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THE PROBLEM OF REDOX POTENTIAL MEASUREMENT IN  MEAT

SIM-ARY

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 
°f argon) and the use of gold electrodes 20mm long and 1 mm 
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 
ca pa city of the muscle tissue.

ZUSAMMENFASSUNG

Die für die Beobachtung des Redoxpotentials in Schweinefldsch- 
Muskelgewebe geeignetesten Umstb'nde enthalten die Erhaltungen der 
streng anaerober Bedingungen, die praktisch mit einer 
Argonstr'ömmungen vorgesehen werden, und der Verwendung der 
G°ldelektroden (20mm lange und 1mm Durchmesser), Sogar unter 
solchen Bedingungen hat jedoch ein Überblick auf dreien Muskeln 
von 1 7 Schweinebeinen weit divergierenden Ergebnisse hervorgebracht.

Schwierigkeit kann man hauptsächlich zum Mangel der 
-̂•fferfähigkeiten des Muskelgewebes beilegen.

RESUME

Le potentiel redox dans le tissue musculaire de porc est 
examiné. Ce travail a montre' que les conditions les plus 
satisfaisantes pour y observer le potentiel redox comprennent 

6 maintien rigoureux d'état anaérobique, ce qui est réalisé dans 
pratique par un courant d'argon, et aussi l'emploi des  ̂
ectrodes d'or (20mm long et 1mm diamètre). Cependant, meme 

,ans celles circonstances, l'inspection de trois muscles de 17 
tombes de porc a donnée des résultats largement divergents. On 

imputer la difficulté principal a la manque du pouvoir du 
1ssue musculaire de maintenir la tension électronique.
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Interest in the measurement of the redox potential of pork 
muscle tissue arose in connection with ’work on the biochemistry 

the curing process. The formation of nitrosylmyoglobin 
involves the reduction of nitrite and the conversion of the 
lndigeneous pigment to the reduced form, both of which processes 
can be effected by surviving muscle tissue enzymes 1,a* It 
Was thought that the redox potential, as an indication of the 
^educing climate of the tissues, might serve as an index of the 
ability of the tissues to effect the necessary reductions. It 
Soon became apparent that the main problem was concerned with 
Establishing the validity of the experimental observations?
^  is easy enough to insert an electrode into a piece of meat 
and record a potential, but very difficult to establish that 
this potential has any real meaning. This paper reports some 
Experiments aimed at achieving meaningful observations? this 
°bjective has, however, not yet been achieved,

&̂fii£atus and equipment
^§,£i£odes Two types of electrode were used, designated as 
macro' and 'micro* respectively,

¿kero-el ectrodes were 15 - 20 mm, long x 1 m®. maximum 
diameter? they were sharpened to a point to facilitate 
insertion,

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

Electrodes were constructed of platinum, silver and gold. All 
® ectrodes were cleaned immediately before use by lightly scraping 
J-ih a freshly fractured glass edge. The glass tubes supporting 
e electrodes were defatted with carbon tetrachloride and coated 
■Lth water-repellent silicone resin. Electrode connections were

rectly to earth.

The reference electrode was a saturated KCL-calomel half- 
i> connected to the test sample through a KCl-agar bridge.

^  -- manufactured by Electrode Instruments Ltd., Richmond,
Icyio6 *̂ This was stated by the makers to have an impedance of 

°hms. Direct comparison against a Vibron electrometer,

cte with screened co-axial cable, the screen being connectedalrer+l.. j.. __ lv

Potentials were measured with a Model 25A
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manufactured by the same makers and having a stated impedance 
of 1013 ohms, gave agreement to within 10 mV., indicating 
that the impedance of the normal instrument was adequate to 
prevent polarisation errors.

Observations on Aqueous 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 
the insoluble residue by centifuging at low speed. The super­
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- 
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 results, 
particularly as regards the lower ultimate values, although the 
alteration in speed of equilibration was less marked.

Choice of electrode material Considerable indirect evidence has 
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 envied
deliberate changes of atmosphere (Fig. 4). Silver electrodes sn 
a tendency to fluctuate rather more widely than gold under these 
conditions and gave appreciably lower absolute values (Fig. ’ 
although both electrodes came into conformity on addition of 
methylene blue. It has been repeatedly observed that the 
introduction of as little as 5 pg. per ml. of methylene blue *s 
sufficient to effect stabilisation of the electrodes and fr^cUltieS 
appears that lack of poising capacity is one of the major dif* 
in obtaining reproducible readings.



^ ^ - 5 f-.electrodes Any measuring electrode should, from first 
■ incites, be as small as possible, since it can only record an 
 ̂verage* value representing a synthesis of conditions over, the 
e?> of contact, and in a heterogeneous material such as muscle 

c Ssue>the micro-climate may well be of importance. Direct 
ind‘3ar̂ S°n macr0" and micro-electrodes of gold in aqueous extracts 
j, lcated, however, that the macro-electrodes gave generally better 
haPrkdUCibility ^See for examPle» pig. 6 ), and on this account it s been preferred to work with the macro-electrodes.
*^^£vs.tions on iviuscle Blocks

. blocks of muscle tissue 2.5 to 4 cm, thick were cut to fit a 
lyrical glass vessel about 5 cm. in diameter. The vessel was 

ins 6d a rubber bun9 carrying three electrodes, which were
bunGr^ed ^nbo bbe sample as required by forcing them through the 
cUrJ* ^be bung also carried inlet and outlet tubes for an argon 
The 6nb and an agar-KCl bridge for connection to the reference cell, 
of +?r<3°n current was passed briskly for 15 minutes before insertion 

be first electrode.

and -l16 indicati°ns of wider potential fluctuations with platinum 
Were  ̂ver and °f better reproducibility with macro-electrodes 
(See ?und to be applicable also to measurements on muscle blocks 
elecj, 1 9s* 7 and 8 ). It was therefore concluded that macro­

codes of gold were the most satisfactory of those examined.

th
^ systematic survey has been made, using these electrodes 
^anaerobic conditions maintained by a current of argon, ofCrider

, --—  ̂— w — w.. w ..*.*uvv*uvv y j y  u vsuxxcim* x. uxywnj vi
biCo ?x potential of the semimembranosus, quadriceps femoris anduiCen r r  &«iuinieniDrdnu5US, quaariceps remorxs
Into + emoris 1X111 scles of 17 pig legs. Each muscle was divided 
The r W° Pbcts, which were separately examined, using three electrodes. 
Said +hUltS °f th*s survey are 9iven in Table 1  5 it can only be 
iema5n-ab th e 7 serve to emphasise the magnitude of the problem 

nin9 unsolved.

** A lters, 
‘ A l t e r s,

C.L.
C.L.

and TAYLOR, A. 
and TAYLOR, A.

McM, Food Tech., XVII : 118-123: 1963.
McM. Biochim.Biophys. Acta, 8 6: 448-458: 1964.
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¿JCTERX- og KONSERVESLABORATORIET M0de 12. august 1964
How?rin98r~ og Landboh0jskolen "Uzvej 13, p

3 V 3

Danish Meat Products Laboratory.

Insuring good quality of Danish meat products.

18 Conducting quality control through examination of samples^, 
°^ganolepticals and in laboratory and direct plant Inspection.

P 6 Carrying out experiments to improve organoléptica! and objective 
control methods and, in cooperation with the Danish Meat 
Research Institute, experiment on such manufacturing problems 
^hat are closely related to meat quality.

Advisory service to assist industry with product improvement.



ÿ6 U aEHI” °£ KCHSEBVESIABQRATORIET
Ho-',« nær~ °g Landboha jekolen
rfit2vej 13, ?.

c cntrol e^'sterne^

s»'ing arrangeaente.
1. Canned meat for export.

2. Camel ¿eat for domestic consumption

3. "Pana" orand oanr.ee meat,

G Repara t i o n

4. Frozen food

5. Saueagee for overseas export.
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et6i"inar« oy ¡.andbohojskolcr.

Eksportkssd kensems

iControibedammelse nr»
ertrQÜflt 2 9

3 v ^

kontrolbedommelse den 7c august 19640

Gebe­
rn-.

Karakterer

Netto-
vagt

O c* , t> OK fi & fl s
E |•a S

Bemærkninger

|liûek0d
^54 279U 10 6 7 7 7

te-Lluncheon meat
« a j r i s s e r -------- f
ol|?B 18100 1<°23C 1805U f

7 7 
7 7 
7 7

2445
2456
2461

338U
340
205

10 7 6 6 
9 5 7 7 
10 4 7 7

348
1826 10 7 8 7 

10 6 7 1
2481
2492 201

340
10 6 6 6 

5 6 6 6

7 7 
6 7

8 7 

5 7
Sho ed >ork & ham 

>?TT~ 10 6 7 7

^483
2494

.ÊlL ham & pork^7(J--- 10 7 7 7
199 10 4/5 8 7
202 10 6 7 7

rigeligt fedt udskilt, store spæk- 
terninger»

afsværtning fra naten» egnet» 
misfarvet overflade, egnet» 
afsværtning fra naten, egnet 
Partiel egnet til eksport» 
dejget, svampet, klistret» 
rigeligt gult fedt udskilt» 
for meget fedt og gele udskilt, ben~ 
splint, uegnet pâ grund af for meget 
fedt og gele udskilt» 
bleg »mange sener, sur, uegnet til eksport 
pâ g rund af smagen» 
fedtfyldt hui, dejget fedtet» 
afsværtning fra naten, misfarvet over­
flade, svampet, klistret« 
rigeligt gele udskilt» 
meget gele udskilt, hârd»

bruskstykke

meget gele udskilt, bruskstykke 
blod rand, gele 3,5/«

dâsen dârligt fyldt ud, mange sener, 
gele 5 ¡,8/»

l.dâse: 13,8/ gele, 2«dâse: 9,4/ gele, 
meget fed, gele 11,6/ godkendelse 
afhænger af analyse for fedt» 
rigelig gele udskilt, grove sener, 
lodâseî 12,0/ gele, 2»dâse; 12,4Z

S-SB«



Eksportkodkonserves 
Kontrclbedommelse nr» 29 
7 « august 1964

lab®.nr.
Korakíerer

Nçtfo
vzsgt fi I<  °

g D3 §
'S »a
f i

âkinke
4552489 901U

SâSââian st 2471

2491

2509
2510
£al ser
2467
2490
Silo*

1358U 10
447U 10

179 10
2730 10
2722 10

' 228
240 «

145 -
..bacon
233 «

455 —

465 -
'.pstej
116 10

10 7 6 7 5 10 7 8 8 8
bacon

7 7 8 8

7 6
8 8

7 6 6 
7 8 8
6 7 77 7 6

< r 5 elsen er foretaget af ^ s e n ,  fabrikschef J0 ®ken Elly Madsen»

Bemaerlutinger 3  Vfe

trevlet, tor, geleen klumpet « svind 24 »8& 
svind 22,3$«

misfarvet af udkogt fedt og skum, grov
sene, svind 7,2$»
hârd meget tor, svind 20,4$o

meget fedeu

meget aalte, afsmag» b!0deo 
snavs fra r ogovnen»

ssjgt, tort, smaglosto 
ret fedt«
afsmag, meget fersk*

ingeniar H 0 Sorensen, driftsleder 
Jacobsen og husholdningskonsulent





‘-tei i.ryar- og LandbohpSjskolen
p' Juni 1 9 6 1
‘evIderet 19. november 19^5

Specifikatlon nr. 11

Spg-cifikat 1 on.

&et«gr\eise? 
Anühoia»

elier glass 

Stikette:

^ttovaegfc.

r*n®t nettovssgt?

«dseendes

Dullasch meö guier0 bder»
OkseK0d, sovs og guleridder.
Skal vasre market sued fabrikationsdato* even» 
tuelt 1 kode.
Den totale nettovaegt samt veagten af k0d 1 
gram eller kilo skal deklareres* og en ingre- 
diensfortegnelse a n f & r e s .

DAsen ska . mindst indeholde den dekiarereue 
nettovwgt«,
Den dr^mede nettovsegt skal mindst udg0 re 45$ 
af den deklarerede totals nettov®gts og bestS 
af %
mindst 35% k0d og 
b0jst 1 0$ guier0dder.
Der mä h0 ,jst veere 20% overvgagt pA sovsen.
Skal v®re oksek0 d uden sener. K0det skal i 
det vsesentligste ligge i hele ensartede styk- 
ker.
Normal farve og konsistens.

Oksek0dP
gulerpdder,
■l0g>*

m e l ,
kulgr*
s a l t ,
krydderier.

fc»3t4eri<i® specification er fasts at af bestyrelsen for K0dkonserves* ®rn®8 Eksportsaamenslutning Januar I9Ö4.
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LE VNEDSMIDUELLOYGX VNIN 5? - UK 
Ekaportkodkonserves 
Information nr, 3/64

af nve bestemmelser vadrsrende 
Its and Measures Act0 1963) <>

[ivelse til UK

,iaste®ttes biandt andet» at embaí lagen til fardigpakkede varer 
mser̂ es med en angiveise af den indeholdte varemangde og msd en 

ßi’Velse, der gor det mu;igt at identificere pakkerne 0
Di nye ^estemm@lser trader i kraft per 31° ,1uli 1 9 6 5 0 I betragt- 

af at "The Food Labelling Order" for tiden er tiXTevisi.on,, kan 
®uligvis blive tale om yderligere forandringer«

io V®gtangivel8en skal Tffire klar» let iaselig og iojnefaldendeo 
bgivelsen skal stá pá en fremtradende plads hvor den let kan 
i?Ses* °S den p& ingen mäde skiules Cdakkes af plakaf eller 
Eignende)o

^Inlmumhojden af vagtangivslsens mindste bogstaver eller tal» 
•9®gár af folgende skemas

w-tav eller talstorrelse
l/ß̂  *ncil (ca° 3“»6 mm)
’ 8 » » _ _ *
3^ ^  lcao 393 mm)1

Beholderens storste dimension 
o0 0 0 0 oo90t 2 inches ( caQ 50»6 mm;

fra 2 til 6 (til ca<, 152»4 mm)0 0 0 6 - 0 0 0 0 0 0  =
cs« 4»0 mm) o
cae 9*9 mm)
c a o 12»7 mm) 
(ca„25»4 mm

O O O Q O O O O

O O O O O O O O O O

o o o o o o o o o o

12
18

(til esu 3 0 4 9 8 mm] 
(til cao 457»2 mm) 
(til ca0 6 0 9 » 6 mm)

,f over 24 inches (over ca» 609?6 mm..^  O  y  / /  O O O O O O O O O O  V  »  V i  « f f l - T  a t » A * ' » ' * *  w

!tedsi0n h0jde8 lasngde, bredde eller diameter
bef^ailSivelsen skal anbringee i umiddelbar narhed af varens 
fea?^ne';ee e^ er og angiveise skal fremtrade p& enefarvet

1 let l®selig og tydelig farvekontrast (for eksempel 
Ke bogstaver og tal p& en lya baggrundK

£5sfff0ia angives efter "Imperial system118» men m& dog after-'g@a at vagtangivelse efter det metriske system0
ikke benyttes for at deklarere vagt over eet ptmd 

eksempel 20 cz0 skal angives som li lb* eller 1 lb0 4 oz0)0
1 d 611 angivne vagt betegner nettovaegten skal den enten angives 

for ©keempel 8 oz® ) 0 eller ledsaget af ordenes "net," eller 
e eller "minimum net weight*! slier "contents" 0

' **&r d s,.for anglvne vagt betegner bruttovagten« skal dette airfares» Xlb KfemP®l "1 lb0 grossK eller“1! IbT gross weight" eller ud 1 ng~c on t aineF^ o
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Danish Meat Products Laboratory use scores from 10 to 0 and 
6 different scores correspond tos

^  a score of 6
to „^PP^oval of a scores must be

10s very fine 
9i fine8: satisfactory and normal 
7s hardly satisfactory 
6s defects
5: essential defects
4s and belows substandard (different degrees

or below remarks must be given„
sample# at least one score must be above 5? and 
below«

tile -
%p-r ya®ples are tested for appearance# which includes outer 
^droaranoe andL the appearance of the cut surface» Further lor ^ d  for flavour« Only one score is given for flavour Th 

e includes saltiness# too«
^ o h taster tests individually on the enclosed scoring sheets«



Scoring sheet 

Date
K

©
«© ï/J

:3 e-3 >»+» H
n a r-ÈH ©e-r g-t

Remarks

“T

T~~

Represented firm






