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BIOCHEMICAL CHANGES OBSERVED DURING 
STORAGE OF QUICKLY CHILLED BEEF MEAT

Solovyov V. I . , Volkova A.8*» 
Kuznetsova G.N.,Glazova

freshAt present there is  a tendency to quickly ch ill
0 which result» 

losse 
isthis

warm meat in the a ir at temperatures helow 0 , 
in decreasing the cold processing time and natural 
(1 -7 ). From the point of view of meat technology, 
progressive.

It is  possible that quiokly chilled meat, as compared 
slowly chilled meat, w ill reveal more signs of r igor morti® 
effecting unfavourably its  texture (provided such meat 
consumed immediately after ch illing ).

Here arises a problem of studying the possibility t0 * v
during 1ui0

*  \

tensify the process of meat texture improvement 
chilling.

Our early experiments (8,12) proved the presence of Pr° '
• fra o ti® ®teolytic changes in the structure of the myosin ^

proteins at meat ageing and the resulting accumulation 
amino acids.

The latter results confirm the data reported hr 
wiez A. (9 ), Dworzak (10), Schormiiller and Adler (H )  
others. A

In accordance with the above-mentioned, this worn 
devoted to studying a method for intensifying meat M®18* 
its  quick chilling; this method is  based on the proteoly 
enzyme flolne introduction into a fresh warm carcass.

Experimental prooedure
side

One fresh warm side was oontrol; into the other
" jeoted

oontroll®d
flcine solution (5* of the side weight) was lnjeoted V  ^
of a hollow needle; the amount of solution was



Weighing the side prior to and poet the injection.

Both the control and the experimental sides were chilled  
the same chamber under the same temperature and moisture 

oondltions. Sampling was performed prior to chilling (fresh  
meat), post chilling, after one day storage and after 

7~9 days storage.

In Experiment I meat was chilled to the average a ir tem­
perature -5 .6 °, the relative air humidity 73.2* and the air 
^eloolty between the rounds 3 m/sec. The chilling time to 4° 

the round depth was 18 hours. Meat was stored at -1 .2°.

Experiments I I  and I I I  were conducted under approximately 
elmilar conditions. The air temperature at chilling was -4.7°, 

chilling time up to 4° was 19.3 hours at the air speed 
^®tween the rounds 1.9 m/sec. After quiok ohllllng the sides 
,er® le ft  in the chamber for 8 days at the average air tempe- 
tature -0 .6° (Experiment I I )  and 0.6° (Experiment I I I )  and the 
N ativ e  air humidity 92.0*.

In Experiment IV the air temperature at chilling was 
The ohilling time to 4° was 21 hours at the air speed 

®/sec. After quiok chilling the sides were le ft  at 3° for 
7 day8.

Results

The results of our experiments are summed up in Tables 
and are illustrated by means of curves in Figure 1.

Table 1 and Figure 1 show the results of studying chan- 
in toughness determined by the amount of energy spent on 

binding fermented and nonfermented meat samples during quiok 
f i l i n g  and subsequent storage.

It is  obvious from the data presented that fermented 
®®at toughness decreases much more intensively as compared to 
ft°afermented meat. This deoreaee by the end of storage time 

Afferent experiments equals to 38.5-46.8 and 16.1—27.3* 
t#BPeotlvely) of the in it ia l value.

Besides, it  should be noted that in Experiments I I  and



I l l  fermented meat toughness after a day storage was consi­
derably less (2.08; 1.97) as compared to nonfermented nea* 
after 8 days storage (2.34; 2.30).

It should also be emphasised that the proteolytic enzyme 
exerts a tenderising effeot on meat throughout the experi­
mental storage, accelerating the ageing prooess and oausinfi 
deeper ohanges In meat.

Table 1
Changes in meat toughness (energy spent on cooked sample® 

grinding in an eleotrlo grinder) during meat quick c h i l l is  
and subsequent storage (in  Joules per 1 g of meat) ^

Meat treat- ¡Ex- 
nent with ¡peri- 
the enayae >ent

jl*
:
:

Meat oondltion

fresh after ¡after ¡after 
quick ¡one day¡7-9 
ohllling ¡storage ¡days

¡storage¡by•n-f

¡A deorease 1»  
¡meat tough' 
¡ness (as *
'o f the ioi-T 
:t ia l ralue) 
' the end 
of storage 

¡time

lonfermented
meat

fermented
meat

Differences 
between non­
fermented 
and fermented 
meat toughness

I I 3.22 2.99 2.67 2.34 27.3
I I I 2.74 2.63 2.47 2.30 16.1
IT 3.12 - 3.38 2.60 16.7

I I 3.22 2.39 2.08 1.98 38.5
I I I 2.74 2.35 1.97 1.59 42.0
IV 3.12 - 3.04 1.66 46.8

I I 0 0.40 0.59 0.36 -
I I I 0 0.28 0.50 0.71 -
IV 0 - 0.34 0.94 -

byChanges in neat toughness were also characterised 
outting resistance.

index a ll th* 
the oorreS'

r -— o »»>*»»*»* wuaa. oy me ena or storage time me outtlBi 
resistance of both raw and oooked fermented meat deoreaeed 
a greater extent as compared, to nonfermented neat.

As is  seen from Tables 2 and 3, by this 
samples of fermented meat were more tender than 
ponding oontrol ones. E(r the end of storage time the



determining resistance to the longitudinal and
transversal outtlng oí cooked meat fibers, the values of this 
^dex in the process of experimental storage of fermented meat 

Experiment I I I  decreased by 38.9 and 31.0* of the 
initial value (respeotlrely). For nonfermented meat this de- 
orease in both cases was 26.84. In Experiment I  the deorease 
ta® 55.0 and 39.04 (respeotlrely). Thus, the results of 
toughness determination by measuring outtlng resistance ooin- 
Qlded with those obtained by means of an eleotrio grinder.

i Table 2
* Changes In meat toughness (cutting resistance of raw 
8a®plea) during Its  quiok ohllllng and subsequent storage

( la  kg)

It * * *
i.!?? treat-:Bx- ¡5he direction:- Meat oondltion
t¿nt with :perl-iof outtlng: fresh:after 

6 enayme :ment:experimental: warm :auiok 
:N® :fibers : :chl

:after :after 
:a day :7-9 days 

lUng :storage:storage

•tony
••at•xmented

I I I

IT

^ ’»•nted••at

I I I

IV

longitudinal 1.02 1.05 - 1.01
transversal 1.60 1.10 - 1.06

longitudinal 0.91 0.97 0.93 0.90
transversal 1.52 1.08 1.05 0.98

longitudinal 1.02 1.04 0.97 0.77
transversal 1.60 1.16 1.00 0.88

longitudinal 0.91 0.91 0.79 0.56
transversal 1.52 0.80 0.91 0.78
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Table 3

Changes In meat toughness (outting resistance of ooofced 
samples) during its  qulok ohllllng and subsequent storage

(In  kg)

: : : Meat oondition
Meat treat-:Ex- :The direction:-------------------
ment with :perHof outting :fresh:after : after
the enzyme :ment:experimental :warm :quiok :a day •T'y ~zi.

:H* :fibers : : ohllllng :storage:8toi^
---------------1------f----------------- 1-------1----------- »----------*■— .

Nonferuented
meat I I I

IV

longitudinal
transversal

longitudinal
transversal

longitudinal
transversal

2.31

1.5*
2.13

1.50
1.67

1.80
1.81

1.57
1.95

1.52
1.7*

1.11
1.7*

1.23
1.69

Fermented
meat

I I I

IT

longitudinal 
transversal 2.31

longitudinal 1.5* 
transversal 2.13

longitudinal
transversal

1.50
1.67

0. 98 
1.32

1. *5

1.30
1.59

0. 95
1. *2

0.80
1.18

Free amino aoids oontent was determined hr ohromatogf*^ 
hy Bode's (1 * ) and S lr l 'a  (15) method modified by Zai**® 
and Xyuleneva (16).

The results are presented in Tables *-6 .
From these data It  is  seen that the sum oontent 

free amino acids determined In fresh warm neat prior 
ohllllng was 65.*-81.0 mg*. After nonfermented meat 
ohllllng in our three experiments It  did not praotioall/increase*

of « #
to

Itti«*

ohange. In qulokly ohilled fermented meat It  
3.3-9.8# as compared to the in it ia l value. After ared to tne m itiaa varue. a h .o.i »  da<5r ^  
ge in Experiments I , I I I  and IV the free amino aoids *eT

i'reoP®*”’nonfermented meat inoreased hy 3.0, 7.9 and 8.5#  ̂ j gJ
tive ly ) as compared to their level in fresh warm meat.



An increase in storage temperature from -1.2° (Experi- 
ffle&t 1) to 3° (Experiment IT) results (by the end of storage 
tl»e ) in raising the total amino acids lere l from 8.1 to 
^•0% of the in it ia l value for nonfermented meat and from 
l8.o to 42.2* for fermented meat, in the latter case it  was 
40companted by a more considerable increase of each amino 
««id.

It should be pointed out that in a ll  three experiments a 
r lee in amino acids content of nonfermented meat was less by 
^  «ad of experimental storage (+8.1 to 16.0*), as compared 
to fermented meat after a day storage (+11.6 to 30.3*).

fomented neat i t  increased by 11.6, 19.2 and 30.3* (respeo-

I
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Tabla

7^.0 73.7 -  80.0 8.1 79.8 7.9 88.2 19.2 82.4 I I .3 97.5 31.8
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It is necessary to indicate some general regularities in 
changes of individual amino acids content during quick oh ll- 
ling and subsequent storage of nonfermented and fermented 
meat* in fresh warm meat after its  quiok chilling tyrosine ia 
absent and only traces of phenyl-alanine are present.

During nonfermented meat storage the contents of glu - 
tamlnic aoid, threonine, serine, valine, glycine and leuoine 
increase more intensively than those of others amino aolds. 
in fermented meat, besides the above-mentioned amino aolds, 
there was observed a rather significant increase in arginine 
content.

E .g ., in Experiment I I I  by the end of fermented meat
storage valine Increased by 21.7*, leucine -  by 24.5*, ar­
ginine -  by 33.3*, glyolne -  by 45.0*, threonine -  by 60.0*, 
serine -  by 65.0* and glutamlnic aoid -  by 77.5*.

In Experiment 17 these increases were s t i l l  greater: glu - 
taminic acid increased by +136.2* against +49.2* in aon- 
fermented meat; serine -  by +61.1* against +32.5*; glyolne -  
by +70.8 against +23.016, etc.

Thus, the results obtained on free amino aolds accumu­
lation during storage of quiokly ohilled fermented and non- 
fermerited meat (as well as the data on meat toughness de­
cease) show that bloohemloal and physioal-chemloal changes 
0°cur more intensively in fermented meat.

The colour intensity of raw meat was determined by
«»easuring light reflection on a monochromator JM-2 by 
^ lo v a  and lyaskovskaya's method (13 ). The results are pre­
dated in Table 7.

Determination of meat oolour showed that there is  prac­
tically no difference in the oolour of fermented and nonfer- 
®ented meat.

Prom the data of Table 7 It  is  obvious that in both 
°ases in a ll  our experiments quickly ohilled meat is  of a 
tt°ie Intensive colour as compared to the in it ia l fresh warm 
dat. This is  apparently accounted by the fact that here myo— 
8A°bin binding of oxygen takes plaoe which results In a more



brightly coloured oxymyoglobin. After a day storage la  B0B 
of the experiments ( I ,  I I I ,  IV) oolour intensity s t i l l  in­
creased and only in Experiment I I  it  slightly decreased 
nonfermented meat by this time.

By the end of 7-9 days storage in moat of the experiments 

( I ,  I I ,  IV) oolour remained more bright than in fresh 
meat. Ey this time, however, in Experiments I I  and I I I  colour 
Intensity decreased as compared to meat after one day 
This deorease (the same both for fermented and nonferraente^ 
meat) testifies  to the start of heme pigments oxidation du> 
prolonged storage of meat at temperatures above frees 

point.
Table ^

Colour intensity of raw nonfermented and fermented ®*a 

at various stages o f its  ageing

lie at treat­
ment with 
the enzyme

determination! Ex- : Meat o o n ^ lon____--^  
performed at; pert-;ire . h ;after:afterJSig 

! ment Iwmtb :iuick:a daysisys 
i N* ¡meat :oh il-:sto - jsto;
: : ¡ling ¡rage g -

The 
was _ 
wave-lengths

Hon-
fermented
meat

D 545/650

D 582/650

Fermented D 545/650 
meat

D 582/650

I 1.41 1.51 1.58

I I 1.38 1.58 1.44

I I I 1.48 1.59 1.62

rv 1.41 1.48 1.51

i 1.38 1.51 1.55

i i 1.38 1.55 1.44

h i 1.51 1.59 1.62

IV 1.41 1.46 1.48

i 1.41 1.55 1.51

i i 1.38 1.48 1.48

h i 1.48 1.62 1.58

IV 1.41 1.55 1.55

i 1.38 1.51 1.48

i i 1.38 1.48 1.48

i n 1.51 1.66 1.55

IV 1.41 1.51 1.55

1.62
l.*l
1.38
1.58

1.58
l.*l
1.35
1.58
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In a l l  the four experiments by the end of storage time 
both fermented and nonfermented meat remained fresh by 
chemical, mloroblologloal and organoleptlo Indies.Vo essential 
differences were found between fermented and nonfermented 
meat in the degree of "freshness*.

The data, obtained on organoleptlo evaluation of non­
fermented and fermented meat toughness, indicate the ad­
vantages of the latter and, therefore, oonflrm our oonoluslons 
about Intensive ageing at ohilllng and subsequent storage of 
fermented meat as oompared to nonfermented meat.

for the purpose of organoleptlo evaluation, 1? tasting 
experts were offered 4 samples of rumpsteaks prepared from 
*be Internal part of a hind leg of the same oaroass 48 hours 
P°et slaughter. The results of the evaluation of meat tough- 
hess according to the 5-soore system are presented in
Table 8.

Table 8
Results of comparative organoleptlo evaluation of non- 

formented and fermented meat at different kinds of ohilllng

8aapi,
H8 Kind and time of 

ohilllng
! Meat treatment priori 

to ohilllng
•  e

: :

Mean soore 
for meat 
tenderness

1 . Qulok ohilllng, 
13 hours

Nonfermented 3.4

2. Slow ohilllng, 
41 hours

Nonfermented 3.6

3. Qulok ohilllng, 
13 hours

fermented 4.2

4. Qulok ohilllng, 
13 hours

Nonfermented 3.6

As is seen from the table, the best soore vas given to 
Tormented meat after Its qulok ohilllng and subsequent storing 

1.5 days (sample N* 3 ). It  the same time It  should be 
a°bed that a difference between nonfermented qulokly and 
slowly chilled meat, 41 hours after the ohilllng process 
^•«an, was inalgnlfioant.
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Conclusions

1. During experimental storage the toughness of z e r -  

mented, quickly ch illed  meat decreases by 38.5-46.8* 43 e0IU“ 
pared to the In i t ia l  ralue, whereas nonfermented meat tough­

ness lowers by 16.1-27.3*.

2. The proteo lytio  enzyme fic in e  Improves meat texture 
throughout the period o f experimental storage accelerating *** 
ageing process and causing deeper changes in  meat.

3. At the quiok o h illin g  o f nonfermented sides *r®e 
amino acids (under study) oontents and th e ir  to ta l oontent 40

not p ractica lly  ohange.

4. Free amino acids oontent in  fermented, quiokly ohill#d 
meat a fte r  a day storage exoeeds that in  nonfermented 8 day® 

stored meat.

5. Storage temperature r ise  from -1 .2° to 3° results 1® 
the increase o f to ta l amino acids oontent by two and more 
times by the end o f the experiments.

6. During storage o f nonfermented meat, the oontents o t«nd
glutamlnlo aoid, threonine, serine, va lin e , glycine
leucine increase more in tensive ly  as compared to the oth®the
studied amino acids. In flo in e-trea ted  meat, besides 
above-mentioned amino acids, a considerable r ise  in argl®^® 

le v e l is  observed.

7. No essen tia l d ifferences in  oolour Intensity 
found between fermented and nonfermented meat at a l l  the 
ges o f i t s  cold treatment under the studied conditio®3

8. Fermented meat, a fte r  i t s  quick oh illin g  fo r  13 hour8a. v aJJ
and subsequent 1.5 day storage, was given a higher score 
quickly and slowly ch illed  nonfermented meat tested with*® 
the same time from the oh illin g  process sta rt.
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