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It was shown in earlier work that in the course of aseptic autelysis
during storage of raw beef at 37°C, there was continuous production of non~-
Protein-nitrogen, which seemed to be derived mainly from the soluble
Sarcoplasmic proteins (l). The almost complete absence of collagen fractions
soluble in 0.1M KC1l indicated that no major autolytic change took place in
the connective tissue fraction.

Inthe present work, the changes occurring in the same nitrogen

fractions of beef on cooking and during subsequent sterile storage were
Studieqd,

Experimental.

The procedures given in detail in the report of the earlier work (l)
for the preparation, storage and analysis of samples of bovine longissimus
222529 muscle were followed closely, the only major modification being the
inclusion of the cooking step. Briefly, the sample was homogenised and
extracted in 0,1M KCl. The trichoroacetic acid fraction, the KC1l soluble
fraction and the insoluble residue were analysed for all or some of the
following components - total nitrogen (TN), non-protein-nitrogen (NPN),
tyrosine and hydroxyproline (OHP). No free OHP was found in any of the
samples, The quoted values therefore represent OHP found in the fractions
after acid hydrolysis.

The two degrees of cooking were (a) "milad" coek, in which the samples
Were held at 70¢ for 15 or 25 minutes and (b) "full" cook in which the
samples were held at 100° for 45 or 60 minutes. These conditions were
Sufficient according to recent work to cause complete inactivation of the
catheptic enzymes present (2).

The samples were stored aseptically in nitrogen at 37°.
Resultse.

The more important analytical velues are given in Table 1.
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Changes occurring on cooking fresh meat.

After cooking, only 1 = 2% of the total protein N remained soluble
in 0,14 KC1, On mild cooking, ( samples N2, T1, R5, S4) there were
increases eof the order of 7% in the non-protein N soluble in trichloro-
acetic acid (TCA) and also changes in the collagen fraction Vhich
?esulted in 2-5% of the total OHP being present in the fraction soluble
in 0,1M KC1.,

On fully cooking, (samples T3, R7, s7), similar increases in TCA-
soluble N were observed but the OHP soluble in 0.1M KC1 hed inoreased to
10 ~ 21% of the total OHP.

The degradation of the proteins caused by pressure cooking for 3 hours
?t 1268 (sample TL4) was reflected in increases of 85% and 60% respect}vely
in the values for non-protein N and tyrosine soluble in TCA, and a}so in an
increase from 1.0 to 16.6% in the protein N soluble in 0,1M KC1. In
addition, the collagen had become entirely soluble, all the OHP being
Present in the fraction soluble in 0,1M CKl; 6% of the OHP was also :
Present in the TCA soluble fraction. The absence of any detectable OHP in
the insoluble residue of this sample indicated that the proportion of
elastin present was relatively very small,

Changes occurring on cocking meat after a period of asptic storage
~_ in the raw state (Samples R2, R4, 02, 82, S3).

The main finding in these tests was that the storage history of the
Samples in the raw state did not make any appreciable difference to the
Overall effect of cooking. Thus, on mild cooking samples whicﬁ pad been -
Stored 8, 30 and 172 days at 37°, the non-protein N which was initdially high
due to autolysis did not change, the protein N soluble in 0.1M KClﬁwas
reduced from 10% to about 3% of the total after 30 days and from 47 to about
0.3% after 172 days at 37°.

5 The OHP soluble in 0,1M KCl remained at the low level of 2 to 5%-found
in cooked fresh samples, but there was a suggestion that a small fragtlon of
collagen amounting to 0.5 to 2% of the total OHP had become soleble 1n@TCA.
N addition, the tyrosine soluble in TCA showed increases from 6 ta_2l¢,

€ increases being in inverse proportion to the percentage of soluble
tyrosine present before coocking.

On fully cooking sample S3 after 30 days at 37° in the raw state, the
only differencs from the corresponding mild cooked sample was the‘usual
increase to about 9.5% in the OHP soluble in 0,1M KCl, part of whloh.was also
So{uble in TCA, In addition, there was a further increase of approx1mately

° in the tyrosine soluble in TCA.

The collagen in the single sample, Rk, cocked after 19 days at 5°,

had the same order of solubility in O0.,1M KCl as the collagen in the samples
Stored at 370,

QQEEEES occurring during aseptic storage of cooked meat at 37%.

During storage of mild coocked meat, (samples R5, R6, Sk, S5, ?6)
the non-protein N increased slowly from 11.2 to 12.9% of the total N over
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a period ef 97 days. The proportion ef protein soluble in 0.1M KCl did
§0t change, but remained at 2 to 3% of the total N, The tyrosine soluble
in TCA increased by approximately 35%.

G In the corresponding fully cocked samples, (r7, R8, 57, S8, S9) the
increase in non-pretein N was similer, the protein soluble in 0,1M KC1
remained unchanged at l.1 to l.Lp of the total N and the tyrosine scluble
in TCA increased by only 20%,

The most interesting observation in these tests was the change which
took place in the solubility of the collagen fraction. The values plotted
in Figure 1 show a steady production of fractions soluble in 0,1M KCl derived
frem collagen, The values for samples R6 and R8 (Table 1) suggest that
there may be an initial lag period of 8 days or more before the collagen
becomes increasingly soluble.

A certain proportion of the KC1l soluble collagen was also soluble in
TCA, amounting to 7.7 and 13.9% of the total OHP in the mild and fully
cooked samples respectively after storage for 96 days.

. The intermediary stages of the degradation of insoluble collagen

10 muscle to the soluble derived gelatin are not well defined. The

Present results show that on mild cooking only 1.9 to L.7% of the collagen
ecomes seluble in 0.1M KCl: on fully cocking for 45 %o 60 minutes at

000, 10,9 to 21.6% of the collagen becomes soluble. Cooking the meat for
hOUrS at 126° however, causes a high degree of degradation of the collagen

which becomes 100% soluble in 0,1M KCl and 62% soluble in 10% TCA,

The results from the cooking of the samples stored in the raw state
are interesting since after storage for 30 and 172 days the presence of
traces of collagen soluble in TCA in the mild and fully cooked samples
indicates that the collagen in the stored samples suffers greater
@eg?adation than the collagen in the unstored semples. It may be thet
during storage, the structure becomes more susceptible to change on
cocking, The overall effect of storage for 172 days at 37° on the
collagen fraction is however very small.

: The other interesting effect of storage in the raw state is the
lncreased formation on woocking of tyrosine soluble in TCA. This is

Much greater than in the unstored meat and indicates that changes

take pPlace during storage which produce a greater susceptibility ef the
Protein or peptide fractions to release fractions which contain tyrosine
and are soluble in TCA.

It is realised that values for tyrosine obtained by absorption
8t X 293 in 0.2N NaOH may not be true values but should be accepted for
© present rather as "tyrosine index" values until more reliable
Values are available.

When meat is stored aseptically in the cooked state, the results
are quite different., The tyrosine soluble in TCA shows a significant
ihcrease indicating autolysis of protein during storage, particularly
1N the mild cooked samples.




The collagen fraction becomes altered during storage and produces
fractions not only soluble in 0,1M KCl but soluble also in TCA. The
rates of production of OHP soluble in 0,1M KCl in mild and fully cocked
samples over 30 deys at 37° were 2.2 and 5.0 ug/g/day respectively.

After storage for 97 days, 22.6 and 55% respectively of the total OHP
presentin these samples had become soluble in 0,1M KCl, This change is not
likely to be due to enzymic action but is most prebably due to purely
Physical changes in the collagen, The effect has been observed by
Gustavsen with hide powder stored at 37° in water and in solutions of
various salts (}). In 4M solutions of sodium or potassium chloride for
example, approximately 25% of the collagen became soluble after storage

for 120 days; Gustavsen suggests that this solubilisation is due to the
disruption ef secondary valencies since there is no evidence that primary
valency bonds are broken.

It would be expected that this type of solubilisation would take
Place more readily in the thermal denatured collagen present in the
cocked meat samples. It was cbserved in these samples that the cohesion
Of the connective tissue between the fibre bundles, (perimysium) became
Weaker with duration of storage.
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TABLE 1. CHANGES IIf VARIOUS FRACTIONS OF BOVINE LUSCLE
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G i R e DS THan WCORE SO LS B sah e P 1 e O 8 ,
Mnimgy | Storage | Cooking | N sol. in | Total | % of total | % of total |
| Days(°C) | Conditions | TCA | OHP | OHP sol. in | +%yrosine ;
.~N_~__.“ﬁ; i °C(Mins) | (NPN) | ug/e | 0.1 KC1. ; sol. in TCA |
N(Control) i ; i : i |
; | 2(0°) | Raw L 10.9 550 Nil ! .9 ,
| Ditto | 70°(25) | 147 550 S -6
T ; ; | ; |
S (e) | joefas) 425 1 5% W7 o -
5 Ditto | 700(65) S L4 5.3 | -
L | ?}tto 1 100°(60) F = 10 500 21.6 | -
| Ditto  1126°(180) | 20.2 | 49 100 | 1745
R ’; | ; | |
; z 8 (37°) | Raw i 17.5 1110 Nil ; 15.7
| Ditto | 70°(25) | 6.3 | T80 3.9 l 19.0
3oy | | | |
19 (5°) | Raw , - | - - | - |
Q btk | 700(25) | 433 | o Mg KT AR)
‘ | :
Y 1 172(37) | Rew B O R <A § 34,9
B Ditbo | 70°(25) | 323 | 675 S 4 57.0
o e s % 8
; ; 30 (37°) | Raw ; 24 .2 | 790 Nil i 21.0
3 | Ditto 70°(15) |  24.6 6L 2.9 | 23.5
R | Ditto 100°EAS) | 246 707 | 9.5 ! 26.8
| |
g | O i 70°(25) i 11.6 678 3k ' 104
| 8 (37°) | s 129 705 be2 } 13.7
5 i [ |
g | O ;1000(60) i 11.8 595 10.9 ‘ 12.0
‘ | 8 37°) {1000(60) | 124 | 709 10.5 13e4
] i i
g é 0 70°(15) | 11.2 765 1.9 10.5
g 130 (37) 00(15) | 12.2 | 646 19.8 " .} 1442
| 97 (37°) | 70°(15) | 12.9 690 |  22.6 | 14,2
g |  100045) | 11.6 | 627 | 11.9 10.0
9 1 30 (37°) | 100°(45) ] 12.0 704 3.9 14 +3
“-~.____l_f7 (37°) | 100°(45) | 12.6 670 5540 12.0
i 3 | ' 5




~T AT
Viie : ¥

<
o

IN SOLUBILITY

™
nes

TED 1%
I'ED 15
" [

Y',’




TARCH ~vrf\‘~T ™a
SRAVIES Miake)

C )

IXth CONFERENCE OF EUROPEAN MEAT RES

TTT . - T A 72
BUDAPEST., Lth-11th September, 1963.

ooe . BFFECT OF COOKING ON CERTAIN NITRO
CHANGES OCCURRING SUBSEQUENTLY ON THESE

37°C.,

Te X
Low Temperature Research Station, Cembridge, England.

SUMVARY
es of bovine, longissimus dorsi, only 2

" On mild cooking sampl

Of ha g e i 0.1M -

ot the collagen becomes soluble in O.1M KCl: on fully c
‘lnutes at 1000, 11 to 23% of the ccllagen becomes solul

Sterile storage of meat in the raw state at 370C far 6 months does
Not alter the bOlubLllty of the collagen in the cooked 8
rever, there 1is continuous

During sterile storage of co
fractions soluble in

e
non=- . . ks
‘On=enzymic change in the collagen uhlc P

0 : e
o1H Cl and in 1f trichloroacetic acld.

In mild and fully o s, 23 and 55% respectively ef the
total collager were CIJEL= in 0.1M KC1 after storage for 3 months at 37°C.




IXth Conference of European ileat Research Worke
Budapest, 4~11 September, 19

—

D?S effets de la cuisson sur certaines fractions azotees dans 1
4
v

o
Viande de boeuf et les changements qui se son prpddlts dans ces
Bemes fractions pendent preservation aseptique 3 37°C

Low Temperature Researct Station, Cambridge, England.

D( . . - «\
ang des echunt1¢lons de viande de boeuf (longis D*Tus dorsi)

mOderement cuite le pou4centapa de collagen Gn“‘d ent soluble dans
»1M KC1 est o- 5N' Aprés une heure de cuisson a 10u0 ce
s
Pourcentage s'éleve & 11-23%.

‘ La Preoervatlon asepthue de via nd@ crue a 3/°b pour 6 mois
N'affecte pas la s.lubl ité du vollaren dens les echantillons cuits.
Cepe“dant dans la préservation aseptique de viande cuite, il se
Produit un Caanuement continu et non-enzymatique, lequel produit des
fractlonu de colWaven qui sont solubles dans 0,1} KC1 et également dans

'acide trichloracétique (10%).

Dans 1es echuntﬂllons modereme“t et bien cuits les po ertnpeq
ctifs de oolﬁaoen qui apres un intervalle cde trc1s mois & b7 g M
Nt solubles dans 0,14 KC1 s'élevaient & 23 et & 35.
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