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4n aqueous solution of ni M ] s caguls rapidly

74°C (165°T) formming a distinctly pink flocculum within 10 minutese

A solution of the red nitric oxide- etmyoglobin complex showed no
cbvious change after similar heat ler anaerobic conditions’
heating at 100°C resulted in the £« of a brown precipitate after
about ten minutes.
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Subjection of the nitric-oxide-metmyoglobin complex to a reduced
pressure of 5 mms of mercury (under argon ,: produced no visible chang®
of colour within 30 mimnutes, but after 2 hours the salution had becom®
yellow-brown in appearance. No evidence of a spectral peak at abcut
630 my could be observed with the final product.

Measurements of endogeneous respiration:
wffect of method of preparation of sample:

Fige 11 illustrates a consistent finding that pork ‘dutr\)bnemlu
muscle, tested in equal quantities without a supporting medium, respi”
at a somewhat greater rate when minced in a Jl hand mincer una.n "he
cut into O, 37 mm, slices on a hand microtome afte fre(,éln 50 /’
homo 'erut\u of 1 J .A;(.L(Jr"'r';tu, vere also 1e
found to utilise only 53-70 % of 9
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pork muscle nre ‘
7 s total oxygen consumed by compaF
quantities ( dry basis) of mince from the same muscle; these con”
parisons e may diss meyopppenld
medium, ':'.;i:A,: e chopper; samples Of porlfv
muscle were chopped in two directions at tht anges at O, 36 mre ir'teborl
vals both at room d after freezing solid with solid ©
dioxide. As shown in Pig, 12 +he frozen material (5h, crecei of
hrebs—-Lggleston buffe s aedfim) was consistently TN
active than that cho it

fo

Aamia -

. '
usSin A0Spnate

L)

cliwaln ana

vanperature ne enaogen 1eous

piration of the latter materisl (again usin ‘ebs =1 Jx,L ton buffer
supporting medium) was at least as great as that of the minced 118

(Fige 13) and was, in fact, slightly greater in scme experimentse

sué
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Effect of supporting medium:

f a series of experiments comparing
minced pork muscles in three dber-

Mal e e _— o : s >
Table 1 shows the results of

the endogeneous respiration of

native supporting mediz. [n these experiments the reiimum respiratiol
was generally observed in . the I rgleston buffer. The average
uptake of oxygen in 0.9 % so I ﬁtl,riQu vas 79 %, and in the O.1M
phosphate buffer 53 %, of
Total oxygen uptake (approx. 100 "'.iﬁll.} of pork muscle minces
with different supporting medie ‘I' 4
(300 mg muscle mince : 3.0 ml. supporting medium) .
1
AVERAGE OXYGEN UPTAKE (ul/mg dry we:.ght)
MUSCLE v o)
- 0.9 % 0.1} phosphate nrebs-uggles
sodium chloride | buffer (pH 7.4) w
o X
GASTROCNEMIUS 0.23 0,07 0652 ¥
‘e 1 0426 011 0,30 B 3
' ; 0,28 0.23 0. 32
4y 1 045 0, 32 0,62
o 0. 46 0435 0. 74 |
o Ouls7 0627 0,70 @
i | 0449 0427 0.63
a8 L - 26 c
l 0413 0,10 0,25 N
S 0421 0,10 0,20
DOLJUS: 0. 33 0012 0, 33
e L Ouls1 0.29 059 %
LATERAL DIGITAL EXTENSOR) 02 0. 2F
PERONEUS LONGUS ) Sy e
SUPERFICIAL DIGITAL ) ’
. 0.
FLEXOR ) i 12
EXTENSOR CARFL RADIALIS® 0, 66 0e21
Pu."{OhuUQ 1.,4."{ U | 002} 0019
%,
in oxygen
o

Comparison has also been made of the endogeneous res spiration of

0. 37 mm. pork muscle slices (cut on a hand microtame after freezing

the Krebs-Eggleston buffer, in 0.9 % scline and without any supportd
medium, From the experiment shown in Fig, 14, and others, it was
apparent that the oxygen uptake in the absence of a supporting medlum
wes at least as great as, and usually greater than, that in the Irebs
sggleston buffer, whilst that in saline was appreciably reduced in
comparsion. j
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por tions of a pori nince

Krehs-iiggleston buffer and
of the supernatant was 15
inal mince ecombination
initial ka'lrutionh

nt,uge 113tr;cut1un of endogeneous respiration

Incubation of 4g.quant’tiez of pork ruscle mince with 50-100 mg
of metmyoglobin in grcbu~4fg‘@glsn buffer under an atmosphere of carbon
monoxide has not as y significant uptake of gas, althod
the pigment reactse rbon monoxide after chemical
reduction, There was, moreover, no visible indication of trans=
formation to the red colour of carboxymyoglobin,
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Reduction of nitrite:

clukLo“ of gas, most of which was absorbed by
hi has been observed on incubation of 3g.

e mince in a supporting medium comprising
3 ml., of buffer of 6.0 and 0.5 ml. of 3.0 % w/v solution of sodium
nitrite, under an atmos of argon after rigorous exclusiom of aif
This evolution has been observed with both phosphate and phosphate-”
citrate buffers; it is illustrated by the results shown in Fig. 1

He

O - , b ~rP A 1 ] 2

Storage of pork at -20°C has led to reduced production (in
phosphate~citrate buffer) of gas absorbed by alkaline sulphite and
increased production of ges not absorbed by this reagent. This 18

shown in Table IT,

The production of gas absorbed by alkaline sulphite was alsoO
sensitive to heat treat (see Table III).
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FIG.IS THE EVOLUTION OF GAS FROM SODIUM NITRITE UPON INCUBATION

WITH PORK MINCE IN CITRATE ~ PHOSPHATE BUFFER oH 6-0,

WITH AND WITHOUT THE PRESENCE OF ALKALINE SODIUM SULPHITE
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No, of days
s

storage ;at =20°C
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Effect of h

eat treatment on evolution of

TABLiL 11T

sas by pork muscle

mince incubated

with sodium nitrite in phosphate-~

citrate buffer of pH 6.0

(3g. muscle minc;; 3,0 ml, buffer + 0.5 ml. 3.0 % w/v
odium nitrite solution)

% Initial evolution of gas || Tnitial evolution of g8°
! before heat trsatment (pl o after heat treatment ple |
| ; : 2 '
| min./g. mince) min./g. mince -, ()
| HEAT TREATMENT | 'Residual 1_-JShrbed‘ [Residual | 4bSOF
3 Es in presence |by A in presence | by
| | Total | - e t i Total | . ° : iné
f | lof alkaline |alkaline| | of alkaline mlk“ilte
| sulphite sulpnlue { sulphite A_Jﬂéblf"'

10 mimates at
C(3‘3'" in phos~

0,16

O b1 0,05 | 0.36 || 0,18 ] 0.02
phate-citrate . el | s t | e
buffer | |
! (|
10 mimites at I | 1 |
80°C in phos- | 3 | : 0,09
sk 0O %% e | \ i 0. Ok | B
. 0 s l o
phate-citrate Ll 0. G i 0.2 O.13 i |
buffer | | 4_‘_,_L———f"”’
42 : : 4 : 4 . e P
A direct comparison between the phosphete and .nouun,te—Cltra:Or e
wes ade on a sample pork tested after varying I periods of 8
ArP rese

at =<£f
of 01tratu

although this stimulat
33 dayse.

The results, given in Table
stimulated

e

.Lv, indic ated that the P ul 1
for

evolution of gas absorbed by alkaline 83
not shown by material stored at -

ole

on

was
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Period of dphit clution in |
storage at | o iphost ﬁtc-éitf;16$;cscuntagcs
~20°C - te~ |ul,/min./g. mince [Stimulation)
d&ys “fer |
i pH ( |
e T PR R el 5
1 0,28 ’ 0. 51 0.23 82
ke 0.28 ‘ O btk , 0416 57
7 0.15 | 0. 24 | 0.09 ; 60
33 0,22 } 0,23 | 0.0 | 5
— Bl

Reduction of nitrate:

In experiments to date, anaerobic incubation of 38 quantities of
Pork mince (from material active in the presence of sodium nitrite)
With 3,0 ml, of phosphate-citrate buffer of pH 6.0 and 0,5 ml., of
3.0 % W/v solution of sodium nitrate has led to a small evolution of
8as absorbed by alkaline sulphite. In one experiment, shown in Fige 16,
ntroduction of sodium nitrite after an incubation period of 90 minutes
With sodium nitrate resulted in an increased evolution of gas absorbed
by alkaline sulphite together with an evolution of gas not so absorbed,

Discussion
“1g heart myoglobin and derived pigments:

The aim in preparing myoglobin from pig hearts was to obtain an
@pPreciable quantity of a stable product of reazsonable purity which had

N0t been denatured. The solubility of the Preparation in 3l=phosphate

b§ffer of pH 6¢8 indicates that it was essentially free from hemoglobin,

ince the blood pigment is insoluble in this medium®®,  Upon the basis

°f a molecular weight of 18,000 reported recently for sperm whale myoglobin,
€ final freeze dried product contained sufficient iron for = purity of

&t least 70 ¢

7
/.).

. A8 already remariked, spectroscopic studies showed that the pigment
hag becane converted to the met form during the preparation. These

SFUdies also showed that the me tmyoglobin preparation, after reduction
"ith sodium dithionite, capable of reacting with oxygen and carbon

was
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EVOLUTION OF GAS FROM SODIUM NITRATE UPON INCUBATION

WITH. PORK MINCE IN CITRATE— PHOSPHATE BUFFER pH 6-O

BEFORE AND AFTER THE ADDITION OF SODIUM NITRITE.
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methcmu; lobin to form

AL
monoxide to form the corresponding addition c compounds; the pesks of the
carboxy compounc l, for instanc greed well with the values (542 and
576 B0 S e . B A e 2 5
2(6=579 mu) record : YOm sources®4?28,

m

ihe obse; "‘fmx ;:JA]_,L_L axr extre el'f H 0.5 1s, ho
well below the coefficient of 50003 ([ reported at the same waveleng
for horse heart metn wyoglobin at pH 6.0=7,1%°

Keilin and Hertree”

that nitric oxide reacts with acid

; ! spectrumm exhibits two
stable
ex of nitric
sorption bands
plex were is the blue end
of the spectrum in comparison 2 of H ponding ferrous
Pigment, The metmyoglobin campound appears to be much more stable than
the camplex of Keilln and mrtreo, these authors state that "the NO=MHDb,
Soon af'ter its formation, is gradually transformed into a compound which
is indistinguishable from NO-Hb and this change is accelerated if the NO
in the tube is replaced by nitrogcn." By contrast, the metmyoglobin com-
Pound was stable under nitrogen \‘m Jjudged by the persistence of the char-
acteristic absorption bands) for at least 20 hours at room temperature.
l‘hrthennor(,, evacuation of the containing vessel immediately after for-
mation of the nitric ‘oxide-methemoglobin compound is stated to result in
almost complete reversion to methemoglobin, whereas with the metmyoglobin
Compoudd evacuation (to 5mm of mercury) produced no visible change within
30 minutes. On the other hand, the m J‘cm_[ogjLoo,Ln compound was rapidly
decomposed on exposure to air; on this point no observation is made by
Keilin and Hartree. A final point of difference 1lies in the fact that
Whereas the me themoglobin compound regenerated methemoglobin on decompos=-
l‘blon, the breakdown of the metmyoglobin analogue appeared to be much more
€xtensive; the observed failure to react with pyridine after decomposition
Suggests that the heme moiety was no longer available.

bands at 531 and 56
Mitroschemoglobin compiex,  As
Oxide with metmyoglobin now :
Of the met pigment co

The nitric oxide-metmyoglobin complex appeared to be less readily
denatured on he ating than the normal nitrosomyoglobin compound, and
Survived heating for a short period to a temperature as high as that
Normally encountered in the cooking of hams. More extensive observations
On thispoint are envisaged.

Indogeneous respiration studies: choice of method of preparation of
Samples and supporting mediums:

Since the present studies are aimed at elucidating the process of
Curing, in which the reaotions take place in intact muscle blocks, it:is
Undesirable on general grounds to introduce more than the necessary minimum
of d.lslntegjr“tlon of Ln(, uuaue\, Darly attempts were made to separate
intact f£ilm bundles (Richardson, et al®’ )but the low activity of pork
Muscle, and the consequent n\-,cewitv for using comparatively large
& nts of material, made this procedure impossibly time-consuming.
Homogenization is ﬂl{)lAJ.V disyuptive - of cellular organisation and for
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Reduction of metmyoglobin:

The obsence of dete
mince in an atmosphere of
the carbon monoxide with
fere withi the cytochro
were required for the redh
carried out in another connec
mince in an atmosphere of a:

Reduction of nitrite:

The observations reported establish the consistent evolution of a gas
Capable of absorption by alkaline sulphite solution when pork muscle mince
1s incubated in the presence of sodium nitrite, but they do not demonstrate
that the gas evolved is in fact nitric oxide, It is appreciated that the
absorption reagent, being alkaline, would act'as an absorbent for carbon
dioxide; further worx now in hand, which will be reported fully in a
later Report has shown by differential a sorption that part of the absorbed
€88 is not carbon dieciide, although attempts to detect nitric oxide spec~
ifically have so far been unsuccessful.

The guantities of sodium nitrite used in these experiments are extremely
large in relation to curing practice, but it was desired initially to treat
the soddum nitrite as a substrate and to provide an overwhelming excess.
The reduction in gas=producing activity observed after heat treatment
Table IIT) does indicate an enzyminmechanism ; the experiments so far
reported do not resolve the question of whether enzymes of mammalien or
bacterial origin are involved, although the appreciable loss in activity
after 33 days at -20°C (Table II) is suggestive of a mammalien rather than
& bacterial source. The question is being further studied with the aid
Of antibiotics.

The apparent enhancement of the gas-producing action by citrate is
being followed up and developed into a general study of the influence of
added substrates.

It is appreciated that the measurement of gas production as an index

Of nitrite-reducing activity has definite limitations, since there may be
§imulta neous absorption of nitrie oxide by combination within the meat
1tself, In the first plafde, scme degree of conversion of any pigment
Present to the nitroso form may be anticipated. According to Scaife®®

the mygobin content for pork muscle can be up to 0,53 %; on this

asis camplete conversion of the pigment in the 3g,sample of meat used
Wwould require about 22ul. of nitric oxide at 37°C, Bvidence has also been
°§tained of a non =-apecific absorption of nitric oxide by pork muscle
tissue fyom which the muscle pigments had been removed by extraction with
Water; total gas uptakes of the order of 20ul./g.wet weight of tissue have
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Slectrodes of pl» Llf\ll‘, gold, silver and aluminium inserted into pork
muscle in a L9 SXTIXacTt 1 i i ude 1XY0r L€
~es a - L Y - ok ),
atmos phe Ltayer. 0L liquid paraffin showec onsiderable drift
or _‘*"C‘t entic U -Over a d of hours, leading to variations L’)tv 1 the
unuitaneausly indicated )cessively inserted e (‘t[') les
me+tal
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Maintenance of strict arnaeorbic conditions ve more rapld equalisation

of potenti

the systems bein

in aqueous pork muscle extrants,

]

Micro~electrode: P 5 ¥ nc stainless steel acquired comparable
potentials over the »ange +150 to =150 mv with respect to the hydrogen
electrode in an unpoised pork extract, and were in agreement with the
observed decolorization of potassium— '"',* -indigodisulphonate in a system
poised by the dye.

Outside this range of potential the occlusive metals (platinum and stainless
steel) showed different potentials from the non-occlusive gold. This
variation is ascribed to adsorption and the occlusive metals are on this
account regarded as unsuitable for use as inert electrodes for the present
purpose,

It has been found possible to prepare native (undenatured) pig heart
metmyoglobin, free from haemoglobin and of about 70 ¢ purity on the

basis of a molecular weight of 4 ' e drying an aqueous extract
after suitable purification.

A new pigment complex ;us been prepared by direct combination between rig
heart metmyoglobin and nitric oxide under anaercbic conditions, This
complex is unsta ble in air; its absorption spectrum in aqueous solution
has two bands displaced from those of nitrosomyoglobin by 16-17 mu towards
the blue end of the spectrum.

The endogeneous reupuutlrw of pork muscle comminuted by fine mincing was
greater than that after homogenization, and at least as great as that of
material prepared by more Plabvr&t methals of slicing and chopping.

The éndogeneous respiration of pork muscle mince at 37°C was as grea
the absence of a supporting medium as in the presence of phos iat
saline buffer of pH 7ele J“' buffer was \;v.‘ervd.“' more effec

is b
elther phosphate buffer or saline

The anaerobic incubation at 37 vith sodium nitrite
at pH 6.0 has resulted in the ution of g . bsorbed by
alkaline sodium sulphite, believed to contain both carbon dioxide and
Nitric oxide; this property of pork muscle has been retained up to




by, since a period of at least. 30 minmute s allowed for equili-
br ! easurements were commenced n a1 ase it is probable
. ¢ : e ] < : S |

U

15.C1L0ON 1S H40; LU Pl DeJy

o 4% N8 [ mpRpe et 1 4} o
e case 0L leucline, ‘-;ullﬁu,\’;h

non=-absorbable gas after

\ e
Ao Tl

auie , TO0 1ncre

as measured by

. ¥
3( less than
- T B P
‘i O ). _;_t LIS

ed from nitrete

o ryded i b e
reactlion oil nisrice

ap
e e initial gas production.




treatment,

3 Y

N S o et
~rils

- JUL D

i =

ad3 i
Lo LLOUIL

er tne

active
od.ium
c

onditions

ar
=
' I
o alllo

bsorption behaviour,

inclq

KEULy L1CJ
n

1sion of

LA G Ll

citrate




The formation of the nitroso pigment complex during curing involves
reduction both of the meat pigment and of nitrite introduced during the
Sure, Mammalien muscle contains enzymic reducing systans which in the
sus metabolism, and the activity of
%Emmsiskmmntopmmhﬂ:m1Metm$wsafmrdmwm The
Present work attempts to detemine the extent to which such systems are
involved in the formation of the nitroso pigment during curing,

+“1Vving animal are involved in the tis
+ -
hese

The ability of the muscle tissues to effect the specific reductions
involvad is being studied by Warburg mancmetyy ard. by spectrophotometry,
"he existence has been demonstrated of a reducing system in pork muscle
Capable of yielding from sodium nitrite a gas soluble in alkaline sodium
Swiphite but not in alkeli; these properties are characteristic of
mirio Oxide, but it has not so far been found possible to confimm
Completely the identity of the gas produced, Little or no actuvity
has been fourd in the production of a similar gas from sodium nitrate.
Fig metmyoglobin in at least 70 % parity has been isolated from

Pig hearts, This pigment has been faund to combine directly with

83seous nitric oxide under anaerobic conditions, without preliminary
reduction,

The absorption spoetrum of the resulting complex was
generally similar to that of nitrosomyoglobin, but the absorption maxiia
Wore displaced in the direction of shorter wavelength, . Unlike nitrcso-
Tyoglobin, the new complex decomposed at once in contact with air,
Freliminary observations on redox potentia. measurements have

also been mads in an attempt to obtain valid results., Studies to
date have indicated 80ld or silver as the most suitable metals for
is purpose,

s
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