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A NEW PERSPECTIVE PROTEIN SOURCE FOR SAUSAGE PRODUCTION 

G. Uzunov, L . T so io va

Mankind i s  fa c in g  th e in c r e a s in g ly  g ra ve  problem , to  o v e r ­
come e x is t in g  p r o te in  sh ortage  w hich , a cco rd in g  to  F .A .O . and 

vV.H.O. da ta , co ve rs  the g r e a te r  p a r t  o f  th e  w o r ld  p o p u la tion ,
i . e . ,  e con om ica lly  underdeveloped  c o u n tr ie s .

O b v iou s ly  the problem  r e la t e d  to  sou rces com pensating p ro ­
t e in  sh o rta ge  by  new fo od s  o f  an optimum ba lan ce o f  a v a i la b le  

and e s s e n t ia l  amino a c id s  i s  ex trem e ly  im portan t and aw a its  i t s  
s o lu t io n .

On th e  o th e r  hand, in d iv id u a ls  w ork ing under a h igh  psy­

ch ic  s t r a in  c o n s t itu te  a c o n s ta n t ly  in c re a s in g  p a r t  o f  the p la ­

n e t ’ s p o p u la t io n . That r a is e s  a number o f  fu r th e r  problem s in  

tne sc ien ce  o f  n u t r i t io n :  g r e a te r  and g r e a te r  consumption o f  

wholesome p ro te in aceou s  fo od s  o f  a n e g l i g ib l e  f a t  con ten t and 

w ith  the p resen ce o f  a l l  the n ecesssa ry  v ita m in s , e s p e c ia l ly  

those o f  group B, as w e l l  as o f  s a l t s  and m icroe lem en ts.

The p o t e n t ia l  ways to  in c re a s e  the volume and im prove th e 

va lu e  o f  fo o d s tu f fs  in c lu d e : the in c re a s e  o f  the t o t a l  output 

o f  a g r ic u ltu r a l  p rod u c tio n , w idened u t i l i z a t i o n  o f  e d ib le  r e ­

sources o f  seas and oceans, p rod u ction  o f  s y n th e t ic  fo o d s .

The ta sk  to  o b ta in  fo o d s tu fs  in  a chem ica l way out o f  o rga n ic  

and in o rg a n ic  substances has a lre a d y  been s e t  b e fo r e  mankind.

The e v o lu t io n  o f  s c ien ce  so f a r  g iv e s  us grounds to  suppose the 

ta sk  w i l l  be s o lv e d  in  the near fu tu r e ,  what w i l l  open u n lim i­

te d  p e r s p e c t iv e s  f o r  the n u t r i t io n  o f  m i l l ia r d s  o f  in h a b ita n ts  
on our p la n e t . "  -  Tashev e t  a l . ,  1 9 6 6 .

In  th is  con n ec tion , a t t e n t io n  i s  d ir e c t e d  towards the sys ­
tem a tic  a l t e r a t io n  o f  organism  w o r ld  f o r  th e u t i l i z a t i o n  o f  w i ld  

and lo w er  form s as new sources o f  n u t r i t i v e  substances. A ch ie ve ­

ments w i l l  a l lo w  to  m aster the s y n th e s is  o f  a l l  fo od  components 

and to  o b ta in  fo o d s tu f fs  w ith ou t th e  p h o to syn th es is  o f  p la n ts .

For 30 y ea rs  now soya p ro te in s  have been in c lu d ed  as a o e r -  

s p e c t iv e  raw m a te r ia l f o r  the p rod u c tion  o f  va r io u s  fo od s  o f  the 

typ e  o f  meat and m ilk  s u b s t itu te s .  Recent tren d s  in c lu d e  f o r  

such purposes the p ro te in s  d e r iv e d  from  y e a s ts , a lg a e , m ic roo r­
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ganisms grown on petro leum  m edia, e t c .  However, the a p p lic a t io n  

o f  those sou rces i s  s t i l l  l im i t e d  s in ce  la r g e  ground and w ater 

a reas  are r e q u ir e d  f o r  the p rod u c tion  o f  a p p ro p r ia te  p ro te in s ,  

as w e l l  as g r e a t  q u a n t it ie s  o f  raw m a te r ia ls  (p e tro leu m ) o r  a 
l o t  o f  lab ou r and expen s ive  equipm ent.

The h ig h e r  fu n g i mycelium ob ta in ed  in  an in d u s t r ia l  way by 

D r. fo r e v ,  appears to  be the la t e s t  as w e l l  as most p e r s p e c t iv e  

raw m a te r ia l r e c e n t ly .  In  many r e s p e c ts  th is  raw m a te r ia l com­

p e te s  the rem ain ing sources (s o y a , m icroorgan ism s, y e a s ts , e t c . )  

by o f f e r in g  o p p o r tu n it ie s  f o r  ra p id  p rod u c tio n  o f  a la r g e  quan­

t i t y  o f  mass (w ith o u t p h o to sy n th es is ) w ith  co m p le te ly  s t e r i l e  
c o n d it io n s , cheap media and equipm ent.

M a te r ia ls  and method

F or th e p resen t experim en t we tu rned  towards the a p p lic a t io n  

o f  mycelium o f  s t r a in  P^/64, produced on a l iq u id  medium in  f e r ­

m enters under s t e r i l e  c o n d it io n s . Our a n a lyses  o f  the b ioch em i­

c a l  com p os ition  o f  the mycelium in d ic a te d , th a t th a t s t r a in  c o r ­

responds b e s t  t o  the o b je c t iv e s  o f  th e p re sen t work. The h igh  

p ercen tage  o f  crude p r o te in  in  th e com p os ition  o f  P^/64 (T a b le  

1 ) ,  as w e l l  as i t s  easy  d i g e s t i b i l i t y ,  c o n tr ib u te  to  ob ta in  e a s i­
l y  d ig e s t ib le  p rod u cts .

T ab le  1 . B as ic  in d ic e s  o f  s t r a in  P r/64 mycelium.

Crude p r o t e in  56 ,6  % o f  d ry  substance

C arbohydrates (w ith o u t  c e l lu lo s e )  21 % o f  d ry  substance 

F a ts  5 ,6  % o f  d ry  substance

Crude f i b r e s  6 ,4  % o f  d ry  substance

M in era l substances 7  % o f  d ry  substance
P r o t e in  d i g e s t i b i l i t y  8 5  %

C a lo r i f i c  va lu e  o f  100 g o f  p rod u ct, 540,16 C a l.

In  th e  amino a c id  com p os ition  16 n a tu ra l amino a c id s  a re  

in c lu d ed  w hich , compared to  th ose  in  meat, a re  in  a reduced quan­

t i t y  but in  a p p ro p r ia te  p ro p o r t io n s . I t  i s  a ls o  im portant th a t  

th e e s s e n t ia l  amino a c id s  shown in  T ab le  2. are in c lu d ed  in  my­
ce liu m  com p os ition .
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T ab le  2.

E s s e n t ia l amino a c id s  
(% o f  p r o t e in )

O ther amino a c id s  

(% o f  p r o te in )

A rg in in e  2 , 7 9  

V a lin e  2 , 4 7  

H is t id in e  "1,15 

Is o le u c in e  1,83 
Leucine 3 ,26 
L ys in e  3 , 1 3  

M eth i on ine 0 , 7 9  

Threon ine 2 , 0 9  

P h en y l-a la n in e  1 , 7 5

A lan in e  4 ,43 

A sp a ra g in ic  a c id  4 , 3 7  

G lyc in e  2 , 1 9  

Glutam ic a c id  6 , 3 1  

P r o l in e  2 , 1 9  

S e r in e  1 ,99  

T y ro s in e  1,36

> 0n t h e  o th e r  hand» th e b io ch em ica l com p os ition  o f  mycelium 
i s  o f  in t e r e s t  f o r  th e con ten t o f  a c t iv e  b i o l o g i c a l  substances 
which answer a number o f  requ irem en ts o f  human organism .

Such substances a re :
T ab le  3

Thiam in 19 ,9  m icrogram s/g
R ib o f la v in 73,9  m icrogram s/g
N ia c in 240 m icrogram s/g
C holin e 6 , 0 0 0  m icrogram s/g

A nother advantage o f  t h is  p r o t e in  source i s  i t s  f ib r o u s  
s tru c tu re  which g iv e s  th e p o s s i b i l i t y  to  ob ta in  an a p p ro p r ia te  

s tru c tu re  and te x tu r e  o f  both  th e s t u f f in g  made o f  meat and my­

ce liu m  and th e rea d y  meat p rod u cts  (sau sages  and canned m eats) 
made o f  th a t  s t u f f in g .

Mycelium has a w h ite  c o lo u r  w ith  a cream shade and a f a in t  
mushroom aroma, so i t  can be a p p lie d  in  sausages and canned meats 

w ith ou t s i g n i f i c a n t l y  a l t e r in g  them: a f a in t  l ig h te n in g  o f  p ro ­
duct c o lo u r  i s  produced w hich i s  e a s i l y  c o r r e c te d  by harm less 

fo o d  dyes. M ycelium  can be k ep t a t  the same tem peratu res as meat 

o r  s t u f f in g ,  w h ile  a t thaw ing th e  e f f e c t s  o f  meat thaw ing are

n o t p re sen t h e re , and th ose  a re  c o n s id e ra b le  advantages o f  myce­
liu m .

In  th e  p rod u c tion  o f  sausages and canned meats w ith  th e  ad-
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d i t io n  o f  s t r a in  P^/64 mycelium , the meat used answers standard 

requ irem en ts , and mycelium i s  used in  i t s  n a tu ra l s ta te ,  w ith  

a 25 % w a ter co n ten t. B e fo re  i t s  g r in d in g  and m ix ing w ith  meat, 

mycelium i s  thawed ( i f  i t  has been f r o z e n ) , t r e a t e d  w ith  1% ace­

t i c  o r  3% c i t r i c  a c id  to  e lim in a te  the a d d it io n a l odour produced 

upon sausage smoking and cook in g  w ith ou t th is  p rocedu re. The my­

ce liu m  t r e a t e d  in  th is  way i s  now s tra in e d  to  remove w ashings, 

and washed in  excess  o f  w a te r . By a subsequent s t r a in in g  m y ce li­

um i s  reduced  aga in  to  a 20-25% w a te r  c o n ten t. Meat and ready  

mycelium are  ground to g e th e r  in  a c u t te r  t i l l  a homogenous mass 

i s  ob ta in ed , the s p e c i f i c  te c h n o lo g ie s  b e in g  observed  f o r  the 

va r io u s  typ es  o f  sausages. During c u t t in g ,  the sp ic e s  re q u ire d  

by the fo rm u lae are added. The rem ain ing p ro cesses  ( f i l l i n g ,  

smoking and cook in g , s t e r i l i z a t i o n ,  e t c . )  a re  perform ed in  a cco r­

dance w ith  standard  requ irem en ts .

A n a lyses

O rg a n o le p t ic , b a c t e r io lo g ic a l ,  t o x i c o lo g i c a l ,  m y c o lo g ic a l,  

and ch em ica l an a lyses  w ere c a r r ie d  out on th e ready  p rodu cts .

G hem ica l_ana lyses in d ic a te d  th e absence o f  r a n c id it y ,  hyd­

rogen  su lp h id e  and ammonia. pH was in  the range o f  6 ,3 0 -6 ,6 0 ; 

th e re  were minimum amounts o f  v o l a t i l e  a lk a l in e  n it ro g e n ; r e a c ­

t io n s  f o r  p r o t e in  c o a g u la t io n  w ere n e g a t iv e .  W ater co n ten t, d ry  

substance, f a t  con ten t in  d ry  substance depended on the typ e  o f  

product in  which mycelium was in trod u ced .

B a c t e r io lo g ic a l  analys_es_ in d ic a te d  th a t  an average o f  

300 to  600 organism s o f  B. m esen tericu s f a l l  to  1 g o f  p rod u c t.

No p a th ogen ic  m icroorgan ism s were is o la t e d  in  any experim en ta l 

typ e  o f  p rod u c t.

T o x ic o lo g ic a l  a n a ly ses_  found th a t  copx>er, z in c ,  a rs e n ic , 

le a d  and n i t r i t e s ,  s tu d ied  by p o la rog rap h y  and c o lo r im e tr y ,  were 

d is c o v e re d  in  minimum q u a n t it ie s ,  f a r  below  th e low er  l e v e l s  o f  

s a n ita r y  requ irem en ts .

M yco lo g ie a l  an a lyses  showed th a t y e a s ts ,  moulds, e t c . ,  

were n o t p re s e n t.

O r£ a n o le p t ic _ e v a lu a t io n : t a s t e ,  c o lo u r , aroma, t e x tu r e ,  

appearance d id  n o t d e v ia te  from  th ose  in  standard  p rod u c ts .

D iscu ss ion

Our o b se rv a t io n s  in d ic a te d  c o n v in c in g ly  th a t s t r a in  P r /6A 

mycelium c o n s t itu te s  a b io p rod u c t o f  a h igh  b io lo g i c a l  v a lu e
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which comes in to  a p p ro p r ia te  s t ru c tu ra l r e la t io n s h ip s  w ith  the 

v a r io u s  meats used in  sausage and canned meat p rod u c tion  and 

a ls o  i t  s u b s t itu te s  e f f e c t i v e l y  meat raw m a te r ia ls  and r e le a s e s  

h igh  q u a l i t y  m eat. I t  i s  c le a r  th a t ,  depending on the s c a le s  o f  

sausage p rod u c tio n  in  a g iv e n  cou n try , the a p p lic a t io n  o f  t h is  

mycelium would have a g re a t  economic e f f e c t :  f r e e  meat in c re a s e s  

w ith ou t the in c re a s e  o f  the number o f  an im als , th e  l e v e l  o f  sau­

sage p rod u c tion  b e in g  a ls o  r e ta in e d .  Furtherm ore, mycelium has 

a v e r y  low  c o s t ,  which c o n tr ib u te s  to  lo w e r in g  th e p r ic e  o f  the 

products whose component i t  i s .

B es id es , the chem ica l com p os ition  o f  m ycelium , which depends 

on medium com p os ition  and p rod u c tio n  mode, can be c o n t r o l le d  in  

such a way th a t a h ig h e r  co n ce n tra t io n  o f  some o f  the b a s ic  com­

ponents i s  a ch ie ved . In  t h is  sen se , f a t  con ten t can be m in im ized , 

so th a t in  sausage and canned meat p rod u c tion  one may use f a t  

and s e m i- fa t  meats which a re  d i f f i c u l t  to  r e a l i z e  o th e rw is e . The 

f ib r o u s  s tru c tu re  o f  mycelium which i s  i t s  n a tu ra l s t a t e ,  does 

n o t r e q u ir e  a d d it io n a l exp en s ive  equipment in  o rd e r  to  p re se rv e  

read y  meat product s tru c tu re  and te x tu re  unchanged. I t  i s  o f  in ­

t e r e s t  a ls o ,  th a t  an e x c e l le n t  b in d in g  between meat and mycelium 

i s  ob ta in ed  a lr e a d y  du ring  c u t t in g .

A cco rd in g  to  our o b s e rv a t io n s , sausages w ith  mycelium have 

a lo n g e r  s to ra g e  l i f e  than co n ve n tio n a l ones.

A l l  o f  th ese  advan tages, and p a r t ic u la r ly  the circum stance 

th a t  the p r o t e in  con ta in ed  in  mycelium approaches animal p r o te in  

in  both  e s s e n t ia l  amino a c id  con ten t and co m p a ra tiv e ly  h igh  ca­

l o r i f i c  v a lu e , make th is  b io p rod u c t s u ita b le  f o r  a s u b s t itu te  

o f  p a r t  o f  th e  pork  and b e e f .
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