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Abstract Fusarium venenatum A3/5 was first chosen
for development as a myco-protein in the late 1960s. It
was intended as a protein source for humans and after
12 years of intensive testing, F. venenatum A3/5 was approved for sale as food by the Ministry of Agriculture,
Fisheries and Food in the United Kingdom in 1984. Today, myco-protein is produced in two 150,000 l pressurecycle fermenters in a continuous process which outputs
around 300 kg biomass/h. The continuous process is typically operated for around 1,000 h. One factor which has
limited the length of production runs was the appearance
of highly branched mutants in the population. Several
factors affect the time of appearance of such mutants and
a number of strategies for delaying their appearance have
been investigated. After reduction of the RNA content,
the fungal biomass is mixed with egg albumin and made
into a variety of products. Consumption of these can lead
to reduced blood cholesterol and to lower energy intake
in a subsequent meal. F. venenatum myco-protein is now
used in products available in six European countries and
there are plans for it to be sold in France, the United
States and Germany.

Introduction and historical perspective
Concern that animal protein sources would be insufficient to meet man’s requirements for protein has led to
the search for suitable, high-protein, microbial substitutes. Initially this search focused on the use of various
yeasts, including brewers’ and bakers’ yeast (Saccharomyces cerevisiae), Torula sp. and Candida utilis, and
food yeast was able to provide a substantial contribution
to human diets during both world wars. Later, this interest spread to the use of both bacteria and filamentous
fungi, and to the use of a wide variety of waste products
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as the primary substrate. Much of the research, however,
has focused on the production of microbial protein for
use in animal feed rather than for human consumption.
Fusarium venenatum A3/5 (ATCC PTA-2684, formerly
identified as Fusarium graminearum A3/5, O’Donnell et
al. 1998; Yoder and Christianson 1998) was first investigated as a potential protein source for human consumption during the late 1960s by the British company Rank
Hovis McDougall (RHM). RHM was seeking to develop
a microbial protein source which would be cheap and
easy to produce from starch- or glucose-based media, but
which would also be palatable. They found that filamentous fungi provided a suitably textured product and
F. venenatum A3/5 was selected as the best fungus for
further product development after 3 years of screening
approximately 3,000 different fungi (Anderson and
Solomons 1984).
In order to bring myco-protein from F. venenatum
A3/5 onto the market, it was necessary for RHM to invest 12 years in researching the safety of the organism
(as a potential plant pathogen) and of the final product
(Edelman et al. 1983; Anderson and Solomons 1984;
Solomons 1986), making myco-protein the most carefully tested food product on the European market. Mycoprotein produced from F. venenatum A3/5 was approved
by the Ministry of Agriculture, Fisheries and Food
(MAFF) for sale in the United Kingdom in 1984, but
toxicity testing has continued (Miller and Dwyer 2001),
as have investigations into allergic reactions (Tee et al.
1993). Some strains of F. venenatum (e.g. NRRL 22198)
are known to produce type A trichothecenes, including
diacetoxyscirpenol (DAS), scirpentriol, 15-acetoxyscirpenol and 4-monoaceytoxyscirpenol (O’Donnell et al.
1998). Isotrichodermin, isotricodermol, sambucinol, apotrichothecen, culmorin, culmorone and enniatin B have
also been detected in cultures of F. venenatum (Miller
and MacKenzie 2000). However, the strain used for
myco-protein production, ATCC PTA-2684 (formerly
NRRL 26139 = ATCC 20334), did not produce mycotoxins when grown in conditions which induced mycotoxin production in the strain NRRL 22198 (O’Donnell
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et al. 1998), and the growth conditions used for production are not suitable for mycotoxin production (Johnstone
1998). Nonetheless, mycotoxins are tested for at 6-h intervals during the production process, to ensure that
myco-protein is mycotoxin-free. While the safety of the
product was being investigated, a cultivation process was
developed in which F. venenatum A3/5 is grown in continuous flow culture.
The process of development of myco-protein from
F. venenatum has been reviewed by Edelman et al.
(1983), Angold et al. (1989) and Trinci (1992).

The production process
Myco-protein from F. venenatum A3/5 is produced in
150,000 l pressure-cycle reactors (Fig. 1) in a continuous
flow process (Trinci 1994). Since the product is the fungal biomass itself, a continuous flow process operated at
a high dilution rate is the most economic production
system (Pirt 1975; Edelman et al. 1983). Glucose is provided as the carbon source and ammonium as the nitrogen source, but the process is operated with all nutrients
(including glucose) in excess. The CO2 evolution rate,
reflecting the biomass concentration, determines the
flow rate (Rodger 2001). Both temperature (28–30°C)
and pH (6.0) are controlled. Under these conditions,
F. venenatum A3/5 has a specific growth rate of
0.17–0.20 h–1 and 300–350 kg biomass/h can be produced.
The RNA content of the fungal biomass must be
reduced in order to meet required safety standards
(Edelman et al. 1983). This reduction was achieved by
subjecting the biomass to a heat shock at 64–65°C
(Towersey et al. 1977) in a separate stirred reactor and
maintaining the biomass at this temperature for
20–30 min (Anderson and Solomons 1984). At this temperature, RNA is degraded into monomers which can
diffuse out of the cells. Unfortunately, other cell components also diffuse out of the cells under these conditions
and there is a net loss of biomass (a reduction of approximately 35–38%; Ward 1998) and proteinaceous material. Recently, Zeneca have patented a modification of this
process in which the fungal biomass is rapidly heated
to temperatures above 68°C (optimum 72–74°C) for
30–45 min (Ward 1998). The modified treatment results
in less loss of biomass (30–33% loss) and greater retention of proteins.
After the RNA content of the cells has been reduced,
the mycelial suspension is heated to 90°C before collection of the biomass by centrifugation and subsequent
cooling (Marlow Foods Limited 1997). Knight et al.
(2001) have demonstrated that heat preservation of processed myco-protein at 90°C does not significantly affect
the fibrous nature or the acceptability of the product.
Centrifugation removes the mononucleotides which were
released by the RNA reduction treatment and concentrates the mycelia from approximately 1.5% (w/v) solids
to a paste containing greater than 20% (w/w) solids

Fig. 1 The myco-protein production plant at Marlow Food’s
Belasis site in Billingham, UK. (Photograph provided courtesy of
Marlow Foods)

Fig. 2 Diagrammatic representation of the process for producing
myco-protein from Fusarium venenatum A3/5. The source of the
new flavouring product (Quessent) is also shown (dotted arrow
and box)
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Table 1 The nutrient composition of myco-protein products
(Quorn pieces and burgers) compared with the nutrients in skinless chicken, lean beef (tenderloin or ground), milk, tofu and
tempeh (soybean cake fermented by fungal growth). All values are

Calories (kcal)
Total fat (g)
Saturated fat (g)
Cholesterol (mg)
Total carbohydrate (g)
Sugars (g)
Fibre (g)
Protein (g)
Sodium (g)
Iron (mg)

given for 100 g raw product. Data for myco-protein products was
obtained from Marlow Foods Ltd. Data for other products was obtained from the USDA Nutrient Database for Standard Reference,
Release 13

Quorn
pieces

Quorn
burger

Chicken
(skinless)

Beef
(lean)

Ground
beef (lean)

Milk
(2%)

Tofu

Tempeh

92
3.2
0.6
0
1.8
0.8
4.8
14
0.3
0.7

117
4.6
2.3
0
5.8
2.5
4.1
12.8
0.5
0.4

119
3.1
0.8
70
0
0
0
21.4
0.8
0.5

160
7.8
2.8
62
0
0
0
20.8
0.05
9.8

264
20.7
8.3
75
0
0
0
17.7
0.07
6.2

50
1.9
1.2
7.5
4.8
4.8
0
3.3
0.05
0.02

76
4.8
0.7
0
1.9
1.5
0.3
8.1
<0.01
4.3

193
10.8
2.2
0
9.4
ca. 4.6
ca. 4.3
18.6
<0.01
1.6

(Marlow Foods Limited, personal communication). This
paste forms the raw material from which a range of products for human consumption can be prepared.
In the preparation of the final products, the myco-protein paste is combined with a binding agent (egg albumin) and mixed to align the mycelia into a fibrous network with a texture comparable to meat. This is then
shaped using standard food processing technology. Endproducts range from chunks and mince to sausages, burgers, fillets and steaks.
The production process is summarized in Fig. 2 and
has been reviewed by Trinci (1992).

Nutritional assessment
F. venenatum myco-protein contains approximately 44%
(w/w) protein, on a dry weight basis, and the net protein
utilization value is comparable to that of milk (Edelman
et al. 1983). All essential amino acids are present. Although the concentration of sulphur-containing amino
acids is relatively low (Anderson and Solomons 1984),
the concentrations of essential amino acids in myco-protein are roughly comparable to those found in eggs
(Miller and Dwyer 2001). Myco-protein also provides a
source of dietary fibre (as chitin and glucans from the
mycelial walls; Anderson and Solomons 1984), contains
no cholesterol, and is low in saturated fats (Turnbull et
al. 1990). In the processed forms available on the market
in Europe, F. venenatum myco-protein compares favourably with comparable meat products and other vegetarian products (Table 1; Davies and Lightowler 1998).
A reduction in the level of blood cholesterol was observed during periods of 3 weeks (Turnbull et al. 1990)
and 8 weeks (Turnbull et al. 1992) for subjects eating
myco-protein on a daily basis. Both studies also observed a reduction in low-density lipoprotein cholesterol.
The increased intake of dietary fibre was thought to account for much of the decrease in cholesterol levels
(Turnbull et al. 1992; Wheelock 1993). The fibre present
in myco-protein was also thought to play a significant

role in reducing the energy intake of subjects who were
fed myco-protein, relative to the same subjects when fed
chicken (Turnbull et al. 1991, 1993; Burley et al. 1993).
Turnbull et al. (1993) also demonstrated that subjects
eating myco-protein were generally less likely to want to
eat than those fed chicken for up to 3 h after eating the
meal, but this finding was not repeated by Burley et al.
(1993). In contrast, Lang et al. (1999) did not observe
any effect of protein source on subsequent intake of
food, for proteins of plant (soy protein) or animal (casein
or gelatine) origin. The fibre content and/or the amino
acid composition of myco-protein were thought to account for the slight reduction in blood glucose and insulin levels following consumption of myco-protein in
milk-shakes, compared to levels after consumption of
soy and milk proteins. Blood glucose and insulin levels
have been implicated as factors involved in determining
appetite and satiety. Wheelock (1993) suggested that
myco-protein could play a significant role in enabling
people to achieve a healthier diet, assuming that it replaces foods which are high in fat but low in fibre.

Marketing
When Lord Rank of RHM first proposed the development of a fungal protein for human consumption, it was
thought that myco-protein could provide a tasty, palatable and convenient source of protein for countries in
which protein shortages occurred. Edelman et al. (1983)
estimated that in order for the process to be economically viable for sale in poor countries, production would
have to exceed 20,000 t per year. With the commissioning of the second 150,000 l production plant in 1996, total
production capacity (assuming an output of 350 kg h–1)
could exceed 6,000 t per year. Fortunately, the world
protein shortages predicted in the 1960s have not materialized, and myco-protein has found an important market
role in Europe as an alternative to meat for vegetarians
and for those seeking healthier diets. Development and
production costs have remained too high for myco-pro-
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Fig. 3 Mycelia of a F. venenatum A3/5 and b a highly branched
mutant of A3/5 (A24–1) obtained from a glucose-limited chemostat culture after 18 h growth in modified Vogel’s medium with
glucose as the carbon source and NH4+ as the nitrogen source.
Scale bar represents 50 µm

tein to be readily available in poorer countries where
cheap, palatable protein-rich foods are still needed.
The first myco-protein product was brought onto the
market in 1985 as a savoury pie in one of the United
Kingdom’s major supermarket chains (Sainsbury’s). Other supermarket chains were soon able to bring out their
own co-branded myco-protein-based products, and in
1990 the first product available for home cooking was
launched in the form of small chunks (“pieces”) which
are suitable for use in casseroles, stews, curries, etc. The
range of both ready-made meals and home cooking products has continued to expand.
Since 1994, marketing of myco-protein has focused
more on the choice of myco-protein as a food product for
a healthy diet, rather than as a vegetarian product, and
myco-protein is now the best-selling meat-alternative in
the United Kingdom. A comparison of meals made with
branded myco-protein pieces, chicken, or tofu in 1999
found that myco-protein was considered to be a suitable
alternative to chicken in terms of appearance, flavour,
texture and aroma (McIlveen et al. 1999). The general
acceptance of myco-protein as a food can be seen in its
inclusion as an ingredient in food tests not concerned
with the acceptability or otherwise of the myco-protein
itself (Griep et al. 1997, 2000).

Myco-protein is available on the market in the United
Kingdom, Ireland, Belgium, the Netherlands, Switzerland and Sweden and is soon to be released for sale in
France, Germany and the United States. Information
concerning marketing in these countries is readily available from the web-site, http://www.quorn.com. According to a May 2001 press release by Marlow Foods (the
UK company which produces myco-protein), retail sales
for 2000 were around US$ 135 million and are expected
to reach US$ 150 million in 2001. This represents the
sale of more than 150 million portions of myco-protein
annually.

The problem of morphology
One of the advantages of a continuous flow process is
the reduction in time required for decontamination,
sterilization and batch growth, and myco-protein cultures
are typically maintained for about 1,000 h. However,
Solomons (1985) reported that morphological changes
(a reduction in the average length of hypha per tip;
Fig. 3) occurred in the population after approximately
1,000–1,200 h of cultivation (i.e. after 250–340 generations). This change was considered to be unfavourable
for final product formation. Wiebe et al. (1991, 1994a,
1995) demonstrated that the appearance of highly
branched morphological mutants is a reproducible and
predictable event in glucose-limited chemostat cultures
of F. venenatum A3/5 at high dilution rates and pH 5.8,
and that the mutants rapidly displace the parent strain
under these conditions (Table 2). Mutants isolated from
glucose-limited chemostats at high dilution rates have a
growth rate advantage over the parental strain in glucose-limited conditions, but not necessarily when glucose is in excess (Wiebe et al. 1992). In contrast, most of
the highly branched mutants which have been isolated
from the myco-protein production plant had a growth
rate advantage relative to the parent strain in conditions
of nutrient excess (Simpson et al. 1998). Several of these
mutants also had growth rate advantages over A3/5 in
nutrient-limited (glucose-, ammonium-, sulphate-, and/or
magnesium-limitation) conditions.
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Table 2 Time of appearance (at a detectable level) of highly
branched mutants of Fusarium venenatum A3/5 and ability of
these mutants to displace A3/5 in continuous flow cultures with
Growth conditions
Nutrient
limitation

Nitrogen
source

Dilution
rate (h–1)

pH

Glucose
Glucose
Glucose

NH4+
NH4+
NH4+

0.19
0.17
0.14

5.8
5.8
5.8

Glucose
Glucose
NH4+
Mg2+
Glucose
Glucose

NH4+
NH4+
NH4+
NH4+
NH4+
NH4+

0.10
0.05
0.19
0.19
0.19
0.19

Glucose

NH4+
peptone
NO3NH4+

0.19

5.8
5.8
5.8
5.8
4.5
4.5/6.6
(120 h)
5.8

0.15
0.16–0.20

5.8
6.0

Glucose
None

Table 3 The time of appearance (at detectable levels) of
highly branched mutants of
F. venenatum A3/5, of two
evolved variants of A3/5
(A23-S and A24-S) and two
diploid strains (D1 and D2)

glucose as the carbon source under the conditions indicated. The
ability of mutants to displace A3/5 is indicated by the number of
plus signs. – indicates that the mutant does not displace A3/5

Time of detection
of highly
branched mutants
(generations)
107 ± 5
110 ± 18
101–111
>168
>159
115
71
193
151
23
131
250–340

Ability of
highly branched
mutants to
displace A3/5

Reference

++++
++++
++++
–
–
++++
++++
–
++

Wiebe et al. 1994a
Wiebe et al. 1996
S. Dewar, personal
communication
Trinci 1994
Wiebe et al. 1994b
Trinci 1994
Trinci 1994
Wiebe et al. 1996
Wiebe et al. 1996

–

Wiebe et al. 1998

–
++++

Wiebe et al. 2001
Solomons 1985

Strain

Derivation

Time of detection of highly branched
mutants in population (generations)

Reference

A3/5
A23-S

Wild-type
Evolved in glucose-limited
chemostat at D=0.19 h–1
Evolved in glucose-limited
chemostat at D=0.19 h–1
Diploid
Diploid

107±5
124

Wiebe et al. 1994a
Wiebe et al. 1994a

156

Wiebe et al. 1994a

540
594

Naylor et al. 1999b
Naylor et al. 1999b

A24-S
D1
D2

Several strategies have been suggested to prevent or
delay the appearance of highly branched mutants in
F. venenatum A3/5 populations, including changing the
selection pressure. For example, at low dilution rates
(D≤0.10 h–1), the appearance of morphological mutants
is significantly delayed (Table 2, Wiebe et al. 1994b;
Trinci 1994). However, slow dilution rates would not be
suitable for the production of a growth-rate-related product such as biomass. The appearance of morphological
mutants was also delayed by reducing the pH from 5.8 to
4.5 (Table 2, Wiebe et al. 1996). The branch frequency
was not significantly affected by the reduction in pH and
the highly branched mutants which did appear did not
displace the parental strain, as would be expected at
pH 5.8. Changes in the nitrogen source have also been
shown to affect the ability of morphological mutants to
displace the parental strain (Table 2). When nitrate replaced ammonium as the nitrogen source (Wiebe et al.
2001) or when ammonium cultures were supplemented
with mycological peptone (Wiebe et al. 1998), highly
branched mutants appeared but did not increase in the
population.
Another strategy for delaying the appearance of highly branched mutants is to periodically change the selection pressure (Trinci et al. 1993; Trinci 1994; Wiebe et
al. 1996). The selection pressure can be varied by, for

example, changing the limiting nutrient or the pH
(Table 2). Glucose-limited chemostat cultures at high dilution rates which have had intermittent steady states
(for example because of mechanical failure of a pump)
also show delayed appearance of highly branched mutants. Localized variations in conditions within the
40,000 l production plant formerly used for myco-protein production, from which highly branched mutants
have been isolated, probably account for the longer culture times (without the appearance of highly branched
mutants) attained in it compared to those observed in
small-scale chemostat cultures.
Wiebe et al. (1994a; Naylor et al. 1999a) have demonstrated that it is also possible to evolve A3/5 in chemostat culture to obtain strains which are unaltered in
their morphological phenotype, but are more morphologically stable than A3/5 in chemostat culture (Table 3).
Similarly, a more stable morphology can be obtained by
using a diploid of A3/5 in place of the haploid (Table 3;
Naylor et al. 1999b).
The evolution of F. venenatum A3/5 and the impact
on morphology has been reviewed by Trinci (1992,
1994) and Trinci et al. (2001).
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Perspectives
Some of the research carried out to assess the nutritional
value of myco-protein used freeze-dried myco-protein
which was then added to cookies or milk-shakes
(Turnbull et al. 1992; Turnbull and Ward 1995), demonstrating that myco-protein would be suitable for incorporation into products in this manner. Freeze-drying destroys the fibrous nature of the product (Edelman et al.
1983), putting the product into the same market as single cell proteins, and myco-protein has not been marketed in this manner. However, Rodger (2001) noted that a
range of yoghurt and ice-cream products, in which the
myco-protein acts as a fat replacer, are under development, and also describes the potential use of myco-protein in breakfast cereal or puffed snacks. Further, a
patent has appeared for an alternative (non-protein) use
of F. venenatum in the production of flavouring compounds for use in the food industry – a myco extract,
perhaps comparable to yeast extract (Fig. 1; Cordell et
al. 1999). This flavour product was due to be introduced
to the market in September or October 2001 under the
trade name Quessent (Marlow Foods, personal communication).
Myco-protein from F. venenatum has become a wellestablished product in those countries in which it is
available and remains the only source of myco-protein
for human consumption on the market today. Even processes such as the Pekilo process developed in Finland in
the 1970s, which were designed to produce myco-protein
for animal feed, have not survived – although filamentous fungi which are grown for other purposes (such as
the production of citric acid) may still be used as animal
feed supplements. Patents for the production of mycoprotein from other fungi growing on a variety of substrates continue to be filed (for example: Yang 1997;
Yang et al. 1997; Zhao 2000).
Acknowledgements I would like to thank Marlow Foods (in particular Lorraine Johnstone, Biology Manager, and Peter Collins,
Technical Director) for providing information and for their constructive reading of the review prior to submission.

References
Anderson C, Solomons GL (1984) Primary metabolism and biomass production from Fusarium. In: Moss MO, Smith JE (eds)
The applied mycology of Fusarium. Cambridge University
Press, Cambridge, pp 231–250
Angold R, Beech G, Taggart J (1989) Food biotechnology. Cambridge University Press, Cambridge
Burley VJ, Paul AW, Blundell JE (1993) Influence of a high-fibre
food (myco-protein*) on appetite: effects on satiation (within
meals) and satiety (following meals). Eur J Clin Nutr 47:
409–418
Cordell GB, Mottram DS, Rodger GW (1999) Flavouring materials from yeast extracts. Patent WO990579
Davies J, Lightowler H (1998) Plant-based alternatives to meat.
Nutr Food Sci 2:90–94
Edelman J, Fewell A, Solomons GL (1983) Myco-protein – a new
food. Nutr Abstr Rev Clin Nutr 53:471–480

Griep MI, Mets TF, Massart DL (1997) Different effects of flavour
amplification of nutrient dense foods on preference and consumption in young and elderly subjects. Food Qual Prefer
8:151–156
Griep MI, Mets TF, Massart DL (2000) Effects of flavour amplification of Quorn® and yoghurt on food preference and consumption in relation to age, BMI and odour perception. Br J
Nutr 83:105–113
Johnstone L (1998) Letter to the Editor. Fungal Genet Biol 25:75
Knight N, Roberts G, Shelton D (2001) The thermal stability of
QuornTM pieces. Int J Food Sci Technol 36:47–52
Lang V, Bellisle F, Alamowitch C, Craplet C, Bornet FRJ, Slama
G, Guy-Grand B (1999) Varying the protein source in mixed
meal modifies glucose, insulin and glucagon kinetics in healthy men, has weak effects on subjective satiety and fails to affect food intake. Eur J Clin Nutr 53:959–965
Marlow Foods Limited (1997) QuornTM Technical development of
myco-protein and the Quorn product range. Marlow Foods,
Marlow, England
McIlveen H, Abraham C, Armstrong G (1999) Meat avoidance
and the role of replacers. Nutr Food Sci 1:29–36
Miller JD, MacKenzie S (2000) Secondary metabolites of Fusarium
venenatum strains with deletions in the Tri5 gene encoding
trichodiene synthetase. Mycologia 92:764–771
Miller SA, Dwyer JT (2001) Evaluating the safety and nutritional
value of mycoprotein. Food Technol 55:42–47
Naylor TW, Robson GD, Trinci APJ, Williamson T, Wiebe MG
(1999a) Microbiological process. Patent US5935841
Naylor TW, Robson GD, Trinci APJ, Williamson T, Wiebe MG
(1999b) Fungal food. Patent US5980958
O’Donnell K, Cigelnik E, Casper HH (1998) Molecular phylogenetic, morphological and mycotoxin data support reidentification of the Quorn mycoprotein fungus as Fusarium venenatum. Fungal Genet Biol 23:57–67
Pirt SJ (1975) Principles of microbe and cell cultivation. Blackwell, Oxford
Rodger G (2001) Production and properties of mycoprotein as a
meat alternative. Food Technol 55:36–41
Simpson DR, Withers JM, Wiebe MG, Robson GD, Trinci APJ
(1998) Mutants with general growth rate advantages are the
predominant morphological mutants to be isolated from the
Quorn® production plant. Mycol Res 102:221–227
Solomons GL (1985) Production of biomass by filamentous fungi.
In: Blanch HW, Drew S, Wang DIC (eds) Comprehensive biotechnology, vol 3. Pergamon, Oxford, pp 483–505
Solomons GL (1986) Microbial proteins and regulatory clearance
for RHM myco-protein. In: Moo-Young M, Gregory KF (eds)
Microbial biomass proteins. Elsevier, London, pp 19–26
Tee RD, Gordon DJ, Welch JA, Taylor AJN (1993) Investigation
of possible adverse allergic reactions to mycoprotein
(‘Quorn’). Clin Exp Allergy 23:257–260
Towersey PJ, Longton J, Cockram GN (1977) Production of
edible protein containing substances. Patent No. US4041189
Trinci APJ (1992) Myco-protein: a twenty-year overnight success
story. Mycol Res 96:1–13
Trinci APJ (1994) Evolution of the Quorn® myco-protein fungus, Fusarium graminearum A3/5. Microbiology 140:2181–
2188
Trinci APJ, Robson GD, Wiebe MG, Naylor TW (1993) Controlling growth of filamentous microorganisms. Patent No.
WO9312219
Trinci APJ, Robson GD, Wiebe MG (2001) Evolution of Fusarium venenatum A3/5 in continuous flow (chemostat culture).
In: Summerell BA, Leslie JL, Backhouse D, Bryden WL,
Burgess LW (eds) Fusarium. The Paul E. Nelson Memorial
Symposium. American Phytopathological Society, St Paul,
Minn. pp 161–175
Turnbull WH, Ward T (1995) Mycoprotein reduces glycemia and
insulinemia when taken with an oral-glucose-tolerance test.
Am J Clin Nutr 61:135–140
Turnbull WH, Leeds AR, Edwards GD (1990) Effect of mycoprotein on blood lipids. Am J Clin Nutr 52:646–650

427
Turnbull WH, Bessey D, Walton J, Leeds AR (1991) The effect of
myco-protein on hunger, satiety and subsequent food consumption. In: Ailaud G, Guy-Grand B, Lafontan M, Ricquier
D (eds) Obesity in Europe 91. Libbey, London, pp 67–70
Turnbull WH, Leeds AR, Edwards GD (1992) Mycoprotein reduces blood lipids in free-living subjects. Am J Clin Nutr
55:415–419
Turnbull WH, Walton J, Leeds AR (1993) Acute effects of mycoprotein on subsequent energy intake and appetite variables.
Am J Clin Nutr 58:507–512
Ward PN (1998) Production of food. Patent No. US5739030
Wheelock V (1993) Quorn: case study of a healthy food ingredient. Br Food J 95:40–44
Wiebe MG, Trinci APJ, Cunliffe B, Robson GD, Oliver SG (1991)
Appearance of morphological (colonial) mutants in glucoselimited, continuous flow cultures of Fusarium graminearum
A3/5. Mycol Res 95:1284–1288
Wiebe MG, Robson GD, Cunliffe B, Trinci APJ, Oliver SG (1992)
Nutrient-dependent selection of morphological mutants of Fusarium graminearum A3/5 isolated from long-term continuous
flow cultures. Biotechnol Bioeng 40:1181–1189
Wiebe MG, Robson GD, Oliver SG, Trinci APJ (1994a) Use of a
series of chemostat cultures to isolate ‘improved’ variants of
the Quorn® myco-protein fungus, Fusarium graminearum
A3/5. Microbiology 140:3015–3021
Wiebe MG, Robson GD, Oliver SG, Trinci APJ (1994b) Evolution
of Fusarium graminearum A3/5 grown in a glucose-limited
chemostat culture at a slow dilution rate. Microbiology 140:
3023–3029

Wiebe MG, Robson GD, Oliver SG, Trinci APJ (1995) Evolution
of Fusarium graminearum A3/5 grown in a series of glucoselimited chemostat cultures at a high dilution rate. Mycol Res
99:173–178
Wiebe MG, Robson GD, Oliver SG, Trinci APJ (1996) pH oscillations and constant low pH delay the appearance of highly
branched (colonial) mutants in chemostat cultures of the
Quorn® myco-protein fungus, Fusarium graminearum A3/5.
Biotechnol Bioeng 51:61–68
Wiebe MG, Robson GD, Trinci APJ (1998) Peptone changes the
timing and accumulation of morphological mutants of the
Quorn® myco-protein fungus Fusarium graminearum A3/5
in glucose-limited chemostat cultures. FEMS Microbiol Lett
169:23–28
Wiebe MG, Robson GD, Shuster J, Trinci APJ (2001) Evolution
of a recombinant (glucoamylase-producing) strain of Fusarium venenatum A3/5 in chemostat culture. Biotechnol Bioeng
73:146–156
Yang Y (1997) Method of extracting somatic protein from zymotic
liquid or zymotic waste liquid. Patent CN1155388
Yang Y, Cou T, Wang H (1997) Process for extracting thallus protein from waste liquid of glutamic acid production. Patent
CN1163706
Yoder WT, Christianson LM (1998) Species-specific primers resolve members of Fusarium, section Fusarium. Taxonomic
status of the edible “Quorn” fungus re-evaluated. Fungal Genet
Biol 23:68–80
Zhao W (2000) Mycoprotein feed made of plant straw or stalk.
Patent CN1262050

