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JĴ at matiiM ??entS °f.z"1lne destruction have been widely used as an indicator of the advancement of 
,,he PhennmQt10n- . -Is can be demonstrated by muscle fiber fragmentation imposed by mechanical action, 
‘-line dp<TnOI\- ■ ! measurement are particularly important as an index of meat touohness, due to 
f|"agment .P^ctl°n: ^  the following, the results of using various methods for measuring muscle fiber 

n and the influence upon it, of muscle, time and temperature of preservation are presented
Material

'— -¿I s and Met hods

^Imais6 SMUdy!Was carried out in Longissimus dorsi and Trapezius muscles of eighteen Friesian beef 
’n +J4CW, ™scle samples were taken one hour post-mortem and preserved for six days in +10C and others 
^urs pnc4. Measurenents of Z-line destruction in muscle homogenates took place at 5, 30, 100 and 150 
¡}dlTy bv |t*'n0|f'tem, from both temperature levels of sample preservation. A technique, described origi- 
’’ber fy-anm76* Z- 19'.and used ln fisb muscles, was used for the nephelometric estimation of muscle 
W6re to hp !ntat1C"? 1ndex- Accordingly, for securing standard length of intact muscle fibers, which 
iSed- SaLi °9enlSed’ a sPecia11y modified knive, with two parallel blades, three mm apart, was 

PerDpna®S ?er? taken from places with no macroscopically visual connective tissue elements, cut- 
, 0ii>mq wenf * ■ ■y to muscle fibers direction. For the preparation of homogenates samples weighing 
Ured at a ™  puT ln 20ml of 1 % forll,a1ln and macerated in a Turrax homogeniser. Absorbance was meas- 

HJJnP after agitation with a Vibro-Fix of IKA-Werk apparatus.

Phosphate buffer, pH 7.4 17mi
Sodium succinate sol., 0.2 M lml

1nCub Tetranitrotetrazolium salt, 0.5mg/ml 2ml

fc
ü ^ 1* «  w  the ’  ° '  ° ™  of >»ff*ooo .»0 the »„„„

S e a l 6* mean values in plrh9^  ^ngth between measurements according to muscle fiber type 9 
i?al muscle f?Kp^Si ’ 6aCh Ca e’ from the measuraments according to the three different histn

*  S S M S S S i , . ! ^ ;  J S t r S J i  f f s H ™



lysis of variance for two muscles, two preservation temperatures, five repetitions of me® ^ m Ĵtal faC' 
the histologic and four repetitions for the other methods. The values, according to exper 
tors as well as the significance of differences, are shown in Table VII.

T A B  L E I

Mean ± standard error of the mean of muscle fiber fragmentation indexes in Longissimus dors^
musde

Preservation
Temperature

+ 1°'c +14°C

Repetition of measure
ments (hours post mortem) 1 5 30 100 150 1 5 30 100

Nephelometric determi nati on - 0.79
±0.05

0.86
±0.05

1.08
±0.05

1.07
±0.05 -

0.78
±0.06

0.86
±0.06

1.10
±0.06

Muscle homogenates -
606.61
+63.81

801.53
±51.93

620.02
±65.73

454.82
±36.77 - 558.17

±63.85
726.57
±49.89

361.73 
+36.90^

Muscle homogenates 
(histochemical) -

248.77
±12.93

308.27
±25.25

314.51
±11.78

206.99
±9.47 -

227.74
±22.46

287.53 227.12 
±18.63 ±13.70

Histologic sections 1.50
±0.22

2.20
±0.30

1.61
±0.24

3.00
±0.27

2.93
±0.40

1.50
±0.22

2.00
±0.38

2.16
±0.24

3.16
±0,32.

T A B L E  II

Mean t standard error of the mean of muscle fiber fragmentation indexes in Trapezius musd

Preservation
temperature

+1°C

Repetition of measure
ments (hours post mortem)

30 100 150 1 5 30 10°

Nephelometric
determination

Muscle homogenates

Muscle homogenates 
(histochemical)

Histologic sections

0.70 0.79 0.91 0.99
±0.06 ±0.05 ±0.05 ±0.05

0.73 0.81 1-09
±0.04 ±0.07 ±0.06

706.88 592.49 487.06 403.39 
±59.61 ±45.42 ±42.90 ±31.71

598.66 602.96 402.79 
±42.59 ±33.62 ±39.42

257.17 262.34 235.52 224.01 
±12.92 ±11.68 ±23.87 ±10.40

253.88 279.57 239.14 
±13.41 ±11.78 ±8-6/

1.30
±0.13

2.42
±0.32

2.61
±0.29

2.87
±0.39

2.16
±0.37

1.30
±0.13

2.00
±0.58



T A B L E  III

Table of factorial analysts of variance for the changes in the values of 
nephelometric determination of muscle fiber fragmentation

Source of Degrees of Mean F Statistical
variation freedom squares value significance

Blocks 17 0.22136 6.179 N.S.
Muscles 1 0.31435 8.775 p<0.01
Températures 1 0.17875 4.990 p<0.05
Time 3 1.79613 50.140 p<0.01
Muscles X Températures 1 0.09882 2.758 N.S.
Températures X Time 3 0.03505 0.978 N.S.
Muscles X Time •3 0.00363 0.101 N.S.
Muscles X T° X Time 3 0.01883 0.525 N.S.
Error 255 0.03582
Total 287

T A B L E IV

Table of factorial analysis of variance for the changes ini the values of
muscle fiber fragments measurements in muscle homogenates

Source of Degrees of Mean F Statistical
variation freedom squares value significance

Blocks
Muscles
Températures
Time
Muscles X Températures 
Températures X Time 
Muscles X Time 
Muscles X TO X Time 
Frror 
Total

17 248358.98101 3.019 N.S.
1 4484.12391 0.054 N.S.
1 380050.31320 4.620 p<0.05
3 1709897.38722 20.788 p<0.01
1 307940.47818 3.743 N.S.
3 146660.98619 1.783 N.S.
3 371759.47218 4.519 p<0.01
3

255
8586.60807

85250.11063
0.104 N.S.
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T A B L E  V
•¿«le of factorial analysis of variance for the changes in the values (mean of 
ine measurements according to the three different histochemical muscle fiber 
W e )  of muscle fiber fragments measurements in muscle homogenates, incubated 

for the demonstration of succinic dehydrogenase

Source of 
variation

Degrees of 
freedom

Mean
squares

F
value

Statistical
significance

Blocks
Muscles
Températures
Time
Muscles X Températures 
Températures X Time 
Muscle X Time 
Muscles X T» X Time 
Error 
Total

17
1
1
3
1
3
3
3

255
287

45382.75269
1557.70362
32.38112

52586.87974
218.87550
245.40861

4263.46521
5168.51128
4510.97522

10.060
0.345
0.007
11.657
0.048
0.054
0.945
0.945
1.145

N.S.
N.S.
N.S.
p<0.01
N.S.
N.S.
N.S.
N.S.
N.S.

T A B L E V I

Table of factorial analysis of variance for the changes in the 
fiber fragmentation evaluations in histologic sections

values of muscl

Source of Degrees of Mean F Statistical
variation freedom squares value significance

Blocks 15 
Muscles 1 
temperatures l 
■ ime 3 
Muscles X Temperatures l 
Temperatures X Time 3 
Muscle X Time 3 
Muscles X TO X Time 3

lata]

1.62472 2.058 N.S.
0.09687 0.122 N.S.
1.62562 2.059 N.S.

21.42282 27.140 {)<0.05
2.03775 2.581 N.S.
4.97760 6.306 p<0.05
1.31362 1.664 N.S.
1.80375
0.78934

2.285 N.S.

i or



T A B L E  VII

Muscle fiber fragmentation indexes mean values according to experimental factors

Source of 
variation

Nephelometric
determination

Muscle
homogenates

Muscle 
homogenates 

(histochemical)

Histologic
sections

Muscles

Longisslmus dorsi 0.960a 551.73 249.93 2.49

Trapezius 0.894a 514.66 245.05 2.44

Temperatures

+ 1°C 0.919 584.74e 244.56 3.43

Oo«¡3-+ 0.950 482.96e 247.04 3.55

Preservation time
(hours post mortem) 

3 1.40

5 0.75 617.60d 247.83d’f 2.159

30 0.83 681.40e 284.07e 2.04T

100 1.05d 467.90 241.06e 2.98e

150 1.07e 369.92 217.30f 2.79d

no ce ^
- Vertical pairs of values, when marked with a, b, c, are statistically significantly differ

respectively at p<0.05, p<0.01 and p<0.001 level. differ
- Vertical groups of values marked with d, e, f, g, h, are not statistically significantly group- 

ent (level at least p<0.05) respectively from the 1st, 2nd, 3rd, 4th highest value or

Discuss iun fiiy
The study of F values appearing 1n Tables III-VI shows that all measurements dePend ¡^entatio?oC 

the time and secondly on the temperature of preservation. Dependence of muscle fibe^ Sra?hen in iJyO 
indexes on time and temperature is a demonstration of faster Z-line degradation in +14°t L ay, V  
This, of course, is not surprising and is in agreement with other observations (Henderson 
Parish et al, 1973a; Parish et al, 1973b; Dutson and Yates, 1978).

(Table
Muscle 1s influencing nephelometric determinations of muscle fiber fragmentation inde*apeZ1uS 

III). Trapezius and L. dorsi muscles are different in two respects. First, beef animal both 
muscle is a red muscle and L. Dorsi is a white one. Evidence of the histochemical profile ĵ gSl)* 
of these muscles has been presented elsewhere (Rantsios, 1981; Rantsios and Papavassinou. than . 
Second in connective tissue content. Connective tissue content in Trapezius muscle is mor ^  sta 
three times higher than in L. Dorsi (Bendall, 1973). As it is already mentioned there wer fiber 
stically significant differences in muscle fiber fragments length between the three musci mUscl®.ng 
histochemical types. Therefore, differences between muscles due to different histocnemic ces be ' 
profile do not appear in muscle fiber fragmentation index. The probability then of dine measureiiy 
due to muscle connective tissue rises. This is supported by the fact that mean values T tatistica, 
ments in Trapezius muscles are lower than in L. Dorsi, although they are not always of-a s preven 
significant difference (Table VII) . As a possible explanation is suggested the mechanic 
tion of muscle fiber fragmentation, during homogenisation, by connective tissue. g.

The microscopic measurement of muscle fiber fragments is an absolute index of n,u*c)®..Jekat1on 
mentation. Nephelometric estimations of the same index show statistically significant co c0U|1<j j 
coefficient r values with values taken with direct measurements (r=-0.7451, pcO.OOl). „Lforn^ . is 
.therefore, substitute the direct measurements being in addition less laborious, easily P . stU" nd 
referred to a larger number of muscle fibers. This method, the way was used in the P^ese qison 
different from the ones used by other workers (Davey and Gilbert, 1969; Olson et al, 19/.’ (LoveIand' 
Parish, 1977; Olson et al, 1977). It is almost identical with the one used in fish musci _ the 5" $  
1960). Two problems are associated with the practical application of the method. They * fofĈ ,, 
ardisation of homogenisation and the quantity of the sample, so that the same homogenisac haS p

on

be1be applied to the same sample size, in order to detect the differences between samples. t> ,n 
suggested (Davey and Gilbert, 1969) the homogenate to be reduced to standard protein co'1*’ d and fri9 
measuring, by sequential washings, filtratlons and dilutions. This 1s, however, compile« f1ber p, 
addition starting from samples with various muscle fiber lengths produces different muse tissuetica1' 
ments lengths after standard mechanical action. In addition the influence of connective ^ p t  
not be avoided. With the technique suggested originally by Love (1960) and applied almo



] y  1n

2r’9inai'emPre?enî ,work these problems are minimized, 
fn» muscle fibers is secured.fo».3"1®1 muscle fibers is sernroH Standard sample size with standard length of

j .  ; s r & r e e x e

^ » i r  & K . V
v ^ ’S S s  ^ S S M S S i s i

at6S allows for usin9 the technique when preservation of preparations is of some ”

W *  comparedUebC Innlvinl! afi>ea'Ti"g !n Jables I and II, for muscle homogenates (histochemical)
J S ib S e i a t e s P reoLdiess M  : 1" pair? With mean values dl'rect microscopic measure-
fllferences with?!eS’ re9ard]ess of the histochemical muscle fiber type. Statistically significant 
/Jgnients in h bln rr̂ sc^e w^ e  found in all cases except one. However, shorter muscle fiber 
C ! Um Succinate°1nntheSiIr ¡ ™ . incubatio" medium do not imply necessarily originally shorter length 
? for I ! „ , J ncu at?  medium, for the SDH demonstration, is suggested as a source of 
t»i?nt diffP»„^ e f]b?rs contraction. This is in contradiction with the lack of statistically siani 
5 y. red rn f-h between muscle fibers of different histochemical type treated identically L^i- 
Co 1sation( )rt •crS,hh°Uid h3Ve be?n contracted more than white (II) ones, because of better oxygen 
fe^t^ons ¿vaminpH5 therefore, concluded that maximum ability of contraction, under the experiment!? 
f tad by o S  !?iii!aM ed mU^Cle T ber? d06S not exceed the °"e o f  white fibers, as it is mini 

SDH demon^atlll n 3 «"traction, stimulation in +37°C, which is the incubation temperature

*«535=5,
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