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Observations have been made on the changes taking place in certain protein 
fractions of the longissiinus dorsi muscle of rabbits and oxen during storage 
under aseptic conditions at 5C>_and 37 .

Two procedures were followed to  obtain samples o f muscle in an aseptic 
condition. (a ) In most of the preliminary rabbit experiments the dissected 
muscles were dipped in 70$ ethyl alcohol and then flamed to s te r il is e  the surface 
The muscle sections had an outer denatured p e llic le  about 2 mm thick, but the 
tissue in the in terior was apparently unaltered. Tissue from the in terior  
free from the outer p e l lic le  was taken for  analysis.

(b) In la ter experiments on both rabbit and beef muscle the flaming 
procedure was cut out. A fter dissection  to  expose the l ongissimus d ors i, the 
intact muscle was painted with an alcoholic solution o f the dyes, Crystal 
V iolet and B rillian t Green. The dyed surface layer was removed aseptically  
and test  samples were taken from the in terior  fo r  storage in nitrogen or air in 
sealed containers at d iffe ren t temperatures. By this procedure over 70$ of 
the dissected samples were obtained in a s te r ile  condition.

The stored samples were homogenized and extracted f i r s t ly  with 0.1 M KCl, 
secondly with 0.2 M disodium hydrogen phosphate at pH 8 .9 , and fin a lly  with
0.1 M Nu Citrate at pH 3 .3 . The dialysed extracts and insoluble residue a fter 
hydrolysis in HCi were analysed for  TN, for  hydroxy-proline by Neuman & Logan's 
method (1) and fo r  tyrosine by absorption at X 293.

This procedure when applied to muscle immediately post rigor gives a rough 
separation into sarcoplasmic proteins (0 .1  M KCl), f ib r i l la r  proteins (0 .2  M 
Na2HP0 ) ,  and a residue o f denatured proteins and connective tissue proteins.
Any soluble collagen present appears in the phosphate and c itra te  extracts ( 2 ) .

The tota l soluble non-protein N (TCA sol N) was estimated in an aliquot 
° f  the KCl homogenate a fter extraction with 10$ tr ich loroacetic  acid.

Adrenaline treatment. Two rabbits were treated subcutaneously 4 hours ante- 
Mortem with 1.5 mg adrenaline to give fin a l pH's o f 6.6 and 6.5 in the longis-  
-gimus d o rs i.

^upain treatment. In connection with other studies on texture, a sheep was 
injected intravenously ante mortem with papain equivalent to  30 mg papaiiy'ib liv e  
weight ( 3 ) .  The animal was k illed  5 minutes a fter in jection  and the dressed 
Carcase held fo r  24 hours at 5 before storage at -20° pending analysis.
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-~exture observations. In this series of experiments, few organoleptic observa
tions on texture were made, but in the la ter work certain observations were made 
Oil homogenates o f test samples prepared in .02 M phosphate : 0.1 M KC1 buffer at 
.™ 7  ln a Mareh-Snowr machine ( l )  under standard conditions. The homogenisation
r 7 L ? aiT < ^  °Ut at tW°  speod3’ low ~ approximately 600 r.o.m . and high -  approximately 1300 r.p.ra.

The proportion and dimensions of the fibres and f ib r i ls  present in a re
presentative f ie ld  were observed m icroscopically and photouicrogrcphs were taken 
-o illu stra te  the state of the fib res  and f ib r i l s .

o oPJnplcs were cookcd mildly by holding in a closed contai er in a water bath 
. 'j0 fo r  15 minutes followed by 15 minutes with bath temperature of 70° The 
in terior o f the sample was therefore at 65° to  70° fo r  20 to 25 minutes. Certain
f 7 '? ie ^ V? re fu l ly cooked by holding for  15 minutes at a bath temperature of 80 

Allowed by 60 minutes at a bath temperature of 95-100 .

Results

^  i3 c l ^ar fr0fR Jhe vedues plotted in Fig. 1 that the ra t. o f production 
1 eA sol N is  greater in rabbit than in beef muscle. In both cases a fter a 

rapid increase in TCi sol N over the f i r s t  8 - 1 2  da.ys, the rate decreases 
, eatly . Over the f i r s t  10 days, the rate o f production o f TCA sol N is  roughly 
, H mols and 21 p mols/day fo r  beef and rabbit respectively at the normal 

-mate pa in the range 5.3 to  5-8.  In rabbit treated with adrenaline to give 
t ajL8h, ultimate pH (8.5 -  6.6) the rate of production o f  TCA sol N is  reduced 

0 roughly 0.5  p mols/day over the same period. In untreated rabbit and beef 
j-uscle at pH 5.6 -  5 .8 , over a period o f 5 -  6 months at 37°, the TCA sol N
n^ r - a3C3 Pr3fa original values o f  10 -  17% to values o f 3 7 and 31% respectively 

the TN.

In flamed rabbet samples, appreciable amounts o f hydroxy-proline (OHP) 
hv  ̂ months to about 23/o o f the to ta l OHF present were found in the
yarolysed 0.1 M KCl extracts. No 0!IP was found in any other extract o f the 

ained samples nor in any extract of the non-flamed simples. The values for OHP 
8°luble in 0.1 U SC 1 are given in F ig. 1.

absence at present of values for control srmples analysed immediately 
ch P *laminS» the possibility remains that the act of flaming may cause a

c0* la3cn leading to the immediate production o f  a fraction  soluble 
thrs * 1 This e f fe c t  continues with storage as shown by the values fo r

ir°c  Individual rabbits D, Q and Z.

s o i . h ^  13 C r e s t i n g  to  note that in the adrenalised animals (flamed) no 
22 d lG ° KP was found in s8mpics of eitiier rabbit (1 ) or rabbit (2 ) a fter 15 and 
Wa„ 7 °  resPe ctiv e iy  3< but in rabbit (2 ) muscle an appreciable proporti n 
ductPrCSOnt aftGr 64 dciys* Therefore, although at pil 6.5 -  6.6 the rate o f pro-
red 7 7  0f TC/v 301 N xsus very l0,v» tiie rQte o f formation o f soluble OHP was not auced to  the same degree.
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The d ifference in texture between homogenates of normal samples end 
adrenalised samples a fter storage at 37 for  60 -  80 days was very strik ing .
During homogenisation the control sample became broken down to short sections o f 
fibres and f ib r i ls  whereas the adrenalised samples showed almost en tire ly  long 
smooth fib res  with l i t t l e  sign of deterioration .

Texture. The dimensions o f the fib res  and f ib r i ls  present in homogenates are 
represented in F ig. 2. They demonstrate clearly  the d ifferen t degrees of d is 
integration brought about in the samples by standard conditions of homogenisation. 
Photomicrographs o f the fie ld s  represented by these figures are not reproduced 
here but w ill be shewn at the Conference.

I t  must be »-''ted that the control -20° samples during homogenisation at low 
speed did not disintegrate like  the stored samples into individual fib re s . In 
low speed homogenates of the control sample several clumps of fib re  bundles were 
Present indicating greater cohesion o f the tissue structure.

The photomicrographs show several additional points of in terest: -
1) Irrespective of the state of the tissue, whether raw or cooked, and the tempera

ture o f storage, the basic structure o f the m yofibrils as shown by the pres
ence of cross stria tion s remained apparently unaffected even a ft  r 6 months at

37°.
2) In homogenates o f  the -20° control samples and samples stored at 37° the fibres 

shaved almost entirely  longitudinal cleavage and vgry l i t t l e  transverse 
cleavage. On the other hand, samples stored at 5° showed mainly transverse 
cleavage.

3) Differences in texture between homogenates o f raw samples were also apparent 
between the homogenates of sim ilar samples a fter  cooking.

4) The degree pf isintegration o f the tissug structure was greater in samples 
stored at 5^ tnan in samples stored at 37 . This is  presumably due to the 
strengthening o f the fib res  by heat denaturation at 37°. A fter storage at 
5 a large proportion o f the proteins was s t i l l  undenatured.

Comparison o f  the organoleptic assessment o f texture and the state o f the

structure, whereas the papain treated mutton samples were over tender and f e l l  
/ °  pieces with l i t t l e  remaining strength o f structure. On the other hand, in 
homogenates of sim ilar te s t  samples (F ig .2) the mutton fib res  were much longer 
h**- showed less deterioration  than the fib res  o f the beef homogenates.

Further observations of this kind w ill 'e^uire to be made on directly compar-

Tibres and f ib r i ls  inocorresponding homogenates was made only in the case of beef 
held fo r  30 days at 5 and muscle from a sheep treated with papain and held at

The cooked beef samples were very tender but s t i l l  had a reasonably cohesive

'‘hie sam |es gef ore relationship betwevn organoleptic texture and the texture 
°* homogenates by microscopic analysis can become established.
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Summary

bv fK ^ 6 r:Jte  ° f  asaptic cu tolysis at ¿i! 5.6 -  5.8 in muscle at 37° as me:sured 
5 , ^ 5  ^ 0ductiOn of tr ich loroacetic  acid soluble nitrogen was 10 p and 21 u 

Jay, res^ c t iv e ly  in beef aid rabbit muscle. The corresponding rate in 
only X0 . ^ eatmen •ith adrenaline to  give an ultimate pi I o f  6.6 was

t r J Z L * " 9!  h\ Ü' C c o lla ên Praction as evidenced by the formation o f soluble 
-ctions containing hydroxyproline was observed in untreated, s te r ile , raw 

"Usele samples during storage fo r  6 months at 37°.
im<_iIh!< efreCu o f d ifferen t storage treatments on the structure of s te r ile  
or° "  Í:ÍkSUC **1 invC3ti 2atcd by comparing tiw dimensions and condition 

fib res  and f ib r i l s  in homogenates prepared under standard conditions.

Resume

a ^ ViteS8?  d ,autoly se aseptique à pH 5.6 -  5.3 dans le  muscle à 37°, qu'on 
était J f .Pr°Ü?C.t;i,0‘] du Hitragcne soluble dens l ’ acid trich loroacétique,

du 
avec

bvd -n ? °  i, , paJ ° ? serva d *a lteration  de collagène demoetre per la production de 
•>roiinc soluble, dfois le s  échantillons contrôles de ¡u se le  cru et s té r ile  

*dfint conservation a s ix  mois à 37 .
etr .ot ! ° cxrjnin  ̂ i  'e f f e t  des conditions d iffé ren ts  de conservation 3 ur la 
f i b i \ o r ?  inusclü 8 t c r l lc Pci' le  comparison des dimensions et de l ’ état des 
at'-rvi J ;. l lb rillC 3  ics  h mogenates qu’ on a préparé dan3 les  conditions
'^wardises.

Zssaiancnfassung

'■Urdv dcr a30Ptischen ■ iiskeiautolyso bei 3 .°  und einem pil von 5,6 -  5,3
iölt n, 1*“ 1 wobei d ie  Dildung von TrlchloressigsSurc löslichem N cis Maas 
KimncboniC82 !»W8r 10 P hccichungswcise 21 \\ ik>lc N/;/Tog in Rinder- oder 
Behendir * ^le entsprechende ¡late im Kaninchcftausltel nach vorheriger

In p L S i  AdrvnnlLn» wodurch das pi: auf 3,6 stieg , w r  nur 0,5 u ?.:ole N/^Tag. 
Aiif^  ah[S° »! von ^  ~fi:uKieltwn, s te rile n , rohen Muskel v.fhrend G-monntlger 
(XTuiKipn ^  1)01 37 » HydrojQf-proline in  die löslichen /sitcilen war

öiCS Cr Db 3idl darauj da3S alJL dcr Collagen unauflöslich blieb. 
voi\ at,.rt i ini' iU3s van Unterschieden in den Lagerungsbodinjungen auf die Struktur 

^ ^ ^ lg e  .*ebo wurde fernerhin untersucht durch einen Vergleich der 
'•Utor s , 01! 110(1 dC3 Zustandes der Fasern und Fibrillen in Homogensten, die 

thndard-Bed Innungen herge s te llt  waren.
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