size of fractions 
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collected varied from 5 .0 cm3 for preparative colum.11s to 0 .  75  cm3 when 

peptides were being purified . 

High-voltage electrophoresis . A flat plate electrophoresis u�it 

(Pherograph) was used for the investigation of peptid es in the tryptic 

digests. :Both paper (Whatman lfo 1 or 3MM), and thin layer plates of 

cellulose (11H-300 cellulose , ll'la chery, Nagel and Co . ,  Germany) , washed with 

1% acetic a cid , were used .  The paper , or plates ,  moistened with buffer , 

and the paper blotted to remove excess ,  were placed in position in the 

electrophoresis unit , and the sample( s)  applied . A potenti2l of about 

1 . 5 KV was supplied for 1� - 2� hours . The buffers used were pH 1 . 9 

( 87 cm3 glacial acetic a cid , 25 cm3 formic acid diluted to 1 1) ,  pH 3 . 5  

( 50 cm3 glacial acetic a cid , 5 cm 3 pyridine, diluted to 1 1) ' and pH 6 .  5 

(4 cm3 glacial a cetic acid , 1 00 cm3 pyridino , diluted to 1 1) . 

For the separation of peptides in the exhaustive digest s , a water-

cooled Michl solvent tank was available , with either pH 6 . 5 buffer , 

( described above)  or pH 2 . 1  ( 80 cm3 glacial acetic acid , 20 cm3 formic 

acid , diluted to 11) . This apparatus gave n much better separation of 

peptides than obtained from the use of the Pherograph . Samples were 

applied to the dry paper , with, on either side ,  1 - 2 cm band s of two 

marker solutions of free amino acids ( 5 mM in 1 0% isopropanol) . Marker 

solution 1 contained lysine , arginine , valine , leucine , methionine, 

proline , phenylalanine and tyrosine ; marker solution 2 includ ed histidine , 

glycine, alanine , serine , isoleucine , threonine , glutamic and a spartic 

a cids .  In  addition, a fluorescent marker was applied a t  intervals on the 

dried sample and marker bands . The fluorescent marker contained the 

dansyl derivatives of arginine and arginyl-arginine , and 

1 -dimethylaminonaphthalene 5-sulphonic acid ( made by reacting 50 mg 

arginyl-arginine and 1 7  mg arginine in 3 cm3 1 .0 M UaHC03 with 80 mg dansyl 

chloride in 3 cm3 acetone) . The sample( s)  was concentrated into a narrow 



band by allowilJg the buffer to slowly ·wet the paper on either side  of the 

sample zone . Excess buffer was blotted from the paper , and a potential 

of 3 KV appl�ed for 45 minutes . After dryi�� the paper, the position of 

the fluorescent markers were determined under ultraviolet light ( 366 or 

254 nm) . 

PaJYF and thin layer chromatograJ)hY• Either thin layer plates of 

cellulose or silica gel G (Merck, Germany) ,  or pe.per (Whatman No 1 or 

3Mi:I) � were used for the chromatographic separation of peptides . The 

solvent used was butanol-acetic acid-water,  3 : 1. : 1 .  

were washed with 1%  acetic a cid before use . 

The thin layer plates 

Two dimensional peptide maps were obtained by electrophoresis in one 

direction, using a full sheet of paper ( 32 x 38 cm for the Pherograph, and 

46 x 57 cm for the Michl solvent tank) , and chromatography in the second 

direction. A strip of paper, 10 am wide , was se>r.n to the edge of the 

paper after electrophoresis ,  to act as  a wick for the chromatography 

solvent . 

Detection of Reptides 

Cadmium-nitiQydrin reagent for thin layer plates or paper ohromatograms . 

For qualitative purposes the whole paper was dipped in the cadmium-ninhydrin 

reagent, and thin layer plates were sprayed vdth the same reagent ; this 

was prepared either by the method of Dreyer and Bynum ( 1 967 ) or by mixing a 

solution of cadmium acetate ( 1 5  g cadmium acetate ,  300 om3 glacial acetic 

a cid and 600 cm3 water) with a 1% ninhydrin solution in a cetone ,  in the 

proportion of 3 to 1 7 .  Strips which were cut from preparative papers, on 

either side of and including about 1 cm of the sample and all the marker 

solutions , were developed , so that the position of the peptide band ( s) 

could be identified . Tho areas containing peptide material were cut out 

and either eluted (with 1i- acetic acid or 0 . 05 M liH40H) or sewn to another 

sheet of paper for further electrophoresis or chromatography. 
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Reaction of  aliguots of fractions with ni��. Aliquots,  0 . 05 -

0 . 2  cm3 , of fractions collected were reacted with 0 . 5 cm3 freshly-made 

ninhydrin reagent (Hirs ,  1 967 ) in polypropylene tubes,  0 . 9 x 7 .0 cm. The 

tubes were heated in boiling Tiater for 1 5  u�nutes , cooled , and 2 . 5 cm3 50% 

ethanol added • The absorption nas re2d at 570 nm. 

For the detection of large peptides the samples vrere first hydrolysed . 

Glass tubes ,  0 . 9 x 6 cm, cleaned in 50% alcoholic KOH, were used , and 

aliquots ( 0 . 05 - 0 . 1  cm3 , of fractions collected ) were hydrolysed ·with 

0 . 1 5  cm3 50% NaOH for 1 5  minutes in a pressure cooker urrl er 1 5  lbs pressure . 

After cooling, the tube contents were neutralised with glacial acetic acid 

( about 0 . 25 cm3 ) and reacted with ninhydrin as described . 

Absorption at 280 nm . Column chromatography vdth Sephadex gels were 

monitored by recording the absorption at 280 nm with a LKB Uvicord or by 

measurement of individual fractions with a Hita chi 101 spectrophotometer. 

Chemical analysis 

Amino a cid analysis .  About 2 mg of the globin samples ,  heated and 

Ul1.heated , were hydrolysed with 1 . 0 cm3 6 M HCL at 1 1 0° for 24 or 48 hours , 

in thick walled Pyrex tubes ,  1 . 6  x 1 5  cm, sealed urrler vacuum . The dried 

peptide samples were hydrolysed with 50 - 1 00 �l  of 6 M HCL at 1 1 0° for 

20 - 24 hours in 0 .9 x 7 cm Pyrex tubes . The peptide samples were 

bubbled with oxygen-free nitrogen, or evacnated , before the tubes rmre 

sealed . After 11Ydrolysis ,  the sample was dried , either with a Buchi 

rotary evaporator , or in vacuo over NaOH pellets . The composition of the 

hydrolysate was determined using a Beckman 1 20C Amino Acid Analyser . 

F.Dlffi-reactive lysine . The F.DNB-reactive lysine content of the 

unheated and heated globin samples was d etermined by the method of 

Carpenter ( 1 960 ) ,  with the a:pplioation of the factor 1 . 09 to correct for 

the loss of dinitrophenyl lysine during hydrolysis . 
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Amino-terminal analysis .  The dansyl chloride procedure of Gray 

( 1 972a) uas followed for the determination of amino-terminal groups. 

Dansyl amino a cids were separated by chromatography with polyamide sheets ,  

7 . 5  x 7 . 5  cm, the sample being applied t o  both sides of the sheet and a 

marker solution of dansyl d erivatives ( glycine , serine , glutamic acid , 

arginine , proline , isoleucine and phenylalanine) to one side only. The 

sheets were developed with solvent 1 ( 1 . 51 formic acid , v/v) for 1 5  

minutes and after drying , wore developed in the second direction, with 

the successive use of up to :our solvent s. Development in solvent 2 

( toluene-acetic acid , 9 : 1 ,  v/v) was for 1 5  minutes,  solvent 3 ( ethyl 

a cetate-methanol-acetic a cid , 20 : 1 : 1 ,  v/v) and solvent 4 ( 75% of acetic 

e cid-pyridine-water, 40 : 22 . 5 : 2500 , v/v and 251 ethanol) for 1 0  minutes ,  

a nd  solvent 5 ( 0 . 1 M sodium phosphate-ethanol, 3 : 1 ,  v/v) for 20 - 30 

minutes. After development in each of these solvents,  the presence and 

position of dansyl derivatives wore d etected by their fluorescence under 
'· 

u ltraviolet light ( 366 nm ) . 

Dansyl-Edman procedure for sequence analysis . The procedure of 

Gray ( 1 972b) ua s slightly modified . Sufficient sample to provide about 

1 0  nrnoles per step ,  was d i ssolved in 1 50 \.1 1  water in a screw capped tube ,  

and 1 50 � 1  of  phenylisothiocyanate ( 5% in pyridine)  added . The samples 

were mixed thoroughly, flushed with oxygen-free nitrogen, capped and 

incubated at 45° for 90 minutes. After drying in vacuo ,  over concentrated 

H2so4 at 60� the sample was dissolved in 250 � l  trifluoroacetic acid , 

flushed with nitrogen and incubated at 45° for 30 minutes . The sample 

was then dried in vacuo over NaOH and re-dissolved in 200 �1 water .  The 

nonvolatile by-products were removed by extraction with 3 x 1 . 5 cm3 butyl 

a cetate or benzene , using centrifugation to break up the emulsion. A 

sample of the aqueous phase containi11g peptid e was removed and the amino-

terminal d etermined by dansylation. The remainder of the sample was 



dried in vacuo and retained for the next d egradation cycle .  

Sqbtractive Edman degradation for sequence analysis .  The Dansyl-liliman 

procedure already d escribed �as used for the formation of the 

2-anilinothiazolinones . After removal of the trifluoroacetic acid the 

procedure of Konigsberg ( 1 972 ) was followed . The residue was dissolved 

in 1 . 0 cm3 0 . 2 !11 acetic acid and heated at 60° for 1 0  minutes,  to form the 

These phenylthiohydantoins which are more soluble in organic solvents , 

compoun:l s were extracted with 3 x 1 .  5 cm3 of  benzene, again with 

centrifugation to  break up the emulsion, and a sample removed for a cid 

hydrolysis and subsequent amino acid analysis ; the remainder was dried 

in vacqo . 

RESULTS AND DISCUSSION 

!. Comparison of unheated and heat0d haemoglobin and globin samples 

Amino acid composition. The results of the amino acid analysis of unheated 

and heated globin were calculated as molar ratios with leucine equal to 37 , 

the number of leucine residues in the combined alpha and beta chains of 

bovine haemoglobin (Dayhoff, 1 972 ) ; these values are given in Table XX. 

The ratios of the globin sample were slightly different to the expected 

values and a small amount of isoleucine was present , in:licating that the 

sample was not completely pure . Heat-damage of the globin probably 

resulted in destruction of cystine as  there was no trace of this in the 

hydrolysate of the heated protein, but the values for the other amino acids  

were similar for both the heated and unheated protein. 

F.DNB-reactive lysine . The FDNB-reactive lysine values (g/1 6g N) for the 

unheated haemoglobin or globin samples were 8 .6 and 8 . 1  respectively, but 

for the heated samples, the values had decreased to 5 . 9  and 6 ,0 ,  indicating 

that heat-damage had occurred . 



TABLE XX 

Amino a cid molar ratio s  of unheated and heated globin, together 

with the combined re sidu es of alpha and beta Chains of b ovine 

globin (Dayhoff, 1 972)� 

Unheat ed 

globin 

Lysine 20 . S 

Histid ine 1 6 . 5 

Arginine 6 .6 

Aspartic a cid 27 . 3  

Threonine 1 3 . 6 

Serine 1 7 . S  

Glutamic a cid 1 S . 6 

Proline 1 0 . 5 

Glycine 1 S . 5 

Alanine 35 . 2 

Half cystine Tra ce 

Valine 29 . S 

Methionine 3 . 2 

I soleucine 0 . 5  

Leucine 37 

Tyro sine 4 . 2  

Phenylalanine 1 6 . 9 

Tryptophan ND 

not det ermined 

Tryptophan not included 

Heat ed :Bovine globin 

globin ( a  and 8 chains ) 
20 . 6  22 

1 6 . 1  1 7  

6 . 7  7 

27 . 1  2S 

1 3 . 6 1 4  

1 S .O 1 9  

1 S . 4 1 7  

1 0 . 6 1 0  

1 S . 7 1 �  

36 . 3 36 

1 

29 . 5 30 

3 . 1  4 

0 . 5 

37  37 

4 . S 5 

1 7 . 2 1 7  

ND 3 

ss . 
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Amino-terminal analysis . The t erminal amino a cid s of the unheated globin, 

d et ermined by dansylation, were valine and methi onine � in agreement vvi th 

literature repor t s  (Dayhoff, 1 9 72 ) ; the sequence of the alpha and beta 

chains o f  b ovine globin are given in Tablo A, Appendix 3 .  no other amino-

t erminal s were d et e ct ed . However , with the heated glob in, in addition to 

valine and metlu onine � other N-terminal groups were detected , notably 

leu ci ne , phcmylalEmine and alanine , with a tra ce of aspart5_c acid . The 

approximate int ensities of ea ch amino-t ermi�B l ,  by visual inspection were : 

8 valine , 8 methionine , 4 leu cine ; 4 phenylalanine , 4 alanine and 1 a sparti c  

a cid . Thi s cleavage of peptide bond s in the heat ed globin wa s inve st igated 

further by gel filtration of an extra ct . 

Gel filtration of heated globin on SenhaCl. ex G-5.Q. An extra ct of the 

heated globin vra s prepared by grir:rling 1 00 mg in 30% acetic a cid in a 

Potter-Elvehj em homogeni ser. Although most of the protein wa s insoluble a 

small amount dissolved ; a 8 M urea solution did no+. improve the solubility 

of the protein . The extra ct wa s chromatographed on a column of Sephad ex 

G-50 ( 0 . 9  x 100 cm) in 30% a ce t i c  a cid and the elutioll profile ( Figure 6 )  
indi ca t ed that the extract wa s not homogeneou s .  The chromatogram wa s 

divided into four fra ctions , A - D ,  a s  shmm in the :figure and the amino 

a cid comp o sition of ea ch fra ction, and amino-terminal groups of fra ctions 

A and B ,  d etermined . 

,!mi�J-d a�J_.y;;Ji�. The results for fra ctions A - C are given in 

Table XXI and are again calcula t ed as molar ratios with leucine equal t o  

37 .  The ratios for the three fra ctions varied considerably; fra ction B 

wa s  part i cularly low in lysine , glutamic a cid , glycine and alanine . 

The results for fra ction D are given s eparately in Table XY�I,  for 

both hyd rolysed ar:rl unhydrolysed samples . A large amount of ammonia wa s 

present but also appreciable quantities of free ami�� a cid s ,  part i cularly 

a spartic a cid , serine , glycine and alanine , and some peptid e  material .  
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Gel filtration of an extract, with 30% acetic acid, of heated globi n ;  

5.0 cm3 fractions col l ected . · - - • absorbance a t  570 n m  after 

reaction with ninhydrin,  0 . 1  cm3 al iquots; - absorbance at 

570 nm of alkal i hydrolysed sample reacted with n inhydri n ,  

0. 1 cm3 a l iquots; A......A. absorbance a t  280 nm. 



TABLE XXI 

Amino a cid molar ratios of fractions A,  E and C from heated globin, 

compared with reported values for alpha and beta chains of bovine 

globin (Dayhoff, 1 9 72 )  � 

Fraction Bovine globin 

A E c ( a  and 13 chains) 

Lysine 1 9-20 1 4  1 9-21 22 

Histidine 1 9-20 1 3  1 3-1 4 1 7  

Arginine 6-7 5-6 1 1 - 1 2  7 

Aspartic acid 20-21 1 9  2 1 -22 28 

Threonine 1 4-1 5 1 6 1 7  14  

Serine 20-21 24-25 24 1 9  

Glutamic a cid 1 3-14 4-5 9 1 7  

Proline 1 1  1 1 -1 2  8-9 1 0  

Glycine 1 7-1 8 6-7 1 3-14 19 

Alanine 36-37 23 31 -32 36 

Half cystine 1 

Valine 21 21 2 5-26 30 

Methionine 1 0 . 5 4 

Isoleucine 

Leucine 37 37 37 37 

Tyrosine 2 2 2 5 

Phenylalanine 1 3  1 3-1 4 1 1 -1 2  1 7  

Tryptophan not included 

9 1 . 



TABLE XXII 

Amino a cid composition c� mols I 1 00 mg globin) of fra ction D 

from heated globin; Ul�rolyaed and hydrolysed samples 

Unhydrolysed 

Lysine 

Histidine 

Ammonia 

Arginine 

Aspartic acid 

Tr...reonine 

S erine 

Glutamic a ci d  

Proline 

Glycine 

Alanine 

Val ine 

Leu cine 

Phenylalanine 

ND ,  not d et ermined 

liD 

ND 

UD 

ND 

o .os 

Tra ce 

0 , 1 0 

Tr£� ce 

Tra ce 

0 . 1 1 

0 . 09 

Tra c e  

Hydrolysed 

0 .07 

0 . 09 

4 . 00 

Trace 

0 . 33 

0 . 05 

0 . 25 

0 . 35 

0 . 42 

0 . 36 

0 . 50 

0 . 1 4 

0 . 33 

0 . 1 8  

9 2 .  
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lynino-tenninal analysis .  Valine �as the only N-terminal group 

detected in fraction A, but in fraction B, leucine , phenylalanine and 

alanine were also present . Methionine vms not detected in either 

fraction, which suggest s that the 13 chain of globin had not been 

extracted . 

These results shov7 that some cleavage of peptide bond s bad occurred 

when globin was heated , with the formation of various sized fragments ,  

including free amino a cid s . The absence of free amino acid s a�n small 

peptides in the original c;lobin preparation was verified by gel 

filtration of a solution of unheated globin on the same column of 

Sephadex G-50 ,  and only a single peak .-vas eluted . J3jarna son and 

Carpenter ( 1 970) also reported that a number of additional N-term:lnal 

groups were formed when bovine plasma albumin .-ras heated , and they 

estimated that 0 . 3% of the peptide bonds had been hydrolysed . 

Rate of digestion vd th trypsin 

The rate of digestion of haemoglobin, unheated and heated , by 

trypsin, was compared , u sing a similar procedure to that described 

previously for the tryptic digests . Prior to the addition of trypsin, 

tho prepared solution, 2 .0 cm3 of 1% protein, uas maintained at 37° ,  

with stirring, until the pH remained stable a t  pH 8 , 0 ,  With the 

unheated globin, there �as virtually no change from pH 8 ,0 after the 

initial adjustment but with the heated haemoglobin, increments of 0 .01  M 

NaOH were required for 2 - 3 hours . Following the addition of trypsin 

( TPCK-treated , 1% w/n) , tho volume of 0 . 01  M NaOH required to maintain 

the pH at 8 . 0 uas recorded at intervals for 60 minutes. The rate of 

d igestion of the heated protein was much slouer th�n for the unheated 

protein ( Figure 7) . 

The initial decrease  in pH of the heated haemoglobin suspension 

before the addition of ti'"'.rpsin, indi cates that some titratable groups 
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were slowly exposed in solution. The apparent masking of titratablo 

groups ,  which would probably include the e: -amino groups of lysine and the 

guanidyl groups of arginine , in the heat-damaged protein vrould contribute 

to the slmr rate of digestion by trypsin. In nddi tion, the insolubility 

of the heated protein, which .-rould also reduce the rate of digestion, 

vrould probably be due , partly at least ,  to the inaccessibility of some 

polar groups ,  presumably as the result of non-covalent interactions . 

Mecham and Olcott ( 1 947 ) commented on the insolubility of proteins after 

exposure to dry heat ,  but they attributed this  to a decrease in the 

number of polar groups vdth the formation of now ester or amide bond s .  

II, Comparison of tryptic digests of unheated and heated haemoglobin.,£± 

globin 

Samples of unheated and heated protein, either haemoglobin or globin, 

were digested vd th tr<JPsin using the same conditions for each pair of 

samples . The peptide composition of each digest was compared , by a 

variety of method s , to  determine whether different poptides had been 

released from heat-damaged protein by trypsin. �tree pairs of tryptic 

digests of either haemoglobin or globin, were prepared , each digest by a 

slightly different method . The method s used to compare the peptid e 

compositions were , as far as possible , identical for each pair of digests . 

Digest I .  

For Digest I ,  samples of haemoglobin ( 1  g ) , unheated and heated , 

were digested for 30 hours and aliquots of trypsin (untreated with TPCK) 
added at o ,  5 ,  1 0  and 20 hours ;  toluene was added to the digest . Each 

digest wa s divided into two part s ,  A and :S, which were examined by 

different method s ;  an outline o f  the procedures used i s  given i n  Table 

XXIII . 
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TABLE XXIII 
Outline of method s  u sed \7i th Digest 1 1  heated and unheated 

2-D peptide 
map 

Part A 

haemoglobin 

Digest I 

Dorrex 50-X2 

1 
Peaks 1 and 2 

Par - B 

j 
Sephadex G-25 
( 1 �  acetic acid ) 

/ �  
Fraction 1 Fraction 2 

1 j 
Dowex 1 -X2 Dowex 1 -X2 

I �  
Zones 1 - 5 Zone 6 

j 
Dowox 50-X2 

1 
Zones 7-1 0 
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_?art .A .  Part A 1ms investigdcd Vli th h7o-dimensional peptid e  maps and 

ion-exchange chromatography using D o�ex 50-X2 . 

Peptid e map . Samples of d igests were separated by pa:per 

electrophoresis at pH 1 . 9 or 6 . 5 in the Phorograph, and for the second 

dimension, by chromat ography. .Aft er staining 11ii th cadmium-nin .. �yd:dn 

solution, 29 - 30 peptid e s  vrere visible lii th the unheated haor.10globin 

trypti c digest . However , vri th the he8ted protein, streaking occurred and 

only a few peptid es were clearly defined . This stroakiP� �a s probably 

cau sed by the presence of very largo peptid e s . 

Ch.ro:ua t ography 11ij;h Dongx �O-X2 . Chromatography of part A of Digest 

I nith Dowex 50-X2 showed tha t ovemll there wa s less ninhydrin positive 

material eluted from the heated haemoglobin digest than from that of the 

unheated protein (Figure 8)_. However, at the commencement of the 

gradient , two comparatively large peaks of ninl1ydrin positive material 

17ere elu t ed from the heated protein digest . Amino acid analysis of 

unhydrolyscd samples of this material in peaks 1 and 2 ( see Figure 8) for 

both the u nheated and heated protein digest s , showed that they vrere 

composed mainly of the free amino a cid s ,  valine , leucine and alanine . 

There wer e  mu ch greater quantities ( 8  - 1 0  times ) of all three amino a cid s 

in the heated ha emoglobin digest than from the corresponding area s of the 

unheated protein. Acid hydrolysis of sample s  followed by amino acid 

analysi s ,  indicated that there wa s very little peptide mat erial present . 

As a considerable amount of the heated haemoglobin d ig e st wa s not 

eluted from the resin ( some cou ld b e  seen Gtill bound to the resin at the 

t op of the column) , Dowox 50-X2 wa s not used in fUture initial separations 

of trypti c  digests . 

Part E .  Part B o f  Dieest I was investieated b y  gel filtration and 

ion-exchange chromatography. 
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Digest I :  Chromatography on Dowex 50-X2 of a tryptic digest of haemoglobin. 

A, unheated; B, heated. • - - • absorbance after reaction with ninhydrin, 
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Gel fil tra ti..Q!!. Part B wa s chromatographed on Sephadex G-25 

( 1 . 9 x 1 50 cm, 10% a cetic a cid ) and tho elution profiles are shmm in 

Figure 9 for the unheated and heat ed ha emoglobin d igest s . A consid erable 

quantity of ninhydrin p ositive material ,  11hi ch also absorbed strongly a t  

2 80 nm ,  vm s olu t ed at the void volume of the gel >7ith the heat ed prot ein 

d igest . The se were pre sumably large sized fragment s ;  the exclu sion 

limit for Sephadex G-25  is 5000 ( for peptid e s ) . Since tho largest 

trypti c peptid e from bovine haemoglobin ha s a mole cular weight of less 

than 3000 , the heated haemoglobin could not have b een completely digested , 

By contra st , there Ym s very little materia l elut ed at the void volume of 

the gel viLth th e unheat ed protein digest . The material elut ed from the 

gel wa s divided into two fra ctions , d e signat ed 1 and 2 in Figure 9 ,  and 

the se were chromatographed on Dowex ·1 -X2 , 

Fra cti on 1 (see Figure 9) . Fra ction 1 from the digest s gave similar 

elution profile s on D owex 1 -X2 ( Figure 1 0 ) ; there wa s rather more 

ninhyd rin positive material in the fraction from the unheated protein . 

The compositions of the z one s marked in Figure 1 0  were inve stigated . 

Zones 1 - 5 .  Z ones 1 - 5 rrere examined by thin layer 

chromatography and ele ctrophoresis , and mo st contained several ninhydrin 

p o sitive compound s ;  z one 1 from the heated protein consisted mainly of 

ammonia . Some component s of the zones only o ccurred in the fra ction from 

the heated ha emoglobin d ige st , but in small amount s , and as amino a cid 

analysi s d id not indicate the presence of appreciable quantities of lysine , 

the id entifi cation of these fragment s was not pursued . 

Zone 6 .  Consid erable amount s of ninhydrin posit ive material 

wa s eluted at neutral pH, z one 6 ,  for b oth the unheated and heated protein 

fra ctions . Thi s zone vra s re- chromatographed on Dowex 50-X2 ( Figure 1 1 ) ,  

and the amino a cids ,  leu cine ,  valine and alanine were again eluted a t  the 

b eginning of the gradient , zone 7 in Fi gure 1 1 . 

LIBRA Y 
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Examination of the other 
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Digest I :  Get filtration of a tryptic digest of haemoglobin.  

A,  unheated ; B,  heated ; 4.5 cm3 fractions col lected . 

• - - • absorbance at 570 n m  after reaction with ninhydrin,  

0.1  cm3 aliquots; .._,. absorbance at 280 nm. 



0 ·  
E " 

0 .... "' 
� .. 
.. I u 1 1  " 
.e 1 1  : I  
!l I ,  ;'j_ I I 

1 ·2 

0 ·8 

FIGURE 10. 

1 01 . 

A. Unheated 

B. Heated 

__ ......................... _ .. .......... . 

50 
cm3 of effluent 

Digest 1: Chromatography on Dowex 1-X2 of fraction I from a tryptic digest of haemoglobin. A, unheated; B, heated. 
· - - • absorbance alter reaction with ninhydrin, 0.05 cm3 aliquots; - absorbance of alkali hydrolysed sample 
reacted with ninhydrin, 0.05 cm3 aliquots; -.o. pH gradient 
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Digest I :  Chromatography on Oowex 50-X2 of zone 6 from a tryptic digest 
of haemoglobin. A, unheated; B, heated. • - - ·  absorbance after reaction 
with ninhydrin, 0.05 cm3 aliquots; � pH gradient 
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zones ( 8  - 10 )  by thin layer chromatography or electrophore sis , did not 

reveal any difference in the p eptid es eluted from the unheated and heated 

protein fra ctions . 

Those re sult s indi cated that the comp o sitions of fra ction 1 ,  d erived 

from the unheated and heated haemoglobin d igest s ,  were similar , the main 

difference being that the heated protein ua s mu ch less completely d egrad ed . 

Fra ction 2 (see Figure 9) . Chromatography of fra ction 2 on D awex 

1 -X2 ( Figure 1 2 ) confirmed that there wa s more large sized peptide material 

in the fra ction from the heated haemoglobin digest than in that from the 

unheated protein. These result s showed that there may b e  diffeTent 

peptid e s  present in this fra ction from the heat ed protein dige st to those 

in the unheated protein digest and these were inve stigated further with 

a nother pair of tryptic digests . 

Digest II .  

TPCK-treated trypsin Tia s u sed for Digest II since it wa s possible 

that the free amino acids detected in Dig0 st I were tho re sult of 

contamination of the trypsin wi th chymotrJ�sin. In add ition, the time 

of the digestion wa s reduced t o  minimi se non-specifi c  cleavage of peptide 

bond s . The pair of digest s were prepared by digesting 250 mg of 

haemoglobin, with one add ition of TPCK-treated trypsin, for four hours . 

111e d igest s were fra ctionatcd into two part s by gel filtration a s  with 

part B of Digest I ,  the t�o fra ctions chromatographed on Dowex 1 -X2 , and 

the comp o sition of zones from this separati on, examined by gel filtration. 

Outline s of the methods u sed are given in Tables XXIV and XXV for the 

unheated and heat ed  protein d igests respe ctively. 

Gel filtration. Gel filtration on a Sephad ex G-25 column ( 1 . 9 x 

1 50 cm) with 1 o%  a cetic a cid , showed that there was considerable amount s 

of mat erial eluted a t  the void volume of the gel , ·with both the digest of 

the unheated and heated haemoglobin ( Figur e s  1 3A  and 14A re spectively) . 
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A. Unheated 

E c 
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B. Heated 
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F IGURE 1 2. Digest 1 :  Chromatography on Dowex I -X2 of fraction 2 from a1tryptic digest of haemoglobin. 

A, unheated; B, heated . � absorbance of alkali hydrolysed sample reacted with ninhydrin , 

0.25 cm3 aliquots for A, 0.1 cm3 for B; ......_. pH gradient 



TABLE XXIV 

Outline of methods u sed with Digest II , uru1eated haemoglobin 

Digest II 

1 
Sephad ex G-25 

( 1 0% a cetic acid ) 

I \ 
Fraction X Fraction 1 

1 
Re-digested 
with trypsin 

1 
Sephadex G-25 

( 1 0% a cetic acid ) 

I \ 
Fraction 2 Fraction 1 

1 ~ 
D.Owex 1 ... x2 Fraction 

l l 
Zones:  Dowex 
A,D 

1 combined 

1 -X2 

1 0 5 .  



TABLE XXV 

Outline of method s used with Digest II , heat ed haemoglobin 

Digest II 

1 
Seph.adex G-25 

( 1 0% acetic a cid ) 

I � 
Fraction X Fra ction 1 

1 
Re-digested 
with trypsin 

l 
Seyhadex G-25 

( 1 0% acetic a cid ) 

I \ 
Fra ction 2 Fra ction 1 

l 

1 06 .  

Dowex 1 -X2 

zls ,  

Fra ction 1 combined 

DJex 1 -X2 
A, B ,  C ,  D 

/ �  
Seyhadex G-50 Seyhadex G-50 · 

( 1 0% a cetic a cid ) ( 10% a cetic a cid ) 

1 
Fra ctions : 
M, n, o ,  P 

1 
Scyhad ex G-50 

( 30% a cetic a cid ) 

j �  
Fragments :  

1 
Fractions 
E, F, G, H 

N-1 , N-2 ( i . e .  2D2B-N1 ; 2D�2) 
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A 

B 

Digest 1 1 :  Gel fi ltration of tryptic digests of u nheated haemoglobin.  

A, 4 hour digest; B, fraction X re-digested for  2 hours; 

4.0 cm3 fractions col lected . · - - • absorbance at 570 nm after 

reaction with ninhydrin ,  0 . 1  cm3 al iquots; - absorbance at 

570 nm of alkal i  hydrolysed sample reacted with ninhydrin,  

0.05 cm3 aliquots; .....___. absorbance at 280 nm. 
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A 

B 

Digest 1 1 :  Gel fi ltration of tryptic digests of heated haemogl obin.  

A ,  4 hour digest ; B,  fraction X re-d igested 2 hours; 

4.0 cm3 fractions col lected . • - - • absorbance at 570 nm after 

react ion with ninhydri n,  0 . 1  cm3 aliquots; - absorbance at 

570 nm of alkal i hydrolysed sample reacted with n inhydrin,  

0.05 cm
3 aliquots; ...._.... absorbance at 280 nm. 
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This fraction of large sized material , designated X in Figures 1 3A  m1d 

1 4A, was re-dige sted with TPCK-treated trypsin ( giving a final trypsin

haemoglobin ratio of 2%, ·w/vr) for 2 hours ,  and the digests 

re-chromatographed on Sephadex G-25 . The further digestion with trypsin 

fragmented mu ch of the large sized material in fraction X from the unheated 

protein (Figure 1 3B) ,  but had little effect on that from the heated 

:protein (Figure 1 413) .  The peptide material from fraction X was divided 

into -b.vo fra ctions, 1 and 2 ,  as shmm in Figures 1 3:S and 1413,  and 

fraction 1 combined with the corresponding fra ction 1 of the initial 

separation on Sephadex G-25 ,  Figures 1 3A and 1 4A .  These fractions 1 and 

2 nere further investigated by chromatography on Donex 1 -X2 .  

Fraction 1 (see Figures 13 and 1&) . Chromatoeraphy on Dowex 1 -X2 

showed that there v1a S much more ninhydrin positive material in fraction 1 

from the unheated rillemoglobin than from tbc heated protein digest 

( Figure 1 5 ) . Small amount s of free amino acid s ,  mainly leu cine and 

alanine , were eluted at the beginning of the gradient with the heated 

protein fraction, but these were not d etected in the unheated protein 

fraction. Since only a l ow level of chymotryptic activity 'Was 

a ssociated with the TPCK-treated trypsin, the presence of the se free amino 

a cids must reflect some change in the heated protein. In particular, 

free leucine had not b een d etected in the extra ct of the heated globin 

(undigested ) so that this must have been produced as the result of trypsin 

a ctivity. However, the amount s of free amino a cids found nere much les s  

than in Digest I (about one-tnentieth) s o  that presumably i n  Digest I 

chymotryptic contamination of trypsin wa s mainly responsible for their 

release . 

Other area s of ninhydrin positive material in fra ction 1 of the 

heated protein digest nere not investigated a s  the amounts nere small 

and corresponding but much larger quantities of peptides  were present 
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Digest 1 1 :  Chromatography on Oowex I-X2 of fraction I from a tryptic digest of haemoglobin, 

A, unheated; B, heated. · - - • absorbance after reaction with ninhydrin, 0.1 cm3 aliquots; 

...._. absorbance of alkali hydrolysed sample reacted with ninhydrin, 0.05 cm3 al iquots; 

A--4 pH gradient 
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in the unheated haemoglobin fraction. 

Fraction 2 (see F:i gures 13 and 14) . There was rather more ninhydrin 

positive material eluted from Dowex 1 -X2 with fraction 2 from the heated 

haemoglobin digest than from the unheated protein ( Figure 16) . This 

peptide material was divided into four zones , A - D,  as  shown in Figure 16. 

Zones A and D vrore not investigated as considerable amount s of ni:nhydrin 

positive material were also eluted in the corresponding regions of 

fraction 2 from the unheated protein digest . However, zones B and C 

clearly contained peptide material not present in the unheated protein 

fraction. These zones ,  B and C,  seemed to contain comparatively iarge 

peptides since there was little colour developr:ient with ninhydrin unless 

the reaction was preceded by alkaline hydrolysis . Separation of the 

fragments present was attempted by gel filtration . Zone B was 

designated 2D2B since it was obtained from Digest II of heated haemoglobin 

( coded D) and was from fraction 2 ,  and similarly, zone C was designated 

2D2C . 

Gel filtration of zones B and C (see Figure 16) from heated 

h9amoglob&q. A Sephadex G-50 column ( 1. 9 x 1 50 cm) with 1o% acetic acid, 

was used for the gel filtration of 2D2B and 2D2C . The elution profiles 

( Figures 1 7A and 1 7B) showed that both zones were composed of a mixture of 

many different sized peptides, and both contained material which eluted 

before the void volume of the gel . The eluted peptide material from each 

zone was divided into four fractions as  indicated in Figures 1 7A and 1 7B ; 

2D2B into fractions M, N, 0 and P ,  and 2D2C into fractions E ,  F, G and H . 

Attempt ed purification of fractions from zones B and C (]lgufes 17A, 

The fractions from 2D2B and 2D2C were very insoluble;  glacial 

a cetic acid was found t o  be the best solvent , and once dissolved the 

fragments remained in solution on dilution to a concentration of 1 o% 

a cetic acid. The fractions were not soluble in mixtures of phenol and 
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Digest 1 1 :  Chromatography on Dowex I-X2 of fraction 2 from a tryptic digest of haemoglobin. 
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FIGURE 17 .  
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Gel fi ltration of zones B and C from a tryptic d igest of heated 
haemoglobin. A, zone B; B, zone C; 5.0 cm3 fractions collected; 
C, fraction N from zone B; 2.0 cm3 fractions collected. 
- absorbance at 570 nm of alkali hydrolysed sample reacted with 
ninhydrin, 0.2 cm3 aliquots for A and B, 0.1 cm3 for C . 
...__,., absorbance at 280 nm. 
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a ootic a cid , in formamid e ,  or in 8 NI urea . Insolubility of the component s 

limited the method s  which could be  u sed for the resolution of the fractions . 

Chromat ography on CIVI- cellulose1  in the pre sence or absence of urea , or with 

phosphocellnlose,  u sing various buffer systems ( mainly a cetic acid -

pyrid ine buffers ) , or vd th Dowex 1 -X2 or D oHex 50-X2 , were unsuccessful,  

as a maj or portion of the sample remained on the column ; even 0 . 1 -· 1 . 0 M 

NaOH or HCL (depending on the ion-exchange material) failed to elute the 

bound samples . As these fractions had b een obtained by chromatography on 

Dowex 1 -X2 , it was unexpected that this resin could not b e  used for their 

purification. It i s  possible that the groups responsible for binding to 

the resin were masked in the complex mixture , fraction 2 ,  initially 

chrornatographed on D owex 1 -X2 . 

As a result of these purification attempt s ,  the supplies of fractions 

obtained from gel filtration of 2D2B and 2D2C were exhausted except for 

frrwtion 2Il2B-N ( see Figure 1 7A) . This was re-chromatoe;raphed or.. 

Sephadex G-50 (0 . 9  x 1 50 cm) vrith 30% a cetic a cid , instead of the 1 0% 

acetic a cid previously used , in an 8ttempt to minimise a ssociation of 

peptid e s . TYTo peaks were obtained , 2D2J3-N1 and ZD2J3-N2 ( Figure 1 7C) . 

The a!I'.ino a cid composition of these two peaks na s determined , using a 

sample froP-J. both sid es of peak 1 ,  2Il2B-N1 , and a single sample of 2D2B-N2 . 

The smaller fragl:lent , 2D2J3-N2 , vm s much richer in arginine , aspartic and 

glutamic a cid s ,  than 2D2B-N1 . Amino-terminal analysis of 2D2B-N1 

indicated that there were four N-terminal groups present , leucine, valine , 

phenylalanine and alanine , so the fragment apparently contained more than 

one peptid e . The N-terminal of 2Il2B-N2 uas not determined . The result s 

for the amino acid composition and amino-terminal a��lysis of fractions 

2D2B-N1 a"l.d 2D2B-N2 are given later in Table XXIX (page 1 29 ) together with 

results for fragments obtained from Digest III . 



Digest I.I.I. 

A third digest was prepared so that the fragments of the heated 

protein detected in Digest II could be further investigated . In 

1 1 5 .  

contrast to the other two digest s ,  globin rather than haemoglobin, was 

used for Digest III . About 1 50 mg globin was digested for 6 hours with 

aliqu ots of trypsin (TPCK-treated ) added at 0 and 2 hours . The digest 

was fractionated by the same methods used for Digest II , except that there 

was no further digestion with trypsin of the material eluted at the void 

volume when the digest was chromatographed on Sephadex G-25 . An outline 

of the methods used is given in Tables XXVI and XXVII for the unheated and 

heated globin digests respectively. 

Gel filtration. The elution profiles for gel filtration of the 

Digest III on Sephadex G-25 are given in Figure 1 8 . The profiles were 

similar.· to  those obtained with Digest II ( see Figures 1 3  and 1 4 ) an:1 the 

material was again divided into two fractions, an:1 chromatographed on 

Dowex 1 -X2 . 

Fra ction 1 (see Figure 1_�) .  The results obtainud when fraction 1 ,  

from :Digest III , was chromatographed on Dowex 1 -X2 ( Figure 1 9 )  were 

similar to those obtained from the sauc fraction from Jligost II (Figure 1 5 ) 

and the p�ptide material was not further investigated . 

Fraction 2 ( see Figure 1 8 ) . The chromatograms for fraction 2 

chroma tographed on Dowex 1 -X2 are shovm in Figure 20 . Compared to 

fracti on 2 from Digest II ( see Figure 1 6 ) , more peptide material was 

eluted at zone C with the fracti on from Digest III of the heated globin. 

In add ition, fraction 2 of the unheated protein, contained material which 

eluted in the regions corresponding to zones B and C of the heated protein 

digest . These zones B and C ,  from both the unheated globin ( coded M and 

the zones designated as 31VI2B and .3M2C) and heated globin ( 3D2B and 3D2C) 

were partially resolved by gel filtration. 



T.P.J3LE XXVI 

Outline of methods used with Digest III , unheated globin 

:Digest III 

1 
Seyhad ox G-25 

( 1 0% a cetic acid ) 

I �  
Fraction 2 Fraction 1 

1 1 
Dm>cx 1 -X2 Dowex 1 -X2 

/ \  
Zone B Zone C 

1 � 
Seyhad ex G-50 

( 1 0% acetic acid ) 

1 
Fraction A 

( i . e . 3M2:S-A) 

Se_phadex G-50 
( 1 0% a cetic acid ) 

1 
Discarded 

1 1 6 .  



TA.13LE XXVII 
Outline of methods used with Digest III, heated globin 

Digest III 

l 
S�hadex G-25 

( 1 01o a cetic a cid ) 

/ �  - � 
Fraction 2 Fraction 1 

l Dowex 1 -X2 
1 

Dowex 1 -X2 

1 \  
Zone E Zone C 

j "'� Sephadex G-50 Sephadex G-50 
( 1 0% acetic acid ) ( 1 0% acetic acid ) 

1 l 
Fractions 

rvr N o P 

1 l I . 
I 1 V W ·.v 

Seyhad ex G-50 
( 30% acetic acid ) 

J, � 1 .L-
M N 0 P j Divided into  

two :parts 
J. L  J,.t.  U 

Se:phadex: G-75 · G-50 

Fractions 

E F G H 

w w w 1 
Se

;p
hadex G-50 

( 30% acetic acid ) 
-i -1, J.- J, 
E F G H 

I 1 Divided into 

1 two :parts 
-.v· \\ � �  G-75 G-50 

1 1 7 .  

( 3o% a cetic aJd )  ll ll Jl Discarded N 0 P 
( i . e . ,:m2E-N; 

3D2B-0· 
3D2B-P) 

Edi ��� 
( i . e . lQ2C-E1 ;  I \ ( i . e .J:R2C-G� JP2C-E2 ; Jt � lP2C-HJ 

JP2C-E3) S$phadex· G·75 
( 3o% a cetic a cid ) 

t � F1 F2 
( i . e . .3:Q2 C-F.J { 

3D2C-F2J 
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Digest I l l :  Gel filtration of a tryptic d igest of glob i n .  

A ,  unheated ; B, heated ; 4 . 0  cm3 fractions col lected . · - - • absorbance 

at 570 nm after reaction with ninhydr in ,  0.1 cm3 al iquots; 

- absorbance at 570 nm of alkal i  hydrolysed sam ple reacted 

with ninhydr in ,  0.05 cm3 al iquots; ....._...... absorbance at 280 nm. 
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Digest I l l :  Chromatography on Dowex 1-X2 of fraction I from a tryptic digest of globin. 
A, unheated; B, heated. • - - • absorbance after reaction with ninhydrin, 0.1 cm3 aliquots; 
-- absorbance of alkali hydrolysed sample reacted with ninhydrin, 0.05 cm3 aliquots; 
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B. Heated 

5o() pH 



0•8 

0

· 

E c: 
0 tn 
10 
"' " c: 
� 
� 
il 

1·2 

1 20 .  

A. U nheated 

� 
, ,  : I  

I I 
I 
I 
I 

.. 
·
--

·
--.. -

·-

-
· .. _. __ ._ ... 

-

- .. --
-
·
-

- .  --
· 

-·

· 

B. Heated 

� 
,. 

�

�-n

·

m---

·

,
_,._

-

'_

·

-_-_

·

-

�

--

�

- --

·

'

_

-"

_

\

_

.,

_

._

·
-
�

-·�-

-
-

-_'

·

_-
-
_,_, ._-�-

·

�
-

·
-

·

-

_

· ·

_

--

_

·---�·-d··�'--
--

�
�

----
�

�
--

----

� 

F I G U R E  20. 

cm3 of effluent 

Digest I l l :  Chromatography on Dowex 1-X2 of fraction 2 from a tryptic digest of globi n. 
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Gel filtration of zones B and C from unheated and heated globin. 

Gel filtration with Sephadex G-50 ( 1 . 9  x 1 50 cm, 1 �� acetic acid ) of zones 

B and C ( see Figure 20) resulted in quite different elution profiles for 

the unheated and heated protein fractions ( Figures 21  and 22 ) . For both 

the unheated and heated protein, zones B and C were a mixture of 

different sized fragments and these eluted over nearly the entire range 

of the gel. The chromatograms for zones B and C from the heated protein 

were qualitatively similar to those obtained with Digest II (Figure 1 7 ) ,  

although zone C from Ditest III contained less material Which absorbed at 

280 nm. Zones B and C of the heated globin also contained smaller 

amounts of peptides  which eluted before the void volume of the gel , than 

occurred with the corresponding zones of Digest II (Figure 1 7 ) .  

The material from zones B and C of the heated globin was divided 

into four fra ctions ; 3D2B into fractions M, N, 0 and P ,  and i02C into 

E,  F, G and H;  these fractions are i:rrlicated in Figures 2 1  and 22 . One 

well defined peak was obtained from zone B of the unheated globin, 

3M2B-A (Figure 21 ) and this was further investigated , but as  the 

chromatogram of zone C of the unheated protein indicated only ve� small 

amounts of many peptides ,  these fractions were discarded . 

Attempted purification of fractions ��om zones B and C from unheated 

and heated globin. The fractions from zones B and C of the heated globin, 

and 3M2B-A from the unheated globin ( see Figures  21 and 22 ) ,  were 

re-chromatographed on a column of Sephadex G-50 (0 . 9  x 1 50 cm) with 3o% 
acetic a cid . For each fraction, single and u sually quite symmetrical 

peaks were obtained (Figures 23 ani 24 ) . However, determination of the 

amino-terminal groups ,  by dansylation, showed that each fraction from the 

heated globin, contained more than one N-terminal,  indicating that more 

than one peptide was present . The fraction, ��-A, from the unheated 

globin digest , gave only one amino-terminal, phenylalanine, and the 
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void volume A. U nheated 

..J, 

void volume 
+ 

B. Heated 

F I G U R E  2 1 . 

M 1 1  N 1 � 1  p 

350 
cm3 of effluent 

Digest I l l :  Gel fil tration of zone B from a tryptic digest of globin .  

A,  unheated ; B ,  heated ; 4 .5  cm3 fractions col lected . 

- absorbance at 570 nm of alkal i h ydrolysed sam ple reacted 

with n i nh yd rin ,  0.2 cm3 al iquots; � absorbance at 280 nm. 
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void volume A. U nheated 
+ 

void volume B. Heated 

1·2 

0 •8 

F I G U R E  22. 

.J, 

2 5 0  
cm3 o f  effluent 

Digest I l l : Gel filtration of zone C from a tryptic digest of globin.  

A, unheated ; B,  heated; 4.5 cm3 fractions col lected . 

- absorbance at 570 n m  of alkal i  hyd rolysed sam ple reacted 

with n inhydrin,  0.2 cm3 a l iquots;  ....__. absorbance at 280 nm. 

Note change in absorbance scale. 



3D28-M 3D28-N 

FIGURE 23. 

302C-E 3D2C-F 

E c 
o o-a 
[ti 

FIGURE 24. 

3D28-0 3D28-P 3M28-A 

cm3 of effluent 

Digest I l l :  Initial purification of fragments from zone 8 of heated 

(3D28-M to P) and unheated globin (3M28-A). The void volume 
was 34.0 cm3 and 2.0 cm3 fractions were collected; 0.1 cm3 

aliquots reacted with ninhydrin after alkaline hydrolysis. 

3D2C-G 

cm3 of effluent 

Digest I l l :  Initial purification of fragments from zone C of heated 

globin (302C-E to H).  The void volume was 34.0 cm3 and 2.0 cm3 

fractions were collected; 0.1 cm3 allquots reacted with ninhydrin 

after alkaline hydrolysis. 

1 24 . 
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f'raction was not further purified . The amino acid composition ( of 

samples from each side of the peak eluted ) and the N-terrninal group of 

3M2E-A are given in Table XJrVIII . 
Further purification of fra ctions from zones E and C of the heat� 

globin. Gel filtration in 30% a cetic acid was again used for the 

attempted purification of fractions from zones E and C of  the heated 

globin. Fragments which eluted at the void volume of Sephadex G-50 , 

3D2E-M, .3D2C-E and .3D2C-F ( see Figures 23 and 24) were re-chromatographed 

on a column of Sephadex G-75 ( 0 . 9  x· 1 00 cm) . The other fractions w9re 

divided into two part s ,  the tuo sides of the peak eluted f:rom Sephadex 

G-50 ,  and each half re-chromatographed on that gel using the same 

column (0 . 9  x 1 50 cm) . The volumes collected vrere reduced to 0 .  75 -

1 . 0 cm3 to minimise possible overlaps of simil8r sized peptides . The 

following results were obtained � -

F-.cactions from zone E :  3J)2E-M vras eluted as a broad zone and , as  

thore uas little ninhydrin positive material after alkaline hydrolysis ,  

the fraction was di scard ed . 3D2E-N, .3D2E-O and �2J3-P were eluted ns 

single peaks with like elution volumes for both halves chromatographed ; 

the elution profiles were �ualitatively similar to those shown in 

Figure 23 . 

Fractions from zone C: 3D2C-E was resolved into three peaks , 1 - 3 ,  

peak 1 eluting a t  the void volume o f  Sephadex G-75 ,  and peaks 2 and 3 ,  

eluting much later and over-lapping each other ( Figure 25 ) . JQ2C-..F 

eluted as two over-lapping peaks , 1 and 2 ,  ( Figure 25) ; these two peaks 

were re-chromatographed separately on Sephadex G-75 ,  and each resulted in 

a broad peak ( Figu.re 25 ) , the elution volumes of the t-vro peaks were 

slightly different . JD2C-G and 3D2C-H both eluted as single peaks with 

like elution volumes for both parts chromatographed ; the elution profiles 

were �ualitatively similar to those shown in Figure 24 . 



TABLE XXVIII 

Amino a cid composition and amino-terminal of fra ction 3M2B-A 

( see Figure 21 ) from a tryptic digest of unheated globin, 

together with the c omposition of two tryptic pe:ptid es (a. -1 3 

and S -5)  from bovine globin. The samples a and b were from 

either side of the peak elu t ed from Sephad ex G-50 .  

3lf12B-A Tryptic peptid es 

a b S -5  a. -1 3 

Lysine 1 . 4 1 . 2 1 1 

Hi stidine 

Arginine 

Aspartic a cid 4 . 5  4 .4 4 1 

Threonine 1 . 1  1 . 1 1 2 

S erine 1 . 8 1 . 8 2 2 

Glutami c a cid 2 . 1  1 . 6 1 

Proline 1 . 1  1 . 0 1 

Glycine 2 . 0 1 . 5 1 

Alar..i.ne 3 . 2  2 . 5 2 1 

Valine 1 . 3 1 . 3 1 2 

Methionine 0 . 2 0 . 2 1 

Leucine 1 . 2 1 . 4 1 2 

Tyro sine 

Phenylalanine 3. 0 3 .0 3 1 

Amino-terminal :  phenylalanine phenylalanine 

1 2E .  
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302C-F 302C-F1 302C-F2 

2 0  

E c 0·30 0 [i; 

I 1 0 :20 �� 
cm3 of effluent cm3 of effluent 

FIGURE 25. Digest I l l :  Final purification of fragments from zone C of heated 

globin (302C-E, 302C-F and two fractions from 302C-F ). 

The void volume was 20.0 cm3 and 0.75-1 .0 cm3 fractions were 

collected; 0.1 cm3 aliquots reacted with ninhydrin after alkaline 

hydrolysis. 

Note change in absorbance scale. 



1 28 .  

For all fractions , there was very little ninhydrin positive material 

eluted other than the pec1ks described . The amino acid composition and 

arnino-tel"T!li1'1..als of these fragment s were d etermined . 

Ar.alysis  of  f:racti£ll.p f:rom zones B and C from heated globin. 

�o aci.Q. analysi.§. The amino a cid composition of each sub-fraction 

chromntographed on Sephadex G-50 or G-75 ( see Figures 23 ,  24 and 25)  from 

the heated globin, nas d etermined . A saffiple from both sides of peak 1 

from 3D2C-E ( 3D2C-E1 ) ,  was analysed , and the entire samples corresponding 

to 3D2C-E2 and 3J)2C-E3 ( Figure 25 )  ·were used for analysis . The result s  

are given i n  Tables XXIX and XXX ; the composition of all samples have 

been calculated as  molar ratios with leucine equal to 20 , the mlmber of 

leucine residues in the alpha chain of bovine globin. The composition 

of the alpha and beta chains of bovine globin are included in 'l'able XXIX. 

The analyses for the t;ro sides of peaks we:ce generally qui to similar, 

that is, fractions 3D2B-�, 3D2B-O,  3D2B-P ( Figure 23 ) ,  3D2C-E1 ( Figure 25 ) , 

3D2C-G and 3D2C-H ( Figure 24 ) were probably homogeneou s .  The two 

sub-fractions from 3D2C-F, 3D2C-F1 a:nd 3D2C-F2 ( Figure 25 ) , also had 

nearly identical amino acid compositions . The samples from either side 

of peak 1 from 3D2C-}J ( 3D2C-E1 ) had similar amino acid ratios but the 

analyses for peaks 2 and 3 f:rom 3Il2C-E were qui to different , These 

fractions , 3D2C-E2 and 3D2C-E3 , .-rc�re particularly rich in lysine , 

argir�e , a spartic acid and glutamic acid , compared to 3D2C-E1 or other 

fractions analysed , or -t;o either chain of bovine haemoglobin. 

Amino-terminal analysis. The amino-terminals for only one of the 

sub-fractions chromatographed on Sephadex G-50 or G-75 ( see Figures 23 , 

24 and 25 ) , �as determined by dansylation. �1e results are included in 

Tables XXIX and XXX and show that there 11as more than one N-terminal for 

each fraction f'rom the heated globin digest ; the approximate intensi tic s 

of each N-terminal amino acid , by visual inspection, is given in 
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TABLE XXIX 

Amino acid molar ratios and amino-terminals , of fractions from 

zone B of tryptic digests of heated globin or haemoglobin. 

ThG samples a and b were from either side of the peak eluted 

from Sephadex gel . The composition of  alphn n1n beta chains 

of bovine globin arc included (Dayhoff, 1 972 ) . 

�2l3-N1 2DfrB::N� ,:W2B-N 3D2B-O 3D2E-P Bovine 

a b a b a b a b 

Lysi:ne 1 0 .0 9 .9 4 . 7 7 . 1  6 . 3 6 . 9 ND 8 . 3 6 . 6 

Histidine 7 . 7  7 . 9 6 . 3  8 . 3  9 . 3 ND ND 7 . 3  

Arginine 2 . 2 2 .4 14 . 2 2 .9 1 .6 1 . 8 liD 2 .4 1 .6 

Aspartic acid 1 6 .6 1 7 . 8  47 . 9 1 2 . 1  1 1 . 7  1 1 . 0  1 1 . 2  1 4 . 5  1 6 . 3  

Threonine 6 . 5  6 .4 1 3 . 3 6 . 7 6 .4 4 . 8 5 . 9 4 . 4  4 . 1 

Serine 8 .4 9 . 5 1 6 . 0 9 . 9 1 0 . 1 1 0 . 0  1 0 . 3  9 . 2 8 . 7 

Glutamic acid 1 2 . 3  1 1 . 8 52 . 8 5 . 3 5 .0 5 . 3 5 . 7 1 2 . 3  1 3 .4 1 
Proline 4 . 3  4 . 3  6 .0 5 .6 6 . 2 6 .9 4 . 5  5 . 4  

Glycine 1 1 . 3 1 1 . 8 55 . 2 6 . 5  6 . 1 6 . 1  8 . 8 1 1 .4 1 2 . 1  

Alanine 1 9 . 8 20 . 0 28 . 5 1 4 .6 14 . 5 1 4 . 8 1 4 . 5 1 9 . 0 1 8 . 8 

Valine 1 4 .0 1 3 . 8  1 6 .0 1 2 . 1  1 1 . 0 9 . 6 9 .4 1 0 . 5  1 1 . 0 

Leucine 20 20 20 20 20 20 20 20 20 

Phenylalanine 9 . 2 8 . 2 1 2 .0 6 .4 5 . 7  4 .  7 3 . 8 4 . 8 4 .4 

Amin0- val · ( j )  val ( 1 )  vul ( 1 )  val ( 1 )  
terminals :  x 

leu ( 1 )  lou ( 1 )  lcu ( 3) leu ( .1 ) 

ph e-. ( 1 )  phe ( 1 ) 

ala ( 1 ) ala ( 1 )  

Abbreviations given in Table B ,  Appendix 3 .  

( ) , approximate intensity ND, not determined . 

glob;!J} 

CL 8 

1 1  1 1  

1 0  7 

3 4 

1 1  1 7  

8 6 

1 3  6 

6 1 1  

6 4 

9 1 0  

20 1 6  

1 2  1 8  

20 1 7  

7 1 0 
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TABLE XXX 

Amino a cid molar ratios and amino-terminals,  of fractions from 

zone C of a tryptic digest of heated globin. The samples 

a and b were from either side of the peak eluted from Sephadex gel . 

Lysiru;) 

Histidine 

Arginine 

Aspartic acid 

Threonine 

Serine 

Glutamic a cid 

Proline 

Glycine 

Alanine 

Valine 

Leucine 

Tyrosine 

Phenylalanine 

Amino
terminals: :k 

1'Q2C-E1 

a b 

9 . 3  �8 . 2  

ND 9 . 1  

2 . 6  3 . 2  

1 2 . 4  1 2 . 7  

7 . 1  7 . 8  

1 1  . 1  1 2 . 9  

5 . 8  5 . 9  

7 . 1  7 . 4  

7 . 6 8 . 6 

1 4 . 7  1 5 . 6  

1 2 . 5  1 2 . 0  

20 20 

7 . 1  7 . 1  

val ( ? )  
leu ( 1 )  

]?2C-E2 3D2C-E3 

1 6 . 6  22 , 8 

6 .4 1 2 . 1  

7 . 9 8 . 0 

1 7 . 8 1 8 . 6 

1 0 . 6  1 1 . 0 

1 1 . 9 1 1 . 7 

24 . 2 27 . 3  

6 .7 1 0 . 0 

9 . 2 8 . 9 

1 6 .4 1 5 . 7  

1 1 . 3 1 2 . 5  

20 20 

7 - 3  8 . 9 

Nil ND 

,.E.� 3D2C-F2 

8 . 1 7 . 8  

7 . 3  9 . 1  

2 , 0 ND 

1 1 . 9 1 1 . 9 

6 . 7  7 . 2  

1 1 .4 1 1  • 8 

5 . 9  5 . 3  

5 . 1  7 .0 

6 . 7  5 . 8 

1 3 . 5  1 3 . 7  

9 .4 1 1 . 2 

20 20 

6 . 8 5 .9 

.va1 ( 3) 
� leu ( 1 ) 
. phe {tr) 

Abbreviations given in Table B, Appendix 3 .  

ND ,  not d etermined 

( ) ' approximate intensity 

JD2C-G 3D2C-H 

a b a b 

7 . 5  6 . 6  6 . 4  5 . 2  

8 . 3  9 . 1  7 .7 6 . 0 

1 . 8 1 . 0 

1 1 . 3 1 1 .4 9 . 8 1 0 . 7  

6 . 4 6 . 4 7 . 1  6 . 4 

9 . 4  9 . 6 1 2 . 4 1 2 . 9 

4 . 4 4 . 0 1 . 9 1 . 5 

7 . 9  7 . 0 9 . 5 8 . 1  

5 . 3  5 . 3  3 . 5  4 . 1  

1 2 . 6  1 2 . 7  9 .6 9 . 5  

1 1 . 6  1 1  • 3 1 0 . 6  1 1 . 3 

20 20 20 20 

Tr Tr 

6 . 6  5 • . 4 . 7  5 . 3  

val ( ) ) val (2)  

leu ( 1 ) l eu  ( 1 )  
phe ( 1 ) 
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parenthesis . All fragments had both valine and leu cine a s  amino-

terminal s ,  and phenylalanine wa s also present a s  an N-t erminal in several 

fragment s ;  nlanine wa s the fourth amino-t erminal of fra ction 3D2:S-N. 

Origin of fragment s from zone s  B and C o f  �tic dige s t s  of globin. 

�ated globin. The fragment �J12B-A ( Figures 21 and 23) from 

unheated globin was apparently a single peptid e as only one amino-terminal 

group vra s d etected , phenylalanine . There are two trypti c  peptid es from 

bovine haemoglobin vri th phenyla lanine a s  the N-terminal , a-1 3 and 13-5 

(Tnble A, Appendix 3) and the amino a cid composition of these a..re included 

in Table XXVIII . The amino a cid ratios of 3M2B-A were similar t o  those 

of trypti c  peptide (3 - 5  except that the methionine content Ha s very low 

( methionine va s d et ermined mainly a s  the sulphone and su lphoxid es ) . 

:E'ragment 3t'Jl2B-A was relatively small in size a s  it had a large elution 

volume when chroma t ographed on Sephadex G--50 , and thi s agrees -;fith the 

moderate size of the possible tryptic poptid e s  from bovine haemoglobin, 

a-1 3 ha s 1 2  residu e s  and 13-5 lw s 1 9  residue s . The peptid e ,  3112:S-A, wa s 

probably on the bord er of the initial fra cti onation on Sephadex G-25 of 

the trypt i c  digest of globin. 

Hea t ed globin. It is noteworthy that all the fragment s 

investigated from the heated globin tryptic digest had valine a s  an 

N-terminal group . The alpha chain of bovine globin also ha s valine a s  

the amino-terrninal, a nd  as the fragment s generally showed a greater 

resemblance t o  the amino acid ratios of the alpha chain rather than t o  the 

ratios of the beta chain, thi s may indicate tha t the fragment s wore 

derived mainly from the alpha chain. 

The larger fragment s from zone s  B and C had qu ite similar amino a cid 

ratios but the ratios of the smallex· fragment s ,  3D2B-P ( Figure 23) and 

3D2C-H ( Figure 24) were unlike that of other fragment s from the same z one . 

The fragment s ,  2D2B-N1 ( Figure 1 7C) and 3D2B-N ( Figure 23 ) from Digests II 
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and III respectively, whi ch had similar elution volumes when zone Il wa s 

chromatographed on Sephadex G-50 ( Figures 1 7  and 2 1 ) ,  had the same 

N-terminal groups but the amino acid compo sitions vmre different , 

Some of tho se fragment s ,  particularly 3D2C-E and 3D2C-F ( Figure 25 ) , 

were very large since they elut ed at the void volume of Sephadex G-75 ; 

thi s gel ha s an exclu sion limit of 70 , 000 for peptides and proteins , and 

50 , 000 for d extrans . Howevex ,  when a solution of myoglobin (Mol . Wt of 

1 7 , 000) , previou sly denatured by heating in boiling water for 1 5  minute s ,  

wa s chromatographed on the same Sephad ex G-75  column, this protein also 

wa s eluted at the void volume , It would soGm therefore that these 

fra ctions from heated globin had expand ed Shape s  (Andrews , 1 964 ,  1 965 ) ,  

and were not necessarily larger tlllin either the alpha or beta chain of 

bovine globin. 

The presence of more than one N-terminal in these fragment s suggests 

that they may either : 

1 )  be composed of several peptid e s  so intricately entwined that 

the method s u s ed in attempts to di ssociate su ch complexe s vmre 

ineffective , or 

2 )  contain cross-linked fragment s which may have originated from 

ono polypeptid e or may have formed by rea ction between groups on 

d ifferent polypeptides . 

Unfortunat ely only small amount s of the se fragment s were i solated so 

that it ·wa s not possible to examine their stru cture s  mo�e fully . The 

fragments were evid ently very resistant t o  cleavage by trypsin, since 

material was elut ed in corresponding regions to those i solated , from the 

30 hour digest , Digest I .  However , although these tryp sin-resistant 

fragment s apparently occurred to only a limit ed extent in the heated 

globin, their presence would und oubtedly contribute to the reduced rate 

and extent of d ige stion by trypsin, and probably by other enzymes . The 
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presence of those fragments ,  together with the insolubility of the 

protein and the masking of titratable groups ,  provide an explanation for 

the observed reduced J��.�jro digestibility of heat-damaged proteins . 

From these studies it was not possible to d etermine if new covalent 

bond s  involving lysine had been formed with heat-damage of globin. As 

the fragments i solated from tryptic digests ·Here la:r:ge and difficult to 

characterise , this approa ch was not pursued , and exhaustive enzyme 

d igests of heated globin were examined for the presence of peptides with 

enzyme-resistant banns .  

,III . Coqmari.,son of e�.v...§Lenzyrne digests of unheated and heateg_gJ.o'Qin 

EYJlaustive enzyme digests of unheated and heated globin samples were 

prepared in pairs using the same conditions ,  as far as this was possible . 

The lyophilised digests were dissolved in 2 . 0 cm3 of 10% acetic a cid and 

centrifuged . The insoluble material was discarded ; this ua s equivalent 

t o  6 - 7% of the weight of globin, unheated or heated , used for the 

digests and would probably contain part � at least , of the enzymes used for 

the digestion. 

�ustive e�:�e_gj._gests I. 

The products  present in the first pair of digests, unheated and 

heated globin, were investigated by amino acid analysis ,  ion-exchange 

chromatoc�aphy and electrophoresis .  

The amino a cid molar ratios of unhydrolysed 

and hydrolysed samples of the exhaustive enzyme digests are given in 

Table XXXI ; the ratios have been calculated with leucine equal to 37 , 

the number of residues in the combined alpha and beta chains of bovine 

globin (Dayhoff, 1 972 ) .  The samples u sed for analysis would contain a 

portion of the enzymes ,  or their breakdown products ,  used in the digests .  

The values for the hydrolysates would also not be accurate a s  the 



TABLE XXXI 

Amino acid molar ratios of unhydrolysed (u) and hydrolysed (H) 

samples of exhaustive enzyme digests of unheated and heated 

globin. The combined amino acid residues of alpha and beta 

chains of bovine globin (Dayhoff, 1 9 72 )  are included .x 
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Unheated Heated Bovine globin 

u H 

Lysine 1 3 . 8  2 1 . 4  

Histidine 9 . 7  1 2 . 5  

Arginine 6 . 3 7 . 1  

Aspartic acid 5 . 6  30 . 8  

Threonine 1 3 . 6  1 4 . 7 

Serine 1 6 . 3  20 . 0  

Glutamic acid 4 . 0 1 9 . 2  

Proline 4 . 2 7 . 5  

Glycine 1 1 . 0 1 9 . 5  

Alanine 3 1 . 7  35 . 5  

Half cystine NR Tr 

Valine 2 5 . 2  29 . 2  

Methionine NR 3 . 6 

I soleu cir .. e 1 . 9 

Leucine 37 37 

Tyrosine :NR Tr 

Phenylalanine 26 . 6 1 6 . 2 

not resolved 

txace 

tlR, 

Tr, 
� tryptophan not included 

u H (a anl 6 chains ) 

1 4 . 3  20 , 3 22 

1 0 . 6  1 2 . 4 1 7  

6 . 1 7 . 4  7 

5 . 9  34 . 9 28 

1 4 . 4  1 3 . 3  1 4  

1 2 . 4  1 6 . 0 1 9  

4 . 5 1 9 . 6 1 7  

4 . 8  7 . 5 1 0  

8 . 6  1 8 . 7  1 9  

34 . 6  33 . 5  36 

NR Tr 1 

33 . 9 28 . 8 30 

NR 3 . 2  4 

1 . 6 

37 37 37 

NR Tr 5 

20 . 1 1 6 . 5  1 7  
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hydrolysis tubes were not sealed under vacuum a nd  some th.roonino , 

serine , cystine and tyrosine would have been destroyed during acid 

hydrolysis . In addition, the resolution of the unhydrolysed samples 

was poor due to the presence of peptides so that many of the values are 

approximate . The values for serine would also be distorted as 

asparagine and glutamine probably elute in this position. Despite these 

variables ,  the values obtained for the unhydrolysed samples from the 

unheated and heated digest s ,  agreed quite closely. In addition, the 

composition of the peptid e material in the t�o digests was probably 

similar as the ratios for the hydrolysed samples also showed reasonable 

agreement . 

Chromatography with Beckman UR-30 resin. The elution profiles 

obtained by chromatography on Beckman UR-30 resin were very similar for 

the unheated and heated globin digests (Figure 26 ) .  Aliquots of these 

fractions were examined by electrophoresis . 

High-voltage electrophoresis .  About 20 ).l l  of  each fraction was 

applied as a 1 cm band to the paper and these were examined by electro

phoresis  at pH 2 . 1 . A map showing the ninhydrin positive compounds in 

the two digest s is shown in Figure 27 . A large number of compounds were 

present in both digests ,  most of which could be identified as  free amino 

acid s when compared with the applied marker solutions of known amino acid s .  

With the heated globin digest , there was an additional ninhydrin positive 

compound , staining a pink-orange colour , whiCh had eluted at pH 3 . 6  from 

the ion-exchango column, and had an electrophoretic mobility of 0 . 96 

relative to dansyl-arginine (DNS-arginine ) i this compound i s  shovrn 

darkened in Figure 27 . A compound of similar Characteristics could not 

be identified in the corresponding fractions of the unheated globin digest , 

even when loadings for electrophoresis were increased to 1 00 ).l l .  

A sample of this unusual component o f  the heated protein d igest , 
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coded X, was hydrolysed and the amino acid compo sition determined 

(Table XXXII ) • The compound Has composed mainly of lysine and aspartic 

acid in similar quantities ,  but significant amounts of other amino acid s 

were also present . Since this compound nas apparently only present in 

the digest of the heat-damaged globin, it was possible that enzyme-

resistant lirucages were present . To verify that the presence of this 

compound uas not an a rtifa ct of the digestion procedure , another pair of 

digests were prepared , and separated and compared by the same method s 

used for the first digests (I ) . 

Exhaustive enzyme digests II 

A compound with the same characteristics as  compound X was present 

in the exhaustive enzyme digest II of the heated globin only; i . e .  the 

component eluted at pH 3 . 6 ,  stained pink-orange with ninhydrin, and had 

an electrophoretic mobility of 0 . 96 relative to DNS-arginine . The amino 

acid composition of this compound , cod ed Y, was similar t o ,  but not quite 

iO.enticBl vri th that of compound X (Table XXXII ) . Since the yield of 

these compound s  '17as low, about 0 .4 me from each digest , or 0 . 25% of the 

weight of globin, the t�o fractions , X and Y, were combined , and treated 

as  one fraction, XY, in further studies . 

Purification of fraction XY 

Enzymat.ic digestion. The combined fraction Y3. was re-digested with 

pronase, aminopeptidase  M and carboxypeptidase A, in that ord er, in an 

attempt not only to remove contaminating peptide material which appeared 

to be present from the amino acid analysis , but also to check the 

stability of the compound to enzyme digestion. Aliquots of the enzymes 

were added to  provide about 0 . 01  mg of each enzyme, and the mixture 

digested for 4 - 6 hours after each addition. After lyophilisation of 

the mixture , the products were separated by preparative paper 

electrophoresi s . 



TABLE XXXII 

Amino acid molar ratios of compound s X ,  Y and XY-1 , 

i solated from exhau stive d igests of heated globin 

X y XY-1 

Lysine 5 . 2 4 . 2  9 . 0 

Aspartic a cid 5 . 6 5 . 5  1 0 . 0 

Threonine 1 . 0 0 . 5 0 . 8 

Serine 1 • 1 1 . 0 1 . 5 

Glutamic a cid 1 • 1 0 . 8 1 • 1 

Glycine 2 . 9 2 . 0 1 .  8 

Alanine 1 . 0 1 . 0 1 . 0 

1 39 .  



1 40 .  

Hi£Sh-voltage electrophoresis a t  pH 

2 . 1  of the di[\estion mixture showed that a compound of similar mobility 

to that of compounds X and Y VT8 S present . The amino acid composition 

and sequence of this compound , coded XY-- 1 , Yla s investigated , 

Amino acid anal vsi s • .. . .. ----- -.. -- .- �-...... - ·  .. The amino acid composition of compoLmd XY-1 

is given i.n 'I'able :xJG'CI:r: 9 and is  similar to the othe:r fra ctions analysed . 

Slightly smaller amount s  of amino acid s other than lysine and aspartic 

acid were pl.' esent suge;esting that the further enzyme digestion had removed 

some peptid e materinL A single peak nas ob-:;ained on analysis of an 

unhydrolysed sample of XY--1 , ancl there were no free amino a cids presen·c 

apa:r·t from the trace amouncs of ninhydrin positive compound s eluted from 

the paper.  Thi s sine;lo peak pre sumably represented the maj or peptide 

component of compoun::i XY-- ! ; th:>J eluted j u st afteT phenylalanine u sing a 

single column programme for nmino acid analysis 1:i th a Locarte au·comatic 

loading system. 

electrically neutral at pH 6 . 5 ,  indicatine an equal number of amino and 

carboxyl e;roups ,  : · :-:1 suggostinc: that aspartic a cid rather than asparae;ine 

vms present . 

A sc.mplo of compounl ={Y-1  wss chromatographed on a 

column of Bio-Gel P-2 ( 0 . 9  x 20 cm, 1 o%  a cetic a cid ) � a:nJ. ·J . O  cm3 fra ctions 

were collected � The gel ( obtained from Bio-Rad :Gaboratories,  U. S .A . ) and 

the colunm were prepared by the same methods used for Sephadex gel s .  The 

elution volume for compounJ. XY-1 ( 8 . 0  cm3 � : 0 - 5  cm3 ) was the same a s  that 

for a tetrapeptide ,  leucyl-asparaginyl--lysyl-glycine , Mol . Wt . 434 

( synthesised by Dr W. Hancock) o Although the column was small � the 

elution volumes for those compoun::i s were quite d ifferent to  thnt for 

bacitracin ( 5 e 5  cm3 Mol . Wt , 1 450) , and this in turn, was distineuishable 
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from that for cyto chrome c (4 . 5  cm
3

, Mol . Wt . 1 2 , 800 ) . The latter 

protein would be completely exclud ed from the gel , which ha s a n  operatine 

range of 200 - 2600 . 

The result s suggested that the compound XY-1 ha s a mole cular Yleight 

consid erably l e s s  than 1 450 , and probably about 300 - 600 . Thi s 

ind i cated that not all the amino a cid s present in compound XY-1 formed 

part of the pept id e since su ch n compound nould have a mole cular weisht 

greater than 2000 . A tetrapeptid e of lysine and aspartic a cid i n  equal 

quantity, n s suee;osted by the <::mino a cid compo sition, \7ould h2vo c. 

molecu lar rreight of 506 , a nd i t  seemed likely that thi s would b e  the maj or 

component of compound XY-i . However , the electrophoretic mobility of 

XY-1 corre spond ed to a peptide of mole cu lar vreight of 500 with tvro 

positive charges at pH 2 . 1  ( Offord , 1 966 ) , vrhereas a tetrapeptid e of the 

suggested comp osition should have three p ositive charges . A J::>O ssible 

explana tion for thi s di screpancy is that the E -amino e;roups of lysine are 

bond ed in the tetrapeptid e �  thi s YTould b e  expe cted if the peptid e wa s 

the re sult of cross-liru(ages having formed durine hea J-dama se of globin. 

The stru cture of thi s tetrapeptide na s further studied by sequ ence 

techniques . 

Sequ ence studies with compound XY-1 

Amino-terminal analxs� . The amino-t erminal of compound XY-1 na s 

shown t o  be asparti c  a cid by dansylation. The d ansyl d erivative of 

either the a - or £ -a�ino group s , of lysine , wa s also pre sent , but the se 

d erivatives of lysine are not able to be di stinguished by the 

chromatographi c procedure s u sed to separate dansyl d erivatives . The 

intensitios of these a spartate and lysine d erivatives were approximately 

equal by vi sual insr>ection. 

Dansyl-Edman pro cedure for seg�ence a nalx�is . Aft er the fir st 

cycle of d egrad ation of the compound XY-1 by the Dansyl-Edman pro cedure , 
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d ansylati on produ ced the derivative of a spartic a cid and the bi s 

d erivative of lysine . In addition, some a - and/or e: -amino d erivatives 

of lysine �ere d etected but the se mny have formed from the bis d erivative 

during hyd rolysis (Narita ,  1 970) . The same d ansyl d erivative s of 

a spartic a cid and lysine were formed aft er tno f':.lbsequent d egradation 

cycle s .  The se results iP.d i cated that the initial deeradation had 

exposed the a -amino g roup s of both amino a cid s ,  instead of forming only 

one new N-t erminal a s  nith normal peptid e s .  Ho�ever , the repetition of 

these t>-ro amino a cid s as  amino-terminals VTith further d egrad ation is 

probably due to the incomplete removal of the se groups ,  rather than their 

repeated o c currence in the peptide ,  espe cially a s  thi s vra s expected t o  

have only four residu e s .  

The r ecurrence o f  a spartic a cid a s  the N-terminal group ha s  b een 

reported to occur in s equence studies duo to the formation of 8 -a spartyl 

linkage s ,  Hhich are not d egrad ed by the Ed man procedure ( Konigsbcrg , 1 972) . 

These linkages have also been reported to b e  produced in enzymati c 

digesti ons ( Haley and Corcoran, 1 967 ) , and to occur farticularly between 

a sparagine and glycine residu es (Haley and Cor coran, 1 967 ; Konigsberg , 

1 972) . The pos si1Jle pre sence of su ch a linkage in compound XY-1 ua s 

inve stigated using hyd roxylamine whi ch spe cifi cally cleaves a spartyl

glycine bond s (Bornstein and Balian, 1 970) , but tDis treatment had no 

effect on the product s formed with subsequ ent d ansylation. 

Subtra ctive Edman dQEradation for sequ ence d etermination. The 

result s o f  the subtra ctive Edman procedure for compound XY-1 are given in 

Table XXXIII . With the first cycle of d egradation, both lysine and 

a sparti c a cid appeared t o  have been removed , a s  the ratio o f  these amino 

a cid s wa s unchanged , but their ratios to other amino a cid s su Ch a s  

a lanine o r  threonine were redu ced . A second cycle of d egradation also 

seemed t o  remove both amino a cid s ,  but in the third cycle lysine o1ily 



TABLE XXXIII 

Amino a cid:i: molar ratios w·i th subtractive Faman 

degradation of compound XY-1 

Stage of Ratio to thxeonine 

d egradation Asp/liys Asp Lys Thr Ser Glu Gly 

None 1 . 1  1 2 . 5  1 1 . 3 1 . 0 1 . 9 1 .4 2 . 3 

One cycle 1 . 2 7 . 7  6 . 3 1 . 0 1 . 5 2 . 0 4 . 0 

Two cycles 1 . 2 Not determined 

Thxee cycles 1 . 7 9 .4 5 . 5 1 . 0 1 . 6 1 . 6 4 . 8  

143 .  

Ala 

1 . 3 

1 . 5 

1 .4  

Abbreviations of amino a cids are given in Table B,  Appendix 3 .  
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appeared t o  have been removed a s  the a spartic a cid/lysi ne ratio increa sed . 

Thero Ha s little change in the ratios of the other awino a cid with 

d egradation although there wa s a slight increa se in the amount of glycine . 

Thi s increase i s  evidently d u e  to the produ ction of ninhydrin positive 

mat erial during the Edman d egradation procedure �hich elutes at the same 

position a s  glycine ; an increa se in the apparent serine content ,vith the 

procedur e has a lso been report ed to occur (Konigsberg , 1 972 ) . 

These resul t s  seem t o  agree vr.i.. th those obtained by the Dansyl-F.dman 

te chniQue in sug�estinr, that both lysine and aspartic a cid are removed 

with d eeradation. However , the int erpretation of the s e  result s i s  again 

complicated by the pos sible formation of 8-a spartyl linkages , and in 

addition, by the incomplete removal of the phenylthiohydantoin 

d erivative of a spartic a cid by benzene extra ction, a s  a small amount of 

a sparti c  a cid would be re�enerated from the derivative on a cid 

hydrolysis (Konigsberg , 1 972 ) . 

In an att empt t o  clarify the nature of the remainine peptid e a fter 

one cycle of de�radation, a p ortion of the product was examined by 

electrophoresi s at pH 2 . 1 . However , no stain was obtained when the 

paper wa s d eveloped with ninh�dmium solution even althour� the 

amount applied ( about 20 nmols if XY-1 i s  a tetrapeptid e ) wa s twice that 

normally used . This wa s unexpe cted since dansyl derivatives were formed 

readily with thi s  product , but evid ently the amino groups were not able 

to react with ninhydrin. 

The resu lt s  obtained by F.dman d egradation, by either techniQue ,  

support the hypothesi s that the maj or component o f  compound XY-1 i s  a 

peptid e of aspart i c  a cid ( or i t s  amid e ) and lysine . Tra ce amount s only 

of amino a cid s other than lysine and a spart i c  a cid , were d e t e ct ed by 

dansylati on at any stage of d egradation. Similarly, the subtra ctive 

proc ed ure did not indica t e  the loss of any other amino a cid s ,  apart from 
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lysine and a spartic acid , with any cycle o f  d egradation . I t  seemed 

a nomalou s that these other component s of compound XY-1 were not de5raded 

ana consequently removed from the aqu eou s phase ; however , the phenylthi o

hydantoin d erivatives of several amino acid s are not compl et ely extra cted 

with benzene (Koni�sberf, , 1 972 ) . 

Partial a cid hydrolysis .  A sample of compound XY-1 ( about 1 00 nmol s  

i f  a tetrapeptide ) wa n partially hyd rolysed with 50 � l  of 6 M IICL for 

35 minutes a t  1 1 0° . After removal of the a cid , the sample wa s subj ected 

to electrophoresis at pH 2 . 1 . On stainine; with ninhydrin-cad mium solution, 

eif,ht band s were apparent , and only a faint tra ce of the compound XY-1 

remained . These band s were eluted arrl the amino a cid composition with 

unhyd rolysed and hydrolysed samples d et ermined . The re sult s are f,iven i n  

Table XXXIV a nd  show the amount o f  p eptid e-bound or free amino a cids 

present in each band ; these values have been corrected for the small 

amount s of ninhydrin �ositive material eluted from the paper which are 

d et ermined a s  amino a cid s on analysi s . 

Band s  B, C, D and E: Band s B ,  C ,  D and E ea ch contained small 

amount s  of p eptide material ,  and in band s C and E some free amino a ci d s  

were also pre sent . The se p eptid es and amino a cid s mu st have been 

a ssociat ed with compound XY-1 prior to partial a cid hydrolysi s . 

Band s A, G and H: Considerable amount s of free a sparti c  a cid 

(band A) and lysine (band H) were produced by partial a cid hyd rolysis of 

compourrl XY-1 . Band G also contained a compound whi ch eluted at the 

p ositi on of lysine on amino a cid analysis ,  but which moved differently 

electrophoretically .  This compouni wa s dansylat ed and the d erivative 

produ ced , b ehaved the same a s  the bis d erivative of lysine . The ori5in 

of thi s compound is unkno\v.n but presumably it wa s a consequence of heat

damage to the protein. The presence of su ch a compound in heated proteins 

would be significant nutritionally since it b ehave s a s  lysine on 



TABLE XXXIV 

Amino acid composition ( nmols)  and electrophoretic mobility 

of band s formed on electrophoresis of a partial a cid 

hydrolysate of compound XY-1 . 

(P ) , peptid e-bound amino a cid s ;  ( F) ,  free amino a cid s . 

A B c D E F G H 
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Amount in 

(F) (P )  (P)  ( F) (P) (P) ( F) (P)  (F) ( F) (F) hydrolysate 

Lysine 

Aspartic acid 51 1 

Threonine 

Serine 1 

Glutamic acid 4 

Glycine 

Alanine 

Electrophoretic 0 . 55 0 . 6 1  

mobility 

( relative to DNS-areinine) 

., 

2 

2 

3 

2 

2 23 1 5  26 1 80 

1 1 23 200 

1 3 1 6  

2 9 30 

1 0  22  

1 4 4 1 2  36 

2 8 20 

0 . 72 0 . 87 0 . 97 1 .08 1 . 1 6 1 . 25 
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I 

ion-exchange chromatoeraphy and would be  included in estimates of lysine . 

Band F� Bnnd F na s the maj or product of partial acid hydrolysis 

of compound XY-1 , and 1-:a s composed mainly of aspartic acid and lysine in 

equal amount s ;  a sparagine rather than a spartic a cid may have beon present 

as  this was indi cated by the yellow stain with ninhydrin ( Shotton and 

Hartley, 1 973) , but vrith the acid conditions the amide £�,roup would have 

been expected to be lost . Small amounts of other amino acid s ,  in the 

free state ,  were also present . The main product of dansylation was the 

bis derivetive of lysine toe;ether with the a - and e: -nmino derivatives ,  

ir.dicating that lysine was the amino-t erminal . Small amount s  of the 

dansyl derivatives of aspartic a cid and �lycine were elso formed , with 

traces of threonine , alanine , serine and �lutamic acid derivatives . 

After one cycle of the Edman degradation procedure , only a trace of lysine 

and a spartic a cid were d etect ed by dansylation. These results suseest 

that the main component of band l!' wa s the dipeptide ,  lysyl-a spartic acid 

( or asparagine ) . 

Since the ma in product of partial a cid hydrolysis wns a dipeptide 

of lysine and aspartic acid ( or asparaeine) , and free lysine and asp�rtic 

acid vrere rele8sed , these results support the hypothesis that the maj or 

component of compound XY-1 is a tetrapeptide of these two amino a cids in 

equal quanti tics . However, the electrophoretic behaviour of the 

dipeptide formed by partial acid hydrolysis was anomalous ;  the mobility 

indicated that a peptide ui th t·wo positive charces ,  whi ch lysyl-aspartic 

acid would have at pH 2 . 1 ,  should h3ve a molecular weisht of about 350 

( Offord , 1966 ) , vmereas the proposed dipeptide would have a molecular 

weisht of 261 . Thi s  relationship between mobility, molecular weieht and 

char[\e ,  is however , based on peptides ...-ri th a-peptide  bond s ,  so that the 

difference in mobility may reflect the presence of a bond involvine the 

e: - rather than the a-amino eroup of lysine . The behaviour would also be 
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alt ered from tha t of normal peptid es i f  part or a ll of the lysine 

e stimated to be present , by ion-exchanee chromatography ; wa s the ucl(no>v.n 

compound found i n  band G .  In addition, the pr esence o f  the free affiino 

a cid s a s sociat ed >7i th the d ipept ide may a ffect the electrophor etic 

mobility . 

The association of these amino a cid s ni th the dipeptid e is d i ffi cult 

t o  explain. The cond it i ons u sed for partial a cid hyd rolysi s would not be 

expe cted to hyd rolyse peptid e bond s apart from �hose involvine a spart i c  

a cid residu e s ,  s o  that the free amino a cid s were evid ently pre sent i n  

compound XY-1 • Similarly, the small pept id e s  relea sed with partial a cid 

hydrolysis and shovm to be present in band s :S ,  c ,  ]) and E9 mu s·c also have 

b een pr esent in compound XY- 1 . ��i s cl ose a s s ociation of peptid e s  and 

amino acid s with the maj or component of compound XY-1 mu st reflect some 

particular chara cteri sti c of the tetrapeptid e .  

Ma s s  spe ctromet£;y: . A sample of compound J:.."Y-1 Yi8 S permethylat ed 

(by Tir TI .  Hard ine) and the structure inve stie2.t ed. "by ma s s  s p e ct rometry 

(by Professor R .  Hou ees ) . Ho;rever � the spe ctra W8 S . ;omplex and no 

d e finitive information on the structure of the compound could b e  obtained . 

Stru. ctu�e and orisin of=t etr�ro.:mtJ.g_e. 

A t etrapep t id e of a spartic a cid and lysine in equal amount s  d o e s  not 

occur in the seq,u ence of either the a lpha or b eta chains of b ovine e;lobin 

( see Table A, Appendix 3 ) , so that the t etrapeptid e isolated mu st have 

formed either a s  n result o f  heat-damaGe to the protein, or have been 

synthesi sed durine the digestion proc e s s . �1e latter pos sibility seems 

unlikely as the peptid e vm s isolated from t\;ro s eparate d ig e st s and vra s not 

d et e cted in d ie;ests of the unheat ed prot ein, whi ch had been prepared in a 

similar manner t o  those of the heated prot ein. It therefore s eems likely 

that the peptid e resulted from the forma tion of covalent linka g e s  bet·ween 
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aspartic acid ( or aspara:Sine ) and lysine reBidues durine heat-damaee of 

the protein. 

Since some cleavage of peptid o bond s  occurred Yli th he a -t-damae;o , these 

new bond s could be formed by reaction of the a - as well a s  E -amino [';rou:ps 

of lysine , and similarly, the a -amino �roups of aspartic a cid ( or its 

amide) could be involved . However,  the presence of the additional 

ch8r[ied p;roups in such fragments would probably prevent such reaction::; . 

Heatine a synthetic tetrapeptide containine asparae;ine and lysine 

residues ( previously d escribed on pap;e 1 40) under a ranee of conditions , 

in terms of moioture content and pH, did not result in the formation of 

any nev1 bond s. It i s  probably more likely that  cross-linkine occurred 

between side  chains of t\w appropriate soq_uencos favourably positioned 

in the protein. 

In the alpha and beta chains of bovine globin, there are three 

seq_uences of a spa�tyl-lysyl , two of aspartyl-as:partyl , and one each of 

aspartyl-a sparap;inyl and lysyl-lysyl . Cross-lin¥�nr, of either an 

a spartyl-aspartyl soq_uence ( or a s:partyl-aspara.o:irzyl) with a lysyl-lysyl 

seq_uence ( see Structure 1 ,  Table XXXV) ,  or of t.-w aspartyl-lysyl seq_uonces 

( sec Structure 2 ,  Table XXXV) ,  could lead to the formation of a 

tetrapeptid e which would have only two positive charges at pH 2 . 1  and so 

would agree vdth the electrophoretic mobility of the isola ted peptide . 

However,  the dansyl d erivatives of both aspartic acid and of the a-amino 

e;roup of lysine would only be obtained with Structure 1 ; these d eri va ti ves 

were found on N-terminal analysis of compound XY-1 . 

In Structure 1 ,  both the a-amino groups of lysine and a spartic a cid 

arc free and so mie;ht bo removed by the Edman d ep;radation procedure , 

whereas this  would seem less likely vdth Structure 2 . It is  however , 

difficult to  explain hon one d e�radation cycle results in a product unable 

to react with ninhydrin although able to form dansyl d erivatives . This 
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TABLE XXX:V 

Possible structures for the tetrapeptide  isolated 

from heated elobin, 

Structure 1 

H H H2N -- ? - · CO -- NH ----- C - COOE 
I i 

IH2 IH2 
CO CO 
! I 
NII NH 
I ! 

( �1� )4 ( fH2 )4 
H N -- C - CO -·- NE - C - COOH 2 H H 

Structure 2 

H H H2N-- �
--- CO -- --- NH -- ? - COOH 

�2 ( �H2) 4 . ' 

eo NI1 
I 

NH CO 
! I 

( fH2 )4 r2 
HOOC - C - NH - C O -· C ·-NH 

H H 2 

Sequence 

Aspartyl - a spartic acid 

( or n sparae;ino ) 

Lysyl - lysine 

Aspartyl - lysine 

Aspartyl - lysine 



mny be d u e  to the difference in sensitivity o f  the tvm mothod s 1  but i-t i c  

also poss io le that the product forms n cyclic e;omp0und � -;;:n e  condj_ tio�s 

would bo a cidi c  and -Ghis favours the formntion of d iketopipera zinos 

(Kasper 1 1 970) , Su ch c co:npound would be unabl e  to :r�ea c t ni th n.i_nhyurin 

but in the a lkaline co11di tions u s ed for da'1.syl8 t :'..on, -�he cycE c stru cture 

may open su. ffici cntly to a ll ovr tl1.c: rec:t cti on to o c cuJ� . DikErccpiperazine s 

arc reportcJ t o  bo s'3nsiti vo t 8  a lkC\Jj_ ? YTi th convCJ:si on t o  ·cho o.ipcptid o 

(Karror , 1 9 50 ) , 

A similnr cyclic int ermed iate may a ..L s o  n ccoLmt :f'nr the forr,w tion, on 

pnrtial n cid hydrolysis of t:1.e tetr8poptid c 5  ·.Jf n C.ipeptid e r:l'J i ch  on 

d ansyla tion fol:'med the bis c1 orivati7G of lysi_no aD-:1 whi ch vm s rresnmed to 

be lysyl-a spartic a cid . If S ·cru cture 1 represcmteJ che to·iJrapeptide _, the 

d ipeptid e  pro:". ucec1 vmu:_l_d be e:x:pGct cd to fo:ro the dansyl d o:rivatives o f  

a sparti c a ciu nnd of ·che a-nmii.1o e;roup of lys · ne .  Th�.s peptid e , if 

produced ini t i.c:�lly , rni e;ht : unJ.er the o. cid corrl i tions 1 have forme<l a bonc1 

between the J.:ceo a- COOH e;::>ou:::J of lysine and the a- - N H2 
a spart ic a cic. vri·�h ru:;:rtu J..•e of t'::1 e <>pept id e b0rrl . 

�roup of 

Ilovrever ,  the: s·-pept ide bo:1.� is reported t0 b e  very stable i o  a cid 

hydrolysi s ( ScJ·J.r;d e� and 1ubke , 1 965 ) . In add i tion1 ·chc result s obtained 

by Swallovr and Abraham ( ; 958 ) cl. o no+; :::u.ppor·t the formati·J:!.1. of n cycli c 

intermediate of the t;y-pe 8i1:?;�o stcd . These norkers found tha·L 

£-( o.-1-aspar·cyl) -1-lysine or £ - ( 8-1-a spartyl ) -1 -lysine , in the presence of 

strone a cid ( 11 IVI HC1 , 80° 1 for 30 minutes ) for�ed the emino- su ccinyl 

d erivative . This compouncl. was qu i ie stable and only slcvrly hydrolysed t o  

the free amino a cid s ;  it v;a s also still rea ctive t o  ninhycJ. rin since free 

amino eroups 1·1ere present . Treatment of the amino-su ccinyl derivative 

with mild nlkeli ( o . -1 5 M :Sa( OH) 2 , 20°, for 30 minutes) ope21ed the rine 

structure vdth the formation of both i s omer s ,  but thoro \'7a s no indication 

of  n rearranc;ement to form an a -p eptid e b ond .  
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Althouc;h the structure of the tetrapeptid e cannot be d e fined fro� 

these result s ,  i t  scorns that the freo carboxyl r�roups of a spart i c  a cid 

residues must take part in the formation of covalent bond s vri th the 

E-amino f,rOUp S of lysine . Aspara{';ine may contribute one of the t1.:ro 

a spartyl residue s ,  but it seems unlikely that the amid e only i s  involved 

in su ch linkaeos a s  su[';c;e sted by Bj arna son and Carpenter ( 1 970 ) . 

General c�ri_¥n�l!t 
The i solat ion of the tetrapeptid e suc;e;ests that the red uced 

nutritiolllil value of heat -damae;ed proteins may b e  due t o  the formation o f  

cross-linka::;e s b e tueen the E -amino .o;roup s of lysine and the free carb oxyl 

groups of a sparti c  a cid ( or p o s sibly with i t s  amide ) . Thi s wa s orieinally 

sut:;eested by Ev£ms and :Butts ( 1 949 ) on the b a sis of in vitro diee stibili ty 

stud i e s  but no d irect cher.Ji cal evidence vra s presented . These authors 

also sur;r'estod that e,lutamic a cid could form similar linka::;es ni th lysine , 

but this 1m s not ob served in the present study . 

The tetrapeptide i s  3 ))parr . .mtly not readily atta cked , if at all , by 

trypsin, ch;ymotryp sin, carboxyp eptida se A ,  aminopeptidase M, prolidase or 

prona s e ,  and it is likely that it would not bo hydrolysed in the di:3esti vo 

tract of ani�als . The lysine present in the peptide rrould therefore b e  

unavailable to animal s .  However,  less than 2� o f  the t otal lysine 

present in elobin vra s present i n  this peptid e so that the loss o f  this 

amount would certainly not a ccount for the d ecrea se in available lysine 

content reported for prot eins heat-damae;ed under sinular conditions to 

those u s ed in thi s study . In addition, the FDliD-rea ctive lysine value o f  

globin wa s reduced by about 25% �ith heat-damaee . Since this value 

u sually shous reasonable ap.;reement with valu es obtained by erowth a s says , 

this also indica t e s  a considerable di fference b otvwen the amount of lysine 

found b ound and the amount whi ch would b e  bi ologically unavailable . 



1 53 .  

It i s  o f  course possible that other covalent bonds involvine the 

e:-amino c;roull of lysine v1ero formed duriTIC hoat-damaeo of c;lobin. Other 

peptid es,  apart fron the tetrapeptide isolated , ni th such bond s may have 

been present in the heated ��lobin diecsts and may not have been detected . 

Ho-v-1ever, the J!Cptide material remainine in both tbc unheated and heated 

digests had a similar composition ( sec Table XXXI ) .  The increase in 

lysine contort ni th acid hydrolysis uas similar for both digests ,  so that 

there does not seem to be  any concentration of lysine in enzyme-resistant 

peptides in the heated protein die;est . Alternatively, some bonds 

involvine the e::-amino groups of  lysine in  the hcat-damaeed c;lobin, may 

have been hydrolysed durine the dic;ention procedure. Hm-rever, all of the 

enzyues,  except pronase , u sed for the exhaustive enzyme dic;ests ,  vTould be 

available for the dieestion of dietary protein by animals , toecther Hith 

enzyues of other specificities,  so that a similar extent of dir,estion 

would be probably achieved in vivo to  that obtainGd with these in vitro 

die;ests . 

It seems therefore that only a relatively small proportion of the 

e::-amino eroups of lysine were involved in enzyme-resistant linkae:es in the 

heat-damaeed globin. A e;reater number of cross-linkaees may possibly 

form with more severe heat treatment of proteins , but the present results 

suggest that the blockine effect of these bond s i s  unlikely to  be the 

only factor involved in the reduced availability of lysine with heat-damc;e 

of proteins . The unidentified compound in the partial a cid hydrolysate of  

compound XY-1 ( in band G )  17hich behaved like lysine 11i th ion-exchane;e 

chromatoe;raphy, may also be  involved , a s  this could contribute to the 

biologically unavailable lysine content , but only a small amount vms 

apparently present in the heat-damaged e;lobin. It is obviously important 

that the nature and occurrence of this compound in hcat-damae;ed proteins 

b e  established . 
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It i s  probable however ,  that the chance in stru cture Yvi th the 

forma ti on of cro ss-linka:?;e s could a l s o  d e crea se the availability of lysine , 

and other amino acid s in heat-damne;ed prot eins . Cro s s -linki�a ,  by either 

int er- or intra -oolecular rea cti ons , nould redu ce the extent to vrhi ch a 

protein c ou ld unfold . Thi s could a ccount for the insolub ility of heat -

d nmaced pr oteins since so�e polar groups wou ld not b e  exp os ed . 

Similarly, s ome e: -amino r;roups of lysine may be unab l e  to rea ct with 

flu orodinit rob enzene b e cau s e  of steri c hind rance . The redu ced solubility 

and a cces sibi lity of p,roup s ,  whi ch would includ e peptid e b ond s ,  could also 

explain the r ed u ced rate o f  d igestion of heat -damae;ed proteins by 

prot e olyt i c  enzymes . It i s  likely that cro s s-linkage s were pre sent in 

the larec fraement s i sola t ed from tryp t i c  dieest s of heated elobin, and 

tha t the se b onl s  were re sponsib l e  for the cooplex nature o f  the se 

fracuent s . 

A d e crea s ed rate of diGe stion cou ld probably explain the reduced 

nut ritional valu e ,  a11..d lowered avnilabili ty of ar-J.ino a cid s ,  of heat

damaged prot eins . This wa s suee: e steo. orir,inally by 1\1elnick et al ( 1 946 ) 

and r e cent stud ies have rea ffirmed the likelihood of su ch an e ffe ct ( Ford , 

1 96 5 ;  Ford and Salter , 1 966 ) ,  a lthough the mechani sm is not understood . 

The overall d ie;e stibili t i e s  of the pr oteins ·would not ne c e ssarily be 

d e crea sed , since in thi s study, d ee;radation v7a s apparently a s  complete 

with the heat ed e;lobin ( except for the t etrapeptid e ) a s  with the unheated 

prot ein. The possibility still remains however , that the extent , as nel l  

a s  the ra t e ,  o f  die;estion o f  heat-d amae;ed proteins i s  reduced , a nd  that i n  

anima l s  thi s i s  masked b y  the a ctivit i e s  o f  the i ntestinal micro- organi sms .  



AP1)Zi:IDIX · 1 

T.A:BLE A 

Sources of dietary ingredients and purity of amino acid supplement s 

Meat meals .  All the meat meals were produ cts of dry-rendering plants 

except Mm H whi ch wa s the hash from a wet renderer. Soft materials 

(paunches ,  trimmings etc )  were included only in Mm E, Mm F and Mm H . 

The other meals were a mixture of both soft and hard waste products . 
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Amino acid supplements . The purity of the amino acid supplements were 

estimated to be 7�� lysine , 83% arginine and 1 00% for threonine and 

methionine ( supplied by Gollin and Co . Ltd ) . 

Wheat gluten and starch .  Obtained from N. Z . Starch Produ cts  Ltd . 

Cellulose . Sheets of Kraft wood pulp were supplied by Tasrnan Pulp and 

Paper Co . Ltd , and these were cut ,  ground and sieved before use in 

experiments 1 and 2 . In other experiments , cellulose flo ck was 

obtained from Mickro Technik (per Gollin and Co . Ltd ) . 

Vitamins and minerals . These were obtained from either Gollin and Co . 

Ltd or W. H. Terry. 

Casein. The sample wa s obtained from the Dairy Research Institute and 

contained 82 �0� protein. 

Cr2o3• The er2o3 was purified by shaking 200 g with 800 cm3 I M HCL . 

The supernatant was discarded and the process repeated until the 

supernatant was clear . After washing with distilled water and d�Jing at 

1 20° for 24 hours , the Cr2o3 content was estimated to be near 1 00/�. 
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Appendix 1 :  TABLE :S 

Composition (%) of meat meals and wheat gluten, 

including FDiffi-rea ctive lysine (%) value s  

FDN.B-
Concentrate Water Crud e protein Th.t Ash Calcium reactive 

(N  X 6 . 25 ) lysine 

Mm A 6 . 7 52 . 4 1 0 . 4 26 . 3 7 . 6  2 . 38 

Mm :S  1 . 1 70 . 0 1 0 . 6 5 . 3 1 . 1 3 . 62 

Mm C  4 . 6  55 . 9 1 2 . 0 21 . 7  7 . 2 2 . 1 1  

Mm D  6 . 2 57 . 8 1 5 . 6 1 5 . 0 3 . 1  2 . 02 

Mm E 8 . 0 55 . 8 1 4 . 1 1 9 . 1 7 . 5 2 . 50 

Mm F  1 0 . 5 60 . 1 1 0 . 9 5 .4  0 . 7 2 . 85 

Mm G 1 0 . 0 59 . 5 1 2 . 0 1 5 . 7 5 . 2 2 . 40 

Mm H  6 . 8 6 5 . 5 1 3 . 1  3 . 1  0 . 7 3 . 46 

Gluten ,  b a t ch  1 7 . 8 74 . 1 0 . 98 

Gluten, batch 2 6 . 0 73 . 8 0 . 98 

Gluten, batch 3 8 . 8 67 . 8 1 . 0 1 
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Appendix 1 :  TABLE C 

Amino a cid
!iE

composi tion of meat meals and wheat gluten (batch 1 ) 

Amino a cid Meat meals 

A ll c D E 

Lysine 5 . 9 7 . 0 5 . 2 5 . 9 5 . 7 

Histidine 1 .9 1 . 7 1 . 8 1 . 5 1 . 6 

Arginine 5 . 5 6 . 0 7 . 9 4 . 0 6 . 5 

Threonine 3 . 6 5 . 0 2 . 9 4 . 0 3 . 4 

Valine 5 . 0 6 . 6 4 . 3 5 . 6 4 . 3 

Methionine 0 . 8 2 . 3 1 . 1 1 . 5 1 . 1  

I soleucine 2 . 3 5 .0 3 . 4 3 . 3 3 . 2 

Leu cine 7 . 8 9 . 4 6 . 8 7 . 6 7 . 0 

Phenylalanine 3 . 6 4 . 1 3 .4 3 . 4 3 . 4 

Ty-rosine 1 . 9 3 . 7 2 . 0 2 . 0 2 . 3 

Aspartic acid o . G 8 . 9 6 . 6 8 . 2 8 . 1 

Serine 4 .0 5 . 1 3 . 0 4 . 6 3 . 4 

Glutami c a cid 1 3 .0 1 4 . 4 1 1 . 3  1 5 . 7 1 3 . 6 

Proline 7 . 3 5 . 7 5 . 7  7 . 1 5 . 6 
Glycine 1 4 . 7 6 . 7 1 2 . 7 1 4 .4 1 0 . 6 

Alanine 9 . 2 7 . 0 8 . 6 9 . 3 7 . 5 

Half cystine 0 .4 0 . 6 0 .4 liiD 0 . 5 

NOt determined ND ,  
:i: 

T�tophan not determined 

!frlJ?_at 
&ll.t.ep 

F G H 

6 . 5 5 . 0 7 . 2 1 . 8 

1 . 9 1 . 5 2 . 0 2 . 3 

5 . 8 7 . 2 6 . 7 3 . 6 

3 . 7 3 . 7 4 . 9 2 . 3 

5 . 0 5 . 2 7 . 6 4 . 3 

1 . 5 0 . 8 1 . 7 0 . 9 

3 . 7 3 . 4 5 . 3 3 . 6 

7 . 5 7 . 2 9 . 9 7 . 0 

3 . 7 3 . 9 5 . 0 4 . 1 

3 . 0 2 . 4 3 . 5 2 . 4 

8 . 2 7 . 9 9 . 8 3 . 1  

3 . 8 4 . 0 4 . 4 4 . 2 

1 2 . 8 1 4 . 5 1 3 . 7 34. 6 

6 . 7 6 . 6 4 . 7 1 2. 6  

1 1 . 7  1 2 . 9 8 . 3 3 . 5  

7 . 3  8 . 1 8 . 1 2 . 7 

0 . 9 0 . 8 1 . 2 1 . 4 
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Appendix 1 � TABLE D 

Composition (%) of ba sal diot A ,  ba sal d iet B ,  d iet C 

and of ba sal diet D 

Ba sal Ba sal Ba sal 
d iet A d iet B Diet C diet D 

Wheat gluten, batch 1 or 2 
1f 27 .0 27 . 0 27 . 0 

Corn or soybean oil 2 .0 2 . 0 2 . 0 2 . 0 

Cellulose 3 . 0 3 . 0 3 . 0 3 . 0 

Vitamin prcmix 2 . 0 2 . 0 2 . 0 2 . 0 

Mineral premix 4 .0 4 . 0 4 . 0 4 . 0 

Starch 62 . 0 6 1 . 03 57 . 47 89 . 0 

Methionine 0 . 50 0 . 50 

Arginine 0 . 42 0 .42 

Threonine 0 .05  0 . 05 

Lysine 0 . 56 

Ca
3 (Po4 ) 2 3 . 00 

1f 
For bat ch 3 , 29 . 5 v:hcat gluten wa s used and the amount of starch 

reduced correspo nd ingly. 
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Appendix 1 � TABLE E 

Composition of vitamin and mineral prcmixes 

.&�.?_J-12 
vitamin 
,P..r.QID._:j,:l£ 

1 . 5  

0 . 3 

1 6 . 0  

Caco3 

lifaiiPO 4 

NaCl 

_gi_4_1_� 
,r��_neT�1. 
Jl�G_mi:J5; 
227 . 0  

455 . 0 

1 82 . 0  

Vitamin A ( 325 � 000 'TJ/8) 

Vitamin n3 ( 200 , 000 IU/g ) 

Vitamin E ( 250 IU/g) 

Vitamin K (Hetrazeen) 0 . 25 KCl 3 1 8 . 0 

6 . 0  Thiamine 

Riboflavin 

Niacii;t 

Biotin ( 1 rag/g) 

0 . 4 

0 . 5  

5 . 0 

1 5 . 0  

Calcium pantothenate ( 4 5%) 2 . 0 

Pyridoxine 0 . 4  

Folic acid 0 . 1  

Vitamin B1 2 ( 90 mg/lb) 4 . 0 

Choline chloride ( 5o%) 1 80 . 0 

Santoquin No . 6 1 8 . 0  

Wheat starch + 

Total 2 . 0  lb 

Znco3 

Cu so4 . 5  H2
0 

Feso4 . 7  H20 

Mgso4 . 7  H2 0 

8 . 6  

225 . 0  

MnS04 1 1 . 0 

KI03 0 . 4 5  

Na2Mo04 2H2o 0 . 2 

A 1 � ( S 0 11 )  l ( 11I 4 ) l ') 4 • 24I�? 0 8 • 3 

H3Bo3 0 . 004 

CoC12. 6H2o 1 . 2 

Selenium prcmix ( 300 ppm) 60 . 0  

Wheat starch + 

4 . 0  J.o 
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Append i..'C 1 � TABLE F 

Supplement s (%) added to  basal diet B for diets in 

experiment 2 ,  including standard and test diets 

for the bionssay of Mm B 

Diet lysine arginine threonine tryptophan IVL11 B 
code 

1 

2 0 . 56 0 . 05 

3 0 . 56 0 . 05 

4 0 . 56 0 . 05  

5 0 . 1 4 

6 0 . 28 

7 0 . 56 

8 1 .  50 

9 3 . 01 

10  6 . 02 



Appendix 1 :  TABLE G 

Supplements (%) in test diets of experiments  3 and 4 , together 

with the amount of gluten remaining in the basal diet and the 

calculated protein (N x 6 . 25 ) content of the diets 

% 
Meat meal �bstituted � 

material � Meat Ca
3

(Po
4

)2 
Glute:ITt Lysine Protein 

� 
Experiment 3 :  

Mm B  starch 5 2 .94 3 . 70 27.0 22 . 07 

6 5 . 88 3 . 60 27.0 24 . 1 2  

7 1 1 . 76 3 . 50 27 .0  28 . 23 

gluten 8 2 . 94 3 . 70 24 . 20 0 . 028 20 .00 . 

9 5 . 88 3 . 60 21 .43 0 .056 20 . 00 

10  1 1 . 76 3 . 50 1 5 .86 0 . 1 1 1  20 . 00 

Mm A gluten 1 1  4 . 55 2 . 90 23. 78 0 . 032 20 .00 

1 2  9 . 1 0 2 .00 20 . 57 0 . 064 20 .00 

1 3  1 8 . 20 0 . 25 14 . 1 3  0 . 1 28 20 . 00 

Mm C  gluten 1 4  5 . 1 3  2 . 90 23. 1 2  0 . 038 20 . 00 

1 5  1 0 . 26 1 . 90 1 9 . 24 0 . 076 20 . 00 

1 6  20 . 52 o .oo 1 1 . 51 0 . 1 52 20 .00 

Experiment 4: 

Mm H  star oh 5 2 . 89 3 . 06 27.00 21 . 89 

6 5 . 78 3 . 00 27 .00 23 . 79 

7 1 1 . 56 2 .9 3  27 .00 27 . 57 

gluten 8 2 . 89 3 . 06 24.45 0 . 026 20 . 00 

9 5 . 78 3 . 00 21 . 88 0 .051 20 . 00 

1 0  1 1 . 56 2 . 9 3  1 6 . 76 0 . 1 02 20. 00 

!t Batch 1 or 2 .  
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Appen:Hx 1 � T..AJ3LE H 

Supplements (%) in test d iets of experiments 5 and 6 ,  together 

with the amount of gluten remaining in the basal diet and 

the calculated protein (N x 6 . 25 ) content of the diets 

% 
Meat meal Substituted Jli§.i 

Gluten� Lysine material � Meat Ca3(PO 4)2 Protein 
meal 

Experiment 5 : 
Mm D starch 5 5 .00 2 . 6 8  29 . 50 22 . 89 

6 1 0 . 00 2 . 30 29 . 50 2 5 . 78 

7 20 .00 1 . 50 29 . 50 3 1 . 56 
gluten 8 5 .00 2 .68  25 . 24 0 . 040 20 .00 

9 1 0 . 00 2 . 30 20 .98 0 . 080 20 .00 
1 0  20 .00 1 . 50 1 2 . 46 0 . 1 60 20 .00 

Mm E  starch 1 1  4 .00 2 . 30 29 . 50 22 . 23 
1 2  8 .00 1 . 5 5  29 . 50 24 . 46 

1 3  1 6 . 00 o .oo 29 . 50 28 .93 
Mm F  starch 1 4  3 .45 3 .03 29 . 50 22 .07 

1 5  6 . 90 2 .9 5  29 . 50 24 . 1 5  
1 6 1 3 . 80 2 . 85 29 . 50 28 . 29 

gluten 1 7  3 .45 3 . 03 26 .45  0 . 029 20 .00 

1 8 6 .90 2 .9 5  23 . 38 0 . 058 20 . 00 

1 9  1 3 . 80 2 . 8 5 1 7 . 27 . · 0 . 1 1 5  20 .00 
·;· . .  

Mm G  starch 20 4 . 1 7  2 . 50 29 . 50 22. 48 
21 8 . 33 2 .00 29 . 50 24 . 96 
22 1 6 . 66 0 .85  29 . 50 29 . 9 1  

Experiment 6 :  
Mm F  starch 5 , F 2 . 79 3 .03  29 . 50 2 1 . 68 

6 se , 5 . 58 2 .9 8  29 . 50 23. 35 
gluten 9 '  1 1B. 2 . 79 3 .03 27 .03 0 . 023 20 .00 

1 0 ,  1 2n 5 . 58 2 . 98 24 . 55 0 . 047 20 .00 

� :Batch 3 .  
H Diets 7 and 8 ,  1 1  and 1 2  had 2% corn oil added . 



Appendix 1 :  TABLE I 

Supplement s (%) acl.d od t o  basal diet D for: the e stimation o f  

metaboli c amino a cid excretion and % apparent retention o f  

d ietary amino a cid s from wheat glut en ( experiment 7 )  

Diet cod e % protein Ca sein 

Metaboli c excretion diet s �  

Test diet s :  

T--x 

T-Y 

T-Z 

:l: 
Bat ch 1 .  

2 .0  

4 .0  

1 0 . 0  

1 0 . 0  

1 2 . 5 

2 . 44 

4 . 88 

Supplement s (%) 
:1: 

Gluten L:ysi11e 

1 3 . 50 

1 3 . 50 

1 6 . 88 

0 . 21  

Arginine 

0 . 21 

Methionine 

0 . 1 8  



Apperrlix 1 : TABLE J 

Supplement s (%) added to basal diet D for the estimation of 

metab olic amino a cid excretion and % apparent retention of 

dietary amino a cid s from meat meal s ,  Mm A - Mm  F, ( experiment 8 )  

Supplement s (%) 
Mea t  meal 

Diet cod e � protein cod e Ca sein Meat meal CaJ(PO 
4

) 2 

Metabolic excretion d i et s �  

PFD o .o 3 . 06 

2% LPD 2 .0 2 .44 3 . 06 

Test d i et s :  

T - A 1 0 .0 Mm A 1 9 . 1 0 0 . 1 3  

T - B 1 0 . 0  Mm B 1 4 . 20 3 . 45 

T - C 1 0 . 0 Mm C 1 7 . 90 0 . 50 

T - D 1 0 . 0  Mm D 1 7 . 30 2 .45 

T - E 1 0 . 0 Mm E 1 7 .90 0 . 40 

T - F 1 0 . 0 Mm F 1 6 . /0 3 . 50 



TABLE A 

Analysis of variance , experiment 3 

Weight gain 

Sources of variation Degrees of  Sum of Mean 
freed om squares square 3 

I - -- . -

Correction of mean 4679925 . 0  
-

Regression r:; 704585 .0  ./ 

Blanks 1 '1720 . 5  1 720 . 5  

Intersection 4 1 321 .8  330 . 5 

Between t reatments 1 0 707628 .0  

Between replicates 1 1 73 . 0 1 73 . 0  

Error 272 1 2791 7 . 0 470 . 3  

Toi;al 283 83571 8 . 0  

� Food conversion ef:(:i.,ci.m:�-.c.�,�-· 
Sources of variation Degrees of  I Sum of Mean 

f:reed om squares square s 

Correction of  mean 1 81 6'{ . 703 

Regression l 5 1 21 0 .400 

Blanks I 1 6 . 525 6 . 525  

Intersections I 4 45 . 800 1 1  . 450 

Between treatments 1 0  1 262 . 664 

Between replicates 1 9 . 41 3 9 . 41 3 

Error 1 0 54. 249 5 .425 

Total I 21 1 326 . 326 

:l: Values multiplied by 1 00 for analysis 



Appendix 2 :  TABLE B 

Analysis of variance, experiment 4 

Weight gai.n 

Sources of va�iation 

Correct i on of menn 

Regression 

13la:t�.ks 

Intersections 

Betneen treatments 

:Betr.recn r eplicates 

Error 

T otal 

F od · ff . · � o conversl on e l Cl ency 

Sources of variation 

-

Correction for moan 

Regression 

13la!'Jcs 

Int ersections 

:Betvrcen treatments 

Between replicates 

Error 

Total 

Degrzes of 
freed om 

3 

1 

,.., 
c.. 

, 

6 

1 
1 80 

1 87 

Degrees of 
freedom 

3 

1 

2 

6 

1 

6 

1 3  

� Value s  multiplied by 1 00 for analysis 

Sum of 
squares 

1 605832 . 0 

36301 6 . 1 

23 . 25 

1 209 . 70 

364249 .00 

1 260 . 00 

87601 . 00 

4531 1 0 , 00 1 

Sum o f  
squares 

7828 . 623 

953 . 81 3  

1 4 . 652 

8 . 995 

977 .460 

0 . 345 

1 6 . 285 

994 . 090 

1 66 .  

Moan 
square s 

23 . 25  

604 . 80 

1 260 .00 

486 . 70 

Mean 
square s 

1 4 . 652 

4 .497 

0 . 345 

2 . 71 4 



Apper:rlix 2 � TABLE C 

Analysis of vnriance, experiment 5 

Weight gain 

Sources of variation 

Correction for mean 

Regression 

Blanks 

Intersections 

Betueen treatments 

Bot�een replicates 

Error 

Total 

Food conversion officiencx � 

Sources of variation 

-· 

Correction for mean 

Regression 

BlaTiks 

Intersections 

Between treatment s 

Bet•reen replicates 

Error 

Total 

Degrees of 
freedom 

7 

1 

6 

1 4  

1 

373 

388 

Degrees of 
freedom 

7 

1 

6 

1 4  

1 

1 4  

29 

� Values multiplied by 1 00 for analysis 

Sum of 
squares 

1 848710 . 0 

248193 .4  

453 . 7 

1 353 . 8  

2 50001 .0 

I 
776 . 0 

82840 . 0 

33361 7 . 0 

SL1m of 
squares 

23251 . 968 

1 1 97 . 621 

1 2 . 070 

25 . 750 

1 235 . 439 

3 . 974 

61 . 374 

1 300 . 787 

I Mean 
square s 

453 . 7 

225 .6  

776 . 0 

222 . 1  

Moan 
square s 

1 2 . 070 

4 . 292 

3 . 974 

4 . 384 



Appendix 2 �  TABLE D 

Analysic of variEmce , exporimen·c 6 

Weight gai� 

Soorces of variation ! ll���:��m o: t: s;��r�J i. ��=�� 
Correct i on for mean--+- 9�2-724 . �6 _L ----
Regression 1 5 1 1 4224 . 75 I 
Blanks I 1 I 1 79 5 . 89 

. 

1 79 5 . 89 

Int ersections _1_4 I 1 90 ·1 . 64 ! 47 5 - 41 

��tw:On treatments I 1 0�-�7·;-; .�;,

- -- -

1, 4736 . 6 8  I 2368 . 34 

I 1 7 2439 . 7 J  I 384 . 05 I 29 5098 . 74 I 
Between replica t e s  2 

Err or 449 

Total 

Signifi cant at 5% 

� Signifi cant at ·1% 

Sources of variation J Degre= of l Sl\� of ! Mcen 
----�·- -- ·-- ·-· fr()c:Jom s�tJ.:.:=.�L square_: 

Corr�on for Glean
� -

.L
�- - -- � --·� 

Regression I 5 I ·1 1 94 . 3435;-f' 
Blanks 1 0 . !  2041J 0 .  1 204 

Intersect ions 4 8 . 26·1 69 2 . 06 54 

----�- -- ---·� ·--·� 

Between treatment s 1 0  1 202 . 75000 

Between repli cates 2 1 4 .  'i 4000 l 7 . 0700 

Error 20 62 . 86000 3 . 1 430 

Total 32 1 279 . 7 5000 1 

:K Values multiplied by 1 00 fo:r analysis 

1 68 .  

6 . 1 7

� 



APPE1IDIX 3 

TABLE A 

Amino acid� sequence and tryptic peptid es of alpha nnd beta chains 

of bovine haemoglobin (Dnyhoff, 1 972) 

Tryptic Tryptic 
peptide Alpha chain pentide Beta chain 

1 V AL LEU SER ALA ALA ASP LYS 1 MET LEU THR ALA GLU GLU LYS 

2 GLY ASlJ VAL LYS 2 ALA ALA V AL THR ALA PHE TRP 
3 ALA AL...fJ. TRP GLY LYS SER LYS 
4 VAL GLY GLY :tiTS ALA ALA GLU 3 VAL FITS VAL ASP GLU VAL GLY 

TYR GLY �- GLU ALA LEU GLU GLY ( GLU ALA LEU GLY) ARG 
.ARG 4 LEU LEU V AL V AL TYR PRO TRP 

5 MET PHE LEU SER PHE PRO THR THR GLN ARG 
TEll. LYS 5 PHE PI-IE GLU SER PBE GLY ASP 

6 TFffi TYR PHE PRO ( m:  S PHE) ( LEU SER TI-ffi ALA ASP ALA V AL 
ASP 1EU SER :tiTS GLY SER ALA NJEl1 ASP ASN PRO)  LYS 
GLN VAL LYS 6 VAL LYS 

7 GLY HIS GLY ALA LYS 7 ALA :tiTS GLY LYS 
8 V AL .ALA illl. ALA LE1J THR LYS 8 LYS 
9 ALA VAL GLU (IITS LEU ASP 9 V AL LEU ASP SER PIIE SER (ASP 

ASP) LEU PRO GLY .ALA LEU SER GLY MET) LYS 
GLU 1EU SER ASP L:B.."'U :tiTS (ALA 1 0  FITS LEU ASP ASP LEU LYS 
IITS) LYS 1 1  G LY ( TIIR PHE ALA ALA Ll!,-u SER 

1 0  LEU ARG GLU LEU :tiTS CYS ASP) LYS 
1 1  VAL ASP PRO VAL ASN PHE LYS 1 2  LEU :tiTS V AL AGP PRO GLU ASN 
1 2 LEU 1EU SER m: S SER LEU LEU PHE LYS 

V AL TFffi LEU ALA SER FITS LEtJ 1 3  ( LE1J LEU GI,Y ASN Vlili LEU VAL 
PRO SER ASP PHE Tiffi PRO ALA V AL V AL LE1J ALA) .ARG 
V .AL HIS ALA SER LEU ASP LYS 14  ASN PHE GLY ASH ( GLU PHE THR 

1 3  PI-IE LEU AIJ;. ASN V .f...L ( SER PRO VAL LID GLN ALA ASP PHE 
THR V .AL) LEU THR SER LYS GLN) LYS 

1 4 TYR .ARG 1 5 VAL VAL ALA GLY VAL ALA ASN 
ALA LEU ALA HIS ARG 

1 6 TYR HIS 

( ) Sequence not d etermined experimentally 
:t: List of  abbreviations for amino a cids given in Table B, Appendix 3 .  
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Appendix 3 :  
TABLE B 

Abbreviations of amino a cids 

.ALA a lanine 

.ARG arginine 

ASN a sparagine 

ASP a spartic a cid 

CYS cyst eine 

GLN glutamine 

GLU glutamic a cid 

GLY glycine 

RI S  histidine 

LEIT leu cine 

LYS lysine 

MET methi onine 

PHE phenylalanine 

PRO proline 

SER serine 

THR threonine 

TRP tryptophan 

TYR tyrosine 

VAL valine 
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