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SUMMARY

Mixtures of meat, water and salt were heated under controlled conditions

and the cooking losses measured. Large variations occurred between
individual samples of meat but it is shown that the lowest cooking
losses were produced at salt concentrations between 0.5M and 1.5M

in the total water in the mixture, i.e. under the conditions favouring
maximum solubilisation of the meat protein. Pre-salting the meat re-
duced the cooking losses of mixtures with these optimal salt concen-
trations. This is consistent with the current view that solubilising
of proteins assists the retention of juices on cocking. However, if
drainage during cooking was prevented, increases in loss werc found

at these salt concentrations. This requires some modification of the
hypothesis that coagulation of the solubilised protein in situ is also

necessary.
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Jue lque effets des additions d'eau et sel sur les pertes lors de la
11sson d la viande .
RESUME

Des melanges de v ande, d'eau et de sel etaient cuites dans des con-

. . . ’
ditions controllables et les pertes lors de la cuisson furent mesurées.
1 5 . ’ . - A . o2k
L1 y avait de grandes variations entre les échantillons individuels mais

v ’ : ’, . .
l'on a montre que les pertes les plus reduites étaient produites aux

: e ’
concentrations de sel entre 0.5M et 1.5M, calcul base sur 1l'eau totale
du melange, c'est a dire sous les conditions les plus favourable pour
la solubilisation maximale des proteines de la viande. Le pre-salage
. . . S . \
de la viande reduisait les pertes a la cuisson de ces m >langes a ces
. . 1 . . ’
concentrations en sel optimales. Ceci est en accord avec 1'idée
courante que la sclubilisation des proteines favourise la retention de
per pendant la cuisson, les pertes augmentaient dans la gamme de
. o ’ Y A . s & i “
concentrations en sel consideree. Ceci oblige a modifier 1'hypothese
. . . . . . ’ .
que la coagulation in situ des proteines solubilisées est aussi

necessaire.

: ' 2 e : .
jus pendant la cuisson. Cependant si 1'on empethait les jus de s'echap-



Einige Einwirkungen des Zusatzes von Wasser und Salz

auf die Kochverluste von Fleisch

ZUSAMMENFASSUNG

1

Mischungen aus Fleisch, Wasser und Salz wurden unter
kontrollierten Bedingungen erhitzt und die Kochverluste
gemessen. Obwohl erhebliche Unterschiede zwischen einzelnen
Fleischproben festgestellt wurden, konnte dennoch nachgewiesen
werden, daB die niedrigsten Kochverluste bei Salzkonzentrationen
zwischen 0,5 und 1,5 Mol, bezogen auf den gesamten Wassergehalt
der Mischung, entstanden, also unter den glinstigsten Bedingungen
fiir die Solubilisation des Fleischproteins. Ein vorhergehendes
Salzen des Fleischs verringerte die Kochverluste der Mischungen
bei den genannten, optimalen Salzkonzentrationen. Dieses
Ergebnis deckt sich mit der gegenwdrtigen Auffassung, daB

die Solubilisation des Proteins die Retention der Fleischsé&fte
wihrend des Kochprozesses begiinstigt. Dennoch, wurde eine
Entsaftung wdhrend des Kochens unterbunden, so wurden bei diesen

Salzkonzentrationen erhdhte Verluste festgestellt. TUnter diesen

Umstdnden erscheint es angebracht, die Hypothese der Notwendigkeit

einer zusidtzlichen Koagulierung des solubilisierten Proteins

in situ entsprechend abzuwandeln.
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INTRODUCTION

e 4

Much effort has been devoted to the measurement and explanation of
water binding capacity in fresh meat (e.g. Hamm, 1960) and to the
extension of this concept to cooked meat products (e.g. Hamm, 1973).
However, it is clear that there is only a poor statistical correlation
between measurements of water binding capacity made on fresh meat and
on the same meat after cooking (Herring, Hagyard and Hansen, 1971).
Measurements of cooking losses can be made on real or simulated meat
products (e.g. Karmas & Thompson, 1964; Wismer-Pedersen, 1966; Bartels
et al., 1970; Hamm & Schneider, 1972) but while such experiments give
useful empirical information about the meat products in question, the
complexity of the recipes makes it difficult to interpret the results

in terms of the fundamental chemical changes taking place.

[t was decided in this laboratory to make a direct study of factors
affecting the cooking losses of meat products by cooking ccntrolled
mixtures under standard conditions and observing the losses which
occurred. By working on the small scale, many combinations of composi-
tion and the usual manufacturing processes such as mincing, chopping,
etc. could be tested in a short time and it was hoped that by planning
the experiments appropriately, the separate effects of each variable

could be quantified.

This paper describes some of the results.



APPARATUS, MATERTALS AND METHODS

Various other workers have used simple model cooking systems to measure
the losses of meat on heating. (Wierbicki, Kunkle & Deatherage, 1956;
Sherman, 1961; Hellendoorn, 1962; Miller, Saffle & Zirkle, 1968) but
all have used different conditions and no one system can be regarded as
a standard. For this work it was decided to cook the samples in tubes
immersed in a constant temperature water bath and to measure the juices
which drained out without centrifuging. Fig. 1 A shows the apparatus
used for the majority of the experiments reported here. The meat
sample to be cooked was supported above the bottom of a polypropylene
test tube, 11 cm x 4 cm, so that the cooked out liquid drained away
from the meat during cooking. Fig. 1 B shows an alternative version in
which the meat remained immersed in its own juice during cooking but
could be raised above the liquid afterwards. A constant weight of
sample was taken, 40+0.1 g, and heated in a water bath at 80° for

28 mins. After cooking, the weight of the separated liquid was det-
ermined and the percentage cooking loss calculated. The red colour of
the raw meat just disappeared under these conditions, i.e. the meat was
"just cocked". It has also been shown by other workers that the

major part of the potential cooking losses occurs under conditions such

as these. (Wierbicki, Kunkle & Deatherage, 1956; Hamm, 1966).

Meat
Meat of average manufacturing quality was used:

Pork This was shoulder meat, fat content 2 - 3%, occasionally 5%,
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delivered 1 day after slaughter, occasionally 2 days, and normally
1ISed on the lfav\ of del ivpry_
Beef Shin meat was used, fat content 3 - 8%, delivered 2 days

after slaughter and normally used on the day of delivery.

Any obvious fat or connective tissue was trimmed off the meat

~

Preparation of mixtures

Une day's experiments were taken as a unit and all the meat for the day
was minced through a 5 mm plate and thoroughly mixed.

To make mixtures of lean meat with water salt or both, the necessary
quantities of salt and distilled water were mixed together to dissolve
the salt or to form a saturated brine containing excess salt. The
solution or mixture was then added to 100 g of minced meat in a beaker
and the whole gently mixed with a kitchen fork. Homogeneous mixtures
could be made when the proportion of added water was below about

40 g per 100 g of meat in the absence of salt, or up to 75 - 100 g

as the proportion of added salt was increased. At higher water levels
it was difficult to incorporate the water evenly but with care a
satisfactory degree of agreement between duplicate cooking tests (dif-
ference between % cooking losses = 1% or less) could be obtained
despite this difficulty.

Expression of results

All the results quoted are the mean values of duplicate determinations,
agreeing within the limits just stated. In describing the composition
of meat mixtures and in expressing the results of the cooking tests

the convention was followed of expressing all proportions as percentages

of the lean meat present, e.g. x g salt per 100 g meat = x% salt.




Comparison among the factors can thus be readily made since the propor-
tion of meat is common to all expressions, but it should be noted that
this is a different calculation from that usually made, in which

percentages are referred to 100 parts of the complete mixture.

For some purpcses the salt concentration in the total water in the

mixture was calculated, making the assumption that the 100 parts of

meat present contributed 75 parts of water.
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RESULTS

Effects of added water and salt

the results of a series of experiments with pork meat are set out in
lable I. Each line in the table gives the results of tests on a single

large uniformly mixed sample of meat.

As the first column shows, the cooking losses of different meat samples,
without any addition of water or salt, varied from 18 to 37%, mean 23.5%.
When samples containing added water but no salt were cooked, (Table I,
second column) the cooking losses were never as great as the sum of the
added water plus the cooking loss of the meat with no water. That is

to say, the addition of water to the minced meat resulted in the reten-

tion of some of the water that one might have expected to be lost.

The Table shows that increasing the proportion of added salt in meat
samples containing constant levels of added water produced first a
reduction in cooking loss, then an increase. Differences occurred
between meat samples receiving the same treatment, both in the extent of
the change in cooking loss and in the salt concentrations at which the
minimum loss occurred. Despite these variations from sample to sample

a strong pattern is discernible in the Table, with minimum cooking
losses occurring when the ratio of added salt: added water was about

S 7300 a1 a2

Fig. 2 presents the same experimental data as Table I but shows the

changes in yield of cooked meat, calculated from the equation:
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Yield = wuncocked meat + added water + added salt - cooking loss
o

= 100 + added water % + added salt /—-cooking loss

At each level of added water the yield reached a maximum which remained
approximately constant over a wide range of salt contents. This region
of approximately constant yield is shown in Fig. 3 by the bold lines.
Again, marked differences between different meat samples given the
same treatment can be observed, but the maximum yield occurred when the
ratio of added salt to added water was about 8 : 100, If the water in
the uncocked lean meat is taken into account, the relationship becomes
more precise. Table II gives the salt concentrations in the total
water associated with the regions of maximum, approximately constant,
yield, and shows that these occurred when the salt concentrations in
the total water in the mixture lay between 3 and 8%, or approximately

0.5M to 1.4M,

Effect of pre-salting

Table III gives the results of an experiment in which mixtures of pork
meat, salt and water were made and then each divided into two parts.

: 0
One part was cooked as soon as practicable, the other was held at 5

for 24 hours before cooking.

In the samples cooked with little delay, the same effects of added salt
and water can be observed as previously; the minimum losses occurred at
0,’

salt concentrations which can be calculated to be 8 - 367% in the added

water, equivalent to 4 - 9% or 0.7M - 1.5M in the total water. The
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cooking losses of meat pre-salted and held 24 hours were lower than the

values obtained before holding, and from the Table it can be shown that
the maximum reduction in loss occurred at salt concentrations of 7 - 32%

in the added water or 4 -

sy 0.TM - 1.4M, in the total water.

Effect of preventing drainage during cooking

}

This experiment was carried out using minced beef. Part of each sample
was cooked in the apparatus shown in Fig. 1 A, in which the cooking
liquor was allowed to drain away during cooking. A second part was co-
oked in the apparatus shown in Fig. 1 B, in which drainage was prevented
and the meat was cooked in its own liquor. The resu’ts are set out in

Table TV.

The samples cooked with drainage showed the same pattern of response to
added salt and water as the previous samples of pork meet, cooked in the
same way. The salt concentrations at which minimum cooking losses oc-
curred can be calculated from the data in the Table as 8 - 16% in the

added water, 3 - 6% or 0.5M - 1.0M in the total water.

The effect of preventing drainage during cooking depended greatly on
the salt concentration of the mixture. In some cases a reduction in

cooking loss occurred: the maximum reduction in loss was at salt con-

centrations which can be caleulated as 0 - 3% in the added water,
O - 2% or O — 0.3M in the total water. On the cther hand the losses
were increased under a range of conditions corresponding to 2 - 10%

salt in the total water, 0.3M - 1,7M,
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DI SCUSSION

The wide variation between different samples of meat, compared with good
agreement between duplicate samples of the same meat, has already been
referred to. In meat samples without any added salt or water the range
of cooking losses was from 18% to 27% among 11 samples of pork shoulder
meat and from 6% to 29% among 5 samples of shin beef. Samples also
varied in their response to the treatments applied, both in the
magnitude of their response at its maximum and in the concentrations of
added salt and water at which the maximum response occurred. Despite
this variablilty, underlying general patterns of behaviour can be
clearly seen. When water alone was added to the meat there was a small
{

increase in the net yield after cooking, roughly proportioral to the

amount of added water. A similar effect was demonstrated in freshly

slaughtered uncooked meat by Hamm (1900), using the press method to
measure the water binding capacity, but in meat tested 2 or more days
after slaughter, as in our experiments, he found that {he effect was
reversed or disappeared. He attributed the increase in water binding
capacity in the freshly slaughtered meat to an increase in inter-molecular
space as a result of electrical repulsion between protein molecules,
associated with a change in pH. However, it is not clear from this kind

of explanation why the effect should disappear from uncooked meat with

time and reappear again on cooking.

Large changes in cooking loss were produced by additions of salt and

water together. Clearly, many of the salt concentrations used in these
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el E 1d give pro s which would be inedible, but this
probl« e te a s hile v consider the vtbions
) f the effect n cooking 1 . Wirth (1972) has given some examples
of its practical consequences.
Minimum losses, or maximum yields, were produced at salt concentrations

orresponding

mixture, including the

salt concentration at wh

soluble (Haurowitz, 1963
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with increasing ratio of

meat protein. Table III
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and water, allowed to st

was removed from the mix

than if the had be

fluid

He concluded that solubai
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water
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ich all the meat proteins are known to become
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'solvent' - 0.5M to 1.5M salt solution - to
shows also that the losses were lower when the
ntact with the meat for a longer time before
(Kotter, 1960; Sherman, 1961; Hamm, 1973) have

that the retention of juices by meat on cocking
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also showed that if meat was mixed with salt

and for 16 hours and then the separated fluid
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en allowed to remain with the meat during cooking-
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protein, remaining in contact with
responsible for the better water retention in

workers have adopted this view and supposed that
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coagulation c¢f the solubilised protein during heating plays an important
role in retaining moisture in the cooked meat (Kotter, 1960; Hamm, 1973).
The result of our experiment in which drainage of the meat during co-
oking was either permitted or prevented (Table IV) is however difficult
to reconcile with this hypothesis. Allowing drainage during cooking

may be considered to be a variation of Sherman's experiment in which
drainage was carried out before cooking, and one might therefore predict
from his results that the cooking loss when drainage was permitted would
be higher than when it was prevented. In fact, at the salt concentrations
which favour protein solubilisation, the opposite occurred. Reduction

in loss due to preventing drainage (or increase in loss due to permit-

ting it) only occurred in the absence of salt or at low salt concentratinns.

This suggests that the concept of moisture retention by coagulation of
solubilised protein is an over-simplification and that it is necessary
to consider more closely the behaviour of the different fractions of

the protein. The sarcoplasmic proteins, for example, which are soluble
without the addition of salt and which coagulate at relatively low temp-
eratures (Charpentier, 1959; Scopes, 1964) are likely to be of great

importance.

- 1163 -




REFERENCES

Bartels, H., Kare, H.J., & Ristow, R., (1972), Fleischwirtschaft,52, 195

( aQYrYyY '3 3 - 1 O\ L . - » .
Charpentier, J., (1969), Ann.Biol.anim.Biochem.Biophys, 9, 101

Hn;a.fn, K., (V’“)”,), ;l'_ll.l"<i.li(i‘b., 104 355
(1966), 'The physiology and biochemistry of muscle as food.',
Ed. Briskey, E.J., Cassens, R.G., & Trautman, J.C.,
U. of Wisconsin Press: Wisconsin
Fleischwirtschaft, 53, 73

(1973)

Hamm, R., & Schneider, F

y Ro, ., (1972), Fleischwirtschaft, 52, 1445

Haurowitz, F.

, (1963), 'The chemistry and functions of proteins'. Academic

Press. New York

Hrllwudoorn, E.W., (1962)’ Fd.Technol., 16, (9), 119

H.K., Hagyard, J.H., & Hansen, L.J., (1971), J.Anim.Sci., 33, 3

Herring,

Karmas, E., & Thompson, J.E., (1964), Fd.Technol., 18, 248

Kotter, L., (1960), 'ZurWirkung kondensierter Phosphate und andere Salze auf

tierisches Eiweiss'. Schaper.Hannover

)

Miller, W.0., Saffle, R.L., & Zirkle, S.B., (1968), Fd.Technol., 22, 1139
L)'('()[)(,’S’ R.K., (1(}(‘)4), Biochem.«J., 9_1, 201

§L2

——t

Sherman, P., (1961), Fd.Technol., 15

Wierbicki, E., Kunkle, L.E., & Deatherage, F.E., (1957), Fd.Technol., 11, 69

Wirth, F., (1972), Fleischwirtschaft, 52, 1373

Wismer-Pedersen, J., (1966), Fleischwirtschaft, 46, 787

- 1164 -




FIGURE 1
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FIGURE 2
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ABLE 1

Effect of added water and salt on percentage cooking loss of lean minced pork (a,b,c,d)

Control Added Salt %
wi?ti\:d; (e) TS G e Tl S G o S e T
0 18 Tl SRR SR LAY
25 24 46 20 9 14 f S e & S
| 4, 47 40 18 9 o 13T VP20 27
50 25 69 69 59 45 41 41 35 36 39
23 63 59 48 32 24 % 7 O G L i
100 23 101 106 97 93 89 83 8271 71 74
27 125 105 108 105 101 9391 B8 85 86

Notes (a) All percentages as g per 100 g meat
(b) Cooked with drainage

(c) Results on the same horizontal line refer to the same sample
of meat

(d) Lowest loss on each line underlined

(e) No added water or salt
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TABLE II

75% water in meat) x 100

Salt concentrations as per cent of total water (a), associated with f
maximum cooked yield of lean minced pork (b), calculated from data i
m |
of Table I,
[C
{
\
______A |
Added Salt % (c)
10 1 2 3 4 5 6 7 8 9 10
2
1
:‘id‘!‘f\J ‘
water % (c)
0 S 4.0 5.3 667
25 30 4.0 5.0 6.0 7.0 }
3.0 4.0 5.0 6.0 7.0 8.0
50 4.8 5.6 6.4 Ik
l
dud 4.0 4.8 5.6 6.4 Tl J;
100 4.0 4.6 5.1
4.0 4.6 ol ‘
——
N
Notes (a) Salt concentration = added salt % + (added water % +

(b) Samples with maximum yield taken as those shown by

bold lines in Fig. 3

(c) g per 100 g meat
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TABLE IIT

Effect of pre-salting on percentage cooking loss of lean minced pork

(a, b, c, d)

\
|
| Added Con- Added salt %
) water trol
K % (e) 0 1 2 3 4 5 6 T4 '8
[C
% 30 min 0 18 11 3 6 6 6 13 16| 17
dﬁ‘lay ¥
25 24 46 37 e 9 14 18 15 20 22
50 25 69 69 59 45 41 41 35 36 39
100 22 102 101 96 92 91 92 87 561285
100 20 105 106 98 98 90 89 89 89| 86
),
“' hr gelay 0 22 12 513 8 6 1 13} 8
fhk\salLLng)
25 24 et 34 18 | 7 8 8 Y 5
50 ’ 25 66 61 59 35 22 22 20 201 17
100 12 97 98 82 85 81 87 71 65| 64
100 20 99 103 98 99 90 86 73 121535
|
teducLion in
1. 20king 0 -4 -1 -3 3 | =2 0 6 %
”]I‘SS due to
®~salting 25 0 2 3 9 2 7 10 7 3 o B v 4
50 0 3 8 0 10 19 19 15 16 12
100 10 5 3 14 7 10 5 16 et1 19
100 0 6 3 0] 1 0 3 1 76 i ¥ iy
Notes (a) All per centages as g per 100 g meat
(b) Cooked with drainage
(¢c) Results on same horizontal line refer tothe same samples of meat:
corresponding lines in the "ca, 30 min delay" and "24 hr delay"
sections also refer to the same samples of meat
(d) Lowest cooking loss or greatest reduction in loss on each line
underlined
(e) No added water or salt
(f) Reduction in loss shown positive, increase in loss shown negative
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Effects of cooking with and without drainage

TABLE IV

on percentage cooking

loss of lean minced beef (a,b,c)
LR
Added Control Added Salt %
water (a) —]
% 0 2 4 6 8
With drainage 0 24 - 9 é 10 10
25 17 40 9 8 8 9
50 6 58 ! 37 29 26
4 21 82 78 5 f 39 31
100 29 114 Ty 109 105 | 102
150 1, 149 146 1441 1231 125
Drainage prevented 0 o - 9 8 11 15
25 13 30 16 11 13 18
50 14 53 51 38 36 34
75 17 70 72 63 59 50
100 21 107 95 100 96 89
150 13 120 117 108 106 115
Reduction in loss due to o) 5 0 0 -1 -5
preventing drainage (e)
25 4 10 -7 -3 -5 -9
50 -8 5 2 -1 13} =8
75 4 12 6 -6| =20 -19
100 /g ¥ i 22 9 9 13
150 6 29 29 32 17 10
A R

Notes

a) All percentages as g per 100 g meat §
b) Results on the same horizontal line refer to the same sample of meat?

correspcnding lines in the "with drainage" and "drainage prevented"

section also refer to the same samples of meat

1170 -

c) Lowest cooking loss or greatest reduction in loss on each line undeé
) No added water or salt

rlinev

e) Reduction in loss shown positive, increase in loss shown negative






