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SUMMARY

In this investigation the fat holding properties of
fat raw material alone, when subjected to different
degrees of comminution and subsequent heating to 75°C,
have been studied. The fat sources used were pork back
fat and beef fat from groin.

The instability (coalescence instability) of the fat

raw material has been estimated by measuring the per-
centage of fat extracted by hexane. Additionally, the
course of comminution and heating have been followed

qualitatively under the light microscope.

An increasing degree of comminution [as revealed by
microscopy of both pork back fat (raw) and beef groin
fat (raw)] gives rise to a higher hexane extractabili-
ty. Five different ways of disintegration have been
studied. Among these the Moulinex mixer causes the
highest degree of comminution, whereas dicing by hand
with a knife causes the lowest. The former samples
have a completely destroyed structure, the fat having
smeared out all over the sample. With the same type of
comminution, beef groin fat is more susceptible to
disintegration, as revealed by hexane extraction, than
pork back fat. This is suggested as originating from a
less efficient chopping in the case of pork back fat
compared to beef groin fat. This is further assumed to
be related to the existence of more released fat from
fat cells in the pork back fat, a phenomenon leading
to reduced crack propagation.

Heating the disintegrated fatty tissues to 75°C causes
further instability which, for all degrees of comminu-
tion, is more severe for beef groin fat than for pork
back fat. The contraction of the connective tissue
visible under the microscope on heating is, on
average, greater for the beef groin fat than for the
pork back fat. This could be one of the reasons for
the fat holding capacity of the beef groin fat being
lower than that of the pork back fat on heating.

INTRODUCTION

Fat separation in meat products such as hamburgers,
sausages and liver paté causes quality problems.
Therefore, in order to minimize such problems, it is
of interest to study the fat holding properties of the
fat raw material, alone and in the product. In this
investigation we have restricted ourselves to studying
the fat raw material alone as a first step in trying
to elucidate the way in which fat is held in meat
products.

The most commonly used fat sources in meat products
are pork and beef fat originating from different
anatomical locations. In this investigation we have
chosen to study pork back fat and beef fat from groin.
When this fatty tissue is disintegrated and heated
during the production of the meat product the fat can
be found in roughly two forms. Firstly, the fat
remains in its natural fat cells as single cells or in
aggregates. Secondly, the fat can be squeezed out of
the cell and dispersed into the surrounding meat
batter in the form of small droplets or larger fat
pools.

The investigations presented so far in the literature
on the fat holding properties of different fat raw
materials in meat products have worked mainly along
two lines of approach, i.e. either rendered fat (Swift

< coUf
et al, 1968 and Lee et al, 1981) or the fatty t’sﬂt
have been studied (Townsend et al, 1971; Ackerman 1)
al, 1971; van den Oord, 1973 and Evans & Ranken;

it
Using rendered fat (Swift et al, 1968) or soy‘P‘aﬂt
fats of different hardness (Lee et al, 1981) 1
emulsions of 22% fat content, both Swift et al
et al have shown that the harder fats give rise
more stable.emulsions, i.e. beef fat is generally
better than pork fat in that respect. Swift et als of
1968 pointed out the importance of rate of releas
oily fat as a determinant of emulsion stabilitys g
whereas Lee et al, 1981 observed the formation o'
channels under the microscope in uncooked emu15‘°%
for soft plastic fats. They suggested that such fawm
channel formations caused discontinuity of the Pr&n¢
matrix, thus leading to fat separation during co0

k
Comparing different fatty tissues (beef fat and pgr
fat) in frankfurters Townsend et al. 1971 observe
that fat separation mainly occurred in those fra’
furters containing beef fat, i.e. the other way 2
compared with rendered fat. Microscopic evaluati?
these frankfurters (Ackerman et al, 1971) furthe%aw
demonstrated that no given dispersion of the fat
sistently indicated fat separation or lack ther
This is in accordance with the view of van den _° fat
and Visser, 1973 who argued that the ease by wh1‘£¢w
cells become broken is likely to be the crucial 2085
with regard to the fat holding properties of saust:.
Evans & Ranken, 1975, who were the first to inveswnw
gate the cooking properties of the fatty tissué £
attributed 1ipid loss on cooking not only to th€ in
number of fat cells broken but also to differenct
the connective tissue present in the fatty tiSs"egkﬂ
They argued that harder fats like beef fat have weof
cell walls, which are more easily broken than tho
softer fats, leading to higher fat losses.
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In conclusion, the literature suggests that as 12?
the fat stays within the fat cells pork fat 15 i g #
best choice amongst the fat raw materials. Wher?znis
rendered fat, beef fat is preferable. The quest! ,inf
then how do different types of comminution and ffﬂ
influence the proportion between the two forms ot
for both beef and pork fat? Furthermore, what a y
instability does it cause? In this investigatiof
have tried to elucidate this problem by fo]10w1”gwe
qualitatively how the fatty tissue behaves uﬂder
1ight microscope during comminution and cook1"9'CM1V
Moreover, the stability against fat separation,giﬂ
scence stability) has been followed in a quant! per”
way. This has been carried out by measuring the en
centage of fat extracted by hexane, as it has D€
shown for protein stabilised emulsions (Tornbergﬂtwn
Ediriweera, 1986) that the degree of hexane €X ,ce
of the emulsion is a reflection of the coalesce”
instability.

MATERIALS AND METHODS

Fatty tissue "
we

The fatty tissues (fresh) used in the experime"ti

pork back fat and beef fat selected from the Qr?eﬂﬂﬂ

Each specimen was a mixture of tissues from dif nawe

animals. As assessed manually, the beef fat was

than the pork fat.

Disintegration

. AR
After removing the rind and surrounding coat1"9i ww’
fatty tissue was disintegrated in five diffef€28anw
1) The fat sample was diced by hand with a knl a5
2 x 2 mm pieces. 2) and 3) The tissue material ix
comminuted in a 20 1 Miiller bowl chopper with sr 30
knives (2,800 rpm). Chopping was carried out o e
and 90 seconds, respectively in 5 kg batches-
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ddeg during chopping (20% of total weight) to keep
one tgmperature low. 4) Disintegration was performed
'Ce in a mincer with a 10 mm plate. 5) 200 g of fatty

m;SSUE was comminuted for one minute in a Moulinex
Xer,

ggrlng disintegration the temperature was held at

in C, except for the comminutions in the mincer and

Mdthe Moulinex, where the temperature rose to 13-15°C

St 20-26°C, respectively. The fat samples were then
Ored at +4°C for further characterisation.

m@l treatment

A
§°Ut-6 g of the comminuted fat sample was weighed

igether with 9 g of distilled water in a glass tube.
gre glass tubes were heated in a water bath with a
tadﬁent of 1.5°C/min up to 75°C. The samples were
N kept at 75°C for 3 min before cooling at +4°C.

QEEQCal analysis

kstCOntent of water (Nilsson, 1969), fat (NMR), crude
hygro M (Kjeldahl, as modified by Nilsson, 1968) and
17r°xypro1ine (Stegemann, 1958 as modified by Weber,
tiy were analysed for the fatty tissues. The connec-
v € tissue content was determined by the amount of
“g;g;yproline in accordance with the method of Wyler

F :
dl‘1nstabi1ity
F
Jg instability was estimated by measuring the frac-
%1n of fat extracted by hexane. It was carried out
brn]y according to the procedure outlined by Tin-
9en and Olsman, 1979. Measurements were performed
upthe fat/water samples before and after heating in
lcate or triplicate.
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~Loscopy

N
QTZ1$S of the differently comminuted fatty tissues
t°e rozen (-20°C) and mounted in a cryostat micro-
2% (type TE, SLEE, London). Transverse sections,

For thick, were cut and mounted on microscope slides.

ti, Staining the sections Nile blue (0.4% water solu-

”ns ' fgr 2 min, was used. They were thereafter
“ased with distilled water and covered with cover
ton S. After staining, the fat became pink and the

u :eCtive tissue blue. The sections were examined

f3 a; a light microscope (Nikon Optiphot) at a magni-

Kog ion of 120x. Photographs were taken using Kodak
3Color 400 film.

To

MGSFudy the alterations in the structure during

Wit 'ng a heating table connected to the microscope

ag 4 temperature gradient of 1.5°C/min up to 80°C

to m:SEd: Polarized light was used in the microscope

mﬂwike it possible to study the crystalline regions

“ta Ng birefringence. Photographs were taken on Kodak
Chrome 160 EPT film at a magnification of 120x.

RES
ULTS AND DISCUSSION

Iy

meTible 1 the results of the chemical analysis for

fay W0 types of fatty tissues studied, i.e. pork back
and beef groin fat, can be seen.

LT

hr:rd‘ng to Table 1 there are no significant dif-

Py Nces 4n water, fat and protein-content between the

tap and beef fat studied. The connective tissue con-

b%f- however, is significantly higher (2.3%) in the
fat than in the pork back fat (1.9%).

Sample water con- Fat content Protein con- Connective
tent (%) tent tissue content
(%) (%) ()
X s X S X S X S

Pork back 10.3 + 1.8 85.9 + 1.5 3.4+ 1.0 1,94 + 0.1

fat (n=8)

Beef groin 10.2 + 0.7 86.5 + 0.8 3.1 +0.6 2.3+0.2

fat (n=5)

Sign level *

a) n=4 p < 0.05: *

Table 1. Chemical analysis of the fatty tissues.

It is interesting to compare the chemical composition
of the fatty tissues and their structure in the intact
state. This is visualised in photograph A in Figures 1
and 2, respectively, where transverse sections of the
fatty tissues raw, intact and comminuted in five
different ways (Pictures B to F) are given. When the
two photographs A in Figures 1 and 2 are compared it
can be seen that the fat cells from the beef fat are
on average larger than those of the pork back fat.
Moreover, the conngctive tissue content of the former
fat is higher than that of the latter, which suggests
thicker cell walls of higher connective tissue content
in beef groin fat than in pork back fat. This is an
important observation which might explain some of the
difference in hardness, as assessed manually. It
further opposes the argument put forward by Evans &
Ranken, 1975 that beef fat has weaker cell walls than
pork fat.

Figure 1. Transverse sections of pork back fat dis-
integrated in five different ways. Intact (A), diced
by hand (B), chopped in a bowl chopper for 30 (C) and
90 (D) sec., minced in a mincing machine (E) and com-
minuted in a Moulinex mixer (F). = : 100 wum.
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Figure 2. Transverse sections of beef groin fat dis-
integrated in five different ways. Symbols as describ-

ed in the legend to Figure 1. = : 100 um.

In pictures B to F the dark regions that can be seen
are analogous to the fat that has been squeezed out of
the fat cells. The intact fatty tissue (photographs A)
do not show any fat of this kind. This released fat
appears at a lower stage of comminution for pork back
fat than for beef groin fat. This difference in
behaviour for the two types of fat is most clearly
seen in the samples that have been chopped in the bowl
chopper (photographs C and D in Figures 1 and 2).

A comparison of the degree of crystallinity within the
fat cells for the two types of fat studied can be made
in Figure 3, where birefringence shows crystalline
regions. According to this Figure pork back fat shows
smaller crystalline regions than beef groin fat, which
could be one of the reasons for the behaviour of the
pork back fat, being more easily squeezed out of the
cells.

Figure 3. Transverse sections of pork back fat (A) and
beef groin fat (B) raw intact immediately photographed
after thin sectioning. Birefringence shows crystalline
regions.=—: 100 um.

It can further be noted for the chopped beef fét 1
comparison with pork fat that, although there 1530
released fat in the former, the disintegration has
gone further with regard to the existence of more
single fat cells. It is only in the minced sample
(photograph E in Figure 1) where any substantial d.
release of the beef fat from the cells can be founm
This could be due to a higher shearing action in t
mincer, compared to the bowl chopper, which wil
probably squeeze out the fat from the cells to 2
greater degree.

For the fatty tissues diced by hand (photographskg%e

fat outside the cells is only located where the s
e

seefl
t1Y

has cut. From Figures 1 and 2 it can further b
duced that the fat cell integrity can always beé
somewhere within the sample for all the differen
comminuted samples, except for those chopped in a
Moulinex (photographs F). The latter samples haVefﬂ
more or less completely destroyed structure, the, glé
being smeared out all over the sample and some sif
fat cells dispersed into it.

Fat instability, as measured by hexane extractab’T;g
for the two types of fat at different disintegrat1¢
can be seen in Figures 4 and 5. When comparing t
results with the structure of the fatty tissues:
seen in Figures 1 and 2, the following can be n°

For those samples giving rise to the least and thgwe
most released fat, i.e. those diced by hand and t
chopped in the Moulinex mixer, the lowest and theis
highest hexane extractability is also found. This il
observed both for the pork back fat and the peef goﬂ
fat. However, for the two samples chopped in the
chopper the degree of hexane extraction is sub~ ork
stantially higher for the beef fat than for thé ?eﬁed
fat, although the latter fat has more visible r€
fat. Moreover, those samples minced in the minc’"ge
machine have lower hexane extractability than tN%,
chopped for 90 s in the bowl chopper. Especia] ¥seto
the beef fat, the latter disintegration gives T

a lower amount of released fat than the former:
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Figure 4. Fat instability measured as the fracti?
fat extracted by hexane for pork back fat raw an
heated and disintegrated in five different ways:
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jre 5. Fat instability measured as the fraction of
t extracted by hexane for beef groin fat raw and
ted to 75°C and disintegrated in five different

s‘

¢ seemingly contradictory behaviour might be
xplained by introducing some concepts of failure
hanics. The basic principles of the current
meories of fFailure appearance are based on the like-
ood of the propagation of cracks in the sample
Att, 1979). Crack propagation can be very much
uced if the stress applied to the fat raw material
ing comminution is reduced by viscous dissipation
‘gnergy. Therefore, with an increasing amount of
wlaased fat the energy applied during comminution
sipates more and more as viscous energy (heat),
leading to a less efficient chopping of the so far
ndisintegrated fat material. This is in accordance
h the observed behaviour of the pork back fat
ing comminution, i.e. being less commminuted but
f&ving more released fat.

e have also studied the fat instability after heating
?&p differently comminuted fatty tissues to 75°C, the
f85ults of which can also be seen in Figures 4 and 5.
accordance with the investigations of Evans &
ken, 1975 we too found the highest fat instability
1er cooking in the harder fat, which in our case is
beef groin fat. Furthermore, in this investigation
ta:e found that heating causes, in general, further
]éa 111ty, which for a1l degrees of comminution
ffiaept for.the chopping in the ‘Moulinex) 1s more
*¥ere for beef groin fat than for pork back fat.
fﬂkgourse of heating for the differently comminuted
x o.mﬁs has also been followed under the Tight micro-
'y é1' In this paper only the course of heating for
'-~sa::St damaged sample of beef groin fat will be _
ctuad' i.e. the one diced by hand. In Figure 6 the
§0 re of Ehe beef groin fat can be followed at 23,
" and 80°C. In general, it was noted that the fat
nqag region, as observed by disappearing bire-
45058 (seen at 23°C in Figure 6) occurs between 35
Bating . The most striking event, however, during
'nec$1°f the fatty tissue is the contraction of the
b ve tissue, starting in general at 50-55°C and
fop thOSt severe after 65°C. This is clearly seen
Mo ofe beef fat sample in Figure 6 and this contrac-
tha eefthe connective tissue is generally greater for
b0y g fat than for the pork fat. This observation
03 5111: one of the reasons for the larger fat in-
Moar dy caused by heating in the beef groin fat,
€d to the pork back fat. The contraction of the

)
fe nn,
]
Ctive tissue does not occur, however, in the

15

Moulinex sample, which could be due to a completed
disintegrated connective tissue in those samples.

Figure 6. Transverse sections of beef groin fat diced
by hand and heated to 23°C (A), 48°C (B), 60°C (C) and
g0°C (D). »=—: 100 um.
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