
TI{T¡ UNTVERSITY OF MANITOBA

CENTRALTZED PACKAGING OF RETAIL MEAT CUTS

by

Gaurav Tewari

A THNSIS

SUBN{ITTED TO THE FACULTY OF GRADUATE STUDIES

IN PARTIAL FULFILMENT OF THE REQUIREMENTS

FOR THF' DEGREE OF

DOCTOR OF PHILOSOPHY

DEPARTMENT OF BIOSYSTEMS ENGINEERING

WINNIPEG, MANITOBA (CANADA)

MARCH,2OOO



I*l NationarLibrarv 
$,f[ilå::" 

nationare

Acquisitions and Acquisitions et
Bibiiographicservices servicesbibliographiques

395 Wellington Street 395, rue Wellington
Ottawa ON K1A 0N4 Ottawa ON K1A 0N4
Canada Canada

'our l¡le volre télérenca

Our lile Nolrc rélérenca

The author has granted a non- L'auteur a accordé une licence non
exclusive licence allowing the exclusive permettant à la
National Library of Canada to Bibliothèque nationale du Canada de

reproduce, loan, distribute or sell reproduire, prêter, distribuer ou
copies of this thesis in microform, vendre des copies de cette thèse sous

paper or electronic forrrats. la forme de microfiche/fiIn, de
reproduction sur papier ou sur format
élecfronique.

The authot ¡elains ownership of the L'auteur conserve la propriété du
copynght in this thesis. Neither the droit d'auteur qui protège cette thèse.
thesis nor substantial extracts from it Ni la thèse ni des extraits substantiels
may be printed or otherwise de celle-ci ne doivent être imprimés
reproduced without the author's ou autrement reproduits sans son
permission. autorisation.

Canadä

0-612-51672-5



THF.. UNI!'ERSITY OF' MANITOBA

FACULTY OF GRADUATE STUDIBS
*****

COPYRIGHT PERMISSION PAGE

Centralized Packaging of Retail Meat Cuts

BY

Gaurav Tewari

A ThesisÆracticum submitted to the Faculty of Graduate Studies of The University

of Manitoba in partial fulfillment of the requirements of the degree

of

Doctor of Philosophy

GAURAV TEWARI O 2OOO

Permission has been granted to the Library of The University of Manitoba to lend or sell
copies of this thesis/practicum, to the National Library of Canada to microfilm this
thesis/practicum and to lend or sell copies of the film, and to Dissertations Abstracts
fnternational to publish an abstract of this thesis/practicum.

The author reserves other publication rights, and neither this thesis/practicum nor extensive
extracts from it may be printed or otherwise reproduced without the author's written
permission.



Dedicated to my mummy



ABSTRACT

In conjunction with a study on centralized meat paskagjng oxygen absorption

kinetics of six commercial O, scavengers w¿ts determined. The scavengers were placed

in bags, which were filled with240 mL of air, 4.5L N, + 15 mL of air, or 3.5 L COz+ 9

mL of air, and the O, concentration in each bag was measured at hourly intervals for 8 h.

Signihcant (p<0.05) variation existed in the 02 absorption rates ¿rmong individual

scavengers of the same fype. In addition, effects of temperatur e,25, T2,2, and-l.5oC,

and pack atmosphere, such as air and N, with initial 02 concentrations of 20o/o and 500

ppm, respectively, on their 02 absorption rates were significant (p<0.05). In general,

high temperatures and initial 02 concentrations gave faster 02 absorption rates than low

temperatures and initial 02 concentration.

A retail-packaging system for centralized operations of retail-ready beef steaks or

pork chops, was developed by evaluating 14 treaûnent combinations of retail packages.

The presence of 02 scavengers inside a lidded or over-wrapped retail tray having an

absorbent pad or a gnd or both, was necessary to prevent discoloration of meat cuts. In a

subsequent experiment, the amount of Ot absorbing capacity required in each retail tray

was determined. A minimum of eight 02 scavengers sachets with Or absorption rate high

enough to deliver an Oz half-life of 0.6-0.7 h in the pack atrnosphere where 02

concentration remains <500 ppm at any time of storage, were required in each retail tray.

Master-packaged steaks, under l00o/o N2 atmosphere, with or without 02

scavengers were stored at 1+0.5"C for up to 8 days. A-fter a subsequent storage interval

of 1 day, 3 master packs containing steal<s packaged with or without 02 scavengers were

i



opened and examined for visual characteristics and chemical states of myoglobin' It was

concluded that to prevent transient discoloration of beef steaks, the 02 concentration

should be reduced to 0 ppm at 1+0.5oc within 3 h of pack closure.

The beef steaks were master-packaged under looyo N2 atrnosphere and were

stored for up to 10 weeks. After subsequent storage intervals of 1 weeh 2 master packs

were opened and steaks were analyzedfot visual, odor, flavor, and microbiological

characteristics. In addition, reflectance specfia were obtained from the steaks' surface to

estimate chemical states of myoglobin. These steaks were further displayed in a ret¿il

display case for 4 days, and were analyzeddaily for visual characteristics and chemical

st¿tes of myoglobin. On the 4ú day of retail display, odor, flavor, and microbiological

characteristics were also determined. Retail appearance was the limiting factor for the

retail displ ay lifeof the steaks. The present system can deliver a storage life of 10

weeks, with a subsequent retail display life of 3 days for master-packaged beef steaks'

t-a
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l.INTRODUCTION

Useful shelf life is the time required for a food to become unacceptable from a

sensory,. nutritional, microbiological, or safety perspective (Lahru.za 1996). Shelf life of a

food product can be extended, provided the mechanism of causing spoilage of a food

product is known and is manipulated using "safe techniques" which do not affect the

sensory and nutritional characteristics of food. The shelf life of foods can be extended

using various techniques such as thermal processing (retort and aseptic processing),

freeze-drying, and cryogenic freezing(Individual Quick Frozen technique, IQF). These

techniques are well adapted by the food industry to extend the shelf life of liquid foods

(retort or aseptic processing), liquid foods with particulates (canning and retort),

dehydrated foods (freeze drying), fruit and vegetable cuts (IQF), and meat (refrigeration

or freezing). It is, however, to be noted that these techniques result in loss of "freshness

(fresh taste)." Nutrients are also lost due to temperature change. Fresh vegetables, fruits,

and meats are premium priced products in local and international markets.

Recently, the FDA (US) has approved irradiation of red meat, yet there is debate

about the availability of suiøble polymers for irradiated packages. There are currently

only a handful of polymers approved in the CFR (Code of Federal Regulation) title

21$149.5 for use with irradiated foods. Of these only one, EVA @thylene Vinyl

Acetate) can receive electron beam (e-beam) treatment. Most of the polymers listed in

this section were approved in the 1960's. It is difficult to make a contemporary

multilayer structure with currently approved polymers. From the standpoint of radiation



chemistry, e-beam, garnm4 and x-ray treatment should have the same impact on polymer

packaging materials. The fact that e-beam, gunm4. and x-ray are treated differently in

the CFR is due to the fact that initial requests for approval only mentioned gamma

treatrnent. Therefore, until today, modiflied atnosphere packaging(CAP) is the only

approved technique available which delays microbiological growth due to the inhibitory

effect of carbon dioxide (COt on bacteria and ensures freshness and long shelf life of

fresh meat @lickstad and Molin 1983; Gill and Harrison 1989; Gill and Tan 1980,

Igbinedion et al. 1983). Nevertheless, modified atmosphere packaging should be coupled

with strict temperature control to achieve maximum microbial inhibition. The rate of

spoilage in muscle foods is high because they are a protein rich medium which

encourages microbial growth. Muscle food tissue continues to metabolize just after

slaughter, utilizing storage carbohydrates and fats. In the absence of further processing,

microbial growth results as the energy stores deplete and metabolic products (low

molecular-weight organic compounds) accumulate in the tissues. This results in off-

odors and off-flavors of meat, and eventually microbiological decay occurs on the meat

surface (Labuza1996).

Optimized storage of fresh meat can yield 9-15 weeks of useful product storage

life if meats are held at -1.5+0.5"C in saturated atmospheres of CO, orNr, devoid of

oxygen (Or). These systems for long term storage and intercontinental transport are most

useful for primal cuts of meat. Following such storage, products can be trimmed of

surface imperfection, sliced and repackaged in convenient retail sizes on trays using films



permeable to oxygen and yield satisfactory meat color for up to 4 days of display in the

store. In contrast with centralnedpackaging of retail ready cuts, final trimming and

portioning take place at the initial packaging step. The packaging film contacting the

meat surface is oxygen permeable. Fabricated products must withstand 20-30 days

storage in their original packages (which are usually grouped together in a controlled

atmosphere) prior to display in the retail case at temperatures of about 7oC. Since there

is no further manipulation of the cuts at retail other than to move packages to the display

case, meat surfaces exposed at the central preparation facility must ret¿in their

attractiveness and appeal not only during the period ofstorage but also during subsequent

display atretall for about 2 days.

Centrally packaged retail cuts of fresh red meats are economical because they

require less manpower, equipment, space; and they have reduced chances of cross-

contamination due to "continuous process operation" as majority of the personnel are

HACCP (Hazard Analysis and Critical Control Point) trained. Tesco, a British

supermarket chain, has converted its entire fresh meat operations to central packaging

using MAP (Brody 1996). Brody (1996) also reported that the three most interesting

technologies regarding "centralized packaging of fresh red meats" are Cryovac's (Saddle

Brook, NJ, USA) vacuum skin packaging, Tesco's (London, UK) barrier foam trays, and

master packs which were spawned by CVP Systems and M-Tek from the success of case-

ready poultry packaging. Recently, W.R. Grace Limited, Australia (in collaboration with

CSIRO, Canberr4 Australia) has designed a retail ready master packs system for



transporting meat to distant countries.

Although work has been done in various labs using master packaging technology

for centrally prepared retail meat cuts, several concerns remain unanswered:

(i) Centrally prepared retail beef cuts using high CO, or N, afrnospheres are shown to be

more susceptible to the formation of metmyoglobin due to residual Or, resulting in poor

sensory quality. Research has shown that beef color is highly sensitive to low

concentrations of 02 due to the formation of grey or brown metmyoglobin even in 100Yo

CO2 or Nt atmospheres (Ledward l97O; Gill and Jones I994a). Also, Penney and Bell

(1993) reported that beef developed noticeable browning with more than 0. l5Yo Orin

high CO, atmospheres. Therefore, some innovative method needs to be developed to

remove 02 as the beef cuts are being stored under 100% CO2 or N, atmospheres to

prevent the premature browning. This is not of major æncern if storage temperature is

maintained at a sub-zero level and transportation takes several days (then metmyoglobin

will be reduced by muscle enzyme activity) (Gill and McGnnis 1995b). However,

transient metmyoglobin is a major concern where immediate use of part of a shipment is

periodically required. The centrally prepared ret¿il beef cuts may experience such

situations quite frequently and transient metmyoglobin formation needs to be prevented.

Gill and McGinnis (1995b) concluded that the 02 concentration in the pack atmosphere

has to be reduced below l0 ppm within 30 min at2"C, or 2 h at -1.5"C to prevent

transient discoloration of ground beef. The presently available commercial oxygen

scavengers are able to provide such a rate of O, absorption provided large number of O,



scavengers are used in the package and 02 concentration during storage does not exceed

40-50 ppm. They further suggested that such a goal can be achieved if meat is held at

-1.5oC with <100 ppm Oz initially present. If the ratio of pack volume to mass of meat is

small, this might also reduce the number of O, scavengers required. They studied 02

absorption kinetics of only one type of commercial 02 scavenger, and the initial O,

concentration used in their study v/as too high to predia the 02 absorption kinetics of an

02 scavenger in a commercial meat operation. Additionally, they neither described the

methodology of applying oxygen scavengers to the master packs, nor studied 02

absorption kinetics of commercially.available 02 scavengers at low initial 02

concentrations. It is possible that a specific method of applying 02 scavengers or a

combination of different 02 scavengers with different O, affinity and capacity may result

in a better 02 absorption rate. Since there is alack of information on O, absorption

kinetics of commercially available O, scavengers at low initial 02 concentrations, the

usefulness of Or scavengers in preventing transient discoloration of retail-ready meat cuts

packaged under an Or-depleted controlled atmosphere is unknown. Thus, studies

regarding O, absorption kinetics of O, scavengers need to be designed and conducted.

(ii) Transient discoloration of centrally prepared meat cuts limits the economies of

centralized meat operations. Beef muscles like psoas major @M) discolor rapidly at -

1.5oC even if the residual O, concentration is < 100 ppm (Gill and McGinnis 1995a).

Thus, a study needs to be designed and conducted to prevent transient discoloration of

expensive beef cuts, such as PM.



(iii)Another important parameter to be considered during centralized meat operations is

selection of a suitable ret¿il package for master packaging of ret¿il-ready meat cuts.

Factors, such as entrapment of O, in the over-wrap, improper meat-mass to gas (CO, or

Nr) volume ratio, or insufFrcient evacuation time during gas-flushing operations of a

controlled atrnosphere packaging machine, may increase the O, concentration in the

package, and result in limited ret¿il shelf life of meat cuts. Therefore, a suit¿ble retail

packaging system for centralized meat operations needs to be developed.

(iv) Controlled atrnosphere packaging works best with striø temperature control, but

frequent temperature fluctuations affecting meat quality have been observed during

transportation and retail storage (Bailey et al. 1997). For meats like pork and beef, which

can expect premium prices in export markets, shelf-life extension and excellent quality

are the major issues. Although techniques for centralizedpreparation of meats are

available, successful distribution of meats like pork and beef which have relatively short

shelf life, is still unpredictable because of the absence of an efficient and reusable

refrigerated distribution system having strict temperature control (-1.5+0.5'C) (Gill and

Jones 1992; Gill et al. 1994). Recently, Jeyamkondan (1999) has designed, fabricated,

and tested a refrigerated chamber (using liquid N2 as refrigerant) for uniform and stable

temperature distribution. However, this present chamber needs to be tested for the

microbiological and sensory attributes using retail cuts of meat.



Therefore, the specific objectives of the present research were:

l. to deterrrine the 02 absorption kinetics of six commercial Or scavengers at

several temperatures and initial O, concentrations;

2. to design an improved retail packaging system for centralized meat operations;

3. to determine optimum 02 absorbent capacity required for preventing transient

discoloration of retail-ready beef cuts; and

4. to determine the retail display life of centrally packaged beef cuts packaged under

O2-depleted controlled atmospheres and stored in the liquid-N, refrigerated

container (Jeyamkondan 1999).



2. LITERATIIRE REVIEW

2.1 Basic Meat Chemistry

2.l.1Postmortem changes in meat

Package designers must understand the chemistry behind posünortem changes in

meat before designing a centalized meat distribution system to extend its shelf life

(Coulate 1990, Eskin 1990).

2.1.1.1 Reactions during contraction and relaxation of muscle

Contraction and relaxation of voluntary muscle is based upon interaction between

myosin (key muscle protein possessing the ability to catalyze the splitting of ATP), actin

(filamentous key muscle protein contributing the nutritive value of meat), and adenosine

triphosphate (Adenine-D-ribose-P-P"P) (ATP). Hydrolytic splitting of ATP provides a

high source of energy for muscle contraction because hydrolysis of phosphate groups is a

very exergonic reaction. If muscle is in its relaxed state, ATP is in the form of an inert

magnesium complex (Mg-ATP). When muscle receives a stimulus from the central

nervous system, calcium ions become released into the sarcoplasmic reticulum (a fine

network of tubules surrounding intracellular myofibrils and joined to the plasma

membrane of the muscle cell), which has two results:

(a) Ca2* releases ATP from Mg-ATP

(b) Caz*stimulatesMyosin-ATPase(myosin-adenosinetriphosphatase).

As a result, energy is released from the high energy phosphate bond, which initiates

muscie conÍaction due to the sliding action of actin filaments over myosin filaments and

I



we get the construction of a temporary actin-myosin (actinomyosin) complex.

During relæration, Ca2* ions are removed by a relæring factor (calsequestrin), i.e.,

C** are pulled back to the membrane of the sarcoplasmic reticulum. Then inhibition of

myosin-ATPase activity takes place and the actin-myosin complex dissociates. NexL

new ATP has to be regenerated to allow subsequent contraction and this can be from two

sources:

(a) in living muscle, the primary source of ATP is through aerobic respiration, and

(b) ATP can also be formed by the "Lohmann reastion" (8q.1) utilizing residual

creatine P in the tissue.

ADP (Adenosine di phosphat.e) +

creatine P (creatine phosphate)
+ ATP + creatine

2.7.1.2 Conversion of muscle to meat

After the death of an animal, muscle tissue is in the relaxed stage, i.e., ATP is in

the form of a Mg-ATP complex. At this time, muscle tissue is soft and pliable (capable

of a high degree of extension). Until meat is acceptable for human consumers, there are

three main stages through which the tissue passes:

(a) Pre-rigor stage

Muscle tissue is still soft and pliable. In biochemical terms, there is a continuing

decline in the level of ATP and creatine phosphate. Also, anaerobic respiration takes

place (less ATP) because muscle tissue does not receive 02.

(1)



(b) Rigor mortis

Rigor mortis begins within lO-12 h after the death of an animal and lasts for

about 15-20 h. Conversion of glycogen to lactic acid also begins, and actinomyosin

forms as Ca2* ions are released into the sarcoplasmic reticulum which, in turn, yields

muscle inflexibility.

(c) Post-rigor state

During the post-rigor state, muscle tissue becomes more tender and acceptable, in

part due to proteolytic enzyme activity (the process is not fully understood). Also, the

pH of meat falls from 7.2-7.4 to 5.3-5.5 (due to conversion of glycogen to lactic acid).

Low pH (5 3-5.5) retards the growth of some microorganisms and high pH (6.0-6.5)

usually means greater risk of microbial spoilage. Therefore, pH of meat plays an

important role in the extension of shelf life.. Also, there is a relationship between pH

and meat color, i.e., pH 5.3 (light pink-red color) and pH 6.0 (dark color-unacceptable).

There are other changes during posfinortem glycolysis:

(i) color change: dark red to a lighter greyish-pinþ

(ii) exudation (water loss): decrease in water holding capacity, and

(iii) textural changes (closely packed muscle fibers yield relatively smooth texture).

Apart from meat becoming tender, flavor development also takes place during the

post- rigor state. The ATP (its degradation products like inosine monophosphate) and

breakdown of cytoplasmic proteins contribute to the final flavor of meat. Therefore,

when designing a centralized meat packaging system, it is very important to select an
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efïïcient packaging technique which delays further color and flavor changes of the meat

until it is presented to the consumer.

2.2 Controlled and/or Modified Atmosphere Packaging of Meat: Application in

Centr alized Meat Operations

Central packaging of retail meat cuts involves use of controlled (CAP) and/or

modified atmosphere packaging (MAP), which reduces the growth rate of spoilage

microorganisms. It is to be noted that, MAP works best only with "strict temperature

control" of the food product, because anaerobic lactic acid bacteria (LAB) are dominant

under reduced O, levels and cause early spoilage of meat at uncontrolled temperatures.

2.2.1Modified annosphere packaging and controlled atmosphere storage (CAS)

Modified atmosphere packaging is defined as "the packaging of a perishable

product in an atmosphere which has been modified so that its composition is other than

that of air" (Hintlian and Hotchkiss 1986). This is in contrast with CAS, which involves

active and continuous control of the atmosphere surrounding the food and is prominent in

warehouse storage of vegetables and fruits. The CAS systems for meat use static

atmospheres containing saturated concentrations of CO2. In MAP, the initial atmosphere

surrounding a food is altered by the addition of CO2 or a combination of gases (Or, Nr,

and COr). The funøion of CO2 is to decrease the growth rate of microorganisms by

increasing their lag phase and reducing product respiration, whereas N, is used to

displace 02 and acls as an inert filler, which prevents the package from collapsing when

some of the CO2 is absorbed by moisture in the product.
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2.Z.ZEarlier developments in MAP

The preservative effect of CO, has been known for a long time. Real

development of MAP started in 7922 when Brown (1922) investigated the effect of

different concentrations of 02 and CO2 at various temperatures on the germination and

growth of fruit-rotting fungi. He recommended the use of gas storage in combination

with cold storage to extend the shelf life of fruits. Kidd and West (1927) examined the

effect of atmosphere modification on the storage life of fruits. This experimentation

resulted in the first commercial controlled atmosphere storage of apples in Kent,

England, in 1929. Killefer (1930) found that pork and lamb remained fresh twice as long

in T00%o CO, at 4-7"C compared with storage in air at the same temperature. Callow

(1932) also reported similar improvements in keeping quality of pork and bacon.

Tomkins (1932) and Moran et al. (T932) reported that mold growth on meat could be

retarded with as liule as 4yo CO2 in the storage atmosphere. The higher the CO2

concentration and the lower the storage temperature, the more effective was the

inhibition. Haines (1933) found that it took trvice as long for some common meat

bacteria to multiply to the same number if stored in lÙo/o CO2at 0"C, rather than in air at

the same temperature.

Controlled atmospheres have been used in commercial storage, for example, to

delay physiological changes such as ripening in fruits and vegetables (Day 1990;

Tomkins 1932), and to transport chilled beef carcases from New Zealand and Australia

(Scott i989). By 1938, 26Yo of chilled carcass beef shipped from Australia and 60Yo of
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that shipped from New Zealand were being held in a controlled atmosphere of l}Yo CO2

for 40 to 50 days without any spoilage @arry 1993). Coyne (1933) demonstrated that

fillets or whole fish could be kept trvice as long at ice temperature if stored in an

aûnosphere containing 25o/o COzthan in air.

By the 1960's vacuum packaging became popular for fresh meat. Ogilvy and

Ayres (1951) did a comprehensive study on the use of CO2 enriched atmospheres for

extending the shelf life of chicken portions and found that shelf life was increased

linearly as CO2 concentration increased, however, meat discoloration was observed at

high CO2 concentration. By the 1970's, bulk packs of fresh chicken evacuated and then

flushed with CO2 were introduced commercially in the USA to extend the shelf life to

18-21 days in chill storage (Parry 1993). In 1979, Marks and Spencer test-launched

MAP meat and are responsible for Brit¿in's dominancy today in the world marketplace

for modiflred atmosphere products. Within two years, they extended their product range

to include bacon, loin chops, sliced cooked cured meats, fresh and smoked fish, and

cooked shell fish (Parry T993).

In North Americ4 the science and technology of gas preservation of food evolved

slowly perhaps because of highly developed refrigeration, transportation, and distribution

systems @skin 1990; Oraikul and Stiles 1991). The rising costs of raw food products,

labor and energy, the tightened controls on use of some preservatives and additives by

the Food and Drug Administration (FDA), and the availability of better packaging flrlms

with reduced 02 permeability as well as the versatility of packaging equipment have

r_3



promoted MAP products in North America.

In modern MAP systems, the cumbersome continuous control of the aûnosphere

surrounding the product is eliminated, which makes it much cheaper for a large-scale

operation to be developed. Research and development activities on MAP were

accelerated during the 1980s and 1990s, resulting in successful commercial applications

(Oraikul and Stiles 1991).

2.2.3 Methods of atmosphere modiflrcation

Various modified atmosphere packaging techniques are available, their

advantages and disadvantages should be considered while adapting these techniques for

c entr alized m eat p ackagi ng.

2.2.3.1 Vacuum packaging

Vacuum packaging was the earliest form of modifred atmosphere packaging

developed commercially and is still used for products such as primal cuts of fresh red

meat, cured meats, hard cheeses, and ground coffee (Parry 1993). Since product is

packed in film of low Or permeability (air is evacuated), entry of O, from outside is

restricted. In the case of vacuum packaged fresh meat, CO2 increases to 10-20yo within

the package as the respiration of the meat quickly consumes the residual Or.

Vacuum packaged fresh beef is unsuitable for the ret¿il market because of the

change in color of meat from red to purple (myoglobin - deoxymyoglobin due to the low

O, level), which is considered unacceptable by the consumer. This is a reversible

reaction, but the formation of the oxidation product metmyoglobin (brown) does occur to
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a small extent and is less easily reversed as time of storage increases. These changes also

take place in pork but are less noticeable. Also, there is accumulation of exudate during

prolonged storage of meat in vacuum packs and is probably related to the lack of package

headspace (Parry 1993).

2.2.3.2 Vacuum skin packaging (VSP)

In VSP, a vacuum is used to apply a thermoformable film (softened by heating)

as a skin over the meat placed on a rigid backboard (Shay and Egan 1986). This method

promotes longer storage life of meat depending on meat species and muscle pH because

exudate development and precipitation of denatured meat pigment on the meat surface is

not so pronounced as in the regular vacuum packages. However, dark meat color is more

noticeable in meat cuts using VSP. Its application is more popular for consumer

packages of cured meat products where color differences are not ¿rs apparent.

2.2.3.3 Gas packaging

Gas packaging can be done either by mechanical replacement of air with gas

mixlures or by generating the atmosphere within the package (passively or actively by

using suit¿ble atmosphere modifiers such as O, absorbents). The latter are not very

effective for this application. Mechanical air replacement can be done either by gas

flushing or by compensated vacuum (Parry 1993). Gas flushing is usually performed on

a form-fill-seal machine by injecting a continuous stream of gas into the package to

replace the air. After removal of most of the air, the package is sealed. In the

compensated vacuum process, a vacuum is flrst created in a preformed or thermoformed
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container holding the food and then the desired g¿rs or gas mixture is introduced. Gas-

flushing techniques can be very fast and lend themselves to continuous operation.

Ordinarily, 02 levels in gas-flushed packs are 2-5Yo, and therefore are not suitable for

packaging O2-sensitive foods. For longer terrn storage of fresh meats, more sophisticated

flushing systems are used to reduce O, levels to <300 ppm (e.g., Captech@, AuckJ-and,

New Zealand).

2.2.3.4 Master packs

Master packaging involves placement of MAP products (wrapped in a permeable

film) into a gas impermeable package in a manner that eliminates 02 from the

atmosphere surrounding meat (Bailey et al. 1997). The MAP packaged products are

placed in the impermeable package prior to shipping (the internal atmosphere can be up

to l00yo COr, minimizingthe growth of microorganisms). The gas impermeable barrier

is removed at the retail level resulting in the development of a desirable bright red color

of meat due to the entry of 02 into the permeable package. Master packs must be

coupled with an excellent temperature control system during distribution (-1.5+0.5'C) to

achieve optimal shelf life extension of meat cuts.

2.3 Microbiological and Sensory Characteristics of Meat

Borch et al. (1996), Kraft (1986), Gill (1985, 1995), Offer and Knight (1988),

and Stiles (1991) have reviewed the microbiology and techniques used in the meat

industry for shelf life extension. Microbial growth is caused by a combination of

intrinsic and extrinsic factors. The intrinsic factors are related to the food (chemical and
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physical composition of food, water activity (a-), pFL Or-reduction potential, and natural

factors inhibitory to ba.cteria that a¡e present in food). The extrinsic faøors are related to

the environment surrounding the food (storage temperature, packaging, gö atmospheres,

preservatives, cleaning disinfection, and hygiene). These factors influence survival or

$owth of microorganisms in the food. By manipulating these factors, "hurdles" can be

created to prevent microbial growth (Scou 1989). For MAP foods, refügeration or strict

temperature control at temperatures close to those causing freezing is an important hurdle

assuring product quality. This is because psychrotrophic baøeria can grow at

temperatures lower than -2"C where most meat freezes. Adequate refrigeration must be

maintained throughout the food distribution system.

Good sanitation practices during slaughter control the extent of surface

contamination because the exterior of animals is often heavily soiled (Ayres 1955;

Jeremiah and Gibson 1997a). Chilling of meat creates a selective environment which

favors the growth of psychrotrophic strains of microorganisms (Stiles l99l).

Psychrotrophic bacteria have optimum growth temperatures of 25-30"C but they can

grow at <5'C and even at-3"C (ICMSF 1980). Psychrotrophic fungi cannot grow if

relative humidity is <80olo, but storage of carcasses in relatively dry conditions is not

favored because of some loss in the sensory quality of meat (ICMSF 1980).

Composition of the gas atmosphere creates an environment for selective growth of

microbes on meat. Growth of Gram negative, rod-shaped bacteria lTke Pseudomonas,

t\4oræcella, and Acinetobacter spp. is favored by aerobic, chilled storage (Ayres 1955,
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1960). Off-flavor develops at 107 cfu of bacteria per cm2 of meat. Under reduced 02 and

high CO, conditions, growth of aerobic spoilage bacteria is discouraged, while that of

slower growing spoilage bacteria, like Lactobocillus is encouraged (Roth and Clark

1972). Microflora change from aerobic to anaerobic organisms in the packaged meat is

the main factor extending the storage life of vacuum and modified atmosphere packaged

meat with high levels of CO2. Benediø et al. (1975) reported that LAB do not produce

off-flavors or off-odors in vacuum packaged meat stored at 0 to 5'C as quickly as the

aerobic spoilage microflora and myoglobin conversion to metmyoglobin is delayed. Gill

(1988a) suggested that red meats (prepared with high hygiene standards) in sarurated

levels of l00o/o CO2 in a gas-impermeable film, packaged using the CaptechÐ system, and

stored at -1.5'C can have a storage life of up to 6 months. Anaerobically, spoilage is

often not noticed until bacteriareach>108 cells/cm2.

2.3.1 Microbiological and sensory evaluation of centrally packaged retail meat cuts

Several researchers have studied effects of different compositions of gases on the

microbiological and sensory quality of meat during centralized meat packaging. Shay

and Egan (1986) used MAP for extending retail storage life of beef and lamb. They

stored meat under 80yo 02 and20Yo CO2 at 5'C and found that storage life was three

times better than the storage life in conventional overwrapped trays. They also noted that

in most situations, storage life was limited due to poor color rather than by excessive

microbial growth. AIso, storage life was dependent on muscle type, species, and length

of time meat had been stored previously in vacuum. Pork color was more stable than
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beef or lamb in response to low levels of 02 @enney and Bell 1993).

Scholtz et al. (1992) examined the potential value of prepackaging pork centrally

by comparing the retail shelf life of pork loin chops packaged under an aÍnosphere of

25yo CO2plus 75o/o 02 with parallel samples packaged using the vacuum skin technique

(VSP) and with PVC overwrapped (essentially aerobic) samples as controls. All samples

were stored at 0"C for up to 21 days. Results from this goup of trials were compared

with those from similarly prepared retail packaged chops placed on PVC overwrapped

trays that were packaged in groups of 6 in a master pack sealed following an application

of a 700Yo CO2 atmosphere. Samples stored using either VSP or 25yo COz plus 75Yo 02

were acceptable 7 days after packaging and retail display. Microbiological results were

similar to those obtained from conventionally packed PVC overwrapped trays at only 4

days of storage at 0oC. The 100% COr treatnent yielded the most promising results with

samples stored safely for 2l days and capable of 4 days subsequent retail display. Shelf

life was limited by color accept¿bility.

In an attempt to improve pork color stability following suggestions by Taylor

(1990), Buys et al. (1993a) included Orat25Yo or SOYo in PVC wrapped retail pork chop

packages and overwrapped these with barrier bags having an Oz transmission rate (OTR)

of 39 mLl(m2 24 h) at I af:,23"C, andT5Yo RH. These were subsequently back flushed

with either l0}o/o CO2 or 25o/o COr:5}YoNr:25Yo Or. No significant differences were

seen following2l days storage and samples achieved 2 days subsequent acceptable retail

display. A trend to greater meat pigment instability was seen in high Or-containing PVC
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overwrapped packages. Buys et al. (1993b) then explored the use ofeither vacuum or

lÙ}yo COr to preserve unsliced pork loins for up to 2l days at OoC or 5oC and evaluated

the subsequently sliced loin chops for color and microbiological condition during retail

display, again in PVC overwrapped trays. Chops prepared from loins stored at 0"C for

21 days were still acceptable 4 days after retail display. Initial packaging treatments did

not yield different ret¿il shelf life. It is unfortunate that barrier bags used to simulate

master packs in the trials by Buys et al. (1993a, b) and Scholtz et al. (1992) had OTRs

significantly greaterthanthe <15 mll(m224h)atl atm,23"Cand7sZoRÍIcurrently

used to create an acceptable O, barrier. Results from these studies did not clearly

demonstrate effects that could be attributed to differences in package atmosphere

composition.

Gill and Penney (1988) studied the effect of initial gas volume to meat mass ratio

and pH on the storage life of chilled beef packaged under CO2. They reported that

Enterobacteriaceae fractions were larger in number on high pH (>6.0) meat than on

normal pH meat (5.5-5.7) during storage at 1'C. Grau (1981) reported that

Enterobacteriaceae were unable to grow on muscle tissue of normal pH under anaerobic

conditions. Later, Grau (1983) and Vanderzant et al. (1986) observed that

Enterobacteriaceae show slow gfowth on vacuum packaged, normal pH muscle tissue in

packs that were prepared using flrlm of low, but measurable O, permeability. Gill and

Penney (1988) reported that all vacuum packaged meat was spoiled by putrid flavors

(high pH meat \¡/as spoiled at 7 weeks and normal pH meat at i2 weeks). They also
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reported that the increasing amount of added CO2 progressively retarded putrid spoilage

(due to slow microbial growth rate) while the relative number of LAB in the flora was

enhanced. This was due to the inhibitory effect of CO2 on Gram negative organisms on

both normal and high pH meat because CO2 extends the lag phase of microbial growth.

The LAB dominate these environments at low temperatures and form less offensive

met¿bolic by-products than organisms of other genera. This study showed that CO, can

greatly extend the shelf life of packaged chilled meat but saturating levels of CO2 are

required for extended storage of these products (about 2L COJkgmeat).

Gill and McGinnis (1993) studied the changes in microflora on commercial beef

trimming during collection, distribution, and preparation for its retail sale as ground beef,

using culrent Good Manufacturing Practices (GMPs). They reported that during storage

up to 18 days before grinding, meat trimmings developed a LAB flora of up to 107 cfu/g,

which would spoil within 3 days if packaged in O, permeable film and stored under

refrigeration conditions (5-7"C). They mentioned that two factors which govern the

degradation of ground beef prepared with current GMPs are (i) delayed grinding of meat

as it is dependent upon the wholesalers' and ret¿ilers' requirements, which results in high

microbial numbers in freshly ground beef, and (ii) loss of temperature-control of retail-

ready product. They concluded that current GMPs are not adequate for proper control of

spoilage and pathogen-growth. Therefore, they recommended centralized meat

distribution systems for retail- ready cuts and strict control over storage and distribution

temperature for extending the shelf life of meat.
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Gill and Jones (T99aa) compared the display life of retail ready beef steaks using

vacuum packaging (-1.5'C) or master packing (2"C) under various gas atmospheres of

Nr, COr, or 02 + COz. The product was assessed a.fter a storage time of 60 days. At each

assessment, a vacuum package and a master pack were withdrawn from storage. Three

retail packs \¡iere prepared from vacuum packaged meat and were displayed with retail

packaged meat from a master pack in aretzitl cabinet, at air temperatures between

3-5.7"C. Steaks from vacuum packaged product were considered desirable, with little

metmyoglobin in the surface pigment. Numbers of bacteria on steaks from vacuum

packs and N2, CO2, C,2+ COz atmospheres were <104, <106, <105, and (10a cfu/cmz,

respectively. The flora from steaks stored under CO, were composed entirely of LAB.

Small fractions (<5%) of Enterobacteriaceae and Brochrothrix thermosphøcta werc

present in the steak prepared from vacuum packaged product stored for 39,46, or 53

days. Large fractions (>20%) of Enterobacteriaceae or B. thermosphactawere present

in the flora of steaks stored under Oz + COz atmospheres for 8, 12, or 20 days. They

suggested that master packs would minimize the deterioration of meat. The numbers

attained by spoilage flora on steaks under CO, were insufFrcient to cause organoleptic

effects. They concluded that master packs under CO2 could be an appropriate technique

for extending shelf life of beef for up to 7 weeks and is useful when distribution involves

< 4 days.
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Holley etal. (1993,1994q b) did microbiological analysis of CO2-packaged retail

ready pork. They stored wrapped boneless pork loin roasts and slices at 4" C in bulk

under constant CO2 concentrations of 50Yo and 100Yo for one and tr¡¡o weeks. In both

treaünents, levels of psychrotrophs, mesophiles, and LAB were < 104 úulqrf during the

initial two weeks storage under CO2. Enterobacteriaceae were < 102 cfi.¡./cm2 in all

samples but Brochrothrix were one log higher in 50Yo COr-stored samples than in l}Oyo

CO2-stored samples at 14 days. They concluded that samples stored under 50Yo CO, and,

ll}o/oCO, for two weeks could be aerobically displayed subsequently without being

unacceptable for three and six days, respectively. Earlier, Spahl et al. (1981) and Greer

et al. (1993) also reported long shelf life of pork stored under saturated atmospheres of

CO2. Jeremiah et al. (I992a) showed that a master pack system where high levels of CO,

and very low levels of Or are maint¿ined at chill temperatures, can extend shelf life of

pork up to l5 weeks.

Holley et al. (19944 b) examined the microbiological, biochemical, and physical

characteristics of fresh pork loin slices packaged under 100% N2, 100% CO2, and, 50%o

N" + 50% CO2 at storage temperatures of -1"C and 4"C in reusable, gas impermeable

metal boxes. They found that samples stored under Nr, COr, and N'-CO, atmospheres

gave shelf lives of 18,27, and2I days, respectively at 4"C and shelf life was improved

by three to four days at -1"C. They also concluded that physicochemical characteristics

do not limit the shelf life of pork. Earlier, Gill (198Sa b) reported that during prolonged

storage (20-24 weeks) under vacuum or CO2, chilled red meats become very tender, lose
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desirable texture characteristics, and also develop liver-like aged flavors highly

objectionable to some consumers. Jeremiah et al. (7992b) studied the effect of prolonged

storage under vacuum or CO2 on the flavor and texture proflrles of chilled pork at

-1.5'C. Jeremiah et al. (1992q b) found that all vacuum packaged samples showed 107

cfi.¡./cm2 of bacteria at 18 weeks and no adverse sensory changes were noted until week

15, after which off-odors were noted. For samples packaged under CO2, the maximum

number of LAB (105 cfi-r/cm2) was obtained after 18 weeks and this flrgure was not

exceeded even after 24 weeksstorage. Samples stored for 6 and 21 weeks gave the

highest flavor and texture scores. This study showed that pork is resistant to autolytic

and oxidative deterioration during prolonged chilled storage in vacuum or CO2. Thus,

chilled pork could be stored up to 18-24 weeks at -1.5"C.

Jeremiah and Gbson (1997a) studied the influence of different packaging

atmospheres upon shelf life of retail ready pork cuts. They used I00yo N2, 100% CO2

and a mixture containing 7}o/o C,2and30Yo COr. They suggested that2O days storage life

would provide the opportunity to prepare and distribute centrally packed retail ready cuts

to North American customers and yield satisfactory retail display. Tests were conducted

at -1.5, 2, or 5oC storage in master packs for up to 28 days followed by 30 h aerobic

chilled display at 6.8"C. AII tlree packaging atmospheres and storage temperatures

yielded similar results with some differences noted in terms of texture and flavor as a

result of treatrnents. They concluded that storage life of those products was limited by

growth of LAB and implied that use of pork with low initial numbers of bacteria would
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yield consistent success in satisfying consumer quality requirements. They concluded

thateither l00yoN2,lÙOyo COr, oramixture of 7oo/o Orplus 30yoCOzshouldbe

satisfactory for centralized distribution of retail ready pork cuts. Storage temperatures of

up to 5"C would be somewhat satisfactory but consistent satisfactory performance would

be achieved under l00yo CO, with storage at -1.5"C to retard growth by LAB which

limited product shelf life.

2.3.2Detrtmental effects of residual oxygen (O2) on the color stability of beef

Although research has been done on microbiological and sensory aspects of meat

during centralized meat packaging under various modiflred atmospheres, problems

regarding color stability of beef remain to be answered. A bright red color is desired for

retail sale of beef, but due to the presence of low residual 02 concentration, beef-color is

initially degraded even under controlled atrnospheres of CO2 or N, (O'keefe and Hood

1982). Gill and Jones (1994a), during their study on the display life of retail-packaged

beef steaks under various master pack atmospheres, reported that the color of beef-steaks

was degraded by short storage under Nr or CO2. The reason offered was the formation of

metmyoglobin at the surfaces of steaks by the scavenging-action of the myoglobin

toward the residual oxygen in the nominally anoxic atmospheres (Ledward 1970).

Metmyoglobin formed has to be reduced by the metmyoglobin-reducing activity (À/ß.4)

of the muscle tissue before the steaks can bloom in air to a desirable color (Gill and Jones

1994a; O'Keeffe and Hood 1982). Gill and Jones (199a$ also reported that more than 2

days were required for the reduction of sufficient meûnyoglobin to achieve a desirable
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color. Such a condition is highly undesirable for commercial conditions, where rapid

distribution of centrally packaged beef cuts will be periodically required. Due to

uncontrollable discoloration (although transient), the overall advantage of centrally

packaged retail beef cuts using oxygen-depleted master packaging technology is limited.

Gill and McGinnis (1995a) studied the effects of residual oxygen concentration and

temperature on beef color degradation under O2-depleted atnospheres. They used

controlled atrnospheres of N, or CO2 and varied 02 concentrations (100-1000 ppm) to

prepare retail-ready beef cuts (longissimus dorsi,LD or psoas major, PM), and stored

them at 5, l, 0 or -1.5oC for times between 4 and 48 h. Overall, the LD samples stored at

-1.5"C for 48 h (O, < 400 ppm) had the lowest metmyoglobin formation. They

concluded that beef of high color stability (LD) was least susceptible to metmyoglobin

formation if atmospheres contained < 600 ppm of O, at temperatures < OoC. In contrast,

beef of low color stability (PM) degraded even at low O, concentrations irrespective of

storage temperatures, which contradicted conclusions drawn by Penney and Bell (1993).

To provide a solution to the transient degradation of ground beef color, Gill and

McGinnis (1995b) performed a study using commercially available oxygen scavengers

(FreshPaxo, Multiform Desiccants, Inc. Buffalo, NY). They determined the rates of O,

absorption by individual scavengers and reported that the transient discoloration could be

prevented by these scavengers at -1.5oC if large numbers were used in each package.
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Sorheim et al. (I995b) also studied the color stability of beef stored under

vacuum or CO2 with commercial 02 scavengers (Ageless@, Mitsubishi Gas Chem. Co.

Inc., Toþo, Japan). One Or scavenger, Ageless FX-l00o, was inserted in each bag with

COt. After packag;ng the bags with CO2 (initial CO, to meat ratio was more than 1.5:1

by volume) had O, concentrations <0.5olo, and after 3 days storage no 02 was detected in

packages with Or scavengers. As discussed before, in a typical CO2 environment, low 02

concentrations are expected to facilitate greyish brown metmyoglobin formation. When

all the Or is consumed (by O, scavengers), the metmyoglobin should change back to dark

red deoxymyoglobin, due to reducing activity in the muscle. This conversion of muscle

pigment in CO2 packaged beef may take up to 48 h (Gill and Jones 1994a). A study by

Sorheim et al. (1995b) also showed an increase in a. values (redness) (L, a, b convention

used a¡e as per Hunterlab colorimeter, Detroit, MI) on the beef loin sections from day I

to 3 of storage (muscle pigment conversion). However, they were unable to explain the

discoloration of beef stored under high CO2 atmosphere, even with ari oxygen scavenger

and suggested that exposure to low O, concentrations during the early storage period (3

days) may irreversibly damage the beef color. However, they did not examine whether

the rate of O, absorption by the scavenger was constant or varied with time and 02

concentration. AIso, only one O, scavenger was placed in the bag, which might not be

enough to absorb 02 at a higher rate as suggested by the manufacturers' literature (Gill

and McGnnis 1995b). In addition, the ratio of CO2 to meat used was around 1.5:1

whereas the recommended ratio is at least 2.1 (Gill and Penney 1988).
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2.4 Distribution Systems for Centrally Packaged Retail Meat Cuts

Although master pack technology for centaltzed meat packagjng exists, an

effrcient meat distribution system having strict temperature control to maximize product

quality is still needed. Gill and Jones (1992) studied the effrciency of a commercial

process for the storage and distribution of vacuum packaged beef. They used a time-

temperature integration technique to assess the microbiological consequences of

temperature regimes to which the product was exposed. This technique involved the

colleøion and integration of appropriate product temperature histories with respeø to

models describing the effect of temperature on the growth of microorganisms of concern

(Gll 1986). Their data showed that the product would achieve on average only about

25o/o of the potential storage life due to the failure in equilibrating product to near the

optimum storage temperature before the product was loaded to transport. They used the

models developed by Gill et al. (1988) to assess the remaining storage life of chilled red

meats from product temperature histories. The loading of product to transport when

product temperatures were above the optimum affected the storage life in transit because

refrigerated transport systems are designed to maintain product temperature not to reduce

the temperature within loads (Scrine 1985). Gill and Jones (1992) examined a typical

North American vacuum packaged beef handling process where product temperatures of

2"C are considered satisfactory (Savell 1986), but not achieved when speedy dispatch of

product is a management priority. This rapid dispatch results in the failure to properly

control product temperature and gives only about 25Yo of potential storage life of
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product, provided that trailer refügeration systems funøion adequately during product

transport. If product temperature is adequately controlled, such product can attain a

storage life of about 12 weeks (Gill and Penney 1988; Johnson 1974).

Woolfe (1992) has given a detailed description of temperature monitoring and

measurement techniques during meat distribution. He reported that liquid N2 cooled

transport vehicles were much quieter and had better temperature control than

mechanically refrigerated vehicles. However, an adequate supply of liquid N2 is required

for shipping which can limit the range and number of stops these non-mechanically

refrigerated trucks can make. Recently, Bailey et al. (1997) designed a refrigerated

chamber using liquid Nr for distributing centrally-packaged ret¿il meat cuts. They

discussed the advantages of liquid N, as a refrigerant over mechanical systems, but also

pointed out the liquid N2 usage for maintaining the product temperature in a n¿urow

range (-1.5+0.5'C) was not economically feasible. They used fans for uniform

distribution of liquid N2 within the chamber. The heat generated by the fans resulted in

more demand for liquid Nt than is necessary. This work was extended in the Department

of Biosystems Engineering using different techniques, e.g., using one fan with motor

placed outside for distributing liquid Nr in the chamber (Habok 1999). This design

resulted in reduced variable N2 use of 4.8 kglh compared with 5.5 kglh, obtained with the

design of Bailey et al. (1997) at 30"C outside temperature. In parallel, the concept of a

jacketed design w¿N pursued (Jeyamkondan 1999). The jacketed design required 4.3kglh

liquid Nt to maintain uniform temperatures in the container at 30"C outside temperature.
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The container required further testing using master-packaged meat cuts which was done

in the present study.
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3. OXYGEN ABSORPTION KII\¡ETICS OF OXYGEN SCA\rENGERS

3.1 Summary

The oxygen (Or) absorption kinetics of six commercial O, scavengers were

determined. The scavengers were placed in bags, which were filled with240 mL of air,

4.5 L N, + 15 mL of air, or 3.5 L COz+ 9 mL of air. The 02 concentration in each bag

was measured at hourly intervals for 8 h. The effects of variability among individual

scavengers, nominal initial Or concentrations of 20Yo and 500 ppm, temperatures of 25,

12, 2, and - I .5oC, and scaven ger capacity on the Or absorption rate were quantifîed. In

addition, the effect of placing scavengers within over-wrapped trays within bags, was

determined. Substantial variation in O, absorption rates existed among individual O,

scavengers of the same type, with O, half-lives having a range from 2.8 to 4.6 h. The O,

half-lives were longer at low temperatures than at higher temperatures, e.g., O, half-lives

of 7.1 and I h at -1.5 and25"C, respectively, were obtained for one scavenger-type.

Shorter 02 half-lives were obt¿ined in air than in N2 atmospheres at the same

temperaturê, e.9., 02 half-lives of I and 3.3 h in air and Nr, respectively, were obtained

for one scavenger-type at 25"C. The Or absorption reactions were first-order for both

high and low initial 02 concentrations. Scavengers, when placed within over-wrapped

trays within bags had up to eight times longer O, halfJives, indicating that the O,

permeable film acts as a 02 barrier when pack atmosphere has low 02 concentrations. To

obtain consistent and reproducible results, it is recommended that multiple scavengers be

used in packaging systems. The appropriate number should be based on scavenger-type,

desired 02 absorption rate, storage temperature, and pack atrnosphere (airllt{r/COr).
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Keywords O, scavengers, O2 absorption kinetics, A¡rhenius equation, food preservation.

3.2Introduction

Oxygen scavengers have been used for food preservation for the last 20 years.

The purpose of Or scavengers is to create low 02 atmosphere in sealed packs of products,

thereby slowing or preventing deterioration due to oxidation of product components

and/or growth of microorganisms or survival of insects (Anonymous 1998). Oxygen

scavengers are extensively used in Japan to prevent: discoloration of cured meats and

teas, rancidity problems in high fat foods, and mold spoilage of intermediate and high

moisture bakery products; in the USA" they are used to delay oxidative flavor changes in

coffee and to prevent mold growth, rancidity, and staling in bakery products (Smith et al.

1995). Their use for the preservation of color and flavor and the prevention of microbial

spoilage in cooked, cured meats has also been reported (smith et al. 1995).

The current uses of 02 scavengers generally involve packs in which the

atmosphere contains some substantial fraction of Or, if not air at the time of pack

sealing, and the inhibition of chemical reactions or proliferation of microorganisms that

proceed relatively slowly. Consequently, commercial O2scavengers are designed to

remove a specified amount of Or from a relatively high O, atmosphere over periods of a

day or more. The rate of Or absorption has then not been a principal concern in the

design of commercial 02 scavengers. However, there may be applications for O,

scavengers where the rate of 02 absorption is of prime importance. For example, meat

packaged under O2-depleted, controlled atmospheres discolors in the presence of the low

02 concentrations in the initial aünospheres of such packs (Gill and Jones ß9aa,b).
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The discoloration resolves after 2 or 3 days, when the meat has stripped all o, from the

pack aûnosphere- However, such transient discoloration may be disadvantageous in

some circumstances, such as in the use of controlled afinospheres to preserve centrally

prepared master packaged, retail-ready meat when some of the meat may have to be

displayed a short time after master packaging (Gilr and Jones r9944b' Gi[ and

McGnnis 1995a)- To prevent transient discoloration, the o, concentration has to be

reduced to < 10 ppm within 2 h when the storage temperature is -l.5oc, and more rapidly

at higher temperatures (Gill and McGinnis 1995b). Effeøive reducrion of o,
concentration at higher temperatures might be possible with the appropriate o,
scavenger.

The 02 absorption rates of o, scavengers may vary with the nature of their

reactarits and other materials used in their construction. Rates of absorption may also be

affected by factors such as temperature and the compositions of the atmospheres to which

they are exposed' Therefore, to identify commercial o, scavengers that might be suiøble

when rapid removal of o, from pack atmospheres is required, the 02 absorption kinetics

of six commercial 02 scavengers were determined experimentally. The effects of initial

o, concentrations, temperaturg and scavenger capacity on o, absorption rates were

quantified.
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3.3 Materials and methods

3.3.1 02 scavengers

The 02 scavengers which were evaluated were: AgelessÕ FX-100 (Mitsubishi Gas

Chemical Co. Inc., Toþo, Japan); FreshPax@ M-l00, R-300, and R-2000 (Multiform

Desiccants Inc., Buffalo, NY); and BiokaÔ S-75 and 5-100 @ioka Ltd., Kanwiþ

Finland). Their characteristics are given in Table 3.1.

3.3.2 Absorption of O, by scavengers

Oxygen scavengers were placed in bags composed of a laminate of polyester,

oriented nylon, and an EVOHÆVA coextrusion (ESOP AEVZE T21575 R, WinPak,

Winnipeg, MB, Canada), with an O, transmission rate of 0.55 mLl(mz 24 h) at I atm,

23"C, and7}o/o RH. The bagsize was 550 x 440 mm. Bags containing scavengers were

either emptied of air by flattening each bag around the scavengers it contained, or were

evacuated and then filled with a known volume of N2 or COr, using a controlled

atmosphere packaging (CAP) machine (CAPTRON@ Model# 2Fi897, Securefresh Paciflrc

Limited, Auckland, New Zealand), before being sealed. Then, a quantity of air was

injected into each bag using a gas-tight syringe (Model#8881-114030, Sherwood

Medical, Bally-money, North lreland) inserted through a stick-on septum (Modern

Controls Inc., Minneapolis, MN, USA). Immediately after the injection of air, the

puncture point was sealed using a hot iron. Each filled bag was stored at room or a

constant temperature. Samples (8 mL) of the atmosphere in each bag were obtained

every hour for I h by means of a gas tight syringe inserted through a stick-on septum. If

no substantial 02 absorption was noticed within I h, samples were taken after every 12 h
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for up to 48 h. Immediately after each sampling, the O, concentration in the sample was

determined using ñt Oz analyzer (Mocon MS-450, Modern Controls Inc., Minneapolis,

MN) with a zirconium oxide sensor, and the puncture point was then sealed using a hot

iron. The specifications and calibration steps for the 02 analyzer are outlined in

Appendices A-1 and A-2, respectively.

To determine the effect of variability among individual O, scavengers on rates of

02 absorption, an Ageless@ FX-100 scavenger on a moist absorbent pad (MP-3 0620,

Paper Pak@ corp., La verne, cA), was placed in each of five bags. Each bag was

emptied of air and sealed, then240 mL of air was injected into each bag. The bags were

stored at room temperature. Five bags each with a FreshPaxo R-300 scavenger, five bags

each with a BiokaÐ S-100 scavenger, and fîve bags each with a FreshPax@ R-2000

scavenger, were similarly prepared.

To determine the effect of temperature and initial 02 concentrations on O,

absorption rates, four Agelesso FX-100 scavengers on a moist absorbent pad (MP-

30620, Paper PakÐ corp., La verne, cA) were placed in each of six bags. The

scavengers, in their original sealed package, were held overnight at room temperature for

temperature equilibration. Three of the bags were emptied of air and sealed, then 240

mL of air was injected into each. The other three were each filled with 4.5 L of N2

before being sealed, then 15 mL of air was injected into each. The bags were stored at

25"C. Three similar groups of six bags were prepared and stored at lz, z, or -r.5"C.

Four sets of six bags, with each bag containing four scavengers of the same type @ioka@

S-100, FreshPær@ R-300, or FreshPax@ M-100 scavengers), were similarly prepared and
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stored. Three sets of six bags, with each bag containing four Freshpær@ R-2000

scavengers were similarly prepared and stored at 25, 2, or -l .5"C. In a similar fashion,

one set of six bags, with each bag containing four Biokao S-75 scavengers was prepared

and stored at25"C. In addition, four sets of three bags, with each bag containing four

FreshPax@ M-100 scavengers were prepared. Each bag was filled with 3.5 L of CO, and

sealed. Then, 9 rnL of air was injected into each bag. A set of bags w¿rs stored atl5, lZ,

2, or -1.5"C.

To charactenze 02 absorption when 02 scavengers were placed inside

overwrapped retail trays within master packs, a retail tray (clear plastic tray # 2D,

Western Paper & Food Distributors (Intl') Ltd., Calgary, AB) overwrapped with a flrlm

of or transmission rate 8000 mL/(m2 24h) at I atm, 25"c and 70% RH (vitafilm

'Choice wrap', Goodyear Canada Ltd., Calgary, AB), containing four Freshpax@ R-300

scavengers was placed in each of six bags. A 5 mm hole was made at one corner of the

overwrapped flilm to allow free exchange of atmospheres during gas flushing. Three

bags were emptied of air and sealed, then 240 mL of air was injected into each. The

other three bags were each filled with 4.5 L of N, to which 15 mL of air was added by

injection. The bags were stored at25oC. Similarly, three bags, each containing a retail

tray with four Ageless@ FX-100 scavengers on a moist absorbent pad and 240 mLof air,

were prepared and stored at25"C.

36



3.3.3 Dat¿ analysis

The halfJife of 02 in a pack aünosphere was calculated as the time required for

the 02 concentration in the pack aünosphere to be reduced to half the initial value. The

half-life was calculated from the volumes of 02 present at successive time intervals

during the storage of the pack. In calculating volumes of O, absorbed from atmospheres

of air by the scavenger, the initial volume was taken to be 240 mL added to the pack plus

x mL of residual air. Residual air in the emptied bag was measured as the volume of

water displaced by the emptied bag. The volumes of O, in the pack at anyperiod was

calculated as the volume of atmosphere at the end of the period multiplied by the

concentration of Or in the atmosphere at the end of the period. The volume of

atmosphere at the beginning of each period was taken to be the volume of atmosphere at

the beginning of the previous period less the volume of the atmosphere removed as a

sample at the end of the period and the volume of O, calculated as having been absorbed

during the previous period. The volume of O, absorbed during a period was calculated

as the volume of atrnosphere at the start of the previous period multiplied by the

concentration of Or in the atmosphere at the beginning of the period less the volume of

atmosphere at the start of the period multiplied by the concentration of O, at the end of

the period. In calculating the volumes of O, remaining in the pack in atmospheres of N,

or CO2 to which air was added, the volumes of the atmosphere removed during sampling

and the volumes of 02 absorbed during a sampling period were assumed to be negligible.
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To determine the order of reaction, plots were prepared of the natural logs (logJ

and the reciprocals of the volumes of O2remaining in the pack aûnosphere against time.

If the log; plot approximated a straight line, the reaction was regarded as fîrst order. If

the reciprocal plot approximated a straight line, the reaction was regarded as second

order. Rate constants were calculated using the following equations @rown et al. 1994):

for fi rst-order reactions :

ln[A]t : -kt+ ln[A]o e)

and for second-order reactions:

11
l* -J- 

-

_/LLI

[A]' [A]o
(3)

where, [A],:amount of react¿nt A at time t (h),

læthe rate constant (h-t), and

[A]':the initial amount of reactant.

Frequency factors and activation energies were calculated from the Arrhenius

equation in the form @rown et al. 1994):

l-s.\l r\
rn(fr) = [-* J|.t . tn(A)

where, A{requency factor (frequency of collisions),

E":activation energy (J/mol),

R:universal gas constant (8.314 J/(mol. K)), and

T:temperature (K).
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3.3.4 Validation of constants for Arrhenius equation

Validation of the experimenølly determined constants for the Arrhenius equation

was performed using FreshPaxo R-300. Four FreshPaxo R-300 scavengers were placed

in each of six bags. Three bags were each emptied of air and sealed, then 240 mL of air

was injected into each bag. The other three bags were each filled with 4.5 L of N, to

which 15 mL of air was added. The bags were stored at7"C, and the 02 concentrations

were measured at hourly intervals for 8 h. The volume of 02 in the pack afinosphere

containing FreshPaxo R-300 scavengers at every hour at 7"C was also calculated using

the previously determined constants from the A¡rhenius equation.

3.4 Results

The residual O, in each bag which were emptied of air was 1.5 +0.5 mL. With a

single scavenger in each bag, the half-lives of O2 in bags containing air differed up to 2h

(Figs. Al, Al0, 433, 440), whereas, when four scavengers were placed in each bag

(Figs. A2, All, A34, A4l), the 02 half-lives were not statistically different (p0.05) at

25"C (among replicates) (Table 3.2). The Or absorption curves for different scavengers

(4 in number unless otherwise mentioned) under different circumst¿nces are given in

Appendix A.

With four Ageless@ FX-100 scavengers in bags containing air, the O, half-life

was four times longer at -1.5"C than at 25'C (Figs . A2 and AB), but with four such

scavengers in bags containing N2 atmospheres, the half-life at -1.5"C was only double

that at 25'C (Figs. A3 and A9; Table 3.3). The 02 half-life in bags containing air and

four Bioka@ 5-100 scavengers was seven times longer at -l.5oC than at 25"C (Figs. 441
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and 450), but the 02 half-life was only two and a half times longer at -1.5oC when

compared with that at25"C with bags containing four such scavengers and N,

atmospheres (Figs. A42 and 451). With four FreshPaxÕ R-300 scavengers in bags

containing air, there v/ere no statistical differences (p>0.05) between O, half-lives at

different temperatures fFigs. Al l, 413, Al5, and Al7), but with four such scavengers in

bags containing N, atrnospheres the O, half-life v/¿rs two and a half times longer at -1.5"C

than at 25'C (Figs. A72 and 418). With four FreshPax@ M-100 scavengers in bags

containing air, the Or half-lives were longer than with other scavenger types (Figs. 421,

A23, A25, and A27). The 02 absorption rate was also relatively slow in the N,

atmosphere (Figs. A22, A24, A26, and 428). However, in bags containing four

scavengers and a CO, atmosphere, the 02 half-lives were shorter compared with the half-

life of 02 in bags containing FreshPaxÐ M-100 scavengers and air or N, aûnospheres at

the same temperature (Figs. A29, A3O,431, and A32).

With four FreshPaxÐ R-2000 scavengers in each bag containing air, the average

o, halfJives were 0.7, 0.8, and 0.8 h at25,2, and -l.5oc, respectively (Figs. A34, 
^36,

4.38). Similarly short 02 half-lives of 0.9, 0.9, and 1.3 h at 25,2, and -1.5"C,

respectively (Figs. 435, 437, 439), were obtained in bags containing four FreshPax@ R-

2000 scavengers and N2 atmospheres, which were statistically different (p<0.05) from

that of FreshPax@ R-300 under same conditions. With four Bioka@ S-75 scavengers in

bags containing air or N2 atmosphere, the O, half-lives were 1.6 and 6.5 h, respectively,

at25"C (Figs. A44, A45).
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When four Ageless@ FX-100 scavengers were placed in an over-wrapped tray

which was placed in abag containing air, at25"C, the O, half-life was -6.0 h, which was

eight times longer than when four such scavengers were placed directly in a bag

containing air (Figs. A52 and A2). Similarly, O2halflives were five and two times

longer when four FreshPaxÔ R-300 scavengers were placed in over-wrapped trays than

when four such scavengers were placed directly in a bag containing air or N2 atmosphere

at25"C, respectively (Figs. Al9, A20, All, and 
^12).

The O, absorption reaction was first-order for all the commercial O, scavengers.

Rate-constants were therefore calculated from the first-order kinetics equations, and

generally increased with increasing temperatures (Table 3 4). For AgelessÐ FX-100,

BiokaÐ S-100, and FreshPax@ R-300 scavengers, the rate constants for the 02 absorption

reaction were larger for air than for N2 aûnospheres at any temperature, and the rate

constants tended to decrease with decreasing temperature (Table 3.4). However, for

FreshPaxÐ M-100, kwas generally smaller for air than for N, or CO, atmospheres at the

same temperature, although Ae for air was generally larger. In most cases, the calculated

and observed 02 halflives were not statistically different (p0.05).

Constants for the Arrhenius equation for the various types of scavenger were

obtained using the rate constants at different temperatures for each type of scavenger

(Table 3.5). Upon validation of these constants for FreshPax@ R-300 scavengers at7"C,

observed and calculated Or half-lives were 0.8 and 0.9 h, and 3.9 and 3.8 h in bags

containing air and N2 atrnospheres, respectively (Figs. 455 and 456).
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3.5 Discussion

Commercial Or scavengers are composed of powders in sachets of plastic-coated

paper which is perforated to allow the ingress of 02. The powder contains particles of

non-uniform sizes, and materials placed in the pouches are rapidly mixed immediately

before each sachet is filled, to limit 02 absorption before pouch formation, which might

reduce 02 absorbing capacities of the scavengers. As mixing is likely to be imperfect and

the film perforation is variable, incomplete reaction of these chemicals may occur.

Considerable variability in the O, absorption rates among individual O, scavengers must

be expected (Gill and McGinnis 1995b). Therefore, results are likely to be reproducible

only when multiple scavengers are used for each tes! and generalizations from previous

studies which involved systems with single scavengers must be treated with caution

(Sorheim et al. 19954 b; Allen et al. 1996; Rousset and Renerre 1990; Doherty and Allen

1998; Isdell et al. 1999).

The O, concentrations affected the Or half-lives substantially for any scavenger-

type resulting in longer O, half-lives for low initial O2 concentration of 500 ppm in N,

atmospheres than for high initial O, concentration of 200 000 ppm in air atthe same

temperature. The magnitude of such effects varied for different scavenger types

depending upon their formulation. FreshPaxc'M-100 are designed for high co,

amospheres, hence, generally longer 02 half-lives were obtained in air and N"

atmospheres than in CO2 atrnospheres.
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It was proved from the kinetics data that the O, absorption reaction was first-

order at both hidn (20% or 200 000 ppm) and low (500 ppm) initial 02 concentrations.

Due to the fìrst-order nature of the 02 absorption reactions, the limiting factor for O,

absorption rates at both high and low initial O, concentrations is O, concentration.

However, at high initial O, concentration other factors such as the scavenger's surface

area and environment may also affect Or absorption rates. In contrast at low initial O,

concentrations, diffusion-phenomena, which are derivatives of 02 concentration, had the

dominant influence as compared to surface aÍea and environmental factors, and hence the

low O2 absorption rate. This is in accordance with Fick's Law of Diffusion which states

that the rate of diffusion of a species in a given direction is proportional to the

concentration gradient in that direction. Therefore, a threshold O, concentration exists

where there is a dramatic decrease in Or absorption rate. Thus, O, concentration became

the primary limiting factor for 02 absorption rate in atmospheres having low O,

concentration. This result was supported by Gill and McGnnis (1995b) who also

reported that at concentrations of ( lyo, Oz concentration is the limiting factor for 02

absorption rates. Consequently, different rate-constants were observed for the same 02

absorption curve at same temperature depending upon initial O, concentration.

Therefore, the overall 02 absorption curve produced by the scavenger will be bi-phasic

with higher Or absorption rates at higher O, concentration followed by a substantial low

02 absorption rate as a critical threshold 02 @ncentration is reached.
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Higher temperatures gave shorter 02 half-lives and the reverse was also true.

Generally, the rate ænstants increased with increasing temperature, as expected.

However, the magnitude of the temperature effect was dependent upon the scavenger

types due to the differences in their formulations. For some scavengers, the temperature

effects on both 02 half-lives and rate constants were more dramatic in air than in N" or

COr atmospheres. For others the reverse occurred, which may have been due to

differences in their formulations

The A¡rhenius equation calculated for different scavengers may find an

application in the computer simulation of varying O, concentrations in a package

atmosphere at specific temperatures and at known initial O, concentrations. Such

computer models may further be modified to predict possible deterioration of food

products as related to the scavenger's 02 absorption rate with a known initial microbial

population and using a predictive modeling approach. However, a relationship between

microbial growth and O, concentration needs to be determined. Another approach would

be their use to consume Ot that might permeate the package seal or film which otherwise

would result in decreased shelf-life of 02 sensitive food products, and enhanced scalping

of flavor (due to increase in rate of food x packaging interactions). However, these areas

require further research.

Oxygen scavengers with more capacity also tended to absorb 02 at ahigher rate

than scavengers with less capacity, which was expected and was caused by increased

surface area for 02 absorption. Although scavengers with greater capacity have low

formula weight per cm2 than scavengers with less capacity, they undergo faster reactions
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due to high collision-frequency of the reactant generating more heat, and this results in

high O, absorption rates (Personal communication. Dr. Tom Powers, Research Scientis!

Multisorb Technologies Inc., Buffalo, NY). However, me¿ìsurements of heat generated

\¡/ere not done and this area also requires further research.

The effect of the positioning of scavengers within packs was also substantial,

which suggests the film acted as an Oz barrier at low O, concentrations despite iæ high

O, permeability. Additionally, this barrier effect may increase with decreasing

temperature. Consequently, the size of the hole in the lidding film was the limiting

factor for O, absorption when retail trays were placed in a bag.

Due to signifrcant (p<0.05) variation in Ot absorption rates of commercial O,

scavengers, their appropriate selection is of importance in situations where high O,

absorption is initially required, as in prevention of transient discoloration of ground beef.

Extreme care should also be exercised when selecting O, scavengers, since little

information about their O, absorption rates is provided by the manufacturer, which can

lead to misuse. Therefore, O, absorption rates of O, scavengers must be examined

thoroughly in reference to specific requirements. Ageless@ FX-100 or FreshPax@ R-2000

scavengers had the highest Ot absorption rates among the commercial scavengers used in

the present study and may be used in situations where rapid removal of residual O, is

required. However, due to significant positioning effects, contact with O, may be

restricted. In the configuration of the system studied here, it was found that scavengers

should be placed either inside the retail trays containing 02 sensitive products or inside

the ret¿il trays as well as in the gas impermeable bags. Multiple 02 scavengers should
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also be placed in the package to obtain a consistent and reproducible 02 absorption rate.

Further, calculation of an appropriate number is based upon 02 scavenger type, initial

amount of 02 present, storage temperature, and the desired O, absorption rate. The

present study should serve as a guide for possible application of 02 scavengers in

situations where the rate of O, absorption is of primary importance.
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Table 3.1

Name

Biokao S-100

Biokao S-75

Agelesso FX-100

FreshPax@ M-100

Manufacturers' specifi cations for O, scavengers*.

Scavenging reaction

Erzyrne mediated
oxidation

Enzyme mediated
oxidation

Iron oxidatio¡r

FreshPaxÔ R-300 Iron oxidation

Capacity
(mLOr)

100

hon oxidation

FreshPaxo R-2000 Iron oxidation

Fcatures & suggestcd
applications

75

100

All of the scavengers are designed for products with a water activity >0.85.
'Not given.

100

Fol nloist tbod; stable iu air Air/Ì.{,
before use; excellent water
resistauce

Fotrefrigeratedapplicationst COz
designed for modified
atrnosphere packaging of moist
product

For refi'igelated and frozen Air^f,
application; r'ecornmended for
cases whele rapid rernoval of
O, is requirecl

Atmosphere
(COr/Air/Nr)

300

Air/N,

Air'/1.{,

2000

Activating
agent

Self-activated

Þ-ol relì'igerated and lrozen Air'/N,
appl ication; reconunended for
cases wheie rapid lernoval of
O, is lequiled

Self-activated

Moisture

Moisture

Self-activated
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Table3.2 Variability in 02 half-life among single vs four 02 scavengers of the same
type in air at25"C.

Scavenger-type Half-life of O, (h)

Single O, Four 02 scavengers
scavenger

Ageless@ Fx-loo

Bioka@ S-100

FreshPaxo R-300

FreshPær@ R-2000

1.8-2.5* 0.7* (0.05)"

2.84.6 1.0 (0.03)

2.0-2.8 0.e (0.04)

0.e-1.6 0.7 (0.02)
* Average of three replicates.
' Standard deviation.* Range of O, half-life.
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Table 3.3 Half-life of or in bags containing four scavengers and air, Nr, or Co2
atmosphere

Scavenger-type Atmoryhere O, balf-life (h)

12"c -1.5'c

Agelesso FX-100

Bioka@ 5-100

FreshPax@ R-300

FreshPax@ M-100

0.7+ (0.08)'

1.3 (0.08)

1.0 (0.08)

3.3 (0.04)

0.9 (0.0e)

2.6 (0.03)

7.5 (0.8)

6.1(0.6)

5.0 (0.08)

0.8 (0.07)

1.6 (0.03)

1.7 (0.03)

7.2 (0.0s)

0.e (0.04)

3.1(0.04)

12.1 (0.7)

12.8 (0.8)

12.0 (0.1)

1.2 (0.06)

2.2 (0.03)

4.1 (0.04)

12.1(0.05)

0.e (0.03)

4.4 (0.03)

38.8 (0.8)

2e.5 (0.e)

18.0 (0.2)

2.s (0.02)

2.3 (0.02)

7.1 (0.03)

8.5 (0.05)

1.2 (0.03)

6.1 (0.04)

40.0 (0.8)

37.3 (0.e)

21.8 (0.e)

Air

Nt +air

Air

Nr+ air

Air

Nr+ aír

Air

Nt + ail

CO, + air
*Average of three replicates.
" Standard deviation.
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Table 3.4

Scaveuger-type

Constants of first order kinetics equation for different scavengers.

1'emp.

('c)

Agelesso FX-100 25

25

t2

12

2

2

-1.5

-1.5

Atrnosphere Initial Ilìitial O,

02 concentration (ppur)

volume

(rnL)

Air

N, + air

Air'

N, + air

Air

N, * air

Ail'

N, + air

Air

N2 + air'

Air

ç+air
Air

50

2.25

50

2.25

50

2.25

50

2.25

Biokao 5-100 25

25

t2

t2

2

Constants of l'ilst olde¡'

kinetics equationu

200 000

500

200 000

500

200 000

500

200 000

500

Ê (h-') Ao

2.46

0.35

t.82

0.36

0.ó9

0.25

0.31

0.26

Calculated O,

halilifeb (h)

50

2.25

50

2.25

50

3.94

0.51

3.96

0.61

3.61

0.79

3.54

0.76

ObservedO, Colrrlatio¡r

half-life (h) coefficie¡rt

(f)

200 000

500

200 000

500

200 000

0.3

1.8

0.4

1.9

1.0

2.7

2.3

2.7

0.7

1.3

0.8

1.6

1.2

2.2

2.5

2.3

0.56

0.20

0.40

0.09

0.20

0.72

0.92

0.96

0.98

0.99

0.99

0.92

0.99

3.34

0.88

3.62

0.84

3.45

s0

1.2

3.5

1.1

7.7

3.5

1.0

3.3

1.7

7.2

4.t

0.99

0.99

0.99

0.99

0.99



Scavenger-type 'Iernp.

('c)
Atrnosphere Initial Initial O,

Oz concentration (pprn)
volurne
(mL)

FreshPaxoR-300 25

25

12

12

2

2

-1.5

-1.5

N- + air'

-l.5 Air'

-1.5 N, + air

2.25

Air

Nr + air

Air

N, + air

Air

Nr + air

Air'

N, + air

Air'

N, + air

50

2.25

50

2.25

50

2.25

50

2.25

50

2.25

50

2.25

500

Consta¡rts of first older
kinetics equationu

200 000

500

200 000

500

200 000

500

200 000

500

200 000

500

200 000

500

FreshPaxo M-100

Å'(h-') Ao

0.06

25

25

Calculated 0,
half-lifeb (h)

0.08

0.08

1.04

0,35

0.99

0.23

0.91

0.1 8

0.74

0.1 5

0.09

0.1 5

0.80 1 1.5

3.72

0.84

3.60

0.94

3.60

0.87

3.80

0.82

3.60

0.86

3.88

1.10

Observed O Conelatio¡t
half-life (h) coelf,rcient

(É)

8.7

8.7

0.7

2.0

0.7

3.1

0.8

3.9

1.0

4.7

7.7

4.6

12.1

7.1

8.5

0.9

2.6

0.9

3.1

0.9

4.4

1.2

6.1

7.5

6.1

0.96

0.98

0.99

0.99

0.95

0.99

0.99

0.98

0.99

0.99

0.99

0.88

0.82
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Scavenger-type Temp.
("c)

Atrnosphere Initial Initial O,
C)2 concentr.ation (ppnr)
volume
(mL)

25

l2

12

12

2

2

2

CO, + air

Air

N, + air

CO2 + air'

Air'

N, + air'

CO, + air

1.8 500

50 200 000

2.25 500

1.8 500

50 200 000

2.25 500

L8 500

50 200 000

2.25 500

1.8 500
u ln[O2],:-/rt+Ao:-kt + ln[Oz]o; [O2], is volume (mL)
O, in the pack atmosphere at t:0 h.
b Calculated half-life (h):0.693 I k.

-1.5 Air'

-1.5 N, + air'

-1.5 CO, + air

Conslants of first ordel'
kinetics cquationo

/r (h-') Ao

0.18 0.73 3.9

0.08 3.87 8.7

0.05 0.90 13.9

0.08 0.ó8 8.7

0.02 3.68 33.7

0.02 0.87 34.5

0.0s 0.72 14.0

0.02 3.70 35.9

0.01 0.90 47.5

0.03 0.71 23.1

Calculated O,
half-lifeb (h)

ObservedO, Correlatiou
half-life (h) coefhcient

(É)

in the pack atmosphere at time t (hour) and

5.0

t2.t

12.8

12.0

38.8

29.5

18.0

40.0

37.3

21.8

0.82

0.88

0.92

0.88

0.91

0.88

0.82

0.89

0.94

0.98
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Table 3.5 Constants of Arrhenius equation for different O, scavengers.

Scavenger-type Atnosphere Frequency îactor, Activationenergy,
A E" (kJlmol)

Ageless@FX-100

BiokaÐ 5-100

FreshPax@ R-300

FreshPax@ M-100

Air

Nt + air

Air

Nr + air

Air

N, + air

Air

Nr+ air

CO, * air

484077.4

0.005

13082.1

2.04

0.006

0.41

t636

740451r.2

1480.3

49.9

9.3

44.7

26.35

7.3

20.7

44.1

64.1

42.6
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4. DEVELOPMENT OF A RETAIL PACKAGING SYSTEM FOR

CENTRALIZED MASTER PACKAGING OF OXYGEN-SENSITIVE FRESH

MEAT DISPLAY

4.1 Summary

A series of three experiments w¿rs conducted to develop a retail packaging system

suitable for use in centralized meat processing and packaging operations using controlled

atmosphere master packaging of display ready meat cuts. Results from the first

experiment clearly demonstrated the need to have 02 scavengers inside the retail trays.

Experiment fI demonstrated either lidded or over-\¡/rapped trays could be used with equal

success and showed that a grid inside the retail tray was not required. Experiment III

established the requirement in each retail tray for a minimum of eight 02 scavenger

sachets with an Ot absorption rate high enough to deliver a 02 half-life of 0.6-0.7 hin

pack atmospheres, where the O, concentration remained <500 ppm at any time of storage.

Overall results from the three experiments clearly demonstratedthatthe highest efficacy

was associated with a retail packaging system where hard plastic retail trays containing

eight O, scavenger sachets with high O, absorption rate þlaced underneath an absorbent

pad), were over-v/rapped with an Oz permeable fîlm with holes in two corners to permit

free exchange of atmospheres within the master packs.

Key-words: O, scavengers, centralized meat operations, retail packaging systems, fresh
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4.2Introduction

Master packagingof meat in retail trays, by over-wrapping them with high oxygen

(O2) permeable film, placing them in groups inside gas-impermeable bags back-flushed

with carbon dioxide (CO, or nitrogen (Nr), has potential for providing sufFrcient storage

life to facilitate centralized meat cutting and packaging operations (Tewari et al. 1999).

However, limited color stability may result in transient discoloration, if residual 02

content is >400 ppm with LD (longissimus dorsi) or > 100 ppm with PM Qtsoas major),

or ground beef when stored at -1.5oC (Gill and Jones l994a,b; Gill and McGinnis 1995a)

or peÍnanent discoloration if residual O, is high enough to prevent sufficient action by

the metmyoglobin reducing activity of muscle (O'keeffe and Hood 1980-814 b, 1982).

Therefore, master packaging has found limited use in commercial centralized meat

operations. Residual Otmay be present inside the package due to entrapment of 02

during controlled atmosphere packaging (CAP) because of insufficient evacuation or

flushing times during CAP machine operation, use of an improper ratio of meat-mass to

package atmosphere resulting in dead space in the master bag, or develop because of O,

entrapment in retail-rays themselves, in absorbent pads, under the meat cut, or by O,

ingress through the master pack film seams or at film defect sites. Some of these factors

are inevitable in commercial meat packaging operations. In Chapter 3, O, scavengers

were shown to have potential for reducing the 02 concentration to 0 ppm within a few

hours of master packaging provided an appropriate selection of O, scavengers was

combined with appropriate placement in the package. Previous studies (Rousset and

Renerre 1990; Sorheim et al. 19954 b, Allen et al. 1996 Doherty and Allen 1998; Isdell
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et al. 1999) were conducted using 02 scavengers without considering their O, absorption

kinetics, and these have yielded differing results. No concerted effort has been made to

identify a suitable packaging system for commercial applications that addresses problems

associated with development of transient or permanent meat discoloration due to residual

Ot. The objective of this study was to design an improved retail packaging system for

commercial retail-ready meat cuts.

4.3 Materials and methods

4.3.1 Oxygen (O) scavengers

Agelesso FX-100 02 scavengers, based on iron-chemical systems, were used

(Mitsubishi Gas Chemical Co. Inc., Toþo, Japan). These scavengers require moisture

(>70% relative humidity) for activation and operate in air or N, atmospheres but not in

CO, atmospheres. Detailed information regarding these scavengers has been given in

Table 3.1.

4.3.2 Measurement of O, concentration

fu Or analyzer (Mocon MS-750, Modern Controls Inc., Minneapolis, MN), based

on a solid state O, ion conduction material (zirconium oxide), was used to determine the

O, concentrations of headspace atmospheres. The appendices A-1 and A-2 give

specifications, working principle, and calibration procedure for the 02 analyzer.

4.3.3 Master-packaging and storage of steaks and chops

4.3.3.1 Experimenf#l

Fresh beef tenderloins (psoøs major, PI\zf) and fresh pork loins (/ongzssimus darsi,

LD) from animals slaughtered 24 h previously, at local commercial beef and pork
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abattoirs were used. All primal cuts were vacuum-packaged and stored at2"C for 14 to

2l days. A total of 39 steaks and 39 pork chops were prepared from the beef tenderloins

and pork loins, respectively. Each steak or pork chop was placed on a solid polystyrene

tray (clear plastic Íay # 2D, Western Paper & Food Distributors (Int') Ltd., Calgary, AB)

with dimensions of 216x133x25 mm (L x W x FI) containing eight Ageless@ FX-l00 02

scavengers and a single absorbent pad (MP-30620, Paper Pak@ Corp., La Verne, CA).

Each retail tray was lidded with a shrinkable film with an O, transmission rate (OTR) of

8000 mll(m2 24h) at I atm,23"C, and7\o/o RH. (Vitafilm 'Choice Wrap', Goodyear

Canadaltd., Calgary, AB) using commercial glue (INSTA-CIIRE+ïM, H&D Hobby

DistributingLtd., Calgary, AB, Canada) (Fig. Il in Appendix-I). Two 3 mm holes were

burned through the film in two corners of each tray using a soldering iron to allow free

exchange of atmospheres during gas flushing. Three retail trays were placed on a plastic

cafeteria tray, which was then placed in a 595x447 mm (L x W) bi-metalized, plastic

laminate bag (SecureFresh Pacific Ltd., Auckland, New Zealand) with an OTR of 0.55

mLl(mz 24 h) at 1 atm, 23"C, and70%o RH. The bag was then evacuated, fîlled with 2.5

L of Nr, and heat-sealed using a controlled atmosphere packaging machine, CAP

(CAPTRON@ SecureFresh Pacific Ltd., Auckland, New Zealand). Twelve master packs

each containing three steaks or three pork chops, were prepared and randomly allocated

by species to different treatments (Table a.1). The 02 concentration was measured in

every fifth pack immediately after initial packaging using the Mocon Oranalyzer to make

sure that initial O, concentration did not exceed 200 ppm.
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Master-packaged steaks and pork chops were stored atT"C for one week. The 02

concentration in each master pack was then measured. The retail trays were then placed

on retail display and evaluated for visual characteristics by a four member well-trained

sensory panel.

4.3.3.2 Experimenr#2

Beef rib-eyes (longissimus thoracis, LT) from animals slaughtered 24 h

previously, were obtained from a local commercial abattoir and were vacuum-packaged

and stored at2"C. Following storage at2"C undervacuum for 3 weeks, 96 steaks (eachZ

cm thick) were prepared and placed in solid polyethylene trays with dimensions of

2l6x133x25 mm containing eight AgelessÓ FX-100 02 scavengers underneath an

absorbent pad. Retail trays were lidded with a shrinkable permeable film and were

prepared as in experiment #1. Four retail trays were placed on a cafeteria tray, which in

turn was placed into a master pack. The master packs v/ere evacuated, filled with3.25 L

of Nt and heat-sealed using the CAP machine. Six such packs were prepiled containing

one of four teatment combinations: G and H Table (4.1), plus G2 udH2, which were

the same, but over-wrapped instead of lidded (Fig. Il in Appendix-I). The master packs

were stored and evaluated using procedures similar to those used in experimenf#l.

4.3.3.3 Experiment#3

Beef tenderloins (psoas major, PM) from animals slaughtered within 24h,were

obtained from a local commercial abattoir. Steaks (2 cm thick) were placed in

216x133x25 mm solid polyethylene trays containing two (S2), four (S4), six (56), or

eigbt (S8) Agelessð FX-100 O, scavengers underneath an absorbent pad. Each retail tray
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was over-wrapped with the 02 permeable and shrinkable film as previously described.

Four ret¿il trays containing the same treatment combination (S2, 54, 56, or S8), were

placed in a master pacþ evacuated, flrlled with 4.5 L of N2, and heat-sealed using the CAP

machine. Three retail trays served as un-stored controls, which did not undergo any

storage and were placed directly on retail display for analysis.

Following one week of storage at -l.5oC in a liquid-N, refrigerated container

(Jeyamkondan 1999), all master bags were removed, and the O, concentration in each

master pack was measured using the Mocon 02 analyzer. The retail trays were placed on

retail display and evaluated for visual characteristics daily for four days.

4.3.4 Display and evaluation of retail trays

All retail trays were placed at the center of the display shelf in a horizontal, fan-

assisted display case (modell .PML2T, Hiil Refrigeration, Barrie, ON). The case was

illuminated with incandescent and fluorescent lights giving a light intensity of 1080 lux at

the meat surface (Gill and Jones 1994a).

Displayed steaks (PM or LT) and pork chops (LD) were evaluated for color,

elrtent of discoloration, and ret¿il appearance 30-45 min after master pack openingby a 4-

5 member trained sensory panel. The color of beef was evaluated using an eight-point

descriptive scale (O:Completely discolored, l:White, 2:Pale pinlq 3:Pinh 4:Pale red,

54right cherry red, 6:Slightly dark red, 7:Moderately dark red, 8:Extremety dark red);

and color of pork was evaluated using a six-point descriptive scale (0:Completely

discolored, 1:Extremely pale, 2:Pale, 3:Normal, 4:Darþ 5:Extremely dark).

Discoloration of both beef and pork was evaluated using a seven-point descriptive scale
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(7:0Yo,2:l-lÙYo,3:11-25Yo, 4:26-50Yo, 5:51-75%o, 6:76-99Yo,7: 10oo/o), and retail

appearance of both beef and pork was estimated using a seven-point hedonic scale

(1:Extremely undesirable, 2:Undesirable, 3:Slightly undesirable, 4:Neither desirable

nor undesirable, 5: Slightly desirable, 6: Desirable,7:Extremely desirable) (Jeremiah

and Gibson 19976).

4.3.5 Estimation of the oxidative states of myoglobin

Each retail tray containing a steak or a chop was evaluated by reflectance

spectrophotometry at tlree anatomical locations on each cut. A reflectance

spectrophotometer (Macbeth Color Eye 1500/Plus, Kollmorgen Corp., Newburg, NY)

was used. Proportions of the different chemical states of myoglobin (deoxy, met, and

oxy) were estimated using procedures outlined by AMSA (1991), by converting the

readings (R) to K,/S values [K is the absorption coefficient and S is the scattering

coeffïcient, determined at selected wavelengths using the formula, 1çt5:(1-R)2lzF(l.

Ratios of wavelengths used for calculations are: KlS 474:WS 525 for %o

deoxymyoglobin, WS 572 + I(/S 525 for o/o metrnyoglobin, and I(/S 610 + IIS 525 for

oxymyoglobin (AMSA l99l). Reflectance spectra from the meat surfaces were

obtained to estimate the proportions of metmyoglobin, deoxymyoglobin, and

oxymyoglobin after evaluation for visual characteristics.

4.3.6 Statistical analysis

The influences of different treatments on factors influencing meat color were

compared statistically for significant differences (p<0.05) using Analysis of Variance

þroc ANOVA) in SAS (SAS Institute Inc., Cary, NC).
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4.4 Results

4.4.1Experiment#l

4.4.1.1 Oxygen concentration

The 02 concentration in every fifth bag during initial packaging was 150-200

ppm. After being stored for one week at2"C, the O, concentration in most bags with O,

scavengers was 0 ppm, except for bags with beef treatments FI, E, and G which might

have been be leakers (Table 4.2). Bags without O, scavengers contained 02

concentrations up to 1150 ppm.

4.4.I.2 Visual properties

Pork color scores in all treatments ranged from 2.36 to 3.25,and would be

considered normal (Table 4.3). Chops in all treatments could be considered to be without

discoloration, except in treatments A and B, where the chops were slightly discolored.

Chops in all treatments were rated desirable to extremely desirable except in treaünents

d B, and D1. Chops in treatment A were rated slightly undesirable and chops in

treatrnents B and D1 were rated slightly desirable.

Beef steaks in all treatments were perceived to be bright cherry red to moderately

dark red. Steaks in all treatments without 02 scavengers either inside the retail tray or in

the master pack were moderately discolored. Steaks in treatments H and Glwere also

moderately discolored, undoubtedly as a result of O, ingress through the pack. Steat<s in

all treatmenæ with 02 scavengers inside the ret¿il tray were perceived to be at least

slightly desirable, except in treatrnents H and G, due to extensive discoloration as a result

of the presence of 02. Comparison of retail appearance scores for beef steaks stored with
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and without 02 scavengers indicates the necessity of including O, scavengers in master

packaged, display ready meat cuts, stored in controlled atnospheres. Comparison of

treatments D and F with Dl and Fl for beef clearly demonstrates the O, scavengers

should be positioned inside the retail tray.

4.4.1.3 Chemical states of myoglobin

Pork chops in all treaûnents with O, scavengers had 62.0% or more oxymyoglobin

and essentially 0.0%o metmyoglobin, except in treatments G and Hl (Table 4 4). Chops in

treaffnent G had 2.1Yo arrd chops in treatment Hl had 6.80/o metmyoglobin. Beef steaks in

treatments containing 02 scavengers had >90.}Yo oxymyoglobin, and <2.5yo

metmyoglobin, except in treatment H and Gl. Steaks in treatment H had 7S.5yo

oxymyoglobin and 7.\Yo metmyoglobin; and steaks in treatment Gl had 58.9Yo

oxymyoglobin and 37.29Yo metmyoglobin, presumably as a result of O, ingress into the

package. These data confirm the conclusions based on the visual data that 02 scavengers

should be placed inside the retail tray" when master packing display ready meat cuts in

controlled atmospheres.

4.4.2Experiment#Z

4.4.2.1 Oxygen concentration

The initial O, concentration in every fifth bag was -120 ppm. After one week of

storage, the 02 concentration in all bags was 0 ppm, except for one bag @ag#2, treafinent

FI) which cont¿ined 2650 ppm O, and had afailed seal. Consequently it was eliminated

from further evaluation.
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4.4.2.2 Visual and reflectance properties

Although significant (p<0.05) differences existed between treatments in visual

color ratings, all steaks were perceived to be bright cherry red and no differences of

praúical importance existed, i.e., consumer would not be able to examine the difference

(Table 4.5). Retail trays containing grids resulted in steaks with greater amounts of

surface discoloration. However, no differences in surface discoloration attributable to

lidding or over-wrapping were detected. Consequently, steaks in retail trays containing

grids were rated less desirable in retail appearance (p<0.05). However, the magnitudes of

these differences in retail appea.rance were approximately 0.8 of a panel unit making them

of only marginal practical importance, i.e, unnoticeable by the ænsumer. Steaks in over-

wrapped trays containing a grid had the highest proportions of oxymyoglobin and the

lowest proportions of metmyoglobin (p<0.05). Despite this finding, the visual data

clearly indicate inclusion of a grid in the tray is counter productive, and the composite

data clearly demonstrate a lack of advantage for eíther lidding or over-wrapping the trays.

Consequently, the most feasible retail packaging system for use with controlled

atmosphere master packaging, is use of over-wrapped trays containing 02 scavengers

underneath an absorbent pad.

4.4.3 Experiment#3

4.4.3.1 Oxygen concentration

The 02 concentration during initial packaging was approximately 80 ppm. Aîter 7

days of storage at -1.5oC, the 02 concentration in all bags was 0 ppm.
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4.4.3.2 Visual and reflectance properties

Steaks in ret¿il trays containing up to four 02 scavengers became darker in color

during the first 3 days of display, and then discolored. Steaks in retail trays containing

more than four O, scavengers remained stable in color for two or more days until they

discolored (data not shown). Steaks in retail trays containing <six 02 scavengers \¡/ere

more discolored than the un-stored controls at all display intervals þ<0.05), but

discolored essentially at the same rate as the un-stored controls (Fig. a.1). Steaks in retail

trays containing eight 02 scavengers also discolored at essentially the same rate as the un-

stored controls, but did not discolor as extensively. Un-stored controls deteriorated

rapidly in retail appearance and had a retatlcase-life of Z.Sdays (Fig. 4.2). Steaks stored

with up to six Or scavengers also deteriorated rapidly in retail appearance and had shorter

retail case-lives than un-stored controls. Steaks stored with eight O, scavengers

deteriorated more slowly in retail appearance and did not reach the point of

unacceptablliV, <3.5 @ersonal Communication: Dr. L. E. Jeremiah, Research Scientist,

Agriculture and Agri-food Canada, Lacombe, AB), during four days of retail display.

Consequently, stored with eight O, scavengers had retail case-lives in excess of four days.

The rate of change of metnyoglobin and oxymyoglobin formation during retail display

Gig. a.3) clearly demonstrates the advantage of using 02 scavengers and indicates a

minimum of eight 02 scavengers, resulting in O, half-life of 0.6-0.7 h in the pack

afnosphere whose initial O, concentration is <500 ppm (Chapter 3), should be used in

controlled atmosphere packaging of display ready meat cuts. Appendices B and C give

data for visual særes and reflect¿nce, respectively.
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4.5 Discussion

At low temperatures pork color is stable at several hundred ppm of 02 (Sorheim et

al. 1995a). The present study confirmed this finding. However beef, especially PM,

discolors even at very low O, concentrations, which is also evident from the results of the

current study. The present results clearly demonstrated that 02 scavengers are essential to

prevent artd/or reduce discoloration in master-packaged meats. The use of 02 scavengers

in master-packing of pork will provide protection to complement the intrinsic ability of

pork muscle tissue to resist oxidative discoloration and will further increase display life.

Oxygen scavengers in multiple numbers reduced 02 concentrations to 0 ppm in

most treatments in the present study. The appropriate number of 02 scavengers to be used

appears to be eight based upon results presented here, however, the appropriate number of

other types of 02 scavengers can be deduced from previous research (Chapter 3) based

upon: storage temperature, initial O, concentration, desired 02 absorption rate, package

aûnosphere (COtlairllt{r), placement of Or scavengers (inside the retail tray or in the

master-package atmosphere), and scavenger operating principles. Steaks placed in

master-packs with 02 scavengers outside the retail trays generally had higher

metmyoglobin content and were less desirable in appearance than steaks packaged with

02 scavengers inside the retail trays.

Steaks and chops used in the present study were vacuum-packaged and stored for

two to three weeks at2"C before master packaging, which lowered their metmyoglobin-

reducing capacity, and therefore presented a worst-case scenario for centralizedpackaging

operations. Therefore, greater storage ability should be expected with fresh, un-stored
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beef or pork. AJthough pork can probably be master-packaged without 02 scavengers or

using any treatment combination with 02 scavengers, the presence of 02 scavengers inside

the retail tray appears to be imperative when master packaging beef. Treatrnents G, G2,

IL and I{2were selected as ret¿il packaging systems which may be commercially

adaptable. Additionai replicates of each of these treatments were evaluated in subsequent

experiment tr of the present study to determine the importance of a grid inside the retail

tray and to obtain a comparison of lidded and over-wrapped retail trays. Results clearly

indicated a grid was not required and there was little difference between lidded and over-

wrapped trays.

Hgh-Or permeable film over-wrap has been shown to act as an 02 barrier at low

Or concentration (Chapter 3). Consequently, two isolated systems affea the O,

concentration in the overall package atmosphere of master packs. The probability of

having O, entrapped inside the retail tray is high due to the absorbent pad and space

between over-wrap and edges of the tray. Gill and McGinnis (1995b) placed 20 Oz

scavengers into the master packs outside the retail trays to prevent transient discoloration

of ground beef even when the 02 concentrations during packaging were very low, and this

became negligible after a day in master packs without 02 scavengers (i.e., from 40 ppm to

10 ppm). However, placing O, scavengers inside the ret¿il trays should reduce the

number of O, scavengers required to prevent transient discoloration. This fact was

confirmed in a separate study (Chapter 5) where O, concentration rose from 78 to 477

ppm in master packs without 02 scavengers after a day of storage, and transient

discoloration of beef steaks (PM) was prevented by placing eight 02 scavengers with low
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capacity (100 mL) or two O, scavengers with high capacity (2000 mL) inside each of the

four retail trays in the master pack. Isdell et al. (1999) reported O, concentrations of 500

ppm after storing master-packaged steaks at OoC for several weeks. However, only one

O, scavenger was placed in each r*ailÛiay. Due to significant variation in the 02

absorption rates among individual O, scavengers of the same type (Chapter 3), multiple

02 scavengers should be placed in the retailf:ay. Since, O, concentration in the

atmosphere surrounding the meat is the prime concern, and because even high Or-

permeable films can be a barrier to diffi:sion of low concentrations of Or, the O,

scavengers should be placed inside retail trays.

The amount of 02 absorbing capacity in each retall traywill also diøate the retail

display life of meat cuts. Steaks packaged with greater absorbing capacity, i.e., with

larger numbers of 02 scavengers, tended to have more retail display life than those with

fewer 02 scavengers. The retail display life for steaks packaged with 8 02 scavengers w¿ts

longer by 1.5 days than with <6 o, scavengers. With prevention of transient

discoloration, the limited metmyoglobin-reducing capacity of the muscle is preserved.

This activity further delays development of discoloration during retail displ ay and yields

acceptable retail appearance even after four days ofretail display.

The retail packaging system with the most potential for CAP systems in

commercial centralized meat operations utilizing a saturated l00yo N2 atmosphere in the

master pack includes the use of hard plastic retail trays containing only an absorbent pad

and eight O, scavengers with high O, absorption rates. Such absorbing capacity should

result in O, half-lives of 0.6-0.7 h in the pack atmosphere where O, concentration remains
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<500 ppm at any time of storage. Trays should be over-wrapped with a film of high 02

permeability having two holes to permit free exchange of atrnospheres between the master

packs and the retail trays.
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Table 4.1 Description of treafinents for beef steaks and pork chops for experiment
#1.

Treatment N" Description

A 3 Lidded control tray with meat

B 3 Lidded tray containing meat and grid.

C 3 Lidded tray with meat and absorbent pad

D 3 Lidded tray containing meat and 02 scavengers (inside retail tray)

E 3 Lidded tray containing meat, grid, and absorbent pad

F 3 Lidded tray containing meat, grid, and 02 scavengers (inside retail

tray)

G 3 Lidded tray containing meat, absorbent pad, and O, scavengers

(inside retail tray)

H 3 Lidded tray with meat, grid, absorbent pad, and O, scavengers

(inside retail tray)

D1 3 Treatment D with 02 scavengers outside the retail tray

Fi 3 Treatment F with 02 scavengers outside the retail tray

G1 3 Treatment G with O, scavengers outside the retail tray

Hl 3 Treatment H with O, scavengers outside the retail tray
o Number of ret¿il trays in a master pack.
. 

165x105 mm (L x w) of thickness 1.5 mm with 4 mm2 openings; grid was placed
underneath the absorbent pad.
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Table 4.2 Oxygen (Or) concentration in master packs containing beef and pork
stored at2"C in 1,00Yo nitrogen [N2) atrnosphere for 7 days.

Treatment' O2 Concentration (ppm)

B€€f Pork

A

B

C

D

E

F

G

H

D1

F1

G1

H1

2t4

334

890

0

201

0

30

1560

0

0

t02

0

853

I 150

862

0

377

0

0

0

0

0

0

0
. 
Description of treatments is given in Table 4.1.
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Table 4.3 Mean color, surface discoloration, and retail
steaks after various treatments.

Treat.. Colort'* SE** Discol.lt'* SE

A 6.gA 0.2 5.6A

B 5.58'c 0.3 5.54'8

c 5.0D'c 0.0 5.2^'B

D 5.2D.c 0.2 l.OF

E 5.88 0.3 4.78

F 5.0D'c 0.1 l.7D.E

G s.oD.c 0.3 l.gD,E

H 6.04,8 0.1 3.5H

Dl 5.64'B o.l l.gD'E

Fl 5.78'c 0.3 l.gn

Gl 5.6D 0.3 5.8A

Hl 5.78.c 0.3 l.6D,rì

Beef

appearance scores and standard errors for pork chops and beef

1.0

0.4

0.2

0.0

0.4

0.4

0.6

0.5

0.6

0.9

0.5

0.3

Appear.Í'* SE

2E

l.gE

238

6.34

l.9E

6.34

4.'lc

3.3D

5.08,.4.c

5.18.c

l. gE

5.gA'B

T Color scale þork chop): O=Completely cliscolorecl, 1=Extlernely pale, 2=Pale, 3=Nomral, 4=Dark, S=Extremely dar*; Color scale (beef steak):

ll Discoloration scale (porlr chop ol beef steak): 1=0% (none), 2=1-10%o,3=11-25o/o,4=26-500/o, S=Sl-lSW,6=:i6-99%, j= 100%(complete).

Slightly desilable, 6= Desirable, 7=Extr.emely desirable.
* Means in the sarne column bearing a commou letter do not differ signifìcantiy (p>0.05).
# Standard error.

ription of treatrnents is given in Table 4. 1 .

0.4

0.5

0.4

0.2

0.3

0.4

0.6

0.4

0.6

0.6

0.4

0.4

Colorf'*

2.gt)

2.gr)

3.08'c

3.08'c

3.34

3.lA'B

2.gD'c

3.08'c

2.4^

3.08'c

3.08'c

3.0ts'c

SE** Discol.tr'* SE

0.2

0.2

0.0

0.0

0.2

0.2

0.2

0.0

0.3

0.0

0.0

0.0

Pork

3.9Á

3.34,8

l.3c

l.0c

l.0c

r.2c

l.4c

l.2c

2.58

1.0c

l. lc

l. lc

0.7

0.1

0.2

0.0

0.0

0.2

0.3

0.2

0.9

0.0

0.2

0.2

Appearr'* SE

3.'78 0.g

4.6D 0.7

6.gA'8 0.2

6.9ÂB 0.2

6.54'8 0.3

6.64'8 0.3

6.38 0.3

6.gA,8 0.2

5.2c 0.3

7.04 0.0

6.9^ 0.2

6.9^ o.z
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Table 4.4 Mean values of the chemical states of myoglob in (% met-, Yo deoxy-, and o/o oxy-myoglobin) and standard
errors for pork chops and beef steaks after various treatments.

Treatm-

ent"

A 26.8^ 5.8 24.2D.c 5.1

B 20.4^ 8.8 24.6D,c 4.1

c 5.28 0.9 42.1^.8 3.0

D 0.08 0.0 37.gB,A.c 3.g

E 5.48 2.4 47.9^ 3.0

F 0.lB 0.1 35.38.D.A.c 4.4

G 2.lB L8 21.8D 1.5

H 0.08 0.0 3l.gB,D,A,c 3.4

Dl 0.08 0.0 2l.lD 2.4

Fl 0.08 0.0 2g.7n.D.c 4.7

Gl 0.08 0.0 25.6D.c 3.3

Hl 6.8u 5.9 z7.gs.D.c 7.3

Pork chops

o/o of chemical states of myoglobin

%o tnet-* SE'* %o deoxy-* SE %o oxY-Î'* SE

49.0F'Ir 0.7

55.0F.D.E.C 4.g

52.7F'D'E 2.2

62.28,D.8,c 3.9

46.7F 1.7

64.58.D'A'c 4..5

76.1^'8 9.2

6g.lB'A'c 3.4

78.94 2.4

71.34.8 4.2

74.4^'8 3.3

65.48,D.¡l,c 3.g

Description of treatments is given in Table 4.1.
1 o/o oxy-:100-[(% met-) + (% deoxy-)]
n Means in the same column bearing a common letter do not difFer significantly (p>0 05).* Standard error.
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Beef steaks

% of chemical states of myoglobin

o/o lttet

57.4^

55.2^

23.28,^,c

0.6c

17.lBc

0.0c

2.lB,c

7.gB c

2.4D.c

2.2ß'c

37.34'u

0.0c

SE

6.1

24.2

16.4

0.1

l s.4

0.0

1.8

4.5

l.l

1.8

16.2

0.0

%o deoxy

0.08

4. I A'B

1.48

3.04'B

2.18

1.28

5.74'B

13.7^

7.lA'B

5.248

3.848

g.5A'ß

SE

0.0

1.8

0.7

1.4

1.6

l.l

2.9

8.8

1.0

4.5

t.5

4.2

%o oxy

42.6Dc

40.6D

75.4D,D.4,c

g6.4A.B

90.28,Àc

gg.gA

92.2^.8

79.58,Àc

g0.5aB

92,6^,8

58.98.D,c

91.54'B

SE

6.1

23.4

16.9

1.0

14.s

l.l

1.6

8.0

0.2

3.8

t7.7

4.2



Table 4.5 Means and standard errors forvisual and reflectance properties of beef (/onglssimus thoracis, LT) steaks stored
in different packaging treatments.

Trait

Color 4.9" 0.1 5.3b

Discoloration l.9b 0.4 Z.3o

Retail appeamnce 6. l4b 0.4 S.4b

% metmyoglobin 8.2b Z.g 6.gb'.

% deoxymyoglobin g.lu 2.0 5.2u

7o oxynryoglobin 82.7b 3.2 g7.gb

G (n.:24)

Mean*

Description of the treatments is given in Table 4. l.

SE**

* 
Number of replicates.

* Means in the same row bearing a common letter do not differ significantly (p>0.05).
** Standard errors.

Mean

H (n:20)

Treatmento*

SE

0.1

0.5

0.4

4.s

2.1

3.7

Mean

G2 (n:24)

5.60 .

l.l"

6.40

9.5u

5.0u

95.5b

SE

0.1

0.2

0.1

0.7

1.3

1.0

Mean

H2 (n:24\

5.2b'"

2.3u

5.6b

1.7"

L4b

97.I

SE

0.2

0.2

0.2

0.6

0.7

0.7
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Fig' 4.1 Mean discoloration scores for steaks stored with different numbers of 02 scavengers indicated by numbers on
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Fig. 4.2 Retail appearance scores of steaks stored with different numbers of 02 scavengers indicated by numbers on
treatments.
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5. PREVENTION OF TRANSMNT DISCOLORATION OF BEEF

5.1 Summary

Oxygen absorbent technology in conjunction with controlled atmosphere

packaging (CAP) were used to prevent transient discoloration in centrally prepared beef

steaks. Two types of commercial 02 scavengers were used in the study. Beef

tenderloins (psoas major) were each cut into four steaks, placed on retail trays with or

without 02 scavengers, over-wrapped with high O, permeable film and placed into

master packs. Each master pack cont¿ined four such retail trays, and were back flushed

and heat sealed to provide a saturated 100% atmosphere of N2. The master packs were

stored at 1+0.5"C. Three master packs, one untreated control and the other two

containing two types of commercial scavengers, were opened daily for eight days. Each

pack was only opened once. The steaks were presented in a display case for visual

evaluation. Reflectance spectra from each steak surface were obtained to estimate

metmyoglobin content.

Steaks packaged without 02 scavengers showed more discoloration, received

lower retail appearance scores, and had signifrcantly higher proportions of

metmyoglobin when compared to steaks with O2 scavengers, after most storage intervals

þ<0.05). Prevention of metmyoglobin formation was not significantly influenced by

the type of O, scavenger used (p>0.05). At 1t0.5oc, the transient discoloration of beef

cuts in an atmosphere initially containing 78 ppm O, which rose up to 477 ppm after a

day of master pack storage, was prevented by the presence of 7 and 2 scavengers with

capacity of 100 and 2000 mL, respectively, per L of atnosphere. To prevent transient
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discoloration of beef steaks the 02 concentration should be reduced to 0 ppm at 1t0.5oC,

within 3 h of pack closure.

Key-words: Oxygen scavengers, centralized meat operations, transient discoloration,

controlled atmosphere packaging, residual oxygen, fresh beef packaging.

5.2Introduction

Centralized packaging of retail meat cuts is becoming of increasingly greater

interest to the retail sector and the fresh meat industry because of its economic

advantages, ability to maintain quality, and safety, and potential to extend shelf life

(Farris et al. 1991). Although substantial research has been completed on the

microbiological and sensory aspects of meat during centralized packaging under various

modified atmospheres (Gill and Jones T994a,I994b,1996; Jeremiah and Gibson Tgg7b,

1997c,1997d; Tewari etal. 1999), problems regarding color st¿bility of centrally

prepared retail meat cuts, particularly beef, remain to be resolved. Color deterioration of

fresh meat is the most important factor limiting its storage life since consumers rely on

the red color of meat as an indicator of freshness (Shay and Egan 1986, 1990). The

color of fresh meat is dependent on the oxidation st¿te of the muscle pigment myoglobin

(Penney and Bell 1993). Myoglobin can exist in three forms, deoxymyoglobin (purple

red color- reduced myoglobin formed in the absence of O2), oxymyoglobin (bright red

color-oxygenated myoglobin formed in the presence of O2), and metmyoglobin (brown

in color-oxidized myoglobin formed under aûnospheric or reduced O, concentrations).

Metmyoglobin is the major pigment responsible for discoloration of meat. Centrally

prepared retail beef cuts stored in controlled aünospheres containing nearly l}Oyo
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carbon dioxide (Cot or nitrogen (Nr) which may have small amounts of o, are

susceptible to the formation of metmyoglobin, due to the presence of residual 02

(Ledward 1970 Gill 1989; Gill and Jones I994a). If the 02 concentration is not

excessive, the meat will absorb the residual O, and any meÍnyoglobin formed will be

reduced to deoxymyoglobin as a result of metmyoglobin reducing activity (I/ß.4) within

the muscle tissue (o'keeffe and Hood 1980-8la, b,1982). Gill and Jones Q99aa)

reported that in packaged fresh beef2-4 days are required for reduction of

metmyoglobin to deoxymyoglobin. When stored meat is removed from the controlled

atmosphere, it blooms to the desirable, bright, red color associated with freshly cut meat,

but this will not occur if a substantial amount of metmyoglobin is present (Gll 1990).

The MRA of muscle tissue is limited and once exhausted metmyoglobin cannot be

converted back to myoglobin (Gill 1991).

Transient discoloration of meat is not a major concern when the product is in

storage, transit, or both for long periods (Gill and McGinnis 1995a). However, such

discoloration is highly undesirable when commercial conditions require periodic rapid

distribution and display of centrally packaged meat. Consequently, premature temporary

discoloration limits the advantages of centrally packaged retail ready meat cuts using Or-

depleted master packaging technology. Such discoloration is also dependent upon the

speciflrc muscle packaged since tissues vary in their capacity to withstand "low" 02

concentrations (<500 ppm). Centrally prepared beef steaks and ground beef packaged

under controlled atmospheres, were shown to be susceptible to very low 02

concentrations (Gll and Jones 199441994b). Gill and McGnnis (1995a) examined the
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factors affecting transient discoloration of beef and reported that longissimus dorsi (LD)

samples stored at -1.5oC for 48 h (O2 concentrations < 400 ppm) showed lower

metmyoglobin formation than when stored at other storage temperatures. In contrast,

myoglobin in beef of low color stability (psoas major, PM) oxidized even at lower O,

concentrations (< 100 ppm), irrespective of storage temperatures. The authors

concluded that beef with high color st¿bility (LD) was least susceptible to metnyoglobin

formation if atmospheres contained < 600 ppm of O, at temperatures < 0"C; however,

beef with poor color stability (PM) (O'keeffe and Hood 1980-814 b,1982) was highly

susceptible to metmyoglobin formation even at very low O, concentrations and sub-zero

temperatures.

Transient discoloration may be prevented if 02 absorbent technology is used in

conjunction with controlled atmosphere packaging (CAP). Next to PVf, ground beef is

most sensitive to discoloration. To understand temporary degradation of ground beef

color, Gill and McGinnis (1995b) performed an Oz absorption kinetics study with a

commercial 02 scavenger and reported transient discoloration could be prevented by 02

scavengers, if large (>20) numbers were used in each pack. This strategy worked if

residual O, were brought to <10 ppm within 2 h at a storage temperature of -1.5"C and

02 concentration in the package never exceeded 40 ppm. However, use of a large

number of scavengers may not be commercially feasible. They did not compare

different methods of O, scavenger placement (e.g., placing O, scavengers inside the

retail tray vs. placing them in the master pack atmosphere or a combination of both) nor

did they examine the 02 absorption kinetics at low initial O, concentration. They also
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did not study O, absorption kinetics of more than one type of commercial 02 scavenger.

In addition, controversy exists in the literature regarding usefulness of O, scavengers in

different meat packaging systems (Rousset and Renerre 1990; Sorheim et al. 1995a,

1995b; Allen et al. 1996, Doherty and Allen 1998). Thereforg studies on 02 absorption

kinetics of commercial 02 scavengers at low initial O, concentrations (Chapter 3) and

their use in retail-packaging systems (Chapter 4) were performed. Incorporating results

from these studies (Chapters 3 and 4), the present work was done to determine O,

scavenging capacity required to prevent transient discoloration of PM steaks. The

objective of this study was to test the hypothesis that O2 scavengers have the capacity to

prevent transient discoloration of retail ready beef cuts.

5.3 Materials and Methods

5.3. I Oxygen scavengers

AgelessÐ FX-l00 (I\4itsubishi Gas Chemical Co. Inc., Tokyo, Japan) and

FreshPax@ R-2000 (Multiform Desiccants Inc., Buffalo, N\l) 02 scavengers were used in

the study. Both Or scavengers have iron-based chemical reactions. Ageless@ FX-100

needs moisture (>70% relative humidity, R.H.) for activation, which prevents 02

absorption during handling in air, whereas FreshPax@ R-2000 is self-activating as soon

as it is exposed to air.

5.3.2 Master-packaging, storage, and sampling of steaks

Fresh beef tenderloins (psoas major, PM) from animals slaughtered within24h-

were obtained from a local beef packing plant. Four 2 cm thick steaks were prepared

from each tenderloin. Each steak was placed on an absorbent pad of dimensions 152 x
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1i4 mm (MP-30620, Paper Pak@ corp., La verne, cA) in a2l6xl33x25 mm solid

polystyrene tray (clear plastic tray # 2D, Western Paper & Food Distributors Ltd.,

Culgary, AB). Eight Ageless@ FX-100 02 scavengers were placed underneath the

absorbent pad. Each retailtay w¿ts over-wrapped with a shrinkable film having an Oz

transmission rate of 8000 mLl(mz 24h) at I atrn, 23"C, andT}YoRH (Vitafilm'Choice

Wrap', Goodyear Canada Ltd., Calgary, AB). After sealing the flrlm was shrunk to the

tray using a hot air gun. Two 3 mm holes were made in the fîlm at the comers of the

tray to allow free exchange of atrnospheres during gas flushing. Four such retail trays

were placed in a 595x447 mm bimetalized, plastic laminate pouch (SEC 201,

SecureFreshÐ Pacific Ltd., Auckland, New Zealand). The master packs were evacuated,

filled with 4.5 L ofNr, and sealed using a CAP machine (CAprRo\ Model zF(Bg7,

SecureFresh Pacific Ltd., Auckland, New Zealand). Eight such master packs were

prepared. Similarly, eight master packs, each having four retail trays containing two

FreshPax@ R-2000 02 scavengers underneath the absorbent pads, and an additional eight

master packs, each containing four retail trays with no 02 scavengers (controls), were

prepared. Each pack was labeled accordingly. During initial packaging, the o,

concentration w¿N measured in every fifth master pack using an Oz analyzer (Mocon

MS450, Modern controls Inc., Minneapolis,In\|. The appendices Al and A2 give

specifications, working principle, and calibration procedure of the O, analyzer.

The master-packaged steaks were stored at 1t0.5oC. On day 0, four retail trays

served as fresh controls and were kept for visual evaluation in the retail display case and

to obtain reflectance spectra of the steak surfaces. Three master packs (one having
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Ageless@ FX-l00, one having FreshPax@ R-2000 02 scavengers, and one having no 02

scavenger), were opened at I day intervals for 8 days and placed in a display case

(Modei LPMl2T, Hill Refrigeration, Barrie, ON). The O, concentration in each pack

was measured immediately before being opened.

5.3.3 Display and sampling of retail trays

All ret¿il trays were placed in the center of the display shelf of a horizont¿I, fan-

assisted display case (Model LPMl2T, Hill Refrigeration, Barrie, ON). The case was

illuminated for 12Wday with incandescent lamps giving alightintensity of 750lux at

the display shelf surface. Detailed information about the display case has been

previously presented (Gill and Jones, 1994a). A temperature data logger (Tru-Tesq

Auckland, New Zealand) was placed at the center of the display case to record air

temperatures surrounding the product.

The PM steaks on display were examined for color, discoloration, and retail

appearance 3045 min after opening of the master-packs, and reflect¿nce spectra of the

steak surfaces were obtained to estimate metmyoglobin, deoxymyoglobin, and

oxymyoglobin content.

5.3.4 Visual assessment of master-packaged steaks

A five member well-trained panel was used for the subjeøive evaluation of the

steaks. Color scores were assessed using a eight-point descriptive scale: O:Completely

discolored, l:white, Z:Pale pint 3:Pint 4:Pale red, 5:Bright cherry red, 6:slightly

dark red, 7:Moderately dark red, 8:Extremely dark red. Surface discoloration was

evaluated using a seven-point descriptive scale: l:}Yo (none), 2:l-10%o,3:l!-25yo,
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4:26-50Yo,5:51-75Yo,6:76-99Yo,7: l00Yo. Retail appearance was ¿Nsessed using a

seven-point hedonic scale: l:Extremely undesirable,Z:IJndesirable, 3:Slightly

undesirable, 4:Neither desirable nor undesirable, 5: Slightly desirable, 6: Desirable,

7:Extremely desirable (Jeremiah and Gbson lg97b).

5.3.5 Estimation of myoglobin states

The average reflectance spectrum was obt¿ined from three locations of the steak

covered with a shrinkable film using a reflectance spectrophotometer (Macbeth Color

Eye 1500/Plus, Kollmorgen Corp., Newburg, NY). Reflectance values (R) of the

different myoglobin oxidation states were estimated at specified wavelengths, and

converted to K/S values (K is the absorption coefficient and S is the scattering

coefflrcient). The IIS values were used for quantifying the proportion of deoxy-, met-,

and oxy-myoglobin, and were calculated using selected wavelengths (474,525, 575, and,

610 nm) for fresh meat color (AMSA 1991). The ratios and wavelengths used for the

calculations were. WS 474=.WS 525 for percent deoxymyoglobin, WS 572 + trlS 525

for percent metmyoglobin, and K/S 610 + IIS 525 for percent oxymyoglobin. Further

information concerning calculation of deoxy-, met-, and oxy-myoglobin is given

elsewhere (AMSA 1991).

5.3 6 Statistical analysis

The effects of treatrnent differences (control" Ageless@ FX-100, and FreshPax6

R-2000 02 scavengers) were examined statistically using analysis of variance (Proc

ANOVA SAS Institute Inc., Cary, NC) at an a level of 0.05.
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5.4 Results

5.4. 1 Oxygen concentration

Oxygen concentration increased from 78 to 477 ppm on the first day of storage

in the master pack without 02 scavengers which may be expected due to release of O,

from oxymyoglobin under reduced Or conditions, whereas in packs containing Ageless@

FX-100 or FreshPax@ R-2000 O, scavengers, 02 decreased to 31 and 0 ppm, respectively

(Table 5.1). Oxygen concentration decreased continuously until day 6 in master packs

with no O, scavengers, and reached 0 ppm in master packs containing FreshPax@ R-2000

and Ageless@ FX-100 O2 scavengers after 1 and2 days of storage, respectively. An

increase in O, concentration was observed in master packs containing controls on day 7,

and 8 of storage, which may have been due to a package-leak.

5.4.2Yisual assessment of steaks

Color: On day 0, steaks serving as fresh controls were given color scores of 6

(slightly dark red). After subsequent daily storage intervals, steaks packaged with no 02

scavengers received color scores of5 (bright cherry red) or 6 (slightly dark red) and

steaks packaged with Agelesso FX-100 and FreshPÐ(@ R-2000 02 scavengers received

color scores of 6 and 5 or 6, respectively (Table 5.2). Steaks packaged with FreshPax@

R-2000 \ryere a little less dark than the steala packaged with Ageless@ FX-l00 O,

scavengers.

Discoloration: On day 0, all steaks received discoloration scores of 1 (0%:

discoloration). After subsequent daily storage intervals, steaks packaged with no 02

scavengers had discoloration scores of either 2 (1-10% discoloration), 3 (11-25%
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discoloration) or 4 (26-50% discoloration) (Table 5.2). Steaks packaged with Ageless@

FX-100 O, scavengers received a discoloration score of T (O% discoloration) aftrcr 2,4,

6, and 7 days, and2 (1-10% discoloration) after L,3,5, and I days. steaks packaged

with FreshPaxÐ R-2000 02 scavengers received discoloration scores of I (O%

discoloration) at storage intervals of 1,2,4 and 6 days , and discoloration scores of 2 (l-

10% discoloration) at storage intervals of 3, 5, 7, and 8 days (Table 5.2).

Retail Appearance (RA): On day 0, control steaks received retail appearance

scores of 7 (extremely desirable). After subsequent daily storage intervals, steaks

packaged with no 02 scavengers received RA scores of 5 (slightly desirable) or 6

(desirable) after 1, 2,5, andT days. However, these scores were down to 3 (slightly

undesirable) or 4 (neither desirable nor undesirable) after 3,4,6, and 8 days of storage.

stealcs packaged with AgelessÐ FX-100 o, scavengers received RA scores of 6

(desirable) or 7 (extremely desirable) for all storage intervals, and steaks packaged with

FreshPaxÐ R-2000 02 scavengers received RA scores of 6 or 7 for all storage intervals,

except after 7 days when they received RA scores of 5 (slightly desirable) (Table 5.2).

Visual særes of the trained panel are given in Appendix D.

5.4.3 Percentage of metmyoglobin on the steak surface

Metmyoglobin content was not significantly different for control steaks (with no

02 scavengers) after most storage intervals when compared with steaks packaged with

O, scavengers þ>0.05), except a.fter 3 and 7 days. Metrnyoglobin content increased

from 3.5 on day 0 to 22.8 o/o on day 3, then decreased to 4.7yo on day 4, and again

increased to 16.lYo on day 7 but decreasedto 5.Tyo on day 8 (Table 5.3). Discoloration
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was visible at the edges of these steaks for all storage intervals. However, these areas

were not exposed during reflectance spectrophotometrlr, and thus, the reflectance specfa

did not report this discoloration, which would have undoubtedly increased the

proportion of metmyoglobin. Det¿iled reflectance data are given in Appendix E.

Metmyoglobin content of steaks packaged with Agelessð FX-l00 02 scavengers

was not significantly different when compared to control steaks (steaks packaged with

no ot scavengers), for all storage intervals (p>0.05), except after 3 and 7 days of

storage. Also, the metmyoglobin content was comparable with that of the fresh control

for all storage intervals (p>0.05) (Table 5.3).

The metmyoglobin content of steaks packaged with FreshpaxÐ R-2000 o,

scavengers was not significantly different when compared with fresh controls and steaks

packaged with Ageless@ FX-100 o, scavengers, for all storage intervals (p0.05). In

contrast, steaks packaged with no 02 scavengers had signifïcantly higher metmyoglobin

content than the steaks packaged with FreshPax@ R-2000 02 scavengers after 3, andT

days of storage (p<0.05). Differences were most noticeable at z, 3, 6, and 7 days of

storage, where the metrnyoglobin content of steaks packaged with FreshPaxÐ R-2000 O,

scavengers was reduced to zero (Table 5.3).

5.5 Discussion

On day 0, the O, concentration was 78 ppm and this rose to 477 ppm in master

packs without O, scavengers after I day of storage. Master packs containing O,

scavengers had no measurable 02 at most storage times, except after I and2 days in the

case of Ageless@ FX-100 Or scavengers. As a consequence, steaks with 02 scavengers
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had low metnyoglobin content and almost no discoloration, which resulted in

significantly higher RA scores. Steaks packaged without O, scavengers had an increase

in metrnyoglobin æntent from day 0 to day 3 of storage. A_fter 4 days of storage

metuyoglobin content decreased, but then gradually increased until a.fter 7 days of

storage, when it decreased again. This indicates these steaks underwent two cycles of

transient discoloration, regaining color due to MRA or other reducing factors. Steaks

packaged with 02 scavengers did not undergo such transient discoloration. Moreover,

steaks packaged with FreshPaxÐ R-2000 O, scavengers had lower metmyoglobin content

than the fresh control after all storage intervals, and metmyoglobin content was reduced

to zero in some cases. These results are suppofted by the observation that at no or low

partial pressure of 02, metmyoglobin present in the muscle was reduced to

deoxymyoglobin due to MRA (o'keeffe and Hood l98z). Higher metmyoglobin

contents (25 or 23%) were observed after 2 and 4 days of CAP storage on LD steak

surfaces, which resulted in transient discoloration which pose a challenge for centralized

preparation of retail ready meat cuts (Gill and Jones 1994a). In the present study, PM

steaks expeøed to have poor color stability were used, but very low metmyoglobin

contents and high RA scores were observed in samples packaged with 02 scavengers.

Thus, our hypothesis of combining 02 absorbent technology with CAP to prevent

transient discoloration was confirmed.

The 02 concentration during initial packaging was 78 ppm, and it went up to 477

ppm after one day of storage. Therefore the amount of time required to reduce the 02

concentration from 477 to 0 ppm would be almost four times the halflife of O, in the
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package afnosphere. For Ageless@ FX-100 and FreshPax@ R-2000 02 scavengers, by

incorporating32 or 8 scavengers used in the study (Chapter 3), the 02 half-lives were

0.6 and 0.7 h, respectively (Steaks will also contribute to the total O, absorbing capacity

úo some extent (<10%) (Gill and McGnnis 1995b). Thus, at 1+0.5"C, rransient

discoloration of PM steaks can be prevented if residual O, is reduced to 0 ppm within 3

h of pack closure.

Selection of a suitable retail packaging system is another critical aspect of master

packaging technology using CAP. It is evident from the results of the present study that

the O, concentration in the master pack may initially increase drastically after

packaging. Such an increase may be attributed to O, entrapment either in the absorbent

pad or under the over-wrap film during evacuation. In addition, meat tissue itself

initially releases dissolved, unreacted 02 causing reduction of oxymyoglobin to

deoxymyoglobin in the presence of low partial pressures of O, in the headspace during

CAP storage. This increase is inevitable. Therefore, O2entrapment must be minimized

to prevent O, concentrations increasing in the pack to the point where transient

discoloration may occur.

It has been found that over-wrap film with high O, permeability acts as an 02-

barrier at low initial 02 concentrations (Chapter 3), and the barrier properry increases at

low storage temperatures. It is also evident that 02 concentration may increase due to

entrapment of Ot in either the soaker pad or the over-wrap. It is recommended that each

retail tray within the master pack contain O, scavengers to absorb any 02 trapped inside

tray which may affect meat color. This conclusion was reached during concurrent work
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(Chapter 4), which indicated less discoloration occurred on steak surfaces in a system

where 02 scavengers were placed inside the ret¿il tray as compared to a system where 02

scavengers were placed in the master pack. Perhaps this is the reason Gill and McGinnis

(1995b) used 20 scavengers in each master pack stored at -1.5"C to prevent transient

discoloration even when the initial O, concentration in the package was 40 ppm. Placing

02 scavengers directly inside the ret¿il tray should reduce the number of O, scavengers

required.

The present study was designed to examine meat samples with the highest

pigment instability stored under conditions conducive to discoloration during centralized

distribution. For that purpose PM beef steaks were used in experiments. Although a

storage temperature of 1+0.5oC is not recommended for optimized storage life of fresh

meat cuts in centralized systems, it is closer to the optimum (-1.5"C) than the

commercial norm of 4oC. Rates of myoglobin oxidation and metmyoglobin reducing

aøivíty increase and decrease, respectively, attemperatures above 0"C (Gll and

McGinnis 1995a). Thus, better results can be expected at -1.5oC. Nevertheless, under

worst-case conditions, the use of O, scavengers in conjunction with CAP prevented

transient discoloration of PM beef steaks. It is probable that the system used in the

present study will easily prevent transient discoloration in beef steals with higher color

stability, such as LD, especially if stored below 0"C. oxygen scavengers have the

potential of preventing transient discoloration of all centrally prepared beef cuts, bu!

factors such as selection of packaging systems, O, scavenger type, and package

atrnospheres (N/COt) may affect results. Similar studies on other cuts of retail-ready
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and ground beef a¡e warranted.
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Table 5.1 The oxygen (Or) concentration in master packs. containing beef steaks
stored under a nitrogen atrnosphere for up to eight days at l+0.5"c.

Day Oxygen Concentration (ppm)

Control" FX-100b R-2000"

0

I

2

J

78

477

340

328

110

56

5t

50

243

78

31

7

0

0

0

0

0

0

78

0

0

0

0

0

0

0

0

4

5

6

7

8
* 

Four over-wrapped trays, each co
u Master pack with four retail trays, without 02 scavengers.
b Master pack with four retail trays, each containing eight Ageless@ FX-100 02
scavengers underneath the absorbent pad.
" Master pack with four retail trays, each containing two FreshpaxÐ R-2000 02
scavengeß underneath the absorbent pad.
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Table 5.2 Sensory panel scores (average scores of frve panelists+standard deviation) for beef (PM) steaks stored in master
packs* under a nitrogen atmosphere for up to eight days at l+0.5"C.

D Controlu
a

0 5.6f0.5r+.,E.F.D.c

I 5.3+0.5tH'c

2 5.9+0.58'D'c

Colorl'**

FX-100b

1.0+0.0K 6.8+0.44

5.8+0.7E,Ir,D,c 5.7+0.98.F.D,o 2.5+1.1e,r,o l.g+1.1u,r,r.c 1.4*0.6il.¡,r,K 4.9+.1 .9rr

3 5.6+0.58,F,D,o 5.9+0.6E,D,c

4 5.6+0.5E'F.a'H 5.5+0.5E,F,G,H

R-2000"

5.9+0.gE,F,D.c 5.2+0.5¡,H 2.7rl.6E.c,D L2+0.gH,r,J,K l.4a0.sH,r,r.K 4.6+2.0t

5 5.1+0.31

6 5.5+l.sE,D'c

7 6.3+0.54,8

Control

DiscolorationlT' 
--

FX-100 R-2000

5.6+0.78'F.H'c 3.6i1.38

6.2+0.4B,^'c 3.6+0.94'B

5.4i0.5r,F.H,c l.g+0.gH,r,c5.6+0.6E,F,4,H

6.5*0.54

6.0+0.48,D.c

8 5.7+0.78.r,D.o 6.0r0.48,D,c 5.7å0.7E,F.D,G 3.3*l.OB.c 1.3*0.5H.¡.J,K 1.3+0.6r.r.K

our over-wrapped trays, each containing a PM steak, were placed in a master pack
u Master pack with four retail ûays, with no O, scavengers.
b Master pack wilh four retail trays, each containing eight Ageless* FX-loo O, scavengers undemeath ilre absorbent pad.
'Master pack with four retail trays, each containing two FreshPax@ R-2000 O, scavengers underneath the absorbent pad.
Ï Color scale: O=Cotnpletely discolored, l:White, 2=Pale pink, 3:Pink, 4:Pale re¿, S:gright cherry red, 6=Slightly dzuk red, 7:Moderately dark red,
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5.3*0.gr,H,o

4.4+0.5t

Control

1.9+1.5H.r.c,t 1.9+0.8H'F'G 3.611.2K

1.4+0.6H,r.,.* 1.4*0.sH,r,r,K 3.2*0.gK

Retail Appearancel'*'

4.3+1.5¡

3.2L2.lB.c.D

FX-100 R-2000

1.9+1.Ou'r'c.t 1.610.8H'r.r'K

L6r0.srI,I.r,K I.l+0.3r,K

6.0*l.lE,B,D.C.F

6.5t0.gB.A.c

5.7+1 . I E,H,c.r,F

6.4+0.gE,B,D.A,c

1.0i0.0K 2.4+0.7o'r.o

5.7+0.gE,H,D.c,F 5.6+1.2H,c,f,F

6.2*l .0E,B,D,A,c.F

ó.4+0.6u'o'n'"

2.9+1.6K

5.0tl.gH.J.c,l

3.3t1.2K

5.7t0.9E,H,Ð,G,F

5.6+0.9E,D,o.c,F

6. l +0.7p's'o'A"c'r

6.6+0.54'B

4.9+l.4H.r.l

5.9*1 .1E,D,C,F

6.7+0.54.8

6.1+0.7e.s.o.e,c,F 6.4*0.78.D,4,c



8=Extremely dark red.
rt Discoloration scale: 1{% (none) ,2:I-10%o,3=ll-25%o, +26-5}yo, 5:51-75yo, 6:76-ggyo,7= l10%o
(complete).
+ ftçtail acceptability sc¿le: l:Extremely undesirable, 2:Undesirable, 3:Slightty undesirable, 4:Neither
desirable nor undesirable, 5: sligùtly desirable, 6: Desirable, 7:Extremety desirable.
" Means within fle same câtegory (color, discoloration, appearance) having the same srryerscript letter
are not significantly different CÈ0.05)."' Standard deviation.
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Table 5.3 Mean values (+standard deviation) for the oxidation states of myoglobin obtained from
steaks, stored in master packs* under a nitrogen atmosphere for eight days at l+0.5oC.
beef tenderloins within 24 h of slaughter.

% Metmyoglobin"-

Coutrolo FX-100b Il-2000" Contlol

0 3.513,2.-''o'c 0.0r0.0D

I 10.9+2l.9BD'A'c 6.7+2.sF-D'c 2.7+4.SD'c 2.5+l .1D,c 6.7+13.sr,D,c 7.3*14.68.D,c

2 10.2+19.5u.o'" 10.5+7.78.D,c 0.0f0.0D lg.5+14.3A 1.4+2.gp.c 0.0+0.0D

3 22.8+15.9n 6.3*4.3o'o'" 0.0+0.0D 7.8+7.58,D,¡\c 3.6+4.3D.c 6.2+63Dc

4 4.7+4.94'o'c a.l+2.9D'c 1.8+2.lD,c l3.l+9.68,4c lg.5+19.9¡.s g.2+5.28.D,A

5 6.4*l.9B,D'" 6.1*7.1u.o." z.2x¿.gD'c 4.9+g.gD,c 0.3+0.5Ð Z3+4.4Dp

6 12.4*15.2F.'^'c 8.9+5.78.D.c 0.0+0.0D 0.3+0.5D 10.3+l2.6n.o,o.c 0.0+0.0D

7 16.1+15.94'Ir 3.2*3.8D'c 0.0+0.0D 6.7+g.lD,c 3.2+3.gD,c 1.5r2.3D,c

8 5.2+4.38,D'c 4.4+5.18,D.c 2.5L23D.c 6.7+g.7D,c 0.6*1.3D 33+4.4D.c

% Deoxyrnyoglobin"'

Four over-wrapped h'avs, each
a Master pack with four retail trays, without O, scavenger.s.
b Master pack with four rctail tlays, each containing eight Agelesso FX-100 O, soave¡gers u¡¿enreath t¡e absor.bent parl,
" Master ¡rack with foul retail tlays, each containing two FleshPax@ Iì.-2000 O, scaveugers u¡cle¡realh the absor.beut pad.

..' 
Standard deviation.

FX-100

lays, each containing a PM sleak, were placed in a master.pack

the surfaces of beef (PM)
Steaks were prepared from

% Oxyrnyoglobin.'

Contlol

96.5+3.24'u

86.ó*16.2n'o'n'"

70.3+8.4E

69.5110.58

82.1r5.98,D,E,c

gg.*9.lB7.D,A,c

87.4+14.9n'o'n'c

77.2{8.6D'E

88.1+9.3e'o'e'c

FX-r00

86.5+14.1e'o''t'c

88' l+5'2u'o'o'"

g0.l*2.lB,D,A.C

78.4+22.P'a

93.6f7.38,4c

80.9*17.9D.E.c

93.7+1.58'A'c

94.9+5.48'^,c

R-2000

90.0a1 g.1B,D,A,C

100.0+0.04

93.9+6.38'ec

89.9*7.38.D.4.c

95'1+7 'zt'x"-

100.0+0.04

98.6*2.34

94.2*2.4s'e"c
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6. DISPLAY LME OF RETAII.READY MASTER.PACKAGED BEEF STEAIß

USING O, ABSORBENT TECHNOLOGY AFTER STORAGE IN A LIQT]ID.N,

REFRIGERATED CONTAIT\-ER

6.1 Summary

Beef tenderloins Qtsoas major, PM), cut into steaks, were master-packaged under

l0Ùo/o N2 aûnosphere, and stored at -1.5o+0.5oC in a liquid-N, refrigerated container for

10 weeks. At weekly intervals, 2 master packs were removed from storage, and stealcs

were analyzedfor visual, odor, flavor, and microbiolo gical characteristics. Also,

reflectance spectra were obtained from the steak surface to estimate metmyoglobin

content. The steaks were placed on retail display for 4 days, and daily analyses of visual

characteristics using both a panel and a reflectance spectrophotometer were conducted.

on days 0 and 4 of retall display, odor, flavor, and microbial analysis were also

perfiormed along with visuai examination.

Steaks had acceptable visual, odor, and flavor characteristics on day 0 of ret¿il

display for any prior storage interval in master packs. Also, metmyoglobin content

(<10%) and microbial count (<10t cfu/cmz) were comparable with controls. AII steaks

were acceptable until day 3 of retail display. Storage time under N, had a signifîcant

effect (<0.05) on visual characteristics, however, this effect was only of marginal

practical importance. However, the retail display period signifïcantly (p<0.05) affected

visual, odor, flavor, and microbial characteristics. Retail appearance was the limiting

factor for the retail display life of the steaks. The developed system can deliver a

storage life of at least l0 weeks with a subsequent retail display life of 3 days for master-
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packaged PM steaks.

Key-words: Controlled atmosphere packaging, O, absorbent technology, master

packaging, retail-ready fresh beef, meat shelf life.

6.2Introduction

Centralized packaging of retail meat cuts is gaining the attraction of the meat

industry because of its economies and potential to maintain quality, safety, and extend

the shelf life of fresh meat (Farris et al. 1991). There are two basic requirements for a

centralized system, strict temperature control (-1.5+0.5"C) and master-packaging

technology using controlled atmosphere packaging (CAP). Such a strict temperature

control is desired because shelf life of fresh meat can be optimized by storing meatata

temperature just above its freezing point and within a narrow range as the growth of

spoilage bacteria is proportional to storage temperature (Gll and Jones 1992). In

addition, color stability is maximized at sub-zero temperatures because a decrease in

temperature increases the distance from the meat surface at which the maximum

metmyoglobin is formed due to increased solubility of O, in the water of the meat tissue.

This has the effect of decreasing the maximal O2 concentration required for maximum

metmyoglobin formation, but also makes it less visible (O'keeffe and Hood l9S2).

Recently, a liquid-N, refrigerated container has been developed using a jacketed design

(Jeyamkondan 1999), which can control temperature within the required narrow range.

Thus, the primary requirement for maint¿ining temperature in a narrow range during

storage and transportation of fresh meat has been achieved (Jeyamkondan 1999).

97



The secondary requirement was use of an appropriate master packaging system,

which would minimize both color instability and microbial spoilage. Although research

has been done on microbiological and sensory aspects of meat during centralized meat

packagingunder various modified atmospheres (Gll and Jones 19944 7994b,1996;

Jeremiah and Gibson I997a,1997b,I997c; Tewari et al. 1999), meat discoloration due

to residual o, in controlled atnospheres remains a challenge as the rate of

metmyoglobin formation increases at low partial pressures of O, (Faustman and Cassens

1990). Beef steaks made from muscles of poor color stability such as psocts major,PM\

discolor rapidly even at O, concentrations of <100 ppm and sub-zero temperatures, and

this results in short storage life under CAP and short subsequent display life (Gill and

McGinnis 1995a). Consequently, techniques for reducing O, concentrations in package

during CAP storage (Or absorbent technology) became an attractive option. However,

there is little information about the O, absorption kinetics of commercial 02 scavengers

available, and there is some discrepancy in the literature about their efficacy (Sorheim et

aL.19954 b; Allen et al. 1996; Rousset and Renerre 1990; Doherry and Allen 1998;

Isdell et al. 1999). In addition, a suitable retail packaging system is required to reduce

residual O, in the controlled atmospheres by reducing opportunity for O, entrapment

within retail trays. To resolve these issues, studies related to the O, absorption kinetics

of commercial 02 scavengers (Chapter 3) and retail packaging system design (Chapter 4)

were performed. Knowing the disadvantages and advantages of residual 02 in the packs

and sub-zero storage temperatures, respectively, the present study was designed to

examine the efficacies of CAP storage, 02 absorbent technology, and liquid-N,
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refrigeration to minimizethe deterioration of centrally prepared beef steaks, and to

enhance product shelf life.

6.3 Materials and Methods

6.3.1 Oxygen scavengers

Ageless@ FX-100 (Mitsubishi Gas Chemical Co. Inc., Toþo, Japan) O,

scavengers were used in the study. These 02 scavengers are based on iron-chemical

systems, and need moisture (>70% relative humidity) for activation. Detailed

information about these scavengers has been reported elsewhere (Table 3.1).

6.3.2Master-packaging, storage, and sampling of steak

Fresh beef tenderloins Qtsoas major, PM) from animals slaughtered 24 h

previously, were obtained from a local beef abattoir. Eighty steaks of 2 cm thickness,

were prepared from these tenderloins. Each steak was placed on a I52 x 114 mm

absorbent pad (MP-30620, Paper Pako Corp., La Verne, CA) in a216 x 133 x 25 mm (L

x W x FI) solid polystyrene tray (clear plastic tray # 2D, Western Paper & Food

Distributors Ltd., Calgary, AB), with 8 Agelesso FX-100 02 scavengers placed

underneath the absorbent pad. Each retail tray was over-wrapped with a shrinkable O,

permeable flrlm (Vitaflrlm 'Choice'Wrap', Goodyear Canada Ltd., Calgary, AB) with an

O, transmission rate of 8000 mLl(m2 24 h) at I atm, 23"C, and TOYo RH. After sealing,

the film was shrunk to the tray using a hot air gun. Then, two 3 mm holes were made at

the corners of the tray to allow free exchange of atmospheres during gas flushing. Four

such retail trays were placed in an EVA co-extruded master pack (W"INPAJ(

ESOPAEV2E 121575 R, Winnipeg, MB) with Ot transmission rate of 0.55 rrL/(mz 24
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h) at 1 atm,23"C, and 70Yo RH. The bags were evacuated, flrlled with 4.5 L of Nr, and

sealed using a CAP machine (CAPTRONo, SecureFresh Pacific Ltd., Auckland, New

Zealand). Twenty such bags were prepared. Additionally, 8 retail trays were prepared

and treated as un-stored (fresh) controls. During initial packaging the 02 concentration

w¿N me¿Nured in every fifth bag using an Oz analyzer (Mocon MS-750, Modern Controls

Inc., Minneapolis, MN), which is based on a solid state O, ion conduction material,

zirconium oxide. The appendices A1 and A2 give specifications, working principle, and

calibration procedure of the 02 analyzer.

The master packs were stored at -1.5+0.5oC in the liquid-N, refrigerated

cont¿iner @ig.n in Appendix-I). On week 0 and day 0 of retail display, four steaks in

retail trays, which served as fresh, un-stored controls, were analyzed for visual, odoq

taste, and microbial characteristics. Also, reflect¿nce spectra were obtained from the

surface of these steaks. The visual analysis was done daily for four days, and reflectance

spectra were also obtained daily. On day 4 of reø1|display, odor, taste, and microbial

analysis were done in addition to visual examination and obtaining reflectance spectra.

Two master packs were opened at subsequent I week storage intervals for l0 weeks.

The 02 concentration in each bag was measured immediately before opening the bag.

6.3.3 Display and sampling of retail trays

After storage for I weelq and on day 0 of retail display, all of the eight retail

trays from two master packs were placed in the center of the display shelf of a

horizontal, fan-assisted display case (model LPMI2T, Hill Refrigeration, Barrie, ON).

The case was illuminated for 12hlday with incandescent light giving a light intensity of
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750 lux at the display-shelf surface. Detailed information about the display case has

been described previously (Gll and Jones 1994a). A temperature data logger (Tru-Test,

Auckland, New Zealand) was placed at the center of the display case to record the air

temperatures surrounding the product.

The displayed PM steaks were examined for color, discoloration, retail-

acceptability, off odor intensity, odor acceptability, and odor profile 45 min after

opening of the master-packages. Also, reflect¿nce spectra from the steak surfaces were

obtained to estimate the proportions of metmyoglobin, deoxymyoglobin, and

oxymyoglobin. After visual scores and reflectance spectra were obtained, two steaks

(one from each master bag) were removed from the display case, and samples were

taken for microbial analysis. Then the steaks were cooked and analyzed for flavor

acceptability and off-flavor intensity. The remaining six steaks were left in the display

case and were examined for visual characteristics at subsequent intervals of 24 h over a

96 h period. In addition, reflectance spectra were also obtained at l2h intervals for 96

h. A-fter 96 h of retail display, the steaks were analyzedinthe same fashion as on the

day 0 of ret¿il display. Similar procedures were repeated for all storage intervals.

6.3.4 Visual assessment of master-packaged steaks

A five member well-trained panel was used for the subjective evaluation of the

steaks. Color scores were assessed using an eight point descriptive scale: O:Completely

discolored, l:White, 2:Pale pinlç 3:Pint 4:Pale red, 5:Bright cherry red, 6:Slightly

dark red, 7:Moderately dark red, 8:Extremely dark red. Surface discoloration was

evaluated using a seven point descriptive scale I4%o (none), 2:l-l0o/o,3:11-25Yo,
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4:26-50Yo, 5:5I-75%o, 6:76-99Yo,7: l\OYo. Retail appearance was assessed on a seven

point hedonic scale: l:Extremely undesirable, 2:Undesirable, 3:Slightly undesirable,

4:Neither desirable nor undesirable, 5: Slightly desirable, 6: Desirable, 7:Extremely

desirable (Jeremiah and Gibson 1997b).

6.3.5 Odor assessments of master-packaged steaks

A five member panel was used for odor assessment. Offodor intensity scores

were assessed using a four point descriptive scale: l:No off odor, 2:Slight off odor,

3:Moderate offodor, 4:Prevalent off odor. Odor acceptability scores were assessed

using a five point scale: l:Acceptable, 2:Slightly acceptable, 3:Neither acceptable nor

unacceptable, 4:Slightly unacceptable, 5:Unacceptable. Odor description søres were

assessed using a six point scale: 1:Sour-sulfur (roffen eggs), 2:Sour-lactic acid,

3:Putrid, 4:Dirty socks, 5:FloralÆruity, 6:other (Jeremiah and Gibson 1997b).

6.3.6 Flavor assessment of master-packaged steaks

The steaks were cooked according to a st¿ndard procedure (Jeremiah et al. 1998).

The steaks had thermocouples inserted horizontally into them, making sure that the tip

was in the center of the steak. They were then placed on a grill (Type GOl, Hamilton

Beach, Proctor-Silex Inc., Washington, NC) preheated to 210"C. As steaks reached an

internal temperature of 40oC, they were flipped and grilled to a final temperature of

72"C. The steaks were allowed to cool for 5 min. The cooked steaks were trimmed of

outside surfaces and were then cut into 1.5 cm cubes avoiding allfatand large areas of

connective tissue. Each sample had a color coded pin inserted into it for identification

and all were placed into glass jars in a circulating water bath at 70"C for 7 min to
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equilibrate sample temperatures. Then they were served to three or four well-trained

panelists for rating. AII panel sessions were conducted in well ventilated, temperature-

controlled, partitioned booths under 1076lx of fluorescent and incandescent lighting.

Room temperature distilled water and unsalted soda crackers were provided to panelists

for the removal of residual flavor notes between sample evaluations. The flavor was

assessed using a six point descriptive scale: 6:Desirable, 5:Moderately desirable,

4:Slightly desirable, 3:Slightly undesirable, 2:Moderately undesirable, 1:Undesirable.

Offflavor intensity w¿ts assessed using a four point descriptive scale. 4:Prevalent off

flavor, 3:Moderate off flavor, 2:slight off flavor, 1:No off flavor; and additional

comments on overall palatability were also noted.

6.3.7 Estimation of myoglobin forms

The average reflectance spectrum was obtained from 3 locations of the steak

covered with a shrinkable film using a reflectance spectrophotometer (Macbeth Color

Eye 1500/Plus, Kollmorgen corp., Newburg, NY). Reflectance values (R) of the

different myoglobin oxidation states were estimated at specified wavelengths, and

converted to IIS values (K is the absorption coefficient and S is the scattering

coefficient). The IIS values are used for quantifying the proportion of deoxy-, met-,

and oxy-myoglobin, and are calculated using selected wavelengths (474, 525, 575, and

610 nm) for fresh meat color (AMSA 1991). The ratios and wavelengths used for the

calculations were: WS 474'.WS 525 for percent deoxymyoglobin, wS 572 +wS 525

for percent metmyoglobin, and IIS 610 + M 525 for percent oxymyoglobin. Further

information concerning calculation of deoxy-, met-, and oxy-myoglobin is available
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(AMSA leet).

6.3.8 Microbial analysis

A 10 cm2 sample was obt¿ined at each sampling time (on days 0 and 4 of each

storage interval) from each of the two steaks using a sterile cork borer. Then, the sample

was placed into a stomacher bag with l0 mL of 0.1Yo peptone solution and was

stomached for 120 s using a commercial stomacher (Stomacher 400, Seward Medical,

London, {IK), yielding a dilution of 100 cfr¡/cm2. The homogenate was further diluted

to 10-, 100-, 1000-, 10000-, and 100000-, afterwhich 0 I mL volumes of undiluted

homogenate and of each dilution prepared, were spread on duplicate plates of APT (All

Purpose Tween, DIFCO Laboratories, Detroit, MI). The plates were incubated for 3

days at 25"C. Total microbial populations were determined by counting colonies on

plates bearing 20-200 colonies. A detailed explanation of microbial analysis is given in

Appendix G.

6.3.9 Statistical analysis

The main effects of storage interval and retail display period were examined

statistically using analysis of variance þroc ANovA SAS Institute Inc., Cary, NC) at

an a level of 0.05.

6.4 Results

6.4.1 Measurement of 02 concentration

The O, concentration was < 100 ppm during initial packaging, and after any

storage interval was reduced to an undetectable level until week I when 24 ppm of O,

rryas measured in one bag.
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6.4.2 Storage and retail display temperature

The temperature in the liquid-Nr refrigerated container was maint¿ined at

-1.5+0.5'C for all storage intervals, and the retail display temperature was maintained

between 6.5-8.2"C throughout the display period.

6.4.3 Evaluation of steaks

Although significant (p<0.05) differences existed between storage intervals in

visual color rating on day 0 of retail display, i.e., when steaks were removed from

storage, all steaks were perceived to be bright cherry red or slightly dark red and no

differences of practical importance existed. Generally, steaks remained stable in color

until they became moderately dark (Fig. 6.1) or completely discolored (data not shown)

on the 4h day of retail display for any storage interval. Steaks vyere completely

discolored on day 1 of ret¿il display after l week of storage, Data obtained on these

steaks were not analyzed further.

On day 0 of retail display for any storage interval, no significant (p>0.05) surface

discoloration was noticed on the steaks. The retail display period signiflrcantly (p<0.05)

increased the amount of surface discoloration on the steaks for any storage interval.

However, the steaks discolored at a faster rate than the controls for all storage intervals,

and were relatively extensively discolored (p<0.05) (Fig6.2). Steaks were extremely

desirable in retail appearance on day 0 of retail display for any storage interval (p>0.05).

However, steaks' retail appearances were significantly affected by the retail display

period (p<0.05). Despite the fact they darkened more rapidly in retail appearance than

un-stored (fresh) confrols, they were in the acceptable range (-3.5) on the 3'd day of
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retail display (Fig. 6.3).

From practical perspective, it was significant that with stored steaks no off-odors

were perceived on day 0 of retail display for any storage interval, however, signifïcant

differences existed between storage intervals with respect to off odor intensity ratings

(p<0.05) (Fig. 6.a). The maximum difference in ratings was 0.3 of a panel uniq which

is of marginal practical importance. Generally, odor was acceptable on steaks on day 0

of retail display (Fig. 6.5). Maximum differences of 0.3 of a panel unit were noticed

after 7 and I weeks of storage, which have liule practical signifîcance. Despite

significant (p<0.05) differences between storage intervals on odor acceptability ratings

on day 4 of retail display, majority of steaks were perceived to be slightly acceptable

(Fig. 6.5). The predominant odor was either sour-lactic acid or other (stale).

Significant (p<0.05) differences existed between storage intervals in flavor

acceptability ratings on day 0 of retail display. All steaks were perceived to be

desirable, and differences were of only marginal practical importance. The lowest score

of 3.2 (slightly undesirable) was obt¿ined after 10 weeks of storage @ig. 6.6). However,

on day 4 of retail display, steaks had significantly (p<0.05) lower flavor acceptability

scores than controls, and had undesirable scores after 7 weeks of storage and onwards

(Fig. 6.6). Obviously, storage intervals had a significant (p<0.05) effect on off-flavor

intensity scores (Fig. 6.7), and after 8 weeks of storage and onwards, slight off-flavors

\¡/ere perceived on day 0 of ret¿il display (Fig. 6.7). On day 4 of retail display, steaks

perceived to have moderate off-flavors in most cases, when compared with non-stored

controls (Fi5.6.7).
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Despite significant (p<0.05) differences between sûorage intervals on microbial

numbers on day 0 of retail display, steaks had <102 cfu/cm2 of tot¿l aerobic microbial

population, and no differences of practical importance existed because such numbers do

not normally cause off-odors. Microbial populations at day 0 of ret¿il display were

comparable with those of non-stored controls (Fig. 6.8). On day 4 of ret¿il display,

microbial populations were > 10a cfi.¡/cm2 in most cases (Fig. 6.8).

Steaks had<70%o of metmyoglobin and>g}Yooxymyoglobin on day 0 of retail

display for any storage interval (Fig. 6.9). Deoxymyoglobin content was down to }Yo at

any storage interval or ret¿il display time. Ret¿il display period significantly (p<0.05)

increased the metmyoglobin content of steaks for any storage interval. Rates of

metmyoglobin formation were essentially the same during retail display when compared

with un-stored (fresh) controls, and in some cases, steaks had signifrcantly (p<0.05)

lower metmyoglobin content than un-stored (fresh) controls (Fig. 6.9). Although

significant (p<0.05) differences existed between some storage intervals on

metnryoglobin content, such as after three and flrve weeks of storage, steaks had <70 %o

metmyoglobin content on the 3d day of ret¿il display and received satisfactory retail

appearance scores. This makes these differences of only marginal practical importance

from consumers perspective. Steaks did not reach the point of unacceptability (<3.5) in

appearance on the 3d day of retail display. Thus a ret¿il display life of three days for the

steaks was obtained in the present study at which point the metmyoglobin content was

<70yo. Appendices F, G, and H contain panel, microbial, and reflectance dat4

respectively.
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6.5 Discussion

Centrally prepared retail beef cuts stored in controlled atmospheres containing

nearly 1,00yo carbon dioxide (COJ or nitrogen Q.{r) which may have small amounts of

o,2, ârè susceptible to the formation of metmyoglobin, due to the presence of residual O,

(Ledward 1970; Gill 1989; Gill and Jones 1994a). If the O, concenrration is not

excessive, the meat will absorb the residual O, and any metmyoglobin formed will be

reduced to deoxymyoglobin as a result of metmyoglobin reducing activity (MRA) within

the muscle tissue (o'keeffe and Hood, 1980-81a, b,lg82). Gill and Jones e99aa)

reported that in packaged fresh beef2-4 days are required for reduction of

metmyoglobin to deoxymyoglobin. When stored meat is removed from the controlled

atmosphere, it blooms to the desirable, bright, red color associated with freshly cut meat,

but this will not occur if a substantial amount of metmyoglobin is present (Gll 1990).

The metmyoglobin reducing activity of muscle tissue is limited and once exhausted

metmyoglobin cannot be converted back to myoglobin (Gill 1991). The tenderloins are

expected to have very poor color stability and discolor rapidly even at very low 02

concentrations and at a storage temperature of -1.5+0.5oC. Thus, the tests conducted

rigorously evaluated discoloration by using these muscle tissues. The effect of inter-

muscular differences on color stability is an important parameter regarding discoloration

of meat (Hood 1980; Renerre 1984). Biochemical factors, such as oxygen consumption

rate (OCR) and MRA" have been reported to be different for different muscles (O'keeffe

and Hood 1982). Therefore, the overall system was evaluated using beef muscles which

have poor color stability and it represents a worst-case situation for centrali zed, meat
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operations. EffTcacy of Or absorbent technology was also put to the test during this

study to prevent transient discoloration by reducing Oz concentration to zero ppm

rapidly, and thereby conserving the limited MRA of muscle. Once conserved, MRA

may further serve to enhance the retail display life of steaks. It was shown that the

steaks packaged with an optimum of added 02 absorbing capacity had more retail

display life when compared with steaks packaged without such capacity (Figs. 4.14.3).

Thus, the system used in the present study had the capability to provide remedies to

major problems related to residual O, concentrations and temperature control.

For all storage intervals, the steaks had acceptable visual, odor, and flavor scores

on day 0 of retail display. Additionally, metmyoglobin content and microbial growth

was minimal, and in some cases even lower than fresh controls on the day packs were

opened and displayed. Along with a low storage temperature of -1.5+0.5"c, an

important factor influencing microbial growth was the low initial microbial load. Beef

tenderloins were used in the study, and since they are internals cuts, they do not undergo

much handling by meat cutters ¿rs compared to other cuts. This factor reduced cross-

contamination, and yielded low level of initial microbial cont¿mination. Also, in the

present study, meat was obtained from a Federally inspected beef packing plant which

had a recognized }lazard Analysis Critical Control Point (HACCP) program in place to

monitor meat hygiene practices. Results showed that the meat cuts used in the present

study had a very low level of microbial contamination, which would have delayed

premature development of off-odors. Therefore, microbial growh and odor were not

among the limiting factors which influenced available storage and retail display lives of
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steaks.

Due to the increased solubility of O, and the decreased maximum O, partial

pressure requirement for maximal metmyoglobin formation at sub-zero temperatures,

maximum discoloration occulred several millimeters below the meat surface. Since

meat is translucent, such discoloration is normally visible. The deeper the maximum

discoloration, the lower the visibility, and this resulted in low discoloration and higher

retail appearance scores during retail display. Also, use of 02 scavengers which

provided an optimum O, absorbin g capacity in each reørl tray prevented transient

discoloration of beef steaks, in turn conserved *1and delayed discoloration further.

Prevention of such transient discoloration has been reported (Tables 5.1-5.3). The

combination of these strategies resulted in reduced discoloration even on day three of the

retail display period. Since the bright-red color of meat was restored, the steaks received

acceptable retail appearance scores on day 3 ofretail display for all storage intervals,

after which the meat was in an unacceptable range. Thus, visual characteristics seemed

to be the limiting factor for evaluation of steaks but this is not the complete proflrle.

Steaks had a slight off-flavor on day 0 of retail display after 8 weeks of storage and

onwards. Considering the intrinsic variability in meat cuts, and the low number of

samples which were evaluated (nvo), such slight off-flavors may be of no practical

importance.

In a similar study by Isdell et al. (1999), a shelf life of 6 weeks with a subsequent

retail display life of 2 days was reported for PM steaks at 0"C. It is surprising that such

a shelf life was obt¿ined for PM steaks since the packages had a residual 02 of 500 ppm
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after 6 weeks of storage. These results are difficult to understand since it has been

established that PM is highly susceptible to discoloration even under 100 ppm of Or. In

another study by Gill and Jones (1994a), a shelfJife of 4 weeks with a subsequent retail

display life of 2 days was reported for strip loin steaks. O'keeffe and Hood (lgBZ)

reported 1.5 days of retail display life for PIVI, whereas the present system delivered a

reøil display life of 3 days. The relative success of the system used in the present study

is noteworthy considering the poor color stability of PM muscle. The system may

further deliver longer CAP storage and subsequently longer retail display life when beef

muscles with higher color stability are used. The present system not only had strict

temperature control but also had a means of preventing transient discoloration of meat

due to the use of Or absorbent technology along with CAP, which resulted in enhanced

refrigerated storage and subsequent ret¿il display life. Thus, it can be safely concluded

that the present system has the capability of providing a 10 week CAP storage life with a

subsequent 3 day retail display life for centrally prepared PM steaks. Similar studies

with other beef muscles are warranted.
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Fig. 6 I Mean color scores (with standard deviation) for steaks stored in the liquid-N2 refrigerated container.
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Fig. 6.a Mean off-odor intensity scores (with standard deviation) for steaks stored in the liquid-N, refrigerated

container.
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Fig. 6 5 Mean odor acceptability scores (with standard deviation) for steaks stored in the liquid-N, refrigerated

container.
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7. CONCLUSIONS

The following conclusions were drawn from the present study:

1. Ageless@ FX-100 and FreshPaxÐ R-2000 02 scavengers have the highest ç)2

absorption rates, and can be adapted with success in centralized meat operations.

However, they should be used in multiple numbers to obtain consistent and

reproducible results, and this number will be based upon scavenger type, pack

atmosphere, initial On concentration in the paclq storage temperature, and the

desired O, absorption rate.

2. Oxygen permeable fïlms in master pack systems, in which retail trays are placed

in another bag, acted as an O, barrier, hence, there is a high probability of 02

entrapment inside the retail tray and 02 scavengers should be placed in the retail

tray so that they are closer to o, sensitive products in such systems.

3. The retail packaging system with the most potential for CAP systems in

commercial centalized meat operations utilizing a controlled 100% N,

atmosphere in the master pack consists of hard plastic retail trays containing only

an absorbent pad and 8 02 scavengers. This should result in O, half-lives of 0.6-

0.7 h in the pack atmosphere where the 02 concentration remains <500 ppm at

any time of storage. Fresh meat must be over-wrapped with a film of high 02

permeability with two holes to permit free exchange of atmospheres between the

master packs and the retail trays.

4. To prevent transient discoloration of beef steaks, the 02 concentration should be

reduced to 0 ppm at l+0.5oC, within 3 h of pack closure.
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5. The developed system can provide a 10 week CAP storage life with a subsequent

3 day retail display life of centrally prepared PM steaks.
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Table A1

Appendix A-1

Analyzer (Mocon, PAC CHECK@ 450, Minneapolis,Specifications of Oxygen

MN, USA).

Sample Size

Accuracy

Range

Response

Warm-up Time

Resolution

Measurement Method

Sampling Method

Operating

Temperature

Operating Humidity

8 cc minimum (automatic mode)

2 cc minimum (manual mode)

+5 ppm O, from 0 to 1000 ppm

+0.05o/o O, from 0.1 to 9.99Yo

+.\Yo Ozfrom 10.0 to 100.0%

0 ppm to 100.0%

98% of final value within 10 s

30 min minimum

1 ppm in range 1 to 999 ppm

0.00IYo in range 0.100 to 0.9995Yo

0.0lYo in range 1.00 to 9.99%

0.TYo in range 10.0 to 99.9%

Solid State Zirconium Oxide

Internal sampling pump with user-controlled on/off

Optional injection with syringe

5 to 40"C

l0 to 9OYo non-condensing
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Appendix A-2

Calibration of Oxygen Analyzer (Mocon, PAC CHTCK@ 450, Minneapolis, MN, USA)- The

gas calibration consists of two basic calibration steps that were performed in the following

sequence:

Step I O, Air Calibration

The sETUP key was pressed to get to a display for an o, Air calibration.

The fiuings on the suction tube were connected securely at the injection filter assembly and the

sampling probe.

The sample probe was laid on the bench beside the Oxygen Analyzer.

Test key w¿ìs pressed to allow room air sample to enter the oxygen Analyzer.

After the pump cycle was completed, it was recommended to wait for 10 s.

The scroll up-down keys were used to adjust the room air to avalue between 20.1to Zl.lyo.

The SETUP key was pressed to enter the new value into memory and then Step 2 was

performed.
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Appendix A-2 (continued)

Step 2 O, Reference Gas Calibration

The reference gas supply (it is recommended to use reference gases of known O, concentrations

in a balance of an inert gas, Iike Nr) was connected to the injection filter assembly, and

the reference gas was tumed on.

The flow of the reference gas w¿ts slowly increased until the light (on the Oxygen Analyzer

display-panel) came on. Then the reference gas was left to flow for 8 s.

The scroll up-down keys were used to adjust the reference gas display to the value of reference

gas. The SETUP key was pressed to enter the new setting into the memory and the

calibration was completed.
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Appendix A-2 (continued)

Working Principle: Zirconiumoxide has O, vacancies in its ceramic lattice structure permitting

O, ions to move into the solid material. When two gases of different O, concentrations are on

opposite sides of the zirconium oxide membrane, a DC voltage proportional to the difference in

O, concentration is generated. The reference gas used was air, and the unknown gas sample to

be measured was on the other side. Once the DC voløge generated was determined, the

unknown gas composition was calculated using the Nernst equation (Anonymous 1995).
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Fig. A26 Oxygen absorption rates of FreshPax@ M-100 O, scavengers at 2oC and at an initial O, concentration of 500 ppm.
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Fig, 428 Oxygen absorption rates of FreshPax@ M-100 O, scavengers at -1.5oC and at an initial O' concentration of 500 ppm.
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Fig. A33 Variability in O, absorption rates of individual FreshPax@ R-2000 O, scavengers at 25oC and at an initial O,

concentration of 20Yo.
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Fig. 435 Oxygen absorption rates of FreshPax@ R-2000 02 scavengers at 25oC and at an initial 02 concentration of 500 ppm.
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Fig. 436 Oxygen absorption rates of FreshPax@ R-2000 02 scavengers at -i.5oC and at an initial 02 concentration of 20o/o.
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Fig, 439 Oxygen absorption rates of FreshPaxo R-2000 02 scavengers at 2oC and at an initial 02 concentration of 500 ppm.
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Fig. 440 Variability in oxygen absorption rates among individual Bioka@ S-100 02 scavengers at 25oC and at an initial 02

concentrati on of 20Yo.
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Fig. 441 Oxygen absorption rates of Biokao 5-100 02 scavengers at 25oC and at an initial O, concentration of 20Yo.
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Fig. A42 Oxygen absorption rates of Biokao S-100 02 scavengers at25"C and at an initial 02 concentration of 500 ppm,
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Fig. 443 Effect of suspension on the oxygen absorption rates of Bioka@ S-100 O, scavengers at 25oC and at an initial Ot

concentration of 20%o.
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Fig. A44 Oxygen absorption rates of Biokao S-75 02 scavengers at 25oC and at an initial 02 concentration of 20%o.
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Fig. 445 Oxygen absorption rates of Biokao S-75 02 scavengers at 25oC and at an initial O2concentration of 500 ppm
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Fig. 446 Oxygen absorption rates of Biokao 5-100 02 scavengers at 12oC and at an initial 02 concentration of 20o/o.
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Fig. A47 Oxygen absorption rates of Bioka@ 5-100 02 scavengers at l2oC and at an initial O, concentration of 500 ppm.
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Fig. 449 Oxygen absorption rates of Bioka@ S-100 02 scavengers at 2oC and at an initial 02 concentration of 500 ppm.
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Fig. A5 I Oxygen absorption rates of Bioka@ S- 100 02 scavengers at - 1 .5oC and at an initial O, concentration of 500 ppm.
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Fig. 453 Effect of position (in a simulated master pack system) on the oxygen absorption rates of Ageless@ FX-100 02 scavengers
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Fig. 454 Effect of suspension on the oxygen absorption rates of FreshPax@ R-300 02 scavengers at 25oC and at an initial 02

concentration of 20Yo.
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Fig. 455 Experimental and observed O2 absorption rates of FreshPax@ R-300 02 scavengers at 7oC and at an initial 02

concentrati on of 20Yo.
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Table 81. Vistral scores by panelist #1 for the different trea.tuents of pork chops and

beef Qtsoas major, PM) steaks stored in masær packages' under nitrogen

(N) atmosphere for 1 week at2"C (Retail package design study:

Experiment# f).

Treatment Meat-type
& replicate

u

Colort Discolorationtt Retail
Acceptance+t+

A (Control: lidded tray with
meat)

B (Lidded tray with meat and

Crid)

C (Lidded tray with meat and

soaker pad)

D (Lidded hay with meat and

O, scavengers")

E (Lidded üay with meat,
grid, and soaker pad)

F (Lidded tray with meat,
grid, and O, scavengers")

PORKl

PORK2

PORK3

PORKI

PORK2

PORK3

PORKl

PORK2

PORK3

PORKi

PORK2

PORK3

PORKl

PORK2

PORK3

PORKl

PORK2

PORK3

3

3

3

3

)

3

3

3

3

J

3

3

3

3

3

3

2

5

6

5

4

7

6

6

7

7

7

1

7

7

7

B2



Treatment Meat-t¡pe
& replicate

JI
1t

Colort Discolorationn Retail
Acceptanceffi

G (Lidded tray with meat,

soaker pad, and Ot
scavengers")

H (Lidded tray with meat,
grid, soaker pad, and O,
scavengers")

Dl (Lidded tray with meat

and O, scavengers"')

Fl (Lidded tray with meat,

grid, and O, scavengers"')

Gl (Lidded tray with meat,
soaker pad, and O,
scavengers"')

Hl (Lidded tray with meat,

grid, soaker pad, and O,
scavengers"')

A (Control: lidded tray with
meat)

PORKI

PORK2

PORK3

PORKl

PORK2

PORK3

PORKl

PORK2

PORK3

PMl

PM2

J

5

3

I

2

I

7

6

7

'7

7

6

6

6

'7

1

7

1

7

7

7

7

7

1

PORK2

PORK3

PORKI

PORK2

PORK3

PORKl

PORK2

PORK3

PORKI

3

3

3

J

3

3

3

3

3

I

I

5

5

5

I

I

I

I

1

1

I

3

3

3

J

3

0

0

t

1

l

7
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Treatment Meat-t1pe
& replicate

#

Colort Discolorationfr Retail
Acceptancetr

B (Lidded úay with meat and

srd)

C (Lidded hay with meat and

soaker pad)

D (Lidded tray with meat a¡rd

O, scavengers")

E (Lidded tray with meat,

grid, and soaker pad)

F (Lidded hay with meat,

grid, and O, scavengers")

G (Lidded tray with meat
soaker pad, and O,
scavengers")

H (Lidded hay with meat,
grid, soaker pad, and O,
scavengers")

2

3

3

J

3

1

7

1

2

I

2

7

7

7

6

6

6

3

7

3

1

I

I

I

0

6

5

5

5

5

PM2

PM3

PMl

Pl'Á2

PM3

PMl

PM3

PMI

Pl,Á2

PM3

PMI

PM2

PM3

PM1

PM2

PM3

PMl

6

5

5

5

5

5

5

5

6

5

5

6

6

5

5

5

5

I

1

I

J

PM2

PM3

PM1

I

I

4
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Treatnent Meat-g,pe
& replicate

#

Colort Discolorationtr Retail
Acceptanceffi

Dl (Lidded tray with meat

and O, scavengers"')

Fl (Lidded tray with meat,
grid, and O, scavengers"')

Gl (Lidded tray with meat,

soaker pad, and O,
scavengers"')

Plvtz

PM3

PM1

PM2

PM3

PMI

P}/4'2

PM3

PM1

PM2

PM3

PMl

6

6

6

6

6

6

6

6

6

0

5

6

J

3

I

I

1

1

1

1

6

1

5

1

5

3

6

6

6

6

6

6

2

2

2

6

6

6

6

6

Hl (Lidded tray with meat,
grid, soaker pad, and O,
scavengers"')

Pl'Á2

PM3
* Three lidded trays, each containing either a pork chop or a beef @M) steak with a specific treatnent, were placed in a

master Package.
**Eight O, scavengers (Ageless@ FX-100, Mitsubishi Co., Toþo, Japan) were placed inside each lidded tray.
**+Twenty-four O, scavengers (Ageless@ FX-100, Mitsubishi Co., Toþo, Japan) were placed in the master package
aûnosphere (outside the lidded trays).

f Color scale (pork chop): 0=Completely discolored, l=Extemely pale, 2=Pale,3:Normal,4=Darlq 5=Extremely
da¡k-Color scale (beef steak): 0{ompletely discolored, l=White, 2=Pale pinþ 3:Pink,4=Pale red, 5=Bright cherry
red, 6=Slightly dark red, 7=Moderately da¡k red, 8=Exnemely dark red.

f f Discoloration scale (pork chop or beef steak): 1=0% (none), 2=1-l0o/o, 3:Ll-25Vo, 4=26-50%, 5=51-7 5o/o, 6=7 6-
99%, 7= I 00% (complete).

ttt Retail acceptability scale (pork chop or beef steak): I =E>rtremely undesirable, 2=Undesirable, 3:Slightly
undesirable, 4=Neither desirable nor undesirable, 5= Slightly desi¡able, 6= Desirable, 7=E>tremely desirable.
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Table 82. Visual scores by panelist #2 for the different treatuents of pork chops and
beef (PM) steaks stored in master packages'under nitrogen (Nr)
atmosphere for I week at2oC (Retail package design study: Experiment [).

Treatment Meat-type
&.

replicate #

Colort Discolorationrt Retail
Acceptancettr

A (Control: lidded tray with meat)

B (Lidded tray with meat and grid)

C (Lidded fray with meat and

soaker pad)

D (Lidded tray with meat and O,
scavengers")

E (Lidded nay with meat, grid,
and soaker pad)

F (Lidded tray with meat, grid, and
O, scavengers")

PORKl

PORK2

PORK3

PORKI

PORK2

PORK3

PORKI

PORK2

PORK3

PORKI

PORK2

PORK3

PORKl

PORK2

PORK3

PORKI

PORK2

PORK3

l
1

7

7

7

7

1

7

7

7

7

3

3
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Treatment Meat-t5pe
&,

replicate #

Colof Discolorationtr Retait
Acceptanceffi

G (Lidded tray with meaÇ soaker
pad, and O, scavengers")

H (Lidded tray with meat, grid,
soaker pad, and O, scavengers")

Dl (Lidded tray with meat and O,
scavengers"')

Fl (Lidded tray with meat, grid,
and O, scavengers"')

Gl (Lidded tray with meat, soaker
pad, and O, scavengers"')

Hl (Lidded hay with meaÇ grid
soaker pad, and O, scavengers"')

A (Conhol: lidded hay with meat)

PORKl

PORK2

PORK3

PORKI

PORK2

PORK3

PORKl

PORK2

PORK3

PORKl

PORK2

PORK3

PORKI

PORK2

PORK3

PORKI

PORK2

PORK3

PMI

PM2

I

I

1

I

I

I

I

I

1

I

I

I

I

I

I

I

I

6

6

7

7

)

2

7

6

7

7

7

6

6

6

l

7

7

1

7

7

7
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Treatnent Meat-t¡pe Colort
&,

replicate #

Discolorationfr Retail
Acceptancefrt

B (Lidded tray with meat and gdd)

C (Lidded tray with meat and
soaker pad)

D (Lidded tray with meat and O,
scavengers")

E (Lidded tay with meat, grid,
and soaker pad)

F (Lidded tray with meat, grid, and

O, scavengers")

G (Lidded tray with meat, soaker
pad, and O, scavengers")

H (Lidded tray with meat, grid,
soaker pad, and O, scavengers")

PM3

PMl

PM2

PM3

PMl

PM2

PM3

PM1

PM2

PM3

PMl

PM2

PM3

PMl

2

)

6

6

6

2

1

2

5

5

5

5

5

5

3

2

3

)

5

5

5

PNN

PM3

PMl

6

6

6

5

5

5

5

5

5

5

5

0

6

5

5

5

6

6

6

6

5

5

5

6

I

1

I

4

7

4

3

,'

1

I

2

2

PM2

PM3

PMI

2

2

5
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Treatnent Meat-t¡pe Colof
&,

replicate #

Discolorationfi Retail
- Acceptancertt

Dl (Lidded hay with meat and O,
scavengers"')

Fl (Lidded tray with meat, grid,
and O, scavengers"')

Gl (Lidded tray with meat, soaker
pad, and O, scavengers"')

Hl (Lidded tray with meat, grid,
soaker pad, and O, scavengers"')

PIù/42

PM3

PMl

P}/f2

PM3

PMI

PM2

PM3

PMI

PM2

PM3

PMl

PM2

PM3

6

6

6

6

6

5

6

5

5

6

5

6

3

5

4

4

4

4

6

4

6

6

5

2

5

3

J

3

J

2

I

2

I

1

2

5

5

5

3

2

6

6
* Th¡ee lidded trays, each containing either a pork chop or a beef @M) steak with a specific treatment, were placed in a
master package.
+tEight 02 scavengers (Agelesso FX-100, Mitsubishi Co., Toþo, Japan) were placed inside each lidded tray.
+**Twenty-four 02 scavengers (Agelesso FX-100, Mitsubishi Co., Toþo, Japan) were placed in the master package
atrnosphere (outside the lidded trays).

f Color scale (pork chop): 0{ompletely discolored, l=Extremely pale, 2=Pale,3=Normal,4:Da¡h S=Extemely
da¡k; Color scale (beef steak): 0=Completely discolored, l=White, 2=Pale pinlq 3=Pinþ 4=Pale red, 5=Bright cherry
red, 6=Slightly dark red, 7=Moderately dark red, 8=Extremely dark red.

tt Discoloration scale þork chop or beef steak): I =0% (none), 2=l-l0o/o, 3=ll-25%, 4=26-50%, 5:51-7 5%, 6=7 6-
99o/o, 7 : 1 00% (complete).

lll Retail accÆPtability scale þork chop or beef steak): l=Extremely undesirable,2=Undesirable, 3=Slightly
undesirable, 4=Neither desirable nor undesirable, 5= Slightly desirable, 6: Desirable, 7=Extremely desirable,
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Table 83. Visual scores by panelist #3 for the different treatuents of pork chops and
beef @M) sæaks stored in master packages' under nitrogen (N)
atmosphere for I week at?"C (Retail package design study: Experimen#
Ð.

Treatment Meat-type
&.

replicate #

Colort Discolorationtt Retail
Acceptancett*

A (Contol: lidded tray with
meat)

B (Lidded tray with meat and

cnd)

C (Lidded tray with meat and

soaker pad)

D (Lidded hay with meat and O,
scavengers")

E (Lidded fay with meat, grid,
and soaker pad)

F (Lidded tray with meat, grid,
and O, scavengers")

PORKl

PORK2

PORK3

PORKl

PORK2

PORK3

PORKl

PORK2

PORK3

PORKI

PORK2

PORK3

PORKl

PORK2

PORK3

PORKl

PORK2

PORK3

2

J

3

3

2

3

3

3

3

3

3

3

4

4

4

J

3

6

6

3

2

1

7

6

'7

7

7

6

6

6

6

3

2

2

3

5

1

4

3
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Treatment Meat-$pe
&.

replicate #

Colort Discolorationfr Retail
Acceptancetrt

G (Lidded tray with meaÇ soaker PORKI
pad, and O, scavengers")

I

I

I

2

I

2

1

1

1

i

H (Lidded tray with meat, grid,
soaker pad, and O, scavengers")

Dl (Lidded tray with meat and

O, scavengers"')

Fl (Lidded tray with meat, grid,
and O, scavengers"')

Gl (Lidded tray with meat,
soaker pad, and O, scavengers"')

Hl (Lidded tay with meat, grid,
soaker pad, and O, scavengers"')

A (Contol: lidded tray with
meat)

PORK2

PORK3

PORKI

PORK2

PORK3

PORKl

PORK2

PORK3

PORKi

PORK2

PORK3

PORKl

PORK2

PORK3

PORKl

PORK2

PORK3

PMI

PNN

7

6

6

7

6

5

5

5

1

1

6

7

1

6

7

7

3

1

I

)

I

I

2

I

I

3

6
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Treatment Meat-type
&.

replicate #

Colort Discolorationft Retail
Acceptanceffi

B (Lidded ray with meat and

srd)

C (Lidded tray with meat and
soaker pad)

D (Lidded tray with meat and O,
scavengers")

E (Lidded nay with meat, grid,
and soaker pad)

F (Lidded tray with meat, grid,
and O, scavengers")

G (Lidded tray with meal soaker
pad, and O, scavengers")

H (Lidded hay with meat, grid,
soaker pad, and O, scavengers")

I

2

I

I

I

6

6

6

)

I

2

7

1

3

3

6

2

7

4

I

I

1

I

I

I

4

)

5

5

5

5

5

PM2

PM3

PM1

Plvl2

PM3

PMl

PM3

PMl

PM2

PM3

PMl

pl\/Í2

PM3

PMl

Pl/42

PM3

PMI

PNT2

PM3

PMI

6

5

5

5

5

6

5

6

5

4

6

6

6

4

5

5

6

I

i

i

3
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Treafment Meat-t¡pe
&.

replicate #

Colort Discolorationfr Retail
Acceptancefrr

PM2

PM3

PMl

4

3

1

7

7

7

6

7

I

I

2

7

5

7

')

3

1

7

4

I

')

1

6

6

6

6

6

6

6

5

Dl (Lidded tray with meat and
O, scavengers"')

Fl (Lidded tray with meat, grid,
and O, scavengers"')

Gt (Lidded tray with meat,

soaker pad, and O, scavengers"')

PMz

PM3

PMI

Pl¡i{z

PM3

PMI

6

6

5

7

6

6

I

I

1

1

I

6

PM2

PM3

PMlHl (Lidded tray with meat, grid,
soaker pad, and O, scavengers"')

PM2

PM3
* Th¡ee lidded trays, each containing either a pork chop or a beef @M) ste¿k with a specific treåünent, were placed in a

master package.
t*Eight O, scavengers (Agelesso FX-100, Mitsubishi Co., Toþo, Japan) were placed inside each lidded tray.
+**Twenty-four O, scavmgers (Agelesso FX-100, Mitsubishi Co., Toþo, Japan) were placed in the master package
aünosphere (outside the lidded trays).

f Color scale þork chop): FCompletely discolored, l=Exaemely pale, 2=Pale, 3:Normal, 4:Da¡lq 5=Extremely
da¡k; Color scale (beef steak): O-{ompletely discolored, l=White, 2:Pale pin( 3=Pink,4=Pale re{ S=Bright cherry
red, 6=Slightly dark red, 7=Moderately dark red, 8:Extremely dark red.

ff Discoloration scale (pork chop or beef steak): l=0% (none), 2:l-l0o/o,3:ll-25%,4--26-5Qo/o,5=51-75o/o,6='16-
99o/o, 7 : 1 00% (complete).

ffl Retail acÆeptâbility scale (pork chop or beefsteak): l=Extremely undesirable, 2=Undesirable, 3=Slightty
undesirable, 4=Neither desirable nor undesirable, 5= Slightly desirable, 6= Desirable, 7=Extremely desirable.
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Table 84. Visual scores by panelist #4 for the different treatments of pork chops and
beef (PM) steaks stored in master packages' under nitrogen (l{)
atuosphere for I week atzoc (Retail package design study: Experiment t).

Treatrnent Meat-gpe Colorl
&.

replicate #

Discolorationtr Retail
Acceptancetti

A (Conüol: lidded tray with meat)

B (Lidded tay with meat and grid)

C (Lidded tray with meat and

soaker pad)

D (Lidded tray with meat and O,
scavengers")

E (Lidded tay with meat, grid,
and soaker pad)

F (Lidded hay with meat, grid, and

O, scavengers")

PORKl

PORK2

PORK3

PORKI

PORK2

PORK3

PORKl

PORK2

PORK3

PORKI

PORK2

PORK3

PORKI

PORK2

PORK3

PORKl

PORK2

PORK3

2

a

J

3

2

)

3

3

3

3

3

3

3

3

3

3

7

l
6

6

6

6
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Treatment Meat-t¡pe Colort
&

replicate #

Discolorationff Retail
Acceptanceffi

G (Lidded tray with meat, soaker
pad, and O, scavengers')

H (Lidded tray with meat, grid,
soaker pad, and O, scavengers")

Dl (Lidded tray with mear and O,
scavengers"')

Fl (Lidded tray with meat, grid,
and O, scavengers"')

GI (Lidded tray with meat, soaker
pad, and O, scavengers"')

Hl (Lidded tray with meat, grid,
soaker pad, and O, scavengers"')

A (Conhol: lidded hay with meat)

PORKI

PORK2

PORK3

PORKl

PORK2

PORK3

PORKl

PORK2

PORK3

PORKl

PORK2

PORK3

PORKl

PORK2

PORK3

PORKl

PORK2

PORK3

PMl

PM2

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

J

7

7

I

I

4

4

4

I

I

I

I

6

6

7

l
1

5

5

5

'7

1

1

7

7

7

2

)

I

I

I

5

6

.,]

1

3

2
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Treatrnent Meat-t1pe Colort
&,

replicate #

Discolorationfr Retâil
Acceptanceffi

B (Lidded tray with meat and grid)

C (Lidded tray with meat and

soaker pad)

D (Lidded tray with meat and Ot
scavengers")

E (Lidded tray with meat, grid,
and soaker pad)

F (Lidded bay with meat, grid, and

O, scavengers")

G (Lidded tay with meat, soaker
pad" and O, scavengers")

H (Lidded Fay with meat, grid,
soaker pad, and O, scavengers")

PM3

PMI

PM2

PM3

PMl

7

5

6

5

5

5

6

6

4

5

3

2

7

4

3

3

3

6

6

6

3

)

3

6

6

6

4

4

4

J

5

5

I

I

1

3

5

5

5

PM2

PM3

PMl

PM2

PM3

PMi

PM2

PM3

PM1

PM2

PM3

PMI

PM2

PM3

PMI

5

5

5

0

5

5

5

5

5

4

6

6

7

4

)

)

)

4

4

2

4
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Treatrrent Meat-t1pe Colort
&,

replicate #

Discolorationff Retail
Acceptanceffi

Dl (Lidded tray with meat and O,
scavengers"')

Fl (Lidded tray with meat, grid,
and O, scavengers"')

Gl (Lidded tray with meat, soaker
pad, and O, scavengers"')

H1 (Lidded tray with meat, grid,
soaker pad, and O, scavengers"')

Plvfz

PM3

PMI

Plr.n

PM3

PMl

PM2

PM3

PMl

PM2

PM3

PMl

Pl'¡2

PM3

6

6

6

6

6

5

6

5

5

0

5

5

J

3

I

1

I

I

I

I

6

4

3

6

6

6

6

6

6

3

2

J

6

5

6

7

5

2

)

I

5

5

* Three lidded trays, each containing either a pork chop or a beef @M) steak with a specific treaünent, were placed in a
master package.
**Eight O, scavengers (Ageless@ FX-100, Mitsubishi Co., Tolçyo, Japan) were placed inside each lidded tray.
***Twenty-four Or scavengers (Ageless@ FX-100, Mitsubishi Co., Toþo, Japan) were placed in the master package
atmosphere (outside the lidded trays).

t Color scale (pork chop): O{ompletely discolored l:Extemely pale, 2=Pale, 3=Normal, 4:Da¡k, S=Extremely
dark; Color scale (beef steak): 0:Completely discolored, l=White, 2=Pale pink, 3=Pinlc 4=Pale red, 5=Bright cherry
red, 6=Slightly dark red, 7:Moderately dark red 8=Extremely dark red.

tt Discoloration scale (pork chop or beef steak): 1=0% (none), 2=l-10%,3=ll-25%o,4=26-500/o,5=51-75o/o,6--76-
99%, 7: 100% (complete).

Itl Retail acceptability scale þork chop or beef steak): 1=Extremely undesirable, 2=Undesirable, 3=Slightly
undesirable, 4=Neither desirable nor undesirable, 5= Slightly desirable, 6= Desirable, 7:Extremely desirable.
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Table 85. Visual scores by panelist #l for the different trea:tuents of beef
(longíssímus dorsi, LD) steaks stored in master packages' under nitogen
(N) atrnosphere for I week at2"C @etail package desip snrdy: Part Ð.

Treatment Meat- Bag #
type &

replicate
#

Visual Analysis of Beef Steaks

Colorr Discolorationtr Retail
Acceptancef+t

LT1

LD2

LD3

LD4

LDl

LDz

LD3

LD4

LDI

LDz

LD3

LD4

LD1

LD2

LD3

LD4

LDi

LDz

LD3

LD4

LDl
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Treatuent Meat- Bag#
tyf,e&

replicate
#

Visual Analysis of Beef Steaks

Colort Discolorationn Retail
Acceptancetrt

G

G

G

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

LDz

LD3

LD4

LDl

LDz

LD3

LD4

LDI

LD2

LD3

LD4

LDl

LD2

LD3

LD4

LDl

LDz

LD3

LD4

LDI

LDz

LD3

LD4

6

6

6

6

5

5

6

5

5

5

5

5
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Treatment Meat- Bag#
tlr,e&

replicate
#

Visual Analysis of Beef Steaks

Colort Discoloratiodt Retail
Acceptancertr

H

H

H

H

G1

G1

G1

Gi

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

GI

GI

GI

G1

LDl

LD2

LD3

LD4

LDl

LD2

LD3

LD4

LDl

LDz

LD3

LD4

LD1

LD2

LD3

LD4

LDl

LDz

LD3

LD4

LDi

LDz

LD3
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Treatuent Meat- Bæ #
tyr,e&

replicate
JT
tf

Visuat Analpis of Beef Steaks

Colort Discolorationff Retail
Acceptancetrt

G1

G1

G1

G1

G1

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

Hi

H1

H1

HI

H1

Hi

LD4

LDi

LDz

LD3

LD4

LDl

LD2

LD3

LD4

LDl

LD2

LD3

LD4

LDl

LDz

LD3

LD4

LDl

LD2

LD3

LD4

LDI

LD2
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Treahent Meat- Bag#
type &

Visual Analysis of Beef Steaks

replicate colort Discolorationtr Retail
# Acceptancertt

Hl LD35535
HiLD45s35
Hl LDl 6626
H1 LD2661,7
Hl LD366T7
Hl LD466t7

t Color scale: O:Completely discolored, 1:White, 2:Pale pink, 3:Pink, 4:Pale red,
5:Bright cherry red, 6:5lightly dark red, 7:Moderately dark red, 8:Extremely dark red.

tt Discoloration scale: 1:0o/o (none), 2:I-I0o/o, 3:ll-25o/o, 4=26-500/0, 5:5|-J 5o/o, 6:7 6-
99o/o, 7 : I00% (complete).

ttt Retail acceptability scale: 1:Extremely undesirable, 2:Undesirable, 3:Slightly
undesirable, 4:Neither desirable nor undesirable, 5: Slightly desirabie, 6: Desirable,
7:Extremely desirable.
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Table 86. Visual scores bypanelist #2for the differenttreatments of beef
(longßsímtu dorsí,LD) steaks stored in master packages' under nitrogen
(NJ atmosphere for 1 week atz"C (Retail package design study: Part Ð.

Treatment Meat- Bag#
type &

replicate
1t

Visual Analysis of Beef Steaks

ColorT Discolorationtt Retail
Acceptancert+

LDI

LDz

LD3

LD4

LDl

LD2

LD3

LD4

LD1

LDz

LD3

LD4

LD1

LDz

LD3

LD4

LDl

LDz

LD3

LD4

LDl
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Treatrnent Meat- Bag #
qæe &

replicate
#

Visr¡al Analysis of Beef Steaks

Colort Discolorationff 
o"rät*1.",

G

G

G

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

LDz

LD3

LD4

LDi

LDz

LD3

LD4

LD1

LD2

LD3

LD4

LDl

LDz

LD3

LD4

LDl

LD2

LD3

LD4

LDl

LD2

LD3

LD4

3

3

3

)

5

4

3

5

4

4

5

4
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Treatment Meat- Bag #
type &

replicate
JJ
t+

Visual Analysis of Beef Stealcs

Colort Discolorationtr Retail
Acceptancetrt

H

H

H

H

G1

G1

G1

G1

G1

GI

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

GI

G1

LDi

LDz

LD3

LD4

LDl

LDz

LD3

LD4

LD1

LD2

LD3

LD4

LDI

LDz

LD3

LD4

LDl

LD2

LD3

LD4

LDl

LD2

LD3

4

3

J

3

6

5

7

7

6

6

6

7

6

7

5

6

6

6

6

6

5

5

6
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Treatment Meat- Bag#
we&.

replicate
#

Visual Analysis of Beef Steaks

Colof Discolorationtr Retail
Acceptancettt

G1

GI

G1

Gi

G1

Hi

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

Hi

H1

H1

HI

HI

H1

LD4

LDl

LDz

LD3

LD4

LDl

LDz

LD3

LD4

LDI

LD2

LD3

LD4

LDl

LD2

LD3

LD4

LDl

LDz

LD3

LD4

LDl

LD2

6

6

6

6

5

5

5

5

5

6

6

5

5

6

6

6

6

5

5

5

5

5

5

2

2

J

2

2

2

2

2

2

1

2

â
3

3

4

3

3

2

4

4

4

3

3

4

6

5

5

5

6

6

6

6

5

7

6

5

5

3

5

5

6

4

4

4

5

5

4
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Treatuent Meat- Bag #
tyl,e&

replicate
#

Visual Analysis of Beef Steaks

Colof Discolorationtr Retail
Acceptancettt

Hl LD35s2
Hl LD4552
Hl LDl 664
Hl LD2663
Hl LD3664
Hl LD4664

t Color scale: 0:Completely discolored, 1:White,2:Pale pink, 3:Pink, 4:Pale red,

S:Bright cherry red, 6:Slightly dark red, 7=Moderately dark red, 8:Extremely dark red.

tt Discoloration scale: I:0%o (none), Z:I-I}Yo, 3:Il-25o/o, 4:26-50Yo, 5:51-J 5Yo, 6:7 6-
99o/o, J: I00% (complete).

ttf Retail acceptability scale: 1:Extremely undesirable, 2:Undesirable, 3:Slightly
undesirable, 4:Neither desirable nor undesirable, 5: Slightly desirable, 6: Desirable,
7:Extremely desirable.

6

6

4

5

4

4
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Table 87. Visuat scores by panelist #3 for the different treatments of beef

(longßsimus dorst,LD) steaks stored in master packages' under nitrogen

(Nr) atmosphere for I week at2"C (Retail pack'age design study: Part Ð.

Treaünent Meat- Bag #
tlpe &

replicate
#

Visual Analysis of Beef Steaks

Colof Discolorationrt Retail
Acceptancertr

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

LDl

LDz

LD3

LD4

LDl

LD2

LD3

LD4

LDl

LDz

LD3

LD4

LD1

LD2

LD3

LD4

LDl

LDz

LD3

LD4

LDl
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Treatrnent Meat- Bag #
$Te &

replicate
#

Visual Analpis of Beef Ste¿ks

Colort Discolorationff Retail
Acceptancefft

G

G

G

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

LD2

LD3

LD4

LDl

LD2

LD3

LD4

LDi

LD?

LD3

LD4

LDl

LD2

LD3

LD4

LDI

LDz

LD3

LD4

LDl

LD2

LD3

LD4

5

5

5

5

4

5

5

5

5

5

5

5

2

I

5

l
2

i

1

1

1

2

1

2

6

7

2

I

5

7

l
7

7

6

7

6
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Treatment Meat- Bag#
t¡rp€ &

replicate
#

Visual Analysis of Beef Steaks

Colort Discolorationtr Retail
Acceptancerrt

H

H

H

H

GI

GI

G1

G1

G1

GI

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

GI

G1

LDi

LDz

LD3

LD4

LDI

LDz

LD3

LD4

LDl

LDz

LD3

LD4

LD1

LD2

LD3

LD4

LDl

LDz

LD3

LD4

LDl

LDz

LD3

6

6

6

6

I

I

I

i

2

2

2

2

a
5

J

3

a
J

4

4

/
+

4

5

5

5

5

5

5

5

5

5

6

5

6

6

5

5

6

5

5

6

5

6

6

5

6

6

5
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Treatment Meat- Bag#
tlpe &

rePlicate
#

Visuat Analysis of Beef Steaks

Colort Discolorationtt Retail
Acceptanceffi

G1

G1

G1

G1

G1

H1

H1

H1

H1

HI

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

Hi

LD4

LDl

LDz

LD3

LD4

LDl

LDz

LD3

LD4

LDl

LD2

LD3

LD4

LDl

LD2

LD3

LD4

LDi

LDz

LD3

LD4

LDI

LD2

5

6

6

6

6

I

I

I

I

2

2

2

2

3

3

3

3

4

4

4

4

5

5

5

6

5

6

5

4

4

4

4

6

6

5

4

5

5

5

5

5

5

5

5

4

5

1

I

I

2

I

J

a
J

2

2

3

J

3

J

1

1

I

1

1

I

I

I

2

1

7

7

7

6

7

5

5

5

5

6

6

4

4

7

7

1

7

7

1

7

7

4

7
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Treatment Meat- Bag#
tYPe &

rePlicate
#

Visual AnatYsis of Beef Steaks

Discolorationfr Retail
Acceptancertt

H1

H1

Hi

HI

LD3

LD4

LD1

LDz

4

4

6

6

ô

6

J

3

7

7

7

7

H1 LD3 6

H1 LD4 6

l:ä"niä;;,ä, o:stigitttv dark reá, 7:Moderatelv dark red, 8:Extremelv dark red'
À-^r.t\o/ <-<1 1\oL Ã,:'7 I

iliiÍ;#iJr *;r", vóv,(none¡, z:t-too/o,3:lr-25%o,4=26-50o/o,5:51-J5o/o' 6:76-

99o/o, 7 : 100% (comPlete)'

f fi Retail acceptabiiity scale: 1 
:Extremely undesirable, 2:Undesirable, 3=S lightly

undesirable, 4:Neithei desirable nor undesirable, 5: slightly desirable' 6: Desirable'

7:Extremely desirable.
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Tabte 88. Visual scores by panelist ll4 fot the different treatments of beef

(Iongßsimus ¿ori¡,LD) steaks stored in master packages' under nitrogen

(N)-atmosphere for I week at}"C (Retait package design study: Part Ð-

Treatment Meat- Bag #
type &

replicate
L
t+

Visual Analysis of Beef Steaks

Colort Discolorationir Retail
Acceptance+t+

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

G

LDl

LDz

LD3

LD4

LDI

LDz

LD3

LD4

LDl

LDz

LD3

LD4

LD1

LD2

LD3

LD4

LDI

LD2

LD3

LD4

LDl

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

2

2

2

2

I

I

I

I

)

2

6

4

I

1

1

I

I

I

1

1

i

6

6

6

6

7

1

7

7

5

7

2

5

6

6

6

6

7

7

1

7

833



Treatment Meat- Bag #
tyw &'

replicate
#

Visual Analysis of Beæf Steaks

Coloil Discolorationtr Retail
Acceptancern

G

G

G

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

6

6

6

I

I

I

I

2

2

2

2

J

3

3

3

4

4

4

4

5

5

5

5

5

5

5

6

6

6

6

LDz

LD3

LD4

LDi

LDz

LD3

LD4

LDI

LDz

LD3

LD4

LDI

LD2

LD3

LD4

LDl

LDz

LD3

LD4

LD1

LDz

LD3

LD4

7

7

7

6

6

6

6

5

5

5

5

4

5

6

4

5

5

5

5

6

5

6

2

5

6

5

6

6

6

6

6
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Treatment Meat- Bag #
type &

replicate
#

Visual Analysis of Beef Steaks

Colort Discolorationn Retail
Acceptanceffi

H

H

H

H

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

G1

6

6

6

6

I

1

1

I

2

2

2

2

3

J

)

J

4

4

4

4

5

5

5

LDi

LDz

LD3

LD4

LDl

LDz

LD3

LD4

LDI

LDz

LD3

LD4

LDl

LDz

LD3

LD4

LDl

LD2

LD3

LD4

LDl

LDz

LD3

5

5

5

5

6

6

6

6

6:
6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6
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Treatuent Meat- Bag#
type &

replicate
JT
fÈ

Visual Analysis of Beæf Steaks

Colort Discolorationfr Retail
Acceptancertt

G1

G1

G1

G1

G1

H1

H1

HI

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

H1

LD4

LDl

LD2

LD3

LD4

LD1

LDz

LD3

LD4

LDI

LDz

LD3

LD4

LDl

LDz

LD3

LD4

LDl

LD2

LD3

LD4

LDl

LD2
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Treatrnent Meat- Bag#
type &

Visual Anatysis of Beef Steaks

replicate Colort Discolorationff Retail
# Acceptancettt

Hl LD35s46
Hl LD45436
Hl LDl 6616
Hl LD266L6
Hl LD36616
Hl LD46616

I C"t"*""|"' Q:Completely discolored, 1:White, 2:Pale pink, 3:Pink, 4=Pale red,

5:Bright cherry red, 6:5lightly dark red, 7:Moderately dark red, 8=Extremely dark red.

tf Discoloration scale: I:0o/o (none), 2:I-I0o/o,3:11-25Yo, 4:26-50o/o, 5:51-7 5o/0, 6:7 6-

99Yo, 7: I 00% (comPlete).

ttt Retail acceptability scale: 1:Extremely undesirable,2:Undesirable, 3:Slightly

undesirable, 4:Neither desirable nor undesirable, 5: Slightty desirable, 6: Desirable,

7:Extremely desirable.
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Table 89. Visual scores by panelist #1 for the different treatments of beef (psoas

major,PM) steaks stored in master packages' under nitrogen (N)
atrrosphere for I week at2"c (Retail package design study: Paft m).

Parameters Meat-
type &

replicate
#

Fresh
Control

Scavenger# Scavenger# Scavenger#6

24

Retail
display
(dav)

Retail
display
(dav)

Retail
display
(dav)

Retail
display
(day)

0r234012340i23401234
Color
Intensityt

PMl 67 7 6

6666
6166
67 67
r236
r235
t2s6
1126
7541
1632
7521
1651

6666 6767 6666

PM2

PM3

PM4

Discolorationtt PM I

PM2

PM3

PM4

Acceptancerrt PM I

PM2

PM3

PM4

6666
6666
6s 55
t224
t223
t234
r223
7543
7543
7442
7654

6766 6666
6767 65 55

6667 6666
r346 2246
1335 1246
r24 6 1223
t236 r224
7321 54 3i
73 31 74 31

7332 7543
73 31 7432
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Parameters Meat-type & replicate
#

Scavenger#8

Retail display (daY)

123

Color Intensityr

Acceptancet+r

Discolorationti

olored, 1=White, Z:Pale pink, 3:Pink,4:Pale red,

S=Bright cherry red, 6:Slightly dark red, 7=Moderately dark red, 8=Extremely dark red.

tt Discoloration scale: l:Tyo (none), 2:l-l0o/o,3:lI-25o/o,4=26'50%o,5=51-75Yo,6:76-

99Vo, 7 : I00% (comPlete).

TtT Retait acceptability scale: 1=Extremely undesirable, 2:Undesirable, 3=Slightly

unàesirable, 4-deither desirable nor tndesirable, 5= Slightly desirable, 6: Desirable,

7=Extemely desirable.

PMl

PM2

PM3

PM4

PMI

PM2

PM3

PM4

PMl

PM2

PM3

PM4

655s
6555
6s66
5566
1123
r233
1)AS
LL

t256
7664
1443
6432
7321
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Table 810. Visual scor€s by panelist #2 for the different treatments of beef (psoas

major, PM) steaks stored in master packages' under nihogen (N)
atnrosphere for I week at2"c (Retail package design study: Part m).

Parameters

Meat-

wpe &
replicate

J4tÌ

Fresh Scavenger# Scavenger# Scavenge#

control 2 4 6

Retail
display
(dav)

Retail
display
(dav)

Retail
display
(dav)

Retail
display
(dav)

0 t2 3 4 0 I 2 3 4 0 I 2 3 4 0 1 2 3 4

Color
lntensityt

PMl 617 886661 6777 6666

PM2

PM3

PM4

Discolorationii PM I

PM2

PM3

PM4

Acceptancetrr PM I

PM2

PM3

PM4

677 8 8 6 6 6 7

677886771
671 8 8 6 6 5 6

r34 4 s 214 6

r 44 5 5 I 1 3 6

| 4s 5 5 I i 3 6

t21 4 6113 5

6 66 4 3 6 6 s I

66s4266s1
665326642
666436662

6777 6666
6777 65 5s
6711 66 55

r446 2246
2 356 2156
2136 222 5

22r6 1135
6542 6643
6542 6643
6641 6663
6641 6654
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Parameters Meat-type & rePlicate
#

Scavenge#8

Retail display (day)

t23

Color lntensityt

Discolorationtt

Acceptancettt

PMl

PM2

PM3

PM4

PMi

PM2

PM3

PM4

PMl

PM2

PM3

PM4

6

6

6

6

I

1

I

11
6l
61
66

5s5
55s
555
555
r23
t22

44
45
16
/o
44

6645
f C"t"t r."1": Q:Completely discolored, 1:White, 2:Pale pink, 3:Pink,4=Pale red,

S:Bright cherry red, 6:Slightly dark red, 7:Moderately dark red, 8:Extremely dark red.

tT Discoloration scale: 1:0o/o (none), 2:l-l0o/o,3:ll-25o/o,4:26-500/o, 5:51-7SYo,6:76-

99Vo, 7 : 100% (comPlete).

ttt Retail acceptability scale: i:Extremely undesirable, 2:Undesirable, 3=Slightly

undesirable, 4:Neither desirable nor undesirable, 5= Slightly desirable, 6: Desirable,

7:Extremely desirable.
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Table B11. Visuat scores by panelist #3 for the different treatments of beef þsoas

major,pM¡ steaks stored in master packages' under nitrogen (N)

atrrosphere for 1 week at2"C(Retail package design study: Paft m)'

Parameters

Meat-
type &

replicate
#

Fresh
Control

Scavenger# Scavenger# Scavenger#

246

Retail
display
(dav)

Retail
display
(dav)

Retail
display
(dav)

Retail
display
(dav)

012340i2340123401234

Color
lntensityt

PMl 677885s6566000056606

666686566ss66s6s6666
66668ss66666666s5sss
66 6885s5 5s66666666 s6

1111116656r717722676
111611s4461466613666
1116416666r666612464

PM2

PM3

PM4

Discolorationri PM I

PM2

PM3

PM4

Acceptancetrt PM 1

PM2

PM3

PM4

1111113446r66s613665
64322722326222265322
65532633427422275322
75431722226322276432
75422744326322274223
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Parameters

Meat-type & rePlioate
#

Scavenger#8

Retail displaY (daY)

t2
Color Intensityt

Discolorationtt

Acceptancett+

PMl

PM2

PM3

PM4

PMl

PM2

PM3

PM4

PMl

PM2

PM3

PM4

5

5

6

5

I

I

I

2

5566
5555
6566
5566
3344
2252
2354
3s66

745
766

4

6

2

2

4

2

6653
6533

red, 1:White,2:Pale pink, 3:Pink,4:Pale red'

i=ntight cherry red, 6=Sligirtly dark red, 7:Moderately dark red, 8:Extremely dark red'

tt Discoloration scale: t:O% (none), 2:l-l0o/o,3:lI-25Yo, 4=26-50o/o, 5:51-75Yo, 6:76-

99o/o, 7 = 100% (complete).

ttt ietail acceptabilìty scale: 1:Extremely undesirable,2:Undesirable, 3:Slightly

unàesirable, 4;Neither desirable nor undesirable, 5: Stightly desirable, 6: Desirable,

7:Extremely desirable.
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Table 812. Visual scores by panelist #4 for the different treatuents of beef þsoas
major,PM) steaks stored in master packages' rmder nitrogen (N)
atuosphere for I week atZ"C (Retail package design study: Paft m).

Parameters Meat-
type &

replicate
J4tf

Scavenger# .. Scavenger# Scavenger#
246

Retail
display
(dav)

Retail
display
(day)

Retail
display
(dav)

Retail
display
(dav)

0i234012340123401234
Color
Intensityr

Discolorationrt

Acceptanceltr

PMl

PM2

PM3

PM4

PMI

PM2

PM3

PM4

PMl

PM2

PM3

PM4

66677666806780055670

66670666806780066670
66610668806780065616
6651166677618006s170
ri236335673567724557
1r351t45673567734567
r3457346672s67123334
i1136333553s67723557
76552443214321164331
764326432t4321164321
7433r432215321155345
766s24s4324421165331
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Parameters Meat-type & replicate
#

Scavenger#8

Retail displaY (daY)

t23

Color Intensityt

Discolorationtt

Acceptancertt

PMI

PM2

PM3

PM4

PMI

PM2

PM3

PM4

PMl

PM2

PM3

PM4

77

5

5

5

5

I

I

2

1

7

I

4

4

7

5555
5s55
6666
5666
1112
112
223
224

77
17

6666
7665

7

5

6

1 Cotor r*le: 0:completely discolored, l:white, 2:Pale pink, 3:Pink, 4:Pale red,

5:Bright cherry red, 6:Slightly dark red, 7:Moderately dark red, 8=Extremely dark red.

tt Discoloration scale: 1:0To (none), 2:l-I}Yo,3:Il-25To,4:26-50Yo, 5=5I-75o/o,6:76-

99Yo, 7 : 100% (comPlete).

ttt Retail acceptability scale: 1=Extremely undesirable, 2:Undesirable, 3=Slightly

undesirable, 4:Neither desirable nor undesirable, 5: Slightly desirable, 6: Desirable,

7:Extremely desirable.
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Appendix Cl

AMSA (1991) has developed standard procedures for fresh meat color measwement.

Estimation of reflectance values (R.) of ditrerent myoglobin fonns (deoxy, met, and oxy) at

different wavelengths, and converting them to IIS values [K is the absorption coefñcient and S

is the scattering coefficient, IIS values are useful for the quantiffing the proportion of deoxy,

met, and oxy myoglobin, and are calculated at selected wavelengfhs using R: IIS:(1-R)2/2R] is

recommended for fresh color measurement. The ratios for wavelengths used for the calculations

are: I</S 474+WS 525 for o/o deoxymyoglobin, WS 572+ IIS 525 for o/o metmyoglobin, and IIS
610 + WS 525 for oxymyoglobin. The following fonnulae give examples for deoxymyoglobin,

metmyoglobin, and oxymyoglobin estimation:

K ts 474 
met(standard)- \'ï!71sample

o/o deoxymyoglobin : x100%

iffi met(standard) - ffideoxy(standard)

Yo metmyoglobin : Kl s 572 Kl s s72
xl00o/o

ffideoxy(standard) ffimet(standard)

Vo oxyoglobin: K/S 610
xl0}YoK/S 610

met(standard) - 
=::- 

oxY(standard)------/ K/S525 /\K/S s25

The reflectance spectrophotometer (Macbeth Color Eye 1500Ælus, Kollmorgen Corp',

Newburg, N$ was standardized using ûesh meat sample myoglobin being converted to 100%

deoxy-, met-, and oxymyoglobin. The following procedure was adapted for this conversion

(AMSA 1ee1):

(A) Deoxymyoglobin: Place samples ín l0o/o sodium hydrosulphite for 2 min, drain, blot

surface, vacuum package to reduce for 1 to 2hat room temperature, repackage in O,

permeable film, and scan immediately.
(B) Metmyoglobin: Place samples in 1.0% potassium ferricyanide for I min, drain, blot

swface, package in O, permeable film to oxidize at?oC for 12 h, then scan.

(C) Oxymyoglobin: Place samples in high oxygen atmosphere þack and flush with 100% Or)

at0-2"C for 10 min, package in O" permeable film and scan immediately.

K/S s72 , Kls572
ffideoxY(standard) i@

K/S 610 K/S 610

;ffi met(standard) - *ffi SamPle

C2



After obtaining the standards, a SAS program was developed (courtesy: Ms. L.L. Gibson,

Lacombe Research Stãtion, Lacombe, AB) to obtain IIS values at desired wavelengths, i.e-, 474,

525,572,610 nm (as the spectrophotometer gives reflectance values only at wavelengths: 360,

380; 400, 420,440,,460,4g0,500, 520, 540,560,580, 600, 620,640,660, 680, 700,720,740

ntni. 1'n" standard trlS values as obtained were fed into another SAS program which was used

to calculate To deoxy-,met-, and oxymyglobin of the samples'
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Table Cl

Meat' Treat

Estimation of chemical states of myoglobin using the reflectance data as obtained by reflectance spectrophotometer (Retail

Package Design Study: Part I).

beef 1 A
beeî2 A
beef3 A
beef 1 B
beel2 B
beef 3 B
beef 1 C
beef2 C
beef 3 C
beef 1 D
beel2 D
beef 3 D
beef 1 D1
beel2 D1
beef 3 D1
beef 1 E
beef2 E
beef 3 E
beef 1 F
beef2 F
beef 3 F
beef 1 F1

beeÍ 2 F'l
beef 3 F1

beef 1 G
beel2 G
beef 3 G
beef 1 G1
beef 2 G1
beef 3 G1
beef 1 H
beef2 H

la fi 24 28 29 35 41 44 44 44 53 14 I
16 14 13 12 15 18 19 19 19 18 19 19 25 28 28 35 43 46 47 46 54 12 I
15 13 12 12 14 16 17 17 17 16 17 17 23 26 28 33 39 41 42 41 51 14 8

13 12 10 10 14 17 18 18 18 17 19 18 25 28 29 36 44 47 48 47 53 14 11

12 10 8 8 12 15 16 16 16 15 17 17 23 25 25 33 41 4s 45 44 51 13 11

14 13 11 10 12 15 18 19 18 14 15 14 25 33 37 40 42 44 45 45 52 21 11

16 14 12 11 13 17 20 20 19 16 17 16 26 33 36 40 42 44 45 44 54 19 11

16 16 13 12 14 17 20 21 20 16 17 16 27 36 41 43 45 46 47 46 55 21 11

16 15 14 13 15 17 18 18 18 17 18 18 23 26 27 33 39 41 42 42 52 12 7

15 15 13 12 13 16 19 20 18 15 16 15 25 33 36 38 40 41 42 42 53 20 10

19 18 16 15 16 18 21 22 20 17 18 17 27 35 38 40 42 43 44 43 55 19 I
16 15 13 12 13 16 19 19 18 15 16 15 24 32 35 37 39 41 41 41 52 19 9

14 14 12 11 12 14 17 17 16 14 14 14 20 27 30 32 34 35 35 35 49 17 I
15 14 13 12 13 15 17 18 16 14 14 14 21 27 31 32 34 35 36 36 50 17 7

13 13 11 10 11 13 15 15 14 12 12 12 19 25 29 31 32 33 33 33 47 19 I
11 11 I 8 s 12 14 15 14 11 11 11 20 27 31 33 35 37 38 38 47 22 11

15 14 12 12 15 19 20 20 20 18 20 19 27 30 32 38 44 46 47 46 55 15 10

13 12 11 10 11 13 15 16 15 12 13 12 20 27 31 33 34 36 37 37 48 20 I
11 10 I 7 I 12 15 16 15 11 12 11 23 32 36 38 39 41 41 40 49 26 14

16 15 13 12 13 16 19 20 18 15 16 15 26 34 38 40 41 42 43 42 53 22 11

11 10 8 7 g 12 15 16 14 11 12 11 22 31 34 36 38 40 40 40 48 25 13

14 13 11 10 11 14 17 18 16 13 14 13 22 29 33 35 37 39 40 40 50 20 10

15 14 13 12 13 15 17 17 16 14 14 14 21 27 30 32 33 34 35 34 50 16 7

17 16 14 13 14 17 19 20 19 16 17 16 25 32 36 37 39 41 41 41 53 18 I
19 18 16 14 17 20 23 24 22 19 20 19 29 35 38 40 42 43 44 43 56 17 I
14 13 11 10 12 15 18 19 17 14 14 14 24 31 35 37 38 39 40 39 51 21 10

15 14 13 12 13 15 17 17 16 14 14 14 21 28 31 33 35 36 37 36 50 18 I
13 12 11 11 13 16 17 16 16 15 16 16 22 25 26 32 39 42 42 42 50 14 I
15 14 13 12 14 16 17 17 17 16 17 16 22 25 26 32 38 40 40 40 51 13 7

11 11 I I I 12 15 16 14 11 12 11 21 30 34 36 38 40 41 41 48 23 12

12 11 10 I 10 12 15 15 14 12 12 12 17 23 26 29 31 33 34 34 46 17 7

14 13 12 ',11 12 14 16 17 16 13 14 13 21 27 30 33 35 37 37 37 49 18 I

nce values at

490
71 0
51 0
760
906
o7
92
00
61 3
o4
20
06
36
46
09
06
530
00
00
00
o4
0 1s
60
00
o '12
05
60
595
536
00
534
17

51
29
49
24
5
93
89
100
37
96
98
94
91
90
91
94
47
100
100
100
96
85
94
100
88
95
94
35
42
100
61
93
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Meat' Treat
beel 2
beef 1

beeÍ 2
beef 3
pork 1

pork 2
pork 3
pork 1

pork 2
pork 3
pork 1

pork 2
pork 3
pork 1

pork 2
pork 3
pork 1

pork 2
pork 3
pork I
pork 2
pork 3
pork 1

pork 2
pork 3
pork 1

pork 2
pork 3
pork 1

pork 2
pork 3
pork 1

pork 2
pork 3

H
H1
H1
H1
A
A
A
B
B
B
c
c
c
D
D
D

D1
D1
D1
E
E
E

F

F
F

F1

F1

F1

14 13 12
15 14 12
15 14 12
17 16 14
26 24 19
25 23 18
22 21 17
23 22 17
23 21 17
23 21 17
21 20 16
22 21 17
21 20 16
21 20 16
21 20 16
22 21 17
29 27 20
25 23 16
27 26 20
l8 17 14
19 18 '.t4

19 18 14

11 12 14 16 16 16 14 14 14 20 25 28 31 34 35 36 36 49 16 I
10 12 15 19 20 18 14 15 14 24 32 35 37 39 40 41 40 52 20 10

11 12 15 17 18 17 14 14 14 22 29 33 35 37 38 40 39 50 19 I
13 14 17 19 20 19 16 17 16 25 33 37 39 41 42 43 42 53 19 9

18 24 31 36 36 34 30 31 31 40 45 46 48 49 49 48 47 66 11 I
't7 23 30 35 35 33 29 30 30 39 43 45 46 47 46 45 44 65 11 I
15 19 26 30 31 28 24 24 25 32 36 38 39 39 38 38 37 60 10 6

14 19 26 31 32 29 24 25 24 33 38 40 41 41 40 40 38 61 11 7

16 21 28 32 33 31 27 28 28 36 41 43 44 44 44 43 42 63 11 80

16 21 28 32 33 30 27 28 28 36 41 42 44 45 45 44 43 63 11 I
14 18 25 31 31 28 24 24 24 32 38 40 41 42 42 41 40 60 12 7

15 19 26 31 31 28 24 24 24 32 38 40 41 41 42 41 40 61 11 7

14 17 25 30 30 27 23 23 23 30 36 39 40 40 41 40 39 59 11 6

14 17 23 29 29 26 22 22 22 30 36 39 39 39 39 39 38 59 13 7

14 17 24 29 30 27 22 22 22 31 38 40 41 41 41 41 40 59 13 7

14 18 24 29 30 27 23 23 23 32 39 41 42 42 42 42 41 60 14 I
16 23 32 39 40 37 31 32 31 44 51 54 55 56 56 55 53 68 14 10

13 20 28 34 36 33 27 28 27 40 48 s0 51 52 52 51 50 65 15 11

16 22 30 36 37 34 29 30 29 42 49 51 52 52 52 51 49 66 14 10

12 15 22 27 27 24 20 20 20 28 34 37 38 39 39 39 38 57 13 7

13 16 22 26 27 24 20 20 20 28 34 37 38 39 40 39 38 57 13 7

12 15 21 27 27 24 20 20 20 27 34 37 38 38 39 39 37 57 13 7

ce values at wave

20 19 14
20 19 16
21 20 16
23 22 17
22 z',t 16

25 24 18

G272519
G 2322 18

G272620
G1 24 22 17

G1 23 22 17
G1 22 21 17

11 16 23 29 30 27 22 23 22 34 41 43 44 44 44 44 43 60 16 10

13 16 23 28 29 25 21 21 22 30 36 39 39 40 40 39 38 58 13 7

14 17 23 28 29 26 21 22 22 31 37 39 40 40 40 40 39 59 14 7

14 19 26 32 32 29 24 25 25 34 41 44 45 45 45 45 43 62 14 8

14 18 24 29 30 27 22 23 23 33 40 43 44 44 44 44 42 60 15 I
15 20 27 32 33 30 25 26 26 36 43 45 46 46 46 45 44 63 14 I
16 22 30 35 37 34 28 30 29 41 48 51 52 53 53 52 50 63 12 I
16 20 28 33 34 31 26 27 27 36 42 45 46 47 47 47 45 63 12 I
16 23 31 37 38 35 29 30 s0 42 49 53 54 55 s5 54 52 67 15 10

14 19 27 32 33 30 25 25 25 36 42 45 47 47 48 47 45 62 14 I
14 19 26 31 32 29 24 25 25 36 42 45 47 47 48 47 46 62 15 I
14 18 25 30 31 29 24 24 24 35 42 46 47 48 48 47 46 62 16 10

C5

18 1

o17
09
00
34 18
33 19
13 36
034
29 21
32 19
544
735
347
o44
040
029
026
o22
016
947
742
054
027
045
034
038
019
029
09
638
018
033
o22

n form

81

83
91

100
48
48
51

66
50
49
50
58
50
56
60
71
74
78
84
44
50
46
73
55
66
62
81

7'l
91

56
82
67
78
792'l



Meat' Treat
pork 1 H
pork 2 H
pork 3 H
pork 1 H1

pork 2 H1

23 23
24 23
24 32
22 21

24 22
22 22

* Meat-type and replicate #.
** Hunterlab scale.

rk3 H1

zl zs 34 41 44 45 45 46 45 44 62 13 I
18 15 20 27 32 33 30 25 26 25 35 42 44 45 45 45 45 43 62 13 I
18 15 20 27 32 34 30 25 26 26 36 42 45 46 46 46 46 44 63 13 I
16 13 17 24 29 30 27 22 23 22 33 39 41 42 43 43 42 41 60 14 I
17 13 18 26 92 92 29 24 25 25 35 42 45 45 46 46 46 45 62 14 I
19 18 21 26 30 31 29 25 26 25 34 39 41 42 43 44 44 43 62 12 7

ectance values at

04060
o2872
02872
o2773
04357
20 13 66

C6



Table C2 Estimation of chemical states of myoglobin in beef (longissimus dorsi, LD) using the reflectance data as obtained by

reflectance spectrophotometer (Retail Package Design Study: Part II).

Meaf Treat Bag #

LD1
LD2
LD3
LD4
LD1
LDz
LD3
LD4
LD1
LD2
LD3
LD4
LD1
LD2
LD3
LD4
LD1
LD2
LD3
LD4
LDl
LD2
LD3
LD4
LD1
LD2
LD3
LD4
LD1
LD2

G1
G1
G1
G1
G2
G2
G2
G2
G3
G3
G3
G3
G4
G4
G4
G4
G5
G5
G5
G5
G6
G6
G6
G6
H1
H1
H1
H1
H3
H3

15 '14 13 12 13 15 17 18 17 14 15 14 22 29 32 34 35 36 37 37 51 18 8

11 11 9 8 I 1214 15 1411 11 11 19 2629 31 33 34 35 354621 10

16 15 13 12 14 16 19 20 18 15 16 15 24 32 35 37 38 39 40 39 53 19 I
16 15 13 12 14 16 19 20 18 15 16 15 24 32 35 37 38 39 40 39 51 17 I
15 15 13 12 13 16 19 20 18 15 15 15 23 30 33 35 37 38 38 38 52 17 I
14 14 12 11 12 15 17 18 17 ',14 14 14 22 29 32 34 36 37 38 38 50 18 I
16 15 13 12 13 16 19 20 18 15 16 15 23 30 34 36 37 39 40 39 52 17 8

15 15 13 12 13 16 19 20 18 15 16 15 23 30 33 35 37 38 39 39 52 17 8

1211 9 I 10 1316 17 16 12 13 12222932 3537 3939384921 12

12 11 10 10 12 14 15 15 14 13 14 14 19 22 23 28 33 35 35 34 48 13 I
11 11 9 I 10 13 15 16 15 1212122027 31 3335 37 37 374820 10

15 14 12 12 14 17 18 18 17 16 17 17 23 26 27 33 39 41 41 40 52 13 I
15 14 13 12 13 15 18 ',18 17 14 15 14 22 29 32 34 35 36 37 37 51 18 I
14 13 12 11 12 14 16 17 16 13 14 13 21 28 31 34 35 36 37 37 50 19 I
15 14 13 12 13 15 18 19 17 15 15 15 23 30 33 35 36 37 38 38 51 18 I
15 14 13 12 13 15 17 18 17 14 15 14 23 30 34 36 37 38 39 39 51 19 9

14 14 1211 12 15 18 18 16 14 14 1421 27 30 3234 35 36 3650 17 I
15 14 12 11 12 15 18 18 17 14 14 14 22 28 31 33 35 36 37 36 50 17 8

14 14 12 11 12 15 18 19 17 14 14 1421 283234 35 37 38 3750 17 I
14 14 12 11 12 15 18 18 17 14 14 14 22 28 32 34 36 37 38 37 50 18 8

15 15 13 12 13 16 19 20 18 15 16 15 24 31 34 36 38 39 39 38 52 19 I
15 14 13 12 13 15 18 18 17 14 15 14 22 29 32 34 35 36 37 36 51 18 9

15 14 13 12 13 15 17 18 17 14 15 14 22 29 32 33 35 36 36 36 50 18 I
1s 14 12 11 12 15 18 19 17 14 15 14 23 31 34 36 37 38 38 38 51 19 10

12 11 10 I 10 13 16 16 15 12 13 12 20 27 31 33 34 36 36 36 48 20 10

14 13 12 11 12 15 17 18 17 14 14 14 22 29 33 33 36 38 39 38 50 19 I
14 14 12 11 12 15 18 18 17 14 15 14 22 29 33 35 37 38 39 39 51 18 I
16 15 13 12 14 17 20 21 19 16 16 16 26 32 36 38 39 40 41 40 53 19 10

12 11 10 I 10 13 16 16 15 12 12 12 21 28 32 34 36 38 38 38 48 21 10

13 12 10 10 '11 14 16 17 16 13 14 14 22 28 31 35 39 40 41 41 50 19 11

Reflectance values at wavelength (nm)

460 580 600 62

Color

LA

Myoglobin forms

met
10
0
I
I
1

2
3
5
0
50
0

48
8
I
7
7
4
5
4
5
1

%

585
15 85
o92
o92
12 86
11 86
12 85
12 82
991
644
14 86
250
685
686
588
390
20 76
16 79
24 73
18 77
692
690
587
496
10 90
13 83
11 86
592
991
380

C]

4
7
0
0
4
3
3
0
17



Meat' Treat Bag #

LD3 H
LD4 H
LD1 H
LÐ2 H
LD3 H
LD4 H
LD1 H
LD2 H
LD3 H
LD1 H
LD2 H
LD3 H
LD4 H
LD1 G1

LD2 G1

LD3 G1

LD4 G1

LD1 G1

LDz G1

LD3 G1

LD4 G1

3
3
4
4
4
4
5
5
5
6
6
6
6
1

1

1

16 15 14 14 15 18 18 18 18 17 18 18 23 25 26 32 38 41 41 40 52 11 7
15 14 13 1214 16 18 18 17 15 16 16 2327 2934 38 4041 4051 15 I
18 17 14 12 15 19 24 25 23 18 19 18 32 41 45 48 50 51 51 50 58 22 12
15 15 13 12 13 16 19 20 18 15 16 15 24 31 35 37 39 40 41 4152 18 9
15 14 12 12 13 15 18 19 17 14 15 14 22 29 33 36 38 39 40 40 51 18 I
16 15 13 12 13 17 20 21 19 16 16 15 26 33 37 39 40 41 41 41 53 19 10
14 14 12 11 12 15 17 19 17 14 15 14 24 32 35 37 39 40 40 40 51 21 11

13 12 10 I 11 13 16 17 15 12 13 1222 30 34 36 37 38 39 38502211
15 15 13 12 13 16 18 19 18 15 16 15 24 32 35 37 39 41 41 41 52 19 10
15 14 12 12 13 15 18 19 18 15 15 15 24 31 35 37 39 41 41 41 52 20 10
16 16 14 12 14 17 20 21 19 16 17 16 26 33 37 40 41 43 43 42 54 20 10
15 15 13 12 13 16 18 19 18 15 15 15 24 32 16 38 40 41 42 41 52 20 10
16 15 13 12 14 17 20 21 19 16 17 16 26 34 38 40 41 42 43 42 54 20 10
15 14 13 12 13 1s 17 18 16 14 14 14 21 28 31 33 34 36 36 36 50 17 I

Reflectance values at wavelength (run)

14 14 12 12 12 '14 16 17 16 14 14 14 21 28 31 34 35 37 37 37 50 18

15 14 13 12 13 15 18 18 17 14 15 14 21 28 32 34 35 37 38 37 50 17
15 14 13 12 13 15 18 18 17 14 15 14 23 29 33 34 36 37 38 38 51 18

15 15 13 12 13 15 17 18 17 14 15 14 22 28 31 32 34 35 36 36 50 '.17

15 14 13 12 13 15 18 18 17 14 15 14 21 27 30 32 34 36 37 36 s0 16

16 15 13 13 14 16 19 19 18 15 16 15 23 29 32 34 35 36 37 37 51 17

16 15 13 12 13 16 18 19 18 15 15 15 23 30 33 35 36 37 37 37 51 17

15 14 13 12 13 15 17 17 16 14 14 14 21 28 31 33 35 36 37 37 50 18

15 14 12 12 13 15 17 18 17 14 14 14 21 28 31 33 35 36 36 36 50 17

15 14 13 12 13 15 17 18 17 14 15 14 23 30 33 34 36 37 37 36 51 19

14 14 12 12 13 15 17 17 16 14 14 14 21 28 31 33 35 36 37 37 50 18

16 15 13 13 14 16 18 19 18 15 16 15 24 31 34 36 37 38 39 38 52 18

15 14 13 12 13 't5 17 18 17 14 15 14 22 29 32 34 36 37 38 38 51 18

14 14 12 12 12 14 16 17 15 13 14 13 20 27 30 32 34 36 37 36 49 18

15 14 13 12 13 15 17 18 16 14 15 14 22 30 33 35 37 38 39 38 5l 19

15 14 13 12 13 15 17 18 16 14 15 14 22 29 32 33 35 36 36 36 50 18

15 14 13 12 13 15 17 18 16 14 14 14 22 29 32 34 35 36 37 36 50 18

15 14 13 12 13 15 17 18 ',17 14 15 14 22 29 32 34 36 37 37 37 50 18

C8

LD1
LDz
LD3
LD4
LD1
LD2

1

2
2
2
2
3
3
3
3
4
4
4
4
5
5
5

G1

G1

G1

G1

G1

G1

LD3 G1

LD4 G1

LD1 G1

LDz G1

LD3 G1

Color"' Myoglobin forms

51 3
322
05
411
419
06
10
00
90
41
23
o2
10
108

45
67
95
85
77
94
99
100
91
95
95
97
99
82
86
74

I
8
I
8
7
I
I
8
I
I
I
I
9
I
I
I
I
I

14
I
I

11

I
6
5
13
I
I
1',|

10
10
15
11

10
I
8

0
17
5
I
18
10
7
6
9
2
2
1

3
0
0
3
4
4

87
82
73
84
88
B1

83
90
88
90
87
85
88
87
87
88



Meat' Treat Bag #

LD4 G1 5 15 14121112 15 18 1918 14 15 1423 3034 3537 38383851 18 I
LD1 G1 6 15 14 13 12 1315 17 18 17 14 15 1423 30333637 39404051 19 9
LDz G1 6 15 14 13 12 13 15 17 r8 17 14 15 1423 3034 3637 38393851 19 I
LD3 G1 6 14141212121417 17 16 1414142128 31 333537 3837s018 I
LD4 G1 6 15 14 13 12 13 15 17 17 16 14 15 1422293234 353737 375018 I
LD1 H1 1 16 16 13 12 14 17 20 21 20 16 17 16 28 37 41 43 4s 46 47 46 55 22 12
LD2 H1 1 15 14 11 10 12 16 20 21 20 15 16 15 29 38 42 44 46 47 47 46 55 24 14
LD3 H1 1 14 13 10 I 11 15 19 20 19 14 15 14 28 37 41 43 45 46 46 46 54 25 14
LD4 H1 1 18 17 14 13 15 19 22 24 22 18 19 18 32 42 46 48 50 51 51 sO 58 24 13
LD1 H1 2 16 15 13 "t2 13 16 18 19 18 15 15 1s 23 30 33 34 36 37 37 36 51 18 I
LD2 H1 2 17 16 14 13 14 16 19 19 18 15 16 1524 303335363737375217 8
LD3 H1 2 15 15 12 11 13 16 20 21 19 15 16 15 27 35 39 41 43 44 45 44 54 21 11

LD4 H1 2 17 16 14 12 14 17 21 22 21 17 18 17 29 38 41 44 45 46 47 46 56 22 12
LD1 H1 3 14 13 11 10 12 14 17 18 17 13 14 13 24 31 35 36 38 38 39 38 51 21 11

LD2 H1 3 14 13 11 10 12 15 17 19 17 14 15 14 24 32 36 38 39 40 41 40 51 21 11

LD3 H1 3 17 16 13 12 14 17 20 21 19 16 16 16 26 33 36 38 39 40 41 40 53 19 10
LD4 H1 3 16 15 13 12 13 16 18 19 18 15 15 1524 31 34 3637 3838385219 I
LD1 H1 4 16 15 13 12 13 16 19 20 18 15 16 15 25 33 37 39 41 42 43 42 53 21 11

LD2 H1 4 16 15 13 12 14 16 19 20 19 16 16 16 27 35 39 41 43 44 44 44 54 21 11

LD3 H1 4 16 15 13 12 13 16 19 20 19 15 16 15 26 34 38 40 42 43 43 42 53 21 11

LD4 H1 4 17 16 14 13 15 18 20 21 20 17 18 17 27 34 37 40 43 45 45 44 55 19 10
LD1 H1 5 16 15 13 11 13 17 20 21 20 16 17 16 30 39 42 45 47 48 49 48 56 23 13
LD2 H1 5 17 15 13 12 14 17 20 21 19 16 17 16 28 35 38 41 45 46 46 46 55 20 11

LD3 H1 5 14 13 10 I 11 15 19 20 18 14 15 142837 41 4345 46 47 46532514
LD4 H1 5 18 16 14 13 15 18 21 22 21 17 18 17 30 38 41 44 45 46 47 46 56 22 11

LD1 H1 6 15 14 12 11 13 15 18 19 18 14 1s 14 24 31 34 36 37 39 39 38 51 19 10
LDz H1 6 15141211 131518181714 151422293234 353636365118 9
LD3 H1 6 15 14 13 't2 13 15 18 19 18 1s 15 15 23 30 34 36 37 38 39 38 51 19 9
LD4 H1 6 16 15 13 12 1316 181918 15 16 1524 31 3537 383939395219 I

Reflectance values at wavelength (run)

* Meat-type and replicate #.
** Hunterlab scale.

Color Myoglobin forms

08
100
100
11 6
13 0
00
00
00
00
73
82
00
00
00
00
01
23
00
00
10
11 0
00
11 0
00
00
13
26
30
22

92
90
90
82
87
100
100
100
100
90
90
100
100
100
100
99
95
100
100
oo

89
100
89
100
100
96
92
97
95

C9



Table C3 Estinration of chemical states of nryoglobin in beef (longissimus dorsi, LD) using the reflectattce data as obtained by reflectance

spectropltotometer (Retail Package Design Sttrdy: Part III)'

Meat' Treatment

pm1
pm2
pm3
pm4
pm1
pm2
pm3
pm4
pm1
pm2
pm3
pm4
pm1
pm2
pm3
pm4
pml
pm2
pm3
pm4
pm1
pm2

pm3
pm4

pm1

pm2
pm3
pm4
pm1

pm2

pm3
pm4

control
control
control
control
control
control
control
control
control
control
control
control
control
control
control
control
control
control
control
control

s2
s2

s2

0.0
0.0
0.0
0.0
1.0
1.0
1.0
1.0
2.O
2.0
2.O
2.0
3.0
3.0
3.0
3,0
4.0
4.0
4.0
4.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

0.0
0.0

14.5 14.0
15.2 14.6
15.2 14.4
15.2 14.5
15.4 14.6
14.6 13.8
16.2 15.2
15.3 14.4
15.4 14.5
14.6 13.5
16.1 15,0
15.0 14.0
14.6 13.6
16.0 14,6
16.1 14.9
14.7 13.6
15.2 14.2
15.2 14.O
16.8 15.6
15.6 14.6
15.6 14.8
14.1 13.4

17 .4 16.4

18.4 17.6

14.O 13.3

16.7 16.2
15.0 14.2

14.7 14.0

18.4 17.4

17.7 16.6

15.0 14.3

14.7 14.0

13.3 12.7 13.1
13.3 12.5 13.6
13.3 12.7 13.4
13.4 12.8 13.3
13.8 13.3 14.1
12.9 12.5 13.4
14.4 14.1 15.2
13.4 12.9 13.7
13.8 13.4 14.2
12.6 12.3 13.4
14.3 14.1 15.6
13.1 12.7 13.7
12.9 12.6 13.6
13.3 13.0 15.3
14.0 13 I 15.7
12.8 12.5 13.7
13.6 13.2 14,3
13.2 13.0 14.7
14.8 14.6 16.6
14.0 13.7 14.8
13.5 12.8 13.8
12.2 11.6 12.2

15.1 14.4 15.3

16.2 15.3 16.0

12.1 11.4 12.0

14.8 14.0 15.0

12.8 12.1 12.8

12.5 1 1.8 12.6

1s.8 14.9 15.6

14.7 ',t3.7 15.0

12.6 1 1.8 12.8

12.5 11.7 12.5

14.7
15.8 18.0
15.4 17.5
14.9 16.8
15,7 16.9
15.1 16.5
17 .1 18.0
15,3 16,5
15.8 16.6
15.2 16.1
17.3 17.7
15.3 16.1
15.2 16.0
17.5 18.2
17.4 17.7
15.2 15.8
16,0 16.6
16.6 17.O
18.4 18.5
16.3 16.7
15.9 17.8
13.9 15.9

17 .2 19.0

17.8 19.7

13.8 15.9

17.1 19.2

14.8 17.1

14.5 16.6

17.6 19.8

17.4 19.9

15.1 17.4

14.5 16.6

16,6 17 .0 15.8

s2

s4

s4
s4
s4

s6
s6
s6
s6

18.6 17 .2

17.9 16.7
17 .2 16.1
17.0 16,6
16.8 16.2
17 .9 17.6
16.7 16.2
16.7 16.3
16.1 15.8
17.3 17.3
16.0 15.8
15.9 15.7
17.9 17 ,8
17.2 17.3
15.5 15.4
16.4 16.3
16.7 16.6
18.0 18.1
16.4 16.4
18.5 17.4
16.6 15.5

19.6 18.6

20.4 19.2

16.6 15.4

20.1 18.9

17.9 16.6

17.3 16.1

20.5 19.2

20.5 19.2

18.2 16.8

17.3 16 1

cl0

14.1 14.3 14.1 1

14.9 15 4 15.0 21.9 28.6
14.6 15.1 14.7 21.5 28.0
14.2 14.6 14.2 20.1 26.4
15.3 15.9 15.5 20.7 23,9
14.5 15.2 14.8 21.9 26.0
16.6 17.6 17,2 22.7 24.5
14.7 15.4 14.9 20.8 24.2
15.3 16.1 15.7 20.6 22.9
14.7 15.7 15.3 21.1 23.1
17.0 18.4 18.3 21.9 22.3
14.8 15.8 15.3 20.3 22.1
14.8 15.7 15.4 20.0 21.7
17.2 18.6 18.3 23.3 24.3
17 .3 18.9 18.9 21.7 21.9
14.9 16.0 15.6 19.6 20.5
15.8 16 9 16.7 20.6 21.6
16.4 17 .8 17 .7 21.4 21.8
18.4 20.1 20.3 22.4 22.3
16.0 17.1 16.9 20.2 20.8
15.0 15.6 15.1 23.5 30.3
13.3 13.7 13.3 20.4 27.O

16.4 17.0 16.5 24.6 31.2

16.9 17.3 16.8 24.2 30.5

13.2 13.7 13.3 20.2 27.2

25.6 29.4 32.1 34.3 36.4 37.6 37

32.2 34.8
31.4 34.6
30.2 32.8
25.3 29.8
27.5 32.7
24.9 31.1
25.7 30.5
23.7 29.1
23.7 30.2
22.4 28.7
22.6 28.6
22.3 28.1
24.4 31.3
21.8 28.1
20.6 26.8
21.8 27.9
21.8 28.6
22.3 28.4
20.8 26.7
33.6 36.0
30.7 32.7

34.4 36.8

33.7 35.s
31.1 33.4

35.9 38.0

34.0 36.2
31.6 33.6

34.8 37.0
35.5 37.9
32.8 34.9
30.8 32.7

37.0 38.8 39.9 39.9
37.5 39.5 40.6 40.5
3s.0 36.9 38.0 38.0
34.9 37.2 38.0 37.9
38.4 40.7 41.4 40.8
39.3 42.4 43.0 42.3
36.0 38.4 39.2 38.8
35.7 38.5 39.4 39,2
38.7 41.8 42.4 41.6
38.4 42.2 42.6 41.7
36.6 39.7 40.3 39.6
35.7 38.9 39.7 39,3
40.9 44.4 44.8 43.7
38.2 42.2 42.7 41.7
36.2 39.8 40.2 39.3
37.0 40.7 41.3 40.6
39.5 43.9 44.4 43.5
38.3 42.5 43.O 42.1
36.7 40.3 40.7 39.7
37.9 39.3 39.9 39.4
34.2 35.6 36.4 36,1

38.8 40.2 40.8 40.3

36.9 38.0 38.5 38.1

35.3 37.1 38.2 38.2

39.6 41.1 41,9 41.7

38.0 39.5 40.4 40.1

35.3 37.0 38.0 38.0

38.8 40.4 41.3 41.0
39.7 41.1 41.8 41.3

36.4 37.8 38.4 37.9

34.2 35.5 36.3 36.0

16.3 16.9 16.3

14.1 14.6 14.1

51.0
50.6
49.6
49.8
50.0
51.5
49.5
49,6
49.4
51,3
49.1
48.9
52.1
51.4
48.6
49.8
50.6
52.5
49.7
51.7
49.0
53.1

13.7 14.2 13.8 21.1 28.0

16.6 17.2 16.6 24,5 31.3

I 6.4 17 .1 16.5 25. 1 32j
14.1 14.6 14.1 22.0 29.O

13.7 14.2 13.7 20.7 27.2

15.7
16.9
17.0
16.2
12.0
15.4
10.9
13.2
11.0
12.4
8.2
11.0
10.5
10.1
7.3
9.2
9.0
8.7
6.4
7.8
18.4
18.0

17.3

6.6
7.7
7.7
7.0
6.1
7.8
6.3
6.6
5.9
7.O

5.9
6.1
6.1
7.1
6.0
5.7
6.0
6.5
6.0
5.1
8.8
8.3

24.9
22.7

15.3
7.5
11.7
14.0
35.4
28.4
51.6
30.9
45.3
48.4
77.1
49.9
52.3
69.4
87.2
63.1
66.9
78.6
93.5
67.9
8.6
5.8

32.3

30.3

53.2 15.8

49.0 18.4

53.3 18.2

50.9 19.8

49.8 18.1

53.3 16.9

53.5 17.8

50.6 18.4

49.5 17.3

8.1 14.s

6.8 8.9

8.6 6.8

8.7 5.4

9.4 2.5

8.3 4.2

7.3 6.6

8.3 3.3

8.5 0.0

8.0 4.5



Meat Treatment

pm1

pm2
pm3
pm4
pm1

pm2
pm3
pm4
pm1

pmz
pm3
pm4
pm1

pmz
pm3
pm4
pml
pm2
pm3
pm4
pm1

pm2
pm3
pm4
pm1

pmz
pm3
pm4
pm1

pm2
pm3
pm4

s8

s8
s8

s8

s2

s2
s2

s2
s4

s4
s4

s4
s6

s6
s6

s6
s8
s8
s8
s8
s2
s2
s2
s2
s4

s4
s4

s4
s6

s6

s6
s6

0

0.0
0.0

0.0

1.0

1.0

1.0

1.0
1.0

1.0
1.0

1.0
1.0
1.0
1.0

1.0
1.0
1.0

1.0

1.0
2.O

2.O

2.O

2.O

2.O

2.0
2.0

2.0
2.0

2.O

2.O

2.O

18.1 17.2 15.3 14.2 1

17.6 16.6

16.0 15.2

14.2 13.5

15.8 14.8

14.1 13.3

16,9 15.9

17.3 16.3

14.O 13.1

16.5 15.7

14.3 13.4

15.1 14.2

18.6 17.7

16.5 15.4
14.3 13.5

15.6 14.4

17.2 16.2

17.9 16.9

15.6 14.8

16.5 15.5

16.2 15.1

14.2 13.3
16.2 15.0

16.1 15.1

13.9 12.9

16.1 15.2

14.5 13.4

14.6 13.5

17.9 16.8

16.4 15.2

15.0 14.O

15.3 14.2

14.8 13.7 14.7

13.5 12.6 13.6

12.1 11.4 12.2

13.5 12.8 13.9

12.2 11.7 12.5

14.7 14.1 15.1

14.9 ',14.1 15.0

12.2 1 1.8 12.8

14.4 13.7 14.8

12.4 11.9 12.7

13.O 12.5 13.4

16.4 15.7 16.5

14.1 13.4 14.4

12.O 11.2 12.4

12.5 11.7 13.3

14.5 13.5 14.4

14.9 13.8 14.9

13.3 12.5 13.5

13.6 12.5 14.0

13.9 13.3 14.5

12.2 11.7 12.6

13.9 13.5 14.7

13.7 13.0 14.O

12.1 1 1.8 13.0

14.O 13.4 14.8

12.4 12.0 13.3

12.6 12.2 13.4

15.6 15.0 15.9
'14.1 13.5 14.5

12.5 11.7 ',12.8

12.6 11.9 13.4

17.2 19.4 20.1 18.8 16.2 16.7 16.1

16.8 19.1

15.9 18.2

14.1 16.3

15.9 17 .6

14.2 15.7

17.O 18.4

16.9 18.5

14.6 15.7

17.O 18.7

14.4 15.7

15.2 16.6

18.3 19.8

16.4 18.0
14.6 16.6

15.6 17.5

16.3 18.0

17.2 19.2
15.5 17.3

16.5 18.4

16.6 18.0

14.5 15.9

16.7 17.9

16.1 17.9

14.8 15.6

17.2 18.6

15.4 16.5

15.3 16.3

17.8 19.0

16.5 17.9

15.1 17.O

15.8 17 .5

19.9 18.6

18.8 17.4

17.0 15.6

18.1 17.2

16.2 15.4

18.8 18.1

19.1 18.2

15.7 15.4

19.2 18.4

16.0 15.4

17.0 16.3

20.3 19.5

18.5 17 .7

17.3 16.3

18.1 17.2

18.6 17.7
19.9 18.9
18.0 17 .O

1 9.1 1 8.0

18.3 17 .6

16.2 15.6

18.0 17 .5

18.3 17.5

15.4 15.2

18.9 18.3

16.4 16.0

16.4 15.9

19.2 18.6

1 8.1 17 .5

17.7 16.7

17.9 17.2

cl1

15.8 16.4 15.8 24.0

14.8 15.3 14.8 22.5

13.3 13.7 13.3 20.3

15.1 15.8 15.2 24.O

13.5 14.2 13.6 21.5

16.2 16.9 16.4 24.5

16.0 16.6 16.0 24.7

14.1 15.0 14.5 20.6

16.2 17.0 16.4 25.5
13.7 14.4 13.9 20.7

14.5 15.1 14.6 22.2

17.4 18.1 17.5 25.9

15.5 16.2 15.6 25.0
13.7 14.4 13.8 23.8
14.7 15.6 14.9 24.3
15.3 15.9 15.3 24.9
16.1 16.9 16.2 26.6
14.6 15.3 14.7 24.7
15.4 16.2 15.5 25.4

15.8 16.7 16.1 23.4

13.8 14.5 14.O 21.2
16.1 17.O 16.5 23.2

15.3 16.0 15.4 24.1

14.5 15.7 15.3 20.1

16.5 17.5 16.9 24.6

14.8 15.9 '15.4 21.6

14.7 15.6 15.2 21.0

17.0 17.8 17.2 24.3

15.8 16.7 16.1 23.7

14.2 14.9 14.3 24.2

15.0 16.0 15.3 23.8

.2 33.3 35.1

30.7 34.1 35.9 37.1

29.0 32.5 34.4 35.8

27.0 30.9 33.0 34.7

29.0 30.5 35.5 40.3

26.1 27.9 32.6 37.1

28.7 29.9 35.2 40.7

30.0 31.8 35.7 39.1

23.1 23.8 29.9 37.6

30.2 31.6 36.8 42.4

24.1 25.1 30.3 36.1

26.3 27.8 33.1 38.6

30.4 31.7 36.8 42.1

30.1 31.6 37.0 42.5

30.3 32.9 37.3 40.8
29.5 31.1 35.8 40.2

31.3 33.7 37.2 39.7

33.4 36.0 39.6 42.1

30.9 33.0 37.3 40.8
31.2 33.2 37.8 41.7

26.1 26.7 32.4 39.0
24.6 25.6 31.1 37.1

25.4 25.8 31.9 39.8

28.ô 29.9 34.9 39.7

21.3 21.4 27.9 37.7

27.5 28.1 34.2 41.6

23.4 23.6 30j 39.0

22.8 23.3 29.5 37.5

26.8 27.4 33.2 40.5

26.6 27.2 33.5 41.2

30.1 32.1 37.4 41.9

27.5 28.4 34.1 40.1

37.2 37.4 36.8

38.1 38.4 37.8

37.2 37.8 37.4

36.3 37.2 37.1

41.9 41.9 41.0

38.7 38.9 38.1

42.5 42.6 41.7

40.1 39.9 38.8

40.6 41.2 40.6

44.0 44.1 43.3
38.2 38.7 38.0

40.6 41.0 40.5
43.9 44.0 43.0
44.1 44.1 43.0
41.8 41.6 40.4

41.6 41.6 40.5
40.3 39.8 38.6

42.6 42.1 40.8
41.7 41.3 40.1

42.8 42.6 41.6

41.2 41.4 40.4

39.2 39.4 38.6

42.6 42.8 41.9

41.1 40.9 39.8

41.5 42.0 41.2

44.1 44.3 43.5
42.2 42.5 41.5

40.5 41.0 40.5

43.0 43.1 42.1

43.7 43.8 42.8

43.1 42.7 4',1.3

41.9 41.7 10.4

.6

52.5

51.1

49.1

51.5

49.2

52.3

52.5

48.8
52.9
48.7

50.1

53.8
52.2
50.8
51.5
52.3
53.7
51.7
52.5
51.3
49.0
51.3
51.6

48.6
52.4

49.7

49.3
52.5
51.5

51.2
51.2

16.2
't7.2

17.3

18.0
17.3

17.0

15.5
16.7

13.2

16.8
14.5

15.8
15.4

17.8

20.6

18.0
19.0
19.5
19.7

18.6
13.3

14.9

12.4

16.5
10.6

13.8

12.3

1 1.9

12.6

14.2

19.7

15.8

7.1

7.8

7.6
8.1

8.5

8.4

7.5

7.9

7.3
8.5
7.2
7.8

7.1

8.7
10.3
9.3
8.8
9.4
9.6
9.2
6.9
7.6
6.8
8.2
6.8

7.7
7.2

6.6

6.3

7.3
9.9

8.6

2.4

1.8

0.9

2.3

16.1

17.9

23.5

13.9

41.8

17.7

26.7
22.4

20.0
16.3
3.4
11.1

7.8
4.4
9.1

6.2
28.7
24.4
38.9
15.1

60.8
32.3

46.2

42.6

32.1

30.5

6.6

21.6



Meat Treatment

pm1

pm2

pm3

pm4
pm1

pmz
pm3

pm4
pm1

pmz
pm3
pm4
pm1

pm2
pm3

pm4
pm1

pm2
pm3
pm4
pm1

pm2
pm3
pm4
pm1

pm2
pm3
pm4
pm1

pmz
pm3
pm4

sB

s8
sB

sB

s2

s2

s2
s2

s4
S4

s4

s4
s6

s6
s6
s6
sB

s8
sB

sB

s2
s2

s2
s2
s4

s4
s4

s4
s6
s6

s6
s6

2.O

2.O

2.O

2.O

3.0

3.0

3.0
3.0
3.0

3.0
3.0
3.0
3.0
3.0

3.0
3.0
3.0

3.0
3.0
3.0
4.O

4.0
4.O

4.O

4.O

4.0
4.O

4.O

4.0
4.O

4.O

4.0

17.O

17.4
15.5

15.3
15.4

14.0

16.2

16.6

14.1

16.4
14.4

14.5
16.6

17.O

15.0

15.6
17.7
18.0
15.6

14.7
16.0
14.1

15.8
16.0
14.1

16.3
14.6

15.3
16.2

16.9
15.3
15.6

16.1

16.3

14.6
14.4
14.2

13.1

15.1

15.3
13.0

15.4
13.3

13.4
15.4

15.9
14.1

14.3
16.6
16.8
14.5
13.8
14.8

13.1

14.7
14.9
13.0
15.2
13.5

14.2
15.1

15.6
14.3
14.2

14.6

14.5
13.3

13.1

13.1

12.1

14.2

13.6
12.2
14.3

12.4
12.4
14.4

14.7
12.5
12.7
15.3
15.1

13.4
12.7
13.7
12.2
13.8
13.5
12.2

14.2
12.6

13.2
14.1

14.5
12.7
12.8

13.7
13.5

12.6
12.4
12.7

11.7
13.9

13.0

12.O

13.8
12.1

12.2
13.9

14.1

11.8
12.1

14.5
14.1

12.7
12.2
13.3

11.8
13.5
12.9
12.O

13.7
12.4

13.0
13.7
14.1

12.0
12.2

14.4
14.6

13.6

13.4
14.1

12.7
15.4

14.7

13.4
15.3

13.8
13.7
14.9

15.2
13.0
13.8

15.1

15.1

13.8
13.2
14.9
13.0
15.2
14.3
13.4
15.3

14.1

14.9
15.1

15.4
13.3
14.O

16.1 1

16.8 18.9

15.5 17 .1

15.5 17.O

16.3 17.4

14.6 15.8

17.4 18.2

17 .3 I 9.1

15.3 16.0

17.6 18.8

15.8 16.6

15.7 16.4
16.7 17.6

17 .1 18.3

15.3 17.2

16.3 18.0

16.6 18.0

17.1 19.0

15.7 17.O

15.1 16.2
17 .1 18.0

14.9 15.9
17.2 17.8

16.5 18.0

15.4 16.0
17.5 18.4
16.2 16.7

17.1 17.6

16.9 17.6

17.4 18.3
15.7 17.6

16.4 17.8

18.2 17.4

19.5 18.5
17.6 16.8

17.4 16.6

17.5 17.O

15.9 15.4

18.0 17.8

19.3 18.7

15.8 15.6

18.8 18.4

16.3 16.1

16.3 16.0
17.6 17.2

18.3 17 .9

17.8 16.8

18.1 17.5

18.4 17.7

19.7 18.7

17.3 16.6
16.4 15.9
17.8 17.5

15.8 15.5
17.5 17.4

18.1 17.5

15.7 15.6

18.3 18.0
16.3 16.3

17.3 17.1

17.4 17.1

1 8.1 17 .8

18.0 17.2
17.8 17.3

ct2

15.2 15.8 15

15.8 16.6 15.9 26.3
14.7 15.4 '14.8 23.4
14.7 15.4 14.8 22.9
15.6 16.6 16.0 22.3
14.0 14.9 14.4 20.6
16.9 '18.1 17.7 22.8
16.5 17.7 17.0 26.1

15.1 16.4 16.0 20.6
17.1 18.3 17.7 24.1

15.5 16.8 16.5 21.2

15.2 16.4 16.0 20.7
16.0 17.O 16.5 22.3
16.4 17.4 16.8 23.4

14.4 15.2 14.5 24.3
15.6 16.7 16.0 23.9
15.7 16.3 15.8 23.9
16.2 16.9 16.3 26.1

14.9 15.6 15.1 22.5
14.4 15.1 14.6 21.3

16.5 17.7 17.2 22.5
14.4 15.4 14.9 20.5
16.8 18.2 17.9 22.2

15.8 16.8 16.1 23.4
15.1 16.5 16.2 20.6
17.1 18.3 17.8 23.6
15.9 17.4 17.2 21.2

16.7 18.0 17.8 21.8
16.4 17.5 17.1 21.9
16.8 18.0 17.5 23.0
14.8 15.7 15.0 24.3
15.7 16.9 16.3 23.5

24.3 30.2 32.3 36.6 39.8 40.5 40.0
32.6 34.8
27.4 28.4
26.5 27.5
24.0 24.3
22.8 23.2
23.8 23.8
29.7 30.4
21.4 21.5
25.8 26j
21.9 21.9
21.6 21.8
23.8 24.O

25.4 25.7
29.5 31.2

26.7 27.2
29.0 30.6
32.1 34.0
25.4 25.9
23.6 24.1

23.4 23.5
22.O 22.2
22.7 22.7
25.9 26.3
21.3 21.3
24.8 24.9
2't.6 21.5
22.3 22.3
22.7 22.8
24.2 24.3
28.6 29.7

25.6 25.8

39.1 42.4
33.6 39.1

33.1 39.2

30.1 37.4

29.2 36.7

30.0 39.0

37.2 44.9

28.1 38.5

32.5 41.4

28.5 38.3

28.2 37.2
30.1 38.6

31.9 40.1

37.0 42.4
33.2 40.3
35.3 39.4

38.6 42.4
31.4 38.0
30.0 37.1

29.6 38.0
28.5 36.9
29.0 38.5

32.3 39.5
28.0 38.8

31.5 41.1

28.1 38.4

28.7 38.1

29.1 38.4
30.7 39.7

35.8 42.0
32.2 40.3

43.2 42.7

40.8 40.7

41.1 41.0
40.0 40.3
39.3 39.5

42.3 42.7
47.2 46.9

42.5 42.9

44.6 44.8

42.0 42.3

40.6 41.1

41.6 41.8
43.0 43.2
43.8 43.4

42.5 42.2
40.4 40.0
43.3 42.8

40.0 40.0
39.5 39.6
41.0 41.3

39.8 40.0
42.2 42.6

41.7 41.6

43.0 43.4

M.6 44.8
42.3 42.7

41.9 42.5
41.9 42.3

43.1 43.4

43.6 43.2

42.8 42.5

41.4 53.3
39.7 50.7

40.0 50.4

39.5 50.5
38.5 48.7

41.7 51.6
45.4 53.2

42.O 49.3
43.9 52.4
41.3 49.8

40.5 49.4
40.8 50.8

42.3 51.6
42.1 51.3
40.9 51.5
38.7 51.9
41.6 53.4
39.0 50.3

38.7 49.2

40.4 51.2

39.0 48.7
41.7 51.3
40.4 51.3
42.3 49.3

43.8 52.1

41.7 50.2

41.8 51.0
41.3 50.8

42.4 51.7
41.8 51.4
41.1 51.3

18.3

19.3
16.3

15.6
11.6

12.7

9.7
15.9

10.0
11.5

9.9
9.9
11.0

12.0
18.8

14.2

16.4
18.4
14.0
13.1

9.8
11.4
8.8
13.2

9.8
10.6

8.9

8.5
9.4
10.3
17.2

13.0

8.4

9.4
8.0

7.8

6.6
6.9

6.1

8.9

6.9
7.0
6.8

6.3
6.0
6.4
9.6

8.1

7.4

8.8
7.1

6.8
6.2
b.Þ

6.2
7.2
6.9
6.8
6.7

6.2
5.8
6.1

9.0
7.8

13.2

6.3
17.4

20.2
40.5
36.8
56.7
28.1

67.5
47.1

67.5
59.5
45.6
39.4
9.5

30.8
18.7

9.8
26.2
32.6
55.2
46.8
69.4
31.0
71.2
56.2
77.8

70.8
59.2
53.5
14.1

41.2



Meat' Treatment

pm1 s8 4.0 15.7

pmz s8 4.O 17.8
pm3 sB 4.0 15.1

pm4
* Meat-type and replicate #.
** Hunterlab scale.

s8 4.0 14.6

14.7

16.7
14.1

13.7

13.0

15.2
13.1

12.8

12.1

14.3
12.6

12.4

13.3
15.2
13.7
13.5

15.6
17.2
15.5

15.2

17.6 1

19.0
16.6

16.2

19.5

16.7
16.2

at wavelengt

7.3

18.6
16.3
15.8

14.7 15.4 14.7 24.7 30.4 32.2 37.O 40.7 41.4

16.2 17.0 16.3 25.8 31.4 33.1 38.2 42.6 43.8 43.3 42.0 53.2 17.8

14.8 15.7 15.1 21.7 23.8 24.2 30.1 37.6 40.1 40.2 39.3 49.7 12-6

14.6 15.5 15.1 20.8 22.4 22.6 28.8 36.9 39.7 39.9 38.9 49.1 11.5

51.7 19.0 9.4
8.5
6.7
6.3

12.1

35.9

33.4

c13
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rabre Dl' 
,?:Hrt:l:n*îJräii'!fj.ii 

beer Qtsoas maior,PM) steaks stored under r00%N, atmosphere ror up to 8 days

Treatment

Control p.M. 1 6 5 6

P.M.25576
P.M.3 6 5 6 6
P.M.4 6 s 6 6FX-100 p.M. 1 5 5 6
P.M.2 s 6 6
P.M.3 5 5 7
P.M.4 5 5 7R-2000 P.M. I s s 5

P.M.2 5 5 6
P.M.3 6 s s

Meat-type & replicate #

P.M.4
6

T2 34s6
Day

D2



Table D2. Discolorationtt scores for panelist#l for beef þsoas major, PM) steaks stored under 100% N, atmosphere for up to I
days (Transient discoloration study).

Treatment

Control

FX-100

Meat-type & replicate #

P.M. 1 I 2 I 5

P.M.2 I i | 4

P.M.3 | 2 | 6

P.M.4 I i I 3

P.M. I 1 1 2

P.M.z i I 2

P.M.3 2 | 2

P.M.4 2 I 2

P.M. 1 2 1 I

P.M.2 2 2 I

P.M.3 1 I 1

P.M.4 I i I

R-2000

f t Discoloration scale: l:0%o (none), 2:I-l0o/o, 3=lI-25o/o, 4:26-500/o, 5=51-7 5%o, 6:7 6-990/o,7: 100%o (complete).

r23456
Day

D3



Table D3. Retail appearancertl scores for panelist#1 for beef Qtsoas major, PM) steaks stored under I00% N, atmosphere for up to
8 days (Transient discoloration study).

Treatment

Control

FX-100

Meat-type & replicate #

P.M. 1 1 7 7 2

P.M.2 1 7 1 3

P.M.3 1 1 7 I

P.M.4 7 I 7 5

P.M. 1 7 7 5

P.M.2 7 7 6

P.M.3 7 7 4

P.M.4 7 7 5

P.M. I 7 7 7

P.M.2 7 6 6

P.M.3 7 7 7

P.M.4 7 7 6

R-2000

ttt Retail acceptability scale: 1:Extremely undesirable, 2:Undesirable, 3:Slightly undesirable, 4:Neither desirable nor undesirable,
5: Slightly desirable, 6: Desirable, 7:Extremely desirable.

123456
Day

D4



Table D4. Colorr scores for panelist#2 forbeef Qtsoas major,PM) steaks stored under 100% N, atmosphere for up to 8 days

(Transient discoloration study).

56565660
s6s65665
5656s665
s6s65665
6s555666
6555s666
s5555166
65555166
ss566545
55565645
15565546
65565645

t234567
Day

,4:Pa|ered,5:Brightcherryred,6:Slightlydarkred,

Meat-type and replicate #

6

6

6

6

P.M. 1

P.M. 2

P.M. 3

P.M.4

P.M. 1

P.M. 2

P.M.3

P.M.4

P.M. i

P.M.2

P.M. 3

P.M.4

Treatment

Control

D5

7:Moderately dark red, 8:Extremely dark red.

FX-100

R-2000



Table D5. Discolorationlt scores for panelist#2 for beef Qtsoas major, PM) steaks stored under 100% Nr atmosphere for up to 8

days (Transient discoloration study).

Treatment

Control P.M. I

P.M. 2

P.M.3

P.M. 4

FX-100

Meat-type and replicate #

R-2000

P.M. 1 1 0 I I

P.M.2 1111
P.M.3 I 0 1 1

P.M.4 1 0 1 I

P.M. 1 3 2 2 I

P.M.2 | 2 2 I

P.M.3 2 2 I I

P.M.4 2 2 2 1

f t Discoloration scale: l:0%o (none), 2:l-I0o/o,3:71-25%o, 4=26-500/o, 5:51-7 5o/o, 6:7 6-99Yo, 7:

1

I

1

I

1234
3224
3623
4442
4645

Day

56
1522
t413
1653
1354
tzl1
r2ll
t211
r2l1
1131
1131
1133
1131

D6

100% (complete).



Table D6. Retail appearancettt scores for panelist#2 for beef (psoas major, PM) steaks stored under 100% N, atmosphere for up to

8 days (Transient discoloration study).

t2345678
426263
436363
436163
426563
676s66
676666
676466
616s66
666156
666656
666756
666656

Day

sirable,3:Slightlyundesirable,4:Neitherdesirablenorundesirable,

623
622
622
622

57
51
61
67
66
66
s6
56

Meat-type and replicate #

P.M. 1

P.M.2

P.M.3

P.M.4

P.M. 1

P.M. 2

P.M. 3

P.M.4

P.M. 1

P.M. 2

P.M. 3

P.M.4

Treatment

Control

5: Stightly desirable, 6: Desirable, 7=Extremely desirable.

D7

FX-100

R-2000



rabre D7' 
,i:i.t:::äj:îJ.i,ii':H.ii 

beerQtsoas maior,PM) steaks stored under t00%N, atmosphere for up to 8 days

Treatment

Control

FX-100

Meat-type and replicate #

P.M. I

P.M.2

P.M.3

P.M.4

P.M. 1

P.M. 2

P.M.3

P.M. 4

P.M. 1

P.M.2

P.M. 3

P.M.4

R-2000

7:Moderately dark red, g:Extremely dark red.

55
)5

66
56

6

6

5

6

5

5

6

6

I 2345
5

6

5

5

5

6

6

5

5

5

5

5

6

6

6

6

6

6

6

6

6

6

5

5

Day

5

6

5

5

6

5

6

6

6

6

6

5

6

5

5

6

5

5

6

6

5

5

5

D8



Table D8. Discolorationtt scores for panelist#3 for beef (psoas major, PM) steaks stored under 100%N, atmosphere for up to 8
days (Transient discoloration study).

Day

)

2

2

I

3

3

3

)

I

2

J

r234
P.M. 1 1 1 2 5 4

P.M.2 1 I 2 5 3

P.M.3 1 3 3 5 3

P.M.4 1 3 2 4 4

P.M. 1 3 3 5 2

P.M.2 3 2 4 2

P.M.3 3 2 4 I

P.M.4 5 2 4 2

P.M. I I 1 3 2

P.M.2 1 I 3 2

P.M.3 I 1 3 2

P.M.4 | 2 3 2

Meat-type and replicate #

f t Discoloration scale: I:0o/o (none), Z:l-l0%q 3:ll-25%o, 4:26-500/o, 5:57-7 5Yo, 6:7 6-99yo,7: l00o/o (complete).

Treatment

Control

D9

FX-100

R-2000



Table D9. Retail appearanceltt scores for panelist#3 for beef (PM) steaks stored under 100% N, atmosphere for up to I days

(Transient discoloration study).

1,2345
Day

P.M. 1 7 7 6 3 3 5

P.M.z 7 6 5 3 4 5

P.M.3 7 3 5 3 4 6

P.M.4 7 4 6 3 4 7

P.M. 1 4 5 4 5 5

P.M.245464
P.M.3 5 5 4 6 4

P.M.4 4 6 4 5 4

P.M. 1 t 7 4 5 6

P.M.2 7 7 5 5 5

P.M.3 6 7 5 4 6

P.M.4 6 6 5 5 s

ttt Retail acceptability scale: 1:Extremely undesirable, 2:Undesirable, 3:Slightly undesirable, 4:Neither desirable nor undesirable,

5: Slightly desirable, 6: Desirable, 7:Extremely desirable.

Meat-type and replicate #Treatment

Control

D10

FX-100

R-2000



Table D10. Colort scores for panelist#  for beef þsoas major, PM) steaks stored under 100% N, atmosphere for up to 8 days
(Transient discoloration study).

6

5

6

5

6

6

6

5

6

5

1

5

1234567
6

6

6

7

6

6

7

5

4

5

4

4

5

5

5

6

6

6

7

7

4

4

4

5

Day

P.M. 1 5 5 6 5 5 5

P.M.2 5 5 6 6 5 5

P.M.3 5 5 6 6 5 5

P.M.4 5 5 6 5 s 5

P.M. 1 7 6 6 5 5

P.M.2 7 I 7 5 5

P.M.3 5 6 7 6 6

P.M.4 t 6 6 s 7

P.M. I 4 s s 6 6

P.M.2 4 4 5 6 5

P.M.3 I s 7 7 5

P.M.4 6 5 5 7 5

t Color scale: O:Completely discolored, 1:White, 2:Pale pink, 3:Pink, 4:Pale red, S:Bright cherry red, 6:Slightly dark red,
7:Moderately dark red, 8:Extremely dark red.

Meat-type and replicate #Treatment

Control

Dl1

FX-100

R-2000



Table D1 l. Discolorationtt scores for panelist#4 for beef Qtsoas major, PM) steaks stored under 100%N, atmosphere for up to 8
days (Transient discoloration study).

Treatment

Control

FX-100

Meat-type and replicate #

P.M. 1 I 3 I 3 4

P.M.2 1 1 3 2 3

P.M.3 I 3 4 4 3

P.M.4 | 2 I I 5

P.M. I 1 1 1 I

P.M.2 1113
P.M.3 2 1 I 1

P.M.4 2 | I 2

P.M. 1 1 I 1 I

P.M.2 2 I I 2

P.M.3 1 I I I

P.M.4 i 1 2 1

R-2000

tf Discoloration scale: I:0%o (none), 2:l-l0o/o,3=17-25o/o,4:26-500/o, 5:5I-75Yo, 6=76-99%o,J=

1234
Day

56
441
231
155
2t3
r21
111
111
2t1
112
321
322
213

)

2

3

4

I

I

2

I

I

I

1

I

Dt2

100% (complete).



TableD12. Retailappearancefitscoresforpanelist#4forbeef Qtsoasmajor,Plrzf steaksstoredunder 100%Nratmosphereforupto
8 days (Transient discoloration study).

12345678
44375
36375
37235
26742
67677
57777
77776
66777
11747
66677
65637
76727

Day

4

6

3

6

1

7

7

7

7

7

6

6

tttRetailacceptabilityscale:1:Extremelyrrndesirable,2:Undesirable,¡:sligtrityunaesiraute,+=N"it@
5: Slightly desirable, 6: Desirable, 7=Extremely desirable.

l
5

3

7

7

6

7

7

'7

6

7

7

5

7

5

6

7

7

6

6

5

4

7

7

Meat-type and replicate #

7

1

7

7

P.M. 1

P.M.2

P.M.3

P.M. 4

P.M. 1

P.M. 2

P.M.3

P.M.4

P.M. I

P.M. 2

P.M.3

P.M. 4

Treatment

Control

D13

FX-100

R-2000



Table Dl3. Colort scores for panelist#5 for beef þsoas major, PNd) steaks stored under 100% N, atmosphere for up to 8 days

(Transient discoloration study).

P.M. 1 6 6 6 6 6 5 7 7 7

P.M.2 6 6 6 6 6 s 6 6 6

P.M.3 6 6 6 6 6 5 0 7 6

P.M.4 6 6 6 6 6 5 6 7 6

P.M. 1 6 7 6 6 6 6 6 7

P.M.2 6 7 6 6 6 6 6 6

P.M.3 6 1 6 6 6 1 6 6

P.M.4 6 7 6 6 6 t 6 6

P.M. 1 6 6 6 6 6 6 s 6

P.M.2 6 6 6 6 6 6 5 6

P.M.3 7 6 t 6 6 6 5 6

P.M.4 7 6 6 6 6 6 5 6

r234567
Day

flCotot scale: O=Completely discolored, l:White, 2:Pale pink, 3:Pink, 4:Pale red, 5:Bright cherry red, 6:Slightly dark red,

Meat-type & replicate #Treatment

Control

D14

FX-100

7=Moderately dark red, 8:Extremely dark red.

R-2000



Table Dl4.

Treatment

3"i:?ftrÏlil:::::ì#åî:#íi ror beer(ps oas maior,pM) steaks stored under t00%N, armosphere ror up to 8

Control

FX-100

Meat-type and replicate #

P.M. I

P.M.2

P.M.3

P.M. 4

R-2000

P.M. I I t I 1

tt DiscoloratioìËale:

P.M. 2

P.M.3

1

1

I

I

P.M.4 2 I I r
P.M. 1 t22z
P.M.2 2 z 2 2
P.M. 3 t111

123
323+
^-2543
445¡
43+4

P.M.4

Day

tzll
2221

50
^-J5

2q
1l
3S
It
2t
3t
4l
2t
ll
1t
ll

.)¡/-J

lq
64
6S
lZ
1Z
1l
lZ
)¡

3t
2l
2t

D15

7= 100zo ¡"oã¿S



Table Dl5' Retail appearanceTrt scores for panelist#5 for beef Qtsoas major,pM) steaks stored under
8 days (Transient discoloration study).

Treatment

Lonrror p.M. 1 j 5 6 4 3 5 3 5 4
y.M.¿ 7 6 2 3 4 6 3 6 3

P.M.3 7 4 2 2 4 6 1 2 2

P.M.4 7 4 4 2 3 4 3 2 2
FX-100 P.M. I 7 7 6 7 1 7 7 5

P.M.2 7 6 6 7 5 7 7 5

P.M.3 6 6 5 7 s 6 7 6

P.M.4 6 7 6 7 4 6 7 6
R-2000 P.M. I 7 6 6 5 6 7 6 5

P.M.2 6 5 5 5 7 7 5 6

P.M.3 6 6 6 6 7 7 6 7

Meat-type & replicate #

P.M. 1

P.M. 2

P.M. 3

P.M.4

P.M. I

P.M. 2

P.M.3

P.M. 4

P.M. I

P.M. 2

P.M.3

P.M.4r'rvr'+ 
-- 

6 6 5 7 7 7 6 7

7:Moderately dark red, 8:Extremely dark red.
tf Discoloration scale: l=0%o (none), 2:l-I0%o,3:ll-25%o, 4:26-50yo, 5:51-75o/o, 6:76-ggyo,7= l00yo(complete).ttt Retail acceptability scale: l:Extremely undesirable, 2:undesirablá, 3:srightly undesirable, 4:Neither desìrable nor urdesirable,5: Slightly desirable, 6: Desirable, 7:Extiemely desiraúle.

I 234567
Day

100% N, atmosphere for up to

D16
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Table E I . Estimation of chemical states of myoglobin on the surface of beef þs oas nmj or , PM) steaks using reflectance data as obtained by
refl ectance spectrophotometer (Transient discoloration study).

Treat

Control

Meat-type Reflectance values at wavelength (nm) of Color" o/o of chemical states of
Day &.

replicate # oxy-

Control

0
0

0
0

I
I
I
I
I
I
I
I
I
I
I
I
2
)
2
2
)
1

2
2

2
)
2
2
3

3

pml
pm2
prn3
prn4
pnt I
pn2
prn3
pm4
pml
pm2
pm3
pm4
pml
pm2
prn3
pm4
pml
pm2
prn3
pm4
pnrl
pm2
prn3
pm4
pml
prn2
pm3
prn4
pml
prn2

FX-r00

14.1 13.4 12.2 tt.s 12.3

ts.t 14.2 12.7 tt.g 12.9
rs.l r4.3 13.0 12.2 t3.t
14.8 14.1 12.5 11.6 12.8
l l .9 10.9 8.8 7.8 9.1

t2.2 lt.3 9.3 8.3 9.6
14.6 13.2 ll.6 11.1 l3.l
l1.s 10.6 9.1 8.3 9.4
t2.6 n9 10.7 r0.l 10.7

r0.4 9.9 8.8 8.3 8.9
14.1 13.3 12.0 11.3 12.0
13.9 13.2 12.0 lt.4 12.0
tz.t 11.4 9.5 8.7 9.9
12.0 I1.1 9.2 8.2 9.6
14.0 13.2 12.0 tt.3 t2.r
11.2 10.6 9.5 8.9 9.7
I I .l 10.3 8.9 8.2 8.8
13.0 r1.8 10.7 10.3 il.s
l0.s 9.8 8.s 7 .9 8.9
10.4 9.7 8.4 7.7 8.5
r3.5 12.8 10.4 9.1 r0.8
12.5 n.9 il.o 10.4 10.8
r3.0 12.5 11.6 1l.l 11.6
12.3 tt.6 r0.5 9.9 10.4

12.5 l L7 9.6 8.5 9.9
12.0 n2 9.3 8.3 9.s
I Lr 10.4 8.8 8.1 9.r
13.8 r3.2 r1.7 10.8 12.0
13.5 12.2 ll.0 10.8 12.6

10.9 10.3 9.0 8.3 9.1

R-2000

Control

t4.2 16.5 17.2 16.0 13.6
15.1 17.6 18.5 17.2 14.5
l5.l 17.1 17.9 16.8 14.4
15.2 17.6 18.5 17.2 14.5
lt.7 14.6 15.5 14.0 10.8

12.2 15.1 15.9 14.5 ll.4
t5:7 17.3 17.4 16.9 t5.2
11.6 14.1 14.7 13.5 11.0

12.7 t5.t 15.4 13.9 12.0

10.3 12.0 12.6 rt.1 9.8
13.8 15.9 16.7 15.6 13.2
t3.7 15.6 16.2 15.2 13.1

12.7 15.5 16.7 15.2 11.8
r2.4 rs.3 16.5 15.0 ll.6
t4.3 t6.9 17.1 15.5 13.5
11.6 14.0 t4.7 13.5 11.2

10.7 13.1 13.5 l2.r 9.9
13.4 14.7 14.8 t4.3 12.9
11.2 13.7 t4.t 12.7 10.6
10.6 13.2 13.5 12.0 9.9
14.1 17.3 18.2 t6.6 13.2
12.0 13.4 13.9 l3.l 11.5
13.0 14.8 15.3 t4.4 12.6
11.9 13.7 14.4 13.5 11.5

12.4 14.9 15.9 14.6 il.6
12.0 14.7 15.7 14.4 ll.l
11.5 r4.0 15.0 13.7 10.8
14.3 16.6 17.5 16.3 13.5

14.9 16.4 r6.4 r5.8 14.2
I1.0 13.3 13.8 12.4 10.2

FX-100

R-2000

Control

14.2 13.7 21.2 28.4 32.2 34.6 36.6 38.3 39.3 39.2 49.9 18.7 9.0 5.5
l5.l 14.6 23.2 30.8 34.6 37.4 39.4 41.0 4t.9 41.8 51.5 19.6 9.7 1.8

ls.0 14.4 22.6 29.7 33.2 36.1 38.4 40.0 40.9 40.8 sl.o 18.9 9.1 6.8
l5.l 14.5 23.1 30.4 34.0 36.2 31.7 39.0 39.7 39.5 51.4 19.0 9.6 0.0
11.6 11.0 20.4 28.2 31.9 33.9 35.4 36.6 37.2 36.7 47.s 22.6 1t.8 0,0
12.1 11.5 20.6 28.3 32.r 34.2 35.9 37.3 38.0 37.7 48.1 21.8 11.3 0.0
16.6 16.0 23.6 27.8 299 35.4 40.8 42.9 43.s 43.1 51.6 16.1 9.8 43.7
rt.1 tt.2 79.3 26.3 29.9 32.8 3s.t 36.7 37.6 37.5 46.9 zr.t 10.9 0.0
12.2 12.0 t7.6 23.9 27.5 29.6 31.6 33.4 34.s 34.4 46.6 t7.0 7.4 7.4
10.3 9.9 t6.5 22.8 26.2 28.0 29.6 3t.0 31.8 31.7 44.t 19.8 9.7 5.3
r3;t r3.3 21.3 28.7 32.4 34.6 36.3 373 38.s 38.2 49.6 19.7 9.s 4.3
13.6 r3.2 20.2 26.9 30.5 32.5 34.2 35.7 36.6 36.4 48.8 18.3 8.6 10.0
12.6 11.9 23.1 31.6 35.6 37.7 39.2 40.5 41.1 40.7 49.7 24.t t2.9 0.0
12.5 tt.1 23.0 3t.6 35.7 37.8 39.3 40.6 4r.3 41.1 49.s 24.6 13.4 0.0
13.7 13.6 tg.l 25.7 29.6 32.2 34.7 36.9 38.4 38.7 48.7 t6.4 7.1 9.4
11.7 ll.3 18.6 25.6 29.5 31.6 33.5 35.1 36.2 36.1 46.7 20.2 t0.2 1.3

10.3 10.0 16.2 22.7 26.2 28.2 30.0 31.8 32.8 32.8 44.2 19.2 8.6 0.0
13.8 13.4 19.9 23.8 2s.6 30.4 3s.3 37.3 37.9 37.4 4',1.9 r5.7 8.7 39.4
11.0 10.7 17.3 23.9 27.5 30.3 32.9 34.9 36.1 36.2 45.4 t9.5 9.6 t.2
10.2 9.9 t6.t 22.6 26.2 28.3 30.3 32.1 33.2 33.2 44.1 19.3 8.7 0.0
r4.0 13.3 23.0 30.7 34.5 36.7 38.7 40.6 41.7 41.8 50.6 20.9 Il.l 0,0
11.9 11.6 t7.5 23.5 26.6 28.4 30.1 31.5 32.3 32.2 4s.9 t7.s 8.0 16.7
13.0 12.7 18.7 24.9 28.4 30.7 32.9 34.7 35.9 36.0 47.6 17.2 8.0 15.6
12.0 11.6 18.6 25.3 28.7 30.7 32.4 33.8 34.6 34.4 46.7 19.4 9.5 9.5
12.4 11.7 21.5 29.0 32.6 34.3 35.5 36.1 36.2 35.3 48.5 22.1 11.7 0,0
12.0 n.2 22.t 30.6 34.6 36.7 38.5 39.9 40.6 40.3 48.7 24.6 13.0 0.0
ll.5 10.9 20.2 28.0 32.0 34.1 35.9 37.3 38.1 37.8 47.4 22s 12.1 0.0
14.2 13.6 22.t 29.0 32.5 34.3 35.7 36.9 31.4 37.2 50.r r9.0 9.6 0.0
t5.l 14.7 zt.t 25j 27.7 32.1 35.9 31.5 38.0 37.5 49.6 r5.3 8.3 35.8
10.6 10.2 16.6 23.0 26.6 28.6 30.3 31.9 32.9 32.9 44.6 r9.0 8.6 0.0

E2

0.0
0.0
0.0
0.0
4.0
2.8
0.0
3.1

21.0
0.0
0.0
0.0
0.0
0.0
29.3
0.0

28.3
0.0
l8.l
31.7
5.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
4.3

18.3

94.5
98.2
93.2
100.0

96.0
97.2
s6.3
96.9
65.7
94.7
95.8
90.1
r 00.0
100.0

61.3

98.7
71.7
60.6
80.8
68.3
94.3
83.3
84.4
90.s
r 00.0
100.0

100.0
100.0

s9.9
81.7



'l'rcat
R

Day &
replicatc # 360 3g0 8 nìet_ deoxy- oxy_

FX-r 00

J

-1

3

3

3

J

3

3

3

J

4
4

4

4

4

4

4

4

4

4

4

4

-5

5

5

5

5

5

5

5

-5

5

5

5

It-2000

pnr3

prrr4

prn I

prn2
prrr3

pn14

prn I

prn2
prrr3

prrr4

prn I
prn2
prrr3
pur4

prn I

prn2
prn3

prn4

prn I

prn2
prn3

prn4

prn I

pnr2
prn3

pur4
pnr I

prn2
prn3

pur4
prtr I

¡lrrr2
prn3
prrr4

Corttrol

13.5 t2.6 il.4 lt.0 t2.3 14.7 t6.7 t6.9 t5.9
l4. t r 3.0 12.0 I 1.5 12.6 t4.5 t6.2 t6.5 I 5.6
14.4 13.6 12.2 I1.4 l2.l 13.9 ló.1 l(r.(¡ t5.4
13.7 12.9 il .6 t0.9 il .6 t3.2 t5. l t5.8 t4.8
r r.8 I 1.0 9.6 8.9 9.7 Il.7 t4.l 14.7 t3.4
13.7 13.0 I 1.9 I 1.3 12.0 13.7 15.6 t(r.3 15.2
I r .4 10.6 8.9 8.0 9. t I I .5 14.2 15.0 13.5
t?.7 t2.0 9.9 8.9 10.2 t3. | 16. I t7 .t 15.5
13.0 t2.3 l0.l 9.0 10.8 t4.3 r7.9 t8.6 16.9
14.9 r4,0 il.7 t0.7 t2.l 15.3 l8.s 19.6 18.0
l5.l t4.0 12.3 ll.5 12.9 15.3 17.ó l8.l 16.9
12.3 I t.6 t0.3 9.6 t0.4 12.8 t5.6 t6.2 t4.5
t3.l 12.4 I t.0 10.2 I t.2 13.6 r6.5 17.0 15.3
t4.6 r3.8 I2.3 IL5 t2.6 15.0 I7.5 I8.2 16.8
13.Q 12.2 t0.9 t0.l 10,9 t2.7 t4.9 15.6 14.3
I I .3 r0.7 9.2 8.5 9.5 I L6 t4.0 t4.8 l3.s

FX-100

R-2000

Corttrol

FX- 100

13.7 12.9 il.8 il.2 il.8 l4.l t6.9 l7.l t5.3
l4. t 13,2 il.8 I t.0 I t .9 14.6 t7.6 t7.9 t6.t

14.2
t3.9
r3,2
12.6

I t.0
r 3.l
r0.6
l))

r 3.5
t4.3
14.6

r2.I
I 3.0
14.3

r 2.l
t0.9
r3,3
r 3.8
r 3,8
r3.3
t6.8
13.8
r 3.8
15.8

12.2
r5.0
14.3

12.9
12.9
1 3.6
r3.3
t2.2
t4.4
13.5

t4.6 13.7 12.3 il .5 t2.4 t4.5 t7.0 17.6 t6.t
13,7 13.0 I I .2 10.4 I L5 11.0 l(,.8 I 7.5 t6. t

r 6.4 15.8 13.4 l2.l 14.0 t7 .6 2l . t 21.9 20.3
r4.5 r3.8 t2.3 il .5 12.4 t4.6 17.2 17.8 t6.3
14.0 13,3 I1.9 I t.3 t2.2 14.4 t6.8 17.5 t6.2
16.5 ¡5.7 14.4 13.7 14.(r 16.5 I 8.5 19.3 l8.l
12.0 I I .3 t0. t 9.6 10.4 12.8 15.4 15.8 14.4
15.3 t4.6 t3.2 12.4 13.4 t5.6 t7.9 t8.7 n.5
15.4 r4.5 12.5 ll.4 12.7 t5.t 17.8 18.5 17.2
13.5 12.7 I I .l t0.2 I 1.2 13.5 t6. I t6.8 I 5.5
r3.6 13.0 il.9 il.3 lt.9 13.5 t5.3 ls.9 14.8
r4.l t 3.5 t2.3 I I .6 t2.3 t4.2 16.2 t6.8 I 5.6
l4.l 13.3 ll.8 ll.0 Il.9 14.0 l(r.3 t6.S t5._5

r3.r 12,3 t0.6 9.8 t0.8 13.0 t5.3 t6.l 14.9
l5.l t4.4 t2.6 ll.7 t2.8 t5.2 17.7 18.5 t7.2
11.4 t3.7 12.2 lt.4 12.3 t4.3 16.5 t7.2 15.9

t4.9
14.6
13.7

13.2
r t.5
13.5

r t.2
I 3.0
t4.3
15.2
r 5.3

12.5
r3.3
t4.8
12.5

I t.5
r3.4
r4. I

t4.2
r3.9
t7.6
t4.3
14.4

I (r.3

12.6
t5.5
l5.l
r3.5
r 3.3
r 4.0
13.7

r2.8
l5. r

t4.0

R-2000

14.6 20.8 25.9 28.5 32.9 37.2 39.5 40.5 40.3 49.7 15.6
r4.l 20.2 25.t 27.8 31.5 34.6 36.3 37.t 36.9 49.t t5.3
13.3 20.3 27.3 3l.l 33.s 35.5 37.3 38.4 38.3 49.1 t8.5
t2.7 2Q.5 27.8 3t.4 33.4 3s.2 37.0 38.1 38.0 48.7 ts.s
il.2 18.5 25.7 29.6 3l.tì 33.6 35.5 36.7 36.9 46.6 20.4
t3.l 20.3 27.3 30.9 33.1 35.4 37.3 38.5 38.5 48.9 18.7
10.6 19.7 27.5 31.3 33.5 35.2 36.9 37.9 37.8 46.9 22.7
t2,4 22.6 3t,2 35.4 37.'7 39.5 4t.4 42.5 42.4 49.9 23.?
13.7 23.0 3t.0 35.0 37.3 39.t 40.8 4t.7 41.6 50.9 20.6
t4.4 25.6 34.3 38.5 40j 42.3 43.t 44.5 44.2 52.7 22.4
14.8 22.4 28.8 32.2 35.7 38.6 40.5 41.5 4t.4 51.0 t7.8
t2.2 t9.0 26.6 30.9 33.5 35.5 37.4 38.7 38.9 47.8 t9.5
13.l t9.8 27.Q 3t.0 33.6 3s.7 37.6 38.9 39.0 48.8 18.4
t4.4 22.0 29.1 33.0 35.7 37.7 39.4 40.4 40.3 50.8 t8.4
t2.t t9.t 25.7 29.2 3t.3 32.7 34.2 35.0 34.8 47.5 18.5
lr.0 18.9 25.8 29.6 3t.7 33.2 34.6 35.s 35.3 46.6 20.6
r3.3 19,0 2ó.1 30.3 33.0 35.3 37,5 39.0 39.3 48.6 t7.3
t3.9 20.3 27.5 3t.6 34.5 36.8 38.9 40.3 40.5 49.7 17.7
13.8 20.8 27.9 3t.9 34.4 36.2 37.9 39.0 39.0 49.8 t8.t
r3.4 2t.5 29,t 33.2 35.8 37.8 39.7 40.9 40.8 50.0 19,8
16.9 26.9 34.4 37.9 40.3 4t.9 43.2 43.8 43.4 54.6 18.7
t3.9 21.2 28.5 32.4 34.8 36.7 38.4 39.4 39.2 54.6 18.7
13.9 21.8 28.9 32.5 35.4 37.(t 39.4 40.3 40.3 50.3 18.9
15,8 23.8 3l.l 34.8 37.2 38.9 40.4 4t.2 4t.0 52.5 t8.l
t2.3 t8.6 25.6 29.5 32.4 34.8 36.9 38.2 38.4 47.6 t8.4
r5.0 23.3 30.7 34.5 36.9 38.7 40.4 4t.4 4t.3 51.8 t8.9
14,4 23.2 30.7 34.5 3(r.7 3.9.4 39.8 40.7 40.5 51.4 19.5
t3.0 20.8 28.2 3t.9 34.2 36.1 37.7 38.8 38.8 49.2 tg.5
r3.0 r9.4 26.0 29.5 31.7 33.6 35.5 36.6 36.7 48.3 17.7
t3.7 20.3 26.7 30.0 32.5 34.5 36.4 37.5 37.4 49.2 17.2
13.4 20.2 26.9 30.6 33.0 35.0 3ó.7 37.8 37.7 49.0 t7.8
12.3 21.0 28.4 31.9 33.9 35.2 -36.4 37.t 3(r.B 4S.7 20,8
14.4 23.4 30.9 34.6 36.7 38.3 -19.6 40.3 40.0 st._s t9.6
13.5 21.0 27.4 30.9 32.8 31.2 35.4 36.0 35.(r 49.5 I7.8

8.4 30.7
7.5 24.5

8.5 7.t
9.5 9.2
r0.0 0.0
8.8 8.9
r r.3 0.0
12.2 0.0
I t.2 0.0
I 1.7 0.0
8.9 n.2
9.2 0,0
8.t 2.3
9.0 5.5

8.7 t.8
10.3 0.0
7.2 6.6
8.0 4,0
8,3 4.1

9.9 0,0
l0. t 0.0
10. I 3.2
9.4 6.2
8.5 9. t

8.8 5.I
9.3 5.2
Lt 0.0
9,8 0.0
8.1 12.3

8. t 12.2

8.4 6. r

10.3 0.0
9.7 0.0
8.3 2.7

7.6
0.9
5.9
0.0
8.4
0.0
10.4

1.6

12.7
0.0
¿.)

20.8
22.0
5.5

3.5
0.4

38.7
3 r.5
l.7
5.3
t?
t3.4
0.0
0.0
t9.7
0.0
0.0
0.2
0.0
t.0
9.t
0.0
0.0
t.6

6t.7
74.6
87.0
90.8
9r.6
9l. t

89.6
98.4
87.3
t00.0
84.6
79.2
75.8
89. I

94.7
99.6
54.7

64.s

84.2
94.7
97.7
83.3

93.8
90.9
7 5.2
94.8
t00.0
99,8
87.7
86.8
84.8
t00.0
100.0
95.7

E3



Meat-ty¡lc Rcflcct¿urce values at rvavelcngtlr (rrm) ol' Color-- %o of chentical states of'

leplicate # 360 380 400 420 440 460 480 500 520 540 560 580 (r00 620 640 660 680 700 720 740 L

Control 6 pru I

6 pnr2
(r pru3

6 pnr4
FX-100 6 ptn I

6 pnt2
(r prn3

ó pttt4
I{-2000 6 prn I

6 pm2
6 pnr3

6 ptn4
Control 7 pnt I

7 plnl.2

7 pnr3

7 pnr4
FX- 100 7 ptn I

7 pn'Z
7 prn3

7 prn4
R-2000 7 prn I

7 plni.2

7 pru3

7 pnt4
Control tl prn I

[ì prrr2

Il prn3

8 prn4
FX-100 fl pnr I

I pttt2
I prn3

8 pru4
Iì-2000 8 pttt I

[Ì put2

14.8 13.9 12.(r I 1.9

l3.l t2.4 t0.7 9.9
15.4 t4.4 13.2 12.7

t4.I t3.4 t2.0 I t.3
t5.2 14.6 l3.l t2.2
r3.9 13.3 t2.2 I t.5
t3.-5 t3. t t2. t il.5
13,3 12,8 il.9 il.3
13.9 13.2 il.2 10.3

13.9 r3.l II.0 t0.0
r4.tt r4.r rI.9 10.9

r6.s ls.7 13.9 13.0
14.2 t3.5 t2.2 I 1.5

13.2 12.5 IL2 10.5

t4._s r3,4 r2.3 I1.9
15.2 r4.3 12.8 12.2
t3.2 r 2.5 I t.3 10.7
r3.l r 2.4 t0.4 9.4
13.9 r3.2 r2.0 lt.3
r 3.6 ¡ 2.9 l l .5 10.7
15.9 t4.9 r2.6 il.5
14.2 13.3 il.6 t0.7
15.3 r4.6 12.7 11.7

12.0 ll,t 8.8 7.7
16.7 r 5.6 r3.3 t2. t

r 2.9 I I .9 10.4 9.7
14.3 r3.5 12.0 I¡.l
14.9 t4. t t2.3 I t.5
r r.5 r0.9 9.9 9.3
tó.9 t6.4 14.2 t3.0
13.(r l3.l l2.l I 1.5

l(r.4 15.6 13.9 12.9

14.4 13.8 t2.4 n.6
r4.5 r3.8 12.3 lr.5

r3. r

il.t
t3.9
t)')
I 3.4
t2.2
t2.t
I 1.8

I 1.6

I t.4
12.3

t4.0
12.3
I t.4
r 3.0
I 3.9
I 1.4

10.8
t2. r

n.7
12.9
n.1
l3.0
9.2
r 3.8
10.8
t2.l
r 3.0
9.9
14.7
12.2

t3.9
12.-5

12.4

r 5.3
13.7

r6.0
14,5
15,8

I 3.9

r3.8
t3.7
14.2

t4.2
15.2

r6.I
14.4
13.8
t4.9
16.4
r 3,4
r3.5
r 4.0
I 3.9
I 5.9
14.0

r5.8
t)')
t6.7
r3.0
I 4.3

r5.6
I t.6
17.8
r 3.8
r6.I
14.8

t4.5

t7 .4 17.9 16.9 r4.7 r5.3
16.5 t7.4 I 5.9 t3.0 r3.7
17 .4 17 .6 16.9 15.4 l(r.l
t6.9 t7.7 16.3 13,8 14.3
t8.4 l9.l 17.7 l5,l 15.6

t6.0 ló.6 r5.3 ¡3.2 13.6

ló.0 l(r.5 15.2 13.3 13.ó

15.9 l(r.0 14.(r 13,0 l3.l
r6.9 17.8 16.4 13.3 14.0

t7.0 I 8.0 ló.6 13.3 l4. t

r 8. r r9.2 t7 .7 14.3 t5.l
18.4 t9.2 18.0 15.2 15.8

16.9 t7.5 r6.t t3.8 t4.t
t6.5 t7.l r 5.5 r3. t t3.5
16.3 16.4 15.9 t4.4 l5.t
18.2 18.(r 17.7 15.7 16.6
r 5.7 r6.4 l5. r r 2.8 r3.3
t6.6 17.4 15.9 12.9 13.6
16.2 16.9 15.7 t3.4 13.9

16.5 17.2 t5.7 13.2 13.7
r8.9 20.0 18.4 r4.8 15.7

t6.3 r7.l r5.8 r3.r t3.7
18.5 19.5 18.0 14.8 15.5

15.3 t6.3 14.7 n.2 t2.0
r9.7 20.0 r8.5 r 5.8 16.4

I 5.0 t5.6 t1.5 r2.2 12.9

16.6 t7.4 r6.0 r3.5 14.0

17.9 18.(r 17,3 14.1 15.4
r3.ó t4.2 l3.r il.r il.5
20.8 2 t.8 20.5 l7.l t8.0
15.6 t(t.2 t5.2 13.2 13.6

I tl.4 19.3 I 8.1 15.3 l(r.0
t7.2 18.0 t6.7 t4.2 14.7
16.8 17.5 l(¡.2 13.l 14.2

t4.9 22.1 28.4 31.5 35.2 38.8 40.8 4t.8 4t.6 50.9 t7.3 8.6 r5.5
l3.l 22.0 29.7 33.6 3ó.1 38.3 40.0 4l.t 4r.t 49.9 20,6 10.6 0.0
t5.7 22.t 26.1 27.9 32.8 38.3 40.8 41.7 4r.5 50.8 r4,2 7.4 32.6
13.9 22.0 29.7 33.6 35.9 38.2 40,r 4t.4 4t.6 50.5 19.6 9.6 1,4

l5.l 23.2 30.5 34.3 36.5 38.5 40.3 41.3 4t.3 5t.8 18.3 8.9 2,1

t3.2 19.6 26.2 30.1 32.4 34.4 36.3 37.4 37.4 48.7 17.4 7.8 7.5

13.3 19.6 26.3 30.1 32.5 34.(r 36.5 37.7 37.7 48.7 t7.5 7.9 10.5

13.0 17.6 23,5 27.2 29.6 31.9 33,9 35.2 35.3 47.4 15.1 6.2 15.6

t3.4 22.9 30,8 34.6 36.7 38.3 39.6 40.2 39.8 s0.6 2r.r r0,7 0.0
13.4 23.9 32.0 35.8 37.9 39.5 40.6 4t.2 40.7 5r.0 22.r ll.5 0.0
14.4 25.4 33.6 37.4 39.5 4r.t 42.3 42.9 42,5 52.4 21.9 ll.4 0.0
ts.z 24.s 3t.7 3s.3 37.2 38.6 39.7 40.1 39.6 52.4 19.3 9.t 0.0
t3.8 20.5 27.6 3t.7 34.r 35.9 37.7 38.9 38.9 49.7 17.8 8.2 4.3

13.2 20.3 27.8 31.8 34.5 36.7 38.8 40.0 40.1 49.2 19.0 9.0 1.3

14.7 20.8 24.6 26.2 31.5 37.2 39.7 40.5 4Q,2 49.4 14.2 7.5 34.0
16.0 23.4 28,3 30.5 34.7 38.9 4t.l 42.0 41.9 5t.8 15.5 8,4 ?4.9
12.9 20.0 27.2 3r.2 33.8 36.t 38.2 39.6 39.9 48.7 t9.0 9.t 5.3

13.0 2t.7 29.4 33.3 35.6 37.4 39.r 40.2 40.2 49.7 20.5 10.7 0.0
13.5 20.9 28.0 3r.8 34.1 35.9 37,7 38.9 38.9 49.s r8.8 9.r 7.4

t3.2 20.7 28,0 31.9 34.2 36.0 37,8 38.8 38.8 49.4 18.9 9.0 0,0
t4.9 26.0 34.9 39.0 41.3 42.9 44.4 45.2 44.8 53.3 22: n3 0.0
r3.l 2r.6 28.9 32.4 34.6 36.2 37.7 38.6 38.4 49.6 19.8 9.5 0.0
t4.8 25.1 33.5 37.6 40.0 4r.8 43.4 44.3 43.9 52.7 21.3 10.6 0.0
n.2 22.0 30.4 34.2 36.3 37.9 39.4 40.2 39.9 48.7 24.0 12.6 0.0
t5.9 23.2 29.1 33.1 35.4 37.r 38.6 39.5 39.4 52.2 t6.2 7.9 3.9
12.5 t9.9 25.8 28.9 3t.9 31.5 36.t 36.8 36.5 47.9 18.4 9.3 10.7

13.5 21.0 27.6 31.3 33.3 34.8 36.2 37.0 3(r.8 49.(r 18.0 8.5 0.5

14.8 23.3 29.1 32.9 35.7 37.8 39.2 39.8 39.s sr.4 ¡8,r 9.2 5.7

lr.l 17.3 23.s 27.0 29.0 30.7 32.3 33.4 33.4 45.6 r8.r 8.5 5.2

17.2 27 .5 35.4 39.I 4 r.3 42.8 44.2 45.0 44.6 55.1 r 9.3 r0.5 0.0
r3.2 r9.5 25.8 29.3 3 r.4 33.0 34.6 35.6 35.6 48.5 r ó.9 7.8 r 1.2

t5.4 24.9 32.7 36.2 38.? 39.5 40.8 4t.4 41.0 52.7 19.9 9.7 l.l
14.3 2t.9 29.2 33.1 35.5 37.4 39.2 40.3 40.3 50.7 18.(r 9.2 5.0

13.7 21.2 21.8 31.5 33.4 3.l.ti -l(r.2 36.9 3(r.6 49.8 17.9 8.3 1.2

E4

0.0
0.0
0.0
1.0

0.9
5.7

5.9
28.8
0.0
0.0
0.0
0.0
10.4
16.4

0.0
0.0
1.6

4.2

0.0
6.9
0.0
0.9
0,0
4.9
t9.7
4.t
))
0.9
2.6
0.0
0.0
0.0
0.0
3.9

84.5
100.0

67.4
97.6
97.1

86.8
83.7
55.6
t00.0
100,0
r00.0
100,0

85.4
82.3
66.0
75.2
o??
9s.8
92.6
93.2
r00.0
99.1

r00.0
95. I

76.4
85.2
97.4
93.5
a1 )
100.0

88.8
98.9
95.0
94.9



Meat-type Reflectance values at wavelength (nm) of Color" 0/o of chemical states of
Treat Day &. myoglobin

replicate #

** Hunterlab scale.

8

8

pm3 14.3 13.8
om4 15.0 14.3

r2.4 11.6 12.5 t4.6
12.7 tt.8 12.7 14.9

16.8 17.s 16.3 13.9
17.1 11.8 16.4 13.9

t4.4 13.9 21.6 28.1
14.3 13.8 21.3 28.0

32.4 34.1 36.5 38.3
11 677635036.3

39.3 39.2 s0.2 18.6
369 365 499 178

8.9
79

4.0
00

0.0
g3

96.0
so7

E5
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Table Fl visualr scores for panelist # I for beef þs oas major,p.M.) (shelf-life study).

BAG #,
ÀIEAT-TYPE

&.

REPLICATE #

WEEK O WEEK I WEEK 2 WEEK 3

DAY 0123401234 0123401234
Color Intensity

Discoloration

Acceptance

#1 P.M. I

#1P.M.2

#1 P. M.3

#r P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

#1P. M. I

#1P.M.2

#1 P. M.3

#l P. M.4

#2P.M. t

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. 1

#1P.M.2

#1 P. M.3

#t P.M.4

#zP.M.1

#2P.M.2

#2P.M.3

#2P.M.4

67 7 8 6 7 0

6667 60 0

67 7 8 5

5 6 6 0

67 7 8 6 0 0

56 7 8 5 6 0

67 6 8 6

6 ø 6 0

1112 167
1112 177
ll t2 I

1 167
1l t2 177
1112 15 7

lt 12 1

I r 57
76 7 7 611
7717 611
77 7 7 7

7 611
77 7 7 611
77 7 7 7 2l
77 7 7 7

6

6

7

67777
67777
7 6666
7

77777
7 6667
67667
7

l3 566
l3 s66
12456
I

1356 6

12566
1245s
I

74211
73211
7 5321
1

74211
7 5221
7 5322
7

2

1

2

3

2

2

5

5

5

4

5

5

F2
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Table Fl Visualî scores for panelist # I for beef (ps oas major, P.M.) (shelÊlife study).

BAG#,
MEAT-

TYPE, &
REPLICATE

JJ

'WEEK 4 WEEK 5 WEEK 6 WEEK 7

DAY 0123401234 0123401234
Color Intensity

Discoloration

Acceptance

#l P.M. I

#l P. M.2

#1 P. M.3

#1 P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

#1P.M. l

#t P. M.2

#1 P. M.3

#t P.M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. I

#l P. M.2

#l P. M.3

#l P. M.4

#2P.M. 1

#2P.M.2

#2P.M.3

#2P.M.4

56677 566666666066777
56666s66666666166777
s666657777 s55ss6 s677
5s66
57777677777677166666
51777666775666765666
s7 66656667 67 6666s666
6566
31456114461346712364
3234 5113 4512346123 55
224561356611344t2354
3111
23566125661355612243
23 5 6 6 t 23 4 513 4 4 6123 5 4

2245 51344513 44612233
2t1l
664217643274 31164312
6s4327 64337 532263322
6533173211644226 3322
6776
642217431164222644 33
6423t753327432264322
6s4427 43326433264s43
6766
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Table F1 Visualt scores for panelist #1 for beef þs oas major,p.M.) (shelf-rife study).

BAG #, MEAT-
TYPE, &

REPLICATE #

WEEK 8 WEEK 9 WEEK 1O

DAY 012 3 4 012 3 4 01 ) ? a

Color lntensify #l P.M. I

#1P.M.2

#l P. M.3

#l P. M.4

#2P.M. t

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. I

#t P.M.2

#l P. M.3

#1 P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#tP.M. I

#1P.M.2

#r P. M.3

#tP.M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

66777556666666
66777555656617
666675s6666666
656
56677565655666
6 6 6 7 6 5 5 6 7 5 5 5 6 6

6 7 7 7 7 5 6 6 6 5 s 6 6l
656

Discoloration

Acceptance

2 4 5 7 712 4 5

122631245
123441266
21

14 5 5 6

r5666
14455
I

14 5 6 6112 5 I 2 3 4 5

12244t134 12334
12 2 4 4113 4 12 3 3 5

111
5321176s263222
65422765262211
6s322753173322
577
63211776265432
6543276437s543
65332775375542

3_Ìiïäii,""l:li.:i:y"::1:"::ll*i:r^"*.r.,.¿, z:r,¿åã*ïi"rv ¿,ìr,;i',ïï.ï".i:ïiå;i.ä',1,"o.i:,:,Tl:ïñ:i1.,
ïäy:"f.i,îiffi:::tr":ïïi::::i:"':":"'i'l:::::19::!'iri.iüiì:iit '-'ìi'ï:-å!'å:jii:iiìiiiij;;ïii;1iil:3,ff::'fi,ïilffi:,îåïïj:ïi:*::"*rl*ìij* :ii:,"i:'i.'.'"íûùáJ'ä1;i-1i'jj;;;;"""3:í"'',i;,undesirabte,4=Neither desirabre nor undesirabre, s'= srigrruy desirabre, 65;*;ii.i'ïiiåi:,í;äffirrabre' 

j=sli
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Table F2 odorrT scores for panerist #r for beef þs oas major,p.M.) steaks (shelf-rife study).

BAG #,
MEAT-TYPE,

&.

REPLICATE#

WEEK O WEEK I WEEK 2 WEEK 3

DAY

Off Odor
Intensity Scale

#l P.M. I

#t P.M.2

#1 P. M.3

#tP.M.4

#2P.M. t

#2P.M.2

#2P.M.3

#zP.M.4

#1 P.M. l

#1P.M.2

#1 P. M.3

#t P. M.4

#zP.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#tP.M. 1

#l P. M.2

#t P. M.3

#1P.M.4

#2P.M. t

#2P.M.2

#2P.M.3

#2P.M.4

1

I

I

1

I

1

I

I

I

I

I

I

1

I

I

I

2

2

2

I

I

I

I

I

2

2

2

I

I

I

I

I

2

2

2

1

I

I

I

I

I

I

1

1

I

I

I

I

I

I

I

3

2

2

J

2

2

I

I

I

3

2

)

Acceptability

Description

)

I

3

I

I

I

3

J

3

2

4

4

4
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Table F2 odorÌt scores for panelist # t for beef þs oas major,p.M.) steaks (shelf-life study).

BAG #,
MEAT-

TYPE, &
REPLICATE

#

WEEK 4 WEEK 5 WEEK 6 WEEK 7

DAY

Off Odor
Intensiry Scale

Acceptabiliry

Description

#1 P.M. I

#tP.M.2

#1P.M.3

#r P.M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#t P.M. 1

#1P.M.2

#1 P.M.3

#l P.M.4

#2 P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

#1P. M. I

#tP.M.2

#1 P. M.3

#1 P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

)

1

I

)

I

2

1

I

4

1

I

4

I

)

1

I

)

1

I

)

I

)

1

I

I

I

1

I

I

I

I

1

I

I

I

I

1

I

I

I

I

I

I

I

I

1

I

I

I

I

I

I

I

2

2

2

I

I

2

I

I

3

2

2

I

1

2

I

I

4

)

1

2

2

2

2

2

2

3

3

2

2

3

2

4

4

2

stale

stale

stale

2

2

2

3

3

3

I

2

2

3

2

2

4

3

J

2

,)

2

J

3

3

2

stale

stale

) .')

2

2

2

2

4

4

stale

)

2

2

2

2

4

3

J

stale
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Table F2 odortr scores for panelist # I for beef (ps oas maior,p.M.) steaks (shelfJife sfudy).

BAG #, MEAT-
TYPE, &

REPLICATE #

WEEK 8 WEEK 9 WEEK IO

DAY

Off Odor Inrensiry
Scale

#1 P.M. I

#tP.M.2

#1 P. M,3

#1 P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. I

#tP.M.2

#1 P. M.3

#t P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#zP.M.4

#1 P.M. 1

#1P.M.2

#l P. M.3

#l P. M.4

#2P.M. t

#2P.M.2

#2P.M.3

#2P.M.4

)

2

2

2

3

2

2

2

2

2

2

2

4

2

2

2

2

2

2

4

2

I

I

I

I

I

2

1

2

I

I

I

I

I

2

I

2

2

2

)

2

2

I

I

2

)
.,

I

I

I

I

I

2

4

2

4

4

4

2

2

2

4

4

J

4

stle

stle

stle

stle

stle

4

)

2

3

4

4

4

4

3

)

3

3

J

Acceptability

Description

5

2

4

3

3

4

4

J

2

4

4

4

3

J

3

4

')

4

2

2

6

2

2

2

odor' 4=Prevalent offodor. odor acceptabilitvi.or., *..r".rr.rr.à u.ing, nu. piilili::ii:..iåiil,"fåiåifroot'ut'acceptable' 3=Neither acceptable nor unaccepiable, 4=slightþ *u...p,ãËt.,-i=una.c.ptuble. odor description scores were
¿:t"ttt:j 

using a six point scale: t=Sour-sultur lrotten eggi), ã=sour-råctic ,ti¿. ¡=putri¿ ,4=Dirlysocks, 5=Floral/I.ruity,
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Table F3 Flavortrt scores for panerist #r for beef (ps oas major,p.M.) steaks (sherf_rife study).

Flavour Off Flavour Intensity Comments

Green Red Green Red Green Red

WEEK 4

WEEK 5

WEEK 6

WEEK 7

WEEK 8

WEEK 9

WEEK 10

WEEK O

WEEK 1

WEEK 2

WEEK 3

DAY O

DAY4

DAY O

DAY 2

DAY O

DAY4

DAY O

DAY4

DAY O

DAY 4

DAYO

DAY4

DAY O

DAY4

DAYO

DAY 4

DAY O

DAY 4

DAY O

DAY4

DAY O

DAY4

4

2

6

2

4

2

3

1

2

1

4

t

I

2

5

3

6

2

3

I

4

I

3

3

4

I

I

2

3

3

2

3

2

4

3

4

4

4

2

3

4

4

2

)

I

3

3

4

3

4

3

2

3

4

4

4

v. good v. good

v. good more bland

sour/liver

sour/metal- sour/metal-lic
lic

off

sour,putrd sour,putrd

livery v. good

sour bloody

bloody sour

sour putrid

sour sour

bitter/met- bitter/met-
allic allic

sour,met- sour, met_
allic allic

livery sour

livery livery

bad

bloody

roften,

bloody

livery,
metallic metallictrtçL<llt¡uîiT The fla'or rvas t

3:slightly undesirable' 2=Moderãtely undesirable, l'=undesirable. offflavår intensity was assessed using a four pointdescriptive scale: 4=prevarent offflavor, 3=Moderäte offflavor, 2=Sright offflavor, r=No offflavor.
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Table F4. visualt score for panerist #2 for beef (ps oas major,p.M.) steaks (shelf-life srudy).

BAG #,
MEAT-TYPE,

&
REPLICATE #

WEEK O WEEK I WEEK 2 WEEK 3

DAY 012 3 4 012 3 4 012 3 4 0l 2 3 4
Color Intensity #l p.M. I

#1P.M.2

#t P. M.3

#l P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

Discoloration #l p. M. I

#1P.M.2

#l P. M.3

#tP.M.4

#2P.M.I

#2P.M.2

#2P.M.3

#2P.M.4

Acceptance #1 p. M. I

#1P.M.2

#l P. M.3

#l P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

66777550
66777s 50 6

667775
6 5576
66 7 7 7 5 0 0

667775566
667775
6 5s66
1l146167
111161676
I t l l6t
1 2666
1l t 4 517 7

I I l5 5 t 4 4 5

111461
1 24s6
65452722
654527222
65 4527
6 5222
65452722
654527323
654527

s676666766
56766s6766

5676656766
55
5776766766
6776766766
67767s6766
65
1155613456
1153612356
13666123s6
l1
t4 55 612346
I166 612266
l5 66 61t236
l1
7 6 4 3 2 6 5 3 2 t

764327 53 22
7532276432
77
7432265432
7431265432
7331276432

F9
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Table F4. Visualt score for panelist #2 for beef (ps oas major,p.M.) steaks (shelf-life sfudy).

BAG #,
MEAT-TYPE,

&.

REPLICATE #

WEEK 4 WEEK 5 WEEK 6 WEEK 7

DAY 012 3 4 0 | 2 3 4 012 3 4 o t 2 3 4

Color Intensity

Discoloration

Acceptance

#l P.M. I

#1P.M.2

#1 P. M.3

#t P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. I

#t P.M.2

#1 P. M.3

#l P. M.4

#2P.M. t

#2P.M.2

#2 P. M.3

#2P.M.4

#1 P.M. I

#t P.M.2

#r P. M.3

#l P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#zP.M.4

56667567775677 0567 7

466675677856777578 7

46667s7',1 7856667567 8

655s
6777757778s6777566 7

6777756778s6777566 7

s7777s6778s6777s66 6

6555
1335 61124513357116 5

t223 61124513 34 6115 6

l33s 6116661313412s 5

1111
1116611s6613244113 4

13166114451345 5124 s

1116 6114 5 513 3 4 5l 13 4

1111
76432756 5375 5317 6l 2

66432756 5375 531752 I

6643274322156s3762 2

5777
555327442275543763 2

554327 5532755417 53 2

755427 55227554t7 6s 2

s777

Fl0



Table F4' visualt score for panelist #2 for beef Qtsoas møior,p.M.) steaks (shelf-life study).

BAG #, MEAT-
TYPE, &

REPLICATE #

WEEK 8 WEEK 9 WEEK IO

DAY t2340 2340 234
Color Intensify #l P.M. I

#1P.M.2

#l P. M.3

#1P.M.4

#2P.M. t

#2P.M.2

#2P,NI.3

#2P.M.4

#1 P.M. I

#1P.M.2

#1 P. M.3

#1 P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#1P. M. I

#1P.M.2

#1 P. M.3

#1 P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.tvI.4

05
55
)5

5

65
65
65

5

71
5l
41

I

61
51
4t

I

t7
)1

zt

7

17
)'7

27
7

5

7

4

)

5

6

2

4

4

7

7

7

7

7

7

7

7

I

1

I

2

I

I

I

I

6

6

6

4

6

6

6

8

7

8

6

0

6

5

5

6

6

5

5

5

6

I

I

I

I

I

I

I

I

7

7

6

6

7

7

7

8

8

8

6

6

6

Discoloration

Acceptance

6

5

5

3

2

)

)

I

3

J

3

3

2

)

2

ï#:"f#ii:,î:::ff.:ï::i:::ru;i:ll:*jn::ljiüË;,,:fr*,äj'.'å:i3ï:;::i;iäïj;ï:;;i|';:
i:iï.,ï::f$ïtri::Jåîiiîï:'*::,î*ï",î'lîi,.,lx::1i"i;ä#íii;å:,"9'íì;"ii!,71^!!;,i^;¡.:i:í,", h,
'ndesirable,4:Neither desirabre no, *à.ri,ãui;:T;il;ö;."rì:i;,;$ir.,T.ri,ï$ïåtj:,í;Hi,ïiï
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Table F5. Odorrr scores for panelist #2 (shelf-life study).

BAG #,
MEAT-TYPE,

&
REPLICATE #

WEEK O WEEK I WEEK 2 WEEK 3

DAY

Off Odor
lntensity Scale

#1 P.M. I

#1P.M.2

#1 P. M.3

#l P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P,M,4

#1 P.M. I

#1P.M.2

#1 P. M.3

#1 P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#1P.M.r

#tP.M.2

#t P. M.3

#t P. M.4

#2P.M. t

#2P.M.2

#2P.M.3

#2P.M.4

1

I

I

I

I

I

I

I

1

I

I

I

I

1

I

I

I

1

I

I

2

I

I

1

1

I

I

I

I

1

I

I

I

I

I

I

I

1

2

1

I

I

I

I

I

1

I

I

I

I

I

1

I

I

I

I

I

I

I

I

I

I

I

1

I

2

1

I

I

I

I

2

I

2

1

I

Acceptabilify

Description

I

I

I

I

I

I

I

2

1

I

1

I

I

I

I

I

I

I

1

2

I

I

1

I

2

)
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Table F5. odorrr scores for panelist #2 for beef (ps oas major,p.M.) steaks (shelf-life study).

BAG #,
MEAT-TYPE,

&
REPLICATE #

WEEK 4 WEEK 5 WEEK 6 WEEK 7

DAY

Off Odor
lntensity Scale

#1P.M. I

#1P.M.2

#l P. M.3

#t P.M.4

#2P.M. 1

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. 1

#tP.M.2

#l P. M.3

#l P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

#t P.M. I

#1P.M.2

#l P. M.3

#1 P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

I

I

1

1

I

I

I

1

I

I

I

1

I

1

I

1

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

2

I

1

)

I

I

I

I

I

I

I

I

I

I

I

I

2

2

I

I

I

I

2

I

)

3

I

I

I

I

4

I

3

6

2

J

3

4

4

4

1

)

I

2

2

2

3

3

J

2

I

I

I

I

I

1

I

I

Acceptability

Description

I

2

I

I

I

I

)

2

2

3

5

4

2

)

2

2

)1

2

2

2

2

)
,)

2

2

2

')
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Table F5. Odortr scores for panelist #2 (shelf-life study),

BAG #, MEAT-
TYPE, &

REPLICATE #

WEEK 8 WEEK 9 WEEK IO

DAY

Off Odor Intensity
Scale

Acceptability

Description

#l P.M. I

#tP.M.2

#t P. M.3

#1 P. M.4

#2P.M. t

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. 1

#1P.M.2

#l P. M.3

#1 P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#1P.M. I

#1P.M.2

#l P. M.3

#1 P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

2

)

3

)

2

2

3

J

3

4

3

?

3

3

2

)

2

)

2

)

)

2

5

4

I

2

)

2

I

I

2

2

I

2

I

1

I

I

2

2

I

2

I

I

2

2

)

2

I

I

1

I

)

2

3

2

I

I

I

I

2

6

2

2

J

2

I

2

3

3

2

2

J

5

4

5

4

4

4

4

4

4

J

4

2

4

J

3

2

')

2

)

')

2

tt Offodor intensity scores were assessed

::"î_1;ij"l1"F,T;1:*::9j,"^'jï:p,.billy::o':'y.î:..,r.r,.å using.a five poinr scale: r:Acceptabre, 2=stightry
acceptable, 3=Neither acceptable nor unacceptable,4=slightly unacceptaËle, 5=unacceptable. odor description scores were
assessed using a six point scale: l=Sour-sulfur (rotten eggs). 2:Sour-låctic aci¿, 3=putrid, 4:Dirly socks, S=FloralÆruity,
6=other.
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Table F6. Flavorrrt scores for panelist #2 (shelf-life study).

Flavour Off Flavour Intensity Comments

Green Red Green Red Green Red

WEEK O

WEEK 1

WEEK 2

WEEK 3

WEEK 4

WEEK 5

WEEK 6

WEEK 7

WEEK 8

WEEK 9

WEEK IO

DAY O

DAY 4

DAY O

DAY 2

DAY O

DAY4

DAY O

DAY 4

DAY O

DAY 4

DAY O

DAY 4

DAY O

DAY 4

DAY O

DAY4

DAY O

DAY4

DAY O

DAY 4

DAY O

DAY 4

bad flavor

bland

stale

sour

raw taste

sour

sour

v. good

v.bad

v.bad

livery

bad

raw taste

v.bad

v. bad

bloody

bad

6

6

6

4

5

5

6

6

4

5

5

J

5

4

5

I

)

2

4

I

4

I

6

5

6

5

6

6

6

5

5

5

5

4

5

5

J

I

5

I

4

3

I

2

I

I

I

2

I

I

I

1

2

2

I

3

2

)

1

4

4

3

)

4

)

4

I

I

1

2

1

I

1

)

I

I

I

3

I

1

3

4

I

4

2

3

4

3

TIT The flavor was assessed using a six point descriptive scale: 6=Desirable, 5=Moderately desirable, 4=Slightly d.ri.ubl",
3=Slightly undesirable, 2:Moderately undesirable, l=Undesirable. Offflavor intensify was assessed using a foúr point
descriptive scale: 4=Prevalent offflavor, 3:Moderate offflavor, 2=Slight offflavor, l=No offflavor.
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Table F7. Visualr scores for panelist #3 for beef þs oas major, P.M.) steaks (shelf-life study).

BAG #,
MEAT-TYPE,

&.

REPLICATE #

WEEK O WEEK I WEEK 2 WEEK 3

DAY 0123401234 0123401234
Color Intensity

Discoloration

Acceptance

#1 P.M. I

#1P.M.2

#l P. M.3

#1 P. M.4

#2P.M.t

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. l

#1P.M.2

#1 P. M.3

#1 P. M.4

#2P.M. t

#2P.M.2

#2 P. M.3

#2P.M.4

#lP.M. 1

#1P.M.2

#l P. M.3

#1 P. M.4

#2P.M.I

#2P.M.2

#2P.M.3

#2P.M.4

66 8 8 8

65 7 7 7

65 8 7 8

5

66 8 7 7

66 8 6 6

65 7 6 7

5

11223
11224
1122 3

1

1r 232
1r 23 6

11233
1

66 3 3 2

77 4 4 3

77 3 4 2

7

66 3 3 4

76342
66 4 4 3

7

56666
s6666
s6666
5

5 67 6 0

66660
66660
6

11264
223 6 5

21366
)

41367
42667
23667
2

76644
66s43
76s42
7

46432
45422
54322
6

167 6

6666
6666

6666
6666
6666

2325
23 3 5

1134

I126
2125
2226

4442
5 5 42
6643

6652
5 6 5 3

5 5 52
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Table F7. Visualt scores for panelist #3 for beef (ps oas major, P.M.) steaks (shelflife study).

BAG #,
MEAT-TYPE,

&.

REPLICATE #

WEEK 4 WEEK 5 WEEK 6 WEEK 7

DAY 0123401234 0123401234
Color Intensity

Discoloration

Acceptance

#l P.M. I

#1P.M.2

#1 P. M.3

#l P. M.4

#2P.M. t

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. I

#1P.M.2

#1 P. M.3

#1 P. M.4

#2P.M.l

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. I

#tP.M.2

#1 P. M.3

#1 P. M.4

#2P.M. 1

#2P.M.2

#2P.M.3

#2P.M.4

666665666766660s17
66667s6s6656s66678
6666667667 s5 666s77
666s
66667 57 6 00 6666 05 s6
66777 566 s6 56666s66
66666s6s66 56 66 65 66
6555
222661112313 661123

6

7

6

2224 61222313 566123

212461224423446133 4

5122
133462227712667164 3

3 4 3 4' 6 1 I 2 6 6 t 2 6 6 6 3 2 3 3

222462266613 664123 5

3121
66 s3276ss275322745 s

66 552765 537s422744 3

67 5526444265 5327 35 2

3656
75 55265432663227 35 5

545427653276322554 4

654527 53327s3237 5s 4
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Table F7. Visuali scores for panelist #3 for beef (ps oas major, P.M.) steaks (shelf-life study).

BAG#, MEAT-
TYPE, &

REPLICATE #

WEEK 8 WEEK 9 WEEK 10

DAY 012340123401234
Color Intensity

Discoloration

Acceptance

#l P.M. I

#1P.M.2

#l P. M.3

#1 P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. 1

#1 P. M.2

#1 P. M.3

#1 P. M.4

#2P.M. 1

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. 1

#r P.M.2

#1 P. M.3

#r P. M.4

#2P.M. l

#2P.M.2

#2P.M.3

#2P.M.4

560006s67
s6678s566
s66675676
55
56000ss66
566076677
578886666
55
227771212
124432124
223432136

66s50
66500
66668
6

55550
55657
s s 6 5 0

5

22667
24677
13464
I

15467
)))¿.L

13257
I

56422
54322
6s433
6

7 4 422
66644
7s632
7

22
157771221
146741122
lzt32tl35
11
6 5 2216 6 6 4

7s4436654
654436642
66
742217766
743226654
743336653

t Color scores were assessed using an eight point descriptive scale: O=Completely discolored, 1:White, 2=Pale pink, 3=Pink,
4=Pale red, 5=Bright cherry red, 6=Slightly dark red, 7:Moderately dark red, 8=Extremely dark red. Surface discoloration was
evaluated using a seven point descriptive scale: 1=0% (none),2:1-10To,3=11-25%o,4=26-50%,5=51-75%,6=76-99%,7=
100%. Retail appearance was assessed on a seven point hedonic scale: 1=Extremely undesirable, 2=Undesirable, 3:Slightly
undesirable, 4=Neither desirable nor undesirable, 5= Slightly desirable, 6= Desirable, 7=Extremely desirable.
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Table F8. Odorri scores for panelist #3 for beef þs oas major, P.M.) steaks (shelf-life sfudy).

BAG #,
MEAT-TYPE,

&
REPLICATE #

WEEK O WEEK I WEEK 2 WEEK 3

DAY

Off Odor
lntensity Scale

Acceptability

Description

#1 P.M. I

#l P.M.2

#1 P. M.3

#1 P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. 1

#l P. M.2

#t P. M.3

#l P. M.4

#2P.M. t

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. 1

#t P.M.2

#l P. M.3

#l P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

2

2

2

1

2

2

)

I

)

6 stale

6 stale

6 stale

6 stale

6 stale

6 stale

l1
))

I

11
21
12
2

12
1l
12
I

11
l1
11
I

6 stale 6 stale

6 stale 6 stale

6 stale

6 stale

6 stale

2

1

I

6 stale

6 stale

6 stale

6 stale
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Table F8. Odorfi scores for panelist #3 (shelfJife study).

BAG #,
MEAT-TYPE,

&
REPLICATE #

WEEK 4 WEEK 5 WEEK 6 WEEK 7

DAY

Off Odor
Intensity Scale

Acceptability

Description

#1P.M. 1

#1P.M.2

#1 P. M.3

#l P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. l

#1 P. M.2

#1 P. M.3

#1 P. M.4

#2P.M.I

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. 1

#tP.M.2

#l P. M.3

#1 P. M.4

#2P.M. 1

#2P.M.2

#2P.M.3

#2P.M.4

I

2

I

I

I

I

I

)

I

6stale

6stale

)

1

1

2

)

I

2

I

I

2

I

)

)

2

1

3

2

2

3

I

1

3

)

2

I

1

I

stale

stale

6stale

6stale

6stale

stale

stale

stale

stale

stale
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Table F8. Odorrr scores for panelist #3 for beef (ps oas major, P.M.) steaks (shelf-life study).

BAG#, MEAT-
TYPE, &

REPLICATE #

WEEK 8 WEEK 9 WEEK IO

DAY

Off Odor Intensity
Scale

Acceptability

Description

#l P.M. I

#tP.M.2

#l P. M.3

#l P. M.4

#2P.M.t

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. I

#1P.M.2

#1 P.M.3

#1 P. M.4

#2P.M.l

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. 1

#tP.M.2

#1 P. M.3

#1 P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

I

I

I

I

)

I

2

I

I

I

I

I

I

I

2

1

stale

3

1

3

5

1

I

)

I

I

sour

sweet

sweet

stale

stale

I

I

I

stale

stale

1

1

2

1

I

1

1

I

I

1

1

1

I

I

1

stale

1

1

I

stale

stale

I

2

I

I

I

I

2

1

I

1

1

1

I

I

I

I

2

2

2

3

I

I

stale

stale

stale

stale

ft Offodor intensity scores were assessed using a four point descriptive scale: l:No offodor,2=Slight offodor, 3=Moderate off
odor,4=Prevalent offodor. Odor acceptability scores were assessed using a frve point scale: l=Acceptable,2=Slightly
acceptable, 3=Neither acceptable nor unacceptable,4=Slightly unacceptable, 5=Unacceptable. Odor description scores were

assessed using a six point scale: 1=Sour-sulfur (rotten eggs),2:Sour-lactic acid, 3=Putrid,4=Dirty socks, 5=Floral/Fruity,
6=other.
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Table F9. Flavorifi scores for panelist #3 (shelf-life sfudy).

Flavour Off Flavour Intensiry Comments

Green Red Green Red Green Red

WEEKODAYO66lI
D4Y46611

WEEK 1 DAYO

DAY 4

WEEK? DAYO 6 6 1 I

DAY46611
WEEK3 DAYO

DAY4 4 2 2 3 bitter, bitter,meta-
metallic llic

WEEK4 DAYO 5 6 2 1 livery

DAY46611
WEEK5DAYO66l1

DAY4662r
WEEK6DAYO66I1

DAY464l3
WEEK7DAYO66Il

DAY4 6 6 2 I astringent

WEEK8DAYO66ll

stale

livery

DAY4661l
WEEK9 DAYO 6 6 2 2 metallic sour

DAY46611
WEEK1O DAYO 6 4 1 3

DAY466l1
TTT The flavor was assessed using a six point descriptive scale: 6=Desirable, 5:Moderately desirable, 4=Slightly desirable,

3=Slightly undesirable, 2=Moderately undesirable, l=Undesirable. Offflavor intensity was assessed using a four point
descriptivê scale: 4=Prevalent offflavor, 3=Moderate offflavor, 2=Slight offflavor, l=No offflavor.
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Table F10. Visualt scores for panelist #4 for beef þsoas major, P.M.) (shelf-life sfudy).

BAG #,
MEAT-TYPE,

&.

REPLICATE #

WEEK O WEEK 1 WEEK 2 WEEK 3

DAY 0l 2 3 4 012 3 4 01 2 34 012 3 4

Color lntensity

Discoloration

Acceptance

#l P.M. I

#tP.M.2

#1 P. M.3

#1 P. M.4

#2P.M. I

#2P.M.2

#2 P. M.3

#2P.M.4

#lP.M. I

#rP.M.2

#1 P. M.3

#l P. M.4

#2P.M. t

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. I

#1 P. M.2

#1 P. M.3

#1 P. M.4

#2P.M. 1

#2P.M.2

#2P.M.3

#2P.M.4

66776s80
s5 66 s540 0

667 57 5

5 5556
66776500
s 6 6 6 s 5 5 5 s

666664
6 5 5 5 6

11123267
111141677
I112 51
I 1666
1113 427 7

116662 335
1113 52
| 2166
77 654621
77'7 7 47111
77 7 537
7 6l l2
77 643611
67 2226 32
7774364

555 5667665
s s 5 6 6 5',l 6 s s

5 5 6 7 0 5 6 6 s 5

65
5 6 6 6 0 6 7 7 6 6

6'7 7 67 6 6 6 5 5

6 7 6 00 5 6 5 5 5

65
t 2 3 s5 t 2 4 5 6

l l t 4 5 I 2 3 6 5

115 67113 5 6

l1
14 4 67 214 4 5

t 2 2 66 2 2 2 6 6

l5 6 77 | 13 3 5

1l
7 6 5 22 7 6 3 21
7 7 7 22 7 6 7 3 2

7 7 3 217 7 7 2 2

77
7542167532
7662166621
7411177643

641I
t Color scores were assessed using an eight point descriptive scale: O=Completely discolored, l:White, 2=Pale pink, 3=Pink,

4=Pale red, 5=Bright cherry red, 6:Slightly dark red, 7=Moderately dark red, 8=Extremely dark red. Surface discoloration was

evaluated using a seven point descriptive scale: 1:0% (none), 2=l-10%,3=17-25o/o,4=26-50%,5=57-75o/o,6:76-99%,7=
100%. Retail appearance was assessed on a seven point hedonic scale: l=Extremely undesirable, 2=Undesirable, 3=Slightly
undesirable, 4:Neither desirable nor undesirable. 5: Slightly desirable, 6= Desirable, 7:Extremely desirable.
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Table Fl l. Odortr scores for panelist #4 for beef þsoas major, P.M.) steaks (shelf-life study).

BAG #,
MEAT-TYPE,

&.

REPLICATE #

WEEK O WEEK I WEEK 2 WEEK 3

DAY

Off Odor
Intensity Scale

Acceptability

Description

#1P.M. l

#tP.M.2

#l P. M.3

#l P. M.4

#2P.M.t

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. 1

#tP.M.2

#1 P. M.3

#1 P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

#1P. M. 1

#1 P. M.2

#1 P. M.3

#1 P. M.4

#2P.M. 1

#2P.M.2

#2P.M.3

#2P.M.4

3

3

2

2

1

I

2

I

2

I

2

3

I

1

1

I

I

)

1

1

I

I

I

I

I

I

I

I

1

J

2

I

1

2

)

2

I

2

3

2

3

3

6 stale

)

4

I

I

I

I

2

I

I

1

I

I

I

I

2

I

I

I

2

2

2

6 stale

J

2

2

2

2

2

2

6 stale

2

6 stale

4

6

2

TT Offodor intensity scores were assessed using a four point descriptive scale: 1=No offodor, 2=Slight offodor, 3=Moderate off
odor, 4=Prevalent offodor. Odor acceptabilify scores were assessed using a five point scale: 1=Acceptable, 2=Slightly

acceptable, 3:Neither acceptable nor unacceptable,4=Slightly unacceptable, 5=Unacceptable. Odor description scores were

assessed using a six point scale: 1=Sour-sulfur (rotten eggs), 2=Sour-lactic acid. 3:Putrid, 4:Dirty socks. S:FloralÆruity,
6=other.
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Table Fl2. Flavorttt scores for panelist #4 for beef (psoas major, P.M.) steaks (shelÊlife study).

Flavour Off Flavour Intensity Comments

Green Red Green Red Green Red

WEEK0 DAYO 6 2 5 I v.Sour rawflavour

DAY4 6 6 1 2 Sour

WEEK1 DAYO 5 5 I I I I

DAY? 6 6 I I

WEEK2 DAYO 6 6 1 I

DAY4 2 5 3 I soWburnt rawflavour

WEEK3DAYO65l1
DAY4 5 I 5 I metallic,

dirty taste

TTT The flavor was assessed using a six point descriptive scale: 6=Desirable, 5=Moderately desirable, 4:Slightly desirable,

3=Slightly undesirable, 2=Moderately undesirable, l=Undesirable. Offflavor intensity was assessed using a four point

descriptive scale: 4:Prevalent offflavor, 3=Moderate offflavor, 2=Slight offflavor, l:No offflavor.
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Table Fl3. Visuall scores for panelist #5 for beef þsoas major, P.M.) steaks (shelf-life study).

BAG #,

MEAT-TYPE,
&.

REPLICATE #

WEEK O WEEK 1 WEEK 2 WEEK 3

DAY 01 2 3 4 012 3 4 0 I 2 3 4 012 3 4

Color Intensity

Discoloration

Acceptance

#l P.M. 1

#1P.M.2

#1 P. M.3

#1 P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

#rP.M. I

#1 P. M.2

#l P. M.3

#1 P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. I

#l P. M.2

#l P. M.3

#l P. M.4

#2P.M. l

#2P.M.2

#2P.M.3

#2P.M.4

66777600
667776008

667776
6 618I
66776600
667766788
667766
6 67 8 8

11114177
I I I1427 7 6

111152
1 1666
1r136177
l I l3 6167 6

1112 61
1 167 6

77563711
77 66361I I

77 5626
7 7 211

77 541711
77 541721I
77 s 517
7 7 2l l

5 6667 56677
6 5667 56677

5 6667 55666
55
566676s666
6 6667 66666
6 677 8s 6661
65
l l t2 3113 45
2112 3112 5 5

1124411244
1l
1122411245
1223 61113 s

2355611234
1l
7 766577444
6776577644
77554776s5
77
7 7564776 53

7 56s377763
6444276664
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Table F13. Visualt scores for panelist #5 for beef þsoas major, P.M.) steaks (shelf-life study).

BAG #,
MEAT-TYPE,

&
REPLICATE #

WEEK 4 WEEK 5 WEEK 6 WEEK 7

DAY 012 3 4 012 3 4 01 2 3 4 012 3 4

Color Intensity

Discoloration

Acceptance

#1 P,M. 1

#1P.M.2

#l P. M.3

#1 P. M.4

#2P.M. t

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. I

#l P. M.2

#1 P. M.3

#l P. M.4

#2P.M. 1

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. I

#1 P. M.2

#l P. M.3

#1 P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

5s666s5s67s677866678
s s 6 6 6 5 s 5 6 7 6 6 7 67 66 6 7 8

5 5 6 6 6 5 6 7 8 0 6 6 6 67 66 6 7 8

5566
6 6 7 7 6 5 6 6 7 0 6 6 7 7 7 66 6 6 7

6 6 7 7 6 5 s 6 7 8 6 6 6 7 7 66 6 6 7

6 616 6 5 5 6 7 8 5 6 6 7 7 66 6 6 7

6556
l l 3 3 5 1 1 I 2 41 I 4 5 7 12 4 3 6

1 1 2 3 5 1 1 I 2 4 | 2 3 5 6 12 4 4 6

I 13 4 5 13 5 6 71 l2 4 6 114 4 5

1ll1
1 13 4 513 3 4 712 4 5 6 113 2 6

11246111451245611235
1 13 3 4113 5 512 4 s 6 11 12 5

11ll
77553777s37645276432
116537776276 5 5216432
7 7 5 5 4 7 6 3 2 | 7 6 6 62 7 6 4 3 2

7777
6 6 6 5 3 7 6 5 4 t 7 6 4 42 7 6 6 5 4

6 6 5 5 2 7 7 6 5 3 7 6 4 42 7 6 6 4 2

6666477543'r 6 5 5276764
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Table F13. Visualr scores for panelist #5 for beef (psoas major, P.M.) steaks (shelfJife study).

BAG #, MEAT-
TYPE, &

REPLICATE #

WEEK 8 WEEK 9 'WEEK IO

DAY 012340123401234
Color lntensity

Discoloration

Acceptance

#1P.M. I

#1P.M.2

#1 P. M.3

#r P. M.4

#2P.M. t

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. 1

#1P.M.2

#1 P. M.3

#1 P. M.4

#2P.M. l

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M.r

#1 P. M.2

#l P. M.3

#l P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

677885666
666675666
666675777
65
667885666
666675766
666675666

124561112
112361223
112251122
11
654217776
766537765
766517s43
57
765317766
766s27665
766637766

s6678
56670
56678
5

56668
55668
5 s 66 8

5

11245
12 3 5 7

12335
I

11225
1122 5

1123 6

1

7 7 5 43
76431
7 6 s 5 4

7

77653
77664
77652
7

65
234561112
122351123
12236r235
21

t Color scores were assessed using an eight point descriptive scale: 0=Completely discolored, l=White, 2=Pale pink, 3=Pink,
4=Pale red, S=Bright cherry red, 6:Slightly dark red, 7=Moderately dark red, 8=Extremely da¡k red. Surface discoloration was
evaluated using a seven poìnt descriptive scale: 1:0% (none),2:l-10%,3=ll-25%,4=26-50%,5=51-75%,6=76-990/o,7=
100%. Retail appearance was assessed on a seven point hedonic scale: l=Extremely undesirable, 2:Undesirable, 3=Slightly
undesirable, 4=Neither desirable nor undesirable, 5= Slightly desirable, 6= Desirable, 7=Extrernely desirable.
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Table F14. Odorfi scores for panelist #5 for beef þsoas major, P.M.) steaks (shelf-life study).

BAG #,
MEAT-TYPE,

&.

REPLICATE #

WEEK O WEEK I WEEK 2 WEEK 3

DAY

Off Odor
Intensity Scale

Acceptability

Description

#1P.M. I

#lP.M.2

#1P. M.3

#i P. M.4

#2P.M. 1

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. 1

#1P.M.2

#1 P. M.3

#1 P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. 1

#l P. M.2

#1 P. M.3

#1 P. M.4

#2P.M. t

#2P.M.2

#2P.M.3

#2P.M.4

J

3

3

3

4

4

5

5

5

2

2

2

3

4

4

4

4

2

2

4

4

2

)

6

)

2

3

2

2

3

2

2

3

)

2

')

)

2

)

I

')

I

2

I

I

1

2

I

4

2

)

2

2

)
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Table F14. Odortt scores for panelist #5 for beef þsoas major, P.M.) steaks (shelf-life study).

BAG #,

MEAT-TYPE,
&.

REPLICATE #

WEEK 4 WEEK 5 WEEK 6 WEEK 7

DAY

OffOdor
Intensity Scale

Acceptabiliry

Description

#l P.M. 1

#tP.M.2

#1 P. M.3

#l P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. 1

#l P. M.2

#l P. M.3

#1 P. M.4

#2P.M.1

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. I

#tP.M.2

#l P. M.3

#l P. M.4

#2P.M. 1

#2P.M.2

#2P.M.3

#2P.M.4

I

2

1

I

)

1

stale

2

2

2

I

)

2

2

2

2

2

2

)

)

2

2

2

2

2

2

)

2

2

)

2

)

)

2

2

2

2

2

1

2

3

3

3

4

4

4
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Table Fl4. Odortt scores for panelist #5 for beef (ps oas major, P.M.) steaks (shelf-life study).

BAG#, MEAT-
TYPE, &

REPLICATE #

WEEK 8 WEEK 9 WEEK IO

DAY

Off Odor Intensity
Scale

#1 P.M. 1

#r P. M.2

#l P. M.3

#l P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

#1 P.M. I

#1 P. M.2

#1 P. M.3

#l P. M.4

#2P.M. I

#2P.M.2

#2P.M.3

#2P.M.4

#lP.M. I

#1 P. M.2

#1 P. M.3

#l P. M.4

#2P.M. 1

#2P.M.2

#2P.M.3

#2P.M.4

I

I

I

Acceptability 2

I

2

3

2

I

1

I

I

Description

tt Off odor intensity scores were assessed using a four point descriptive scale: l:No off odor, 2:Slight off odor,

3=Moderate off odor, 4=Prevalent off odor. Odor acceptability scores were assessed using a five point scale:

1:Acceptable, 2:Slightly acceptable, 3=Neither acceptable nor unacceptable, 4:Slightly unacceptable,

5=Unacceptable. Odor description scores were assessed using a six point scale: l=Sour-sulfur (rotten eggs),

2:SourJactic acid, 3:Putrid, 4=Dirry socks, S:FloralÆruity, 6:other.

3

3

3

3

3

3

3

3

3

2

4

2

4

4

2

I

2

3

3

2

I
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APPENDIX Gl: MEDIA PREPARATION

APT (All Purpose Tween):

- Weigh out the appropriate amount of APT agar and place it into a volumetric flask.
Ensure that the volume of the flask is two times greater than that of the final solution.

- Measure and add the appropriate amount of filtered water to the flask.
- Place a metallic stirring rod in the flask.
- Heat and stir until the dilution is completely dissolved.
- Place tinfoil over the flask opening and autoclave.
- Pour the heated media into sterile petri plates.
- Invert and stack the plates to allow for slow cooling.
- Refrigerate once tlie media is solidified.

PEPTONE (0.r%):

- Weigh out and add the desired amount of peptone to a volumetric flask. Ensure that the
volume of the flask is two times greater than that of the final solution.

- Add the appropriate amount of frltered water to the flask.
- Place a metal stirring rod into the flask.
- Heat and stir until completely dissolved.
- Pipette (using brinkmann dispenser) 10 ml or 90 ml into labeled plastic bottles, or

9 ml into glass disposable test tubes.
- Autoclave and refi'igerate.
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APPENDD( G2: STEPS oF MICROBIOLOGICAL ANALYSIS:

l)

2)

3)

4)

5)

6)

Remove the APT (AIl purpose Tween, DIFCO Laboratories, Detroit, MI) plates and 0.1%peptone bottles and test tubes approximately 2 h prior to analysis.
Sterilize the 10 cm2 corer by dipping it into ethyl alcohol and flame until all the alcohol isburned offand the corer is cooled down.
Remove a 10 cm2 sample by placing the alcohol sterilized circular corer perpendicular tothe meat surface and twisting down until the top layer of the meat is cut ihråugh. Be surenot to cut through the whole thickness of the meat.
Using alcohol sterilized forceps and a disposable sterilized scalpel blade (Feather safetyRazor Co.' Limited), cut and remove the core to release the l0ìm2 

"ir"uìur 
rÀpt".

Place the core into a stomacher bag (seward stomacher Bag) with l0 ml of 0.1% peptone
solution and stomach for 120 s on high power, yielding a dilution of 100.
using a disposable serological I ml pipefte (Fisher Scúntific, Edmonton, AB), transfer 1ml from the stomacher bag into a glass test tube (Fisher scientific, littsburgh, Þa)
containing 9 ml of 0.1% peptone solurion (i0-rdilution).
Vortex the test tube.
Using a new disposable pipette, transfer I ml from the first test tube into another test tube(test tube #2) which is also filled with 9 ml of 0.1% peptone (10-2 ¿il"ii""1. 

-'^--

Repeat steps 6 and 7 until the desired dilutions ur. ,Ëa.h.d.
Label the APT plates and transfer 0.1 rnl frorn the desired dilution tubes using the
disposable pipettes onto the APT plate surface (ensure to flame the test tube end prior to
withdrawing the sample). Using an alcohol sterilized glass rod (hockey stick), spread the
sample in a circular motion around the plate. Try to hãve an even spread across the plate.
lnvert the plate and incubate at25"C for 3 days.

t)
8)

e)
10)

I t)
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Table Gl Enumeration of total meat organisms on beef (psoas major,P.M.) steak [sample #l] (shelf-life
study).

Dilution
factor

Sample WEEK O WEEK I WEEK 2 WEEK 3 WEEK 4

dayO day4 day0 day2 day0 day4 day 0 day4 day0 day4

100

l0-'

l0-2

l0-3

l0-4

10-5

l0'ó

10t

l0-E

l0'e

l0'r0

A

B

A

B

A

B

A

B

A

B

A

B

A

B

A

B

A

B

A

B

A

B

l0

23

I

I

<l

<1

<1

<1

.14

39

7

8

I

<l

<l

<l

145

t41

l5

t2

I

i

7

t3

2

6

<I

3

<l

<1

<l

<l

I

<l

2

t0

<1

I

I

<l

<I

<l

6

5

2

<l

<l

<l

<l

<1

2t8

136

32

33

J

4

3

<l

<l

<1

<l

<l

7

I

<l

<l

105 2 50

212 3 36

9<l<l

14<l 5

l<1

l<1
<1 <l

<l <l

<1 <1

<i <l

<l <l

<1 <1
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filution Sample
rctor

WEEK 5 WEEK 6 WEEK 7 WEEK 8 WEEK9 WEEK IO

day0 day4 day0 day4 day0 day4 dayO day4 dayO day4 dayO day4

100

l0-'

10'2

l0-3

l0-o

l0'5

10'ó

l0'

l0'8

l0-e

10-r0

I

4

<l

<l

I

I

<l

<l

7

5

3

<l

<1

<I

<l

<l

<1

<l

2l

22

<l

<l

<l

<l

<1

<l

<l

<l

)

1

<l

<1

I

<l

<l

TNC

TNC

65

64

2

4

<1

<1

<1

<l

TNC

TNC

r85

182

TNC

TNC

TNC

TNC

t7

43

<l

<1

<1

<l

lt0

90

t4

l0

<1

<1

<l

<l

<l

<l

I

<1 TNC

<I TNC

TNC

TNC

t8

45

<1

<l

<l

<l
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ble G2 Enumeration of total meat organisms on beef (psoas major, P.M.) steak [sample #2] (shelf-life study).

Dilution
factor

Sample WEEK O WEEK I WEEK 2 WEEK 3 \MEEK 4

dayO day4 day0 day2 dayO ðay4 day 0 day4 day0 day4

100

l0-'

l0'

l0-3

l0-4

l0-5

10-6

l0-7

l0-8

l0-e

l0- r0

il TNC t4

19 TNC 12

246<l

161 <l

<1 30 <1

<l 42 <l

<14<l

<18<1

tl

2<1

<l

<1

<1

<1

TNC 7

TNC 49

TNC 4

TNC <1

t07

184

36

35

J

4

I

<l

TNC I TNC

TNC 6 TNC

TNC <1 TNC

TNC <I TNC

45 TNC

38 TNC

5 t9

625
<1 5

<l 3

<l <1

<l <1

8

il
<l

I

<l

<l

<l

<l

I

<1

J

2

<l

<l

<l

<1

<1

<l
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)ilution
äctor

Sample WEEK 5 WEEK 6 WEEK 7 WEEK 8 WEEK9 WEEK IO

day0 day4 dayO day4 dayO day4 day 0 day4 dayO day4 dayO day4

<1

')

J

2

100

l0-'

l0-2

10r

l0'o

l0'5

l0'ó

l0-?

l0'8

104

l0'r0

ll

4

11

6

2

<l

18

J

<l

<l

32

29

28

4

2l

<l

<l

<1

<l

<1

3

2

1

<l

<1

<1

<l

<l

<1

<l

I

<l

5l

68

l1

9

<l

<l

<l

<1

<l

<l

I

2

<l

<l

<l

<1

<l

<1

<l

<1

I

<1

<l

<l

<l

<l

<l

<l

<l

<l

<l

<1

<l

TNC

TNC

TNC

TNC

24

50

<l

<1

<l

<1
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Table Hl

Meat- Bag # Week Hour

ryPe
&

Reflectance data as obtained on the surfaces of beef (ps oas major,p.m.) steaks after their storage in liquid-N, refrigerated

container.

repli-

pmz 1.0 O.O O.O 10.3 g.7 8.6 8.1 9.1 11.3 13.7 14.5 13.1 10.7 11.1 10.7 18,3 25.9 2g,g 32,3 34.3 36.3 37.5 37.8 46.3 21'4 10'7 0'0

pm3 1.0 O.O 0.0 15.2 14.5 13.3 12.7 13.3 15.1 17.2 17.g 16.7 14.4 14.9 14.5 21.7 29.0 32.9 35.3 37.3 39.1 40.3 40.4 50'7 18'3 8'3 8'5

pm4 1,0 0.0 0.0 14.0 13.3 12.0 11.3 12.2 14.6 17.g 18.2 la.z 13.9 14.6 14.0 23.0 31.2 35.2 38.2 40.6 42'6 438 43 9 51 2 20 8 10'4 0'0

pm1 2.0 o.o o.o 14.g i4.z 1z.g 12.2 rà..s 14.9 17.2 'rr.g ìo.o 14.1 14.6 14.2 21.7 29.3 33.4 3s.8 37.9 39.7 4o'9 41.0 50'6 18'9 8'8 4'0

pm2 2.0 0.0 0.0 11.2 10.4 8.8 8.0 g.2 11.9 14.8 1s.6 14.1 11.1 11.8 11.2 20.1 28.1 32.2 g5.3 37.8 39.8 4o'9 41.1 47.7 22'5 11'7 0'0

pm3 2.0 0.0 o.o 9.0 8.5 7.2 6.6 7.4 9.5 12.0 12.6 11.1 8.8 g.2 8.8 15.8 23.3 27.4 29.9 32,0 U,1 35.4 35.6 43.3 22'4 10'8 0'0

pm4 2.0 O.O O.O 11.1 10.4 9.0 8.4 9.3 11.6 14.2 15.0 13.5 10.9 11.4 11.0 rg.s zo.o 30,7 33.1 35.2 97.1 38.2 38.3 43.3 22'4 10'8 0'0

pm1 1.0 o.o z¿.0 ts.a M.g 13.6 13.0 ic.1 16.4 18.2 1g.t 1g.o 1s.9 16.7 16.1 zá.a zt.g 2s.4 i4.o 38.s 40.3 41'o 40'6 51'8 14'8 8'1 21'5

pm2 1.0 o.o z4.o 14.4 13.s 12.3 11.7 ,t2.7 14.6 ro.z ro.o rã.é 't3.g i4.7 14.1 21.g 26.9 28,8 33'4 38'o 4o'1 4o'9 40'6 49'8 17'0 8J 19'6

pm3 1.0 0.0 24.o 14.7 13.8 13.0 12.6 13.5 1s.2 16.s 16.g ìé.e Ms 1s.o 15.1 21.g 25'g 26.4 31.9 38'3 4o'9 41'6 41'3 501 14'3 7'7 35'3

pm1 2.0 O.O Za.O 'ts.ø 14.8 13.8 13.3 't4.2 16.1 17.5 17.g 17.2 15.4 16,0 15.5 22,.3 26.8 28.6 32,9 37.1 39.2 401 399 5O'9 14'6 7'2 23'3

pm2 2.0 O.O 24.O 15.g 14.2 12.g 12.5 13.9 16.3 17.7 17.7 17.3 15.7 't7,0 16,4 29.6 26.2 26.9 93.6 42.2 45.3 46.0 45'3 51's 13'9 8'3 43'7

pm2 2.0 0.0 z¿.0 ,ta.,t 13.1 12.g 11.g 12.8 14.5 15.8 16.0 15.5 14.0 14,8 't¿.¿ zo.a 24.o 25.3 30.7 36.7 39.3 40.1 39'8 49'0 14'1 7'5 34'8

pm1 1.0 0.0 4B.o 16.4 1s.4 14.s 14.,r 1s.o 16.7 'n.r 'tz.a 't1.ò ß.2 17.1 16.7 22.6 25.1 25.8 g1.2 37'5 39'8 4o'3 39'7 51'211'9 6'4 42'2

pm2 1.0 o.o 48.0 14.6 13.5 12.3 11.g 13.0 rs.o 16.3 16.4 ro.o 14.s 1s.o l¿.s 2ã.ß 25.0 25.8 31.6 38'6 41'2 41'8 41'3 49'8'14'4 8'1 37'5

pm3 1.0 o.o 4g.o 14.2 13.1 ,t2.4 12.1 rã.s 1s.1 1s.9 rs.e ré.é r¿.e 16.0 rs.o ãõ.g 22.i 22.0 2g.B 37.7 41.0 41-5 4o'8 49'3 11'2 7'1 59'6

pm1 z.o o.o 4B.o 14.2 13.1 12.1 11.8 13.0 1s.o 16.1 16.1 rã.e ß.7 1s.8 ts.s ä.2 is.a z¿.2 30.3 37'7 4o's 41'2 4o'8 49'512'7 7'7 49'8

pm2 2.0 o.o 48.0 15.3 14.0 13.0 't2.7 14.4 16.6 17.5 17.3 17.1 16.3 17,7 tt.¿ zz,s zal 24.3 g'1,2 41.1 44.8 45'3 44'4 51'311'2 7'6 66'3

pm3 2.0 o.o 48.0 15.4 14.2 13.2 12.8 14.0 1s.g 16.g 10.7 ì0.¿ rs.¿ 10.5 16.0 21.5 23.4 23.7 2g'5 37'3 4o'3 41'0 4o'5 5o'1 11'3 6J 51'2

pm1 1.0 o.o 72.0 16.g 1s.7 14.9 14.5 is.6 17.4 ig.1 1g.1 ti.s i7.o 1B.o fi.a à2.'1 zc.t 24.4 3o'2 38'o 4o'8 41'2 4o'5 51'6 9'9 6'0 54'3

pm2 1.0 0.0 72.0 13.g 12.8 11.9 11.s 1z.B 14.6 1s.s 'rs.4 ts.i t¿.2 1s.4 r¿.s ãõ.0 àz¡ zz.a zg.t 38'2 41'6 42'1 41'4 48'812'1 7'4 54'4

pm3 1.0 o.o 72.0 13.3 12.7 12.4 13.7 15.5 16.0 15.8 ls.¡ ts.z 16.5 16.3 20.6 21.6 21.7 28,1 37.8 41.6 42'2 41'5 49'4 9'9 6'7 69'9

pm1 2.0 o.o 7z.o 14.6 13.5 1z.s ,r2.2 tá.1 is.7 16.s ro.s ì6.1 1s.3 16.6 16.2 21.4 22.g 23.2 29.6 38.5 41-8 42'4 41'9 49'9 11'1 7'2 60'5

pm. 2.0 o.o z2.o 1s.1 13.9 12.g 12' tÁ.t 17.0 17.6 17.2 12.1 16.7 iB.4 1g.z 22.6 2g.3 23.3 30.2 41'4 45.5 46'0 45'o 51'5 9'7 7'4 80'2

pm3 2.0 o.o 7z.o 14.2 13.2 12.s 12.2 1l-.6 15.4 16.0 1s.B 1s.7 1s.2 1G,s lo.s zõ.s 21.5 21.7 28.0 37'2 4o'7 41'g 40'7 49'4 9'8 6'8 70'8

pm1 1.0 O.O 96.0 16.2 15.1 14.3 14.0 15.4 ,t7.2 17.8 17.6 17.5 16.9 18.2 fl.e n,¿ 23.2 23.3 39'6 38'7 42.1 42',5 41'6 51'4 9'3 6'2 65'4

pm| 1.0 O.O 96.0 14.2 13.0 12.1 11.9 13.3 15.2 15.9 15.7 15.5 14.8 16.1 ts.z n.a 21.7 21.8 28.4 38.0 41.7 42'2 41'3 49'1 10'6 6'9 62'9

pm3 1.0 o.o m.o is.7 ,12.8 12.1 11.9 i3.s 1s.4 15.8 1s.s 1s.s 1s.z 16.7 tø.s io.à ios zo.s 27.5 37'6 41.7 42'4 41'6 49'2 s'1 6'9 78'3

pm1 2.0 o.o s6.o 14.2 13.0 12.0 r1.B 13.6 15.7 16.3 16.0 1s.9 15.s 16.9 ro.e ãì.õ àt.a zl's 28'7 38'4 42'1 42'7 41'9 498 9'9 7'2 74'0

pm| 2.O O.O 96.0 15.1 13.7 12.7 12.5 '14.7 17.1 17.6 17.1 ',t7.1 16.9 18.7 18.6 ?2.6 23.1 23.1 30.2 41.3 45.5 460 45'O 51 7 9'3 7'7 87'0

pm3 2.0 0.0 96.0 15.5 .r4.3 13.4 1:-.2 14.6 16.4 17.0 16.6 16.6 16.1 1z.s tz.z it.i i'ts zt.s 28o 37'o 40'6 41'3 40'7 5o'3 88 6'2 70'5

pm1 1.0 1.0 0.0 14.g 13.7 12.6 11.9 12; ,t4.4 16.4 17.1 1s.9 13.8 't4,i lg.s ãi.õ za.o gt.e 33.9 35 7 37'3 38 3 38'1 49'8 18'2 8'5 9'9

Þm2 1.0 1.0 o.o 16.8 1s.9 13.s 12.0 tg.e ro.g 19.8 20.6 19.0 15.9 16.0 ß.e à¿.s 32.0 35'7 377 3g4 4o'g 41'7 41 5 53018'1 9'0 0'0

pm3 1.0 1.0 O.O t¡'.z 13.5 12.1 11.3 12.2 14.3 16.6 17.5 16.2 13.6 14.2 't3,7 21 .8 2g.4 33,4 35.8 37.9 39.6 4O'7 40 6 50 3 19'7 9'6 1'5

pm4 1.0 1.0 O.O 14.8 14.1 12.3 11.4 12.5 14.g 17.4 18.2 17,0 14.2 14.9 14.3 23.0 30,3 34,1 36.2 38.0 39.5 4O'3 4OO 51 '1 19'5 9'8 0'0

pm1 2.0 1.0 O.O ìs.á 14.7 13.2 .t2.g 13.3 15.4 17.6 18.5 17.3 14.7 15.3 14.7 24.2 32,5 36.4 387 40.6 42.3 43'2 43',1 52'120'9 10'3 2'5

H2

ance values al (nnr)
o/o oÍ

metmyoglo
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Meat- Bag # Week Hour
type

&
repli-
cate

brg 2.0 1.0 o.o 14.9 14.9 13.1 12.4 19.2 15.1 12.1 1B.o 16.9 14.4 1s.o 14.4 23.3 31.4 3s.2 37.4 39.3 40.9 41.9 4'1.8 51.5 20.4 9.9 4.9'pnt 2.0 1.0 O.O 14.2 13.6 11.9 11.0 12.1 14.4 16.7 17.6 16.4 13.6 14.3 13.7 23.3 31.4 35.3 37.4 39.2 40.8 41.7 41.5 51.0 21.4 10.8 0.0

bmr 1.0 1.0 24.o 14.7 13.6 1z.B 1z.s 13.s 1s.9 16.6 16.0 1s.6 1s.4 1s.7 16.3 18.4 20.3 21.3 26.8 33.5 36.5 37.6 37.4 48.6 8.3 4.8 64.3

bmz 1.0 1.0 z4.o zo.3 18.2 1s.B 1s.1 17.8 zo.g 22.1 21.2 zo.B 20.3 21.0 21.4 24.4 26.5 27.3 32.6 38.9 41.4 42.0 41.3 54.8 8.0 5.3 62.6
'prn¿ 1.0 1.0 24.0 16.6 14.9 13.3 13.3 15.7 19.0 19.7 18.7 18.4 18.5 19.1 19.9 22.2 24.2 25.4 31 .3 37.7 40.2 40.8 40.0 52.7 8.5 6.0 75.2

þ.r 2.0 1.0 24.0 14.2 13.3 12.6 't2.s 13.8 16.3 16.7 16.0 ts.g 16.1 16.7 17.6 19.1 20.6 21.4 27.7 36.1 39.7 40.9 40.7 49.5 8.0 5.8 83.7

bmz 2.0 1.0 24.0 14.3 13.5 12.s 12.0 13.2 15.2 16.4 16.6 16.2 14.7 'ts.6 1s.1 21.8 24.6 25.4 31.4 38.4 41.1 41.7 41.2 49.9 13.7 7.7 37.9
'p^¿ 2.0 1.0 24.O 15.3 14.4 12.9 '12.1 13.6 16.0 17.7 18.1 17.5 15.4 16.3 15.7 24.0 28.0 29.3 34.6 40.2 42.3 42.7 42.1 51.6 15.8 8.8 22.4

bmr 1.0 i.o 4B.o 14.6 13.7 13.1 1z.g 13.7 1s.9 16.s 1s.9 1s.4 1s.4 1s.6 16.3 17.9 20.0 21.2 26.5 32.8 35.8 37.0 37.0 48.4 8.0 4.4 65.6
'pmz 1.0 1.0 48.0 16.9 15.2 13.6 13.4 15.3 18.6 19.8 18.8 18.3 18.1 ',18.4 19.2 21.6 24.1 35.4 30.9 37.',1 39.8 40.7 40.2 52.2 8.7 5.6 64.4

bm¿ 1.0 1.0 4B.o 16.2 14.6 ig.z 13.0 1s.o 18.4 19.6 18.6 18.1 1z.B 18.2 18.9 21.9 24.s 26.2 31.s 37.0 39.2 39.9 39.3 52.2 9.6 6.0 63.7

bfnr 2.0 1.0 4B.o 14.2 19.2 12.s 12.3 13.4 16.2 16.9 16.1 1s.B 15.9 16.2 17.1 19.0 21.0 22.0 28.2 36j 39.7 41.0 41.0 49.3 8.7 5.8 73.6
'p z 2.0 l.o 48.0 13.9 12.9 12.0 11.7 13..1 15.1 15.9 15.8 15.5 ',t4.7 15.9 15.5 20; 22.1 22.3 28.8 37.8 41.2 41.7 41.0 49.211.2 7.2 59.8

þrn¿ 2.0 1.0 4B.o 1s.1 13.9 12.6 12.3 i4.s 16.9 1t.a lz.6 17.4 16.6 17.9 17.6 22.6 23.7 24.1 30.6 38.6 41.6 42.2 41.6 51.4 10.1 7.3 63.0

bfnr 1.0 2.o o.o 16.4 1s.s 19.4 12.3 13.8 16.2 19.7 2o.g 19.4 16.0 16.9 16.1 27.0 36.0 40.3 42.9 44.7 46.2 47.0 46.6 54.421.7 11.4 0.0

brnz 1.0 2.0 o.o 't7.1 16.1 14.2 i3.2 14.s 16.9 19.3 20.2 ig.o 16.1 16.8 16.1 26.2 u.2 37.9 40.1 41.6 43.1 43.9 43.6 53.8 20.1 10.1 0.3

þfns i.o 2.0 o.o 16.8 1s.9 13.9 12.9 14.9 17.1 19.8 2o.B 19.4 16.2 17.0 16.3 26.9 35.4 39.3 42.1 M.1 45.6 46.3 46.0 54.4 21.0 10.6 0.0
'pnt 1.0 2.0 O.O 15.6 14.8 13.3 12.5 13.4 15.6 17.8 18.8 17.7 ',t4.9 15.5 14.9 25.0 33.8 37.8 40.2 41.9 43.5 M3 M.l 52.7 21.7 10.8 0.2

þrl 2.0 2.0 o.o 14.8 14.1 1z.g 12.2 12.9 14.9 17.o 1z.g 16.7 14.2 14.9 14.3 2g.o 30.7 34.s 37.0 38.9 40.s 41.4 41.2 51.2 2o.1 9.8 4.9

þrnz 2.o z.o o.o 14.4 13.7 12.6 12.0 12.6 14.3 16.3 17.0 1s.9 13.7 14.2 13.8 20.8 27.8 31.5 33.7 35.5 37.1 38.1 38.1 49.7 18.1 8.4 9.6

b*s 2.0 2.0 o.o ,t4.0 1g.3 1z.i 1't.7 12.3 14.1 16.3 16.2 15.4 l3.s 13.9 13.s 19.1 25.8 29.7 32.3 34.4 36.4 37.8 37.9 48.7 16.7 7.3 11.0

br¿ z.o 2.0 o.o 14.9 14.3 13.0 12.2 13.1 1s.o 17.1 17.9 16.2 14.i 14.9 14.4 21,9 29.1 32.8 34.9 36.5 38.0 38.9 38.7 50.7 18.2 8.6 6.1

b.r 1.0 2.o 12.0 16.2 1s.4 13.s 12.s 14.1 i7.o 19.4 20.3 19.2 16.2 17.2 i6.3 27.s 34.1 36.2 41.0 45.4 47.2 47.6 47.1 54.2 19.9 10.7 2.7
'pm2 1.0 2.0 12.0 't4.5 13.7 12.4 11.7 12.5 14.3 16.0 16.7 15.9 13.7 14.4 13,8 23.4 3O.O 32.2 36.5 40.3 41 .7 41.9 41.1 50.6 20.4 10.3 1l'8

brs 1.0 2.0 12.0 1B.o 16.9 1s.o 14.0 1s.6 18.4 2o.s 21.2 20.2 1z.s 18.6 't7.8 28.0 33.2 34.6 40.1 46.1 48.1 48.4 47.6 55.0 17.3 9.3 14.2

brr 2.0 2.0 12.0 1s.9 14.g 12.6 11.4 1g.4 16.4 18.6 19.3 19.2 15.s 16.4 1s.6 2s.s 30.5 31.8 36.5 41.5 43.2 43.3 42.4 52.s 17.6 9.5 5.6

prnz 2.o 2.0 12.0 14.1 13.2 12.1 11.6 12.4 14.1 15.7 16.1 15.4 13.6 14.3 13.8 21.4 26.0 27.7 32.5 37.5 39.4 40.0 39.s 49.216.7 8.6 23.6

þrs 2.0 2.0 12.0 13.5 12.6 11.7 11.2 12.1 14.0 1s.3 is.s 1s.o 13.6 14.4 14.0 19.9 23.5 25.0 30.4 36.2 38.7 39.6 39.3 48,3 14.3 7.8 36.3

brnr 1.0 2.0 24.0 16.7 1s.T 14.1 13.3 14.8 17.9 19.1 19.6 1g.B 16.s 'tz.s 16.7 26j 30.5 31.5 37.5 M.2 46.6 46.9 46.1 53.3 16.6 8.9 20'0

inz 1.0 2.0 24.0 1s.1 14.i 13.2 12.6 13.s 1s.4 17.0 17.s 16.8 14.8 1s.6 1s.o 23.9 28.7 3o.o 35.6 41.6 43.7 43.9 43.0 51.3 17.5 9.1 20.5

brns l.o 2.0 24.0 1B.B 17.s 1s.B 1s.o 16.9 1g.s 21.1 21.3 20.7 1B.B 2o.o 19.2 27.6 30.5 31 .o 37.4 45.6 48.4 48.5 47.5 55.2 13.6 7.8 34.5

pm1 2.O 2.O 24.O 14.5 13.4 12.2 11.6 12.8 14.9 16.4 16.7 16.1 14.3 15.2 14.6 22.6 26.2 27.0 32.8 4O.O 42.4 42.6 41.6 50.1 15.9 8.6 27.5

pnz 2.0 2.0 24.0 15.4 14.4 13.5 13.0 14.1 16.0 17.9 17.5 17.0 15.5 16.4 15.8 22.6 25.3 25.9 31 .6 38.6 41.2 4',1.8 41.2 50.7 13.1 7.2 35.1

prs 2.0 2.0 24.O 't4.0 12.g 12.2 11.9 13.1 14.8 15.6 15.4 15.2 14.6 15.6 15.3 19.8 21 .4 21.9 27.9 36.0 39.2 39.9 39.4 48.6 10.6 6.7 60.6

pm1 1.0 2.0 36.0 ,15.7 14.5 13.2 12.6 14.0 16.3 17.8 18.1 17.5 15.6 16.7 16.1 24.3 27.6 28.2 34.7 42.9 45.7 45.9 44.8 51.8 15.2 8.6 32.9

p^z 1.0 2.o 36.0 14.4 13.3 12.1 11.5 12.5 14.4 15.8 16.0 15.5 't9.8 14.7 14.1 22.2 25.6 26.3 32.4 4O.O 42.5 42.7 41.7 49.4 16.2 8.6 28.8

hã 1.0 2.0 36.0 i6.7 15.4 14.0 i3.s 1s.z 1z.s 18.8 1B.B 't8.4 16.9 18.1 17.5 247 27.0 27.4 33.7 42.1 45.0 45.1 M.o 52.7 12.9 7'6 43.6

ñì 2..0 2.0 36.0 13.0 11.9 10.8 1o.4 11.7 13.8 14.9 14.9 14.6 i3.3 i4.s 14.0 20.5 22.4 22J 29.2 38.4 41.6 41.9 40.8 48.1 13-6 8.3 48.6

irÀz z..o z.o 36.0 13.9 12.g 11.9 11.s 12.6 14.s 1s.s 1g.s 1s.2 14.0 15.0 14.6 2o.5 22.4 22.8 28.9 37.1 39.9 40.3 39.5 48.6 12.5 7.3 48.0

H3

o/o oÍ
metmyoglo-

bin



Meat- Bag # Week Hour
type

&
repli-
cate

pm3
pm1
pm2
pm3
pm1
pm2
pm3
pml
pm2
pm3
pm1
pmz
pm3
pm1

9m2
pm3
pml
pm2
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pml
pm2
pm3
pm1
pm2
pm3
pm1
pmz
pm3
pm4
pm1
pm2
pm3
pm4
pm1

2.0
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.O
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0
1.0

2.0 48.0 16.2
2.0 48.0 14.8
2.0 48.0 18.4
2.0 48.0 14.7
2.0 48.0 15.5
2.0 48.0 13.9
2.0 60.0 16.3
2.O 60.0 15.0
2.O 60.0 17.0
2.0 60.0 14.6
2.0 60.0 14.4
2.O 60.0 14.1
2.0 72.0 16.3
2.0 72.0 14.8
2.0 72.0 16.7
2.O 72.O 14.7
2.O 72.O 15.2
2.0 72.0 13.9
2.O M.0 16.9
2.O 84.0 14.8
2.0 u.0 17.4
2.0 84.0 14.9
2.O M.0 15.5
2.O U.O 14.2
2.O 96.0 16.2
2.0 96.0 14.8
2.O 96.0 17.0
2.O 96.0 14.3
2.0 96.0 14.9
2.O 96.0 13.9
3.0 0.0 14.8
3.0 0.0 13.7
3.0 0.0 17.8
3.0 0.0 14.6
3.0 0.0 15.4
3.0 0.0 14.8
3.0 0.0 16.0
3.0 0.0 14.0
3.0 12.0 15.8

0 13.9 13.0 12.3
15.1 13.9
13.9 13.0
16.9 15.4
13.8 13.0
14.3 13.0
12.9 12.3
15.1 1 3.8
14.0 13.0
15.6 14.2
13.5 12.7
13.3 12.4
13.0 12.3
15.0 13.5
13.8 12.8
15.1 13.8
13.6 12.8
14.1 13.0
12.9 12.3
15.5 14.0
13.7 12.7
'15.9 14.4
13.7 12.9
14.2 13.1
13.2 12.5
14.8 13.5
13.8 12.8
15.5 14.1
13.2 12.5
13.7 12.8
13.0 12.4
14.3 13.3
13.1 12.2
't7.o 15.9
14.0 12.8
14.8 13.7
14.1 12.8
15.3 13.9
13.4 12.4
14.9 13.8

12.0 13.4
13.3 14.8
12.5 r3.6
14.9 17.1
12.6 13.8
12.6 14.6
12.1 13.6
13.3 15.0
12.6 13.8
13.8 16.1
't2.4 13.8
12.2 13.7
12.2 13.9
12.9 15.3
12.4 13.7
13.5 15.8
12.5 14.0
12.7 14.9
12.1 13.8
13.5 15.8
12.3 13.7
14.1 16.8
12.6 14.2
12.9 15.2
12.4 14.2
13.1 15.4
12.5 14.1
13.9 16.5
12.3 14.0
12.6 14.9
12.3 ',14.0

12.7 13.4
11.6 12.1
15.2 15.5
12.1 12.8
13.1 13.6
12.0 12.8
13.0 13.9
11.8't2.3
13.1 13.9

15.1 15.7 15.5 15.4 14.9
17.3 18.7
15.5 16.8
't9.7 20.8
15.7 16.6
17 .0 18.0
15.3 1s.6
17.5 18.8
15.7 16.9
18.9 19.9
15.7 16.4
15.6 16.2
15.6 15.9
18.2 19.6
15.7 16.7
18.4 19.2
15.9 16.6
17.3 17.9
15.4 15.7
18.6 19.7
15.8 16.7
19.5 20.3
16.0 16.6
17.6 18.2
15.8 16.0
18.0 19.0
16.2 17.0
19.0 19.7
15.9 16.4
17.'l 17.4
15.7 15.9
14.9 16.5
13.4 14.8
16.8 18.3
14.5 16.5
1 5. 1 16.7
14.7 16.7
15.9 18.0
13.8 15.4
15.5 16.8

18.9 18.3
17.0 16.5
20.6 20.3
16.5 16.2
17.9 ',t7.6

15.3 15.3
18.8 18.4
17 .O 16.6
19.7 19.4
16.2 16.1
16.0 15.9
15.6 15.6
19.6 't9.2
16.8 16.5
18.8 18.7
16.4 16.2
17.6 17.5
't5.3 15.4
19.6 19.3
16.7 16.4
19.9 19.8
16.3 16.2
17.8 17.7
15.6 15.7
18.8 r8.6
16.9 16.7
19.3 19.2
16.0 16.0
17.1 17.1
15.4 15.6
17.2 16.3
15.4 14.6
18.9 18.1
17.3 16.3
17.4 16.5
17.5 16.4
18.9 17.8
16.1 15.2
17.3 16.6

16.6 17.7
15.0 15.9
19.1 20.6
15.3 16.3
16.6 17.9
15.2 16.6
17 .0 18.3
15.2 16.2
18.4 20.0
15.4 16.6
15.3 16.6
15.6 17.O
17 .8 19.3
15.3 16.3
18.1 19.8
15.6 16.9
17 .1 18.6
15.5 17 .1

18.1 19.7
15.4 16.6
19.2 21.0
15.8 17 .2
17 .4 19.0
15.9 17.5
17.6 19.3
15.8 17 .1

18.8 20.7
15.8 17 .4
17.1 18.8
15.9 17.5
14.3 14.7
12.8 13.2
16.1 16.6
13.9 14.5
'14.5 '14.9

14.0 14.6
15.',1 15.7
13.2 13.6
14.8 15.3

17.1 24.7
't5.3 22.6
20.1 26.5
15.9 21.5
17.4 22.9
16.5 19.6
17.7 24.8
15.6 22.5
19.5 25.6
16.3 21.2
't6.4 20.7
17.O 19.8
18.6 25.9
15.8 22.',1

19.4 24.7
16.5 21.1
18,3 22.5
17.3 19.7
19.1 25.8
16.1 22.O
20.6 25.8
17.0 21.1
18.8 22.8
17 .7 19.9
't8.7 25.0
16.6 21.9
20.4 25.0
17.2 20.8
18.7 21.8
17.8 19.8
14.3 21.5
12.8 18.9
16.2 23.2
't3.9 22.4
'14.5 22.1
14.0 22.4
15.2 24.5
13.2 20.1
14.8 22.5

H4

27.4 27.9
25.4 26.0
28.1 28.2
23.O 23j
24.1 24.2
20.2 20.3
26.8 27.1
24.8 25.2
26.7 26.8
22j 22.2
21.4 21.5
20.3 20.4
27.8 28.1
23.9 24.2
25.6 25.6
21.9 21.9
23.1 23.2
19.9 20.0
27.3 27.5
23.4 23.6
26.5 26.5
2',t.6 21.5
23.2 23.3
20j 20.2
26.2 26.4
23.0 23.1
25.6 25.6
21.0 21.0
22.0 22.0
19.9 19.9
28.3 31.6
25.2 28.4
29.9 33.1
30.2 34.0
29.3 32.7
30.0 33.7
32.4 35.9
26.7 30.1
27.5 29.0

.3 27.5 36.4 39.9 40.6
34.3 42.6
32.3 40.7
35.0 45.1
29.5 38.9
30.5 39.3
26.5 36.3
34.0 43.8
31.6 40.4
33.8 44.2
28.7 38.6
27.8 37.0
26.6 36.1
35.2 44.8
30.7 39.8
32.8 43.9
28.3 38.3
29.6 39.0
26.2 36j
u.7 45.0
30.4 40.2
33.7 44.5
27.9 38.3
29.8 39.5
26.3 36.1
33.5 44.3
29.5 39.5
32.7 M.O
27.4 38.3
28.4 38.6
26.0 36.1
33.6 34.9
30.4 31.8
35.0 36.4
36.0 37.5
34.7 36.0
35.8 37.2
37.8 39.0
32.1 33.4
33.3 37.5

45.5
43.6
48.8
42.4
42.4
40.2
47.3
43.4
48.1
42.4
40,5
39.9
48.3
42.9
48.2
42.1
42.7
40.2
48.7
43.8
48.6
42.5
43.1
40.0
48.2
43.2
48.5
42.7
42.6
40.3
36.3
33.3
37.7
38.8
37.4
38.6
40.3
34.8
39.0

45.8
43.9
49.1
42.7
42.8
40.9
47.5
43.5
48.4
42.6
41.0
40.6
48.6
43.0
48.5
42.4
43.2
40.8
49.0
44.0
48.9
42.8
43.5
40.8
48.3
43.4
48.9
43.1
43.1
41.1
37.0
u.2
38.4
39.5
38.2
39.3
40.8
35.5
39.2

40.0
45.0
42.9
48.0
41 .7
41.9
40.2
46.4
42.4
47.3
41.5
40.3
40.0
47,8
41.9
47.3
41.4
42.6
40.2
47.9
42.9
47.7
4't.8
42.7
40.2
46.9
42.3
47.8
41.9
42.4
40.5
36.8
u.2
38.0
39.2
38.0
39.1
40.3
âÃ â

38.5

52.513.6
50.414.2
54.8 1 1 .1

49.9 11.3
51 .5 10.3
48.9 8.4
52.7 12.7
50.4 13.2
54.010.8
49.8 10.3
49.5 9.5
49.3 7.9
53.8 12.6
50.2 12.3
53.4',t9.2
49.9 9.7
51.6 8.9
49.2 7.6
53.9 11.7
50.2 11.6
54.5 9.7
50.0 9.0
52.0 8.5
49.7 7.2
53.211.4
50.4 10.5
54.0 9.3
49.9 8.5
51.3 7.7
49.6 7.1
50.3 17.7
47.8 17.0
52.3 16.5
50.6 20.1
50.7 18.4
50.7 19.6
52.4 19.9
48.8 17.9
50.5 16.3

9.7

o/o oî
metmyoglo-

bln

6.6
7.9
7.8
7.2
6.8
7.'l
6.5
7.9
7.5
7.6
6.9
6.7
6.5
8.5
7.3
7.7
6.6
7.0
6.7
8.0
7.3
7.6
b-t)
7.0
6.6
8.1
7.0
7.5
6.8
7.0
6.8
8.2
7.6
7.2
9.7
8.5
9.5
9.7
8.2
7.7

67.8
37,1
35.3
56.ô
52.8
57.1
81.7
48.3
39.9
63.7
63.8
68.9
85.2
52.3
46.3
73.9
66.2
74.4
93.3
58.4
53.1
75.5
75.0
78.6
94.0
64.0
59.0
81.4
82.7
88.5
98.1
12.7
14.0
'17.5
5.5
12.4
5.1
3.4
10.3
18.8



Meat- Bag # Week Hour
type

&
repli-
cate

pm2
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pml
pm2
pm3
pm1
pmz
pm3
pm1
pm2
pm3
pml
pm2
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pm1
pmz
pm3
pm1
prnz

1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.O
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.O
2.O

3.0 12.0 17.1
3.0 12.0 17.1
3.0 12.0 14.5
3.0 12.0 16.0
3.0 24.0 15.3
3.0 24.0 14.2
3.0 24.0 16.1
3.0 24.0 15.5
3.0 24.0 14.4
3.0 24.0 15.7
3.0 36.0 15.8
3.0 36.0 14.5
3.0 36.0 16.1
3.0 36.0 15.2
3.0 36.0 14.8
3.0 36.0 14.0
3.0 48.O 14.4
3.0 48.0 14.0
3.0 48.0 16.4
3.0 48.0 14.9
3.0 4B.O 14.7
3.0 48.0 13.9
3.0 60.0 1s.3
3.0 60.0 14.8
3.0 60.0 15.5
3.0 60.0 16.3
3.0 60.0 14.2
3.0 60.0 13.4
3.0 72.O 14.6
3.0 72.0 14.3
3.0 72.0 ',t6.2

3.0 72.0 15.4
3.0 72.0 14.3
3.0 72.O 13.6
3.0 84.0 14.3
3.0 84.0 14.6
3.0 84.0 16.1
3.0 84.0 15.5
3.0 84.0 13.8

13.9
16.3 15.4
16.2 15.0
13.8 12.7
1 5. 1 13.8
14.4 13.3
13.4 12.4
15.3 14.3
14.7 13.8
13.6 12.6
14.6 13.3
14.9 14.0
13.6 12.4
15.',t 14.2
14.3 13.3
13.8 12.7
13.2 12.1
13.7 13.0
13.1 12.2
15.5 14.7
14.1 13.2
13.7 't2.7
13.'l 12.1
14.3 13.4
13.7 12.5
14.5 13.6
15.3 14.3
13.1 12.2
12.5 11.6
13.7 13.1
13.2 12.2
15.1 14.3
14.5 13.7
13.2 12.3
12.8 12.0
13.4 12,7
13.5 12.4
15.1 14.3
14.5 13.6
12.8 11.9

12.3 11.8 1

14.8 15.3
14.3 15.1
12.1 12.9
13.0 13.9
12.7 13.6
11.8 12.6
13.7 14.3
13.2 14.1
12.0 13.0
12.6 13.6
13.4 14.4
11.8 12.9
13.6 14.3
12.8 13.8
12.2 13.3
11.6 12.4
12.7 13.6
11.7 12.9
14.2 14.8
12.7 13.8
12.3 13.5
11.6 12.6
13.0 14.2
11.9 13.5
13.1 14.0
13.8 15.0
11.8 13.2
11.2 12.3
12.8 13.8
11.8 13.3
13.8 14.7
13.4 14.5
11.9'13.4
11.6 12.6
12.4 13.6
12.O 13.7
13.9 14.7
13.3 14.4
11.6 13.2

13.9 15.2 15.6
16.5 17.7 18.2
16.7 18.0 18.5
14.6 16.2 16.8
15.9 17.7 18.3
15.1 16.3 16.7
14.4 15.7 16.1
15.7 16.9 17.2
15.8 17.1 17.5
0.0 16.2 16.6
15.6 17.2 17.7
16.1 17.1 17.2
14.9 16.2 16.4
15.7 16.7 16.9
15.6 16.8 17 .1

15.2 16.4 16.6
14.2 15.4 15.7
15.0 15.7 15.8
14.7 15.8 15.9
16.2 17.1 17.2
15.5 16.5 16.5
15.5 16.5 16.6
14.3 15.5 15.6
15.8 16.5 16.5
15.7 16.8 16.9
15.5 16.3 16.3
16.6 17 .4 17 .4
15.2 16.1 16.1
14.2 15.2 15.2
15.3 15.9 15.8
15.3 16.2 16.1
16.1 16.9 16.8
16.0 16.6 16.4
15.4 16.2 16.1
14.4 15.3 15.4
15.1 15.6 15.5
15.9 16.7 16.6
16.1 16.8 16.7
16.0 16.5 16.4
15.2 15.9 15.7

15.0 13.3 13.8 13.3
17.6 16.0 16.4 16.0 23.2 28.3
't7.9 16.0 16.6 16.0 24.2 29.3
16.0 14.0 14.7 14.2 223 27.7
17.5 15.1 15.8 15.2 24.8 31.1
16.1 14.5 15.2 14.7 21.8 25.5
15.5 13.8 14.4 13.9 21.4 25.5
16.7 15.2 15.8 15.3 22.3 26.4
16.9 15.2 15.9 15.3 22.7 26.7
16.0 14.2 15.0 14.5 22.0 25.8
17.0 14.9 '15.7 15.1 23.8 28.4
16.8 15.4 16.2 15.7 21 .6 23.9
15.9 14.2 15.0 14.4 21.1 23.9
16.5 't5.1 15.8 15.3 2't.8 24.8
16.6 15.1 15.9 15.4 22.1 24.8
16.1 14.7 15.5 15.0 21.7 24.4
15.1 13.5 14.1 13.7 19.9 22.9
15.5 14.6 15.3 14.9 19.7 21.1
15.s 14.2 15.1 14.5 20.5 22.5
16.9 15.7 16.4 16.0 2',1 .9 24.1
16.2 15.1 15.9 15.4 21.1 22.9
16.2 15.0 16.0 15.5 21.6 23.5
15.1 13.7 '14.4 14.0 1s.8 22.0
16.2 15.3 16.2 15.8 20.5 21.7
16.5 15.1 16.2 15.6 21.7 23.6
'16.0 15.0 15.8 15.4 21.0 22.8
17.'t 16.2 17.2 16.7 2't.9 23.2
15.8 14.8 15.9 15.5 21.1 22.s
14.8 13.6 14.5 14.0 19.4 21.0
15.6 15.0 15.9 15.6 19.7 20.6
15.8 14.9 16.0 15.5 20.7 21.9
16.6 15.7 16.6 16.2 21.4 23.0
16.3 15.6 16.6 16.2 20.5 21.3
15.9 15.0 16.2 15.8 21.0 22.1
15.0 13.9 14.7 14.2 19.s 21.0
15.3 14.8 15.9 15.6 19.4 20.O

16.3 15.4 16.6 16.1 21.3 22.4
16.5 15.7 16.6 16.3 21.1 22.3
16.2 15.6 16.7 16.3 20.6 21.4
15.6 15.0 16.3 16.0 20.6 21.4

H5

26.9
30.0
30.8
29.6
33.2
¿o.¿
26.5
27.4
27.6
26.8
29.7
24.3
24.4
25.4
25.3
25.0
23.7
21.3
22.7
24.5
23.1
23.9
22.4
21 .7
23.9
23.0
23.3
22.7
21.4
20.6
22.0
23.1
21.3
22.3
21.3
20.o
22,5
22.3
21 .3
21.5

30.9
34.0
35.2
34.1
37.2
31.4
31.5
32.4
aao

32.2
34.8
29.5
29.5
30.8
30.7
30.8
28.4
26.7
28.1
30.1
28.7
30.0
27.4
27.2
29.4
28.9
29.1
29.0
26.6
26.2
27.7
29.1
26.8
28.7
26.6
25.6
28.4
28.1
27.1
27.8

34.8
37.8
39.5
38.3
40.7
37.6
37.0
38.0
38.7
38.4
40.0
36.6
36.1
37.7
37.9
38.1
33.6
34.7
35.8
37.9
36.8
38.2
33,s
35.5
37.3
37.6
37.8
37.7
33.3
35.3
36.3
38.0
35.5
37.8
33.5
34.6
37.1
37.2
36.2
37.1

36.4
39.4
41.0
40.1
42.0
39.6
39.0
40.1
40.7
40.6
41.7
39.2
38.5
40.2
40.5
40.7
35.5
37.6
38.5
40.6
39.7
41.1
35.7
38.7
40.1
40.6
41.0
40.8
35.8
38.9
39.5
41.1
38.9
41.2
36.0
38.2
40.4
40.6
39.7
40.5

36.9
39.8
41.2
40.5
42.1
39.8
39.3
40.4
40.9
41.0
41.8
39.4
38.9
40.4
40.8
41.1
35.9
38.0
38.8
40.8
40.0
41 .4
36.1
39.0
40.5
40.8
41 .3
41.1
36.1
39.3
39.9
41.3
39.3
41.5
36.4
38.6
40.8
40.7
40.1
40.8

36.4 48.5 16.3
39.3 51.7 15.4
40.4 52.2 16.3
39.8 50.1 17.7
41.2 52.1 19.0
39.0 49.8 14.7
38.7 49.1 15.8
39.7 50.6 14.8
40.2 50.8 14.9
40.2 49.7 15.5
41.0 51.2 16.9
38.6 50.1 11.7
38.2 49.1 13.3
39.5 50.1 13.3
40.1 50.2 13.1
40.2 49.7 13.5
35.3 48.0 13.4
37.2 48.410.1
38.1 48.6 12.0
39.8 50.4 11.8
39.3 49.5 11.2
40.4 49.8 12.2
35.4 47.912.1
38.2 49.3 9.5
39.9 50.0 11.7
39.8 49.4 11.5
40.5 50.7 10.1
40.1 49.4 11.4
35.5 47.6 11.2
38.6 48.7 9.0
39.1 49.2 10.5
40.3 50.1 10.7
38.4 49.5 8.8
40.5 49.5 10.7
35.7 47.8 10.9
37.9 48.4 8.5
40.0 49.8 10.2
39.6 49.9 9.9
39.3 49.6 8.9
39.8 49.2 9.9

7.8
7.1
7.7
8.9
9.4
7.3
8.0
7.1
7.5
8.1
8.8
6.0
7.1
6.5
7.1
7.4
6.7
5.5
6.7
6.0
6.3
7.1
6.3
5.5
7.0
6.2
5.9
7.1
6.3
5.5
6.6
5.8
5.3
7.0
6.1
5.5
6.7
5.6
5.6
7.1

19.5
24.7
20.4
17.7
11.6
26.7
22.',|
28.1
25.1
26.6
20.1
35.0
28.0
33.2
32.7
35.9
25.3
46.0
38.4
40.3
43.2
45.2
32.7
50.3
42.1
45.9
51.2
53.0
41.5
58,1
53.5
49.6
56.7
59.4
42.7
63.0
55.8
53.2
60.5
68.3



Meaþ Bag # Week Hour
type

&
repli-
cate

pm3
pm1
pm2
pm3
pm1
pm2
pm3
pm1
pmz
pm3
pm4
pm1
pm2
pm3
pm4
pm1
pmz
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pm1
pmz
pm3
pm1
pm2
pm3
pm1

2.O
1.0
1.0
1.0
2.0
2.0
2.O
1.0
1.0
1.0
1.0
2.O
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.O
2.0
1.0
1.0
1.0
2.O
2.0
2.O
1.0
1.0
1.0
2.O
2.0
2.0
1.0
1.0
1.0
2.O
2.0
2.0
1.0

3.0
3.0
3.0
3.0
3.0
3.0
3.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.O
4.0
4.0
4.0
4.O
4.0
4.0
4.0
4.O

9ô.0 14.9 13.9
96.0 14.3 13.1
96.0 16.4 15.5
96.0 15.9 14.7
96.0 13.6 12.6
96.0 13.7 12,7
0.0 14.9 14.2
0.0 15.7 14.9
0.0 17.8 17.0
0.0 15.1 14.3
0.0 16.8 16.1
0.0 14.5 13.8
0.0 16.3 15.6
0.0 15.0 14.3
12.0 15.8 14.8
12.0 15.6 14.7
12.0 16.3 15.3
12.0 16.5 15.4
12.0 14.0 13.1
12.0 16.4 15.5
24.0 15.7 14.8
24.0 16.2 15.2
24.0 17.5 16.5
24.0 17.3 16.2
24.0 13.7 12.8
24.0 16.4 15.4
36.0 16.0 15.0
36.0 13.1 12.1
36.0 15.5 14.4
36.0 17.1 15.8
36.0 13.7 12.8
36.0 16.5 15.2
48.0 16.2 15.1
48.0 15.3 14.3
48.0 16.2 15.0
48.0 16.5 15.4
48.0 12.9 12.0
48.0 16.1 14.8
60.0 16.4 15.2

13.1 12.3 1 1.5 11

13.1 12.9 14.5
12.2 11.9 13,5
14.8 14.4 15.3
13.8 13.6 15.3
11.8 11.6 13.4
11.9 11.7 13.0
12.8 12.0 12.9
13.3 12.4 13.4
15.4 14.5 15.2
12.8 't2.0 't2.8
14.4 13.4 14.5
12.6 11.9 12.6
13.7 12.6 13.9
13.1 12.4 13.1
13.3 12.5 13.6
13.1 12.2 13.4
13.7 12.9 13.9
14.3 13.7 14.8
12.2 11.8 12.7
13.9 13.0 14.4
13.5 12.8 13.8
13.6 12.8 14.2
't5.1 ',14.4 15.5
15.0 14.5 16.0
12.'l 11.8 12.7
13.9 13.1 14.8
13.7 13.0 14.2
10.6 10.0 11.7
13.1 12.5 13.7
14.6 14.2 15.9
12.1 11.9 13.0
13.6 12.9 15.1
13.9 13.3 14.6
12.9 12.3 14.1
13.7 13.2 14.5
14.4 14.1 15.6
11.4 11.2 12.5
13.3 12.8 15.0
14.o 13.5 14.9

12.5 14.3 15.1 15.0 14.7 1

16.1 16.5
15.5 't6.2
16.7 17.3
16.9 17.4
't5.4 16.1
14.7 15.4
15.0 17 .3
15.8 18.1
17.3 19.5
15.0 17.1
16.8 19.1
14.4 16.4
16.5 18.9
't4.8 16.6
15.7 17.7
15.5 17 .5
16.'1 18.2
16.9 18.4
14.4 15.6
17 ,O 19.0
15.9 17 .6
16.7 18.7
17.6 19.4
18.3 19.4
't4.4 15.3
17.5 19.3
16.4 18.1
14.3 16.2
15.9 17.6
17.9 18.8
14.7 15.4
17.8 19.2
16.9 18.4
16.8 18.4
16.7 18.2
17 .5 18.1
14.2 14.8
17 .8 19.1
17 .2 18.5

16.2 16.2 15.9
15.9 15.8 15.1
17 .2 17 .O 16.3
17 .1 17 .1 16.7
15.8 15.7 15.2
15.2 15.0 14.3
18.3 17.0 ',14.2

19.1 17 .9 14.9
20.4 19.2 16.4
17.8 16.6 14.1
20.1 19.0 16.'l
17.0 16.0 13.8
19.9 18.6 15.6
17.3 16.3 14.1

18.4 17.4 14.9
18.3 17.3 14.8
18.9 17.9 15.3
18.7 18.2 16.4
15.7 15.3 14.0
19.6 18.7 16.3
18.2 17.3 15.1
19.3 18.4 15.8
20.0 19.1 16.8
1 9.5 19.1 17 .8
15.3 15.0 14.0
19.7 19.0 16.8
18.5 17.8 15.7
16.7 15.9 13.6
17.9 17.2 15.2
18.6 18.4 17 .5
15.3 15.1 14.4
19.2 18.8 17.2
18.7 18.0 16.2
18.8 18.1 16.1
18.3 17.8 16.1
17.9 17.8 17.2
14.7 14.5 14.0
19.0 18.7 17 .3
18.6 18.1 16.5

17.2 16.9 20.2
16.4 16.0 20.4
17.3 16.9 21.6
17.9 17.6 21.3
16.6 16.2 20.6
15.4 15.0 19.0
14.9 14.3 24.0
15.7 15.0 25.5
17.1 16.5 27.1
14.6 14.1 22.1
16.9 16.2 26.3
14.3 13.9 20.8
16.4 15.7 25.4
14.6 14.2 22.0
15.6 14.9 25.7
15.5 14.9 25.4
16.0 15.4 26.5
't7.3 16.7 24.1
14.7 14.3 20.2
17.2 16.4 25.7
r5.9 15.3 24.9
16.7 16.0 26.5
17 .6 17.0 26.9
19.0 18.4 25.O
14.9 14.5 19.8
17.9 17.1 25.8
16.5 15.9 24.7
14.5 13.8 23.6
16.1 15.5 24.4
18.8 18.4 23.6
15.4 15.1 19.7
18.5 17.8 24.8
17.2 16.5 24.6
17.2 16.5 25.3
17.1 16.5 24.2
18.5 18.2 22.6
15.1 14.8 18.9
18.7 18.1 24.8
17.6 17.O 24.2

H6

14.4 18.9
20.5 20.4 25.9
21.2 2',t.2 26.9
22.7 22.8 28.7
21 .7 21.6 27.3
21.2 21.3 27 .5
19.7 19.7 25.1
32.2 35.9 38.2
34.0 37.6 39.7
35.6 39.1 41.3
29.2 32.7 35.0
34.5 38.1 40.2
27.5 31.0 33.5
33.2 36.7 38.8
29.0 32.3 34.2
32.8 34.8 39.7
32.2 34.3 38.7
33.5 35.3 40.2
27.7 28.7 U.0
23.2 24.3 29.6
30.7 32.2 37.2
30.3 31.5 37.2
32.0 33.2 38.8
32.1 33.3 38.8
27.0 27.3 33.4
21.8 22.4 28.3
29.4 30.2 36.1
28.7 29.3 35.3
27.8 28.4 34.6
27.9 28.4 34.6
24.7 24.8 30.9
21.O 21 .3 27.5
26.9 27.1 33.3
27.4 27.8 34.0
28.5 29.0 35.5
26.7 27.O 33.3
23.5 23.5 29.9
19.9 20.1 26.1
26.5 26.7 33.2
26.3 26.5 32.8

20.1 25.5 32.7 35.4 35.9
35.2
35.8
38.0
Jb.Þ
37.1
32.8
39.7
41.0
42.9
36.6
41.7
35.6
40.2
35.6
44.1
42.4
44.7
39.8
35.7
42.1
43.5
M.9
44.9
41 .3
36.0
42.9
42.9
42.1
42.6
39.5
36.1
41.4
42.5
43.9
42.2
39.4
35.2
42.1
42.0

39.0
39.2
41 .5
40.4
40.7
35.7
41 .O

42.2
M.1
38.1
43.0
37.3
41.5
37.0
45.5
43.7
46.1
41.9
38.2
43.9
45.4
46.7
46.8
44.1
39.1
45.2
45.4
44.6
45.4
42.6
39.5
44.2
45.4
46.8
45.5
43.1
38.7
45.2
45.3

39.5
39.5
41.7
40.9
41.2
36.1
41.6
42.7
M.6
38.9
43.5
38.4
42.2
37.8
45.3
43.6
45.9
42.3
39.0
44.2
45.3
46.5
46.6
44.5
39.7
45.6
45.3
M.5
45.4
42.9
40.0
u.4
45.4
46.8
45.7
43.5
39.2
45.5
45.4

35.2
38.7
38.7
40.5
40.2
40.4
35.4
41.2
42.2
44.1
38.5
43.1
38.2
41.7
37.5
44.2
42.6
44.7
41.6
38.5
43.6
M,1
45.3
45.3
43.5
39.0
44.9
44.1
43.5
M.3
41.9
39.1
43.6
44.3
45.6
M,6
42.6
38.4
M.7
44.2

49.6 7.4
49.2 9.3
50.6 9.5
50.7 7.7
49.3 9.5
47.8 8.7
51.7 21.2
52.9 21.5
54.4 21.0
50.6 18.6
53.9 20.3
49.7 17.6
53.219.7
50.4 18.5
52.5 21.0
52.3 20.5
53.1 20.9
52.2 14.1
48.6 13.4
53.1 16.8
52.0 18.5
53.2't8.7
53.9 17.6
53.3 11.7
48.211.9
53.3 15.0
52.0 16.1
50.1 18.3
51.5 16.1
52.4 9.8
48.4 10.5
52.9 12.1
52.2 14.2
52.5 15.3
51.9 13.7
51.7 9.1
47.6 9.7
52.9 11.7
52.1 12.7

o/o ot
metmyoglo-

bin

6.0
5.6
6.4
5.4
5.6
7.0
5.7
10.4
10.8
10.0
8.7
10.3
8.3
10.0
8.7
10.5
10.5
10.6
7.7
7.2
9.1
9.4
9.9
8.9
7.1
6.8
8.6
8.4
10.3
8.7
6.4
6.5
7.7
7.8
8.9
7.8
6.2
6.5
7.9
7.3

52.7
73.7
63.7
55.3
69.1
70.5
60.2
0.0
0.0
2.7
2.4
2.6
10.5
0.0
9.1
5.3
6.2
6.8

29.9
36.7
14.2
15.2
12.0
16.5
46.6
47.7
25.3
20.6
16.1
24.6
58.7
57.9
42.4
30.0
28.8
35.2
66.4
65.1
s0.9
39.6



Refleclance values al wavelengths (nm) of f
Meat- Bag # Week Hour o/o oltYPe metmyoglo-
& bin

repli-
câte

#
pm2 1.0 4.0 60.0 15.8 14.6 13.3 12.8 14.4 16.8 18.2 18.4 17.9 16.2 17.2 16.6 24.3 26.8 27.1 33.3 41 .9 44.8 Ms 43.7 52.0 13.6 7.9 36.0
pm3 1.0 4.0 60.0 16.7 15.5 14.3 13.8 15.1 17.1 18.3 18.2 17.9 16.6 17.8 17.2 23.8 25.4 25.5 32.0 41.6 45.2 45.5 44.5 51.9 11.8 7.0 4g.zpml 1.0 4.0 60.0 17.3 15.9 14.6 14.3 16.6 18.9 19.6 19.3 19.2 18.8 20.5 20.1 24.7 25.4 25.4 32.1 42.1 45.8 46.3 45.4 53.8 9.0 7.1 75.6
pm2 1.0 4.0 60.0 13.8 12.9 12.2 12.0 13.4 15.1 '15.7 15.4 15.3 14.9 16.1 15.9 19.7 20.5 20.6 26.8 36.2 39.9 40.4 39.5 48.7 9.1 6.3 69.8
pm3 1.0 4.0 60.0 16.0 14.8 13.4 12.9 15.2 18.0 19.1 19.0 18.7 17.5 19.0 18.4 24.6 26.1 26.3 32.9 42.2 45.6 45.9 45.1 53.0 11.1 7.7 55.8
pm1 1.0 4.0 72.0 16.4 15.2 14.1 13.6 15.2 17.4 18.4 18.4 18.0 16.8 18.0 17.4 23.7 25.0 25.1 31.4 40.9 44.5 M.7 43.6 52.0 11.1 6.8 49.5
pm2 1.0 4.0 72.0 16.2 14.8 13.5 13.0 14.7 17.1 18.3 18.3 17.9 16.4 '17.6 17.0 23.8 25.6 25.8 32.1 41.1 44.3 M.4 43.3 51.8 12.1 7.3 44.1
pm3 1.0 4.0 72.0 16.6 15.4 14.3 13.8 15.3 17.3 18.3 18.1 17.9 16.9 18.1 17.7 23.5 24.6 24.7 31.1 40.7 44.4 44J 43J 51.9 10.7 6.7 55,9
pm1 2.0 4.0 72.0 16.7 15.5 14.6 14.3 16.1 18.1 18.5 18.1 18.1 17.9 19.4 19.2 23.0 23.4 23.5 29.9 39.8 43.5 43.9 42.9 52.4 8.2 6.3 77.4
pm2 2.0 4.0 72.0 13.7 't2.7 12.1 11.9 13.4 15.1 15.5 15.2 15.2 15.0 16.3 16.2 19.4 19.9 20.0 2ô.1 35.7 39.5 40.0 39.2 48.6 8.2 6.3 78.0
pm3 2.0 4.0 72.0 15.3 14.0 12.8 12.4 14.5 16.8 17.7 17.5 17.3 16.5 17.9 17.4 22.6 23.6 23.7 30.1 39.4 42.7 43.1 42.2 51.310.1 7.1 62.2
pm1 1,0 4.0 84.0 15.5 14.3 13.2 12.9 14.8 17.1 17.9 17.7 17.5 16.6 18.0 17.5 22.8 23.7 23.7 30.1 39.9 43.6 44.0 43.0 51.4 10.0 6.9 61.4
pm2 1.0 4.0 84.0 15.0 14.0 13.0 12.6 14.1 16.1 17.1 17.1 16.7 15.6 16.7 16.2 22.2 23.6 23.7 30.0 39.1 42.5 42.7 41.7 50.411.4 6.8 49.2
pm3 1.0 4.0 84.0 15.3 14.3 13.3 13.0 14.5 16.5 17.3 17.1 16.9 16.1 '17.5 17.1 22.2 23.1 23.1 29.6 39.3 43.0 43.3 42.3 50.8 10.1 6.8 64.1
pm1 2.0 4.0 U.0 17.3 15.7 14.2 14.2 '17.7 20.3 20.7 20.1 20.2 20.4 22.5 22.5 26.0 26j 26.0 32.7 42.7 46.3 46.6 45.6 55.3 7.7 7.7 95.4
pm2 2.0 4.0 U.0 13.7 12.8 12.3 12.1 13.7 15.4 15.6 15.3 15.3 15.5 16.8 '16.9 '19.2 19.5 19.6 25.7 35.4 39.4 40.0 39.3 48.9 7.2 6.2 87.3
pm3 2.0 4.0 84.0 15.4 14.1 12.9 12.5 14.7 17.1 17.9 17.6 17.5 16.8 18.3 17.8 22.8 23.7 23.7 30.3 39.8 43.2 43.6 42.6 51.6 9.8 7.2 66.9
pm1 1.0 4.0 96.0 15.5 14.3 13.3 r3.0 15.0 '17.2 18.0 17.7 17.5 16.9 18.4 18.1 22.8 23.4 23.4 29.8 39.6 43.6 44.0 43.0 51.6 9.3 6.9 70.0
pm2 1.0 4.0 96.0 16.1 14.9 13.9 13.6 15.5 17.7 18.5 18.4 18.1 17.3 18.6 18.1 23.4 24.3 24.4 30.5 39.7 43.2 43.5 42.5 52.1 9.7 6.5 60.0
pm3 1,0 4.O 96.0 15.8 14.6 13.6 13.4 115.3 17.3 17.9 17.6 17.5 17.1 18.6 18.3 22.6 23.0 22.9 29.3 39.4 43.6 44.0 43.0 51.6 8.7 6.7 74.9
pm1 2.0 4.0 96.0 16.9 15.6 14.6 14.5 16.9 18.9 19.2 18.7 18.8 19.1 20,8 20.9 23.5 23.6 23.5 29.7 39.6 43.6 u.O 43.1 53.4 6.8 6.6 92.6
pm2 2.0 4.0 96.0 13.6 12.7 12.1 11.9 13.5 15.2 15.5 15.2 15.2 15,4 16.7 16.9 19.1 19.5 19.7 25.8 35.4 39.4 40.2 39.6 48.8'7.4 6.5 88.2
pm3 2.0 4.0 96.0 15.8 14.4 13.0 12.7 15.5 18.1 18.9 18.5 18.5 17.9 19.7 19.3 24.1 24.6 24.6 31.3 41.3 45.0 45.3 44.3 52.9 9.3 7.6 76.4
pm1 1.0 5.0 0.0 16.2 15.3 13.2 12.1 13.7 16.8 19.8 21.1 19.5 15.9 16.9 16.'l 28.1 37.0 40.9 42.9 M.7 46.1 46.8 46.2 54.8 22.3 11.9 0.0
pm2 1.0 5.0 0.0 16.2 15.4 13.2 12.1 13.7 16.9 19.8 21.0 19.4 15.8 16.8 16.0 27.8 36.5 40.4 42.4 44.1 45.5 46.1 45.6 54.6 22.0 11.5 0.0
pm3 1.0 5.0 0.0 17.2 16.3 14.0 12.9 '14.5 17.2 19.9 20.8 19.6 16.4 17.3 16.5 27.3 35.2 38.4 40.1 41.5 42.4 42.6 41.7 54.5 20.1 10.5 0.0
pm4 1.0 5.0 0.0 16.2 15.4 14.0 13.2 14.0 16.0 18.2 19.1 18.0 15.3 16.0 15.4 25.7 U.4 38.3 40.5 42.3 43.7 M.4 44.1 53.221.6 10.7 4.3
pml 2.0 5.0 0.0 14.3 13.6 12.4 11.8 12.5 14.2 16.0 16.7 15.6 13.4 13.9 13.4 20.8 27.5 30.9 32.6 U2 35.4 36.0 35.5 49.3 18.2 8.3 7.4
pm2 2.0 5.0 0.0 14.8 14.0 12.6 11.8 12.7 14.6 16.7 17.5 16.2 13.8 14.3 13.8 ?2.0 29.2 32.7 34.6 36.2 37.6 38.3 37.9 50.3 19.1 9.0 3.7
pm3 2.0 5.0 0.0 17,1 16.2 't4.2 13.2 14.5 17.0 19.5 20.4 19.1 15.9 16.7 ''l6.1 26.8 34.8 38.1 39,7 41.1 41.9 42.0 41.0 54.0 20.5 10.1 0.0
pm4 2.0 5.0 0.0 14.6 13.8 12.4 11.6 12.5 14.4 16.5 '17.3 16.2 13.7 14.2 13.8 22.2 29.4 32.8 34.5 36.0 37.1 37.6 37.'l 50.2 19.4 9.3 3.7
pm1 1.0 5.0 12.0 16.0 15.0 13.1 12.3 13.9 16.9 19.3 20.1 19.0 16.0 17.1 16.4 27.6 33.4 35.2 40.5 45.3 47.2 47.5 46.7 54.0 19.5 10.8 8.3
pm2 1.0 5.0 12.0 16.4 15.4 13.3 12.3 14.1 17.2 19.8 2O.8 19.5 16.3 17.4 16.6 28.7 35.2 37.3 42.1 46.4 47.9 48.1 47.2 54.7 20.6 11.2 2.7
pm3 1.0 5.0 12.0 17.4 16.1 13.9 '12.9 '14.8 17.5 19.7 20.1 19.3 16.7 17.8 17.0 26.4 30.4 31.3 36.2 41 .2 42.8 42.7 41.5 53.5 15.6 8.8 17.3
pm1 2.0 5.0 12.0 15.1 14.1 '12.6 11.9 13.1 15.5 17.5 18.0 17.1 14.7 15.6 15.0 24.1 28.5 29.7 35.1 40.5 42.4 42.6 41 .9 51.2 17.1 9.0 15.3
pm2 2.0 5.0 12.0 14.5 13.7 12.5 1'1.9 12.7 14.6 16.2 16.8 15.9 13.8 14.5 13.9 21.9 26.5 28.1 32.5 36.8 38.4 38.8 38.1 49.6 16.7 8.2 14.6
pm3 2.0 5.0 12.0 16.8 15.6 13.5 12.6 14.2 16.9 19.4 20.1 19.0 15.9 16.9 16.1 28.2 U.7 36.5 41.5 46.0 47.2 46.9 45.4 54.220.8 10.9 3.6
pm1 1.0 5.0 24.0 '15.7 14.7 12.9 12.2 14.0 17.0 19.2 19.8 18.9 16.2 17.4 16.7 27.3 31.8 33.0 39.2 45.7 47.8 48.1 47.2 53.7 18.0 10.3 18.5
pm2 1.0 5.0 24.0 16.0 15.0 13.2 12.4 14.2 17.3 19.6 20.3 19.3 16.3 17.5 16.7 27.8 33.0 34.4 40.1 45.9 47.8 47.9 47.0 54.1 18.7 10.4 11.2
pm3 1.0 5.0 24.0 16.5 15.2 13.5 12.9 14.6 17.0 18.6 18.7 18.2 16.4 17.6 17.O 24.3 26.5 26.8 32.3 39.3 41 .5 41 .5 40.5 52.1 12.7 7.6 37.1
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lz.s ¿2.a 42.1 51.1 13.2 8.0 3e.2

pm2 2.0 5.0 24.0 15.9 '14.9 13.5 12J 13.7 15.7 17.5 18.1 '17.2 14.8 15.5 14.9 23.9 28.7 29.8 34.2 38.5 39.9 39'7 38.7 51.217.0 8.3 11.0

bmg 2.0 5.0 24.0 16.2 15.2 13.4 12.6 14.2 16.7 18.8 19.2 18.3 15.8 16.8 16.1 26.0 30.2 31.1 36.6 42.4 44.2 44.0 42.6 52.7 17-1 9.0 14.9

bmr 1.0 5.0 36.0 1s.7 14.s 12.9 i2.z 14.2 17.2 19.2 1g.s 18.8 16.s 17.9 11.2 26.6 29.7 30.s 37.1 M.8 47.4 47.7 46.8 53.4 ls.8 9.6 30.8'pmz 1.0 5.0 36.0 16.0 14.9 13.1 12.4 14.3 17.4 19.5 20.1 19.2 16.6 17.8 17.1 27.4 31.3 32.2 38.6 45.7 47.9 48.0 47.0 53.9 17.0 9.9 22.2

þr3 1.0 5.0 36.0 16.7 1s.2 13.4 12.a 1s.1 17.2 19.0 1g.B 18.6 17.2 il.z 1B.z 24.6 25.8 25; 31.7 40.0 42.7 42.7 41.4 52.7 11.o 7.6 54.9

þmr 2.0 5.0 36.0 14.2 13.1 12.3 't1.9 12.s 14.6 15.s 1s.4 1s.o 14.0 14.9 14.s 19.3 20.6 20.9 263 33.2 3s.7 36.1 35.4 47.810.2 5.7 47.7
'pm2 2.0 5.0 36.0 16.0 15.0 13.6 13.0 14.0 16.0 17.6 18.0 17.2 15.1 15.9 15.3 23.4 26.8 27.4 32.3 38.1 40.0 39.9 38'9 50.9 14.8 7.4 19.2

bms 2.o 5.0 36.0 16.7 .1s.3 13.s 12.9 1s.o 17.9 19.5 19.6 l9.o 17.o 18.5 1z.B 26.4 28.7 29.1 35.8 44.1 46.6 46.5 45.0 53.5 14.2 8.5 38.7

bmr i.o s.o 4B.o 1s.s 14.3 12.2 12.2 14.s 17.s 19.2 't9.3 1B.B 17.0 19.5 17.9 26.2 28.3 28.8 36.0 44.6 47.6 47.9 47.0 53.4't4.1 9.2 45.2
'pmz 1.0 5.0 48.0 15.8 14.7 13.1 ',t2.5 14.4 17.3 19.2 19.6 18.8 16.5 17.8 17.1 26.7 30.0 30,7 37.5 45.1 47.7 47.8 46.7 53.5 16.1 9.4 28.2

bms 1.0 s.0 4B.o 1s.9 14.4 13.0 't2.7 14.9 17.2 19.2 17.9 17.9 17.0 iB.6 1B.z 23.4 24.0 23.8 29.8 38.6 41.7 41.8 40.7 51.9 9.6 7.4 69.2

þmr 2.o s.o 48.0 14.6 13.4 12.3 12.0 13.9 16.2 12.1 16.9 16.7 1s.B 17.3 17.0 22.2 23.0 23.1 29.7 38.7 42.o 42.4 41.5 50.6 10.4 7.4 66.9

brnz 2.0 5.0 4B.o 14.2 13.2 12.9 11.9 13.3 1s.3 16.2 16.1 1s.B 14.9 16.0 1s.6 20.7 21.8 22.0 28.1 36.2 39.2 39.6 38.9 49.21o.4 6.6 55.2

bms 2.0 s.0 4g.o 16.4 i4.g 13.3 12.9 1s.3 1B.o 19.3 1g.z 1B.B 17.4 19.0 19.4 2s.6 27.o 27.2 34.2 43.1 46.0 45.9 M.4 53.312.2 8.1 55.0

bmr 1.0 s.o 60.0 16.4 1s.1 13.6 19.2 1s.5 1a.4 19.7 1s.7 19.3 17.8 19.3 18.8 26.1 27.7 28.1 35.3 44.1 47.3 47.7 46.8 53.9 12.s 8.3 53.1

þfn2 1.0 s.0 60.0 1s.7 14.s 13.0 12.s 14.6 17.6 19.3 19.6 19.9 16.9 18.2 12.6 26.4 29.0 29.6 36.6 45.1 47.9 48.2 47.2 53.514.8 9.1 37.2

þms 1.0 5.0 60.0 17.0 15.1 19.4 13.2 i5.9 18.4 19.4 18.9 rB.9 1g.z zo.1 19.2 24.6 24.9 24.6 30.5 39.4 42.5 42.5 41.3 53.3 8.8 7.4 76.1

þrr z.o s.0 60.0 14.7 13.4 12.3 12.'t 14.6 16.9 17.4 17.0 i6.9 16.7 19.3 1g.z 22.2 22s 22.5 29.3 38.7 42.3 42.8 42.0 51.2 8.9 7.3 83.1
'pnz 2.0 5.0 60.0 14.4 13.3 12.3 12.0 13.6 15.6 16.4 16.2 15.9 15.2 16.4 16.1 20.6 21.4 21.5 27.5 35.9 39.0 39.4 38.6 49.4 9.5 6.4 63.4

þrn3 2.0 s.o 60.0 16.3 14.7 19.2 12.9 1s.4 18.1 19.1 1B.B 18.6 17.6 19.3 18.8 25.0 2s.B 2s.9 33.0 42.3 45.5 45.5 43.9 53.1 11.0 7.s 66.2

brnr 1.0 s.o z2.o 1s.6 ,t4.1 12.7 12.4 14.9 1t.s 18.6 1B.s 19.2 12.1 1g.z 1g.g 24.6 2sJ 26.0 33.'t 42.2 45.5 45.9 45.1 52.7 11.5 8.3 62.8

p z 1.0 5.0 72.0 15.7 14.5 12.9 12.4 14.7 17.6 19.1 19.2 18.7 16.9 18.4 17.8 25.9 28.0 28.5 35.6 44.5 47.5 47.8 46.7 53.3 13.9 8.8 44.6

b'ng 1.0 s.o 72.0 16.1 14.s 1z.g 12.8 1s.4 17.9 1o.s 1B.o 18.1 iz.T 19.7 19.6 23.s 23.6 23.2 29.3 38.5 41.9 42.0 40.9 52.5 8.1 7.5 86.3

þmr 2.0 s.o 72.0 14.8 13.4 12.4 12.3 1s.1 17.2 1T.s 16.9 17.0 17.3 19.2 19.s 21.9 21.8 21.8 28.6 38.3 42.1 42.7 42.0 51.6 7.3 7.3 100.0

bmz 2.0 s.o z2.o 1s.z 14.s 13.4 12.9 14.2 16.2 1z.g i7.3 16.9 15.6 16.6 16.1 21.9 2i.2 23.2 28.8 36.3 38.9 39.0 38.1 50.2 10.6 6.2 45.6

þrs z.o 5.0 zz.o 1s.6 14.3 13.1 12.a 14.9 17.2 1B.o 17.6 1z.s 16.2 18.3 17.9 22.9 23.s 2J.s 29.9 38.6 41.7 41.9 40.7 s1.s 9.6 6.9 68.5

bmr 1.0 s.o 84.0 16.s 1s..t 13.6 13.4 16.1 18.9 19.8 19.s 19.4 1a.6 20.4 20.1 25.9 26.6 26.8 34.3 43.9 47.4 47.8 46.9 54.2 10.6 8.2 73.3

pnz 1.0 5.0 84.0 15.8 14.5 13.0 12.6 14.7 17.5 18.9 18.9 18.5 16.9 18.3 17.7 25.4 27.3 27.6 34.6 43.5 46.6 46.8 45.7 52.913.2 8.5 47.8

bms 1.0 5.0 B4.o 16.1 14.4 12.g 12.8 1s.7 17.9 iB.s 12.9 19.1 17.9 19.9 19.9 23.4 23.3 23.0 29.0 38.3 4't.7 41.9 40.8 52.6 7.6 7.4 91.9

þmr 2.0 5.0 g4.o 14.4 13.3 12.3 12.9 15.1 17.2 17.9 16.7 16.9 17.6 i9.4 2o.o 2't.4 21.2 21.3 27.9 37.5 41.3 42.0 4'1.4 51.6 6.3 7.4 100.0

p,nz 2.0 5.0 84.0 16.7 15.0 13.3 13.1 15.8 18.1 18.8 18.3 18.2 17.7 19.3 19.1 22.8 23.O 22.8 28.4 36.2 39.1 39.3 38.3 52.'l 7.5 6.1 74.9

b-g 2.o s.o u.o 15.2 14.3 12.g 12.7 1s.o 17.4 19.2 1t.B 17.7 't7.1 iB.B 1B.s 23.5 24.0 24.0 30.8 39.9 43.0 43.1 41.6 52j 9.7 7.5 75.8

brr 1.0 s.o 96.0 15.s 14.'t 127 12.6 1s.6 18.3 19.0 18.7 18.6 1B.g 20.2 20.'t 25.0 25.4 25.5 33.1 43.1 46.9 47.4 46.6 53.6 9.8 8.5 86.2
'à^z 1.0 s.o 96.0 is.B 14.3 12.g 12.s 1sjt 18.1 19.3 19.i 18.8 17.6 19.3 19.9 25.7 26.9 27.1 34.5 M.1 47.6 47.9 46.8 53.5 12.0 8.6 62.5

pma 1.0 s.o 96.0 1s.7 14.1 12.7 12.7 1s.s 12.6 18.0 17.4 1T.T 17.8 19.9 2o.z 21.1 21.0 21.3 27.6 36.8 40.7 41.6 41.3 52.3 7.2 7.5 100.0

prnr 2.o 5.0 96.0 14.4 13.4 12.4 12.4 15.0 17.0 17.3 16.8 17.0 17.8 19.5 20.2 21.1 21.0 21.3 27.6 36.8 AOJ 41.6 41.3 51.6 5.9 7.6 100.0
'inz 2.0 5.0 96.0 is.B 14.2 12.8 i2.g 15.s iz.s 1t.B 17.2 12.3 17.3 19.0 19.1 21.5 2'1.4 21.3 26.8 34.9 37.8 38.1 37.2 51.3 6.4 6.1 89.3

ñã z.o s.o 96.0 1s.g 14.4 13.0 12.9 1s.e 18.3 18.9 18.3 18.4 19.2 20.2 20.2 24.3 24.4 24.4 31.5 41.4 45.0 45.3 43.9 53.3 8.8 7.9 90.0

ñi 1.0 6.0 0.0 16.1 1s.z 13.1 12.1 13.s 16.4 i9.3 2o.s i8.g 1s.4 16.3 1s.s 267 35.2 39.0 40.8 42.3 43.5 44.o 43.4 53.8 21.5 11.0 0.0
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pm21.o6.oo.o15314512312'o23s31'434936,.738.439.94o.840.551.819.79.70.0
pm3 LO 6.0 O.O 17.g 16.9 14.8 13.7 15.0 17.7 20.4 21.5 20.1 16.6 ',t7.5 16.7 28.1 36.6 40.2 42.0 43.5 44.8 45.2 M.7 55.121-0 10.5 0.0

pm4 1.0 6.0 0.0 14.8 14.1 12.7 12.0 13.0 15.3 17.7 18.8 17.5 14.6 15.3 14.7 24.7 33.0 36.9 38.9 40.7 42.3 43.2 42,9 52,3 21.3 10.8 0.0

pm1 2.0 6.0 0.0 15.8 15.2 14.1 13.4 14.2 16.1 18.0 18.9 17.8 15.5 16.0 15.5 23.9 31.4 34.8 36.5 38.0 39.2 39.8 39.6 52.3 18.6 9'0 7.9

pm2 2.0 6.0 0.0 15.7 14.9 13.1 12.2 13.4 16.0 18.7 19.8 18.3 15.1 1s.8 15.2 257 U1 37.9 39.9 41.6 43.1 43.7 43.2 53.1 21-3 10.7 0.0

pm3 2.0 6.0 0.0 16 7 15.9 14.3 13.4 14.3 16.4 18.6 19.6 18.5 15.6 16.3 15.6 25.7 34.1 37.8 39.6 41.1 42.4 42.9 42.5 53.4 20.7 10.1 0.0

pm4 2.0 6.0 0.0 16.3 15.4 13.5 12.6 13.8 16.4 19.0 20.0 18.6 15.4 16.2 15.5 26.5 35.0 38.6 40.3 41.8 43.0 43.6 43.0 53.6 21.5 10.8 0.0

pm1 1.0 6.0 12.0 16.0 15.0 13.3 12.4 13.6 16.1 18.4 1g.2 18.1 15.2 16.',1 15.4 26.3 32.8 94J 38.9 42.6 43.9 44.0 43.1 52,s20-'t 10.4 4'3

pm2 1.0 6.0 12.O 17.4 16.4 14.5 13.6 15.0 17.6 2O.O 20.8 19.8 16.8 17.7 17.0 28.4 34.9 37.0 41.5 45.7 47.1 47.2 46,2 54.9 19.8 10.4 6.3

pm3 1.0 6.0 12.O 15.7 14.8 13.3 12.6 13.7 16.0 1B.O 18.9 17.8 15.1 15.8 15.1 25.8 32.8 35.0 38.8 42.1 43.3 43.3 42'3 52J 2O-5 10.2 3.3

pm1 2.0 6.0 12.O 15.2 14.4 13.0 12.3 13.3 15.4 't7.3 18.1 17.2 14.6 15.4 14.8 24.8 31.5 33.6 37.6 41.2 42.5 42.6 41,7 51.9 20.0 '1o.2 8.0

pm2 2.O 6.0 12.O 16.2 15.1 13.4 12.6 13.9 16.5 18.8 19.6 18.5 15.6 16.5 15.8 26.7 32.9 34.8 39.3 43.5 45.1 45.3 M.4 53.3 1S.7 10.3 4.6

pm3 2.O 6.0 12.O 17.8 ,16.8 15.4 14.5 15.4 't7.4 19.2 19.9 19.0 16.6 17.3 16.7 26.2 32.2 UJ 38.3 42.4 43.9 44,2 43'5 53'7 17-8 8'8 12.4

pm1 1.0 6.0 24.O 15.5 14.5 12.g 12.2 13.7 16.5 18.5 19.1 18.2 15.7 16.7 16.0 26.0 30.3 31.2 37.0 43.1 45.1 45-2 M.3 52.7 17-3 9.6 16.0

pmz 1.0 6.0 24.O 17.g 16.7 14.8 13.9 15.5 18.g 20.4 21.0 20.1 17.5 18.6 17.9 28.1 32.5 33.5 39.3 45.4 47.4 47,4 46.3 54.8 16.8 9.3 19.4

pm3 1.0 6.0 24.O 16.1 15.2 13.8 13.1 14.2 16.4 18.4 19.0 18.0 15.5 16.3 15.7 25.6 30.9 32.1 37.2 42.5 44.1 43.9 42.8 52.6 18-2 9.1 11,4

pm1 2.0 6.0 24.O 15.2 14.3 13.1 12.5 13.4 15.3 '17.0 17.4 16.7 14.7 15.4 14.8 23.5 28.1 29.2 U.4 40.1 42.0 42.1 41,2 5O'9 17,0 8.7 19'5

pm2 2.0 6.0 24.0 15.5 14.5 13.0 12.4 13.8 16.6 18.6 19.1 18.2 15.8 16.9 16.2 25.6 29.4 30.3 36.2 42.8 45.1 45.3 M.4 52'6 16-4 9.2 19.9

pm3 2.0 6.0 24.0 17.3 16.2 14.8 14.1 15.1 17.1 18.8 1g.2 18.5 16.4 17.3 16.7 25.1 29.2 30.2 g5.B 42.1 M3 Ms 43.6 52.8 15'5 8.0 23,2

pm1 1.0 6.0 36.0 15.5 14.g 12.7 12.2 14.1 16.9 18.5 18.6 18.1 16.3 17.7 17.1 24.9 27.0 27.4 U.O 42,3 45.2 45.5 44.6 52.4 13.6 8.6 42,9

pmz 1.0 6.0 36.0 16.8 15.7 14.2 13.5 15.0 17.g 19.0 19.3 18.6 16.6 17.7 17.1 25.8 28.8 29.4 35.8 43.2 45.6 45.7 44.6 53.0 14.9 8.3 31'3

pm3 1.0 6.0 36.0 15.9 14.7 13.1 12.5 't4.1 16J 18.5 18.9 18.2 15.9 ',t7.0 16.3 25.6 29.1 29.8 36.2 43.7 46,1 46-0 44.7 52.6 1ô.1 9.0 24'9

pm1 2.0 6.0 36.0 14.6 1g.7 12.6 12.'t 13.2 15.1 16.5 16.8 16.2 14.6 15.5 14.9 22.0 24,8 25.4 31.1 38.2 40.7 40,9 40.0 49.813.9 7.6 31'8

pm2 2.0 6.0 36.0 15.6 14.5 13.3 12.7 14.1 16.5 18.1 18.4 17.8 15.9 17.1 16.5 24.5 27.1 27.6 U.O 41.8 M.4 44.6 43.7 52O 14.3 8.3 35'8

pm3 2.0 6.0 36.0 16.4 15.3 14.0 13.4 14.5 16.6 18.0 18.2 17.7 15.9 16.9 16.2 24.1 27.9 27.9 u.g 42,0 M.5 44.6 43.6 51.8 14.6 7.8 31'0

pm1 1.0 6.0 48.0 15.4 't4.1 12.7 12.3 't4.7 17.6 18.6 18.5 18.2 17.1 18.8 18.3 24.5 25.6 25J 92.7 42.1 45.5 45.9 45.0 52.6 1'1.3 8.2 64'5

pm2 1.0 6.0 4B.O 17.2 15.9 14.4 13.8 15.7 18.2 19.6 19.8 19.3 17.6 18.9 18.3 26.3 28.6 29.1 35.8 44.2 46,9 47,0 45.8 53.8 13.6 8.2 42'5

pm3 1.0 6.0 48.0 14.6 13.4 12.0 11.5 13.4 16.0 17.6 17.8 17.2 15.3 16.5 15.8 24.9 27.0 27.5 U.l 42.3 45,0 45.0 43.8 51.5 15.1 8.9 34'1

pm1 2.0 6.0 48.0 14.8 13.8 12.9 12.4 13.7 15.6 16.7 16.8 16.4 15.1 16.2 15.7 21.7 23.6 23.9 29.9 37.8 40.6 40.8 39.9 50.011.9 7.0 45'4

pm2 2.0 6.0 48.0 15.1 14.0 12.g 12.5 14.1 16.5 17.8 17.8 17.4 16.0 17.3 16.8 23.5 25.2 25.5 32.0 40.5 43.5 43,9 43'0 51'412.4 7'8 49.1

pm3 2.0 6.0 48.0 15.7 14.5 13.g 12.7 't4.1 16.3 17.6 17.8 17.3 15.7 16.7 16.0 23.4 26.1 26.6 33.0 41,3 44,1 44.2 43.2 51.3 13.8 7.7 35.5

pm1 1.0 6.0 60.0 15.8 14.3 12.g 12.7 15.6 18.5 19.4 19.0 18.9 18.g 2O.2 2O.O 25.2 25.7 25J 33.0 42.8 46.5 46,9 46'1 53.7 9.9 8.3 79'5

pm2 1.0 6.0 60.0 16.9 15.7 14.g 13.9 15.6 17.8 19.0 19.0 18.7 17.3 18.7 18.1 25.2 26.9 27.1 34.O 42.9 45.9 46.1 M'9 53.1 12-4 7.7 50'9

pm3 1.0 6.0 60.0 15.1 13.7 12.g 11.9 14.0 16.7 18.1 18.1 17.6 16.1 17.5 16.9 24.4 26.3 26.6 33.3 42.0 44,9 44.9 43,6 52013.3 8.5 47,8

pm1 2.O 6.0 60.0 15.1 14.O 13.0 12.7 14.O 16.0 16.9 16.9 16.6 15.6 16.8 16.3 21.6 23.O 23.2 29.2 97.5 40.4 4o.8 39.9 50210-6 6.7 54'2

p¡.t2 2.0 6.0 60.0 15.1 14.O 13.0 12.7 14.3 16.6 17.6 't7.4 17.2 16.3 17.7 17.3 23.0 24.O 24.2 30.9 40.0 43.4 43.9 43.2 51.3 10.9 7.5 63'0

pm3 2.O 6.0 60.0 15.5 14.4 13.2 12.7 .t4.1 16.1 '17.3 17.4 17.0 15.6 16.7 16.1 22.g 25.1 25.5 32.1 41.1 M.1 M.2 42.9 50.9 13'0 7.5 42'3

pml 1.0 6.0 72.O 15.6 14.1 12.8 12.8 15.7 18.2 18.6 18.1 18.2 18.2 20.2 20.3 23.g 24.0 23.9 31 .1 41.2 45'1 45-6 M.8 53 1 8.5 7.9 94'9

pm2 1.0 6.0 72.O 17.g 16.6 15.2 14.7 16.6 18.8 19.9 19.8 19.5 18.4 19.8 19.3 25.7 26.9 27.1 33.9 43.0 46.1 46,3 45.1 53 9 11.0 7-2 57.2

pm3 1.0 6.0 72.O 15.5 14.0 12.7 12.4 14.5 17.1 18.2 18.1 17.7 16.6 18.1 17.6 24.2 25.6 25.7 32.6 41-g 45.1 45.1 43.8 52,1 12-O 8'1 59'0

H9

o/o oî
metmyoglo

bin



Reflectanc€ values at wavelengrths (nm) of Color'
Meat- Bag # Week Hour o/o of
type metmyoglo
& hin

repl¡- 
ur¡ r

cate

pml 2.0 6.0 72.O 15.3 14.1 13.2 12
pm2 2.0
pm3 2.0
pm1 1.0
pmz 1.0
pm3 1.0
pm1 2.0
pm2 2.0
pm3 2.0
pm1 1.0
pm2 1.0
pm3 1.0
pm1 2.0
pm2 2.0
pm3 2.0
pm1 1.0
ptrr2 1.0
pm3 1.0
pm4 1.0
pm1 2.0
pm2 2.0
pm3 2.0
pm4 2.0
pm1 1.0
pm2 1.0
pm3 1.0
pm1 2.0
pm2 2.0
pm3 2.0
pm1 1.0
pm2 1.0
pm3 1.0
pm1 2.0
pm2 2.0
pm3 2.0
pm1 1.0
pm2 1.0
pm3 1.0
pm1 2.0
prî2 2.0

6.0 72.0 15.4
6.0 72.0 15.3
6.0 84.0 16.0
6.0 u.0 17.4
6.0 84.0 15 1

6.0 u.0 15.4
6.0 84.0 15.3
6.0 84.0 15.3
6.0 96.0 15.8
6.0 96.0 16.2
6.0 96.0 15.1
6.0 96.0 15.2
6.0 96.0 15.3
6.0 96.0 15.1
7.0 0.0 18.7
7.0 0.0 14.7
7 .O 0.0 15.9
7.0 0.0 14.2
7.0 0.0 16.7
7 .O 0.0 15.9
7.O 0.0 16.8
7.0 0.0 15.7
7.0 12.0 17.3
7.0 12.0 14.7
7 .0 12.0 15.5
7.0 12.0 16.0
7.O 12,0 15.2
7.O 12.0 16.9
7 .0 24.0 15.8
7.0 24.0 14.8
7.O 24.0 15.4
7.0 24.O 15.7
7.O 24.0 14.9
7.O 24.0 16.3
7.O 36.0 17.2
7.O 36.0 16.6
7 .O 36.0 15.5
7 .O 36.0 15.6
7 .O 36.0 15.1

14.1 13.1 13.0 15.3
14.2 13.1 12.7 14.1
14.3 12.8 13.0 16.7
15.9 14.6 14.2 16.1
13.7 12.5 12.2 14.2
14.2 13.2 13.0 14.5
14.1 13.2 13.1 15.5
14.1 13.1 12.8 14.3
14.3 12.9 13.1 16.9
14.9 13.7 13.5't5.7
13.7 12.5 12.4 14.7
14.1 13.2 13.0 14.6
14.1 13.1 13.1 15.6
14.0 13.0 12.8 14.6
17.8 16.3 15.4 16.1
14.0 13.0 12.3 13.0
15.2 13.6 12.6 13.8
13.5 12.4 11.8 12.5
15.7 13.9 12.9 13.9
15.1 13.6 12.8 13.7
15.9 14.3 13.4't4.4
r5.0 13.4 12.6 13.6
16.3'15.0 14.2 15.0
13.9 12.9 12.3 13.0
14.6 13.3 12.6 13.7
'15.1 13.6 12.8 14.0
14.4 '13.1 12.4 13.3
15.9 14.2 13.3 14.4
14.9 13.8 13.2 14.1
14.0 13.3 12.8 13.5
14.6 13.3 12.6 14.0
14.7 13.3 12.6 13.9
14.1 12.9 12.3 13.2
15.4 13.9 13.0 14.2
16.1 15.0 14.5 15.4
15.3 13.8 13.1 14.5
14.6 13.3 12.7 14.1
14.5 13.3 12.7 14.0
14.2 13.0 12.4 13.4

14.3 1

17.6 18.2 '.t7.9

16.2 17.2'.t7.2
19.3 19.5 18.8
18.2 19.1 18.9
16.7 17.7 17.5
16.5 17 .2 16.9
17.7 18.1 17.7
16.2 17.0 16.9
19.5 19.6 18.9
17 .8 18.6 18.2
17.1 17.9 17.5
16.5 17.1 16.8
17.7 18.0 17.5
16.5 17.1 16.8
17.7 19.6 20.4
14.5 16.2 16.9
16.1 18.4 19.3
14.0 15.8 16.5
16.3 18.7 19.7
15.7 17.8 18.7
16.6 18.8 19.7
15.8 18.0 19.0
16,7 18.3 18.8
14.6 15.9 16.3
15.8 17.6 18.2
16.3 18.3 19.0
15.2 17.0 17.7
16.6 18.7 19.5
15-8 17.'t 17.4
15.0 16.0 16.2
16.3 17.9 18.3
16.2 18.1 18.5
15.1 16.8 17.3
16.4 18.3 18.9
17.1 18.2 18.3
16.4 17.7 17.8
16.3 17.7 18.0
16.3 17.9 18.2
15.3 16.8 17,2

16.7 15.9
17.9 17.5
16.9 15.7
19.0 19.6
18.7 17.9
17 .3 16.3
16.8 16.2
17.7 17.7
16.6 15.8
19.2 20.1
18.2 17.6
17.4 17.0
16.7 r6.3
17.6 17.9
16.7 16.3
19.4 17.0
16.0 13.9
18.2 15.3
15.6 13.5
18.4 15.4
17.6 14.9
18.6 15.8
17 .8 1s.0
18.'1 16.1
15.7 14.0
17 .4 1 5.1
18.1 I 5.5
16.8 14.5
18.5 15.8
16.9 15.2
15.8 14.5
17.7 15.6
17 .8 15.5
16.6 14.5
18.0 15.6
18.0 16.6
17.4 15.7
17.5 15.8
17 .6 15.6
16.6 14.7

17.2 16.8 21.6 22.5 22.6 28.7 37.4 40,6 40.9 40.0 50.4 9.7 6.5
19.1 19.0
16.8 16.3
22.0 22.4
19.4 19.0
17.8 17.4
17.6 17.2
19.4 19.5
17 .1 16.6
22.4 23.1
19.2 19.0
18.6 18.5
17.6 17.3
19.8 20.1
17.6 17.4
17.6 17 .1

14.4 14.0
16.1 15.4
14.0 13.6
16.1 15.4
15.6 15.0
16.5 15.8
15.7 15.0
16.8 16.2
14.6 14.2
15.9 15.2
16.3 15.7
15.2 '.t4.7

16.6 15.9
16.1 15.5
15.2 14.8
16.6 15.9
16.5 15.8
15.3 14.7
16.5 15.8
17.6 17.1
16.7 16.2
16.9 16.2
16.6 16.0
15.5 14.9

Hl0

23.2 23.7
22.5 24.3
24.8 24.5
24.6 25.4
23.3 24.5
21.6 22.4
22.8 22.9
22.0 23.2
24.7 24.4
24.0 24.6
23.1 23.8
21.5 22.1
22.5 22.5
21.7 22.5
25.9 33.7
21.9 29.3
25.5 33.9
21.2 28.2
25.5 33.7
24.4 32.O
26.2 U.6
24.9 33.1
24.6 29.6
21 .7 26.0
24.7 30.5
25.6 31.7
24.0 30.0
26,9 U.2
22.8 26.2
21 .1 23.8
24.4 28.2
25.0 29.3
23.3 27.7
25.8 31.4
23.3 25.5
23.5 26.1
23.8 26.6
24.1 27.3
22.9 26.5

23.7 30.4 39.8
24.5 3't.2 40.5
24.5 32.0 42.8
25.6 32.4 41 .9
24.5 31 .4 41.0
22.5 28.6 37.3
23.0 29.6 39.1
23.4 30.1 40.1
24.5 31.8 42.5
24.7 31.7 41.6
23.9 30.9 40.7
22.1 28.2 37.1
22.5 29.0 38.6
22.6 29.3 39.7
37.2 39.2 40.6
32.8 35.4 37.6
37.5 39.6 41.2
31.7 U.2 36.2
37.1 39.0 40.3
35.3 37.0 38.2
37.9 39.7 40.9
36.4 38.3 39.6
31.1 35.7 40.6
27.3 32.5 38.1
32.3 3ô.9 41.7
33.4 37.9 42.3
31.9 35.7 39.2
36.3 40.0 43.1
27.0 32.8 40.1
24.4 30.0 37.3
29.0 U.7 41.7
30.2 35.7 42.0
28.8 33.5 38.7
32.6 37.6 42.8
25.9 31.8 40.1
26.5 31.9 39.1
27 .1 33.3 41.6
27.9 33.9 41.5
27.2 32.3 38.3

43.5 M.1
43.8 43.9
47.O 47.6
45.3 45.5
M.4 M,6
40.6 40.9
42.8 43.5
43.7 43.9
46.8 47.4
45.2 45.4
M.4 M,6
40.5 40.9
42.5 43.2
43.5 43.7
41.8 42.4
39.3 40.3
42.5 43.3
37.8 38.6
41 .4 41 .8
39.3 39.6
41.8 42.1
40.7 41 .2
42.5 42.9
40.3 40.7
43.5 43.9
43.8 44.0
40.4 40.5
44.0 43.9
42.7 43.1
39.9 40.3
44.2 44.6
Mj 44.1
40.4 40.4
44.5 44.6
43.1 43.5
41 .4 41 .3
44.5 M.9
44.0 44.1
40.2 40.1

43.4 52.2 9.0
42.6 50.7 12.0
46.8 54.5 7.4
44.4 53.1 10.3
43.4 51.5 11.4
40.0 50.6 9.2
42.9 52.2 7.9
42.7 50.5 10.9
46.7 54.8 6.8
M.2 52.7 9.9
43.5 s1.9 9.8
39.9 50.5 8.8
42.6 52.3 7.2
42.4 50.7 9.5
42.O 54.2 18.6
40.1 50.3 19.4
43.2 53.1 20.9
38.4 49.6 19.0
41.2 53.1 20.4
39.1 52.2 19.8
41.4 53.6 20.8
40.7 52.6 20.6
42.2 52.5 16.4
40.1 49.5 16.2
43.3 52.0 18.6
43.1 52.7 18.8
39.7 51.3 18.8
42.9 53.7 20.5
42.4 50.8 14.5
39.5 49.3 13.3
44.0 51.9 15.6
43.2 52.1 16.8
39.5 50.7 16.7
43.7 52.8 18.5
42.7 51 .8 11.8
40.0 51.3 13.5
44.2 51 .6 14.0
43.1 51.6 14.8
39.1 s0.4 15.3

7.3
7,2
8.4
7.1
7.8
6.5
7.'l
6.9
8.5
7.4
7,8
6.4
7.3
6.8

62.7
80.1
48.5
100.0
65.6
62.7
67.4
90.2
59.4
100.0
74.4
78.6
70.6
99.4
72.4

8.7 11.2
9.2 13.0

10.6 0.5
9.1 11.4

10.0 0.0
9.7 3.3
10.2 1.9
10.2 0.s
8.0 20.6
8.1 25.7
9.6 14.5
9.7 10.4
9.6 12.8
10.4 7.2
7.5 30.8
6.8 3ô.s
8.6 2s.2
9.0 19.3
8.7 19.7
9.5 14.3
6.4 41.8
7.4 35.5
8.1 36.1
8.2 28.4
8.1 23.8



Meat- Bag # Week Hour
9pe

&
repli-
cate

#
14.616..jie.5r8.92.5M'544,54g.552.616.68.719.9

pm1 1.0 7.0 48.0 17.0 15.9 14.8 14.4 15.4 17.'l 18.0 17.9 17.7 16.7 17.7 17.2 22.7 24.3 24.4 30.5 39.7 43.1 43.5 42.6 51.4 10.6 6.1 50.3
pmz 1.0 7.0 48.0 16.3 15.1 13.7 13.1 14.6 16.4 17.6 17.6 17.3 15.9 16.9 16.4 22.9 24.9 25.0 30.5 38.3 41.0 41.0 39.7 51.0 12.0 6.9 42.6
pm3 1.0 7.0 48.0 15.1 14.1 12.9 12.4 '13.9 16.0 17.3 17.4' 17.o 1s.5 16.6 16.0 23.0 25.4 25.9 32.2 41.0 44.3 44.7 44.0 51.013.3 7.8 41.1
pm1 2.0 7.0 48.0 15.6 14.5 13.2 12.8 14.4 16.7 18.0 18.1 17.6 16.1 17.2 16.6 23.8 26.0 26.2 32.5 41.1 M.0 44.1 43.0 51.7 13.0 7.7 40.6
pm2 2.0 7.0 48.0 14.5 13.6 12.5 12.1 13.1 15.1 16.5 16.7 16.2 14.7 15.6 15.0 22.1 24.6 25.0 30.6 37.9 40.4 40.5 39.5 49.9 13.5 7.7 U.4
pm3 2.0 7.0 48.0 16.9 15.6 14.'l 13.4 14.8 17.2 18.8 19.1 18.5 16.5 17.5 16.8 25.4 28.7 29.2 35.1 42.5 44.8 44.7 43.5 52.814.9 8.2 27.8
pm1 1.0 7.0 60.0 16.0 14.8 13.8 13.4 14,6 16.4 17.2 17.0 16.8 16.0 17.1 16.7 21.9 23J 23J 29.4 39.3 43.0 43.4 42.4 50.5 10.3 6.3 56.8
pm2 1.0 7.0 60.0 15.0 14.0 13.3 13.0 13.9 15.4 16.0 15.9 15.7 15.0 15.9 15.6 20.1 21.1 21.3 27.2 36.4 40.0 40.5 39.6 48.9 9.7 5.7 56.6
pm3 1.0 7.0 60.0 15.6 14.5 13.3 12.9 14.6 16.8 17.8 17.7 17.5 16.4 17.7 17.2 23.0 24.4 24.6 31.0 40.6 44.4 44.8 44.0 51.411.0 7.2 55.2
pm1 2.0 7.0 60.0 15.2 14.0 12.9 12.5 14.0 16.2 17.4 17.4 17.0 15.6 16.8 16.2 23.0 24.8 24.9 31.4 40.5 43.7 43.8 42.8 50.9 12.5 7.5 45.4
pm2 2.0 7.0 60.0 14.7 13.7 12.7 12,2 't3.3 15.3 16.6 16.7 16.3 '14.9 15.9 15.4 21.8 23.7 23.9 29.5 37.0 39.6 39.7 38.7 49.812.2 7.2 41.6
pm3 2.0 7.0 60.0 13.0 11.8 10.4 9.9 11.4 13.8 15.3 15.6 15.0 '13.2 14.3 13.6 21.7 24.3 24.7 31.0 39.1 41.9 42.1 41.0 48.6 15.6 9.2 31.3
pm1 1.0 7.0 72.0 16.3 15.2 14.3 13.8 15.0 16.6 17.3 17.1 17.0 16.2 17.4 17.0 21.7 22.8 22.7 29.0 39.3 43.2 43.6 42.650.6 9.7 6.0 59.3
pm2 1.0 7.0 72.0 14.9 13.9 13.2 12.9 14.0 15.5 16.0 '15.8 15.7 15.2 16.3 16.0 20.1 20.8 20.8 26.9 36.7 40.6 41.1 40.2 49.0 9.1 5.8 64.4
pm3 1.0 7.0 .72.0 15.7 14.6 13.4 13.1 14.9 17.0 17.9 17.7 17.5 16.7 18.1 17.7 22.9 23.9 24.0 30.5 40.6 44.6 45.0 M2 51.610.2 7.1 63.5
pm1 2.0 7.0 72.0 15.5 14.4 '13.3 12.9 14.6 '16.8 17.8 17.7 17.4 16.3 17.6 '17.1 23.1 24.5 24.6 31.1 40.7 44.2 44.4 43.3 51.411.3 7.2 54.1
pm2 2.0 7.0 72.0 14.5 13.5 12.5 12.1 13.5 15.5 16.5 16.5 16.2 15.2 16.4 15.9 21.5 22.7 22.8 28.8 37.2 40.2 40.5 39.5 49.8 10.9 7.1 54.9
pm3 2.0 7.0 72.0 16.6 15.3 13.9 13.4 15.0 17.3 18.6 18.6 18.3 16.8 18.0 17.4 24.5 26.5 26.5 32.8 41.8 45.0 45.2 44.252.412.4 7.6 M.5
pm1 1.0 7.0 84.0 15.1 14.0 13.2 12.9 14.0 15.6 16.3 16.1 16.0 15.3 16.5 16.1 2O.7 21 .7 21 .7 28.1 38.8 43.0 43.3 42.249.5 9.9 6.3 62,1
pmz 1.0 7.0 U.0 15.7 14.6 13.5 13.2 14.8 16.6 17.4 17.2 't7.1 16.3 17.6 17.2 22.4 23.3 23.3 29.6 39.0 42.4 42.4 41.2 51.0 10.2 6.7 63.2
pm3 1.0 7.O U.O 16.2 15.0 13.9 13.5'15.5 17.7 18.4 18.2 18.1 17.4 18.9 18.5 23.3 24.1 24.1 30.6 40.7 44.7 45.2 M.352.2 9.4 6.9 68.3
pm1 2.0 7.0 84.0 15.5 14.3 13.2 12.9 14.6 16.8 17.7 17.5 17.3 16.3 17.7 17.2 22.8 23.9 24.0 30.5 40.2 43.6 43.8 42.5 5'1.210.7 7.0 59.2
pm2 2.0 7.0 84.0 14.6 13.6 12.7 12.4 13.9 15.9 16.7 16.6 16.4 15.6 16.9 16.5 21 .5 22.4 22.5 28.5 37.0 40.1 40.5 39.6 50.1 10.0 6.9 61.4
pm3 2.0 7.0 84.0 15.5 14.4 13.3 12.8 14.4 16.6 17.7 17.7 17.3 16.1 17.3 16.7 23.2 24.9 25.1 31.6 40.8 44.2 44.4 43.4 51.3 12.1 7.4 48.1
pm1 1.0 7.0 96.0 16.6 15.4 14.5 14.2 15.4 17.0 17.6 17.3 17.2 16.7 17.9 17.6 21 .8 22.5 22.4 28.4 38.8 42.9 43.3 42.3 50.9 8.7 5.7 65.5
pm2 1.0 7.0 96.0 14.9 13.9 13.2 12.9 14.1 15.5 15.9 15.7 15.6 15.3 16.4 16.3 19.7 20.2 20.2 26.2 36.2 40.3 40.7 39.6 48.9 8.2 5.5 70.7
pm3 1.0 7.0 96.0 16.6 15.4 14.3 14.0 16.0 18.2 '18.8 18.6 18.5 18.0 19.5 19.2 23.6 24.2 24.3 30.6 40.9 45.0 45.4 44.3 52.8 8.8 6.7 72.6
pml 2.0 7.O 96.0 15.2 14.1 13.1 12.9 14.5 1õ.6 17.4 17.2 17.1 16.3 17.7 17.2 22.4 23.3 23.3 29.9 40.0 43.9 44.2 43.2 51.0 10.2 6.9 63.8
pmz 2.0 7.0 96.0 14.6 13.5 12.7 12.4 14.1 16.0 16.7 16.4 16.3 15.9 17.3 17.0 21.2 21.8 21.8 27.7 36.4 39.6 39.9 39.0 50.1 9.0 6.8 72.1
pm3 2.0 7.0 96.0 16.1 14.9 13.7 13.4 15.1 17.3 18.4 '18.2 18.0 16.9 18.3 17.8 23.8 25.0 25.0 31.5 4'1.1 44.6 44.9 43.9 52.1 10.9 7.2 57.6
pml 1.0 8.0 0.0 14.8 '14.0 12.6 11.9 12.9 15.2 17.6 18.5 17.1 14.3 15.0 14.5 23.4 31.1 U3 37.4 39.2 40.7 41.5 41.151.5 20.0 9.8 0.4
pm2 1.0 8.0 0.0 14.9 14.2 12.8 '12.1 12.9 14.9 17.1 18.0 16.8 14.3 14.9 14.4 22.4 30.1 34.0 36.2 37.8 39.2 40.0 39.8 51.0 19.2 9.4 4.4
pm3 1.0 8.0 0.0 17.1 16.3 14.0 12.7 14.6 17.7 20.5 21.6 20.1 16.8 17.7 16.9 26.9 34.4 38.0 39.9 41.3 42.5 43.1 42.7 54.618.8 9.9 0.0
pm4 1.0 8.0 O.O 15.3 14.5 13.O 12.2 13.1 15.5 18.0 19.0 17.6 14.7 15.4 14.8 24.5 32.8 36.7 38.9 40.6 42.0 42.8 42.552.320.9 10.4 0.0
pm1 2.0 8.0 O.o 17.2 16.2 14.5 13.6 14.6 17.0 19.4 20.4 19.1 '16.1 16.9 16.3 26.9 35.3 39.0 41.4 43.2 44.6 45.3 M.8 54.2 21.0 10.4 1.5
pm2 2.O 8.0 0.0 16.8 16.0 14.5 13.7 14.5 16.6 18.8 19.8 18.5 15.8 16.4 15.9 26.0 34.4 38.2 4O.2 41.7 43.1 43.8 43.3 53.6 20.9 l0'l 4.1

pm3 2.0 8.0 0.0 18.4 17.5 16.3 15.5 16.1 17.7 19.4 20.1 19.2 17.0 17.5 17.0 25.2 32.4 35.7 37.5 38.9 40.2 4O.9 40.8 53.8 17.5 8.0 14.6
pm4 2.0 8.0 O.O 15.4 14.8 13.6 12.9 13.7 15.5 17.4 18.3 17.2 14.8 15.4 14.9 23.6 31.3 34.8 36.7 38.1 39.4 40.1 39.8 51.8 19.6 9.4 7.5
pm1 1.0 8.0 12.0 15.4 14.4 13.3 12.7 13.6 15.4 16.9 17.2 16.5 14.7 1s.5 15.0 21.9 25.3 26.3 31.4 36.7 38.7 39.2 38.5 50.0 14.0 7.2 ß.2

Hl1

Reflectanca values at wavelengiths (nm) of
o/o ol

metmyoglo-
bin



Meaþ Bag # Week
type

&
repli-
câte

#

pm3 1.0 8.0 12.0 17.9 16.8 14.4 13.2 15.3 18.4 20.9 21.8 20.7 17.5 18.6 17.8 28.5 U.1 35.8 39.5 4g.O 44.3 44.5 4g.855.217.5 9.8 5.1pm1 2.0 8.0 12.0 16.1 14.9 13.5 12.9 14.3 16.6 18.3 18.5 17.9 16.0 17.1 16.5 24.8 27.8 28.5 35.1 42.8 45.4 45.7 44.8 52.214.g 8.4 33.0pmz 20 8.0 12.0 16.7 15.8 14.5 13.8 14.7 16.7 18.4 19.0 18.2 1s.9 16.7 16.2 25.2 29.8 31.1 36.5 42.1 44.0 44.3 43.4 52.6 16.8 8.4 19.1pm3 2.0 8.0 12.0 14.9 14.1 12.9 12.3 13.1 14.8 16.3 16.8 16.1 14.1 14.8 14.3 22.6 27.4 28.g 34.1 39.7 41.8 42.3 41.6 50.2 17.4 8.6 20.1pm1 1.0 8.0 24.0 14.1 13.1 12.3 11.9 13.0 14.9 15.8 15.7 15.5 14.5 15.5 15.2 20.2 21 .6 22.0 27.9 35.4 38.2 38.7 38.0 48.7 10.8 6.6 34.0pm2 1.0 8.0 24.0 15.9 15.1 14.2 13.6 14.4 16.1 17.4 17.8 17.2 15.5 16.2 15.7 22.9 26.5 27.5 92.7 3B.g 41.1 41.5 40.8 51.0 14.3 7.2 27.5pm3 1.0 8.0 24.O 17.3 16.1 13.9 12.9 15.1 18.2 20.5 21.0 20.2 17.5 18.7 17.8 27.7 31.8 32.8 37.8 43.2 45.0 45.1 44.2 54.6 15.9 9.4 17.3pm1 2.0 8.0 24.0 16.2 14.9 13.7 13.2 14.9 17.3 18.5 18.4 18.1 16.8 18.3 17.8 24.4 25.9 26.1 33.1 42.7 46.1 46.5 45.4 52.4 12.0 7.8 34.0pmz 2.0 8.0 24.0 17.3 16.2 15.0 14.4 15.4 17.5 18.9 19.1 18.6 16.8 17.8 17.2 25.0 27.9 28.5 g4.B 42.5 45.2 45.5 44.6 52.81g.g 7.5 34.1pm3 2.0 8.0 24.0 '14.5 13.6 12.6 12.1 13.0 14.7 16.0 16.3 15.7 14.2 14.9 14.4 21.s 25.3 26.1 32.1 39.6 42.2 42.6 41.849.6 15.4 8.0 30.5pm1 1.0 8.0 36.0 13.7 12.8 12.1 11.9 13.2 15.1 15.7 15.4 15.3 '14.8 16.1 1s.9 19.9 20.6 20.8 26.9 35.0 38.1 38.7 38.1 48.8 9.2 6.6pmz 1.0 8.0 36.0 15.3 14.5 13.7 13.2 14.1 15.7 16.9 17.'1 16.6 15.3 16.1 15.6 22.0 247 25.2 30.9 38.4 41.0 41.3 40.6 50.3 12.9 6.9 36.6pm3 1.0 8.0 36.0 16.5 15.4 13.7 13.0 15.0 17.8 19.7 20.1 19.5 17.3 18.5 17.8 26J 29.9 30.5 96.2 42.8 44.9 44.g 43.8 53.9 14.7 9.0 æ.7pm1 2.0 8.0 36.0 15.7 14.4 13.3 13.0 14.9 17.3 '18.1 17.8 17.7 17.0 18.7 18.4 23.6 24.3 24.4 31.5 42.1 46.0 46.4 45.9 52.210.3 7.7pm2 2.0 8.0 36.0 16.4 15.4 14.4 13.9 15.0 17.0 18,3 18.3 17.9 16.5 17.6 17.1 24.1 26.0 26.4 32.9 41.6 44.7 44.9 43.g 52.0 12.7 7.2 44.1pm3 2.0 8.0 36.0 13.9 13.0 12.1 11.7 12.8 14.5 15.6 15.7 15.3 14.0 14.9 14.4 21 .O 29.3 23.8 30.2 38.8 42.0 42.3 41.4 48.8 13.6 7.5 40.1pm1 1.0 8.0 48.0 13.7 12.7 12.1 11.9 13.4 15.2 15.6 15.2 15.2 15.1 16.6 16.6 19.6 19.9 2o.O 26.0 34.6 38.0 38.6 38.0 48.8 8.1 6.6pmz 1.0 8.0 48.0 15.0 14.1 13.2 12.8 13.8 15.6 16.7 16.8 16.4 15.2 16.1 15.6 21.7 23.9 24.3 3o.O 38.1 40.9 41.3 40.5 5o.O 12.2 6.9 42.5pm3 1.0 8.0 48.0 15.8 14.6 13.3 12.8 14.6 17.0 18.6 18.7 18.3 16.6 17.8 17.3 24.8 27.1 27.5 33.4 41.0 43.5 43.6 42.5 52.513.2 8.3 4't.3pm1 2.0 8.0 48.0 16.2 14.7 13.6 13.4 15.5 17.7 18.3 17.9 17.9 17.6 19.3 19.2 23.6 24.0 24.0 31.1 41.9 46.1 46.5 45.4 52.5 9.3 7.4pmz 2.0 8.0 48.0 16.4 15.1 14.1 13.7 15.0 17.0 18.1 18.0 17.7 16.5 17.8 17.3 23.6 25.1 25.3 31.9 41.9 M.6 M.g 49.8 51.811.7 7.1 52.6pm3 2.0 8.0 48.0 15.1 14.2 13.3 12.9 13.7 15.3 16.2 16.3 15.9 14.8 15.7 15.3 21.3 23.2 29.6 29.8 98.7 41.9 42.9 41,249.5'12.g 6.7 44.8pm1 1.0 8.0 60.0 13.8 12.7 12.1 11.9 13.6 15.3 15.6 15.2 15.3 15.5 17.0 17.2 19.5 19.6 1s.7 257 34.5 38.0 38.6 38.0 4s.1 7,2 6,7pmz 1.0 8.0 60.0 15.8 14.8 13.9 13.5 14.5 16.1 ',17.0 17.0 16.8 15.7 16.7 16.2 21.7 23.3 23.6 29.3 37.8 40.9 41.3 40.5 50.3 10.9 6.3 48.9pm3 1.0 8.0 60.0 16.4 15.2 13.7 13.3 15.5 18.2 19.5 19.6 19.2 17.8 19.1 18.5 25.1 27.0 27.4 93.4 41.4 44.2 44.5 43.6 53.4 11.5 7.8 48.5pm1 2.0 8.0 60.0 15.8 14.4 13.3 13.1 15.3 17.5 18.0 17.6 17.7 17.5 19.4 19.4 23.2 23.4 23.4 30.5 41.7 46.1 46.6 45.4 52.3 8.8 7.7pm2 2.0 8.0 60.0 16.8 15.7 14.7 14.3 1s.6 17.5 '18.4 18.2 't8.0 17.1 18.4 18.0 23.5 24.6 24.7 31.2 40.8 44.4 M.7 43.6 52.1 10.4 6.6 60.0pm3 2.O 8.0 60.0 13.2 12.3 11.5 11.2 12.2 13.9 14.7 14.7 14.5 13.6 14.6 14.2 1s.7 21.2 21.6 28.O 37.6 41.3 41.7 40.6 47.7 12.2 7.3 52.8pm1 1.0 8.0 72.0 '13.6 12.6 12.0 12.0 13.9 15.5 15.6 15.1 15.3 15.8 17.4 17.9 19.3 19.2 19.2 25.2 U.2 97.g 38.6 38.0 49.2 6.4 6.8pmz 1.0 8.0 72.0 15.2 14.3 13.4 13.1 14.3 16.0 16.9 16.8 16.6 15.7 16.8 16.4 2't.3 22.6 22.8 28.5 37.3 40.5 40.9 4O.O 50.1 10.1 6.3 55.7pm3 1.0 8.0 72.0 15.6 14.s 13.2 12.8 15.0 17.6 18.8 18.7 18.5 17.3 18.8 18.3 24.5 25.9 26.1 32.2 40.6 43.6 43.7 42.7 52.811.1 8.0 58.6pm1 2.0 8.0 72.0 15.5 14.2 13.3 13.1 15.3 17.4 17.8 17.3 17.4 17.5 19.4 19.5 22.8 22.8 22.7 297 40.8 45.3 45.8 44.7 52.1 8.2 7.6pm2 2.0 8.0 72.0 16.6 15.5 14.5 14.2 15.6 17.4 18.1 17.9 17.8 17.1 18.4 18.1 23.0 23J 23.7 30.2 4O.O 43.7 M.O 42.9 51.8 9.5 6.4 65.6pm3 2.0 8.0 72.0 14.0 13.1 12.3 12.0 13.1 14.7 '15.4 15.3 15.1 14.4 15.5 15.2 2O.O 20.9 21 .1 27.5 37.5 41.5 41.8 40.7 48.5 10.5 6.5 59.9pm1 1.0 8.0 84.0 13.8 12.7 12.1 12.0 13.9 15.6 15.6 15.2 15.4 16.0 17.7 18.4 19.2 19.1 19.2 25jt U.O 37.7 38.5 38.0 49.4 5.9 7.0pmz 1.0 8.0 U.O 15.2 14.2 13.3 13.0 14.2 15.9 16.7 16.6 16.4 15.6 16.8 16.4 21.1 22.2 22.3 28.1 37..t 40.5 40.9 40.1 49.9 9.7 6.3 59.7pm3 1-0 8.0 84.0 16.4 15.0 13.4 13.2 16.3 19.1 20.1 19.9 19.8 19.1 20.8 20.5 25.5 26.3 26.6 32.9 41 .6 44.8 45.2 44.9 54.4 9.3 8.0 73.1pm1 2.0 8.0 U.O 15.7 14.4 13.4 '13.3 15.5 17.5 17.9 17.4 17.5 17.7 19.7 2O.O 22.8 22.7 22.6 29.6 40.8 45.4 46.0 44.9 52.3 7.8 7.6pmz 2.0 8.0 84.O 17.4 16,1 15.1 14.8 16.3 18.1 18.7 18.4 18.3 17.8 19.2 19.0 23.2 23] 23.2 3O.1 39.9 43.7 44.1 43.1 52.4 A.S 6.0 2,t.6

Hl2

s at wavelengths (nm) of
o/o of

metmyoglo
bin



Meat- Bag # Week Hour
9pe

&
repli-
cate

pm3
pm1
pm2
pm3
pm1
pmz
pm3
pm1
pm2
pm3
pm4
pm1
pmz
pm3

9m4
pm1
pm2
pm3
pm1
pm2
pm3
pm1
pmz
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pm1
prî2
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pm1

2.0
1.0
1.0
1.0
2.0
2.0
2.0
1,0
1.0
1.0
1.0
2.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.O
2.O
2.O
1.0

8.0
8.0
8.0
8.0
8.0
8.0
8.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0

84.0
96.0
96.0
96.0
96.0
96.0
96.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
12.0
12.0
12.0
12.0
12.0
12.0
24.0
24.0
24.0
24.0
24.0
24.0
36.0
36.0
36.0
36.0
36.0
36.0
48.0
48.0
48.0
48.0
48.0
48.0
60.0

14.1
13.7
15.4
16.3
15.6
17 1

13.9
15.1
14.8
15.8
15.7
15.5
14.4
15.9
15.1
14.7
15.0
14.9
14.9
14.6
15.9
15.0
15.5
14.4
14.8
14.2
15.5
14.7
15.6
14.7
15.7
14.2
15.7
14.1
15.3
14.1
15.4
14.1
15.7
14.6

1 3.1
12.8
14.4
14.9
14.3
16.0
13.0
14.5
14.1
15.0
14.B
'14.6

13.8
15.0
14.3
14.0
14.2
13.8
14.0
13.7
15.0
14.3
14.5
13.4
13.8
13.4
14.4
13.8
14.5
13.5
14.6
13.3
14.5
13.3
14.1
12.9
14.2
13.1
14.5
13.9

12.5
12.1
13.6
13.3
13.4
15. 1

12.3
13.4
12.6
13.2
'1 3,0
12.8
12.5
tó.¿
12.7
12.8
12.7
12.5
12.6
12.5
13.2
13.1
13.1
12,3
12.5
12.3
12.9
12.7
13.3
12.4
12.9
12.3
13.1
12.4
12.9
12.1
12.7
12.2
13. 1

13.0

12.1 14.0
13.3 14.5
13.2 16.5
13.3 15.5
14.8 16.4
12.0 13.2
12.7 13.6
11.9 12.8
12.2 13.4
12.2 13.3
12.0 13.1
11.8 12.6
12.3 13.5
12.0 12.9
12.1 13.0
12.0 13.1
11.9 13.0
11.8 12.9
11.8 12.7
12.4 13.8
12.4 13.6
12.4 13.5
11.9 13.4
11.9 13.1
11.8 12.7
12.3 13.8
12.1 13.3
12.7 13.9
12.0 13.8
12.2 13.8
'11.8 12.9
12.5 14.1
12.0 13.0
12.3 13.7
11.8 13.6
12.1 13.8
'1 1.8 12.9
127 14.5
12.6 r3.9

15.5 15.7
16.2 16.8
19.3 20.1
17.5 17.9
18.2 18.8
14.8 15.3
15.6 17 .5
15.O 17.4
16.0 18.6
15.8 18.3
15.6 18.2
14.5 16.5
16.2 18.8
15.2 17.6
14.9 16.6
15.4 17.5
15.3 17.2
15.0 16.9
14.6 16.3
16.4 18.7
15.7 17.3
15.8 17.7
15.7 17.0
15.3 17.2
14.6 16.1
16.4 18.4
15.3 16,7
16. 1 17 .9
16.2 17.3
16.4 18.2
14.8 16.2
16.6 18.3
'14.8 16.0
15.9 17 .4
15.8 16.6
16.3 18.1
14.8 16.0
17 .',t 18.6
15.9 17.O

15.3 15.5
16.6 16.5
19.7 19.8
17.3 17.5
18.4 18.4
15.1 1 5.0
18.5 17 .4
18.3 17.0
19.6 18.2
19.4 18.0
19.3 17.9
17.3 16.1
19.9 18.5
18.5 17.2
'17.4 16.5
18.3 17.3
17.6 16.9
17.7 16.7
17.0 16.1
19.5 18.5
18.0 17 .2
18.3 17.4
17.0 16.7
17.7 16.9
16.5 15.8
18.9 '18.1

't7.2 16.6
18.3 17.6
17.1 16.9
18.7 17.9
16.5 15.9
18.6 18.0
16.3 15.8
17.7 17.'l
16.3 16.3
18.4 17.7
16.1 15.7
18.8 18.3
'17.3 16.8

14.7 15.8 15.5 19.8 20.6 20.6 27.0 37.
16.2 17.9 18.5
15.9 17 .2 16.9
19.5 21 .4 21 .3
17 .B 19.8 20. 1

18.1 19.6 19.5
14.6 15.8 15.5
'15.0 15.6 15.1
14.2 14.8 14.3
15.2 15.9 15.3
14.8'15.6 15.0
14.7 15.5 14.9
13.7 14.2 13.7
15.2 16.1 15.4
14.3 15.0 14.4
14.3 15.0 14.4
14.5 15.4 14.7
14.8 15.8 15.2
14.2 14.9 14.3
13.9 14.6 14.0
15.5 16.5 15.8
15.1 15.9 15.3
'15.0 15.9 15.2
15.3 16.7 16.2
14.6 15.5 14.9
14.0 14.7 14.2
15.6 16.7 16.0
14.8 15.6 15.1
15.4 16.4 15.8
15.9 17.5 17.',|
15.6 16.6 15.9
14.2 15.1 14.5
15.9 17.1 16.4
14.4 15.2 14.7
15.2 16.3 15.7
1s.9 17.6 17.5
15.7 16.8 16.2
14.3 15.2 14.8
16.5 17.9 17.3
15.5 16.4 15.9

Hl3

19.2 19.1
21 .1 21.9
25.3 25.9
22.7 22.6
23.4 23.7
19.5 20.1
23.6 31.1
23.6 31.6
25.0 33.1
26.3 35.2
25.3 33.7
21 .6 28.7
27.0 36.3
24.5 32.9
23.2 29.1
25.3 31.9
23.6 27.8
24.2 30.5
22.7 28.1
27.4 33.7
23.7 27.9
25.0 29.9
22.7 24.7
24.2 28.6
21.9 25.5
26.4 30.8
22.7 26.1
24.7 28.2
22.8 24.1
25.2 28.9
21.8 24.5
25.6 28.8
21 .4 23.9
23.6 26.2
21 .B 22.5
24.8 27.8
21 .2 23.1
25.6 28.1
22.4 24.5

19.3 25.0 33.7
21.9 27.6 36.8
26.0 32.4 41.4
22.5 29.5 40.8
23.7 30.0 40.1
20.2 26.5 36.9
34.6 36.6 38.1
35.4 37.5 39.2
37.0 39.5 41.2
39.0 41.1 42.6
37.5 39.5 41.0
32.2 34.1 35.7
40.2 42.4 44,0
36.6 38.6 40.2
31.1 34.9 38.4
34.1 38.1 41.8
29.2 U.8 40.8
32.7 36.7 40.3
29.9 U.0 37.7
35.4 40.6 45.7
29.1 33.9 39.3
31.1 36.4 42.0
25.2 31.9 40.4
29.7 35.2 41.2
26.4 3't.7 37.6
31.7 38.2 45.6
26.9 32.3 38.8
28.9 34.9 42.1
24.3 31.2 40.5
29.7 35.7 42.7
25.1 30.9 37.9
29.3 36.2 M.7
24.5 30.0 37.2
26.7 32.9 40.6
22.7 29.5 39.6
28.3 34.6 42.2
23.5 29.4 37.1
28.5 35.7 45.1
25.O 30.7 38.2

41.4
37.3
40.3
44.7
45.6
44.1
41.0
39.4
40.7
42.8
43.8
42.4
37.1
45.3
4'l.7
39.8
43.2
43.2
41.8
39.2
47.5
41.2
43.8
43.6
43.2
39.7
48.1
41.0
M.5
43.9
44.9
40.2
47.5
39.7
43.3
43.4
44.7
39.8
48.4
40.9

41.7
38.1
40.8
45.1
46.1
44.6
41 .4
40.0
41.6
43.5
44.3
43.1
37.9
45.9
42.4
40.1
43.4
43.8
42.2
39.5
47.7
41.4
43.9
44.1
43.4
39.9
48.3
41.3
44.8
44.3
44.9
40.4
47.7
40.0
43.6
M.1
44.7
40.0
48.6
41.3

40.6 48.5 9.7
37.8 49.5 5.6
39.9 50.1 9.0
44 3 54.6 8.4
45.0 52.3 7.7
43.5 52.7 8.2
40.2 48.3 9.3
39.6 51 .9 19.1
41.3 51 .5 20.7
43.1 52.8 20.4
43.6 53.2 22.7
42.6 52.7 21.5
37.5 50.0 18.8
45.3 53.9 23.0
42.1 52.0 21.5
39.3 50.8 18.4
42.6 52.1 20.5
43.2 51.1 16.5
41.5 51.3 19.9
38.8 s0.2 18.0
46.8 53.6 20.6
40.7 51.2 16.1

43.0 51.9 18.1
43.4 50.7 12.9
42.5 51.2 17.5
39.0 49.5 15.5
47.3 52.9 18.1
40.6 50.4 14.9
43.9 51.8 15.9
43.5 51.1 11.4
43.8 52.2 16.3
39.4 49.4 14.2
46.5 52.5 16.0
39.1 49.3 13.4
42.7 51.0 14.4
43.5 50.6 10.0
43.5 52.0 15.2
39.0 49.1 12.7
47.4 52.9 14.6
40.7 50.5 12.4

o/o oi
metmyoglo

bin

6.3
7.1
6.1
8.1
7.6
6.3
6.3
9.5

10.1
10.3
11.4
10.8
8.8

11.7
1.0.6
9.4

10.5
9.2

10.1
9.1

11.0
8.6
9.4
8.3
9.4
8.1

10.1
8.2
8.7
8.1
9.1
7.7
9.2
7.5
8.1
8.2
8.8
7.2
9.0

64.6

66.1
85.0

Tt.5
69.1

9.5
0.0
0.0
0.0
0.0
3.9
0.0
0.0

13.5
5.4

25.0
7.3

12.7
5.8

r9.5
14.7
51.7
17.4
23.3
19.6
27.4
25.1
ô4.8
n.2
30.3
30.s
35.0
32.6
83.1
30.2
40.1
42.5
40.o



Reflectanc€ values at wavelengrths (nm) of
Meat- Bag # Week Hour
type

&
repli-
cate

pm3 1.0 9.0 60.0 14.8 13.5 12.4 12.2 14.4 16.6 17.3 17.0 17.0 16.7 18.5 18.5 22.5 22.9 23.0 29.7 39.7 43.5 44.0 43.251.5 9.2 8.0 86.3
pml 2.0 9.0 60.0 16.1 14.7 13.1 12.5 14.4 17.1 18.8 19.0 18.4 16.5 17.7 17.0 25.1 27.6 28.0 U.2 41.9 44.5 44.5 43.4 52.6 13.8 8.4 35.4
pm2 2.0 9.0 60.0 14.0 13.0 12.1 11.8 13,1 15.0 16.0 15,9 15.6 14.6 15.7 15.3 20.7 22.0 22.2 28.3 36.7 39.7 40.0 39.1 49.0 11.1 6.9 52.0
pm3 2.0 9.0 60.0 15.6 14.3 13.0 12.6 14.4 16.8 18.2 18.2 17.8 16.3 17.7 17.1 24.8 26.7 27.0 34.2 43.9 47.3 47.5 46.3 52.3 13.6 8.5 48.3
pm1 1.0 9.0 72.0 14.3 13.4 12.5 12.1 13.4 15.4 16.4 16.6 16.2 15.0 16.0 15.6 21.4 23.2 23.5 29.3 37.2 40.1 40.5 39.8 49.7 11.6 7.1 45.8
pm2 1.0 9.0 72.0 15.2 14.1 13.0 12.6 14.3 16.6 '17.6 17.6 17.2 16.1 17 .4 17.O 23.1 24.4 24.6 31.1 39.9 43.2 43.6 42.8 51.3 11.4 7.5 56.4
pm3 1.0 9.0 72.0 14.5 13.2 12,3 12.1 14.3 16.5 17.0 16.6 16.7 16.7 18.6 18.8 22.0 22.3 22.3 29.0 39.1 43.0 43.7 43.0 51.3 8.5 8.1 95.4
pml 2.0 9.0 72.0 15.6 't4.3 12.9 12.4 14.3 17.0 18.4 18.5 18.0 16.3 17.6 17.o 24,6 26.6 26.9 33.2 41.4 M.2 M.3 43.2 52.213.1 8.2 42.5
pm2 2.0 9.0 72.0 14.0 13.0 12.1 .l 1.8 13.1 15.0 16.0 1 5.9 15.6 14.6 15.7 '15.3 20.8 21 .9 22.1 28.3 36.9 40.0 40.2 39.2 49.0 1 1 .0 6.8 52.8
pm3 2.0 9.0 72.0 15.1 13.9 12,7 12.5 14.5 16.9 18.1 18.0 17.7 16.6 18.1 17.7 24.4 25.9 26J 33.5 43.6 47.3 47.5 46.3 52.3 12.5 8.5 59.9
pm1 1.0 10.0 0.0 15.3 14.6 13.3 12.6 13.6 15.7 17.8 18.8 17.6 15.0 15.7 15.1 24.3 32.4 36J 38.2 39.7 41.O 41.7 41.3 52.4 20J 10.0 5.1
pm2 1.0 10.0 0.0 14.5 13.8 12.8 12.3 12.8 14.5 16.3 17.1 16.1 13.9 14,5 14.O 22.3 30.1 33.8 36.2 38.2 39.9 40.8 40.6 50.6 20.1 9.7 10.6
pm3 1.0 10.0 0.0 14.4 13.7 12.6 12.0 12.7 14.5 16.6 17.4 16.3 13.9 14.5 14.0 22.3 30.0 33.7 35.8 37.5 39.0 39.9 39.7 50.6 19.8 9.6 6.5
pm{ 1.0 10.0 0.0 14.2 13.5 12.4 11.8 12.4 14.3 16.5 '17.3 16.1 13.7 14.3 13.8 221 29.8 33.7 36.3 38.4 40.1 41.2 41.0 50.4 20.1 9.8 6.0
pm1 2.0 10.0 0.0 16.2 15.4 13.7 12.9 13.9 16.2 '18.5 19.4 18.2 15.3 16.1 15.4 25.6 33.9 37.3 39.2 40.3 41.3 41.7 41.0 53.1 20.8 10.3 0.6
prñ2 2.0 10.0 0.0 16.6 15.7 14.0 13.1 14.1 16.2 18.4 19.4 18.2 '15.4 16.1 15.4 25.7 U.2 37.8 39.7 41.0 42.3 42.8 42.2 53.221.2 10.4 1.1
pm3 2.0 10.0 0.0 16.7 15.8 13.9 12.9 14.2 16.6 19.0 20.0 18.8 15.7 16.4 15.7 26.7 35.5 39.2 41.2 42.7 44.0 44.6 M.1 53.9 21.7 10.8 0.0
pm4 2.0 10.0 0.0 14.6 13.9 12.5 11.8 12.6 14.5 16.6 17.4 16.2 13.7 14.3 13.8 22.6 30.3 33.9 36.2 37.9 39.3 40.0 39.6 50.6 20.4 9.8 3.1
pm1 1,0 10.0 12.O 15.4 14.6 13.3 12.6 13.5 15.4 17.2 '17,8 17.0 14.8 15.5 14.9 23.8 29.4 31 .3 35.6 39.8 41 .3 41.6 40.9 51.4 18.0 9.1 14.7
pm2 1.0 10.0 12.0 14.3 13.5 12.6 12.1 12.9 14.6 16.0 16.4 15.8 14.1 14.8 14.3 21.7 25.7 27.O 32.5 38.5 40.8 41.5 41.0 49.6 15.8 8.2 26.4
pm3 1.0 10.0 12.0 14.3 13.5 12.5 11.9 12.7 14.4 16.0 16.5 15.8 13.8 14.5 14.0 22.2 27.4 29.2 33.8 38.5 40.4 40.8 40.3 49.9 17.8 9.0 17.8
pm1 2.0 10.0 '12.0 15.1 14.2 12.8 12.1 13.1 15.2 17.2 17.8 17.0 14.5 15.4 14.7 24.3 29.8 31.4 35.7 39.8 41.4 41.6 40.8 51.4 18.5 9.6 12.0
pm2 2.0 10.0 12.0 16.4 15.4 13.8 13.0 14.0 15.9 17.8 18.5 17.6 15.1 15.8 15.2 25.5 32.2 U2 38.1 41.6 42.9 42.9 41 .9 52.5 19.9 9.9 9.2
pm3 2.0 10.0 12.0 16.5 15.5 13.8 12.8 14.1 16.4 18.6 19.4 't8.4 15.6 16.4 15.7 26.8 33.7 35.7 39.8 43.5 44.9 45.0 44,1 53.4 2O.4 10.5 5.1
pm1 1.0 10.0 24.0 15.1 14.3 13.1 12.5 13.5 15.4 16.9 17.4 16.7 14.9 15.7 15.1 23.0 27.0 28.0 33.5 39.9 42.1 42.4 41.5 50.7 15.7 8.3 25.2
pm2 1.0 10.0 24.0 13.9 13.2 12.4 12.1 12.9 14.6 15.6 15.8 15.4 14.2 15.1 14.7 20.7 23.0 23.6 29.8 38.1 41.2 41.8 41.2 48.9 13.0 7.3 43.1
pm3 1.0 10.0 24.0 13.9 13.1 12.3 11.8 12.7 14.5 1s.9 16.3 15.7 14.1 14.9 14.4 21.7 25.0 2s.9 31.4 38.1 40.5 40.9 40.1 49.4 15.0 8.1 29.4
pm1 2.0 10.0 24.0 14.6 13.7 12.5 11.9 13.1 15.2 16.9 17.3 16.6 14.6 15.5 14.9 23.4 27.0 27.8 33.3 39.7 41.8 41.9 40.9 50.7 16.0 8.7 24.2
pmz 2.0 10.0 24.0 16.3 15.3 13.8 13.1 14.2 16.3 18.0 18.6 17.8 15.5 16.3 15.7 25.1 30.0 31.0 36.1 41.5 43.2 43.3 42.3 52.2'17.4 8.9 16.8
pm3 2.0 10.0 24.0 15,2 14.3 12.9 12.2 13.4 15.7 17.7 18.3 17.4 15.0 15.9 1s.2 25.1 29.8 30.8 36.4 42.6 44.7 44.9 43.9 51.9 18.0 9.6 14.5
pm1 1.0 10.0 36.0 15.8 14.9 13.8 13.2 14.2 15.9 17.3 17.5 17.1 15.4 16.4 15.8 23.0 26.0 26.6 32.4 39.6 42.O 42.3 41.4 5.l.0 13.9 7.6 UJ
pm2 1.0 10.0 36.0 14.4 13.5 12.7 12.4 13.5 15.2 16.0 16.0 15.8 14.8 15.9 15.5 20.9 22.4 22.7 29.2 38.4 42.O 42.6 42.0 49.3 11.4 6.9 54.1
pm3 1.0 10.0 36.0 12.5 11.6 10.6 10.2 11.3 13.2 14.5 14.7 14.2 12.7 13.6 13.1 20.1 22.7 23.3 29.2 36.8 39.5 39.8 39.0 47.5 14.7 8.5 35.1
pm1 2.0 10.0 36.0 11.2 10.3 9.0 8.6 10.1 12.5 14.1 14.4 13.8 12.0 13.0 12.4 20.4 23.1 23.5 29.4 36.7 39.1 39.4 38.6 47.1 '16.1 9.8 29.0
pm2 2.0 10.0 36.0 14.8 13.8 12.6 12.0 13.2 15.4 17.0 17.5 16.8 14.7 '15.6 15.0 23.9 27.7 28.4 U2 40.9 43.1 43.3 42.5 50.9 16.6 8.9 22.1
pm3 2.0 10.0 36.0 15.3 14.2 12.8 12.2 13.6 16.0 17.8 18.2 17.5 15.3 16.3 15.7 24.6 28.0 28.6 U.7 42J M.6 44.8 43.7 51.7 15.9 8.9 24.0
pm1 1.0 10.0 48.0 15.5 14.5 13.5 13.0 14.1 15.9 17.1 17.2 16.8 15.4 16.5 15.9 22.5 24.8 25.2 31.2 39.1 41.8 42.1 41.1 50.6 12.8 7.3 41.6
pm2 1.0 1O.O 48.0 14.4 13.5 12.8 12.5 13.9 15.6 16.2 '16.1 16.0 15.4 16.6 16.3 20.7 21.7 21.8 28.4 38.2 42.1 42.8 42.2 49.6 9.9 6.6 65.1
pm3 l.O 1O.O 48.0 13.9 13.0 12.1 11.8 12.9 14.7 15.8 15.9 15.5 14.3 15.3 14.9 21.0 22.9 23.3 29.5 37.9 41.O 41.4 40.6 49.0 12.6 7.4 45.2

Hl4
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Meat.
type

&
repli-
cãte

pm1
pmz
pm3
pm1
pm2
pm3
pm1
pmz
pm3
pm1
pm2
pm3
pm1
pm2
pm3
pm'l
pm2
pm3
pm'l
pm2
pm3
pm1
pm2
pm3
pm1
pmz

2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0
2.0
1.0
1.0
1.0
2.0
2.0

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
r 0.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

4
48.0
48.0
60.0
60.0
60.0
60.0
60.0
60.0
72.0
72.0
72.0
72.0
72.0
72.0
84.0
84.0
84.0
84.0
84.0
84.0
96.0
96.0
96.0
96.0
96.0

14.8
15.7
14.8
16.6
14.3
13.8
14.5
'15.8

14.7
15.5
14.3
13.3
14.6
15.5
14.9
15.7
10.1
8.9
13.2
15.9
14.7
16.2
14.2
13.9
14.9
15.8

13.6 12.4
14.7 13.5
1A O

15.6
4a a

12.8
13.4
14.7
13.7
14.5
la a

12.3
13.5
14.4
13.6
14.7
9.2
8.1

12.2
14.8
13.4
'15.1

13.3
12.9
tó.I
14.7

12.6
14.5
12.6
11.9
12.4
t.1.o
12.5
13.5
12.6
11.5
12.5
13.3
12.5
13.8
8.5
7.3

11.2
13.7
12.3
14.2
12.6
12.1
12.8
13.7

12.O 13.4
12.9 14.2
12.1 13.5
14.0 15.2
12.4 13.8
11.6 12.8
12.0 '13.6

13.1 14.4
12.1 13.7
13.1 14.4
12.5 14.0
11.3 12.5
12.2 13.9
12.9 14.2
12.1 14.0
13.5 14.9
8.5 10.5
7.3 9.0

11.0 13.0
13.3 14.7
12.1 14.1
13.9 15.3
12.6 14.5
11.8 13.2
12.6 14.4
13.4 15.0

15.5 16.8
16.2 17.7
15.9 17.4
17.0 18.0
15.4 15.9
14.7 15.7
15.7 16.7
16.5 17.8
16.1 17 .5
16.2 17.1
15.6 16.0
14.4'15.3
16.0 16.8
16.2 17.3
16.4 17.5
16.7 17.4
12.2 12.5
11.0 11.9
15.1 15.8
16.7 17.7
16.5 17.4
17.0 17.7
16.1 16.2
14.9 15.7
16.3 16.8
17.0 17.8

* Hunterlab scale.

1

17.9
17.7
18.1
15.6
15.7
16.6
17.9
17.6
17.0
15.7
15.3
16.6
17.3
17.4
17.4
12.1
1 1.9
15.5
't7.7
17.2
17.5
15.8
15.5
16.4
17.7

16.5 15.1
17 .4 15.6
17.1 15.3
17 .8 16.6
15.6 15.3
15.4 14.4
16.4 15.3
17 .5 16.0
17 .1 15.6
16.8 15.9
15.7 15.7
15.0 14.1
16.5 15.7
17.0 15.7
17.2 16.0
17.2 16.4
12.2 12.4
11 .7 10.8
15.4 14.9
17.4 16.3
17.1 16.2
17.4 16.7
15.9 16.3
15.4 14.7
16.4 16.2
17.5 't6.7

16.2 15.7
16.6 16.0
16.4 15.7
17.6 17.1
1 6.6 16.5
15.4 15.0
1 6.6 16.1
17.0 16.4
16.8 16.2
17 .0 16.6
17.1 17 .1

15.2 14.8
17.0 16.7
16.8 16.3
17 .4 16.9
17.6 17.2
14.1 14.2
12.0 11.7
16.4 16.'l
17.5 17.0
17.7 17.3
18.0 17 .6
17.9 18.2
1 5.9 15.6
17.7 17.6
17.9 17.5

1

22.6 24.4
23.9 26.7
23.8 26.4
23.3 25.1
20.1 20.6
20.9 22.5
21.9 23.2
23.7 26.0
23.6 25.6
22.1 23.5
20.1 20.3
20.2 21.6
21 .7 22.6
22.7 24.4
23.2 24.5
22.2 23.3
16.8 16.9
17 ,O 18.1
20.5 21.1
22.8 24.1
23.0 23.9
22.3 23.2
20j 20.0
20.3 21 .2
21 .1 21.3
22.6 23.5

1

24.6
27.1
26.9
25.4
20.7
22.7
23.3
26.3
25.9
23.8
20.4
21.8
22.6
24.5
24.6
23.6
16.9
18.3
21 .0
24.2
24.0
23.3
20.0
21.3
21 .3
23.5

33.1
aaE

31.3
27.1
29.0
29.5
32.5
32.7
29.9
26.8
28.0
28.9
30.8
31.4
29.7
23.5
24.8
27.2
30.2
30.8
29.2
26.2
27.7
27.4
29.5

38.9
40.6
41.9
39.6
37.3
38.1
38.4
40.8
41.6
38.7
37.2
37.3
37.9
39.6
40.5
38.8
34.1
34.3
36.3
38.9
40.4
38.3
36.7
37.5
36.9
38.4

41.7 41.9 40.9 50.3 12.8
43.0
44.8
42.4
41 .4
41 .4
41.6
43.7
44.7
41.8
41.6
40.9
41.3
42.9
43.8
42.1
38.5
37.9
39.8
42.0
43.8
41.7
41.2
41.4
40.7
41.7

43.1

45.0
42.6
42.2
41 .7
41.9
43.9
44.9
42.1
42.4
41.3
41.6
43.2
44.0
42.5
39.3
38.4
40.3
42.3
44.1
42.0
42.0
41 .8
41.2
42.1

42.0 51.4 14.3
43.8 51.214.6
41.6 51.7 11.5
41.5 49.2 8.8
40.8 48.9 12.1
41.0 50.1 1 1.3
42.9 51 .5 13.2
43.8 51.213.4
41.3 50.6 11.0
41.8 49.5 8.0
40.4 48.4 11.5
40.7 50.2 10.1
42.3 50.8 12.0
42.9 51.311.7
41.7 51.0 10.0
38.7 45.3 8.8
37.6 44.0 12.9
39.7 49.1 9.6
41.3 51.2 10.8
43.0 51.310.9
41,',t 51.2 9.3
41.4 49.9 6.7
40.9 48.9 10.3
40.4 50.3 8.1
41.2 51.3 9.6

o/o oÍ
metmyoglo-

bin

7.9
8.5
6.7
6.5
7.5
7.3
7.6
8.2
6.8
6.5
7.3
7.1
7.2
7.9
6.5
8.5
9.2
7.4
6.8
7.9
6.2
b.b
6.9
6.6
6.5

43.8
31.1
33.s
47.0
75.7
51.1
54.9
39.2
42.4
54.4
84.4
55.2
64.3
46.7
56.6
58.6

100.0
62.5
73.2
s2.3
66.0
63.4
98.2
64.3
80.9
60.4

Hl5
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