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SUMMARY

The investigation was concerned with
the relation of the melting character-
istics of ‘fats to the stability of meat
emulsions containing them. Rendered
pork and beef fats were each fraction-
ated into four fractions having widely
different melting characteristics as de-
termined by differential thermal analy-
sis (DTA). Meat formulas containing
either 129, or 229, of either fractions
or of the original fats were commi-
nuted to maximum temperatures rang-
ing from 12.8 to 35°C. The stability
of the emulsions was determined.

All emulsions containing only 129
added fat were stable. The stability of
emulsions containing 229, added fat
depended principally on the melting
characteristies of the fats. The high-
melting fats yielded stable emulsions
and low-melting oily fats yielded un-
stable emulsions, irrespective of tem-
peratures attained during emulsifica-
tion. A third group yielded relatively
stable emulsions even though melting
produced liquefaction during eommi-
nution. In addition, stable emulsions
were produced with 229 of added oily
fat when it was added in portions. The
results reflect the importance of rate
of release of oily fat as a determinant
of emulsion stability.

INTRODUCTION

Specifications for formulating and
processing emulsion-type sausage prod-
uets, such as frankfurters and bologna,
inelude those designed to assure sta-
bility when the products are heat
processed. Content of fat and the maxi-
mum temperature to be attained dur-
ing comminution are among factors
considered important. Information on
the specific relation of these factors
and their interaction to emulsion sta-
bility can afford improved guidelines
in improving emulsion quality and the

use of meat raw materials, as well as
in improving equipment and methods.

In the earlier work of the authors
(Townsend et al., 1968) the melting
characteristics of meat fats were in-
vestigated to determine how much
melting oceurs during comminution
and whether this bears a relation to
emulsion stability. The results showed
that some melting is inevitable when
typieal meats are comminuted under
the usual conditions. The fact that
melting of a major part of the fats be-

gan at approximately 18°C appeared

especially important, since it was ob-
served that, at this and higher temper-
atures, increasing temperature concur-
rently inereased melting and decreased
emulsion stability. The temperatures
associated with emulsion breakdown
were essentially in agreement with
those cited by other authors (Hansen,
1960 ; Helmer et al., 1963).

Further investigation has been con-
cerned with determining if the events
observed are related, or merely coinci-
dental. It involved studying the emul-
sification of special fats obtained by
fractionating animal fats into ecompo-
nents ranging from oils to high-
melting fats, using differential thermal
analysis and emulsion stability tests to
obtain necessary data. The results
proved to have broader implications
than merely to answer the question
above. They provide insight regard-
ing the importance of eontent, compo-
sition, and melting of fats; of temper-
ature; and of the interaction of these,
as determinants of the rate of release
of oily fats and of emulsion stability.

EXPERIMENTAL

Rendering and fractionation of
fats. Internal and external beef and
pork fats were physically separated

from commercial grade cow beef and
market weight hog carcasses that had
been stored at 3°C for 72 hr after
slaughter. Each type of carcass fat
was ground once through a %36-in plate
and rendered in a steam jacketed ket-
tle. The fat was strained to remove
cracklings, poured into lard containers,
cooled, and stored at 3°C until frae-
tionated or used in preparing emul-
sions.

The principal steps used for frae-
tionating the fats are shown by Fig. 1.
These steps involved:

1) dissolving 2,270 g of melted ren-
dered fat in 16,000 ml of ace-
tone;

2) cooling the fat-acetone mixture
with dry ice and filtering to
remove the fractions, which erys-
tallized at 6°, —13°, and —28°C,
retaining the filtrate;

3) and, removal of acetone by bub-
bling nitrogen through the frae-
tions, which were heated to ca
105°C. The fractions of fat were
held at 3°C until used.

The remaining portion of the beef
and pork carcasses were separated into
lean beef and pork and stored at
—19°C until ready to use.

DTA of fractionated fats. The
various fat fractions were melted, sam-
ples placed in DTA glass tubes, held
overnight at 3°C and analyzed accord-
ing to the procedure previously de-
scribed by Townsend et al. (1968).

Preparation of emulsions. Emul-
sions were prepared in which 12 -and
229, of each type of fat was added to
the lean pork-beef mixture. The basie
sausage formula for each bateh con-
sisted of 800 g each of lean beef and
pork, 192 g fat (12% level) or 352 g
fat (229 level), 400 g flaked ice, plus



seasoning, cure, sugar and salt:

Twenty-four hr before the emulsions
were made, the lean beef and pork
were ground through a 34g-in grinder
plate and thoroughly mixed. The fats
were melted, when necessary, and
sprayed onto meat mixtures held at
3°C. The operations also involved fre-
quent mixing. This spraying proce-
dure was done to obtain uniform dis-
tribution of the fat throughout the
lean meat. The meat-fat mixtures were
held overnight at 3°C.

The chilled meat-fat mixture was
chopped in a silent cutter as deseribed
by Townsend et al. (1968). Samples
were taken for emulsion stability tests
when the temperature had risen from
3°C to 12.8°C (8 min); 18.5°C (10
min) ; 24.0°C (13 min); 29.5°C (16
min) ; and in several instances 35.0°C
(19 min).

To investigate the effect of adding
229 liquefied fat, in portions, as eom-
pared with one addition, combined
fractions C and G were added to the
meat mixtures in one portion, or in
four portions as follows: 5% added
to the original meat mixture; 59
when the temperature of the emulsion
had risen to 5°C (3 min); 5% at
7°C (6 min), and 7 % at 10°C (8
min). Chopping was continued and
samples were taken for emulsion sta-
bility tests when.the temperature had
risen to 12.8°C (10 min); 18.5°C (12
min); 24.0°C (14 min) and 29.5°C
(17 min).

Emulsion stability test. The sta-
bility test used was that deseribed by
Townsend et al. (1968).

RESULTS AND DISCUSSION

Fig. 1 shows an outline of the pro-
cedure used in fractionally crystalliz-
ing rendered pork fat from acetone to
obtain fraetions A, B, C and D. Em-
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Fig. 1. Fractional erystallization of

rendered. pork fat from acetone. P and
F represent precipitate and filtrate, re-
spectively.

ploying the same procedure with beef
fat yielded corresponding fractions E,
F, G, and H weighing 665, 741, 400
and 464 g, respectively. The procedure
was modeled after a more thorough
fractionation described by Riemen-
schneider et al. (1946) and satisfac-
torily separated principal fractions as
needed for the present work.

The curves obtained by DTA of ren-
dered pork fat and its fraetions are
shown in Fig. 2. The melting pattern
of the whole fat, R,, shows peaks at
—3°, 12°, 29.5° and an inflection at
42.2°C. The pattern shown, obtained
after chilling rendered fat for one
day, and another obtained after chill-
ing seven days, were essentially the
same. The pattern differs markedly
from that of pork tissue fats, which
primarily melt in two ranges, one ex-
tending from 8° to 14° and another
from 18° to 30°C, or that of tissue
fats that have been heated to 60°C
and then chilled before remelting
(Townsend et al., 1968). A possible
explanation is that the pattern of
crystallization of fats in fatty tissues
may reflect a natural arrangement of
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Fig. 2. DTA curves of rendered pork
fat, Ry, and fractions A, B and C that
crystallized from. acetone at +6°, —13°
and—28°C, respectively, and D, the frae-
tion in the filtrate.

the fats in situ, while rendered fat
having been completely mixed by ren-
dering, solidifies on cooling in arrange-
ments determined by composition and
rate of cooling.

The curve for fraction A shows
melting extended from 15-20° to
35°C; that of fraction B shows two
melting ranges, from —10 to 8° and
from 8 to 13.5°C; that of fraction C
shows one peak with melting from
—15 to 1°C; and that of fraction D
one peak with melting from below
—30 to slightly above —20°C. More
than 509, of the rendered pork fat
was low-melting, since fractions C and
D comprised over 40% and an appre-
ciable portion of fraction B was also
low-melting.

The DTA curves of whole rendered
beef fat, R,, and of fractions E, F, G
and H, are shown in Fig. 3. The whole
fat melted over a broad range, with
peaks at 13, 18, and 41°C having lit-
tle resemblance to curves obtained with
beef tissue fat (Townsend et al.,
1968), possibly for the reason pro-
posed in discussing pork tissue fat.
The DTA curve for fraction E shows
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Fig. 3. DTA curves of rendered beef
fat, Ry, and fractions C, D and E, which
crystallized  from acetone at -4-6°, —13°.
and —28°C, respectively, and H, the frae-
tion in the filtrate.



Table 1. Effect of varying melting characteristics of pork fat on the stability of emulsions chopped to different temperatures.

Fat released from emulsions on cooking, ml1/100 g1

Maximum
temperature Rendered beef fat (Ry) Fraction

during

emulsifi- D

cation 129, 229% 129% 229 129 229% 129 229 129% 22%

°0
12.8 0.6 = 0.0 0.8 *+0.1 0.4*+0.1 0.3 *+0.0 0.3 0.0 0.1*+0.2 0.8+0.1 4.7*0.3 0.3 0.0 4.1*0.2
18.5 0.6 = 0.0 2.4*+0.2 0.6 = 0.0 0.5+0.1 0.3 =0.0 0.3 0.0 0.6 £0.0 5.3 0.7 0.3 0.0 3.8+£0.1
24.0 1.0+02 4.7*02 0.5+0.1 0.6=*0.0 03+0.0 0.5*+0.1 0.8+0.1 6209 0.3*+0.0 6302
29.5 1.5 0.0 7.0*0.3 0.6 0.0 0.6 =0.0 0.6 =0.0 0.3 =0.0 1.1#+0.1 5.2 *+0.7 0.6 0.0 6.4+0.3
35.0 0.6 0.0 0.6 0.0 0.4*x0.1
1 Average value of three samples tested == standard deviation.

Table 2. Effect of varying melting characteristics of beef fat on the stability of emulsions chopped to different temperatures.

- Maximum

Fat released from emulsions on cooking, ml/100 g

temperature

Rendered beef fat (Ry)
during

Fraction

emulsifi-

cation 12% 229

129%

22% 12% 22%

12% 22% 129% 22%

°0
12.8
18.5
24.0
29.6
35.0
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1 Average value of three samples tested = standard deviation of mean.

that it was a high-melting fat with a
major portion melting from approxi-
mately 27° to 47°C and a smaller por-
tion from 5-10° to approximately
19°C. The curve for fraction F' shows
one peak with melting from 5° to
15°C, while that for fraction G shows
two melting ranges, one extending
from about —15° to —8° and another
from about 7° to 13.5°C. The curve
for fraction H shows one peak with
melting extending from approximately
—25° to —17.5°C. Although beef fat
is considered to be high-melting, it
is notable that fractions G and H,
the low-melting fractions, represented
389 of the original fat.

Tables 1 and 2 show the results of
stability tests on emulsions prepared
by adding 12 or 229 additional ren-
dered pork or beef fat, or their frae-
tions, to the basic meat formula and
comminuting to different maximum
temperatures ranging from 12.8 to
35°C. Owing to the presence of in-
separable fat in the meat raw mate-
rials, part of the fat could not be
varied and the total content of fat
was higher than indicated levels.
Emulsions that released 1.0 ml, or less,
fat on cooking were judged stable;
those releasing 1.1 or 1.2 ml were
judged possibly somewhat unstable,
and those releasing 1.3 ml or more
were judged unstable.

As shown in Table 1, the emulsions

containing 129, added rendered pork
fat were unstable if chopped to 29.5°C
or higher and those containing 22%
when chopped to 18.5°C or higher.
These results indicate that stability is
an inverse function of both fat con-
tent and temperature in emulsifying a
fat that melts over a broad range,
such as pork fat. Emulsions eontain-
ing high-melting fractions A and B
were stable irrespective of either fat
content or comminution temperature.
It should be noted that comminution
at temperatures in the upper ranges
brought about some melting of frae-
tion A and considerable melting of
fraction B. The data show that emul-
sions econtaining 129, of fractions C
and D were stable, irrespective of tem-
perature, except possibly that contain-
ing fraction C and chopped to 29.5°C.
Those containing 229 of those por-
tions were unstable on comminution at
any of the temperatures. The results
indicate that the meat was capable of
emulsifying these oily fractions if
present at 129, but not at 22%, irre-
spective of the temperatures attained
during eomminution.

The data in Table 2 indicate that
the stability of emulsions made from
beef fat and its fractions was affected
by the content and the characteristics
of fat and by the temperature attained
during ecomminution. The emulsions
containing either 12 or 229, rendered

beef fat were stable, except those
chopped to 29.5°C, and, under com-
parable conditions, were more stable
than those prepared with rendered
pork fat, a fact that bears out an
earlier report that beef fats can be
chopped to higher temperatures than
pork fats (Shannon, 1966). None of
the emulsions containing high-melting
fraction E were unstable, while there
was evidence of some instability in
emulsions containing 129, fraction F
when chopped to either 29.5° or 35°C,
and marked in stability in emulsions
containing 229 of this fraction when
chopped to 18.5°C or higher. Emul-
sions containing 129 of oily fraction
G were stable irrespective of temper-
ature of comminution, and those con-
taining 229 were unstable. Emulsions
containing 129 of fraction H were
also stable after comminution at any
temperature.

Judging from the DTA curves ob-
tained for fractions E and F, in com-
minuting emulsions containing these
fractions to the temperatures indicated
in Table 2 some melting of fraction E
oceurred and fraction F' melted con-
siderably, yet emulsions containing
229, of fraction E were entirely stable
and those containing fraction F were
relatively so. Similarly, judging from
the DTA eurve for fraction B, the fat
became entirely melted on comminu-
tion at temperatures ranging upwards



Table 3. Effect of two rates of addition
of liquid-fat-on emulsion stability.

Volume of fat released,
ml/100 g emulsion

Maximum Fat added
temperature in four

duriig ™ portions One addi-

emulsifi- totalling tion of
cation 22% 229 fat
1#.8 0.0 = 0.0 1.9 = 0.0
18.5 0.0 0.0 1.5£0.1
24.0 0.3 0.0 1.3*0.1
29.5 0.3 = 0.0 1.6 =0.2

from 18.5°C, yet stable emulsions were
obtained as indicated in Table 1. These
results indicate that the meat bound
only a limited amount of added oily
fats, more than 129 but less than
22%, and that a total of 229, of oily
fat was effectively bound if a signif-
icant part was produced through melt-
ing. An explanation is that the ca-
pacity of meat to emulsify oily fat is
extended if the fat becomes gradually
available, as from melting,

The data in Table 3 shows the re-
sults of testing the hypothesis that the
rate oily fat becomes available is a
factor affecting stability. The fat used
was oily at all four maximum temper-
atures of comminution. The results
indicate that slow addition permitted
stable emulsions to be produced from

oily fat, irrespective of the tempera-
tures attained during comminution. Re-
sults support a conclusion that the
stability of emulsions produced with
229, added fats, which ultimately
melted, as compared with the insta-
bility of those prepared with 229,
oily fat, can be attributed to the fact
that oily fat was slowly produced.
Furthermore, an explanation of the
results obtained with 229, of the oily
fractions C, D, G and H is that coales-
cence occurred early during comminu-
tion and that the shearing foree ap-
plied was incapable of producing a
necessary degree of dispersion. It
would appear that an emulsion was
never formed, accepting coalescence as
a condition associated with emulsion
breakdown (Becher, 1965), unless the
fat became available in portions. A
measured rate of release of oily fat is
readily obtained in emulsifying high-
melting fats and, to a somewhat less
extent, in emulsifying fats that melt
over a range. The fact that stable
emulsions were readily produced when
this rate was obtainable, even in emul-
sifying oily fat, supports a conclusion
that this rate is critical. Conversely,
the results show that other conditions,
such as temperature and type of fat,
are not critical, except in relation to
this prineipal factor. On the basis of

this, emulsion preparation should in-
volve control of fat materials, the rate
and extent of temperature rise, and
the rate of dispersion in ecomminution
so as to optimally affect the rate of
release of oily fats.
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