STUDIES OF SOME HISTOLOGICAL CHANGES

OF BUFFALO MEAT DURING AUTOLYSIS 9
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INTRODUCTION R

Factors affecting the histological changes of muscular tissues of farm animals
e nowaday very atfractive for the majority of workers in the field of meat productiof

andtechnology. Three types of histological changes in muscular fibers contemporaneous S!
with the observed stages during medt storage are differentiated, The relation between M
meat tenderness and the degrese of the contraction of muscular fibers was best ex- V
plained by Sakalov (1965), who showed that the degree of meat tenderness or meat fi
hardness at any time of autolysis depends on the ration between the number of con-

tracted and non contracted fibers at the end of the same period of autolysis. b

The length of sarcomeres or the thickness of fibres are used as a parameter t0
determine the degree of fiber confraction (Hinar 1953;Samasodova 1955;Abdelbaki,
1957; Mux ley 1957; Sakalov and Fl Dashlouty , 1963; Tinikov and Markaiev, 1966;
El Dashlouty and El Ashry 1957).

Lafer on El Dashlouty et al. (in press) suggested the Factor of

-

= _ sarcomere length in microns tool £ A ol
enderness = o — - —— -~ -— ———.— gs a tool for expressing the degree
fiber diometer i P 9 9

fiber contraction and hence the degree of meat tenderness, An advantage of using the A
1 . 1 d

Factor of tenderness is that the amount of changes in both the sarcomere length and !

ber diameter are taken in consideration. P

Many investigators trisd to use the results of ricroscopic studies to indicate {
pure technological purpose (meot hardness).
, °g purp )

Different workers studied the histological charges in meat during au olysis.
These studies were carried out on cow meat (Salaviev , 1962; Tinikov and Markaiev,
1966), sheep meat (Sakalov and F! Dashlouty 1563) and on comel meat (Abdel baki,
1957, El Dashlouty and Saied, 1969). As far as the authers ore aware no shudies of
he histological changes on the muscular tissues of buffalo meat are recorded. Hence !
the present work is directed to study .the histological changes of buffalo meat during
wiolysis and fo correlate these autolytic changes with those obtained on the meat of
different species of farm animals (sheep and camel meat).

An evaluation of the different methods used for measuring the degree of musc?’
lar contraction and their meat temderness lies within the sccpe of the present study. B

MATERIALS AND METHODS

Three Egyptian huffalos males 2 yaars old of about 400 kilograms live weight
were slaughtered. 30 samples of Biceps femaris and longissimus dorsi were foken imme”
deately ofter sloughtering,24,48,72,and 192 hours of stcrage at 4° C. The fixation

was held in 10 % necutral formalin solution. Somples wers dehydrated and blocked i
collosion. Section of 2 = 5 microns in thickness were prepared and stained using the

The :‘age of freshness, the stage of rigor moriis and the stoge of tenderisation.
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O the sin method and the method of Van-Geison. (Diord Kisly,1962). Ai the end

on iMiﬂ”te Periods of autolysis samples of -meat were foken to examin its plasticity as
Cation for the meat tenderness using the method of Gran and Hamm (Valvinskaia,

1958)

RES(y
SULTS AND DISCUSSION :

N frend OT;: 'T’in?scopic investigations of the studied muscx{les '.;"e:'.!ed that the general
5 Simi g, :;'St“’ll(’g'w{ changes in the muscular and connettive tis ves of buffalo meat is
with different amounts to the previously recorded in other farm animals. Im-~
ery mrro-cf!er slaughtering iwsc::inr fibers are oi?servved to be smignf or sli.ghﬂy wavy.
Fibers sho\.w Spaces between fibers were noticed. By the attack of rigor mortis muscular
“ed more wavyness and the spaces became wider.

Mec
v Jeﬂfe|).

At the end of tenderisation fiber breaks are observed. Muscular fibers tends to

straj
ght and the spacing between them became narrow

TABLE 1

The Sarcomere length and the fiber diameter
of the longissimus dorsi and Biceps fomotis

: Anim Periods Biceps fomoris Longissimus dorsi
i of auto. === L L —— ek R —
~_ aff ysis ‘{‘OUrs Fiber diameter sarcomere iber diameter sarcomere length
\-.._\ ‘.,;jgl_)fher
(Ah: ----------------------------------- - — - — - - - - - - - -
Wit !
D 43.75-16,25 1.49-1.79  32.5-20.00 1.92-2.09
. 52.,50-37-50 1.00-1.56 45,25-25.00 1.79-2.09
B 70.00-42,50 1.00-1.19  41,25-25.00 1.56-1.62
;- 47.50-30, 00 1.39-1.79  35.00-27.50 1.79-2.09
b 45-00-22-5 1.49-1.67  35.00-15.00 1.85-2.09
' A : Dl R O e . S ) - - - - — - - -~ — . -
ny
cogde 45, 1.67-1.92  32.50-17.50 1.56-2.00
424 62. 1.56-1.79  43.75-17.50 1.79-1.92
78 67. 1.04-1,09  62.50-25.00 1.56-1.79
: ey 65 1.56-1.79  32.50-17.50 1.56-2.00
2 5. 1.25-1.85  32.50-17.50 1.79-2.09
H' g O e iy . o — ———— D 2 € T D P S T D D S B P D D D D T SR
& 7.50-10,00 1 00 42.50-10,0 1.67-2.50
iy 0. 0042, 5¢ 1.25-1.56  50.00-20.00 1.56-1.92
g 58.75-50. 0 1.32 52.50-35.00 1.19-1.49
% 45.00-12. 5¢ 1.56-1.67  30.00-15.00 1.72-1.85
Sy .50-10, 00 1.79-2.00  30.00-15-00 1.72-2.09

.—Q:/w
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The data presented in table shows that with the attack of rigor mortis the musculd
fibers are contracted, later on these fibers relax. Fiber contraction and relaxatiol
accompanied by a decrease and an increase in meat tenderness (Table 2).

At late periods of autolysis ( 5-8 days) the improvement of meat rendz
which is due to proteolysis may be histologically indicated by the appereance of

certain type of fober breaks (breaks with granular matter) °:
_TABLE 2 a
The plasticity of muscular tissuezof buffalo of
during autolysis (in em’) . to
7
Boclods -~ . SospiFemorls Longissimus dofs
?;s::%' Animal | Animal I Animal. 111 Animal | Animal (I Anifit
>y
0 2.77 2.97 3.60 3.80 3.60
24 2.13 2,12 2,30 3.06 2,25 te
48 1.72 .84 2.08 2.05 1.68
72 1.90 1.94 2,21 2.50 1.86 int
192 2.13 2.4 2,8 2,33 2.40 B
------------------------------------------------------------------------- "m

Differences in sarcomere length and fiber diameter were noticed 4
lar muscles of different animals. Vid

Also there was a difference in the depth of the histological chdngd 1
corded on the different muscules of the same animal. These may be due to the d!

ces in the exerted work (activity) during the animals life. |

It may also be due to the difference in chemical composition sU‘hI) |
omounts of stored gleogen, ATP and creatine.phosphate at the time of sluughterif'ga
laviev,1966). This difference in the chemical composition of the different musc"”

the atrack of rigor mortis, its intensity, its disappearance, and the degree of |
dermess (Table 2).

in the present study the factor of tenderness (El Dashouty et al. i
was calculated and the results are shown in Table 3.

]

TABLE 3 i

The Factor of tenderness of buffalo "

muscles ot different periods of :

autolysis ;
Period Biceps Femoris Longissimus dorsi /
Of OUIO = e e e e e ‘.’
lysis  Animal | Animal Il Animal Il Animal |  Animal Il AT
0  0.0546 0.0598  0.0756 0.0758  0.0714 0.

¢
24 0.0285 0.0250 0. 0304 0. 0545 0. 0606 0%




1 48

ol 7 0.0195 0.0178 0.0242 0.0480 0.0228 0.0446
g L0410 0,0394 0.0562 0.0621  0.0714 0. 0795

e 0.0460 0. 0460 0.0750 0.0789 0.0776 0.0848

& 1 _The study of sarcomere lengths reveals that the longissimus dorsi is more tender
Octlseps femoris (Table 1). The same conclusion may be obtained from the study
iy or of r.enderness (Table 3). Comparing the fiber thickness of both muscles the
vation is valid with some exceptions in few periods of autolysis (Table 1).

Ofibreg -The authors beleive that these exceptions due to the fact " The number of
folysis c;s not similar in different fibres and the fiber diometer in later periods of
./ © not show complete Reliable Results”,

i
h tre These changes in fiber thickness can be used to give a general idec about

¥ the degor €hange due to autolysis. Bur they do not show properly the slight changes ;

§ € of contraction or tenderness.

Plcsficir;he fanges in Sarcomere length (Table 1) is in agreement with the changes
'unimq| (Table 2), however some exceptions are pbserved, such as in the case of
feemen; . O 1 in Longissimus dorsi nuscle after 2 and 5 days of storage. The dis-

the N the range of the sarcomere length with the plasticity is observed only

nts, ,h:';n}’m range or in the minimum range, but in the case of fiber diameter measure -
/¥ Tange, °'5°’greemenf is observed with the whole ranges. Whence the changes in
N oo Meq the sarcomere length is @ more reliable indication of the fiber contract-
" rdness than the changes in the fiber diameter.

Videg ; In V.iew of the histological changes the autolysis of buffalo meat can be
) 1 " d’fferenr stages:

leng,hge of freshness: the muscular fibers have a wide sarcomeres. ( The sarcomere
| biCEps fe Ongissimus dorsi flactuated from 1.56 to 2.09 microns, and those of the
)

Moris muscle ranged from 1.49 to 2.00 microns.
7 sh #
i Very n:ge ofrigor mortis: after 24 hours of storage at " The sarcomere became
i the L, oW, it length ranged from 1,119 to 1,786 and from 1.42 to 1.316 for
I 1 * OndB,F, respectively.

stq
0 from, ]9;5 of tenderisation the sarcomere length varied from 1.724 to 2.093 and
"™ ' 2.00 micron for L.D. and 8.F, correspondingly.
T
Suse of :?: Sarcomer length
the reg, erf;"” that the sa

shown in Table 1 is presented as moximum ond minimum,

me fiber exhibit different sarcomer length. The average

ength shown in Table 4 gives a less proper idea about autolysis.

FthQ cﬁo:"cc’""e" length and fiber diameter depend also on the orientation and place
"®nt (r. = ™eAsured,The sarcomer len th in different parts of the wavy fiber is
: (Flg 1) g pa y

+ On the convax side the fiber is longer than those on the concave

J

-95—




S

o

Periods of Biceps femoris Longissimus dorsi
Antull autolysis mmmmmemc e ————————————— e __«'4
i in hours fiber sarcomere length fiber saccomere |
diameter diameter A
1 0 30.60 1.639 26.50 2.008 1
24 45.00 1.282 35.63 1,040 0
48 56.25 1.450 33.13 .59
72 38.75 1.588 31.25 1,940
192 33.75 1.579 25.00 1,970
1 0 30.00 1.795 25.00 .76k o
24 42.50 1.675 30,63 .89
48 60.00 1.065 43.75 1.639L=A
72 41.25 1.625 25.00 .78 5in
192 34,38 1.536 25.00 1.9034
i 0 23.75 1.782 26.25 2,004 e
24 46,25 1.407 35,00 1.74$f
48 54,38 1.316 28.75 1.3
72 28.75 1.615 22.50 .78
192 23.75 1,784 22.50 1.9%




sq me:n <|3rder to obtain- more accurate and comprehensive idea about the changes in
throy h © length it i recommended fo carry out measurements along a profile passing
9" the central parts of the fiber.

of the :mhe sf"'d)/.of the relation between the sarcomere length and the fiber thickness
leng : fCU|0r tissues at the different Periods of autolysis revealed that the sarcomere
15 Nversely Proportional with the fiber diameter (Table 5 and Fig. 1l). The rate
than 4 "Cfeosga in the fiber diameter in the case of short sarcomere lengths is greater
texure o ' longer ones. It is worthly mentioning that the viscosity of muscles, the
the r *ONnective tissues before and after rigor mortis affect the rate of change in
not qso‘cknesses and sarcomere length. The effect of the nods of contraction must
neuithurin over'°°kefi- Their appearance causes a decrease in the thicknesses of the
9 Muscular Fibers.
time OFT:Q °b°‘Ve mentioned factors are conditioned by the time of autolysis, so the
the SnrcOUh)'ys's is of great imporfance in the study of a relation such as that between
mere length and fiber thickness.

TABLE 5

The average sarcomere length and fiber
thickness of the muscular fibers of buffalo at different
periods of autolysis ( in microns )

Mgy pr T —
\\\‘f:‘:ge fiber thickness Average sarcomere length
T e e i """""""2"'553 """"""""""
27.50 1.923
30.75 1.786
y 2,50 1.667
3.00 1.563
38‘25 1.471
\e" 43'00 1.389
, 5 1.315
e 1.250
e S S R
) PIN !f we o

bt thig PPred the measurements of the average sarcomere length, the averoge
- g it and the factors of tenderness with plasticity at the three stages of auto-
’ ""dan,::", be ®asily observed that the most suitable and accurate indicator for meat
’,:‘“ ang Plls *he factor of tenderness. The disagreements between the factor of tender-
y Ih’dicd m::f'c'f)’ are observed only in 11% of the studied cases, however, 25 % of
gt shown disagreement between plasticity and fiber thickness or sarcomere

T ’
::h“"sg :: *rcomere length and fiber diameter are satisfactory @s an indicator of rough
M'an,, ™eat tenderness and in autolysis. The three histological parometers are good

/

/ the top of rigor mortis.

" ;
el°°ifyuzfng the Precenfage of the factor of tenderness, one con easily compare the
tolysis in different animals ( Table 6).

-97=




Figel Fig.2

-

Average sarcomere length and fiber
diameter during autolysis

- -

Periods of Biceps femoris Longissimus dorsi

P autolysis  =eemmemme e ————————————— ——— —";'
in hours fiber sarcomere length fiber sagcomere
diameter diameter
______ = ________________________-_,A-
| 0 30.60 1.639 26.50 2.003%
24 45.00 1.282 35.63 1. 9498
48 56.25 1.450 33,13 1594
72 38.75 1.588 31.25 1.9;3:
Y 192 33.75 1.579 25.00 l‘.f’&
" 0 30. 00 1.795 25.00 1.73‘?“‘
24 42.50 1.675 30,63 .89
48 60.00 1.065 43.75 1. 6%,
72 41.25 1.625 25.00 1.70%ng
192 .38 1.536 25.00 .90
i 0 23.75 1.7 26.25 2.0%?"‘
24 46,25 1.407 35.00 1.7 1‘
48 54.38 1.316 28.75 1.3;“%
72 28.75 1.615 22.50 1.4
192 23.75 1.784 22.50 1.9




ive i s in
In order 1o obtain- more accurate and comprehensive idea about the change
Klrcomere |engfh .

th It is recommended to carry out measurements along a profile passing
"ough the central parts of the fiber.

The study of the relation between the sarcomere length and the fiber thickness
Of the Muscular tissues af the different periods of autolysis revealed that the 5°'C°"‘°"fe
ength i inversely Proportional with the fiber diameter (Table 5 and Fig. ||)‘. The rate
f the increase in the fiber diameter in the case of short sarcomere lengths is gfeahf:'
" that in longer ones, It is worthly mentioning that the viscosity of muscles, t .
th:U;? e sonnective tissues before and after rigor mortis affect the rate o:;ucf:;gewsf
hot iber thicknesses and sarcomere length. The effect of the nods of.con c e
‘be also overlooked, Their appearance causes a decrease in the thicknesses o
eunhfouﬁng muscular Fibers.
T
ime of :9 P o1

i is, so the
ntioned factors are conditioned by the time of autolysis,
|le Sarco,

& fween
vtolysis is of great importance in the study of a relation such as that be
Mere length and fiber thickness.

TABLE 5

The average sarcomere length and fiber : .
thickness of rhg muscular fibers of buffalo at differen
periods of autolysis ( in microns )

-
“*----_
-

‘“~f\vemge Flber -;h-i::;(:;:s_ ------------------- Avemge sarcomere Ieng ft‘ ____________
S e SRR, T A 2.083
27.50 1.923
g 1.786
A 33§'50 1.667
" =N 1.563
1 o2 1.471
I I;’ 55 1.389
o 1.316
W, 1.250 &
)5 et e e s v

(Tber ﬂ\!f e Comfired the measurements of the average sarcomere length, the :;";:?:_
hipsis iy kness and the factors of tenderness with plasticity at the ﬁr.. s":'gefsm meat
(®ndg, °°n. b $asily observed that the most suitable and accurate indicator ol
vess :':‘“‘ 'S the factor of fenderness. The disagreements between the factor 025 g
Mudiog  Plosticity opy observed only in 11% of the studied cases, M"“,;,mu
#Sngth, S shown disagreement between plasticity and fiber thickness or

Y

) -

indicator of rough
l9:h,, T:'\: Arcomere length and fiber diameter are suﬁsf?cfory.cslan m:c;‘ o
;Niq,m ofm.m fenderness and in autolysis. The three histological para good

J the fop of rigor mortis.

: : R
W"QCEfy olfhg the Precentage of the factor of tenderness, one con easily compa
; Wholysis in different animals ( Table 6).
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———————— o
The factor of tenderness of the lggglssimus i
dorsi of buffalo, camel and sheep during n
autolysis
______ 1
________________________________________________________________________________ n
The studies factor The Factor of tenderness The gfrfg?gg%%sg;" Factor
-
The species Buffalo Camel Sheep Buffalo Camel Sheep /R
The temperature of storage £7C ke M il f gl o < /(
Immedeately after slaughtering 0.074 0.064 0.098 100 100 100 (
After 24 hours . 0.055 0.018 0.05¢ 75 27 56 (
w48 " . 0.039 0.023 0.068 53 35 69 ‘
" 3-5 days < 0.071 0.029 0.07 96 45 77
iy B o 0.080 0.057 0.095 109 58 97 (:

+

El Dashlouty and Said (on press)
H

El Ashry and El Dashlouty, 1967

The dats presented in Table 3 reveals that rigor mortis attack the Biceps fe~
moris muscie before the longissimus dorsi muscle. The rigor mortis vanishes from the (
longissimus dorsi before Biceps femaris, The autolytic changes were very intensitive
in Biceps femoris as compared by Liongissimus dorsi.

(¢

T

The percentage of the factor of tenderness (Table 6 ) showed that the rigor

n buffalo meat is in generaly siower than in sheep and camel meat. The
gor mortis disappears in buffalo meat after a shorter time than the times needed if (
the case sheep and camel meat

The figures of the factor of tenderness (table 6 ) showed that buffallo meat
has @ medium position between the camel and sheep meat. This is in full agreemen’ (1
with general observations of the consumers about the tenderness of these different P’

CONCLUSSIONS f

The fiber wavyiness greatly affects the length of sarcomere. The sarcomeres o
the concave side of the wave are observed at the central parts of the wavy fibres:

(

The viscosity of the muscular tissues, the existence of the nods of contractio” 0
and the texture of connective tissues are different before and after rigor mortis. Al
these local conditions greatly affect the length of sarcomeres and fiber diameters.

The fiber measurements do not give a perfect indication about the changes in
meat tenderness, since the humber of miofiber varies widely in every fiber.

: f
Using the factor of tenderness it was found that sheep meat is more tender e
buffalo meat, camel meat is characterized by the lowest degree of tenderness.

=98
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