[:ICROSTRUCTURAL ANALYSIS IN MEAT AND MEAT PRODUCTS STUDIES

¥e U. VELINOV® A. A. BELOUSOV®
SINSTITUTE OF KEAT INDUSTRY, SOFIA, BULGARIA ot
ALL~UNION RESEARCH INSTITUTE OF MEAT INDUSTRY, HOSCOW, US

Introduction oV
7O e
The traditional methods of investigations - physico-chemical and biochem?c:l pd %
insufficient in solving many essential questions, regarding the preparatl?c osrﬂ:
guality of meat products. The application and the development of modern B+ earwww
ctural methods in studying the meat and meat products brought about the apzt1ﬂ°;
of a new direction in meat science.This new direction became popular as meoh t@ﬂ,
structure and in the last decade, separated from normal histology and Pa?h Ood;w
Cohen et al.(I98I) underlined that the solution of present day problems 1nrn anwﬂ
lustry requires increasingly sophisticated tools and approaches, Such modeé o W
aches include microscopic examination of foods and ingredients and effor?®
stand the factors which lead to the microstructures observed. ot ¥ g
Lewis (IY0I)pointed - -out that water and fat binding in meat and meat prod® nwch

ne ueé
complex subject and there are many mechanisms which may operate. Mostly tzlveﬂttg
aisme sre structural than chemical and the key to their understanding inV scopig

ase of all types of microscopy. A quite close liaison exists between micr;eory
and meat technologists snd it has been possible to turn the mechanisticC
practical use in producing stable meat products.




(g .
SSeng et al.(I984) stated that in morphological study of the effect of various

ﬁ:gissing procedures on meat two areas deserve coment., The first is compartmenta-
lon, Structural studies reveal where components (such as fat) are concentrateg
&roy OCated,The second area of interest is interfaces in vhich polgr and nonfpolar
°°ne§8 are aligned.It is essential to be known that the.authors pO}nted ou"t in
ﬂramuslon that the era of description without utiliza?lon of the.a 1nft.3rmat.1on is
°esseng to a close. The most likely opportunities lie in z_‘e{_culatln{; biological pro-
Top ms %o produce custom-made meat, in devising morphological control prc?cedures
anui'a-cturing processes and in utilizing the now available immunological pro-
e .

micigt (1964) in conclusion of a review paper on processing effect on n}eat produ'ct
ap Btm.lf-‘ture stated that species of meat, product produced, degree of comminution,
Prog Cation of mechenical energy, composition desired, and thermal tre'-:‘e,tmcnt‘ of tr.w
sxper:t affect basic properties of raw and finished material.\ell designed Z‘t":lCtOI‘lﬂ.L
Bagy, ents should be utilized to determine basic effect as well as interaction.
tih x"?Search tools should be used to determine which treatment effecis are compa-
Cage. "t Ph industrial production practices.Basic research on the components of.prc.)-
Dx\odu heat products is useful to produce background material for ap}?lication in
e £t testing.lntegration of modern research tools to determine which factors
Dy by Weat product properties shoud be a continuing effort of researchers.
o theand Gordon (I902) underlined that studies of foocd microstructrue, reg;:lrdless'
om"o‘ :tylée of system being studied, are not entities unto themselves but are norti
ding‘ informstion neceded in an integration of data leading to a fuller understan-
By O the total system,
lysis dective of this paper is to analyse the possibilities of microstructural ana-
“e%eaas'a bractical tool in the assessuent and directi{xg of the technological pro-‘
aquipm’ in the improvement of existing and the elaboration of new meat products anoI
Dr“ducent and in the veterinary-sanitary and technological control of meat and meat

:ts~ The review of literature is selective to prevent excessive length.Recomn—
10ns are presented for future work,

I\mmrta.nce, place and role of microstructural analysis in studying
meat and meat products

Iy

St0g+,s
:nd elelng meat and meat products, physico-chemical, biochemical, microbiological,
g Sori

t° ey 2l methods of investigations have found wide application.But all of them

0‘30 01 Sufficient for the thorough study of the changes in meat resulting from

? mEatc’glCal processing.liicrostructural analysis is invaluable in the improvement

Sng leg Processing. Chemical methods are used very often to determine the ultimate,

nents.ms Ooften the intermediate products of the conversion of individusl meat compo

):;en eBESG methods are based on investigations of homogenized samples which have

1 the tructeq by their preparation. It should be mentioned that the destruction

h°§iealsamples results in significant changes in the studied material, By microbio-

\ S Methods of investigations we can only establish the counts of the microorgas
U, d} their species, but not the changes resulting under the action of their

-ti t pr;dsensorial methods allow us to get only an oversll evaluation of meat and

%ese e Uets quality without discovering the mechanisms which are determining

eiat &ndQDerties.In thi s respect the application of miecrostructural analysis in

heve °pp°meat products studies plays very important role. The microscopical methods

Ehnesﬂar Ttunities to make the investigations on an undestructed substrate, when

thang% yv_fr_rom the surface to the inside, lioreover even the most insignificant

‘ln&n Witzrlslng in meat are detected considerably earlier with microscopic analysis .

id&) .+ Physico-chemical analysis.For example, the microstructural chances oecurri‘nﬂ

th 8bj z action of putrefactive microoraganisms (pycnosis and decreasing the stoinl

Ihah 1ty of the nucleus) are detected 3-4 days earlier with histological methods

t Gtud .+ Physico-chemical methods of investigations (Skalinski and Belousov,I97&).
Sy Ng meat and meat products the main thing should be taken into account: that

t, Sve notg simple combinations of different substances- fat, ptotein, water,but

,a:\ qualiseparate case a conplex structure. The latter determines the properties and
‘-‘Inet Ty of the meat products which differ from each other according to their

S and their evaluation is unthinkable without conducting microstructural ‘:j-y‘g-l




r deter'\

analysis.llicrostructural analysis is nowadays the only available method fo
mining the components of sausage meat and their location and relationshipe very
valuable information can be obtained in the assessment of the quality of water-?
tein-fat emulsions which are used in the production of sausages and paste 8. o
Recognizing the peculiarities of the studied object - meat during different te?on
logical treatments, sausages, hems,paste s etc., the specificity of the se.le?t"in
and investigation of the materials, it should be mentioned that a new directio?
morphological investigations was formed. It is specific and differs greatl¥ frot
normal histology and pathohistology. That is why it can be said convincingly Fnﬁ
in the last decade a new science in meat investigations has appeared, This sclegﬁ-
indicated as meat microstructure is getting every year greater and greater reco
tion all over the world, 1yiv
It should be pointed out that some microstructural methods are used succssefil ot
the practical work of the production laboratories in meat plants., In big mea¥

in the USSR, there are histological laboratories created where microstructul of
lysis plays a great role in the veterinary-sanitary and technological contro:L
meat and meat products,

Potential of microstructural analysis in development 6f meat science

Microstructural analysis allows to: )
=~ study the quality of raw material as the basis of the formation of the inltimwo
properties of meat (feeding, mansging, transportation, lairage of animalss
sition and structure of the individual muscles etc.)s an
- study the microstructural changes of meat upon slaughtering, refrigeration
processing. turg
On the basis of the knowledge revealed by microstructural analysis microstfugcrw
criteria were developed, which characterize technological processes, These e i
structural criteria allow to effect: ocﬁse
a) veterinary -sanitary control of the quality of raw materials (meat) aﬂé‘fiz//'

t
: b S - , augh
ueat and meat products (dystrophiajcondition of animals in the moment of sl

healthy,undergoing forced or crisualty slaughter; sssessment of the freshnes®
meat,hzms and sausages), L £h0
b) technological control:(quality of fresh meat PSE,DFD; influence of the BhEs
stuming-mechanical,electrical; electrical stimulation; extent of meat ugel?f; ﬂﬂ
guality of refrigeration-cold shortening of muscle; influence of refri‘f:‘f”'"‘t?ca
the storuge of refrigerated meat; influence of curing; degree of the mechal™ " g
treatment of meat; degree of the comminution of meat; couposition of the ra¥ wawf
rizl Tor sausages; characteristics of heat treatment; state and stability ©
protein-fat enulsions in sasuszage products)..

c)_control of arbitration: (forced slaughter =nimal or killed animals dys??o
or normal went; degree of meat freshness; composition of saussge meat and it8
ration; utilization of inedmissible raw materials or admixtures in sausugeﬁ%

piC .
p;dulta

Increasing interest towerds the spplication of microstructural
investigetions on meet and meat products

e

In this respect we would like to point out some imvortant facts which Couldf20m
good illustration of the progress of the microstructural investigations of
meat and ueat products included. Pirst of all it deserves to be mentoined p1e°
gining in IS79, prograums on food microstructure are held at annual Scamind ne}\
iiicroscopy (5Li) meetings (Cohen et al.ICtI).Food liicrostructure Ic65 prod* 9%
in Las Vegas,USA consists of five special progrems including Heat liicrostT¥® i
The annual meeting in Las Vegas this year has been very successful, A Hrﬁa.e
of food scientists have presented their most recent findings as well as rev:
a variety of subjects. : 19&1

It is interesting to mention that thirty-six papers based on I979,1960 Hnd‘c b
prograias were collected to form a book "Studies of Food licrostructure" Whlcieﬂ“y !
vublished in I96I by Scanning Electron ilicroscopy,Inc.In this book leading Sle'ﬂﬂ 17
have demonstrated that microstructural studies of food stuffs are invaluab :

ding the book carefully we join in the nice comments made on it.

Pl ‘/‘ |
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In I o
oi, %2 the intern

oe. ational journal "Food liicrostructure" was established. It 1s spe-

; 1{! papers dealing with the microstructure and microanalysis of foods,feeds
the e?lr lngredients., The science reported in Food ilicrostructure contributes to
ing imlelopmen’c of new manufacturing processes,better understanding of food products
1t e ?mved quality of food supply.
Tay eXtS ?0 mention the underlined interests towrds conducting well designed focte-
eJ(peﬁ.mlpeI‘lments. Very recently Schmidt (I9t4) stated that well designed factorial
fng as?_nts should be utilized to determine basic effects as well as interactions
ompati ¢ I‘e§earch tools should be used to determine which treatment effects are

, € with industrial production practices. Cassens et al.(I964) directed our

¢
&tt
e
LR i 2 ; -
[y i on to devising morphological control procedures for manufecturing processes,

S e P :
»14.3 haracterlstlc of the development of microstructural studies in the USSR and

(’n-‘ Asg:rla that, already with their appearance they have an avnplied-science directi-—
boratori Tesult of that, in big meat packiging plants in the USSR, histological la-
tthno 0“3? have been organized and standatrs are elaborated for the assessment of
A""ther 8lcal processes using microstructural indices. .
terest Very important fact which we would like to underline is the inereasing in-
31'-»\,“:1;1“1‘r t?ChI‘lolo‘gists towards studying the technological prcessea through micro- .
thg = ;illnvestigations. In the USSR, there is no research work in the field of
%€y of meat and meat products without microstructural investigations,

Consigtency of the microstructural investiagtions

Thg &
Ezeﬂlgiistn}“ural analysis of meat is conducted by ‘different methods of morpholo-
P‘»‘ teghneStl{wtions for studying the changes of muscle tissue which result fron
P;Qter'stgloé’,lcal treatment of meat. The choice of the method devends on the cha-
. Cag WGCS Of. ziluscle tissue structure and the objective of investigation. In eve-
orfli:que vv_ShOuJ..a start with macrostructural analysis, then, if it is necessary to
dy-th& tia'lth rnJ..crostructural analysis, light microscopy for studyving the changes
ing 1) SSues in meat processing and electron microscopy / TEM and SEi / for stu-

1€ ch- =
Changes of cell structure. If we need to study the s+ructure of the pro—

Sty e i s : ;

i ey 1€ and its changes during umeat processing we have to resort to roentgeno-
tl_’l’l in I* Analysis. For studying the location, distribution and penetration of
Lgays  Reat “uring meat processing x-rays microanalysis opens a new field of inves

ted . 10ns of 5 2 i .
g meat and meat products. In short, the investigations should be conduc-
’

fngq Top th 3 { . :

ty meat € simple to the complex with the purpose to elucidate changes in mea

d y srp??ducts.’rhe consistency of the microstructural anzlysis is well demorstra
*elinsli and Belousov (I1976). ‘

Principles of selzction and investigation of studied materials

Yoy

g

:i‘:bliizs:l of the objective of investigation, the selection of material and its

i) 8o ot 10}116 take into consideration the structural and functional characteris—
. da ql‘uscle tissue.

«ci:t Qa_;u’mt"bta?ned in model experiments on individual muscle fibres or pieces of
tic \vhcle 'EHtlrely reflect all the changes im the muscle which is a componcnt oi"
_‘hega‘ Carcass, side or cut in the course of the process under industrial condi-

8
-8 Udy4 § : ;
‘*‘nsein dylng the structural chenges in meat during storage and technological nro-
iy ‘in ", teveloping new technological regimes, evaluating new production ecuipment

Deels e el‘inary—s:mi’ca.ry and technological control over finished product quality,
~Q“11ari‘??8ary that sampling takes into consideration the time, conditions and
eultlnskitles of the technological process.

1§ hs of mind Belousov (I978) indicated the basic factors, which influence the re-
a;ft& Tene ie?ostructurell investigations. i/e would like to point out some of then.
Ql‘ 3 Vity of muscle tissue. The sampling of muscle tissue in the first hours
tbaetion oilf'iughter of animals leads to changes of muscle atructure due to the con-
Eetion Huscle fibres. On the cut surfaces and in individual muscle fibres con-
PNNTY -nnodes are formed.
t&iwell tegrity, luscles, separated from the carcass do not preserve meat quality
Req £ d get spoilt faster. For this reason the results of investigations, ob-
oM pieces of meat, separated from the carcass cannot be valid for wmuscles,




lying on the carcass. rcass
Attachment of the muscles to the carcass. Separating the muscles from the ¢2 ing
immediately after the slaughter of animals leads to their significant shorten

‘in the process of rigor mortis development, g are
Contact of the muscles with environmente.luscles on the surfaee of the carcas

: exposed to faster cooling, drying or moistening, microbial conta.mina.tiongetc's £ron
this connection, it is recommended to carry out microstructural investigetio® :
the surface to the depth. o cons¥
Sterility of deep lying muscles from healthy animals. It should be taken J-nloIJs
deration, that the spoilage of the meat, produced from healthy animals deve
mainly from the surface to the depth of the tissues. < muscié '
Autolytic character of the development of postmortem structural c}m.lgg,e_s,}.n-ﬂ’ﬂﬂa,
tissue. The postmortem structural changes in muscle tissue are determined tzion 0
extent by the condition of meat storage: temperature, humidity and the duré
storage., n £ro
The samples for the investigations of meat and meat products should be take

3 cm below the surface. gupe?”
In studying the microstructure of meat batter the samples are taken from the
ficial, middle and deep layers. . g 468"
The samples which are taken by meat technologists have to be accompanied BY pe.
cription of the raw.meat or meat products, from where they have been talfen’ 1 of
me of sampling and the characteristics of the technological treatment with 2

its parameters,

Assessment of the obtzined results and their correlation with data
from other methods of investigations _ogion o
As we have already mentioned, meat and meat products are not simple combin® omp
different substances-fat, protein, water, etc. but in every separate case & r0Ce
structure. The physico-chemical and biochemical changes which occur in ‘“eation o
ssing are in a close correlation with microstructural ones. A good illustrd echanic
this respect is given by Belousv et al.(I960). In assessing the extent of ™

treatment of meat by microstructural characteristics, they found thatv“pogn ;
" ficial tenderization,water holding capacity (WHC), is enhanced by 5-T%sUP 4-10 me
te tenderization,WHC is increased by 6-I2 %,in optimum tenderization, bY ri?
and in overtenderization, WHC decreases by 5-7 % compared to optimum tex?.(-iea'tioﬂa,ﬂg
The knowledge of the correlation with data from other methods of inVe’-"’t"g, ct“r;
allows to assess the quality of meat and meat products and to control MEA of
processes only by microstructural characteristics., res"lt
In describing the microstructural changes of meat and meat products as & 9a,’_'ple P
processing it is essential to use terms which reflect as accurately as polemB 51“?
the observed structures. In this respect we feel that there are some Pr‘f’bal trea.op
we would like to comment some of them. It is well known that the meChanlcestz'uct;f
ment, massaging or tuubling, causes a disruption of muscle fibres and & ,.brill
of myofibrils. Under the action of the salt solution some part of the myoe 4 b
proteins dissolve.On the surface of meat chunks a sticky material is for™ jpre?
contains salt soluble myofibrillar proteins,in particular myosin, muscle at 510
and myofibrils at a different stage of destruction, fats as fat cells (?r calledet
bules, collegenous fibres ete. Weiss (1974) / cited by Theno et al.I976 / sﬂidﬁl
it protein suspension., Theno et al.(197%a,b,c), Siegel et al.(I97ba,b)g mateﬂ f
alz(I978), Hotycka and Bechtel (1963), Voyle et al.(I984) described this a £01%° &
88 exudate.Studying the microstructure of binding junction in selected an,hich >
ham Theno et al.(IY76c) found in the binding matrix,emulsion-like areas " r@“};,
histological characteristics similar to those of true emulsion megts such & .
furters or bologna. In our investigations we have also observed the samé ial i#
it can be seen the most popular term of the above mentioned sticky mater meﬂ“"9
exudate. But the term exudate originates from the Latin word exsudatum anvesﬂelsgfi'
2 liquid, rich in protein,which flows out from the walls of small blood V¢ jnve’
(capillaries, etc.) during inflamation (Arnaudov,I975). That is why in °“e dur?
gations we describe the sticky material on the surface of meat chunks fox_m e
massaging or tumbling,as a finely granulated protein mass. Discussing tl‘enicro 40
exudate we are far from any criticism. e strongly believe that all meed Will'
pists would like to hold meat microstructure on a very high level and they




they
T best 1o improve terminology.

Future Research

8,
) 88pects of further microstructural investigations of meat and meat products
Cagg °TY well defined by Cassens et al;(I964), Shmidt (I9t4) and Voyle (I9tI),
2oy 8 et al, (15v4) pointed out that the rapidly emerging immunological methods
Haaay é(freat potential for specific identification and enzyme-linked-immunosorbent-
eoupledELISA) procedures now offer precision and automation.yhen antibodies are
l°ca N to markers, they can be used microscopically to relate presence to specii‘iq
Shmi %0, The now available immunological procedures should be utilized,

Btme 1964) stated that research in the area of the thermal alteration of the

ey ax-ure of myofibrillar, stromal and sarcoplasmic proteins is needed. Additionsl
fl‘ Ch ig needed to understand the microstructural changes that take place during
1dgnti;ausage production.Research also is needed to develop methods to accurately
"Oyle ¥ the components of processed meat products.

elect 1901) believes that energy dispersive x-ray analysis through the scanning
Sl g o hicroscope would give useful information about the location of curing

g 4“0 brocessed meats,

-ane“imen that X-ray microanalysis of frozenhydrated sections and fractured bulk

tion 0;8 is now giving significant data concerning the distribution and concentra-
atuqyi electrolytes in a wide variety of plant and animal tissues and its use in
8 dltlg the microstructure of meat and meat products is an interesting aud. promi-
g n ‘Pection of future research.

a*}tl e érn instruments for auantitative analysis offer an interesting area in meat
tlon add Products studies. It could be very useful in obtaining the needed informa-

0 : 3 :
‘r%easr the luprovement of the existing and the development of new technological
®8 8nd equipment.

&l Conclusion

ax,

:n“ly? #Mouat of details about muscle structure are already knovmn. liicrostructural
.laya 8 Of meat and maet products gains not only theoretical importance, but it

,;;hg to Ereater and greater role for the practce in studying, directing ond impro-
Ciq Ological processes. . .
quire fice of meat microstructure has been making great progress and it sets great
%*‘ea tentg to meat microscopists.Their efforts should be directed to the use of
qu-hgeln_gly sophisticated tools and approaches for microscopic analysis.with the
W, % detevting new details and knowledge on meat structure and on its chan{r;es
Via:ly&i eChnologica]_ process.In this respect nuantitaﬁivevmicro'scopy gnd ,Cfrizy micro-
h‘l\sr an °I_’Gn wide opprtunities in studying the 1ocallz;;xt1‘on ?1 )jrotellfl, .ll‘pld,
"eletion ?-Ons within meat products and would be very useful in ogtermlnlng the
4 °Ded v 1ty of these components and in the improvement of §x1st1ng an.d newly de-
on technological processes and equipment., At the same time, work srxeuld be
0] € elaboration of morphological characteristics and procedures for the

o the manufacturing processes and for their implantation in practce.

{
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