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Aol neCy

lieet color 1s cue to rjyo,lotir, er iron yorriyrin
rigments In tre recucec form, tle ircern ci the hene is
in the ferrous state, ¢na the colicr is :urrle., Uron
gxrosure to cry¢.n tue pizitert Lecrnes ony, clistec, Lut
the 1ron remesirns in ilihe ferrcus siste zic tie cclor 1s
tri; it rec.s Urnder certeii ccrciticrs nlogloiin oy Le
oxicizea to retiyo,lobin, & Lrown :igmernt. Uire iron
rorticr. of tids coumgpourc 1o in tie ferric stetes Tle
rrotlemx ci ciscolcretiorn tiwi Involves tne leoes of ol en
to lorm recucec ryo; letin (jurpie) snu cxidetion to form
retrmyo; loktin (krowr),

Verious investigectors neve olown i.ost becieris ere
instrumental in tle ciscolorstion cf iresn teel; lowever,
the exect retrocd or retrocs irvolvea ere r.ct inown.

This investigetion ves en ettenit to elucicste the
ectuel role of microorgernisms in pigrient clhienges.

Initizl stucdies ci & nwiler ol opecles of becteris
end ci & yeest crowed tiet only ti.ose orgcrisws which
metatclize zeroticzlly (rossess the rreb cycle enzines)
would bring aitcut tie cxicetion of :yo; lctin to
retrnyos lobine further, orly t.cse escronic orgenisms
wricii were egtle to r.etebolize et low tenmperetures were

shown to cesuse tiiis reacticn &t refri. erction temperatures.
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color reterntion; rcwever, tie crnc correlstiol. Letueen tie
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ELCCLCl.éu ;  LicCu.cts were 1ouid LO Lriig alcul tle
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oxiaction cf rjyoylobin Lo retijoglolin on reet zuiizces,
er.C Ly cutbstrunce inrititiirg o.ygen uplece Ly Tlese elzit.es
elgo iniilited :ignert cxicztiorn.

Ticsue rernoved ireom teel ilocle z1a jleced i re-
cuced cry. el ctnocyl.eres Lsil., sterile tecruii ues uncer-
vent rigrent oxiceticn ¢t owny.en tersiors from { nr to
20 min (Lecsured bty e mercury reroncter) witiout the
rresence cf tecterie. In en ¢ll L. stuosrliere only
recuction occurrec. et rigker Op tercslerne,oxicetion
occurred or.ly efter tectericl conteminetion wes evicent,
irese czte clorng with experirents irnvelving [ lucoce
oxidese, peroxicese, arn. crecific ercyme iniilitors led to
tre corclusicn trrt tle 1ole oL lecterie in rect pignent
cl.eri,es 1s sinply tict of lowerirg tie cissolved oxy.en

level in the surfece tissue. Tie level rey Le recucea



to tre point where neturel c.crges 1n e iect ceuse
picr.ent orvidetion, enc furtner limitetion results in

rignient recuctior.
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INTnOLUCTION

The discoloration of fresh prepackaged beef items is
of great ecoromic importence. Voegeli (1952) has shown
that almost 26% of tlLe prepackeged meat was removed from
self-service cases due to discoloration. This results in
firenciel losses cue to the lator of reworking the product
which termirates in chezper cuts as well as weight losses,
ball et el. (1957) stated that shelf life of prepackaged
fresh meat is only sligthtly over 48 hours znd that the
procuct seldom hes & setisfectory appezrznce for as long
as 72 hours. To lengthen the period of marketatility,
color retertion nmust ke prolonged,

Discoloration is called "loss of bloom" by the tradee.
This means that the mest loses its tri ht red appearznce.
Meet color is cue to myoglobin which is & pigment re-
semnbling hemoglorin in that it 1s an iron porphyrin, end
thhe heme prothetic group is attached to a globin protein
fraction, In the recuced form, the iron of the heme is in
the ferrous state and 1ts color is purrle. Upon exposure
to unlimited oxygen the iron remeins in the ferrous state
but the pigment is oxygenated., This pigment celled oxy-
myoglobtin is bright reds The heme portion of myoglobin
may be oxidized by various methods to metmyoglotin, a
brown pigment, The iron portion of this compound is in
the ferric state. The problem of discoloration or "loss

of tlocm" involves the loss of oxygen to form reduced



myoglobin (purple) end oxidation to metmyoglobin (brown).

Thiere are three factors to consicer whken one thinks
of discoloration of meets, The factors ere physical,
chemical, and tiological. Physicel factors include
oxygen tension, tempersture, snd humidity.

The rnaximum rate of reduction of nyoglobin occurs in
the atsence of oxygen, but Erooks (1933) found thet mex-
imum oxidation occurs at zn oxygen pressure of about
4L mm Hg. &t 0°C. He further fourd thet as the temperature
incressed, the rate of the above reesctions also increased.
Landrock end Wallace (1955) have observed that packaging
materlals which were coested to prevent excessive loss of
moisture resulted in color preservstion.

Chemical factors affecting pigment changes include
hydrogen ion concentration, entioxidants (escorbic acid),
reducing agents, snd oxidizing agents. At a pH of 5.5
and above the surface pigment of meat becomes darkerned
while at & pH between 4.5 and 5.4 the pigment is a
lighter red color. Various euthors Lave observed that
ascorbic acid in dilute solutions may preserve "bloom,"
but in high concentrations it brings about oxideation end
discoloration., It is krnown thet reducing sgents such as
sodium dithionate (Na2820h) reduces all myoglobin
derivatives to reduced myoglobin, end oxldizing agents,
such as potassium ferricyanide (K3Fe(CN)6) oxidize ell

myoglobin derivatives to nietmyoglobin,



A third group of factors which must be considered is
tl.e biological., Tris inclucdes the active meat enzymes
and the effects of bacteria and tieir enzymes. From the
results obtained by veriocus euthors it appears thet in
fresh rmeet the full complement of ;lycolytic enzymes ere
present in active form &s well as the Kreb cycle enzynes.
There is little doutt thet et least some of these enzymes
are importsnt in color chenges. Several investigators have
suspected that tacteria end bacterisl enzymes influence the
color of fresh meatsj; however, the mechenism(s) involved is

not understood. Organisms telonging to the Pseudomonas-

dehromobacter group heve been associsted with fresh beef

discoloration enc EButler et al. (1953) indicated thet these
orgenisms mey bring about discoloration of fresh prepackaged
beef by lowering the sveilatle oxygen to e critical pressure
wr.ere the Iormation of metumyoglobin is optimum. The
metabolic formation of H2O2 by organisms without immediate ‘
destruction has also been postulated as czusing metmyoglobin
formatione. It was trought thet respirirg orgenisms cause
Giscoloration of fresh prepackeged beef by lowering the
oxygen tensionj; however, other systems may also be active.
The present study was undertaken to determine the

actuel role of tacteria in tne discoloretion of fresh pre-

packaged beef.



REVIEw OF LITERATURE

A knowledge of the chemistry of the muscle pigment
myoglobin is essential to urnderstend the effects of verious
factors on the color of meat, The color of rrepeckeged
beef is cue to the chemicel state of pigment myoglobin.
Meny interesting theoriles as to the true chesracter of thLis
pigment have been set forth, Tne iirst theory was thet the
red color of mest was due to blood end could te washed
away (Boerhave, 1739). Eichert (1803) agreed, tut believed
that the muscle obtezined its color from the tlood which was
deposited in the tissue rather than from circulating blood.
In the latter part of the nineteenth century much work was
done, but it was not until the early part of the twentieth
century that Gunther (1921) suggested the term wmyoglobin
for muscle pigments rather than hemoglobin. Ee was
thoroughly convinced thet muscle pigment was not identical
with the blood pigment hemoglobine.

Whipple (1926) employing meny extraction techniques,
estimated the myoglobin content of various rnuscle tissue.
More comprehensive anelysis of the occurrence of myoglobin
eand its chemical chsracteristics occurred during the next
few years. It was the contrilutions of Theorell (1932,
1934) which gave the resesrchers new grounds for continued
investigation, for he succeeded in crystellizing myoglobkin.
Schenk et gl. (1934) workirg with beef rib eye muscle found
no parallelism tetween the myoglobin content anc hemoglobin

L
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contents In more recert ;ecrs, resecrch has vece
ctle & more cleer uncerstoiciing ol the chriemicel neture
of this rpigrent end tre rezctiol.s 1t uicergces in the
muscle.

Creristry of Loy lotin

Iyoglotin, tie rrincipal ri mert of red rests, is e
chroroprotein belon ing to tie group of reno-proteirs,

rn

Lhe prosthetic grcu; is jrotoporghrii, cnc tlhe protein
frection is ;lotin, Tie propnyrin femily ii.cluces two

other very inportent memuers, chlororphnyll enc heroglolin,
both essenticl for 1life. Lemberg snd Legge (125%9) wrote

a took ceelirg with this fermily of compounas end citea
3,182 references., fTGre prostinetic group of nyoglotin, rroto-
plorphkrin, consists of four ryrrole rings wi.icun ere cou:led
to & centrezl iron eton tirouph the nitrogsen etoms., This
tren 1s en iron porphyrin, end 1t 1s the iron etom wiich
mekes possible its function es e resgiretory piirent; i.e.,
it can form a cissocielle coripouna with oxygen, itlie 1lron
remeining in the ferrous stete. Accorcirg to hendrew (19k%9),
the four vslences of the iron etom ere conr.ected with the
nitrcgen of eescn of tre pyrrole rings, end the other two
seem to be bourd to tne protein cormponent. ILiovever,
gccorcirg to Schwiegert (1956), the fifth velence of thre
iron riolecule is attschea to the imidezole ring of
histidine (Figure 1l)e. This rirng is bourd to the other four
pyrrole rirgs tirough the iron r.olecule. The protein

5
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fraction is attached to histidine end rot to the iron
molecule, The sixth velence of the iron molecule is
satisfied by a water molecule, and tniis seems to be the
active site of the heme structures.

Hemoglobin, the blood oxygen carrier of mammals,
has a moleculer weight of €6,000 - 68,000 according to
Haurowitz (1950), ané consists of four "units" of the proto-
heme-globin complex. lie observed myoglobin to have a
molecular weight of 17,000 end consists essentially of one
of the "units" of hemoglobin, except trhet the globin or
protein fractions ciffer,

Myoglobin was 1solated, crystsllized, and character-
ized by Theorell (1932), end he offered absolute proof that
hemoglobin and myoglobin ere two different pigments. This
proved that Kennedy snd Whipple (1926) were wrong when they
indicated the pigments were identical compounds. Theorell
(1932, 1934, and 1947) elaborated tne chemistry of myoglobin
showing among other things trat the iron content of myo-
globin end hemoglobin was identicel, 0.345%.

The spectrophotometric studies of Hill (1933) demonstrated
that the sharpest absorption band for myoglobin was 5800 Z
while hemoglobin was 5700 2. Under more precise conditions
Hill (1936) found the absorption bands for hemoglobin were
sharpest at 5770 Z end 95420 ﬁ, compared to 5815 A and SLLE a
for myoglobin, and that myoglobkin had a greater affinity for

oxygen than did hemoglobin. Ee also noted that myoglobin



gave a hyperbolic oxygen dissociztion curve compared to
a sigmoid curve for hemoglobin, Millikan (1939) sub-
steantiated the oxygen dissociation curves of the two
pigments as found ty Hill, and relzted the hyperbolic
shape of the curve to the physiological oxygen storing
function of myoglobin.

Snerk, Hell, end King (193%) noted that myogleobin
gave maximum absorption at 582 mp. This was substaniated
by Bowen (1949) and others. Bowen (1949) z2lso observed
that myoglobin gave a second absorpticn peak at 5hil My«
The work of Eowen appeared to be the btest of gll the
literature reviewed on spectrophotometric znzlysis of
myoglobin, so his data for extinction coefficients are
used in this study for determineations of percent myoglobin
and percent metmyoglobin, Austin and Drabkin (1939)
published similer information for hemoglobine. Mangel (1951)
in her study of myoglobin used the procedures of Austin and
Drzbkine

The advantages of using metmyoglobin cyanide as a
reference stendard for spectrophotometric enalysis in
preference to gasometric techniques was demonstrated by
Drabkin znd Lustin (1935). ZThey gave evidence that the
reagents used for conversion of the pigments to the cyanide
derivative had no significant effect on the sgbsorption spectra

of the derivatives at the criticel wave lerngthls.



Generezlly, there 1s some btlood residue in meests, lut
Shernk et zl. (1934%) found trhat 90p of the meat pigments is
usually myoglobin, and hemoglotin was not usually over 10
They slso set up e method for estimetirg the percentage of
these two pigments in a muscle extrect by use of the ratio
of the opticel density meazsured et wave lengths of 577 mp
and 582 MR

Drabkin et al. (1950) studying the distribution of
myoglobin concluded thet tle concerntration of myoglotin is
not correlated with tody size tut is more concentreted in
the muscles of enimels thet run fast or work hard such as
the dog or the horse, Lewrie (1950) found thst a high con-
centration of myoglobin is usuelly found in muscles of Ligh
physiological activitye. Using tre figures of Drabkin et z1.
(1950), Butler et 21 (1953) calculested the concentration of
myoglobin in the skeletzl muscles of the heifer to be about
0.40 to 0.47ie

A physicel structure for myoglobin weas proposed by
Kendrew (1949). He states thet it consists of two disks,

9 2 thick snd 57 2 diemeter, perallel to each other end
perpendiculer to their axis, sepsrated by & leyer of ligquid
of crystellization 6.6 % thick. Each of tre disks is formed
by one polypeptide chein, folded on itself in four equal
sections. Tr.e prosthetic group is perpenciculasr to the
plene of each disk and extends above end telow it. The thick-

ness at either point is about 19 'y greater then t..e disk
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itself. He obtezined 2 sedimentetion constent for myoglobin
of 2.0 x 1013 in Svedlerg's ultra centrifuge.
Myoglokin was first found to have 2 molecular weight
of 32C0 by Theorell (1932). However, other workers have
obteined different moleculer weights for nmyoglobin, Eowen
(1948) in his review states that workers have found the
moleculer weight of myoglobin to bte from 16,850 by osmotic
pressure to 17,6C0 by the rule of simple multiples. He
found the moleculer weight of myoglobin to be 17,300 and
have an averezge iron content of 0.323%. Kossi-Feanelli
(1950) stetes that the iron content is O.34%. Tlie isoelectric
point of myoglobin was found to te at pH 6.99 by toth szuthors.
The composition of tlre globin fraction of myoglotin of
different species of znimels has been aznelyzed by Kossi-
Fanelli (19%0, 1941, 1942, 1947, 1948, 1954, 1955 and 1956).
He noted that myoglotin hes isoleucine but no cystine as
contrasted with hemoglobin wiiich contains cystine tut no
isoleucine. Comparing human myoglobin and hemoglobin, (1959),
he noted thet myoglotin is richer in glutamic acid, lysine,
glycine, &nd methioninej poorer in threonine, zlenine, valine,
and arginine. In general, the data showed thet the proteins
are formed by a significently different mixture of amino acids.
It was observed by Lossi-Fanelli (1950) thet myoglobin
forms a hyperbolic dissociation curve which is only slightly
affected by pHe The pigment Las a lerge affinity for oxygen
and is very easily oxidized to metmyoglobin, and 1t demon-
strates a large resistance to denaturation by a2lkesli. He
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also states that hemoglobin hes en isocelectric poirt of
6.78, a molecular weight of 68,000, forms a sigmoid
dissocietion curve which is niocerastely affected by pl, has
a moderete affinity for oxygen, less easily oxidized to
the "met" form then 1s myoglotin, &nd has only & small
reslstence to denaturation by elkeli., Thus, thLe physio-

chemical constents of the two pigments differ elso.

Physiologicel Role of livoglobin

The basic facts as to the prnysiolosicel furction of
myoglobin were presented by Theorell (1934) and Hill (1933,
1936) . Nillikan (193¢, 1939) end Biorick (1949) have
elabtoreted these basic factse OSummarizing their findings,
it appeers that myoglobln becomes oxygenated at the expense
of the oxyhemoglobin in the peripheral capilleries. The
myoglobin es oxymyoglobin trensports the oxygen to the cells
where it is used in oxidetive enzymetic activity. Thus
myog lobin acts as an intermedizte tetween the circulestory
system and the actively metabolizing cellse The reduced

myoglobin mesy then be reoxygenated to complete the cycle.

Reactions of livoglotin

Since the reactions of hemoglobin &nd rnyoglobin have
been founé to be similer, the reactions of both will be
discussed.

t gl. (1950) hemoglobin 1s

According to Heurowitz

an "aqui-compound" and forms a coordircte bord with water
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and not oxygen. He also ircicetes thet oxyhemoglobin does
not dissocizte into hemoslobin end oxygen in the sbtsence

of water and postulates thet the following equstion demon-
strztes the true pathweye.

Hb.(HQO) + 02 —> HBO, + EHX0
This may be postuleted for myoglotin also.
Much of the early work on the chenges of pigments in

meat was performed ty Erooks (1929, 1931, 1933, 1935,

1936, 1938, 1948, =nd 1995). Ee demonstrated thet myoglobin
was oxidized by oxygen, for in en &ll nitrogen stmosphere
(essentielly free of oxygen) the oxidetion of myoglotin to
netmyoglotin did not occur to eny epprecizble extent. EHe
postulated the reesction to proceed in the following menner:
Globin N N Globin N N Globin N N

£, -0, \ / oxid. 7.
Histidine-Fe' ' ———> Histidine-Fe'? —— Histidine-Fe
CANEE N 7N\
2

N N N

Oxymyoglobin (Mb0O,) Myoglobin (Mb) letmyoglobin (Mmb)
(bright red) (purple) (brown)

The four nitrogen stoms represent the pyrrole rings which
form porpLyrine. The protein frection is connected through
histidine to the iron molecule, This reasction is essentially
as given by Erooks with formule modificetions by Schweigert
(1956) .

By potentiometric studies, Conant (1923) showed that
hemoglotin followed the same pathwaye. This pathwzay has met
with some disagreement, tut the work of George and
Stratmann (1952 a,b) tends to validete it. The reduction
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of oxymyoglobin to myoglobin or the reverse reaction in-
volves no electron transfer, but the oxidation of myoglobin
to metmyoglobtin or thie opposite reaction involves electron
transfer, The iron in myoglotin is in the ferrous state,

but the iron in metmyoglobin is in the ferric statee.

The Color of Fresh lect

As stated previously some of the eerly workers
(Boerhave (1739), bichert (1€03)) believed thet the red
color of meet wes derived from the blocd which remeined in
the tissue., However, since the work of Gunther (1921) it
is generelly accepted thet the color of fresh meat is due
to myoglobin. The meet of egnimals which have teen properly
tled contsins myoglotin (purple), oxymyoglobin (bright red),
and metmyoglobin (brown). The color of the meat depends
upon the reletive amount of each of these three compounds
present, which depends upon the storage cornditions of the
meat (RKickert, 1957 a).

Brooks (1933) and Winkler (1936 b) have observed that
the discoloretion of fresh meat was caused in general by
two factors; viz., desiccetion end oxideation of myoglobin
to metmyoglobine The daerkening effect due to drying was
caused primarily by z concentration of pigments at the sur-
face, with the opticel properties of thLe desiccated tissue
perhaps being altered. If the meet is prepackaged and
moisture loss is minimized, the reaction which would account
for the primary chenges in the meet color would then be
myoglobin oxidation.

13



The desired color of fresh prepackeged mest is the
bright red of oxygenated myoglobin (MkOo). Freshly cut
mezt when first exposed to eir 1s z shsde of purple, and
the myoglotin is primarily in the reduced state (Mb). Upon
exposure to alr, oxygenation occurs, znc as the myoglobin
is chenged to oxymyo:lobin, the mezt becomes a bright red.
Mackintosh and Hell (1936), Allen (194€) =znd Erstzler
(1955) pointed out that oxygenstion or "blooming" of meat
occurs very repidly within the first 30 minutes after

cutting snd is accelerated by reducing the temperature.

Factors Influencing the Color of Fresh Prepackesed lMest

Oxygen tension znd temperature: The papers by Brooks

(1929, 1931, 1933, 1935, 1938) go to great lengths in an
effort to discover end explzin the factors which influence
the reactions of myoglobine He noted that both the

oxygen tension end tempersture are very importaent factors.
Temperature is of importence because as it is increased the
reaction rete is increased and elso the oxygen becomes less
soluble, and consequently the partizl pressure of oxygen
in the mezt decreases, To clte a specific example, Brooks
(1931) noted the rate constant for Hb —3 MHb to be about
four times as grezt st 29°C. as et 15°C. Brooks (1933)
demornstrated that et 30°F. oxyhemoglobin dissociztes
rapidly to hemoglobin when the oxXygen pressure drops below

80 mm of mercury. However, at this reduced oxygen tension
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the hemoglotin is soon oxidized to methemoglobin. He zlso
observed thet metmyoglobin formetion proceeds more rspidly
at low oxygen tensions. Neill end Hastings (1925 a,b)

heave obtzined similar results using Lemoglobin solutions,
Trey observed maximum oxidetion to teke place at en oxygen
tension of alout 20 mm of mercury. Erooks (1938) discovered
tiiat the meximum rete of oxidation of Eb occurred at zn
oxygen pressure of zbout 4 mm Hge. at 0°Ce This estimate by
Brooks wes made by noting tre rate of color chenge in a
tissue section by use of & microspectroscope.

George &nd Stretmenn (1952 b) employing a more refined
gasometric technique observed thet the maximum rate of
metmyoglotin formation occurred between 1.0 znd le4 mm
oxygen pressure at 30°C. The fact thet the rate of oxida-
tion of myoglobin was 4.295 times faster than thet of hemo-
globin was also noted bty these authors. Erooks (1931)
suggested that a2t a constent oxygen pressure the rate of
oxyhemoglobin formation is monomoleculer with respect to
hemoglobin concentrztion. Neill (1925 c¢) noted thet no
oxldizing agent that he used could oxidize hemoglobin to
methemoglobin in the absence of molecular oxygen. Both
Brooks (1931) and Neill (1925 d) noted thet hemoglobin was
not oxidized to methemoglobin in the sbsence of moleculer
oxygen. From the data of Brooks (1929, 1931) it is evident
that at a temperesture of 30°C. and an oxygen pressure of

20 mm Hg, the oxygen concentration is low enough to permit
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the dissocistion of oxyhemoglobin into Lemoglobin and yet high
enough for oxidation of Lemoglotin to methemoglotine Neill
(1925 d) demonstrated further proof of the effect of oxygen
tension on henioglobin when he found thet in a pure oxygen
atmosphere the concentration of oxyherioglotin increesed and
therefore tle formetion of methemoglotin wes retarded. Lengel
(1951) stored frozen meat samples under etmospheres of nitrogen,
oxygen, &nd carton dioxice, with eir es a control. She found
no significent difference. However, the metmyoglobin formetion
tended to be slower when the szmples were stored under oxygen.

Brooks (1938) fourd thet muscle retains & residue of
respiratory enzymes long after slaughter of the animel, end
when exposed to eir a steady state 1s reached where the depth
to which the oxygen penetrates 1s determined by the relative
rates of its diffusion end upteke,

The following formula for determining the oxygen

penetrztion has been given by Erooks (1938):

d = 2Co D
A
where d = depth of oxygen penetration
Co = pressure of oxygen at the surface of tilssue
D= coefficient of diffusion of oxygen through tissues
A = oxygen consumption

The value of A for the muscle of fresh beef as reported by
Brooks (1929, 1936) is roughly lO"1+ cc per gram per minute at
oc°cC.



Brooks (1935) founa the cepth of oxygen penetrztion
increased slowly with time, end it decreases with increasing
tempereture. He fourd thet the depth of oxygen penetration
varied from 2 to 5 mm. He elso showed thet discolorastion
was confinea to the layers where oxygen was present, and
metmyoglobin was formed repidly in the inner surface of the
oxymyoglobin layer where oxygen pressure was lowests The
myoglobin in the interior portion of the muscle remeined in
the reduced form, unchenged. It was estirn.ated by Brooks
(1938) thet the surface color was affected Lty about a 2 mm
layer of tissue, for no light was reflected from layers
deeper then this,

The effect of temperzture end vacuum on fresh meat wes
tested by kickert et al. (1957 c¢). They found thet meat
stored under & vecuum of 20 inches or more uncerwent an
initiel loss of redness and returned to redness more rzpidly
than meat stored under e vacuum of less than 20 inches. In-
creasing the vacuum under constant storage temperasture or
increasing the storege tempereture while mainteining a con-
stant vacuum incressed the rate of initial derkening and
shortened the time for the subsequent return to rednesse.
They state that vacuum eppears to be necessary for the
return to redness, tut not for the initisl darkening. A
lower vecuum resulted in the formetion of a grey color which

turned red upon increased vacuume
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Kickert et al. (1958) working with atmospheres
containing various emounts of 0, end Nz, noted thet in-
creased N2 caused en increased rate of discoloration of
fresh beef, However, the return to redness was faster tlen
at lower I, tenslons end higher 0o tensions. Further, they
noted thet low pressures of 002 proved to Le more effective
in meinteining good color, from both the stendpoint of re-
tarding initial discolorestion end from the stendpoint of
holding color thereafter.

Packeging lMeterigl: Various wrepping materisls were

tested by Lavers (1948). He found thet as oxygen
permeability of the meterial decret¢sed, metmyo;lobin forma-
tion increased, Le noted thet MSAT cellophane, which is
oxygen impermeable, ceused rapid browning of the meat. 0LSLDT
cellophane, which is oxygen permeable, caused less dis-
coloration. Tne rste of discolorztion could te lessened
even more by moistening the MSADT cellophene which increases
oxygen permeability. He hypothesized thet the development
of an oxygen permeable trznsparent sheet which was moisture
proof would solve the problem. Landrock and Wallace (1959)
performed a detailed study on the relationship of the oxygen
permeability of films and discoloretion of fresii red meat.
They stete thet cellophznes used for packing fresh meat are
unique in that they are coested with 2 moisture-proof coating

on the sicde to bte kept away from the meat. The inner side
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then becomes wetted by the mest juice znd consequently

increases oxygen permeabllity sufficiently to maintsin

bloom, The coeting prevents excessive loss of moisture,

thus, minimizing desiccetion. The great oxygen permeatility

of IMSAT €0 cellopheane paralleled the increased bright red

color of the meet as compared to otler less permeable

wrapping meterial., They postuleted thet the minimum oxygen
permeability requirement is about 50C0 ml 0,/sq. met./24% hr/stm.
at 75°F.

Vinylidene copolymer (cry-o-vac) esnd LSAT 80 cellophane
(coated side out) were found to be superior to 21l other
wraps tested in preserving the flavor znd orgaroleptic
quality of fresh meat by Clauss et zl. (1957). However, no
color observeations were recorded.

Reflectance spectrophotometry was employed by Pirko
anda Lyres (1997) to study the influence of different
packeaging materials on the discoloration of fresh meat,

They observed thet films vwith highest gas permeability (3CO0
ISAT EO0-cellophene, polyethylene C.0015 inches end 80 Fi-1
pliofilm) resulted in maxinum metmyoglobin formation on

the 6th day of storege. As permeability decreased, the rzte
of metmyoglobin formetion increased; however, after one day's
storage, the total amount of metmyoglobin was reducede. They
consider films of high oxygen permeability to be inferior to
films of very low oxygen permesbility. It appears that they

wish to sacrifice the bright red color of oxymyoglobin for
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the purple color of ryoglobin to obtein an increazsed szles
life,

Vinylidene copolymer (cry-o-vac) wes four.d to be the
best of the verious peckeging meteriels used for maintein-

t gl. (1957

ing good color in leean ground beef by kickert
They determined redness by the Hunter color end color-
difference meter. The zuthor doubts if these authors made
a distinction between the tri;ht recness of oxymyoslobin
eand the purple-redness of myoglobine

Rickert et zl. (1958) substantizted the results of
Rickert et 21. (1957 ). They explain that LSAT &0 cello-
phane end cellulose ecetate bothh of which heave high gas
permeability resulted in high redness of the packaged mect
for 2 deys, then discolorztion followed. Stezks wreapped
in cellophane-pliofilm laminete film which has low oxygen
transmission properties were higher in redness then stecks
wrapped in the highly permeable films except for the first
few dayse

Kickert et 2l. (1957 a, 1958) eand Pirko end Ayres
(1957) believe thet good color of fresh beef could be
maintzined by packing it in a completely impermeable film
in the absence of oxygene

Cremicals: The chemistry of the red meazt color chenge
having teen fairly well chizrecterized, many workers tegan

trying to influence the chenge. Winkler (1939 b) studied

the effects of lowering anc reising the pH of mest, Ee
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found thet a pE ebove 5.9 cezused darkening enc e pH
between 4.5 - 9.5 caused lighter colors. This agrees with
the findirgs of Hell, Latscher, end kackintosh (194%4) work-
ing with dark cutting beef. However, they believe that the
main reason for derk cutters is thet the oxygen demand is
greeter tlhen cen bte suprlied bty normel trensfer into the
tissues, resulting in oxymyoglotin teirg reduced to
myoglobine The fact thet muscle tissue darkens with in-
creased ph wes noted by Hill (1928) end Bete-Smith (1948 e&,Db).

Some chemicals Lave teen shown to effect the oxidation
of myoglobin to metmyoglotin. Stilles end Foster (1922),
Brooks (1930, 1931, 1936) were emong the first to observe
thet szlt increased the rete of oxidation of oxymyoglobin
and oxyhemoglotin, znd/or myoglobin end hemoglobin to the
brown metmyoslotin end methemoglobin respectively.

dscortic acid hes been shown to bring ebout the rapid
oxidation of hemoglobin solutions (Cheang end Watts, 1949)
end reduce methemoglobin to remoglotin (Gibson, 1943).
However, Wwetts znd Lekmen (1952 a) stete thet escortic acid
protects Lemoglobin solutiors wnen it is added in low con-
centretions anc a2t a low tempersture. EFut gt high concen-
trations end Ligh temperatures, it brings atout oxidetion
and discoloretion. In enotker peper (1952 b) they state
that ascorbic acid mey te useful in preserving the red

color gt tre surface of refrigerated prepackeged meate.
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These results have been conflirmed ty Costilow et 2l.
(1999) . Stucying the cegradation of lLemoglobin in living
tissue, Garrer, Mills and Christmen (1951) concluded thet
ascorbtic acid cetelyzes the degredation of hemoglobin to
choleglobin. This has been substentiated ty Lemberg and
Legge (1949), Cheng end watts (1949), end watts and

Lehmann (1952). MNicotinic zcid has been reported by
Coleman (1951) to trensform the interior color of meat from
purple to e btright red.

Stuayirng tle effects of ascorblc ecid on meet color,
Clauss et 2l. (1957) roted thet when ascorbic acid crystels
were added to beef szmples they caused an irmediate darken-
ing which remained throughout tlie storazge period. The
addition of C.005% solution of ascortic acid hed better
color preservirg properties then did a 0.01% solution.
Tr.ese Tesults were substentiated by Kickert et al. (1957 b)e.
They also rnoted thet NLGA (Nordehydroguaizretic acid -
0+05%) had no beneficiel effect on surfaece meat color.

Broumand et 2l. (1958) in tieir study of myoglobin
reported thet sodium cithionite (ma2szoh) reduces 211
myoglobin cerivatives to myogloblrn, and potassium ferri-
cyanide (K3Fe(Ch)6) oxidizes all myoglobin derivatives
present in meat extrects to metmyoglotin.

Effect of bacteria znd thelr enzymes: The influence

of bacteria on the color of fresh mests has been
demonstrated by several investigetors, but their role in

22



discoloration hes not teen cleearly defined. Neill (1925 &)

and Neill end Hastirgs (1925) have observed tihet washed

Prneuriococcus cells co not Leve the ability to reduce

methemoglobin to Lemoglobin unless other substences such
as glucose or mest infusion are added to the system, but
the cells heve oxidizing ebility without tre addition of
these substancess. They 2lso noted thet cell-free extracts

of Preumococcus hed totii the gbility to oxidize znd reduce

Lemoglobtin solutions. Arotrer series of experiments per-
formed bty Neill (1925 c¢) demonstrated thst zrnaerotic bacilli
brought ztout the oxygen dissociation of oxyhemoglobin.,
Urbzin and Greenwood (194C) compered dilute hemoglobin
solutions treeted with toluene to inritit becterial growth
to untreated controls. Loth sets of tubes L.eld et 10°C were
shaken daily for maximum seration. They noted after 60
days' storege thre bacteria-free tules contesined no methe-
moglobin, but contemirzted (control) tutes showed reduced
oxygen cepacity after two weeks, which was further reauced
to about 90% at €0 days. The loss of oxygen capacity
coupled with color chenge of the solution (turned brownish)
was proof of methemoglobin formation. The suthors telieve
microorgenisms have similer effects on the sensitive heme
pigments of meat,

Jensen (1945) was of the opinion tret microorgenisms
both livin; end dead, as well as thelr enzymes mey oxidize

myoglobin to metmyoglobine. EHe further steted thet desicca-

tion intensified ti.is reaction. Allen (1948) stected that
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there is & tyre of meet discoloretion where a gray brown
color develops when tre coloring matter is destroyed bty
bacteria, Further work by Allen (1949) showed thet
bacterizl growth on prepackeged boreless round stesks
reld at 34 - LO°F, increased rapidly urtil the rninth cday,
after which it remzined essentially unchanged.

Further eviderice of ihe oxldation-reduction
capabilities of bacteria was presented by Eddy et al. (1952)

when they demonstreted triat Escherichia coll liad the atility

to reduce dehydro-ascorbic acid to ascorbic acid. This
substentiated the work of Hewitt (1950). Hewitt noted thet
generally the cultures of bacteria c:tused reducing con-
ditions which were grestest during the logarithmic growth
phases He noted the lowest O/R potentiels when metabolic
activity was the greatest. FLe further explained thet orce
growth is established in a culture, oxygen donators end
hydrogen zcceptors are tzken up bty the cells as they carry
on their normal metabolic activities., After the log growth
phase, metabolic activity decreases end es the oxygen from
the air diffuses back into the culture, the O/R potential
begins to rise.

Kraft end Ayres (1952) rnoted that mest szmples held
at LO°F, generally discolored before zny other evidence of
spollage became apparent. They employed surface swabbirg
techniques end demonstrated thet when the count reached

about 2 x lO6 organisms per squere cm, the first detectalble
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off odor appeered. They concluded thet discoloration
could not be correlsted with organoleptic or microbio-
logical evaluations as a mezns of determirning storage
end points.

Initial contamination &s well as the temperature of
the self-service case have a great influence on storage
life of prepackeged meat (Ayres, 1951 &,b). Short steaks
could be stored four days longer when tre bacteriesl count
wes very lowe Initial counts on meat cuts prepared in
accordance with good senitery prectices had fer lower bac-
terizl counts then similar items purchesed from local
retail outlets. He urged trhet studies wi.ich not only
determine the number of organisms present, but also their
contritutions to its ultimate spoilesge, be made.

Achromobecter-Pseudomonas types of organisms were

associated with spoilage of fresh beef by Ayres (1951 a).

He stated thiet since the revision of Eergey's licnuel, some

of the strains previously reported as Achrorobacter would

be classified a2s members of the genus Fseudomones. The

majority of streins isoleted from spoiled ground beef
belonged to this group. At spollage timé in one test, rore

than 98% of the flora belonged to the Achromokzcter-

Pseudomonas groupe. Ke used off-odors as tle principal

criterion for spoilage detection, and observed it corre-

lated with slime production end increase in Co, production,

25



The Achrorotecter-Fseudomones tyre accounted for

about €5, of the population curing the esrly storsge of
meat (first 2 weeks) at 34-38° end 40-50°F., (Ealleck
t 21 1958), During the letter pert of storage

Pseudomoras fluorescens type orgenisms constitute aprrox-

imately £0/4 of the totzl counte. During tine entire storage
period lactobacilli zccounted for zbout 5% of tie totel
population.

A slippery condition on poultry cue to spore-forming

capsulated bacilll closely resembling Eecillus mesentericus

was described by lellmen (1932). Sulzbacher (1952 z) com=-

pared the generation time for Pseudomonas-type orgenisms

in ground beef and ground pork held et 7°Ce. A rather hezvy
inoculum was added to the mest before grindirg. FEe noted
the generation tire in ground beef to be 4.5 hours and

4,81 and 5.99 hours in ground pork. Kirsch et gl. (1952)
working with commerciel hamburger found initizl counts
veried from 1l.% x 10° to 9.5 x lO6 per gram. Upon sub-
sequent storage (0-2°C.) tiie orgenisms multiplied rspidly
so that after 6 days' storege 5 x 108 or more organisms
were present, ena after 8 to 12 days off ocors were
aprerent. laximum counts ranged from 5 x lO8 to 1 x lOlO
per grem, In generzl the off ocor was ronputrefactive but
typicelly stele and sour., A taxonomic study of thle

isolates demonstreted thet the great majority belong to

the Pseudomonzs genus.
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It has been reported ty Butler et £l. (1953) that
bacteria commonly found on meat cuts csused discoloration
due to 1increased rete of metnyoglobin formetion and ceused
the procuction of off odors enc slime formztion. They
steate thet the crernges usuelly hegppen in thie order
mentioned. Shelf life of prepackeged meet was signifi-
cently prolounged by lower initial bacteriel contaminetion,
end by recducing th:e storage temperature, They indiceted

that the orgenisms (Fseudomonzs sp.) mey bring sbout dis-

coloretion by lowerirn; the oxygen to a critical pressure
where metmyoglotin formetion is ideszl., The metebolizing
orgeanisms lowered the oxygen tersion still further which
resulted in reducing conditions end the metmyoglotin wes
recuced to myoglotin,

lyoglobin solutions leld et 45°F, were studied by
Broumand et al (1958). Trey noted thast nonsterile water
extracts conteined 100, metmyoglobin within 8 hours while
the sterile extract cdid not become 1CO;» metmyoglobin until
about 28 hourse. 41l solutions were in hermeticelly secled
cuvettes. After 28 hours storage at 48°F, tre cuvettes
were stored at 95°F. for zn additional 148 hours. Within
60 hours the nonsterile cuvette conteined all myoglotin,
but it took 120 hours for the sterile extract to become
entirely reduced. They used spectroplotometric analysis
to calculezte the eamount of verious pigments. Thelr con-

clusion wes similar to thet proposed by Butler et el.



(1953); i.e., microorgenisms increzsed the rate of
formation of metmyoglobin end upon subsequent holding

increase the reste of myoglobin formetione.

HEAT LELzY, &S

Lemberg ana Le:ge (1949) state that the metzbolic
formation of H,0, without immediste destruction, lezds to
metmyoglobin formation. However, Brooks (1938), Levers
(1948) and Urbein (1951) believed tr:t the mere lowering
of oxygen tension, without peroxide formetion will lead
to the same results,

Employing menometric techniques, Schreicer and
Potter (1943) demornstrzted the presence of cytochrome
oxidase in beef muscle, They zlso proved the presence of
succinic dehydrogenase by methylerie blue reduction,
According to Bate-Smith (1942) beef contains about 0.005/4
cytochrome-C which is abtout O.4 micromoles per 100 grams.
Grant (1955 a) substentiated the results of Schneider and
Potter (1943). He found Ligh zlpha-glycerophosphete
dehydrogenase activity in steer muscle, but it wes zbsent
in cow muscle., Using verious enzyme inhibitors in con-
junction with frozen ground beef, he noted that only
malonic acid of the enzyme inhibitors used provided a
bright red interior colore. This incdicetes thet succinic
dehydrogenase is active in beef, Ee further found by

the use of inhititors that tlhie following enzymes nay show



a limitea activity, phosphoglucomutase, phosphatese,
eriolase, lactic dehydrogenzse, malic dehydrcgenase, Co-4
system and enzymes converting citrate to oxalosuccinate,
citrate to malate, slpra-ketoglutarate to succinyl Co-4,

and succinyl Co-4 to succinate. He presumed L-glutemic

acid oxidase, cstslese, phosrhorylese, enc glucose,

fructose and formete dehydrogenases to be inactive in frozen
grounc teef,

In another study Crent (1995 b) inspected the staktility
of succinoxidase (succinic dehydrogenase plus cytochrome
oxlidase) in beef tissue, e founrd thet the enzyme is
better preserved if the tissue is frozen, is more stetle
in ground es compered to unground riuscle, end is readily
destroyed by heet,

Andrews et gl. (1952) demonstreted that
adenosinetriphosphate, succinic denydrogenase anc slycolytic

system enzymes were active in beef muscle, (Lorngissimus

dorsi end Sewitencinous). The enzymes within the meet

remsined active after 4 weeks' storzge azt 2°C. and only
aldolese was found to lose pert of its activity., After
four weeks its activity was tut lLalf thet of the original.
The sldolese system was shown, therefore, rot to be the
limiting enzyme in the glycolytic system, since the
stebilities vsried incdependently., Tley concluded that the

lack of availatle substrates in the intact muscle tissue
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is the limiting factor in excised ruscle tissue metatolism,
rather then the instebllity of specific enzyme systems.

The enzymatic activities of cytochrome oxidase end
succinic-oxicase in verious excised nuscle tissues from
a variety of animels were siown by Lawrie (1993). He also
found correlzstion tetween the percenteie of wyoglobin in
the muscle end tle activity of the corresporcing ernzyre
preparation end toth were relzted to tle extent of muscle

exertion.



PI1OCELULRE

Steaks used in tl.is stucdy were from the Lorgissimus

dorsi muscle of Ue 5o Good grade beef ribs. 1l.e muscle was
removed from the ribs enc cut into 1/2 inch thick stezks.

The wrapping materiel employea was LuPont celloghene
300 154T-60 which is for fresh meat packaginge.

Cells of Pse. geniculata were grown in nutrient broth

shake cultures or on nutrient eger slents. 411 cells were
washed in szline before teing inoculated on stezk surfaces
by the use of sterile atomizers., Washed cells were used
for intrecellular enzyme preperations also. Cells were
broken in a kaytheon, 50 watt, 90 kilocycle sonic oscillator
type k-22-3., The suspension was centrifuged to remove
cellular debris, and the supernatent was applied to steak
surfaces by means of a smeall brush.

Th.e various ernzyme and bacterial inhititors which
were used on the steak surface were applied by sterile
atomizers,

Most myoglobin solutions were prepared from Longissimus

dorsi muscle; however, some solutions were prepzred from

beef trimmirgse. Tne myoglobin solutions were prepered
exactly as the pigment solutions used for spectro-
photometric snelysis. This procedure which consists of
making a water extract of the meet tissue will be discussed

in detsil later.

31



Initisl studies determinin; tzcterizl growth on
steak surfaces demonstretea tret 2 surfzce slicing
technicue geve nore reproducible results then aid the
conventional swabting technicue., The surface slicing
technincue consisted of cutting 2 3 mm slice from the
surfsce of the experirentel steck with 2 Hokert 50
slicing machine, The machine was clecned end sterilized
before each cuttirg es follows: weaeshed troroughly with

rot detergent, rinsed with cistilled H_O, followed by

2
hypochlorite (IOCL, 500 ppm), finelly rinsed with sterile
distilled water, =nd tre roteting tlede was ellowed to

spin dry. Swebbing the machine &t verious times demonstrested
thaet the portion which ceme in contect with the meat slice
was essentially free from tacteris.

The thin slice from tle surfece was pleced on LSAT €0
wrapping peper, welglhed end placed in & sterile, chilled
Wering Blendert Kefrigerated sterile distilled water was
added to give a2 1:95 dilution., After tlenaing for 30 seconds,
a sample of the homogenate wes plated out in tryptone
glucose extract egar (1GE) (Difco) end observed for
bacterizl growth. The rest of the homogencte was used for
determiring oxygen upteke by the Wwerburg method and for
determining the pigments present ty spectrophotometric
eanelysis,

Two incubztion temperztures for thie TGE ager plates

were tested, encd it was noted thet similer results were
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obtezined from platings held et L4°C, for cne week end ct
20°C, for three cdeys. IFor tlhe scke of convernience the
shorter time, higher temperesture of incutetion wes used
for 211 bacterizl counts.
Kefrijereted 1.eat used in this study wes stored in
& welk-in cooler st 4°C, (+ 1°C), Sitelf life wes roted
to be similer to that ottezired in & household type
refrigerator,
A semple of the homogenete wes prepered for plgment
determinc tions es follows:
ae. Tle suspension was centrifuged in a Servell
SFX centrifuge et full speec for 10 mirnutese.
be The supernetant wes filtered through Whetman
Noe. 40 filter peper.
ce The filtrete was diluted using 7 ml, of
filtrete to 3 ml of distilled wster.
de The diluted materisl wes then subjected to spec-
trorlotometric enelysis. A Eeckmen DU with blue
filter end a2 slit width of O.1 mm wes employed.
For some spectrorpl.otometric enslysis a Beusch and
Lomb spectronic 20 colorimeter was used employing opticelly
matched Thunburg tutes rether then cuvettes. For this
procedure tre filtrete obteinred in b, etove wes not further
diluted.
Two methods of enalysis have been tried based on the

Lembert-teers Lzaw wi.ich follows:
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Log Io = A= 3abec (1)

T
where Io = intensity of the incident light

I = intensity of tiie emergent light

i\ = gbsorbency or opticel density from
the spectrophotometer

a = molar extirction coefficient

b = length of 1lighkt psth tkhrough the
solution in cm.

¢ = nolzr concentretion

¢ = _A_  when b= 1.0 cm (2)

a
The first nethod wes essentielly thet of Eutler et el.

(1953). The opticel density wes measured in a Beckwman
Model DU spectropl.otometer zt weve lergths of 54l end 582
millimicronse. The totel pigment concentration was obtzined
by conversion of the rpigrments to the CI derivastive by
adding a drop of 4 sclution of potassium ferricysnide

and & ¢rop of 1, potassium cyenide to each cuvette after
reedings were otteined. The resultent metmyoglobin cyanide
derivetive wes measured to 5S5hit millimicrons and the
millimoler extinction coeificient of 1ll.3 given by Eowen
(1949) for metmyoglobin cysnide was used to calculzte the
concentration by tne following formula:

A
1.3 x 109 (3)

To estimate the percent metmyoglobin, the difference

between the extinction coefficients of oxymyoglorin and
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metrniyoglotin et 9S4t enc €2 millimicrons wes teken as

the meximum possible chenge at these weve lengths. These
figures were 9.6 et 54l my end 12.1 et 582 mp, s given by
Bowen (1949). A4t each weve length, the chenge cue to
metmyoglobin was equal to the molar extinction coefficient
(a) of oxymyoglobin minus thet of the semple. Ey dividing
tlhie figure obteined by the totzl chenge in (A) from
oxymyoglobin ena metmyoglobin end multiplying by 1CO, en
estimation of the percent myoglotin wes otteined., ThLe
estinations of the percent metmyoglobin at Sik I and 58219{
were gvereged to obtein the finel estirete of the percent
netmyoglobin,

The second metlrod of enelysis used was thet of
Broumend (1956) which is as followse. According to Eowen
(1949) tre millimoler extinction coefficient for
oxymyoglobin and myoglobin are the same (5.6) at a wave
length of 507 qﬂiwhile tiiet of metmyoglobin is 9.9 at this
wave length. At a wave length of 573 @R}both oxymyoglobin
and myoglobln heve & millimoler extinction coefficient of
10.6 while thiet for metmyoglobin &t this wave length is 3.0
Theoretically, at these two wave lengths, if the percent
metnyoglobin remains constent, so does the millimoler
extinction coefficient of the solution; thet is, at these
wave lengths, the millimoler extinctlion coefficients of

the extrsct sre independent of the reletive percent of
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myo¢ lobin ana oxymyoglobin es lon; as threir combined
percentage is constent. Therefore, zt 507 mp, if the
millimoler extinction coefficient (E mm) is 9.9, then the
extract is 100, metmyoglotin asncé O,; oxymyo; lobin end
myoglobin or if et 507 mp the Emm is 5.6, then the
extract is Op metmyoslobin and 100;0 oxymyoglotin &nd
myoglotin. If E mm st 573 i is 3.0, then the extract
contains 100, metrmyoflobin and Opxp oxymyoilobin and
myoglobin or if the E mm is 10.6, then the extract is 0%
metmyoglobin and 100, oxymyoglobin end myoglobine. If E mm
is greater than 9.9 or less then 5.6, znotkher pigment must
be present, but if L mm is equel or grecter than 5.6 and
equal to or less then 9.9, then the extrect contains Xp
metryog lotin end 1CO-Xp» oxymyoglotin end myoglobine

A greph for the determination of » metmyoglotin end

the » of the combined pigments, oxymyoglotin and myoglobin,

can be constructed. Velue of (a) zt 507 mp of a
(a) 2t 573 mu

solution conteining 100% myoglobin and oxymyoglobin and

0% metmyoglobin is (100 x 5,6) + (0 x 9,9) _ _5,6 = 508
(1CO x 10.6) + (O x 3) 10,6 °

A solution conteinirg 75% (oxymyoglobin end myoglobin) end
25% metmyogloiin would equal:

{a) et 507 mp - (79 x 5.6) * (2 X _9,9) _ 9 =
(&) at 573w (79 x 10.6) + (25 x 3) gf7§ . 767
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5C% (oxymyoglotin ard myoglobtin) encé 50, metmyoplotin

(50 x  5.6) + (50 X 9.9) _ 7.75 _
(50 x 1C.€) + (50 x 3) %jgg = 1.1k0

25% (oxymyoglobin end myoglobin) 75, metmyoglobin

(25 x_ 546) + (75 x 9.9)_ 8.825 _ 1.8
(25 x 10.6) + (75 x 3.0) L.9 .01

O% (oxymyoglobin enc myoglotin) 100 metmyoglobin

(0 x 5.6) + (100 x 9.9)
(0 x 10.6) + (100 x 3.0)

9.9 _
3.0 = 33

hesults of the atove celculetions ior z2ll percentzges of
metmyoglobin from C to 100 cen bte put into greph form in

which (g) =t 507 mp is plotted versus relstive concen-

(a) et 573 mp

trations of metnyoglotin erd oxymyoglobin plus myoglotin,
Thus, by fincirg the retio of ebsorbency (0.D.) at

507 QH‘end 573 mp (0.D, 2t 507 m and referrin; to the
(Oele 2t 573 m

graph, the reletive percent of metmyoglobin can be
obteined.

Bowen (1949) found thet the E mm for metmyoglobin
end oxymyoglotin zre toth 7.6 zt z wave length of h73xy&
end the E mm of myoglobin is L,4; elso, the E mm of
metmyoglotin snc oxymyoglobin ere both 3.0 et & wave
length of 597 my end thzt of myoglotin is 5.1. By follow-

ing the procedure as outlined just previously, & second

() 2t 473 mp is plotted
(a) at 597 mp

graph cen be ccnstructed in which

versus relstive cornicentretions of myoglobin and metmyo¢ lotin

plus oxymyoglotbtin,
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From these two grepls the rels tive percernteges of
metmyoglobin end myoglolin cen te cdetermined. Fresuming
not nmore tnen 3 pigments ere present, the percent of
oxymyoglobin cen be cetermined Ly eadcing ti.e percent
vmyoglobin end percent metmyoglolin enc substrectirng
from 100,

Voegeli (1952) hLes given detziled instructions for
the measurement of the surfece color of mezts by the use
of Munsell spinning disks, The seme procedure end similer
equipment was used in trnis study.

The stendazrd color employed for celculestions of the
index of fadirg (I) by the formule of Nickerson (1946),
as applied by Voegeli (1952) wes 7.0 red in hue, 4.0 in
value, and 8.0 in chromez. The stendard selected for the
plotting of color rezdings of tie fresh prepeckeged meet
was the color of stegks wi.ich had teen oxyseneted under
en oxygen pressure of 30 pounrds per square inch for one
hour. This color was telieved Ly Eutler (1953) to approx-
imete closely the color of fully oxygencted myoglokine It
wes then possitle to find the position of sutsequent
sample readings in relation to the stendard by using the
Nickerson (1946) formule. Thus, as the stesks discolor,
less pigment is in the oxygensted form, end tre index of
facing (I) increases in numericel velue. Lower velues
for the index of fading indicetes thet the stezks have a
color more close to the stenderd steek which wes presumed
to have its surfece pigment fully oxygenected.
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RZSULTS

The Effects of Microorgenisms snd Cell-Free Lxtracts on
hest bigments

Steak Surfsce

Pure cultures of Pseudonoras fluorescens, Pseudoriones

geruginosa, Archromotacter liguefecians, Flecvobecteriun

rhenenus, Lectobecillus rlentarum, Saccheromyces cerevisize

end two streins of Pseudomrmoreas geniculeta were tested for

tl.eir effect on the surface color of wrepped bteef stecks at
room tempereture. A&11 the serobic strsins of bzcteria
tested, including three untyped streins isolated from cis-
colored meat, caused repid discoloretion as cid the one
strein of yeast. These becteriz ere active in mest dis-
coloration at refrigerzted temperatures elso. L. plenterum,
a strain which is microserophilic eand does not contein the
Kreb cycle enzyme system, caused no discolorztion.

In 211 subsequent experiments Ps. geniculats was used
since it was shown to cause discoloration of fresh pre-
packaged mezt by Butler et zl. (1953). Various levels of

inoculum of Ps._geniculets were tested for effects on pre-

packeged meat at 4°C. Detz demonstrzted thet as the
bacteria level increased, so did the rzte of discoloretion.
However, the stesks which discolored most repidly beczme
the purple color of myoglobin with only little evidence of
metmyoglobin formetion. As the initial level of organisms

decrezsed, so did the rate of discoloration, but these
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steaks beceme brown tefore turning rurple. In gll ceses
the initislly tricht red steaks beczme derk red before
turning purple or trown.

The effects of intre- erc extrzcellular enzymes
of a strein of EFse. geniculste on the pigmert of beef stecks
were studied., At refrigeretion temperature up to nine days
thiere was little or no difference tetween control stezks
end stecks trected with en extracelluler enzyme prepara-
tion, but those trected with zn intracellular enzyme
preperetion derkened slightly. Initially, ti.e steaks
treated with the intracelluler enzymes esnd cells were
slighitly derker, tut et the end of two deys only the
inoculsted steck hed discolored completely. A preliminery
experiment using the above four treztments conducted et
room temperzture (23-24°C,) demonstrated thet after 15
minutes the iroculzsted stesks were visueslly derker, end within
one hour those trected with intracellular enzymes were elso
derker., Both the inoculeted stecks end the stecks treated
with the intrecellular enzyme prepsration turrnea a definite
purple after 2 hours. At 24 hours tre control stezks and
steeks treated with extracellular enzymes began to turn
brown. The inoculzted stecks remesined purple, tut the
steeks treated with intracelluler enzymes were purrle-brown
at the 2h-hour interval. A repect of this geve similer

results. (Fige 2) Visuel observations of stezks held et
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30°C, indiceted thet tle clienges were similar to tiose
obtezired gt room tenperesture.

Cell-free extracts enu cells of Fs. geruginosa
elso nhave the atility to cause tihe discolorstion of fresh
prepackeged steaks l.eld et room temperzture. From the
data in Teble 1 it c=n be seen thet cells of Ps. zeru;irose
ceuse discoloretion et ztout tue scne rete as do cells of

Pse gerniculeta., Cell-free extrects of toth orgenisms

bring stout discoloretion et equel retes tut slower then the
intact cells.

Attempts were made to determine if Ps. geniculeta
or a crude preperetion of intrecelluler ernzymes of this
orgenism could cause discoloretion of urwrezpred stecks at
room temperszture. No color differences were rioted zfter
1 hour. Lven after 2 hours, no cleer differentiztion could
be made. However, &t 3 hours thle inoculeted steck wes
slightly derker then the control or enzyme treated steaks,
but derkening due to desiccation was quite zdvanced end
only a slight differentistion could be mede. Wrepped steeks
whiich hed been inoculated with cells or treazted with the

same enzyme preperation discolored within 15 to 30 minutes.

Mect Eomojenctes

Four hundred ml of sterile distilled weter wss
cdded to 80 grems of mect in & sterile Wering blendor end

tlended for 1 minute. One hundred ml. of this homogenszte
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wes placed in each of 4 - 500 ml Erlemmeyer flasks end
plugged with cotton. Three flesks--inoculeted, untrected,
ené treated with asureomycin (finel concentrztion of

100 prm)--were plececé on & rotery shzker, znd the fourth
wes held as the untreated, unstirred control. Ten ml
semples were teken at different intervels, spun down,
filterea, end the percent metmyoglobin and percent myoglotin
determined spectropi.otometricelly. At zero time, all
semples contsined some metmyoglobin, end at 6 hours,
semples from the 3 sheken flesks hed increesed in percent
metmyoglobine The untreated szmple which was riot shaken
was essentislly unchenged. ko myoglobtin could be deter-
mined. The percent metmyoglobin in tlie three flzsks which
had teen sheken increased from ztout 354 et € hours to
about 504 et 9 hours. After 2 days' sheking, the control
hed 154 metmyoglotin end lp myoglotin, ¢nd the inoculszted
had 2W% metmyoglobin enc 1€, myorlobin, tut the szumple
with zureomycin zdded contained 90, metmyo,lotin end no
nyoglobine, The stending urntreated sample contzined Z7%
metnyoglobin end rio myoglobine. Upon further sheking the
inoculzted semple zrnd control developed 2 green color
typicel of choleglotin while the aureomycin-treated seample
turned strew color eundé haed developed mold growthe The un-
stirred untrezted neezt homogenzte developed high
populations of bacteria snd after 4 deys conteined 174

metmyoglobin end 3k%p myoglotin tut no choleglobin.,
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From this c¢eta (Tatle 2) it vould eprersr thet
tecteria c¢icd rot pley en importent role in tre clenge of
plegments of shaken meet homogenetes until efter 2 ceys et
wh.ich time tley begen to increzse the nyoglotin content,
fureomycin seemed to rncke coicitiors iceel for the
formeticn of retrnyeglotin,

bttenpts to neesure the oxidstion-reduction rotertiels
of irioculcted enc uriroculzted meet homogenetes were rede.
The extrects were pleced in cotton plugged flesks into
wiich 2 pletinum electrode end selt tridge were inserted.
The selt bricdge extenced irto & tecker conteining seturested
LCl enc tlie reference electrode, Verience in potenticl
was measured LYy a gelvenometer to wunich Loth electroces
were comriected., Lo significent difference between the
inoculeted end uniroculzted extrzcts wes okserved beczuse
the differences tetween replicetions were quite lerge.
owever, tie Eh of &ll extrscts decrease rather repidly.

luscle Fifment Extrect

The edcition of Fs. geniculste to & solution of oxy-

nyoglotin telad =t room temperature ceused en initial
formation of metnyoglorine Eowever, within five minutes
the percent myo.lotin wes twice thsrt of metmyoslobin, end
thiis ratio existed until 211 tlie pigrient wes & mixture of
these two forms. ALt the end of 3 hours the retio remeined

unchenged.,
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Cell-free enzyme prepsretions of Fs. gerniculctz end

Ps. zerusincsa were tested for their effects orn oxynyo-

gloktin solutiors et rnormel etrosphere srd et room
tempersture (Tetle 3). It crpecrec tuet totl erzyme
preperations caused en initiel increese in metmyogloktin
formetion; liowever, it 1s quite probebtle thret the enzyme
preperetion ebsorted in the renge used for measuring
mnetnyog loktin s incicsted by the O-time reading giving
false results. The cells probetly zifected toth the renge
for mezsuring metmyoglotin ernd the rernge for measuring
myog lobin for st O-time ern increesse in btoth metmyoglotin
end nyoglortin wes observed. Assuming thst efter the
initiel ebsorption the enzyues ena cell no longer interfere,
the following observetions were mede: first, the enzyres

of Ps. geniculete shoved sore sction up to 4 lLours while

tlie enzymes of Fse cerugircse cesused & steady increezse in

both metmyo, lotin end myoglobin, and second, the cells

of Ps. geniculete reduced oxymyoglotin to myoglotbtin et a

fester rete then cdid Ese. 2eruzirnosa but demonstrzted less

ability to oxicize oxymyo;lotin to metmyoglobin in a Y-hour
intervel,

Correletion of Q2 Demend of tle Surfece Tissue of Mezt erd

Pi,nment Chenges

These studies were undertclhen to see if there was &
correletion between trhe activity of the respiretory

enzymes present end discoloretion. DMeanometric studies
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were employed in edcition to visuel observetions, index

of fading, enc becteriel counts. Verious lots of steeks
inoculezted ena uninocule ted were tested over a reriod of
11 deys. After visual obtservetions end lunsell disk
notetions were nede, a 3 rm. slice from the surfece of each
stezk was pleced in a sterile Wering blencor, dailuted 1 to
5 with sterile cistilled water eznd grounc for 30 secondse.
Two end ei;ht tenths nl. of triis homogenete was used to
deterrmine pl of O, upteke by the conventionel Werburg
menometric metrod. Lesults (Fige. 3) cdemonstrzted that the
number of becteria of ti.e inoculeted stecks cid rnot in-
creese greetly, but s the steeks discolored (fadirg index

increzsed) thelpl of O, upteke increeseds. There wes a leg

2
in the oxygen upteke by the bectericl cells since even
though the counts were Ligh initielly, the‘pl of O2 upteke
was .o more then thet of the uninoculeted control. KHowever,
as the steshs discolored, thre oxygen upteke rete incressed.
A good correlection between the number of becteris
present, rete of ciscoloretion, end oxygen consumption was
obtzined from the uninoculeted g¢roup of stetks, l.e. as the
bacteria increased in numters end the oxygen uptecke in-
crezsed, stezks discolored. From these date, 1t erreers
thet there 1is good correlztion between respiretory esctivity

meesured by oxygen upteke enc steak discolorestion.
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Influence of hespiretory Lnzvre Inlibitors on Figment
Cienyes enc hespiretory aActivity

Steaks Eelc gt kefrigercted Temperctures

To stucdy ti.e fuidameritel principles of discoloration
of fresh mezt Ly bacteria, verious inkibitors were applied
to tle surface of beef steehs., Verious concentrstions of
aureomycin ren.ing from 5 to 100 ppm were sprayed on the
surfaces of tre stezks., From Figure 4 it cen be seen thet
as tle concentretions were increased, thie bacterisl growth
was controlled more completely, and the bright red color
of oxymyoglobin wezs retained longer. Further experimenta-
tion using aureonycin et 100 ppm demoustreted gooa control
of becteria &s conmnpared to ihe control znd resulted in
preservation of a desiratle color 3 or 4 cays longer than
the control (Fi.. 5).

One percent solutions of both sorbic acid end socium
sorbate were sprayed on the surface of the teef stecks.
hNeither form had eny effect on color, nor dia they control
the bacteria. However, preliminery studies using
cellophene impregrnated with sorbic acid &s e wrepring
material shiowed that color retention coulcd te extended
somewhat,

Sodium mslonate is a competitive inhibitor of
succinic dehydrogenase. To test the effect of this
respiratory enzyme inhibitor on color retention, & group of

stecks was treated with sodium mezlonate and compesred to an
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aureomycin (100 ppm) treeted group enc e corntrol group.
Tiie stecks trested with esureomycin hac low tecteria counts,
low metr.yoglobtin formetiorn, low O, upteke, end low index
of faeding. Socdium melonete demonstreted some bectericicel
or bacteriostatic activity, enc the index of fading and
oxygen upteke were less then the control. Fowever, the
percent rietmyoglotin formed was precticzlly the samee.
(Fige 6)e . The results illustrated thzt sodium melonste
had some effect on the microflore end color retention of
prepackeged beef, tut its ection was inferior to
gureomycine.

Iocozcetate (0O.ll) spreyed on stezk surfaces proved
nmuch nore effective tren the 20, melonate, The iodoacetcte
was eppliecd to inoculzted steckhs and compared to inoculeted
untreated ancd to uninoculeted stezks, The iroculated
stegks havirg hith becteriel counts end high respirectory
activity discolored within 2 dsyse. (¥Fig. 7)e Thie inoculated
steaks sprezyed with iodoacetate had & low bacterial popula-
tion, low respirestory ectivity, end prolonged color
retention. In fact, the action wes so proriounced thet the
inoculeted stecks trected with ilodoacetate gave counts,
respiretory ectivity, and color notstions very compareble
to the uninoculeted control.

Werburg cates demonstreted that cells treated with

KaN3 end KCH hed fer lower respiratory esctivity on meat
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substrate then did untrezted ceils of Ps. geniculcta.

Cells trezted with NaN3 (0.C1 M end KCLi (Cel i) spun out
washed, enc resuspended in sterile sesline, showed ebout
73 inhitition. NeN3 and kCii added to the meazt substreste
before the addition of bacteria resulted in complete in-
hivition of the respiretory enzymes. Final concentrestion
of Nak3 wes 1 x 1073 moler end kil was 1 x 1072 molar.
(3.3 x 1073k 1.CL gave similer results.)

Cells trected e&s ebove were spreyed on the surface
of steaks enc tliese compered to stezks trested with the
inhibitors end inoculated, treated but uninoculeted, &na
to a control lot of untrested stecks. All steaks were
thien packazged end held ¢t 4°C, for visual observestions.
Kesults presented in Tatle 4 indicate thet cells pre-
treeted with KCk or Nah3 es well &s cells added in con-
junction with these inhititors ceused no ciscolorztion.
This demonstrates thet respiratory enzymes pley en im-
portant role in tre discoloretion of fresh prepackeged

beef. It was observed, however, that Nali, per se caused

3
discoloration of thre meat, This might be expected for
Nah3 reects chemicelly with porphyrins end the prosthetic
group of myoglobin is & porpryrin. The exact reaction
involved was rnot stucied in this investigstion. When

hClv was added to stesks without inoculation, a bright red

color was still present after 10 deys.
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Furthier studies were completed cormpering the
activity of treated end untreated cells of fresh prepackezged
mest at verious oxygen tensions rela =zt 4 C., The various
oxygen ter.sions were ottairec by crawirg e vecuum in
dessicetor jars enc readmitting N2 enc 02. Eefore adg-
mitting the firel gas rixture trhe jears were flushed twice
with nitrogen ges. Steaks of the verious treztments
cescribed above plus inoculated untrested stesks were pleced
in the dessicators et liie verious oxygen tenslonse. In an
atmosphere of nitrogen sll the stezks beceme purple within
an hour, At oxygen tensions btetween 20 mm end 40 nm 0, ell
steeks turned brown between 3 end 6 deys. The surface pig-
ment of steecks irioculated with dilute suspensions of
actively metabolizirg cells was oxicized at a slightly
fester rate then that of uninoculzted steaksj; rowever, the
metmyoglobin of the inoculzted steeks wes reduced to
myoglotin within 1 dey after formetion. The surfeace
metmyoglotin of the uninoculeted stesks wes more steble,
remaining at least 3 days before being reduced. Steeks
treated with aureomnycing iodoacetzte, erié cells inactiveted
with KCh gave results similer to the untrested, uninoculezted
controls. In e normel etriosprere, no metmyoslobin formation
cotld be observed during the first 7 deys excert for thre
stesk iroculeted with ective cells, Ti.is steck begen to
discolor efter 2 deys end within 5 days had becore purple
with only a slight evidence of browning. Tih.e results
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indicate thet uncer recuced 02 tensions surface pigment
oxidation is accelersted, zn¢ the reection is not in-
kibited by eiltlier esurecrycin or iodoacetete, A4lso c¢ilute
susrensions of Fse geniculata increase the rete of pigment
change only 1if their respiretory enzymes are active.

Steeks Eeld gt hoom Tempersture

Eerly work demounstrated thet at room teumperature
crude intracellular enzyme preparations of Pse geniculszsta
caused surface discoloretion of wrepred beef steaks while
extracelluler preperetions cid not, The action of the
intracellular enzymes, hLowever, was less pronounced than
tl.et demonstreted by intzct cellse Preliminary work using
crude enzyme extract in conjunction with sodium fluoride
(0.01 moler) applied to steak surfaces gave no significant
informetion. That is, at room tempersture this enzyme
inhibitor had little or rno effect on the ernzymes causing
discoloration. The data indicete one of two things:

(1) the concentration of the fluorice was too low to be
effective, or (2) the enzymes which fluoride inhibits are
not involved in meet discoloration.

In order to obtein further kiowledge as to the
mechanisms of discoloration of beef &t room temperestures,
four steaks were treated as follows: (1) untreated con-
trol; (2) inoculasted, but no furthier treatment; (3) in-
oculated and sprayed with 0.1 molar lodoacetate; and

(4) inoculated and spreyed with 0.0l molar sodium azide.
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All stecks were wrapped with Me0e.kele £0O celloplhanie.
kesults (Fi;. €-4) inciccted thet toth enzyme inhititors
slowed cown discolorztion up to 45 minutes. 4t this tire,
the steak treested with socdium e2zide turred z derk purple
end remeined such for tilie rest ol ti.e experiment. &t

2 hours, besed on firel incex of feding vslues, ilocoaceteste
resulted in stout & 50, color preservetion. f4hket is, the
index of feding velue ley rmicwey tetween the index of
fadirng for the untrested control enc the index of feding
for the inoculsted control. Upon refrigeretior, ell the
steeks turned trisht red except for the steck trezted with
socdium ezicde. This woulad irciceste thrt socium azide forms
a stebtle complex with trhe myoglobin which seems very
probeble since sodium ezzide reacts with metezlloproteins

of wrnich myo; lobin is one,

Stezks trerted as above, Lut not wrepred until one
four efter trectment, ciscolored only slightly for the
first hour. Only the iroculeted corntrol had tegun to
derken sufficiently to be otserved ty incex of feading
velues, Tlhe index of fading of the uninoculzsted corntrol
wes only slifhtly less then those of the stezks trected
with sodium azicde end iodoacetzte &t orne hour. ALfter
wrapping, 211 stecks c¢iscolored (became purple) repidly es
indiceted by visuel observetions enéd incdex of fading
velues. Tre inoculzted control steczks discolored most
repidly. Socdium azice slowed ¢own tl.e aiscolorestion only
very sli.htly refore forming the steble cderk purple pigment.
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Iodoacetete seermed to te very effective in trrt it reduced
ti.e rete of discolorstion to thet of ti.e uniroculasted
controls, (Fige &-1).

luscle Figfrert Extrects Icld =t Locm Temperature

©

Cells of Fs. genicul=tzs have shown thie etility of toth

recuce and oxicize nyo, lotin solutions. 4hese results were
obteired bty cpectroplotometric ernelysis of thie solutions
cor.teinin  the orgerisms using e weter cuspension of the
orgenisms as e tlerk, OGtudies compering trected cells
(hCu,y hah3 end heeted) with untrezted cells bty the sltove
method gave fealse results, for trecting tlhe cells gave them
aifferent opticel properties wi:ich could rot te compensated
for by e cell suspension tlenk., Ti:e results indiceted

thhat cells wihiich were inactivsted, es demonstreted by
Werburg studies, had the etility to oxicize end recduce

tl.e pigr.ent,

L subseauent study wes undertelken to note the effects
of cells inectiveted with rnCi.e In this study a semple wes
teken end centrifugec tefore spectropi.otoretric anslysise.
Visuel obscrvetions of ti.e solutions were 2lso teken., A4Lfter
30 minutes the myo:;lobtin solution conteining the ective
cells wes a definite purple wvhile the solutions contein-
ing cells inactivated by heet (395 ninutes et 75°C.) and
KCK (1071 k) remaines red; fowever, spectrop:otometric

enalysis demonstreted esseritially no differerce (Tztle 5).
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At orne hour e cerntrifuged sample of the inoculeted myo-
globin solution srowed a sli,ht increzse in metmyoglobin
end myoglobin content, but rnot nearly as much es visual
observetions woulcd ircicate. At 4 hours semples of the
various solutions were placed in centrifuge tubes end
rubber stoppers were inserted. Tne tubes were filled so
as to overflow when the stoppers were inserted so thet no
free zir wes present in tre tube. ALfter centrifugetion
the solutions were placed in the colorimeter tules
carefully, end spectrorpt.otometric determirnetions were mzde.
The deta demonstreted thet sctive cells Liad increased the
percent retmyoglobin slightly, but primarily the action
was reducirg the pigment to myoglobine Trested cells were
essentieclly inactive.

From these results it is evident thet one must be
careful in his work with myoglotin solutions, especielly
if spectropl.otometric gnelyses zre to be mace. Tle data

demonstrate that cells of Ps. geniculeta wiiich heve

cyanide inesctiveted cytochrorne systems sre unelle to recuce
& solution of oxymyoglobin to myoglobine This 1s in
agreement with the results observed in previous work with
myoglobin solutions in which the cells were left in the

solution used for spectropiotometric zrielysis.
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Mest Iormosenctes

Meet homogenctes were used as a substrete in lierburg
experiments testing tne effects of verious enzyme in-
hibtitors on cells ena cell-free preparations of Ps.

geniculsta., Sodium fluoride at & concentration of C.C1l ii

had ro inhititory effect on tlie enzyme preperation end

only & slight inhititory effect (1l») on the cells (Fite 9).
However, from the deta in Fig. 1C, 1t is evicdent thet Q.1
moler sodium fluoride inhitited the respiratory activity of
both whole cells end enzyme preperations. This inhibitor
brought about 2 950k inhibition of the enzymes =nd 28, in-
hibition of tre cellss A 0.0l moler solution of scdium
malonate wes slso found to be inactive (Fig. 10), but O.1 N
sodium melonzte caused a 504 inhibition of the respiretory
activity of the enzyme preperation end the intsct cells
(Fige 11)e Iodoacetste (0.C1l M) reduced the respirztory
activity of the cells enc cell-free intrecelluler enzyme
preperetions bty about 50,,end sodium 2zide (C.Cl M) com-
pletely inhibited the oxygen upteke bty the enzyme
preperations end ceused virtuelly complete inhibition of

the cells of Ps. geniculeta (Fig. 11)e One-tenth moler

kCii geve results similer to tlose otteirned with sodium
azide.

In order to finéd out if cells of Ps. gericulzsta

utilized en elterncte zerotic metakolic pethwey at re-

duced oxygen tensions, the following Werburg experinent
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wes uncderteken: cells treetec with hCh were conipered

to untrestec cells et verious reduced oxygcen tensions
which were oltzined bty ellowing mixture of O2 &na N2 to
flow thirough the system prior to stertirg the warturg
enelysis. The atmospheres used were: (a) all Nz,

(b) 1k 02 (9% N2), (e) 5» 05 (95m Ny), end (d) 104k 02
(90% NQ)‘ These were compared to normel atmospheres.

The ‘pl 02 uptzke wes determined for & 30-minute interval
(Taxle 6). The respirztory enzymes of cells trezted with
LhCN were essentislly inactive et ¢11 stmosphieres. The
activity of respiratory enzymes of the untrezted cells
increzsed &s the oXxygen tensions increased from O to 10/
The enzymatic ectivity et 5 and 104 oxygen wes similar to
thet at normel etmnospheres.

Eeef Tissue Slices

Leef tissue homogenztes hed very low oxygen uptzke
activity; therefore, tissue slices were tested for
respiratory sctivity. Eoth myoglobin solution end hinger
solution were used es suspencing media in the VWarburg
fleskses Eoth gave similer results, so kinger solution
j2s used for its constituents esre defined end controllede.

The tissue slices sliowed ective metzbolism es
megsured by oxygen upteke, enc gave esserntiezlly the szme
activity at reduced oxygen tensions as st s normel

tennsion. It was noted thet LCN end haN3 2t final
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concentrztion of 1072 1 greetly irhibited the respirction
action of the slices toth £t normel ztrosprieres enc #t en
etmosplere, of reduced oxygen content. The 1nribitory

sction was esserntislly the ssme under Loth conditiorns

(Table 7) .
Lffects of §292, Peroxidase gra Glucose Oxicese
H.O0. (C.3,.) acded to the surfece of fresh steaxs

held ¢t room tempereture or at refricereted temperature,
wrepped or unwrepped, resulted in no metmyoglobin formetion.
butrling occurred inciceting cstalese activity, but no
evidence of pigment oxidation wes visitle, Lowever, a
steak which l.ad been reld et & reduced oxvgen tension
(€0 mm 0,) btecame trown when peroxidsse wes zcdded to its
surface ¢t room tempereture uncer nrormel etriospheric con-
ditiores. In tect, the oxymyoiglotin on the surfece of most
eaged steeks wes oxidized to metmyoilotin on sddition of
H202.

Both fresh zncd eged solutions of myoflokin pigments
were pertieslly oxicized by the ecuition of E202. However,
from the results in Teble &, it can be seen thet the aged
solutions of ryoglobin were oxidized nuch rmore resdily
th.an fresh preperstions.

lieat extrzcts gave & positive test for peroxidese

using orthorherylene diemine (O+FeD.lLs) irdicator. To
further verify the evicdence of peroxildese, KCN, which is
kriown to inhitit this enzyme, was acded to the extract
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and compered to en untreated control. It wes noted thet
es the concentration of the LCi. increased, tl.e peroxiaase
activity decreased. Wren compared to a heat-inactivested
control, Ll completely inhibited the hect sensitive
activity. Fotassium iocide plus sterch, benzidine, end
gum gueizc 2ll fasiled to give & positive reaction for the
presence of E /O, in or on steeks whose pigments were
uncergoine oxidetion. Thus the presence of peroxicase tes
been shrown, tut no free E-0, could Le detected. Iowever,
any Eo-0p produced would prcbebly be very fleeting due to
the presence of cetslase in hLigh concentrztion. Therefore,
it is rot likely thet the tests usec¢ zre sensitive ernough to
detect the level of H 0, which misht be present.

Effect of Glucose Oxidase

Glucose oxidase wi.en spplied to the surface of steaks
wrapped or unwrapped, caused the formetion of metmyoglobin
within five minutes a2t room temperature. However, the
discoloration resction did not stop et this point tut pro-
ceeded to tlie choleglobin stege. Lefrigerstion did not
stop ti.is reaction though it was somewhzt slower then &t
room temperature.

A second triel using dilute solutions of ;lucose
oxldase proved that tris enzyme preperation could oxidize
the surfece pigment of steaks to metmyoglolin witiiout the
formation of choleglobine The results in Teble 9 &lso
demonstrzte thet the heat-treated glucose oxidase weas
inactive. This woulc incdicete that oxidation ceused by
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glucose oxicese wes enzynatice. K202 Lhec 1o effect on the
surface pigrent of steaks wiern acaed slore or in coi.-
Juniction witii { lucose oxlcese inectivetec bty rezt.
orperin; the erfects of 1..0,, ¢lucose oxldase end
peroxidese on oxymycgloiin solutions (letle 10), it wes
okserved theat 1202 ccusea some oxiceticn tut wes fer

less sctive tien cilute ¢lucose oxidese. 1ne fact tlhet
heeted ¢ lucose oxidese wes ective woula su;gest thet some
of the activity of tlhe unhestea seniple wes nonenzymetic,
but tie aifference in activity was greet encugli to siow
the enzyue systen cila ceuse cxlcetion of oxyuyoglobimn,.
Glucose oxidase wi.en iore concentreted czused tne forma-

tion of clholeglotirie

Lffect of Feroxicese

Peroxicese was otteined by filterirg e comierciel
unpesteurizecd Lorseraecish rrepsretion., Feroxidese ecced
to the surface of fresh stesckhs cecused no ciscoloretion,
nor cid Ce3,0 solution of ﬁ202 et room tempereture. lLow-
ever, vhen sdded togetlier the stesk surfece turned brown
within 10 minutes; enc efter holcing et 4“C. overnight,
tlie brown pi.ment beceme a green-brown color. E202 added
to stea.s previously treatea with peroxicase turned trown
glmost imecicstely.

It wes noted thet some ronernzyneatic ozication tekes
place on steeks. Feroxidase solutions inactiveted Ly heet
still csused soume surfece oxidetion when used in con-

junction with EzOp, but the reaction wes slower then thet of
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the active preperetion. Tile ronenzymetic resction wes
shrown to luterfere fer nore gfrec tly in myo, lobin
solutions, ccusiug repic oxidation (Tlatle 10).

Effects of Co Tensiors

Stesk surfece Fi, ments

A series oi experirents wes designed to show thlie
influence of different orygen levels on tle color chenges
of both iroculetec end unirioculected stegks. In the first
experiment estmcsplieres used were oxygen, nitrogen, end
eir. The wrepyed stecks were placed in desicceting Jers,
a vecuum cdrewn with & water aspireter, anc the jers
flushed with the geés to te usecs Thilis process wes repected
thhreec tinese.

The results of tiis stucy ere presented in Tatles 11
enc 12, The steeks leld uncer en oxy,en stmosphere ce-
veloped a trighter color (lower incdex of feding velues)
end meirteinred it longer then the stecks held in eiry
however, inoculstion with Ps. geniculete grestly reduced
the time necessery Ior ¢ color clicri;e to occur in both
eir énd oxygens The steeks in the nitrogen atiiosphere
never returried to e bri ht red, tut remeired derk red
until discoloring further. ThLe uninoculeted group held
in the N2 etmosphere developed a trown color and high
metmyoglotin percentege. This mey have been the result
of & low resicual oxygen level in this stmosphere. The
failure to otserve & trown color or & high metmyoglobin

percentzge in the inoculeted group uncer ritropen was
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probelly cdue to the repid utilizeticn of resicduzl oxygen
bty the tacteric.

To get furtrher inforrnetion orn the influence of
verious oxygen levels on fresh meet color, & mnore com-
prerensive experiment wes designed. 1his involved
storirg prepsckezcea nest et verious oxyger. tensiorns.
Control stezks inocule ted steahs, enc stecks treated

with cell-{ree extracts of Fs. gernicilcote were stored

under escnh etrosrhere, Tle stnosprheres were obtesiied
in vacuun cesiccetor jers Lty pulling & vacuun with a
"ni-vec" pump, rieesurirg in the desired oaxygen pressure
by the use of & nercury nenometer, enc btringing the
interrnel pressure Lecr einospheric pressure with nitrogen.
Visuel olservatioi.s ol color were mace curing the lz;deys'
storege uncer refri;eretion. Cbkservetions of tle control
enG inoculeted g¢rours of stesks ere slown in Fi,ure 12.
A11 stecks Leld in thc etsernce of 0, turned purple
within 1-1/2 hours euc remsiredé purple tlrou.hout the
experiment.

The steaks 1.eld &t 10 rm of 0. demonstreted sone

2
differences as to trestments. Tle uninoculeted stecks
begen to derken within 12 hours, and et 36 hours bececme a
definite trown enc rermeined brown. The steecks which
were inoculected turned derk red immedietely, end after

24 hours teceme purple without the formetion of & brown
picrents The steeks treeted with the intrscelluler
erizymes gave results similer to the lnoculsted stecks,
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but before turring purple, browning wes observed.

Tre inoculsted steaks end those trested with the
enzyme preperction held et 75 mm O2 geve results similar
to tiose obteined et 10 rm O,; Lowever, discoloretion
ceused bty the enzymes wes less pronournced. 7The
uninoculated steck wes ¢ btright red up to 2 hours end
then beceme a c¢ory Ted turning brown within 6 deys end
firelly tegen to turn purple after 16 dayse. It should
be noted trs:t up to this point only the uninoculeted
steak held at 79 mm 0, wes briiht red initially.

Iroculeted stezks held et normel ctmosphere tegen
to dsrken within owne hour end within 24 hours turned
purple. The stezk treated with enzymes demonstreted a
slight derkening for the first 2 hours, tut then returned
to a brizht red. GSubsequent discoloretion of the stecks
trected with enzymes wes probetly aue to bacteria end
not to the ewnzyne preperation rer se. hesults of the
enzyme-trested steck were similer to the results of the
uninoculated stesk except for trhe initiel dsrkening.

All the stezxs in the oxygen etmosphere were very
bri . ht reda for tie first few hours. The inoculested
steak was first to discolor, heving a2 brown periphery
end a dark red center ty 24 hours. A4t 4 days the stezk
was pertizlly purple, ena efter € cays it was ell purple.
Tlhe steak trested with enzymes enc the uninoculzted stezk
begen to discolor efter 6 deys, probably cue to bacteriszl
action.

El






Two experinents were coupleted in cdesiccetor jears
testing tl.e effects of lodoacetete, esureomycin, enc nCh,
In the first test, steeks wrapped in L.SCAT 80 cellophane
were used. In the nitrogen etmosphere, zll stecks turned
purple efter 2 ceys end remncined &s sucl until the ex-
periiient termineted. All ti.e stecks wlich were exposed
to en eatmosphere contelning 10 mm C,, except thet treated
witn KCh, begen to turrn btrown at 3 deys and remeined
brown to tre tenth day et wuich ti.e trie steahs lLeczme &
mixed brown-purple color. The stezk treated with nCL
begen to turn purple efter 3 deyse Tue surface pigment
of the steck trezted witn LCwn was coimpletely reduced
after 9 deys, Lutl et no time was tihie btrown color of
metmyo, lotin observed. Cteaks exposed to 75 i O2 beczue
red upon refrigerstion, but rot tre tright red thet wsas
observed on stecks held et normael or complete oxygen
atmospheres, 1.e control steek was first to ciscolor.
Iodozcetate zfforded etout 1 day of color preservation
end the zureomycin stout 4 days as compered to the control,
Tlie hCh-trected stesk reteined its red color for ebout e
dey longer thien trhe zureomycin-trected steck and then bte-
ceme & cGerk red end finelly purple. A4gein, 2ll the
steaks except thet trested with KCii became brown before
turning purple.

The color chenges observed with stesks held et
normel strosphere were similar to tnose ield et 75 mm 02

except thet the initial color wes tright red. OStecks
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hield in en ztrnosyliere of oxygen retecired tle bri; ht red
color 3 deys lorger then €t normel ztmosphere. It wes
e¢lso noted thet these sterks turred a2 purrle color with
only little evicernce of netmyoslotin formstion.

Thie verious becterisl irhibitors cid slow sowe
color retention, tut only et etmospheres conteining high
emounts of Oxyters In an stnosphere of ell h2 end 10 mm
O,, they were irnective. It should Le roted the t et no
tine was the formetion of metmyoglotin clesrly cefined
on trese steaks trested with hCLv exceprt in en ztmospnere
of 11 oxygen.

The eltove experiment wes repeczted usirg steaks
wh.ich were ot wrapped. The hClh treatment was omitted.

Th.e results were similer to trose of the previous experiment,
From this informetion, it eppears thet the oxygen
present ¢t the steek surface plays en importsnt role in the
rate of discoloretion. &t lower oxygen tensions (10 um 02),
metmyoglolin is formed within 3 ceys witile et higher oxygen

tensions (nornel) metmyorlotin is not produced until the
fifth dey. It would esppeear thet 2t the lower oxygen
tensions tacteris pley only & small pesrt, if any, for the
acdition of bactericl inhititors (exclucing LCi\) does not
slow down tle metmyoslotin formetion. &t Ligher oxygien
tensions, nowever, the oprosite is true, that is, becteria
do pley en importent role in metmyoglotin formation for

the addition of tecteriel inkititors, especielly

€6



aureonycin, slows cown metmyo;lotin formetion
considerably.

To chneck the effect of temperature on trese color
changes, steaks wrespped zrnic unwrapred, with and without
the aduition of ioCoascetete were placed in estmospl.eres
of 211 nitrogen, ritrogen plus 10 mn 02, ritrogen plus
75 mm 05, normel, and all oxy:en. OStorzge wes at room
temperature.

Steeks in the nitrogien atmosphere heczme purple
imu.edisately end remainea so turough the experiment, In
the other ztmospheres browning occurred within 2 cays.
The steeks held in tie normel and ell-oxyger. atmospleres
aeveloped a larye emount of metmyoglobin es ¢id the un-
wrepped steeks and the stesks treated with iodoacetzte
held at 10 mm 02. The other steaks turned purple with-
out becomirg a definite brown. Tnus, &gt room temperature
the formetion of metmyoglotin was accelereted, btut the
reduction to myoglobin wes eglso accelercted. In the sll
oxygen atmosphere, stefks were ell trown at 2 ceys, while
at refrigereated temperzture no cdefirite browning could be
observed. Iodoacetate cid rnot decrease rietmyoglobin
formation, but in ell cases ternded to increase 1its
formetion,

The second experirent in thils series weas the same
as the first except thet verious oxygen levels were

obtained bty crawing partial vacuums in desiccating jers.
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Consideriig thet eir cornteins eprroximetely z0, oxygen,
erd krowirg tle barowetric pressure, & vacuum cen be
pulled to the point where the ges left in the cdesiccetor
jer would cortein tre smount of oxygen desired, (For
exsmple, if tre berometric pressure is 740 nm of mercury
end & vacuum of 64C mm of mercury is drawn, 100 nm of
ges would te left in the Jer of whick 20, or 20 mm is
oxygen.) hesults indicate th:t st room temperzture
metmyoglotin forietion proceeds &t & meximum rete nesr
an oxygen tension of 20 mm 02. Apalin, steaks trezted
with lodoacetate tended to form metrniyoglobin more com-
pletely excert in an etmosphere conteining 20 nm 02
wi.ere all stezks beczme brown ebout tlie seme time,

Thie trhird experirent in this series was underteken
to test the effect of Ps. geniculete on stesks held in
pertiel vacuum with verious oxygen levels. 4gcin
various oxyger levels were ottained by pulling pertiel
vacuums in desiccetor jezrs. 411 the inoculsted steaks
at the verious oxygen levels turned purple within one-
nelf hour snu remeined purple. Tne uninoculeted stecks
exposed to oxysen levels of 20 mm ena 40 mm demoustreted
some browning on ti.e second ena ti:ird dey, tut the rest
of the steeks turned purple without trowning. Es.
geniculsate liastened the formation of tihe purple color
&t 20 rm O,, 40 rm Oy, end €0 rm Oy end hept the pigment
of stezxs in the reduced form., The piiment of the
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uninoculetec steiks wes rpertieclly oxicized to metrnyo-
¢lobin refore leirng entirely reducec to myoplol il

It hies been shown thet et recuced etiospheres
especizlly ¢t atuospheres counteining 10 nm O2 ti.e forma-
tion of netuyoglolin from oxymyogloiln on stecks is
accelersteds 4Li.1s occurs evern wl.en the tecteriecl in-
hibitors ezre sacded, but it wes not krown 1f all the
tecteriec lLed teen innitited. Thie following experinment
wes concuctea to see if metmyogloiin could te procuced
on pieces of meet without bactericl g¢rowth by reducing
the amount of evaileble oxycene To eccomplish ti.is,
rieces of nezt were extracted bty sterile technioue,
placed in sterile petri cishes, fnc in turn plaeced in e
sterile desiccetor jer et which time petri cdish covers
were renioveds Each jer contecined three rezt samples.
The verious oXygen tensions were obteiied Ly sdaing
mixtures of h2 end O2 to the Jjsrs efter tlhey Lad been
evacuated. All gases were run through a sterile glass
wool filter to keep concitions witkin the desiccator
jers free of microtisl growth. A4ll jars were refrig-
erated. Hhesults (Tatle 13) shlow thet at reduced oxygen
tensions ti.e plgrient of nuscle tissue cen be oxicdized
to metnyoglobin within 36 hours without the presence of
bacteria. OSpectropi.otometric erelysis es well as
visual observations bteers out tihis facte The rete of

metnyoglotin formation wes essentielly the szme at oxygen
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tensions of & mm, 10 nm, 15 mm, end 20 rm. Eecterial
counits mede vy plating with tryptone glucose extrect
ager (Difco) Gemonstrzted no significent growth,.

4 second irvestigstion (Tetble 14) wss rerformed
using & wicer renge of O2 tensions compering excised
tissue to asepticelly hendlea Leefl steaks. hesults
si.owed thzst stesks cld r.ot react to the verious
atmosyphieres es readlily es the excised tissue. 4t 10 mm
C, end 25 nm Op the excised tissue turred trown within
48 hours, enc the stesks c¢id not Ltecone entirely brown
until 96 hours &zt 10 mm 02 erd 120 hours &t 25 nm 05
The lmporternt thirg is, lLowever, tliet the stesks did becoue
brown without thlie presence of & significent number of
bacteria., 4t 50 mm 02 the stesk turned brown efter 1Lk
hours while the excised tissue tegizn to turn trown et L8
hours. Counts indiceted that the tissue was without
tacterisl growth, end the stezk had insignificent numbers
of bacteria gresent et tie tiie of trowning. However, the
stezk held under & normel atmosphere enc et en atuosprere
conteining 75 mm 02 beceme trown efter 12 deys' storage,
end counts revealed Ligh numters of becteria (1 x 108).
This would indicete that the discoloration wes ceused by
the bacteriz. The excised tissue beceme brown, but after

only 6 deys.
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Muscle Pigment Extrzacts

The importance of cxygen levels end tacteria on
discoloretion of fresh prepackeged and unpackeged beef
steezks hLeving been demonstreted, it was thought theat
further irformetion could te obteined by subjecting
oxymyo; lobin extrects to verious oxygen levels with the
ecdition of bacterial suspersions end various bacterizl
inhibitors. The oxymyoglobin solutions were plzced in
Thunburg tubes, sznd the bacterial suspension or bacterial
inhibitor wes placed in the sice erm of the top of the
tubes, The top having been put in plsce, a vacuum was
pulled with 2 vacuum pump. Various oxygen levels were
obtained by pulling partiel vacuums or by pulling a vacuum
and readmitting verious oxygen ané nitrogen mixtures. Ee-
fore removing the Thunturg tube from the vacuum system,
the top was turned so as to close the internsl ges system
from the externsl sir. Chsnge in pigment was determined
spectrophotometricelly., All of the Thunburg tubes used
were of the szme optical nesture, i.e., at 2 given wave
length the tuies filled with water gesve similer opticel
density velues., Also, before tris method of pigment
measurement was used, its accuracy was tested using myo-
glotin solutions trected with sodium hycrosulfite end
potassium ferricyenide. Sodium hydrosulfite recuces the
pigment to the myoglobin form, and potessium ferricysnide

oxicdizes the pigment to the metryoglobin form, Excellent
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results were olteliied in Loill coses.

Oxygen tensilon wes found to heve only e slight
effect on inoculated pigment solutions; thet is, oxypen
tensiors from nesr zero to 150 1w geve conpereble results,

Leker's yeast uluer etiiospreric conaitions ceused
little or 10 cienge of tie plgient oaynyoglobin, Lut at
& particl pressurce of 10 rm 02 thie yeest erperently Lad
chenged about €0 of tie oxli.yoglobin pipuent sfter 2
hourse Tie piguent rixture wes found to contein the
folloving reletive percenteges: 27, metryo.lolbin, 5hy
myo.lokin, end 19, oxyuyogloiin. Glucose (Cl.l,.) was
eaded to tie piguent solution to enlience the metelolisnm
of the yeest cells.

Cxyeen tension hed ro effect on pigment solutions

inoculeteu with Fse peniculzta. T1lerefore, en attenpt

waes mace to see if recuced oxygen atuosgheres had eny
effect on "sterile" pignent solutions. £ureonycin wves
edded to tre oxymyoglobin solutions in en ettempt to
renaer them tacterie free. The solutions held et verious

oxygen tensions from 1C rm O, to rormel etmosphlere

2
demonistrzted no essenticl cifference efter 3 nourse. Lech
solution wes corsicered becteris free for ro tectericl
growth was observed wlhen 1 ml of esch solution wes
pletec cut in TGZ sper enc incuteted for 1 week,
These cete would tend to minimize the importence of

oxygen tension in the reacticn of ozywyoglobin telrng
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either redauced to r.yoglotirn or oxicized to met .yo.lobin
with or without tlie z2ic of becterla. Iowever, an
equilibriunm between the ges rliese zra ligulicd phese with-
in the Trurlurg tules ney rot Leve been resclieas Ti.is
agifficulty was pertielly ellevictec Ly placing the tubes
wrepped 1n cl.eesecloth on & cheker tetween the rescings.

An oxymyoglolin solutilon conteinirn, cells of Fse. gerniculete

was comperc¢ Lo oxymyo:lotin sclution conteining
aureonycin (10 ppuw) to inribit microtizl growths The
solutious were plecec et oxnypen levels of C, 5, 1C, &and

20 rm Ope  kResults in Tatle 19 ircicete thet as the oxycen
levels zre lowered, metrnyogloiln end myoglorin formetion
is increased in toth lot 1 (esureonycin trected) end lot 2
(iroculeted). In en atmosphere corteininrg no oxygen et

40 minutes, toth lots corteined €0, myo.lokin end metmyo-
g¢lorin gt ¢ retio of 2:1l. In the reauced oygen
strospi.cres (5, 10, erd 20 nm C,) there is essentially ro

o)

cifference in metnyoglolin formetion tetween lot 1 enc <;

P

liowever, tl.e orgenisms in lot £ incressed the myo.lolin
content sulstenticlly. 1his would incicete tlet the
bacteria czused en increese in tlie reduction of oxymyo-
glotin tut hed rno significent oxidetive alility under
these conditiors. Further deta at O, tensions tetween
20 nm 0, and normel demonstreted results similer to
those otteziried &t normel O2 tenisionse

Pi:ment chen,es of oxymyoglolin solutions ccused

by recuced oxygen tension enc tscterie ere slowed cown



by refrijersticn (4°C.), tut ere ot ini.itited iy it.

4t 4°C. Fs. gericul:te ceronstreted greater ;ignent
reducing end oxidizing elbility in e pertviel vacuun then
et nermel ethosprieric corcitions conyperea to uninoculeted
piiment corntrols wiulci were su:. jected to tne seme con-

Gitions. & Cey wes reculrea for the celils of Fs. pericileta

to clhienge &0, or more of tie pi, nernt from oxymyo,lotin to a
Lixture of tyo.lolin enc :.etiuyo.lotin., Cnce nore thre
ratio was giout 1 pert netmyo,lotin to 2 perts nyoploiir,
The two pigient solutions treated with sureonycin
demonstrzted 1o myo, lolin fornetion efter 12 ceys, yet
the sample 1eld in & vecuum conteired €l,, metryogloktin,
endé thet Leld =t roruel etuospliere cornteined €€,

netnyo; lotine &t 3 weens th.e meesurcnents inciceted

90,, ené 71, nietryo,lotin respectively. Lo nyoglolin wes
observed., Fleting in TGL egger cemonstreted ro growtl,
This would incicete tlet retmyogloiin cen te rrocuced

in extrzcts without btecteriel ectivity. Lowever, tle
role of sureorycin in the rezction (s) is unknown.

Effect of Litioxidents

Three seaiples of entioxicents from the Griffithn
Latoretories were used: G-4 conteinin, vegetsble oil,
lecitiin, propylgellete, end citric escidj G-19 con-
teining vegeteble oil, lecithin, tutylested hycroxytoluene,
propylgellete, citric ecicd,y enc tutyleted lycroxyenisoley

end G-16 contsining vepetstle oil, moroglycerices,
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butyleted rycroxytoluere, propyliellete, citric ecig,
enc tutylstec lyaroxyenilscles £11 were in liquid forme.

Three sciples from the Zestien Ciesicel Products,
Ince wore glco useds Tenox I1, & liculd, conteired
tutyletea L, croxyesnisole, propylgelleste, citric ecid,
erid rropylene glycols; Terox LiIld, crysisls of butylated
nydroryarniisole; end Tencx PG wiich wes rropylgesllete
crystclse

Tiie tnree cemples from trhe Griffith Lztoretories
were carx solutions, sna 1liitielly sli; ktly :.ecked the
rea color of the ne te 411 3 geve similer results in thet
ti.ey cecused urinoculezted f{resh yrepvecucied teef stecks to
c¢iscolor etout 3 deys before control steckse. The treated
stecks tecane irovin (netuyoglolii) :¢rnc redsiliea brown for
etout 2 weeks beiore turnir, purple (myo;lotirn). Tle cortrol
stezk turned Lrown (netivo, lolir) 3 ceys lzter tlen thé
trected stecks, yet it remecirea lrown oriy e cdezy tefore be-
coming pertielly purple; within 2 ceys tie surfece plerment
of countrcl stea s was conpletely recucec.

Tenox II geve results similer to the triffith
procucts, tut vi.en tire solution wes first zcced to tle
meet, & 1:ilk-like precipitete formed.

Teriox FG end Tenox LIA cia not fully cissolve, enad,
therefore, = portion re.cined es viite crystels on tl.e meet

surface. Terox PL geve similer results to the Griffith

G&



procucts, ie ee, Lrownin, efter > Geys ¢nc preserv:tion
of tr.e trown cclor ior elout Z weense Tenox LI A geve
slisltly cifferert restltse T..e stezk trezted vith
Tcuox Lié ¢id rot turn brown until efter tie control
steca, 1ut it reteined tlic trown cclor ior e longer
rerioc ci tiie ticrn trhe control steesne Lowever, tre
rigrnent of tie steeh turned rurple siout & week before
tl.e otiier entloxicdent-treetec stezgkse.

411 of tle zntloxicents used slowea cown the initisl
rate of ciscoloretion of steexs iroculeted with Ps.

gericul-te; Lowever, lie stecss treetec vith the enti-

o>ldents retsired the trovn color of ietiyo_lotin ior s
longer period of time trrn cid tic iroculzted cowntrol
steck

In perersl, tie cntiozicents usec clc .ot celey tle
formetion oi retmyo,lotin, tut cfter its formetion cig
tenc to rneep it from belrg recducea to uiyogloline.

4 1, solution of sociun isoescortete wes co! pered
to a 1,0 solutiorn. of sscortic ecic es eppliec to the sur-
faces of inoculstec crc uninoculeted steiks. DLata
obtserved 1..clc:ted tl.et reitl.er solutiorn hiad eny erperent
effect on ti.e tacterie present uor oun tie ,» retuiyo lolbin
forrmec. The ascorliic ecic solution ¢ic slow down ais-
coloretioin of toti tle inoculeted cunc uniroculsted stecks
sonewnzt, tutl socdiun isoescortete wes ineifective.

Co.perir: tie results obtelred on uninoculetead
stezks trected with 1, solutioir of icoescoriic ecid era
e 1lu solution of =zecoriic ecic, it ves olcervea thet

1918
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there wes no significent difference in regerd to becteria
counts encd ,» metiyoglotin rorrmeds IZach denonstrated some
cclor rreservstion. Otezks which were inoculated end
treated with the two entioxidents gave similer results, tut
the color preservation wes less rronouncede.

The epplicetion of 1C, sodium ascorbete, 10,0 sodium
isoascorbste, or a mixture conteining 55 sodium ascorbic
end 5% &scorbic acid sppliec to steeh surfaces resulted
in no firnal color preservetion znc initially ceused s
slight discoloretion wricn remeined for zbout ¢ deys. Ten
percent ascorbic zcid when applied to & steek surfece elso
caused this initiel discolorstion (slight dark red) which
remeined ebout 2 ceys bul resulted in color preservation
of 4 deys beyond thet of the control.

Effect of Ascorbic Acid znd of g kixture of Ascortic

aAcid enc sodium hicotinate on the Color of
Prepackaged Stezsks

A series of experiments were run compsring the effect
of 14 ascorbic acid (A.A.) solution snc & solution contain-
ing 8, sodium ricotinazte (Neleo) endé 2, Le.A. on the surface
pigment of meat. Visual observation, index of fading, end
bacteriel counts were performed on the treated steaks end
on untreated stezks after various storage intervels.

The results of these studies are presented in
Tatles 16 znd 17. It was obvious thrt the Nele plus L.l
mixture resulted in a brighter red color initizlly end

maintsined thiis color for a much lornger period than that
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of either tie control ;roup or tle &Lohe trezted group of

stezskse Ti.ls wes true even vi.en ti.e stecks were iroculsted

with, & susyersion of Fgoe penicul-tz (rige 13)e Lo effect

of the trestrents orn tie bectericzl ¢ rowtl. wes evident.
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COMPARISON OF THE EFFECTS OF A MIXTURE OF

ASCORBIC ACID AND SODIUM NICOTINATE ON

INOCULATED AND UNINOCULATED PREPACKAGED
BEEF HELD AT U°C

e = = = <= Inoculated
om=o=—=0=— Mixture
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believed thzt they were inactive in tris reaction. As
the temperature increased, tie maximum rete of oxidation
was found to occur et righer oxygen tensionse. These
results egree with those of Erooks (1931, 1933, end 193&).
leving shiown thet oxidation occurred zt lower oxygen
tensions, two possitle mechanisms were postulatede. Ioth
were based on the theory thst bacteris cause pigment chenges
by lowerirg oxygen tensions. It 1s possible thet at a
critical point oxldation occurs, but on further serotic
netabolism the availsble O, is lowered still further &and
results in a strictly physiochemical pigment recduction.
In short, tiis simply involves either a physicel or

biologicel limitetion of O, which results in nonenzymestic

2
pigment oxidetion or recuction degpending upon the degree

of limitetion. The second possibility is thet the pigment
is enzyrieticelly oxidized at the reduced O2 tension, At
reduced oxygen atmospheres the activity of the cytochrome
system of toth the bacteriel cells end the mezt tissue

would be greatly reduced while the action of any flavin
system present would rot te so greetly reduced, Thus, one
might expect an accumulation of H202 which in the presence
of peroxidese would oxidize the pigrent.

Sodium azide end potessium cyeznide poison the cyto-
chrome system but have no inhibtitory effects on flavin
systems.s Thus, if there was eppreciatle flavin enzyme
activity in either cells or neat tissue slices &t low oxygen

tension, either Nal3y or KCh would rot inhibit respiration
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Tr.e results slicw corclusively th-t bacteriz lower
tre orygen tension at the surfece of stesks, enc the
lowerir; ol oxygen tlersions results in tie discolorestion
of tre steshss, lle tyre of rpig:ient cierge which cen tLe
observec cerercs upol: tie rete of free oxygen rerovel from
ti.e surfcce eree; i.e., slow recucticn of oxygen tersions
resultec 1r ;igrert oxicetion, encd tast recuction resulted
in pigrert recuction. Yre pisrert of mest tissue wes
fourc to te oxicdizec at reduced oxygelr tension (10 e to
50 rm g e) witlout tre presence of ltecteris. lierefore,
it epresrs thiet tle rein function o1 trne becteria is to
lower tie o.ygen level, erc tre pigrent is thern oxicized
or reduced either bty ron-enzymetic or ernzymetic reesctiomns
wnich mey occur in the zbsence of nicroor;enisms,

& study of tie possible nechenisms involved in pigment
oxlcetion cemonustreted tlhct tliere vwss ot a high ectivity
oi flevin crzyrne cystem et low oxygern tensions resultirg
in the formetion of L. C, elther witi cells of Fs. gericuleta,
teef ticsue slices or homogenctes, Cetelese enc peroxicase
ectivity was s..oun 1o exlst 11 reet erc lieet Loiogenctes.
Ilycrogen peroxice (Ce. o) wes esseintielly unetle to oxidi:ze
tr.e pignent et tie surfece oi Iresh beef stecks, or
oxymyoi lobin soluticns olteined from fresn mest; lLowever,
wl.en acdded to &.ed stecks or ozynyogloiin solutions from egec

Steaks, oxicetion wes epperert, ULilute glucose oxlicese lied
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