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H is to lo g ic a l exam ination of meat products has long  

been used to demonstrate a d u ltera tio n  and p a r t ic u la r ly  the 

a d d itio n  o f various organs to cer ta in  types o f sausages.

This check on q u a lity  s t i l l  p lays an important r o le . In the 

case o f sausage types in  which the f i l l i n g  i s  f in e ly  ground 

in  the machines now a v a ila b le , a h is t o lo g ic a l  exam ination i s  

a necessary  complement to ce r ta in  chem ical a n a ly ses . U sually  

one can do no more by h is to lo g ic a l  methods than q u a lita t iv e ly  

determine the various t is s u e s  which are included in  the 

sausage f i l l i n g .  The r e la t io n sh ip  between the amounts of 

co lla g en  and meat p ro te in , however, can be determined in  

h is t o lo g ic a l  specimens by using H o t te r '( l)  method.

H is to lo g ic a l methods have a lso  been u t i l iz e d  to study 

changes in  various t i s s u e s ,  such as m usculature, during the 

manufacturing process and to observe the d is tr ib u t io n  of fa t  

in  the sausage mixture and in  the f in ish e d  product. (Schon- 

berg / 2 , 3 / ,  Hansen / 4 / ) .

The most s a t is fa c to r y  h is t o lo g ic a l  specimens are ob­

ta ined  by embedding in  p a ra ffin  but th is  method i s  too tim e- 

consuming fo r  rou tin e work. Frozen se c t io n s  must th erefore  

be used in  most ca se s . In order to m aintain s t a b i l i t y  during 

se c tio n in g  some specimens must be embedded in  g e la t in  or a l -  

g in a t before se c t io n s  are made. Bolonga and w ieners, and 

other firm  sausage types can be section ed  d ir e c t ly  w ith a
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f r e e z in g  m icrotom e.

The most w idely  used s ta in s  a re  eo s in  and haem alun, ^  ' 

van G ie so n 's , and C a l l e j a 's .

There a re  s e v e ra l  methods used in  h i s to lo g ic a l  and 

h is to p a th o lo g ic a l  work to  dem onstra te  f a t .  Of th e s e , S char- 

la c h  Red combined w ith  haemalun i s  q u ite  s u i ta b le  f o r  f ro z e n  

s e c t io n s .  D uring q u a l i ty  checks in c lu d in g  h i s to lo g ic a l  study  

of bolonga (fa lu k o rv )  and luncheon sausage ( fru k o s tk o rv )  de­

l iv e r e d  to  some army detachm ents t h i s  method was a p p l ie d . 

Specimens were a ls o  embedded in  p a r a f f in  and then  s ta in e d  

w ith  e o s in  -  haemalun and van G ie so n 's  s t a in .  F ix a tio n  was 

in  10 p er cen t fo rm a lin  a t  45°C. Both fro z en  and p a r a f f in  

s e c t io n s  were cu t a t  5 m icra .

When th e  f ro z en  s e c t io n s  a re  passed  th rough  the  v a r io u s  

s ta in in g  b a th s  some of th e  l a r g e r  f a t  drops a re  washed ou t 

and t h i s  w i l l  r e s u l t  in  la rg e  u n s ta in ed  v acu o les  in  the 

s ta in e d  h i s to lo g ic a l  s e c t io n .  A c tu a lly , the  absence o f the  

la rg e  f a t  drops makes i t  e a s ie r  to  examine the  s e c t io n s .

This can be shown by com paring the u su a l type o f s e c t io n  

w ith  a f a t  s ta in e d  s e c t io n  cu t from' a g e l a t i n  embedded 

specimen and in  which a l l  the  f i t  d rops rem ain .

(F ig s . 1 and 2)

S ch arlach  Red s t a in s  f a t  red  and t h i s  makes i t  p o s s ib le  

to  d e te c t  even very  sm all f a t  d r o p le ts .  When the  f a t  s t a in  

i s  combined w ith  haemalun the  o th e r  t i s s u e  components a re  

s ta in e d  in  shades of b lu e . These o th e r  t i s s u e  components 

a re  r e l a t i v i l y  e a s i ly  i d e n t i f i e d ,  p a r t ly  because of t h e i r  

w arying s ta in in g  p r o p e r i t i e s  b u t m ostly  th rough  the morpho­

lo g ic a l  c h a r a c t e r i s t i c s  o f the  p a r t i c u l a r  c e l l s .  Dermal 

t i s s u e  i s  e a s i ly  re co g n ized . None of the  v a r io u s  s ta in in g  

m ethods, when used a lo n e , was g r e a t ly  s u p e r io r  to  any o th e r .
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I f  s e v e r a l  d i f f e r e n t  s t a i n s  a r e  r e q u i r e d  i n  a  p a r t i c u l a r  

i n s t a n c e  i t  i s  p r e f e r a b l e  t o  u t i l i z e  p a r a f f i n  -  e m b e d d e d  

m a t e r i a l .

( P i g s .  3 a n d  4 )

L e a n  b e e f  a n d  p o r k  a r e  t h e  m a i n  i n g r e d i e n t s  i n  w i e n e r s  

a n d  b o l o n g a  a n d  s i m i l a r  t y p e s  o f s a u s a g e s .  T h r o u g h  c u r i n g  

a n d  i n t e n s i v e  c h o p p i n g  i n  t h e  c u t t e r s  t h e  m u s c l e  t i s s u e  b e ­

c o m e s  v e r y  f i n e l y  c o m m i n u t e d .  T h e  m u s c l e  f i b r e s  a r e  d i s i n ­

t e g r a t e d  a n d  t h e  f i n a l  r e s u l t  i s  a  s u s p e n s i o n  o f  m u s c l e  

p r o t e i n  a n d  c o l l a g e n  ( S c h o n b e r g ) .  T h e  f a t  i s  a l s o  v e r y  

f i n e l y  d i v i d e d .  A c c o r d i n g  t o  H a n s e n  t h e  b a t t e r  i s  a  t r u e  

e m u l s i o n  o f  f a t  p a r t i c l e s  i n  a  c o n t i n o u s  p r o t e i n  p h a s e .  He 

h a s  d e m o n s t r a t e d  t h a t  t h e  s a l t s o l u b l e  p r o t e i n s  o f  t h e  m u s c l e ,  

m y o s i n  a n d  a c t o m y o s i n ,  a c t  a s  e m u l s i f y i n g  a g e n t s  a n d  s u r r o u n d  

t h e  f a t  p a r t i c l e s  w i t h  a  p r o t e i n  f i l m  w h i c h  h a s  a f f i n i t y  f o r  

f a t  b u t  w h i c h  r e p e l s  t h e  f i l m  r o u n d  o t h e r  p a r t i c l e s  s o  t h a t  

t h e  f a t  p a r t i c l e s  a r e  h e l d  s e p a r a t e d .  A f t e r  s m o k i n g  a n d  

s p e c i a l l y  a f t e r  c o o k i n g  t h e  p r o t e i n  c o a g u l a t e s  a n d  i n  w e l l -  

m a d e  s a u s a g e s  t h e  f a t  i s  u n i f o r m l y  d i s t r i b u t e d  t h r o u g h o u t  

t h e  f i l l i n g .

I n  S w e d e n  u p  t o  4  p e r  c e n t  p o t a t o  s t a r c h  m a y  b e  u s e d  

a s  a  b i n d e r  i n  s o m e  t y p e -  o f  s a u s a g e s .  D r i e d  b l o o d  p l a s m a  

a n d  d r i e d  s k i m  m i l k  m ay  a l s o  b e  a d d e d .  I n  o r d e r  t o  s e e  h o w  

t h e s e  s u b s t a n c e s  a f f e c t e d  t h e  h i s t o l o g i c a l  s t r u c t u r e  i n c l u d i n g  

t h e  e m u l s i f i c a t i o n  o f  f a t ,  s e v e r a l  e x p e r i m e n t a l  s a u s a g e s  w e r e  

m a d e .  To a  b a t t e r  c o n t a i n i n g  l e a n  b e e f ,  p o r k ,  s p i c e s ,  g l u ­

c o s e ,  a n d  w a t e r  m a d e  a c c o r d i n g  t o  a  s t a n d a r d  r e c i p e  f o r  b o ­

l o n g a  we a d d e d  e i t h e r  p o t a t o  s t a r c h ,  d r y  b l o o d  p l a s m a ,  o r  

d r y  s k i m  m i l k  a n d  t h e n  p a s s e d  t h e  v a r i o u s  m i x t u r e s  t h r o u g h  

a  c u t t e r  f o r  t h r e e  m i n u t e s .  T e s t  s a u s a g e s  w e r e  m a d e  f r o m  

e a c h  m i x t u r e ,  t h e n  s m o k e d  a n d  f i n a l l y  c o o k e d  a t  8 0 ° C  f o r



were taken  f o r  h i s to lo g ic a l  exam ina tion . F rozen s e c tio n s  

s ta in e d  w ith  S ch arlach  Red and haemalun were p rep ared  from 

each specim en.

R e s u l t s ;

T est sausage made of h a t t e r  w ith o u t s ta r c h  and cooked f o r  

35 m in u tes;

H is to lo g ic a l ly  the  sausage i s  composed of a homogenous 

p ro te in  m a trix  in  which th e re  a re  innum erable f a t  d rops. The 

s iz e  of the  f a t  drops v a r ie s  g r e a t ly  h u t sm all ones predom i­

n a te .  A few m uscle f ib r e s  p e r s i s t ,  e i th e r  a lone  o r in  sm all 

g roups. P a tch es  of co n n ec tiv e  t i s s u e  can a ls o  he seen .

There i s  no d i s t i n c t  p r o te in  membrane su rro u n d in g  the sm all 

o r the  la rg e  f a t  drops ; judg ing  by i t s  s ta in in g  in te n s i t y  

the  p r o te in  m a te r ia l  has the same d e n s ity  a d ja c e n t to  and 

rem ote from th e  f a t  d ro p s. In  the  p la c e s  where f at  drops 

have f a l l e n  ou t d u rin g  the h i s to lo g ic a l  p ro ce ss  the  r e s u l ­

t in g  v acu o les  seem to  have a more pronounced b o rd e r h u t t h i s  

may he an a r t e f a c t .

0?ig . 5)

T est sausage made o f h a t t e r  w ith  p o ta to  s ta rc h  added and 

cooked f o r  35 m inu tes;

This sausage d i f f e r s  from the f i r s t  inasmuch as the 

p ro te in  m a te r ia l  c o n ta in s  sm all vacuo les w ith  amorphous and 

s tro n g ly  b a s o p h il ic  c o n te n ts  which re p re s e n t  the  s ta rc h .  

O ccasio n a lly  th e  s ta rc h  ap p ears  as  sm all r in g s  w ith  a th ic k  

w a ll . The d i s t r i b u t io n  of f a t  i s  much th e  same as in  the 

p rev io u s  sausage b u t the  average  s iz e  of th e  f a t  drops ap­

p ea rs  to  be somewhat l a r g e r .  Here ag a in  th e re  were no s ig n s

35 and 45 minutes. After cooling samples from each sausage
2



of a f i lm  surrounding  the f a t  drops.

(F ig .  6)

Test  sausage made of b a t t e r  w i th  p o ta to  s t a r c h  added and 

cooked f o r  45 minutes:

This sausage d i f f e r s  from the former i n  t h a t  the 

s t a r c h  i s  no lo n g e r  amorphous bu t  appears  i n s t e a d  as i n t e n ­

se ly  b a s o p h i l i c  small  g r a i n s  arranged  i n  groups resem bling  

bunches of  g rapes  or beads on a s t r i n g .

(Fig .  7)

The a d d i t io n  of d r ie d  blood plasm a or d r ie d  skim m ilk  

does n o t a f f e c t  the h i s to lo g ic a l  ap p earan ce . The f a t  d rops 

a re  p erhaps somewhat l a r g e r  than  was the  case fo r  the  sausage 

made w ith  p o ta to  s ta rc h  b u t the d if fe re n c e s  a re  in s i g n i f i c a n t .  

There a re  once ag a in  no s ig n s  th a t  an em ulsion i s  form ed. 

(F ig s . 8 and 9)

These r e s u l t s  show t h a t  the h i s t o l o g i c a l  methods used 

can demonstra te  the p resence  of  p o ta to  s t a r c h  added as  a 

b in d e r  w i thou t  the  use of io d in e  s t a i n i n g .  The a d d i t i o n  of 

blood plasma and d r ie d  milk cannot be d e te c te d  w i th  t h i s  

method. N e i th e r  p o ta to  s t a r c h  nor  the  o th e r  subs tances  added 

to the t e s t  sausages  appear  to in f lu e n c e  f a t  e m u l s i f i c a t i o n  

to  any demonstrable  e x t e n t .
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