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Chanter 1
INTRCDUCTION

The meat industry appears to be moving toward centralilzed
processing of products for economle reasons, Retalling frozen
products, rather than frech products, seems to it more logl-
¢ally into a central cutting systen,

Consistent and acceptable meat quality, especilally that
manifested through color, is a primary determinant of product
saleability. Attractive frozen meat color and an absence of
frost and blood in packages are inherently critical since first
impressions of any food are usually visual. Therefore, & posi-
tive or negative psychologlcal response for acceptance is
immediate for most potential consumers,

The fresh meat color most preferred by consumers results
from the muscle plgment oxymyoglobin. Producticon of this bright
red color in frozen meats seems loglcal to insure the meat
industry a reasonable response to their frozen product. Varia-
tion from the oxygenated state may occur as the result of
differing environmental conditlions such as freezing rate, dis-
play temperature and time, packaging, dlisplay lighting, meat
quality, degree of oxldatlive rarncidity and microbisl growth on
the cut surface of the neat.

Although researchers have long been cognlzant of the
importance of meat color, objective methods of color measure-

ment have been 4difficult and 1nterp:etations have beern nearly



impossible, Of the various methods currently used for coler
determination, reflectance spectrovhotometry offers promise as
a nondestructive method of analysis. Reflectance ratios and/or
reflectance at selected wavelengths may be indicative of color
differences; however, further work ie needed to quantitate this
method.,

Factors affecting color stabllity of fresh meat have been
investigated by numerous researchers, Whether the recommenda-
tions for increasing shelf 1i1fe of fresh products are applicatle
to frozen meat remains to be determined,

The purpose of this work was to study the effect of freez-
ing rate, display temperature, packaging film permeability,
display lighting type and marbling level on color stabllity,

drip loss and welght loss of frozen lamb chops.
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Chapter 2
HEVIEW OF LITERATURE

Importance of Color in Meat

Color, a definite component of food (Birren, 1963), is every-
where., He lndicates color of foods can produce a physlologlcal
response related to appetite, Bright, warm colors tend to stimu-
late the autonomic nervous system including digestion. Soft,
cool colors have a negative autonomie response, That is, the
reds and yellows tend to exclite hunger while the blues and greens
tend to discourage hunger, The bloomed color of meat may, there-
fore, produce an unconsclous stimulus to purchase retall meat
products,

Consumers hold the key to the manner in which food products
rare prepared and placed on the market, Judd and Wyszecki (1963)
agree that color of product greatly influences consumer accep=-
tance,

Francis (1963) states that color in foodstuffs may be
divided into two general problems, One concerns the addition
of synthetic colors to foods to achleve desired appearances; the
second involves the natural pigments and thelr appearances in
food such as meat, The second problem presents speclal consid-
erations as the processor usually has little or no control over
the amount of colorant present, Eence, standardization is a

very difficult problem yet extremely important., Two ldentical



meat cuts, equally wholesome and attractive but of different
color, may make the consumer feel something is wrong with one
of them.

Francis (1963) also indicates meassurement of color in meat
products involves two areas{ that of color control during pro-
cessing or storsge and that concerned with coler as & measure-
ment. of economic worth, Color contrel in foods has increased
in significance because of new quality control programs and the
develomment of instrumentation to meke color measurenent and
control more practicel. Modern frozen meat enterprises will
likely utilize and improve recent advances in quality control.

Although meat color provides a eriterion for wholescnmeness
end gquality and even has some asthestic value, the significance
of color to the meat industry is primarily related to consumer
acceptance in the market place, Naumenn et al., (1957) states
consumer preferernce for meat involves two dilstinct preferences,
visual and eating, which ultimately result in a single expression
of preferénce. Visual appeal of any cut may be offset by low
palatabllity. Conversely, potentlal eating satlisfaction of meat
is rarely realized if the cut is deficlent in visual avpesal.
This in itself has profound implications for the entire meat
Industry.

Chemistry of Fresh Heat Piements

The color of meat invelves the chemistry of the hene pige-
ments, hemoglobin and myoglobln, In muscle of living animals

both pigments serve to complex oxygen required for metabolic
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activity, Hemoglobin carrlies oxygen via the blood to the muscle;
myoglobin serves as a storage complex for oxygen in muscle cells.,
Color mechanisms in post-mortem muscle tissue are dependent upon
chemical reactions of these plgments.

Shenk et al. (1934} indicated more than 90% of the pigment
in fresh meats was myoglobin rather than hemoglobin, Approxi-
mately 95% of the iron remaining after the bleeding process was
in myogloblin molecules (Giffee et al., 1960). Fleming, Blumer
and Cralg (1960) analized over 150 beef rib eyes and found as
high asg 18% hemoglobin; however, the average was only 5%. On
the other hand, Craig et al. (1966) found hemoglobin to be

12-15% of the total pigment in beef longissimus dorsi and in

muscles of the foreshank. The data of Rlckansrud and Henrlckson
(1967) indicated hemoglobin may influence the color of certain

bovine muscles nore than others. They found the longlssimus

dorsi muscle from 7 choice grading steers to average 20% hemo-
globin and the psoas major to average nearly 38% hemoglobin,
Nevertheless, the color of meat is primarily nmanifested through
myoglobin,

Various research studies have found myoglobln concentra-
tions within a speclfic muscle and from one muscle to another
to vary dlrectly with the physliologlcal actlvity of the nmuscle,
Variation 1s also related to specles, breed, sex, age, plane of
nutrition and trailning. Thus, a very lmportant factor in the
uniformity of meat color 1s the distribution of myoglobin in

muscle tissue,



llyoglobin 1s a conjugated protein consisting of a heme
molety (iron containing porphyrin compound) attached to a
globulin type protein (Schweigert, 1956)., The heme portion con-
sists of four pyrrole rings linked together by methene bridges
and coordinated around a central atom of iron, Lenmberg and
Legge (1949) provide detalls of the chemistry of the muscle
pignent, The chemical state of the iron and the constituents
attached to 1t are responsible for the various colors of the
pigment in meat, If denaturation of the protein moiefy occurs,'
the heme is no longer able to complex oxygen; hence, 1t is not
possible to obtain the desired colors of meat, |

In the presence of oxygen the three pigments, myoglobin
(reduced), oxymyoglobin and metmyoglobin, are constantly being
interconverted (Fox, 1966). lyoglobin is purplish red when
water is bonded to reduced iron. Oxygen bonded to ferrous
1ron converts the pigment to the bright red oxygenated state,
oxymyogloblin, Oxidation of elther oxymyoglobin or myoglobin
results in brown metmyoglobin characterized by a hydroxyl
radical sttached to ferric iron. DBrooks (1938) found this
brown color was nbticeable when about 60% of the pigment was
in the metmyoglobin form, On heating any of these forms, the
globin is denaturated, but the hematin nuecleus remains intact
as dull red globin haemichromogen and brown giobin haemochromogen
(Lawrie, 1968),

The relative proportlon of myoglobin, oxymyoglobin

and/or metmyoglobin in meat is dependent upon two opposing
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reactions; oxldation of oxymyozlobin or reduced myogloblin to
metnyoglobln and the subseguent re-rcduction to myoglodbin., This
dynanmic equilibrium is ¥nown to be related to partial pressure
of oxygen and enzymatic reducing pathways in meat, Oxymyoglohin
wlll persist as long as oxygen tension is sufficlent to suorly
the need of both enzymatic activity and comvlexing of oxygen to
myoslobin, Early work by Conont and Fleser (1924) and Heill
and Eastings (1925) suggested the oxidation of oxyhemoglobin
to methemoglobin was correlated with low oxygen vressure, Broolke
(1938) found low oxygen tension (4 mm Hg) produced a maximum rate
of methemoglobin formation. George and Stratmann {1952) indi-
calted maximun rate of oxidation of myoglobin occurred at 1 to
1.4 mm, Hg oxygen pressure, but later sugpgested the rate of maxi-
mum conversion may range from 1 to 20 mm Hg of oxygen vressure
depending on the pigment, vH and temperature. Similar reaction
rates were reported by Snyder and Ayres (1961), Grant (1955},
using enzyme inhibitors, demonstrated that respiratory enzymes
in meat, especlally succinliec dehydrogenase, contributed to
metmyocglobin formation by decreasing oxygen tension via oxida-
tive phosphorylation, Data by Urbin and Wilson (1961) salwo
Indicated succinic dehydrogenase was an important coﬁpetitor
for oxygen in post-mortem bovine muscle. They stated oxysena-
tion of myoglobin, dissolving of oxyzen in meat solutions and

enzymatic action accounted for the oxygen consuned during the



first 15 hours of unifiorm gas uptake., After 15 hours, oxygen
uptake was due primarily to enzymatlec activity.

Brown and Dolev (1963b} found beef metmyogzlobin formation
was actually accelerated at temperatures just below the freezing
point of meat., Similar accelerated reactions between —8.500 and
-16.500 were recorded by Lund, Fennema and Powrie (1969) as they
studlied the influence of freezling on acld hydrolysis of sucrose,
Freezing of sucrese solutions resuvlited in a marked decrease in
hydrolysis of sucrose catalyzed by invertase, The decrease was
attributed to increased concentration of solutes resulting from
ice formeiion and a temperature effect in excess of that predlcected
from the Arrhenius equation.

Reduction of metmyoglobin (Watts et al., 1966) and deoxy-
genation of oxymyoglobin to myoglobin (Schweigert, 1956) occurred
when no oxygen was avallable, The oxymyoglobin to myoglobin
cycle can clearly be demonstrated by vacuun packaging bloomed
neat in oxygen impermesble film (Fox, 1965). Walters and Taylor
(1963); Stewart et al. (1965a) and Watts et al. (1966) have
shown the re-reduction of metmyoglobln to be involved with enzyme
systems, Although the exact mechanism is not definite, Saleh
and Watts (1968) state the rate of reduction of metmyoglobin is
dependent upon the rate at which nicotinamide-adenine dinucleotide
(NAD+) is reduced.

Methods of Color Measurement in Nent

Mackintosh (1932) provided an early description of the



application of the lMuncell spinning disk technique and Hiner
(1958} described the appllication of color paddles to color
measurement in meat, Nelther of these methods, however, have
been widely employed due to the lack of color stability and
unifornity of the paddles and the time required to attain a good
color mateh with spinninz disks. Color comparliscons are often
nade to colored photographs, e.g., pvork color standards of
University of Wisconsin (1963}, Clydesdale {1969) provides =
recent description of the International Coumission on Illumina-
tion (I.C.I.) and Hunter Colorimetry methods of color measure-
ment, These methods provide a meansg for accurately describing
or matching colors; however, they do not appear useful for
following rapid changes of color in neat,

Two methods, absorbancy and reflectance, have been used to
estimate the percentages of myoglobin derivatives and/or follow
changes in surface color of meat, The absorbancy method described
by Austin and Drabkin (1935} and developed by Broumand, Ball and
Stier (1958} to determine the vercentage of all three myoglobin
forms was dependent upon pigment extraction which has several
disadvantages (Schwelgert, 1954), Dean and Ball (1960a)} demon-
strated extraction procedures may allow myoglobin conversion from
one form to another, Naughton, Zeiltin and Frodyma (1958) pre-
sented data for tuna hemoglobin indicating solubility of wvarious
heme pigments in water nmay differ, Sample destruction, failure

to obtain clear solutions and standardization of depth to which
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samples should be taken are other factors which have limited the
use of the absorbancy method in meat color measureuent.

Several reflectance methods have been described in the
literature. Tappel and Maler (1957) stated reflectance spectra
of hematin compounds possess enough maxima and minima threugh
the visable wavelengths to allow identification of heme pigments
and thelr derivatives. Kraft and Ayres (1954} expressed spectro-
vhotometric measurements of packaged fresh beefl as percent mean
reflectance at eight wavelengths selected in the region 540 to
800 mu, Pirko and Ayres (1957) used reflectance at wavelengths
of 555, 580 and 635 mu to relate changes in myoglobin, oxy-
myoglobin and metmyoglobin., This was compared to a KCL pigment
extraction process which resulted in conslderable variation.
However, they were able to detect with reflectance data when
pigment forms increased or decreased. Naughton, Frodyma and
Zettlin (1957) plotted the log of the recipiocal of reflectance,
absorbance, rather than raw percent reflectanece, They maintained
that, for heme pigments, the wavelengths of absorption maxima
from reflectance correspvonded to those of transmission; hence,

a complete interchange of data should be possible,

Dean and Ball (19%0a) calculated ratios of X/8 values at
wavelengths 507/573 and 473/597 to estimate quantitative propor-
tions of myoglobin forms, (K/S value is the ratio of absorpticn

coefficient (K) to the scattering coefficient (S) per unit of

sample thickness). Thelr reflectance data were unable to explain
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the loss of redness of vacuum packaged beefl, This uay be expisine
ty their selection of wavelerngths which would not be expected
to produce lineear relationship between X/S ratios and provportion
of pigment present (Stewart, Zipser and Watts 1965b).

Stewart et al. (1965b) refined the reflectance method as a
measure of both total plgment and the ratioc of metmyogloblin to
ferrous pigments in ground heef, They found the reflectance,
measured on absorbance scale, at the isobestice point, 525 mu, to
have g nonlinear relatlonship to total plgment extract., How-
ever, when expressed as K/S at 525 mu the relationship was
linear to total plgment. They also found the ratio of reflec-
tance at 572/525 produced straight lines when plotted against
total plgment. They assumed ratio XK/S 572 / /S 525 obtained
from reflectance spectrophotometry would yield linear plots
against varying pigment form concentrétions. Stewart and co-
workers (1965b) also made the important observation that K/S
ratios from reflectance data were quite different from ratios
of' absorbancy coefficients at the same wavelengths calculated
from transmission data.

Snyder (1965) suggested using reflectance data measured on
the absorbancy scale for quantitative analysis of myéglobin deri-
vatives rather than K/S ratios, He devised a model system of
dried milk plus varying amounts of myoglobin derivatives, BRe-
sults indicated reflectance values at two wavelengths was useful

in differentiation of pigment types. Reflectance at 474 mu
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indicated a change of oxymyoglobin or metmyocglobin to myoglobin

while reflectance at 571 mu measured changes of myoglobin or
oxymyoglobin to metmyoglobin., He further made an arbitrafy
adjustment of spectral curves to an absorbance value of 1.0 at
525 mu, He stated this method eliminated scatter of light due
to factors other than myoglobin. |

Snyder and Armstrong (1967) compared reflectance measured
on the absorbance scale with K/S values. K/S values were found
best sulted for quantitative analysis of myoglobin derivatives
since they were linear while raw reflectance was nonlinear in
relation to cbncentration. They also found the arbitrary ad-
Justment of spectra to eliminate scatter, suggested by Snyder
(1965), to be unnecessary when using K/S ratiés. ~Their work
further revealed the nature of the blank was a critical factor
when comparing K/S ratios calculated from reflectance {(absorbance
units) and K/S ratios from transmission data (absorbance units).

Allen et al. (1969) use reflectance data to study color

changes 1ln prepackaged bovine longissimus dorsi muscle at 26

time periods ranging from O through 240 hours. Decreasing
reflectance values at 474 mu most closely followed coloxr deterio=-
ration which occurred at 96 hours, BReflectance values at 525,
538, 568 and 571 mu were generally insensitive to color deterio-
ration., A gradual decrease in reflectance at 600, 610, 620 and
630 mu did not indicate discoloration. Ratio 47L/525 mu was

observed to decreacge as color brightened and increased as color
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deterlorated.,

According to Hansen and Sereika (1969) a ratio of reflectance
(absorbance units) at wavelengths 582 mu/525 mu was an indicator

of amount of oxymyoglohlin present in frozen beef gluteus medius

muscle; ratio of wavelengths 630 mu/525 mu indicated metmyo-
globin presence, Larger values were recorded for each ratilo

as the particular form of myoglobin increased, hence, they found
1t necessary to ccnsider both ratios to follow color change.
Acceptable product color was characterisized by a value greater
then 1,12 for ratio 582/525 and a value less than 0.55 for ratio
630/525.

Ockerman and Cahill (1969) report correlation coefficlents
above 0,85 Letween visual score and reflectance at 685 mu for
beef and for pork (with a marbling adjustment for pork). They
also found reflectance data transformed into tristimulus values
did not correlate as well as raw reflectance to visual score
noy did the transformation add significantly to color prediection
equatlions,

Factors Affecting Coloxr of Frozen lMeat

Freezing Rate. Ramsbottom and Koonz (1939) used freezing
temperatures of ~12.2, ~23,3, ~34.4 and —45.600 and observed a
lighter color in beef with each decrease in temperature. Increasecd
freezing rate ylelded bright red colors in bovine muscle when

comparing temperatures of 6.5, -18 and -40°C (Pearson and Miller,

1950). Brissey (1963) indicated rapidly frozen meat evinced
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bright red color while slowly frozen meat was dark in color.
Robertoon (1950) reporited slow freezing rates produced dark red
colors, bult a complete loss of color occurred when plate frozen
at -46°C. Hobertson further observed color stability to vary
between muscles, Beef steaks frozen with liguild nitrogen at
~18, =56.5, =101, =129 and -195.5°C produced lighter colors at
the lower temperatures (Costello, 1964)., However, he found no
visual color difference after thawing. Refrozen meat (Rlkert
et al., 1957b; Townsend and Bratzler, 1958) was reported to be
considerably darker in color,

Colo stability of frozen meat is enhanced by freezing and
storage treatments that produce and maintain intracellular ice
crystals (Lawrie, 1966). Ramsbottonm and Koonz (1941) compared
freezing temperatures of -12.2°C and -3&.&°C and found the slower
frozen meat to be darker. Based on histological evidence, they
attributed the darkening to large, mestly extracelluliar lce
crystals resulting in less scattering of light.

Work with turkey and chicken indicated rapid freezing pro-

duces a lightening effect that was more desirable in appearance
for that product (Baker, 1954; Spencer et al., 1956; Klose and
Pool, 1956; Lentz and van den Berg, 1957; van den Befg and Lentz,
1958; Hamre and Stadelman, 1967). They stated the lighter color
was due to opacity rather than a color change.

Display Temperature and Time. These factors relate to pro-

duct color through inter-relationships of autoxidation, oxygen
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tension, enzyme sctivity, miero~organism asctivity and oxidative
rancidity. Early work by Richardson and Scherubel (1908), baued
on chemical, histologicel and bacteriological findings, indleated
beef knuckles could be stored 554 days or lonzer at temperatures
-9 to -12°C. PBrooks (1938) stored frozen meat at -10°C for 16
weeks before oxidation caused discoloration. At -1.4°C he
observed no discoloration in fresh meat for 40~50 days poste
slaushter. Ranmshottom and Koonz {(1941) found greater oxidation
in frozen beef steaks stored at =12,2°C than uzu.h°c. Hamsbottom
(1947) compared frozen beef steaks packaged in du Pont 300 MSAT
#87 cellophane and stored in darkness at -3,3, -6,5, -12, =18,
-23 and -29%¢ i"0.83(20. He observed color to be good at 365
days when stored at =23 or —29°C. to be borderline~minus at
—180C, and to be poor in 240 days at -12%¢, in 90 days at -6.5°¢
and in 30 to 60 days at -3.3°C. Ramsbottom (1947) found beef
color more statle than that of pork cor lamb and ground products
much less stable than intact cuts.

Data compiled by Snyder (1964), comparing 6, 2 and -2°C
storage temperatures for fresh meat, showed redness values to
be higher at lower temperatures. The lower temperature also
resulted in discoloration at a slower rate, Because‘of the short
storage time involved, he discounted the role of bacteria in the
discoloration, and concluded decreased respiratory activity as
the major factor increasing color stabllity. Brown and Dolev

(1963a); Snyder and Ayres (1961); Ball (1959); Kraft and Wan-
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derstock (1950) and Cutala and Ordal (1964) agreed that autoxi-
dation was slowest at storage temperature just above the freez-

ing point of meat.

Tressler and Evers (1947) stated that frozen meat changes
from red to brown more rapidly at higher storage temperatures.
Brown and Dolev (1963b) observed "supercooled" extracts of
myoglobin not frozen at «10%¢ had very low rates of oxidation.
They compared storage temperatures of 0, -5, -10, =15 and -18%¢
and found autoiidation to be logarithmlic with decreasing tempera-
ture when the extract solidified (about -5°C).

Lawrie (1966) reviewed data which indicated decreasing
frozen storage temperatures would delay both oxidatlive rancidity
via slower lipolytic enzyme activity and nyogloblin oxldation
via slower respiratory enzyme activity. The latter also con-
tributed to delayed rancidity by decreasing the catalytic action
of ferric hemes on fat oxidation (Watts, 1954), Their data
supported the results of Ramsbottom {1947) who observed that
ran;;dity in beef, vork and lamdb increased when stored at
higher temperatures.

Microbial discoloration of fresh meat in dlsplay 1s well
known, Halnes (1937) found temperature to be the single most
important factor governing microbial growth. Psychrophilice
organisms (those which would affect frozen meat) have & teme
perature optima between -2 and 7°C (Jensen, 1945), Stanier,

Doudoroff and Adelberg (1964) indicated rapidly frozen bacterial
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susﬁenslons can be kept at témperatures as low as -19#00 for
extented periods of time with little loss in viabllity; however,
all microbial growth stops at approximately -10°¢, Ranmsbottonm
(1947) found all frozen steaks and chops to be in satisfactory
bacterial condition; however, he recorded lower counts at 365
days for those stored at =29 and —23°C than at warner storage
temperatures. The possible devastating effect of micro-organisns
on meat color can not be lgnored; however, microblal discolora-
tion of frozen meat should not be a serious problem provided
-10%C or colder temperatures are maintained and sanitary pro-
cessing conditions are employed. |

Townsend and Bratzler (1958) found fluctuating storage
temperatures to have a detrimental effect on frozen meat color,
especially if thawing temperatures were reached. Cyclic defrost
temperatures may produce similar results (Brissey, 1963).
Hustruld, Winter and Nobel (1949} observed temperature fluctuaf
tions below -18°C to have no effect on color of ground beef or
pork, Winter et al. (1952) states that constant storage at
-18°¢ or fluctuating temperatures from -17.7 to ~10°C had less
effect on appearance, flavor, aroma or desiccation of ground
pork or beef than storage time, wrapping materlal, or shape of
rackage, Deterioration in quality, especially flavor, was found
to increase from 4, 6, 8, and 10 months storage, Packages with

larger exposed surface volume/mass accentuated deterioration as

did non moisture~vroof packaging materlals.
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Display Lighting, Color stability of frozen beef 1s related

to foot-candle (ft-c) hours of 1llumination, display temperature
and length of dark storage prior to display {Naumann, McBee and
Brady, 1957). Marriott et gl; (1967) observed lighting to have
a profound effect on display life of beef steaks, Meat displayed
at -1.0°C for 10 days 1n‘darkness changed only slightly in color
while steaks 1lluminated continuously by 120 ft-c of soft white
flourescent light discolored in 3 days. Steaks displayed under
light after 3, 5 or 7 days of dark storage had lower undesirable
visual scores than controls stored without illumination, and

the differences became progressively worse as display perlod
increased, These workers also recorded higher bacterial counts
for steaks exposed to light; however, whether the presence of
‘1ight or slight increase in surface temperature due to light
radiatlon stimulated growth of bacterla was not determined;
Townsend and Bratzler (1958) and M. M. Voegell (unpublished
data) noted discoloration in meat exposed to fluorescent light-
ing at 56 ft-c and 215 ft-ec, respectively. P. E. Gould (un-
published data) observed high intensity incandescent lighting

to 1ncr¢ase surface temperature and suhsequent discoloration

in fresh pork chops. Rausbottom, Goeser and Shultz (1951J found
incandescent and several types of fluorescent lighting did not
affect fresh beef, pork or lamb color in 3 days of dlsplay.
Rather, they attributed later discoloration to increased mlcrobe

growth, They dld note, however, the best color rendition for
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meat was obtained with incandescent, deluxe cocl white fluorescent
and soft white fluorescent lights. Other researchers (Kraft and
Ayres, 1954; Rikert et al., 1957Db) have found fluorescent light-
ing did not greatly discolor fresh meat,

The literature reveals some evidence that certalin portions

of the electromagnetic spectrum may accelerate discoloration in
meat, Ultraviolet light greatly increased fresh meat dlscolora-
tion even though it controlled growth of micro~crganisms (Kraft
and Ayers, 1954). Haurowitz (1950) suggests ultraviolet light
denatures the globin moiety in myoglobln. Frozen meat color
was found by Townsend and Bratzler (1958) to deteriorate rapidly
when exposed to wavelengths of light between 560 mu and 630 mu.
They observed least metmyoglobin formation in steaks stored in
darkness and under fluorescent light with a green filter, while
discoloration was greatest with rno filter and orange and red
filters. Illumination was very low, 2-3 ft-c, Further work with
colored fluorescent lights at 20 ft-c 1n£ensity revealed greatest
color change with yellow and white lamps, Red and green lamps
imparted less color change tb the meat surface but more than
control sanmples stored with no illumination. Lane and Bratzler
(1961) found discoloration patterns in frozen extracts similar
to those in steaks (Townsend and Bratzler, 1958) when exposed to
30«50 ftec of fluorescent illumination.

Packagine, Urbin and Wilson (1958) listed four major

parameters which influence color of meat: surface dehydration,
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bacterial contamination, temperature and oxygen requirements of
meat, They Lndicated surface dehydration may be prevented by
packaging technlgue. DBacterlal contamination should not be a
linmiting factor in the first seversl days of storage, Hence,
they concluded that temperature and oxyzen réquirements were
prime considerations in packaging. The role of oxygen tension
on formation of metmyoglobin and its reduction was reviewed
earlier, Packaging material directiy affects oxygen availability
in prepackaged meat. As previously reviewed, temperature
regulates competition for oxygen in packaged meat by various
oxidative enzymes, micro-organisms and oxygenation of myoglobin.

Skin tight, vacuum packaging of product, which will be
frozen, appears to be necessary to reduce frost formation and
product desiccation., This procedure largely renoves oxygen
and may result in the rapid loss of the bright red color of
bloomed meat (Landrock and Wallace, 1955; Rikert, Ball and
Stier, 1957a; Rlikert et al., 1957b; Rikert et al., 1957c¢c; Pirko
and Ayres, 1957; Dean and Ball, 1960b; Fellers et al., 1963).
Vacuum packaging appears to be necessary if the redness of color
is to be later regenerated, but not for the initial decrease
in redness score (Rikert et al., 1957c). Dean and Ball (1960b)
observed vacuum packaged beef to discolor {(decreased redness
score) during the first day of storage at 2.2°C. However, a
regeneration of-redness which was relatively stable occurred in

2-4 days after packaging in a film of low gas permeability. They
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noted the regenerated color was not the bright red coler, but
rather a purplish red which they felt was more appesaling than
the original color observed upon cutting., These researchers
also found packaging films treated with an enzyme (a glucose
oxldase system) to decrease the amount of oxXygen available in
the package was nelther helpful ner deleterious to color. Pirke
and Ayres (1957) observed meat packaged in gas inpermeable filnm
and stored for 14 days at 4, 4°C would reoxygenate to oxymyoe
globin when unpackaged., HMNeat packaged in filns of mediun cr
high gas permeability formed oxygyogloblin when unpackaged;
however, it would only last 3 to 6 days before oxidation to
metmyoglobin occurred, HMHore stable color was observed in mesat
at OOC packeged in Saran than in a highly permeable film
(Fellers et al., 1963). Davis and Burns (19469) indicated
vacuum packaging without good seals may yield misleading film
permeability results. Landrock and Wallsce (1955) compared
films varying in permesbility from 2,400 ml Oz/mz/zh hrs, at
3900 to 13,000 ml 02. They concluded permeabllities of 5,500 ml
0, would retain or increase oxymycglobin for 48 hours at display
temperatures of 1,1-3.3°C. Film permeabilities of 2,400 or

4,400 m1 0, were not satisfactory in maintaining bright red

2
color for 1 day storage.

Very little data is available indlicating color patterns of
frozen meat, Ramsbottom {1947} found meat packaged in du Pont
300 MSAT #87 cellophane (high gas permeability rating) to be

acceptable in color after a 1 year storage periocd at either



-23°¢ or -29%c,

Kraft and Ayres (1952) and Lsndrock and Wallace (1955)
sugpested highly permeable packaging films may create conditions
more conducive to microbisl growth. Cutaia and Ordal (196L4)
found an oxygen impermesble film to resist bacterial growth
because of increased reducing potential, MHarriott et al.
(1967) observed meat had lower bacterial counts when packaged
in low permeable film, and this resulted in more stable ceolor,

Packaging films may aid in reducing disceloration by ab-
sorbing various wavelengths of light (Kraft and Ayres, 1954).
They observed less discoloration in fresh meat whose vackage
f1lm absorbed ultraviolet light.. Absorbance of ultraviclet
and shorter wavelengths of light by packaging nmaterial mnay
also reduce oxidative rancidity (Watts, 1954).

Reduction of metmyoglobin by vacuum packaging meat may
at the same time reduce ferric heme catalytic activities in
oxldation of 1lipids in meat (Watts, 1954}, Data by Green
(1969} indicates anaerobic packaging was effective in prevent-
ing oxidation of both myoglobin and liplds when the packaging
process was executed rapldly and the meat contained sufficient
reducing activity to assure complete reduction of metmyoglobin.

Effect of Freezing on Helght and Drip Losses

Data deallng dlrectly with weight loss of frozen nmeat is
very limited; however package film permeablility appears a major

factor. Ramsbottom and Koonz (1941) froze beef rib steaks unpro-
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tected at either -12.2 or wBQ.hpC for 15 hours and peekagoed then
in moisture-proof tin cans for storas« at elther -12.2 or =734, 4°¢C,
Hegardl ess of treastment, they observed only small differences in
vwelght losses after storage periods of 4 days vs, 1 year,
Therefore, they concluded welght losces were greatest'during
the freezing process (about 1.,56% of initial welght) while losces
during frozen storage were negligible, Sinllar results were
recorded for frozen wholessle ribsg and rounds excep! the welght
losses due to freezing decreased to atout 0,339, Brady, Frei
and Hickman (1942) record data which indicated freezing of pork,
lamb or beef steaks at ~26,1°C had less welight loss than meat
frozen at -17,89C, These steaks were wrapped in double waxed
freezer paper and double wrapped with butcher paper, Frozen
beef, pork and lamb steaks packaged in du Pont 300 MSAT #87
cellophane had increased weight losses with incressing storuge
temperature; however, when stored at =23 or -2900 welght losses
were negligible (Ramsbottom, 1947). Hustruld et al. (1949) and
Winter et al. (1952) recorded welght losses from frozen meat
stored in fluctuating temperatures (below -18°¢C and -18°C to
-1000, respectively) vs, constant 0%¢ storage. They found meat
packaged in a molsture impermeable film (laminated foll) lost
very little, if any, welght when stored at elther constasnt or
fluctuating temperatures. HMNeat packaged in waxed locker paper
had weilght losses of 1.8% at constant temperature storage while

at fluctuating temperatures the loss was about 5.7%. Pirko and
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Ayres (1957) investigated welight losses in fresh meat and reported
lozses about 6% of the initlal welght after 2 weeks storage at
600 when packaged in a film moderate to highly permeable to both
ges and water vapor. Ileat packaged in film of high gas and low
watey vapor permeabllity lost 2% of inttial welght in 2 weeks,
while mesat packaged In fllms of low gas and water vapor permeability
lost less than 1% welght loss. HMarriott et al. (1967) found
weight losses to be ten times greatef in fresh.meat packaged in
a film permeable to water vapor than in a film of low molsture
permeability.

The.importance of various factors affecting drip losses in
defrosted beef were investigated by Richardson and Scherubel
(1908). They found slow thawing a means of reducing drip.
According to Cook et gzl. {(1926); Ramsbottom and Keoonz (1940);
Brady et z1.. (1942); Hiner, Madsen and Hankins (1945); Pearson
and Miller {(1950) and Callow (1952), the amount of drip loss
from bovine muscle decreased when the Treezing rate increased.
Moran and Hele (1932) observed only a small amount of drip from
small pleces of beel frozen in liguld nitrogen. However,
Costello (1964) found liquid nitrogen freezinz of teef at -18°¢
to yield no more drip than steaks frozen at w195.5°C.

Volume of meat in comparison tec area of cut surface was a
major factor in quantity of drip (Ramsbottom and Koonz, 19739).
They found no signifilcant difference in drip loss of wholesale

ribs frozen at -12.2°C vs, ~45,6°C, One inch steaks frozen at
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-6,7, =23.3 and -45,6°C produced drip losses of 8.0, 6.3 and 4,97,
respectively. Increased or fluctuating storage temperatures were
observed by Moran and Hale (1932) as very ilmportant factors in-
creaéing drip loss. They stated small ice crystais produced by
rapld freezing will recrystalize on to larger crystals'at rel a-
tlvely high storage temperatures. On the contrary, storage tempera-
tures did not affect amount of drip loss {Ramsbottom and Xoonz,
1941) nor did increased ice crystal size result in more drip
(Ramsbottom and Koonz, 1940)., Ramsbottom and Koonz (1941) reported
drip losses of 7.4 and 7.6% when frozen at -3%,4°C and stored 1
year at either -34.4 or -12,2°C., When frozen at -12.2°C and
stored 1 year at -34,.4 and —12.2°C. drip percentages were 9.6
and 9.9, respectively. These workers found drlp losses increased
60% from 4 to 365 days of storage when the meat was frozen at
~34,4°C, When frozen at -12,2°C, drip losses increased 70% from
4 to 365 days of storage. Other workers also report longer
‘storage périods result in larger drip losses (Brady et al., 1942;
Pearson and lMiller, 1950; Awad, Powrie, Fennema, 1968),

Cook et al. {(1926) and Salr and Cook (19383) observed a

reduction in driv as the aglng period increased. Ramsbottom
and Koonz (1940) observed drip losses of 2,2% when beef steaks
were frozen 6 hours after slaughter; while steaks frozen 1 day
postslaughter had a driv loss of 5.3%. They stated the low drip
at 6 hours was due to the state of rigor of the muscle. Rams-
bottom and Koonz {1940) compared several aging periods ranging

from 1 day through 5 weeks, They found less drip loss with
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each lncrease in aging time. Concurrently, they noted an increace
in lce crystal size when frozen after extended periods of aging,
and pH dld not wvary with tine,

Initisl pH of meat prior to processing appears to affect
guantity of drip (Empley, 1933; Sair and Cook, 1938), Their
data indicated 1ittle or no drip resulted when muscle pH was
between 6.2 and 6.4, However, dflp volume gradually increased
as pH decreased; maximum drip was recorded about pH of 5.0 to
5.2, HNumerous workers have observed lower drip losses fron
dark cutting beef which has a pH in the range 6.2 to 6.5
(Lawrie, 19656).

Awad et al., (1968) studied drip losczes from bovine muscle
frozen and stored for 8 weeks at -4°C, They reported drip loss
increased from 7,3ml/100g tissue (unfrozen control) to 15,9ml
post-freezing. Drip at 8 weeks was 24ml, They alse found pro-
tein content of the drip, expressed as percentage of total
muscle proteln, increased from 5,865 for unfrozen muscle to 179

for muscle frozen 8 weeks,



27

LITERATURE CITED

Allen, C. C., D. H, Kropf, H. J. Tuma, R. L. Covington and D. L.
Grant, 1969, Bovine maturity and marbling effects on pre-
packaged Lonzissimus dorsi color as measured by reflectance
spectrophotometry, J, Anim. Sel, 29:119. (Abstr.).

Austin, J. H. and D. L. Drabkin. 1935. Spectrophotometric
studies: III. Methemoglebin, J. Biol, Chem, 112:67,

Awad, A., W. D. Powrie and O, Fennema, 1968. Chemlcal deteriora-
tion of frozen bovine muscle at -4°C, J, Food Seci. 33:227,

Baker, R. C. 1954, Effect of different methods of scalding,
cooling and freezing on the appearance of readv=-to=-cook
poultry carcasses, Poultry Sci. 33:1040, (Abstr.).

Ball, C, 0. 1959. PFactors affecting quality of prepackaged
meat, Food Techrnol., 13:193.

Birren.uFaber. 1963, Color and human appetite., Food Technol.
17:45,
Brady, D. E., P, Frel and C. W, Hickman., 1942. Effect of

fregging rate on quality of broilied steaks. Food Res,
71330,

Brissey, G, E. 1963, Factors affecting stability of mesat
pigments. Proc. of 16th Ann. Reecip. Meat Conf,, National
Live Steck and Meat Board, Chicago.

Brooks, J. 1938, The color of meat. Food Res. 3:75.

Broumand, H., C. C. Ball and E, F. Stier. 1958, Factors
affecting the quality of prepackaged meat, II. BE,
Determining the proportions of heme deviations in fresh
meat., Food Technol. 12:65.

Brown, W, D. and A, Dolev. 1963a, Autoxildation of beef and
tuna oxymyoglobins, J., Food Sci. 28:207.

Brown, W. D, and A, Dolev, 1963b, Effect of freezing on
autoxidation of oxymyoglobin solutions, J. Food Sci.
28: 211,

Callow, E. H. 1952. Frozen meat, J. Scl, Food Agriec., 3:145,

Clydesdale, F. M. 1969, The measurement of color. Food
Technol. 23:16,



Conont, J. R, and L, F. Fieser, 1924, Methemoglobin. J.
Biol, Chem, 62:595,

Cook, G, A., E. F. J, Love, J. R. Vickery and W. J, Young.
1926, Studies on the refrigeration of meat. I, Investi-
gations into the refrigeration of beef, Australian J.

Exper, Biol., and Med, Sci. 3:15.

Costello, W. J. 1964, The influence of freezing temperature
on some physical, chemical and quality characteristics of
beef and on the rate of temperature change in beef.
DMssertation Abstr., 25:11739.

Cratg, H. B., T. N. Blumer, W. W. G, Smart and M. B, Wise,

- 1666, Evaluation of hemoglobin, myoglobin, blood oxygen
content and orgsnocleptic quallties of beef roasts fronm
steers fed grein on pasture or cut forage and grain in
drylet. J. Anim, Sei. 25:1128,

Cuteia, A. J. and Z., J. Ordal. 1964, Pigments changes in
anaeroblcally packaged ground beef, Food Technol, 18:163,

Davis, E. G, and R. A. Burns. 1969. Oxygen permeability of
flexible film packages for foods. Food Technol., 23:92,

Dean, R, W, and C. 0. Ball. 1960a. Analysis of the myoglobin
fﬁactions on the surface of beefl cuts., Food Technol.
14:271. _

Dean, R. W. and C. 0. Ball. 1960b. Psttern of redness loss
aﬁd regeneration in prepackaged beef, Food Technol.
14:222,

Empey, W. A, 1933, Studies on the refrigeration of meat,
Conditions determining the amount of "drip" from frozen
and thawed muscle, J. Soc., Chem, Ind. 52:2307T,

Fellers, D. A., I. J. Wahba, J. C. Caldanc and C. 0, Ball. 1963.
FPactors affecting the color of packaged retail beef cutge-
origin of cuts, package type, and storage conditions. Food

Technol., 17:95.

Fleming, H., P., T. N. Blumer and H. B. Cralg. 1960. Quantita=
tive estimations of myoglobin and hemoglobin in beef muscle
extracts, J, Anim, Sei. 19:1164,

Fox, J. B. 1966, The chemistry of meat pigments. J. Agr.
Food Chem. 14:207,



Z5

Franeis, F. J. 1963, Color control. Food Technol., 17:38.
General Electric. 1968, ILight and color. Tech., Pub. 119.

George, P, and C. J. Stratmann, 1952, Oxidation of myoglobin
to metmyoglobin by oxygen, II, The relation between first
order rate constant and the partial pressure of oxygen,
Blochem, J, 51:418,

Griffee, J. W., M, C, Urbin, J. B. Fox, W. A, Landmann, A, J.
Siedler and R. A, Sliwinski. 1960. Chemistry of Animal
Tissues: Proteins. JIn Science of lleat and Meat Products.
W, H. Preeman and Co,, San Francisco,

Grant, N, H. 1955, The resplratory enzymes of meat, I.
Identification of the active enzymes, Food Res, 20:250.

Green, B, E. 1969, Lipid oxidation and pigment changes in
raw beef, J. Food Sei. 34:110,

Haines, R, B, 1937. Spec, Rept, Fd. Invest, Bd., Lond., No.
45, Cited by Lawrie 1966, Meat Science.

Hamre, M. L. and W. J. Stadelman. 1967. Effect of various
freezing methods on frozen diced chicken., Quick Frozen
Foods, 29:78, ,

Hansen, L. J. and H. E. Sereika. 1969, Factors affecting
color stabillity of prepackaged frozen fresh beef in dis-
play cases, Illuminating Eng, 64:620,

Haurowitz, F, 1950. Chemistry and Blology of Proteins,
Academic Press Inc., New York

Hiner, R, L. 1954, Munsell disk and color paddles as methods
of measuring color in nmeat. Proc, of 7th Ann, Recip. Meat
Conf., National Live Stock and lMeat Board, Chlocago.

Hiner, R. L., L. L. Madsen and O. G. Hankins, 1945, Histologil-
cal characteristics, tenderness, and drip losses of beef in
relation to temperature of freezing. Food Res, 10:312.

Holophane Company. 1963. Glass for lighting. Rep. LF23.

Hustruld, A., I. D, Winter and I. Noble, 1949, How do fluctuating
temperatures affect frozen foods? Refrig. Eng. 57:38,

Jensen, L. B, 1945, Microbiology of Meats, (2nd Ed.). Garrand
Press, Champaign, Illinols.



30

Judd, D. B. and G, Wyszecki, 1963. Cclor in Business, Sclence
and Industry. (2nd Ed.). John Wiley, New York,

Klose, A, H. and M, F, Pool. 1956. Effect of freezing condi-
tions on appearance of frozen turkeys, Food Technol, 10:734,

Kraft, A. A, and J, C. Ayres. 1952. Post-moxrtem changes in
stored meats., IV, Effect of packaging materials on keeping
quality of self~service meats, Food Technol., 6:8,

Kraft, A. A. and J, C, Ayres. 1954, Effect of display case
lighting on color and bacterial growth on packaged fresh
beef, Food Technol. 8:290.

Kraft, A. A, and J. J. Wanderstock, 1950, Meat-color problem
is closer to solutlon., Food Ind. 22:67,

Landrock. A, H., and G, A, Wallace. 1955. Discoloration of
fresh red meat and lte relationship to film oxygen permesbi=-
l1ity. Food Technol, 9:194,

Lane, J. P. and L. J, Bratzler, 1962, Spectrophotometric
estimation of metmyoglobin in frozen meat extracts. J.
Food Sci. 23:343.

Lawrie, R, A. 1966, Meat Science, Pergamon Press, New York.

Lemberg, R. and J. W. Legge. 1949, Haematin Compounds and
Bile Pigments, Interscience, London.

Lentz, C. P. and L. van der Berg. 1957, Liquid immersion
freezing of poultry. Food Technol, 11:247,

Lund, D. B., O, Fennema and W, D. Powrie, 1969, Enzymic and
acld hydrolysls of sucrose as influenced by freezing. J.

Food Sci. 34: 378,

Mackintosh, D. L. 1932, A practicel nmethod of measuring color
in beef, Proec, 25th Ann., Meeting., Anmer., Soe¢., Anim, Prod.

345.

Marriott, N. G., H, D, Naumann, W. C. Stringer and H. B. Hedrick.
1967. Color stability of prepackaged fresh beef influenced
by pre-display environments, Food Technol. 21:1518.

Moran, T. and K., P. Hale, 1932, Rapld freezing, The tempera-
ture of storage. J. Soc. Chem. Ind, 51:20T

Naughton, J, J., M. K, Frodyma and H. Zeitlin, 1957. Spectral
reflectance applied to the study of heme plgments. Scilence,
125:121.



i

Naughton, J. J., H., Zeltlin and M. M. Frodyma. 1958. Spectral
reflectance studies of the heme pigments in turna fish {lesh,
Some characteristies of the pigments and discoloration of
tuna meat. J, Agr. Food Chem, 6:933.

Naumann, H. D., J. L., McBee, Jr. and D. E. Brady. 1957. Color
stability of frozen beef as influenced by illumination,
tempera?ure and storage, Food Techrnol. 11:731. (Abstr.
Ko, 127).

Naumann, H. D., V. J. Rhodes, D, E. Brady and E. R. Kiehl.
1957, Discrimination techniques in meat acceptance studies.
Food Technol. 11:123.

Neill, J, I, and A, B, Hasgtings. 1925. The influence of the
tenslon of molecular oxygen upon certain oxidations of
hemoglobin, J. Biol, Chem. 63:479,

Ockerman, H. W, and V. R. Cahill, 1969. Reflectance as a
measure of pork and beef muscle tissue color. J. Anim,
Seci. 28:750,

Pearson, A, M., and J, I. Miller. 1950, The influence of rate

of freezing and length of freeaing storage upon the qualit
of beel of known or%gin. J. &nim,., Sci. g9:13 % f

Pirko, P. C. and J. C. Ayres. 1957. Pigment changes in pre-
packared beef during storage. Food Technol. 11:461.

Ramsbottom, J. M. 1947, Preezer storage effect on fresh meat
quality. Refrig. Eng. 53:19.

Ramsbottom, J. M., P. A, Goeser and H, W, Shultz, 1951. How
light discolors meat: What to do about it., Food Ind, 23:120,

Ramsbottom, J. M, and C. H. Koonz, 1939, TFreezing temperature
as related to drip of frozen-defrosted beef., Food Res. 4:425,

Ramsbottom, J., M. and €, H. Koonz. 1940. Relationship between
time of freezing beef after slaughter and amount of drip.
Food Res, 5:423,

Ramsbottom, J. M, and C. H. Koonz. 1941, Freezer storage
temperature as related to drip and to color of fTrozene
defrosted beef. Food Res, 6:571.

Richansrud, D, A. and R, L. Henrickson. 1967, Total pigments
and myoglobin concentration in four bovine nuscles., J.
Food Sei, 32:57.

Richardson, W, D, and E. Scherubel. 1908, Deterioration and
commercial preservation of flesh foods-wGeneral introduce
tion and experiments on frozen beef. J. Am. Chem. Socc.



32

Rikert, J. A., C. 0, Ball and E, P, Stler, 1957a. Factors
affecting quality of prepackaged meat, II. Color studles.
A, Effect of package characteristics upon color of product,
Food Technol. 11:520,

Rikert, J. A,, L. Bressler, C. 0. Ball and E, F. Stier, 1957Db,
Pactors affecting quality of prepackaged meat, II, Color
studies, B, Effects of storage time, storage temperature,

antioxidants, bacteria, light, freezing, and fat upon color
of product. Food Technol. 11:567.

Rikert, J. A., L. Bressler, C., 0. Ball and E. F. Stler., 1957c.
Pactors affecting quallty of prepackaged meats, II, Color
studies, C, Effects of air and oxygen under different
pressures upon color of product. Food Technol. 11:625,

Robertson, E. J. 1950, Prepackaged frozen meats, Refrig.
Eng. 58:771.

Sailr, L. and W. H. Cook. 1938. Relation of pH to drip formation
in meat. Canadian J. Res., 16D:255.

Saleh, B, and B, M. Watts, 1968, Substrates and intermediates
in the enzymatic reduction of metmyoglobln in ground beef,
J. Food Sei. 33:353.

Schweigert, B, S. 1954, Quantitative chemlcal measurement of
myoglobin, Proec., of 7th Ann. Recip. Meat Conf., National
Live Stock and Meat Board, Chicago. _

Schweigert, B. S. 1956, Chemistry of meat pigments. Proec,
8th Res., Conf. Amer, Meat Inst., Chicago. 61,

Shenk, J. H., J. L. Hall and H. H., King., 1934, Spectrophoto=
metric characteristics of hemogloblins, Beef blood and
muscle hemoglobins, J. Biol. Chem, 105:741.

Snyder, H. E. 1964, Measurement of discoloration in fresh
beef., J. Food Sci. 29:535.

Snyder, H, E. 1965. Anelysls of pigments at the surface of
fresh beef with reflectance spectrophotometry. J., Food
Sei. 30:457,

Snyder, H.E. and D.J, Armstrong. 1967. An analysis of reflec-
tance spectrophotometry as applied to meat and model systems,
J., Food Seci., 32:241,

Snyder, H. E. and J. C. Ayres. 1961, The autoxidation of
erystallized beef myoglobin, J. Food Scil. 26:469,



33

Spencer, J. V., N, E, Matson, W, J. Stadélman and M. C, Ahrens,
1956, The effect of cooling and freezing procedures on
consumer acceptabllity factors of turkey meat. Food
Technol., 10:16,

Stanier, B, B., M. Doudoroff and E. A. Adelberg. 1964, The
Microbial World. (2nd Ed.). Prentice Hall, New Jersey.

Stewart, H. R., B. K. Hutchins, M.. W. Zipser and B. M. Watts,
1965a, Enzymatic reduction of metmyoglobin by ground beef.
J. Food Sei, 30:487,

Stewart, M, R., M. W. Zipser and B. M. Watts. 1965b, The use
of reflectance spectrophotometry for the assay of raw meat
pigments, J. Food Sci. 30:k64,

Tapvel, A. L. and V. P, Maler., 1957. Reflectance spectral
;tudie? of meat plgments. Food Technol., 11:14., (Abstr.
o, 10).

Townsend, W. E. and L., J., Bratzler. 1958. Effect of storage
conditions on the color of frozen packaged retall beef cuts.,
Food Technol. 12:663,

Tressler, D. K. and C, F., Evers, 1947. The Freezing Preserva-
tion of Foods, {(2nd Ed.)., AVI Publishing Company Ine,,
Westport, Conn, '

University of Wisconsin., 1963. Pork quality standards. Wisc.
Exp. Sta. 'Special Bull., 9.

Urbin, M. C, and G. D. Wilson. 1958. Fresh-meat characteris=-
tics which influence packaglng requlrements. Proc, 10th
Res, Conf, Amer, Meat Inst, Chlicago. 13.

Urbin, M. C. and G. D. Wilson, 1961l. The postwmortem oxygen
requirements of bovine muscle, J, Food Sci. 26:314,

van den Berg, L. and C. P. Lentz, 1958, Factors affecting
freezing rate and appearance of eviscerated poultry frozen
in air, Food Technol, 12:183,

Walters, C. L, and A, MeM. Taylor. 1963, Biochemical properties
of pork muscle in relation to curing, TFood Technol, 17:7354,

Watts, B. M. 1954, Oxldative rancidity and discoloration in
meat, Adv., Food Res, 5:1. Acadenice Press Inc,, New York,

Watts, B, M., J. Kendrick, M, W, Zipser, B, Hutchins and B.
Saleh, 1966, Enzymatlc reducing pathways in neat, J,

Food Seci, 731:855,



3t

Winter, J. D., A, Hustrulid, I, Nobel and E. 5. Ross. 1952,
Effect of fluctuating storage temperature on the guality
of storad frozen foods., Food Technol, 6:311,



Chapter 3

FACTORS AFFECTING SEOWCASE CCLOR STABILITY
OF FROZEN LAMB CHOPS IN TRANSPARENT FILM

The meat industry appears to be moving toward centrallzed
processing of products for economie reasons. Frogen products,
rather than fresh products, seem to fit more logilcally into a
central cutting system. Retaill markets, especizlly those in
less populated arcas, would be able to stock a variety of frozen
lamb cuts throughout the year whereas presently the fresh lamdb
supply is seasonal or even absent,

Consictant and acceptable meat quality, especially that
manlfested through color, 1s a primary determninant of product
saleability. Attractlive frozen meat color and an absence of
frost and blood in packages are inherently critical since first
impressions of meat are usually visual.

The fresh meat color most preferred by consumers results
from the muscle pigment oxymyoglobin. Production of this bright
red color in frozen meats seemns loglcal to insure the meat industry
& reasonable response to their frozen product, Factors affecting
color stablility of fresh meat have been investigated by numerous
researchers, Whether the recommendations for increasing shelf
life of fresh products are applicable to frozen meat remains to
be determined.

The purpose of this work was to investigate the effect of

freezing temperature, display temperature, packaging film, display
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lightlng and marbling level on coloxr stabllity, drip loss and

welght loss of frozen lamb chons,

EXPERTNIENTAL PROCELURE

Samnle Selaction, Prevaration and Disvlav., Lamb carcasses were

purchased at a commercial packing comvany. Each of three repli-
catlons consisted of three carcasses with ldenticel slaushter
dates, Carcasses were selected for three quality levels based

on longlssimus dorsi marbling score at the 12th rib: loderate or

slightly abundant (Prime}, slight or small {(Choice) and practi-
cally devold or devold (Good). Sixteen loin chops, each 2,54 cm
thick, were cut and randomly assigned {identity was maintalned

as to position) to one of 16 treatments which consisted of all
possible combinations of 2 freezing temperatures (-40°C 1iquid
nitrogen ve. -26°C circulating air blast), 2 display temperatures
(—29°C vs, m21°C), 2 packaging films (Saran, oxypen impermeable;
0.033 mn vs, Cryovac L-300, oxygen permeability about 4,000-

5,000 ce/n”/24 hours at 1 atm and 23°C; 0.051 mm) and 2 1ighting
systems (deluxe cool white fluorescent vs, incandescent with a
jolophane Prismatic Reflectance fixturé, Eolophane Company, Trig. )
Chops were allowed to bloom at about 21°¢C for at least 30 minutes,
Individually vacuum packaged, clip sealed and heat shrunk for

2 or 3 seconds in a water dip tank at &8°c, Rapidly frozen chops
viere placed in a liquid nitrogen simulator freezer in an upright

position to allow maximum exposure to the vapor. The freezing
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chamber was nre-<chilled and programmed to hold ¢°C for 10 minutos
and ~40°C for 25 minutes, End point internal temperature of

-2900 was reached in 35 minutes, Chops frozen at -~26°C were
placed upright in a blast freezer overnight. All chops remained
in the dark at either -29°C or -26°C until placed in the pre-
deternined display conditions, Display case temperatures (prow-
duet level!l of -2900 and ~21°C were consistantly maintalned in
ocpen toppe’ cases except for twice dally defrost cycles. Proe-

duct temperature never rose asbhove -11.000 during the defrost

cycle, and 1.5 hours were required for the product to return to

its prior tomperature. Cases were cperated in an alr conditioned
room at 22°C and extreme vartation in rocom humidity was controlled,
A light intensity of 1,076 1umens/meter2 (100 foo z~-candles) at
product level was mainteined 24 hours/day for each lighting

system; extraneous lighting was held at a minimum, Extreme

care was taken to assure the same meat surface was evaluated

and exposed to light throughout the study.

Color and Weleht Determinations., Subjective color scores, ob-

Jective color measurements and welght losses were recorded at

9 time periods: Fresh unpackaged (bloomed), fresh packaged,
inmediately post-freezing (day 0), and after frozen display for
1, 7, 21 and 42 days, Day 43 evaluations were made immediately
after unwrapping the frozen chops and day 44 observations were
after thawing on racks for 24 hours at 14.0°C and relative

humidity about 90%. Color was visually evaluated under the
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assigned lighting system tc the nearest 0.5 point on the follow-
ing scale: l=very bright, 2=bright, 3=slightly dairk, b=dark ané
f=extremely dark, DReflectance spectra were obtalned from 400 mu
to 700 nu at a recording speed of 250 mu/minute using a Bausch
end lomb 600 Spectrophotometer with reflectance attachment
calibrated for 1002 reflectance with MgCOB. A black rubber
gasket sliphtly larger than the reflectance zperature was placed
between the package and the apparatus to insure a minimun effect
.from thawing during the color scan., Reflectance was determined
by reading to the nearest 0.1% at wavelengths of 474, 525, 5138,
568, 572, 600, 610, 620 and 630 mu. Ratios of reflectance read-
ings W74/525 and 572/525 were calculated as suggested by Snyder
and Armstrong (1967. Welghts were determined to nearest 0,01
gram, Welght loss was expressed as percent of fresh packaged

weight and drip loss as percent of frozen unpackaged welght

(day 43).
Statistlical Procedures, Either a split-plot or a split-split-

vlot design with carcass as the whole plot and the t.reatment
combinations as sub-plots were utilized according to Cochran
and Cox (1957). Analysis of variance and least significant
difference procedures were used to detect differenceé in treat-
ment means, Slmple correlatlion coeffliclents were computed

between visual score and 211 reflectance data.

RESULTS AND DISCUSSION
Interactions revealed by the statistical analysls in this
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study were {few in nuaber and inconsistant in occurrence, There-
fore, significance of interactlons were eluded to the main effecis
in the results and discussion.

Packaeine film, Mean visual score and percent reflectance

at 630 mu for ell fresh, unpsckaged chops were 1.8l and 28.89,
respectively. Vacuum packaging in nelther the oxygen permeazable
filn (L-300) nor the impermeable film (Saran) maintained the
bloomed color (table 1}:; however, the L-300 packaged chops
possessed more desirable visual and reflectance values poste
packagling than Saran packaged chops. These results are simllar
to vacuum packeaging effects reported by Landroek and Wallace
(1955); Rikert, Ball and Stiexr (1957a); Rikert et al. (1957D)
and Dean and Ball (1960). A regeneration of redness in vacuum
packaged fresh meat after 2 to 4 days storage has been described
by Rikert gt sl. (1957a) and Dean and Ball (1960}; but, these
frozen meat data did not follow such a pattern,

Chops packaged in L-300 film were more desirable in visual
score after 1 and 42 days of frozen display than chops packaged
in Saran, Significantly (P<,01) lower values for reflectance
ratio 474/525 were recorded for the L-300 film compared to Saran
(1,06 vs, 1,22; 1.08 vs, 1.21; 1.10 vs, 1.17; 1.09 vs, 1,14;
1.12 vs, 1.19 at days 1, 7, 21, 42 and L3, respectlvely); Data
by Snyder (1965), transformed from absorbance to reflectance,
indlcated oxymyoglobin and/or metmyoglobin existed when the value
of ratio 474/525 was about 1.03; reduced myoglobin existed when

the value was about 1.6. These data confirm the expected presence
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of a more reduced nyoglobin state in the Saran packaged chops,
Since metuycelobin would reflect lesser amounts of light at
630 mu (oranze-red) than either oxymyorlobin or reduced myvoglobin,
the lower reflectance for the L-300 film (table 1} at days 7,
21, 42 and 43 suggest the presence of metmyogloblin in the L-300
packages., Additional evidence for metmyoglobin presence in the
L-300 packaged chops was found in significantly (P<.01) larger
values of reflectance ratio 572/525 at days 7, 21, 42 and 43,
Larger values for 572/525 ratio indicated samples contained
proportionately more metmyoglobin (Snyder, 1965)., Metmyoglobin
would be present in oxygen permeable film packaged neat provided
oxygen tenslon was sufficiently lowered (Fox, 1966). Brownish
metmyoglobin was not detected by visual appraisal in this study;
but, according to Brooks (1938}, metmyoglebin was not visually
detectable until approximately 6C% of the plgment on the meat
surface was in the oxidized form.

Saran packared chops possessed more desirable visuzl and
reflectance values after the thaw-bloom period than chops in
L-300 film. Similar reoxygenation of myoglebin was observed by
Pirko and Ayres (1957).

Increased reflectance at 630 mu from day 42 to 43 appeared
to be an effect of packaging film. As dlspvlay time increased,
package film adherence to meat decreased; hence, true meat color
reflectance may not have been measured when such conditions
exlsted.

Surface desiccatlon may explain the marked decrease in
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total reflectance of thawed chobps,

E{eezlng temperature, The effect of freezing temperature

on visual score and percent reflectance at 630 mu is presented
in table 1. The more desirable visual scores which resulted
from freezing at the lower temperature (-40°C) agreed with data
of Ramsbottom and Koonz (1939, 1941); Pearson and Miller (1950)
and Brissey (1963}, Mean visual score of fresh chops packaged
in L-300 and Saran film was 2.40 and 2,61, respectively. Hence,
the -4000 freezing process had a brightening effect on chops
regardless of package film, Severe "bleaching® noted with -46°C
plate freezing (Robertson, 1950) was not observed in this study.
COStellq (1964) reported rapid freezing with liquid nitrogen
produced "lighter" colors in beef steaks, Ramsbottom and Koong
(1941) attributed the lighter color of meat frozen at lower
temperatures to very small surface ice crystals which reflect
more 1ight;

Data for thawed, day 44 samples indicated a beneficial
visual color advantage for ~40°¢ frozen chops; however, reflec-
tance at 630 mu indicated no significant color difference, The
colgr differeﬁcesof‘beef steaks after freezing at conventional
vs., rapid rreeziﬁg rates were not apparent after thawing {(Costello,
1964), |

The improved visual scores due to freezing at ~140°¢ were
confirmed by higher reflectance readings, more red reflectance,

in the 600-630 mu range, Decreasing differences between reflec-



b3
tance at €30 mu indicated less advontege for ~80°C freezing as
display time increased,

Disvlay temperature, Display of chops at -219C resulted in

nore desirable visusl scores at day 1 {table 2) compared to chops
displayed at -2900. These data suggest the higher frozen dis-
play temverature was sufficiently low to reduce encyme competi-
" tion for oxygen, thus allowing more myogloLin to remaln oxy-
genated on the meat surface during the display peried of 1 day.
Reflectance at 630 mu, however, indicated a color advantage for
-29°C display rather than -21°C.

Visual score indicated display temperature at -29 or =210
did not critically affect visual color stability of lamb chops
dievlayed for 3 weeks:; however, a color advantage for e29°c
display was visually spparent at day 42, The more desiralble
visual score at day 44 for -29°C disrlay suggest & less oxidized
state of nyoglobin was maintained at that temperature., iLowering
display temperatures should result in more desirsble color due
to decreased resplration of meat, hence increased depth of
oXygen penetraticn, decreased autoxidation, increased amount
of dissolved oxygen in meat fiuids, and a shift of equilibrium,
myoglebin + oxygen == oxymyoglobin, to the right, |

Reflectance data for display temperature (table 2) confirmed
research by Ramsbottom and Koonz (1941); Ramsbottom (1947);
Snyder and Ayres (1961): Brown and Dolev (1963); Snyder (1964)

and Cutala and Ordal (1964} that lower storage temperatures
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deoracsed sutoxidation of ayoeglebin in fresh and frozen meat,
The cunblnation of lower reflectance values at 630 mu and signi-
ficantly lower values for ratioc U474/525 at day 7, 43 (P<,01) and
hlf {P<.05) indicated more metmyoglobin in chops dispvlayed at
-21%0,  Thin btrend was apparent at all frozgn time periods and
after thevwing, However, Treflectance ratio 572/525 (indicates
srovortion of metmyoglobin) did not produce significant differences
for display temperature,

Dievley temperature fluctuations, especlally if thawing
temreraturs was reached, had a criticsl effect on frozen meat
color (Townsend and Bratzler, 1958), Product surface tempersa-
ture for cheps displayed at -29°C ranged from -25 to -1%°C while
product surface teuperature fluctuatlons ranged from -18 to
~11°C at -21%¢ display., These fluctuations did not sppear to
allfect Laul chop color stability. Similar results were reported
fci temperature fluctuations below -18°C (Eustruld et al., 1349)

and from -18 to -10°C (Winter et al., 19$52).

htine, Chops displayed under incandescent lighting had
lower {more deslirable} visual scores at all frozen display time
reriods (table 2), Visual appralsal was conducted under the
aenigned lighting type; therefore, it was possilble tﬂat the
vicual secores dld not reflect true color deterioration or change
in pigment state, Flgure 1 presents the relative spectral dis-
tribution (Genersl Electric, 1968) of both light sources and the

percent transmission of wavelengths by the incandescent Holophane
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Prismatic Reflectance fixture {Holophane Conmparny, 1963}, Con-
siderably more red wavelengths were emitted by the incandescent
Holophane source; hence, these spectral data suggest the more
deslirable visual scores recorded for chops under incandescent
light could have been due to the larger proportion of wevelenginhs
greater than 600 mu,

Significantly lower values Tor ratlo 474/525 were recorded
for incardescent lighting at day 7 (P<.05), 21, b2 and 43 (P<.01},.
These lower values indlcate the presence.of moye oxymyoglobnin
and/or metmyoglobin, Reflectarce values at 630 mu were higher
for the fluorescent lighting which indicate proportionately more
reduced pyoglobin or oxymyoglobin, Combination of these data
(lower 47)./525 and lower 630 reflectance) suggest more metmyo-
glebin in the cheps stored under incandescent lighting., Signi-~
ficantly lilgher values for ratio 572/525 (indicates metmyoglobin)
were recorded for incandescent lighting at days 42, 43 (P<,01)
and 44 {P<.05). These reflectance deta also indicated incande-
scent lighting caused more metmyoglobin formation in frozen lanmb
chiops than fluoregcent lighting. However, the differences in
reflectance at 630 mu and the reflectance ratios were small and
probatly not of practical significance.

The Holophane fixture filtered out a large portion of
incandescent wavelengths between 550 and 610 mu (figure 1):
hence the fluorescent source emitted a markedly larger propor-

tion of wavelengths from 540 to 610 mu. This band of light
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apparently did not affect color stabllitiy if the reflectance
rmessurements used accurately measured color deterioration. On
the contrary, Townsend and Bratzler (1958) reported zccelerated
color deterioration in meat exposed to fluorescent wavelengtns
between 560 and 630 mu. Other researchers reported no difference
between lighting systems (Ramsbottom, Goeser and Shultz, 1951:
Hansen and Sereika, 1969). |

Results of a separate study comparing effect of light on
product temperature in display indicated both lighting systems
at 1,076 1umens/m2 raised the mean product temperatﬁre about 3
to 5°C; hence the additional heat produced by incandescent light-
ing was of little consequence, P. E, Gould {unputrlished data)
observed incandescent lighting to increase surface temperature
and subsequent discoloration in fresh meat.

Spectral reflectancé characteristice of each film were
nearly ldentical., Therefore, the statement by Kraft asnd Ayres
(1954) that certain packaging films may decrease discoloration
in meat by absorbing varlous wavelengths of light, did not apply
to fllms used in this study.

Although not a part oif the formal study, random inspection
of the bottom side of chops not exposed to light reveéled CO N
slatantly brighter visual color that the side exposed to light.
These obgervations support the work of Townsend and RBratzler

(1958) and Harriott (1967) who found meat stored in darkness had

more color stability.
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Harbling., Degree of marbtling in the longlissimus dorsi did

not significantly affect any subjectlive or objective measurements
of color, welght or drip loss.

Welght lggg. Flgure 2 shows welght loss due to freezing
was 0,29% while 0.427% additional loss occurred during frozen dise
play (days 0 to 42), thus a total weight loss of 0.71% during
frozeﬁ display up to 6 weeks was obtained in this study., Total
weight loss from fresh unpackaged to frozen unpackaged {(day 43)
was about 0.90%, Welght loss was not significantly affected by
any of the 16 treatments from one observation period to the
next, however, the average total welght loss from day 1 to
day 42 of the frozen chops packaged in the L-300 film was 0.23%
compared to chops packaged in Saran (0.L443). High oxygen
permeabllity and high water wvapor transmission properties of
packaglng films do not necessarily. coincide. However, more
frost accumulated in the L-300 packages; hence, more water
vapor may have passed into these packages and condensed as
frost which was ultimately manifested as less welght loss for
chops packaged in the L-300 film, Certain packaging films have
been observed to actually gain weight (Hustruld et al., 1949).
However, Hustruld,gg al., (1949); Pirko and Ayres (1957) and
Marriott et al., (1967) recorded greater weight losses in meat
packaged in films with greater water transmission ratings.

Drip loss. Mean drip loss was 5,34%. Chops frozen at
~40°C exhibited less drip loss (4.93%) than those frozen at
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-26°%¢ (5.76%5). Ramabottom and XKoonz {1939) stated drip loss was
a function of ice crystal size; the small crystals resulted fron
faster freezing rates, caused less tlssue disruption and sub-
sequently reduced driyp loss. Display temperature, packaging
filme and lighting did not significantly affect drip loss,

Correlakion of reflectance and visusl score, Simple

correiation coefflcients between visual score and all objective
color measurements are given in table 3, Overall pocled data
contained both fresh and frozen chops, hence there was con-
siderable varlatlon in these data. These coefficients indicate
the general relationship between visual score and the selected
independent variables. Wavelength 630 mu appeared to be the
best indicatoxr of visual score (r= -.66). Since lower values
of visual score were most desirable and higher values at 630 mu
indicated more red reflectance. the negative correlations were
expected,

Pooled data (frozen) involved chops from frozen day 1 to
frozen day 42, Reflectance at wavelengths 610-630 mu had the
highest relationship to frozen visual score (r= -.57).

Simple correlations for individual time periods tended to
increase with time, Apparently, increased variation due to
treatment effects improved the magnitude of the coefficients.
Noteworthy is the increased coefficlents from day 42 to day U3,
The lack of package film to meat acherence at day 42 resulting

in less accurate color scan is a possible explanation for the
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L%
increase, These correlation data suggest wavelensgths 600, 610,
620 and 630 mu consistantly had the highest relatiouship of all
reflectance varlables to visual score. Ockerman and Cahill
(1969) reported correlation coefficients above 0.85 between

visual score and reflectance at 685 mu for beef and for pork

(with a marbling adjustment for pork).

SUMNARY

Color stabllity of frozen lamb chops of three marbling
levels was studied using all possible comblnations of 2 freezing
temperatures (-40°C vs. -26°C), 2 display temperatures (-29°C
Vs, -2100), 2 packaging films (oxygen permeable vs, oxygen
impermeable) and 2 lighting systems (fluorescent vs. incandescent).
Welght, visual color and color by reflectance spectrophotonetry
were recorded for fresh chops, 7 post-freezing times up to 6
weeks and after thawing.

Freezing at -uo°c produced nmore degirable #1sual color at
all time periods post=freezing., This was confirmed by reflecw
tance data, Bleaching of color was not a problem for chops
frozen with liquid nitrogen at -40°cC,

Choés displayed under incandescent lighting appeared more
desirable in visual color: however,.reflectance readings suggested
less metnmyoglobin formation in chopé displayed under deluxe cool
white fluorescent lighting.

Packaging in oxygen permeable L-300 film generslly resulted

in brighter visual scores in fresh and frozen chops, but cheps



5k
in Saran Tiln evinced nmore desirable color after thawing =nd
blooning. Reflectance data indicated more metmyoglobln in L=-300
packares disrlayed 7 or more days.

Display at _2900 compared to -2100 improved wvisual color ovly
after dlsvlay for 3 weeks and after the thaw-bloon period.
Reflectance values suggested more autoxidation of myecglobin
ocourred at »210C display at all frozen display periods.

Harbling level did not affect welght loss or color stability.

Drip losses were less in chops frozen at -40°¢ than -26°C,

Welght loss from fresh packaged to frozen at 6 weeks averaged
0.71%.
Simple correlations between visual score and reflectance

of frozen chops were highest at wavelengths 610, 620 and 630 nu.
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VISUAL SCORE SCALE, IDENTIFICATION CF TIME PERIODS AND VARIABLES

Visual Score

j
2.
3.
L,
5

Very bright red

Bright

red

Slightly dark

Dark

Extremely dark

Time Periods

1.

N

-

XX 2 O W W

9.

Fresh unpackaged, full bloon

Fresh packaged

Frozen
Frozen
Frozen
Frozen
Prozen
FProzen

Thawed

day 0

day 1

day 7

day 21

day 42

day 43, unpackaged
day 44

8

474mu
525mu
538mu
568mu
572mu
600mu
610mu
620mu
6 30mu
ratio 474/525

Variabl es
1. Welght, gran
2. Visual score
3. HReflectance
4. Reflectance
. Reflectance
6. Reflectance
7. BReflectance
8. Reflectance
9. Reflectance
10. Reflectance
11. Reflectance
12, HReflectance
13. Reflectance

ratlo 472/525
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14,
15.

APPENDIX B
ORTHOGONAL COMPARISONS

Freezing temperature: -40°C vs, -26°C
Display temperature: -29°C ve., -21°C
Packaging fllms L-300 vs, Saran
Lighting system: Fluorescent vs. Incandescent
Freezing X Display

Freezing X Packaging

Freezing X Lighting

Display X Packaging

Display X Lighting

Packaging X Lighting

Freezing X Display X Packaging
Freezing X Display X Lighting
Freezing X Packaging X Lighting
Display X Packaging X Lighting

Freezing X Display X Packaging X Lighting



APPENDIX C

TREATMENT COMBINATIONS

Freezing temp. Disvlay temp. Packaging Lighting
-40°c -29°%¢ Saran Fluorescent
-0 -29 Saran Incandescent
-40 -29 L-300 Fluorescent
- 40 -29 L-300 Incandescent

- =4p =21 Saran Fluorescent
-40 =21 Saran Incandescent
) -21 L~ 300 Fluorescent
=40 -21 I~-300 Incandescent
-26 =29 Saran Fluorescent
-26 -29 Saran Incandescent
=26 -29 L-300 Fluorescent
=26 -29 L~ 300 Incandescent
-26 =21 Saran Fluorescent
-26 =21 Saran Incandescent
-26 =21 L-300 Fluorescent
.26 -21‘ L-1300 Incandescent
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Color stability of frozen lamb chops was studled by remove
ing 16, 2.54 cm thick loin chops from each of nine carcasses
representing three quallty levels based on the marbling score
of the longissimus dorsi at the 12th rib: Moderate or slightly
abundant {Prime), slight or small (Cholce) and practically

devoid or devoid (Good)., One chop per carcass was randomly
assigned to one of 16 treatments which consisted of all possible
combinations of 2 freezing temperatures (-MOOC liquid nitrogen
vs, =26°C alr blast), 2 display temperatures (-29°C vs. -21°¢),
2 packaging films (Saran, oxygen impermeable vs. Cryovac L=-300,
oxygen permeable) and 2 lighting systems (deluxe cool white
fluorescent vs. incandescent with Holophane Prismatic Reflec-
tance fixture, both at 1,076 lumens/mz). Weight, visual score
and color by reflectance spectrophotometry of each chop were
ocbtained before and after packaglng fresh, in frozen state at
day 0, 1, 7, 21, 42 and 43 {(unpackaged) and after thawing

(day L),

Freezing at -40°¢C produced significantly (P<.05) more
desirable visual color at all time perlods post-freezing.
Higher reflectance at 630 mu confirmed color stability advantage
(P<.05) for —hOOC. Bleaching of color was not a problem for
chops frozen in liquid nitrogen at -40°¢,

Chops displayed under incandescent lighting appeared
brighter (P<,05) in visual color at all time periods after day

1. However, reflectance data suggested more metmyoglobin



formation in chops displayed under incandescent lightlng,

Brighter visual scores were generally found in fresh and
frozen chops packaged in L=300 film; whereas, chops packaged
in Saran possessed more desirable color (P<.05) after thawing
and blooming., Reflectance data suggested more metmyoglobin
in L-300 packages displayed 7 or more days.,

Display at -21°C or ~29°C did not critically affect color
stabllity of chops displayed up to 3 wéeks. Improved visual
scores were noted in ¢hops displayed at —2900 for 6 weeks
display (P<,01) and after thawing of chops (P<,05), Reflectance
data indicated more autoxidation of myoglobin (P<,01) occurred
at -21°C display at all frozen dlsplay periods,

Drip losses were less in chops frozen at ~40°C than
-26%C., Veight loss from fresh packaged to frozen 6 weeks
averaged 0,71%,

Marbtling level did not affect welght loss or color stabllity



