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P.A. Koolmees, G. Wijngaards, et al. 

The microstructure of stable meat batters is char
acterized by a uniform distribution of fat pools, fat 
cells , partly disintegrated adipose tissue, and many 
small fat particles, and by the presence of a continuous 
protein matrix , which retains its integrity during heat
ing. During the heatin g process of meat batters, differ
ent reactions between the various proteins take place. 
By irreversible interactions, such as shrinkage, coagu
lation, and aggregation, discontinuity of the protein ma
tnx may occur. It is likely that during the heating 
process the mobility of fat and jelly through larger 
pores and channels is higher in a coarse and highly 
aggregated matrix with dense zones than in a fine 
i nterwoven protein matrix (Hermansson, 1986; Pfeiffer 
era/., 1985; Schmidt era/., 1985). 

During the last years, image analysis has played 
an increasingly important role in the examination of 
microstructural and thus functional properties of meat 
products. The additional information provided by 
image analysis can be useful in process control 
(Hermansson, 1988; Katsaras, 1991; Koolmees el a!. , 
1989; Olsson and Tornbcrg, 1991). 

The objective of thi s study was to obtain basic 
information on the microstructural changes in a stand
ardised meat batter during the different stages of the 
heating process. Three different batches of meat bat
ters, prepared to create clear differences in the micro
structure at the end of the comminution process, were 
used as model-systems for stable and instable meat 
products. Image analysis was used to relate the micro
structural changes with morphological parameters and 
with the mechanism of fat and jelly release. Part icular 
attention was paid to the porosity of the protein matrix , 
which included the area percentage and the number and 
size distribution of pores measured in defatted sections 
at a low microscopical magnification (x 25). 

Materials and Methods 

Three dif ferent batches of comminuted meat 
were investigated. Batches A and B were prepared 
without polyphosphate, while batch C contained 0.1% 
polyphosphate (Latuw, commercial mixture of tetraso
dium diphosphate and potassium polyphosphate at a I :2 
ratio, containing 60% P20 5, Degens, Vlaardingen, The 
Netherlands). Batch A was chopped for 6.5 minutes, 
batch B was 'overchopped'. The batches were prepared 
according to the recipe given in Table I . Beef neck 
meat (4 °C). pork rind, ice and salt (containing 0.6% 
NaN02) were chopped in a bowl chopper (Laska, model 
KT 60-3MV, Linz, Austria) for about 7 minutes at a 
knife speed and a bowl speed of 2677 and 20 rpm re
spectively, until a temperature of 9°C was reached. 
Subsequently, the other ingredients (4 °C) were added 
and further comminuted. The comminution process was 
continuously monitored by an WTW electrical conduc
tivity sensor (Wissenschaftlich Technische Werkstatten 
GmbH, Weilheim , Germany) and a Hunter D25M-9 
T r istimulus colorimeter (CTM). By means of these 
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conductivity and col our measurements, especially light
ness (L *) values, the different stages of the comminu
tion process could be followed. The absolu te values of 
L"' and conductivity curves are of lesser significance, 
but their pattern of inclination is more important. The 
optimal moment to interrupt the comminution process, 
i.e. , resulting in the least instability upon heating, was 
indicated during monitoring by the calculation of the 
inclination of light reflection (.6 CTM/.6 time). In this 
way, the monitoring procedure can be applied to predict 
the thermal stability of the batter (Oelker and Oelker, 
1987; Van Wijk and Wijngaards, 1991). 

In batches A and C, the comminution process 
was interrupted at the moment when the conductivity 
and L * values had reached a plateau (Figures 1 A- 1 C). 
In batch B, the chopping procedure was stopped after 
these values had decreased. In this way, three batches 
with a different microstructure were obtained. The 
comminution process of batch A was stopped at a L * 
value of 41.0 and a conductivity of 0.58 mS/cm. At 
that point the batter was chopped for 6.5 minutes and 
had reached a temperature of 23 °C. Batch B was over
chopped. Here, the comminution was interrupted at a 
L * value of 41.5 (highest value 45.2) and a conductivi
ty of 0.57 mS/cm (highest value 0.67). At that mo
ment, the chopping time was 10 minutes and the batter 
temperature was 25°C. Batch C was chopped for 9 
minutes. The temperature of this batch rose to 28°C. 
The chopping process was interrupted at a L* value of 
48. 1 and a conductivity of 0. 73 mS/cm. In order to 
evaluate the relation between the monitoring system 
used and the heat stabil i ty of the three diff erent batches 
of meat halter during the different stages of the commi
nution process, fat and water losses were determined. 
At different time intervals during the comminution 
process, 200 g cans were filled with batter. These 
were heated at li 5 °C (F0-value 2.0) for 75 minutes. 
After cooling to 23°C, fat and water losses were deter
mined (Figures I A - 1 C). As descri bed, the comminu
tion process was monitored by conductivity and L* 
values, rather than by temperature. End- temperatures 
> 23°C are not commonly used in practice. However, 
the purpose of this experiment was only to create clear 
differences in the microstructure of the meat batters at 
the end of the comminution process. 

The chemical composition of the unheated meat 
batters was determined by the International Organiza
tion for Standardization procedures [ISO/ R937 (1969); 
ISO 1442 (1973); ISO 1444 (1973)] and is shown in 
Table I. 

Immediately after the comminution process, 200 
g cans were manually filled with the meat batter. Un
heated cans served as control samples. The remaining 
cans were heated for 75 minutes at 40, 45, 50, 55, 60, 
65 and 70oc in waterbaths and for 75 minutes at 100, 
105, 110 and 115° C in an .autoclave. The latter tem
perature was chosen in order to simulate a retort proc
ess �~�t� a F0-value of 2.0. The core temperatures were 
recorded with thermo-couples. After cooling to 23°C, 
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Table I. Recipe and chemical composition of the meat 
batters in percentages. 

Batches 

Beef neck meat 
Pig head meat 

Batch A 
without 

phosphate 

26.0 
3 1.0 

Precooked pork rind 5.5 
Pork fat 
Added ice/water 
Salt 
Polyphosphate 

Fat 
Moisture 
Total protein 

20.5 
15.0 
2.0 
0.1 

29.1 
56.7 
12 .5 

Batch B 
without 

phosphate 
overchopped 

26.0 
3 1.0 
5.5 

20.5 
15.0 
2.0 

29.4 
56.8 
13.2 

Batch C 
with 
0.1% 

phosphate 

26.0 
3l.O 
5.5 

20.4 
15.0 
2.0 

30.2 
55 .9 
12.0 

fat and water losses were determined as described by 
Tinbergen and Olsman (1979). In the same material, 
the consistency (penetration va lue in mm) of the batters 
after different temperature treatmen ts was measured by 
means of a penetrometer (C type PNR8, SUR, Berlin, 
Germ any) at I5 °C . By means of this device , the dis 
tance in mm , penetrated in the batters by a conical steel 
probe (weight 3 1.5 g, angle 30°) during 5 seconds, is 
measured . For eac h samp le , the penetration value was 
measured I 0 times. The value thus measured, provides 
information about the consistency of finely comminuted 
meats. A high value corresponds with a lower consist
ency; in tough batters with a high consistency the 
conical stee l probe hardly penetrates. 

For microscopical examination, eight samples 
(each measuring 1.5 x 1.5 x 0.5 em) of batters after the 
different temperature treatments (40, 50 , 60, 70, 100 
and II5 ° C , and unheated controls) were taken and 
fixed in a buffered neutral formalin solution for 24 
hours. Simultaneously , samples each measuring 1.0 x 
1.0 x 0.5 em were collected and frozen in isopentane 
cooled with liquid nitrogen. The frozen samples were 
cryosectioned (Reichcrt-Jung 2800 Frigocut N), after 
which 8 1£111 tlli ck sec tions were stained for fat with Oil 
red 0 (Cassens era!., 1977) and for connective tissue 
with pi cro Sirius red F3BA (Flint and Pickering , 1984). 
The formalin - fixed samples were embedded in paraffin 
and sectioned at 5 I-'m thickness using an American 
Optical 820 microtome. Subsequently, the sections 
were stained for protein with toluidine blue (Swasdee et 
a/. , 1982). 

All sections were examined by light microscopy 
at different magnifications to observe structural differ
ences between the three batches and between the differ
ent temperature treatments . During microscopical ex
amination, particular attention was paid to swelling and 
shrinkage of intact co ll agen and muscle particles. the 
porosity of the protein matrix, and the fat distribution . 
Micrographs of control samples and of the major 
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changes observed in the batters afte r the different 
temperature treatments were made (Axioskop Photo
microscope , Zeiss, Oberkochen , Germany) . 

To quantify the observed changes, the following 
morphological parameters (Russ , 1990) were deter
mined in the defatted paraffin sections by image analy
s is: the density of pores, defined as the number of 
pores per 2. 74 mm 2 (area of the digiti zed image); the 
area of all pores as a percentage of the total area meas
ured ; the size distribution of the individual pores , plot
ted in hi stograms of eigh t class ranges between 100 ,um 2 

and I mm 2 ; and the shape factor of individual pores, in
di cating the degree of roundness (e .g., 1.0 describes a 
ci rcle, while lower values correspond with irregular 
shapes). Image analysis was done with an I BAS system 
(Kontron Bildanalyse GmbH , Eching b. Miinchen , Ger
many) and a television camera (Panasonic WV-C D50) 
connected directly to the microscope. The measure
ments were conducted at a microscopical magnification 
of 25x. At this magnification, the number of pixels per 
pore is too small to allow accurate measurements of 
pores < than 100 ,um 2 . Hence, pores< 100 l-'m 2 were 
disregarded in the image analysis. The latter area co r
responds with a diameter of 11.3 I-'m. 

Data from the different morphological variables 
from the three batches were subjec ted to Student t-tests. 
Co rre lation coefficients were determined on stability 
and morphological variables. 

Results and Discussion 

Batter stability and consistency 

The fat and water loss percentages and the L • 
and conductivity values of the three different batches 
during the comm inution process are presented in Fig
ures I A- 1 C. These results reveal that changes in the 
inclination pattern of L* and conductivity , particularly 
when a plateau was reached , were associated with an 
increase of the thermal instability which was deter
mined afterwards. It seems that this monitoring proce
dure as described by Van Wijk and Wijngaards ( 1991) 
can be applied to predict the th ermal stab il ity of finely 
com minuted meat batters. 

The fat and water Joss percentages and th e 
results of the consistency measurements of the three 
batches afte r heating at different temperatures are 
shown in Figure ID-IF. In batches A and C, the jell y 
release started at 60 °C and showed a marked increase 
l>etween 70 and 100°C. In batch A, both fat and jelly 
losses still rose gradually at temperatures above 100°C, 
whereas these losses remained at the sa me level in 
batch C . This means that the addition of polyphosphate 
prevented higher fat and jelly losses after heating at 
temperatures > 100° C. Fat losses only occurred at 
higher temperatures in both batches. As expected , 
batch B showed much more instability and a different 
pattern of fat and jelly release . Here, fat and jelly 
losses occurred from 40 °C onwards at the same time. 
A sharp increase was observed between 50 and 60 °C, 
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Tab le 2 . Correlation coefficients for batter stab ility and microstructural cha racteri sticsa. 

Batch A: without Batch B: without , Batch C: with 
0. I % phosphate phosphate, overchopped phosphate 

Area percentage of pores/jelly released 

Area percentage of pores/fat released 

Jelly/fat released 

Area percentage of pores/shape factor of pores 

Area percentage of pores/densi ty of pores 

Shape factor of pores/density of pores 

0.97" 

0.94" 

0.87' 

0.33NS 

0.90" 
0.54NS 

0.96" 

0.97" 

0.97" 

0.82' 
0.34NS 

0.26NS 

0.81' 
0.23NS 

0.70' 

0.92" 
0.97" 

0.82' 

an umber of observations = 6 (different temperature treatments). 
"significant (p < 0.01); 'significant (p < 0.05); NSnot significant . 

whi le only slight changes in loss percentages were seen 
a t hi gher temperatures. There was a good correla tion 
between jel ly and fat losses in all batches (Tabl e 2). 
The ove rall pi ctu re of fat and jell y release observed in 
the three different batches sugges t that water loss is the 
main result of instability of meat batters. Gordon and 
Barbut ( 1989) and Schmidt (1984) came to the same 
conc lu sion. 

The penetration measurements provided informa
ti on about the consistency of the meat batters after hea t
ing at different temperatures. In batches A an d C, th e 
meat batters were ra the r solid after heating at 55 °C. In 
batch B, this was the case after heating at 65 °C, The 
consis tency of this batch _remained at the same level 
also afte r heat ing at higher tempe ratu res. This is prob
ably due to the large amount of fa t and jelly which is 
already re leased after heat ing at 65 °C. In batches A 
and C , the batters became somewhat softer with in
c reasing fat and jelly re lease after heat ing from 100°C 
onwa rds. 

Microscopic~1l exam ination 

For easier compa rison of structures, micrographs 
(Figures 2A -2C , 3A-3C, and 4A -4C) a re presented 
toget her. 

The d ifferent patterns of fat and jelly re lease of 
the three types of meat batters after different tem pe ra
ture treatments coincided with microst ructural changes 
as observed by light microscopy. In batch A, the mi
crostructure of the unheated batter was characterized by 
a continuous protein matrix of di si ntegrated muscle and 
coll ageno us tissue in whi ch intact adipose tissue, indi 
vidua l fat ce ll s, and many small er fat particles were 
evenly di stributed (Figure 2A). The presence of intact 
fat cell s was confirmed by the observa tion o f intac t fat 
cel l membranes in the frozen sections stained wi th picro 
Siri us red. Afte r heating at 40 °C, a dis ti nct swelling of 
the precooked rind was observed (Figure 5) which 
resulted in a more dense microstructure. Between the 
partly denatured pork rind particles (fading of nuclei 
and fibrous st ructure normally present in raw connec
ti ve tissue) and the sur rounding protein matrix , a tran-
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Figure lA-IC (on th e facing page) . Lightness (L*) 
and conductivity (mS/c m) va lues as a function of time 
and temperatu re , recorded during the comminution 
process. Fat and water loss percentages after heating at 
Jl5 °C were determined at different time intervals dur
ing the comminution process. 

sit ion area consisting of gelatine can be observed . No 
substantial changes were observed between 40 and 
70 °C . After heatin g at 70 °C, so me jell y originating 
from the pork rind was squeezed out of the structure 
(Figu re 28 ) . A different microstructure was visib le 
after heating at 100 to II5 °C, indica ting that the pro
tein matrix could no longer res ist the pressure differ
ences caused by heating of the d iffe rent tissues. The 
matrix showed some discontinuity while conside rabl e 
amou nts of fat and jelly were squeezed out of the st ruc
ture through channels. Between I 00 and 11 5 °C, the fat 
and jelly release sti ll inc reased resulting in a rig id 
matr ix with a higher porosity. Only small a mounts of 
gelatine remained in the matrix (Fi gure 2C). 

In batch B, the microstructure of the unheated 
control was characterized by large c hannel s which dis 
turbed the integrity of the coarse, aggregated matrix 
(Figure JA). After heatin g at 40 °C , th e pork rind par
ticles started to gelat inize and di sturbed the relatively 
so ft and viscous meat bauer by pressu re. In this meat 
batter heated at sooc, channels partially filled with 
gelat ine were observed (Figure 3B). The porosity of 
the matrix increased between 40 and 60 °C and a large 
amou nt of fat and jel ly was released. After heating at 
60 °C , this fa t and jelly release togethe r accounted for 
27 weight percen tage of the start ing material (Figure 
ID- IF). From 60 oC onwards, a more dense micro
st ruc ture with less large channels was observed. This 
was probabl y caused by sh rin kage of the protein matrix 
and the fact that relatively more myofibrillar muscle 
protein remained to form a more dense matrix with a 
lower porosity. At temperatures between 45 a nd 80°C , 
the ability of myosin to form a three dimensional net
work of fibers and to bind meat particles is increased 
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