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The sensory and microbiological quality of sliced mushrooms (Agaricus bisporus L.) packaged in films of 
perforated and non-perforated PVC and stored at 3 and 9ºC, was studied. The carbon dioxide and oxygen 
content inside the packages, colour, weight loss, sensory attributes, mesophiles, Pseudomonas, Enterobac-
teriaceae, aerobic and anaerobic spore formers were determined. The atmosphere generated with the per-
forated PVC film was similar to that of air atmosphere at 3 or 9ºC. The non-perforated PVC film generatedhe non-perforated PVC film generatednon-perforated PVC film generated 
inside the packages CO2 : O2 concentrations of 3.4% : 8.1% at 3ºC and CO2 : O2 concentrations of 4.5% : 
0.15% at 9ºC. Browning of mushrooms was lower at 3 than at 9ºC. The quality of sliced mushrooms pack-
aged in perforated PVC and stored at 3ºC was adequate after 9 days. However, at 9ºC, the slice deformation 
and brown blotches incidence were severe after 9 days. The atmosphere generated with non-perforated PVC 
inhibited aerobic microorganism growth compared to mushrooms packaged in perforated PVC. At 3ºC, the 
shelf life of mushrooms packaged in non perforated PVC was around 13 days. However, the extremely low 
O2 atmospheres generated at 9ºC was accompanied by off-odours and growth of anaerobic spore formers, 
although the appearance of sliced mushrooms was acceptable.

Key-words: modified atmospheres, minimal processing, sensorial and microbiological quality, sliced mush-
rooms

Introduction
Production of sliced mushrooms is growing be-
cause of increased consumer demand for fresh 
‘ready-to-use’ products. In spite of their increasing 

demand, there is little information available on 
their quality, shelf life or safety (Brennan and 
Gormley 1998, Brennan et al. 2000), most research 
focusing on whole mushrooms.

Slicing enhances spoilage problems as it 
prompts an increase in the respiration rate and cre-
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ates a larger surface area susceptible to dehydrata-
tion, browning and microbial growth (Brennan and 
Gormley 1998).

Sliced mushrooms are usually marketed in 
trays overwrapped with plastic films that reduce 
dehydration and stored under refrigeration tem-
peratures. A modified atmosphere is created inside 
the package, depending on the respiratory activity 
of the mushrooms, the permeability of the film to 
gases, the amount of product, the proportion be-
tween this amount and the film surface area and 
the storage temperature (Kader 1986, López-Brio-López-Brio-
nes et al. 1993). The modified passive atmospheres et al. 1993). The modified passive atmospheres 
produced can exert diverse effects on the sensory 
and microbiological quality of mushrooms.

Atmospheres containing 2.5% CO2 and 10% 
O2 are considered as adequate for whole mush-
rooms (López-Briones et al. 1992, Tano et al. 
1999). However, atmospheres above 5% CO2 are 
considered as phytotoxic (López-Briones et al. 
1992). On other hand, O2 levels below 2% are re-
lated to anaerobic respiration in mushrooms (Bur-
ton et al. 1987, Beit-Halachmy and Mannheim 
1992) with the consequent accumulation of etha-
nol and acetaldehyde and the production of off-
odours (Tano et al. 1999), besides the risk of 
growth of anaerobic pathogens (Sugiyama and 
Yang 1975). Mushroom development is inhibited 
by CO2 concentrations upper than 5% (Murr and 
Morris 1975, López-Briones et al. 1992) and O2 
levels lower than 5% (Roy et al. 1995).

The moisture and modified atmospheres creat-
ed in the packages also influence microbial growth. 
Burton et al. (1987) reported an enhancement in 
the disease symptoms causes by Pseudomonas to-
laasii in whole mushrooms when O2 concentration 
increased and CO2 concentration decreased. More-
over, López-Briones et al. (1992) observed a re-
duction in mesophiles under anoxic conditions and 
a slight effect of controlled atmospheres on P. fluo-
rescens.

Simón et al. (2005) evaluated the effect of four 
different packaging films on the quality of sliced 
mushrooms stored at 4ºC. These authors used per-
forated and non-perforated polyvinylchloride 
(PVC) and P-Plus films. PVC films are the most 
common ones, while P-Plus can be an alternative 

to PVC films, due to the environmental problems 
of the latter. However, nowadays PVC films are 
widely used in mushrooms packaging, probably 
due to their low cost. The non-perforated PVC and 
the P-Plus 240 generated CO2 levels of 2.5% and 
O2 levels of 10–20%, these atmospheres reduced 
the microbial counts when compared to the atmos-
phere generated with the perforated PVC which 
was similar to the composition of air atmosphere. 
The P-Plus 30 generated a highly-modified atmos-
phere with a CO2 concentration of around 15% and 
anoxia (< 0.1% of O2), this atmosphere was related 
to off-odours and anaerobic spore formers detec-
tion.

Refrigeration temperature is the main factor 
responsible for maintaining the quality of fresh 
mushrooms (Beit-Halachmy and Mannhein 1992, 
Simón 2001) because it determines the speed of all 
metabolic processes and microbial growth. It also 
influences the atmosphere generated inside the 
packages because of its effect on the respiration 
rate of the product and the permeability of the film 
to gases (Zagory and Kader 1988). The tempera-
ture recommended to maintain mushroom quality 
is 0–1.5ºC (Suslow and Cantwell 1999). However, 
in the marketing stage, temperatures usually rang-
es from 3ºC to 10ºC (López-Briones et al. 1992).

The aim of this study was to study the influ-
ence of storage temperature, within the standard 
commercial temperature range (3 and 9ºC), on the 
atmospheres generated in packages of sliced mush-
rooms, overwrapped with films of perforated and 
nonperforated PVC, as well as on the sensory and 
microbiological quality and shelf life of this prod-
uct.

Material and methods
Mushrooms (Agaricus bisporus L.) of the Amicel 
K4 strain and from the second flush were supplied 
by a local producer (La Rioja, Spain). The mush-
rooms were carefully collected; only healthy fruits 
in the stage 1 or 2 according to the Guthrie’s scale 
cited by Roy et al. (1995), with a pilei diameter of 
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4–5 cm, were selected. After picking, mushrooms 
were transferred within half an hour to the labora-
tory, where they were cooled at 3ºC and stored at 
3ºC for 24 h in order to reduce the respiration rate 
(Nichols 1985).

Stipes were trimmed at 1 cm and then sliced (4 
mm thickness) using a food processor (Börner, 
Niederkail, Germany). The slices were placed in 
polystyrene trays (200g per tray) measuring 22.5 × 
13.5 × 3 cm. The trays were overwrapped with two 
different PVC films normally used in the market: 
Film A was a perforated PVC film of 12 µm thick-
ness; Film B was a non-perforated PVC film of 12 
µm thickness with an O2 permeability of 25000 ml 
m-2 day-1 atm-1 at 25ºC and a water vapor transmis-
sion rate of 200 g m-2 day-1 at 25ºC according to the 
data provided by the manufacturer. Both films 
were provided by Borden España S.A (Alicante, 
Spain). The trays overwrapped in each type of film 
were divided into two batches that were stored in 
cold chambers at 3ºC or 9ºC, with a programmed 
relative humidity of 70% for up to 13 days.

Samples were taken on days 0, 6, 9 and 13 of 
storage. The following variables were determined 
on two trays by treatment and day: gas composi-
tion (CO2 and O2) inside the package, colour, sen-
sorial quality, weight loss and microbiological 
quality (mesophiles, Pseudomonas, Enterobacte-
riaceae, aerobic and anaerobic spore formers) of 
the mushrooms. Microbiological quality was also 
determined in whole mushrooms before slicing.

Gas composition (CO2 and O2)
Carbon dioxide and oxygen levels were deter-
mined using an O2 and CO2 head space gas ana-
lyzer Checkmate model 9900 (PBI- Dansensor, 
Denmark). Samples were automatically taken with 
a syringe through a septum (Simón et al. 2005).

Colour of mushrooms
Colour was determined by measuring the L* pa-
rameter (luminance) in the L*a*b* mode of CIE, 
since it was found to be well correlated with mush-

room whiteness (Gormley 1975, Burton 1987). 
The measurement was taken using a HunterLab 
MiniScan XE colorimeter with an 8-mm diameter 
diaphragm calibrated with a white tile (X = 81.1, Y 
= 86.0 and Z = 91.8). The measurement conditions 
were illuminant C with an observation angle of 
10º.

For each tray, ten different slices were meas-
ured in the stripe insertion area and on both sides. 
The mean was calculated for each tray.

Weight loss
Mushroom weight loss was measured in four trays 
for each batch with a Mettler balance model 
PJ3600 (Mettler, Toledo, Spain) with 2 decimals 
precission. Samples were taken on days 0, 6, 9 and 
13 of storage. On days 6, 9 and 13, the differences 
with respect to initial weight were calculated and 
expressed as percentages of weight loss.

Microbiological quality
Twenty-five grams of mushrooms were aseptically 
weighed and homogenized in a Stomacher (IUL, 
Barcelona, Spain) for 2 min with 225 ml of sterile 
peptone water (Oxoid, Basingstoke, UK). Further 
decimal dilutions were made with the same dilu-
ent. The total number of mesophilic microorgan-
isms was determined on Plate Count Agar (PCA, 
Merck, Darmstadt, Germany) in accordance with 
the pour plate method; the plates were incubated at 
30ºC for 72 h (ICMSF 1978). Pseudomonas spp 
were determined on King’s B medium (King et al. 
1954) with an incubation temperature of 25ºC for 
48 h. Enterobacteriaceae were determined on Vio-
let Red Bile Glucose Agar (Difco, Detroit, MI), the 
plates were incubated at 37ºC for 18 to 24 h 
(ICMSF 1978). Aerobic spore formers were deter-
mined using PCA in accordance with the pour 
plate method at 30ºC for 72 h after a heat treatment 
at 80ºC for 10 min to destroy vegetative cells and 
activate the germination (ICMSF 1978). Anaero-
bic spore formers were determined following the 
same procedure as for aerobic spores but with in-
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cubation under anaerobiosis. Petri dishes were 
placed in an anaerobic jar (Oxoid) with a gas gen-
erating kit (Oxoid) in order to produce an anaero-
bic environment (ICMSF 1978).

Sensorial quality
The samples were visually evaluated for slice de-
formation and for the presence of brown blotches. 
Both aspects were evaluated according to the fol-
lowing scale: none 1, slight 2, moderate 3, severe 4 
and extreme 5. The presence of unpleasant odours 
inside the package was also observed.

Statistical analysis
The experimental design was a factorial experi-
ment (2 × 2 × 3) in which the factors were the type 
of film, the temperature and the time of storage 
with two repetitions. An analysis of variance was 
performed using the SYSTAT program for Win-
dows, Statistics version 7.0 (Evanston, Illinois, 
1992). The comparison of means was performed 
using the LSD method for P ≤ 0.05 (Dagnelie 
1975). This analysis was not applied to weight 
losses since they were measured throughout stor-
age in the same packages. In this case, the standard 
error was calculated.

Results and discussion

Modified atmospheres
The atmospheres generated with the perforated 
PVC film were hardly modified, being very similar 
to the composition of air atmosphere at 3 or 9ºC 
(0–0.5% CO2 and 20–21% O2) (Fig. 1).

The atmosphere within the non-perforated 
packages for the two storage temperatures became 
highly modified in the first 24 hours of storage. 
Thereafter, no significant differences in CO2 and 
O2 levels were observed during the storage period. 

At 3ºC the non-perforated PVC film generated 
CO2 and O2 concentrations of 3.4% and 8.1%, re-
spectively, inside the packages (Fig. 1). These at-
mospheres may be considered as appropriate, since 
a CO2 level of up to 5% is considered phytotoxic 
for mushrooms (López-Briones et al. 1992). More-
over, O2 levels below 2% might be related to an-
aerobic respiration in mushrooms (Beit-Halachmy 
and Mannheim 1992). However, at 9ºC, CO2 and 
O2 levels of 4.5% and 0.15%, respectively, were 
reached. These O2 levels are extremely low if com-
pared with those reported by López-Briones et al. 
(1993), when 500 g of whole mushrooms were 
packaged in the same type of film as in this study 
and stored at 10ºC. These authors observed higher 
O2 levels (12% compared with our result of 0.15%). 
The lower O2 concentration obtained in the present 
study may be due to the effect of slicing on the 
increase of the respiration rate of mushrooms and 
consequently a higher atmosphere modification. 
Moreover, respiration can be anaerobic with a 
0.15% of O2 concentration (Tano et al. 1999).

Colour
Temperature and storage time had significant ef-
fect (P ≤ 0.001) on the L* parameter. A decrease in 
the L* parameter is related with mushroom brown-
ing. L* values decreased with the storage time and 
were lower when mushrooms were stored at 9ºC 
than at 3ºC (Fig. 2), although all values were above 
80, which is the acceptability limit considered by 
López-Briones et al. (1993).

Although film type had no significant effect on 
the L* parameter, a lower value of L was observed 
in mushrooms packaged in non-perforated PVC 
stored at 9ºC compared to those packaged in perfo-
rated PVC and stored at the same temperature. 
This fact could be explained by the atmosphere 
generated in the non-perforate PVC (CO2 levels of 
4.5% and O2 levels of 0.15%) which could cause 
colour deterioration. These findings are in line 
with those reported by López-Briones et al. (1993), 
who reported higher external and internal color de-
terioration of whole mushrooms when CO2 con-
centration increased.
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Fig. 1. Oxygen and carbon dioxide concentrations in fresh sliced mushroom overwrapped with perforated and non-perfo-
rated PVC stored at two different temperatues 3ºC and 9ºC. LSD0.05 = 0.79 for CO2 ; LSD0.05 = 2.97 for O2.
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Fig. 2. Variation with time of Luminance (L*) for  fresh 
sliced mushrooms overwrapped with perforated and non-
perforated PVC stored at two different temperatues 3ºC 
and 9ºC. LSD0.05 = 2.6.

Weight loss

The storage temperature exerted a strong influence 
on weight loss, the effect being twice at 9ºC com-
pared to that at 3ºC. Weight losses of 3.0–3.7% and 
5–6.3% were observed after 13 days of storage at 
3ºC and 9ºC, respectively (Table 1). These weight 
losses were revealed by the dehydrated appearance 
of the mushrooms in the latter case.

The difference in sliced mushroom weight 
losses between the packages overwrapped with the 
two types of films was very small, with a lower 
value in the case of the non-perforated PVC film 
(Table 1). This small difference found could be ex-
plained since the non-perforated PVC has a high 
water vapour transmission rate (200 g m-2day-1 ac-
cording to the manufacturer’s data), which could 
prevent mushrooms dehydration without an exces-
sive condensation inside the packages as it can be 
observed when less permeable to water vapour 
films are used (Simón et al. 2005).

Microbiology
Mesophile and Pseudomonas growth were very 
similar in sliced mushrooms, as shown in Figure 3. 
Pseudomonas initial counts in whole mushrooms 

were 7.2 log10 cfu g-1 while in sliced mushrooms 
were 7.8 log10 cfu g-1. These data suggest that slic-
ing may enhance microbial counts around 0.5 log10 
units. Brennan and Gormley (1998) reported initial 
Pseudomonas counts on sliced mushrooms of 6 
log10 cfu g-1, whereas López-Briones et al. (1992) 
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Table 1. Weight losses (%) in fresh sliced mushrooms packaged in perforated PVC and non perforated 
PVC stored at 3ºC and 9ºC.

Days of storage Treatment

Perforated
 3ºC

Non-perforated
3ºC

Perforated 
9ºC

Non-perforated
9ºC

6 1.83 �� 0.02�� 0.020.02a 1.38 �� 0.04�� 0.040.04 3.02 �� 0.07�� 0.070.07 2.32 �� 0.10�� 0.100.10

9 2.61 �� 0.04�� 0.040.04 2.08 �� 0.04�� 0.040.04 4.55 �� 0.10�� 0.100.10 3.54 �� 0.15�� 0.150.15

13 3.74 �� 0.08�� 0.080.08 3.06 �� 0.05�� 0.050.05 6.36 �� 0.15�� 0.150.15 5.00 �� 0.22�� 0.220.22

a: means ± standard error
N = 4

reported Pseudomonas counts of 5.5 log10 cfu g-1 
for whole mushrooms.

The film type and both the storage temperature 
and time had a significant influence (P ≤ 0.001) on 
mesophile and Pseudomonas growth. After 13 
days of storage, the mesophile and Pseudomonas 
counts in mushrooms were 0.8–0.93 log10 units 
higher at 9ºC than at 3ºC, for both perforated and 
non-perforated PVC films. After 9 days of storage, 
mesophile and Pseudomonas counts were lower in 
mushrooms packaged in non-perforated PVC com-
pared to those packaged in perforated PVC at both 
temperatures (Figure 3). The lower counts ob-
served at 3ºC in mushrooms packaged in non-per-
forated PVC could be due to the CO2 levels of 
3.4% generated within this film. By contrast, Ló-By contrast, Ló-
pez-Briones et al. (1992) did not observe any re-(1992) did not observe any re-
duction in mesophiles when mushrooms were 
stored in atmospheres with 2.5–5% CO2 levels at 
10ºC. These contradictory results could be ex-
plained by the fact that the inhibitory effect of CO2 
is higher at low temperatures (Dixon and Kell 
1989). The lower counts observed in mushrooms 
packaged in non-perforated PVC compared to 
those packaged in perforated PVC at 9ºC could be 
explained by the low O2 level generated (0.15%), 
which may affect the growth of aerobic microor-
ganisms.

The film type and both the storage temperature 
and time had a significant influence (P ≤ 0.001) on 
the growth of Enterobacteriaceae, particularly the 
storage temperature (Figure 3). At 9ºC, however, 
high Enterobacteriaceae counts were recorded on 
day 13 (6.5–7 log10 cfu g-1). Enterobacteriaceae 

growth may be prevented by storage at low tem-
perature (Adams and Moss 2000). At 9ºC, Entero-
bacteriaceae counts of mushrooms were 0.5 log10 
units lower with perforated PVC than with non-per-
forated PVC. Facultative anaerobes such as Entero-
bacteriaceae are less affected by low O2 levels than 
other microorganisms such as Pseudomonas, and 
compete better with other types of bacteria in the 
presence of low oxygen concentrations (Adams and 
Moss 2000). This fact highlights the importance of 
a continuous cold chain for the microbiological 
quality of packaged fresh sliced mushrooms.

The film type and both the storage temperature 
and time exerted a significant influence (P ≤ 0.001) 
on aerobic spore formers. After 13 days of storage, 
these counts were 4.9 and 3.7 log10 cfu g-1 at 3ºC 
and 6.1 and 4.3 log10 cfu g-1 at 9ºC, respectively, in 
perforated and non-perforated PVC (Figure 3). 
Lower aerobic spore formers were observed in 
mushrooms packaged in non-perforated PVC, and 
particularly after 13 days of storage. The inhibitory 
effect of non-perforated PVC could be attributed 
to the high CO2 level reached at 3ºC and the low O2 
level reached at 9ºC.

Anaerobic spore formers were only detected 
in mushrooms packaged in non-perforated PVC at 
9ºC, reaching 1.9 and 3.4 log10 cfu g-1 after 6 and 
13 days of storage, respectively (Table 2). This 
fact could be attributed to the low O2 levels gener-
ated within the packages. Some authors have sug-
gested a potential anaerobic pathogen growth un-
der these conditions (Beit-Halachmy et al. 1992). 
Sugiyama and Yang (1975) detected botulinal tox-
in production in mushrooms inoculated with 5 × 
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Fig. 3. Changes in the microbial population of fresh sliced mushrooms overwrapped with perforated and non-perforated 
PVC stored at two different temperatues 3ºC and 9ºC. LSDs for P ≤ 0.05: a = 0.28; b = 0.36; c = 0.25 and d = 0.34.

103 cfu g-1 of C. botulinum type A, packaged in 
non-perforated PVC at 20ºC, in which O2 levels 
below 2% were reached. On other hand, Noter-
mans et al. (1989) found anaerobic spore formers 
counts between 2.7 and 3.7 log10 cfu g-1 in mush-
rooms collected from production farms. These au-
thors found C. botulinum in the casing soil but not 
in the mushrooms. They assumed that the ratio 
number of anaerobic spore formers to number of 
C. botulinum in mushrooms was the same as that 
detected in the casing soil, and thus these authors 
estimated that the incidence of C. botulinum in 
mushrooms was between <0.08 to 0.16 organisms 
per 100 g of product. The levels of C. botulinum in 
mushrooms estimated by Notermans et al. (1989) 

were lower than those inoculated by Sugiyama 
and Yang (1975) and detectable botulinal toxin 
was not produced unless large numbers of C. bot-
ulinum spores were inoculated into mushrooms 
(Sugiyama and Yang 1975).

Nevertheless, atmospheres which promote the 
anaerobic spore formers growth must be avoided, 
and this is obtained at 3ºC in the present study.

Sensorial quality
When mushrooms were stored at 3ºC, the mush-
room slices had a good appearance in both films 
(perforated and non-perforated PVC) after 9 days. 
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Table 2. Anaerobic spore formers (log10 cfu g-1) of fresh sliced mushrooms packaged in perforated and 
non-perforated PVC films, stored at 3ºC and 9ºC

Treatment
Days of storage

0 6 9 13

Perforated 3ºC nd nd nd nd

Non-perforated 3ºC nd nd nd nd

Perforated 9ºC nd nd nd nd

Non-perforated 9ºC nd 1.92 2.38 3.35

nd: not detected

However, a slight deformation in mushroom slices 
and a moderate incidence of brown blotches was 
observed with perforated PVC, while this was not 
evident with non-perforated PVC on day 13 (Table 
3). This may be attributed to the lower Pseu-
domonas counts observed with non-perforated 
PVC, since this bacterial genus is considered re-
sponsible for bacterial blotch (Beelman et al. 1989, 
Soler-Rivas et al. 1999, Wong and Preece 1982).

Severe slice deformation and the incidence of 
brown blotches, possibly of bacterial origin, were 
observed when mushrooms were packaged in per-
forated PVC and stored at 9ºC. In contrast, the 
mushrooms packaged in non-perforated PVC and 
stored at the same temperature had a better appear-
ance with practically no deformation or blotches 
(Table 3). This may be attributed to the fact that the 
anoxia atmosphere formed in the package inhibit-
ed mushroom development and Pseudomonas 
growth. But under these conditions off-odours due 
to anaerobic respiration were detected, with a pos-
sible accumulation of ethanol and acetaldehyde 
(Tano et al. 1999). For this reason, and also due to 
the growth of anaerobic spore formers found in the 
present study, these mushrooms must be consid-
ered as inadequate for consumption despite their 
acceptable appearance.

Conclusions
Storage temperature was the most important factor 
for maintaining the quality and extending the shelf 

Table 3. Sensory evaluation of fresh sliced mushrooms 
packaged in perforated PVC and non perforated PVC 
stored at 3ºC and 9ºC.

Days of 
storage

Treatment

Perforated
 3ºC

Non-
perforated 

3ºC

Perforated 
9ºC

Non-
perforated 

9ºC

Slice deformation *

6 1 1 3 1.5

9 1 1 4.5 1

13 2 1 5 1

Brown blotches incidence *

6 1 2 1 1.5

9 1 1 4 1

13 3 1.5 4.5 1.5

* Score: 1:none; 2: slight; 3: moderate; 4: severe; 5: 
extreme.

life of sliced mushrooms in both perforated and 
non-perforated PVC films. A storage temperature 
of 3ºC was appropriate, whereas temperature of 
9ºC was excessive for the mushroom sliced pack-
aged in both PVC films.

The gas composition generated with the perfo-
rated PVC film inside the package was similar to 
the composition of air atmosphere, regardless of 
storage temperature. Although mushroom quality 
was preserved for 9 days at 3ºC, when temperature 
was 9ºC they deteriorated rapidly, mainly due to 
microbial growth.
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The atmosphere generated with non-perforated 
PVC was adequate to inhibit microbial growth at 
3ºC. Under these conditions, shelf life was approx-
imately 13 days. However, the atmosphere gener-
ated at 9ºC had an extremely low O2 content, which 
caused off-odours and promoted the growth of 
anaerobic spore formers, although the appearance 
of sliced mushrooms was acceptable.
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