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Convenient pH Stat Reaction
Vessel for Small Volumes

In a series of studies in our laboratory
with the pH stat of Jacobsen and Léonis
(1), it became clear that the conven-
tional beaker type of reaction vessel had
several disadvantages, the main one
being an irreducible minimum solution
volume of about 5 to 6 ml, which is an
important limiting factor in studies with
precious proteins and peptides. The di-
ameter of the beaker and, hence, its vol-
ume could not be reduced because of the
large number of accessories dipping into
it—the glass and calomel electrodes, ex-
ternal stirrer, nitrogen inlet, and others.
We have overcome this problem by using
a rotating test tube as the reaction vessel

with a stationary, concentric glass and
calomel electrode assembly (Radiometer
No. GK2021). Excellent stirring, with a
complete absence of foaming in protein
solution, is achieved by the shearing
forces between the test tube and the sta-
tionary electrode assembly, and volumes
may be reduced to 1.0 ml.

As may be seen in Fig. 1, the glass
test tube is housed in a Plexiglass rotor
fitted with turbine blades. Both rotation
of the turbine and temperature control
are achieved by a small centrifugal pump
which circulates water, from a thermo-
statically controlled bath, through a jet
impinging on the turbine blades. The
electrode assembly is raised and lowered
by means of a rack and pinion (fitted
with a stop to safeguard the electrode
bulb). Only a single polyethylene capil-
lary for delivery of acid or base dips into
the reaction chamber, thus, we have a
relatively unencumbered apparatus. In
our work, the use of nitrogen has not
been necessary because of the very small
surface area of the solution, but in more
critical work a polyethylene capillary for
the delivery of nitrogen could easily be
attached to the electrode assembly.

In summary, the following advantages
have been found in the use of this re-
action vessel: (i) By using a single size of
test tube, volumes of 1 to 5 ml are easily
accommodated, and with a larger size
of tube, volumes can go to 10 ml. (ii)
Stirring is rapid, smooth, and steady in
rate for long periods of time, the rate
being adjustable by restricting the flow
through the jet. (iii) Precise temperature
control is achieved. (iv) The glass test
tubes are easily changed, giving conven-
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Fig. 1. Apparatus. 4, Water outlet (designed to act both as a baffle plate and a constant-
level device); B, rotor (Plexiglass); C, turbine blade; D, opening in rotor to facilitate
rapid temperature equilibration; E, jet; F, baffle plates to prevent splashing; G, reaction
mixture ; H, test tube (glass) ; I, polyethylene capillary for delivery of acid and base from
syringe ; J, Teflon O-rings (the outer ring is a bearing and the inner one is an adaptor for
use with various sizes of test tube) ; K, detachable lid ; L, pivot (the pivot and its bearing
should be constructed of stainless steel if extended periods of use are anticipated); M,

radiometer electrode No. GK2021.
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ience during a series of titrations and
constantly clean glassware without the
need for dismantling the apparatus.
Goroon H. Dixon
Rocer D. Wabe
Department of Biochemistry,
University of Washington, Seattle

Reference
1. C. F. Jacobsen and J. Léonis, Compt. rend.
trav. lab. Carlsberg Ser. chim 27, 333 (1951).
31 October 1957

Correlation of Potassium-40
Concentration and Fat-Free
Lean Content of Hams

A rapid, objective, and nondestructive
method for determining the amount of
lean meat present in live animals, car-
casses, and cuts of meat should prove to
be of considerable value in improving
the pricing efficiency involved in the
marketing of livestock and meat. Objec-
tive evaluation of the amount of lean
present would make it possible to set
a price that would better reflect the
desirability of the product from the con-
sumer’s standpoint. In addition, such a
technique should help to speed the de-
velopment of better grade animals for
butchering, since accurate nondestruc-
tive measurements of the lean content of
live animals would aid in the selection
of breeding stock.

The research of Woodward et al. (1)
demonstrated that the potassium content
of human beings, as determined by meas-
urement of potassium-40 (K2#°) gamma
activity by means of the Los Alamos
“human counter” (2), was related to the
body water content and, therefore, to the
lean body weight of the subjects. In view
of these findings, it was considered de-
sirable to evaluate the usefulness of the
K40 concentration as an index of the
amount of lean in meat products. Since
Federal pork carcass grades (3) are based
to a considerable extent upon the degree
of fatness and the proportion of lean
cuts, it was decided to use hams in the
study described in this report.

Fresh hams were obtained from the
Animal and Poultry Husbandry Research
Division of the U.S. Department of
Agriculture’s Agricultural Research Cen-
ter at Beltsville, Maryland. One pair of
hams (group A) was selected on the
basis of their rather fat appearance,
while the other pair (group B) appeared
to contain considerably less fat. The visi-
ble portion of external fat of the hams of
group A ranged from 1.2 to 1.8 in. in
thickness, while the corresponding range
for group B was 0.9 to 1.0 in. The hams
were frozen and transported to the Los
Alamos Scientific Laboratory, where the
following K#° measurements were made
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on the “human counter.” The K40 con-
tent of group A, of group B, and of both
groups together was determined. Appar-
ently, the positioning of the hams in the
counter was not of critical importance,
since the total number of gamma rays
per second recorded for the individual
pairs of hams, after the appropriate cor-
rection had been made for background
depression (21.99 and 22.29 gamma rays
per second), agreed closely with the
value obtained when all hams were
counted simultaneously (44.3 gamma
rays per second).

After the K%0 values for the intact
hams had been obtained, the skin and
external fat were removed, and counting
data were obtained for groups A and B.
Following this, the bone and most of
the seam fat were removed, and the re-
maining lean meat was counted for each
group. The amount of crude fat present
in the lean was determined (4) so that
the K#° values could be related to the
amount of fat-free lean present. The data
obtained are presented in Table 1.

The K% activity, in actually measured
gamma rays per second, per pound, was
obtained by dividing the value obtained
for gamma rays per second by the actual
weight of the sample in pounds. The K4°
values were not adjusted by a counting
efficiency factor to an absolute basis.
These values varied directly with the
percentage of fat-free lean present. The
correlation coefficient (9) obtained for
the correlation of these two sets of val-
ues is 0.983, indicating that the corre-
lation is significant at the 1-percent level.
The values for measured K% gamma
rays per second, per pound varied in-
versely with the percentage of fat pres-
ent. A correlation coefficient of —0.966
was obtained from these values, indicat-
ing a negative correlation which is sig-
nificant at the 1-percent level. The val-
ues for measured K%° gamma rays per
second, per pound of fat-free lean were

derived by dividing the value for gamma
rays per second by the weight of fat-free
lean in the sample. The average of these
values was 1.60, with a relative standard
deviation (5) of 4.8 percent for the total
variability among different samples.

A statistical evaluation was made of
the counting error involved in the count-
ing operation (6). The relative standard
deviation of the counting measurements
in tests with pairs of hams in which the
samples were counted for 20 minutes
and the background was counted for 30
minutes was about 3 percent. When the
four hams were counted simultaneously
(58 1b of hams), counting of the sample
for 13.33 minutes and of the background
for 20 minutes gave a K*° value with a
relative standard deviation for counting
error of about 1.9 percent. On this basis,
it may be possible to determine the K#¢
content of a 175-pound carcass (with a
relative standard deviation for counting
error of about 5 percent) by counting
the sample for 100 seconds and the back-
ground for 200 seconds.

In order to compare the counting effi-
ciency of the “human counter” with that
of a crystal detector, the hams of group
B were counted individually with an 8-
by 4-inch NaI(T1) scintillator crystal,
mounted about 2 in. below the frozen
ham, which rested on a piece of plywood
0.25 in. thick. Eight inches of steel shield-
ing surrounded the sample and detector.
One ham was counted for 30 minutes;
this count was followed by a 30-minute
count of the background. The resulting
K%0 peak for this ham was 29.4 net
counts per minute, with a relative stand-
ard deviation for counting error of about
6.8 percent. The second ham of group B
was counted for 60 minutes; this count
was followed by a 60-minute count of
the background. The resulting counting
rate was 34.6 net counts per minute, with
a relative standard deviation for count-
ing error of 3.3 percent. A comparison

Table 1. K* values as related to the amount of fat-free lean and fat in samples of fresh

ham.
Measured K*
Measured K* gamma rays Percentage
Sample gamma rays per second, of fat-free Percfe;ltagc
per second, per pound of lean of fat
per pound fat-free lean
Group A
Intact hams 0.70 1.50 47.4 40.0
Hams without skin
and external fat 1.14 1.64 69.8 16.4
Lean portion 1.30 1.50 86.3 13.7
Group B
Intact hams 0.83 1.61 51.7 33.3
Hams without skin
and external fat 1.19 1.68 70.6 14.2
Lean portion 1.48 1.68 88.5 11.5
Groups A and B together
Intact hams 0.76 1.56 49.4 37.1
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of the counting efficiency revealed that
the “human counter” detected about 21
times as many K¢%° gamma rays from
hams under the conditions of the com-
parison made as the crystal detector did.
The “human counter” has an additional
advantage in that the positioning of the
sample is apparently not of critical im-
portance, while, when a crystal detector
is used, the position relative to the dec-
tector is of great importance.

Roman KuLwicH

Louis FEINSTEIN
Agricultural Marketing Service,
U.S. Department of Agriculture,
Beltsville, Maryland

ErNEsT C. ANDERSON

Los Alamos Scientific Laboratory,
University of California,
Los Alamos, New Mexico
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Composition of Cardiolipin

In a recent, extremely interesting com-
munication on the composition of car-
diolipin (/), Macfarlane and Gray have
reported results which, although admit-
tedly inconclusive, throw considerable
doubt on the correctness of the pres-
ently accepted concept (2) that cardio-
lipin is a glycerylglycerophosphate deriv-
ative containing three phosphoric acid
molecules linking four glycerol mole-
cules, the latter being also esterified with
one oleic and five linoleic acid residues.
Indeed, Macfarlane and Gray consider
that their results suggest that cardiolipin
is “not a single compound, but a mixture
of similar compounds varying in fatty
acids.” In view of this suggestion, I re-
port, believing it to be of some interest,
the results of a preliminary study in
which cardiolipin was separated into a
number of chromatographically distin-
guishable fractions each of which pos-
sessed the biological activity, as meas-
ured by the cardiolipin flocculation test
(3), of the unfractionated cardiolipin
but which differed in the fatty acid
moiety.

Fifteen commercial preparations of
cardiolipin (4) and three preparations
made in this laboratory from ox-heart
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