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INTRODUCTION
Hamburgers and emulsion sausages 
( " f r a n k fu r te r  type") are common 
minced meat products on the market. 
The former product is less comminuted 
than the l a t t e r  and is  usual ly ju s t  a 
mixture of ground meat, fa t  (usual ly 
beef fa t )  and seasoning. The 
procedure of manufacturing hamburger 
patt ies normally includes mincing, 
blending and forming, a f te r  which 
they are e i the r  frozen or f r ied  and 
then frozen. Frankfurters and s im i la r  
sausages are made by chopping meat 
with the addit ion of water and NaCl 
in a bowl chopper to a f ine  meat 
homogenate, in which usual ly pork fa t  
is fu r the r  dispersed and emulsif ied. 
Heat treatment of the stuf fed sausage 
ba t ter  is performed in a smoke-house.

One of the most important features in 
the production of these two 
comminuted meat products is to 
achieve high s t a b i l i t y ,  i . e .  mainly 
prevent water and fa t  from separating 
out of the product. In th is  
invest igat ion we w i l l  focus on 
factors that  prevent fa t  separation,
i . e .  promote fa t  holding, and th is  
w i l l  be compared between the two 
types of products.

Fat in hamburgers and emulsion 
sausages is dispersed in a meat 
protein matr ix . I t  can remain in i t s  
natural fa t  ce l ls  as single ce l ls  or 
in aggregates. Moreover, the fa t  can 
be squeezed out of the ce l ls  and be 
dispersed in to  the surrounding meat 
matr ix in the form of small droplets,  
larger fa t  pools or fa t  channels. The 
question arises what is most 
benef ic ia l  with regard to fa t  holding 
in hamburgers and emulsion sausages? 
The propert ies of the fa t  ( to remain 
in i t s  natural fa t  ce l ls  or to be 
dispersed as f ine droplets)  or the

propert ies of the embedding meal 
protein matrix?

+ riedIn th is  invest igat ion we have 
to elucidate th is  problem by 
fo l lowing q u a l i t a t i v e ly  and .e 
qu an t i ta t ive ly  (image analysis) x at 
s t ruc tura l  complexity of the two 
products under the l i g h t  micr0^°-^y 
Moreover, the coalescence stab'll 
of the fa t  emulsion and/or the i a ^  
ce l l  dispersion has been followe 
a quant i f ied way. This has been 
carr ied out by measuring the

oteinpercentage of fa t  extracted by 
hexane. I t  has been shown for  
s tab i l ised  emulsions (Tornberg “ 0f 
Ediriweera, 1988) tha t  the degrê  
hexane extract ion of the emuls10 
a re f lec t ion  of coalescence ê
i n s t a b i l i t y .  The fa t  holding 
meat product per se has been :ng.
registered as fa t  loss during ' r

f ro|T,1 
to*
-i a1

MATERIALS AND ME I HODS 

Materials
The hamburger patt ies were made + nt31 
T00% meat with 0.4% NaCl of the 
weight added. The meat raw mate 
was taken from d i f fe re n t  parts a 
carcasses of young bu l ls ,  EPV 
range in fa t  content from 2 to 
(w/w).

The usual ingredients fo r  sausa<fer, 
making include n i t r i t e  sa l t ,  w a  ̂
r indless pork fa t  and the meat 
mater ia l.  This was prepared f r° ftv 
equal portions of lean pork mea 
fa t )  and beef meat (23% f a t ) -

rangifThe meat batters were manufactu'ipg

the fa t  contjJ5
with d i f fe re n t  fa t  contents, 
from 18 to 35%. As 
was raised - the water content 
lowered from 70 to 53% and the 
protein content varied from 1 
The sa l t  level was kept at 1 ^

Preparation of products
The meat fo r  the hamburger Patt

ie5
was ground once through a 3 n*T1 
gr inder plate and mixed with

a
Nac1 fo

10 min at low speed in a Hobac  ̂
mixer. A Hollymatic machine (rn ^0 
54) was used to produce Pat t i e . 
mm in diameter, 10 mm th ick an 
approximately 80 g in
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' 25v ^ ' ^be P i t i e s  were frozen at
tiim L and stored at the same L(-irier
(appr_rnerature u n t i l  analysis

)r°ximately a f te r  two weeks).

Matters were made in a 20 1 
a <. er bowl chopper with 6 knives at
,sPeed 
?es of 1400/2800 rpm. The batch

dupi. were 7 kg and they were made in 
arid "¡og'^edients were added
chop l s ^ te g ra ted  at low speed in the 
(2q P?r the fo l lowing order; meat 
^ate /  sal t ,  ascorbic acid (10 s), 
ba^g Ce (b0 s) and fa t  (20 s). Ihe 
at h6r Was then comminuted fo r  130 s 

speec* to a temperature of

After n
St-Uff pr^p3r3t ion,  the bat ter  was 
With eb in to  22 mm col lagen casings 
(Rob0? ^ mag sausage f i l l i n g  machine 
Strioî p b00j type 128) and hung on 
Pr0ce bouse trucks. Ihe thermal 
Per̂  plan consisted of a 15 min
Pt 7oopa b0°C (50% RH), 5 min drying 
SfnokanC ^  RH) followed by 
]he' t ng f or 30 min at /0°C (60% RH). 
^°C ?^Perature was then raised to 
P Wa-pi RH) fo r  15 min followed by
°f r n„ r . sbower fo r  15 min and 30 min 

c°°bng.
Cherr,i r ai
Ihe "a «analysis
aPd hva^ent 0  ̂ wate r ,  fa t ,  protein 
9l l ra r ° xVproline was analysed fo r  
earl ie w Material in accordance with 
^0rPbep studies (Fjelkner-Modig and 
Cornposi +! i g8&). The chemical 
cPlcyifl, ^ ° n of a l l  meat batters was 
C0,npoSi + ed acc°f'ding to the 
^  Piete l0n ° P t h e i r  consti tuents. A

th p ' .was used to record the pH of 
p batters (Orion 920).
, 1 >0«
FPI !
^erit r eS! during f ry ing  (175°C u n t i l  a 
^ei-errn-; erTlperature of about 70°C) was 
^ t 1e7 ed fo r  the frozen beef 
rtaiJSag anb the smoked emulsion 
t f ^ P i i n '  i t  was calculated by 
u’e fat- lng the to ta l  f ry ing  loss and 
, ef0re c°ntent  of the products

exprnd ai t e r  f ry in g .  The fa t  loss 
Per 1 Sed as the percentage fa t  

Qdn.a ta t  content of the unfried 
as g fa t /100 g hamburger.

Uct or

Water loss
Ihe percentage water loss a f te r  
heating of the raw emulsion 
sausages, was mainly performed 
according to the net tes t  by 
Hermansson and Luciano, 1982. Water 
loss during f ry ing  of the frozen beef 
patt ies was also determined.

Fat i n s t a b i l i t y
The coalescence i n s t a b i l i t y  of the 
beef fa t and the pork fa t  in the 
hamburgers and the emulsion sausages, 
respective ly , was estimated by 
measuring the percentage of fa t  
extracted by hexane. I t  was carried 
out mainly according to the procedure 
outl ined by Tinbergen and Olsman,
1979 and modified by Tornberg & 
Ediriwecra, 1988.

Microscopy
Samples of the sausages and the 
hamburgers, respective ly , were 
cryosectioned. Ih in  sections, 12 p.m 
th ick ,  were mounted on microscope 
sl ides and stained with Ni le blue as 
described e a r l ie r  (Tornberg and 
Persson, 1987). Sometimes they were 
also stained with an i l in e  blue and 
orange G according to Tornberg and 
Persson, 1988. Ihe sections were 
examined under a l i g h t  microscope 
(Nikon Optiphot) at a magnif icat ion 
of 27x and 134x, respective ly . The 
Nile blue stained sections were 
exposed using UV l i g h t ,  which made 
the fa t  to f luoresce in a yel low 
colour, whereas other components did 
not. Photographs were taken with a 
camera (Olympus 0M-2) using Kodak 
f i lm  (400 ASA). They were evaluated 
using an image analysing system 
LABEYE/3PC (Innovativ v is ion AB, 
Sweden) to calcu late the fa t  droplet 
size d is t r ib u t io n .

Instead of using the more frequent ly  
encountered volume/surface average 
diameter, dV5 , we have in th is  
invest igat ion used a surface/1ength 
average of the fa t  droplet size, i . e .  
dAt = 40a/ l , where the
area f rac t ion  of the fa t  (m2/m2), 
and L is the to ta l  circumference of 
a l l  the fat droplets (m/m^).
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X, the mean free distance, has also 
been calculated, and is an estimate 
of the distance a fa t  globule can 
move on average before i t  touches a 
second globule. With the s impl i f ied  
assumption that dvs can be replaced 
by dA| , the fo l lowing equation, 
derived by Walsta, 1969, has been 
used:
x-0.225 dAL (68.5/pG -1) 
p - product density —1.0,
G = gravimetr ic fa t  percentage 
replaced by A = area fa t  percentage.

RESULTS

The microstructure
Examples of d i f fe re n t  meat protein 
matrices in hamburgers and emulsion 
sausages are evident in Figure 1. 
According to these micrographs of the 
tranverse sections of the two 
products, i t  can be seen tha t ,  fo r  
the hamburgers, the structure is 
b u i l t  up by more or less in tac t  meat

f ib res  and f ib re  bundles. In the 
emulsion sausages, however, meat tes 
protein network formation const! 
the major part of the structure- 
Staining renders f ibres and f i k ^ e5lje 
bundles yel low and connective t l5^i$ 
and ge la t in  b lu ish, whereas fa t  ̂
and fa t  droplets remain unstainê  ^
Comparing the two micrographs B 3 ^
of the emulsion sausages in Fi9ur 
where the water/prote in ra t io  i s 
higher in the l a t t e r  than in 
former, a much denser protein ne 
is found in B than in C.

Examples of the fa t  d is t r ibu t ion^0.̂  
the two meat products can be see 
Figure 2. I t  can be deduced f r0iT1 qer5 
f igure tha t  the fa t  in the hambjJ 
is mostly in the form of fa t  ce 
aggregates and separate fa t  cel ' 
and only to a minor extent in tn +hr 
form of small droplets. However- 
fa t  in the emulsion sausages i - 
mostly squeezed out of the cel

Figure 1. Thin sections of a hamburger (A) with a fa t  content of 
14.2% and a water/prote in ra t io  of 4.0 and two emulsion 
sausages (B and C) with a fa t  content of 32.3 and 24.0%, 
respective ly, and water/prote in ra t ios  of 4.8 and 7.8, 
respective ly . Staining was performed with a n i l i n  orange G. 
Magni f icat ion: 27X
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B
Fi9urG 2. Thin sections of a hamburger (A) with a fa t content of 13.7% 

and water/prote in ra t io  of 4.2 and two emulsion sausages (B and
C) with a fa t  content of 32.6 and 24.2%, respective ly , and 
water/prote in  ra t ios  of 5.4 and 8.8, respectively. The sections 
were stained with Ni le blue and exposed to UV-l ight. 
Magnif icat ion:  134X.

and/*S tFie Form ° f  small droplets 
cei-,01" larger fa t  pools. Some fat 
!-(- s are, though, s t i l l  occurrent.

seen f rom micrographs B 
emui -^n Fa9ure 2> representing 
Wat Sl° n sausages with low and high 
thd t r /p ro te ^n ra t io s ,  respective ly, 
snia 1T^^6 droplets in B are
dist 6r an  ̂ more evenly 
thar|r ^ u'tedin the protein matrix 
$Uq 1f1  ̂’ These observations 
d^sint ^ aF: comminution and 
is ^ e9rat ion of the f a t t y  t issue 
wHh ^ f i c i e n t  in a meat bat ter  
0pp Q 1c>w water/prote in  ra t io ,  as 

ed to one with a high.
The si
Parp  ̂ d is t r ib u t io n  of the fa t  
9pd +h 6S an *be hamburger patt ies 
heter ? emulsion sausages has been 
sUrf3 1ned by image analysis. The 
d/n l e / length average diameter
T)iCrods been estimated from 30 
ip f at a^ s of hamburgers, varying 
abd fr Cor|tent from 2 to 30 % (w/w), 

m 12 micrographs of emulsion

sausages, varying in fa t  content 
from 24 to 33 % (w/w). The resul ts 
of the analysis can be seen in 
Table 1.

I t  is evident from the table that 
the average diameter of the fa t  
droplets is subs tan t ia l ly  larger in 
hamburgers than in emulsion 
sausages. The width of the size 
d i s t r ib u t io n ( s ) is also greater in 
hamburgers than in sausages.

A typ ica l  normal fa t  ce l l  in adipose 
t issue from pork back fa t  is around 
100 jim, whereas beef fa t  can 
contain fa t  ce l ls  as large as 200 
jim (Tornberg and Persson, 1987). 
Therefore, with the average value of 
the pork fa t  droplets around 50 y.m 
and the maximum value of dAL at 
55 p.m in the emulsion sausage most 
of the fa t  can be considered to be 
squeezed out of the ce l l  and 
d is in tegrated. Hamburgers, having 
only beef fa t ,  also have
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Table 1: Characteristics of fat droplet size distribution of hamburgers and emulsion sausages.

Meat product n dAL(um) s(iun) 0AL(max)(lira) DAL(min)(tun)

Hamburger 30 115.4 66.5 274.2 38.8Emulsion sausage 12 46.3 10.4 55.1 30.5

dis integrated fa t ce l ls to a larger
extent, but the maximum va 1 ue of
dA1 of 274 p.m suggests that
there also ex is t  fa t  ce l l  aggregates

Fat losses and fa t i n s t a b i l i t y

Figure 3. Fat loss during f ry ing  
(lower diagram) and fa t  
i n s t a b i l i t y  (upper 
diagram) fo r  hamburgers of 
varying fa t  content.

whi le the fa t  i n s t a b i l i t y  increase 
exponential ly  with fa t  content. 1 
s tar ts  to level o f f ,  however, 
about 20 % fa t .  The ex t rac tab i1w  
of hexane in hamburgers reaches, 
most, 70-80 %, which is about the^ 
same value as fornberg and Persso,[ 
198/, obtained, when extract ing ' 
from beef fa t  t issue alone, 
comminuted in a s im i la r  way.

One of the prerequis ites fo r  f at 
separation, when f ry ing  a meat 
product, is  the p o s s ib i l i t y  to ^  
transport  fa t  from the inner to g 
outer part of the product. AcC° rholjt 
to Figure 3 fa t  i n s t a b i l i t y  of 3 
20 % must f i r s t  be achieved in 
hamburger before any fa t  loss c3 
occur from the product. Evident y’ 
the meat protein matrix in a ^  
hamburger can, on average, withn a 
a fa t  content of about 4 %, bflVl 
fa t  i n s t a b i l i t y  of about 20 %> 
before fa t  separation occurs.

I t  is of fu r the r  in te res t  to c0,!1̂ ty  
the resul ts  from the fa t  instab1̂  
measurements with the fa t  drop|e 
size determinations in the 
hamburgers. There was, namely»  ̂
tendency fo r  dAL to increase wi ^  
fa t  content, which could be one 
the causes of the fa t  i n s ta b i i”1 
having the same dependence. BeĈ ave 
Tornberg and Ediriweera, 1988, ^
shown tha t  coalescence instabi 
as determined by the same n,e't'10 
increases with the fa t  droplet -on. 
of the protein s tab i l ized  emuls

In Figure 3 and 4, fa t  losses 
(percentage based on the i n i t i a l  fa t  
content) during f ry ing  of hamburgers 
pat t ies  (raw) and emulsion sausages, 
can be compared. Moreover, in the 
f igures the re la t ionsh ip  between fa t  
i n s t a b i l i t y  (percentage fa t  
extracted by hexane) and fa t  content 
have been included fo r  the two 
products, respective ly.

For the hamburgers (Figure 3) fa t  
loss on f ry ing  increases l in e a r ly  
with fa t  content ( r  = 0.96**) ,

Figure 4.
(o)

Fat loss during f r ^?*)  
and fa t  i n s t a b i l i t y  0f 
fo r  emulsion sausa9e 
varying fa t  content-
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co î t > e r , . w h e n  v a r y i n 9 "the f a t  
t °  3 c'nJ in  e m u ls io n  sausages fro m  18 
obtd - 0/° ’ a n e g a t iv e  r e la t i o n  was 
b° th  c o n t r a s t  to  h a m bu rge rs ,

( r  a ,n r  f * * * i n s t a b i l i t y  
d u r in U ' b l ) and f ° r  f a t  lo s s e s  
cW l  f r y i n 9 ( r  = - 0 .5 7 )  . t h i s  is  

y re v e a le d  in  f ig u r e  4 .

Î l rs‘ iy. we can o b se rve  t h a t  b o th'3t .  -  > ( . a n  uuberve inai DOl
i f is tak ^ es d a r in g  f r y in g  and f a t  
emtjis . i t y  a re  c o n s id e r a b ly  le s s  in  
hdrnbii^.°n sausages as com pared to  
f 5 t  i  9 e r s ; T h is  i s ,  in  th e  case o f 
SrT|4 1 l eS td b i 1 i t y ,  p ro b a b ly  due to  th e  
s3uSa r  b a t d r o p le t  s iz e  in  e m u ls io n  

S comPared w i th  h a m b u rg e rs ,
F0 r  t h Can be read  o f f  fro m  ta b le  1 . 
eX is1_ e f a t  lo s s e s ,  h o w e ve r, th e  
Pro te i^  o f  an a lre a d y  fo rm ed meat 
in to  n i m a tn x  on c o o k in g  a ls o  comes 
fbe ^  ay ; th e  d e n s e r th e  n e tw o rk  -  
in o rd p ! d i f f i c u l t  to  t r a n s p o r t  f a t

%
r  f o r  s e p a ra t io n  to  o c c u r .

•en
haiPbuCr ° rn p a r in 9 m ic ro g ra p h  A ( th e  
'!)ic r 0q9G r) w i t h  th e  o th e r  
in f in y 3pbs ° f  th e  e m u ls io n  sausages
h e meat0 1 ’ becorries e v id e n t  th a t  
barnburr Pr ° t o in  m a t r ix  in  
^b31  ^9e rs  i 5  much le s s  dense th a n  
WHh h - p u l s i o n  sa u sa g e s , to g e th e r  
^ ives g h e r f a t  i n s t a b i l i t y ,  t h i s  
°CcUrr i r ' Se. t o  th e  h ig h e r  f a t  lo s s e s  
Wifh  p g in  h a m b u rg e rs , compared 

trTUjl s i on sausage s .
'be r
^ at i o ! ° n . b o r th e  n e g a t iv e  
r aPsap Gsbi p o b ta in e d  f o r  e m u ls io n  
f °nten+ ’, - as a fu n c t io n  o f  f a t  
at  i  —  Ŵ h  re g a rd  to  f a t  lo s s  and°n th

lD s t , ; "  r t *gara  t o  t a t  lo ss  and 
he f  l i i t y ,  m ig h t be depen den tCn M,e fni 1 ’ ""y|a ue

a ^ ^ n t  '° w m g .  When th e  f a t
5 Weii 1S r a is e d in  th e  sausage s , 
afn r / p r a^ in  th e  h a m b u rg e rs , th e  

tn  . V i n  r a t i o  is  lo w e re d  fro m
t 0 3 '^  in  th e  sausages and fro m  

t i ' bec t iJ  i ^ n th e  h a m b u rg e rs ,
WHS c r ea? y , . fh e  d i f f e r e n c e  t h a t

Phd re 9 a rd S+ in  an e m u ls io n  ^ u s a g e ,  
ehu f a t h a t °  meat p r o te in  n e tw o rk

r°Plet be
r > a r i na 1n f ig u r e  1 and 2 , when 
h a Pect i v p lJn C r ° g r aPhs B and C,
Wi ¡^e 2 In  m ic ro g ra p h  B, in
10, t h e ’ h ^e p re s e r|t i n g  th e  sausage 

er wat  1gbe r f a t  c o n te n t  and th e  
e r / p r o t e in  r a t i o ,  th e  f a t

is  more f i n e l y  d is p e rs e d  th a n  in  C. 
Ih is  m ig h t be th e  cause o f  th e  
h ig h e r  t a t s t a b i l i t y  ( lo w e r  deg ree  
o f f a t  e x t r a c te d  by hexane) a t  
la r g e r  f a t  c o n te n t .  F a t lo s s e s  
d u r in g  f r y in g  a re  a ls o  reduced  w ith  
h ig h e r  f a t  c o n te n t .  B e s id e s  th e  
lo w e r f a t  i n s t a b i l i t y  a t  h ig h e r  f a t  
c o n te n t ,  i t  m ig h t a ls o  depend on th e  
d e n s e r p r o te in  n e tw o rk  fo rm e d , when 
th e  w a te r / p r o te in  r a t i o  is  lo w . t h is  
can be seen in  F ig u re  1 , w here th e  
p o re  s iz e  o f th e  p r o te in  n e tw o rk  a t 
h ig h  f a t  c o n te n t  (m ic ro g ra p h  B) is  
s u b s t a n t ia l l y  s m a l le r  th a n  in  
m ig ro g ra p h  C ( lo w  f a t  c o n te n t ) .

DISCUSSION

F ig u re  5 . Fat lo s s  d u r in g  f r y in g  (o )  
and f a t  i n s t a b i l i t y  ( * )  
f o r  e m u ls io n  sausages as a 
fu n c t io n  o f  w a te r  lo s s .

Ih e  above d e s c r ib e d  m echanism s f o r  
f a t  h o ld in g  in  e m u ls io n  sa u sa g e s , do 
n o t seem to  a p p e a r f o r  h a m b u rg e rs , 
even th o u g h  an in c re a s e  in  f a t  
c o n te n t  f o r  ham burgers g iv e s  r i s e  to  
a lo w e r w a te r / p r o te in  r a t i o ,  t h i s  
d i f f e r e n c e  in  b e h a v io u r  between 
ham burge rs and e m u ls io n  sausages is  
f u r t h e r  c o n f irm e d  by th e  f a c t  th a t, 
w a te r  lo s s  ( r e f l e c t i n g  th e  p r o p e r t ie s  
o f  th e  p r o te in  m a t r ix )  does n o t 
r e la t e  to  f a t  lo s s  in  ham burgers 
( r  = 0 . 0 0 7 ) . T h is  i s ,  h o w e v e r ,th e  case 
f o r  e m u ls io n  sausages b o th  w i th  
re g a rd  to  f a t  i n s t a b i l i t y  
( r  -  0 .6 0 * * * )  and f a t  lo s s  
( r  = 0 .5 9 ) .  T h is  can be seen in  
F ig u re  5. F .v id e n t ly ,  a c c o rd in g  to  
F ig u re  5 , th e  dense p r o te in  n e tw o rk  
fo rm ed in  an e m u ls io n  sausage 
e f f i c i e n t  in  h o ld in g  w a te r  can a ls o
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be b e n e f ic ia l  w i th  re g a rd  to  f a t  
s t a b i l i t y ,  t h i s  su g g e s ts  t h a t  th e  
meat p r o te in  m a t r ix  fo rm ed in  
e m u ls io n  sausages a t  low  
w a te r / p r o te in  r a t io s  can p re v e n t f a t  
g lo b u le s  fro m  c o a le s c in g  a lth o u g h  th e  
p r o b a b i l i t y  o f e n c o u n te r  betw een f a t  
d r o p le ts  is  g r e a te r ,  due to  h ig h e r  
f a t  c o n te n t  and f i n e r  d r o p le t s .  T h is  
f i n a l l y  r e s u l t s  in  b e t t e r  f a t  
s t a b i l i t y  in  e m u ls io n  sausages u nde r 
th e s e  c irc u m s ta n c e s .

What is  th e n  m ost c r u c ia l  f o r  f a t  
h o ld in g  in  ham burgers?  I f  th e  f a t  
lo s s e s  d u r in g  f r y in g  a re  e xp re sse d  as 
a p e rc e n ta g e  based on th e  w e ig h t o f 
th e  ham burgers in s te a d  o f th e  f a t  
c o n te n t ,  th e  dependence on f a t  
c o n te n t is  q u a d ra t ic  in s te a d  o f 
l i n e a r .  T h is  can be seen in  th e  l e f t  
d ia g ra m  o f F ig u re  6 . A c c o rd in g  to  th e  
u p p e r d ia g ra m  o f  F ig u re  3 , th e  
i n s t a b i l i t y  o f f a t  in  ham burgers 
re a ch e s  h ig h  v a lu e s  above 30 %, a t 
f a t  c o n te n ts  as e a r ly  as 5 % . Fo r 
c o m p a ris o n , th e  i n s t a b i l i t y  o f f a t  in  
e m u ls io n  sausages n e v e r exceeds th e  
v a lu e  o f 30 % .  T h e re fo re ,  th e  f a t  in  
ham burgers can be c o n s id e re d  to  be 
r e l a t i v e l y  u n s ta b le .  We, t h e r e fo r e ,  
make th e  a s s u m p tio n  th a t  th e  l im i t i n g  
f a c t o r ,  w i th  re g a rd  to  f a t  s e p a ra t io n  
in  h a m b u rg e rs , i s  th e  t r a n s p o r t  o f

th e  f a t  fro m  th e  in n e r  t o  th e  out? 
p a r t  o f th e  p ro d u c t .  The p ro b a b i ; 1 

o f t h i s  m echanism  o c c u r r in g  is  h iy  
-  th e  more f r e q u e n t  th e  e n co u n te r 
betw een f a t  d r o p le ts  and f a t  c e l^ s ' 
T h e re fo re ,  we have c a T c u la te d  the 
mean f r e e  d is ta n c e ,  x ,  between f a 
d r o p le ts  as a fu n c t io n  o f th e  
c o n te n t  f o r  h a m b u rg e rs . The re s u ' 
can be seen in  th e  r i g h t  d iag ram  ^  
F ig u re  6 . Our a s s u m p tio n s  seem ^ ° ^ ec 

w e l l  j u s t i f i e d ,  because th e  mean 
d is ta n c e  d im in is h e s  in  th e  same 
q u a d ra t ic  way w i th  f a t  c o n te n t 
( r  = 0 . 9 1 * * * ) ,  as th e  f a t  lo s s  
in c r e a s e s .

CONCLUSIONS
F a t s e p a ra t io n  in  meat p ro d u c ts  15  

m a in ly  dependen t on tw o fa c to r s :  ,

I .  The i n s t a b i l i t y  o f th e  f a t  i^ s
I I .  The p o s s i b i l i t y  to  t r a n s fe r  ^  

f a t  fro m  th e  in n e r  to  th e  o u te r  P
o f  th e  p ro d u c t .

I .  The i n s t a b i l i t y  o f  th e  fa t  ^  

h ig h ly  d epen den t on a ) th e  d is p e 5iZ e 
o f th e  f a t ,  i . e .  th e  f a t  d r o p l6 . ^  
d i s t r i b u t i o n  and b) th e  p r o te c t 1 

p r o p e r t ie s  o f  th e  s u r ro u n d in g  ^agnce ‘ 
d r o p le t  membrane a g a in s t  co a le s  
T h is  membrane can e i t h e r  be the  ^ t
o r ig in a l  f a t  c e l l  membrane in  t  r 
c e l l  o r  an e m u ls i f ie d  p r o te in

F ig u re  6 . F a t lo s s  d u r in g  f r y in g  (g /T 0 0 g  ham bu rge r) f o r  ham burgers 
( l e f t )  and th e  mean f r e e  d is ta n c e  (pirn) betw een f a t  
g lo b u le s / f a t  c e l l s  in  ham burge rs ( r i g h t )  as a fu n c t io n  o f 
th e  f a t  c o n te n t .
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