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THE PROBLEWM OF REDOX POTENTIAL MEASUREMENT IN MEAT

SUBIARY

Conditions found to be most satisfactory for the observation
of redox potential in pork muscle tissue include maintenance of
strictly anaerobic conditions (achieved in practice by a current
of argon) and the use of gold electrodes 20mm long and lmm
diameter, Even under these conditions, however, a survey of three
Muscles from 17 pork legs gave widely divergent results, It is
thought that the main difficulty lies in the lack of poising
Capacity of the muscle tissue,

ZUSAMMENFASSUNG

Die fur die Beobachtung des Redoxpotentials in Schweinefleisch-
Muskelgewebe geeignetesten Umst¥nde enthalten die Erhaltungen der
Streng anaerober Bedingungen, die praktisch mit einer

Tgonstrémmungen vorgesehen werden, und der Verwendung der
Goldelektroden (20mm lange und lmm Durchmesser), Sogar unter
$olchen Bedingungen hat jedoch ein Uberblick auf dreien Muskeln
von 17 Schweinebeinen weit divergierenden Ergebnisse hervorgebracht,

‘@ Schwierigkeit kann man hauptgdchlich zum Mangel der

fferfihigkeiten des Nuskelgewebes beilegen,

| »
RESUME

i .Le potentiel redox dans'le tissue musculaire de porc est
S‘lené, Ce travail a montre que les conditions les plus
dtisfaisantes pour y observer le potentiel redox comprennent
€ maintken rigoureux d'dtat anadrobique, ce qui est rdalisd dans
éabpratique par un courant d'argon, et aussi 1l'emploi des
daictrodes d'or (20mm long et lmm diamétre), Fépendant, meme
jam;ACelles circonstagces, l'%nSpection de trois muscles de 17
Dedtc§ de porc a donnee des resultats\largement divergents, On
tUt Imputer la difficultd principal a la manque du pouvoir du
SSue myscylaire de maintenir la tension dlectronique,
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THE PROBLEM OF REDOX POTENTIAL MEASUREMENT IN MEAT

introduction

Interest in the measurement of the redox potential of pork
Muscle tissue arose in connection with work on the biochemistry
°f the curing process, The formation of nitrosylmyoglobin
}nVOlves the reduction of nitrite and the conversion of the
ihdigeneous pigment to the reduced form, both of which processes
€an be effected by surviving muscle tissue enzymes '*2* It
"as thought that the redox potential, as an indication of the
Teducing climate of the tissues, might serve as an index of the
@bility of the tissues to effect the necessary reductions, It
S00n became apparent that the main problem was concerned with
€stablishing the validity of the experimental observationss;

is easy enough to insert an electrode into a piece of meat
8Nd record a potential, but very difficult to establish that

1s potential has any real meaning, This paper reports-some
®Xperiments aimed at achieving meaningful observations; this
®bjective has, however, not yet been achieved,

SRparatys and equipment

lectrodes Two types of electrode were used, designated as
ACro' and 'micro' respectively,

>

]

Vacro-electrodes were 15 = 20 mm, long x 1 mp, maximum
diameters they were sharpened to a point to facilitate
insertion,

Micro-electrodes were fabricated from wire 1 mm, in
diameter, The wire was coated 10 times with 'araldite'
Tesing and a small tip (not more than 1 mm, long) was
©Xposed and sharpened to a point,

el Electrodes were constructed of platinum, silver and gold, .All
W.ectTOdes were cleaned immediately before use by Lightly scraping
thth a8 freshly fractured glass edge. The glass tubgs supporting
wie electrodes were defatted with carbon tetrachloride and coated
i th Water-repellent silicone resin, Electrode connections were

? € with screened co-axial cable, the screen being connected
ifectly to earth,

1 The reference electrode was a saturated KCl-calomel @alf—
» connected to the test sample through a KCl-agar bridge,

igigﬂligmgzg; Potentials were measured with a Model 25A
tentiometer manufactured by Electranc Instruments Ltd,, Richmond,
10f§eY. This was stated by the makers to have an impedance of
ohms, Direct comparison against a Vibron electrometer,
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manufactured by the same makers and having a stated impedance
of 1018 ohms, gave agreement to within 10 mV,, indicating
that the impedance of the normal instrument was adequate to
prevent polarisation errors,

Observations on Agueous Extracts

In attempting to establish consistency and reproducibility
of results it seemed desirable initially to eliminate possible
point-to-point variations by using a homogeneous liquid as the
test medium, Aqueous extracts of muscle tissue for this purpose
were prepared by grinding the tissue in a mortar with an equal
weight of cold distilled water and a little sand and separating i
the insoluble residue by centifuging at low speed, The euver—
natant liquor used for the electrode measurements was virtually
free from gross particles in suspension,

Importance of exclusion of oxygen Fig,l illustrates the ‘
improvement in the response of platinum macro-electrodes resulting
from the rigorous exclusion of oxygen, In experiment A exclusion
of oxygen was attempted by covering the test liquid with a 1- Y
inch layer of liquid paraffin; in experiment B strictly anaerobiC
conditions were maintained by a current of argon gas introduced
through copper tubing, The latter conditions gave very much

more rapid attainment of a relatively steady potential, improved
agreement between electrodes inserted at successive intervals

and substantially lower ultimate values, Similar comparisons
using gold electrodes (Fig.2) gave generally similar resultss
particularly as regards the lower ultimate values, although the
alteration in speed of equilibration was less marked,

Choice of electrode material Considerable indirect evidence ha$
been accumulated to suggest that the potential indicated by
platinum electrodes can be influenced by gaseous absorption at

the electrode surface, Fig, 3 shows the effect of deliberate
pre-treatment of the electrodes by exposure to an atmosphere ©
hydrogen; the low initial potentials recorded by these

electrodes are clearly abnormal, Platinum electrodes also

showed much greater fluctuations than gold in response to howed
deliberate changes of atmosphere (Fig, 4), Silver electrodes se

a tendency to fluctuate rather more widely than gold under the®
conditions and gave appreciably lower absolute values (Fig. i
although both electrodes came into conformity on addition of
methylene blue, It has been repeatedly observed that the
introduction of as little as 5 ug, per ml, of methylene blu _
sufficient to effect stabilisation of the electrodes and it ficults®
appears that lack of poising capacity is one of the major
in obtaining reproducible readings,

eiS
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Size of electrodes Any measuring electrode should, from first
Pfinciples, be as small as possible, since it can only record an
dverage' value representing a synthesis of conditions over the

3rea of contact, and in a heterogeneous material such as muscle

*Ssue the micro-climate may well be of importance, Direct
SoMparison of macro~ and micro-electrodes of gold in aqueous extracts
lndiCated, however, that the macro-electrodes gave generally better
reprOducibility (see for example, Fig, 6)s and on this account it

A4S been preferred to work with the macro-electrodes,

Qb§9£xations on liuscle Blocks

ou1s DLocks of muscle tissue 2,5 to 4 cm, thick were cut to fit a
¥lindrical glass vessel about 5 c¢cm, in diameter, The vessel was
>Saled with a rubber bung carrying three electrodes, which were
ASerted into the sample as required by forcing them through the
03“9. The bung also carried inlet and outlet tubes for an argon
I~rrent and an agar-KCl bridge for connection to the reference cgll.
Ofe argon current was passed briskly for 15 minutes before insertion
the first electrode,

The indications of wider potential fluctuations with platinum

i Silver ard of better reproducibility with macro-electrodes

( ee f?und to be applicable also to measurements on muscle blocks

elei Figs, 7 and 8), It was therefore concluded that macro-
trodes of gold were the most satisfactory of those examined,

and

un A systematic survey has been made, using these electrodes

4 ANaerobic conditions maintained by a current of argon,.of
lceredox potential of the semimembranosus, quadriceps fe@oyls and
intops femoris muscles of 17 pig legs, Each muscl? was divided
The rtWO partsy, which were separately examined, using three electrodes,
Saiq SSults of this survey are given in Table 1 3§ it can only be
3t they serve to emphasise the magnitude of the problem

I‘ema. 2
10ing ynsolved,

Reg
lences
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WALTERS: C.,L. and TAYLOR, A, McM, Food Tech,, XVII : 118-123: 1963,
WALTERS, C.,L, and TAYLOR, A, MNich, Biochim,Biophys, Acta, 86t 448-458:

L]

1964,




ol
<
n

n
N
g
Q
M
~

7 i

—

L IDINSTTFTAO

3

LECTROQDE
WNSERTED

(s 4]

&

TN

N
o

et v

AW

S PR  iaa
. Y T ey
O O @,

b : )
o) 8 9 o
C Q = O
. 1 ™ L3¢}
“ I

s

- oo \I

N

L%

5

NT]
o

24

TRODE FOT%

BG

[s)

")
e g

AT

~ o
v 9

X

th respe

x

en w

-

lals gi

&~
-~ b

iyt
PO%T

axrgon;

> Nv

Md B und:

o
A,

s % o

paraff

nrndar
O-B:\Aei;

o4

-’}
slectrod

gen

nyaro




= T T eSS AV e SR ALOoAaMA

- - . - " -
ELECTRODE 7 = OVERNICHT
+500 INEERTED 3
/ W eLecTrODE 3 A
{[ INSERTED
+400 / {
/i 1
! §
1 [
+300 - oA
%
I

~ ~.
+ 100 1 "“-\,.__\ - K N
", v
¥ e _.p"’";?"n P
.
0 T T T T 3 o T T a1
! 2 i 20 21 22 3 24 25 28 27
t Bl
HOURS

+ 300 -w\}/ {(1 INSERTION

- m
RNIGHT
S

-4

O

@)
"
P

Y

7

']

OVE

\\\;; HOURS
T Y ¥ ' i = 3 L i o
IQ 20 \ u 23 24 4 42 43 44 45 46
\. C/\'
S —®T YN o
-100 ‘.N‘\ #o B ooraiadn

- -
e - i & e ———
R

T
o

- -
:‘T“.
@

e e o W @

© @,

FIG. 2 . ELECTRODE FOTENTTALS IN FIG MUSCLE EXTRACTIS.
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~ Fogentials acquired Ly macro gold spear electrodes Finserted into blocks oXf pig muscle held vnder anacerobic conditions

(Potentials given with respect to the hydrogen electrode )
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