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DECONTAMINATION SUPERFICIELLE DU CHEDDAR PAR IRRADIATION

AU FAISCEAU D'ÉLECTRONS

par

Kazi Shamsuzzaman et G. Blank

RÉSUMÉ

On a emballé sous vide et. irradié à diverses doses allant jusqu'à
3,5 kGy, par électrons provenant d'un accélérateur linéaire de 10-MeV, des
échantillons de Cheddar auxquels on a inoculé des spores de Pénicillium
cyclopium et d'Aspergillus ochraceus à deux teneurs différentes. Le fro-
mage non irradié montre une pousse visible de moisissure, en 8 à 25 j, à
une température de 10°C et, en 7 à 12 j, à une température de 15°C selon
l'espèce et la concentration de spores. On n'obtient qu'une prolongation
marginale de la durée de conservation en magasin à 15°C avec le fromage
dont a inoculé 102 cfu d'un des deux spores par échantillon et qu'on a
ensuite irradié à une dose de 0,21 ou 0,52 kGy. Toutefois, à ces doses, on
prolonge la durée moyenne de conservation en magasin respectivement de 41,5
et 50,5 à 10°C en inoculant l'A^ ochraceus. En augmentant dix fois la
teneur en inoculum, l'irradiation à des doses de 1,2 et 3,5 kGy a permis de
prolonger la durée moyenne de conservation en magasin du fromage contenant
le P. cyclopium respectivement de 44,5 et >262 j à 10°C et de 3 et >166 j à
15°C. On a prolongé la durée de conservation en magasin des échantillons
de fromage contenant l'A. ochraceus et irradiés à une dose de 1,2 ou
3,5 kGy d'au moins 255,5 j à 10°C et d'au moins 160 j à 15°C.

Les résultats montrent nettement que les faibles doses d'irra-
diation sont efficaces pour la décontamination de la moisissure de fromage.
En outre, ils laissent supposer que le P. cyclopium inoculé au Cheddar
résiste davantage au rayon' -̂ menï que l'A. ochraceus. La détermination des
courbes de survivance au Ltyonr.rment des deux espèces de spores inoculées
au Cheddar vient à l'appui de ceci: on constate que les valeurs D10 de
P. cyclopium et d'A. ochraceus sont respectivement de 0,40 et 0,21 kGy. On
constate que la sensibilité des deux organismes à l'irradiation ne varie
pas en fonction du pH dans un éventail de pH de 5,0 à 6,2.
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SURFACE DECONTAMINATION OF CHEDDAR CHEESE

BY ELECTRON-BEAM IRRADIATION

by

Kazi Shamsuzzaman and G. Blank

ABSTRACT

Cheddar cheese samples inoculated with two different levels of
Penicillium cyclopiuin or Aspergillus ochraceus spores were vacuum-packed
and irradiated at various doses up to 3.5 kGy with electrons from a 10-MeV
linear accelerator. Unirradiated cheese showed visible mold growth in
8-25 d at 10°C, and 7-12 d at 15°C, depending on species and spore concen-
tration. Only marginal extension of shelf life at 15°C was achieved with
cheese inoculated with 102 cfu per sample of either of the mold spores,
followed by irradiation at 0.21 or 0.52 kGy. However, at these doses the
average shelf life at 10°C was extended by 41.5 and 50.5 d respectively
when the inoculum was A. ochraceus. When the inoculum level was increased
tenfold, irradiation at 1.2 and 3.5 kGy extended the average shelf life of
cheese containing P. cyclopium by 44.5 and >262 d respectively at 10°C, and
by 3 and >166 d respectively at 15°C. The shelf life of samples containing
A. ochraceus and irradiated at 1.2 or 3.5 kGy was extended by at least
255.5 d at 10°C and at least 160 d at 15°C.

The results clearly showed that low radiation doses are effective
in the mold decontamination of cheese. The results also suggest that
P. cyclopium in Cheddar cheese is more radiation-resistant than
A. ochraceus. This was supported by determination of radiation survival
curves for the two species incorporated into Cheddar cheese: D10 values for
P. cyclopium and A. ochraceus were found to be 0.40 and 0.21 kGy respec-
tively. The radiation sensitivity of the two organisms was found not to
vary with pH in the pH range 5.0-6.2.
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1. INTRODUCTION

Mold growth on cheese is a common occurrence during aging and
storage at low temperatures. In addition to economic losses, incurred by
trimming or total discard, there exists a potential for certain molds to
produce toxic and carcinogenic metabolites (Bullerman, 1981). The proli-
feration of mold on cheese must therefore be regarded as a potential health
hazard.

In the case of refrigerated Cheddar cheese, Bullerman and
Olivigni (1974) reported that 82% of the mold isolates belonged to the
genus Penicillium, while 1% were Aspergillus species.

Rindless cheeses, including Cheddar, which are mass-produced and
subjected to long-term storage, are frequently packed in pouches. Poly-
vinylidene chloride copolymer (PVDC) films are often employed in the
manufacture of these types of pouches (Scott, 1986). However, in spite of
the protection offered by the pouches, cheese slices often develop mold
growth on their surface.

Irradiation has been proposed as a preservation method for a wide
variety of foods (see Diehl (1990) for a review). There is a growing
interest in the irradiation of milk-based products (Jones and Jelen, 1988;
Yuceer and Gunduz, 1980; Langley, 1988; Hashisaka et al., 1989, 1990),
although earlier reports indicated flavor defects in irradiated milk
(Wertheim et a L ; 1957: Scanlan and Lindsay, 1968; Schweigert, 1959;
Goldblith and Proctor, 1956).

The purpose of this investigation was to evaluate the effective-
ness of electron-beam irradiation as a treatment, complementary to packag-
ing in barrier films, against mold infestation of Cheddar cheese during
storage. Penicillium cyclopium and Aspergillus ochraceus were chosen as
the test organisms because of their occurrence in cheese and their
potential to produce toxin (Bullerman, 1981).

2. MATERIALS AND METHODS

Three-month-old Cheddar cheese was obtained from the commercial
dairy section, Department of Food Science, University of Manitoba. The
composition of the cheese was as follows (X): fat, 31.5; protein, 25.2;
salt, 2.2. In addition, the cheese had a pH of 5.4 and an au of 0.96. The
cheese blocks, measuring approximately 5 x 10 x 4 cm, were vacuum-packed
using a commercial barrier film (PVDC), and stored at 7-9°C.

2.1 ORGANISMS

Aspergillus ochraceus and Penicillium cyclopium were grown on
potato dextrose agar (PDA) slants at 21°C for 10-14 d. The spores were
washed from the slants using sterile distilled water. Mycelia were removed
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by filtering the spore suspension through sterile glass wool contained in
Pasteur pipettes. Spore purity was confirmed by microscopic examination.
Spore suspension was stored at 4°C until required, at which time the
suspension was diluted in sterile distilled water. Spore counts were
confirmed by plating on PDA followed by incubation at 21°C for 3-5 d.

2.2 SHELF-LIFE.EXTENSION BY IRRADIATION

The cheese was aseptically removed from the package in a laminar
flow hood and the surface was trimmed with a sterile knife. Cheese slices
(ca. 4 x 8 x 2 cm) were inoculated with 0.1-mL suspensions of either
P. cyclopium or A. ochraceus (103 cfu/mL), which were surface-spread with a
bent glass rod. This resulted in a spore concentration of 102 cfu/sample.
After air drying in the laminar flow hood for 60 min at 21°C, the slices
were vacuum-packed in PVDC. Two sets of samples were irradiated, with the
inoculated side up, using a 10-MeV electron accelerator (AECL): one set to
doses of 0.21 kGy, the other to 0.52 kGy. A third set of samples was kept
as a control. The samples were then stored at 10 or 15°C and shelf life
was evaluated by monitoring the number of days of storage at the different
temperatures prior to visible mold growth. A similar regime was performed
using a surface inoculum level of 103 cfu/sample and doses of 1.2 and
3.5 kGy.

To determine the absorbed radiation dose, several dosimeter films
(GAF, Chemical Corporations, Wayne, NJ) were placed in appropriate loca-
tions of the tray carrying the cheese samples into the irradiation chamber.
The absorbance of the irradiated films was read at 600 nm and the average
dose determined from a calibration curve.

2.3 DOSE REQUIRED TO COMPLETELY INACTIVATE SPORES

To determine the minimum irradiation dose required to completely
inactivate the spores, cheese slices with shallow wells (ca. 1.5 mm) in the
middle were first inoculated with 0.1 mL of suspensions containing 102 or
103 cfu of mold spores. The slices were then placed in sterile petri
plates, air dried and irradiated at doses up to 1.4 kGy, at intervals of
0.2 kGy. Three replicates were used for each radiation dose. Following
irradiation, 0.1 to 0.2 mL of PDA was added to each well. The samples were
incubated at 21°C for 5 d. The lowest irradiation dose that resulted in
the complete absence of visible mold growth in the sample at the end of the
incubation period was recorded.

2.4 INACTIVATION-DOSE RESPONSE CURVES

To determine inactivation-dose response curves, 11-g samples of
shredded cheese individually packaged in sterile plastic bags were
inoculated with 0.1 mL of spore suspensions containing 102, 103 or 104 cfu
of P. cyclopium or A. ochraceus. The samples were then irradiated at doses
up to 1.2 kGy in 0.3-kGy increments. Sterile distilled water (99 mL) was
added to each bag before homogenization in a stomacher for 1 min. Sur-
viving cells were enumerated on PDA as described above.



2.5 EFFECT OF SUBSTRATE pH ON RADIATION SENSITIVITY OF HOLD SPORES

The effect of substrate pH on the radiation sensitivity of the
mold spores was also determined. One-millilitre aliquots of suspension
containing 1CH cfu of P. cyclopium were inoculated into test tubes con-
taining 9.0 mL of 0.1 M sodium phosphate with pH values from 5.0 to 6.2.
The samples were irradiated to a dose of 0.3 kGy, and surviving cells were
enumerated on PDA as described above (Section 2.3).

3. RESULTS AND DISCUSSION

3.1 EXTENSION OF SHELF LIFE

The shelf life of irradiated and unirradiated Cheddar cheese
artificially contaminated with spores of P. cyclopium or A. ochraceus is
shown in Tables 1 and 2. In the case of samples inocilated with 102 cfu of
P. cyclopium per sample block, irradiation extended the shelf life at 10°C
by an average of 3 and 5.5 d at doses of 0.21 and 0.51 kGy respectively.
At 15°C the shelf life was extended by only one day regardless of the
treatment dose. Thus, the extension of shelf life of the samples contain-
ing P. cyclopium was only marginal at either storage temperature.

With A. ochraceus (102 cfu/sample), however, the extension of the
average shelf life of samples stored at 10°C was 41.5 and 50.5 d as a
result of irradiation with 0.21 and 0.52 kGy respectively. Shelf-life
extension at 15°C was much shorter.

When the surface inoculum was increased from 102 to 103 cfu per
sample block, the unirradiated cheese held at 10°C shewed visible mold
growth approximately 4 d earlier with P. cyclopium and 9 d earlier with
A. ochraceus. At 15°C the shelf life was shortened by 3 and 1 d for the
unirradiated samples containing the higher levels of P. cyclopium and
A. ochraceus respectively. Irradiation of cheese samples containing
P. cyclopium to 1.2 and 3.5 kGy extended their average shelf life at 10°C
by 44.5 and >262 d respectively. At 15°C growth was observed 10 d after-
treatment with 1.2 kGy, while the samples irradiated with 3.5 kGy still had
no visible mold growth at 173 d. Samples inoculated with A. ochraceus
showed no mold growth up to 173 d at 15°C after irradiation at 1.2 or
3.5 kGy. After 173 d, the storage study at 15°C was discontinued because
of a cooling system malfunction. Cheese samples containing P. cyclcpium
and irradiated at 3.5 kGy, and those containing A. ochraceus and irradiated
at 1.2 or 3.5 kGy, had shelf life at 10°C of at Teast~27O d, after which
storage was discontinued.

The storage temperatures used in this study were higher than
those normally used for curing Cheddar cheese. This was done to shorten
the time required to generate information, and also to simulate tempera-
tures often used to accelerate the ripening process. Since mold growth at
10°C and 15°C is faster than at the usual ripening temperature of 4°C
(Kosikowski, 1982), the extension of shelf life at the usual ripening
temperaure is likely to be even longer than that found in this study.
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Several literature reports describe tht use of gamma irradiation
for dairy-based products (Hashisaka et al, 1989; Jones and Jelen, 1988;
Yuceer and Gunduz, 1980). Yuceer and Gunduz (1980) reported that mold
growth in irradiated cheese and yogurt (up to 1.5 kGy) was delayed three to
four times as long as in the unirradiated samples, and that the effect was
enhanced if the products were stored at refrigerated temperature. We used
an electron accelerator as the radiation source because it has been
reported (Brasch and Huber, 1947) that the amount of off-odor and conse-
quent loss in quality can be minimized in some irradiated foods if the
irradiation is carried out at high dose rates. Taimuty (1957) and Singh
(1991) reported that high dose-rate electron-beam (104 Gy/s) treatment
caused less damage to some nutrients than did gamma rays (10 Gy/s),
although there was no appreciable difference in lethal effects on some
microorganisms. Also, unlike gamma rays, electron beam is particularly
suited to surface decontamination of cheese blocks because of its limited
penetration, although the product would have to be treated at least twice
to cover all the surfaces.

3.2 SPORE INACTIVATION

Results in Tables 1 and 2 indicate that the shelf life of cheese
depends on various factors, such as the mold species, the level of conta-
mination, radiation dose and storage temperature. For a given inoculum
size, extension of shelf life at 10°C was considerably longer with
A. ochraceus than with P. cyclopium. This suggests that A. ochraceus is
more radiation-sensitive than P. cyclopium and/or that it grows more slowly
than P. cyclopium. It was of interest, therefore, to determine the
relative radiation resistance of the two species of mold spores in cheese.
Tvo different methods were used to compare radiation sensitivities of the
two molds: (i) finding the minimum dose required for complete inactivation,
and (ii) establishing radiation survival curves of the spores by the use ol
partial inactivation doses.

The radiation doses required for complete inactivation of 102 cfu
of P. cyclopium or A. ochraceus spores inoculated into cheese blocks are
given in Table 3. In the case of A. ochraceus, a dose between 0.76 and
0.93 kGy appears to have completely inactivated all surface-inoculated
spores. For P. cyclopium, the minimum inactivation dose was between 0.93
and 1.11 kGy, indicating a higher resistance to radiation than in
A. ochraceus spores.

When the surface inoculum was increased to 103 cfu per sample
block (Table 4), it was observed that the minimum inactivation dose
increased to 0.98-1.09 kGy for A. ochraceus and 1.00-1.16 kGy for
P. cyclopium, again indicating a higher resistance of P. cyclopium.

Survival curves for P. cyclopium and A. ochraceus spores in
cheese are shown in Figures 1 and 2 respectively. The spore counts
declined logarithmically with increasing radiation dose, and the D10 values
(dose required for 90% inactivation) calculated from the slopes of the
curves were essentially independent of the initial spore counts for both
organisms. With the samples containing P. cyclopium spores, the D10 values



were 0.338, 0.388 and ().4f53 kCiy lor the inoculum Levels o 1 in-, 10" and
lO^ cf n respectively. For .samples containing A. o<_hi_accus, toi i c-spond ing
Dj 0 values were 0.251, 0.197 and 0.183 kHy. The aveiage D, ,, values verc
0.406 kGy for P. cyclo])iuni and O.i'lO kOy for A. ochi a re us, again shoving
that P. cyclopium is more radiation-resistant than A. ochiacens.

l.i EFFECT OF pH

Tiie effect of tlie pll of the .suspension media on the radiation
resistance of the two types of mold spores is shown in Table :>. The pi!
values of cheese change during manufacture and storage as a :esult of the
combined action of endogenous and bacterial enzymes. Any effect of pH on
the radiation resistance of the spores would affect the shelf life of the
irradiated cheese. The results in Table 5 show that there were on]y minor
differences in the spore counts at various pH '.'allies of the phosphate
buffer suspensions following irradiation, suggesting that the radiation
sensitivity of the spores does not change significantly in the pH raiige
tested. However, results with cheese at different pH -/allies may be
different from those with phosphate buffer.
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SHELF LIFE OF

Inoculum2

P. cyclopium

A. ochraceus

IRRADIATED

TABLE

CHEESE

1

INOCULATED WITH

MOLD SPORES PER SAMPLE

Storage
Temp. (°

10
15

10
15

C) 0.

11
10

22
12

Shelf

BLOCK

Life (d)1

Treatment Dose (
00 0.21

,134

,10

,25
,12

15,15
11,11

65,65
13,15

102

0.

17
11

74
17

cfu OF

3

52

,18
,11

,74
,17

1 Days of storage prior to visible mole growth.
2 Surface-spread in 0.1-mL suspension coi taining 103 cfu/mL.
3 Average dose determined by 9 dosimeter films.
4 Individual values for duplicate samples.
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TABLE 2

SHELF LIFE OF IRRADIATED CHEESE INOCULATED WITH 1O3 cfu OF

MOLD SPORES PER SAMPLE BLOCK

Shelf Life (d)1

Inoculum2 Storage
Temp. (°C)

Treatment Dose (kGy)3

0.00 1.2 3.5

P. cyclopium 10
15

A. ochraceus 10
15

8,84

7,7

13,16
13,13

42,63
10,10

>270,>270
>173,>173

>2705,>270
>173,>1736

>270,>270
>173,>173

Days of storage prior to visible growth.

Surface-spread in 0.1-mL suspension containing 104 cfu/mL.

Average dose determined by 4 dosimeter films.

Individual values for duplicate samples.

No visible growth up to 270 d.

Storage discontinued because of refrigeration failure on daiy

173.
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TABLE 3

MINIMUM DOSE REQUIRED TO INACTIVATE ALL SPORES (102 cfu) ON CHEDDAR

CHEESE SAMPLE BLOCK

Organism1

A. ochraceus

P. cyclopium

Irradiation Dose
(kGy)2

0.00
0.23
0.35
0.42
0.76
0.93
1.04

0.00
0.22
0.31
0.42
0.71
0.95
1.11

Growth Result

+ + +
3

+ + +
+ + +
+ + +
+ - -
_ _ _

- - -

+ + +
+ + +
+ + +
+ + -
+ + +
+ + -
- - -

1 Centre well of cheese inoculated with 0.1-mL spore
suspension; 103 cfu/mL.

2 Average dose determined by dosimeter films.

3 Individual results for triplicates; visible growth
(+) within 5 d of incubation at 21°C.
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TABLE A

MINIMUM DOSE REQUIRED TO INACTIVATE ALL SPORES (103 cfu)

Organism

A. ochraceus2

P. cyclopium

ON CHEDDAR CHEESE

Irradiation Dose
(kGy)1

0.90
0.98
1.09
1.23

0.00
0.91
1.00
1.16
1.21

Growth Result

+ + +3

i
i

i 
+

 
+

 
+

 
i 

i

i
i

i 
+

 
+

 
+

 
i 

i

+
 

I
I 

+
 

+
 

+
 

i 
i

1 Dose expressed as an average of 3 dosimeters.

2 Centre well cf cheese inoculated with 0.1-mL spore
suspension; 104 cfu/mL.

3 Individual values for triplicates; visible growth (+)
within 5 d of incubation at 21°C.
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TABLE 5

EFFECT OF SUBSTRATE pH ON IRRADIATION LETHALITY

Survivors/mL
Following Irradiation

(0.33 kGy)1

pH
P. cyclopjum2 A. ochraceus3

5.0 33 x 103 24 x 103

5.4 44 x 103 27 x 103

5.8 36 x 103 21 x 103

6.2 37 x 103 22 x 103

1 Dose rate expressed as an average of
3 dosimeters.

2 27 x 104 cfu/mL prior to irradiation.

3 15 x 104 cfu/mL prior to irradiation.
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FIGURE 1: Radiation Survival Curves for P. cyclopium in Cheddar Cheese
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FIGURE 2: Radiation Survival Curves for A. ochraceus in Cheddar Cheese
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