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INTRCDUCIICN

The color of lezn beef is an important ractor in the grad-
ing and salability of veef carcasses and cuts. Tne range in
beef color is recognized in the retuil cuts by the counsumner,
and his preierences are pro,ected into itne stazadards tor grzdes.
Tne following expressions coiceraing beef color are frequently
used: derk pink, very li_nt caerry red, li.nt cherry red, slignt~
1y dark cierry red, moceraiely dark cunerry re., dursx redy and
very aar< red. Thnese desciigtive terms are diificult to apyly
vecause dirferent individuals may Lnave varied co:mceptions of thne
color described. Tne developnent of an ocjective color .easure=-
nent ithat could be appglicd to meats reseaxch w«nd wlso to nezat
grading would elizinate dilferent coiceptions cof meat color,

The color of freuin neat is subject to chaiyse. Unaer con-
ercial retziling, d-scoloration is the m&jor factor in deter-
mining tne snelf life of jrepacka_ed meats. The Production and
Marketing administration of tne United otates Department of
agriculture (90) states that discoloration of red .ieats is ac-
ceilerated by hizh tewmjpercturc, too much moisture, and too much
oXygen. To help prevent discoloration, this report (50) su_.ests
a "blooming reriod®* of 15 to 30 minutes between cutting and
Wrapping. During this period the desiraple brigiht red color
develoys and excess free liguid waich cecuses unattractive wppear-
ance is removed.

Consumers arc very critical or meat color and discriainate
against meat cuts that show discoloration. Lramer (2o) found

that 10 per cent of the pacxages preseunied for sale duily in self-
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service ezl counceis We_e rewlra..ed LaCuasesS. 10c leport of
the srodiction and lerKelinly adainistration (50) states tuat
¢ .er ceut weie rewrcpped. The mujor cause Ior resoval and
rewrapying of pacxages wus Qiscoloratioiis ThLis o.ie cause
accounted for <o per cent of the pacizges reworked.

iethods for jproioting sid .ul.talning desiracley o .peal-
ing color in self-service meul packases would minitize rework-
ing and incresse saies,y, for in seli-service, eacil ackuge is
118 own sulesiiali.

..any custo:iers nave eaerly accepted prepackaged ricate On
A;ril 1, 154c, there weie 170 stores oifering 100 per cent self-
service (45). Taree years laier uihere were 3,97z stores (zo).

Humerous surveys nave been nade to find conswacr aund re-
talier reactions to preguckaged neatls. Tnese studies Dy anony-
mous (c94,0,7)y Kraner (z9,26), Raata (4z2), Teitelaan (47) and
the United Jstates Departucut of agriculture (49) nave snown
Lhatl wost store o,erators ex.erienced aa imniediate increwse in
sales af'ter cconvertin_ to self-service ueat retailing, not only
in .eats, but also in other items. Uaturally, these operators
were in fzvor of prepackaged weatls. ravorable comaents made by
consumers co.cerning prepacked self-service .neat retziling were:

1. They could sior quicker as tnere was no waiting.

2. Tne weizht and total price were given on tne packages

and ihey could purciiese to suit the housenold tudget.

3. They could ex:..ine the meut more clcsely «nd Know

Just wnat they were buyinge

The ressons some conswiers éid not prefer prepac<u_ed neats weres



l. Tney wanted iue advice oi the butcher.
ce Thney preierred to see the meat cul, .ecause they did
not know how long rrepackaged meat nad ween jackazed.

3« They rreferred to see both sides oI the neat.

This new :i.etnod gave rise iwaediately to technical problems.
Several tecanical studies nave sought soluticns for these.
Weismen aad Hegen (97) puclisned a zuide to retzilers wno were
considering co.avertin: to prepacsaged -eat. The United States
Departnent of Agriculture Production and .arketing ..dministra-
tion (49,5C), =. I. duPont de iemours «nd Comgany (3), aArmour
and Comgpany (9) and otuer ageancies have puvlisned several re-
ports on technicel probleuis. Baxker (o) and Gilchrist (lc) have
presented reports of similur yroblems. aAllied industries, such
as tae paper companies «nd seltf-service refrigerated case anu-
facturers have done a cousiderable arount of rescarch work.

Tne esperiment stotions of llichigan, iiissouri and wew Jersey
nave been enzazed in coo.ercative studies. =Results of these
studies have been published by Chamberlain &nd Bratzler (15),
Gowland (19), and Voegeli (5z) of the lichizan station and
Rikert (43) of the New Jersey station. Few of these studies
have emphasized tiie color chansec 0f fresh meat.

since tne color or meat hes been shown to Le ol great
importance, the followirny study ap.lies disk coloriumetry ia
wne ob,ective nieasurement of beef color. Color chalges as
aifected by various treat..ents were investigateu usi..g ihis

i;ethod.



ReVIZH OF LITonaIUis

In reviewing tne literature on tne color of meat, it
immediately becomes apparent that regorts dealing with color
changes of meat as such are scarce. Considerable work hés
been done with solutions of hemoglobin, one of the meat
rigments. Kennedy and whipple (23) made a study to determine
if there was any significant difference between blood and
muscle hemoglobin. Tnese authors found that muscle hemoglobin
was almost indistinguishable from blood hemoglobin. They
found evidence that the pigment fraction of muscle and blood
hemoglobin was identical but that there were differences in
the globin fractions. ©Spectrophotometrically, the two are
quite similar. Many autnors have made no attempt to
differentiate blood hemoglobin from muscle hemoglobin. It is
thought that the reactions of hemoglobin may be applied
toward an understanding of meat color changes, since hemo-
globin and muscle hemoglobin, usually called myoglobin, are
similar in their reactions and the latter compound is the
chief pigment of fresh meat. Tne term hemoglobin will be
used to include both blood hemoglobin and muscle hemoglobin

in this review.



A. lethcds Usea to .leasure Color

~eference hus been made to botn subjective «nd opjective
methods of color measuresent.

Zamsbottom (40) used a comaittee of three Jjudges to rate
the color oi veef wnich had veen stored. An arbitrary scale
from 1 to 10U was establisned, 1 teins extre.iely poor and 10
excellent.

Kraft and Wanderstock (z4) modiried the strictly sub,ec-
tive method by matcning meat color with (luncell color panels
(meat scele A). The punels were used &s a standard and the
gradin, was on a scale 1roa 1 to 10 in order os increzsing
darkness.

Nickerson (39) has stated tnat ii & standard thet
actually matcnes tne project can ve estavlisned, color punels
or charts are of'ten useful. Ridgewwy charts, .aerz and Foul
Dictionary of Color, a«nd llunsell charts have all been used for
this purpose.

Opjective color measurements have been nade using spectro-
photometry, colorimetry, and more recently, the Hunter Color
Difference ileter.

1. Spectrophotometry - Tne color sy e ucasured

indirectly oy specifying thne stimulus, completely
or partially, in terms oi reflectance or transuittance
at each wave length in the visiple spectrum.

¢« Colorinetry - Color may be matched by the use of

secougdary standards such as 1ilters or disks.
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3.

Hunter Color Difterence Meter - This instrument is a
tristimulus colorimeter that measures color on three
scales:

L scale - visual lightness.

a scale - reaness when plus, gray when zero,
and greenness when minus.

b scale = yellowness wnen plus,y gray wien zero,
and bilueness when minus.

B. Metnods Used to Express Results of Color lleasurement

Nickerson (39) has listed three methods of color notation

which are widely used in reporting color measurements.

1.

International Commission on Illumination method of
color notation - The results of instrument measure-
ments are reduced directly into terms of the standard
observer znd coordinate system of colorimetry. The
data are expressed as the absolute (X,Y,Z2) and
fractional (x,y,z) amounts of taree imaginary red,
green and blue lignts necessary for an imaginary
standard observer to match a given sample under a
given illuminant.

Homogeneous=Heterogeneous liethod of Color Notation =
In this method of color notation the results of color
measurements are reduced tarough conversion from
I.C.I. notation into terms of the homogeneous-
heterogencus system in which a mixture is made or

calculated for the amount of spectrum light of a

b=



homogeneous nature and the amount of heterogeneous
lignt needed to match a given sample. Luminous
reflectance or transmittance is measured separately.
The wave length of the homogeneous light needed to
match the.samyle is called tne dominant wave length
of the samplej and the purity is the relative amount
of neutral lignt needed to desaturate the homogeneous
spectrum lignt to match the sample under a chosen
illuminant.

3. wunsell Method of Color lotation - This metnod may be
used directly if measurements are made by comparison
to Munsell charts, or it may be used indirectly by
converting I.C.I. notations into ilunsell notations.
Color is expressed in units of visual difference of
three psychological aﬁtributes; hue, lightness, and
saturation. Kesults are expressed in terms of color
order rather than color mixture and ailow an inter-
pretation of results directly in terms of the visual
qualities hnown in the Munsell system as hue, value
and chroma.

Munsell hue is that attribute of certain colors in respect

to waich they differ characteristically irom a gray of the same
lightness and which permits them to be classed as reds,
yellowsy greens,y blues, or purples. The Munsell circuit is

divided into 10 magjor hues:



R = red BG - blue green

YR - yellow red B - blue

Y - yellow FB - purple blue
GY - green yellow P - purple

G - green RP = red purple

Munsell value is that attribute of all colors which
permits them to be classed as eguivalent to some member of a
series of grays that are equally spaced under the standard
conditions for which the scale was derived. The Munsell scale
of grays extends from O, black, to 10, white.

lunsell chroma is that attribute of all colors possessing
hue which determines their degree of difference from a gray of
the same value. The notation is numerical, with O at gray,
extending outward from the neutrals toward 10 or more for the
strong colors.

It is important in color work to thoroughly understand
the three-dimensional concept of color. The following diagram

illustrates aue, value and chroma in their relation to one

another.

The circular band represents the
hues in proper sequence; the
vertical center axis represents
the scale of value; the paths
outward from the center represent
scales of chroma, increasing

in strength in the direction
indicated by the numbers.
(Drawing by F. G. Cooper, from
Munsell Book of Color.)

i



C. The Color of Fresin Leaxn .eat

Brooks (13) stated that tne color of meat was due to the
presence of a complex and relatively unstable compound known
as hemoglobin. Brooks (9) reported tanat hemoglobin was present

as muscie hemoglobin, znd also in any blood corpuscles
remaining in the ca_illazries. In anotner paper, Brooks (11)
confirmed tuat tae reddish color (hue) of fresa lean meat was
due to the pigment muscle hemoglopin found within the muscle
fibers. Tae deptnh of color (which corresponds roughly to the
two other attributes of color, briiliance and saturation)
depended on the concentration of hemoglobin and on the thick-
ness of tissue from winich lignt was reflected to the eye by
optical heterogeneities witnin the muscie. The thicker the
surface layer and ine greater tne ccncentration of pigment, the
deeper was tue color. whipplie's work (55,56) showed that the
amount of muscle hemoslobin present appeared to be independent
of the cegree of blood removed and dependent on the type of
muscle, as well as the breed, age, and condition of the
animal. Lavers (29) stated that the color of hemoglobin was
dark red or purple and was responsible for the dark color in
the interior of mezt seen on tne exposed surface when it is
rirst cut. 1In fresh lean meat exposed to air, Brooks (11)
szid that the purylish reduced hexioglobin was found in the
tissue underlying the surface layer.

Hoagland (<1l) stated that the red color of fresh lean

meat was due to oxyhemoglobin, wnhich is one of the constituents
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of the blood remuining in tne tissues,y and to a similar
conpound which is a normal constituent of the muscles.
Lavers (29) found that oxyhemosglobin was bright red and was
responsible for the attractive bright red color of meat.
According to Brooks (1ll) the red oxynemoglobin was found only
in a well defined surface layer.

The dark brown color in meat is due to methemoglobin (29).
Brooks (13) found that tne color of lean meat was brownish
when about 60 per cent of the hemoglobin present in the super=-
ficial layer was in the form of methemoglobin.

Drying, or dehydration, also caused a color chznge.
Brooks (11) ottered tne following explanation for the cause
of this color. The rate of evaporation of water from muscle
depended on the rate of movement of water tarough tne muscle
up to the eva,.orating surface and the rate of diifusion of
water va,or from tais surface into the outer atmospnere.
with large muscles there appeared to be a sufficient
difference between these to give a sharp concentration

gradient of water near tne exposed surfuce of drying.

D. Chemistry of the Color Chan_e

Haurowitz (20) has re.orted that hemoglobin consists of
two components, a prosthetic group called protoheme, and a
protein group calied globin. iHe stated tnat the prosthnetic
group is the same for all hemoglobins and myoglobins and

shows the structural formula for this to be as follows:



CH,C -CCH=—=CH.
Ml <

Cd-C C N C CCh
’ \\3' $e N// "
N
o 7 1\
HOOCCH, CH C—C \.CrI—-uIZ

J__ \
EOOCCH,CH c—icz{3

Diagram ¢ - Erotoneme

CQ—C.

H

This compound is mzce uy of four metnyl grougrs (CH3),

two vinyl groups (CH===CH2), two ,ropionic acid radicals

S 4
\:
1 e
(CHZ,CHZCOOH), and tour pyrrole rings | wnich make up
HC CH

the porphyrin ring in combination with iron (Fe).

There are three main forms of hemoglobin which explain
the color chances of meat: hemoglobin (purple), oxyhemo-
globin (red), and methemogiobin (brown). The color of the
meat is greatly infiuenced by tne relative concentrations of
these comjounds.

Firie, accoruing to Liaurowitz (20), has illustrated the
structure of hemoglobin and important reactions of the iron
atom by the following formula. The porphyrin ring is

symbolized by the four nitrogen atoms of the pyrrole rings.






N "y N
N ] Jt W

Globin-:;;Fe Glouin ///Fe-__.oh Globin I @ Oii
c ’//
i I i ' 5
N o N
Eerogzlebin Cxynemoszleobin wethenoslobin

The iron i. in tue ferious (Fet¥) state in hemoglotin (&S).
In oxynemoglouin the iron is also in the 1errous (ret+) state,
cut tne compound contains more oxyszen thun reduced ncmogiobin,.
The oxygen is hneld only in loose comvination. Cnly oxygena-
ticn ol nemoglooin and not true oxidation nas taxcein place when
oxyhemoglovin is fer:iied,y, since tnere is no cnarge in valence
of the iron. 1In methemoglobin the iron has vecn oxidized to
the terric (ret++) state.

Lavers (29) stated toat oxyheumoglobin is not an inter-
wnediate in the iormation of .ethemoglobin. He gave tue path
of the discoloration reaction as: oxyhemoglobin——reduced
heroygiobin ——wmethemoglobin.

Using only the portion of Jensen's (22) diagran which
pertains to fresh meat; tne color cna:ige 1s snown

diagramatically as:

Oxyhemoglobin 02 JHemoglobin
HbO (red) € PHb (purple)
Ferro-con.round rerro-ccmpound

Other oxication pigments

Meth£moglobin
L:Hb (brown)

(Greecn, gray-brown) &
Ferri-compounds

Ferri-comnjpound



E. Factors Influencing the Color of lMeat

(I) Hemoglobin Content of tne Tissue

Shenky Hall and rxing (44) made a study to determine the
hemoglobins in beef muscle tissue. They found tnat muscle
hemoglobin in animals full fed grain while on pasture
averaged about 16 per cent higher than in animals full fed
in dry lot. animals on pasture alone averaged 37 per cent
higher than the animals full fed in dry lct. Tnese authors
felt that the difference was not due to nutrition but was
due to the increased exercise tnat the pasture animals were
required to take in obtaining their food.

¥hipple (55), in a study of striated muscles of the dog,
found that the leg ana back muscles snhowed a great range in
their muscle hemoglobin content. This variation appeared to
depend upon exercise and it determined largely the latent
muscular power. Whipple alSo found that as the animal grew
older the muscle nhemoglobin content increased. Adult dogs
had considerably more hemoglobin present than young dogs and
;he adult dogs varied all thne way from 400 mgm. per 100 grams
hemoglobin in a quiet house dog to 1000 mgm. per 100 grams
hemoglobin in an active, trained hunting dog.

Whipple (56) also studied tne veriations in hemoglobin
content in striated dog muscle due to anemia or paralysis.
He found that severe anemia may reduce the level of muscle
hemoglobin slowly. If the originsl hemoglobin content was

high he found that thne recuction due to anemia might even
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amount to 30 or 40 per cent. Liuscular parclysis was followed
by a fairly rapid loss of muscle hemoglobin. after a period
of seven weeks some paralyzed muscles contained only one-half
&S much muscle hemoglobin as normal muscles. This showed the
relationship between muscle nemoglobin and exercise and that
exercise was more important tnan anemia in determining the
level of muscle hemoglobin.

according to killikan (32) about one-fourtn of the living
body's hemoglobin is in the form of muscle hemoglobin. The
muscle hemoglobin is generaily found in lurge quantities in
those muscles requiring sliow, repetitive activity of consider-
able force. Examples are the heart muscles of larger mammals,
breast muscles of the larger flying birds, and leg muscles of
running animals such as the horse and dog. The same muscles
may vary widely in redness from individual to individual and
from time to time, depending upon the amount of use to which
they are put.

Watson (53) measured the concentrations of hemogiobin in
aifferent muscles of tne same animal and in animals of differ-
ent breeds. He found the muscle hemoglobin made up a high
percentage of the total hemoglobin in beef muscle. In sheep
and pig muscle the percentage of muscle hemoglobin was
considerably less. Tnis would account for the darker color
in beef muscle than in sheep or pig muscle.

The results of these worxers would indicate that the

amount of hemoglobin in meat is dependent on the tyre of



muscle, exercise, age, breed,y, and condition of the animal,

(II.) Effect of Oxygen rressure

Neill (37) has shown tanat there was no evidence tiest
methemoglobin was formed in the complete absence of oxygen,
since in tris conditicn there were no oxidizing zgents formed
to oxidize hemoglobin to methemoglobin. Brooks (9) also
showed that when hemoglobin was stored in pure nitrogen storage
there was no formaticn of metnemoslobin. From this work it
was apparent tnat oxygen was necessary for the tormation of
methemoglobin, the darx colecred pigment.

The reaction in the formation of methemoglobin was from
oxynenoglobine=——preduced heumoglobin=——ypmetnemoglobin.
Brooks (lz) found that at 30°C (86°F) oxyhemoglobin dissociated
rapidly to reduced hemoglobin as the oxygen pressure dropped
below 80 mm. mercury. Since the formation of methemoglobin
was dependent on the formation of hemoglobin from oxyhemoglobin
one would expect discoloration to proceed rapidly at an oxygen
pressure below 80 mm. mercury. Neill and Hastings (38) have
substantiated this. working with hemoglobin solutions, these
workers found taat at 30°C (86°F) the rate of methemoglobin
formation was greatest when the partial pressure of oxygen
was about 20 mm. of mercury. Brooks (9) found this to be true
for the oxidation of hemoglobin in muscle. He found that at
this oxygen pressure the concentration of hemoglobin nearly

equals the oxyhemoglobin concentration. The rate of



methemoglobin formation was monomolecular with respect to the
hemoglobin concentration at & constant oxygen pressure. at o°cC
(32°F) Brooks (13) found the rate of metheumoglobin formation
was greatest when the partial gressure of oxygen was 4 mm. of
mercury. It would seem thet the oxygen pressure required for
optimum methemoslobin formetion is dependent on the
temperature.

Brooks (12) found that in muscle tissue the concentration
of oxyzen decreases with increacing distance trom the muscle
surface. In air the rate of oxidaticn in the oxygen region
increases with increasing distance from the surface. The
smaller the prescure of oxygen in the gas in which the tissue
was stored, the nearer to the surface was the region where
methemoslebin was most rapidly formed, since the depth of
oxyZen resion was proportional to the square root of the
oxXygen pressure.

The relation between oxygen pressure and the rate of
methemoglobin formztion was responsible for the repid dis-
coloration of tissue stored at 0°C (320F) in gases containing
a small amount of oxygen. brookxs (11l) found that metnemoglobin
formed directly on or very near to the surface altered the
color of reflected light to a greater extent than the same
amount of pigment produced in the same time but some distance
(2 mm. or more) below the surface. In tissues that were still
reddish on the surface, Brooss (9) found that the difference

in rate at different distances from the surface was great
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enougn to form a yellow brown zone (containing mainly
methemoglobin) imnediately ad,oining the region of reduced

hemoglobin.

(I11.) Depth of Oxygen Fenetrztion
Since methemoglobin was slowly formed on exposure of

hemoglobin to oxygen the formwution of methemoglobin in muscle
ex;osed to zir was confined to & thin surface layer. Brooks
(9) found that the tissue hzd a small oxygen uptake so that
given sufficient time a "steady state" was reached where the
depth of oxygen penetration was dete:rmined by the rate of
diffusion of oxygen into the tissue and the oxygen consump-
tion. He showed that tne depth of the oxygen peneiration was
determined by the oxyszen pressure in atmcspheres at the
surface of the tissue, the diffusion coefficient of oxygen
through tne tissue, and the oxygen uptake of tie tissue.
Brooks (9) tound tinat eny factor waica altered the depth of
the penetration of oxygen into the tissue &lso affected tne
discoloration of the tissue. The discoloration of the tissue
was confined to the thin superficial layer where oxygen had
renetrated.

 Brooks (11) found that different fresh ox-muscles in air
at 0°C (32O0F) from the same animal snowed values of depth of
oxygen penetration varying from 2 to 5 mm. The depth of
OXygen penetration sinowed a slow increase with time, and a

rise in temperscture decreased the depth. The depth of oxygen
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penetraticn was rroportional to the sjuare root of the oxygen

pressure of tne atmosphere.

(IV.) ©&nffect of Time, Tem_erature, and selative Humidity

Since it has been snown thal oxygen peinietration of tne
tissue is nccessary for tne foraation of metnemoglobin,
factors wnich afiect oxysen penetration affect discoloration.
Brooss (13) has shown that the depth to which oxygen penetrated
the tissue decreased with increwsing tenperature. :renetraticn
increased slowly with time but rare.iy exceeded one centimeter
even after very long periods of stcrage.

The onset of discoioration is closeiy coniected with the
factors governing the loss of water from the meat. at high
humidities, $9 per cent relative humidity at C°C (32°F),
Brooks (13) found that exposed muscle was discolored by
methemoglobin in 20 to 30 days. At low humidities where there
was excessive drying, tnere was a dark appearance due to the
ortical changes in the tissue very quickly.

at 09C (329F) Brooks (10) found that the rate of oxidation
in ox-muscle was slow but that over long periods of storage it
produced a marked brown discoloration of the tissue. after
the tissue had stood a few hours, Brooks (9) measured the
depth of oxygen penetration and found it to be approximately
2 mm. After 100 hours the depth had increased linearly to
approximately 4 mn. In 6-8 weeks the oxidation in ox-muscle

was complete in a surface layer of tissue which in extreme
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cases was 1 cm. tnicke.

at =10°C (14°F) Brooks (13) found no visible discoloration
of lean meat stored for 16 weeks. at =1.49C (29.5°F) there
was no discoloration owing to tne formation of methemoglobin
until 40 to 45 days from killinge.

Brooks (9) has shown that freezing and thawing meat
appeared to increase tne rate of metnemoglobin formation
compared to control tissue whicin nad nct been frozen. hiangel
(31) included thawing experiments in her work. She found
that samples allowed to tnaw from one to five times did not
show that methemoglobin formation had been increased with
repeated thawing and freezing.

Mangel (31) stored samples at temperatures ranging from
-12°C (10.4°F) to =-249C (-11.2°F). She found that methemo-
globin formaticn was slower in sam.les stored at the higher
temperature than in samples stored at the lower temperatures.
ramsbottom's (40) work would indicate the opposite. He stored
fresh beef at six different temperatures ranging from =20CF
to 26CF packaged in Du Pont 300 LiSAT #87 ceilopnane. The
product stored at 26°F was discolored in less than 30 days,
whereas the product stored at -20CF was stiii scored good in
color and a,pearance after one year's storage. ke concluded
that the lower the storzge temperature the longer the storage
life.

ramsbottom and Koonz (41) determined the relative concen=-

tration of oxyhemoglobin and methemoglobin in the surface
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tissues of stezks stored for one year at 1l0°F and =300F. The
absorption spectra curves on extracts of the surface tissue
were plotted from spectrophotometer readings. The curve found
for steaks stored at 10CF for one year was quite similar to
the curve for methemoglobin. The curve for steaks stored at
-300F indicated a mixture of oxyhemoglobin and methemoglobin.
This indicated that a greater oxidation and consequently
darker beef occurred in the superficial lean tissues at 1COF
than occurred at =-300F,

Rikert (43) found that wnen unpackazed meat was stored
at 34°F, 54°F, and &59F the rate of initial darkening increased
as the storage temperature increased. W#Wnen meat was packaged
under vacuum, Rikert (43) found an initial decrease in redness
followed by a return to redness which had in many cases a
higher redness value than the original. The time required for
the return of the red color in the packaged meat was also

shortened as the storage temperature increased.

(V.) Effect of iAntioxidants

Kraft and Wanderstock (24) dissolved antioxidants in a
filtered cocoanut oil carrier and brushed this on the surface
of meats. The meats were packaged and stored. They found
that antioxidants were mcst effective for checking undesirable
color changes in beef round steaks during the first z4 to 48
hours. Nordihydroguaiaretic acid in 0.0l per cent concentra-

tion inhibited color changes in round steaks for 144 hours.
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All of the antioxidant treated sampies retzined color better
than did the untreated ones. grikert (43) concluded that the
effect of 0.05 per cent uordihydroguaiaretic acid was not
consistently toward either imgrovement or degradation of the
meat color.

When hemoglobin solutions were shaken in air with the
addition of ascorbic zcid, Lemberg, Legge, and Lockwood (30)
noted the formation of green bile pigments. Vestling (51)
demonstrated that if controlled conditions were used, ascorbic
acid could be used in reducing methemoglobin to hemoglobin
at 0°C (32°). Chang and Jatts (16) found that at 45°C (113°F)
the addition of .1 per cent ascorbic acid to hemoglobin caused
oxidation of the red color followed by conversion of the
hemoglobin to a green hemochromogen. Watts and Lehman (54)
concluded that ascorbic acid protected hemoglobin solutions
when it was added in low concentrations at low temperatures.
At high concentrations and high temperatures it brought about
discoloration.

Lavers (29) treated wrapping material with ascorbic acid
and sodium bisulfite. He found that ascorbic acid was of little
value in preventing discoloration winile sodium bisulfite was

quite effective.

(VI.) Effect of Storage in Different atmosp..eres
Brooks (1l1) investigated the effect of carbon dioxide
at 0°C under conditions where thnere was little or no drying

of the tissue. He stated that there were two possible effects
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of carbon dioxide.

l. A change in the depth of oxygen renetration into the
tissue in addition to the decrease caused by the
diminution of oxygen pressure in the gas mixtures.

2. A change in the rate of methemoglobin formatiohe.

Brooks (11) found that in concentrations of carbon dioxide
below 20 per cent the rate of oxidation of hemoglobin in
muscle was not affected to a significant extent. If other
conditions of storage were the same, the color changes of lean
meat in air and in air containing 20 per cent carbon dioxide
were the same.

Mangel (31) stored samples under atmospheres of nitrogen,
oxygen, and carbon diexide with air as the control. She found
no significant difference but the methemoglobin formation
tended to be slower when the tissue was stored under oxygen
than under the other gases.

Rikert (43) flushed packaged samples with carbon dioxide
and nitrogen before evacuating. This resulted in less initial
darkening than that which occurred in samples evacuated
without flushing. He also stored samples at atmospheric
pressure in carbon dioxide and nitrogen, This had a
detrimental effect on the top surface color but improved the

bottom surface color when compared with samples stored in air.

(VII.) Effect of Biological Agents
Neill (34) made an investigation of the oxidation-

reduction activities of Pneumococcus based upon the
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physical=cheinical reiations between oxyhne.ioglobin, hemoglobin
and metne.noglobin.

Suspension of 1living cells and relatively large amounts
‘of sterile Fneumococcus extract respectively were added to
sterile solutions of methemoglobin which were then sealed from
the air. Analysis proved the complete absence of both
oxyhemoglobin and molecular oxygen. In the absence of air,
Neill found that living Fneumococci and sterile cell extracts
prepared from them reduced methemoglobin to hemoglobin. When
oxygen was present, the extract formed oxidizing agents which
oxidized hemoglobin to methemoglobin.

Neill (35) made a similar study using anaerobic bacilli.
He found that anaerobic baciili kave the ability to oxidize
hemoglobin or reduce methemoglobin. The optimum conditions
were provided when the oxyzen tension was sufficient for the
formation of an active concentration of oxidizing agents
without preventing the necessary oxygen dissociation of the
oxyhemoglobin. In the absence of oxygen, anaerobes did not
oxidize hemoglobin to methemoglobin.

autoxidizable substances formed during the autoxidation
of pure oleic and linoleic acids and of substances present in
turpentine, cod liver o0il and linseed oil have been shown by
Neill (36) to oxidize hemoglobin to methemoglobine Autoxidiz=
able substances were extracted by alcohol from meat infusion
and from potato juice. Mixtures of the alcohol soluble

substances from either the animal or plant juices conswned
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molecular oxygen with the formation of oxidizing agents
capable of oxidizing hemoglobin to methemoglobin.

Hemoglobin is oxidized to methemoglobin if oxygen is
present while the reverse reaction is induced if oxygen is
excluded. The presence or absence of molecular oxygen
determines the direction of the reaction induced by these
autoxidizable substances.

Neills' studies have shown that "spontaneous" formation
of methemoglobin which occurs in sterile drawn blood or in -
sterile hemoglobin solutions can be prevented by maintaining
the hemoglobin system rendered oxygen-free by biological
reducing agents. Since methemoglobin is known to be the
oxidation product of hemoglobin it would seem certain that
its "spontaneous® formation is an oxidation.

Neill (37) has shown that the presence of oxygen is
necessary for the “spontaneous®™ formation of methemoglobin
in blood or in hemoglobin solutions either at ordinary

temperatures or at 55°C.

(VIII.) Effect of Packaging Material
Lavers (29) tested several packaging materials and found
that discoloration was not a function of any particular
packaging material. The cause of discoloration was the change
of the oxyhemoglobin to hemoglobin and this to methemoglobin.
Lavers (29) stated that when an oxygen-impermeable film
was placed on meat, conditions suitable to rapid discoloration
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were present. This was due to tne supply of oxygen from the
air being cut off and a lowered oxygen pressure veneatn the
film due to dirfusion and bacterial action.

Allen (1) relates that Du Pont laboratory research has
shown that in addition to oxygen permeability, low water-vapor
permeability and a certain degree of water-absorptive power
are important in maintaining desirable color. a suitable
film must have a proper balance of these properties.

Du Popt 300 MSAT #30 cellophane has been shown to be
effective in holding the color of fresh meat for periods of
72 hours and longer when stored at 34°F to 40°F.

This film is characterized by having a '"wettable" surface
which must be kept in contact with the meat. The oxygen
permeability is relatively low as is its water=-vapor
permeability. The low water-vapor permeability is important
in maintaining color because excessive drying of the meat
surface contributes to change in color. The relative humidity
of self-service cases may average as low as 60 per cent,
thereforey films with hizh water-vapor permeability may cause
excessive loss in weight of the packaged meat.

Temperature affectis bacterial and enzymatic action which
may also play important parts in the retention of color.

Allen (1) relates results from an independent l:boratory in
which 300 MSaT #80 cellophane was one of the films used.

On the average, the meat wrapped in 300 MsaT #50 cello=-

phane remained brizht and salable for seven to nine days.
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Steaks in other films were generally discoiored at the end of
two or three days. There was no bacteriostatic action as the
counts were nigh on all steaxs.

Kraft and Wanderstock (z4) used four different films in
their study with antioxidants. They found that a rubber base
film gave tine best color retention in beef round steaks.
nound steaks packaged in films which gave greater retention
of color also responded to a greater extent to antioxidant
treatment than did the sam,les pacxkaged in films allowing
greater color change.

Rikert (43) found that his control samples underwent, in
general, the sume color change when packaged in cansy poly-

ethylene film and ceilophane=-pliofilm laminate film.

(IX.) =ffect of Fat Content

dlangel (31) added from zero per cent fat up to 25 per
cent fat to ground lean beef. For comparison with the ground
beef to which no fat was added, one pound unground pieces of
the same beef were used. Mangel (31) found that samples
containing more than 19 per cent fat showed higher methemo-
globin content than those containing less than 19 per cent
fat. She observed no difference in the all lean ground samples
and the unground samples. This would indicate that the amount

of fat in a muscle may influence discoloration.



FUKPOSE

The main purpose of this investigation was to study the

application of disk colorimetry as an objective measurement

of fresh beef color.

Using tnis method, it was the purpose to gain

information on tne color changes as affected by:

I
1I.
I1I.
Iv.
Ve
VI.

Color Diiference due to animal
Aging

Storage in a Film

Light

Freezing

Delayed Wrapping



oXr R ILiuNTAL FrOCEDURE

A. Sampling Frocedure

Beef was the only meat used in this study. 1t was
secured from animals killed in the liichigan state College
meats lavoratorye. The animals were xilled in the usual
manner and rlaced in the laboratory cooler at approximately
340r for chnilling.

Seven different animals were used to secure samples:

No. of

Animal Description Grade Samples
I 2 year old Hereford steer average prime 1
1I 2 year old angus steer average prime 6
I1I 2 year old Hereford steer average choice 4
1v 18 month old angus steer High choice 4
V' 2 year old Hereford steer High commercial 8
Vi 20 month o0ld Hereford heifer Low choice 2
VII 18 month old Hereford steer Low choice 18

The longissimus dorsi muscle was used eiclusively
throughout this study. after tne carcasses had been chilled
at least 48 hours the wholesale rib portion was removed. at
the beginning of each sample run, the rib cut was taken from
the cooler to the meat laboratory cutting room. The cutting
room temperature ranged from 55 to 70°F, being mostly about
64°F. The longissimus dorsi muscle was removed and cut into
steaks three-quarters of an inch in tnickness to be measured

for color.

B. Method of Color Measurement

Tne instrument used to measure tne color is shown on
Fages 30 and 31. The matching booth was made from plywood
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and painted with blzckooard paint to miniuize lignt
reflectance.

The other equipment used for disk colorimetry in the
matching bootn were as follows:

l. nBlectric motor and controis witn wunselil disks.
<. oampie standard.

3. Baush and Lomb optical eyepiece.

4. luac Beth 300 watt daylight lamp.

5. Black curtains.

The llac Betn 300 watt dayiight lamp produces a color
teaperature of approximately 6800° Kelvin. Tnis is Just a
few degrees different froa Illuminant C,y the light specifi-
cation set up by tne Internaticnal Commission on Illumination
under which colors should be matcned. This lamp was mounted
on the sloping back of the matcuing booth so that tne angle
of the ligsht on the meat surface was 30 degrees.

The liunsell disks were bucked Dy a calibrated heavy
cardboard disk so that the percentase of each disk used could
be .read directly. Rred, yellow, wnite, and olacKk disks were
used as sugJlested by Nickerson (38) and had the following

lunsell notation:

nenotaticn rroduction No.
red - 544/14 5.5R 4.16/13.1 3005
Yellow = LHY¥8/12 5.5Y 8.13/12.0 30306
¥hite - N9 N8.80/(Y 0.3) 3551
Black = N1 N1.11/(¥B OQ.c) 3556

The prepared sampie was mounted upun a fitted plywood
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backing piece before placing it on the sam.le stand. This
made it possible to rexove @nd rep lace the sample and still
have the same sumple area viewed in matcning the color.

This was found im,ortant as difierent areas of a muscle gave
aifrerent resu.lts aepending upon tne concentration of
intramuscular fate By &dgjusting the sampie so that the top
surface was at the same level as the disks, equal viewing
areas of tne sampie and disk mixture were obtained. Tnis
area was < cm. square at 8 3/4 inches from the optical
eyepiece base.

Since color is tanree dimensional, to match a sample,
these three points were considered:

l. Are the spinning disks redder or yellcwer than the

sample?

2. =nre they brighter or darker than the sample?

3. a&are they stronger or weaker than the sample?
Practice and experience were important in obtaining the
desired result when aqgustment of disk mixtures was mude. The
experienced observer knows what the addition or subtraction
of the individual colors will do to the resulting color
mixture. adjustment of the disks was countinued until a
satisfactory matci with tne sample was obtained.

A match was not an exact matter in alli cases. It was
made within a tolerance, with the reduction of that tolerance
to the smallest size possible. Cases were found where the

addition of one unit of yellow, for example, would change
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the dis< mixture from slightly lacking in yellow to too much
yellow. In such cuases the lesser units of yellow were always
used in the rezding. oince this study was one cf comjparison
of the same sam_..les over a period of time, as long as this
was tfollowed results seemea vaiid.

Upon reacning a satisfactory meatch or the sampie the
arezs of the disk mixture were recordea. By knowing the
International Commission on Illumination (1.C.I.) tristimulus
values (X,Y,2) of the individual disks and knowing the number
of units used in the match, it was possible to calculate the

-unsell renotation.

rroduction No. £ Y Z
Red disk - 5R4/14 3605 2283  J1305 .0594
Yellow disk - 5Y&/12 3030 5794 L6143 .0865
¥hite disk =« N9 3551 7204 7435 8409
Black disk - N1 39506 0133 L0130 L0173

Suppose that the sample required 3« per cent of the red,
5 per cent of the yellow, z per cent of the wnite, and ol per
cent of the black to match the meat sample. The tristimulus
values (X,Y,Z) for this color were obluined s weighted means
of the (X,Y,2) data for each disk used, the weights being

prorortional to the disk area.

A Y VA
326(X,Y,Z) red disk «0731 L0418 .0177
55(X.Y,2) yellow disk L0250 L0307 .0043
2n(X, Y,A) white disk L0145  .0149  .0168
616(X,¥32) black disk LC051 L0083  .0106

Tristimulus values of gample color.l1247 .0957  .0494
Fractional values (x,y,2) Xz.462 y=z.355 z=.183
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1.

2.

To convert these data to tne Liunsell notation it was
necessary to refer to a table of I.C.1. (Y) equiva=-
lents of the recommnenced iwunsell value scale (V) from
0/ to 10/. Frrom this table, fer ¥ = .0957 it was
found that Liunsell value (V) was 3.60.

since V = 3.00/, bkiunsell hue and chroma were found
by interpoclation between the caaurts tfor value 3/

and 4/ (See pazes 35 ana 36) to locate the hue and
caoroma loci at this value. at value 3/ for

X = 0402 and y = 0.359, the iunsell hue was l.5Yx
and tne chroma was /5.0. at value 4/ for x = 0.462
and y’- 0.35), the hue was 0.6YR and the chroma was
/0.2

since 3.00 is 0.6 of the distance between 3/ and 4/,
the interpolated hue will be that of value 3/ minus
0.6 of the difference between the hue read from
values 3/ and 4/. since the hue on the 3/ chart was
1.5YR and on 4/c¢hart was 0.0YR the interpolated hue
was found to be 1.5 = (0.6(1.5-0.6)) = 1.0YR. The
interpolated chroma will be that at value 3/ plus
0.6 of the difference between the chromas read from
values 3/ and 4/. oince the chroma on the 3/ chart
was 5.0 and on 4/ chart was 6.2 the interpolated
chroma was found to be 5.C = (0.6(5.0-60.2)) = 5.7.
The complete notation for the meat sample was found

to be 1.0YR 3.60/5.7.
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The procedure followed by making a single codlor reading
and tren obtaininyg the unsell renotation of that reaaing has
been presented. 1n this study a series of readings from the
same sample area were made to measure the color changes that
occurred during the storage of that sample. To discover the
relation between successive readings, they were plotted.

oince color is three-dimensional, no two-dimensional
diagram will reveal ail relations. liickerson (38) suggests
that by plotting hue (horizontally) against value (vertically)
on one graph and tnen chroma (horizontaily, against varue
(vertically) on anotner graph the significance of the color
relations should become apparent.

To express color dirferences in terms of a single number
instead of in three numbers (hue, value and caroma) color
difference formulae have been devised. JSample readings are
compared to a standard. Nickerson (38) based a small color
difference formula on [lunsell scales of hue, value and chroma.
sudd, Scofield and adams (38) have also presented formulae
for this purpose. The Nickerson formula is easy and quick
to aprly. It 1s as fcllows:

I (index of fading) = C (ZAH) + 68V + 3AC
2

C = chroma of sample

O0H = difference in hue between samjple and standard
AV =« difference in value between sample and standard
aC = difference in chroma between scmple and standard

To show the reiationship between successive readings

-37-



this foriwula was used. The standard used for rezdings of
meat taken through cellophane was 1YR 4.0/6.0. The standard
used ror readings of the meat surface direct was 1UR 4.0/7.0.
The difference in the standards was due to the effect of the
cellophane.

Since the sample used in comguting tne example hiunsell
renotation was wrapped in cellophane its standard was

1YR 4.0/6.0.

Standard notation - 1.0YR 4.0/6.0

sample notation 1.CYR 3.60/5.7
C=z 5.7 av = 0.4
OH = O aC = 0.3

I « C (208H) + 648V +34C

I = 5_51 (2 x 0)+ (6 x 0.4) +(3 x 0.3)

1 =(l.14 x O)+ 2.4 +0.9
I=303

By use of this formula, it has been shown that the sample
reading was 3.3 units from the standard. By following this
procedure, it was possible to find the position of subsequent
sample readings in relation to the standard. These positions
were plotted against time to snow the color cnanges of the
sample by a single number instead of hue, value, and chroma

quantities.
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C. Accuracy of Color Match

\

It has been estimated that at leust one male out of

every ten is affected by color blindness to some degree (38).
It is therefore importznt that one working witn color should
nave some check on his accuracy in metching colors. The
following procedure was used to check the author's accuracy.

Instead of the metal standard to hold the muscle sample,
a second motor with spinning disks was mountgd. Tne disks
used on the two adyacent motors were the same. The disks on
the second motor were set by an operator &t percentages
unknown to the author. The motor with this disk mixture was
set to spimning. The author then came to the matching booth
and attempted to match this mixture by altering the disk
percentages of the first motor.

Definite settings of the unknown disks were made in the

following ranges:

Red - 14 to 28 units
Yellow = 5 to 14 units
White = 2 to 8 units
Black = 50 to 72 units

-~

The author was able to match the unknown dis< mixture
exactly in all cases but one. In the case where the match
was not exacty the error was onliy 1 unit of the red disk
which resulted in an error of only O.3 hue steps and 0.3
chroma stepey a rather insignificant variance. It is the
author' belief that color matcnes of the meat samples were

reasonably accurate.



D. Method of Obtaining Color Reading During Storage
After the steak sample was prepared and placed in storage,

following a procedure to be described later, color matches
were made with the spinning disks. The matching booth was
installed in the refrigerated storage room.

Several color measurements from the same area of the
sample were made during the first few hours immediately
after placing the sample in storage. Throughout the remainder
of storage the color reading was obtained at approximately
24 hour intervals.

In many cases, sample storage was continued beyond the
time when the sample was considered unsalable. On several
occasions 2 or 3 Jjudges viewed the sample to determine
whether it was still salable from the standpoint of color.
However, it was impossible to have this done throughout the
study, and the time of unsalability as reported was the
estimate of the author.

Samples which were stored wrapped in a transparent film
were matched through the film.

E. Conditions of Storage

Three general conditions of storage were held as constant
as possible throughout the study. Temperature, relative
humidity, and air movement varied only to the degree prevailing
in the meats laboratory cooler. The wholesale rib cut from
which the individual steaks to be matched were cut, and the
steaks studied were held under these same conditions.
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The temperature was recorded by means of a Honeywell
Recording Potentiometer. This machine automatically records
the temperature by use of thermocouples, and these were
distributed in the cooler. Readings from this instrument
showed that the temperature varied from 30°F to 36°F
throughout the period of this study.

The relative humidity was recorded by use of a
Foxboro Dynalog Dewpoint Temperature Recorder. This
instrument records dry bulb and dew point temperatures,
from which the relative humidity can be determined. The
relative humidity varied considerably, dependihg upon how
much the cooler was being used. It varied from 69 to 90
per cent throughout the study. The most common relative
humidity range was 79 to 85 per cent.

Air movement was determined by use of a Hastings Air
Meter. This instrument records air movement in feet per
minute. Readings showed that the air movement across the

samples was 15 to 20 feet per minute.

F. Conditions of Sample Comparisons

(1) Color Difference due to Animal

Samples of the longissimus dorsi muscle of different
animals were treated similarly to determine if there were
color differences in the same muscle of different animals.
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(II) Effect of saging

It was necessary in tnis study to limit the number of
samples placed in storage at one time. osSince the time in
storage of somne samples was for a period of two weeks,
considerable time elapsed aiter removing the first
sample from the wholesale rib cut until removing the last
sample. Comparisons of color changes in samples cut at
different intervals of time and tnen held under similar
conditions of storage snowed tne effect of aging on the

color change.

(III) &ffect of otorage in a Film

The primary differencé between the retailing of meat
prepackaged and butcher style is the storing of the retail
cut in a transparent film. Prepackaged meat is wrapped
soon after tane retail cut is made and stored in this
condition. In the butcher style of retailing meat, the
retail cut is made and placed on trays unwrapped until
sold,y or cuts are made as demanded. To determine the effect
on color of storage in a film compared to storage unwrapped

the following procedure was followed:

Three-quarter inch steak samples were cut. Some were
placed unwrapped in storage immediately after cutting.
Others were wrapped with cellophane (300 MSAT #80 Du Pont)

before placing in storage.
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To wrap a sample the steak was first placed on a Rodeo
(brand) Backing Board, so cut that the edges did not extend
beyond the steak. The wettable surface of the cellophane was
placed against the meat and a tight wrap was made. The
film was sealed on the Rodeo Backing Board side by means of

transparent adhesive tape.

(Iv) Effect of Light

A survey of markets in the locality offering
prepackaged meat showed a variation in light intensity
upon the product. The market operators felt that light
was a factor in the discoloraiion of fresh meat as well as
cured meat. It is well established that light causes a
fading of cured meats. No report has been noted by this
author in which light has been shown to affect the color of
fresh meat significantly.

The intensity of light on the meat products was
measured by means of a Weston Foot Candle Meter which
measured the light in foot candles. The variations found

were:

Market 1 - averaged 60 foot candles
Market 2 = averaged 30 foot candles
Market 3 « averaged 15 foot candles
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All of these markets were using wnite fluorescent
light over tne fresh meat products. Liarkets 1 and 2 had
lights mounted in the meat cases, and also fluorescent
lignts mounted from the ceiling above the cases.

Market 3 had only fluorescent lignts mounted from the
ceiling.

To duplicate commercial conditions, a battery of
fluorescent lixhts was installed in the sample storage
room. By altering the distance of the lights above the
samples,y different intensities of lignt were obtained
upon the samples. bdamples were stored under tne following

light intensities:

l. Darkness = The sam, le was exposed only to the
light required when matching the sample.

¢« Thirty foot candles - Storage was under thirty
foot candles of white fluorescent light.

3. oixty foot candles = Storage was under
sixty foot candles of white fluorescent
light.

4. Two hundred and fifteen foot candles - storage
was under two nundred and fifteen foot candles
obtained by fluorescent light as well as two
hundred and fifteen foot candles obtained by

incandescent light.



A thermometer was placed under the lights to determine
if the lights were causing a rise in storage temperature
of the samples. Any temperature rise at the sample
surface caused by the addition of the lights was noted.

(V) Effect of Freezing

A portion of the rib cut of animal VII was frozen
and stored at 0% for 3 weeks. After thawing at 34°F
for 2 days, steaks were obtained to observe the color
change of the thawed frozen samples over a period of

storage.

(VI) Effect of Delayed Wrapping

The United States Department of Agriculture Production
and Marketing Administration (50) has suggested that
prepackaged meat should have a "blooming period" of
15 to 30 minutes before wrapping to help prevent discolor=-
ation of the product.

It is the opinion of the author that immediate wrapping
is more efficient if a desirable color can be obtained and
maintained for a suitable length of time. The author's
personal observations of markets in operation have shown
that efficiency of operation is lost when there is a time
delay between cutting and wrapping.

To determine whether the "blooming period" was

advantageous in preventing discolorationy color measurements
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were made of samples wrapped immediztely after cutting and
of samples which were wllowed a "blooming pericd" and then

wrapped.
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anSULTS ahD DISCUSSICN

Two grapnic methods of color data presentation have been
described in the experimentzl procedure. To compare these
methods, data trom a sample stored unwrapred in darkness are
rresented. These data are shown in tebular form on page 50.

Figure 1 illustrates the relationship between hue and
value. The sample color renotztion 5 minutes after cutting
was approximately «t the midpoint (5.1YR) of the yellow red
hue range at a vaiue of 4.2. after <4 hours of storage the
sample color was 5.3 hue steps redder, being in the red hue
range (9.8R) and 0.4 value steps darker. Wwith continued
storage a maximum redness hue was reached after 1lll hours
of storage. This was 7.9 hue steps redder than the initial
color of the sample. The change in hue was greatest during
the first 24 hours of storzge as it was 5.3 hue steps redder
than the initial color atter 24 hours and only 7.9 hue steps
redder after 11l hours of storage. after 111 hours of
storage the sample color returned toward the yellow red hue
range. &t 183 hours of storage it was 2.6 hue steps yellower
than the color at 111 hours. This was the same hue as the
24 hour coler. However, the color was l.5 value steps
darker than the <4 hour color. From the initial reading
after cutting until the end of storage the color darkened
1.9 value steps.

Figure la illustrates the relationship between chroma
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and value. The initial color of the sample was weak as
indicated by a chroma of only 3.5. The color became stronger
during the first 29 hours of storage as the chroma increased
4.0 chroma steps to a chroma of 7.5. The increase in the
strength of the color was greatest during the first 150
minmites of storage. After 31 hours of storage the chroma
weakened. At the end of storage the color was O.4 chroma
steps weaker and l.9 value steps darker than it was at the
beginning of storage.

In the review of literature it was established that the
color of fresh meat was greatly influenced by the relative
concentrations of the three main forms of hemoglobing
oxyhemoglobin, reduced hemoglobin, and methemoglobin
(20423939). Oxyhemoglobin was described as being red in
color, reduced hemoglobin purrle and methemoglobin brown
(11,13,421429). The color change of the sample illustrated in
figures 1 and la indicated that:

l. During the first 24 hours of storage there was an
increase in the concentration of oxyhemoglobin
indicated. Thig is evidenced by a color change of
5«3 hue steps redder and 3.5 chroma steps stronger.
The most rapid increase occurred during the first 150
minutes of storage.

2 From 24 hours until 111 hours of storage there was an
apparent increase of reduced hemoglobin. This is

evidenced by a change of only 2.6 hue steps redder,

-48-






1.0 value steps darxer and l.< chroma steps weaker.
aAfter 1ll hours cf storage, metnemogiobin was the
main form of hemogiobin indicated. Brooks (13)
found that the color of lean meat was brownish when
about 60 per cent of the hemoslobin present in the
superficial layer was in the form of methemoglobin.
The indicated increase of metnemoglobin is evidenced

by a change in hue of 2.6 hue steps yellower.



Unwrapped sSample Stored in Darkness

Trial G = Low Choice 1lo lionth Old Hereford Steer
Sample cut from rib 3 weeks after slaugnter
Cutting temperature - 64°F, Cooler temperature - 35°F
Standard 10x 4.0/7.0

Time of reading

Units from

after Cutting Hue Value Chroma Standard _
5 Minutes 5e1YR 4.2 3.5 15.8
10 " 4.3YR 4.1 3.9 16.6
20 " 3.4YR 4.1 4.6 14.1
30 " 2.0YR 4.1 4.9 12.0
40 " 2.1YR 4.2 5.2 11.0
50 " 2.4YK 4.1 5.4 10.6
60 " 2.1YR 4.1 5.6 9.5
70 n 1.8YR 4.0 5.4 8.7
90 " 1.6YR 3.9 5.8 7.9
110 " l.0YR 4.1 6.2 7.0
150 1.7¥R 4.0 6.4 3.6
235 Hours 9.8R 3.8 7.0 1.8
8y o 9.6R 3.7 7.5 4.5
308 ™ G.2R 3.6 7.5 6.3
55 u 0«5 3.4 7.1 8.2
79 " 9.31 3.2 6.2 8.9
&7 " 791 3.1 6.3 12.8%
111 " 7eart 2.8 5.8 16.3
135 n 7.9R 2.6 4.8 19.0
159 " 8.43 2.5 4.1 20.3
183 " 9.8R 2.3 3.1 22.2

* Unsalable

-50=-






VALUE

VALUE

FIGURE

HUE AND VALUE RELATIONSHIPS OF

A UNWRAPPED SAMPLE STORED IN
DARKNESS
i ©. UNSALABLE DUE TO COLOR
g it o o ol g
4.0 o ok
59 Lt} g
§° qow ~2
00"®
3.0 w
2.0
8>
Ufer 1 T 1) 1 Ll ) T K T T 1
YR SYR 4vYR 3YR 2YR IYR 10 YR YR 8R 7R 6R SR
HUE
5.0y
W W UL L I
g 10 o 20 Mao Mﬂ""a :‘,, o' e b
15° “”u RS
40 uod
P
3.0
FIGURE la CHROMA AND VALUE RELATION-
SHIPS OoF UNWRAPPED SAMPLE
2.0 STORED IN DARKNESS
© UNSALABLE DUE To COLOR
1o T T T r T T T T T T 1
Lo 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 0.0 1o




Figures 2 and za illustrate the color differences of the
same sample in terms of a single number. To use this method
it was necessary to select a standard to compare with the
coler reading. The author made visual observation of several
samples in an attempt to select the most desirable color of
meat to be used as the standard. These samples were then
matched in the matching booth and their color renotated. It
was found that the most desirable color renotation of
unwrapped meat was near 1l0R 4.0/7.0. This color renotation
was used as the standard for unwrapred meat. The standard
for wrapped meat was determined by the same means. This was
1YR 4.0/6.0.

It should be pointed out tnat the observed color of lean
beef would be somewhat different trom the color of color
chips or panels having the above notations. When lean beef
is viewed by eye the color of the lean and fat are distinct.
The color of the lean and fat are blended into a single color
when the szmple is viewed thrcugh the optical eyepiece.
Conditions of illumination also affect the sample color.
Viewing the sumple under the daylight lamp in the matching
booth resulted in a different color than when viewed under
ordinary conditions of illumination.

Comparison of successive sample color measurements with
the standard show the color changes during the storage period.

The initial color measurement after cutting was 1lc.9 units

-52-



from the standard. The sample color rapidly brightened
during the first 150 minutes, being only 3.6 units from the
standard at this time. After 24 hours of storage the sample
color measurement most nearly equalled the color standard.
Subsequent sample color readings showed darkening. This
increased throughout storage until 183 hours of storage when
the sample color measurement was <2.2 units from the standard.

This method shows the combined effect of hue, value, and
chroma in brightening and darkening in relation to a color
standard. In this method it is impossible to see the relation-
ship of the individual attributes. It is possible for two
very different colors to be of equal distance from the
standard. To emphasize this, after 87 hours of storage the
sample color measurement was 12.8 units from the standard.
The sample color measurement was 12.0 units from the standard
after only 30 minutes of storage. However, the Munsell
renotation of this sample at these periods of storage was
considerably different. The sample color renotation after
30 minutes was 2.6YR 4.1/4.9. This had changed to 7.9R 3.1/6.3
after 87 hours of storage, a change of 4.7 hue steps redder,
1.0 value steps darker, and l.4 chroma steps stronger.

To simplify the presentation of the data obtained in this
study, the latter method was used. For a more complete
analysis of the individual attributes of the color change,

the reader is referred to the appendix.
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(I.) Color Difference Due to animal

Reference was made to studies (32,44453,57,56) that
indicated that the amount of hemoglobin in meat was depen-
dent on the type of muscle, exercise, age, breed, and
condition of the animal. We would therefore expect color
differences in meat of different animals. Figures 3 and 3a
illustrate the color changes of samples obtained from different

animals. The animals compared represent the extreme in the
grades used in this study. One animal was a 2 year old Angus
steer graded average prime, the other was a 2 year old Hereford
steer graded high commercial. This com,arison is not meant

to characterize the color of meat in these grades,y but is
offered to show that there are differences in color.

The rate of the color change of these samples was similar
for the first 129 minutes of storage. The prime sample
darkened rapidly after 24 hours of storage while the commercial
sample fliuctuated during the interval 30 to 244 hours. After
244 hours the commercial sample darkened rapidly. The prime
sample was considered salable until 168 hours compared with
316 hours for the commercial sample.

These results are contrary to comaon belief. The higher
grades of beef are generally considered to maintain a more
desirable color for a longer time than the lower grades of
begf. wWithin the grades of meat there are color differences
80 that this one comparison does not characterize the color

change of these grades.



Tabular data are shown in aprendix » for these samples.
The initial color reading of the prime sample shows it to
be 1.4 hue steps yellower, .56 value sieps brighter, and
.6 chroma steps weaker than thne initial color of the commer-
cial sample.

Since different animals show color differences, the
following comparisons are made with samples from the same

muscle (longissimus dorsi) and from the same animal.
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II. Eifect of nging

Since it was impossible to place all or the necessary
samples in storage at one tirney the effect of asing the rib
cut on the color of sumples cut &t different times was tested.
Figure 4 illustrzties the color changes of unwrzpped sanples
during the first 6 hours of stora:e. woanples were taken 1
weekK, ¢ weeks, and 4 weeks after slaushter. Tabular data are
shown in Appendix B.

Differcnces in the initial color oif the samples would
indicate (that the longer the agilas; the darker the color.
However, thnis difference in color coulid uve accounted for in
the amount of intramuscular fat in the «rea o. the sample
viewed. oince the optical eyepiece blended the lean and
fat color, variations were round witnin & single sample
depending upon the amount of intramuscuiar fat within the area
being viewed. The rate of ithe color chunge of these three
Samples was quite similar. The samples cut arter aging
increased in orizhtness slightly faster tut this difference
was not great.

Neill (37), Erooks (9), and others have shown that
methemoglobin is not formed in the ausernce ol OXys€De
Brooxs (9) measured the depth of oxygen penetration in ox
muscle and tound that at 0°C (32°F) oxidation (methemoglobin
formation) wus complete in the surface lasyer wanich in extreme
cases was only 1 cu. thick in 6 to & weeks. Tuerelore, aging

would aifect only the color of tne exposed surfaces of the

-58=



rib cut. The exposed surfaces were not used in obtaining
samples to be measured for color. rrom this information it
would seem tnat aging does not atfect the color of the sample
providing the exposed surfaces are removed. Therefore, the
effect of aging is not considered in the comparison of

treatments which followe.
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(III.) zffect of Storage in a Film

Figures 5 and 5a are graghic presentations to compare
the effect of storsge in a film with storage unwrapped on
the color of the meat. Frigure 5 shows the color change
during the first 150 minutes of storage while figure 5a shows
the color change over a period of hours. The film used for
all packaged meat was Du Pont cellophane, identified as
300 MSAT #80. This is a film developed especially for
prepackaged fresn meats.

The rate of color chnange of thne wrapped and unwrapped
samples was approximately egual duriig the first 60 minutes
of storage. after 60 minutes, the color change of the
wrapped sample was slower than the unwrapped sample. at 139
minutes of storage of the wrapped sample and 150 minutes of
storage of the unwrapped sample their colors were 4.7 and
3.6 units resgectively from their standards. The color of
these samples more nearly approximated their standards after
24.hours of storage. The color of the unwrappred sample
changed rapidly after 24 hours of storage. The color had
darkened enough to be considered unsalable after 87 hours of
storage. At this time it was 12.8 units from the standard.
After 24 hours, the coior of the wrapped sample changed very
little until 190 hours of storage. The color change wus
rapid after 190 hours. at 310 hours of storage the color of
this sample was considered unsalable. This is compared with

87 hours when the unwrapped sample was considered unsalable.
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Brooks (13) found that discoloration is closely connected
with the factors governing the loss of water from the meat.

It should be expected that the unwrajpped sample would lose
moisture faster than the wrapped sample since allen (1)
related that the film (300 WMsaT #00 Du ront cellophane) used
on the wrapped sample has a low water vapor permeability and
a wettable surface. From tais standpoint, discoloration
should be faster on the unwrapped sample.

Brooks (13) also found that at 0°C (32°F) the rate of
methemoglobin formation was greatest when the partial pressure
of oxygen was 4 mm. of mercury. allen (1) stated that the
oxygen permeability of the cellophane used was relatively low.
Therefore, if the oxygen pressure in the wrapped package was
lowy rapid discoloration should have recsulted. This did not
occur.

Lavers (29) found that packaging fresh meat in an oxygen-
inmpermeable film caused rapid discoloration. He found that
this was due to a lowered oxygen pressure beneath the film due
to diffusion into the meat and bacterial oxygen demand.

The results obtained with the wrapped sample are in
agreement with results related by allen (1) where meat wrapped
in 300 M3AT #80 cellophane remained bright and salable for
seven to nine days.

The loss of water from the samples seemed to be more
important than the low oxygen pressure in causing the discolor-
ation of these samples. Tabular data of these samples are

shown in Appendix C.
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(IV.) Effect of Lizht

Figures o &nd 6a siow the effect of light on the color
change of fresn meat stored unwrap,ed. Tabular data are
shown in appendix D.

The rate of color cnan.e of tre san.les stored under zl15
foot candles of light coupared to darsness was apiroximately
the sanme during the tirst 1<V minutes of stcrase. Considerable

dirierences were round at <4 hours of storage. Tne color of
the sample stored under <19 t'oot candles of fluore:zcent light
was more desiraple as it was only 3.< units rrom the

standard. The color of tne sai.les stored under =zl fcot
candles of incandescent iight was very undesirable as indicated
by its being <7 units frou the stanaard. Tne color of the
sample stored in darkness had changed to a less desirable

color also. at'ter 24 hLours of storage the color of the sample
stored in darkness and the sample stored under 219 foot candles
of fluorescent light changed at approximately the same rate.
The color of the sample stored under zl1% foot candles of
fluorescent light was considered unsalable atfter 50 hours of
storage compared to 7< hours of storage for the sample stored
in darkness and the sample stored under «l5 foot candles of
incandescent light show little difference (see appendix D).

The initial color attributes of the sample stored under zl15
foot candles of fluorescent light were 1.8 hue steps yellower,

«43 value steps brighter, and .9 cnroma steps weaker than the



sample stored in darkness. This difference may be accounted
for in the amount of intramuscular fat within the area viewed.

A thermometer was placed at the meat surface to determine
if tne lights were causing zn increase in temjperature. The
light used to supply <15 foot candles of incanaescent light
caused an increase in temperature of 15°F at the meat surface.
The storage room teumperature was 340F so that with the 15°F
increase czaused by the lignt, the meat sample storage
temperature was 49°r. The temperature of the sample stored
under 215 foot candles of fluorescent light was increased 3°F
above tnat of the storage room temperature. This sample was
therefore stored at a temperature of 370k,

To account for the rapid discoloration of the sumple
stored under <15 foot candles of incandescent light, the
following explanation is offered. 4as pointed out, incandescent
light caused a storage temperature increase of 15°F. Brooks
(13) has shown that the depth to which oxygen penetrated the
tissue decreased with increasing temperature. Brooks (11)
also found that methemoglobin formed directly on or very near
the surface darkened the color to a greater extent than the
same amecunt of pisment produced in the same time but some
distance below the surface. Therefore, the increase in
temperature would cause the formation of methemoglobin to be
closer to the surface and consequentliy a darker color wnen
compared to the samgle stored in darkness at the lower

temperature. Rikert (43) found that the rate of darkening
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of unpackaged meat increased with an increase in temgperature.
The sample also evidenced a 1oss of moisture. This could
account ior the dark color of the sample since Brooks (13)
has shown that excessive drying causes a dark appearance due
to tne optical changes in the tissue. No doubt a combination
of these factors caused the rapid discoleoration.

Comparing the sampie stored in darkness with the sample
stored under <15 foot candles of fluorescent light, the
storage temperature difference was 3°F. Cther than the color
change after 130 minutes, until 24 hours, the change of these
two samples was similar. This would indicate that light did

not affect the color change of the samples.
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The unwrapped sample stored under z15 foot candles of
incandescent light previousliy discussed, snowed a very rarid
discoloration due to tne increase in temperature caused by
the light. rigures 7 and 7a compare color changes of a
wrapped sample stored under <15 foot candles of fluorescent
light and one stored under zl5 foot candles of incandescent
light. The color attributes of these samples are shown in
aprendix k.

The rate of color change of the samples was similar
during the first 130 minutes of storage. nfter 24 hours of
storage there was consideracle difference in the rate of the
color change. The sample stored under 215 foot candles of
incandescent light changed color rapidly. This sample was
considered unsalable after 55 hours of storage. The sample
stored under 215 foot candles of fluorescent light did not
change color as rapidly. It was considered salable until
<74 hours of storage.

Allen (1) has related that the cellophane (300 LiSaT #80
Du Pont) used has a low water vapor permeability. The
unwragped sample shown in figures 6 and 6a was unsalable in
less than z4 hours compared to a time between 31 and 55 hours
for the wrapped sample (figures 7 and 7a) stored under the
same conditions. The film prevented excessive water loss in
the wrapred sampley therefore, discoloration was not due to

this.
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The effects of temperature on the color change were
discussed for samples illustrazted in figures 6 and 6a. The
temperatures similarly affected the color change of tnese

samrles.
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4o investipate the effect of different intensities of
light on wrapped samples, one sample waa stored under 60 foot
candles of fluorescent light and a second saiple was stored
under 15 foot candles of fluorescent light. <‘he color changes
of these sam.les are illustrated in figures 8 and 8a.

Tabular data are shown in appendix F.

The rate of the colior change during the first 135 minutes
of storage was similar for both sampies. The darkening after
¢4 hours of storage was much faster in the sample stored under
60 foot candles of fluorescent light. This sample was
unsalable at lod hours of storage compared with 3CO hours for
the sample stored under z15 foot candles of fluorescent
light.

The beef steaks used were from the rib eye of the same
wholesale cut, but the measurements were not made simultan-
eously.

Wnile fluorescent lights normally used for lighting
self=-service meat cases are known to cause fading of color of
cured meats,y, the effect on color of tresh meat cuts has not
been established.

It seems unreasonable to expect that light should affect
the color of wrapped samplesy, as it did not affect the color
of the unwra,ped samples (figures 6 and 6a) as long as the
storage temperature was not appreciably altered by the light.

Further investigations seem advisable.
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(V.) Effect of freezing

To show the effect of freezing on the color cnanges, a
portion of the wholiesale rib cut was frczen and neld for a
period of 3 weeks at (°r. After thawing £ days at 340F a
semple was reumoved to compare tne color changes with a sample
from the same cut that nad nct been frozen. rigures § and ¢a
iliustrate the results of these samngles stored unwrapped in
darrness. Tabular data are sniown in appendix G.

Tne rate otf tie colcr chnalige of the sam.le wihicn had been
frozen was mucin slower than tne rate of tiie color chnange of
the unfrozen sample during tre first 120 minutes of storage.
The color of the unfrozen sazmgle more nearly equalled that of
the standard at 19 nours of storage. atfter 1§ hours of storage
the color of the unfrozen sanple darxened rapidly. This
sample was considered unsalable at 71 hours cf storage. The
color of the sample that had been frozen increased in
desirability until 30 hours of storage. nfter tnis, the
sample began to darxen until it was considered unsalable at
64 hours of storage. nafter &4 hours tne rate of darkening
was faster.

Brooks (9) found that freezing and thawing of meat
arpeared to increase tne rate of methermoglobin formation
compared to control tissue whicn had not been frozen. lLiangel
(31) waa unable to verify this, as her samples allowed to thaw
from one to five times aid not snow increased rate of

methemoglobin formation. The results presented in figures
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g and %a indicate ithat the rate of cxyhemoglobin formation
was slower in the sampie which had been frozen conpared to

the unfrozen samplie, but tiie rate of methemogiobin formation

(discoloration) was not increused.
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(VI.) Effect of Delayed Wrapping

Figures 10 and 10a snow the etfiect of a "blooming
reriod™ on tne color cagnge. a pair of samples was cut at
the same time. One sauple was w.apped 3 minutes af'ter cutting
and the other was wrappred 30 minutes atter cutting. These
samgles were stored under 30 foot candles of white fluorescent
light. Tabular data are saown in appendix H.

The color of the sauple wrapped 30 minutes arter cutting
did not snow any apireciavle cnange until 30 hours of
storage, whereas tne color of the sampie wrapped 3 minutes
after cutting brightened rapidly during the first aour.
ntter o0 minutes of storzge tine color of the sample wra,.ped
3 minutes after cutting was nearly the same as the color of
the sample wrappred 30 minutes after cutting. The color of
the sample wrapred 30 minutes after cutting was most desirable
after 30 hours of storuge compared with 82 hours of storage
for the sample wrapped 3 minutes atter cutting. aAfter <CO
hours darkening was noticeable and the rate of the color
change of these sam;les was very similar throughout the
remainder of storage. The sample wrapped 3 minutes after
cutting was unsalable after 444 hours of storage compared
with 420 hours for the sample wrapped 30U minutes aiter cutting.

Tne Froduction & Marketing administration of the United
States Department of agriculture (50) suggests that pre-
packaged mezt retailers allow for a “blooming period" of
19 to 30 minutes after cutting as one of several measures to

slow discoloration. The sample wrapped 3 minutes after
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cutting obtained a desirable color within one hour and
remained salable as long as tae sample wrapyed after 30
minutes. This would indicate that ine blooming reriod does

not necessarily prolong salacle storage tiue.
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A second jpair of samples from anctrer animal was treated
similarly. These samples were stored under zl15 foot candles
of flucrescent light. The color changes are illustrated in
figures 11 and lla. Tabu.ar data are shown in appendix I.

Thne color of the sample wrapped 3 minutes alter cutting
indicated a peculiar color change. The color brizhtened
rcipidly during the first 35 minutes. at this time the color
was brighter than the color of tne sample wrapped 30 minutes
after cutting. &fter 35 minutes, the color of the sample
wrapred 3 minutes af'ter cutiing, showed a slow but steaqy
darkening until 1¢5 minutes of storage. No other sample
showed this darkening in color during the tirst two hours
of storage. The sample wrapped atter 30 minutes increased in
color desirability during this pericd of storage. The rate
of the color change of these samples was very similar after
24 hours of storage.

Both samples were ccnsidered to be unsalable after 240
hours of storage.

These results also indicate thnat the blooming period
was not necessary, as the sample wrapped without a blooming
period remained salable as long as the sample wrapped after

a blooming period.
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A third pair of samples was treated similarly and
stored in darkness. The color changes of these samples are
illustrated in figures 12 and l2a. Tabular data are shown in
Appendix J.

The rate of color change of these éamples was nearly
equal until 150 minutes of storage. The color of the sample
wrapped 30 minutes after cutting was most desirable at 24
hours of storage. The color of this sample then decreased
in desirability as storage time continued. This change was
slow until 163 hours of storage, after which the rate ine-
creased. The color of the sample wrapped 5 minutes after
cutting did not obtain its maximum desirability until 120 hours
of storage. There was little change in the color after 80
hours until 144 hours. Darkening began after 144 hours and
the rate of color change was approximately equal to that of
the sample wrapped 30 minutes after cutting. The color of
both samples was rapidly approaching an unsalable color at the
end of storage, about 300 hourse.

The results from this pair of samples again indicate
thaet the sample wrapped 30 minutes after cutting obtained
its most desirable color sooner than the sample wrapped 5
minutes after cutting. However, comparing the color of the
two samples at equal times after cutting showed little
difference in color. The color of the sample wrapped 5
minutes after cutting was as desirable as the sample wrapped
30 minutes after cutting at the end of storage.
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To determine the etfect of freezing on the color change
of wrapped samples, a portion of tne same rib cut, from
wnich the samples iliustratea in figures lz and l<a were
obtained, was frozen 3 weeks at OCF. After thawing 2 days
at 34O0F, samples were removed and wrapped at different times
to determine if a bloomirng fperiod delayed discoloration of
samples winich had been frozen. The resuits are snown in
figures 13 and 1l3a.

The initial rate of the color cnange of tne tnawed
samples which had been trozen was apiroximately the same as
the initial rate of the color change of the unfrozen sample
(compare figures l2 and l2a with 13 and 13a). after 24 hours,
nowever, the samnjples which had been rIrozen, regardless of
time of wrapping after cutting, ali darkened in color much
faster tran the unfrozen samples. Tie blooming period on the
samples which had been frozen did not increase the salable
storaze time. The saup.ie wrapped 6U minutes after cutting
was considered unsalable alter 140 hours of storage comgared
with 172 hours of storage for tne sampie wrapped 30 minutes
after cutting and 1o3 hours for tne sample wrapped 4 minutes
arter cutting. Comparing these periods witan the unfrozen
samples in figures l« and lza, the sampies which had been
frozen were unsalable much sooner.

Brooks (9) and Liangel (31) have reported conflicting
results on the effect of freezing and thawing of meat on the

rate of methemoglobin formation. Brooks ($) found that this
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‘increased the rate of metnemoslobin formation while kiangel
(31) found that it did nct increase the rate of methemoglobin
formation. The results of tie unwra. ped thawed frozen sample
(illustrated in figures 9 =nd Ya) previously discussed
indicated tnat freezing and thawing did not increase the rate
of metremoglobin formation. The results of the wrapped
thawea frozen saunples illustrated in figures 13 and 1l3a
indicate that the free.ing and thawing did increase the rate
of metnemoglobin fermation when these are compared to wrapped
unfrozen sarmpies illustrated in figures 12 and lza.

Tabular data of tnese sampies are shown in Appendix K.
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The appiication of disk colorimetry as an objective
measurement ol color chaliges of fresh beef muscle hes been
Lresented.

Color differences were found in the longissimus dorsi
muscle or difrerent animals. Differences were also noted
in difrferent areas of the same sam,le.

aging of the rib porticn before cutting the steak
samples did not alter tne rate of tie color change.

Under similar conditicns of storage, samjples wrapred
in Du Pont 300 uSAT #80 cellcphane maintained a salable
color longer than unwrapred samples. hLiany wrapped samples
maintained a salable color in excess of 10 days. It should
be noted, however, that there was no stacking and handling
of the samples after placing in storage.

Under the conditions of this study the samples
brightened ragidly during the first two hours after cutting.
The color change of the samples was apiroximately twice as
great during the first one nour as it was during the second
hour. ©Subsequent desirable color changes occurred at a
slower rate.

The intensities of 1light employed did not atfect the
rate of color change of unwrapped samples under comparable
Storage temperatures. woources of light that increased the

Storage temperature reduced the salable storage time of



both wrapyged and unwraprped ssmpies.

Freezing and thawins of the rib cut before cutting the
steak samples reduced tne salabie stiorage life of wragpped
samples. Tais did not, however, reduce tne salacle storage
Life of unwrapred samples.

A blooming period betore wrap.ing did not extena tne
saluble storage lifte when compdred witn sampies wragped
imaiediately. 1t did, however, shorten the time necessary

for the development of optimum color.
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aPFe.DIX A

Wrap,ed Sample Stored in Darkness

Trial ¢l - average Prime 2 Year 01ld angus uteer

Cutting teuperature - 64C°F, Cooler temperature - 34OF
Standard 1YR 4.0/6.0

Time of Reading

Units from

after Cutting Hue Value Chroma Standard
10 Minutes 4,3YR 4.06 3.7 12.4
<0 " 4.0YR 3.98 4.1 10.6
30 " 3.7YR 4.0 4,2 9.9
40 " 3.3YR 4,0 4.4 3.8
55 " 3. 1YR 4,06 4.5 8.9
70 " 2.3YR 4.21 4.7 7.5
85 " 2. 1IYR 4.23 4.8 6.9
100 u 1.9YR 4.25 4.9 6.9
115 " 1.9YR 4.25 4.9 6.9
130 " 1.7YR 4.26 5.0 6.2
<4z Hours 1.7YR 4.42 5.5 5.4
68 " 2.0YR 4.61 5.4 7.6
95 n 3.1YR 4,43 5.1 9.4
121 " 2.8YR 4.40 4.6 9.9
144 « 3.9YR 4.32 4,1 12.3
168 " 8.0YR 4.23 2.9 18.6*
192 " 9.4YR 4.18 2.6 20.1

* Unsalable
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aFFENDIAX A - continued

Wrapped sSample Stored in Darkness
Trial § - High Commercial 2 Year 01d Hereford oteer
Sample cut from rib 2 weeks after slaughter
Cutting temperature = 640F, Cooler temperature = 33°F
Wrapped 3 minutes after cutting
Standard 1Y¥YR 4.0/6.0

Time of Reading Units from
after Cutting Hue Vaiue Carona Standard

6 Minutes 2. 9YR 3.50 4.3 11.4
16 u 1.9YR 3.58 4.7 8.0
26 L 1.7YR 3.61 4.8 7.3
36 " 1.6YR 3.63 4.9 6.9
51 u 1.4YR 3.69 4.0 5.6
66 " 0.9YR 3.09 9e3 4,1
81 " 0.9¥YR 3.69 5.3 4.1
G6 u 1.1YR 3.56 5.7 3.5
111 " 1.6YR 3.71 5.8 4.3
126 w 1.8YR 3.71 5.8 4.3
30 Hours O.6YR 3.96 6.1 1.3
78 m 10.0R 4.23 6.0 3.6
102 " 0.4YR 4.09 0.0 .0
126 ¢ 0.6YR 3.96 6.1 1.3
150 " l.1YR 3.90 5.9 1.1
174 v 1.4YR 3.87 5.7 2.4
196 ® 1.4YR 3.89 5.6 2.7
220 v 1.2YR 3.96 5.4 2.2
44 1.8Ykr 3.98 5.8 2.5
<68 n c YR 3.94 5.6 4.5
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ArPENDIX A - continued

Trial 8 = continued

Time of Reading

Units from

after Cutting Hue Valu Chroma Standard
292 Hours c.1YR 3.77 5.1 6.1
316 3.8YR 3.89 4.4 10.3*
340 5.1YR 3.79 3.9 13.9
364 " 7.4YR 3.08 33 18.3

* Unsalable
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APPENDIX B

Unwrapped Sample Stored in Darkness
Trial B - Low Choice 13 konth Old Hereford Steer
Sample cut from rib 1 week at'ter slaughter
Cutting temperature - 64°F, Cooler temperature - 36°F
Standard 10R 4.0/7.0

Time of Reading Units from
after Cutting Hue Value Chromna Standard
3 Kinutes 3.4¥R 4,2 3.6 16.2
18 " 2.6YR 4,3 4.4 14.2
23 n 2. 1¥R 4.4 4,7 13.2
33 " 1.5YR 4.4 4,9 11.6
43 u 1.6YR 4.3 4.7 11.7
53 w 1.6YR 4.3 4.7 11.7
63 « 1.4YR 4.3 4.8 11.1
93 L 1.1YR 4.2 5.1 9.1
123 u 1.1YR 4,2 5.1 G.1
153 " 0.9YR 4.3 5.4 8.5
133 " 0.9YR 4.3 5.4 3.5
208 u 1.2YR 4.1 5.3 8.2
373 " 0.3YR 4.1 5.5 2.8
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Unwrapred Sample Stored in Darkness

arPsDIX

B - continued

Trial F - Low Choice 18 jionth Old Hereford Steer

Sampie cut from rib £ weexs after slaugnter

Cutting temperature - 65°r, Cooler temperature = 34°r
Standard 108 4.0/7.0

Time of Reading

Units from

after Cutting Hue Value Chroma otandard
3 Minutes 4.7 4.1 3.3 17.9
13 " 3.5YR 4.1 3.7 15.7
<8 u 2.6YR 4.2 4.1 14.2
33 " 2.3YR 4.2 4.2 13.5
43 " 1.9YR 4,2 4.7 11.7
53 " 1.7YR 4.2 4.8 11.1
63 “ 1. 7YR 4.2 4.8 11.1
83 " 1.5YR 4.1 5.5 8.4
113 - 0.4YR 4.1 5.4 6.3
152 " 0.3YR 4.0 5.8 4.3
242 u 0.6YR 3.9 6.1 4.8
302 " 0.2¥R 4.0 0.4 2.3
362 " 0.2YR 4.0 6.4 2.3

g mreany



Unwrapped Sample Stored in Darkness

AFrZNDIX B - continued

Trial O - Low Choice 15 Month 01d Hereford steer
Sample cut from rib 4 weeks after slaughter
Cutting temperature - 689F, Cooler temperature - 32°r
Standard 10R 4.0/7.0

Time of Reading

Units from

after Cutting Hue Value Chroma Standard

5 Minutes 5.2YR 4.56 3.8 zl.1l
<0 " 4,0YR 4.46 4.5 17.7
30 " 3.5YR 4.41 5.0 15.4
40 n 3.5YR 4.33 5.3 14.3
50 " 2.7YR 4.27 5.3 12.6
60 u 2.3YR 4.32 5.6 11.2
70 " 2.0YR 4.34 5.7 10.3
80 " 1.4YR 4,28 5.7 8.9
90 " l.4YR 4,28 5.7 8.9
100 " 1.0YR 4.33 6.0 7.2
120 " l.1YR 4,23 6.2 6.3
140 " 1l.2YR 4.14 6.6 6.8
<60 " 1.0YR 4,16 6.7 4.8
394 n 0.4YR 4,04 7.2 1.8
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APPENDIX C

Unwrapped Sample Stored in Darkness
Trial G - Low Choice 18 Xonth Old Hereford Steer
Sample cut from rib 3 weeks after slaugnter
Cutting temperzture - 640F, Cooler temperature - 35COF
Standard 1Cr 4.0/7.0

Time of Reading

Units from

after Cutting Hue Value cnroma Standard
5 kinutes 5.1YR 4.2 3.5 15.8
10 u 4.3YR 4,1 3.9 lo.6
<0 u 3.4YR 4.1 4,6 14.1
30 " ¢.0YR 4.1 4.9 12.0
40 L 2.1YR 4.2 5.2 11.0
50 " 2.4YR 4.1 5.4 10.6
60 " z.1YR 4.1 5.6 9.5
70 " 1.8Yr 4.0 5.4 8.7
90 " 1.6YR 3.9 5.8 749
110 " 1.6YR 4,1 6.2 7.0
150 " 1.7YR 4.0 6.4 3.6
234 Hours 9.8R 3.8 7.0 1.8
s m 9.6R 3.7 7.5 4.5
308 9.2R 3.6 7.5 6.3
55 " 8.5 3.4 7.1 8.2
79 " 9.3R 3.2 6.2 8.9
87 " 7.9R 3.1 6.3 12.8+
111 u 7o 2.8 5.8 16.3
135 " 7.9R 2.6 4.8 19.0
159 L 8.4R 2.5 4.1 20.3
163 u 9.8R 2.3 3.1 22.2
* Unsalable
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SPLENDIX  C

Wrapped sample Stored in Darkness
Trial H = Low Choice 18 Month 0ld Hereford Steer
Sample cut from rib 3 weeks after slaughter
Cutting temperature - 65°F, Cooler temperature = 350F
Wrapped 4 minutes after cutting
Standard 1YR 4.0/6.0

Ti?iegfcﬁiigigg Hue Value Chroma Ug%;gdgigm

9 linutes 3.5YR 3.9 3.9 11.3
15 " 3.0Yi 3.9 4.0 10.8
29 L 3.2YR 4.0 4.3 8.8
39 " 2. 9YR 4.1 4.7 8.1
49 o 3. O¥R 4.0 5.0 7.0
59 u c YK 4.1 5.3 5.7
09 L Z.4YR 4.1 5.3 5.7
79 " Z.4YR 4.1 5.3 5.7
99 " 2. 4YR 4.1 5.4 5.4
119 " ce 2YR 4.1 5.5 4.7
139 " 2.<YR 4.1 5.5 4.7
24 Hours 1.9YR 4,1 5.6 3.8
c?7 " lL.7YR 4.1 5.7 3.1
53 " 1.5YR 4.2 5.7 2.7
78 u 1.5YR 4.2 5.7 c.7
102 o 1.7YR 4.1 5.7 3.1
118 1.7YR 4.1 5.7 3.1
142 ™ 2.3YR 4.3 5.8 3.1
166 ® 1.3YR 4.3 5.8 3.1
190 " L.9Yr 4.0 5.8 2.7
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aFPPE.DIX C - continued

Trial H - continued

Time of Reading Units from

after Cutting Hue Value Chroma otandard
244 Hours 2. 7YR 3.8 4.9 7.8
cbe o c«7YR 3.8 4.9 7.8
286 M 3.3VR 3.7 4.8 9.8
310 ¢ 4.0YR 3.7 4.7 11.3*

* Unsalable
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Unwrapped Sample Stored in Darkness

AFPraNDIL

D

Trial 5 = Hizh Commercial 2 Year Old Hereford Steer
Sample cut from rib ¢ weeks after slaughter
Cuttinz temperature - 640F, Cooler temperature = 33°F
Standard 10R 4.0/7.0

Time of Reading

Units from

after Cuttinz Hue Value Chroma Standard
10 Minutes 3.2YR 3.89 4.0 14.7
<0 " 2.1YR 3.98 4.6 11.1
30 " 1.5YR 3.92 5.1 9.3
40 u 1.4YR 3.89 5.6 7.9
55 " 1.4YR 3.85 5.6 7.9
70 o 1.1YR 3.88 5.8 6.8
85 " 1.1YR 3.90 5.9 6.5
100 " 0.9YR 3.52 6.0 5.8
115 " 0.8YR 3.4 0.1 5.3
130 u 0.6YR 3.96 6.1 4.2
24 Hours 8.21 3.58 6.9 7.7
48 v 7.48 3.40 6.6 11.7
72 " 7+6R 3.25 7.0 11.9*
9 " 6.4R 3.21 6.4 15.8
120 v 7.0R 2457 6.3 15.7
144 @ 7. 2R 2.80 5.8 17.3
168 v 7.5R 2.71 5.3 18.2
152 ¢ 7.9R 2.62 4.9 18.8
26 7.7R 2.72 3.8 20.9

* Unsalable
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APFENDIX

D = continued

Unwrapped sample Stored in Light
Trial 10 - High Comnercial 2 Year 0ld Hereiord Steer

Sample cut from rib 4 weeks after slaughter

Cutting temperature - 65°F, Cooler temperature - 34CF
215 foot candles white fluorescent light
nise in temperature at meat surface due to light 3OF
Standard 10R 4.0/7.0

Time of Reading

Units from

after Cutting Hue Value Chroma Standard

4 ilinutes 5.0YR 4.32 3.1 19.7
14 u 4,2YR 4.48 3.7 18.1
<4 u 3. 2¥R 4.36 4.4 15.8
34 " 2.8YR 4.40 4.6 14.8
49 u 2.5YR 4.43 4.5 13.8
64 " 2.4YR 4.36 5.1 13.0
79 u 2. 0YR 4.38 5.2 12.0
94 u 1.7YR 4.41 5.4 10.9
109 " 1.7YR 4.41 5.4 10.9
lz4 " 1.7YR 4,42 5.5 10.6
25 Hours 9.9R 3.86 6.2 3.2
50 7.9 3.26 5.9 12.5%
73 " 7+9R 3.41 4.6 14.7
106 n 8.6R 3.46 3.8 14.7
130 © 9.4R 3.41 2.9 16.0
154 v 793 3.47 2.5 18.6
178 ¢ 9.2R 3.05 1.9 2l.3

* Unsalable
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sPPANDIX D - continued

Unwrapped cample Stored in Light
Trial 6 = high Commercial 2 Year 0ld Hereford Steer
Sample cut from rib 2 weeks after slaughter
Cutting temperature - 64°F, Cooler temperature - 330F

cl5 foot candles incandescent light

Rise in temperature at meat surface due to light 150F
Standard 10R 4.0/7.0

Time of Reading

Units from

after Cutting Hue Value Chroma Standard

9 Minutes 3.5YR 3.79 4.1 15.6
19 " 2. 4YR 3.73 4.9 12.8
29 " 1.GYR 3.67 5.6 10.3
39 " 1.5YR 3.71 5.8 9.6
Y4 " l.6YR 3.75 6.0 6.0
69 " 1.4YR 3.66 6.5 6.9
84 " 1.2YR 3.70 6.7 5.9
114 " 0.5YR 3.60 6.7 4.6
129 " O.4¥YR 3.0¢ 6.8 4.1
23 Hours 6.5R 2.10 3.4 27.0%

* Unsalable
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APPZNDIX E

wrapped Sample Stored in Light
Trial 7 - High Commercial z Year 0ld Hereford Steer

Sample cut trom rib 2 weeks after siaugnter

Cuiting temperature - 649r, Cooler temperature - 330F
Wrapped 3 minutes after cutting

219 foot candles incandescent light
Rise in temperature at meat surface due to lizht 15°F
Standard 1YR 4.0/6.0

Time of Reading

Units from

atter Cutting Hue Value Chroma Standarg
10 Minutes 3.6YxR 3.44 3.8 14.5
<0 " 3.1¥r 3.36 4.6 11.7
30 L 2.5YR 3.41 4.8 10.1
40 u 2.5YR 3.41 4.8 10.1
55 u 1.7YR 3.50 5.2 6.9
70 " 1.6YR 3.52 5.3 0.4
85 " 1.6YR 3.52 563 b.4
100 " l.4YR 3.54 5.4 9.7
115 " 1.1YR 3.56 5.7 3.4
130 u 1.1y 3.56 5.7 3.4
31 Hours 0.9YR 3.38 5.2 6.2
55 2.OYR 3.37 4.0 11.2%
79 o 5.0YR 2.79 2.6 21l.6
103 ¢ 5.2YR 2.76 2.5 2l.9

* Unsalable
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abkFaNDIX B - continued

Wrapred sampie ctored in Light
Trial 12 - High Commercial < Year 01ld Hereford Steer

Sample cut from rib 4 weeks after siaughter

Cutting temperature - 65°F, Cooler temperature = 340F
wrapped 4 minutes after cutting
215 foot candles white fluorescent light
rRise in temperature at meat surface due to light 3°F
Standard 1YR 4.0/6.0

Time of Reading

Units from

after Cutting Hue Value Chroma Standard
9 Minutes 4.0YR 3.98 4.1 10.6
19 u 3.0YR 3.94 4.7 8.3
29 " 2. 7YR 3.98 5.0 6.4
39 " ce4¥Rr 3.90 5.4 5.4
54 “ 2.4YR 3.92 5.5 5.2
69 " 2. 2R 3.94 5.6 4.5
64 n 1.9YR 3.90 5.8 .7
99 " 1.6YR 3.83 5¢5 4,0
114 u 1.4YR 3.67 5.7 .4
129 " 1.1¥YR 3.50 5.9 1.1
25 Hours 2.4YR 4.17 5.6 3.5
59 n 2.4YR 3.92 5.5 5.2
83 3.1YR 4,00 5.4 6.3
107 = 3.0YR 3.94 4.8 8.0
155 ® 3.0YR 3.94 4.7 8.3
179 o 3.5YR 4,02 4.3 9.4
216 v 5.0YR 4,06 4.1 12.9
274 v 5.7YR 4,00 3.7 13.9*
<98 " 7.0YR 3.95 3¢5 15.9
3ece " G.0¥R 4,08 3.2 19.2
346 9.6YR 4.07 3.0 19.9

* Unsalable
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ArPoiNDIX F

Wrapped Sample Stored in Light

Trial 20 - average Prime <« Year 0ld angus Steer

Cutting temperature - 65°F, Cooler temperature - 34°F
Wrapred 7 minutes after cutting
60 foot canales wnite fluorescent lignt
nise in temperature at meat surface due to light 1-2OF
Standard 1YR 4.0/6.0

Time of Reading

Units from

after Cutting Hue Value Chroma Standard
15 Minutes 4.3YR 3.57 4.1 13.5
25 " 4.0YR 3.01 4.3 12.7
35 " 3.4YR 3.65 4.5 10.6
45 " 2. 7YR 3.69 4.7 8.9
60 " 2.4YR 3.73 4.9 7.8
75 " 2.3YR 3.75 5.1 6.6
90 u 1.8YR 3.79 5.4 4.7
105 " 1.8YR 3.81 5.4 4.7
120 " 1.8YR 3.81 5.4 4.7
135 u 1.8YR 3.81 5.4 4.7
25 Hours 2.4Yn 4.17 5.6 5.5
58 <.8YR 4,23 5.1 7.6
95 " 3. 6YR 4,16 4.7 10.0
121 " 3.9YR 4,02 4.7 9.4
144 v 5.9YR 3.91 4.0 13.8
168 6+1YR 3.87 3.8 15.0%
192 6.6YR 3.72 3.5 17.1
2l6 v 9.2¥YR 3.72 2.7 0.6

* Unsalable
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APFENDIX F - continued

Wrapped sample Stored in Lignt
Trial 11 - Average Prime « Year 0ld angus Steer
Cutting temperature - 65°F, Cooler temperature - 340F
Wrapped 9 minutes after cutting
215 1oot canales white fiuorescent light
Rise in temperature at meat surface due to light 39K
Standard 1Yr 4.0/6.0

Time of Reading Units from
after Cutting Hue Value Chroma Standard
12 Minutes 3.4YR 3.61 4.8 9.4
cc " z«8YR 3.87 5.3 6.5
3z H 2.4YR 3.90 5.4 5.4
42 " 2.4YR 3.90 5.4 5.4
57 " 2.3YR 3.82 5.9 4.6
72 " 2.3YR 3.85 6.0 3.7
87 " 2.0YR 3.66 6.1 3.3
102 L 1.8Yk 3.90 6.3 3.5
117 “ 1.6YR 3.92 6.4 3.3
132 u 1.6YR 3.92 0.4 3.3
26 Hours 2.4YR 3.52 5.5 5.2
60 ® 3.0YR 3.94 4,7 8.3
84 o 3. 1YR 3.583 5.0 8.4
108 o 3.5YR 3.79 4.8 9.6
156 ™ 3.0YR 3.79 4.3 9.7
180 3.5¥R 3.75 4.1 11.0
218 " 44 6YR 3.93 3.8 12.7
c76 n 5.1¥YR 3.91 3.7 13.6
300 o 6.1YR 3.67 3.8 15.0%
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arF=nDIX

F = continued

Trial 11 « continued

Time of keading

Units from

after Cutting Hue Value Chroma Standard
324 Hours 0e5Yr 3.89 3.8 15.6
348 " 7.0YR 3.95 3.5 15.9
372 " 7+3YR 3-93 3.5 10.9
396 8.5Yr 3.88 3.2 18.6

* Unsalable
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AFFINDIX G

Unwrapped cample Stored in Darkness
Trial N - Low Choice 10 lLonth 0ld Hereford Steer
Sample cut from rib 4 weeks atter slaughter
Cutiing temperature - 04°, Cooler temperature = 3207
Standard lux 4.0/7.0

Time of Reading

Units from

arter Cutting Hue Value Chroma Standard

4 liinutes 4.,57R 4.37 3.3 19.4
14 n 2.8YR 4.39 4.2 15.5
z4 u 2.9YR 4.31 4.3 14.9
34 n <.3YR 4.20 4.9 12.6
44 " cel¥nrt 4.9 5.0 12.0
54 u 1.7YR 4.33 5.3 10.5
o4 " Le3ZR 4.36 HeH G.7
74 L 1.3YR 4.37 5.5 9.7
84 u 0.9YR 4.39 5.7 8.4
94 " U.57R 4,22 5.9 5.7
104 L 0.5YR 4,22 5.9 5.7
114 " O.5YR 4.23 2.9 2e7
14 u C.4YR 4.25 6.0 5.8
19 Hours 9.1 3.85 7.4 4.5
6w 555t 3.76 7.4 6.8
71 " 7.0 3.0 6.9 11.7*
91 o 6.6R 3.01 6.6 lo.2
115 " 71 2.84 5.9 17.3

* Unsalable
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Unwrarped Thawed Frozen Jample Stored in Darkness

APTreliDIX

G = continued

Trial T - Low Choice 18 honth Old Hereford Steer
Sample cut trom rib 9 weeks atter slaughter

rrozen 3 weexs (5-0), Thawed 1 week

Cutting temperature 70°r, Cooler temperature = 340
Standard 1CR 4.0/7.0

Time of reading

Units from

after Cutting Hue Value Chroma Standard
3 lkinutes 7+ 7YR 4.35 3.6 23.7
13 u 6.3YR 4.3z 4.0 20.9
23 " 5.4YR 4.47 4.6 0.1
33 " 5.0YR 4,50 4.8 19.2
43 " 4,60YR 4.53 5.0 18.2
63 u 4,5Yr 4,46 5.2 17.8
75 " 4.5YR 4.40 5.l 17.8
93 " 4.0YR 4,30 5.4 17.1
108 M 4,6YR 4.30 5.4 17.1
123 " 4.3YR 4.39 5.6 16.2
12 Hours 2.9YR 4.40 6.1 12.2
36 " 1.6YR 3.7z 5.8 9.1
60 1.6YR 3.83 5.5 9.2
g4 u 0.6YR 3.41 53 10.0*
108 v 2.5YR’ 3.52 4.4 15.2
132 ¢ 1.37R 3.54 4,0 14.1
150 % 2.4YR 3.46 3.5 10.9
180 u 2. 7YR 3.44 3.4 18.1

* Unsalable
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alFoiiDIX

H

Wrapped ocample Stored in Light
Trial IV - iLow Choice 20 ..onth 0ld Heretord Heifer
oample cut Irom rib 9 aays alfter siaugnter
Cutting temperature = 60907, Cooler temjerature = 350
Wrapped 3 minutes atter cutting
30 foot candies white fluorescent light

No measureable rise in temperature due to light

Standard 1lYR 4.0/6.0

Time of Reaaing

Units from

after Cutting Hue Value Chroma Standard

8 Linutes 3.2YR 3.48 4.1 12.3
18 n 2.8YR 3.39 4.6 11.1
33 " 1.97R 3.47 2.1 7.5
43 " 1.4YR 3.54 5.4 5.7
63 " l.17r 3.56 5e7 3.9
93 " 1.0YK 3.60 5.7 3.3
123 " 0.8Yx 3.0z 5.9 3.2
30 Hours O.0Ya 3.08 0.2 3.4
5 u O.6YR 3.66 6.1 3.1
gz l.4YR 3.77 6.0 2.2
106 0.7Y] 3.62 5.8 3.7
145 ® 1.6YR 3.75 6.0 2.6
160 1.0YR 3.72 5.8 3.8
199 v 1.8YR 3.61 9.4 4,7
27 v 1.9YR 3.67 5.6 5.0
251 1.9YR 3.67 546 5.0
e71 ™ Ze2int 3.65 5.5 549
295 w 2. 2YR 3.65 5.5 5.9
324 M 3.1YR 3.73 5.4 8.1
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abbaNDIX

d - continued

Trial IV - continued

Time of Reading

Tnits from

after Cutting Hue Value Chroma otandard
348 Hours 3.6YR 3.09 Hec 9.6
370 n 2. 8Ys 3.58 2.1 8.8
396 3.3YR 3.54 4.9 10.8
4z0 o 3.3YR 3.54 4.9 10.8
444 M 4.6YR 3.71 4.4 12,9%
408 " 4,.9Yg 3.41 4,2 15.6
430 " 5.4YR 3.51 3.7 16.4

* Unsalable
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obPoliDIX  H - continued

Jrapred oample stored In Light
irial V = Low Choice «U .onth Old Heretord Heifer
oampie cut from rib ¢ days al'ter slaugater
Cutting teimperature = 059", Cooler te perature = 350
wrapped 30 minutes af'ter cutiing
30 foot candles white fluorescent light

No measurezble rise in temperature due to light

Standard 1YR 4.0/0.0

Time of Reading

Units from

after Cutting Hue Vzlue Chroma otandard
35 Kinutes 1.4Y: 3.94 5.2 3.8
45 . 0.4YR 3.80 5.3 4.0
60 " U.3Yx% 3.90 5.5 3.6
75 " 0. 1¥YR 3.92 5.7 3.6
90 " 0. 1YR 3.92 5.7 3.6
105 " 0.1YR 3.92 5.7 3.6
135 n S.7R 3.906 5.8 3.6
150 " 9.7R 3.96 5.8 3.6
30 Hours 971 3.96 6.0 3.1
5 9.5% 4,10 5.8 4.7
gz m 951 4.10 H.8 4,7
106 o G 7R 4.07 5.6 4.7
160 ® 0. 2YR 4,02 5.2 4.3
159 ¢ C.4YR 4.0 9.2 3.6
ez7 0.5YR 3.98 5.1 3.7
251 1.4YR 4.00 5.0 4.4
271 1.4YR 4,04 4.8 4.4
<95 1.4Yxk 4,04 4.8 4.4
324 M 2.3YR 4,11 4.9 0.4
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aFPEDIX H - contirnued

Trial V - continued

Time of Reading

Units from

after Cutting Hue Value Chroma otandard
348 Hours 2. 1YR 3.68 4.6 6.2
370 @ c«3YR 3.995 4.4 7.1
390 ™ 3.2¥rt 3.59 4.0 10.1
420 " 4.1¥r 3.8¢ 3.6 lc.9*
444 M 5.27n 3.76 3.3 14.8
468 6.8YR 3.70 3.0 17.8
490 v 71YR 3.68 .9 18.2

* Unsalable
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Arr=nDIX T

Wrapped oample Stored in Light -
Imnmediate versus Delayed Wrapping
Trial 30 = averagze Choice « Year (ld Hereford Steer
Sample Cut from rib 13 days after slaughter
Cutting temperature - o07°r, Cooler temperature - 34°r
Jracped 3 minutes arter cutting
clH toot candles wunite tiuorescent ligat
nise in temperature at meat surface due to light 3°OF
Standard 1YR 4.C/0.0

Time of Reacing Units from
after Cutting Kue Value Caroma Standard

5 Minutes l.5YK 3.<9 4.0 9.3
15 " lec¥it 3.19 5.2 7.6
<5 " 0.GYR 3.4 5.5 6.5
39 " 0.9YR 3.26 5.7 5.3
45 m Oeo¥R 3.28 5.8 5.7
55 " 0.5YR 3.31 6.0 5.4
65 " 0.5YR 3.31 6.0 5.4
60 " C.2YR 3.38 6.2 6.2
$5 " 0.2YR 3.38 0.2 0.2
110 " 0.1YR 3.40 0.3 5.8
15 " 10.0R 3.42 6.4 7.4
25 Hours C.0YR 3.66 6.1 3.1
54 1.0Yx 3.00 5.7 3.3
76 " 1.0YR 3.58 5.7 3.3
g8 1.1YR 3.07 5.1 4.7
le2 ® 1l.5Yx 3.63 4.9 6.7
150 o 3. 1Y 3.67 4.6 9.9
174 o 3.4YR 3.65 4.5 10.6
2l3 n 4.,3YR 3.57 4.1 13.5



arPENDIX I - continued

Trial 30 = continued

Time of Reading Units from
after Cutting Hue Value Chroma Standard
239 Hours 4 ,4YR 3.70 3.8 13.6%
295 o 6.0YR 3.60 3.3 17.1
316 " 6.0YR 3.60 3.3 17.1
338 6.7YR 3.57 3.2 18.1

* Unsalable
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afFoNDIX 1 = continued

wWrarred cample Stored in Light -
Immediate versus Delayed Wrapping

Trial 31 - Average Choice ¢ Year Old hereford Steer

Sample cut from rib 13 days arter slaughter

Cutting temperature - ©7°, Cooler temperature - 340OF

Wrzrped 30 minutes alter cutting

<15 foot candales wnite fluorescent light

xise in temperature at meat surface due to light 30r

Standard 1Yx 4.0/0.0

Time of Reading Units from
efter Cutting Iue Value cnroma Standard
33 linutes L.7YRr 3.36 5.6 6.4
43 m 1.5YR 3.40 5.8 2.4
53 " 1.3YR 3.4z 9.9 4.6
63 " 1.3YR 3.4z 5.9 4.6
73 u 1.3YR 3.45 5.9 4.6
83 u 1.3YR 3.45 5.9 4,6
93 " 1.1YR 3.47 0.l 3.5
1c8 n 1.1¥x 3.49 6.2 3.8
123 “ 0.9YR 3.51 6.3 4,2
138 u 0.9YR 3.51 6.3 4,2
25 Hours 1.5YR 3.79 6.0 2.4
54 1.8YRr 3.81 5.4 4.7
76 2.OYR 3.77 5.2 5.7
g8 o 2. YR 3.85 4.7 6.8
lgcz v 2.7YR 3.81 4.5 8.8
150 " 3.5YR 3.75 4.1 11.0
174 v 3.9YR 3.71 3.9 12.6
213 4.8YR 3.66 3.6 14.5

-11G-



ArPziiDIX I - continued

Trial 31 = continued

Time of Reading Units from
after Cutting Hue Value Chroma Standard
239 Hours 5.0YR 3.78 3.4 14.4%
95 v 7.0YR 3.68 2.9 18.1
316 ¢ 7 «6YR 3.80 3.1 18.1
338 n 7.8YR 3.78 3.0 18.4

* Unsalable



APPENDIX J

‘Wrapped Sample Stored in Darkness =
Immediate versus Delayed Wrapping
Trial I = Low Choice 18 lionth 01d Hereford Steer

Sample cut from rib 3 weeks after slaughter
Cutting temperature - 63°r, Cooler temperature - 34°F
Wrapped 5 minutes after cutting

btdnddrd .L‘-lff{ 4.0/0.0

Time of Reading

Units from

after Cutting Hue Value Caroma otandard
10 Minutes 4.0YR 3.9 4.5 10.5
20 " 3.9YR 3.9 4.6 10.1
30 " 3.4YR 4.0 4.8 8.2
40 u 3.5YR 3.9 5.1 8.4
50 " 3.2YR 3.9 9.3 7.4
60 " 3.2YR 3.9 5.3 7.4
70 " 3.0YR 3.9 5.4 6.7
90 " 2.9YR 3.9 5.5 6.3
120 " 2.5YR 4.0 5.7 4.3
150 " 2.5YR 4.0 5.8 4.1
31 Hours 2.3YR 4,0 5.8 3.6
56 " 1.6YR 3.9 5.8 2.6
72 " 1.6YR 3.9 - 5.8 2.6
go 1.1YR 4,1 5.6 1.5
96 ™ 1.1YR 4,1 5.8 1.5
120 ™ G.9YR 4.1 5.9 1.1
144 ® 1.1YR 4.1 5.8 1.9
168 ™ 0.8YR 3.9 5.5 2.5
2e2 M 1.8YR 3.8 4.8 6.3
<41 v 1.8Yr 3.8 4.8 6.3
65 = 2.3YR 3.7 4.9 7.6
269 o 2.7YR 3.6 4,7 9.5

~lcl=~



Wrapped sample Stored in Darkness =
Trial J = Low Choice 18 Month 0l1d Hereford Steer

AFPENDIX J = continued

Immediate versus Delayed Wrapping

Sample cut from rib 3 weeks after slaughter
Cutting temperature - 630F, Cooler temperature = 34°F

Wrappred 30 minutes after cutting

Standard 1lYn 4.0/0.0

Time of Reading

Units from

after Cutting Hue Value Chroma Standard
35 Minutes 2.9YR 4,2 5.5 6.9
45 " 2. 7R 4,2 5.7 5.0
55 " 2.4YR 4,2 5.8 5.0
65 u 2.4YR 4.2 5.8 5.0
75 “ 2.4YR 4.2 5.8 5.0
85 u 2.4YR 4,2 5.8 5.0
g5 1.9YR 4.1 5e7 3.6
145 w 1.5YR 4.2 6.0 2.4
<6 Hours 0.8YR 4.1 6.0 1.1
50 1.1YR 4.1 5.8 1.3
79 " 0.8Yr 4,1 5.9 1.4
g7 o 1.3YR 4.0 5.6 1.9
115 v 1.5YR 4,2 6.0 2.4
135 1.5YR 4,2 6.0 2.4
163 1.5YR 4,2 6.0 2.4
7 v 1.7YR 4.0 5.4 3.3
22y 1.6YR 3.8 4.9 5.7
259 M 1.9YR 3.8 4.7 6.8
283 ¢ 2. YR 3.8 4.5 7.9
308 2.5YR 3.8 4.5 8.4

* Unsalable



‘Nrapred Thawed Frozen Sample Stored in Darkness =

Sample cut from rib 8 weeks after slaughter -

AFFENDIX K

Immediate versus Delayed Wrapping
Trial Y - Low Choice 18 Month 0l1d Hereford Steer

Time of Reading

Frozen the last weeks
Cutting temperature - 639F, Cooler temperature - 34°F

Wrapred 4 minutes after cutting -
otandard 1YR 4.0/0.0

Units from

after Cutting Hue Value Chroma Standard
10 LMinutes 4.3YR 4.56 3.5 15.7
<0 " 3.9¥YR 4.60 3.7 14.8
30 u 3. 1Y% 4.48 4.3 11.7
40 " 3.0YR 4,38 4.5 10.5
55 " 2.8YR 4.41 4.7 9.7
70 u 3.0¥YR 4.52 4.9 10.2
85 u 2.9YR 4,53 5.0 9.8
100 u 2.7YR 4.55 5.1 9.8
115 u 2.5YR 4.56 5.2 9.1
130 ® - Z.5YR 4.49 5.4 8.0
29 Hours 2.6YR 4,38 5.6 7.2
50 3.3YR 4.41 5.0 1.0
67 4.6YR 4.51 4.4 14.1
gL 4.8YR 4.49 4.4 14.5
115 ¢ 4.4YR 4.41 4.3 13.3
139 4.8YR 4,38 4,2 14.2
163 ¢ 4,9YR 4,46 3.9 15.4%
211 0w 6elYR 4.42 3.6 16.9
235 v 6+ 2YR 4,30 3.7 16.4
259 w 8+3YR 4.42 3.3 20.1
283 ¢ 8.6YR 4.40 3.2 20.5

* Unsalable



Wrapred Thawed Frozen Sample Stored in Darkness =

Sample cut from rib 8 weeks after slaughter -

aFPrNDIX

K - continued

Immediate versus Delayed Wrapping
Trial R - Low Choice 18 Month 0ld Hereford steer

Time of neading

rrozen the last 3 weeks
Cutting temperature - 63°F, Cooler temperature - 320F

¥raviped 60 minutes after cutting
otandard 178 4.C/0.0

Units from

after Cutting Hue Value Chroma Standard
65 Minutes 3.3YR 3.86 5.7 6.7
75 " 3.3YR 3.88 5.8 6.5
85 " 3.3YR 3.88 5.8 6.5
95 " 3.3YR 3.68 5.8 6.5
110 " 3.0YR 3.92 5.9 5.6
15 " 3.0¥R 3.92 5.9 5.6
250 " 3.0YR 3.92 5.9 5.6
8 Hours 2.9YR 4.02 5.5 5.7
5 M 3.9YR 4.0H 5.0 8.6
76 v 3.4YR 4,07 5.0 8.4
160 3.9YR 4.02 4.7 9.4
lz4 O 4.3YR 3.98 4.5 10.4
148 v 4.6YR 4.06 4.3 11.9*
172 " 5«5YR 4.13 4.2 13.6
196 " 6.0YR 4.02 4.3 13.7
20 ¢ 6. 7YR 3.98 4.1 15.0
244‘ " 6. 7YR 4.10 3.9 15.8
o8 v 0.0YR 3.99 3.7 14.3
<9e " 7+0YR 3.95 3¢5 15.9
316 8.0YR 4.03 3.5 17.3
340 n 7+5YR 4,05 3.2 17.3

* Unsalable



Wrapreda Thawed Frozen Sample Stored in Darkness -

Sample cut from rib 8 weexs after slaughter -

aPPeENDIX K - continued

Immediate versus Delayed ‘Vrapping
Trial W - Low Choice 18 lkonth 01d Hereford Steer

Time of Reading

rrozen the last 3 weeks
Cutting temperature - 63°F, Cocler temperature = 34CF

Wrapired 30 minutes after cutting
Standard 1Y¥Yx 4.0/6.0

Units from

after Cutting Hue Value Chroma Standard
40 Minutes 3.5YR 3.6 4.4 11.6
50 " 3.3YR 3.7 4,6 10.2
60 n 3.1¥YR 3.7 4.6 9.9
70 " 2.8YR 3.7 4.7 8.5
85 " 2. TYR 3.7 4.8 8.7
g5 " 3.1¥R 3.7 5e4 Bel
110 " 3.0YR 3.8 5.6 6.9
125 " 3.0YR 3.8 5.6 6.9
140 " 2. 6YR 3.8 5.7 5.7
155 " 2.6YR 3.8 547 5.7
28 Hours 2. 6YR 3.8 5.7 5.7
50 w 2. 95YR 3.6 5.4 7.4
76 ¢ 3.5YR 3.8 4.8 9.6
co0 ¢ 4.1YR 3.8 4.6 11.1
1lz4 ® 4.0YR 3.6 4.3 12.7
148 v 4,.4YR 3.6 4,2 13.5
172 o 4 ,6YR 3.6 4.0 14,2%
196 5+1YR 3.8 3.3 14.7
220 ¢ 7.4YR 3.68 3.3 18.3
244 @ 8.4YR 3.64 3.1 20.3
<68 v 9.2YR 3.60 2.9 cl.2
292 o 9.7YR 3.57 2.8 2l.7

* Unsdlable



P



ﬂAﬁ 10 1961 2
A‘f ’b/ﬂﬁ/
JUhb0-196




