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Abstract

The effects of fat content and post-slaughter ascorbic acid (AA) infusion on microbial and physicochemical qualities of beef
patties processed by electron beam irradiation were investigated in a 4 °C storage trial. Beef muscles from AA-infused or control
animals were ground and mixed with tallow to achieve a final fat content of 4%, 17% and 30%, respectively. Beef patties were
irradiated at 5 and 10 kGy with a linear electron beam accelerator. Non-irradiated and non-infused ground beef patties served as a
control. The addition of fat significantly (p < 0.05) increased aerobic, total coliform, E. coli, and psychrotrophic bacteria counts in
beef patties during storage. Irradiation at both dosages exerted a pasteurization effect on psychrotrophic bacteria for up to 7 days of
storage. No viable aerobic, total coliform, or E. coli bacteria were detected in any irradiated beef patties during storage. Physi-
cochemical changes caused by lipid oxidation and surface discoloration of beef patties were significantly (p < 0.05) increased by
both the addition of fat and irradiation processing. Beef patties made from AA-infused animals did not alter bacterial counts.
Instead, post-slaughter infusion of AA exerted a pro-oxidant effect in the beef patties that led to a significant (p < 0.0.5) increase in

lipid oxidation and surface discoloration of stored patties.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Escherichia coli O157:H7 contamination of beef poses
both a food safety and an economic concern for the beef
industry. During the past decade, the emergence of E.
coli O157:H7 in beef products has cost the beef industry
an estimated $242.7 billion dollars in lost sales, resulting
in a decrease in beef prices and increased expenditure on
food safety procedures. Moreover, an increase in recall
costs was also recorded (Kay, 2003). Therefore, there is
continuing interest in the study of innovative food safety
measures to reduce and eradicate this pathogen from
beef.
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Irradiation is widely accepted as an effective method
for reducing microbial population in meats, thereby
improving food safety and extending shelf-life of fresh
meats. Roberts and Weese (1998) reported a 1 and 3 log
reduction in aerobic plate counts of gamma-irradiated
ground beef at 1 and 3 kGy dosage, respectively. In
general, low dosages of irradiation, between 2 and 3
kGy, can eliminate up to 2 log cycles of the pathogenic
bacteria (e.g., E. coli O157:H7 or Salmonella spp.) and
reduce the number of spoilage bacteria (e.g., pseudo-
monads or lactic acid bacteria) in ground beef (Rad-
omyski, Murano, Olson, & Murano, 1994). However,
the refrigerated shelf-life of irradiated beef was de-
creased by the addition of fat aimed to create commer-
cial grade of lean (<17%), medium (<23%), and regular
(<30%) ground beef (Berry, Wells, Cross, Emswiler, &
Muse, 1980). This was attributed to the presence of
aerobic bacteria in various anatomical fat trimmings.

Numerous studies have indicated that irradiation-
induced lipid oxidation in fresh meats can severely limit
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the product shelf-life. The generation of hydroxyl radi-
cals in meats from the radiolysis of water in meat muscle
cells is responsible for initiating lipid oxidation. In
particular, the oxidation of phospholipids in muscle cell
membranes contributes to 90% of lipid oxidation in
meats (Pikul, Leszczynski, & Kummerow, 1984). How-
ever, recent studies by Ahn, Lutz, and Sim (1996, 1998,
1999) and Jo, Lee, and Ahn (1999a, 1999b) have shown
that added fat, in the form of triglycerides, will increase
lipid oxidation of pork patties and sausages. Therefore,
the oxidative stability of fresh meats may be affected by
both the phospholipids and triglyceride content and
quality, and this can be further exacerbated by irradia-
tion pasteurization treatment (Ahn et al., 1998).

Other studies have shown that the blending of
ascorbic acid (AA) into ground beef, at concentrations
up to 0.1%, retarded lipid oxidation by 58% in non-ir-
radiated patties (Lee, Hendricks, & Cornforth, 1999)
and by 79% in irradiated patties (Nam, Min, Park, Lee,
& Ahn, 2003). Increasing AA concentration in meats, up
to 0.5%, reduced lipid oxidation by 73% in non-irradi-
ated ground beef (Mitsumoto et al., 1991a). However,
topical application of antioxidants, such as dipping
beefsteaks in 10% AA solution, only reduced lipid oxi-
dation by 56% (Harbers, Harrison, & Kropf, 1981;
Mitsumoto et al., 1991a, 1991b). The lower efficiency of
topical application of antioxidant was believed to be due
to the inadequate penetration of the antioxidant into the
muscle matrix to inhibit oxidation. In contrast, the en-
dogenous administration of AA to cattle decreased
surface discoloration caused by the oxidation of oxy-
myoglobin (Hood, 1975; Wheeler, Koobmaraie, &
Shackelford, 1996). More recently, AA infusion to steers
was shown to make no improvement in lipid stability in
the resulting beef steaks and ground beef (Katsanidis
et al., 2003). The effect of deposited AA on lipid oxi-
dation of beef muscles, however, has not been thor-
oughly investigated.

In general, little information exists on the effects of
altering fat content, or infusing AA to animals at
slaughter, on the quality of subsequent ground beef
products processed by irradiation. The objectives of this
study were to determine the microbial and physico-
chemical properties of electron beam-irradiated ground
beef patties formulated with different fat contents (Ex-
periment 1) or derived from cattle infused with ascorbic
acid at slaughter (Experiment 2).

2. Materials and method
2.1. Experiment 1: fat level
2.1.1. Ground beef patties

Ground beef patties were produced from a pool of
semimembranosus, semitendinous, biceps femori and glu-

teus medius muscles derived from three Hereford x An-
gus non-pregnant beef cows raised in Agriculture and
Agri-Food Canada Research Station in Lacombe, Al-
berta. All muscles were first trimmed of visible fat and
connective tissues, and ground in a Hobart Grinder
Model 84142 (Don Mills, ON) using a 3/16 in. plate at 4
°C. Ground beef samples were randomly removed for
crude fat analysis by the method of Folch, Lee, and
Stanley (1957) and were found to contain, on average,
4% crude fat. Extra lean ground beef (approximately 4%
fat) was made by grinding trimmed beef muscles only,
whereas lean (approximately 17% fat) and regular (ap-
proximately 30% fat) ground beef were made by grind-
ing trimmed beef muscles with added beef tallow to the
desired crude fat content. The resulting ground beefs
were converted into patties of 150 g in weight, with di-
mensions of 10.5 cm (diameter) x 1.5 cm (thickness),
using a hand-held patty maker. All patties wer stored in
a ZipLoc™ polyethylene bag and frozen at —30 °C prior
to irradiation.

2.1.2. Electron beam irradiation

Individually packaged frozen patties were arranged in
a single layer to be irradiated at ambient temperature on
one side using a 60 kW high capacity high energy (10
MeV) linear electron beam accelerator (Iotron Tech-
nologies Inc.; Port Coquitlam, BC) at 5 and 10 kGy.
Irradiation dosages were verified by a dosimeter placed
on the conveyor belt along with the samples. Non-irra-
diated samples (i.e., control) were kept at room tem-
perature during the irradiation process. All ground beef
patties were returned to storage at 4 °C in individual
ZipLoc™ bags for a period of 14 d.

2.1.3. Bacterial analyses

Aerobic plate count, total coliform, E. coli and psy-
chrotrophic count were determined from homogenized
beef patties serially diluted in 0.1% peptone. 3M Petri-
film Aerobic Count Plate and E. coli/Coliform Count
Plate (St Paul, MN) were used for the enumeration of
aerobic bacteria, E. coli and total coliforms after 48 h of
incubation at 35 °C. Psychrotrophic bacteria were also
enumerated on 3M Petrifilm Aerobic Count Plate after 5
d at 20 °C.

2.1.4. Physicochemical analyses

2.1.4.1. pH. The pH values of ground beef patties were
determined from a clarified beef homogenate in distilled
deionized water (1:10 dilution), at ambient temperature,
using an Accumet pH Meter (Fisher Scientific, NJ).

2.1.4.2. Lipid oxidation. Lipid oxidation in ground beef
patties was assessed by quantifying the production of
malondialdehyde (MDA) according to the procedure
described in detail by Buege and Aust (1978).
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2.1.4.3. Surface discoloration. Surface discoloration of
ground beef patties was determined by the tristimulus
colour system involving the L, a, b colour coordinates.
Prior to analysis, ground beef patties was allowed to
“bloom” for approximately 1 h at 4 °C and the surface
of each patty was scanned twice with a Hunterlab Scan
6000 model spectrocolorimeter (Hunterlab Associated
Laboratories Inc., VA). Positive a value from the
Hunterlab scan was reported as surface redness.

2.2. Experiment 2.: L-AA infusion

2.2.1. Ascorbic acid (AA) infusion and ground beef
patties

Three Hereford x Angus non-pregnant beef cows
raised at the Agriculture and Agri-Food Canada Re-
search Station in Lacombe, Alberta, were used for the
infusion study. Prior to infusion, all cows were stunned,
shackled by both hind legs, raised and exsanguinated
according to commercial practices. Afterwards, the ab-
dominal cavity was opened, contents removed, and the
carcass was arbitrarily divided into a control half and an
infusion half. The femoral vein on the infusion half of
each carcass was severed to limit circulation of the in-
fused 17.5 1 of 10,100 and 500 mM sodium ascorbate
solutions into the respective cow, via the femoral artery
at 37 °C under 15 psi pressure. An equal volume of
saline solution was infused into the control half under
the same conditions to serve as a within-animal control.

Ground beef patties were produced from these ani-
mals using a pool of semimembranosus, semitendinous,
biceps femori and gluteus medius muscles obtained from
the respective sides of each carcass (i.e., control and
infused) in the manner described in Experiment 1.

2.2.2. Electron beam irradiation

All patties (control and treatment) were irradiated at
5 and 10 kGy with a linear electron beam accelerator as
described in Experiment 1.

2.2.3. Bacterial analyses

Enumeration of aerobic bacteria, E. coli, total coli-
form, and psychrotrophic bacteria, in all patties, were
conducted on 3M Petrifilm Aerobic Count Plate and
Total coliform and E.coli Count plate under the condi-
tions described in Experiment 1.

2.2.4. Physicochemical analyses
pH, lipid oxidation and surface discoloration of all
patties were determined as described in Experiment 1.

2.2.5. Statistical analyses

A three factorially arranged, 3 (levels of fat) x3
(dosages of irradiation) x 5 (days of storage) random-
ized complete block design, with 3 replications serving
as a block, was used to evaluate the bacterial and

physicochemical qualities of treated ground beef patties
in Experiment 1. A three factorially arranged, 4 (levels
of infusion) x 3 (dosages of irradiation) x 5 (days of
storage) randomized complete block design, with 3
replications serving as a block, was used to evaluate the
bacterial and physicochemical qualities of treated
ground beef patties in Experiment 2. Since infusion was
not found to be statistically significant (p > 0.05) by
ANOVA, all three levels of infused materials were
pooled together as a single treatment and ANOVA was
re-done with 2 levels of infusion (i.e., control and in-
fused). All data are reported as means + SEM. Treat-
ment effects of fat, infusion, irradiation, storage time
and all interactions were analyzed by a three-way AN-
OVA and significant differences between mean values
were determined by the Tukey’s test, using the Minitab
Statistical Software version 12.0 (MiniTab Inc., PA).

3. Results and discussion
3.1. Experiment 1

3.1.1. Bacterial analyses

The shelf-life of fresh ground beef is greatly influ-
enced by the level of bacterial contamination in the lean
meat and fat tissue used in processing. Beef trimmings,
such as diaphragm meat, head meat, and chuck meat,
are known to harbour high levels of aerobic and psy-
chrotrophic bacteria (Berry & Chen, 1976; Duitschaver,
Bullock, & Arrott, 1977; Field, Smith, Deane, Thomas,
& Kotula, 1977). Since the ground beef patties used in
this study were made from the same pool of minced
muscles, detectable differences in bacterial counts in
patties were attributed to the introduction of fatty
tissues.

Adipose tissue can support the growth of psychro-
trophic bacteria such as Flavobacterium (Berry, Smith, &
Carpenter, 1973). Although the bacterial contamination
in the subcutaneous fat used in this study was not de-
termined, the addition of fat (i.e., 17 and 30% fat patties)
did result in a significantly (p < 0.05) higher initial load
of aerobic, total coliform, E. coli, and psychrotrophic
bacteria in ground beef patties (Fig. 1). This suggested
that the subcutaneous fat used was contaminated with
aerobic, total coliform and E. coli bacteria. Similar
findings have been reported by Berry et al. (1980) and
Chestnut, Emswiler, Kotula, and Young (1977), where
the observed increase in bacterial counts of high fat
ground beef was attributed to the addition of bacterially
contaminated fatty tissues. Furthermore, adipose tissues
from different anatomical locations may harbour dif-
ferent levels of bacteria and this resulted in a non-uni-
form microbial quality in ground beef made with
different sources of fatty tissues (Berry et al., 1980).
Unfortunately, the location of subcutaneous fat used in
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Fig. 1. Effects of fat content on viable bacterial count of non-irradiated ground beef patties during storage. * All data are significantly (p < 0.05)
different from each other. ** 4% fat data are significantly (p < 0.05) different from 17% and 30% fat data.

this study was not determined. Nevertheless, we
conclude that subcutaneous fat is a major source of
bacterial contamination that may influence the micro-
biological quality of the resultant ground beef and can
reduce shelf-life of these products.

Irradiation pasteurization is an effective tool for
eradicating pathogenic and reducing spoilage bacteria in
fresh meats. Low dosages of irradiation, between 2 and
3 kGy, reduce pathogenic bacteria by 2 log cycles and
drastically lower the level of spoilage bacteria in ground
beef (Radomyski et al., 1994). The higher dosages of 5
and 10 kGy used in electron beam irradiation immedi-
ately eradicated the viable aerobic, coliform, and E. coli
bacteria in all ground beef patties (Data not shown). No
viable bacteria were detected during the 14 day storage
at 4 °C. The 5 kGy dosage, however, did not eradicate
the psychrotrophic bacteria in 30% fat patties and a
viable count was detected starting on day 7 of storage
(Fig. 2). A higher dosage of 10 kGy was effective in
delaying the growth of psychrotrophic bacteria up to 14
days storage in 30% fat patties. These results suggest
that 5 and 10 kGy of irradiation only provided a sub-
lethal antibacterial effect on psychrotrophic bacteria in
ground beef. The greater the bacterial contamination in

——0kGy
71  -o-5kGy
—— 10 kGy

Psychrotroph count (log CFU/g beef)

Day

Fig. 2. Effects of irradiation on viable psychrotrophic count of 30% fat
ground beef patties during storage. * All data are significantly
(p < 0.05) different from each other.

30% fat patties, the greater the reduced efficiency of ir-
radiation observed herein. We suspect that the ability of
injured psychrotrophic bacteria to repair and grow
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during favourable storage conditions of 4 °C did not
occur for aerobic bacteria, E. coli and coliforms. Ray
(1979, 1986) reported that sub-lethal irradiation treat-
ment of food products may only injure microorganisms
and cellular repair is often observed during post-irradi-
ation storage. However, injured microorganisms often
exhibited more exacting nutritional and physical re-
quirements, thereby requiring a longer lag phase from
growth, and they thus exhibit partially different physi-
ological and taxonomical characteristics.

2 -
0 kGy —O—4% Fat
—0—17% Fat
1.51 s
s —4—30% Fat

sk

MDA (mg/kg beef)

2_
5 kGy .

MDA (mg/kg beef)

> 10 kGy .

MDA (mg/kg beef)

Fig. 3. Effects of fat content on lipid oxidation of irradiated ground
beef patties during storage. * All data are significantly (p < 0.05) dif-
ferent from each other. ** 17% fat data is significantly (p < 0.05)
different from 4% and 30% fat data.
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3.1.2. pH
pH, a reliable indicator of food stability is associated

with microbial and chemical reactions that cause food
deterioration. The optimal pH for bacterial growth is
near 7.0, with a range between 4.0 and 9.0 (Jay, 1996). A
pH analysis of all ground beef patties showed pH values
to vary with the range 5.3-5.6, which agrees with the
reported range of 5.4-5.5 for beef tissue (Lawrie, 1985).
During storage, beef patty pH increased, especially in
the non-irradiated patties and irradiated patties with 4%
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Fig. 4. Effects of L-ascorbic acid (LAA) infusion on lipid oxidation of
irradiated ground beef patties during storage. Control represents sa-
line-infused samples. * All data are significantly (p < 0.05) different

from each other.
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fat (Table 2). This increase in pH of non-irradiated
patties has been attributed to the production of alkaline
metabolites, such as ammonia and amines which are
derived from the proteolysis of urea and amino acids in
beef by viable bacteria, not eradicated by electron beam
irradiation (An-Hung, Sebranek, & Murano, 1995; Le-
febvre, Thibault, & Charbonneau, 1992).

3.1.3. Lipid oxidation

Lipid oxidation represents a major source of both
nutritional and organoleptic quality losses in ground
beef. Typically, the fatty acid content and composition in
meats will influence the extent of oxidative deterioration.
In meats, the oxidation of phospholipids in muscle cell
membrane accounts for 90% of the lipid oxidation (Pikul
et al., 1984). As such, the addition of tallow (46% satu-
rated fatty acids) to adjust the lean-to-fat ratio in ground
beef should not drastically increase the lipid oxidation in
the resulting ground beef. This was evident from our
MDA results in ground beef patties where the addition of
tallow to increase the fat content from 4% to 17% did not
increase the susceptibility to lipid oxidation (Fig. 3).
Shivas et al. (1984) also reported no increase in MDA
concentration in ground beef patties containing 20% and
25% fat. However, a further increase of fat content of
beef patties used in this study to 30% resulted in a sig-
nificant (p < 0.05) increase in beef patty lipid oxidation
during storage. Recent studies by Ahn et al. (1996, 1998,
1995) and Jo et al. (1999a, 1999b) have also shown that
adding lard to ground pork increased lipid oxidation.

Irradiation-induced oxidative damages in meat in-
volve either direct ionizing of food molecules, or the
indirect oxidation of food molecules by hydroxyl radi-
cals that are generated during radiolysis of water.
Moreover, the extent of lipid oxidation in irradiated
meats is dependent on the irradiation dosage applied
(Lefebvre et al., 1992). In this study, increasing electron
beam irradiation dosage only enhanced the production
of MDA in beef patties having the higher fat content of
30%. This effect confirmed a similar result observed in
our former study (Poon, Wong, Dubeski, Durance, &
Kitts, 2003). Engeseth and Gray (1994) reported that the
fat content of meat does not influence the initial level of
lipid oxidation, since the initiation of lipid oxidation
occurs in the muscle membrane. However, Jo et al.
(1999a, 1999b) reported an increase in lipid oxidation
between 4% and 15% fat ground pork treated with 4.5
kGy of electron beam irradiation. Ahn, Kawamoto,
Wolfe, and Sim (1995) also demonstrated earlier, that
total fat content and composition of fatty acids in the
lipid of meat were very important in determining the
development of lipid oxidation of aerobically packaged
meat during storage. The increase in lipid oxidation of
irradiated high fat ground beef patties observed herein,
was likely due to the greater development of lipid oxi-
dation supported by the larger quantity of added fat.
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Fig. 5. Hunterlab a value for surface redness irradiated ground beef
patties having various fat contents during storage. * All data are sig-
nificantly (p < 0.05) different. ** 30% fat data is significantly (p < 0.05)
different from 4% and 17% fat data. *** 17% fat mean value is sig-
nificantly (p < 0.05) different from 4% and 30% fat data.

3.1.4. Surface discoloration

Surface redness of beef is the primary determinant of
quality as evaluated by consumers. The oxidation of the
red pigment, oxymyoglobin (oxyMb), to the brown
pigment, metmyoglobin (metMb), reduces the surface
redness of beef. Furthermore, the addition of fat in
ground beef formulation also reduces the surface red-
ness of beef. These changes often result in a lighter
coloured ground beef, similar to the 17% and 30% fat
ground beef patties used in this study; where a higher
initial L value for lightness (data not shown) and a lower
initial ¢ value for redness were observed (Fig. 5). In-
creasing fat content, in ground beef (Berry et al., 1980)
and ground pork (Jo et al., 1999a, 1999b), increased the
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degree of lightness and decreased the degree of redness.
Increasing fat content, in this study, to 30% decreased
surface redness. It has been suggested that lipid oxida-
tion and beef discoloration are interrelated (Ladikos &
Lougovois, 1990; Schaefer, Liu, Faustman, & Yin,
1995). The severe surface discoloration observed in high
fat ground beef patties (i.e., 30%) is this study might be
explained by the increased oxidation of oxyMb, attrib-
uted to the greater potential of peroxyl radicals derived
from increased fat content.

Irradiation promotes the surface discoloration of beef
by initiating hydroxyl radical-induced oxidation of
oxyMb to metMb. Increasing irradiation dosages will
also lead to a rapid decrease in surface redness on
ground beef, as observed in this study (Fig. 5) and our
former study with ground beef patties (Poon et al.,
2003). The addition of fat, to 30%, further exacerbated

Table 1

the surface discoloration on ground beef patties. Jo et al.
(1999a, 1999b) found similar results and reported that
irradiation accelerated lipid oxidation and this resulted
in the more rapid conversion of red colour to brown
colour in pork. Thus, the irradiation pasteurization of
beef patties may induce beef discoloration by directly
ionizing the ferrous ion in oxyMb, as a result of free
radicals produced from irradiation-induced accelerated
lipid oxidation.

3.2. Experiment 2

3.2.1. Bacterial analyses

The presence of antioxidant in irradiated meat was
hypothesized to lower the oxidation effect of irradiation
by scavenging hydroxyl radicals generated. We report
here that the pasteurization effect of irradiation was not

Effects of AA infusion and irradiation on viable bacterial count of 30% fat ground beef patties

Parameter Treatment Dose (kGy) Days of storage
0 1 4 7 14

Aerobic! Control 0 34402 44+0.3 4.8+0.1 >6.4+0.0 >7.4+0.0°
AA 0 34£0.2 3.5+0.5 47402 >6.4£0.0* >7.440.0
Coliform! Control 0 32403 3.3+0.2 45+0.3 >6.4+0.0 >7.440.0°
AA 0 32403 32403 44+0.1 >6.4+0.0° >7.440.0°
E. coli® Control 0 29+0.3 3.54+0.5 43104 >6.4+0.0 >7.4+0.0°
AA 0 29404 3.0£0.3 43402 >6.4+0.0* >7.440.0°
Psychrotroph Control 0 34+0.1 35+03 53+£0.1 >6.4+0.0° >7.440.0
5 34+£02 ND*¢ ND 22402 44403
10 34402 ND ND ND 33+04
AA 0 3.440.1 34402 52402 >6.4+0.0° >7.440.0°
5 34+0.1 ND ND 23+0.1 44+0.1
10 34+0.1 ND ND ND 34+03

Values represent mean = SEM (r = 18). ND denotes none detected.
ATNTC at 1:10,000 dilution.
TNTC at 1:100,000 dilution.
©Less than 25 at 1:10 dilution.

4No viable bacteria detected in 5 and 10 kGy irradiated processed ground beef patties.

Table 2

pH values of irradiated and AA-infused ground beef patties containing various fat content during storage

Treatment Fat (%) Dose (kGy) Days of storage
0 7 14
Control 4 0 5.38 £0.02* N/A 6.68 +0.19%
5 5.38+£0.02* N/A 6.80 4 0.25%
10 5.38 +£0.02% N/A 6.27 4+ 0.22%
Control 17 5.56 £0.03% 5.55+0.01* 6.47 +0.20°%
5.56 £0.03% 5.54£0.03* 5.5940.02<
10 5.564+0.03% 5.614+0.01% 5.6140.02%
Control 30 5.31 £0.06* 5.58 +0.04% 6.714+0.05*
5 5.314+0.06* 5.6540.03% 5.6340.01%
10 5.314+0.06% 5.69 4 0.04% 5.58 +£0.02¢
AA 30 5.05+0.16> 5.48+0.01% 6.36+0.07>
5 5.05+0.16 5.61+0.02 5.58+0.029¢
10 5.05+0.16> 5.61+0.02* 5.56+0.01%

Values represent mean + SEM (n = 18). N/A denotes not available. abc Means in a column with different letters are significantly different
(»<0.05). xyz Means in a row with different letters are significantly different (p < 0.05).
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in fact reduced by the prior infusion of antioxidant,
since all bacterial counts observed were not significantly
affected (p > 0.05) by AA infusion (Table 1). This result
confirms earlier reports by Sanchez-Escalante, Dienane,
Torrescano, Beltran, and Roncales (2003) and Shivas
et al. (1984), that the water-soluble antioxidant AA is
not effective in reducing microbial growth in ground
beef. Cabedo, Sofos, and Smith (1998) and Chan et al.
(1995) also found that fat-soluble antioxidants, such as
a-tocopherol did not affect the irradiation-induced re-
duction of pathogenic and spoilage bacterial in ground
beef. Quattara, Giroux, Smoragiewicz, Saucier, and
Lacroix (2002) and Giroux et al. (2001), however, both
reported an antibacterial effect of 0.5% ascorbic acid in
gamma-irradiated ground beef and attributed the anti-
bacterial effect mainly to the reduction of meat pH by
the presence of ascorbic acid. A pH analysis of all
ground beef patties used in this study did not reveal a
drastic reduction in meat pH as a result of AA infusion
(Table 2). This may have been the difference between the
antibacterial effect of AA in beef proposed by Quattara
et al. (2002) and Giroux et al. (2001), was but not ob-
served in this study.

3.2.2. Lipid oxidation

The addition of low levels of AA to meats has been
linked to an overall increase in oxidative stability by
directly decreasing lipid oxidation (Giroux et al., 2001;
Lee et al., 1999; Nam et al., 2003; Quattara et al., 2002;
Shivas et al., 1984) and regenerating endogenous a-to-
copherol (Nam et al., 2003, Schaefer et al., 1995). Hood
(1975) and Wheeler et al. (1996) have shown a deposi-
tion of AA into meat muscle following injection of live
cattle or post-mortem beef muscle. Contrary to the
former studies, our results indicated that the infusion of
high levels of AA into beef muscle produced a significant
increase (p < 0.05) in the lipid oxidation of ground beef
patties (Fig. 4). Previous studies, conducted with high
levels of AA infusion, have reported increased lipid
oxidation in ground beef (Katsanidis et al., 2003; Mor-
rissey, Sheely, Galvin, Kerry, & Buckley, 1998; Sanchez-
Escalante et al., 2003). Since rapid oxidation of AA to
ascorbyl radical anion occurs rapidly (Wong & Kitts,
2001), it can be postulated that the post-mortem state of
high levels of ascorbyl radicals may lead to increased
lipid oxidation (Mahoney & Graf, 1986; Wong & Kitts,
2001). Moreover, high levels of AA will promote oxi-
dation by reducing ferric ion to ferrous ion, enabling the
ferrous ion to participate in the Fenton reaction or lipid
oxidation (Mahoney & Graf, 1986).

3.2.3. Surface discoloration

The reducing property of AA, to regenerate oxyMb
from metMb (Schaefer et al., 1995) will prevent surface
discoloration of ground beef (Hood, 1975; Lee et al.,
1999; Nam & Ahn, 2003; Shivas et al., 1984; Wheeler

et al., 1996). Moreover, the regeneration of a-tocopherol
by AA, which in turn inhibits the oxidation of oxyMb to
metMb by lipid free radical, can further reduce surface
discoloration in beef (Schaefer et al., 1995). However,
the application of AA at a level greater than 500 ppm, to
meats stored aerobically will result in the decomposition
of AA into hydrogen peroxide that can lead to surface
discoloration (Ladikos & Lougovois, 1990). The pro-
oxidant effect of AA can also be attributed to its rapid
oxidation to ascorbate radical anion that oxidizes
oxyMb to metMb. Thus, the infusion of AA, at 10-500
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Fig. 6. Hunterlab a value for surface redness of AA-infused and irra-
diated ground beef patties during storage. * All data are significantly
(p < 0.05) different from each other.
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mM, can be attributed to the significant decrease
(p < 0.05) in surface redness obtained in those meat
products (Fig. 6). Sanchez-Escalante et al. (2003) also
report a loss of surface redness in ground beef patties
containing AA. Our finding, that the combination of
irradiation and AA resulted in a synergistic pro-oxidant
effect on the oxyMb, explains why redness values in the
irradiated and infused ground beef patties were lower
than controls. This finding contradicts the protective
effect of AA in irradiated ground beef patties reported
by Giroux et al. (2001); however, these workers em-
ployed lower dosages of irradiation (0.5 and 4 kGy) and
infused lower levels of AA.

4. Conclusion

The addition of fat to beef patties affected the mi-
crobial and chemical deterioration of the ground beef
during storage. Cold pasteurization of the contaminated
ground beef patties with electron beam irradiation at 5
and 10 kGy reduced (p < 0.05) viable psychrotrophic
bacteria only up to 7 days storage at 4 °C. Irradiation at
the same dosage effectively eradicated aerobic, coliform
and E. coli bacteria in the patties. Irradiation-induced
lipid oxidation was exacerbated by the presence of fat
and the prior post-slaughter infusing of AA to animals
that contributed to the beef muscle. We conclude that
the electron beam irradiation represents an effective
pasteurization measure for ground beef of low fat con-
tent. Post-slaughter AA infusion of carcasses will not
control the chemical deteriorations induced by irradia-
tion, but instead may reduce shelf-life with a pro-oxi-
dant effect.
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