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BIOCHEMICAL CHANGES OBSERVED DURING
STORAGE OF QUICKLY CHILLED BEEF MEAT

Solovyov V.I., Volkova Aﬁa'j

Kuznetsova G.N.,Glazové &¢
gsh
At present there is a tendency to quickly chill frlts
warm meat in the air at temperatures below 0°, which rest e‘ '
in decreasing the cold processing time and natural 1oss=
(1-7). From the point of view of meat technology, thi8

progressive, ‘\

i

to
It is possible that quickly chilled meat, as compared |
18
slowly chilled meat, will reveal more signs of rigor mortd %
effecting unfavourably its texture (provided such meat

consumed immediately after chilling).

in~
Here arises a problem of studying the possibility to

ule
tensify the process of meat texture improvement during q
chilling.
of pro”

Our early experiments (8,12) proved the presence 5
gracti’

teolytic changes in the structure of the myosin
proteins at meat ageing and the resulting accumulation
amino acids,

rted ty Nievis®”

The latter results confirm the data repo and {

wiez A, (9), Dworzak (10), Schormiiller and Adler (@3]

others. a‘
. |
at

In accordance with the above-mentioned, this work
age ing

1yti0

devoted to studying a method for intensifying meat
1ts quick chilling; this method is based on the prote’
enzyme ficine introduction into a fresh warm carcass.

Experimental procedure

8
side
One fresh warm side was control; into the otheT

me
ficine solution (5% of the side weight) was injeoted ?1011 by
of a hollow needle; the amount of solution was contro




"elghing the side prior to and post the injection.

| Both the control and the experimental sides were chilled
in the same chamber under the same temperature and moisture
%0nditions, Sampling was performed prior to chilling (fresh
Yarm meat), post chilling, after one day storage and after
79 days storage.

In Experiment I meat was chilled to the average air tem-
| Perature ~5.6°, the relative air humidity 73.2% and the air
v°1°°1ty between the rounds 3 m/sec. The chilling time to 4°

' ‘ ‘1“ the round depth was 18 hours. Meat was stored at =1,2%

Exper.ments II and III were conducted under approximately

Similar conditions. The air temperature at chilling was —4.72

\ the chilling time up to 4° was 19.3 hours at the air speed

\ bet'een the rounds 1.9 m/sec. After quiock ochilling the sides

! Yere lert in the chamber for 8 days at the average air tempe-

\ *ature -0,6° (Experiment II) and 0.6° (Experiment III) and the
Telative air humidity 92.0%.

‘ : oln Experiment IV the air temperature at chilling was

1'7 . The chilling time to 4° was 21 hours at the air speed

*9 m/sec, After quick chilling the sides were left at 3° for
days,

Results

2 The results of our experiments are summed up in Tables
~8 and are 1llustrated by means of curves in Figure 1.

Table 1 and Figure 1 show the results of studying chan-

' .8“ in toughness determined by the amount of enmergy spent on

1 ::i?dins fermented and nonfermented meat samples during quick
ling and subsequent storage.

Reay It 18 obvious from the data presented that fermented
e toughness decreases much more intensively as compared to
ermented meat. This decrease by the end of storage time
different experiments equals to 38.5-46.8 and 16.1-27.3%
Tespectively) of the initial value.

Besides, it should be noted that in Experiments II and




III fermented meat toughness after a day storage was consgi- ‘
. i . . t
derably less (2.08; 1.97) as compared to nontermented mea

after 8 days storage (2.34:; 2.30).

It should also be emphasized that the proteolytic enzyme
exerts a tenderizing effeot on meat throughout the expeTi~
mental storage, accelerating the ageing process and oausing
deeper changes in meat,

Table 1

Changes in meat toughness (enmergy spent on cooked samples
grinding in an eleotric grinder) during meat quick chilliné ‘
and subsequent storage (in joules per lg of meat)

Meat treat- (Ex--: Neat ocondition 'k deoreaseif_{

ment with  peri- 2 5 ; ‘meat toug

the ensyme  ment fresh  after after ‘after 'ness (“m_ |
N2 ‘warm  quick  onme day: 7-9 ‘of the

.chilling {storage.days .tial "1333
. : .storage by the

: time -
I  3.22 2.99 2,67 2.34 27.3 ’
ey cap i SIS < o SURE 90 G U | e 0 9 SN A 16.1 |
v 3.12 - 3.38 2.60 16.7
II 3,22 2.59 2,08 1,98 38.7
at R e TN s ed i 42,0
5 S P 1 - 3.04 1.66 46.8
Differences Il 0 0.40 0.59 0.36 s
between non- 7 i
i iy III 0 0.28 0.50 0.71
and fermented IV 0 - 0.3% 0.9 " ‘ '
meat toughness A '
by
Changes in meat toughness were also characterized
cutting resistance.
1 the

As is seen from Tables 2 and 3, by this index al
samples of fermented meat were more tender +than the oorres”
ponding ocontrol ones. By the end of storage time the cuttiné
resistance of both raw and cooked fermented meat decreased .
& greater extent as compared, to nonfermented meat.




When determ{ning resistance to the longitudinal and

transversal cutting of cooked meat fibers, the values of this 07
index 1n the process of experimental storage of fermented meat
n Experiment III decreased by 38.9 and 31.0% of the

nitial value (respectively). For nonfermented meat this de-
STease in both cases was 26.8%. In Experiment I the decrease

Yas 55.0 and 39.0% (respectively). Thus, the results of
t°“8hness determination by measuring cutting resistance coin-
¢lded wWith those obtained by means of an electric grinder.

' . Table 2
Changes in meat toughness (cutting resistance of raw

ﬂamples) during its quick o¢hilling and subsequent storage

(1n kg)
\_\_‘_—‘_ gt e S
::at treat-:Ex- :The direotiom: —-Beat oenditicn ______
thzt with :peri4of cutting: fresh:after :after :after
enzyme :ment:experimental: warm :quick :a day :7-9 days
:N? :fibers : tchilling :storage:storage
| T e SR g S e
}‘ T longitudinal 1.02 1.05 - 1.01
| Noge transversal 1.60 1.10 - 1.06
ng.tﬂrnonted
v longitudinal 0.91 0.97 0.9 0.90
transversal 1.52 1.08 1.05 0.98
longitudinal 1.02 1.04 0.97 0.77
::r.mted IIT ¢ransversal 1.60 1.16 1.00 0.88
t
longitudinal 0,91 0.91 0.79 0.56
A IV tremsversal 1.52 0.80 0.91  0.78
.




Table J

stance of ocooked

Chan

storage 1

samples)

Meat treat-:Ex- :The direct
ment with :peritof cutti :
the enzyme :ment:experimental :warm
tN2 :fibers -

:fresh:afterx
:quic

Nonfermented ST

meat

. . . . % 02
. longitudinal 1,50 1 2 i |
Y 4 cn |
transversal 1.67 1.74 1.69 .02 {
- 2l - - P - b & o ~ s i - - - . me :
!
longitudinal - 0, 9¢ - 0.86 |
: transversa 2¢3 1 - 1.27 I

.
longitudinal 1,54 - 0.95 0.9% ’

ted I11 > 4 .

‘I;:'r?en 5 transversal 2.10 1.42 Y 4 1.47

IV  lomgitudinal 1.50 1,30 0,80 0.80

f v 1

transvers: 57 1" 1,18 1.19

f".

by
togTep
Free amino aoids oontent was determined by ohromatogT 9v3
- g ; sinr W Zaitas
by Bode's (14) and @Giri's (15) method modified Y Zalv

and Tyuleneva (16).
The results are presented in Tables &- p‘ {‘
’ 4 e vant 0F
seen that th am GO £0

From these data it 1is

free amino acids determined prior

0 mgh. After nonfermented meat
practiocally

quio¥

chilling was 65.4

ohilling in our three experiments it did not by
inoressed
7 atoré”

3,3-9.8% as compared to the initial value. After & as

- le
ge in BExperiments I, III and IV the free amino acids 4 0pe%”
. s @ o o & . 2.7 re
nonfermented meat increased by 3.0, 7.9 and 8.7% ( g0
meate

change, In quickly chilled fermented meat

vel

tively) as compared to their level in fresh warm




fermented
tively Yo

gat it inoreased by 11.6, 19.2 and 30.3% (respeoc~

An inorease in storage temperature from -1.2

Bent I) to 3" (Experiment IV) results (by the end of
timg) in

16,09 of

B8
raising the total amino acids level from 8.1 to

initial value for nonfermented meat and from

nted meat, in the latter case it was
&companieqd by a more considerable increase of
14,

3~

of
of

31




Table 5

Changes in free amino acids content in a meat extract
during quick chilling and subsequent storage of nonfermented
and fermented wmeat in Experiment III (in mg per 100 g of
raw meat)

Amino aoid f E f After chilling : After one day storage

. non- ffpmnted . non- fermented
; fermented . meat . fermented meat fermented

meat : . meat

fermented
meat

‘mgh 1% 1n- mg® % in- | mgH 'S in- ‘m
: .orease .Crease .oreas

Arginine

Asparagioc acid

Serine

Glyoine

Glutaminic acid

Threonine

Alanine b ] 2 2 5.
Tyrosine 2.1 aces [o2 - trao;s
Valipe -

Phenyl-alanine traces

Leucine 23

Total 74.0




W
A

Table &
extraot
during quiock ohilling and subsequent storage of nonfermented

Changes in free amino aoids ocontent in a meat

and fermented meat in Experiment I (in mg per 100 g of raw
meat)
Amino acid ;Eié After g?_a.;%]‘ng _‘__:3_ After ome da{__g;_tgga_lg_e_ _After 9 days storage
: meat jnonferment ed: fermented ‘nonfermented, fermented noufsrmnntod: fermente
e 720 g RN mest ;._____eeéﬁ_-_-,-_,__meat-_- . .meat _ .  meat
mg% ‘% in- mgh “" in- ‘mgd ‘% in-: mg% ‘% in- 'mg‘i ‘% in- ‘mg#$ % in-
: . orease ,OoTease’ .crease , .orease, ;crea:c' ,orease
Arginine . P 3.9 - 3.9 ' 4,1 269 §.5° 154 4.0 &y 4.6 18.0
Asparagio acld 22.3 22.2 - 22,0 = 23.6 5.8 5.8 I5.7 23.2 - 25.8
Serine 4,9 8.6 25 4.8 6.6 8.6 2.8 "9 8,9 " ReG 8 Yo 3
Glycine 4.4 4.3 - 4.7 8 Red . CuD 30 137 4.8 9.1 5.2
Glutaminioc acid 10.2 I0.3 - II.2 .8 0.5 2,9 12,0 17.6% 12.9 26,5 150
Threonine 2¢3 T 2e3 - 2.6 0 2.6 200206 IS0 2.0 218 5o
Alanine 25,2 25.0 - Bt e 24,8 - 25.6 - 25.9 2.8 26 .0
Tyrosine - - - A - - - 0.5 - traces - 0.7 -
Valine 39 35 - fol B 35 - 3.9 Llsa 3.8 8.6 B3 - 223
Phenyl-glanine - 0.5 0.5 - 0.6 20.0 0.5 - 0.6 0.0 O. - 0.6 20.
Leucine 4.2 4.3 2.4 4,6 9.5 Nl TR 500 191 4.9 16.7 5.0 [9.0
A 8I.0 80.9 - 83.7 3.3  83.4 3.0 90.4 II.6 87.6 8.1 95.6 18,0




Table 6
Changes in free amino acids ocontent in a meat extraot
during quick ohilling and subsequent storage of nonfermented

and fermented meat in Experiment IV (in mg per 100 g of
raw meat)

Amino acid - After ohilling
IS o B ———
.meat non- . fermented - fermented
s fermented . meat meat

Arginine
Asparagic acid
Serine

Glycine
Glutaminio acid
Threonine
Alanine
Tyrosine
Valine
Phenyl-alanine
Leucine

Total

16.0

fermented
meat




It is necessary to indicate some general regularities in
Changes of individual amino acids content during quick ochil-
ling and subsequent storage of nonfermented and fermented
Meat. In fresh warm meat after ite quiok chilling tyrosine is

absent and only traces of phenyl-alanine are present,

¢ ts of glu-
| taminic aoid, threonine, serine, valine, glycine and leucine
lncrease more intensively than those of others amino acids.

In fermented meat, besides the above-mentioned amino aoids,

| During nonfermented meat storage the conten
4

‘ there was observed a rather significant increese in arginine

Content. .
E.g., in Experiment III by the end of fermented meat
8torage valine increased by 21.7%, leucime - by 2&.5%, ar-

8inine - by 33.3%, glycine - by 45.0%, threonine - by 60.0%,
Sérine -~ by 65.0% and glutaminic acid - by 77.5%.

In Experiment IV these increases were still greater: glu-
taminic acid inoreased by +136.2% against +49.2% im non-
fermented meat; serine - by +8l.1% against +32.5%; glycine -
% +70.8 against +23.0%, etc.

Thus, the results obtained on free amino acids accumu-
lation during storage of quiockly chilled fermented and non-
fermenteq meat (as well as the data on meat toughness de-
CTease) show that biochemioal and physical-chemiocal changes
%¢cur more intensively in fermented meat.

The colour intensity of raw meat was determined by
Reasuring light reflection on & monochromator YM-2 by
KIWIOVa and lyaskovskaya's method (13). The results are pre-

' ““hted in Table 7.

Determination of meat colour showed that there is prac-
Ycally no aifference in the colour of fermented and nonfer-
Zented meat,

From the data of Table 7 it is obviocus that in both
%8ses in a1l our experiments quickly chilled meat is of a
%0Te intensive colour as compared to the initial fresh warm
%at, Thig is apparently accounted by the fact that here myo-
8lobin binding of oxygen takes place which results in a more




fter a da

[

brightly coloured oxymyoglobin,
of the experiments (I, III, IV) colour intemsity sti-
creased and only in Experiment II it slightly decreased
nonfermented meat by this time.

e experiments

By the end of 7-9 days storage in most of th
wark

II, IV) colour remained more bright than in Irest
II end III colowr

(1,
meat. By this time, however, in Experimentis
intensity decreased as compared to meat after one day storags
Thig decrease (the same both for fermented and nonfermented

meat) testifies to the start of heme pigments oxidation durisé

: z : g
prolonged storage of meat at temperatures above freezind
point,
pable 7
cal : > ed %
Colour intensity of raw nonfermented and fermented meé
at various stages of its ageing
Meat treat-, The determination, Ex- '__gggg_gggﬁgg}g&.,zz?z;’
ment y}t; . was pgrfOfmed at, pex&zfresh:after:after: ~9
the enzyme . wave-lengths ESP swarm :quick:a day!zays

N?  meat :0hil-:sto- fstoc
’ .1ing :rage I8

Non- 545/650 I 1.61 1,51 1.58 1.62
e 11 1.38 1.58 1.4 1.4
it III  1.48 1.59 1l.62 1,38
Iv 161 1.48 3501
D 582/650 I 1.38 1.51 1.55 1%
11 1.38 1.55 1.4k o4
I 1.51 1.59 .62 3%
IV 1.61 1.48 1.48 1~73'

Fermented D 545/650 T 1.41 1,55 1.51 1.70 ‘
e 138 1.48 1.48 o8
I \ 62 1.58 1%
d o4 1.59 192 1.62
82/ 1 1.38 1.51 1.A8 1.66
II 1.38 1.48 1.48 1,04
III  1.51 1.66 1.59 1.2
IV 1.41 1,51 1.5% 1.9

|
| ‘
|



four experiments

both fermented and nonfermented meat
Chemical, miorobiological and organol ind ti
differences were found between fermented and nonfermented
Beat in the degree of "freshness".

The data, obtained on organoleptic evaluation of non-
fermented and fermented meat toughness, indicate the ad-

Yantages of the confirm our conolusions

about intensive

latter and, therefore,

storage of

ageing
fermented meat as

subsequent

For
éxperts were

organoleptic evaluatioen,

=

the purpose of

umpsteaks prepar

the internal part of a hind leg of the same oarcas
Post slaughter. The results of the evaluation of me
Dess according to the 5-soore syst ez present
Table g,
Table 8
Results of comparative organoleptic evaluation of non-
fermezted and fermented meat at different kinds of chilling
S S S A S . S S S S S S S S S S ————— — —— — S — ———— —
ngpie:ﬂici and time of Meat treatment prior, Mean socore
. chilling to chilling . for meat
g . . tenderness
B - > < M LA
%
e Quick ohilling, Nonfermented 3.4
13 hours
< Slow ohilling, Nonfermented 3.6
41 hours
3. Quick chilling, Fermented §.2
13 hours
& Quick chilling, Nonfermented 3.6
13 hours
\‘ = S .

2 As 1s seen from the table, the best soore was given to
STmented meat after its quiok chilling and subsequent storing

for 1.5 days (sample N? 3). At the same time it should be
Roteq that a difference between nonfermented quickly and
8lowly ohilled meat, 41 hours after the chilling proocess

Yegan, was ins ignificant.

37




Conclusions

1., During experimental storage the toughness of fer-

mented, quickly chilled meat decreases by 38.5-46.8% as com~
pared to the initial value, whereas nonfermented meat tough-
ness lowers by 16.1-27.3%.

2., The proteolytic enzyme ficine improves meat texture

throughout the period of experimental storage accelerating the
ageing process and causing deeper changes in ment.

3. At the quick ohilling of nonfermented sides freé

amino acids (under study) contents and their total content 40 . l
not practically change.
4. Free amino acids content in fermented, quiokly onilled
meat after a day storage exceeds that in nonfermented 8 days-
stored meat,
results 12
more

5. Storage temperature rise from -1.22 %o 3e
the increase of total amino acids ocontent by two and
times by the end of the experiments.

6. During storage of nonfermented meat, the contents of

. ; ’ d
glutaminic acid, threonine, serine, valine, glycine an
leucine increase more intensively as compared to the other

the

studied amino acids. In ficine-treated meat, besides

above-mentioned amino acids, a considerable rise in arginin®

level is observed.

c . e
7. No essential differences in colour intensity ar

B

found between fermented and nonfermented meat at all the st®

ges of its cold treatment under the studied conditions °
. T 2 s

8. Fermented meat, after its quick chilling for 13 hou¥ ‘ '
e thad

and subsequent 1.5 day storage, was given & higher scoT

o 2 . n
quickly and slowly chilled nonfermented meat tested withd

the same time from the chilling process start.
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