Esters Present in Pre-ferments.
The only esters detected in the Fleisch-
mann pre-ferment were those of acetic
acid. The ethyl ester was presumably
produced because of the high concen-
tration of ethyl alcohol in the fermenta-
tion mixture. Wiseblatt (26) found
only ethyl esters in bread crumb.

The change in ethyl acetate concentra-
tion in the pre-ferment with time is
shown in Figure 2. The ester reached
its maximum concentration after 6 to 8
hours of fermentation and decreased to
zero after 48 hours. The concentration
of ethyl acetate in American Dry Milk
Institute pre-ferments was not deter-
mined because it was necessary to adjust
the pH of that pre-ferment to 10.0 to
precipitate a part of the nonfat dry milk.
The ester was hydrolyzed at this pH.
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The water-holding capacity of nondisintegrated muscles and ground and comminuted
fresh lean meats was determined on fresh and heated meat.
mg. fresh muscle sample on No. 1 Whatman filter paper of constant humidity in a specially
made press operating under 500 p.s.i., the area of the paper wetted in 1 minute by the

expressed juice is directly proportional to the weight of water in the press juice.
method gives the reproducible results within 2 to 5%.

By pressing a 400- to 600-

The

The amount of free water in

beef, pork, veal, and lamb varies from 30 to 50% of the total moisture content, depend-
ing on the kind of meat and period of aging.

RECENT STUDIES on consumer quali-
ties of meats, such as tenderness,
texture, drip on freezing and thawing,
and shrinkage on cooking indicate that
these qualities depend on the degree of
hydration of muscle proteins (7, 77,
36-40). The highly polar water mole-

cules are attracted to the muscle proteins
by ionizable basic and acidic groups as in
arginine, histidine, lysine, glutamic acid,
and aspartic acid or by polar nonionic
groups such as in cystine, cysteine,
serine, methionine, threonine, tyrosine,
and tryptophan. The mechanism of the

YOL

protein hydration is not well understood.
Some pioneering work on hydration of
various proteins, other than muscle
proteins, and polypeptides has been done
by Bull (2), Pauling (33), Mellon and
Hoover (29), and others (4, 5, 26).

Lean meat contains about 3.5 grams
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plates are placed between the movable
steel plate and the top plate of the frame;
these are separated from the steel plates
by rubber cushions to protect the
Plexiglas plates and assure an equal
distribution of the pressure through the
plates.

A 400- to 600-mg. meat sample is
weighed on a 9-cm. No. 1 Whatman filter
paper of constant moisture content,
10.18 = 0.10%, obtained by holding the
filter paper in a desiccator over saturated
potassium chloride solution as suggested
by Grau and Hamm (77, 72). The
filter paper and meat are then placed
between the Plexiglas plates and pressed
immediately at a constant pressure for a
fixed period of time. A pressure of 500
p.s.i. and a pressing time of 1 minute
were most suitable. By pressing, the
muscle material is squeezed to an almost
circular film (meat film), while the ex-
pelled water is absorbed by the filter
paper forming a circular brown- or red-
color area (free moisture area).

Immediately after the pressing has
been accomplished, the Plexiglas plates
with the meat sample are removed and
the meat film area is marked with a
colored pencil on the other side of the
filter paper before removing the Plexiglas
plate from the mear side of the paper,
as the meat film usually adheres to the
plate. The filter paper is then removed
from the upper plate and the meat film
taken off. The filter paper can now
be stored for the surface measurement,
if necessary, for a long period of time.

For the calculation, the surface of the
free moisture area (juice ring) around the
pressed muscle is determined by sub-
traction of the surface of the meat film
from the entire surface. For the surface
measurement, an Ortt compensating
planimeter with vernier range of 0.01
square inch (Type 16, Charles Bruning
Co.) was satisfactory.

The centrifugal method was used as
previously reported (-10).

Pressure. Samples, 500 mg., of lean
beef semimembranosus and pork longis-
simus dorsi, 2 days post-mortem, were
accurately weighed on an analytical
balance and then pressed for 1 minute at
varying pressures. Free moisture area
was calculated and plotted as a function
of the pressure from 100 to 1000 p.s..
The results (Figure 2) indicate that the
free moisture area varies with the
pressure, usually the amount of the
pressed-out juice increased with the
increased pressure. However, the in-
crease of the free moisture area is not
directly related to the magnitude of the
pressure, but rather a stepwise increase
of the pressed-out juice occurred within
the pressure range investigated. Pre-
sumably, the water present in meat is
bound or fixed by the muscle proteins
with different forces forming several
water layers around the protein mole-
cules, which are held by different

Table |. Effect of Pressing Time on

Free Moisture Area®

Area, Square Inches

Time, Meat Free
Min, Total film moisture
0.5 4.38 1.18 3.20
1 4.50 1.26 3 24
2 4.86 1.28 3.58
3 5.24 1.31 3.93
4 5.38 1.30 4.08
5 5.40 1.28 4.12
6 5.38 1.27 4.11

s 500-mg. samples of pork (semimem-
branosus) at 500 p.s.i. pressure.

water-binding energies, each water layer
requiring a different pressure for being
released by the protein molecules.

The data given in Figure 2 do not
represent the characteristic pattern for
the water binding of all pork and/or beef
muscles. The absolute amounts of juice
were found to vary from muscle to
muscle, however, all the samples in-
vestigated showed more or less definite
stepwise binding of the water by the
muscle substance. At 500 p.s.i. pressure
a plateau always resulted and, therefore,
this pressure was selected as the constant
pressure for the determination of the
water-binding capacities of fresh meats.

Pressing Time. Table I shows the
effect of the pressing time on the meat
film and the free moisture area from pork
semimembranosus muscle. The free
moisture area increases with the pressing
time, up until about 4 minutes. How-
ever, as the spreading of the meat film
reached its maximum after 1 minute of
pressing, pressing time was standardized
at 1 minute.

Pressing Delay. During the pre-
liminary experimentation, the first sam-

Table Il. Effect of Pressing Delay
on Free Moisture Area
Min.
between
Weighing Area, Square Inches
and Meat Free
Pressing Total film moisture
Beer, LoNcissimus Dorsi2
10 2.69 1.88 0.81
7.5 4.15 2.66 1.49
5 4.19 2.67 1.52
2.5 4.35 2,68 1.67
BEEF, SEMIMEMBRANOSUS®
10 232 1.40 1.92
7.5 3.59 1.65 1.94
5 3.81 1.70 2.1
2.5 3.95 1.85 2.10

¢ 500-mg. samples at 500 p.s.i. pressure,

ple out of the four samples weighed for
the simultaneous pressing gave a some-
what smaller free moisture area. Evap-
oration appeared to be responsible for
this error. Consequently, the effect of
the time of the exposure of the samples
to the air was studied with the results
presented in Table II.

Air exposure for longer than 5 minutes
causes significant evaporation of moisture
from the sample and probably from the
filter paper. A change in temperature
of the samples is another factor affecting
the protein-water relationship, as the
same beefl samples taken from the re-
frigerator (7° to 10° C.) gave somewhat
smaller free moisture areas than after
bringing them to room temperature
(25° C.) before pressing. Therefore, in
the course of further experimentation,
meat samples taken from a cooler were
placed first in a 7° = 2° C. refrigerator
for a few hours, and then promptly

Table lll. Reproducibility of Duplicate Determinations
Area, Square Inches Free H,O Area Relative
Pair Sample Meat Free per 500 Mg. Error,
No. Wt., Mg. Total film moisture Sample Av. +=%
BeEF®
1 535 4.50 2.32 2.28 2.13 2.065 3.1
495 4.51 2.53 1.98 2.00
2 534 4.49 2.40 2.09 1.96 2.075 5.5
533 4.7 2.45 2.33 2.19
3 514 4.73 2.55 2.18 2.12 2.085 1.7
493 4.7 2.77 2.02 2.05
Pork?®
1 467 3.74 1.26 2.48 2.68 2.725 1.3
464 4.03 1.49 2.54 2.77
2 513 4.30 1.14 3.16 3.07 3.010 2.0
472 4.10 1.32 2.78 2.95
3 501 4.63 1.21 3.42 3.4 3.345 1.6
584 5.05 1.23 3.82 3,28

e Same beef sample used for all three pairs.
» Each pair represents another hog.

Pressure, 500 p.s.i. per min.
Pressure, 500 p.s.i. per min.
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weighed (within the time interval, not
longer than 5 minutes), and pressed.

Filter papers were weighed in advance
and covered with dry beakers; the
samples weighed first were also covered
before weighing the remaining samples.
All samples were taken from freshly
cut meat, With filter papers weighed in
advance and the apparatus made ready
for pressing, four samples can be easily
weighed and pressed by an experienced
operator within 5 minutes. By doing
so, the reproducibility of the method was
maintained within the desired limits.

The area of the Plexiglas plates is
great enough to press four 9-cm. No. 1
Whatman filter papers at a time.
However, the apparatus was made to
hold five Plexiglas plates, or 16 samples of
meat, if all 16 samples can be weighed
within the time interval of 5 minutes,
say by three or four operators simul-
taneously.

Reproducibility of the Method. After
the operating conditions were standard-
ized at 500 p.s.i. pressure with a pressing
time of 1 minute, and weighing time not
longer than 5 minutes, the reproducibil-
ity of the method was checked on differ-
ent kinds of meat and different muscles
of the same kind of meat. The re-
producibility of the method was within
+59%. For the series of analyses, the
number of samples taken from the same
muscle was reduced to two. Table III
represents the accuracy of the duplicate
determinations. The sample size of
400 to 600 mg. was required to get this
accuracy. Smaller samples (200 to 300
mg.) gave usually relatively greater free
moisture area than the larger ones (700
to 800 mg.). The accuracy of the
determination requires also that the

Table IV. Effect of Waxing Meat
Film Area on Total Area

Total Area, Square Inches  Effect of
Before After Waxing
No. waxing waxing® + Rel., %
Rounp?
1 4.43 4.67 5.4
2 4.37 4.44 1.6
3 4.41 4.61 4.5
4 4.38 4.56 4.1
5 4.40 4.55 2.5
FLank?
1 3.62 3.77 4.1
2 3.45 3.359 4.1
3 3.64 3.69 1.4
4 3.77 3.83 1.6
Av. 3.26%

@ Standard Parowax household wax.
b 500-mg. samples at 500 p.s.i. per min.
pressure,

WETTED SRS SQ. /N 1)
W
~

Figure 3. Relationship
between wetted area
(free water area) and
weight of water (free
water) being pressed
onto No. 1 Whatman
filter paper at 500
p.s.i. per minute

A = distilled water: X =
43.64 X Y

B = water in various meat
juices: @ juice from fresh
beef; x juice from the beef
after freezing and thawing;

o S50 - 50 200 250 Joo
MG, FREE MOISTURE (Y)

juice front does not reach the edge of the
filter paper, as found originally by Grau
and Hamm (77, 72).

Loss of Free Moisture under Meat
Film. For the calculation of the free
moisture only the free moisture area is
considered. Yet, the filter paper under
the meat film may absorb some of the
free moisture. Grau and Hamm (77~
73) state that the amount under the
meat film is negligible, because of a
greater pressure exercised on the meat
sample than on the filter paper outside
the meat film. Meat samples, 500 mg.,
were pressed on the filter paper before
and after waxing both sides of the filter
paper area occupied by the resulting
meat film. Paraffin wax was used.
The results given in Table IV indicate
that the total moisture area increased by
1.4 to 5.49% as the result of the waxing
of the meat film area of the filter paper.

A Juice from fresh lean pork;
and X = 61.10 XY

aso £s50

This increase is within the experimental
error of the method (Table: III) and
confirms the statement of Grau and
Hamm,

Standard Curve. Free Moisture
Area vs, Free Moisture. For the cal-
culation of the free and bound water in a
meat sample, the conversion factor of the
free moisture area in the amount of
free moisture must be known. For this
purpose, a sample of chilled beef semi-
mermbranosus muscle 2 days post-mortem
was ground. Several 20-gram samples of
the meat were placed in the centrifuge
tubes used for shrinkage determination
(40), warmed at 27° C. for 30 minutes,
and then centrifuged. The juice which
collected at the bottom of the centrifuge
tubes was removed, filtered through a
coarse filter to remove suspended solid
particles, and the clear juice obtained in
this way was stored for a few hours in a

Table V. Standard Curve®: Free Moisture Area vs. Free Moisture

Juice, Beef ofter

luice, Fresh Beef Freezing and Thawing

Juice, Fresh Pork Distilled Water

H20, Mg.? Area  H:0, Mg.° Area
90 1.60 42 0.70
92 1.68 65 1.16

125 2.15 111 1.84
153 2.59 158 2.49
187 3.08 186 2.99
203 3.30 211 3.31
211 3.40 283 4.82
221 3.70 317 5.31
258 4.55 363 6.10
265 4.60 399 6.49
298 5.02
357 5.61
362 5.78
385 6.38
389 6.45
be 62.35 59.94

e Pressure, 500 p.s.i.

> Mg. juice X 0.883 (moisture of the juice = 88.3%).

¢ Mg. juice X 0.890.
4 Mg. juice X 0.892.

¢ Regression coefficient, b: X = Y where X = area, sq.

H:O, Mg.%  Area H:0, Mg. Area
30 0.53 27 0.94
31 0.54 28 0.98
62 1.08 55 1.63
91 1.53 65 1.96

109 1.80 95 2.71
110 1.86 104 2.80
112 1.92 144 4.02
118 1.95 155 4.34
151 2.65 201 5.00
187 3.08 224 5.89
192 3.11 262 6.44
249 4.06 292 6.52
261 4.56 334 7.64
270 4.42 372 8.81
326 5.38 381 9.37
331 5.42 413 10.14
385 6.36
392 6.45

61.18 43 .64

in, and ¥ = mg. free H.O.

b — value for all 43 meat samples = 61.103 = 0.311,
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7° C. refrigerator. The juice was then
transferred, drop by drop, in increasing
amounts on Whatman paper, weighed on
an analytical balance, and pressed under
the constant conditions of 500 p.s.i. per
minute. The area of the juice on the
filter paper was then measured and
tabulated along with the corresponding
weight of water in the juice, obtained by
multiplying the juice weight by the
moisture fraction in the juice.

The corresponding results are given in
Table V, along with the data for dis-
tilled water (control) and two other
juices: juice obtained after freezing
(—1° C.) and thawing (25° C.) of the
beef and the juice of fresh pork (semi-
membranosus). The amounts of solids
in the correspondirg juices were 11.7,
11.0, and 10.89, respectively. By plot-
ting the areas, X, against the correspond-
ing moisture weights, Y, the standard
curves for the juices and distilled water
were obtained (Figure 3). The area
wetted by the juices is directly related to
the weight of water in the press juices
and this proportionality is independent
of the kind of muscle used.

The proportionality constant b (re-
gression coefficient) for the three kinds
of meat juices given in Table V was statis-
tically equal to 62.35, 59.94, and 61.18,
respectively. For ell 43 juice samples
tabulated, the & value was 61.10, with
the standard deviation from the regres-
sion equal to =+0.31. Thus, the free
moisture area is related to the free mois-
ture in meat juices by the equation
X = bY. One inch of the area is equal
to 61.10 == 0.31 mg. of free moisture,

The reference is made to all meats,
as by pressing veal and lamb meat juices
the same proporticnality between the
area and free moisture has been re-
confirmed. This agrees with the results
by Grau and Hamm found for various
mammalian muscles (77). However,
the proportionality constant, 4, for dis-
tilled water is by about one third smaller
(Table V, Figure 3). This means that
the presence of solids in the meat juice
has a pronounced effect on the spreading
out of water onto the filter paper.
Connell (3), while working with cod
muscle press juices ranging in water
content from 91.7 to 979 observed that
the increase in water content of the juices
over 949 resulted in a larger wetted
area for equal weights of water.

Grau and Hamm in their recent papers
(77, 73) investigated the effect of the
dilution of meat juices on the free mois-
ture area. They coafirmed the observa-
tion of Connell that the dilution of the
meat juices from 88 to 949 moisture did
not affect the proportionality constant.
However, on further dilution, a new
proportionality constant should be estab-
lished. To overcome this difficulty,
Connell (3) in his modification of the
method used a direct weighing of the
water pressed out onto the filter paper.

This version of the method is not as
fast and is less accurate than the free
moisture estimation by the area measure-
ment. It requires a standard drying of
the filter paper before use and the
immediate weighing of the moist paper
after pressing, otherwise the moisture
evaporated very rapidly from the filter
paper on exposure to air.  Also, removal
of the filter paper from the muscle

_ (total area — meat film area) X 61.10

meat film from the total moisture area.
The difference multipled by the re-
gression coefficient of 61.10 mg. water
per square inch gives the amount of free
water in the meat sample being pressed.
Another sample of the same meat should
be run for the total moisture content.
The results are best expressed as the
per cent of the free water out of the total
moisture content of the meat:

Per cent free H:O =

total moisture (mg.) in muscle sample

residue could not always be achieved.
As various meat juices contain from 10
to 129 solids and as the method gives the
same relationship between the wetted
area and the free moisture for the juices
containing as low as 6%, solids, an ad-
mixwure of 5 to 409 water 1o meat does
not affect the accuracy of the determina-
tion. This was confirmed in this investi-
gation and by Grau and Hamm (77, 73).

Increasing the solids in the meat
fluids by adding various meat additives
is without effect on the spreading of water
on the filter paper (77). However, the
additives which increase the viscosity of
fluids, like Graham salt (metaphosphates)
tend to decrease the wetted area for the
same weight of water in the fluid (77, 73).
On the other hand, the presence of the
visible fat particles in the meat sample
being pressed increases the moisture area
around the meat film.

Calculation of Results. For the cal-
culation, the free moisture area is deter-
mined by subtracting the surface of the

X 100

The per cent of bound water equals 100
minus per cent of free water. The
amount of free or bound water can be
also expressed as per cent of the meat
weight, or as the amount of bound or
free water per unit weight of protein of
the muscle.

Application of Method. The method
can be successfully used for studying the
degree of water holding of fresh lean
muscles. As very small muscle samples
are required for the determination, the
method is adequate for srudying the
relative water holding of different muscles
of the same animal or of the same
muscles of different animals.

It can also be used for studying the
relative changes of water holding of
muscles under different physiological
and experimental conditions—i.e., setting
in and resolution of rigor morts, and
effect of various meat additives or proc-
essing techniques.

Hamm (76) used this method {for
studying the biochemistry of muscular

Table VI. Free Moisture Content of Some Meats
Age
Post-mortem Total Free H,O as
Carcass (Days) Moisture, % of Total

No. Muscle at 33° F, % H.O

BEEF
1 Vastus medialis 2 75.52 38.5
Rectus femoris 2 75.80 35.1
2 Biceps femoris 2 74 .40 44.3
Adductor 2 74.16 42.5
3 Semimembranosus 0.5 76.32 29.5
1 34.2
2 40.6
5 36.2
7 o 34.2
4 Longissimus dorsi 2 74.86 38.0
8 30.9

Pork
5 Longissimus dorsi 2 73.29 41.0
6 Rectus femoris 1 72.50 42.9
7 Semimembranosus 1 73.10 56.8
8 Cured hams 74 .96 39.6
9 75.00 34 .1

VEAL
10 Semimembranosus 3 76.60 49.0
11 Biceps femoris 3 76.62 46.8

Lams
12 Leg 2 76 .80 52.1
13 Leg 2 77.01 50.9
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Figure 4. Effect of chilling and aging on laboratory shrink, water- Figure 5.

holding, and pH of beef biceps femoris muscle

® Free H:O at 25° C. (fiiter paper method), as per cent of total moisture lost on

pressing

X Shrink at 70° C. (centrifugal method), as per cent of total moisture lost on heating

A pH

contraction and relaxation by measuring
the meat film area for the same weight of
muscle. A very small area was found
for the muscle in rigor, which then
gradually increased with the resolution of
the rigor caused either by the muscle aging
or by the proper addition of adenosine
triphosphate, analogous with the changes
in the rigidity and elasticity of the
glycerol isolated muscle fibers commonly
used in studying biochemistry and
physiology (33).

A few examples of the application of
the method are given in Table VI
The water-holding properties of different
muscles of meat animals vary from
muscle to muscle, from animal to animal,
and with the post-mortem aging of the
muscles.

The complementary nature of the
centrifugal method, as reported from this
laboratory, and the filter paper method
is shown in Figures 4 and 5. Figure 4
shows the changes in water-holding
capacity of meat with post-mortem age.
The upper curve is for the shrinkage at
70° C. and confirms earlier data ob-
tained in Ohio by the centrifugal method
(37), and the lower curve shows the
changes in water-holding capacity of the
same but unheated meat as determined
by the filter paper method. Grau and
Hamm (77-73) and the authors (39, 40)
have previously reported on the effect of
sodium chloride on the water-holding
capacity of meat. Using the same meat,
the two methods give the results shown
in Figure 5. The parallelism of the
data obrtained is apparent.  Each
method can give useful and reproducible
information on the water-holding ca-
pacity of meat. There remains much
work to determine if information from
one method carries directly to the other
and to determine the quantitative rela-
tionship to consumer quality attributes,
such as tenderness, shrinkage on cooking,
and drip on freezing.

392
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