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We can accept the statements in the literature /l,
2 , 3 etc./ that a close connection exists between the
tenderness of meat and the quantity of connective tissue
contained in it„ This is why an accurate quantitative and
qualitative determination of the connective tissue content
/collagen, elastin/ is of a considerable importance when
grading meat and meat products.

Assuming that the tenderness of sliced.or large pieces
of raw meat has not been influenced artificially /c.g.by
enzymes/ it is possible to form an view of the connective
tissue content, that is to say, on the tenderness of the
meat by applying the penetrometer, or shear-force principle
/4 , 5, 6/..With finely minced meat this simple procedure is
not usable. For certain products of special quality,
primarily for the Hungarian salami, - well known also abroad
our standards determine strictly and also quantitatively
the tolerance of connective tissue contents /7/. The said
product must not contain more than 1,5 per cent, of macro- 
scopically isolable tendon and connective tissue. Pieces
of connective tissue and /or tendon in the filling must
not exceed a length<st 6 mm and their surface extension.
Äust not be more than o,18 sq.cm. This requirement is simply
complied with by fine chopping. This is why we had to study
the problems of accurate determination.of the connective
tissue contents of finely chopped meat.

Some of the published processes /Neumann and Logan /8/, 
Lampit, Baker and Brown /9/, Möhler and Antonacopoulos / l o /  
transform collagen by autoclaving into water soluble gelatine
and after acid hydrolysis of the gelatine and of the elastin,
determine the hydroxyproline or glycocol contents -of these



s u b s ta n c e s .  I n  co m p ariso n  w ith  th e s e  t e d io u s  p r o c e s s e s  
r e q u i r i n g  a  somewhat i n t r i c a t e  e q u ip m e n t, th e  S t r i e g e l  
m ethod / 1 2 /  m o d if ie d  by  L in d n e r and P a tsc h k y  / l l /  i s  
s im p le r  and more s u i t a b l e  f o r  p r a c t i c a l  p u rp o s e s .  I t  h a s ,  
ho w ev er, th e  sh o r tc o m in g , t h a t  i t  p e rm i ts  th e  d e te r m in a t io n  
o f  c o l la g e n  c o n te n t  o n ly . In  co m p ariso n  th e  enzyme m ethod 
o f  G rau and Hamm / 13/  i s ,  a s  shown by o u r c o m p a ra tiv e  
t e s t s ,  a l s o  s im p le , g iv in g  more r a p i d  and s a t i s f a c t o r y  
r e s u l t s ,  th o u g h  t h i s  m ethod d e te rm in e s  t o g e t h e r  c o l la g e n  
and e l a s t i n  c o n te n t .  W hile th e  p r o c e s s  o f  G rau and  Hamm 
i s  s u i t a b l e  f o r  n e a t ,  c o n ta in in g  no f a t ,  i t  c a n n o t bo 
u se d  f o r  t e s t i i g  f i n e l y  chopped f a t t y  m eat o r  m eat 
p r o d u c ts ,  e . g .  s a la m i f i l l i n g s .  S e v e ra l  r e s e a r c h  wofckers 
/ L i l i e n t h a l  and  Z i c r l o r  / 1 4 / , Lowry, G i l l i g u n  and d a to r s s k y  
/ 15/  made u se  o f  th e  i n s o l u b i l i t y  o f  c o l la g e n  and  e l a s t i n  
i h  d i l u t e d  a l k a l i  f o r  i s o l a t i n g  th e  s u p p o r t in g  t i s s u e s ,
th e n  th e y  s e p a r a te d  th e  c o l la g e n  from  th e  e l a s t i n  by 
a u to c la v in g  and wore so a b le  t o  d e te rm in e  th e  l a t t e r  
s e p a r a te ly  t o o .  W ith th e s e  l a t t e r  p r o c e s s e s  th e  a u th o r s  
d id  n o t  ta k e  in to  a c c o u n t t h a t  u n d e r c e r t a i n  c o n d i t io n s  i n  
d i l u t e d  a l k a l i  th e  s o l u t i o n  o f  c o n n e c t iv e  t i s s u e s  c a n n o t be 
ig n o re d  and t h i s  w i l l  p ro d u ce  e r r o r s .  A r e l a t i v e l y  s im p le  
and r a p id  m ethod f o r  p r a c t i c a l  p u rp o s e s  i s  a r r i v e d  a t ,  
i f  th e  e x te n t  o f  th e  e r r o r , c a u s e d .b y  a l k a l i n e  s o l u t i o n  
i s  known a n d , th e  m ethod i s  m o d if ie d  so  a s  t o  re d u c e  
t h i s  e r r o r  to  a minimum.

Our t e s t s  h av e  b e en  c a r r i e d  o u t i n  th e  fo l lo w in g  
m anner: th e  n e a t  / f i l l i n g /  i s  g rou nd  tw ic e  on a  2 nn  p l a t e ,  
and th e  c o n n e c t iv e  t i s s u e  e le m e n ts  tw i s t e d  a ro u n d  th e  
k n i f e ,  a r e  c a r e f u l l y  c o l l e c t e d ,  f i n e l y  c h ip p e d  w ith  s h e a r  
and added  to  th e  com m inuted m ass. 2 -  2,5  g  o f  th e  *
hom ogenized  m a te r i a l  a r e  u se d  f o r  d e te rm in in g  th e  t o t a l . !  
by th e  u s u a l  K je ld a h l  m ethod . F o r d e te rm in in g  th e  c o n n e c t iv e  
t i s s u e  IT, l , o  g o f  th e  m a t e r i a l  i s  w eighed  in to  a  lo o  ml 
t e s t  tu b e ,  5o ml o f  o ,oS ,/n  a l k a l i  i s  a id e d ,  th e  t e s t  tu b e  
i s  f i l l e d  up w i th  d i s t i l l e d  w a te r  t o  th e  m ark , th e  tu b e  i s  
k e p t  f o r  24 h o u rs  -  d u r in g  w hich  i t  i s  sh ak en  s e v e r a l  t im e s  
a t  room te m p e ra tu re  and  f i n a l l y  f i l t e r e d .  5o n l / o , 5  g /  o f



the filtrate is heated with sulphuric acid and by the alkali 
extracted non-connective tissue B is determined by the 
Kjeldah.1 method. The connective tissue N is calculated from 
the two values by means of the following formula:

N soluble in neat 
loo - ------ — ..........

total F loo connective tissue F as

percentage of the total F.
Accordingly only two F determinations are required 

for determining the connective tissue F. The following
conclusions could be drawn from the series of tests made 
by this method;
1» The solubility of the connective tissue does not change 

in ohe alkali concentration range of o,l to o,ol/n. Above
■-'* an alkali concentration of o,l/n the solubility will 
l. increase..

identical /0,05/n/ alkali concentration, increasing 
the duration of alkaline treatenent /e.g. from 24 hours 
to J>o hours/ did not increase to a measurable extent the 

- quantity of extracted connective tissue F.
3. The quantity of connective tissue extracted by alkali, 

increase proportionately to the degree of chopping, i.e. 
th e.fi>ierftber material is chopped, the more connect
ive tissue B will be lost. It follov?s therefrom that the

. degree of chopping has to bo standar^^n^d.for the process.
4. Varying quantities of fat do not change the quantity of 
. connective tissue extracted by alkali.

5. By increasing the temperature /e.g« from 2o°C to 4o°C/ 
the quantity of connective tissue, extracted will also 
increase. This means that alkaline treatment should al-

. ways be carried out at the same temperature.
6. Cooling storage during 14 days or storage in frozen con

dition does not influence the quantity of connective 
tissue insoluble in alkali.

In order to check the practicability of the process, 
we added to finely ground meat, - from which the visible 
connective tissue contents had carefully been trimmed -, 
different quantities of connective tissue which had



carefully been freed from muscle and fat tissue. As a 
result ve found that the quantity of connective tissue 
insoluble in diluted alkali had increased in proportion 
to the percentage of connective tissue added to the meat 
/fig. No• 1/.

Fig. No.l

Correlation between the veight percentage of connective 
tissue added to meat and the quantity of connective tissue 
insoluble in alkali.
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We weighed o,2, o,4, 0,6, 0,8, l,o g of beef, Achilles- 
tendon into a loo ml test tube and determined therefrom 
the quantity of connective tissue insoluble in alkali, in 
order to check our process and the accuracy of the determi
nation. Similarly we determined the quantity of connective 
tissue insoluble in alkali of o ,2 - l,o g of meat completely 
freed from visible connective tissue and, finally from a 
mixure of meat and tendon tissue, containing.o,2 , o ,4 g etc. 
of tendon. The results are shown in table No,I,

Table No,I___

Determined alkali insoluble connective tissue sontents of 
trimmed tendon, trimmed meat and mixture of meat and tendon 
compared with calculated values.

Tendon .Total N mg/loo j Alkali insoluble
meatWeighed

in
S/loo ml

___ml
Tendon meat"

°»° i 0,0 0,0
°»2 i6,S 6,94
°>4 ! 33,6 13,89

! 0*6 j 50,4 *0,83
! °*8 j 67/ 27,77
•  1 84,0 34,72

connective tissue 
N mg/loo ml 

tendon meat 
! raeas.,jCaTc. :meas|calc. 
*----- r----- -— -—

L

Tendon+meatj Alkali insoluble 
weighed in i connective tissue 
mg/loo ml h mg/loo ml

measured balcu-

.0,0 ! ' 0 , c  f o . o

14 ,9 o j 1 5 . 4  ¿ 9 ,3 9  o , 49 
i 3o ,45i 3o,84jl,69 o,94j 
! 46,o j 46/711,63 1,41! 
i 61,6 ; 61,69!l , 99 j l,9 o j 
j 76,95- 7 7 ,lli2 ,3 2 ;2 ,3 6

lated

+ 1 , 0 6 ,7 o 6,80
+0, 8 38,97 38,81
+0,6 58,9? 59,2o
+0,4

1 73/5 73,43
+o,2 85,62 83,86
-+0,0 9 1,6 1 j 9 1,8o

<iate of the table show that the process, is giving 
well reproduciole results for practical purposes. We have 
determined the connective tissue contents of several half 
and finished products of the Hungarian Meat Industry having 
various qualities - these results also agree with our 
assumptions, that is to say e»g. undergrade meat pulp, 
dessert salami containing also beef, dry /Csaba/ sausage, 
the inferior quality of which could also be judged organo
leptically, showed in each case higher contents of alkali 
insoluble connective tissue. Some of.our very many 
determinations are shown in table No.II.



T able No« I I ,
Connective tissue N contents of different qualities of 

meat pulp and of sausages

Tested product
* •

Total ■>
N mg/g i\■

i

Alkali soluble 
connective tissue 

N mg/g
-----  ■ -------- ---------

Alkali insoluble 
connective tissue |
N in io of total N !

■ - — — ■■■— - ..... ................ :----------- ------- --- -

I class moat pulp 2 5 ,4 5  I 20,3o 2o,3o
II class meat pulp 2 1 ,5 6 15,4o 2 8 ,6 0

Dessert salami /con
taining 2q beef/S4o, 5o 34,5o 14, 50

Winter salami /made 
of pure pork/ 2 9 , 1 o 27, o2

. 7,2o
I class /dry/Csabá/ 
sausage j 4,36 21,50 12,35

i II class /Osaba/ 
i sausage
i

22,5o 18,2° 1 9 ,0 0

It should be added to the data shown in the above 
tables that they practically tally with the data of Mdhler 
and Antonacopoulos /lo/.

In order to classify some neat on basis of its 
chemically detectable connective tissue contents, it is 
naturally absolutely necessary to know the connective tissue 
contents of the muscle groups having anatomically different 
location of animals of différend kind, age and nutrition, .
■jq ourselves have also carried out letailod exaninations 
in this respect; in order to save space we have not 
enumerated the data of these examinations: they are ... 
yell known from the papers of other research workers. It is, 
however, worth while mentioning from our data that we 
always found larger connective tissue N quantities with 
young animals on the one hand and, with undernourished animalo 
of the same kind and age on the other hand. We give a few 
data in this respect in table No.Ill /below/.
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T ab le N o. I I I .
Connective tissue contents of the longissirms dorsl nuscle 
fron young and old cattle and £8rc6tooH£ high and low grade.

Description of animal 1 Total N
ti
Connective

i
Connectiveexamined m/g tissue tissue Ni N ng/g as fo of

'
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  h

total N

3 weeks old calf
1st class 33,3 3,55 9,5°

3 weeks old calf
Ilnd class 3 M 3,8o 11,4o

3 years old cow
Ilnd class 35,1 2,9° 8,28

3 years old cow
Illrd classi 

5 years old bull
1st class ;

32,7 3,9o 12,20

35,2 2,62 7,4o
5 years old bull

3 7 /
i
5

Illrd classit 5,ol 13,43

The data of the above table are in support of our 
statement above, that the animals with better grades hase 
less connective tissue than the lower grades, and the young 
animals nay have more connective tissue N than the older ones.
It follows fron this that it is not the Quantity of connective 
tissue which is decisive for the chewing /cutting/ resistance 
of neat but the quality of such connective tissue. In this 
respect we nay refer /in addition to our own histological 
'Observations/ to observations of Hiner, Anderson and Feller 
/lb/ of a similar character. According to these the tissue 
fibres of older animals are thicker, more twisted in their run, 
unequal, more coarsely woven.

For practical purposes connective tissue consists toothe main 
of kinds of protein which can be separated fron each other: 

collagen and clastin. Various processes have been used for 
separating these two substances. Wo ourselves filter the 
connective tissue material insoluble in dilute alkali, 
wash it till free fron alkali and then boil it together



with the filter-paper for 1 hour in Jo ml of distilled, 
water. Thereafter we add g of tartaric acid, continue 
boiling for another 1 / 2  hour, finally wash it together with 
the filter-paper in a Jo ml test tube and fill it up to 
the mar}:. Of the substance thus obtained the N content of 
the filtrate is the collagen N, the IT content of the non
extract ed part is the elastin N. A few representative data 
of many examinations made by us in this manner are shown 
in table No. IV,

¿'able No. IV.

Collagen and elastin N contents of various connective tissue 
parts of animals of different kind and age

Denomination of 
supporting ligament

¡Total N 
jmg/g

i

 ̂ •

Collagen
mg/g

IN Elastin N 
mg/g

Collagen N Elastin 
as per cent, of 

total N

Achilles tendon of beef 62,lo 59,5 1,4 94,o 2 ,2
Achilles tendon of. veal 58,8c 53,9 1,3 9 1,6 2/
Musculus teres cf beef 75#6o 14 ,08 "58,1 18,6 • 76,8
I'usculus teres of veal 73,36 59,5 16,9 8o,3
Epi-and perimysium of 
shank of’beef 78,9

i
57,7 1 1 , 1 73,1 14,o

Epi-and perimysium of 
snarl: of veal 61,3 49,9 8,lz 81,5 13,5
Epi-and perimysium of 
shank of pork 54,6 49,5 o,91 88,8 1,6 6
Aorta of beef 41,7 9,4 18,5 22,5 44,3
Aorta of veal 4o,6 6,75 | 2c, 65 21,5 5o ,8
Aorta of pork 43,0 9,62 1

f
p »45 22,3 54,5V

Thv data of the table IV show that connective tissues of 
por' contain considerably less elastin than those of beef, and
that certain tissues of young animals contain more of it than 
those of old animals of the same kind. A young animal - a s s u M ^ I  
the 3amo anatomical location - contains in its muscles generally 
more of these tissue-elements than older animals. The data shown 
in table No.IV and other examinations made by U3 also show 
that meat products, containing much tendon /tendon pulp/ aid



/ u„ o —

trimmings, contain much collagen N while sausages /containing 
many blood-vessels and tendon-ends/ conts.in more elastin IT.

By our process which can be further developed to some 
extent both methodically and also from a didactic point of 
view, the ratio of the collagen end elastin content of the 
different tissue elements can be well demonstrated /see Pig. 
No.2./

a h  o

P i g . N o . - Frozen histological section - A./ Beef Achilles 
tendon - B./ Beef ligamentum teres - C./ Beef 
aorta, - The first column /a/ shows the raw- 
sections, /b/ the same sections after treatenent 
in diluted alkali, the third column /c/ shows 
the sections after boiling in the tartaric acid 
solution.

V
The photographs shown in Pig. No 2 demonstrate the 

data given in table No. IV : the beef Achilles tendon hardly 
contains any elastin /A/c/, whereas the lig. teres of beef, 
consists mainly of elastin /B/c/.



After a survey of the literature the authors describe 
a simple and rapid process for the qualitative and quantita
tive determination of connective tissue in meat and meat 
products. The purpose of the process is to determine the 
total N content of the neat and then to determine the 
quantity of connective tissue N insoluble in 0.05/n alkali.

The portion insoluble in alkali is washed with 
destilled water on filter-paper till it contains no more 
alkali and then boiled for an hour. Thereafter the substance 
is boiled for another 1 /2  hour with tartaric acid and 
filtered. The filtrate indicates the quantity of collagen, 
the quantity of elastin can be determined from the non 
dissolved portion.

The sources of error of the process, their preventionnand 
the reliability of the standard process are shown by series 
tests.
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