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●
Enormous research effort and investment has
been placed into controlling or preventing loss
of food quality. However, what do you do if the

food in question is a microbe and the loss of product
quality is caused predominantly by the organism itself?
This is the challenge faced by the mushroom industry
worldwide.

● The mushroom industry
The white button mushrooms normally found in our
greengrocers and supermarkets are the fruiting
structures of the fungus Agaricus bisporus. The homo-
basidiomycete genus Agaricus consists of saprophytic,
leaf-litter- and wood-rotting fungi characterized by
large, white, fleshy mushrooms that have been picked
and eaten by mankind for centuries and today constitute
a C4.5 billion cultivation industry.

Mushrooms are multicellular structures formed from
the differentiation of vegetative mycelial cells. A
mushroom may be divided into different tissues, the
stipe (stem), the pileus (cap), the ‘skin’ layer that covers
the cap and the gills which bear and release basidiospores
(Fig. 1). Immature gills differentiate from the underside
of the cap and are protected by a veil that stretches and

breaks during develop-
ment to expose the mature
gills and release spores.

In the UK, mushrooms
are mostly sold fresh and
either pre-packed or loose,
where customers are allow-
ed to select mushrooms
individually. Mushrooms
are usually harvested at an
immature stage before 
the gills are exposed. The
mushrooms are packed
carefully, chilled and sent
to shops for rapid retail
(Fig. 2). Mushroom quality

loss may occur through a number of routes, but in most
cases quality is essentially in the eye of the beholder.

● Quality is in the eye of the beholder
Human beings, like many animals, have developed a
survival mechanism for assessing whether something 
is good to eat based on appearance, smell, taste and
touch. Although our modern eating habits are more
sophisticated, we still use the same survival strategies
while foraging around the supermarket shelves.
Mushroom quality is defined by a combination of 
factors, but most characteristics are based on consumer
preference. An ideal mushroom will be white, un-
blemished, have a firm texture and be at an immature
stage (i.e. gills not showing); non-conforming
mushrooms are often rejected by shoppers in favour of
the ideal. In the case of the mushroom, these ideals are
rather superficial; an older, mottled, misshapen
mushroom will be just as good to eat – if anything, a
more mature mushroom is likely to taste better.

● Spoilage
Generally, quality may be lost through microbial
spoilage, bruising-induced discolouration or continued
maturation and senescence of the mushroom. The latter
two factors cause the greatest wastage of the mushroom
crop post-harvest and arise because the cells, or hyphae,
of the mushroom are still active and have a function to
maintain, i.e. spore dispersal.

Microbial attack. Mushrooms have surprisingly few
bacterial diseases, probably due to defence mechanisms
that evolved through living in a rotting environment.
However, all mushrooms carry a microflora and if
humidity control fails during cultivation the number of
Pseudomonas spp. (>106 c.f.u. cm–2) increases causing a
mottled brown discolouration on the surface of the
mushroom, similar to a bruise. The use of modified
atmosphere packaging and refrigeration reduces greatly
the effects of post-harvest microbial spoilage on the
quality we see in the shops. The microbial effect some
consumers will be familiar with is the appearance of a
slimy bacterial layer and discolouration when, following
purchase, mushrooms are stored in polythene bags. To
combat this, shops provide paper bags for mushrooms.
The paper bags reduce the build up in humidity caused
by the respiring mushrooms and limit bacterial growth.

Bruising-induced discolouration. Mushrooms bruise
easily and must be handled with care; this is due to a
lightweight lattice structure of hyphae in the mushroom
that is designed to withstand light mechanical forces and
provide flexibility. The skin layer covering the cap may
be damaged easily by touch, leading to an enzymic
response and subsequent brown discolouration, or bruise
(Fig. 3). The enzyme tyrosinase, or polyphenol oxidase,
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Fig. 1. The structure of a
mushroom.
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Fig. 2. Mushrooms harvested
and packed for sale.
COURTESY HRI

Mushrooms – a matter of choice
and spoiling oneself
Daniel Eastwood & Kerry Burton

The cultivated
mushrooms is 
both a microbe and
a food. How do the
grower and seller
control the quality
of this living
product?

Cap (pileus)

Gill

Gill trama

Basidia with
spores

Ring
(annulus)

Stem (stipe)



MICROBIOLOGYTODAYVOL 29/FEB 02 19

catalyses the oxidation of phenols to produce the bruise,
similar to melanin formation. A team at Horticulture
Research International (HRI) has investigated the
mechanics of bruise formation and, in collaboration with
Coventry University, has produced a machine, the
bruisometer, that is able to apply a standard bruising
force to a mushroom. Early data have shown that 
certain agronomic and environmental practices during
cultivation may control bruise formation post-harvest;
raising the possibility of producing more bruise-
resistant mushrooms by agronomy or the selection of
resistant strains in the future.

Continued maturation and senescence. The function
of a mushroom is to produce and disperse spores. Under
the correct conditions, a harvested mushroom will
continue to develop. Respiration increases and the cap
expands and flattens, causing the protecting veil to
break, exposing the mature gills and allowing spore
release. The mushroom ages further, appearing darker
and feeling less firm, the gills turn from pink to brown
and many cells are senescing. If left for long enough,
white mycelial strands may be seen emerging from the
mushroom, particularly around the stipe (Fig. 4). This
growth is not an invading fungal contaminant, but the
mushroom itself reverting back to a mycelial state,
utilizing what nutrition may be left to scavenge for more
food.

Quality-loss occurs rapidly post-harvest due to
continued mushroom development and nutritional
isolation (Fig. 5). This loss of quality is detected quickly
by consumers, leading to rejection and a shelf-life of just
days. At HRI, we are interested in the genetics and
physiology of the mushroom post-harvest, looking at the
biological processes active in the mushroom and how
they influence crop quality.

The mushroom responds quickly to harvesting, stress
genes are switched on as a response to the wound damage
of harvest and the increase in respiration under water
stress and nutritional limitation. The reserves of
carbohydrates, such as mannitol and trehalose, fall
rapidly post-harvest and the extracellular matrix
between the cells reduces. The total protein content of
the mushroom falls by 80% just days after harvest,
coinciding with the up-regulation of genes involved in
polysaccharide and protein breakdown. Interestingly, a
gene involved in cell-wall polysaccharide formation is
also switched on, presumably involved in driving cap
expansion. Indeed, the tissues respond differently, the
stipe is used as a nutrient sink to fuel much of the
continued development in the cap and gills. In addition,
localized cell death has been recorded in all tissues, where
some cells are sacrificed to maintain their neighbours and
allow development to continue.

To ensure the next generation of spores is released 
the harvested mushroom encompasses a range of

physiologies, including hyphal growth, stress responses,
senescence and death. As consumers we are unaware of
this complexity, seeing only the slightly discoloured,
imperfect mushroom before rejecting it for a more ideal,
immature fruit body.

The control of this development-induced quality loss
is difficult, as we are only now becoming aware of the
complex nature of the processes involved. Currently,
modified atmosphere packaging and refrigeration
reduce respiration and development, but do not prevent
it; and improvements by agronomy and breeding are
being established. However, the consumer may decide
suddenly that an older mushroom is a tasty mushroom
and the definition of mushroom quality will change.
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TOP LEFT:
Fig. 3. Bruising-induced
discolouration of mushrooms.
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ABOVE (TOP):
Fig. 4. Mushrooms stored 
for long periods in modified
atmosphere packaging reverting 
to a mycelial state.
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ABOVE (BOTTOM):
Fig. 5. Physical changes to the
mushroom following harvest. Left,
immature fruiting bodies; right, the
same fruiting bodies a few days
later.
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