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Technological and histochemical methods for the determination of protein-fat emulsions sta­
bility in meat products

N. TYUTYUNDZHIEV, P. VELII10V, Z. TSANEVA

Meat Technology Research Institute, Sofia, Bulgaria

Some protein-fat emulsions on the basis of unconventional, vegetable or milk protein addi­
tives are discussed. The formulae for ohtaining stable emulsions were determined. The re­
sults were confirmed by histochemical studies. The work made complex technological and hie- 
tochemical determinations of the stability of protein-fat emulsions in some perishable amok- 
ed-and-cooked sausages.
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** Wura»n einig« Elwelas-Eett-Eaulslonen auf Basis niohtkonventloneller Pflanzen- und 

“iloheiwalssadditlve untersucht. Dabei wurden die iornsln zur Erhaltung von stabilen 

*«*lslon.a beatimnt. Dis Ergebnisse wurden durch histologisoh-chenisohe Untersuchungen 

^••tätigt. Es wurden koaplette technologische und histologisoh-chemlsche Bestinnungen 

ub«r dl« Stabilität der Eiweiss-Eett-Enulsionen ln einigen Brühwurstarten festgelegt.
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On examine certaines émulsions protéine-graisse A base d ’additifs non traditionnels de pro 
téines végétales et laitières. On détermine les formules d ’obtention d'émulsions stables. 
Les résultats sont confirmés avec des recherches détaillées histo-chimiques. On fait des 
déterminations complexes technologiques et histo-chimiques concernant la stabilité des 
émulsions protéine-graisse dans certains saucissons cuits-fumés de courte durée.

TexHojionmecKHe h mcToxMMHqooKHe mctoau oiipeaeJioHHn cTatinjibnor.tu (itiJiKOBO-iKHpoBHX om.vjib-
CHfl B MHCKMX »BfleJIMHX

H. TlOTlOHflIHEB, II. ŒJIHHOB, 3. UAIEBA
HHCTHTyr MHCHOtl npOMbIBlJieHHO CTH, CoilHfl, ËOJirapHH

Pfl OCMB TpB BaiOTBfl HOKOTOpHe OeJIKO B0-Itnp0 BUe 3HJJIBCHH HH OCHOBe HO HO H BOHUHO HaJlbHHX - paCTH- 
T0JIBHHX H UOJIOqHUX - ÔBJIKO BblX flOÔaBOK. OlipeUe JI0HN ÎWpUÿJIM IlOJl̂ qeHHH CT8(5HJII>HHX auyjIBCHfl. 
PeayjiBTBïu noATBepxAoHH moTOXHMMqecKHMH Mocjie aoBahhhmh. B paOoio cAoAtiHH KOwiAeKctibie fe 
XHOAomqeoKHe h rncTOXMMimecKJie oiipoAefleHUH ctbOmabho cm Ooakobo-*bpobhx BMyAjbCHit b hqko 
TOpUX CKOpOIlOpTHmHXCH BapeHO-KOIlHeHblX KOJlôaCaX.



Technological and hlstoohemlcal methods for the determination of protein-fat emulsions 
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Tn the production of some groups of meat products i t  beoaae a practice to use stable 
Protein-fat emulsions of the nonoenventional type* This is  impelled by many factors 
but attention should be given to the following»

~ the nature of the animal breeding and the different conditions of the f irs t  technological 
processes in  the treatment of meat*

~ the frozen and defrosted meat, the physical -  chemical and microbiological ohanges and 
reasons for the formation of a new structure*

-  quantity and quality chnages in  the co llo id  properties of muscle proteins, loosing their 
P o ssib ilitie s  to swell and a decreased emulgatlon capability*

“ use of fat meats,low quality meat materials and others*

The role and types of the different protein additives for the emulsions is  of a special 
Importance for the quality of the emulsions, the quantity of emulgated fat to an unit of 
Protein and their stability*

| The industrial methods in  meat production show us that many factors lead to the unstabi- 
■ U-by of the protein—fat emulsions during the thermal treatment and produce losses of 
Product,amounting to 2 -  3%,

i ^hiring the last fifteen  years were published about 160 research results, using model 
eystems, industrial and production schemes, biophysical and histochemioal methods, which 
elucidate to the research workers the mechanism of the protein-fat emulsions, but at the 
eame time there are a number of problems tied to the sta b ility  of the protein emulsions 

I which are s t i l l  obscure.
|
i f e b e r ^ i  apd methodles

The studies were made in  laboratory as well as in  production environment, using sodium 
caseinate PRB as protein additive, hard back fat and different percentage relations of 
hot (9o°c) and cold water* Towards the end of the emulsion formation we added 2% IfaCl 
and 0 ,1% penthasodium polyphosphate* The ready protein emulsions were used as fo rtifie rs  

stabilizators in  the production of perishable structural and nonstructural sausages.

io r the preparation of the protein-fat emulsions was used a mixer "Honorex" having a 
P ossib ility  of 2000 -  4000 r/mln. The sodium caseinate was submitted before use to a oomp- 
late physioo-ohemioal and mlsorobiologioal analyses using the standard methods.

Tor proving the most suitable teohnologloal parameters for the protein-fat emulsions, we used 
th* scale determining the hydrophylio-lypolitioal balance after the modified method of 
t i f f in ,  the emulgatlon capacity after Xborich and h it1 oh* The sta b ility  of the emulsions 
so determined by oentrlfugatlon on a "Janiicky" centrifuge at 6000 — 8000 r/min, with 
®eting, organoleptioaly and histochemioaly*

weight of a ll sample emulsions were 200 g for the maintenance of a stable temperature 
the emulgatlon. The wanted weights of the protein additive, the fa t and the added 

| ***** were determined after the modified method of Morison at al*,aa follows»
| ~ **ifcht of added
i ***** (A*) .  200 -  (weight of protein additive ♦  % of added fa tl (1)
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-  %  t o t a l  fa t»  (TP) .  * . : y  o f 11 11 f , t ° «  100 (2)
-  * p r « . i n  . a d l t i -  .
Since the emulsion i s  ca lcu la ted  as a three component systems separately from the added 
s a l t ,  the percentage o f the added water would b® i
-  M *  » 100 -  (SI protein  additive *■ % to ta l  f a t s )  - (a)
The hlstochem ioal demonstration o f the f a t s  globules was mads« with O il Bed "0“ (Id lly )  
and on the surrounding protein  covers with AmydoschwartzlG B (Konosskyi)«
The samples fo r  the e le c tr o  microscopic stu d ies were f ix e d  and dehydrated a fte r  the 

i conventional methods and ware included in  Durcopan. U ltra th in  layers» prepared on a 
ultramicrotome Tesla BS 490 A a fte r  colouring with uranylaoetate and lead o itrat#  wore 
seen on an e lectron  microscope Tesla BS 613»

' R esu lts and d iscu ssion
The most ra tio n a l formula fo r  obtaining a sta b le  emulsion of p rotein -fats,p roved  to  be 
the r e la t io n  1 * 5 * 6 (p ro tein  -  fa ts  -  w ater)» proved by the given methods« In determi­
ning the p hysica l p ro p erties , wa used the t e s t  for  s t a b i l i t y  a fter  Townsend Including 

| e l a s t i c i t y ,  hardness, cohesion , from 8 points to  none 0 points«
I On fig u re  1 are given the lim its  fo r  a warm emulsion (the f u l l  curve) and o f a cold  

emulsion (d o tted  cu rve), in s id e  are a l l  19 and more poi to  for  the evaluation of the 
physica l properties« I t  i s  observed th a t the minimum percentage of added w ater, which 
could be included In an acceptable emulsion i s  between 11 and 16$ fo r  the warm emulsion 

I and from 16 to  21$ fo r  th e co ld  emulsion, w ith a 3C$ le v e l  o f to ta l  fa ts,aooord in g ly  
oa loulated  fo r  warm and frozen  meat in  the cu tte r . The r e su lt  show that w ith the use of

I co ld  emulsions in  the processing o f frozen meats, the water quantity added i s  increased  so as to  obtain b e tter  p h ysica l q u a lit ie s  fo r  the thermaly treated  emulsions«
On f i g . 2 are shown the r e s u lt s  of the thermal s t a b i l i t y  and composition o f the emulsion.
90$  o f a l l  crossin gs fo r  a l l  cruves fo r  the constant components,denominate,that the 
region  fo r  90$  or higher thermal s ta b ility ,d e c r e a se s  sharply in  storage at frozen oondltlon  

■I and in crea ses the need o f added water about 5$ for  m aintaining the s t a b i l i t y  of the 
em u ls io n .I tls  c lea r  th erefore th a t one element in  the emulsion can not varia te  without 

| e f fe o t ln g  at le a s t  one o f  the other components or even both o f them. The decrease o f the 
! t o t a l  fa t  content to  J0$ oould be done without in f l ic t in g  any damage to  s t a b i l i t y ,  but 
j decreasing the percentage o f the added water might break the emulsion as a whole.Sinoe 
| the percentage o f the added water can not va r ia te  in  sim ilar  wide lim its ,th en  from the 
! three components of the emulsion the water i s  the most c r i t ic a l  fso o tr  fo r  keeping the 
| em ulsifying s t a b i l i t y .  This i s  confirmed a lso  from the very pointed maximum, on the 
| curves o f f i g . 3 , in  which the water i s  not constant and of the laok o f a maximum on f i g . 4 
j where the water i s  maintained con stan t.
j Since the s t a b i l i t y  o f the emulsion I s  increased with increasing the le v e l of ea ltsso lu b -  
! i® p ro te in s , the ad d ition  o f ad d itiona l q u an tities  o f protein  'additive might prove to  be 
j harmful to  the em ulsifying s t a b i l i t y .

On f ig « 3  i s  shown the in flu en ce  o f adding water to  the thermal s t a b i l i t y ,  and on fig«4  
the in flu en ce o f the t o ta l  fa ta  on the thermal s t a b i l i t y  w ith a constant water of 19 $ .
The h lstochem ioal su d ies (f ig « 5 )  show th a t the fa te -p ro te in  emulsion i s  characterized  

; w ith  a m ultitude equal in  s iz e  fa t s  g lob u les surrounded by a protein  membrane. She h is to -  
| ohemioal s tu d ies  fo r  emulsions prepared by warm and co ld  methods,shew th a t the f i r s t  

have b e tte r  s t a b i l i t y  in  comparison to  the second. They keep th e ir  s t a b i l i t y  in  oold  
| storage fo r  7 to  10 days at t °  * 0 -  4°C.From the used colour agents fo r  the fa ts  globules  

b est r e s u lt s  were obtained with o i l  red "0" and Sudan 1? , follow ed by Sudan I I I .  The
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F ig .6 Electron microscopy (19000x) Sample at thermaly treated  perishable stru ctu r iied  sausage.
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staining of the globules with o il red "0" has definite advantages la  comparison to Sudan IV 
expressed in a better staining and easiness of the method«

The electron microsoopio studies ( f lg .6) show, that the protein membranes of the fats 
globules are tom and on them are noted very clearly, the desorlbed by Borchert 1 . 1 . et a l 
1967, pores or openings*

Conclusions
Using sidlum oaselnate HUB for protein fata emulsions, most stable emulsion is  obtained 
by the formulation 1 «5*6 (protein-fats-water).
The use of cold emulsions for treatment and processing of frozen meats increase the minimum 

i needs for water for obtaining good physical properties for the emulsions treated thermaly.
| The thermal sta b ility  decreases sharply in cold storage and increasing with 5J( the added 
water,helps keep the s ta b ility  of the emulsion«
The histochemical studies exhibit, that warm emulsions have better s ta b ility , which keeps 

| for 7 to 10 days at a temperature of 0 -  4°C.
| The electron microscopy confirmed the sta b ility  of thermaly treated perishable sausages 
produoed with frozen meat«
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