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Microstructural Changes in Heated Meat Batters

Table 1. Recipe and chemical composition of the meat
batters in percentages.
Batches Batch A Batch B Batch C
without without with
phosphate  phosphate 0.1%
overchopped phosphate
Beef neck meat 26.0 26.0 26.0
Pig head meat 31.0 31.0 31.0
Precooked pork rind 5.5 5.5 5.5
Pork fat 20.5 20.5 20.4
Added ice/water 15.0 15.0 15.0
Salt 2.0 2.0 2.0
Polyphosphate 0.1
Fat 29.1 29.4 30.2
Moisture 56.7 56.8 55.9
Total protein 12.5 13.2 12.0

fat and water losses were determined as described by
Tinbergen and Olsman (1979). In the same material,
the consistency (penetration value in mm) of the batters
after different temperature treatments was measured by
means of a penetrometer (C type PNR8, SUR, Berlin,
Germany) at 15°C. By means of this device, the dis-
tance in mm, penetrated in the batters by a conical steel
probe (weight 31.5 g, angle 30°) during 5 seconds, is
measured. For each sample, the penetration value was
measured 10 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 steel probe hardly penetrates.

For microscopical examination, eight samples
(each measuring 1.5 x 1.5 x 0.5 cm) of batters after the
different temperature treatments (40, 50, 60, 70, 100
and 115°C, and unheated controls) were taken and
fixed in a buffered neutral formalin solution for 24
hours. Simultanecously, samples each measuring 1.0 x
1.0 x 0.5 cm were collected and frozen in isopentane
cooled with liquid nitrogen. The frozen samples were
cryosectioned (Reichert-Jung 2800 Frigocut N), after
which 8 pm thick sections were stained for fat with Oil
red O (Cassens ¢t al., 1977) and for connective tissue
with picro Sirius red F3BA (Flint and Pickering, 1984).
The formalin-fixed samples were embedded in paraffin
and sectioned at S pum thickness using an American
Optical 820 microtome. Subsequently, the sections
were stained for protein with toluidine blue (Swasdee er
al., 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 collagen 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 after 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-
sis: the density of pores, defined as the number of
pores per 2.74 mm? (area of the digitized 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 histograms of eight class ranges between 100 pm?
and 1 mm?; and the shape factor of individual pores, in-
dicating the degree of roundness (e.g., 1.0 describes a
circle, while lower values correspond with irregular
shapes). Image analysis was done with an IBAS system
(Kontron Bildanalyse GmbH, Eching b. Miinchen, Ger-
many) and a television camera (Panasonic WV-CD50)
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 ym2. Hence, pores < 100 um? were
disregarded in the image analysis. The latter area cor-
responds with a diameter of 11.3 um.

Data from the different morphological variables
from the three batches were subjected to Student t-tests.
Correlation 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 comminution process are presented in Fig-
ures 1A-1C. 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 thermal stability of finely
comminuted meat batters.

The fat and water loss percentages and the
results of the consistency measurements of the three
batches after heating at different temperatures are
shown in Figure 1D-1F. In batches A and C, the jelly
release started at 60°C and showed a marked increase
between 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 same 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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Table 2. Correlation coefficients for batter stability and microstructural characteristics®.

Batch A: without
phosphate, overchopped

Batch B: without,
phosphate

Batch C: with
0.1% phosphate

Area percentage of pores/jelly released 0.97™ 0.96" 0.81°
Area percentage of pores/fat released 0.94" 0.97" 0.23N5

Jelly/fat released 0.87" 0.97" 0.70
Area percentage of pores/shape factor of pores 0.33NS 0.82° 0.92"*
Area percentage of pores/density of pores 0.90™ 0.34N8 0.97™*
Shape factor of pores/density of pores 0.54NS 0.26NS 0.82"

“number of observations = 6 (different temperature treatments).

*significant (p < 0.01); *significant (p < 0.05); NSnot significant.
while only slight changes in loss percentages were seen Figure 1A-1C (on the facing page). Lightness (L*)
at higher temperatures. There was a good correlation and conductivity (mS/cm) values as a function of time
between jelly and fat losses in all batches (Table 2). and temperature, recorded during the comminution
The overall picture of fat and jelly release observed in process. Fat and water loss percentages after heating at
the three different batches suggest that water loss is the 115°C were determined at different time intervals dur-
main result of instability of meat batters. Gordon and ing the comminution process.

Barbut (1989) and Schmidt (1984) came to the same

conclusion. 0 - ’

The penetration measurements provided informa- sition area consisting of gelatine can be observed. No
tion about the consistency of the meat batters after heat- S‘(’)ES"’"":]{ Ch:«;]ngC-S were70()olagcchd b_etl»lveen 40 la."d
ing at different temperatures. In batches A and C, the 7 C. L galmg aF L 2 )bome Je‘. yhongma ng
meat batters were rather solid after heating at 55°C. In "gm lhcﬁpork nndAy{as squce_tmd‘oul of the structure
batch B, this was the case after heating at 65°C. The '(I:Igurc “,B)' /\m%ntcrf;lltsDrglcro;t.rvuct}urel:vat\smvlSlblci
consistency of this batch remained at the same level at.lcr hLatvmg at 19 S8 3 1 "'; R j.[l;m
also after heating at higher temperatures. This is prob- el m'iunx (:icobuldhiloVlongcrr”n,\m;'lf; e p‘reﬁsu:es . ;};
ably due to the large amount of fat and jelly which is ences causeq by Mealdg ol thel GLISLEnt UasHes.
already released after heating at 65°C. In batches A matrix showed some discontinuity while considerable
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and C, the batters became somewhat softer with in- amounts of fat and jelly were squeezed out of the struc

e a °
creasing fat and jelly release after heating from 100°C hire.thiegueh channn.lg Bepvecn 160 andVHS. & lh? f.al
onwards and jelly release still increased resulting in a rigid

matrix with a higher porosity. Only small amounts of
gelatine remained in the matrix (Figure 2C).

For easier comparison of structures, micrographs In batch B, the microstructure of the unheated
(Figures 2A-2C, 3A-3C, and 4A-4C) are presented control was characterized by large channels which dis-

Microscopical examination

together. turbed the integrity of the coarse, aggregated matrix

The different patterns of fat and jelly release of (Figure 3A). After heating at 40°C, the pork rind par-
the three types of meat batters after different tempera- ticles started to gelatinize and disturbed the relatively
ture treatments coincided with microstructural changes soft and viscous meat batter by pressure. In this meat
as observed by light microscopy. In batch A, the mi- batter heated at 50°C, channels partially filled with
crostructure of the unheated batter was characterized by gelatine were observed (Figure 3B). The porosity of
a continuous protein matrix of disintegrated muscle and the matrix increased between 40 and 60°C and a large
collagenous tissue in which intact adipose tissue, indi- amount of fat and jelly was released. After heating at
vidual fat cells, and many smaller fat particles were 60°C, this fat and jelly release together accounted for
evenly distributed (Figure 2A). The presence of intact 27 weight percentage of the starting material (Figure
fat cells was confirmed by the observation of intact fat ID-1F). From 60°C onwards, a more dense micro-
cell membranes in the frozen sections stained with picro structure with less large channels was observed. This
Sirius red. After heating at 40°C, a distinct swelling of was probably caused by shrinkage of the protein matrix
the precooked rind was observed (Figure 5) which and the fact that relatively more myofibrillar muscle
resulted in a more dense microstructure. Between the protein remained to form a more dense matrix with a
partly denatured pork rind particles (fading of nuclei lower porosity. At temperatures between 45 and 80°C,
and fibrous structure normally present in raw connec- the ability of myosin to form a three dimensional net-

tive tissue) and the surrounding protein matrix, a tran- work of fibers and to bind meat particles is increased |
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