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It is often found that the characteristic patterns
obtained from redox potential measurements in
metabolic studies are invalidated by possible varia-
tions in the media as well. Consequently the
patterns so obtained do not give a true picture of
the metabolism, and therefore do not reflect
properly the manifestations of life.
Experiments were carried out to show the

extent of these variations, and the methods and
results of this work are detailed below.

Methods
Measurements of redox potentials were taken with

the aid of a Jones pH meter. The cells used were
Bact. coli. The medium was McConkey's single broth.
The organisms were incubated at 37° C. for 36 to
48 hours. Two experiments were run simultaneously,
one with organisms, referred to as "experimental,"
the other without them, referred to as " control."

For each potential reading the pH was also deter-
mined by a rough method, using indicator paper of
the appropriate range. The pH, as is known, influ-
ences the redox potentials. However, according to
Hewitt (1950), the introduction of a buffer solution
would considerably complicate the situation by bring-
ing a number of unknown factors into the picture.

Reults
The readings were plotted in a co-ordinate

system, millivolt readings on the ordinate and
time on the abscissa. Seven graphs are presented.

Fig. 1 shows the variations in two sterile liquid
media (McConkey's single broth), one exposed to
daylight and temperature changes (Curve No. 1),
the other (Curve No. 2) kept in the dark. One
can see the variations in the first part of the redox
curve as compared with the slight variations in
the one kept in darkness. The temperature was
on average 10° C. higher in the exposed one,
which also indicates that a considerable amount
of heat reached the media (the test-tube was kept
at the window). In the exposed media the de-
crease is more accentuated. This decrease is per-
haps due to the beginning of decomposition of the
sugar in the media at a considerably higher tem-
perature than the one kept in the dark; the oxida-
tion process may also be due to this higher tem-
perature. The oxidation of the sugar is affected
and possibly initiated by the daylight, and the
temperature would only have a secondary effect
within the range of these temperature variations.

In Fig. 2 the curve marked as " light int." shows
the effect of sunshine through the glass in the
window, beaker, and test-tube. In this filter
system some ultra-violet rays were absorbed, and
the heat waves penetrated. The temperature of
the media was higher than in the one marked
"light external." In this latter one the test-tube
was placed outside the laboratory.

* Present address: West London Hospital Medical
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FIG. 1.-Effect of daylight and temperature on culture media.
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FIG. 2.-Effect of daylight and temperature on culture media.

281

271

291 -; 1,s 1
, /, ,- _

S:R-hnl

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.11.4.339 on 1 July 1958. D
ow

nloaded from
 

http://jcp.bmj.com/


o- - " A l0 I2 I'4 1611 2'0 2'224 2A 2'B b 32 34 J6 3b 4'0 42 44 46 48

1\
TIME\N HOURS

CONTROL

II, EXPERIMENTAL

.

FIG. 3.-Redox potentials in lactose broth in the dark at 37' C.
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FIG. 5.-Redox potentials in mannitol broth in the dark at 37' C.
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potentials in glucose broth in the dark at 370 C.
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The least variation is detected in the 3 2 4 6 8 10 12 14 16 is 20 22 24 26
medium kept in the dark at a relatively TIME IN HOURS
low temperature compared with the curves 355
"light internal " and " light external." Also,
when the curves are inspected after a night 3
(14 hours) the tubes exposed to light present 33S
variations while the ones kept in the dark CONTROL
are practically unaltered. Variations in 325 EXPERIMENTAL

all experimental curves in the first two
hours are probably due to the tempera- 3 5

ture differences to which the media are 305
subjected when taken out of the refriger-
ator. 295

Figs. 3-5 represent experiments in which 2 5

the inoculated experimental tubes and the
sterile controls were kept in the dark at 275
370 C. In Fig. 3 the medium was lactose

2

broth and it will be seen that the experi-
mental curve falls steeply in 12 hours, 2S5
while the control remains more or less
steady, hence this is a genuine fall. After 245

that, until 26 hours, the "experimental" 235
hardly changes, while the " control " shows
a steady increase. Had the control stood 22S
steady, the experimental curve would prob- V
ably have decreased even more. On the FIG. 6.-Experimental-curve of Fig. 4 corrected for changes in
other hand, the increase of the experi- medium.
mental curve between 26 and 34 hours 2830 2 4 6 a 10 12 14 16 I8 20 22 24 26
would have been further increased TIME IN HOUPS

had it not been counteracted by the fair 273
decline of the control curve. The declin-
ing slope of the experimental curve be- 263
tween 34 and 48 hours can be considered 253
as a true decline, i.e., the corresponding
section of the control curve does not show 243

any variation. However, the decreasing EXPERIMENTAL
slope of " experimental " in this section
does not signify growth since the low pH 223
attained in the phase between 12 and 26
hours would not provide the optimum 213
milieu for further growth activities. Also \
the redox potential of this phase is already 2
fairly low for growing aerobic organisms. "93

Figs. 4 and 5 show the changes obtained \
with glucose and mannitol broth. In both 3
cases the changes in the control tube are 173\
so great that they interfere significantly
with the interpretation of the experimental '63
curves. \53

Figs. 6 and 7 give the corrected experi-
mental curves of Figs. 4 and 5 respectively, 143"
demonstrating rather convincingly how
much interference can be attributed to
the redox variations in the sterile media m\FIG. 7.-Experimental curve of Fig. 5 corrected for changes inand how misleading the interpretation of medium.
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the experimental curves could be if the changes in
the media proper were not borne in mind.

Discussion
Proteins are able to carry oxygen by the pres-

ence of their SH, groups. Sugars in the some-
what increased temperature of the incubator
(370 C.) slowly start to oxidize, give off hydrogen,
and, by combining with the oxygen, form H.02
When sunshine is present, the formation of H90.,
is speeded up. The ultra-violet rays of the sun-
shine help to form H200; its concentration de-
pends on the wavelengths and the period of ex-
posure. While the sugar is oxidized, the oxygen,
by taking up the liberated hydrogen, is reduced.
The presence of this free reduced substance in-
creases the redox potential. This is marked by a
steep increase in the positive direction on the
graphs. When these substances are protected
against sunshine (kept in the dark) the variation
in redox potential becomes practically negligible.
The substances mentioned above are all present in
the common culture media, hence they are likely

to produce these reactions and, in so doing, a
fairly irregular curve on the redox graphs and
considerably interfere with the shape of the ex-
perimental curves. In other words, when redox
curves are read, the changes produced by the
media themselves have to be interpolated in order
to be able to reconstruct and obtain the ' real
curve and draw the proper conclusions.

Summary
It is found that sterile culture media undergo

changes when exposed to alterations in light and
temperature. These changes cause considerable
variations in the redox curves of the sterile media
used as controls. The possible cause of these
changes is discussed. Their importance in avoid-
ing misinterpretation of experimental results and
drawing false conclusions is pointed out.
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