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ABSTRACT 

The effects of microbial growth, packaging film permeability, and freezing on the 

discoloration of beef was assessed by measuring myoglobin derivatives and specifically 

the rate of formation of metmyoglobin on the surface of Longissimus dorsi and 

Semimembranosus bovine muscles during 12 days of storage at 2°C. Myoglobin 

derivative fractions were measured spectrophotometrically. For periods less than 6 

days of storage, freezing is the most important factor influencing metmyoglobin 

formation. For periods of storage greater than 6 days, microbial growth and packaging 

film permeability are the most significant motive of metmyoglobin buildup. Frozen 

thawed sterile beef samples experienced higher metmyoglobin formation (P<0.05) 

than fresh sterile beef samples at each of day 0, 3, 6, and 9. By day 2, up to 20% 

metmyoglobin was formed in the thawed samples whereas, the fresh samples reached 

this value after day 6. After 6 days, the growth of Pseudomonas florescence had a 

significant effect (P < 0.05) on myoglobin oxidation and this behavior continued for the 

remaining period of the storage. For the inoculated samples and at 12 days of storage 

metmyoglobin represent 85% of the total myoglobin derivatives. Samples packaged 

with gas barrier film and samples packaged with gas permeable film exhibited similar 

results at day 0 and day 3 of storage, however at day 6 of storage, samples packaged 

with the gas barrier film showed metmyoglobin percentage significantly higher 

(P<0.05) that those packaged with gas permeable film. Possibles mechanisms for 

myoglobin oxidation in thawed beef samples are suggested. Based on these results 

it is recommended that meat should be packaged fresh, to achieve maximum marketing 

objectives. 
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CHAPTER 1 

INTRODUCTION 

The satisfaction of the consumer needs for the freshness and quality illustrated by the 

considerable activity within the retail food industry on trying to achieve high quality 

chilled foods, and the reducing of food spoilage and quality loss through the food chain 
» 

has led to the increase interest of the food industry in the packaging technology. 

Fresh red meat is a product where a lot of predisposition in the retail packaging system 

has been given. However, it is one of the few major food products processed and 

repackaged at the retail level. Small in-store volumes , coupled with increasing 

equipment and labor costs will direct the meat industry to a system where the quality 

and the cost can be efficiently controlled. Future trends in fresh meat packaging 

includes a growing tendency toward centralized prepackaging. The severe labor 

shortage can cause many supermarkets to examine this concept. With proper 

sanitation and proper packaging, increased shelf life can be obtained and wider 

distribution is certainly possible. In consideration of packaging systems for the retail 

fresh red meat units, muscle color is an important parameter which must be addressed. 

A large part of the consumer's decision in buying fresh meat is based on meat color. 

Fresh meat distribution, packaging, and marketing system is organized to present meat 

to the purchaser in a way to maximize the bright red color. Therefore, condition that 

do not allow this color can cause an economic loss. So to achieve marketing objective 
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of retail packaging system of fresh meat, it is necessary to maintain its color at a 

desirable level. The pigment of the meat consist of two proteins; hemoglobin, the 

pigment of the blood, and myoglobin, the pigment of the muscle. Myoglobin is much 

more abundant than hemoglobin and constitutes 80-90 percent of the total pigment. 

The color of the meat is determined by the relative abundance of three primary 

derivatives of myoglobin: reduced myoglobin or myoglobin (MB) is purple in color, the 

predominance muscle color in the absence of oxygen; oxymyoglobin (MB02), the 

oxygenated form of Mb is bright red in color; metmyoglobin (METMB) the oxidized 

form of Mb is brown in color. This brown color tends to turn the consumer away. 

During storage, the rate of METMB accumulation on the surface of meat is related to 

many factors including the oxygen tension in the surface of the meat, packaging film 

permeability, the source of the muscle used for packaging and surface microbial 

growth by spoilage organisms, and temperature of storage etc. In the retail market all 

this factors interact in the loss of bloom of the packaged meat. In order to help the 

meat industry to investigate the magnitude of discoloration as related to each of the 

above factors, it is critical to study singly in the lab the influence of each factor 

involved in the discoloration or in the accumulation of the unwanted metmyoglobin 

in the surface of the prepackaged meats. Trying to help the meat industry and 

contribute to the investigation of some component that affect the myoglobin 

derivatives, certain factors have been investigated in this work. These include, 

microbial growth, packaging film permeability, and source of the meat (frozen or fresh 

before distribution). 



14 

CHAPTER 2 

LITERATURE REVIEW 

1. CHEMISTRY OF MYOGLOBIN 

Myoglobin is the main pigment of concern to meat scientists. The form that this 

protein takes in the muscle determines the color of the meat. The concentration of 

Myoglobin is 2.0-5.0 mg/g wet weight in beef (Livingston and Brown, 1981). 

Myoglobin consists of two portions. A protein moiety designated as globin and 

a non protein portion designated as a heme ring. The heme portion of the pigment is 

very important because the color of the meat depends on the chemical state of the iron 

within the heme ring (Fig.2.1.) (Forrest, 1975). 

Myoglobin has an iron content of 0.345%. The molecular weight of myoglobin 

determined by osmotic pressure measurement and sedimentation equilibrium studies, 

is in the range of 16,850 to 17,600. The amino acid composition of sperm whale 

myoglobin is made up of 153 amino acid residues (Govindarajan, 1973). 

The iron atom has eight valence electrons. Because of its low electronegativity, 

it may lose two electrons and generate the ferrous form (Fe++) or three electrons and 

erect the ferric form (Fe+ ++) (Livingston and Brown, 1981). 

There are six possible coordination places for the iron combined with the heme. 

In addition to the four bounds with the nitrogen atoms of the pyrole rings, it can 
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GLOBIN I 

CH-

H3C. 

HC CH 

CH. 
CH 

Figure 2.1. Structure of myoglobin 

produce or receive two more electrons. In myoglobin, one of these two coordination 

places is saturated with a bending electron pair from histidine in the globin. The other 

site is open and it can be occupied by another atom such as molecular oxygen or CO, 

NO, etc. (Kyzlink, 1990). 

When the 6,h position of iron lacks ligand, ferrous myoglobin or deoxymyoglobin 

will be favored. This is usually found under low 02 tension condition. These 

conditions are found in the muscle where intracellular oxygen tension is below 0.1 mm 

Hg. 

Myoglobin is purplish red and represents the interior color of fresh beef 
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(Livingston and Brown, 1981). Reduced myoglobin is characterized by an absorption 

with maximum at 555 nm in the green portion of the spectrum (Govindarajan, 1973). 

If myoglobin receives molecular oxygen, oxymyoglobin is formed reversibly. 02 

occupies the 6,h coordination site through the dative bond of oxygen (Fig.2.2). 

Oxymyoglobin changes the original purple color to bright red (Kyzlink, 1990). This 

process produces the familiar "bloom" of fresh meats (Fox, 1966). The iron remains 

in ferrous state. This is because the process is not true oxidation and no electrons 

have been donated (Kyzlink, 1990). 

Figure 2.2. Oxygenation of myoglobin. Formation of oxymyoglobin 

Oxymyoglobin is characterized by an absorption spectrum with maximum at 538 

to 542 nm and 575 to 588 nm (Govindarajan, 1973). At low partial pressure of 

' -Q-S- " 
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oxygen (2%) and in other suitable condition true oxidation takes places. Fe++ of heme 

donates one of it is electrons to form a bond with 02 and change into Fe + ++. The 6th 

position of heme iron is thus occupied by OH" through electrovaient bound. This is 

more rigid than the bond with 02. The color of the meat change from red to the brown 

grey of metmyoglobin (Fig.2.3.) (Kyzlink, 1990). 

Figure 2.3. Oxidation of myoglobin. Formation of metmyoglobin 

Metmyoglobin spectra are characterized by a sharp peak at 505 nm and a minor 

peak at 627 nm (Govindarajan, 1990). To avoid metmyoglobin formation it is 

necessary that oxygen tension should not be of several mm Hg by maintaining the 

product at either a much higher (gas packaging) or lower (vacuum packaging) 02 level 

(Livingston and Brown, 1981). 
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2. MEAT COLOR AND STATES OF MYOGLOBIN 

The reaction between the three forms of myoglobin are reversible and in a state 

of dynamic equilibrium with constant intervonversion between them (Hunt and Kropt, 

1987). The condition of the muscle, at any given location, may push the reaction 

largely to one of them. Since myoglobin derivatives are responsible for the color of the 

meat, the color cycle of fresh meat is reversible between: purple, red, and brown. 

When an intact meat cut is exposed to air three different layers of color can 

frequently been seen. The outer surfaces will be the bright red of oxymyoglobin 

because of exposure to oxygen. The center of the muscle, will the purplish-red of 

reduced myoglobin because of the absence of oxygen from this layer. A brown layer 

of varying thickness of metmyoglobin frequently exit between the others two layers 

(Taylor, 1985). This intermediate layer of metmyoglobin is caused by low 02 tensions 

(Taylor, 1972). 

A. Color Cycle in Fresh Meats 

The primary color state of myoglobin is shown in Fig.2.4. 

Oxygenation and Deoxygenation 

The oxygenation reaction takes place very rapidly because myoglobin has a high 

affinity to oxygen (Seideman etal. 1984). The red oxymyoglobin is stable as long as 

the heme remain oxygenated (Clydesdale and Francis, 1971). The dissociation of 02 

from the heme is designated deoxygenation. This deoxygenation is the result of the 
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Figure 2.4. Myoglobin reaction responsible for the change in color of meat 
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denaturation of the globin moiety of oxymyoglobin by different suitable conditions 

(Walters, 1975). Included in these conditions are low pH, high temperature, 

ultraviolet light and specifically low 02 tensions. 

These undesirable conditions for the conservation of meat color cause the globin 

moiety to lose its biological function of protecting the heme from undesirable reactions 

(Seideman et at. 1984). 

Oxidation 

Seideman etal. (1984) reported that metmyoglobin is formed from the oxidation 

of reduced myoglobin that has been dissociated from oxymyoglobin. Fox (1966) 

quoted that it is not exactly known whether the oxidation takes places during 

association or during dissociation of 02 from the heme complex. 

Reduced Myoglobin that is a result of deoxygenation of red oxymyoglobin is very 

unstable. The conditions that induced deoxygenation of oxymyoglobin to myoglobin 

are also responsible for the oxidation of the unstable, reduced myoglobin to brown 

metmyoglobin. This oxidation reaction is called "autoxidation" or "loss of bloom" 

(Seideman et at. 1984). 

The oxidation of reduced myoglobin to metmyoglobin was extensively studied 

by George and Stratmann (1952a, 1952b). They found that the reaction is first order 

with respect to unoxidized myoglobin and the mean value of the first-order constant 

is 0.325 ± 0.015 hr'1 at pH 5.69. The dependence of myoglobin oxidation on the 

partial pressure of oxygen was well studied by George and Stratmann (1952a). They 

found a well defined maximum value at 1 mm partial pressure of 02. They observed 
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also that an increase of partial pressure of 02 above approximately 30 mm have little 

or no effect on rate constants which had a value of 0.30 hr1. 

Brown and Mebine (1966) reported that during the autoxidation of oxymyoglobin 

to metmyoglobin there is an evolution of 02. Their experimental results support the 

conclusion that 0.25 mole of the 02 in oxymyoglobin is used for the oxidation and 

0.75 mole is released. They also found that the autoxidation was directly dependent 

on the hydrogen ion concentration, particularly over a pH range from 5 to 7, and 

indirectly dependent on the 02 pressure. These authors proposed the following 

mechanism for the autoxidation of oxymyoglobin: 

K, 

Mb+202 t Mb+2 + 02 

K2 

k3 
H+ + Mb+2 + 1/4 02 • Mb+3 + 1/2 H20 

This mechanism allows for the net evolution of 02 during oxidation. It also 

explains the direct dependency on the hydrogen concentration and the indirect 

dependency on the 02 level (Brown and Mebine, 1966). 

The oxidation of myoglobin is an endothermic reaction. The activation energy 

of this reaction was 25.0 ± 1 Kcal/mol at 760 mm O2 pressure and 19 ± 1 Kcal/mol 

at 4 mm 02 pressure (Govindarajan, 1973). The oxidation of myoglobin to 

metmyoglobin is influenced by many intrinsic and extrinsic and technology factors. 
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Reduction 

After purple reduced myoglobin has been oxidized to brown metmyoglobin there 

are some enzymes in the muscle that can reduce brown metmyoglobin to purple 

reduced myoglobin. This process is often called "MRA" or metmyoglobin reducing 

activity (Seideman et al. 1984). 

It is now proved that the reduction process in meat is primarily enzymatic in 

nature with NADH as coenzyme (Renerre, 1990). However the reservoir where the 

NADH comes from is not yet know (Renerre, 1990). Livingston eta/. (1985) classified 

the enzyme as NADH-cytochrome b5 reductase, from the kinetic mechanism of the 

enzyme reduction. 

Many enzymes of glycolysis, Krebs cycle and the electron transport appear to 

remain potentially active in meat even after 2 to 4 weeks of refrigerated storage. The 

limiting factors in postmortem metabolism was the lack of adequate substrates 

(Govindragan, 1973). 

Watts etal. (1966) stressed that when the surfaces of meat cuts are exposed 

to oxygen electrons transport may be commenced in the presence of suitable electron 

donors such as glycolytic and krebs cycle intermediates. These authors suggested that 

reduction of NAD+ to NADH could lead to the reduction of both metmyoglobin and 02. 

The intermediates, glyceraldehyde-3-phosphate, fructose-1,6 diphosphate, 

glycerophosphate, malate and glutamate increased metmyoglobin reduction 

(Govindragen, 1973). 

Metmyoglobin reductase activity, which is present in bovine muscle is localized 



in microsome and in more or less intact mitochondria (Renerre, 1990). Echevrane et 

al. (1990) found that the most color unstable muscle such as diaphragma medialis, 

exhibited the highest metmyoglobin reducing activity and no differences were noted 

between activities measured in aerobic or anaerobic conditions. These workers 

concluded that their results demonstrate the lack of effectiveness of these systems in 

color stability regulation during meat shelf life. In contrast Ledward (1985) indicated 

that the activity of metmyoglobin reducing activity was the most important factor in 

the color stability of meat. 

Reddy and Carpenter (1991) determined metmyoglobin reductase activity in 

skeletal muscle. These authors found that although metmyoglobin reducing activity 

was higher at 30°C, considerable enzyme activity was found at 4°C and pH 5.8, 

conditions that may exist in retail displays of packaged fresh red meat cuts. Testing 

the differences in metmyoglobin reductase activity of different muscles, Reddy and 

Carpenter (1991) found significant differences in enzyme activity among beef muscle 

from the same animal. 

The order of muscle, when enzyme activity was expressed on the basis of 

muscle myoglobin content, was: Tensor fasciae > Longissimus dorsi > Gluteus 

medius > Diaphragma medialis > Semimembranosus = Psoas major. Based on the 

relative color stability of the same muscles (this has been discussed in paragraph 

2.2.1.1.2.1.1.), these authors deducted that their results may prove useful in 

elucidating the role of metmyoglobin reductase relevant to the color stability of meat. 

B. Factors that Affect the Oxidation of Myoglobin 
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Muscles 

Metmyoglobin formation is highly related to the anatomical location of the 

muscle. Renerre (1984) studied the color stability of nine muscles. He found that at 

192 h postmortem, M. Longissimus dorsi, Obliquus externus and Tensor fasciae are 

the most stable, M. Semi-membranous being of intermediate stability while M. Gluteus 

medius, Supra-spinatus, Triceps brachii, Caput longum, Psoas major, and Diaphragma 

medialis are of least stability. These observations agree well with previous work of 

Hood, (1980) who found that intramuscle variability is the most important single 

factors and ranges from the stable M. Longissimus dorsi to the unstable M. Psoas 

major. The degree of discoloration of the latter muscle being almost eight times 

greater after 96 h storage at 0°C. Ledward (1971) also found similar results as those 

of Renerre (1984) and Hood (1980) for four muscles studied and he classified them 

in function of the susceptibility to metmyoglobin formation as follow: Biceps femoris 

> Semimembranosus > Longissimus dorsi = Semitendinosus. 

Renerre (1990) mentioned that the least stable muscles are the most expensive 

cuts of meat. 

Animals 

Inter-animal variability is also another factor affecting the rate of discoloration 

of the muscle (Renerre, 1990). However Hood (1980) found that inter-animal 

variability has an effect, but a slight one. Meat from older animals feature muscles 

having a thinner bright red layer of oxymyoglobin and consequently a weaker color 
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stability (Renerre, 1990). 

Ultimate pH Value 

The ultimate pH reached by the muscle, as well as the rate of fall of pH 

postmortem, can have an effect on meat color and rate of discoloration (Renerre, 

1990). 

The surviving activity of the cytochrome enzymes is greater at high ultimate pH 

(Lawrie, 1985). Additionally a high ultimate pH alters the absorption characteristics 

of the myoglobin. Such meat will appear dark because its surface will not scatter light 

to the same magnitude as will be the surface of meat of lower ultimate pH (Lawrie, 

1985). 

At high pH, the accumulation of metmyoglobin might be inhibited despite the 

expectation that the formation of metmyoglobin might occur more rapidly in high pH 

meat, due to the preponderance of reduced myoglobin formation (Renerre, 1990). 

When the ultimate pH is very low, the rate of myoglobin oxidation is increased, which 

leads to a low color intensity (Renerre, 1990). 

Low pH (less than pH 5.4) will also cause the denaturation of the globin moiety 

and subsequent dissociation of the 02 from the heme (Seideman et a/. 1984). 

However Hood (1980) observed no effect of pH on the rate of metmyoglobin 

accumulation in pre-packaged beef. The author explained his results by the fact that 

the range of pH over all the muscles was extremely small. 

Electrical Stimulations 
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Action of electrical stimulation on the color stability of meat is still doubtful 

(Renerre, 1990). Renerre (1990) reported that electrical stimulation either has no 

effect or improves the color by a higher oxymyoglobin content. However Ledward 

(1985) found that electrical stimulation meat pales faster than control meat. 

Chilling Rate 

Considerable variations in post-slaughter chilling modes provoked detectable 

difference in meat color by eye (Renerre, 1990). During an 8-day shelf-life, meat from 

slow-chilled lamb carcasses had greater lightness value (from 1 to 1.5 units) than 

those fast chilled (Renerre, 1990). 

Temperature 

High temperatures favor oxidation of myoglobin. They are responsible for the 

loss of the globin moiety function of protecting the heme (Seideman, 1984). 

Higher temperatures cause greater activity of enzymes that have a greater 

scavenging of oxygen such as respiratory enzymes and enzymes involved in fat 

oxidation, leading to a lower 02 tension on the meat surface and therefore speed 

autoxidation of myoglobin to metmyoglobin (Walters, 1975). Lamb muscles have the 

highest concentration of these enzymes as compared to beef and pork and 

consequently these muscles have short retail caselife. 

Controversially, lower temperatures promote the penetration of 02 in the surface 

layer of meat tissue as well as the amount of 02 dissolved in the tissue fluids. Both 

of these two factors can help in maintaining myoglobin in its oxygenation forms 



(Walters, 1975). The rate of discoloration as affected with temperature depends on 

the muscle. At 10°C the rate of discoloration is two-to five-fold higher than that at 

0°C (Renerre, 1990). Lower temperatures improve color stability either by a brighter 

initial blooming and/or by a decrease in fading rate (Renerre, 1990). The effect of 

temperature is very important in meat packaging operations. It is necessary to control 

and maintain lower temperature during storage to avoid rapid denaturation of the heme 

pigment and therefore rapid formation of metmyoglobin. 

i 

Oxygen Pressure and Modified Atmosphere Packaging 

Oxygen pressure is an important factor for meat color determination. Although 

widespread application of MAP storage is fairly recent, the principle of this technology 

was used as early as 1930 when fresh meat was successfully shipped from New 

Zealand to England (Finne, 1982). By this time, it was demonstrated that the shelf life 

of both meat and fish with carbon dioxide could be improved to 2-3 times more as in 

air at the same temperature (Finne, 1982). MAP technology for fresh red meat has 

gained tremendous interest in research stage. As a result, this technology is being 

applied in food products and became a reality in the food technology field. Several 

different packaging options for industrial units are available for gas flush packaging and 

vacuum packaging of fresh meat. 

Gases Used in Gas Flush Packaging 

The primary gases used in gas flush packaging are oxygen (02), carbon dioxide 

(C02), and nitrogen (N2) (Young et al. 1988) 
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Oxygen 

The concepts of traditional gas packaging is to extrude 02 for improving food 

preservation, however, the specific feature of gas packing for fresh meat is to increase 

the 02 above that of the atmosphere to keep a bright red meat, but at the same time 

add C02 to avoid bacterial spoilage (Tomioka, 1990). 

Okayoma (1987) showed that beef steaks stored at 02 concentrations of 80% 

for 13 days maintained an acceptable color. Clark and Lentz (1973) found that an 02 

concentration of 85% increased the color and the shelf life by up to 10 days at 5°C 

compared to air. Taylor (1982) reported that concentrations of 80% 02 keeps the red 

color of the meat up to 15 days at 14 days at 4°C. Also, he stated that with 80% 02 

at the surface of the meat the oxygenated layer is twice as thick as with ambient air 

and the metmyoglobin is kept away from the surface of the meat for several days. 

Ordonez and Ledward found that after 15 days of storage of pork muscle at 80% 02, 

the surface concentration of metmyoglobin was below 30%. Daun etal. (1971) also 

reported that concentration of 90% 02 prolonged the meat color when compared with 

samples stored in air atmosphere. Taylor and MacDougal (1973) reported that an 

initial concentration of 60% 02 maintained the red color of fresh beef for a week at 

1 °C. They mentioned that a higher percentage would obviously give better results. 

Bartakowski etal. (1982) found that 02 levels of 10% could not maintain a bright red 

color, however, a range of 40 to 75% of 02 maintained acceptable color for 9 days of 

storage. 

Nevertheless, Ledward (1970) found that the storage of beef in C02 enriched 



atmosphere showed no increased metmyoglobin formation provided that the partial 

pressure of 02 is maintained above 5%. Lamine (1991) also stated that change of 

color of sterile meat is independent of the headspace 02 concentration above 5%. 

02 favors the development of aerobic bacteria and inhibit the growth of strictly 

anaerobic bacteria, whereas low oxygen level in the package can influence the 

outgrowth of anaerobic bacteria. The dissolved 02 concentration in a packaged food 

under MAP storage condition would be determined by the potential interaction of 

product, packaging, and microbial load (Labuza et al. 1990). Food in gas-packaging 

material containing biologically active material such as microorganism will usually 

undergo change in 02 tension which cause change in the redox potential. Moreover, 

microenvironment may exit where 02 tension are low enough to permit the growth of 

anaerobes, even though the 02 level of the bulk phase might suggest otherwise (Jones 

1989). In their studies on the 02 requirement of aerobic psychrotolerant bacteria, 

Clark and Burki (1971) found that the 02 concentration of the atmosphere can be 

lowered to 2% without noticeably inhibiting the growth rate of strain of Pseudomonas 

and Achromobacter. Their results also showed that an 02 concentration below 2% 

results in reduction of overall growth rate as a result of an increase in the lag phase. 

Carbon Dioxide 

C02 has been recognized as a bacteriostatic agent. It can increase both the lag 

phase and the generation time of aerobic spoilage bacteria. The end result appears to 

be the postponement of the overall increase in the bacterial population and delays the 

initiation of spoilage (Lambert et al. 1991). The effect of an atmosphere containing 
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20 % C02 on the generation time of meat spoilage bacteria is presented in Table 2.1. 

(Lambert et at. 1991). Gram-negative bacteria are generally more sensitive to C02 

than gram-positive bacteria (Lambert et at. 1991). 

The bacteriostatic effect of C02 depends on its concentration, on the initial 

bacterial load of the fresh meat, on the application time, and on the temperature of 

storage (Langton, 1984). Concentration of C02 greater than 5% are particularly 

effective against the psycrotrophic spoilage organisms which cause off-odor, off-color 

and slimness of chilled foods (Clark and Takas 1980). Some authors reported that a 

concentration above 25% of C02 has no increase in the shelf life of MAP storage of 

meat. Others, however, observed that a concentration of C02 above 25% increased 

the effectiveness of the MAP (Genigeorgis, 1985). In fact, Huffman (1974) found 

lowest microbial growth was obtained for pork samples packaged under 100% C02 

when he compared the effect of packaging with each of the single gases: 100% C02, 

100% 02, and 100% N2. Hotchkiss and Galloway (1990) reported that the amount 

of C02 necessary to inhibit spoilage is not a function of percent gas but more a 

function of the amount of C02 available. These authors explained that the amount of 

C02 available depends on both the concentration in the mixture and the volume of 

headspace. Also they substituted the percent with the headspace to product ratio. 

They thought that headspace ratios of >1.5 should be used with concentrations 

>60% C02 for maximum shelf life. 

A higher concentration of C02 can cause surface discoloration due to the 

conversion of oxymyoglobin to metmyoglobin (Finne, 1982). In relationship with 

temperature it has been showed that the lower the temperature, the greater the 
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bacteriostatic effects (Clark, 1969; Finne, 1982 ). The expanded efficiency of C02 at 

lower temperatures is associated to the greater dissolution of C02 in the aqueous 

phase at the temperature of refrigeration (Genigeorgis, 1984). Therefore, the use of 

a C02 enriched atmosphere can enhance the shelf life of the refrigerated foods and can 

not play the role of refrigeration. It has also been reported that the greater the 

extension of shelf life, the earlier the stage of bacterial growth and the sooner the C02 

was applied. The effectiveness can be reduced up to 90% after a postponed 

application of C02 of 48 hours (Langton, 1984). 

C02 inhibits growth of microorganism by creating carbonic acid on the surface 

of the meat. Therefore the pH of the meat becomes lower. As the internal pH of the 

meat is lower, the growth of several spoilage organisms and some pathogenic 

organisms will be reduced. The inhibitory effect of C02 must be exerted via the 

aqueous phase of the meat. The reaction of C02 in aqueous solutions are determined 

by the following association and dissociation reactions. 

C02 (gas phase) * C02 (aq. phase) 

C02 + H20 ** H2C03 (Carbonic Acid) 

H2C03 * HC03" + H+ pka = 6.3 

HC03" *C032" + H+ pka = 10.33 

Henry's law relates the concentration of dissolved C02 to the external partial of 
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C02. The equilibrium constants of C02 show that the major portion of dissolved C02 

exist either as the undissociated acid or as the bicarbonate anion. The concentration 

of carbonate anion is negligible under physiological conditions (Booth and Kroll, 1989). 

When gaseous C02 is applied to the biological tissues, it is first dissolved into 

to the liquid phase of the tissue and then absorbed either as carbonic acid (when the 

pH of the tissue is below 5) or as bicarbonate anion (when the pH of the tissue is high 

8-9.5). The formation of carbonic acid (H2C03) and dissociation to H+ + HC02" are 

faster at lower temperature. 

The mode of action of C02 is the inhibition of decarboxylation reaction at a 

number of sites. Decarboxylase release C02 as product and thus their activity may be 

inhibited due to the presence of a high concentration of carbonic acid in the cytoplasm. 

Another theory suggests that C02 and bicarbonate may alter contact between the cell 

and its external environment by affecting the cell structure of the cell membrane 

(Daniels et at. 1985). The inhibition may be due also to the repression of non-

decarboxylating enzymes by action at non-polar sites (Lambert et a/. 1991). 

Nitrogen 

Nitrogen is an inert gas. The primary function of N2 in the gas mix is to act as 

a filler and to prevent package collapse when C02 disintegrates in the meat tissue 

(Lambert et at. 1991). In vacuum packaging it is used to reduce stress of the products 

(Young, 1988). 

However, Enfors etal. (1979) proved that N2 had advantages in extending shelf 

life of pork. In fact, they found that N2 increased the time necessary to attain 5.10s 
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organisms by a factor of 2 for pork stored in 100% N2 as compared to storage in 

ambient air. Also Belousov etal. (1973) and Seideman etal. (1979) observed that N2 

augmented protein water-holding capacity. This resulted in decreasing of weight loss 

of the meat cuts. 

Mixed Atmosphere 

Mixture of C02, 02, and N2 are employed to join the benefits of each. The 

combination of these gases is important in meat packaged under high pressure of 

oxygen to maintain oxymyoglobin as predominant pigment in the surface of the beef 

cuts. This is because high pressure of oxygen will favor the growth of aerobic spoilage 

organisms that can promote surface discoloration. So it is important to use C02 to 

delay microbial growth. Since the use of C02 is essential, N2 need to be used to 

prevent package collapse as result of dissolvation of C02 in the meat tissue. For this 

purpose, in most of the modified atmosphere packaging studies, mixtures of gases are 

used. However, results vary pertaining to the best gas mixture needed to extend the 

microbiological shelf life of meat and conserve meat color. 

Clark and Lentz (1973) reported that the a mixture of 15% C02 and 70- 85% 

02 was the optimum for good color retention and low bacterial counts. Also they 

reported that packaging of beef in this mixture resulted in 9-10 days extension in the 

shelf life compared to the storage to in air. Analogous results were reported by Taylor 

and MacDougall (1973). 

Bartkowski etal. (1982) proved that steaks stored in atmosphere containing 40-

75% 02 and 15% C02 maintained an acceptable color for 9 days at 4°C. Georgala 
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and Davidson (1970) recommended that the optimum atmosphere for both conserving 

the fresh beef color and optimizing shelf life is a combination of 80% 02 and 20% 

C02. However, Seideman etal. (1979b) reported that an atmosphere of 80% N2 and 

20% C02 yielded substantially lower metmyoglobin formation on the surface of the 

beef cuts than an atmosphere containing high 02 level. 

Loss of Moisture 

Surface discoloration involved also the loss of moisture. Fresh meat will convert 

to a dark reddish-brown color. Dehydration takes place and the concentration of the 

pigment increases on the surface of the meat. Moisture, containing dissolved pigment 

, migrates to the surface, evaporates and cause pigment concentration (Sacharow, 

1974). 

Light 

Discoloration caused by exposure to light has become a particularly critical 

problem with the development of modern methods of merchandizing which require 

exposure of retail cuts in lighted display cases (Walters, 1975). 

Soft white fluorescent light did not cause discoloration of meat, whereas 

ultraviolet light promoted rapid discoloration, even though it helped to control bacterial 

growth on the surface of beef steaks (Walters, 1975). 

The effect of the ultraviolet light on the oxidation of myoglobin in fresh meat is 

rapid and this may be due to the denaturation of the globin (Lawrie, 1985). Hood 

(1980) found that light produced only minor accelerating effect but ultraviolet light 
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produces serious discoloration within hours, even at 0°C. It has been reported that 

the ultraviolet light accelerate desiccation (Sacharow, 1974). Exposure to normal light 

does slightly increase the bacterial counts in repackaged meat (Sacharow, 1974). 

Cured meats are more susceptible to light discoloration than fresh meat because 

it help the dissociation of nitric oxide from the nitrosomyoglobin (Renerre, 1990). 

C. Bacterial Contamination and Meat Color 

Microbial growth is frequently a predominant motive of discoloration of meat. 

A large increase in metmyoglobin content has been noticed during the exponential 

growth of aerobic such as Pseudomonas, Achromobacter and Flavobacterium. 

Anaerobic Lactobacillus are not a prevalent cause of meat discoloration (Renerre 

1990). Stringer et al. (1969) determined that surface discoloration was a function of 

the numbers of bacteria present in meat. 

Discoloration may be due to alteration or destruction of meat pigments. 

Myoglobin may be oxidized to brown metmyoglobin. It may be linked with H2S 

provided by bacteria to form sulfomyoglobin. Myoglobin can also be broken down to 

form yellow or green pigments by microorganisms that produce Hydrogen Peroxide 

(H202) (Lawrie 1985). 

Discoloration may also be due to the elaboration of foreign pigments of 

Pseudomonas, and pink pigments of various types of Micrococci, Sarcinae and Yeast 

(Lawrie, 1985). Nicolefa/. (1970) observed that the meat stored at 1 to 22°C under 

low oxygen tension exhibited an undesirable green pigment identified as 

sulfomyoglobin. This sulfomyoglobin is the outcome of interaction between 



myoglobin and H2S produced by bacteria recognized as Pseudomonas. Costilow etal. 

(1953) found that the rate of discoloration of beef steaks is highly correlated with the 

activity of Pseudomonas. Robach and Costilow (1961) conducted a study to 

determine the part of bacteria and yeast in the oxidation of myoglobin. They reported 

that both aerobic bacteria and Saccharomyces cerevisais greatly increased the rate of 

discoloration. Moreover, they noticed that low inoculum (10s to 107/g) caused a more 

brownish appearance of Metmyoglobin, whereas high cell populations (108/g ) yielded 

the purple color of myoglobin. The authors suggested that the reduction of oxygen 

pressure in meat tissue by microbial growth developed a high increase in the reduced 

myoglobin, which, in turn, oxidized by H202 generated either from the meat tissue or 

from the bacteria. If the 02 is reduced enough to a lowest level, little or no H202 can 

be formed and no oxidation can take place. 

Oxymyoglobin must dissociated to myoglobin before oxidation to metmyoglobin 

can happen. This dissociation increases with the decreasing oxygen tensions (Walker, 

1980). Bala et at. (1977a) observed that the percentage of Oxymyoglobin decreased 

from 100% to 0% at the surface of the beef inoculated with Pseudomonas tragi. They 

also reported that the pH increased from 5.5 to 6.6 and free fatty value from 0.62 to 

2.6. Bala et at. (1977b) reported that a loss of 76% of oxymyoglobin occurred in 10 

days in beef samples inoculated with Pseudomonas tragi whereas only 45 % loss 

occurred in sterile sample used as control. 

However, Sattelee and Hansmyer (1974) found that although the bacterial count 

was more than 10B organisms per cm2, very little proteolytic destruction is noticed for 

surface pigment of meat during storage at 5°C for 18 days. Bevilacqua and Zaritzky 
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noticed that microbial growth has a negligible effect on color stability at short storage. 

According to their experimental data metmyoglobin reached relative concentration of 

20% in approximately 4 days at 4°C. In the same study, these authors found that a 

count lower than 107 CFU/cm2 does not effect the color of the meat. They concluded 

that a bacterial count of 10s CFU/cm2 can not accelerate metmyoglobin formation by 

reducing 02 partial pressures to values lower than 30 mm Hg with a permeable film 

such as polyethylene. Also they recapitulated that the cause of meat color 

deterioration during storage should be due to both the loss of metmyoglobin reducing 

activity and the incipient denaturation of the globin fraction. 

Butler et al. (1953) stated that the main cause of initial discoloration and 

formation of Metmyoglobin was due to decreased of 02 pressure consequence of 

bacterial growth in packages of beef steaks inoculated with Pseudomonas. Walker 

(1980) reported that when aerobic microorganisms such as Pseudomonas are in the 

exponent ia l  phase o f  growth,  the demand o f  oxygen is  very  h igh and the 0 2  

concentration is reduced to a critical partial pressure of 4 mm. Below the critical 

partial pressure, rapid transformation of Myoglobin to Metmyoglobin occurs. 

D. Packaging Film Permeability and Meat Color 

Packaging film may also play a very important role in myoglobin oxidation 

(Seideman et al. 1984). Oxygen impermeable films such as those used in vacuum 

packaging will usually cause metmyoglobin formation initially due to low oxygen 

pressure. When substantial amounts of oxygen have been utilized, metmyoglobin will 

convert to reduced myoglobin (Seideman et al. 1984). 
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The choice of packaging is very important and must reduce meat contamination. 

The packaging also must be a moisture barrier, and must prevent weight loss by 

evaporation (Renerre, 1990). 

Pirko and Ayres (1957) reported that there is a direct relationship between 

maxima in metmyoglobin formation and the gas permeability of the packaging 

materials. In fact they found three groups of variability among the packaging films 

employed in their study. The first film, 300 MAT 80-cellophane, Polyethylene 0.0015 

in and 80 FM 1:pliofilm, which had the highest gas permeability, showed that 

maximum metmyoglobin formation occurred on the sixth day of storage; the second 

film, 120 HM 1-biofilm, polyethylene 0.0020 in, which had medium gas permeability 

revealed that maximum metmyoglobin formation took place on the 4th days of storage; 

the third film, aluminum foil, 517-Saran, Cryovac, 450k 202-Saran coated cellophane 

and FX 831, bared that maximum metmyoglobin formation happened the first day of 

storage. In the consumer sale, an oxygen permeable film is used to permit the meat 

surface to "bloom". This kind of packaging film should have high oxygen permeability 

to allow rapid and complete "bloom". An oxygen permeability rate of least 5 liters per 

m2 per day is needed to prevent metmyoglobin formation (Seideman eta/. 1984). 

The choice of films for packaging of meat is largely determined by their moisture 

analysis and gas permeability. Since it is necessary to avoid the weight loss, most 

films are moisture barriers. However, gas permeability differs from one film to another 

and is specific to individual polymers. Overwrapping films commonly have oxygen 

permeabilities above 10,000 cm3 m'2 day'1 atm'1 02. On other hand the packaging 

material used for vacuum packing may have 02 permeabilities below 20 on the same 
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scale (Taylor, 1985). Packaging materials with high barrier include polyvinylidene 

chloride (PVDC), ethylene-vinyl alcohol copolymer (EVOH), acrylonitrile, etc. (Satomi, 

1990). Gas permeable films include polyethylene, and polypropylene, polyvinyl 

chloride (Minakuchi and Nakamura, 1990). The most important characteristic of 

packaging material, when gas-exchange is beared, is the fact that the permeability of 

the films vary from one gas to another. Permeability of packaging materials compared 

to the three kinds of gas used in modified atmosphere packaging of meat is highest for 

C02 followed by 02 and N2 respectively. The ratio is almost 3-5 : 1 : 1/3-1/5 (Satomi, 

1990). 

Gas permeability of packaging material varies with temperature. An exponential 

relationship occurs between permeability and temperature (Satomi, 1990). 

New trends in modified atmosphere packaging have led to the use of "smart" 

selectively permeable film packaging systems. The feature of this packaging system 

for red meat application is the use of two types of film, high gas barrier and permeable 

film. The meat is wrapped with low density polyethylene shrink material and placed 

in a thermoformed barrier tray, which is then overlidded with PVDC-based barrier film. 

Nitrogen is injected between the wrapped meat and outer lid to create an inert 

controlled atmosphere packaging that permit extended retail storage of the sealed 

package. When the outer film is removed by the retailer for refrigerator case, meat 

recovers red color through 02-permeable film inner polyethylene shrink wrap (Snell, 

1986; Young et al. 1988). 

The water vapor transport ratio and the gas permeability of various film are 

shown in Table 2.2. (Minakuchi and Nakamura, 1990). 
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3. SPOILAGE OF MEAT AND ASSOCIATED BIOCHEMICAL ACTIVITY 

Microbial spoilage may be defined as the state reached when the normal 

characteristics of meat are so changed by the growth and metabolic activities of 

microorganisms, it is rendered unfit for human consumption. Such a state may be 

perceived by one or more of the senses of sight, smell, taste, and touch (Gardner, 

1983). 

The various defects produced by psychrotrophs growing on meat and poultry 

products have been reported by Kraft (1986) as: "unclean", "aromatic", "fermented", 

"fruity", "stale", "rancid", "bitter", "sour", and "musty" odors. Color are described 

as "red", "pink", "yellow", "gray", "blue", "black", and "fluorescent". Off-odors are 

characterized when the bacterial population reach about 107 cells per cm2; continued 

growth persuades to slime formation. At this point surface counts may reach 108 cells 

per cm2 (Kraft, 1986). 

The effect of temperature is very important in determining evidence of spoilage 

related to the activity of enzymes such as lipolysis and proteolysis. Low temperatures 

(5°C, 15°C, and 20°C) produced greater lipolytic and proteolytic activity than high 

temperature (30°C) (Kraft, 1986). 

The most frequently observed bacteria in fresh meat held under a temperature 

of refrigeration (0 to 5°C) are Pseudomonas, Acitobacter (formerly Achromobacter), 

and Flavobacterium (Walker, 1980). Pseudomonas, which are strict aerobes are the 

most common organisms in the aerobic spoilage of meat. Pseudomonas spp. require 

02 for growth, and in air will spoil the meat in 10 days at 0°C or 5 day at 5°C. Others 
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microorganisms including lactic acid bacteria also grow on beef stored in air, but are 

quickly outgrown by the pseudomonades and contribute little to spoilage of 

unprotected meat (Taylor, 1985). Pseudomonas growing on the muscle surface will 

consume glucose. When the concentration of glucose falls to zero, Pseudomonas 

start to utilize amino acids as their growth substrate with the production of malodorous 

sulfite, esters and acid. This usually happens when the bacterial number exceeds 108 

cells per cm2 (Gill, 1972, 1986). When bacterial numbers reach 109 per cm2, slime 

become visible on the meat surface (Gill, 1986). At this point, the concentration of 

some amino acids fall, signifying that they were being used as carbon and/or energy 

sources. But, on the other hand, other amino acids increase, indicating proteolysis is 

also taking place (Dainty et al. 1983). 

Pseudomonas fragi was the most active proteolytic aerobic spoilage organism 

tested, presenting activity against all three fractions; myofibrilla, sarcoplasmic 

(myoglobin) and connective tissue and organelle. It also provided tentative evidence 

of pre-spoilage proteolysis. When compared to unninoculated control samples, higher 

levels of proteolysis activity was seen in inoculated pork with Pseudomonas fragi after 

storage but before obvious manifestations of spoilage (Dainty et al. 1983). 

Acinetobacter IMoraxella constitutes a significant part of aerobic spoilage population 

of meat packaged under modified atmosphere using 02 permeable films (Lambert etal. 

1991). These organisms principally use amino acids as their growth substrate but, do 

not produce malodorous from amino acid degradation. Acitenobacter putrefaciens 

exhibits different metabolism, depending on the atmosphere conditions. Under aerobic 

condition they produce organic sulfides, and under anaerobic condition they produce 
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hydrogen sulfide. Other facultative anaerobe may be favored under low 02 pressure. 

This includes B. thermosphacta, Enterobacteriaceae and lactobacillus (Lambert et at. 

1991). 

Pseudomonas species are usually selected for study on bacterial growth and 

discoloration of fresh meat pigment (Walker, 1980). 

4. MICROBIOLOGY OF PRE-PACKAGED MEAT 

While packaging of meat in high pressure of 02 may promote the development 

of the bright red meat color as a result of formation of oxymyoglobin. It also favors 

the growth of aerobic spoilage bacteria (Lambert et al. 1991). In vacuum packaged 

storage, generally the growth of strict aerobe is suppressed so that the typical surface 

spoilage bacteria are replaced by facultative anaerobes (Kraft, 1986). 

Sutherland eta/. (1977) demonstrated that multiplication decreased and the lag 

phase increased in increasing the levels of C02 of organisms isolated from vacuum-

packaged beef and stored in various gaseous environments. However, gram positive 

species were more resistant to the effect of C02 than were gram negative bacteria. 

Christopher et al. (1979a) found that the bacterial counts of beef stored in a 

modified gas atmosphere were usually higher than beef stored in conventional vacuum 

packaging. They also observed that Pseudomonas spp. are the abundant part of the 

microflora of roasts stored in high 02-containing atmospheres. Christopher et al. 

(1979b) reported that after 21 days of storage, counts of psychrotrophic bacteria in 

02-packaged pork were significantly higher than those observed in all others packaging 

treatments. However, Taylor et at. (1990) observed that for beef loin, total viable 
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counts were higher for vacuum skin packaging than modified atmosphere packaging 

(75 % 02 and 25 % C02). However, they noticed that the total viable counts 

increased at a similar rate for pork loin and reached a level of 107 to 108 per cm2 after 

20 days. Moreover the authors remarked that off-odors developed more rapidly in 

modified atmosphere packaging (8-12 days), possibly due to more extensive growth 

of Brochothric thermosphacta and the influences of aerobic conditions on the 

metabolites of lactic acid bacteria. 

Clark and Lentz (1973) found a delay of growth of both strains of Pseudomonas 

and Moraxella-Acinetobater up to 10 days in fresh beef flushed with a mixture of 70-

85% 02 and 15% C02 and overwrapped with gas-permeable polyvinyl-chloride film. 

They also explained that the extension in shelf life was the result of an inhibitory effect 

of high oxygen concentration on growth; since in previous study (Clark and Burki 

1972) they showed that 02 concentration above 30 % markedly inhibits the growth 

initiation of some strains of Pseudomonas and the Moraxella-Acinetobater group. 

Christopher eta/. (1979a, 1979b) reported that although lactic acid bacteria 

were the major spoilage organisms on beef and pork stored in 20 % C02 and 80 % N2 

other organisms including Pseudomonas sp., developed in significant numbers in both 

meats. This may be due to the permeability of the packaging films which outcomed 

in an ingress of headspace 02 that allowed Pseudomonas to grow. 

5. Color Measurement 

Although the methodology of the color measurement has been studied 

extensively, there is not a single method of color measurement free from criticism 
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(Govindarajan, 1973). 

The measurement of meat color has proved to be a difficult task due to major 

reasons: the complexity of the myoglobin distribution in the muscle and the dynamic 

nature of the pigment, additionally complicating the situation in the presence of 

intramuscular fat, which tends to interfere with color measurement. It has been 

shown that the reflectance value increases with increasing intramuscular fat, 

independent of the wavelength (Govindarajan, 1973). Also, the organization of fibers 

on the surface of meat, with respect to the direction of slicing appears to affect the 

reflectance values (Elliot, 1967). 

Meat color is a surface property. It can be measured subjectively by sensory 

evaluation or objectively by instrument. 

A. Color Vision 

Vision is the psychological response to the objective incentive generated by the 

physical nature of the object viewed (MacDougal, 1988). The visual apparatus is the 

eye, a light-detector wavelength analyzer, and neural pathway to the brain where the 

visual cortex furnishes a diagram of the retinal portrait (Boynton, 1979). 

Van den Oord and Wesdrop (1971) used 10-point scales, 1 being extremely bad 

and 10 extremely good. Samples with a reckoning of 5.5 were judged unsatisfactory. 

These authors found a meaningful relationship between subjective evaluation and the 

formation of metmyoglobin. MacDougall and Rhodes used a 9-point scale in which a 

value of 2 represented an extremely pale sample and a value of 9 represented an 

axtremly dark sample. Samples with a score of 5 were assessed perfect. Renerre and 
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Mazuel used a committee of 10 persons to sensory evaluate the color of the meat. The 

members of the committee working in well defined conditions of temperature (5°C), 

lighting (Florescent light type "Mazda"), and angle of vision (0-45°). The panel 

members were asked to express the respective quantity of purple, bright red, and 

brown and the degree of preference. This evaluation is performed using a 5-point 

scale. A score of 5 means that the sample is being liked very much and a score of 1 

indicated that the sample is being disliked. Also, the panel members were asked to 

determine the acceptability of the steaks ( yes or no), 

Govindarajan (1973) reported that meat color can be measured using disc 

colorimetry and the result can be expressed as the index of fading: 

Index of fading I = (2H) + 6V + 3C 

Where H is hue 

V is the value 

C is chroma 

B. Instrumental Measurement of Myoglobin Derivatives in Meat 

The Absorbency Ratio Method 

This method was first developed by Broumand et al. (1958). 

consists of extraction of solution of myoglobin derivatives from 

The technique 

the meat and 
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measurement of the absorbencies of the extracts using spectrophotometer at 

wavelengths of 484 , 505, 544, 555, 564, and 582 nm. Care must be taken during 

extraction to ensure that the myoglobin derivatives are present in the extracts in the 

same relative concentration as in the original meat. A major problem of this method 

is the fact that during extraction the oxidation of MB to METMB occurs rapidly. 

The Reflectance Ratio Method 

The measurement of myoglobin derivatives by reflectometry is a method of 

choice in meat color investigation. The reflectance method offers a big advantage 

towards the absorbency method since it eliminates error due to extraction because the 

analysis is performed directly on an intact surface of meat sample. 

Most of the methods reported in the literature are based on the calculation from 

the reflectance data of the ratio of absorption coefficient K to scattering coefficient S 

(K/S). Dean and Ball (1960), calculated the percentage of Mb, Mb02, and METMB 

using K/S ratio from the percentage of reflectance at 473, 507, 573, and 597 nm. 

Sleper et al. (1983), used ratio of K/S of 474/525 nm and 572/525 nm to calculate 

the percentage of myoglobin derivatives. Van Den Oord and Wesdorp (1971) 

employed the difference of reflectance between wavelength of 630 and 580nm. 

Eagerman etal. (1978) utilized the difference of reflectance between wavelengths of 

632 and 614nm. Krzywiki (1978) employed the reactance of many specific 

wavelengths. 
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CHAPTER 3 

MATERIALS AND METHODS 

1. SAMPLE PREPARATION AND PACKAGING 

The muscle used in this experiment has two origins: 

A. Commercial Origin 

Lean muscle semimembranosus (top round) was purchased from a local 

wholesale meat distribution center (Willcox Meat Packaging CO) who purchased the 

frozen top round from Excell, Dodge City, Kansas. This source provided the frozen 

product for the fresh versus frozen comparison. 

B. Research Origin 

The meat was obtained from the Meat Laboratory of the University of Arizona 

Livestock and Meat Science Complex at Campus Agricultural Center. Steers weighing 

450 to 500 kg were selected to provide the muscle cuts for this experiment. The 

meat laboratory is equipped with modern machinery and device so that microbial 

contamination is minimized during slaughtering and carcass handling. After 

slaughtering the carcass was immediately deep chilled to a temperature of 5°C. After 

four to six days postmortem the M. Semimembranosus and M. Longissimus dorsi were 
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removed and used to provide muscle cuts for experimentation. 

In both muscle varieties (commercial origin and University of Arizona Meat 

Laboratory origin) the fat was trimmed from the meat. The meat was sectioned into 

disks with a custom stainless steel core so that the meat disks obtained an area and 

a thickness of 5 cm2 and 5 cm respectively. This task was executed prior to 

packaging operations and were performed at the Meat Laboratory. Then the meat was 

transferred to a small scale laboratory for packaging and storage at the University of 

Arizona Campus. 

Prior to packaging the meat disks were sterilized by dipping them in boiling water 

for 5 seconds. This was to avoid any microbial source of metmyoglobin formation 

during subsequent storage. Then, each sterile meat disk was portioned into 2 disks 

so that two new exposed fleshly cut surface of muscle was obtained. Muscle samples 

from both sides (right and left) were put or inoculated and put into sterile vials as long 

as they were judged representative. Then the sterile films were placed and the vials 

were properly capped. The closed vials were airtight and communication between the 

headspace and ambient atmosphere took place only through the permeation of the 

packaging film. The closed vials were then removed and stored in a refrigerated 

environment at 2°C. 

2. STERILIZATION OF EQUIPMENT AND EXPERIMENTAL CONDITIONS 

Samples preparation and packaging were done in a biological hood (BBL 

Biological Cabinet, Becton Dickinson & Co. N.J) sterilized by both U.V light and 70 % 

ethanol. The cutting board was sterilized by 70 % ethyl alcohol and exposed to the 
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U.V. light for a night prior to starting the experiment. Aseptic techniques were used 

throughout the preparation of the sample. The knifes were cleaned and sanitized 

before each experiment. They were rinsed with distilled water and dipped in 95% 

ethanol and flamed before and after each cutting. All the vials and their lids were 

autoclaved fast exhaust for 20 minutes at 121 °C and 18 psi of pressure. The vials 

with loose lids were covered with aluminum foil prior to autoclaving. The packaging 

films were sterilized by dipping them into 70% ethanol and expose to U.V. light for a 

night. 

3. PACKAGING TREATMENTS 

Two packaging treatments were used: 

A high gas barrier, Ethylene Vinyl Chloride Copolymer film which had an 02 

transmission rate of 0.0035 cc/cm2/24 hr and C02 transmission rate of 0.0250 

cc/cm2/24 hr. A gas-permeable, Low Density Polyethylene film which had an 02 

transmission rate of 0.79 cc/cm2/24 hr and C02 transmission rate of 4.25 cc/cm2/24 

hr. 

4. INOCULATION 

The inoculation of the surface of the meat was performed using a sterile needle 

(25 G 1 Vt Becton Dickinson & Co. N.J.) and a 1 cc syringe. One ml of well-shaken 

dilution of broth culture was uniformly distributed over the surface of meat cuts. 

5. CULTURE 
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Pure Pseudomonas fluorescens culture was received from Dr. Sinclair 

Department of Microbiology of the University of Arizona. This culture was immediately 

plated in nutrient agar and incubated for 24 hours and stored for in the refrigerator for 

subsequent use. 

6. SAMPLING AND MICROBIOLOGICAL ANALYSIS 

Count colony methods are used in this study to estimate the microbial population 

at the surface of the meat. The result is reported as Colony Forming Units (CFU) per 

cm2. 

The sampling from microbiological analysis was carried out by the swab contact 

method (Speck, 1984). A sterile, 15.2 cm calcium alginate swab on wood shaft 

(Spectrum Laboratory) was used to sample the meat surface. A swab was wetted in 

sterile 0.1 % peptone broth and squeezed against the inside neck of the diluent tube 

to remove excess diluent. The swab was then rolled across a circular area (3.8 cm2) 

defined by a sterile aluminum template. This process was repeated once after the 

swab tip was broken off into the dilution tube. This process was repeated after the 

swab tip was broken off into the dilution tube. The sample tube was then shaken 25 

times through an arc of one foot in about 12 sec and appropriate serial dilutions were 

made with sterile 0.1 % peptone. The dilutions prepared were then plated using sterile 

individually wrapped pipets in order estimate the numbers of bacteria in the sample. 

The agar was kept in a water bath (Precision Instrument) at 44°C prior to plating, in 

which 10 to 12 ml of liquified medium were introduced in each plate. After the 

medium was solidified, the petri dishes were inverted and incubated at temperature of 
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28 °C for 48 hours. The colony were counted using a Quebec Colony Counter. A 

plate containing a range of 25 to 250 colonies were selected for enumerating the 

bacteria in the samples (Speck, 1984). The result were reported as the logio of colony 

forming units (CFU) per cm2. 

7. MYOGLOBIN MEASUREMENT 

Reflectance method which utilize direct measurement of the meat surface 

reflectance at wavelengths characteristic of the myoglobin derivative is selected as the 
« 

method of choice in this work. Beckman Model DK-2A Ratio Recording 

Spectrophotometer attached to a single board computer BCC-52 and an interface 

circuit were used as the system for myoglobin derivatives measurement and recording 

of data. 

A. Spectrophotometer and Interface Circuit 

The system can be described by the following major parts (Fig.3.1.): 

-Spectrophotometer ( Model DK-2A ) 

-Interface circuit 

-A single board microcomputer BCC-52 

-A portable digital computer or terminal monitor NEC-8300 

-An IBM-PC computer for data analysis. 

Spectrophotometer 

The spectrophotometer which was fitted with an integrating sphere measured 
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the percentage of reflectance of a sample at any specific wavelength in the range of 

350 nm- 800 nm relative to a particular reference. 

Interface Circuit 

An interface circuit was built between the spectrophotometer and the single 

board computer BCC-52 (Fig.3.2.). The systems principle components were a digital 

wavelength encoder, a quadrature decoder, a clock, a high accuracy instrumentation 

amplifier and a 12 bit high performance an analog-to-digital (A/D) converters. 

Wavelength signals coming from the transducer are detected by a digital opto-

selectronic quadrature transducer that produces a digital value. The reflectance analog 

signals detected from the recorder servo balancing potentiometer are converted to a 

digital signal by the A/D converter (Liu, 1991). 

Signal-Board Computer BCC-52 

The signal-board computer BCC-52 executed the program and multiplied the 

wavelength and reflectance counts through the electronic circuit. It also stored the 

data. 

Software 

The work of the interface circuit chips and the transfer of data in the storage 

was controlled by a program written is BCC-52 Basic. This program is executed by the 

8052AH-BASIC microprocessor located in the single board computer BCC-52 Rom. 

The program consists of 5 subroutines, (1) initialization of the program, (2) 
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measurement of reflectance, (3) measurement of the wavelength , (4) store the data, 

and (5) read the data. (Program is listed in Appendix II) 

B. Procedure of Measurement of the Myoglobin Derivatives 

The percentage of MB, MB02, and METMB were determined on the meat disk 

using the method first developed by Dean and Ball (1960) utilizing reflectance 

measurements. 

The procedure of measurement was as follow: 

-The percent reflectance of the meat sample surface was determined at wavelength 

of 473, 507, 573, and 597 nm. 

- From each value of percent reflectance, the corresponding K/S was obtained using 

tables given by Judd (1952). 

- Two ratios were calculated. 

-^afc 507nm 
The first was — 

— at 573nm 
S 

— at 413nm 
The second was — 

— at 597nm 
S 

The value of the first ratio was used to calculate the percentage of METMB 

using the relationship given by Broumand et al. (1958). The value of the second ratio 
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was used to determine the percentage of MB using the relationship given by Broumand 

et al. (1973). The percentage of MB02 was calculated by using the following 

equation: 

%MBOz = 100 -  (%MMB + %MB) 

Calibration 

Calibration of the spectrophotometer that has been chosen for the measurement 

was necessary and need to be made. This is because the value given by the 

instrument does not mean anything if the machine is not calibrated against standards 

(Jordan et at. 1991). 

One of the most important application of data acquisition system using an 

analog-to-digital converters (A/DC) was to be able to transfer data electronically from 

the device to a microcomputer for further spread sheets analysis. This type of 

equipment was important in instrumentation and measurement when it was necessary 

to calibrate the system using statistical tools. 

The most important thing for calibration was to come up with the error curve 

which shows the percentage of error (Jordan et at. 1991). 

Calibration Procedure 

Calibration is usually done by running a standards through the instrument and 

recording the output. The standards are assumed to be measured without error and 

they are certified by the company that supply them. Usually the company has their 
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standards approved by the U.S. National Bureau of Standards. The data obtained must 

be analyzed to evaluate the system errors. 

Regression analysis is a good tool to calibrate instruments. The independent 

variables are the standards and the recorded values are given as the dependent 

variables. A regression analysis is then performed to analyze the data. Ten standards 

(2, 2, 5, 10, 20, 40, 50, 60, 75, and 80) in percent reflectance were used to calibrate 

the machine. The output of each standard was determined at four different 

wavelengths, 450, 500, 550, and 600nm. Data were electronically transferred to a 
i 

digital computer then a regression analysis was done. The standards were used as 

independent variables and the instrument outputs were used as dependent variables. 

True reflectance was calculate using the regression model equation: 

Txue reflectance = (reading - constant) 
X coefficient 

8. MEASUREMENT OF PH 

A two gram sample from the top 5 mm of the discs were used for the pH 

measurement. The meat samples were blended for 1 minutes with 10 ml distilled 

water at low speed using. The pH was determined using an Orion Model 720 (Orion 

Research Inc.) pH meter. Two solution buffers (pH 4.00 and pH 7.00) were used to 

calibrate the instrument. 

9. GAS ANALYSIS 
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The measurement of C02, 02, and N2 inside the package was determined using 

gas chromatograph. The following conditions were used: 

Chromatograph: Varian 3300 

Column dimension: 1/4 in. O.D. CTR-1 column (Alletech) and 1/16 in. O.D. reference 

was used to balance the flow to the reference side of the detector. The CTR-1 column 

consisted of concentric columns. An inner column, packaged with porapack and 

served for the separation of the C02 from the N2 and 02. An outer column, packed 

with molecular sieve served for the separation of N2 and 02. 

Carrier gas: Helium- high purity. The flow rate was 65 ml/min. 

Detector: Thermal conductivity. Current 180-200 mA. Attenuation 16, temperature 

100°C. Filament temperature 150°C. The temperature of the column and injector 

was ambient. The area of the peaks obtained after each running were calculated by 

the integrator (Varian) 

Sample size: 1cc. (Needle 25 G 1 Vz, Becton Dickinson & Co. N.J; Syringe 1cc, Becton 

Dickinson & Co. N.J) 

Analysis time was approximately 3 min. 

The total duration of each trial was 12 days. Myoglobin derivative fractions, microbial 

counts, pH, and the percentage of the C02, 02, and N2 were determined initially (day 

0) and each 3*1 day during the storage period i.e 3, 6, 9, and 12. 

10. STATISTICAL ANALYSIS 

The statistical methods, analysis of variances, and least significant differences 

were used between treatments to analyze the data (Steel and Torrie, 1980). 
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CHAPTER 4 

RESULT AND DISCUSSION 

1. INOCULATED FRESH MEAT VERSUS STERILE-CONTROL FRESH MEAT 

Samples of sterile beef cuts had no microbial growth through the 12 days of 

storage at 2°C for both packaging treatments (permeable packaging film (L.D.P.E.) and 

gas barrier packaging film (E.V.C.C.)). 

The change in the number of microorganisms with time at 2°C using Low 

Density Polyethylene (L.D.P.E.) film is presented in Fig.4.1.. 

The pure culture of Pseudomonas florescence inoculated on the meat surface increased 

from log 3.58 to 6.43 during 12 days of storage. The bacterial growth for the 

inoculated sample at 2°C was characterized by lag phase having a length of 

approximately 6 days (Fig.4.1.). 

The effects of microbial growth on the rate of myoglobin oxidation at 2°C and 

ambient oxygen (21 %) using gas permeable packaging film are presented in Fig.4.2.. 

Data from Fig.4.2. and Table 4.1. showed that sterile meat samples reached a 

20% of metmyoglobin by day 8 and 40% by day 10. However, the inoculated meat 

samples presented a proportion of 20% metmyoglobin by 6 days of storage and 40% 

at the end of day 7. When bright red beef and discolored beef are sold together, 

shopper discrimination against the discolored meat increases with the increase 
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Figure 4.1. Change in number of Pseudomonas florescence during aerobic storage at 
2°C. (Meat: inoculated fresh beef; Film: LDPE) 

metmyoglobin content (Hood and Riordan, 1973). It has been reported that the ratio 

of sales of discolored beef to bright red beef is approximately 1:2 when 20% 

metmyoglobin is present in the discolored batch (Hood and Riordan, 1973). Further 

Greene (1969) stated that consumers will reject the beef containing over 40% 

metmyoglobin at the meat surface. 

Based on these reports, sterile meat samples exhibited an acceptable color for 

approximately 8 days of storage, whereas, the inoculated sample give an acceptable 

color for only 6 days of storage and showed very fast discoloration thereafter. This 

study showed longer meat color shelf life than the meat displayed in the retail market, 

which is usually about 3 days (Local Supermarket, Personnel Communication ). This 
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may be due to the vacuum packaging of meat using using a multilayer structure of 

polyolefilm introduced by Cryovac. Vacuum packaged meat is performed for a 

distribution purpose and can be stored for about 2-4 weeks before retail packaging. 

Also, temperature control, played an important role in the myoglobin oxidation, ranging 

between 6 and 7°C (44°F) which is relatively high. In addition to that it is subject to 

abuse due to consumer handling. In fact, an increase of temperature from 0°C to 5°C 

doubles the rate of discoloration (Taylor, 1985). Hood (1980), also reported that the 

degree of discoloration after 96 h storage at 10°C ranges from 2 to 5 times more than 

that at 0°C, depending on the muscle. 

Referring to Fig.4.2., it shows that after day 3 of storage the rate of myoglobin 

oxidation, depicted by the accumulation of metmyoglobin and the loss of 

oxymyoglobin, was higher among the inoculated meat samples than for the control 

meat samples. The difference became significant (P<0.05) by day 6 of storage. By 

day 9 of storage the concentration of oxymyoglobin had decreased dramatically 

evidenced by an approximate loss of 70% of that pigment. However, the sterile 

samples showed only a 35% loss of their oxymyoglobin. At day 12 of storage, 

oxymyoglobin on the surface of the inoculated sample disappeared completely, while 

the metmyoglobin reached 85% of the total pigment. This information agreed with the 

findings of Bala eta/. (1977b) who reported a 76% loss of oxymyoglobin occurred in 

10 days of storage in inoculated beef sample. On the other hand only 45% loss 

occurred in sterile beef samples during the same period. 

According to the experimental data in Fig.4.1., it appears that the effect of 

microbial growth on the meat discoloration starts after 3 days of storage although, the 
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increase in microbial number is evident only after day 6. The increase in the rate of 

discoloration after day 3 and in the inoculated samples (Fig.4.2.) while there is no 

increase in the numbers of microorganisms can be propably due to the fact that some 

cell die while other multiply and start to be active. The long duration of lag phase, can 

be ascribed to the adaptation of the organisms to the new environment wich is 

increased under low storage temperature (Fig.4.1.). These results agree with the 

findings of Robach and Costilow (1962) and Bala et at. (1977a). These authors 

observed that the microbial activity after 5 to 6 days pf storage changed the color of 

the steaks held at normal atmosphere. Data from Fig.4.2. and Table 4.1. indicate that 

the highest rate of metmyoglobin formation started after day 6. When observing 

Fig.4.1., it is apparent that this period represents the logarithmic growth phase. 

Similar conclusions were noted by Butler et al. (1953) who stated that browning of the 

meat surface is caused by bacteria in the logarithmic phase of growth. This is believed 

to be caused by the high oxygen demand of aerobic bacteria in their logarithmic 

growth phase which coincide with metmyoglobin formation. 

The packaging system, containing biologically active material such as 

microorganisms, undergo change in the 02 tension causing the modification of the 

redox potential. In the package, bacteria consumes molecular oxygen at a rate of 

(0.970 x 10"7//L 02/h cell at 30°C (Greieg and Hoogerheide 1941) through the meat 

surface fluids. Thus, bacterial activity along with the meat postmortem respiration 

(Bendall and Taylor, 1972) provide less oxygen available for bending to myoglobin even 

though the 02 concentration in the headspace may suggest otherwise. This is 

confirmed by the data obtained using both permeable film and gas barrier film. 
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Although, in the case of permeable film, the oxygen tension in the headspace is always 

at atmosphere pressure so during the storage time the headspace concentration of 02 

is always maintained about 21 %. The rate of discoloration due to bacterial activity is 

very important. Furthermore the use of gas barrier film where the quantity of oxygen 

is decreased with microbial activity (Fig.4.3. and Table 4.8.) indicates that the level 

of oxygen in the headspace after 12 days of storage is about 14% (106.4 mm). On 

the other hand, the oxygen pressure that promotes the formation of metmyoglobin is 

the range of 1.4 to 25 mm (Kropt et al. 1986). These results agree with earlier work 

by Robach and Costilow (1962) who observed that aerobic bacteria contribute to 

metmyoglobin formation by reducing the oxygen tension at the surface of the meat. 

The brownish-green pigment that was apparent in the inoculated sample can be 

attributed to the influence of the bacterial by-products. In fact, some by-products of 

the microbiological metabolism such as hydrogen peroxide (H202) are oxidizing agents 

and can cause discoloration, including green and brown (Kropt at al. 1986). 

2. GAS PERMEABLE FILM VERSUS GAS BARRIER FILM USING FRESH MEAT 

Fig.4.4. shows the change in the relative concentration of myoglobin derivatives 

for 12 days of fresh sterile meat packaged with L.D.P.E. film and with E.V.C.C. film 

and stored at 2°C. Data form Fig.4.4. and Table 4.2. showed that by 6 days of 

storage, meat packaged in E.V.C.C; engendered higher metmyoglobin accumulation 

(P<0.05) and lower oxymyoglobin formation (P<0.05) as compared to those 

packaged in permeable film. At 9 days of storage there was no significant difference 

in myoglobin derivatives between both treatments. However at 12 days of storage. 
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the meat packaged in E.V.C.C. once again exhibited lower oxymyoglobin (P < 0.05) and 

higher myoglobin (P < 0.05) than that meat packaged with L.D.P.E.. The pattern of the 

curves (Fig.4.4.) at 0 and 3 days of storage demonstrated that there is no significant 

difference between both treatment and the difference is significant only after 6 days 

of storage. At day 6 of storage, the sample packaged with gas barrier film (E.V.C.C.) 

demonstrated 19% metmyoglobin accumulation of the surface of meat samples. This 

value of metmyoglobin is very close to the symbolized 1:2 ratio of consumer 

discrimination between discolored beef and bright red beef. 

Muscle tissues retain certain respiratory activities after death of the animal that 

results in a continuous consumption of oxygen including adsorption in the tissue fluids 

besides heme protein and mitochondria (DeVore and Solberg, 1974). Therefore, if 

there is a constant demand for oxygen, insufficient migration of this gas through the 

film or the use of packaging materials with low oxygen permeability lead to its eventual 

depletion. George and Stratmann (1952a) demonstrated that the rate of 

metmyoglobinformation is dependent upon the oxygen pressures. So, one can 

conclude that after certain periods of time, about 6 days in this experiment, samples 

packaged with gas barrier film (E.V.C.C.), a lower pressure of oxygen may be reached 

on the surface of the meat which favors the formation of metmyoglobin. Since the 

impact of microbial growth on the meat color is not crucial for the first 6 days of 

storage at the temperature of the refrigeration, the use of the gas permeable film will 

positively affect the meat color shelf life. Landrock and Wallace (1955), Sacharow 

(1974), and Sebranek (1983) recommended that a highly permeable 02 film, at least 

5000 mL/m2/24 hr, is needed to provide the oxygen to maintain the red bloomed color. 
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3. GAS PERMEABLE FILM VERSUS GAS BARRIER FILM USING INOCULATED FRESH 
MEAT 

The data showing the influence of the permeability of the packaging material on 

the myoglobin derivatives on the surface of inoculated beef samples and stored at 2°C 

under ambient oxygen conditions (21 %) are showen in Fig.4.5. and Table 4.3.. Plate 

counts of inoculated sterile fresh meat samples using gas-permeable film and gas 

impermeable film are shown in the Fig.4.6. and Table 4.6.. 

****»LDPE 
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Figure 4.6. Change in number of Pseudomonas florescence during aerobic storage at 
2°C. Gas permeable film (L.D.P.E) vs. gas barrier film (E.V.C.C) (Meat: fresh 
inoculated) 

The pure culture of Pseudomonas florescence inoculated on the meat surface increased 

from log 3.58 to 6.43 and from iog 3.58 to 6.06 during 12 days of storage for meat 
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packaged with L.D.P.E. (gas permeable film) and meat packaged with E.V.C.C. 

(gasbarrier film), respectively. Data from Fig.4.5. demonstrated that the overall rate 

of discoloration, illustrated by the accumulation of metmyoglobin and the loss of 

oxymyoglobin, during 12 days of storage for both treatments, is similar (P>0.05) 

although, at day 9 the percentage of oxymyoglobin is higher (P<0.05) for the 

inoculated samples packaged with permeable film than those inoculated and packaged 

with impermeable film. However, on that same day (day 9) there is no significant 

(P>0.05) difference in the concentration of metmyoglobin between both treatments. 

This difference in oxymyoglobin is due to the high concentration of myoglobin for the 

samples packaged with impermeable film (P<0.05) (Fig.4.5.). Although the packaging 

film studied here induced a significant affect at day 6 and day 12 (P<0.05) on the 

accumulation of metmyoglobin and the percentage of oxymyoglobin when using fresh 

meat (Fig.4.4.), the results are different when using inoculated samples. This is 

because the permeability of the packaging material did not affect the bacterial activity 

in a way that can cause a significant difference in the rate of discoloration between 

the samples packaged with permeable film and samples packaged with gas barrier film, 

although the meat samples packaged with permeable film (L.D.P.E.) exhibited a 

significant higher (P<0.05) bacterial counts than meat samples packaged with 

impermeable film (E.V.C.C.) at each of day 6, 9, and 12 of storage (Table 4.6.). 

It has been reported in a study on the oxygen requirements of aerobic 

psychrotolerant bacteria that the oxygen concentration of the atmosphere can be 

lowered to 2% without noticeably inhibiting the growth rate. Tests were made using 

meat-spoilage strains of Pseudomonas and Achromobacter in nutrient media (Clark and 



71 

Burki, 1972). The overall microbial difference between the inoculated meat samples 

packaged with permeable film and inoculated meat samples packaged with 

impermeable film is about Vt cycle. This is probably not attributed to the lack of 

oxygen concentration, rather to the accumulation of C02 in the less gas permeable 

package environment. Baltzer (1969), Halleckef a/. (1958), and Pierson eta/. (1970) 

found that vacuum packaging increased the lag phase for bacterial growth, and the 

final bacteria counts were not as high as those associated with the use of more 

permeable films. Additionally, Baltzer (1969), Ingram (1962), Johson (1974), Ordal 

(1962), Pierson et al. (1970), and Shank and Lundquist (1963) believed that the 

accumulation of carbon dioxide in vacuum packaged meat inhibited growth of 

Pseudomonas. Newton and Riggis (1979) reported that growth rates and final counts 

of Pseudomonas spp. and Brochonthix thermosphacta increased with increasing film 

permeability in vacuum packaged meat. 

4. FROZEN THAWED MEAT VERSUS FRESH MEAT USING STERILE MEAT 

The effects of the freezing process on the rate of myoglobin oxidation at 2°C 

and ambient oxygen (21 %) using gas barrier film are presented in Fig.4.7.. Data from 

Fig.4.7. and Table 4.4. indicate that sterile thawed after frozen meat samples reached 

20% metmyoglobin by day 2, and 40% at the end of day 6. Furthermore the fresh 

sterile meat reached 20% metmyoglobin only after day 6, and 40% after day 9. 

Consequently, these results reveal that the thawed after frozen meat has a very limited 

color shelf life i.e., about two days. Upon, comparing the results of frozen thawed 

meat samples with those that were fresh (both treatments were packaged and stored 
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Figure 4.7. Change in the relative concentration of myoglobin derivatives during storage (21% 02) at 2°C. (Meat 
fresh sterile (FR) vs. Frozen thawed sterile (FZ); Packaging film: E.V.C.C.) 
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in the same conditions) (Fig.4.7.), it was observed that the concentration of 

metmyoglobin in the frozen thawed samples is significantly higher initially (0 days) 

(P<0.05) as compared to the fresh meat sample. After day 0, for the frozen thawed 

samples, the concentration, of metmyoglobin continue to be significantly 

higher(P< 0.05) and the percentages of oxymyoglobin (P< 0.05) are significantly lower 

that those fresh sterile samples. By day 12, where the concentration of metmyoglobin 

exceeded 60% for both treatments, statistical analysis showed no significant 

difference between both treatments (P>0.05). These results agree with the 

observation of Marriott et at. (1980) who reported that color of thawed beef and pork 

deteriorated after 24 hours of storage at 4°C. Although, in their study they used 

unsterile meat, the microbial activity could not be responsible for short term 

discoloration (24 h), as was confirmed in the present study. 

Cavelo (1981) reported that the phenomena that do take place during frozen 

storage are protein denaturation, recrystallization, oxidation and moisture sublimation. 

The result of this experiment showed the importance of the freshness of the meat in 

the oxidation rate of myoglobin. In fact, the meat that was frozen possessed a 

concentrations of metmyoglobin of about 5% after thawing at day 0. This would 

explain why myoglobin undergo oxidation very fast. 

In summary, it can be stated that the fast rate of myoglobin oxidation for the 

previously frozen meat samples during early storage demonstrated how delicate the 

globin moiety is and can be denatured very fast by the freezing process. As mentioned 

in Chapter 2, enzymatic reduction systems of metmyoglobin in muscle exist (Giddings, 

1974; and livingston and Brown, 1981). In fact, Hagler et at. (1979) purified and 
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characterized the first bovine muscle metmyoglobin reductase from heart muscle. The 

enzyme is classified as NADH-cytochrome bB reductase (Livingston etal. 1985). So, 

it is highly possible that the anteceding frozen storage could result in the losses of 

metmyoglobin reducing enzymatic activity (MRA) in the tissue. While meat is stored 

under refrigeration conditions, most of the surface myoglobin is in the oxymyoglobin 

condition state; however, it is continually deoxygenated and immediately oxidized to 

metmyoglobin. This represents only a small fraction of the total pigment and is 

undetectable to the eye (Kropt, 1986). If the meat is fresh representing high MRA, the 

metmyoglobin thus formed is often reduced back to deoxymyoglobin and immediately 

oxygenated by the available oxygen in the headspace package. However, if the meat 

is not fresh and was dispersed its MRA, metmyoglobin is constantly formed and will 

not be reduce back to deoxymyoglobin and the percentage of metmyoglobin will 

increase very fast with storage time. Therefore, this explaines the rapid accumulation 

of metmyoglobin in the case of the previously frozen thawed beef cuts in this 

experiment and the aging time in the work of Bevilacqua and Zaritzky (1985). These 

authors proposed that meat color deterioration of aged meat is due to the loss of 

metmyoglobin reducing activity in the tissue and the incipient denaturation of the 

globin fraction of myoglobin during time. Giddings (1974) suggested that the loss of 

metmyoglobin reducing activity in post rigor meat is due to many factors. Some of 

these factors are, depletion and/ or degradation of substances and cofactors, and 

ultimately complete loss of mitochondrial structure integrity and functionality. 

The fast accumulation of metmyoglobin in conditioned meat can be due to the 

fact that metmyoglobin formed will no longer be reduced back to myoglobin because 
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the reducing intermediate particularly NADH is no longer formed (O'Keefe and Hood, 

1982). The freezing and thawing of meat results in the release of the enzyme 0-

hydroxyacyl CoA-dehydrogenase (HADH) from the mitochondrion into the sarcoplasm 

(Chen et al. 1989). The activity of this enzyme will deplete NADH to form 

hydroxybutyryl-COA as follows: 

HADH 
Acetoacetyl-COA + NADH+H* •Hydroxybutyryl-COA + NAD+ 

Therefore, the coenzyme NADH + H+ will be no longer available for the metmyoglobin 

reductase enzymes. Consequently, the MRA will diminish considerably, allowing the 

accumulation of metmyoglobin in the surface of beef cuts. Ledward (1985) indicated 

that the activity of metmyoglobin reducing systems was the most important factor in 

the color stability of meat. In contrast, Renerre and Labas (1987) found no 

correlations between the metmyogobin reductase activity and color stability of various 

muscles. A more recent work (Reddy and Carpenter, 1991) has revealed that very 

stable muscle, Tensor faciae latae and Longissimus dorsi, presented the highest 

metmyoglobin reductase activity. The recent work of Reddy and Carpenter (1991) is 

a proof of the role of metmyoglobin reductase relative to color stability of meat. Thus, 

the fast discoloration of frozen thawed beef in our work could most likely be due to 

the lack of activity of metmyoglobin reductase and the denaturation of the globin. 

5. INOCULATED FROZEN THAWED MEAT VERSUS STERILE FROZEN THAWED MEAT 

The comparison between the rate of myoglobin oxidation in the inoculated 

samples of thawed after frozen and sterile-control samples of thawed after frozen with 



E.V.C.C. as packaging film and a temperature of storage of 2°C is shown in Fig.4.8.. 

By referring to Fig.4.8. and Table 4.5. it is noted that the rate of oxidation of 

myoglobin is similar for both treatments up to day 9 (P>0.05). As shown in Fig.4.8., 

samples of both treatments (inoculated frozen thawed and sterile frozen thawed), 

arecharacterized by fast discoloration and accumulation of 20% metmyoglobin at 

between day 2 and 3. Meat samples of both treatments (inoculated frozen thawed 

and sterile frozen thawed) reached 40% metmyogolobin accumulation on the surface 

by day 7 of storage. After day 9 of storage the inoculated samples revealed a higher 

metmyoglobin concentration (P<0.05) and lower oxymyoglobin concentration than 

those of the sterile- control. This behavior continued to day 12 (P<0.05). In fact, at 

day 12, the percentage of metmyoglobin reached 80% and the concentration of 

oxymyoglobin almost disappeared. However, for the sterile-control samples, the 

concentration of metmyogobin reached only 65% and about 15% percent of 

oxymyoglobin remained on the surface of the beef samples. By day 9 of storage, the 

higher rate of metmyoglobin accumulation in the inoculated sample can be attributed 

to the microbial growth (Fig.4.9 and Table 4.7.) even though the control presented 

already a level of metmygolobin of consumer rejection. 

The result of this experiment showed that the fast discoloration of both inoculated 

frozen thawed meat samples and sterile-control frozen thawed meat sample is not due 

to the reduction of the oxygen tension on the surface of the meat, rather to the 

incipient denaturation of the globin and the reducing of the metmyoglobin reducing 

activity of the meat sample. This result showed that the effect of bacterial growth is 

not important in the discoloration of beef cut samples when the degree of freshness 
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Figure 4.9. Change in number of Pseudomonas florescence during aerobic storage at 
2°C. (Meat: inoculated frozen thawed beef; Film: EVCC) 

of the meat is low or the meat was subjected to previous preservation procedures such 

as freezing (in this work) and aging in Bevilacqua and Zaritzky (1985) work. Moreover, 

the packaging procedure can not improve the quality of the meat samples. It can delay 

the quality deterioration for a specific time that usually depend on the product. So, if 

the meat samples has already presented some quality decay or loss of the MRA during 

time, the packaging procedure will not be very efficient in the case of the meat color, 

which is related to the structure of the globin. 

6. CHANGE IN pH DURING STORAGE 

The change in pH with a storage time for sterile-control samples and inoculated 
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samples are shown in Fig.4.10. and Fig.4.11. Data form Fig.4.10. and Table 4.9. and 

Fig.4.11. and Table 4.10. showed that the pH of the sterile sample remained constant 
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Figure 4.10. Change in pH during storage at 2°C. 
inoculated fresh beef (Packaging film L.D.P.E.). 

Sterile-control fresh beef vs. 

throughout the storage for both fresh beef cuts and frozen thawed beef cuts. Similar 

results were reported by Bala et al. (1977a, 1977b) and Okerman et al. (1969). For 

the inoculated samples, two observations were made. Inoculated fresh beef cut 

samples, showed no change in pH value throughout the experiment (Fig.4.10.). 

However, the pH of the inoculated frozen thawed beef samples increased from 5.51 

to 6.22 during the 12 days of storage (Fig.4.11.). In the case of the fresh beef cuts 

Pseudomonas florescence increased from an initial inoculum of log 3.58 to 6.43/cm2 

(Fig.4.1. and Table 4.6.) during 12 days of storage. When the Pseudomonas species 
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Figure 4.11. Change in pH during storage at 2°C. Sterile-control frozen thawed beef 
vs. inoculated frozen thawed beef (Packaging film: E.V.C.C.) 

grow on the meat surface they preferentially utilize glucose as substrate for growth 

(Jacoby, 1964). However, when, glucose is exhausted, they attack amino acid (Gill, 

1986). Proteolytic enzymes are produced only in the late logarithmic phase of growth 

(Gill and Penny, 1977). Pseudomonads growing on the muscle surface will consume 

glucose until when the concentration of glucose falls to zero, then they start to utilize 

amino acid (Gill, 1976). This usually takes place when the bacterial cell density 

exceeds 108 cell per cm2 (Gill, 1986). According to this information, it can be stated 

in the case of the fresh meat sample where the number of bacteria did not reach 108 

cell per cm2 that Pseudomonas florescence by the end of storage time, it was still 

using glucose as a substrate of growth and the glucose surface concentration did not 



81 

fall to zero. Further, Pseudomonas florescence did not produce any proteolytic 

enzymes after 12 days of storage since those type of enzymes are produced late in the 

logarithmic phase which means that the count of bacteria exceed 108 cell/cm2. Bala 

et al. (1977b) reported that the increase of the pH of inoculated beef samples was due 

to the Pseudomonas tragi proteolytic breakdown of meat proteins. Therefore, in this 

work and in the case of fresh meat, there is no degradation of amino acids and no 

production of ammonia, hydrogen sulfite, nonprotein nitrogen, etc. However in the 

case of inoculated frozen thawed beef the initial inoculum value was log 4.16 cell/cm2 

(higher than the fresh meat). After 12 days of storage, the number of bacteria 

increased to log 8.86 (Fig.4.9. and Table 4.7.) This explains that the bacteria started 

degrading protein and the concentration of glucose in the surface of the meat fell down 

to zero. These results agree with the reports of Ockeman et al. (1969), who found 

that low inoculum did not cause any change in the pH of beef samples for 17.5 days 

but for the sample inoculated with a higher inoculum, the pH increased as the bacterial 

counts exceeded 108/g. 
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CHAPTER 5 

SUMMARY 

1 Sterile beef samples in all the experiments had no microbial growth throughout 

the 12 days of storage at 2°C. 

2 Fresh meat samples packaged with gas permeable film (L.D.P.E.) reached 20% 

metmyoglobin by day 8 and 40% by day 10 whereas, the inoculated meat 

samples packaged with the same film showed 20% metmyoglobin by 6 days of 

storage and 40% at the end of day 7. After 6 days, the growth of 

Pseudomonas florescence had a significant effect (P<0.05) on myoglobin 

oxidation and this behavior continued for the remaining period of the storage. 

For the inoculated samples and at 12 days of storage metmyoglobin represent 

85% of the total myoglobin derivatives. Twenty percent metmyoglobin 

symbolizes the 1:2 ratio of consumer discrimination between discolored beef and 

bright red beef. Consumer will reject beef containing over 40% metmyoglobin. 

3 The effect of microbial growth on meat discoloration starts after 3 days of 

storage. This can be attributed to the lag phase, which increases under low 

temperature. 
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4 For the inoculated samples the highest rate of metmyoglobin formation starts 

after day 6. This period represent the bacterial logarithmic growth phase. 

5 For the inoculated samples, the fast accumulation of metmyoglobin on the 

surface of the beef samples during the exponential bacterial growth phase can 

be attributed to the lower pressure of oxygen tension on the surface of meat. 

Therefore less oxygen will available to the globin even though the 02 

concentration in the headspace may suggest otherwise. 

6 Pseudomonas florescence inoculated on the meat surface packaged with 

L.D.P.E. increased from log 3.58 to 6.48 during 12 days of storage. The growth 

was characterized by a lag phase of duration approximately 6 days. 

7 After 6 days of storage, meat packaged with gas barrier film (E.V.C.C.); showed 

higher metmyoglobin accumulation (P<0.05) as compared to those packaged 

with permeable film (L.D.P.E.). Moreover at day 6 of storage, the sample 

packaged with E.V.C.C. demonstrated 19% metmyoglobin accumulation on the 

surface of meat samples. This value of metmyoglobin is very close to that 

symbolized the 1:2 ratio of consumer discrimination between discolored beef 

and bright red beef. 

8 After, 6 days samples packaged with E.V.C.C., pressure of oxygen may decline 

on the surface of the meat favoring the formation of metmyoglobin. 
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9 There is no significant difference (P>0.05) between the concentration of 

metmyoglobin on inoculated samples packaged with E.V.C.C. and inoculated 

samples packaged with L.D.P.E. throughout the 12 days of storage. In this 

experiment, the permeability of the packaging material did not affect the 

bacterial activity in a way that can cause a significant difference in the rate of 

discoloration between samples. However, at each of day 6, 9, and 12 of 

storage, the meat samples packaged with permeable film, exhibited a significant 

higher bacterial that meat samples packaged with impermeable film. 

10 Frozen thawed sterile beef samples, at each of day 0, day 3, day 6, and day 9, 

experienced higher metmyoglobin accumulation (P< 0.05) than sterile fresh beef 

samples, forming up to 20% by day 2. The fresh beef samples reached this 

value after day 6. The rapid discoloration of frozen thawed beef samples could 

most likely be due to the lack of activity of metmyoglobin reductase and the 

denaturation of the globin. The lack of metmyoglobin reducing activity could be 

due to the depletion and/or degradation of substrates and cofactors i.e. NADH. 

11 The fast discoloration of frozen thawed-sterile control samples and frozen 

thawed-inoculated samples is due to the metmyoglobin reducing activity on the 

meat tissue rather than the reduction of the oxygen tension on the surface of 

meat. 

12 Inoculated fresh beef samples where Pseudomonas florescence increased from 
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an initial inoculum of log 3.58 to 6.43/cm2 showed no change in pH during the 

12 days of storage. On the other hand, the pH of the inoculated frozen thawed 

beef samples increased from 5.51 to 6.22. Pseudomonas florescence increased 

from an initial inoculum of log 4.16 to 8.86 cm2 in the frozen thawed samples 

during 12 days od storage. This elucidate the fact that Pseudomonas 

florescence degrade amino acid only when their numbers exceed 108/cm2. 



APPENDIX I: 

TABLE CITED 



87 

TABLE 2.1. EFFECT OF ATMOSPHERES CONTAINING 20% C02 ON THE 
GENERATION TIME OF DFD MEAT SPOILAGE BACTERIA AT 3°C. 

Microorganism Generation time (h) Microorganism 

Air 20% C02
a 

Pseudomonas 

Non-fluorescent 7.1 8.5 

Fluorescent 7.8 10.0 

A. putrefaciens 9.1 13.6 

Acinetobacter 9.6 12.4 

Enterobater 10.8 10.8 

Y. enterocolita 11.5 14.7 

B. thermosphacta 12.1 12.1 

8 Balance is air 



TABLE 2.2. GAS BARRIER OF VARIOUS FILM 

Film Gas permeability (cm3/m2.24h.atm)' Water Vapor Transport 
Ratio* 
(g/m2.24h), 40°c, 90% RH 

Film 

C02 n2 °2 

Water Vapor Transport 
Ratio* 
(g/m2.24h), 40°c, 90% RH 

Low-density polyethylene 42,500 2,800 7,900c 24-48 

High-density polyethylene 9,100 660 2,900° 22 

Cast polypropylene (CPP) 12,600 760 3,800c 22-34 

Oriented polypropylene (OPP) 8,500 315 2,500c 3-5 

PVDC-coated oriented polypropyleneb 8-80 8-30 16C 5 

Plain cellophane 6-90 8-25 3-80c 720 

Oriented nylon — — 30d 90 

PVDC-coated oriented nylonb — — 10d 4-6 

polyvinyl Chloride 320-790 30-80 80-320° 5-6 

Polyvinylidene chloride, polyvinyl chloride, copolymer 60-70 2-23 13-110c 3-6 

Polyester 14,000 880 5,500c 110-160 

Ethylene-vinyl alcohol copolymer — — 2d 30 

Oriented vinylon — — 3d 4 

Polyvinylidene chloride - - 10d 2 

* The degree of gas permeability and water vapor transport ratio are shown by converting to thickness of 25/mi. 

b Value of the PVDC-coated film differs depending upon the coating agent, and its kind and quality. 

c At 25°C, 50% RH. ASTM D 1434-66. 

H 00 
At 27°C, 65% RH, same-pressure oxygen electrode method. 00 
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TABLE 4.1. MEANS PERCENTAGE OF MYOGLOBIN, OXYMYOGLOBIN, 
AND METMYOGLOBIN ON THE SURFACE OF FRESH BEEF CUTS. 
STERILE-CONTROL VERSUS INOCULATED. (PACKAGING FILM: L.D.P.E.) 

DAYS OF 

SAMPLING 

TREATMENTS %MB %MB02 %METMB 

0 STERILE-CONTROL 7.165 92.835 0 

0 INOCULATED 21.21 78.79 0 

3 STERILE-CONTROL 0.00 100.008 0° 

3 INOCULATED 1.62 98.38° 0° 

6 STERILE-CONTROL 6.055 89.215° 4.73° 

6 INOCULATED 9.44 78.00b 12.56b 

9 STERILE-CONTROL 7.465 65.46° 27.075° 

9 INOCULATED 11.13 31.395b 57.475b 

12 STERILE-CONTROL 9.12 29.215° 61.665° 

12 INOCULATED 14.645 0.00b 85.355b 

,,b Means within a cell with unlike superscripts were significantly different (P<0.05) 
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TABLE 4.2. MEANS PERCENTAGE OF MYOGLOBIN, OXYMYOGLOBIN, 
AND METMYOGLOBIN ON THE SURFACE OF FRESH STERILE BEEF 
CUTS. GAS PERMEABLE FILM (L.D.P.E) VERSUS GAS BARRIER FILM 
(E.V.C.C.). 

DAYS OF 

SAMPLING 

TREATMENTS %MB %MB02 %METMB 

0 L.D.P.E. 7.165 92.835 0 

0 E.V.C.C. 13.885 • 86.145 0 

3 L.D.P.E. 0.00 100.008 0" 

3 E.V.C.C. 2.085 97.915" 0a 

6 L.D.P.E. 6.055 89.215" 4.73" 

6 E.V.C.C. 9.715 71.175b 19.11b 

9 L.D.P.E. 7.465 65.46" 27.075" 

9 E.V.C.C. 7.215 56.815" 35.975" 

12 L.D.P.E. 9.12° 29.215" 61.665" 

12 E.V.C.C. 17.335b 11.55b 71.11 5b 

*,b Means within a cell with unlike superscripts were significantly different (P<0.05) 
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TABLE 4.3. MEANS PERCENTAGE OF MYOGLOBIN, OXYMYOGLOBIN, 
AND METMYOGLOBIN ON THE SURFACE OF FRESH INOCULATED BEEF 
CUTS. GAS PERMEABLE FILM (L.D.P.E.) VERSUS GAS BARRIER FILM 
(E.V.C.C.). 

DAYS OF 

SAMPLING 

TREATMENTS %MB %MBO2 %METMB 

0 L.D.P.E. 21.21 78.79 0.00 

0 E.V.C.C. 21.21 78.79 0.00 

3 L.D.P.E. 1.62 98.38" 0.00" 

3 E.V.C.C. 1.45 98.55FL 0.00" 

6 L.D.P.E. 9.44 78.00" 12.56" 

6 E.V.C.C. 18.78 63.815" 17.405" 

9 L.D.P.E. 11.13° 31.395" 57.475" 

9 E.V.C.C. 16.835B 20.49B 62.675" 

12 L.D.P.E. 14.645 0.00" 85.355" 

12 E.V.C.C. 7.695 0.00" 92.305" 

Means within a cell with unlike superscripts were significantly different (P<0.05) 
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TABLE 4.4. MEANS PERCENTAGE OF MYOGLOBIN, OXYMYOGLOBIN, 
AND METMYOGLOBIN ON THE SURFACE BEEF CUTS. FRESH STERILE 
MEAT VERSUS FROZEN THAWED STERILE MEAT. (PACKAGING FILM: 
L.D.P.E.) 

DAYS OF 

SAMPLING 

TREATMENTS %MB %MB02 %METMB 

0 STERILE FRESH 13.855 86.145 0.00A 

0 STERILE THAWED 20.765 74.385 4.85B 

3 STERILE FRESH 2.085 97.91 5A 0.008 

3 STERILE THAWED 14.355 60.875B 2A.lT 

6 STERILE FRESH 9.715 71.1 75A 19.11A 

6 STERILE THAWED 23.655 40.89B 35.455B 

9 STERILE FRESH 7.215 56.81 58 35.978 

9 STERILE THAWED 22.65 24.755B 52.595B 

12 STERILE FRESH 17.335 11.55" 71.115" 

12 STERILE THAWED 19.975 14.655S 65.37" 

,b Means within a cell with unlike superscripts were significantly different (P<0.05) 
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TABLE 4.5. MEANS PERCENTAGE OF MYOGLOBIN, OXYMYOGLOBIN, 
AND METMYOGLOBIN ON THE SURFACE OF FROZEN THAWED BEEF 
CUTS. STERILE-CONTROL VERSUS INOCULATED. (PACKAGING FILM: 
E.V.V.C.) 

DAYS OF 

SAMPLING 

TREATMENTS %MB %MB02 %METMB 

0 STERILE-CONTROL 20.765 74.386 4.85" 

0 INOCULATED 12.48 84.78 2.74" 

3 STERILE-CONTROL 14.355 60.875a 24.77" 

3 INOCULATED 16.485 62.525a 20.99" 

6 STERILE-CONTROL 23.655 40.89" 35.455" 

6 INOCULATED 19.09 50.735" 29.445" 

9 STERILE-CONTROL 22.65 24.755" 52.595" 

9 INOCULATED 23.595 11.18b 65.225b 

12 STERILE-CONTROL 19.975 14.655" 65.37" 

12 INOCULATED 20.885 0.345b 78.77b 

*b Means within a cell with unlike superscripts were significantly different (P<0.05) 
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TABLE 4.6. MEANS LOG NUMBERS OF MICROORGANISMS/CM2 IN 
INOCULATED STERILE FRESH BEEF CUTS COMPARED BY PACKAGING 
FILM TREATMENT (GAS PERMEABLE FILM (L.D.P.E.) VERSUS GAS 
BARRIER FILM (E.V.C.C.)) 

DAYS OF 

SAMPLING 

TREATMENTS LOG NUMBERS OF 

ORGANISMS PER CM2 

0 L.D.P.E. 3.59" 

0 E.V.C.C. 3.59" 

3 L.D.P.E. 3.49a 

3 E.V.C.C. 3.70b 

6 L.D.P.E. 3.39a 

6 E.V.C.C. 3.02b 

9 L.D.P.E. 4.78a 

9 E.V.C.C. 4.68b 

12 L.D.P.E. 6.43" 

12 E.V.C.C. 6.06b 

,b Means within a cell with unlike superscripts were significantly different (P<0.05) 
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TABLE 4.7. MEANS LOG NUMBERS OF MICROORGANISMS/CM2 IN 
INOCULATED STERILE FROZEN THAWED BEEF CUTS (PACKAGING 
FILM: E.V.C.C.) 

DAYS OF SAMPLING LOG NUMBERS OF 

MICROORGANISMS/CM2 

0 4.16 

3 . 3.97 

6 4.21 

9 7.53 

12 8.86 
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TABLE 4.8. MEANS PRESSURE OF 02, C02, AND N2 INSIDE THE 
PACKAGING. STERILE-CONTROL BEEF VERSUS INOCULATED BEEF 
(PACKAGING FILM: E.V.V.C.) 

DAYS OF 

SAMPLING 

TREATMENTS %02 %C02 %N2 

0 STERILE-CONTROL 20.39 1.56 78.04 

0 INOCULATED 20.45 
• 

1.37 78.17 

3 STERILE-CONTROL 20.71 0.30 78.99 

3 INOCULATED 20.72 0.18 79.08 

6 STERILE-CONTROL 20.80 0.11 79.09 

6 INOCULATED 20.73 0.18 79.08 

9 STERILE-CONTROL 20.75 0.14 79.11 

9 INOCULATED 17.5 4.19 78.31 

12 STERILE-CONTROL 20.84 0.11 79.034 

12 INOCULATED 14.90 7.67 77.43 
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TABLE 4.9. MEANS VALUES OF pH. STERILE-CONTROL FRESH BEEF 
VERSUS INOCULATED FRESH BEEF (PACKAGING FILM: L.D.P.E.) 

DAYS OF 

SAMPLING 

TREATMENTS VALUES OF pH 

0 STERILE-CONTROL 5.50 

0 INOCULATED 5.45 

3 STERILE-CONTROL 5.5 

3 INOCULATED. 5.44 

6 STERILE-CONTROL 5.46 

6 INOCULATED 5.46 

9 STERILE-CONTROL 5.47 

9 INOCULATED 5.48 

12 STERILE-CONTROL 5.47 

12 INOCULATED 5.4 
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TABLE 4.10. MEANS VALUES OF pH. STERILE-CONTROL FROZEN 
THAWED BEEF VERSUS INOCULATED FROZEN THAWED BEEF 
(PACKAGING FILM: E.V.C.C.) 

DAYS OF 

SAMPLING 

TREATMENTS VALUES OF pH 

0 STERILE-CONTROL 5.54 

0 INOCULATED 5.51 

3 STERILE-CONTROL 5.50 

3 INOCULATED 5.50 

6 STERILE-CONTROL 5.48 

6 INOCULATED 5.43 

9 STERILE-CONTROL 5.50 

9 INOCULATED 5.60 

12 STERILE-CONTROL 5.46 

12 INOCULATED 6.22 



APPENDIX II: 

LISTING OF PROGRAM THAT CONTROL THE INTERFACE CIRCUIT 



PROGRAM LISTING 

10 mtop = 1 fffh 
15 gosub 100 
25 gosub 400 
30 gosub 200 
40 goto 25 
65 stop 
70 end 

100 aa=0c800h :rem set up ports 
102 bb = aa +1 
104 cc = bb+ 1 
106 cw =cc +1 
108 xby(cw) = 92h 
110 xby(cc) =05bh :rem clear 
112 xby(cc) = 05fh :rem hi-z counter 
116 fv = 0 :rem first value of wavelength 
118 c = 0 :rem set carry 
120 x = 0 :rem first number 
122 n = 1900 :rem maximum speed 
124 rem uni = 7.217 nb/nm 
126 rem max = 2108.8 wavelength 
136 fs = 3740 :rem maximum amplitude 
138 dve = 5*7.2 :rem wavelength difference 
140 nb = 0 :rem data number 
142 value = 0 :rem accumulating counter 
144 upstr = 7fffh 
146 dnstr = 2000h 
195 return 

200 fv=value 
202 xby(cc) = 01fh :rem reading 
204 b = xby(aa) 
206 hibyte = b.and.0fh 
208 xby(cc) = 09fh :rem reading 
210 lobyte=xby(aa) 
212 xby(cc)=05fh :rem HiZ 
214 count = lobyte +(256 *hibyte) 
216 z = count-x 



218 if z>n then c = c-1: goto 240 
220 if z>0 then goto 240 
222 if z<(-n) then c = c + 1 : goto 240 
224 if z<0 then goto 240 
226 if z = 0 then goto 240 
240 value = (c*4096) + count :rem accumulate counter 
242 x = count 
245 wl = (value *0.13889) + 522.1 
252 print using(####.##),wl,pge 
299 return 

400 ave = 0 
402 for i = 1 to 7 
404 xby(cc) =04fh 
406 staus = (xby(bb).and.080h) 
408 if staus>0 then goto 406 
410 xby{cc) =047h 
412 ptb = xby(bb) 
414 low =xby(aa) 
416 pol = ptb.and.020h 
418 high = (ptb.and.00fh) 
420 dc = low + 256*high 
422 if pol = 32 then goto 428 
424 dc = -dc 
428 ave = ave-((ave-dc)/i) : rem average value 
430 next i 
434 pge = (ave/fs)*100 :rem percentage value 
440 return 
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